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Quarkonium in AA

5020
2760

200

//

19
17

VS (GeV)

1987 1991 1995

2000

2003

Inclusive Jiy — py’

® ALICE, Pb-Pb sy, =502TeV,25<y <4, p <8GeVic

m ALICE, Pb-Pb \Syy=276TeV,25<y <4, pT < 8 GeVic
PHENIX, Au-Au \s,, =0.2TeV,12<|y| <22, P> 0GeVic

ALICE 5.02TeV

U o geB@lg gl wgl
[

ALICE 2.76TeV

B & @

50 100 150 200 250 300 350 400
(N
part

>

2010
Data taking yea




Quarkonium in AA
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NA38/NA5SO

Study of muon pairs vs centrality of the collisions
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NV2Y10

e improved dimuon kinematics
* improved mass resolutions
* reduced combinatorial background

Upgraded vertex region
with vertex telescope
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Analysis techniques in NAS0/NA60

‘ Jy/DY

DY is the reference, since not sensitive to medium
modifications

- Drell-Yan

Open Charm
Background

PROS:
Both J/w and DY are hard processes
- systematic uncertainties cancel out
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CONS:

5 c A Low DY statistics
PRI(eRVISM (200000 J/y, ~2000 DY with M>4.2 GeV/c?)




Analysis techniques in NAS0/NA60

~0.7

@ J/v/MB, Jry/DY

gﬂ.ﬁ

%}' DY* = “Fake"” DY built from the MB spectrum,

Welg hted by NCOH

=

PROS:
Large statistics reference

CONS:

Larger systematics, due to different trigger
(dimuon and MB) involved

NAS50 Coll., PLB521 (2001) 195




Analysis techniques in NAS0/NA60

At SPS J/y was not studied via Ry, limits on pp reference

® not available at 158 GeV
- SPS usually running at top energy, i.e. 400/450 GeV
® ptarget not easily available

NA51: pp collisions using 1.2m liquid H, target at 450GeV
- broad J/y resolution ~175 MeV due to multiple
scattering in the absorber + poor vertex constraint
- Bo(J/y) =5.50+£0.01 £0.36 nb > ~7% uncertainty

NASO: J/y in pA collisions
- extrapolate A-dependence to A=1, having Be as
lightest target
- ~3% uncertainty on the extrapolated pp cross section m 46108 md

Gy=5.71+0.14 nb
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http://dx.doi.org/10.1140/epjc/s2003-01539-y

JAw/DY in NA5O
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M. MAST, pp.pd. 450 Gev
MARD p-& 450 GaV LI
MASD p-A 450 GaV HI

S NASD p-A, 400 Gay HI

1 MAZE, S, 200 GeV
MARD, Ph-Ph, 158 Gay
MAED, In-In, 158 GeV

NA38 Coll., PLB449(1999)128
NAS50 Coll.,EPJC39 (2005)335

PA (NA5O0)
e define the behavior due to CNM effects

SU (NA38)
« cold nuclear matter eftects explain the
observed suppression

PbPb (NA50)
« decreasing trend vs centrality

« anomalous suppression in central collisions

ﬁ

evidence for QGP formation
in central PbPb
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CNM effects on J/wvy

J/y suppressed already in cold nuclear matter
- sizable CNM effects

—> precise pA measurements are crucial

as a reference for the hot matter effects useful to disentangle CNM effects

2.9-1_5]
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ALICE, p-Pb s, = 8.16 TeV
e inclusive J/w — e*e (Preliminary)

o inclusive Jhy — p* (JHEPO7(2018)160)
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CEM EPSO09NLO (R. Vogt)
nCTEQ15 reweighted (J. Lansberg et al.)

—1EPPS16 reweighted (J. Lansberg et al.)
CGC NRQCD (R. Venugopalan et al.)
CGC CEM (B. Ducloue et al.)
Energy loss (F. Arleo et al.)

0.2 — Transport (P. Zhuang et al.)
1 Transport (X. Du et al.)

MONAST, pp.pd, 450 Gev
[ MASD p-& 450 Ge' LI
A NASD p-A 450 Gav HI
S NASD p-A, 400 Gav HI
(7)) NA3E, S-U, 200 GeV
MASD, Pb-Po, 158 Gay
NAED, In-In, 158 GeW

0 == Comavers (E. Ferreiro) o
54-3-2-10 12 3 4 5

y
« SPS: ratio "measured/expected” was the « LHC: attempts to separate CNM effects

standard approach *  SPS: CNM effects usually described by
« LHC: approach not yet fully exploited effective quantities

cms




Quarkonium in pA

‘ Many mechanisms affect the J/y behavior in the nuclear medium

Initial state: w Final state:
* shadowing, M ® resonance break-up
® parton energy loss ... —_— ~_ in the medium,
b * final energy loss...

‘ Complicate interplay between the different processes

- consider all together the available pA data sets, collected at
different energies and in different kinematical regions
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Quarkonium in pA - fixed target exp.
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How was the J/y studied in pA?

J/y production vs A, i.e. varying the amount of nuclear
matter crossed by cc pair

4

size of CNM effects defined by “effective” quantities

‘ = ‘A-e (PL)Uabs the larger o, the more
/lli ]/l/J

| important the nuclear effects

LAE — a= 1 = no nuclear effects
‘ /1/1 - ]/llJ az1 = nuclear effects

pA
‘ RP4 R . |Roa=1 > no nuclear effects
]/1/1 A- Gfﬁp R s #> nuclear effects

1

not used at SPS energies

£92-€9¢ 'S+ '90/97d 119D 09VN
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J/y production vs x¢

Compilation of fixed target results, collected at different Vs and kinematical regions

" HERAB 920 GeV J/y yield in pA is modified with respect

EBG6 B0 GeV . . e . .
o NAS0 450 GeV to pp, with a signiticant kinematic

NAGOD 400 GeV dependence

= NA3 200 GeV
NAGBD 158 GeV

® o strongly decreases with x¢

® fora fixed xg, stronger CNM at lower s

{}

given the strong x- and /s dependence,
oA reference should be measured in the
“da 02 0 - - - Ll | same kinematical domain as AA

NA60 Coll., Phys. Lett. B 706 (2012) 263-367

PA _ DD  ,a
Orpp =0y " A
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J/y in pA@ 158 GeV

NA6O collected for the first time pA data at the same energy as AA, i.e.158 GeV

pA _ PP | p.,—(pL)ogps
Oy =0y A€ ’

Y

O,

Dz

{}

stronger cold nuclear
matter effects at 158 GeV

NA60 Coll. PLB706, 4-5, 263-267

LV (158 GeV)=7.6 0.7 £0.6 mb
L V(400 GeV) =43 +0.8x0.6 mb
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J/y in pA@Q158GeV

First attempt to disentangle CNM effects
At SPS energies: shadowing + nuclear break-up (crossing time > formation time)

free proton pdf
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-~ HKN

* 400 GeV

£92-€9C 'S¥'90.97d '[1°D 09N

0802 002 o006 o008 01 042 014 016 0.8
X, = My /s exp(=y)

nuclear break-up vs. (anti)shadowing

I=76+07 +0.6mb compare results at the two energies. At a given x,

Ga

® same shadowing expected
® same J/y break-up in the medium expected

Iy —
g = i g £ 0L wle ® other effects at play? 17
with EKS98 shadowing correction




From pA to AA - new reference curve

NEW reference curve is extrapolated from pA to AA:
@?N\‘ 0., Shows an energy/kinematical dependence

reference now obtained in pA at the same energy/kinematical
range as the AA data (OLD reference curve was based on

400/450GeV pA data)
SE\N in AA, shadowing affects both projectile and target

projectile and target antishadowing taken
into account in the reference determination

centrality dependence of the reference

obtained within a Glauber approach

18




J/y measured/expected
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300

PoPb@158GeV (NA50)

350

400
N

SPS results now based on the pA reference
curve at 158 GeV (same energy as AA)

e Central Pb-Pb
J/y anomalously suppressed

® |In-In
almost no anomalous suppression

450 Size of J/y suppression quantitatively
part consistent with melting of y(2S) and y,
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What can still be improved?
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accuracy in PbPb measurements, similar to
the NA6O one

so far, results limited by low DY statistics
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What can still be improved?
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accuracy in PbPb measurements, similar to
the NA6O one

access to excited quarkonium states in AA
to understand if the J/y suppression is

accounted for by the melting of y(2S) and .
* investigate their suppression
« study their impact on the J/y through feed down
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What can still be improved?
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accuracy in PbPb measurements, similar to
the NA6O one

‘ access to excited quarkonium states in AA

energy dependence of the anomalous
suppression onset
studying J/y production below top SPS energies

22




What can still be improved?

accuracy in PbPb measurements, similar to

‘ the NA6O one
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‘ access to excited quarkonium states in AA
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energy dependence of the anomalous
suppression onset

‘ study other observables as v,

turned out to provide complementary
ININ@158GeV (NA60) information at LHC
PoPb@158GeV (NA50)
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What can still be improved?
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accuracy in PbPb measurements, similar to

‘ the NA6O one

‘ access to excited quarkonium states in AA

energy dependence of the anomalous
suppression onset

‘ study other observables as v,

the precision of the pA reference
 crucial to have pA and AA at the same energy
* ~12% uncertainty (158 GeV data taking was

~4 days at I, ..,= 5e8 p/s)
* important to disentangle shadowing from

nuclear break-up 24




Quarkonium in NA60+

NA60+ aims to answer to these questions

with an energy scan between
E|ab — 40 - 158 Ge\/

- quarkonium production not studied
below top SPS energies!

Decreasing in s:

® high pug QGP eftects on quarkonium

- still need theory guidance
® onset of . and y(2S) deconfinement

—> can be correlated to T measurement via thermal dimuons
® stronger CNM effects

> to be accounted for with pA data taking at the same Vs

Alessandro De Falco on Monday
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J/y in NA60+, AA collisions

High luminosity is needed to cope with the low production cross sections at low Vs

lons/s to collect 1x10* J/y in 30 days

AA: precise NA60O
data (Inln at 158 GeV)

correspond to
3x 104 J/y

5s burst, 3 burst/minute

— PbPb
target: 4mm, Acc=15%, J/y suppression=0.33
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With |, ., ~2x10% Pb/s and 1 month of data taking NA60+ can aim to

* ~10%J/y at 50 GeV
* ~510%J/y at 158 GeV
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J/y in NA60+, pA collisions

High luminosity is needed to cope with the low production cross sections at low Vs

o
w

pA: NA6O data
taking at 158 GeV
was ~1.5x 104 J/y

NABO+, Jhy — u'w
DA, Ebeam =50 GeV
15 days, /.., = 1.6€8 p/s

IA (cb)

beam

JIy
pA
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In 15 days of data taking at 1.6 x 108 p/s

NA60+ should collect

* E. =50GeV ~6000 J/y
* E. =158GeV ~50000 JAy

NA60+ CERN-SPSC-2019-017 ; SPSC-EOI-019 2 7




J/y in NA60+, pA and AA collisions

NABO+, J/IY — ot NABO+, JIY — oo
® Pb-PbE,. =50GeV ® Pb-PbE,. =50GeV
' 30 days, /,.,, = 1€7 ions/20s spi

cold nuclear matter effects ° 3 O d ayS P b P b

Based on

lpearn = 2€6 Pb/s
« 15 days pA
lbearn = 1.6€8 p/s

assuming only CNM
effects for N,;<50 and
20% suppression for
N__.>50

NA60+ CERN-SPSC-2019-017 ; SPSC-EOI-019

part

- Precise evaluation of anomalous suppression within reach even at low E,_,
In 15 days of data taking at 1.6 x 108 p/s the uncertainties on the pA reference are:

* ~15%ono _ ° ~6%
C  _50GeV - abs E., = 158GeV © ON Ggps
lab = * ~5%onac,, ab e ~2%onoc 28
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J/y in NA60+, observables

Which observables can we use?

NABO+, J/y — oo

® Pb-PbE,.. =50GeV
30 days, |- = 266 ons/s ®* R, based on pp extrapolated from pA results

cold nuclear matter effects

at the same Vs (<5% uncertainty)

® Raa/Roa ~ measured/expected a la NASO/60
> useful to compare results at various Vs,
since CNM are energy dependent

® no need of Drell-Yan?
very much limited by statistics (x100 less wrt J/y)

* J/y/(DDbar)?

suppression of J/yw + enhancement DDbar?

NA60+ CERN-SPSC-2019-017 ; SPSC-EOI-019 2 9




Quarkonium in CBM

Au+Au central: X : ; p*p:
® Sub-threshold production (rare but iy S ey
: === v L= ‘
feasible) L |—e—a, £

® Production threshold might be

exceeded with SIS100 beam of N=7
nuclei
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® Both pu*u and ete decay channels

. SIS100
accessible

J. Steinheimer et al, Phys. Rev, C95 (2017) 014911

C. Blume on Monday 30




Quarkonium in CBM

x107"
L M, =5<10" (UrQMD) | J/

[ ?:‘_=:;’: GeV S/B = 0.38
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> Central Au+Au (0 — 10%)

' Epean = 104 GeV
| i L1 1 | - i 1 L1 L1 1 1 1 Ll | B - | | il -
('2’ 7 2.8 2.5 - 3. 3.2 3.3 3.4 3.5

m,., (GeV/c)

JAy—>pp

AuAu ~30k J/P in 4 weeks at 10 MHz interaction rate
pAu ~500 J/¥ in 4 weeks at 10 MHz interaction rate

oA > lower statistics, but very clean signal

p+Au 30 GeV
CBM simulations

£=23%
S/CB=1.2

IR = 10MHz
480/ in 4 wks

Jb — ete-
p+Au at 30 GeV

Cooa o boaa o nabynalias ey l.;zIMW.

| ;
24 26 28 3 3.2
m,,, ( GeV/c?)

Jy—ee
pAu ~450 J/P in 4 weeks
at 10 MHz int. rate

C. Blume on Monday 3 1




Other quarkonium states

Measurements of other quarkonium states allow us to investigate

e the mechanisms behind their in medium modification
* theirimpact on the J/y suppression (via feed-down)

At fixed target experiments,
still room for improvements

for excited charmonium states
in both pA and AA
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v(2S) in pA collisions in fixed target

y(2S) production is modified by CNM effects depending on its kinematic

el
& e

(25 )
E866/NuSea

800 GeV p + A —> J/y

0.6
0.0 0.2
E866 Collab., PRL 84 (2000) 3256

W
© (Bzv)

McGlinchey, Frawley,Vogt
PRC 87 054910

— x A
c, =0y A

mid-y (x~0):
y(2S) suppression stronger than J/y one,
> break-up of fully formed resonance traversing
the nucleus
charmonium formation time
<
crossing time

fw-y (high xc):
suppressions roughly identical
- dominated by energy loss

charmonium formation time
>

crossing time
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v(2S) in pA collisions at SPS

=3}

At SPS, w(2S) suppression stronger than the J/y

o, V(400 GeV)=4.6 0.6 mb
o V192 (400 GeV) = 10.1 £ 1.5 mb

y') / A (nb/nucleon)

o(

s
o
—
=)
-
=
—
—
-
o
< 4
—
=
—
—
o
b--
=
=
aa

'
B pp

Fully formed w(2S) crosses the nuclear matter

. ® formation time ~0.1 fm/c
O v ® crossing time ~0.3 fm/c

Glauber model

Error on Glauber model —> being WeEa I(ly bOU nd |t iS eaSily brOken

pL parametrization
0 1 2 3 4
NAS50 Coll. EPJC48 (2006) 329
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y(2S) in PbPb collisions at SPS

W]

Jhy IDY 554

pected
o

O Pb{208 x 158 GeV/c)-Pb . - :
O (32200 Gevic)U e Alsoin AA, y(2S) anomalous suppression is

o p(450 GeVie, LI-A

A o450 GeVie, HivA stronger than the J/y one

¢ pl400 GeVic, VHIR-A

-
o

M_gasu_[ed | Ex
N

* setsin earlier, at lower energy densities
(1.5 GeV/fm3 wrt ~2.5 GeV/fm?3 for the J/vy)

—

o
co

v IDYarns « Y(2S) suppressed already in SU collisions

B Pb(208 x 158 GeVic)-Pb
® 5(32 x 200 GeVic)}-U

* p(450 GeVlic, LIFA

& p(450 GeVlic, HIRA

¥ p(400 GeVic, VHI)-A

o
o

Not enough statistics for y(2S) results
by NA6O in Inln

NABG 6] ERRYyE XS TS S EH2A0D7 3 5




What next on y(2S) at lower energies?

Jhy IDY 554

pected

-
o

Pb(208 x 158 GeVic)-Pb
5(32 x 200 GeVic)-U
p(450 GeVic, LI}-A

A p(450 GeVic, HI}A

¢ pl400 GeVic, VHIR-A

M_gasu_[ed f_‘Ex
N o))

—

0.8

0.6 v/ DY 4270
Pb{208 x 158 GeV/c)-Pb
0.4 S(32 x 200 GeVic)U
¥ p(450 GeVic, LIFA
02 p(450 GeVlie, HIR-A
p(400 GeVlic, VHI-A

DD 1 2 3

NAZGAEb)IE bR s s (4G 5SH66220D7

No precision data a la NA60 on the y(2S)

important to reach an accuracy similar to the J/y
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What next on y(2S) at lower energies?

pected
o

Iy IDY, ;. No precision data a la NA60 on the y(25)

Pb(208 x 158 GeVic)-Pb
5(32 x 200 GeVic)-U
p(450 GeVic, LI}-A

A p(450 GeVic, HI}A

¢ pl400 GeVic, VHIR-A

‘ important to reach an accuracy similar to the

Measu_[ed f_‘Ex
= o

-
(%]

Onset of the suppression

1

investigate energy dependence of the onset
(and the impact on the J/y) studying PbPb
e 2 collisions at lower \/SNN

Pb(208 x 158 GeVic)-Pb
5(32 x 200 GeVic)}U

¥ p(450 GeVic, LIFA
p(450 GeVic, HI}A
p(400 GeVie, VHIA

NAZGAEb)IE bR s s (4G 5SH66220D7

Jy
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What next on y(2S) at lower energies?

Jhy IDY 554

pected
o

Pb(208 x 158 GeVic)-Pb
5(32 x 200 GeVic)-U
p(450 GeVic, LI}-A

A p(450 GeVic, HI}A

¢ pl400 GeVic, VHIR-A

M_gasu_[ed f_‘Ex
- N o))

o
co

v/ DY 4270

o
o

Pb(208 x 158 GeVic)-Pb
5(32 x 200 GeVic)}U

¥ p(450 GeVic, LIFA
p(450 GeVic, HI}A
p(400 GeVie, VHIA

NAZGAEb)IE bR s s (4G 5SH66220D7

No precision data a la NA60 on the y(2S)

Onset of the suppression

‘ important to reach an accuracy similar to the J/y

‘ investigate energy dependence of the onset,

studying PbPb collisions at lower Vs,

No pA data at 158GeV

 crucial to measure pA reference in the same
kinematic range as AA, as now done for /y
 disentangling shadowing from nuclear break-

up should help to shed further light
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v(2S) in NA60+, pA and AA collisions

Good charmonium resolution (~30 MeV for the J/y) will help w(2S) measurements

Expectations based on

« 30 days PbPb, I,...,, = 2e6 ions/s (assuming larger suppression for y(2S) than J/vy)

« 15days pA, l.., = 1.6e8 p/s

~130 y(2S) (PbPb) ~300 y(2S) (PbPb) ‘

NABO+: J/y, w(2S) — ="« E, . =80 GeV
o p-A, I, = 1.6e+08 p/s, 15 days
® Pb-Pb, I, = 2.0e+06 p/s ions/s, 30 days

NABO+: J/y, w(2S) — <", E, ., = 120 GeV
o p-A, I, = 1.6e+08 p/s, 15 days
® Pb-Pb, /, .., = 2.0e+06 p/s ions/s, 30 days

W(2S)/y measurement down to E_, = 120 GeV

Lower E,,, would require larger beam intensites/longer running times

~500 y(2S) (PbPb)

NABO+: J/y, w(2S) — « =, E, .. = 158 GeV
o p-A, .., = 1.6e+08 p/s, 15 days
® Pb-Pb, I, ., = 2.0e+06 p/s ions/s, 30 days
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¥ at fixed target

~25% of the J/y comes from the . decay
= a(y.) important to understand the J/y suppression

* y.not measured at SPS (no AA data)
 available results at HERA-B, pA@ 920 GeV
(large . sample: ~15000 y,. -0.35<x:¥¥<0.15)

| HERA-B observes no significant difference between

a(y.) and a(J/y)

- similar “global” CNM eftects on both resonances
in the covered kinematical range (average value
Xg)'V Aa=0.05+0.04)

HERA-B, Phys.Rev.D79:012001,2009

-0.085
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Outlook and conclusions

* Quarkonium still a very interesting topic after ~30 years, not only at LHC!
Very much promising also at lower energies

« Solid results on J/y from past experiments at top SPS energies

« Data even at lower energies should help understanding the J/y behaviour in
the medium:

® high precision needed
®* pAand AA data at same energy
® update analysis approaches (R,,? disentagle CNM effects...)

® access to higher charmonia states?

Looking forward +o vew dquarkonium results v the next vearsl
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J/y/DY in PbPb collisions

5
]

J/y/DY shows

w
th

e adecreasing trend vs centrality

* Pb-Pb 2000
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¥,
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s

* a departure from expected behaviour
if only cold nuclear effects are present
- tuned on pA collisions

$

(]
th

—— o(abs) = 4.18 mb (GRV 94 LO)
Evidence for OGP formation in central PbPb
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J/y production vs x¢

Compilation of fixed target results, collected at different Vs and kinematical regions

J/y yield in pA is modified with respect
v HERA-B 2008 e + p : z AdGE : z
e to pp, with a significant kinematic
NA!;.[] ?[11[34 | d e pe n d e n Ce
—_— EKS (GM E-loss)
EKS (BH E-loss) .
s HKN (GM E-loss) ® o strongly decreases with x¢

EPS (GM E-loss) .
® for a fixed xg, stronger CNM at lower s

Theoretical description over the
full x- range very complicate!

U'T-q).d- -0.2
I. Abt et al., arXiv:0812.0734

(R. Vogt, Phys. Rev. C61(2000)035203,
K.G.Boreskov A.B.Kaidalov JETP Lett. D77(2003)599)




Y at fixed target

AA collisions
no measurements available

RS
>
03]
O]
w0
N
o
—
1]
—
c
[15]
>
L

pA collisions

« not all experiments have enough e
resolution to separate the Y states

 result accuracy limited by Y statistics

15
M (GeV/c?) M (GeV/c?)

NAS5Q Coll., Phys.Lett.B635:260-269,2006




Y in pA at fixed target

E772 (pA@800GeV) NASO (pA@450GeV)
similar o for Y(1S) and Y(25+3S) in 0<x¢<0.6 J

o (Y(1S))=0.962 £ 0.006 o (Y(2S+3S))=0.948 + 0.012

.

B oY)/ a(Drell-Yan)

TES-E—BS %'%I %

til]
0z
a7
06
a5
04
02

No strong CNM effects on Y(15+2S+3S) at xg ~ 0
o (Y(1S+25+3S5))=0.98 £ 0.10

Results not accurate enough to evaluate

0.00.2 04 0.6
Xp




From pA to AA - new reference curve

NEW reference curve is extrapolated from pA to AA:

0., Shows an energy/kinematical dependence

reference now obtained in pA at the same energy/kinematical
range as the AA data

in AA, shadowing affects both projectile and target

— Reference curves for Inln and PbPb,including
~ shadowing

-

=

projectile and target antishadowing taken
into account in the reference determination

=

centrality dependence of the reference
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J/y measurements at high energies

LI I B | LI | LI I | LI I I LI I | LI I | LI I | ' | ! | I | I |
Inclusive J/y — p*p . | Pb-Pb V SNN =5.02 TeV _
® ALICE, Pb-Pb |, =5.02TeV,25<y <4,p_<8GeV/c i a»n, lyl <0.5
m ALICE, Pb-Pb \s,, =276 TeV,25<y <4,p_<8GeV/c ] e Prompt DD, lyl <0.8 ]

O PHENIX, Au-Au sy, =0.2TeV,1.2<y| <2.2,p_>0 GeVic I ) e Inclusive Jip,2.5<y <4

e Inclusive JAp, lyl < 0.9 —

b—elyl<0.8

ALICE Vsy= 5.02TeV T = Y(1S) 5-60%, 2.5 < y <4
SNNT - ev ]

e @G gig @9 -

@® m m ]
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High precision data at colliders indicate

® interplay between J/y suppression and regeneration
® significant J/y elliptic flow originating from charm thermalized in the medium




ALICE, Inclusive w(2S), Jiy — u'u-

m |5, =502TeV Cent. _ p-Pb 5., =8.16 TeV, p_< 12 GeVle
. B =276 TeV 9400% ® y(25)
" (PRL113 (2014) 262301) : ¢ Jiy (JHEP 07 (2018) 160)

~ lyl<186, 6.5< p, < 30 GeVic

EPS09NLO + CEM (R. Vogt)

nCTEQ15 + HELAC-Onia (J. Lansberg et al.)
CGC + CEM (B. Ducloue et al.)
Energy loss (F. Arleo et al.)

50 100 150 200 250 300 350 400

MS Coll, PRL 118(2017) 162301 N,
PbPb collisions: oPb collisions:
y(2S) suppression stronger than the y(2S) suppression stronger than the
Jhy one J/y one at backward-y and beyond

standard CNM mechanisms
> suggestive of hot matter effects 35




x. at LHC

JAVAV

NO mMmeasurements so far

PA:
Y., and x., similarly affected by nuclear
effects, within the uncertainties

J

—4— Converted LHCb
— ¢ .
—E— Calorimetric pPb R 8.16 TeV

Vo(x )

c2

ol

pp Vs=7TeV

LHCb Coll.. Phys. Rev. C 103, 064905 (2021)




Y at LHC

PbPb 368/464 pb™', pp 28.0 pb™ (5.02 TeV)
p—Pb |s,, =8.16 TeV, r(1S)

e ALICE, p_<15GeV/c
o LHCb, p_ < 25 GeV/c (JHEP 11 (2018) 194

&

68% CL 95% CL 0-100%
® Y(1S) Y(2S) T Y(2S)
® Y(2S) Y(3S) T Y(3S)

[ 1EPSO9NLO + CEM (R. Vogt et al.)
EPSQ09 + energy loss (F. Arleo et al.)

___| Energy loss (F. Arleo et al.)

[ ] EPPS16 reweighted (J. Lansberg et al.)

[ 1 nCTEQ15 reweighted (J. Lansberg et al.)
nCTEQ15 + comovers (E. Ferreiro)

<Ny,
CMS Coll. Phys. Lett. B790 (2019) 270 ALICE Coll. Phys. Lett. B 806 (2020) 135486
AA collisions pA collisions:
first bottomonium measurements Y(1S) modification accounted for by
- clear mass ordering in the shadowing

suppression pattern Still larger uncertainties on excited states




