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Introduction
Content of today’s talk: 
1⃣ Physics program 
2⃣ Experimental setup 
3⃣ Expected performance and physics results 
4⃣ Status and plans

Particular focus of  1⃣ and 3⃣ will be on electromagnetic probes of the QGP 
Later at this workshop: 
🎤 Overview on open charm, including NA60+/DiCE and CBM prospects (F. Prino, Tue 11:35) 
🎤 Hypernuclei production at fixed-target energy (M. Puccio, Tue 16:05) 
🎤 Overview on quarkonia, including NA60+ and CBM prospects (E. Scomparin, Wed 11:35)

Further reading: 
📖 The NA60+/DiCE experiment proposal, CERN-SPSC-2025-023; SPSC-P-373 
📖 ESPP 2026: the NA60+/DiCE experiment at the SPS, arXiv:2503.23872 
🛜 https://na60plus.ca.infn.it/

https://cds.cern.ch/record/2932302
https://arxiv.org/abs/2503.23872
https://na60plus.ca.infn.it/


The experimental quest for QGP
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QCD phase diagram
QCD phase diagram at low µB: 
• Early-Universe like conditions 
• Crossover phase transition (from lattice QCD) 

QCD phase diagram at high µB: largely unexplored! 
• Critical endpoint? 1st order phase transition? 
• Synergy with astrophysics (neutron star cores)

[1] Phys. Rev. D 85, 103506

Boeckel, Schaffner-Bielich[1]
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QCD phase diagram
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Initial state Pre-equilibruim QGP and expansion Hadronization

MADAI Collaboration (RHIC energies)

Hadronic phase and freeze-out

🛠 Experimental tool to study QCD phase diagram: 
heavy-ion collisions with varied √sNN → varied µB
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QCD phase diagram at low µB: 
• Early-Universe like conditions 
• Crossover phase transition (from lattice QCD) 

QCD phase diagram at high µB: largely unexplored! 
• Critical endpoint? 1st order phase transition? 
• Synergy with astrophysics (neutron star cores)

[1] Private communication, to be published in QM2025 proceedings



Hunting the First-Order Phase Transition at High μB

❑ Temperature is one of the key properties to characterize the 
medium:

o Equation of state
o Order of phase transition
o Yet remains poorly known experimentally:
▪ Only two precision measurments from HADES and NA60

❑ Thermal virtual photons: 
o Slope of mass spectrum (M>1.5 GeV) provides initial T
❑ Mapping T vs energy density:
o Flattening of T curve can provide sign of first order
      phase transition    
      

4CERN SPSC meeting 27 May 2025 E. Scomparin, G. Usai
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Establishing QCD caloric curve
Temperature T is one of the key properties of the medium 
• Equation of state 
• Order of phase transition 
Only a couple of precise measurements so far!

T vs √sNN in heavy-ion collisions
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Establishing QCD caloric curve
Temperature T is one of the key properties of the medium 
• Equation of state 
• Order of phase transition 
Only a couple of precise measurements so far!

Look for traces of first-order phase transition 
• Flattening of T curve vs energy density? 
• Variations of lifetime around onset of deconfinement?

Thermal virtual photons: 
🌡 Slope of spectrum ↔ T of the system 
⏱ Not only thermometer, but also a chronometer! 
Yield in low-mass range ↔ fireball lifetime

Motivation
Dielectron production in Pb−Pb collisions

ALICE Thermal Dielectrons | SQM 2024 | Jerome Jung | Uni Frankfurt 6

Composition of the dielectron spectrum:

 Initial stage of the collision
▪ Drell-Yan & hard scatterings 
▪ Pre-equilibrium contributions

 Thermal radiation from the medium
▪ Quark-Gluon Plasma (QGP)
▪ Hot hadronic phase

 
 Hadronic decays

▪ Pseudoscalar and vector mesons (π0, η, η′, ρ, ω, ϕ, ΤJ ψ)
▪ Correlated semi-leptonic decays of heavy-flavor (HF)

 
Measurements in pp:
▪ Vacuum baseline for Pb−Pb studies (HF, Drell-Yan, direct photons) 
▪ Search for new phenomena in high-multiplicity (HM) events or at low momenta

ALICE, Phys. Rev. Lett. 127, 042302 (2021)
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Dilepton inv. mass spectrum in heavy-ion collisions

T vs √sNN in heavy-ion collisions



left handed

right handed
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Chiral symmetry

In reality: chiral symmetry is spontaneously broken 
• Chiral partners ρ and a1 have ∆m ≈ 500 MeV 
• Generates ~95% of the visible mass

In QCD: massless left(right)-handed 
quarks stay left(right)-handed 
• Chiral partners (with opposite parity) 
have equal masses 

6
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FIG. 3: Finite-temperature vector (black curve) and axialvector (red curve) spectral functions.

referred to as a d-value. The same procedure and Borel
window criteria as for the vacuum analysis in Ref. [21]
are adopted. A d-value of below 1% has been argued to
reasonably bracket remaining uncertainties in the match-
ing procedure [39]; we adopt this as our figure of merit
in both A and V channels below.
To evaluate the WSRs, we define a similar measure of

deviation between the two sides as

dWSR =
LHS− RHS

RHS
. (25)

This measure is much simpler than the QCDSR analog
because it does not involve any Borel window. However,
it also has its subtleties. The integrands of the LHS of
each WSR are oscillatory functions with appreciable can-
celations to yield the RHS (cf. Fig. 2 in Ref. [21]), espe-
cially for the higher moments. Since we only use a finite
number of moments (3), this could, in principle, lead to
“fine-tuned solutions” to the WSRs where the oscilla-
tions are still large, and thus ρV (s) "= ρA(s) even close
to restoration. To probe this behavior (and thus the sen-

T [MeV] 0 100 140 150 160 170

dV (%) 0.59 0.43 0.44 0.49 0.57 0.67

dA(%) 0.49 0.48 0.56 0.59 0.55 0.56

dWSR1(%) ∼ 0 0.003 0.04 0.04 -0.004 0.004

dWSR2(%) ∼ 0 -0.0002 -0.0008 -0.002 -0.0003 -0.005

dWSR3(%) 200 181 258 372 585 11600

r−1 1 0.96 0.72 0.57 0.37 0.14

r0 1 0.93 0.66 0.50 0.31 0.12

r1 1 0.91 0.64 0.50 0.32 0.15

TABLE II: Summary of deviation measures for QCDSRs (up-
per 2 lines) and WSRs (lower 6 lines) at finite temperature.

sitivity to any “artificial” fine tuning), we introduce an
“absolute-value” version of the LHS by

w̃n(T ) ≡
∫ ∞

0
ds sn |∆ρ(s;T )| . (26)

Though these moments are not directly related to chiral
order parameters, they should diminish toward restora-
tion. We define pertinent ratios rn = w̃n(T )/w̃n(T = 0).
Our analysis proceeds as follows. We first evaluate the

QCDSR for the vector channel. With a small reduction
in the vector dominance coupling, we find acceptable dV
values ranging from 0.43% to 0.67% for all T=0-170MeV
(cf. Tab II). This is a nontrivial result by itself. For
the axialvector channel, the QCDSRs and two WSRs are
used simultaneously to search for in-medium a1 parame-
ters which minimize

f = d2WSR1 + d2WSR2 + d2A , (27)

while requiring a smooth T dependence. The thus ob-
tained finite-T axialvector spectral functions are shown
in Fig. 3. For all cases, the percentage deviation of WSR-
1 and WSR-2 is below 0.1%, and dA remains below 0.6%.
Deviations of WSR-3 are much larger, but comparable to
the vacuum up to T$150MeV. At T=160 and especially
170MeV, the magnitude of the RHSs is small and enters
into the denominator of dWSR, thus greatly magnifying
residual deviations. The rn measures decrease monoton-
ically with T suggesting acceptable deviations even for
WSR-3. We therefore conclude that our spectral func-
tions are compatible with both QCDSRs and WSRs.
To probe the uncertainties in our method, we depict

in Fig. 4 ranges of axialvector spectral functions with
relaxed constraints, at an intermediate temperature of
T=150MeV. The dashed lines border a regime of spectral
functions which are obtained by only requiring dA=1%
for the axialvector QCDSR (the band could be larger if all
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referred to as a d-value. The same procedure and Borel
window criteria as for the vacuum analysis in Ref. [21]
are adopted. A d-value of below 1% has been argued to
reasonably bracket remaining uncertainties in the match-
ing procedure [39]; we adopt this as our figure of merit
in both A and V channels below.
To evaluate the WSRs, we define a similar measure of

deviation between the two sides as

dWSR =
LHS− RHS

RHS
. (25)

This measure is much simpler than the QCDSR analog
because it does not involve any Borel window. However,
it also has its subtleties. The integrands of the LHS of
each WSR are oscillatory functions with appreciable can-
celations to yield the RHS (cf. Fig. 2 in Ref. [21]), espe-
cially for the higher moments. Since we only use a finite
number of moments (3), this could, in principle, lead to
“fine-tuned solutions” to the WSRs where the oscilla-
tions are still large, and thus ρV (s) "= ρA(s) even close
to restoration. To probe this behavior (and thus the sen-

T [MeV] 0 100 140 150 160 170

dV (%) 0.59 0.43 0.44 0.49 0.57 0.67

dA(%) 0.49 0.48 0.56 0.59 0.55 0.56

dWSR1(%) ∼ 0 0.003 0.04 0.04 -0.004 0.004

dWSR2(%) ∼ 0 -0.0002 -0.0008 -0.002 -0.0003 -0.005

dWSR3(%) 200 181 258 372 585 11600

r−1 1 0.96 0.72 0.57 0.37 0.14

r0 1 0.93 0.66 0.50 0.31 0.12

r1 1 0.91 0.64 0.50 0.32 0.15

TABLE II: Summary of deviation measures for QCDSRs (up-
per 2 lines) and WSRs (lower 6 lines) at finite temperature.

sitivity to any “artificial” fine tuning), we introduce an
“absolute-value” version of the LHS by

w̃n(T ) ≡
∫ ∞

0
ds sn |∆ρ(s;T )| . (26)

Though these moments are not directly related to chiral
order parameters, they should diminish toward restora-
tion. We define pertinent ratios rn = w̃n(T )/w̃n(T = 0).
Our analysis proceeds as follows. We first evaluate the

QCDSR for the vector channel. With a small reduction
in the vector dominance coupling, we find acceptable dV
values ranging from 0.43% to 0.67% for all T=0-170MeV
(cf. Tab II). This is a nontrivial result by itself. For
the axialvector channel, the QCDSRs and two WSRs are
used simultaneously to search for in-medium a1 parame-
ters which minimize

f = d2WSR1 + d2WSR2 + d2A , (27)

while requiring a smooth T dependence. The thus ob-
tained finite-T axialvector spectral functions are shown
in Fig. 3. For all cases, the percentage deviation of WSR-
1 and WSR-2 is below 0.1%, and dA remains below 0.6%.
Deviations of WSR-3 are much larger, but comparable to
the vacuum up to T$150MeV. At T=160 and especially
170MeV, the magnitude of the RHSs is small and enters
into the denominator of dWSR, thus greatly magnifying
residual deviations. The rn measures decrease monoton-
ically with T suggesting acceptable deviations even for
WSR-3. We therefore conclude that our spectral func-
tions are compatible with both QCDSRs and WSRs.
To probe the uncertainties in our method, we depict

in Fig. 4 ranges of axialvector spectral functions with
relaxed constraints, at an intermediate temperature of
T=150MeV. The dashed lines border a regime of spectral
functions which are obtained by only requiring dA=1%
for the axialvector QCDSR (the band could be larger if all
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Spontaneous Breaking of Chiral Symmetry
(a) (unbroken) symmetric potential 

with symmetric ground state: 
small deviations in any direction do 
not cost energy: massless


(b) symmetric potential, infinite 
number of degenerate ground 
states:

– choosing one randomly 

(spontaneously) breaks symmetry

– deviations along the valley cost no 

energy: 
massless Goldstone boson (π, K, η)


– deviations perpendicular cost energy: 
massive mesons (e.g. σ)
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(a)a) (unbroken) symmetric potential with symmetric ground state: small 
deviations in any direction do not cost energy 
b) symmetric potential, infinite number of degenerate ground states: 
• choosing one randomly spontaneously breaks symmetry 
• deviations along the valley cost no energy: massless Golddstone 
bosons (π, K, η) 

• deviations perpendicular cost energy: massive mesons (e.g. σ)

Consequences for the 
constituent quark masses: 
• 95% generated by 
spontaneous chiral symmetry 
breaking (QCD mass)!

The Origin of Mass

• Current quark mass 

‣ generated by spontaneous symmetry breaking (Higgs mass)

‣ contributes ~5% to the visible (our) mass


• Constituent quark mass 

‣ ~95% generated by spontaneous chiral symmetry breaking (QCD mass)

17Torsten Dahms: Ultrarelativistic Heavy-Ion Collisions (SS2014)
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Chiral symmetry
In QCD: massless left(right)-handed 
quarks stay left(right)-handed 
• Chiral partners (with opposite parity) 
have equal masses

left handed

right handed
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referred to as a d-value. The same procedure and Borel
window criteria as for the vacuum analysis in Ref. [21]
are adopted. A d-value of below 1% has been argued to
reasonably bracket remaining uncertainties in the match-
ing procedure [39]; we adopt this as our figure of merit
in both A and V channels below.
To evaluate the WSRs, we define a similar measure of

deviation between the two sides as

dWSR =
LHS− RHS

RHS
. (25)

This measure is much simpler than the QCDSR analog
because it does not involve any Borel window. However,
it also has its subtleties. The integrands of the LHS of
each WSR are oscillatory functions with appreciable can-
celations to yield the RHS (cf. Fig. 2 in Ref. [21]), espe-
cially for the higher moments. Since we only use a finite
number of moments (3), this could, in principle, lead to
“fine-tuned solutions” to the WSRs where the oscilla-
tions are still large, and thus ρV (s) "= ρA(s) even close
to restoration. To probe this behavior (and thus the sen-
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dA(%) 0.49 0.48 0.56 0.59 0.55 0.56

dWSR1(%) ∼ 0 0.003 0.04 0.04 -0.004 0.004

dWSR2(%) ∼ 0 -0.0002 -0.0008 -0.002 -0.0003 -0.005

dWSR3(%) 200 181 258 372 585 11600

r−1 1 0.96 0.72 0.57 0.37 0.14

r0 1 0.93 0.66 0.50 0.31 0.12

r1 1 0.91 0.64 0.50 0.32 0.15

TABLE II: Summary of deviation measures for QCDSRs (up-
per 2 lines) and WSRs (lower 6 lines) at finite temperature.

sitivity to any “artificial” fine tuning), we introduce an
“absolute-value” version of the LHS by

w̃n(T ) ≡
∫ ∞

0
ds sn |∆ρ(s;T )| . (26)

Though these moments are not directly related to chiral
order parameters, they should diminish toward restora-
tion. We define pertinent ratios rn = w̃n(T )/w̃n(T = 0).
Our analysis proceeds as follows. We first evaluate the

QCDSR for the vector channel. With a small reduction
in the vector dominance coupling, we find acceptable dV
values ranging from 0.43% to 0.67% for all T=0-170MeV
(cf. Tab II). This is a nontrivial result by itself. For
the axialvector channel, the QCDSRs and two WSRs are
used simultaneously to search for in-medium a1 parame-
ters which minimize

f = d2WSR1 + d2WSR2 + d2A , (27)

while requiring a smooth T dependence. The thus ob-
tained finite-T axialvector spectral functions are shown
in Fig. 3. For all cases, the percentage deviation of WSR-
1 and WSR-2 is below 0.1%, and dA remains below 0.6%.
Deviations of WSR-3 are much larger, but comparable to
the vacuum up to T$150MeV. At T=160 and especially
170MeV, the magnitude of the RHSs is small and enters
into the denominator of dWSR, thus greatly magnifying
residual deviations. The rn measures decrease monoton-
ically with T suggesting acceptable deviations even for
WSR-3. We therefore conclude that our spectral func-
tions are compatible with both QCDSRs and WSRs.
To probe the uncertainties in our method, we depict

in Fig. 4 ranges of axialvector spectral functions with
relaxed constraints, at an intermediate temperature of
T=150MeV. The dashed lines border a regime of spectral
functions which are obtained by only requiring dA=1%
for the axialvector QCDSR (the band could be larger if all
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referred to as a d-value. The same procedure and Borel
window criteria as for the vacuum analysis in Ref. [21]
are adopted. A d-value of below 1% has been argued to
reasonably bracket remaining uncertainties in the match-
ing procedure [39]; we adopt this as our figure of merit
in both A and V channels below.
To evaluate the WSRs, we define a similar measure of

deviation between the two sides as

dWSR =
LHS− RHS

RHS
. (25)

This measure is much simpler than the QCDSR analog
because it does not involve any Borel window. However,
it also has its subtleties. The integrands of the LHS of
each WSR are oscillatory functions with appreciable can-
celations to yield the RHS (cf. Fig. 2 in Ref. [21]), espe-
cially for the higher moments. Since we only use a finite
number of moments (3), this could, in principle, lead to
“fine-tuned solutions” to the WSRs where the oscilla-
tions are still large, and thus ρV (s) "= ρA(s) even close
to restoration. To probe this behavior (and thus the sen-
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r−1 1 0.96 0.72 0.57 0.37 0.14

r0 1 0.93 0.66 0.50 0.31 0.12

r1 1 0.91 0.64 0.50 0.32 0.15

TABLE II: Summary of deviation measures for QCDSRs (up-
per 2 lines) and WSRs (lower 6 lines) at finite temperature.

sitivity to any “artificial” fine tuning), we introduce an
“absolute-value” version of the LHS by

w̃n(T ) ≡
∫ ∞

0
ds sn |∆ρ(s;T )| . (26)

Though these moments are not directly related to chiral
order parameters, they should diminish toward restora-
tion. We define pertinent ratios rn = w̃n(T )/w̃n(T = 0).
Our analysis proceeds as follows. We first evaluate the

QCDSR for the vector channel. With a small reduction
in the vector dominance coupling, we find acceptable dV
values ranging from 0.43% to 0.67% for all T=0-170MeV
(cf. Tab II). This is a nontrivial result by itself. For
the axialvector channel, the QCDSRs and two WSRs are
used simultaneously to search for in-medium a1 parame-
ters which minimize

f = d2WSR1 + d2WSR2 + d2A , (27)

while requiring a smooth T dependence. The thus ob-
tained finite-T axialvector spectral functions are shown
in Fig. 3. For all cases, the percentage deviation of WSR-
1 and WSR-2 is below 0.1%, and dA remains below 0.6%.
Deviations of WSR-3 are much larger, but comparable to
the vacuum up to T$150MeV. At T=160 and especially
170MeV, the magnitude of the RHSs is small and enters
into the denominator of dWSR, thus greatly magnifying
residual deviations. The rn measures decrease monoton-
ically with T suggesting acceptable deviations even for
WSR-3. We therefore conclude that our spectral func-
tions are compatible with both QCDSRs and WSRs.
To probe the uncertainties in our method, we depict

in Fig. 4 ranges of axialvector spectral functions with
relaxed constraints, at an intermediate temperature of
T=150MeV. The dashed lines border a regime of spectral
functions which are obtained by only requiring dA=1%
for the axialvector QCDSR (the band could be larger if all
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referred to as a d-value. The same procedure and Borel
window criteria as for the vacuum analysis in Ref. [21]
are adopted. A d-value of below 1% has been argued to
reasonably bracket remaining uncertainties in the match-
ing procedure [39]; we adopt this as our figure of merit
in both A and V channels below.
To evaluate the WSRs, we define a similar measure of

deviation between the two sides as

dWSR =
LHS− RHS

RHS
. (25)

This measure is much simpler than the QCDSR analog
because it does not involve any Borel window. However,
it also has its subtleties. The integrands of the LHS of
each WSR are oscillatory functions with appreciable can-
celations to yield the RHS (cf. Fig. 2 in Ref. [21]), espe-
cially for the higher moments. Since we only use a finite
number of moments (3), this could, in principle, lead to
“fine-tuned solutions” to the WSRs where the oscilla-
tions are still large, and thus ρV (s) "= ρA(s) even close
to restoration. To probe this behavior (and thus the sen-
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r1 1 0.91 0.64 0.50 0.32 0.15

TABLE II: Summary of deviation measures for QCDSRs (up-
per 2 lines) and WSRs (lower 6 lines) at finite temperature.

sitivity to any “artificial” fine tuning), we introduce an
“absolute-value” version of the LHS by

w̃n(T ) ≡
∫ ∞

0
ds sn |∆ρ(s;T )| . (26)

Though these moments are not directly related to chiral
order parameters, they should diminish toward restora-
tion. We define pertinent ratios rn = w̃n(T )/w̃n(T = 0).
Our analysis proceeds as follows. We first evaluate the

QCDSR for the vector channel. With a small reduction
in the vector dominance coupling, we find acceptable dV
values ranging from 0.43% to 0.67% for all T=0-170MeV
(cf. Tab II). This is a nontrivial result by itself. For
the axialvector channel, the QCDSRs and two WSRs are
used simultaneously to search for in-medium a1 parame-
ters which minimize

f = d2WSR1 + d2WSR2 + d2A , (27)

while requiring a smooth T dependence. The thus ob-
tained finite-T axialvector spectral functions are shown
in Fig. 3. For all cases, the percentage deviation of WSR-
1 and WSR-2 is below 0.1%, and dA remains below 0.6%.
Deviations of WSR-3 are much larger, but comparable to
the vacuum up to T$150MeV. At T=160 and especially
170MeV, the magnitude of the RHSs is small and enters
into the denominator of dWSR, thus greatly magnifying
residual deviations. The rn measures decrease monoton-
ically with T suggesting acceptable deviations even for
WSR-3. We therefore conclude that our spectral func-
tions are compatible with both QCDSRs and WSRs.
To probe the uncertainties in our method, we depict

in Fig. 4 ranges of axialvector spectral functions with
relaxed constraints, at an intermediate temperature of
T=150MeV. The dashed lines border a regime of spectral
functions which are obtained by only requiring dA=1%
for the axialvector QCDSR (the band could be larger if all
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referred to as a d-value. The same procedure and Borel
window criteria as for the vacuum analysis in Ref. [21]
are adopted. A d-value of below 1% has been argued to
reasonably bracket remaining uncertainties in the match-
ing procedure [39]; we adopt this as our figure of merit
in both A and V channels below.
To evaluate the WSRs, we define a similar measure of

deviation between the two sides as

dWSR =
LHS− RHS

RHS
. (25)

This measure is much simpler than the QCDSR analog
because it does not involve any Borel window. However,
it also has its subtleties. The integrands of the LHS of
each WSR are oscillatory functions with appreciable can-
celations to yield the RHS (cf. Fig. 2 in Ref. [21]), espe-
cially for the higher moments. Since we only use a finite
number of moments (3), this could, in principle, lead to
“fine-tuned solutions” to the WSRs where the oscilla-
tions are still large, and thus ρV (s) "= ρA(s) even close
to restoration. To probe this behavior (and thus the sen-
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TABLE II: Summary of deviation measures for QCDSRs (up-
per 2 lines) and WSRs (lower 6 lines) at finite temperature.

sitivity to any “artificial” fine tuning), we introduce an
“absolute-value” version of the LHS by

w̃n(T ) ≡
∫ ∞

0
ds sn |∆ρ(s;T )| . (26)

Though these moments are not directly related to chiral
order parameters, they should diminish toward restora-
tion. We define pertinent ratios rn = w̃n(T )/w̃n(T = 0).
Our analysis proceeds as follows. We first evaluate the

QCDSR for the vector channel. With a small reduction
in the vector dominance coupling, we find acceptable dV
values ranging from 0.43% to 0.67% for all T=0-170MeV
(cf. Tab II). This is a nontrivial result by itself. For
the axialvector channel, the QCDSRs and two WSRs are
used simultaneously to search for in-medium a1 parame-
ters which minimize

f = d2WSR1 + d2WSR2 + d2A , (27)

while requiring a smooth T dependence. The thus ob-
tained finite-T axialvector spectral functions are shown
in Fig. 3. For all cases, the percentage deviation of WSR-
1 and WSR-2 is below 0.1%, and dA remains below 0.6%.
Deviations of WSR-3 are much larger, but comparable to
the vacuum up to T$150MeV. At T=160 and especially
170MeV, the magnitude of the RHSs is small and enters
into the denominator of dWSR, thus greatly magnifying
residual deviations. The rn measures decrease monoton-
ically with T suggesting acceptable deviations even for
WSR-3. We therefore conclude that our spectral func-
tions are compatible with both QCDSRs and WSRs.
To probe the uncertainties in our method, we depict

in Fig. 4 ranges of axialvector spectral functions with
relaxed constraints, at an intermediate temperature of
T=150MeV. The dashed lines border a regime of spectral
functions which are obtained by only requiring dA=1%
for the axialvector QCDSR (the band could be larger if all
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in Euclidean space-time are therefore completely deter-
mined by the pion and the � meson as well as the quarks.
The overall behavior with the RG scale k qualitatively re-
sembles the temperature dependence of quark and meson
masses at µ = 0 MeV in Fig. 4.

The phase diagram of the model we use, which is a
quark-meson model on the level of the e↵ective poten-
tial, is depicted in Fig. 5, see also [27, 30] for earlier
studies on the quark-meson model. It is obtained by the
location of the global minimum of the e↵ective poten-
tial at the IR scale �0 ⌘ �0(T, µ). With the parame-
ters given in Tab. I we find a critical endpoint at around
(µCEP, TCEP) ⇡ (298, 10) MeV, which divides a crossover
region from a first-order phase transition at lower temper-
atures. We note that the slope, dT/dµ, of the first-order
line is very di↵erent than the one observed in mean-field
studies, see e.g. [49]. In fact, the regime to the right of
the first-order line, i.e. at large chemical potentials and
low temperatures, is likely to be dominated by an inho-
mogeneous ground state which leads to unphysical e↵ects
like a negative entropy density in the present truncation.
We therefore avoid this regime in the following and refer
to [50] for further details.

The same Euclidean curvature masses of the mesons,
plotted together with the constituent quark mass over
temperature at µ = 0 MeV in Fig. 4, are shown along the
µ-axis at a constant temperature of T = 10 MeV across
the CEP in Fig. 6. They behave as expected in a model
based on chiral symmetry. For vanishing chemical poten-
tial, the Euclidean curvature masses of the chiral partners
m�, m⇡ and m⇢, ma1 become degenerate at high temper-
atures, T & 200 MeV. The quark mass m decreases, in-
dicating the gradual restoration of chiral symmetry. For
a fixed temperature of T = 10 MeV the masses do not
really change over a wide range of chemical potential, as
expected from the Silver Blaze property [51]. Near the
CEP at around µCEP ⇡ 298 MeV, the sigma mass drops
significantly as expected at this second-order phase tran-
sition. In addition, the chiral condensate as well as the
vector-meson masses decrease when crossing the CEP.
For very high chemical potentials the masses of the chi-
ral partners coincide again and the quark mass decreases,
similar to the case of high temperature and vanishing
chemical potential.

C. In-medium spectral functions at |~p| = 0

Before turning to the ⇢ and a1 spectral functions at fi-
nite temperature and chemical potential, in this subsec-
tion for vanishing external spatial momentum, |~p| = 0,
we will discuss the temperature dependence of the phys-
ically relevant vector-meson pole masses. They are ob-
tained from the zero-crossing of the real part of the 2-
point functions and are shown in Fig. 7 vs. T at µ = 0.

At T = 0 chiral symmetry is broken and the pole
masses assume the vacuum values of m

p
⇢ = 789.3 MeV

and m
p
a1

= 1274.7 MeV for the UV-parameters of Tab. I.
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FIG. 7: (color online) Pole masses of ⇢ and a1 meson vs. tem-

perature at µ = 0 MeV.

With increasing temperature the di↵erence between the
pole masses decreases until they become degenerate at
T ⇡ 200 MeV, i.e. at about the same temperature as the
Euclidean curvature masses. The observed behavior sup-
ports the “melting-⇢-scenario”, where the ⇢ meson mass
remains almost stable and the a1 mass shifts towards the
mass of the ⇢ meson [11, 39].
In order to exhibit the T - and µ-induced modifica-

tions more clearly, Fig. 8 shows logarithmic plots of
the ⇢ and a1 spectral functions for vanishing chemical
potential (left column) and for a fixed temperature of
T = 10 MeV along the µ-axis towards the CEP (right
column). At T = 0 MeV, the ⇢⇤ ! ⇡ + ⇡ threshold gives
rise to a non-vanishing value of the ⇢ spectral function for
! & 280 MeV. For ! & 600 MeV the decay into quark-
antiquark pairs becomes energetically possible and gives
rise to another threshold in the spectral function. The
spectral function of the a1 meson exhibits the first thresh-
old at ! ⇡ 600 MeV, when the quark-antiquark decay
becomes possible and the width then increases due to
the mesonic decay channel a⇤1 ! ⇡ + �. In both spectral
functions, the quark-antiquark decay strongly suppresses
the pole mass peaks, see also App. D.

At finite temperature the a1 meson can capture a pion
from the heat bath to form a sigma meson, a⇤1 + ⇡ ! �.
This capture process can occur when ! = Ek,� � Ek,⇡,
i.e. for the di↵erence of the e↵ective quasi-particle ener-
gies of � and ⇡ at the momentum scale k, cf. App. A. It is
therefore bounded by !  m� �m⇡. When the slopes of
the quasi-particle branches of � and ⇡ in the scale k get
very close to one another during the FRG flow, i.e. when
their di↵erence Ek,��Ek,⇡ flows through a saddle point,
or an approximate one, the spectral density develops a
peak analogous to a van Hove singularity in the density
of states in the electronic band-structure of solids. Such
a van Hove peak is seen in the a1 spectral function in the
left column of Fig. 8 for T = 100 MeV and 150 MeV,
i.e. in the crossover region, just below the threshold of
the capture process at ! = m� �m⇡. As the di↵erence

Pole masses vs T

Vacuum

Theoretical predictions: 
• (partial) restoration of 
chiral symmetry at high T 

•→ chiral partners get 
similar masses and mix

C. Jung, PRD 95 (2017) 036020

[1] Phys. Lett. B 731 (2014) 103

In reality: chiral symmetry is spontaneously broken 
• Chiral partners ρ and a1 have ∆m ≈ 500 MeV 
• Generates ~95% of the visible mass



left handed

right handed

NA60+/DiCE: study of rare probes of the Quark-Gluon Plasma Experiment proposal

Fig. 5: Thermal dilepton mass spectra for two different scenarios: only ! broadening and !
broadening with chiral mixing of the ! and a1.

While v2 develops early, hadronic observables are affected by the late stages via hadronization and rescat-
tering. Consequently, hydrodynamic parameters (shear/bulk viscosity, initial conditions) extracted from
hadronic spectra carry substantial uncertainties. Penetrating electromagnetic probes (direct photons and
dileptons) provide crucial access to the time evolution of elliptic flow.

Fig. 6: Invariant mass spectrum (top) and elliptic flow (bottom) of the radiation from the
hadronic and QGP phases from semi-central collisions at RHIC energies. Figure taken
from [36].

NA60+/DiCE aims to perform the first measurement of the elliptic flow of thermal dimuons — a task
currently unachievable by existing experiments due to statistical limitations. The distinct emission pro-
files of thermal dileptons reveal different stages of the fireball evolution: QGP radiation dominates the
intermediate-mass region, while hadronic processes prevail at low masses (below 1 GeV). Notably, v2
from the hadronic phase is expected to rise with mass due to radial flow, whereas v2 from QGP remains

7
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Chiral symmetry

Theoretical predictions: 
• (partial) restoration of 
chiral symmetry at high T 

•→ chiral partners get 
similar masses and mix
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in Euclidean space-time are therefore completely deter-
mined by the pion and the � meson as well as the quarks.
The overall behavior with the RG scale k qualitatively re-
sembles the temperature dependence of quark and meson
masses at µ = 0 MeV in Fig. 4.

The phase diagram of the model we use, which is a
quark-meson model on the level of the e↵ective poten-
tial, is depicted in Fig. 5, see also [27, 30] for earlier
studies on the quark-meson model. It is obtained by the
location of the global minimum of the e↵ective poten-
tial at the IR scale �0 ⌘ �0(T, µ). With the parame-
ters given in Tab. I we find a critical endpoint at around
(µCEP, TCEP) ⇡ (298, 10) MeV, which divides a crossover
region from a first-order phase transition at lower temper-
atures. We note that the slope, dT/dµ, of the first-order
line is very di↵erent than the one observed in mean-field
studies, see e.g. [49]. In fact, the regime to the right of
the first-order line, i.e. at large chemical potentials and
low temperatures, is likely to be dominated by an inho-
mogeneous ground state which leads to unphysical e↵ects
like a negative entropy density in the present truncation.
We therefore avoid this regime in the following and refer
to [50] for further details.

The same Euclidean curvature masses of the mesons,
plotted together with the constituent quark mass over
temperature at µ = 0 MeV in Fig. 4, are shown along the
µ-axis at a constant temperature of T = 10 MeV across
the CEP in Fig. 6. They behave as expected in a model
based on chiral symmetry. For vanishing chemical poten-
tial, the Euclidean curvature masses of the chiral partners
m�, m⇡ and m⇢, ma1 become degenerate at high temper-
atures, T & 200 MeV. The quark mass m decreases, in-
dicating the gradual restoration of chiral symmetry. For
a fixed temperature of T = 10 MeV the masses do not
really change over a wide range of chemical potential, as
expected from the Silver Blaze property [51]. Near the
CEP at around µCEP ⇡ 298 MeV, the sigma mass drops
significantly as expected at this second-order phase tran-
sition. In addition, the chiral condensate as well as the
vector-meson masses decrease when crossing the CEP.
For very high chemical potentials the masses of the chi-
ral partners coincide again and the quark mass decreases,
similar to the case of high temperature and vanishing
chemical potential.

C. In-medium spectral functions at |~p| = 0

Before turning to the ⇢ and a1 spectral functions at fi-
nite temperature and chemical potential, in this subsec-
tion for vanishing external spatial momentum, |~p| = 0,
we will discuss the temperature dependence of the phys-
ically relevant vector-meson pole masses. They are ob-
tained from the zero-crossing of the real part of the 2-
point functions and are shown in Fig. 7 vs. T at µ = 0.

At T = 0 chiral symmetry is broken and the pole
masses assume the vacuum values of m

p
⇢ = 789.3 MeV

and m
p
a1

= 1274.7 MeV for the UV-parameters of Tab. I.
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FIG. 7: (color online) Pole masses of ⇢ and a1 meson vs. tem-

perature at µ = 0 MeV.

With increasing temperature the di↵erence between the
pole masses decreases until they become degenerate at
T ⇡ 200 MeV, i.e. at about the same temperature as the
Euclidean curvature masses. The observed behavior sup-
ports the “melting-⇢-scenario”, where the ⇢ meson mass
remains almost stable and the a1 mass shifts towards the
mass of the ⇢ meson [11, 39].
In order to exhibit the T - and µ-induced modifica-

tions more clearly, Fig. 8 shows logarithmic plots of
the ⇢ and a1 spectral functions for vanishing chemical
potential (left column) and for a fixed temperature of
T = 10 MeV along the µ-axis towards the CEP (right
column). At T = 0 MeV, the ⇢⇤ ! ⇡ + ⇡ threshold gives
rise to a non-vanishing value of the ⇢ spectral function for
! & 280 MeV. For ! & 600 MeV the decay into quark-
antiquark pairs becomes energetically possible and gives
rise to another threshold in the spectral function. The
spectral function of the a1 meson exhibits the first thresh-
old at ! ⇡ 600 MeV, when the quark-antiquark decay
becomes possible and the width then increases due to
the mesonic decay channel a⇤1 ! ⇡ + �. In both spectral
functions, the quark-antiquark decay strongly suppresses
the pole mass peaks, see also App. D.

At finite temperature the a1 meson can capture a pion
from the heat bath to form a sigma meson, a⇤1 + ⇡ ! �.
This capture process can occur when ! = Ek,� � Ek,⇡,
i.e. for the di↵erence of the e↵ective quasi-particle ener-
gies of � and ⇡ at the momentum scale k, cf. App. A. It is
therefore bounded by !  m� �m⇡. When the slopes of
the quasi-particle branches of � and ⇡ in the scale k get
very close to one another during the FRG flow, i.e. when
their di↵erence Ek,��Ek,⇡ flows through a saddle point,
or an approximate one, the spectral density develops a
peak analogous to a van Hove singularity in the density
of states in the electronic band-structure of solids. Such
a van Hove peak is seen in the a1 spectral function in the
left column of Fig. 8 for T = 100 MeV and 150 MeV,
i.e. in the crossover region, just below the threshold of
the capture process at ! = m� �m⇡. As the di↵erence

Pole masses vs T

ρ−a1 chiral mixing 
→ dilepton enhancement 
in 0.8 < M < 1.4 GeV/c2       

(up to ~30% effect)

In QCD: massless left(right)-handed 
quarks stay left(right)-handed 
• Chiral partners (with opposite parity) 
have equal masses

C. Jung, PRD 95 (2017) 036020

In reality: chiral symmetry is spontaneously broken 
• Chiral partners ρ and a1 have ∆m ≈ 500 MeV 
• Generates ~95% of the visible mass



10NA60+/DiCE overview | I. Vorobyev | ECT* Workshop on hot high µB matter

Onset of deconfinement
Dissociation of quarkonia states in the QGP due to screening of QCD binding forces 
• Studies of quark and gluon deconfinement onset via J/ψ suppression

EB (J/ψ) = 0.64 GeV

Results from top SPS energy: evidence for suppression beyond CNM effects [1, 2] 

E. Scomparin – INFN Torino (Italy) The NA60+ experiment
CERN Town meeting 2025

Quarkonium

6

❑ What have we learned at fixed-target 
energy ?
❑ Measurements by NA50/NA60 (only 

top SPS energy)
❑ Evidence for a suppression signal 

beyond CNM effects
❑ Studies of CNM relevant for 

understanding quarkonium 
dynamics (strong collision 
energy dependence)

❑ What have we learned at collider 
energy ? 
❑ Sequential suppression 

(bottomonium)
❑ Re-generation (charmonium)

NA50, EPJC 39 (2005) 335 NA60, PLB 706 (2012) 263

CMS, PRL133 (2024) 142301

ALICE, PLB 849 (2024) 138451

E. Scomparin – INFN Torino (Italy) The NA60+ experiment
CERN Town meeting 2025

Quarkonium

6

❑ What have we learned at fixed-target 
energy ?
❑ Measurements by NA50/NA60 (only 

top SPS energy)
❑ Evidence for a suppression signal 

beyond CNM effects
❑ Studies of CNM relevant for 

understanding quarkonium 
dynamics (strong collision 
energy dependence)

❑ What have we learned at collider 
energy ? 
❑ Sequential suppression 

(bottomonium)
❑ Re-generation (charmonium)

NA50, EPJC 39 (2005) 335 NA60, PLB 706 (2012) 263

CMS, PRL133 (2024) 142301

ALICE, PLB 849 (2024) 138451

[1] NA50, EPJC 39 (2005) 335 
[2] NA60, PLB 706 (2012) 263

E. Scomparin – INFN Torino (Italy) The NA60+/DiCE 
experiment

CERN Town meeting 2025
Giacomo Alocco (University & INFN Torino)  - Quark Matter 25 - 7th April 2025                                                                                                              4

Physics motivation: quarkonium
● NA50 and NA60 measured an anomalous J/ψ suppression ➞ but no 

measurements below top SPS energy

● Moving toward lower collision energies:
○ Explore temperature closer to TC
○ Investigate role of feed-down from ψ(2S) and χc
○ Anomalous suppression effects should (gradually ?) disappear

● Are CNM effects increasing when lowering collision energy ?

● When approaching the production threshold, the ratio 
(J/ψ)/D should increase ➞ possible sensitivity to modified 
spectral functions of the charm particles in the medium

J/ψ / DY cross section vs ET in NA50 [1] J/ψ cross section normalised to p−Be in NA60 [2] Measured / expected yield of J/ψ

Mean thickness of nuclear matter crossed by J/ψ
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Onset of deconfinement
Dissociation of quarkonia states in the QGP due to screening of QCD binding forces 
• Studies of quark and gluon deconfinement onset via J/ψ suppression

🎤 See more in the talk of E. Scomparin (Wed 11:35)

👉 Explore temperatures closer to Tc 

👉 Investigate the role of feed-down from 
ψ(2s) and χc 

❓ Correlation of suppression effects with 
the T of the medium? 
❓ Increase of CNM effects with lower 
collision energies?

In-medium heavy-quark potential from lattice [1]

Results from top SPS energy: evidence for suppression beyond CNM effects [1, 2] 
❗No measurements below the top SPS energy!

EB (J/ψ) = 0.64 GeV

[1] Burnier et al., JHEP12 (2015) 101
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Figure 2. (left) Real-part of the in-medium heavy quark potential on Nf = 2 + 1 asqtad lattices
(points) with fits that establish the values of the Debye mass (solid line). Errorbands denote changes
from varying the value of mD within its fit uncertainty. (right) prediction of the imaginary part
of the potential (solid curves), together with the tentative values (light points) extracted from the
asqtad lattices with Nτ = 12.

2.3 Determination of mD from the lattice potential

For a consistent determination of the single temperature dependent parameter mD, we

assume that neither the strong coupling nor the string tension depend on the medium

temperature, i.e. all modification emerges from the surrounding light quarks and gluons.

Thus we will need to fix the values of α̃s, σ, as well as the arbitrary scale dependent

constant shift of Re[V ] at T = 0. Since lattice QCD simulations are performed on finite size

lattices at a finite lattice spacing, they necessarily operate at a low but finite temperature.

In our case we will hence use the newly added data from the two ensembles close to

zero temperature at β1 = 6.9 and β2 = 7.48. We find that the values of the vacuum

parameters vary slightly between the two ensembles. Hence a linear interpolation is used

at intermediate lattice spacings.5 As can be seen from the dark and light blue curves at the

top of the right panel of figure 2 the lattice values for Re[V ] at low temperature indeed show

a well pronounced Coulombic and linear behavior that is excellently reproduced by the fit

parameters given in table 2. I.e. neither the running of the coupling at small distances nor

logarithmic corrections at large distances are significant for the regime investigated here.

With the vacuum values set and since the explicit expression for both Re[V ] and Im[V ]

derived above only depends on a single parameter, we continue by determining mD from a

fit to the real part of the lattice QCD extracted values alone. The resulting curves are given

as solid lines in the right panel of figure 2, the corresponding Debye masses are collected

in table 3 and plotted in figure 3.

5Note that the differences between the values of σ at different β values might be related to an insufficiently

precise setting of the scale for the asqtad lattices in [45].

– 11 –



12NA60+/DiCE overview | I. Vorobyev | ECT* Workshop on hot high µB matter

Open charm − open questions
Charm quarks produced in initial NN collisions, traverse medium 
before hadronisation 
• Transport properties of the medium, heavy-quark thermalisation 
• Few experimental data, only at the top SPS energy! 

🎤 See more in the talk of F. Prino (Tue 11:35)

👉 Expect increase of charm diffusion coefficient for 
lower collision energies (shorter-lived medium, 
stronger impact of hadronic phase) 

• Important to constrain models also at higher E 

👉 Impact on charm hadronisation mechanism of a 
baryon-rich QGP 

• Baryon/meson ratios (Λc/D), strangeness (Ds/D) 

👉 Open charm cross-section close to threshold 
• nuclear PDF at large Bjorken x (anti-shadowing, 

EMC region) 
• Reference for charmonium studies

[1] F. Prino, R. Rapp, J.Phys.G 43 (2016) 9, 093002 
[2] Eskola et al., Eur.Phys.J.C 77 (2017) 3, 163

CONTENTS 19

Figure 4. Charm-quark di↵usion coe�cients from quenched lQCD (circles [17],
squares [104], and triangle [105]) compared to model calculations based on di↵erent
elastic interactions in the QGP (corresponding to the A(p=0) limit in Fig. 2): T -
matrix calculations with either free (green band) or internal energy (red band) as
potential [58,61], pQCD Born calculations from HTL/pQCD matching using a reduced
Debye mass and running coupling (Nantes [45, 46], pink dash-dotted line) or with
perturbative Debye mass and fixed coupling (Torino [36, 48], cyan band), as well as
schematic LO pQCD with fixed coupling and Debye mass mD=gT (purple dash-dotted
line). The blue-dashed line below Tc is a calculation of D-meson di↵usion in hadronic
matter from elastic scattering o↵ various mesons and anti-/baryons [96].

Tpc [96, 106]. We also note that calculations of Ds based on the bottom-quark friction

coe�cients [31, 36, 46, 58, 61] give similar results to the charm-quark ones, within 20%

for most of the approaches; in other words, the charm- and bottom-quark friction

coe�cients, A(p=0), di↵er by approximately the mass ratio mb/mc. Since the masses

are divided out in converting A(p=0) to Ds, the latter can indeed serve as a reasonably

universal measure of the (HQ) interaction strength in the QGP.

The di↵usion coe�cient has also been computed in the strong-coupling limit of

conformal field theories (CFTs) by using the AdS/CFT correspondence principle. The

result for the HQ drag (or friction) coe�cient in a Super-Yang Mills (SYM) plasma with

Nc fundamental charges has been worked out as [23–25]

�SYM
Q

=
⇡
p
�T 2

SYM

2mQ

, (22)

which turns out to be proportional to the square root of the ’t Hooft coupling,

� = g2SYMNc, highlighting its nonperturbative nature. Interestingly, the AdS/CFT

friction coe�cient (thermalization rate) exhibits the factor T/mQ characteristic for

the time delay in the thermalization of a Brownian particle. Several caveats arise in

converting this result into an estimate for the QCD plasma [109]. When rescaling the

C quark diffusion coefficient from lQCD and models [1]

Nuclear modification for gluons [2]
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Experiment proposal: NA60+/DiCE
The NA60+ / Dimuon and Charm Experiment to explore hard and 
electromagnetic probes of QGP at SPS energies 
• BES: √sNN = 6.3−16.8 GeV, µB ~ 220−480 MeV 
• Muon pair production up to mµµ ~ 4 GeV/c2 
  (dimuon continuum, low mass resonances, quarkonia) 
• Hadronic decays of strange and charm hadrons and hypernuclei

Future heavy-ions @ SPS: NA60+/DiCE

52

New proposed experiment at SPS: 
NA60+/DiCE
Study hard and electromagnetic probes of 

the QGP with a beam energy scan in the range 
√sNN = 6-17 GeV (200 < B < 450 MeV)

Study rare probes thanks to large integrated 
luminosity
Complementarity with experiments accessing:
Different (hadronic) observables in the same energy 

range (RHIC BES, NA61/SHINE)
Similar observables in a lower energy range (CBM at 

FAIR)
Galatyuk, NPA 982 (2019), update May2025

• Unique experiment in terms of energy coverage and IR 
in the HI landscape! 

• Study of rare probes thanks to large integrated 
luminosities 
• PbPb IR > 105 Hz, reachable with 106 Pb/s in a   

fixed-target environment 
• Complementary w.r.t. other experiments: 

• RHIC BES, NA61/SHINE: hadronic observables in 
similar energy range (🎤 L. Ruan, Mon 14:40) 

• CBM@FAIR, MPD@NICA: similar observables, but in 
a lower energy range and/or at lower IR 

    (🎤 A. Andronic, Mon 15:20, 🎤 I. Tserruya, Thu 16:35)

T. Galatyuk [1]

[1] Nucl. Phys. A 982 (2019) 163, QM 2018

Physics Beyond Colliders

Gianluigi Arduini, Joerg Jaeckel, Claude Vallée

Acknowledgements: PBC Accelerator and Physics Working Groups

ECFA Plenary Meeting 22nd July 2022
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2. Experimental setup
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Overview of NA60+/DiCE experimental setup
Inspired by the NA60, will largely profit from the latest available technologies 
Varying z-position of the muon spectrometer stations and hadron absorber thickness 
Significant evolution of the detector design since the LoI in 2022 [1], preliminary total cost of ~10 M CHF
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Study of rare probes of the Quark-Gluon Plasma
at SPS energies

EXPERIMENT PROPOSAL

The NA60+/DiCE Collaboration

Abstract

We propose a new fixed-target experiment, NA60+/DiCE (Dilepton and Charm Experiment), for the
study of electromagnetic and hard probes of the Quark-Gluon Plasma (QGP) in heavy-ion collisions
at the CERN SPS. The experiment aims at performing measurements of the dimuon spectrum from
threshold up to the charmonium region, of hadronic decays of charm hadrons, and of strange hadrons
and hypernuclei. It is based on a muon spectrometer, which includes the MNP33 dipole magnet
and six planes of tracking detectors, coupled to a vertex spectrometer, equipped with five planes of
Si MAPS immersed in the dipole field of the MEP48 magnet. The collision energies range from→

sNN = 6.3 GeV (Elab = 20 A GeV) to the top SPS energy (
→

sNN = 16.8 GeV, Elab = 150 A GeV).
High luminosity is an essential requirement for the experiment, which needs to collect at each energy
up to 1012 Pb ions incident on a 15% interaction probability Pb target. Corresponding data taking
periods, at the same energy per nucleon, with a proton beam incident on various nuclear targets and a
similar integrated luminosity per nucleon-nucleon collision, are also needed. This document presents
the physics program, the experimental set-up including integration and radio-protection studies, the
beam requirements and the expected physics performance. An evaluation of the costs, of the sharing
of responsibilities among the participating institutes, and of the construction and running timeline
are also presented.

Version 1 - May 16, 2025

p / Pb beam

MAPS vertex telescope

BeO/carbon 
absorber

MNP33 
dipole magnet

MWPC muon spectrometer

concrete muon wall

MEP48 C-magnet

[1] arXiv:2212.14452

• Existing CERN magnets (MEP48 and MNP33) 
• Well-established technologies (MWPC for MS) 
• Synergy with other projects (ALICE ITS3 ↔ VS)
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The vertex telescope
Reconstruction of muon tracks before absorber, primary vertex, hadronic tracks (open charm and strangeness) 
• 5 layers of MAPS detectors at 7 < z < 38 cm embedded in 1.5 T B field 
• Each layer: four 13.6×13.6 cm2 sensors with a thickness of 0.1% X0 and 5µm spacial resolution

Vertex telescope

MOSAIX: (almost) final sensor prototype expected in 2025

Realistic sensor floorplan available (13.6 x 13.7 cm2)
● MOSAIX with 6 stitched RSU (21.7 x 19.5 mm2 units) 
● 7 MOSAIX replicated vertically

Synergy with ALICE ITS3 ➞ first large area 
stitched sensor tested in 2024

ALICE ITS3 TDR

Giacomo Alocco (University & INFN Torino)  - Quark Matter 25 - 7th April 2025                                                                                                              8

Silicon Pixel Technology – Breaking Area Boundaries

❑ Synergy with ALICE ITS3 project
❑ Basic units designed in reticle:
o RSU: 21.67x19.56 mm2 pixel matrix 
▪ Pixel pitch 20.5 m

o Digital periphery with 8 10.24 Gb/s 
serializers

❑ NA60+/DiCE sensor : 
o MOSAIX segment with 6 RSU
o 7 MOSAIX segments replicated 

vertically

10CERN SPSC meeting 27 May 2025 E. Scomparin, G. Usai

Stitching plan from 
G. Aglieri - CERN

❑ Largest silicon station inside 
MEP48:

o 4 stitched 13.6x13.6 cm2 sensors

❑ Sensors with variable number of 
segments :

o Advantage: increase sensor 
yield/wafer

MOSAIX segment with 6 RSU 
7 MOSAIX segments replicated vertically
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❑ Basic units designed in reticle:
o RSU: 21.67x19.56 mm2 pixel matrix 
▪ Pixel pitch 20.5 m

o Digital periphery with 8 10.24 Gb/s 
serializers

❑ NA60+/DiCE sensor : 
o MOSAIX segment with 6 RSU
o 7 MOSAIX segments replicated 

vertically
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Stitching plan from 
G. Aglieri - CERN

❑ Largest silicon station inside 
MEP48:

o 4 stitched 13.6x13.6 cm2 sensors

❑ Sensors with variable number of 
segments :

o Advantage: increase sensor 
yield/wafer

Basic units designed in reticle: 
• RSU: 21.67×19.56 mm2 pixel 

matrix 
• Digital periphery with 8×10.24 

Gb/s serialisers

First large-area sensor (MOSAIX) is expected in 2025



Absorber and Muon Wall
❑ Main purpose:
o Stops hadrons
o Shields the MS from the non-

interacted Pb, spectator 
nucleons and fragments

o Part of the RP shielding of the 
experiment

❑ Choice of materials:
o Trade-off between energy 

loss and multiple scattering

BeO BeO

Be
O

/A
L2

O
3

Be
O

/A
L2

O
3

BeO BeO

Graphite coreGraphite core

Tungsten plugTungsten plug

Pre-absorber Pre-absorber

Low-energy abs: 7 int  High-energy abs: 14 int 

❑ pre-absorber: 
o BeO; Al2O3 considered for 

block 3 in place of BeO
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❑ Muon Wall:
o Carbon or concrete

❑ Main absorber: 
o Carbon core with 

tungsten plug
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❑ Muon Wall:
o Carbon or concrete
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o Carbon core with 

tungsten plug
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Absorber
✋ Stops hadrons, shields the MS from the non-
interacting Pb and spectator nucleons 
• Part of the PR shielding of the experiment ☢ 
• Thicker absorber for high-energy setup to cope 

with larger multiplicities at the top SPS energies 
(dN/dη > 400 for central Pb–Pb) 

Choice of the materials: trade-off between energy 
loss and multiple scatterings

Absorber and Muon Wall
❑ Main purpose:
o Stops hadrons
o Shields the MS from the non-

interacted Pb, spectator 
nucleons and fragments

o Part of the RP shielding of the 
experiment
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❑ Muon Wall:
o Carbon or concrete

❑ Main absorber: 
o Carbon core with 

tungsten plug

Low-energy absorber: 7 λ High-energy absorber: 14 λ



Muon Spectrometer
❑ Primary purpose of the Muon Spectrometer (MS): 
o Measuring kinematic parameters of muons penetrating 

the absorbers
o Matching muon tracks to the vertex spectrometer

MNP33 Muon
Wall
(graphite
or concrete)

M
S0 M
S1 M
S2 M
S3 M

S4 M
S5

Muon tracking

Muon id

❑ Particle densities at different stations:
o Conventional MWPC for all MS but MS0
o MS0: rate at the limit; GEM-like more suited

❑ positions for          
low-energy setup

FLUKA simulation

15CERN SPSC meeting 27 May 2025 E. Scomparin, G. Usai
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The muon spectrometer
6 stations to measure kinematic parameters of the muon tracks 
after absorber and to match muons to vertex spectrometer

10

● Positioned downstream of a thick hadron absorber (BeO + C):
○ Six tracking stations ➞ MWPC detectors (max. rate ~2 kHz/cm2)
○ C wall precedes the last two stations, to improve muon identification

● Tracking stations realized with modular structure and varying strip pitch
● Second prototype tested with secondaries from Pb-Pb collisions in 2024

Muon Spectrometer

Giacomo Alocco (University & INFN Torino)  - Quark Matter 25 - 7th April 2025                                                                                                              10

• MWPC for stations MS1−MS5 
(max. rate ~2 kHz/cm2) 

• MS0: rate at the limit, GEM-
like option to be considered

MWPC – Precision Through Modular Design
❑ Detector modularity adopted with rectangular units:
o 71x62 cm2

o Ar/CO2 (70/30) gas volume 6 mm thick
o Two-directional strips etched on a multi-layer FR PCB
o Solid FR cathod panel on other side
o 30 μm wires along long side, 2-3 mm pitch
o 100 m spatial resolution in bending plane
o <3-4% X0 material budget

❑ Strip Extension Area (SEA): 
o Strip PCB extends for hosting frontend                                     

electronics:
o Readout with 8 VMM chips (into 4 mezzanines):
▪ Continous readout (240 ns dead time)

o Readout controller (ROC) with FPGA module

16CERN SPSC meeting 27 May 2025 E. Scomparin, G. Usai

Tracking stations realised with modular structure and varying strip pitch
• Ar/CO2 (70/30) gas volume with 6mm thickness 
• 100µm spatial resolution in bending plane 
• < 3−4% X0 material budget

Muon Spectrometer
❑ Primary purpose of the Muon Spectrometer (MS): 
o Measuring kinematic parameters of muons penetrating 

the absorbers
o Matching muon tracks to the vertex spectrometer

MNP33 Muon
Wall
(graphite
or concrete)

M
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S1 M
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S3 M

S4 M
S5

Muon tracking

Muon id

❑ Particle densities at different stations:
o Conventional MWPC for all MS but MS0
o MS0: rate at the limit; GEM-like more suited

❑ positions for          
low-energy setup

FLUKA simulation

15CERN SPSC meeting 27 May 2025 E. Scomparin, G. Usai
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The dipole magnet MNP33
The NA62 experiment: ultra rare kaon decays K+→π+νν [1], completes its program in 2026 
🧲 Main dipole magnet MNP33 will be available after that!

E. Scomparin – INFN Torino (Italy) The NA60+ experiment
CERN Town meeting 2025

Muon spectrometer

13

❑ Positioned downstream of a thick hadron absorber (BeO + C)
❑ MNP33 dipole magnet
❑ Six tracking stations → MWPC detectors (max. rate ~2 kHz/cm2)
❑ C wall precedes the last two stations, to improve muon identification

❑ Used by NA62 experiment (rare K decays) till the end of run3, discussion ongoing with EP-DT group and CERN 
Magnet WG, to assess integration aspects in the NA60+ set-up (powering, cooling)

❑ Previous versions of the set-up were considering a toroidal magnet, to be built→ strong cost reduction

OPERA 3D model

C
oi

l

BL = 0.83 Tm
Significant fringe field

The NA62 dipole

Sasha Milov                                       The NA60+ experiment at SPS                                HP2024,  Nagasaki

The NA62 experiment completes its 
experimental program in 2026

The experiment uses the MNP33 dipole 
magnet with additional coils

It’s a dipole with a rather extended field

In the real world, the dipole wins 3.8:0 
J. Phys. G: Nucl. Part. Phys. 43 (2016) 125004

Pros

Larger acceptance
for soft muons

Compactness

No price tag

Cons

Need powering
two coils

Lower ׬𝐵𝑑𝑙

11

[1] NA62, JHEP 02 (2025) 191 
[2] arXiv:2212.14452

Pros Contras

Larger acceptance 
for soft muons

Need powering 
two coils

Compactness Slightly lower ∫Bdl

Essentially 
no price tag!

Pros and cons w.r.t. toroidal magnet in the LoI [2]

💰 Cost reduction of NA60+/DiCE project by nearly 3M CHF

• Gap width: 2.4m × 2.4m 
• ∫Bdl = 0.864 Tm
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3. Expected performance 
and physics results



NA60+/DiCE: study of rare probes of the Quark-Gluon Plasma Experiment proposal

4 Physics performance

4.1 Dimuon reconstruction

The reconstruction efficiency for muon pairs results from a complex interplay of several factors: absorp-
tion of low-momentum muons, polarities of the two dipole magnets, and matching efficiency between
the muon spectrometer and vertex tracks. Simulations were performed for two different configurations
of the absorbers’ system. The first follows the Letter Of Intent configuration using three BeO blocks
(pre-absorber) for the main absorber and graphite for the muon wall (see Figure 36). The second config-
uration replaces the largest BeO block (block 3 in Figure 36) with Al2O3 (see Table 4) and uses concrete
for the muon wall. These configurations were compared through simulations of low mass resonances
and QGP dimuons.
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Fig. 74: Dimuon reconstruction performance: (Left) Acceptance → efficiency versus mass
for different dipole polarities of the two dipole magnets and for two different configurations
of the absorbers system. Results are also compared to the setup with a toroidal magnet;
(Right) pT dependence.

Figure 74 (left panel) displays the product of pair acceptance and reconstruction efficiency as a function
of dimuon mass, in the low to intermediate mass regions, integrated over transverse momentum and
rapidity, for both same and opposite dipole polarities. The plot refers to the low-energy set-up. The
efficiency increases with dimuon mass and is consistently higher for opposite dipole polarities. The
results indicate that the configuration with Al2O3 replacing one BeO block and with concrete in the
muon wall reduces the reconstruction efficiency by approximately 20-25% at the lowest masses and 10%
or less above 1 GeV. This modest reduction in efficiency is offset by significant cost savings since Al2O3
and concrete are substantially cheaper than BeO and graphite (see Table 5).

The NA60/DiCE setup based on two dipole magnets outperforms the original toroidal magnet design
described in the Letter of Intent, primarily because the toroidal configuration suffered from a large cen-
tral dead zone caused by closely spaced coils, an issue absent in the dipole design. Figure 74 (right
panel) displays the acceptance times efficiency product versus pT , showing the characteristic efficiency
reduction for low-mass dimuons (Mµµ < 1 GeV/c2) at low pT (< 1 GeV/c) typical of such spectrom-
eter configurations. Despite this expected kinematic dependence, the overall efficiency surpasses that
of the original NA60 experiment by approximately one order of magnitude, demonstrating significant
improvements in the detector’s capability to reconstruct dimuon pairs across the measured momentum
range (0–3 GeV/c). Further considerations on the dimuon acceptance, concerning the charmonium mass
region, as well as the use of the low- vs high-energy setup are reported later, in Section 4.3.
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Detector performance: dimuon reconstruction
Detector efficiency extends down to low mass and pair pT 
Overall a significant improvement with dipole magnet w.r.t. toroid from the LoI 
• Better performance with opposite polarities for MEP48 / MNP33 
• A factor ~10 better than the NA60 experiment!

Acceptance × efficiency vs mass and pT

improvement w.r.t. LoI

η → γµ+µ− 

ω → π0µ+µ− 

ω → µ+µ− 

ϕ → µ+µ− 

improvement with 
opposite polarities

QGP (M > 1 GeV/c2)

ω2B ϕ2B⟨ηD⟩ ⟨ωD⟩ ⟨QGP⟩



NA60+/DiCE: study of rare probes of the Quark-Gluon Plasma Experiment proposal

Fig. 75: Reconstructed invariant mass spectra for the 5% most central Pb–Pb collisions at
(left)

→
sNN = 6.3 GeV and (right) 8.8 GeV. The combinatorial background (solid blue line)

and fake-matches background (dashed blue line) are shown with their respective normaliza-
tions. Prominent peaks from ! and ∀ meson decays are clearly resolved.
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Fig. 76: (Left) Signal spectrum at
→

sNN = 8.8 GeV after background subtraction. The sys-
tematic uncertainty from background subtraction is shown as a yellow band. Resonance
cocktail, thermal radiation, Drell-Yan and open charm are shown. (Right) Acceptance-
corrected thermal spectra at different collision energies with exponential fit (systematic un-
certainties shown in yellow).

The left panel of Fig. 76 displays the background-subtracted dimuon spectrum at
→

sNN = 8.8 GeV, where
the 0.5% systematic uncertainty on background subtraction is represented by the yellow band. In the low-
mass region (M < 1 GeV/c2), the thermal radiation yield is predominantly characterized by in-medium
# meson modifications, while the ! and ∀ vector mesons appear as distinct peaks with a mass resolution
of ∃! = 7 MeV/c2 for the ! meson. This resolution shows good agreement with that obtained using the
ACTS reconstruction framework. The thermal component remains statistically significant up to M ↑ 2.5
GeV/c2, with the open-charm contribution suppressed by more than one order of magnitude compared
to top SPS collision energies.
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Thermal radiation from QGP
Thermal dimuon yield: HG via ρ at low mass, QGP radiation up to M = 2.5−3.0 GeV/c2 
Hadronic cocktail derived from NA60 Genesis simulations 🍸 
• Pythia simulations for Drell−Yan (to be measured in pA) and open charm (small to negligible)Measurement of Thermal Radiation – 

the Thermometer for the QGP
❑ Thermal radiation yield:
o Dominated by  contribution at low 

mass
o Accessible up to M=2.5-3 GeV/c2

❑ Drell-Yan contribution: 
o To be measured in p-A
❑ Open charm:
o Small or negligible dimuon source

→ ~2-3% uncertainty on the
evaluation of Tslope

❑ Accurate mapping of the region 
where Tpc is reached

→ Strong sensitivity to possible    
flattening due to 1st order transition

2 months

1 month

(0-5% central Pb-Pb collisions)

Same performance (or even better) wrt LOI
27CERN SPSC meeting 27 May 2025 E. Scomparin, G. Usai

🌡 Precise measurement of T via the fit to thermal radiation continuum in 1.5 < M < 2.5 GeV/c2 

Measurement of Thermal Radiation – 
the Thermometer for the QGP

❑ Thermal radiation yield:
o Dominated by  contribution at low 

mass
o Accessible up to M=2.5-3 GeV/c2

❑ Drell-Yan contribution: 
o To be measured in p-A
❑ Open charm:
o Small or negligible dimuon source

→ ~2-3% uncertainty on the
evaluation of Tslope

❑ Accurate mapping of the region 
where Tpc is reached

→ Strong sensitivity to possible    
flattening due to 1st order transition

2 months

1 month

(0-5% central Pb-Pb collisions)

Same performance (or even better) wrt LOI
27CERN SPSC meeting 27 May 2025 E. Scomparin, G. Usai

dN/dM ~ M3/2 exp(−M/T)

ULS, signal and background Signal compared to cocktail Thermal spectra and fits to 1.5<M<2.5 GeV/c2
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Thermal radiation from QGP: caloric curve

Measurement of Thermal Radiation – 
the Thermometer for the QGP

❑ Thermal radiation yield:
o Dominated by  contribution at low 

mass
o Accessible up to M=2.5-3 GeV/c2

❑ Drell-Yan contribution: 
o To be measured in p-A
❑ Open charm:
o Small or negligible dimuon source

→ ~2-3% uncertainty on the
evaluation of Tslope

❑ Accurate mapping of the region 
where Tpc is reached

→ Strong sensitivity to possible    
flattening due to 1st order transition

2 months

1 month

(0-5% central Pb-Pb collisions)

Same performance (or even better) wrt LOI
27CERN SPSC meeting 27 May 2025 E. Scomparin, G. Usai

❑ Probing temporal evolution of medium:
o Multi-differential measurements
       vs M,  pT and v2

❑ Precise mapping of T over wide 
     s – B range:

o 2-3% uncertainty from all new 
experiments

❑ At high B (NA60+/DiCE, CBM):
o Possible flattening of caloric 

curve (T vs )
 →Evidence of first order  
                        phase  transition

28

The High-μB Frontier – A New Era of Exploration 
for the Equation of State

CERN SPSC meeting 27 May 2025 E. Scomparin, G. Usai

→ multi-dimensional tomograph of 
the QCD medium

🌡 Precise measurement of T via the fit to thermal radiation continuum in 1.5 < M < 2.5 GeV/c2 
• ~2% unc. on the evaluation of T from 1−2 months of data taking (~O(1012) ions on target) 
• Accurate mapping of T vs √sNN, sensitivity to possible flattening of caloric curve (→1st order phase transition)

dN/dM ~ M3/2 exp(−M/T)

NA60+/DiCE: study of rare probes of the Quark-Gluon Plasma Experiment proposal

4.2 Thermal dimuons

Detailed performance studies of thermal dimuons were conducted for the 5% most central Pb–Pb col-
lisions at center-of-mass energies

→
sNN = 6.3, 8.8 and 17.3 GeV. For these simulations, the absorber

configuration featuring the BeO pre-absorber and a graphite muon wall was employed. The differential
thermal µ+µ↑ pair spectra, expressed as d3N/dMdpT dy, incorporate several physics inputs: in-medium
spectral functions of the ! and ∀ mesons, four-pion continuum contributions, quark-gluon plasma radi-
ation, obtained with the expanding thermal fireball model described in [10]. The event generator imple-
ments the model calculations under two distinct scenarios: either complete absence of !-a1 chiral mixing
or full chiral mixing in the intermediate mass region (1 < M < 1.5 GeV/c2). For the specific purpose
of the evaluation of the performance of the temperature measurement, thermal dilepton production was
simulated without chiral mixing effects.

The hadron cocktail generator incorporates both two-body decays (# , ∀ , ∃ ) and Dalitz decays (# ↓
%µ+µ↑, ∀ ↓ &0µ+µ↑), building upon the NA60 generator framework with the statistical hadronization
model described in [180]. For continuum processes, Drell–Yan production and open-charm decays were
simulated using the PYTHIA event generator.

The analysis presents results from data samples corresponding to equivalent integrated luminosities of:
one month of data collection at

→
sNN = 8.8 GeV and 17.3 GeV, and two months at 6.3 GeV. Table 13

summarizes the reconstructed thermal dilepton pair yields for central collisions (0-5% centrality), in-
cluding both statistical and systematic uncertainties for each energy regime.

Table 13: Summary of reconstructed thermal dilepton pairs and extracted slope parameters
(Tslope) for central Pb–Pb collisions at

→
sNN = 6.3, 8.8 and 17.3 GeV. The systematic un-

certainties include contributions from background subtraction (±0.5%). See text for details
on data collection and analysis methodology.

→
sNN (GeV) Thermal pairs Tslope (MeV)

6.3 6.05↔106 160±3±1
8.8 5.64↔106 171±4±1
17.3 5.65↔106 182±2±1

Fig. 75 presents the reconstructed invariant mass spectra for Pb–Pb collisions at
→

sNN = 6.3 GeV (left)
and 8.8 GeV (right). The combinatorial background estimation (blue curve) utilizes FLUKA simulations
that incorporate hadronic interactions throughout the absorber and muon wall system. Primary hadrons
(pions, kaons, and protons) are transported through the spectrometer using NA49-measured kinematic
distributions [155, 156], with simulated detector hits processed through the full reconstruction chain. The
background calculation procedure involves three key steps. First, determining single-track efficiencies
for both correct and fake matches using embedding techniques. Second, scaling these efficiencies by
the expected particle multiplicities in central collisions (0-5% centrality). Third, combining the resulting
positive and negative charged particle distributions.

The background subtraction procedure incorporates a conservative 0.5% systematic uncertainty, derived
from NA60’s previous 1%. At M = 0.6 GeV/c2, the signal-to-background ratio reaches approximately
1:10 for

→
sNN = 8.8 GeV. The net signal distribution (red curve) reveals that fake muon matches con-

tribute minimally to the residual background, becoming statistically insignificant above M = 1 GeV/c2.

Relative to the original NA60 measurements, NA60+/DiCE achieves a factor 20 increase in signal statis-
tics combined with enhanced mass resolution enabled by the upgraded spectrometer geometry and track-
ing system.
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Thermal spectra and fits to 1.5<M<2.5 GeV/c2

2 months →
1 month →
1 month →
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Chiral symmetry restoration via ρ−a1 mixing
Full ρ−a1 mixing → 20−30% enhancement is expected in the region of 0.8 < M < 1.5 GeV/c2 

• NA60+/DiCE can clearly detect a signal of ρ−a1 mixing! 

QCD chiral symmetry restoration: -a1 mixing
❑ Chiral symmetry restoration investigated with the measurement of the ρ- a1 mixing
❑ Full ρ-a1 chiral mixing → 20-30% enhancement is expected in the region 0.8 < M < 1.5 GeV/c2 w.r.t. no mixing

Theoretical prediction from:
R. Rapp, H. van Hees. Physics Letters
B 753 (2016): 586-590

❑ green line →  no chiral 
mixing

❑ black line  → full chiral 
mixing

❑ NA60+/DiCE can clearly 
detect a signal of QCD 
chiral symmetry restoration

29CERN SPSC meeting 27 May 2025 E. Scomparin, G. Usai

Full ρ−a1 mixing 
No chiral mixing

Breakthrough for accessing    

chiral symmetry restoration 

signal!
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Thermal spectrum with/without chiral mixing

Chiral condensate vs temperature and density [1]
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Theoretical predictions: 
R. Rapp, H. van Hees, 
PLB 753 (2016): 586-590

[1] Klimt et al., Phys. Lett. B 249, 386 (1990)
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Fireball lifetime
Yield of thermal dileptons in (0.3, 0.7) GeV: sensitive to all emission stages 
⏱ Tracking of total fireball lifetime with a ~10% accuracy or better 
NA60 measurement in In−In at √sNN = 17.3 GeV: τFB = 8 ± 1 fm/c 
Excellent accuracy is expected for NA60+/DiCE!

LoI: NA60+ NA60+ Collaboration
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Fig. 32: NA60+ projection for the acceptance corrected thermal dimuon mass spectrum at
p

sNN = 8.8 GeV in
case of no chiral mixing compared to the theoretical expectation (green line). The black line above 1 GeV/c

2 is
the expectation from full chiral mixing [28].
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Fig. 33: Performance for thermal dilepton yield measurement for the fireball lifetime measurement. The black
circles correspond to measurements at Elab = 40, 80 and 158 A GeV. The corresponding uncertainties are smaller
than the size of the markers.

The thermal dimuon yield is expected to scale with centrality as N
1.4
ch

[155]. The open charm and Drell-1238

Yan contributions are scaled as the number of binary collisions.1239

At present, no theoretical calculation of the elliptic flow of thermal dimuons is available at the SPS1240

energies. For this reason, two scenarios are considered: an elliptic flow comparable to the expectations1241

40
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Fig. 4. (Color online.) Dielectron invariant mass spectrum in the STAR acceptance (|yee| < 1, 0.2 < pe
T < 3 GeV/c, |ηe | < 1) after efficiency correction, compared with the 

hadronic cocktail consisting of the decays of light hadrons and correlated decays of charm in Au + Au collisions at √sNN = 19.6 GeV. The data to cocktail ratio is shown 
in the bottom panel. Theoretical calculations [11,32] of a broadened ρ spectral function are shown up to 1.5 GeV/c2 for comparison. Systematic uncertainties for the data 
points are shown as green boxes, and the gray band represents the uncertainties for the cocktail simulation.

Fig. 5. (Color online.) The acceptance-corrected excess dielectron mass spectra, nor-
malized to the charged particle multiplicity at mid-rapidity dNch/dy, in Au + Au
collisions at √

sNN = 19.6 (solid circles) and 200 GeV (diamonds). The dNch/dy
values in Au + Au collisions at √

sNN = 19.6 and 200 GeV are from Refs. [38]
and [39], respectively. Comparison to the NA60 data [8,40] for In + In collisions 
at √sNN = 17.3 GeV (open circles) is also shown. Bars are statistical uncertain-
ties, and systematic uncertainties are shown as gray boxes. A model calculation 
(solid curve) [11,32] with a broadened ρ spectral function in hadron gas (HG) 
and QGP thermal radiation is compared with the excess in Au + Au collisions at √

sNN = 19.6 GeV. The normalization uncertainty from the STAR measured dN/dy is 
about 10%, which is not shown in the figure.

√
sNN = 200 GeV collisions. The excess yield has a centrality de-

pendence and increases from peripheral to central collisions at √
sNN = 200 GeV. Comparing to the results from In+ In collisions at √
sNN = 17.3 GeV, the excess yield at √sNN = 19.6 GeV is consis-

tent within the uncertainties while the excess at √sNN = 200 GeV
is higher in central collisions, but within 2σ uncertainty. This 
might indicate that the lifetime of the medium created in cen-
tral collisions at √

sNN = 200 GeV is longer than those in pe-
ripheral collisions and at √sNN = 17.3 GeV, which enhances the 
dilepton production from thermal radiation. The same model cal-

Fig. 6. (Color online.) Integrated yields of the normalized dilepton excesses for 0.4 <
Mll < 0.75 GeV/c2 as a function of dNch/dy. The solid circle and diamond represent 
the results in 0–80% Au + Au collisions at √sNN = 19.6 and 200 GeV, respectively. 
The squares are the results for 40–80%, 10–40%, and 0–10% Au + Au at √sNN =
200 GeV. The open circle represents the dimuon result from the NA60 measurement 
with dNch/dη > 30. Bars are statistical uncertainties, and systematic uncertainties 
are shown as gray boxes. The theoretical lifetimes for √sNN = 200 GeV Au + Au as 
a function of dNch/dy in the model calculations [19] are shown as a dashed curve. 
The lifetimes for √sNN = 17.3 GeV In + In and √sNN = 19.6 GeV Au + Au in the 
same model calculations [19] are shown as the two horizontal bars. The dNch/dy
values for the horizontal bars are shifted for clarity.

culations [11,32] that consistently describe the dilepton excesses 
in the √sNN = 17.3, 19.6, and 200 GeV A+A data give lifetimes of 
6.8 ±1.0 fm/c, 7.7 ±1.5 fm/c, and 10.5 ±2.1 fm/c for the 17.3 GeV 
In + In, 19.6 GeV Au + Au, and 200 GeV Au + Au data as shown in 
Fig. 6 [19]. In addition, the lifetime has a strong centrality depen-
dence in √sNN = 200 GeV Au + Au collisions in the calculations, as 
indicated by the dashed curve in Fig. 6. With the total baryon den-
sity nearly a constant and the dilepton emission rate dominant in 
the critical temperature region at √sNN = 17.3–200 GeV, the nor-
malized excess dilepton yields in the low mass region from the 
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Fig. 32: NA60+ projection for the acceptance corrected thermal dimuon mass spectrum at
p

sNN = 8.8 GeV in
case of no chiral mixing compared to the theoretical expectation (green line). The black line above 1 GeV/c

2 is
the expectation from full chiral mixing [28].

10 210
 (GeV)NNs

0

5

10

15

20

256
 x

 1
0

ch
/N- l+ lN

 ____ hadronic 

 ____ QGP 

 ____ sum 

 fbτ ____ 

 2 < M < 0.7 GeV/c2 0.3 GeV/c

10 210
0

2

4

6

8

10

12

14

16

18

20

(fm
/c

)
fbτ

Fig. 33: Performance for thermal dilepton yield measurement for the fireball lifetime measurement. The black
circles correspond to measurements at Elab = 40, 80 and 158 A GeV. The corresponding uncertainties are smaller
than the size of the markers.

The thermal dimuon yield is expected to scale with centrality as N
1.4
ch

[155]. The open charm and Drell-1238

Yan contributions are scaled as the number of binary collisions.1239

At present, no theoretical calculation of the elliptic flow of thermal dimuons is available at the SPS1240

energies. For this reason, two scenarios are considered: an elliptic flow comparable to the expectations1241

40

🤔 “Anomalous” variations around onset of deconfinement? 
• First order phase transition → small pressure gradients in the system stall the fireball expansion 
• Can lead to a longer fireball lifetime due to the burning of latent heat
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Fig. 4. (Color online.) Dielectron invariant mass spectrum in the STAR acceptance (|yee| < 1, 0.2 < pe
T < 3 GeV/c, |ηe | < 1) after efficiency correction, compared with the 

hadronic cocktail consisting of the decays of light hadrons and correlated decays of charm in Au + Au collisions at √sNN = 19.6 GeV. The data to cocktail ratio is shown 
in the bottom panel. Theoretical calculations [11,32] of a broadened ρ spectral function are shown up to 1.5 GeV/c2 for comparison. Systematic uncertainties for the data 
points are shown as green boxes, and the gray band represents the uncertainties for the cocktail simulation.

Fig. 5. (Color online.) The acceptance-corrected excess dielectron mass spectra, nor-
malized to the charged particle multiplicity at mid-rapidity dNch/dy, in Au + Au
collisions at √

sNN = 19.6 (solid circles) and 200 GeV (diamonds). The dNch/dy
values in Au + Au collisions at √

sNN = 19.6 and 200 GeV are from Refs. [38]
and [39], respectively. Comparison to the NA60 data [8,40] for In + In collisions 
at √sNN = 17.3 GeV (open circles) is also shown. Bars are statistical uncertain-
ties, and systematic uncertainties are shown as gray boxes. A model calculation 
(solid curve) [11,32] with a broadened ρ spectral function in hadron gas (HG) 
and QGP thermal radiation is compared with the excess in Au + Au collisions at √

sNN = 19.6 GeV. The normalization uncertainty from the STAR measured dN/dy is 
about 10%, which is not shown in the figure.

√
sNN = 200 GeV collisions. The excess yield has a centrality de-

pendence and increases from peripheral to central collisions at √
sNN = 200 GeV. Comparing to the results from In+ In collisions at √
sNN = 17.3 GeV, the excess yield at √sNN = 19.6 GeV is consis-

tent within the uncertainties while the excess at √sNN = 200 GeV
is higher in central collisions, but within 2σ uncertainty. This 
might indicate that the lifetime of the medium created in cen-
tral collisions at √

sNN = 200 GeV is longer than those in pe-
ripheral collisions and at √sNN = 17.3 GeV, which enhances the 
dilepton production from thermal radiation. The same model cal-

Fig. 6. (Color online.) Integrated yields of the normalized dilepton excesses for 0.4 <
Mll < 0.75 GeV/c2 as a function of dNch/dy. The solid circle and diamond represent 
the results in 0–80% Au + Au collisions at √sNN = 19.6 and 200 GeV, respectively. 
The squares are the results for 40–80%, 10–40%, and 0–10% Au + Au at √sNN =
200 GeV. The open circle represents the dimuon result from the NA60 measurement 
with dNch/dη > 30. Bars are statistical uncertainties, and systematic uncertainties 
are shown as gray boxes. The theoretical lifetimes for √sNN = 200 GeV Au + Au as 
a function of dNch/dy in the model calculations [19] are shown as a dashed curve. 
The lifetimes for √sNN = 17.3 GeV In + In and √sNN = 19.6 GeV Au + Au in the 
same model calculations [19] are shown as the two horizontal bars. The dNch/dy
values for the horizontal bars are shifted for clarity.

culations [11,32] that consistently describe the dilepton excesses 
in the √sNN = 17.3, 19.6, and 200 GeV A+A data give lifetimes of 
6.8 ±1.0 fm/c, 7.7 ±1.5 fm/c, and 10.5 ±2.1 fm/c for the 17.3 GeV 
In + In, 19.6 GeV Au + Au, and 200 GeV Au + Au data as shown in 
Fig. 6 [19]. In addition, the lifetime has a strong centrality depen-
dence in √sNN = 200 GeV Au + Au collisions in the calculations, as 
indicated by the dashed curve in Fig. 6. With the total baryon den-
sity nearly a constant and the dilepton emission rate dominant in 
the critical temperature region at √sNN = 17.3–200 GeV, the nor-
malized excess dilepton yields in the low mass region from the 
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NA60+/DiCE: study of rare probes of the Quark-Gluon Plasma Experiment proposal
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Fig. 82: (Left) Rapidity coverage for the J/! measurement, for different collision energies.
The vertical bars represent the y region that contains 95% of the reconstructed J/! . (Right)
J/! detection acceptance, as a function of energy, in the rapidity domain containing 95% of
the reconstructed J/! . In both plots results are given for the low-energy set-up for Elab =
50→90 A GeV and for the high-energy set-up for Elab = 110→150 A GeV
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Fig. 83: (Left) Expected performance for the RAA measurement in Pb-Pb collisions at
Elab =50 A GeV, as a function of centrality expressed via the number of participant nu-
cleons Npart. A 30% suppression, in addition to cold-nuclear matter effects, is assumed in
the two more central bins (see text for more details). (Right) Significance for the observa-
tion of an anomalous suppression on top of the cold nuclear matter effects, as a function of
the beam energy. The curves are given for various levels of anomalous suppression ranging
from 10 to 30% and refer to the 20% more central Pb-Pb collisions. In this calculation,
the low-energy set-up is used for Elab = 50 → 90 A GeV and the high-energy set-up for
Elab = 110→150 A GeV

.

we show in Fig. 83 (right panel) the significance, expressed in terms of number of standard deviations,
for the observation of a suppression signal exceeding cold nuclear matter effects by 10, 20 or 30%. The
values are given for the 20% most central Pb-Pb collisions and are shown as a function of the beam energy
per nucleon. As expected, the significance increases with collision energy, due to the larger production
cross section. Values larger than ↑ 3∀ can be reached at all energies, for a 20% anomalous suppression
level.

Finally, the detection of the !(2S) and the #c is of great interest, as QGP-related effects are known to
depend on the binding energy of the resonance. Their study is more difficult due to their smaller yield.
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Quarkonium and onset of deconfinement
• Assume 30% suppression in 0−20% and 20-40% centralities, 1 month of Pb−Pb data taking 
• CNM effects: from p−Be, p−Cu, p−Pb data 
• RAA calculations: extrapolate A-dependence to pp

Suppression beyond CNM effects should be well measurable by NA60+/DiCE!

Significance of anomalous suppression observationJ/ψ RAA vs Npart with NA60+/DiCE

3σ level
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Fig. 86: Left: Statistical significance normalized to the square root of the number of events
and signal-over-background ratio as a function of the selection efficiency for !c baryons in
the 5% most central Pb–Pb collisions at beam energy of 150 GeV/nucleon. The signal and
the background yields are evaluated in a 2! invariant-mass region around the peak. Right:
Projection for the invariant-mass distribution of !c candidates in 4.5 → 109 central Pb–Pb
collisions at beam energy of 150 GeV/nucleon.

from the one from the pK↑∀+ decay, and will thus contribute to reducing the statistical uncertainties
and to assessing and controlling systematic effects. Finally, the performance can be further enhanced by
incorporating timing layers into the vertex telescope to enable particle identification via time-of-flight.
For instance, the separation of proton and pion tracks up to momenta of 3(2) GeV/c allows a reduction
of the combinatorial background in the !c invariant mass region by about 30%(15%) [140]. This sepa-
rating power could be obtained with a timing layer positioned at 40 cm from the target and providing a
time resolution of 20 (40) ps. To this end, we are following the progress of a dedicated R&D program,
initiated as part of the ALICE 3 project [191], which is currently underway to realise this performance.

4.5 Strangeness production

The hadronic decays of strange hadrons can be studied with the vertex spectrometer of the NA60+/DiCE
apparatus. The decay channels analysed here are !0 ↓ p + ∀↑, !0 ↓ p + ∀+, ∀↑ ↓ !0 + ∀↑, ∀+ ↓
!0

+ ∀+, # ↓ !+K, K0
S ↓ ∀+∀↑and # ↓K+K↑, with the distinctive cascade topology for multi-

strange baryons. The decays were simulated with the package EvtGen [192] and the resulting pro-
tons, kaons and pions were propagated through the vertex spectrometer utilising the fast simulation
of NA60+/DiCE. Pb–Pb collisions were simulated with a cocktail of prompt protons, kaons, and pions
superimposed to those coming from the hadronic decays under study. The yield, pT and rapidity distribu-
tions of the prompt p, K, and ∀ and of the strange particles were generated according to the measurements
performed by NA49 [155, 156, 193–195]. The yields and kinematics of the K0

S were taken as the aver-
age values of those relative to the K+ and K↑. The signal candidates were built by combining pairs or
triplets of tracks with the proper charge sign. The analysis was performed on 2.5→107 simulated Pb–Pb
collisions in the 0-5% centrality class at

↔
sNN = 8.8 GeV. The results obtained were scaled to match the

expected statistics after one month of data taking. In the remainder of this Section we describe in more
detail the reconstruction procedure and the selection criteria, separately for long-lived and short-lived
strange particles.

Long-lived strange particles The relatively long lifetime of !, ∀, # and K0
S (c∃ ↗ few cm) allows

topological selections to be applied to reduce the combinatorial background. The decay vertex position
and the candidate’s kinematics were computed by propagating the decay tracks to their point of closest
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Fig. 85: Left: Statistical significance normalized to the square root of the number of events
and signal-over-background ratio as a function of the selection efficiency for D+

s mesons
in the 5% most central Pb–Pb collisions at beam energy of 150 GeV/nucleon. The signal
and the background yields are evaluated in a 2! invariant-mass region around the D+

s peak.
Right. Projection for the invariant-mass distribution of D+

s candidates in 4.5 → 109 central
Pb–Pb collisions at beam energy of 150 GeV/nucleon.

lifetime of !+
c (c∀ = 60 µm) compared to D0, D+, and D+

s mesons, the selection of the signal candidates
is significantly more challenging. To enhance the reconstruction, kinematic variables were included in
the selection criteria in addition to those associated with the displaced-vertex topology. In particular,
since the proton is typically the most energetic daughter particle emitted in the !c decay, selections on
the ratios of the momenta of the daughter particles (p#/pp and pK/pp) were applied. For the geometrical
selections, the same variables considered for the D+

s analysis (track impact parameter, distance between
primary and decay vertices, cosine of the pointing angle, product of the impact parameters of the same-
sign decay particles) were employed. Due to the short decay length of !+

c baryons, distinguishing signal
candidates from the large combinatorial background is particularly challenging. Therefore, a selection
approach based on Booted Decision Trees (BDTs) [189, 190] was explored in addition to the conven-
tional method based on several sets of “rectangular” selection criteria. The BDTs were trained using
simulated samples of signal and background candidates, and the trained model was subsequently applied
to classify candidates from an independent sample. The input features for the BDT training were the
impact parameter and the momenta of the three decay products, the sum in quadrature of the distances of
the three tracks from the reconstructed decay vertex, as well as the candidate decay length and pointing
angle. The resulting statistical significance and S/B ratio for both approaches are reported in the left
panel of Fig. 86, demonstrating that the BDT selection provides substantially improved performance in
separating signal from background. An example of the invariant mass distribution of !c candidates in the
0–5% centrality class for Pb–Pb collisions at a beam energy of 150 GeV/nucleon is shown in the right
panel of Fig. 86 for a threshold on the BDT output score that provides good statistical significance of the
signal and a selection efficiency of about 2%. This result demonstrates that with the NA60+/DiCE setup it
will be possible to reconstruct about 6,000 !c baryons in the 5% most central Pb–Pb collisions, reaching
a precision of a few percent in terms of statistical uncertainties. Additional measurements of !c produc-
tion may be performed using alternative decay channels that include long-lived neutral strange hadrons
in the final state, namely !+

c ↑ pK0
S and !+

c ↑ !#+ (and their charge conjugates). These decay modes
have smaller branching ratios (BR = 1.59% and 1.30%, respectively) compared to the pK↓#+ channel
and a poorer precision on the determination of the !c decay vertex. However, they could benefit from
the high purity reconstruction of K0

S mesons and ! baryons from their V0 decay topologies, as discussed
in the next Section. These channels offer a complementary measurement of !c production, independent
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Fig. 84: Left: Rapidity distributions for D0 → K↑!+ decays at
↓

sNN = 16.8 GeV at gen-
eration level, after reconstruction of decay products in the vertex spectrometer, and after
selection cuts based on the decay vertex topology. Right. Projection for the invariant-
mass distribution of D0 candidates in 4.5↔109 central Pb–Pb collisions at beam energy of
150 GeV/nucleon.

ions on target, which can be collected in one month of data taking. It demonstrates that the NA60+/DiCE
experiment will enable precise measurements of the D0-meson yield in central Pb–Pb collisions with a
statistical precision well below 1%, which would allow also for studies in pT and y intervals and the
determination of the elliptic flow coefficient v2 of D mesons with percent level statistical uncertainty.

Performance studies were also conducted to assess the feasibility of reconstructing open-charm hadrons
via three-body decay channels. These channels enable the measurement of D+ and D+

s mesons, as
well as !+

c baryons. The study focused in particular on D+
s mesons and !+

c baryons, which present
a greater challenge for reconstruction of three-prong decays due to their shorter lifetimes and lower
production rates compared to D+ mesons. The simulations and the selections were performed utilizing
the same approach described above for D0 mesons. The main differences concern the variables used in
the selection of each signal. In the case of D+

s mesons, a powerful variable to discriminate the displaced
decay vertex topology was the product of the impact parameters of the same-sign decay particles, which
exhibits an asymmetric and predominantly negative distribution for signal events, while the background
distribution is narrower and symmetric around zero. Additionally, a selection on the compatibility of
the invariant mass of the K+K↑ decay products with the mass of the ∀ meson was applied. Multiple
sets of selection criteria were tested. For each, the signal-to-background ratio (S/B) and the statistical
significance were calculated. The results are reported in the left panel of Fig. 85, where one can see that
these selections provide an increase of the signal-to-background ratio in central Pb–Pb collisions from
the initial expected value of 3 ↔ 10↑10 to values of about unity. This corresponds to a significance of
about 100 for 4.5 ↔ 109 central Pb–Pb collisions at top SPS energy, indicating that the D+

s meson yield
can be measured with percent-level statistical precision. An example of invariant-mass distribution of
D+

s candidates in the 0–5% centrality class for Pb–Pb collisions at 150 GeV/nucleon beam energy is
shown in the right panel of Fig. 85. Notably, a signal peak corresponding to D+ → ∀!+ → K↑K+!+

decays is also visible at the D+ mass of 1.870 GeV/c2 [186]. This could provide an alternative method
for measuring the D+ meson production, even though the performance would be significantly worse
than the one expected for the D+ reconstruction in the K↑!+!+ decay channel, which features a larger
branching ratio.

Performance studies for charm baryon measurements were carried out for the reconstruction of the
!+

c → pK↑!+ decay (and its charge conjugate), which has a branching ratio of 6.28%. Due to the shorter
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Open charm spectroscopy
Reconstruct decay products in the vertex spectrometer 
• Geometrical selections on the displaced decay-vertex topology (cτ ~ 60−300 µm) to enhance S/B 1 month of data taking 

NA60+/DiCE will allow for multi-differential studies of HF hadron yield and v2 vs pT, rapidity and centrality 
Charm cross section measurements: D0, D+, D+s, Λc, possibly Ξc0,+

D0 → Kπ D+s →ϕπ → KKπ Λc+ → pKπ
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4. Status and further plans

❑ The location chosen for the experiment is the PPE138 experimental hall, 

    on the H8 beam extracted from the SPS (the former location of the CERES experiment)

❑ Modifications to the hall and 

    integration aspects currently 

    under discussion within a 

    dedicated PBC study group 

    including EA people

❑ A crucial aspect for the feasibility 

   of the experiment is the possibility 

   of delivering a high-intensity Pb 

   and p beam to this hall, at various

   energies

❑ The beam should be very well 

   focused, due to the only 6x6 mm2

   hole defining the acceptance of the 

   vertex spectrometer

Non-trivial accelerator and

radioprotection issues

Giacomo Alocco (University & INFN Torino)  - Quark Matter 25 - 7th April 2025                
                

                
                

                
                

              2
0

Location of the experiment

E. Scomparin – INFN Torino (Italy) 
The NA60+ experimentCERN Town meeting 2025

Focusing a high-intensity Pb beam

22

November 2024: accurate 
measurement of 150 A GeV Pb beam 

at nominal NA60+ intensity 
(106 Pb s-1)

❑ Well within requirements
    of the experiment    (6x6 mm2 square hole)❑ Moving to lower energy

    the beam transmission and 
    focusing become more 
    challenging
❑ First test at 13.5 A GeV
   carried out    → 1 x 0.8 mm2 measured❑ Optimization under study

    with EA group

Prototype Validation – From Concept to Performance

❑ Test beams in 2023/24 with Pb beam:
o Still trapezoidal shape (half detector)

❑ 2024 test beam main purposes: 
o Test with first version of R/O electronics
o Strip reconstruction and single hit 

resolution: →100 m 
o Efficiency > 97% (difficult to measure due to 

photons)
o Double hit resolution

❑ Average distance of 10 cm 
between tracks in MS0 for most 
central collisions→possible hit 
merging

Reconstructed hits – 2 dim 

Reconstructed hits – y projection

Lego plot of the distances between two hits reconstructed

18CERN SPSC meeting 27 May 2025 E. Scomparin, G. Usai CERN SPSC meeting 27 May 2025 

Cooling&Mechanics – Low Material Budget under Power
❑ Cooling imposes constraints to the mechanical system:
o 40 mW/cm2 power dissipation in pixel matrix (+ 790 

mW/cm2 in periphery)
o Goal 25 oC over sensor surface

Graphite or Al frame

❑ Simulations calibrated on a test set-up:
o PCBs with resistor arrays mounted on 

graphite frame to mimic power dissipation

❑ COMSOL/ANSYS simulations:
o Mixed water (18-20 oC)+ air cooling ( 1-2 m/s)
o 0.4 mm carbon fiber substrate to improve heat 

dissipation in larger planes

❑ Carbon fiber substrate glued on periphery frame 
(graphite or aluminum):

o Machined groove to accommodate a stainless 
steel pipe for water cooling

11CERN SPSC meeting 27 May 2025 E. Scomparin, G. Usai
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Vertex spectrometer: construction timeline
Pixel stations constructed and tested at Cagliari/Torino INFN labs 
☯ Synergy with ALICE ITS3 project 
🏭 Approximately 50 wafers to be produced (preliminary) 

Vertex Spectrometer: Construction Timeline
❑ Pixel stations constructed and tested at Cagliari/Torino INFN Labs (Berkeley participation under discusion):
o Large clean room facilities with probe-stations, wire-bonding machines in both labs
❑ Long-standing record of constructing/characterization of silicon MAPS (ALICE ALPIDE, MOSS, MOSAIX)
❑ Synergy with ALICE ITS3: coordination responsibilities in ALICE from INFN Cagliari for test systems for characterization 

and final readout electronics

13CERN SPSC meeting 27 May 2025 E. Scomparin, G. Usai

❑ Approximately 50 wafer will be produced 
(preliminary):

o Contingency to take into account yield 
fraction and replacements for 
malfunctions and radiation damages

❑ Timeline:
o Prototyping: 2026
o Productions and construction: 2027-28
o Commissioning: 2029

⏳ Timeline: 
• Prototyping in 2026 
• Production, construction: 2027−2028 
• Commissioning in 2029 
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Muon spectrometer: prototype validation & construction

• Strip reconstruction and 
single hit resolution → 
100 µm 

• Efficiency > 97% (but 
difficult to measure due 
to protons) 

• Double-hit resolution 

Prototype Validation – From Concept to Performance

❑ Test beams in 2023/24 with Pb beam:
o Still trapezoidal shape (half detector)

❑ 2024 test beam main purposes: 
o Test with first version of R/O electronics
o Strip reconstruction and single hit 

resolution: →100 m 
o Efficiency > 97% (difficult to measure due to 

photons)
o Double hit resolution

❑ Average distance of 10 cm 
between tracks in MS0 for most 
central collisions→possible hit 
merging

Reconstructed hits – 2 dim 

Reconstructed hits – y projection

Lego plot of the distances between two hits reconstructed

18CERN SPSC meeting 27 May 2025 E. Scomparin, G. Usai CERN SPSC meeting 27 May 2025 

Scaling Up – From Prototypes to Production
❑ All chambers produced and tested at the Mexico Detector Construction Facility - Weizmann Institute (Israel)
❑ Long-standing record of constructing and maintaining wire detectors including OPAL, NA45, PHENIX, and ATLAS

Wires put on the transfer frame on winding machine
Transfer frame with wires aligned atop a 
stripped cathode with optical system Wires during gluing

19CERN SPSC meeting 27 May 2025 E. Scomparin, G. Usai

❑ Approximately 210 modules to be installed in six stations:
o 30% contingency → 270 chambers 
o Number of chambers allow a replacement pool for chambers failing in operation during experiment lifetime

❑ One year estimated time to set up the facility and construction:
o Contingency one more year to consider also other requests related to ATLAS

All chambers produced and tested at the Mexico Detector 
Construction Facility - Weizmann Institute (Israel) 
🏭 Approximately 210 modules to be installed in 6 stations 
⏳ One year estimated time to set up the facility and 
construction

Prototype Validation – From Concept to Performance

❑ Test beams in 2023/24 with Pb beam:
o Still trapezoidal shape (half detector)

❑ 2024 test beam main purposes: 
o Test with first version of R/O electronics
o Strip reconstruction and single hit 

resolution: →100 m 
o Efficiency > 97% (difficult to measure due to 

photons)
o Double hit resolution

❑ Average distance of 10 cm 
between tracks in MS0 for most 
central collisions→possible hit 
merging

Reconstructed hits – 2 dim 

Reconstructed hits – y projection

Lego plot of the distances between two hits reconstructed

18CERN SPSC meeting 27 May 2025 E. Scomparin, G. Usai CERN SPSC meeting 27 May 2025 

Reconstructed hits in xy
Test beam campaigns in 2023/2024:

Distances between two rec. hits
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Validating the beam parameters
‼ Crucial aspect for the feasibility of the experiment: high-intensity Pb and p beams in PPE138 experimental hall 
🎯 Should be well focused, as the acceptance hole in VS is only 6×6 mm2! 
Test beam campaigns in 2022/23/24 to study Pb beam from H8 at 13.5 and 150 AGeV/c 

Lead Ion Beam Optimization for NA60+/DiCE

ALPIDE MAPS telescope
for Pb beam emittance 
measurement

❑ Test beams in 2022/23/24 to study Pb beam at 13.5 and 150 AGeV/c
o new optics at TT20 used for 13.5 GeV

❑ 106 Pb ions/s required at high and low energies
❑ 6x6 mm2 beam hole for non-interacting beam in silicon spectrometer:
o Focused beam of few hundreds of microns at the experiment is a key parameter

Beam spot at PPE138
Elab = 150 GeV
1.2x106 Pb/s

Beam spot at PPE138
Elab = 13.5 GeV
5x105 Pb/s

x = 0.207 mm
y = 0.098 mm 

x = 1.6 mm
y = 0.18 mm 

❑ Tests @150 AGeV:
o Well focused and intense beam 
→ requirements met

❑ Tests @13.5 AGeV:
o Spot growth larger than momentum dependence
o Beam losses to be identified: important for optimized collimation
o Adjustment of beam size at T4 and H8 optics will be studied

23CERN SPSC meeting 27 May 2025 E. Scomparin, G. Usai

CERN BELead Ion Beam Optimization for NA60+/DiCE

ALPIDE MAPS telescope
for Pb beam emittance 
measurement

❑ Test beams in 2022/23/24 to study Pb beam at 13.5 and 150 AGeV/c
o new optics at TT20 used for 13.5 GeV

❑ 106 Pb ions/s required at high and low energies
❑ 6x6 mm2 beam hole for non-interacting beam in silicon spectrometer:
o Focused beam of few hundreds of microns at the experiment is a key parameter

Beam spot at PPE138
Elab = 150 GeV
1.2x106 Pb/s

Beam spot at PPE138
Elab = 13.5 GeV
5x105 Pb/s

x = 0.207 mm
y = 0.098 mm 

x = 1.6 mm
y = 0.18 mm 

❑ Tests @150 AGeV:
o Well focused and intense beam 
→ requirements met

❑ Tests @13.5 AGeV:
o Spot growth larger than momentum dependence
o Beam losses to be identified: important for optimized collimation
o Adjustment of beam size at T4 and H8 optics will be studied

23CERN SPSC meeting 27 May 2025 E. Scomparin, G. Usai

CERN BE

✅ Test beam at 150 AGeV/c: well focused and intense beam, requirements met 
⚠ Test beam at 13.5 AGeV/c: 
• Spot growth larger than momentum dependence 
• Beam losses to be identified: important for optimised collimation 
• Adjustment of beam size at T4 and H8 optics to be studied

xy position of the test beam at PPE138
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Timeline and running scheme
✅ Experiment proposal submitted to SPSC in May 2025 
🤞 “The first impression of the SPSC is very positive”, detailed questions to be dealt with until SPSC meeting in September 
Discussions with funding agencies ongoing, SPSC recommendation is an essential step 

Timeline for Construction and Data Taking
❑ Construction timeline defined to be ready for data taking in run4:
o  Assumes approval by 2025
❑ Discussion with funding agencies ongoing, SPSC recommendation is essential for this step 
o Availability of the CERN contribution (integration, magnets, beam line) important  also for this step

❑ Seven years data-taking:
o 2030-2037 (LS4 taken into account)

❑ Tentative timeline for NA60+/DiCE 
from present to physics data taking:

o Prototyping concluded in 2026
o Construction in 2027-28
o Commissioning in 2029

35CERN SPSC meeting 27 May 2025 E. Scomparin, G. Usai

2031−2033 2034 2035−2037

LS4
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Timeline and running scheme
✅ Experiment proposal submitted to SPSC in May 2025 
🤞 “The first impression of the SPSC is very positive”, detailed questions to be dealt with until SPSC meeting in September 
Discussions with funding agencies ongoing, SPSC recommendation is an essential step Running Scheme: Energy and Collision Systems

❑ Pb ions on Pb target system: 
o 0.4 to 0.6 × 1012 ions/month on 

target from 20 AGeV to 150 AGeV Pb 
energies (CERN BE)

❑ Beam energy scan with Pb ions at six different 
beam energies:

o interval between Elab = 20 AGeV (√sNN = 6.3 
GeV) and Elab = 150 AGeV (√sNN = 16.8 GeV)

o One energy point/year (except lowest, 
requiring spanning over 2 years)

❑ Protons: 
o Ideally same energies as Pb
o Low-energy primary protons only during the ion period 
→ limited number of energies (40, 85 and 150 GeV)

o Interpolations/extrapolations at other energies

❑ Protons on target system of Be, 
Cu, Pb:

o 6 × 1013 protons on target(s) 
delivered in two weeks 

25CERN SPSC meeting 27 May 2025 E. Scomparin, G. Usai

These number of Pb and p on target used for detailed physics performances 

Timeline for Construction and Data Taking
❑ Construction timeline defined to be ready for data taking in run4:
o  Assumes approval by 2025
❑ Discussion with funding agencies ongoing, SPSC recommendation is essential for this step 
o Availability of the CERN contribution (integration, magnets, beam line) important  also for this step

❑ Seven years data-taking:
o 2030-2037 (LS4 taken into account)

❑ Tentative timeline for NA60+/DiCE 
from present to physics data taking:

o Prototyping concluded in 2026
o Construction in 2027-28
o Commissioning in 2029

35CERN SPSC meeting 27 May 2025 E. Scomparin, G. Usai

2031−2033 2034 2035−2037

LS4

Pb ions on Pb target: 
• BES from Elab = 20 AGeV (√sNN = 6.3 GeV)                   

to Elab = 150 AGeV (√sNN = 16.8 GeV) 
• 1 energy point / year (2 years for lowest √sNN) 
• 0.4−0.6 × 1012 ions on target per month 
Protons on Be, Cu, Pb targets: 
• Ideally the same energies as for Pb beam 
• Low-energy primary protons only during the ion 

period (extrapolation for other energies) 
• 6 × 1013 protons on target in 2 weeks
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The NA60+/DiCE collaboration (so far) 🌎 🌍 🌏 NA60+/DiCE: study of rare probes of the Quark-Gluon Plasma Experiment proposal
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T. Prebibaj1 , F. Prino3 , M. Puccio1 , C. Puggioni4 , A. Rossi8 , V. Sarritzu10 ,4 , B. Schmidt1 ,
E. Scomparin3 , D. Sekihata15 , Q. Shou16 , R. Shahoyan1 , M. Shoa 5 , S. Siddhanta4 , X. Su12 ,
Z. Tang12 , S. Trogolo2 ,3 , M. Tuveri4 , A. Uras17 , G. Usai10 ,4 , M. Van Dijk1 , E. Vercellin2 ,3 ,
I. Vorobyev1 , B. Yankovsky5 , D. Zavazieva5 ,18

1 .European Organization for Nuclear Research (CERN), Geneva, Switzerland
2 .Dipartimento di Fisica dell Università di Torino, Turin, Italy
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18 .Faculty of Engineering Sciences, Ben Gurion University of the Negev, Beer Sheva, Israel

Having contributed to several studies, the members of CERN personnel do not take position nor responsibility towards the
required approval processes as established by the organization.

i
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Summary and conclusions
Precision studies of electromagnetic and hard probes in the region of 
6 < √sNN < 17 GeV are currently lacking 

Newly proposed NA60+/DiCE experiment will allow for accurate 
studies of several extremely relevant physics topics at finite µB! 

• Caloric curve measurement 
• Chiral symmetry restoration via ρ−a1 mixing 
• Charm thermalisation and hadronisation 
• Onset of charmonium anomalous suppression 
• QGP transport properties 
• Strangeness, hypernuclei production 
• …

This talk

Not covered 
in this talk
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QCD and chiral symmetryQCD and chiral symmetry braking

28

Chirality
• Chirality (from the greek word for hand: “χειρ”)


‣ when an object differs from its mirror image


• Simplification of chirality: helicity 
(projection of a particle’s spin on its momentum direction)


• Massive particles P

‣ left and right handed components must exist

‣ m > 0  particle moves with v < c


• P looks left handed in the laboratory

• P will look right handed in a rest frame  

moving faster than P but in the same direction

‣ chirality is NOT a conserved quantity


• In a massless world

‣ chirality is conserved

‣ careful: m = 0 is a sufficient  

but not a necessary condition

Torsten Dahms: Ultrarelativistic Heavy-Ion Collisions (SS2014) 14

Right handed

Left handed

The QCD Lagrangian:

QCD and Chiral Symmetry Breaking
• The QCD Lagrangian: 

• Explicit chiral symmetry breaking
‣ mass term q Mq q in the QCD Lagrangian

• Chiral limit: mu = md = ms = 0
‣ chirality would be conserved
‣ all states have a ‘chiral partner’  

(opposite parity and equal mass)

• Real life
‣ a1 (JP=1+) is chiral partner of ρ (JP=1−): Δm ≈ 500 MeV
‣ even worse for the nucleon: N*(½−) and N(½+): Δm ≈ 600 MeV
‣ (small) current quark masses do not explain this

• Chiral symmetry is also spontaneously broken
‣ spontaneously = dynamically

Torsten Dahms: Ultrarelativistic Heavy-Ion Collisions (SS2014) 15

on a thorough procedure of theoretical and phenomenological constraints; an important
question will also be the fate of the vector dominance model in the medium. In Sec. 4 the
theoretical developments are tested in recent dilepton production experiments, starting
with elementary reactions off nuclei representative for medium effects in cold nuclear mat-
ter (sub-Sec. 4.1). The main part of Sec. 4 is devoted to an analysis of dilepton spectra
in ultrarelativistic heavy-ion reactions (sub-Sec. 4.2), focusing on recent results obtained
at the CERN-SPS by the NA60 and CERES/NA45 collaborations. The spectral analysis
is completed by a critical assessment of the combined theoretical and experimental status
to date (sub-Sec. 4.3). We finish with concluding remarks in Sec. 5.

2 Chiral Symmetry, Condensates and Chiral Restoration

It is generally accepted that strong interactions are described by Quantum Chromody-
namics (QCD), introduced in 1973 [47, 48, 49], with a Lagrangian density given by

LQCD = q̄(iγµDµ −Mq)q −
1

4
Ga

µνGµν
a , Dµ = ∂µ + igs

λa

2
Aa

µ , (1)

formulated in terms of elementary quark (q) and gluon (Aa
µ) fields (γµ and λa: Dirac and

Gell-Mann matrices, respectively, Mq=diag(mu,md, . . . ): current-quark mass matrix). In
addition to the local SU(3) color gauge symmetry, LQCD possesses several global symme-
tries. The most relevant one in the present context is Chiral Symmetry, which can be ex-
hibited by rewriting LQCD in terms of left- and right-handed quark fields, qL,R=1

2(1∓γ5)q:

LQCD = q̄LiγµDµqL + q̄RiγµDµqR − (q̄LMqqR + q̄RMqqL) −
1

4
Ga

µνGµν
a . (2)

For small quark masses, i.e., u and d quarks, LQCD is approximately invariant under
rotations qL,R → e−i"αL,R·"τ/2qL,R, where $αR,L are 3 real angles and τ operates in (u-d)
isospin space. Chiral invariance of the QCD Lagrangian thus refers to the conservation
of quark handed-ness and isospin. Alternatively, one can rewrite the chiral rotations
as q → e−i"αV ·"τ/2q and q → e−iγ5"αA·"τ/2q, giving rise to conserved isovector-vector and
-axialvector currents,

$jµ
V = q̄γµ$τ

2
q , $jµ

A = q̄γµγ5
$τ

2
q . (3)

2.1 Condensates and Hadron Spectrum in Vacuum

As emphasized in the Introduction, the nonperturbative structure of the QCD vacuum
is characterized by its condensates. A special role is played by the quark-antiquark (qq̄)
and gluon (G2) condensates. Apart from being the condensates involving the minimal
number of quark- and gluon-fields, the former is a main order parameter of SBχS while
the latter dominantly figures into the energy-momentum tensor of the theory. The vacuum
expectation value of the latter’s trace is given by

〈T µ
µ 〉 = ε − 3P = −〈G2〉 + mq〈q̄q〉 (4)

where G2 = −(β(gs)/2gs) Gµν
a Ga

µν involves the gluon-field strength tensor and the renorma-
lization-group beta function, β(gs). The latter appears because the nonvanishing vacuum

9

_Explicit chiral symmetry breaking due to q̅Mqq term 
• In the limit of mu = md = ms = 0 chirality would be 
conserved 

• All states have a chiral partner with opposite parity 
and equal mass

Dainese et al, Frascati Phys.Ser. 62 (2016)

Real life: 
• a1 (Jp = 1+) and ρ (Jp = 1−) 
have ∆m ≈ 500 MeV 

• Small current quark masses 
do not explain this! 

• Chiral symmetry is also 
spontaneously broken
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Spontaneous Breaking of Chiral Symmetry
(a) (unbroken) symmetric potential 

with symmetric ground state: 
small deviations in any direction do 
not cost energy: massless


(b) symmetric potential, infinite 
number of degenerate ground 
states:

– choosing one randomly 

(spontaneously) breaks symmetry

– deviations along the valley cost no 

energy: 
massless Goldstone boson (π, K, η)


– deviations perpendicular cost energy: 
massive mesons (e.g. σ)

16Torsten Dahms: Ultrarelativistic Heavy-Ion Collisions (SS2014)
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(a)a) (unbroken) symmetric potential with symmetric ground state: small 
deviations in any direction do not cost energy 
b) symmetric potential, infinite number of degenerate ground states: 
• choosing one randomly spontaneously breaks symmetry 
• deviations along the valley cost no energy: massless Golddstone 
bosons (π, K, η) 

• deviations perpendicular cost energy: massive mesons (e.g. σ)

Consequences for the 
constituent quark masses: 
• 95% generated by 
spontaneous chiral symmetry 
breaking (QCD mass)!

The Origin of Mass

• Current quark mass 

‣ generated by spontaneous symmetry breaking (Higgs mass)

‣ contributes ~5% to the visible (our) mass


• Constituent quark mass 

‣ ~95% generated by spontaneous chiral symmetry breaking (QCD mass)

17Torsten Dahms: Ultrarelativistic Heavy-Ion Collisions (SS2014)
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Chiral phase transition
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Chiral phase transitionChiral Phase Transition

• Lattice QCD calculation

‣ Predict chiral symmetry restoration already a T lower than deconfinement phase 

transitions

‣ should see effect of chiral symmetry restoration on hadrons

8Torsten Dahms: Ultrarelativistic Heavy-Ion Collisions (SS2014)
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Figure 2.46: Lattice QCD calculations of the order parameters of the deconfinement (left) and the chiral (right)
phase transition as a function of temperature [2].

paramount importance for the understanding of excited QCD matter. Conceptually, a measurement at
the LHC is most favorable because a rigorous theoretical evaluation is substantially enhanced by the
applicability of lattice QCD at µB = 0.

2.3.1.2 Early Temperature

At masses Mee > 1 GeV/c2 the description of the spectral function becomes ’dual’ in the sense that
hadronic and partonic degrees of freedom lead to the same structureless spectral function. Moreover,
the thermal Bose-Einstein weight suppresses contributions from late stages, such that the invariant mass
dependence of the thermal dilepton yield is very sensitive to the early temperature of the system (see
also Figure 2.44). However, a precise measurement of the thermal yield in this mass window (Mee >
1 GeV/c2) requires a good understanding of the contribution from correlated semi-leptonic open charm
decays (see below).

The spectrum of real direct photons (M = 0) has long been considered a most sensitive probe for

Wuppertal-Budapest Collaboration, 
JHEP 09 (2010) 073 

Order parameter of deconfinement Order parameter of chiral symmetry
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sNN

[4–9]. The calculations by Rapp and van Hees are an expanding fireball model with lattice
QCD-based EoS shown as yellow band, with the width of the band representing the un-
certainty from variations of the fireball size by ±30% [10]. The predictions by X.-Y. Wu
et al. (purple line) employ 3D dynamical MC Glauber model for initial stages, MUSIC
framework for hydrodynamical evolution and URQMD for hadronic cascade [11–14]; only
statistical uncertainties are shown. The hadronization temperature from lattice QCD predic-
tions [1] and from statistical hadronization model fit to experimental data [15] is shown as
well.

NA60 used this method to extract a medium temperature of Tslope = 205±12 MeV in In-In collisions at→
sNN = 17.3 GeV [4, 5]. This direct temperature measurement lies above Tpc, confirming QGP formation

at this energy. The current experimental status of temperature measurements as a function of collision
energy is shown in Figure 3. New measurements by STAR cover energies from

→
sNN = 200 GeV (µB =

24 MeV) to 27 GeV (µB = 130 MeV) [6, 7, 9]. The two highest-µB measurements from STAR exhibit
rather large statistical and systematic uncertainties. In contrast, HADES achieved a precise measurement
of T = 72±2 MeV at

→
sNN = 2.4 GeV (µB = 870 MeV) [17].

NA60+/DiCE will measure dilepton slopes Tslope across the unexplored domain
→

sNN = 6–17 GeV, with
particular emphasis on

→
sNN < 10 GeV, aiming to identify deconfinement onset and potential first-order

phase transition signatures. Theoretical predictions from [10, 18] establish the experimental sensitivity
to the system temperature using Tslope. While Tslope at

→
sNN = 200 GeV appears ↑30% below the initial

temperature, the values of the initial temperature and Tslope converge to Tpc within 15% below
→

sNN =
10 GeV, confirming the measurement’s sensitivity to early fireball conditions. This proximity to Tpc
makes the low-energy region uniquely suited for QCD phase transition studies.

1.2.2 Chiral symmetry restoration: measurement of !–a1 chiral mixing

The ! meson’s short vacuum lifetime and regeneration in the much longer-lived fireball produced in nu-
clear collisions make it an ideal probe for in-medium hadron modifications via dilepton decays. Its spec-
tral function changes, proposed 40 years ago to signal chiral symmetry restoration [19], were measured
by CERES (Pb-Au) and NA60 (In-In) at

→
sNN = 17.3 GeV [4, 5, 20–22]. These showed a ! contribution

consistent with many-body models predicting strong broadening without mass shifts [23, 24], suggesting
chiral partner degeneracy and a transition to partonic degrees of freedom [23].
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at this energy. The current experimental status of temperature measurements as a function of collision
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10 GeV, confirming the measurement’s sensitivity to early fireball conditions. This proximity to Tpc
makes the low-energy region uniquely suited for QCD phase transition studies.

1.2.2 Chiral symmetry restoration: measurement of !–a1 chiral mixing

The ! meson’s short vacuum lifetime and regeneration in the much longer-lived fireball produced in nu-
clear collisions make it an ideal probe for in-medium hadron modifications via dilepton decays. Its spec-
tral function changes, proposed 40 years ago to signal chiral symmetry restoration [19], were measured
by CERES (Pb-Au) and NA60 (In-In) at

→
sNN = 17.3 GeV [4, 5, 20–22]. These showed a ! contribution

consistent with many-body models predicting strong broadening without mass shifts [23, 24], suggesting
chiral partner degeneracy and a transition to partonic degrees of freedom [23].

5



40NA60+/DiCE overview | I. Vorobyev | ECT* Workshop on hot high µB matter

Elliptic flow of thermal dileptons
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to fireball lifetime predictions from [10], illustrating NA60+/DiCE precision for identifying potential
anomalies in the fireball lifetime evolution, as discussed in Section 1.2.4.

4.2.1 Elliptic Flow of Thermal Dimuons

The performance of the measurement of the elliptic flow of thermal dimuons has been studied at
→

sNN =
8.8 and 17.3 GeV. A mass-dependent elliptic flow parameter v2 is introduced for thermal dimuons orig-
inating from the hadronic gas and the QGP. The calculations are performed in the 20–30% centrality
range.

To model the dimuon mass spectrum in semi-central collisions, the same kinematic distributions as in
central collisions are employed for all processes, while their normalizations are scaled from the ones in
central collisions. The yields of resonances are assumed to scale with the number of charged particles,
Nch, evaluated as a function of centrality using measurements from Ref. [181]. The yield of thermal
dimuons is assumed to scale with centrality as N1.4

ch [182], while the open charm and Drell-Yan contribu-
tions are scaled with the number of binary collisions.

Currently, no theoretical predictions for the elliptic flow of thermal dimuons exist at SPS energies. There-
fore, two scenarios are considered: one assuming an elliptic flow v2 comparable to expectations at RHIC
energies, and another assuming a vanishing v2. In the former case, the mass dependence of v2 for a
hadron gas and a QGP is parametrized according to the calculations in Ref. [36].

Fig. 80: Elliptic flow of thermal dimuons as a function of mass at
→

sNN = 8.8 GeV (left)
and 17.3 GeV (right), assuming v2 as expected at RHIC (top) or vanishing v2 (bottom).

The elliptic flow parameter can be measured in several mass intervals at both energies. The top panels
of Fig. 80 show the expected performance under the assumption of v2 as predicted at RHIC. The mass

88

√sNN = 8.8 GeV √sNN = 17.3 GeV

v2 as expected at RHIC

v2 = 0 
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Fig. 13: Statistical Hadronisation Model predictions [118, 119] for the yield of nuclei, antin-
uclei and antinuclei in 10% most central Pb–Pb collisions as a function of the collision en-
ergy. The green box highlights the energy region explored by NA60+/DiCE.

energy point. The production rate decreases by roughly two orders of magnitude for each additional
nucleon in the hypernuclear cluster. Consequently, NA60+/DiCE will be capable of studying hypernuclei
with mass numbers up to A = 6 in detail and may even detect signals from hypernuclei with A = 7 within
the planned luminosity.

This abundant production paves the way for a comprehensive hypernuclear physics programme, which
can be structured around three main objectives:

– Precision studies of established states: the properties of known ! hypernuclei, such as 3
!H, 4

!H,
4
!He, and 5

!He, will be measured with unprecedented accuracy. This includes precise determi-
nations of their ! separation energies and investigations of potential charge symmetry breaking
effects between mirror hypernuclei [117, 120].

– Characterisation and confirmation of poorly known or unknown states: hypernuclear states with A
= 6 have only sparse experimental data [121]. NA60+/DiCE will have the sensitivity to confirm
the existence and measure the properties of nuclei such as 6

!H and 6
!!H.

– Search for light ∀ and # hypernuclei: theoretical predictions suggest that light ∀ and # hypernuclei
(e.g., NNN∀) should be bound [122, 123]. NA60+/DiCE’s excellent tracking capabilities and high
expected yields will support an extensive search for these yet undiscovered states.

17
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Fig. 90: Projected invariant mass spectrum for 5
!He candidates in 1010 central Pb–Pb colli-

sions at beam energies of 20 GeV/nucleon.

cleus detection can be evaluated. As a case study, the decay of 5
!He via its charged three-body channel

(5
!He →4 He+ p+!↑), which has a branching ratio of about 32% [212], is considered.

The expected yield and momentum spectrum of 5
!He are obtained using the Thermal-FIST event gen-

erator [106, 203], which models particle production based on Hadron Resonance Gas abundances and
simulates momentum distributions via the MUSIC hydrodynamical model. The main background for
detecting displaced decays of hypernuclei (with a decay length c∀ of roughly 7 cm for 5

!He) stems from
combinations of primary nuclei and hadrons originating from secondary vertices. A simulation of one
million central Pb–Pb collisions using Thermal-FIST provided a representative background sample, al-
lowing for the development of basic topological selection criteria to suppress it. Figure 90 illustrates the
projected sensitivity for identifying 5

!He in 1010 central Pb–Pb collisions at the lowest SPS energy con-
sidered for the experiment, Elab = 20 GeV. With this performance, detailed studies of production spectra,
lifetime measurements, and binding energy determinations for A=5 hypernuclei become feasible. As
shown in the figure, a single heavy-ion run could achieve a mass resolution for 5

!He of the order of 90
keV.

This precision can be further enhanced by reconstructing the complete decay topology, including the
track of the charged hypernucleus. This approach is particularly significant in light of ongoing discus-
sions comparing hypernuclear measurements in heavy-ion collisions and emulsion experiments [213],
and given the current lack of experimental data on 5

!He properties.

Comparable analysis methods could be applied to investigate both lighter and heavier hypernuclei, as
well as to search for possible light ∀–nucleon bound states [122, 123]. A key requirement across all
such studies is the capability to distinguish Z=2 nuclear fragments from regular hadrons in the vertex
spectrometer, a performance metric that must be validated during detector testing.

4.8 Role of the experiment in the international landscape

The NA60+/DiCE project will be part of a worldwide experimental program for the study of the proper-
ties of the Quark-Gluon Plasma in the region of relatively large baryochemical potential. As previously
mentioned in this document (see, e.g., Chapter 1), these studies require much lower center-of-mass en-
ergy compared to the top energy that can be reached at the RHIC and LHC ion colliders. In Fig. 91, the
current list of existing and foreseen experiments is presented in terms of energy coverage and interac-
tion rate for nuclear collisions (updated from Ref. [214]). The latter quantity is related to the detector
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Fig. 87: Projection for the invariant-mass distribution of !± → ∀0+K+ candidates with
0 ↑ pT < 1 GeV/c (left) and ! →K++K↓ (right) in 4.5 ↔ 109 central Pb–Pb collisions at
beam energy of 40 A GeV.

approach and using the elements of the track covariance matrix as weights. For ! and # this procedure
was first applied to the candidate decay ∀, which was then used to build the parent multi-strange baryon.
Boosted Decision Trees (BDT) [189] were employed to enhance the significance of the signals. The BDT
used in this analysis is implemented in the Python package XGBoost [190]. The following variables were
fed to the machine learning algorithm for the candidate selection: the rapidity of the candidate, the prod-
uct of the impact parameter of decay tracks, the distance of closest approach between the decay tracks,
the decay length and the cosine of the pointing angle. In the case of the ! and # the same topological
variables were computed for the candidate daughter ∀ and fed to the machine learning algorithm. Selec-
tions on the Armenteros ∀ [196] were applied to discriminate ∀ from ∀. Further selections on invariant
mass of the ∀ candidates from ! or # were applied. Out of the 2.5 ↔ 107 collisions generated, 5 ↔ 106

were used for the training of the BDT, while the remaining ones were used for the analysis. The BDT
applied to a candidate returns a value called score, which is linked to the probability of the candidate
being a signal. A selection was applied to the score that maximises the expected S/

↗
S +B. Depending

on the number of signal candidates, the analysis was carried out as a function of pT, training different
BDT models for different pT intervals. An example of the !↓ + !+ invariant mass distribution at low
pT is shown in the left panel of Fig. 87. The projections for the expected significances in pT intervals
are shown in Fig. 88. Large significances will be achieved in a wide pT range for all the considered
particles. The pT intervals and range shown in the performance plot are determined by the available
simulation statistics. With the full sample of 4.5 · 109 central events, it will be possible to reach higher
pT and use much finer binning. It will therefore be possible to perform high-precision multi-differential
studies of # and ! in the SPS energy range.

Short-lived strange particles Differently from the strange hadrons studied above, the ! meson has a
very short lifetime # = (1.55 ± 0.01) ↔ 10↓22s [186]. This does not allow the extraction of the signal
by applying topological selections, therefore, the background has been subtracted using the event mix-
ing technique. The background has been reproduced by building the candidate ! by pairing the tracks
of an event with the tracks of the next four events. The event-mixed spectrum was normalised to the
background counts outside the peak region (0.98 < m < 0.99 GeV/c2 and 1.04 < m < 1.06 GeV/c2).
The process is repeated for each pT interval. The pT integrated invariant mass distribution expected in 1
month of data taking with 6↔1011 ions on target is shown in the right panel of Fig. 87. The invariant mass
resolution related to detector effects ranges between 2 and 3 MeV/c2, a value smaller than the natural
width of the resonance ∃! = 4.26 MeV [186]. The high resolution and low statistical uncertainty could
allow for the observation of modification of the mass that may be induced by the medium [197, 198].
Moreover, it will be possible to extract the ! signal down to low pT, and perform a comparison of the
yield and spectra in the decay channels to kaons and muons. This will allow us to finally solve the so-
called ! -puzzle, a discrepancy in the inverse T slopes and yields measured by NA49 and NA50 in the
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kaon [199, 200] and muon [201, 202] channels, respectively.

4.6 Strangeness fluctuations

Event-by-event fluctuations of the strange-hadron multiplicities can be determined by leveraging the
hyperon decay reconstruction capabilities of the proposed NA60+/DiCE vertex spectrometer presented
in Section 4.5. Specifically, the feasibility of the measurement of the second and third order cumulants
of the net-! number, defined as the difference between the event-by-event multiplicities of ! and !̄, is
investigated. The fast simulation of the vertex spectrometer is employed to estimate the ! reconstruction
efficiency in the phase-space region where the fluctuation measurements are accessible. The study is
carried out at the lowest energy available at the SPS, Elab = 20 GeV, in the 0-10% centrality interval.

The ! hyperon is reconstructed through its charged two-body hadronic decay, ! → p+!↑ (BR = 63.9%),
while the charge-conjugated channel is considered for !̄. The ! and !̄ multiplicities are extracted from
events simulated with the Thermal-FIST model [106, 203], which implements the sampling of the yields
of hadrons according to the Statistical Hadronization Model, including the canonical conservation of
the baryon and strange quantum numbers over the fireball volume. In the same model, the y and pT
distributions are sampled via hydrodynamic calculations carried out with the MUSIC model.

About 106 events are analyzed to study the effect of basic linear selections on the topological variables
of the decay, such as the distances of closest approach of the tracks of the decay products to the primary
vertex, as well as the cosine of the pointing angle, i.e., the angle formed between the reconstructed
hyperon momentum and the segment connecting the primary to the secondary vertex. These selections
were optimized to enhance the purity of the ! and !̄ samples. The main background source arises from
the combinatorial pairing of uncorrelated decay product candidates. However, it should be noted that
event-by-event fluctuation observables can be corrected for the effect of residual impurity, as described
in Refs. [204, 205], allowing for improvements in the selection efficiency. Additionally, the efficiency of
the selections might be further optimized using machine learning algorithms such as BDTs, as described
in Section 4.5.

A toy MC procedure is used to obtain the projections of the net-! cumulants for the integrated lumi-
nosity expected at NA60+/DiCE, i.e., 2 years of data taking with 6 ↓ 1011 ions on target per year. This
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Fig. 87: Projection for the invariant-mass distribution of !± → ∀0+K+ candidates with
0 ↑ pT < 1 GeV/c (left) and ! →K++K↓ (right) in 4.5 ↔ 109 central Pb–Pb collisions at
beam energy of 40 A GeV.

approach and using the elements of the track covariance matrix as weights. For ! and # this procedure
was first applied to the candidate decay ∀, which was then used to build the parent multi-strange baryon.
Boosted Decision Trees (BDT) [189] were employed to enhance the significance of the signals. The BDT
used in this analysis is implemented in the Python package XGBoost [190]. The following variables were
fed to the machine learning algorithm for the candidate selection: the rapidity of the candidate, the prod-
uct of the impact parameter of decay tracks, the distance of closest approach between the decay tracks,
the decay length and the cosine of the pointing angle. In the case of the ! and # the same topological
variables were computed for the candidate daughter ∀ and fed to the machine learning algorithm. Selec-
tions on the Armenteros ∀ [196] were applied to discriminate ∀ from ∀. Further selections on invariant
mass of the ∀ candidates from ! or # were applied. Out of the 2.5 ↔ 107 collisions generated, 5 ↔ 106

were used for the training of the BDT, while the remaining ones were used for the analysis. The BDT
applied to a candidate returns a value called score, which is linked to the probability of the candidate
being a signal. A selection was applied to the score that maximises the expected S/

↗
S +B. Depending

on the number of signal candidates, the analysis was carried out as a function of pT, training different
BDT models for different pT intervals. An example of the !↓ + !+ invariant mass distribution at low
pT is shown in the left panel of Fig. 87. The projections for the expected significances in pT intervals
are shown in Fig. 88. Large significances will be achieved in a wide pT range for all the considered
particles. The pT intervals and range shown in the performance plot are determined by the available
simulation statistics. With the full sample of 4.5 · 109 central events, it will be possible to reach higher
pT and use much finer binning. It will therefore be possible to perform high-precision multi-differential
studies of # and ! in the SPS energy range.

Short-lived strange particles Differently from the strange hadrons studied above, the ! meson has a
very short lifetime # = (1.55 ± 0.01) ↔ 10↓22s [186]. This does not allow the extraction of the signal
by applying topological selections, therefore, the background has been subtracted using the event mix-
ing technique. The background has been reproduced by building the candidate ! by pairing the tracks
of an event with the tracks of the next four events. The event-mixed spectrum was normalised to the
background counts outside the peak region (0.98 < m < 0.99 GeV/c2 and 1.04 < m < 1.06 GeV/c2).
The process is repeated for each pT interval. The pT integrated invariant mass distribution expected in 1
month of data taking with 6↔1011 ions on target is shown in the right panel of Fig. 87. The invariant mass
resolution related to detector effects ranges between 2 and 3 MeV/c2, a value smaller than the natural
width of the resonance ∃! = 4.26 MeV [186]. The high resolution and low statistical uncertainty could
allow for the observation of modification of the mass that may be induced by the medium [197, 198].
Moreover, it will be possible to extract the ! signal down to low pT, and perform a comparison of the
yield and spectra in the decay channels to kaons and muons. This will allow us to finally solve the so-
called ! -puzzle, a discrepancy in the inverse T slopes and yields measured by NA49 and NA50 in the
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Primary vertex resolution in the vertex spectrometer
NA60+/DiCE: study of rare probes of the Quark-Gluon Plasma Experiment proposal

Fig. 54: Resolution on the three coordinates (x, y and z) of the reconstructed primary vertex
as a function of the track multiplicity in the NA60+/DiCE vertex spectrometer.

the impact parameter is not fully efficient. In particular, since the simulations are performed assuming a
beam with a width of the order of 500 µm impinging on targets with 1-3 mm diameter, primary particles
can be misidentified as secondaries, and, at the same time, secondary particles with a small decay length
can be misidentified as primary particles.

Fig. 55: Tracking efficiency in the NA60+/DiCE spectrometer for primary !±, K± and
p (left panel) and secondary (right panel) particles tracked using FATRAS through the
NA60+/DiCE setup. Efficiencies are shown as a function of transverse momentum.

The tracking resolution, as obtained for primary ! , K± and p tracks reconstructed in the vertex spectrom-
eter, is shown in the left panel of Figure 56 as a function of the momentum. The resolution has a very
mild momentum dependence, being of the order of 1.1% at low p and reaching 1.5% at high p.

The momentum dependence of the primary ! , K± and p impact parameter resolution in the transverse
plane is shown in the right panel of Figure 56. The resolution is larger towards low p, saturating around
10 µm when high momenta are reached.

The reconstruction of the tracks in the muon spectrometer, whose steps are summarised in Figure 52,
follows a similar chain as that of the vertex spectrometer. In this case, the thick hadron absorbers stop
most of the particles produced in the interactions, so that the majority of the tracks passing the absorbers
belong to muons. Furthermore, the multiple scattering and the energy loss in the hadron absorbers affect
the tracks, preventing the separate reconstruction of tracks from primary and secondary particles or the
precise pointing to the interaction vertex.

Finally, the tracks reconstructed in the muon spectrometer are matched to the vertex spectrometer ones,
i.e., to the tracks which have not suffered from multiple scattering and energy loss in the absorbers.
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Momentum and impact parameter resolutionNA60+/DiCE: study of rare probes of the Quark-Gluon Plasma Experiment proposal
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Fig. 56: Tracking resolution (left panel) and transverse impact parameter resolution (right
panel) for primary ! , K± and p particles at

→
sNN = 8.8 GeV, as a function of momentum.

Particles are tracked with FATRAS in the vertex spectrometer and reconstructed with ACTS.

The muon spectrometer tracks are matched to vertex spectrometer tracks with the lowest matching ∀2 =
(xxxMS ↑ xxxV S) · (!!!MS ↑!!!V S)↑1 · (xxxMS ↑ xxxV S)T , where xxx are the track parameters and !!! the track parameter
uncertainties. The matched tracks are then refitted using both the vertex and muon spectrometer hits.

Given the improvement in the single muon track resolution, when the muon spectrometer tracks are
matched to the vertex spectrometer ones, the dimuon invariant mass resolution is also significantly im-
proving. Preliminary results are visible in Figure 57 for both the J/# and the ∃ . The resolutions, obtained
in Pb–Pb collisions at

→
sNN = 8.8 GeV, decrease from 84 MeV (130 MeV) for J/# (∃) reconstructed in

the muon spectrometer, down to 28 MeV (9 MeV), for J/# obtained matching the tracks.
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Fig. 57: J/# (left panel) and ∃ (right panel) dimuon invariant mass resolution as obtained
from a reconstruction based on the muon spectrometer only and on a matching between
the muon spectrometer and the vertex spectrometer. Figures refer to Pb-Pb collisions at→

sNN = 8.8 GeV.

2.8 Experimental hall and integration

The original NA60 experiment operated in ECN3 from 2001 to 2004. Its successor, the NA60+/DiCE
experiment is now proposed for installation in the experimental area PPE138 along the H8 beamline.
The DICE/NA60+ detector design and intensity requirements have been adapted to fit the new location.
When NA60+/DiCE is not operational, the beam path will be cleared to allow regular beam use in the
downstream experimental zones PPE158 and PPE168.
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Simulations for thermal radiation
• Thermal radiation: calculations by Rapp and van Hees [1] 

• HG radiation based on in-medium ρ and ω spectral functions 
• QGP radiation based on lattice-QCD constrained rate

Simulated setups
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[1] Phys. Lett. B 753 (2016) 586 
[2] Phys. Lett. B 530 (2002) 33, Phys. Lett. B 530 (2002) 43

• Propagation of tracks to vertex with Kalman filter 
• Vertex telescope is populated with hits from 

hadrons using SPS measurements [2]

Thermal yield from QGP

Thermal yield from 
hadronic phase

Signal generation

➢ Thermal radiation generator based on 
calculation provided by Rapp,  Hees:
o dileptons from hadronic phase 

based on the in-medium 
++4 spectral function 

o dileptons from QGP phase 
based on lattice QCD 
constrained rate

➢ Hadron cocktail generator derived 
from NA60 Genesis using statistical 
model (Becattini et al.)

➢ Drell-Yan and open charm estimated 
with Pythia

Rapp, Hees arXiv:1411.4612

Input generator for thermal radiation

Fast simulation

➢ Muon reconstruction:
o propagation of muon tracks from TR## to vertex with Kalman filter
o the vertex telescope is populated with hits of hadron tracks (with multiplicities from NA49)
o some muon tracks are incorrectly associated to vertex tracks (fake matches)

QGP

HG 
QGP

Input spectra from [1]

generated 
rec. (correct match) 
fake matches

Background estimations with FLUKA 
• Primary π±, K±, p generated in 1.5 < y < 4.5 following 

measurements at SPS [2] 
• Di-track background shape is estimated by sampling 

momentum distributions of charged tracks and by 
convoluting it with single-track rec. efficiencies
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STAR results at 27 and 54.4 GeVTemperature measurement at 27 and 54.4 GeV

9April 9, 2025 Jiaxuan Luo@Quark Matter 2025

STAR, arXiv: 2402.01998
NA60: EPJC 59, 607–623 (2009)
𝑇𝑇𝑝𝑝𝑐𝑐: HotQCD, Phys. Lett. B 795, 15-21 (2019)

Low Mass Region
(a ∗ BW+ b ∗M3/2) × e−M/T

 Similar TLMR for STAR and NA60 
measurements

 TLMR ~ pseudo critical temperature 
Tpc (156 MeV)

Intermediate Mass Region
M3/2 × e−M/T

 QGP thermal radiation is predicted 
to be the dominant source 

 TIMR is higher than Tpc

Normalized Excess = (𝐃𝐃𝐃𝐃𝐃𝐃𝐃𝐃 − 𝐂𝐂𝐂𝐂𝐂𝐂𝐂𝐂𝐃𝐃𝐃𝐃𝐂𝐂𝐂𝐂)/𝑵𝑵𝒄𝒄𝒄𝒄

Collisions System T at LMR (MeV) T at IMR (MeV)
54.4 GeV Au+Au 172 ± 12 (stat.) ± 18 (sys.) 303 ± 59 (stat.) ± 28 (sys.) 

27 GeV Au+Au 167 ± 21 (stat.) ± 18 (sys.) 280 ± 64 (stat.) ± 10 (sys.)

17.3 GeV In+In 165 ± 4 245 ± 17
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Cooling & mechanics of vertex telescopeCooling&Mechanics – Low Material Budget under Power
❑ Cooling imposes constraints to the mechanical system:
o 40 mW/cm2 power dissipation in pixel matrix (+ 790 

mW/cm2 in periphery)
o Goal 25 oC over sensor surface

Graphite or Al frame

❑ Simulations calibrated on a test set-up:
o PCBs with resistor arrays mounted on 

graphite frame to mimic power dissipation

❑ COMSOL/ANSYS simulations:
o Mixed water (18-20 oC)+ air cooling ( 1-2 m/s)
o 0.4 mm carbon fiber substrate to improve heat 

dissipation in larger planes

❑ Carbon fiber substrate glued on periphery frame 
(graphite or aluminum):

o Machined groove to accommodate a stainless 
steel pipe for water cooling

11CERN SPSC meeting 27 May 2025 E. Scomparin, G. Usai
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Vertex spectrometer: compact integrationVertex Spectrometer: Compact integration

❑ Counting room:
o 35 CRU/FELIX hosted in First Level Processors (FLPs)
o Powering with CAEN mainframe SY4527 with OPC server and gigabit 

Ethernet hosting
❑ System of pipes for air and water cooling:
o Air compressed and chillers included in integration study 

Counting room

12CERN SPSC meeting 27 May 2025 E. Scomparin, G. Usai

❑ Versatile Link+ system  for readout and DCS:
o Bidirectional high-speed 10 Gb/s optical communication system 
o minimal on-detector footprint (only Electric to Optical conversion 

and low-voltage power boards)
o Optical fibers connect directly to counting room
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Muon station assembly and integration
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Muon Stations Assembly and Integration

CERN SPSC meeting 27 May 2025 E. Scomparin, G. Usai

❑ Readout:
o SOM FPGA with Linux system
▪ Transfer data to/from CR via 10G Ethernet 

optical link
o Single Ethernet switch in counting room with  

24 10 Gbit/s optical fibre ports 

St
rip

 e
xt

en
si

on
 a

re
a

Radiation
area

Minimal 
radiation,
but not in 
counting room

Counting 
Room           

Ethernet
Switch 10G

FPGA/SOM
2 per station

❑ Preliminary layout of the MS station:
o Rigid frame outside acceptance 
o Chambers aligned on rows mounted on    

vertical bars 

❑ Gas distribution and HV:
o 100 l/h all stations (standard bottle/2 days)
o Standard HV multichannel CAEN housed in 

mainframe

Simplified readout scheme
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The magnets system

❑ Powering :
o Run4: existing power converters in BA81
o Run5: 3 new BOREAL  to be installed in BA81 (LS4)
❑ Cooling:
o 2 m3/h water (MEP48) - 56 m3/h (MNP33)  water - feasible
❑ MEP48 refurbishment (tbd in LS3):
o Short in lower coil. Tooling prepared to replace both coils
❑ Missing parts (tbd in LS3):
o Transport attachments from ECN3 to EHN1-H8
o 400 V / 2000 A feeder in BA81 (used for both)

The Magnets System
❑ MEP48 dipole is proposed for the vertex spectrometer:
o 40 cm gap, round pole tips 1 m diameter
o 1.47 T@2000 max current
o Power 400 kW

MEP48 in CERN 
bldg 190

20CERN SPSC meeting 27 May 2025 E. Scomparin, G. Usai

MNP33 in ECN3

❑ MNP33 dipole is proposed for the muon spectrometer:
o 2400 mm gap, 2450 mm aperture width
o 2 coils: 0.9 Tm  @1250+2500A max current
o Power 2.3 MW
o Already mounted on rails

❑ MEP48+MNP33 
field map:

o Simulation 
including also 
iron shielding

CERN EP-DT
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Shielding for radiation protectionShielding for Radiation Protection
❑ Operation with 40 GeV/c and 150 GeV/c 

high intensity p and Pb beams :
o average beam intensity of 5 × 105 Pb 

ions/s and 108 p/s  over full SPS cycle
     → RP studied with FLUKA

❑ Goal: 
o 3 μSv/h on Saleve side (CRs)
o 15 μSv/h on Jura side (classified 

as a Supervised Area)

Defined shielding meets the requirements 21CERN SPSC meeting 27 May 2025 E. Scomparin, G. Usai

Top view of the shielding foreseen for the low-energy setup❑ Shielding around the target and behind the Muon Wall:
o Iron in critical region around the target and absorber
o Additional concrete shielding
o Chicane upstream of the target will be added to allow 

access to the target region
o Concrete roof spanning the whole experiment setup to 

reduce sky-shine radiation

CERN HSE
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PPE138: integration layoutPPE138: Integrated Layout

❑ Full experiment and shielding expected to 
fit mostly within the current footprint of 
PPE138

❑ Integration under detailed study:
o Changes in area: 
▪ Racks, cable trays, access doors, stairs, ecc.

o Magnet powering and cooling
o Detector services: power, gas, water, data cables
o Alignment supports
o New RP monitors

❑ Preliminary integration of the 40 and 150 GeV 
DICE/NA60+ setup in PPE138 (CERN BE)

22CERN SPSC meeting 27 May 2025 E. Scomparin, G. Usai
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High-intensity Pb and proton beams

E. Scomparin – INFN Torino (Italy) The NA60+ experiment
CERN Town meeting 2025

High-intensity Pb and proton beams

21

❑ Maximum possible Pb ions/spill ~ 107

❑ Estimate of 0.6x1012 Pb on target 
    assuming ~4 weeks running time and 
    realistic machine efficiency
    (dominated by RP considerations)
❑ Interaction probability is 15%, leading to
    150 kHz interaction rate → Lint ~ 14.7 nb-1

Pb p

❑ Need a similar number of nucleons on targets(s)
❑ Secondary beams from fragmentation of 
   400 GeV primary proton beam
   → insufficient purity and luminosity
❑ Use primary proton beam from SPS
    (technical issues under investigation)
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Proton beamsProton Beams – Navigating Intensity and Purity Challenges
❑ Protons with energy 20-150 GeV needed for reference:
o Drell-Yan, J/ in pA
o 5x108 p/spill (9 s spill)

❑ Possible use of secondary p beams investigated (FLUKA, data):
o Significant proton intensity drop below 60 GeV/c
o Very large , K contamination at all energies
▪ 60%(150 GeV) to 90%(20GeV)

→Complex PID detector with rate performance 3 times better 
than NA62 KTAG: unrealistic within NA60+/DiCE timeline

❑ Primary protons from the SPS:
o Extraction of low energy protons only feasible under the ion interlock:

▪ Total charge in the ring limited to the equivalent of 2 × 1011 protons
▪ No limitation on the energy
▪ Requires adjustment of a number of imposed software limitations
     →Technical implementation to be investigated

This is presently the baseline option for proton runs proposed by NA60+/DiCE
24

CERN BE
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MC, reconstruction and analysis frameworkMonte Carlo, Reconstruction and Analysis Framework
❑ MC tools:
o FLUKA and GEANT4 complete frameworks
o Fast-simulation: semi-analytic particle transport and reconstruction with Kalman filter
❑ ACTS (A Common Tracking Software): 
o Full track reconstruction

❑ ACTS: very good track 
reconstruction efficiency in 
vertex spectrometer (high 
multiplicity environment)

❑ ACTS: MS and VS track 
matching  in momentum and 
coordinate space:

o Drastic improvement in muon 
kinematics
▪ ()=9 MeV
▪ ( J/)=30 MeV

26CERN SPSC meeting 27 May 2025 E. Scomparin, G. Usai
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Collaboration: responsibilities and cost sharing Collaboration: Responsibilities and Cost Sharing
❑ Areas of contribution of institutes belonging to the NA60+/DiCE 

Collaboration

❑ Institutes in the process 
of joining the NA60+/DiCE 
Collaboration

34

CERN SPSC meeting 27 
May 2025 

E. Scomparin, G. Usai

❑ Infrastructure, beam, magnets:
o If the experiment is approved, 

essential that CERN could be able 
to cover the corresponding costs
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NA60+ vs NA60

E. Scomparin – INFN Torino (Italy) The NA60+ experiment
CERN Town meeting 2025

NA60+ vs NA60

51

Some important improvements:

Physics program extended to lower energy
→ Fundamental to explore rare probes in the high-B region

Larger angular acceptance
→ cope with lab rapidity shift when varying energy down
    to low SPS energy

Access new observables (open charm etc.)
NA60: (di)muon trigger ~ 5 kHz
NA60+: MB trigger (>100 kHz)

State-of-the art detectors
Pixel size: from 50x425 m2 (NA60) to 30x30 m2 
(NA60+), thinner sensors (from 2% to 0.1% X0) 
→ Improved resolution and signal over background
    from 21 to 8 MeV at the  mass
    from 70 to 30 MeV at the J/ mass
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Total cost estimate

NA60+/DiCE: study of rare probes of the Quark-Gluon Plasma Experiment proposal

5 Cost estimate and sharing, timeline

5.1 Total cost estimate

The current evaluation of the cost of the various subsystems was presented in the corresponding sec-
tions of this proposal, to which we refer for a detailed breakdown of the various items. Based on that
information, we give in Table 14 our best estimate for the total cost of the experiment as of May 2025.
Variations related to the exchange rates and to the unclear international situation for what concerns extra
costs related to tariffs cannot be excluded at this moment.

Table 14: (Preliminary) estimated costs of the various NA60+/DiCE subsystems.

Sub-system Estimated cost (MCHF) Section

Vertex spectrometer 1.95 2.3.5
Muon spectrometer 2.66 7 2.4.8
Hadron absorber and beam plug 0.55 2.4.2
Interaction detector 0.05 2.5
Computing 0.19 2.7.2
Magnet refurbishment, installation, powering 1.62 2.6.3
Infrastructure, shielding 2.60 2.8.4

Total 9.62

5.2 Detector construction: responsibility and cost sharing

This proposal was signed by institutes from China, France, Israel, Italy, Japan, USA and by CERN (see
the author list). The institutes listed in Table 15 have already participated in and received funding for the
R&D phase. In case of approval of the experiment, they commit to seek funding from the corresponding
agencies for the construction of the final detectors. All along the development phase of the project,
a decisive support was given by CERN. In particular, the BE and HSE departments, in the frame of
the Physics Beyond Colliders initiative, have carried out the studies of the needed infrastructure, of the
upgrades to the beam line and of radioprotection aspects reported in this proposal. We assume, if the
experiment is approved, that CERN will be able to cover the corresponding costs. A preliminary list of
items is reported in Refs. [224, 225]. Furthermore, a collaboration with the EP-DT group was established
in 2019 for the activities related to the project, now discontinued, of a toroidal magnet for the muon
spectrometer. This collaboration remains instrumental for the use of the existing MEP48 and MNP33
magnets in NA60+/DiCE, and specifically for the funding and execution of the needed refurbishment of
the coils of MEP48.

Institutes currently considering or in the process of joining the NA60+/DiCE collaboration are listed
in Table 16. Some of them have already participated in test-beam activities and physics performance
studies. They may eventually become full members and, with the support of the corresponding funding
agencies, will participate in the construction and running of the experiment.

7Assuming an exchange rate 0.83 from US$ to CHF
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