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 Looking beyond LS4: new physics opportunities
with a nearly massless collider detector

physics concepts developed with Federico Antinori, Stefan
Floerchinger, Luciano Musa, Johanna Stachel, Krzysztof Redlich +
feed-back from many ALICE colleagues



  

general remarks

● exceptional new opportunities arise with new technological developments and we (ALICE,...)
should seize the moment

● new, ultra-thin (< 30 μm) Si pixels (MAPS), stitched together to large wafer-size area can be
bent into cylindrical shape: possibility to realize a purely Si based collider detector for tracking
and PID with a material budget of < 0.05 % X

0
 per layer for the vertexer

● dE/dx measurements would be available for a few selected layers
● the excellent timing from MAPS (< 30 ps) combined with dE/dx measurements will provide

PID information
● the whole detector could be less than 6 % X

0 
in thickness 

(excluding the preshower part, of course)

● the Si is sufficiently fast and radiation-hard to allow an increase in luminosity by a factor of >>
10 compared to the upgraded ALICE apparatus in Run3/4

● except for end-cap specialized photon detectors and a pre-shower photon identifier beyond
the outermost Si layer the detector would be a purely Si based collider detector

● any currently foreseen size fits well into the ALICE L3 solenoid
● with a focus on relatively low p

t 
phenomena, 0.01 < p

t 
< 10 GeV, magnetic fields of < 0.5 T

would be sufficient for momentum resolution of the order of a few %



  

Selected Physics Topics

needs very high luminosity



  

1.   brief outline of detector concept – not a technical design
(mostly by Luciano Musa, CERN)



  



  

+ dedicated photon spectrometer at y = 4 for ultra-soft photons

0.01 < Ephoton < 3 GeV  0.37 < pT < 110 MeV



  

green lines: resolutions with 2 layers inside beam pipe



  

2.  soft electromagnetic radiation



  

direct and thermal photons in Pb-Pb collisions at LHC energy

figure from CERN yellow report HL-LHC 2018
is the range below 2 GeV measurable? can one go further down in p

T
?



  

physics considerations
real and virtual photon production at very low mass 

(<10 MeV) and very low p_T (< 20 MeV)



  

physics considerations
real and virtual photon production at very low mass 

(<10 MeV) and very low p_T (< 20 MeV)



  

physics considerations
real and virtual photon production at very low mass 

(<10 MeV) and very low p_T (< 20 MeV) from 
pp to Pb-Pb collisions



  

a few examples from the past, ...



  



  

real photons down to the MeV scale, bremsstrahlung rise towards
low p_T clearly observed, consistent with Low theorem 



  

...the lonely anomaly left over from the
ISR era

single positron measurements



  

ISR anomaly in di-electrons



  

first ALICE results at full LHC energy

arXiv:1807.00923

http://arXiv.org/abs/arXiv:1807.00923


  

chiral symmetry restoration and the rho-a1 region

vacuum masses:    rho 770 MeV, a1 1230 MeV

e+e-
collisions

the idea: the rho and a1 mesons are
chiral partners. In the vacuum, chiral
symmetry is broken, the rho couples to
e+e-, but not the a1.

in medium, chiral symmetry is restored,
the chiral partners mix, and the hole in
the spectral distribution should be filled.

to detect this, measure dilepton mass
distribution in the mass range 0.6 – 2.5
GeV region in Pb-Pb collisions with
precision and at low transverse
momentum, pT < 50 MeV and compare
with pp and e+e- results

the challenge: at LHC energies, the
dominant dilepton decays from open
charm and beauty need to be
quantitatively removed         new
massless detector

note: the
background from
Drell-Yan
production is
negligible at LHC
energy



  

Drell-Yan distributions in the low mass region, extrapolated via Pythia6 from CMS
measurements in the mass range 20 < m_ee < 120 GeV



  

Normalization of Pythia6 to Z and DY measurements by CMS



  

3. physics considerations 
multi-charm and beauty states

Work in collaboration with Anton Andronic, Markus Koehler,
Krzysztof Redlich,  Johanna Stachel



  

at LHC energy, production of (u,d,s) hadrons is governed 
by mass and quantum numbers only

quark content does not matter

at LHC energy, matter and anti-matter is 
produced with equal yields

Andronic, pbm, Redlich, Stachel, arXiv:1710.09425, Nature 561 (2018) no.7723, 321-330

precise statistical behavior over 
nine orders of magnitude!

what about charm?



  

enhancement is precisely prediction by Statistical Hadronization Model
for quadratic scaling in number of charm quarks, they have to travel freely over 

the size of the fireball of 10 fm, about 10 times the radius of a proton

with thermalized and deconfined charm quarks from
initial hard scattering

Andronic, pbm, Koehler,Redlich, Stachel, to appear



  

doorway state hypothesis:  
all nuclei and hyper-nuclei, penta-quark and X,Y,Z states
are formed as virtual, compact multi-quark states at the
phase boundary. Then slow time evolution into hadronic

representation. Excitation energy about 20 MeV, time
evolution about 10 fm/c

Andronic, pbm, Redlich, Stachel, arXiv :1710.09425

How can this be tested?

precision measurement of spectra and flow pattern for light
nuclei and hyper-nuclei, penta-quark and X,Y,Z states from pp

via pPb to Pb-Pb

a major new opportunity for ALICE 
beyond LS4 for X,Y,Z , multi-charm, charm-beauty and

penta-quark states 



  

thermal production yields of exotic states 
in central Pb-Pb collisions at 5 TeV/u

Andronic, pbm, Koehler, Redlich, Stachel 
preprint in preparation



  

example: X(3872)



  

physics considerations
quarkonia, chi states and deconfinement



  

     centrality

psi' and bound states in the QGP



  

J/psi and hyper-triton described with the same flow
parameters in the statistical hadronization model

from review:  hypernuclei and other loosely bound objects produced in nuclear
collisions at the LHC, pbm and Benjamin Doenigus,  arXiv:1809.04681 

         binding energies:
         J/psi    600 MeV
         hypertriton   2.2 MeV
         Lambda S.E.  0.2 MeV      



  

transverse momentum spectrum for X(3872) in the
statistical hadronization model

Pb-Pb collisions at 5 TeV/u



  

new opportunity: deconfinement from quarkonium
measurements



  

4.  
measure p_T spectra and v_n(p_T) for excited
charmonia psi(2s), chi_c, Y(2s), Y(3s), chi_b



  



  



  

5. fluctuations of conserved charges



  



  

6.  spectral distortions at very low transverse
momentum for pions



  



  



  



  



  

additional slides



  



  

first attempt at low B field and for low transverse momenta, ALICE LMee PAG



  

ITS3 proposal – August 2018



  

impact parameter resolution improved 
by a factor of 3 compared to ITS2 for p_T < 0.5 GeV



  

schematic detector setup

+ special photon
calorimeter for
photon p_T
measurements at
p_T ≈ 1 MeV

note: the two innermost layers could be inside the beam pipe,
         to avoid problems with conversions and dE/dx in the
         beam pipe



  
note: TOF separation power scales ~ L/σ

TOF

 so:    80 ns and  L = 4m (ALICE TOF) is equivalent to 20ps and L = 1 m 



  



  



  



  

momentum resolution estimate for barrel
no multiple scattering

          B = 0.5 T

δp/p = 0.6 % @ 1 GeV
δp/p = 0.8 % @ 10 GeV



  

Aug. 2018 update:  excellent description of
ALICE@LHC data

fit includes loosely bound systems such as
deuteron and hypertriton
hypertriton is bound-state of (Λ,p,n), 
Λ separation energy  about 130 keV 
size about 10 fm, the ultimate halo nucleus,
produced at T=156 MeV. close to an Efimov
state

proton discrepancy of 2.8 sigma is now
explained in arXiv:1808.03102
explicit phase shift description of baryon
resonance region

 

Andronic, pbm, Redlich, Stachel, arXiv:1710.09425, Nature 561 (2018) no.7723, 321-330



  

Frank Wilczek, QM2014 introductory talk

see also the recent review:
Marek Karliner, Jonathan L. Rosner, Tomasz Skwarnicki, arXiv:1711.10626



  

X(3872) transverse momentum spectrum for Kr+Kr and
Pb+Pb at 5 TeV

A. Andronic, pbm, M. Koehler, K. Redlich, J. Stachel, paper in preparation



  

transverse momentum
(GeV)

Pb/Kr ratio for X(3872)

Pb/Kr ratio is of order 5
for transverse momenta < 5 GeV 



  

X(3872) transverse momentum spectrum for Kr+Kr and
Pb+Pb at 5 TeV



  

transverse momentum
(GeV)

Pb/Kr ratio for X(3872)

Pb/Kr ratio is of order 5
for transverse momenta < 5 GeV 
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