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OVERVIEW

v WRAP—UP OF THE MOST RECENT CHARMONIUM AND BOTTOMONIUM RESULTS
(AFTER—QM19)

‘/ AT THE END OF RUN—2, PRECISE RESULTS FROM THE LHC EXPERIMENTS ARE
AVAILABLE, IN ALL SYSTEMS AND OVER A BROAD KINEMATIC RANGE

PP > PA SAA

GOAL: COMPARE RESULTS, CHECK COMPATIBILITY
DO WE HAVE A COHERENT PICTURE?



OBSERVABLES

AZIMUTHAL ANISOTROPY V,

MEDIUM EFFECTS QUANTIFIED MULTIPLE INTERACTIONS IN THE MEDIUM

COMPARING AA PARTICLE YIELD WITH CONVERT INITIAL GEOMETRIC ANISOTROPY INTO

PP CROSS SECTION, SCALED BY A PARTICLE MOMENTA ANISOTROPY

GEOMETRICAL FACTOR (oc N¢g, ) = ELLIPTIC FLOW (V,) IS THE 2"° COEFF. OF THE
FOURIER EXPANSION OF THE AZIMUTHAL

R = Yaa DISTRIBUTIONS OF THE PRODUCED PARTICLES,
AA — WRT THE EVENT PLANE
(TAA)O- pp

V, = <€0S 2(¢PARTICLE_\{IEP) 4

HOT/COLD MATTER EFFECTS
DR 2]




WHERE ARE WE?

P—A RHIC LHC (Mip=y) | LHC (Fw—)
R, x: AVAILABLE T/,
Jv R PA
Yol ® ® ® W(25) AND Y(NS)
RESULTS, OVER A BROAD
W(25) R @ @ @ KINEMATIC RANGE, AT
YUS) R, @ @ @ RHIC AND LHC
FN V5: RESULTS ONLY FOR
Y ; 2 | 2
sl o @ @ Jhy AT LHC
A
Iy v e @ @ PRECISION STILL LIMITED
V2S)IT(S) 1, (” /‘ 1;\ 1;\ FOR EXCITED STATES
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WHERE ARE WE?

A—A RHIC LHC (Mip=y) | LHC (Fw—)

R, ,: HIGH PRECISION
REACHED FOR GROUND

Thy Raa ©

STATES, BUT STATISTICS

\II(ZS) RAA STILL LIMITED FOR

Y(1S) Rpa EXCITED STATES

V,: PRECISE J/\y RESULTS
Y(25,3S) Ry,
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SICHCICHSICHO,

AT LHC
Jhy v, NEW OBSERVABLES:
POLARIZATION
ZF VN
LISEY 2 R/ NEW RESONANCE:
IR G X(3872)
Jhy poLaRrizATION | Ra?, P
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NEWS FROM QM2019

Focus oN PA AND AA NEW PRELIMINARY OR FINAL RESULTS

ATLAS

® YN PePs @ 5.02 TeV (2018)
(ATLAS—-CONF-2019-54)

CMS
® Y(NS) PRODUCTION IN PPB @ 5.02TeV
(HIN-18-005)

° Y v, IN PePe @ 502 TeV (2018)
(HIN-19-002)

* X@B&72) N PePs @ 5.02 TeV
(HIN-19-005)

LHCs

® X(3872) vs EV. ACTIVITY IN PP @ 8TEV
(LHCB—CONF-19-005)

w ‘
Ry A

ALICE

Jhy Q.5 VS CENTRALITY IN PPB @ 5.02 TEV

Y(1S) AND Y(2S) PRODUCTION IN PPe @ 8.16TeV
(ARXIV;1910.14405)

Iy Rap. Vo AT MID—Y IN PBPB @ 5.02 TEV
(2015-2018 pATA) (ARXIVAIOIHHOY)

Jhy Ryp AT FORWARD-Y, IN PBPB @ 5.02 TEV
(2018), Vs PT AND MULTI—DIFFERENTIAL

J/hy POLARIZATION IN PBPB @ 5.02 TEV

Y R)p AND V, AT FORWARD-Y IN PePs @ 5.02



CAVEAT

4 CMS aAND ATLAS RESULTS ARE 4 IN SOME COMPARISON PLOTS
FOR LHC RUN1 AND RUNZ2 RESULTS
v ALICE RESULTS ARE FOR ARE SUPERIMPOSED, ASSUMING
(FRACTION OF J/yy FROM B Is A NEGLIGIBLE \'S),, DEPENDENCE

~10% FOR P < 5GEV/c AND 30%
FOR Pt~ 10GEV/c )

1 l non—-prompt
pPTOMDL _ R~ Rl Es
AA 1-Fp
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A COLLISIONS




HOT MATTER EFFECTS

RECOMBINATION

THE ORIGINAL IDEA:
QQ ABUNDANCE INCREASES WITH VS,

QUARKONIUM PRODUCTION SUPPRESSED
VIA COLOR SCREENING IN QGP
(T.MaTsuLH.SaTzZ, PLB178 (1986) H16) RHIC, 200GeV ~10 =

LHC, 5.02 TeV ~115 ~3

‘>

- (RE)COMBINATION AT HADRONIZATION OR IN QGP
ENHANCES CHARMONIUM PRODUCTION
- SMALL CONTRIBUTION FOR BOTTOMONIUM (ALSO AT LHC)

P. Braun-Muzinger,J.Stachel, PLB490(2000)196,
R.Thews et al, PRC63:054905(2001)

DIFFERENCES IN QUARKONIUM BINDING
ENERGIES LEAD TO A SEQUENTIAL MELTING

> WITH INCREASING TEMPERATURE
energy density Digal,Petreczky,Satz PRD 64(2001) 0940150 @

J/w production prob.




.T/\V RAA VS. PT

Jhy Pb—Pb \l"S—W =5.02 TeV, 0-10%
® ALICE, 2.5< y<4 0-20% (preliminary) VERY BROAD PT RANGE (UP TO

e ALICE, | y|<0.9 (preliminary) 4O GEV/C) NOW ACCESSIBLE
® CMS, | y|<2.4 (EPJC 78 (2018) 509)

ATLAS, | y|<2 (EPJC 78 (2018) 762)

LOW A,
STRONG RAPIDITY DEPENDENCE

HIGH A,

®* COMMON BEHAVIOR,
INDEPENDENT ON RAPIDITY

® VERY GOOD COMPATIBILITY
OF RESULTS FROM
DIFFERENT EXPERIMENTS

Low A —HIGH Ar —VERY HIGH A



J/\V RAA VS. PT

Jy Pb-Pb {5, = 5.02 TeV, 0-10%
® ALICE, 2.5< y<4 0-20% (preliminary) LOW PT

® ALICE, | y|<0.9 (preliminary)

SN G Gulo Rk ll A ROLE CLEARLY DEPENDING ON Y

HigH A

® SUPPRESSION IS THE
DOMINANT PROCESS

® SIMILAR R, INDEPENDENT ON
THE RAPIDITY RANGE

VERY HIGH A}

R\, RISE DUE TO ENERGY LOSS
Low A —HIGH A —VERY HIGH Pr | iecuanism? @



J/\|f RAA VS. PT

Low A,
RECOMBINATION MECHANISM PLAYS
A ROLE CLEARLY DEPENDING ON Y
HigH A,

® SUPPRESSION IS THE
DOMINANT PROCESS

® SIMILAR K,, INDEPENDENT ON
THE RAPIDITY RANGE

VERY HIGH A}

R\, RISE DUE TO ENERGY LOSS
Low A —HIGH A —VERY HIGH Pr | iecuanism? @



Low A J/y: MID VS FwW—Y

RHIC

Jiy, Au-Au s, = 200 GeV
® PHENIX 1.2<|y|<2.2 (PRC84,054912)
STAR |y|<0.5 (PLB797,134917)

Jhy, ALICE, Pb-Pb {5, =5.02TeV, p_>0
® |y|<0.9 (preliminary)
#® 2 5<y<4 PLB766(2017)212

MID—Y

L E

FW—Y

HIGHER Ry, AT MID—RAPIDITY WRT SIMILAR Y—DEPENDENCE ALREADY
FORWARD-Y, IN CENTRAL EVENTS OBSERVED AT LOWER ENERGIES @



Jhy: RHIC VS LHC

HigH A J/y

Jiy
— - ® CMS, Pb-Pb \5..=5.02TeV, | y|<2.4 p_>6.5 GeV/c (EPJC78,509
® ALIGE, Pb-Pb |5,,,=5.02TeV |y|<0.9 p_>0.15GeV/c (preliminary) ATLAS. Pb- Pt} &]—5 02Te\|/y |‘y|<2 ,‘; o eVl (E(P 1C78.762) )
STAR, Au-Au {/5,,, =200GeV y|<0.5 p, >0.15GeV/c (PLB797,134917 STAR, Au-Au {s5,,=200GeV, | y|<0.5 p_>5 GeVic (PLB797,134917)

SIGNIFICANT DIFFERENCE Rxp AT THE TWO \Sy,y ARE CLOSER, WITH
IN CENTRAL COLLISIONS SLIGHTLY HIGHER VALUES AT RHIC



Jhy: RHIC VS LHC

HigH A Jly

Jiy
— - ® CMS, Pb-Pb |5=5.02TeV, | y|<2.4 p_>6.5 GeV/c (EPJC78,509
® ALICE, Pb-Pb {5,,,-5.02TeV |y|<0.8 p, >0.15GeV/c (preliminary) e F_g&&oﬂe\'/y I‘;\<2 ‘z RPN (E(P 1078 768 )
STAR, Au-Au 5,,,~200GeV [y[<0.5 p_>0.15GeV/c (PLB797,134917 STAR, AU-AU {[5,02200GeV, | y|<0.5 p.>5 GeV/c (PLB797,134917)

dN/d My Au-Au |5,,=200GeV (PHOBOS, PRC83(2011),024913)
dN/d My s Pb-Pb {fs,,=5.02TeV (ALICE, PRL116(2016) 222302)

dN/dn  Au-Au s, =200GeV (PHOBOS, PRC83(2011),024913)
v l<t

dNidn _ Pb-Pb f5,=5.02TeV (ALICE, PRL116(2016) 222302)

0
0 200 400 600 800 1000 1200 1400 1600 1800 2000 00 200 400 600 800 1000 1200 1400 1600 1800 2000
(dN/d ) (aN/d )

SIGNIFICANT DIFFERENCE RAx TREND IS RATHER SMOOTH WHEN
IN CENTRAL COLLISIONS SHOWN Vs dN/dn




JIy: RHIC VS LHC

Low A, Jly HieH A Jly

Jhy Jhy

e — ) ® CMS, Pb-Pb |[5,,=5.02TeV, | y|<2.4 p >6.5 GeV/c (EPJC78,509)
® ALIGE, Pb-Pb {5,,=5.02TeV |y|<0.9 p >0.15 ATLAS, Pb-Pb 5,=5.02TeV, | y|<2 p.>8 GeV/c (EPJCT78,762)

STAR, Au-Au |[5,=200GeV, | y|<0.5 p.>5 GeV/c (PLB797,134917)

STAR VALUES HAVE A VERY LARGE
UNCERTAINTY ON N, , (NOT SHOWN IN
PLOT) VARYING BETWEEN 3% T0 H5 % dN/dn | Au-Au 5=200GeV (PHOBOS, PROE3(2011),024913)
FROM CENTRAL TO PERIPH. COLLISIONS L dNidny_  Pb-Pb f5,,,=5.02TeV (ALICE, PRL118(2016) 222302)

SIMILAR UNCERTAINTIES FOR ALICE
VARY BETWEEN 6 AND 3%
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J/y: RAPIDITY DEPENDENCE

JAy Pb-Pb Sy = 5.02 TeV, 0-100% AT LOW P, R, SHOWS A

® CMS p >6.5GeV/c (EPJC 78,509) ® ALIGE p >0 (arXiv:1910.14404) STRONG RAPIDITY DEPENDENCE

® ALICE p:>0 (arXiv:1909.03158)
ATLAS p >9GeV/c (EPJC78,762) - AL|GE p'>0 (reflected)

SIGNIFICANT DIFFERENCE AT
MID—Y, DUE TO THE DIFFERENT
PT COVERAGE




J/y: RAPIDITY DEPENDENCE

Jhy Pb-Pb |5, = 5.02 TeV, 0-100% AT LOW P, R, SHOWS A
® CMS p >6.5GeV/c (EPJC 78509) ® ALICE 6<p_<12GeV/c 0-20%(prel) STRONG RAPIDITY DEPENDENCE
ATLAS p >9GeV/c (EPJC 78,762) © ALICE 6<p,_<12GeV/c 0-20%(reflected
SIGNIFICANT DIFFERENCE AT
MID—Y, DUE TO THE DIFFERENT

P. COVERAGE

P; > ©GEV/c
cgn, TSEE _sga @% ALSO THE DIFFERENCE AT
A FORWARD-Y IS DRIVEN BY THE

P. RANGE

HigH A,




LHC: 276 vs 5.02 TeV

OVERALL GOOD AGREEMENT BETWEEN LHC REsSuULTS FROM RUN1 AND RUN2

THERE ARE DIFFERENCES IN THE R4, AT VERY FORWARD—Y OR INTERMEDIATE P.
PHYSICS ORIGIN OR FLUCTUATIONS?

ALICE Pb-Pb, 0-20%, 2.5 <y <4
o \s, =5.02 TeV
B \S =276 TeV

ALICE Pb-Pb, 0-90%, 0 < p_< 12 GeV/c
* s =5.02TeV

[ ] Transport (Du and Rapp)
[] statistical hadronization (Andronic et al.)

® BAIEO'606! ‘AIXBY ‘JITTV



COMPARISON TO THEORY

DATA ARE DESCRIBED BY MODELS BASED ON W"“>REGENERAT|0N DOMINATES
SUPPRESSIONTREGENERATION MECHANISMS AT LOW PT AND HIGH ENERGY

—_
D

T I 1T I 1T [ 1T I | 230 N § I 1T l LI I 1T [ LI
ALICE Preliminary, Pb-Pb \ s, = 5.02 TeV, 0-20%
2.5 < y <4, inclusive J/y

T T T l L] T T T T T T T I
ALICE Preliminary, Pb-Pb, ys,,, = 5.02 TeV
Inclusive J/y, |y| < 0.9 e Data(2018)

p. >0.15 GeV/c TM1 (Du et al.)
T [] TM2 (Zhou et al.)
Comover (Ferreiro et al.)
SHM (Andronic et al.)
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Jhy v,

V5, PROVIDES COMPLEMENTARY
Jiy Pb-Pb |s,, = 2.76TeV, 5.02 TeV

o INFORMATION ON J/\yy PRODUCTION
ALICE, 2.5< y<4 20-40% (preliminary)
ALICE, | y¥|<0.9 30-50% (preliminary)

CMS, | y|<2.4 10-60% (EPJC 77 (2017) 252) —~ J/y FROM RECOMBINATION SHOULD
CMS, 1.6<| y|<2.4 10-60% (EPJC 77 (2017) 252 INHERIT THERMAWLIZED CHARM FLOW
ATLAS, | y|<2 0-60% (EPJC 78 (2018) 784)

Jhy v, MEASURED uP 70 =30 GEV/c

LOW Ay
EVIDENCE FOR NON—ZERO FLOW
(ALICE, 70 EFFECT IN Yp<© GEV/C)

25 S HIGH Ay
p. (GeVrc) v, # O (ATLAS anp CMS)




IIIIIIIIIIIIIIIIIIIIIIIIlIIII LI LI L L] . _lllIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Jhy Pb-Pb sy, = 2.76, 5.02 TeV - Jiy Pb—Pb {s,, =2.76,5.02 TeV
® ALICE, 30-50% P, >2 GeV/c (preliminary) [

< ALICE, 30-50% p. -2 GeVic (reflected) 27 ® ALICE, 2.5< y<4, 5<pT<20 GeV/c (preliminary)

@ ALICE, 30-50% pT>2 GeV/c (preliminary) [
@ CMS, 10-60% 6.5< p <30 GeV/c (EPJC 77 (2017) 252) [ @ CMS, |y|<2.4 6.5< p <30 GeV/c (EPJC77 (2017) 252)

® CMS, 10-60% 3< p_ <6.5 GeV/c (EPJC 77 (2017) 252) ATLAS, | y|<2 9<p_<30 GeV/c (EPJC78 (2018) 762)

ATLAS, 0-60% 9< p <30 GeV/c (EPJC 78 (2018) 784)
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f

0 1 2 3 4 0 i0 20 30 40 50 60 70 80 90 100
Y Centrality (%)

NO SIGNIFICANT DIFFERENCE IN J/y V, V5 1S LARGER FOR INTERMEDIATE
BETWEEN MID AND FORWARD—RAPIDITY CENTRALITIES
(DIFFERENT A; RANGES THOUGH)




Data/Model

THEORY COMPARISON

ALICE Preliminary ~ 20-40% Pb-Pb |5, = 5.02 TeV

25<y<4

@ Inclusive J/y, EP |An| > 1.1
[CJSyst. uncertainty (uncorrelated)
Global syst. 1%

TM1 (X. Du et al.) TM2 (K. Zhou et al.)
Inclusive Jiy Inclusive Jhy (w/ non-collective)
===« Primordial Jiy Inclusive Jiy {(w/o non-collective)
Primaordial Jhy

® ThM1
TM2 {w/ non-collective)

LOW Ay
SIZE OF 1, REPRODUCED BY MODELS INCLUDING
A LARGE J/\y REGENERATION COMPONENT

HIGH A;:
PATH—LENGTH EFFECTS PLAY A ROLE, BUT V2
STILL UNDERESTIMATED



J/y POLARIZATION

FIRST J/\y POLARIZATION MEASUREMENT
IN PBPB COLLISIONS AT LHC

B ALICE Helicity Collins-Soper
Inclusive JAr - pp. 25 < < 4

1
W(cos8, @) (14 Agcos?6 + Ao sin? 8 cos2¢p + Aggsin20cosy)

[®] [®]PoPbys,, =502 TeV Preliminary

B B ppts=7 TeV [PRL 108 (2012) 082001}
& -&pp Y5 - 8 TeV [EPJC 78 (2018) 562}

POLARIZATION PARAMETERS CONSISTENT WITH
ZERO ALMOST OVER THE WHOLE P. RANGE

NO SIGNIFICANT DIFFERENCE BETWEEN PgPB
AND PP RESULTS

SHOULD THE J/y BE SENSITIVE TO THE
MAGNETIC FIELD PRESENT EARLY IN THE
COLLISION HISTORY?

)



y(2s) LOOSELY BOUND STATE, BINDING

ENERGY: y(25)~60 MEV, J/y ~64HOMEeV

Pb-Pb {5,=5.02TeV

-
N

® CMS|y|<1.665< p_<30 GeV/c (PRL118,162301)

—_
N

ATLAS | y|<2 9< p_<40 GeV/c (EPJCT8,762)

—y

ALICE inclusive J/y, w(2S), Pb-Pb |5, = 5.02 TeV, 2.5<y<4, 0<p,<8 GeVic

ot
®

Ww(2S) (Preliminary)
— Jiy (arXiv:1606.08197)

o
)]

Upper limits include global uncertainties

[«
l—la
>
~
)
=
w
Y]
S—
=
~—
<<
|—|q
>
~
)
=
w
(Y]
S—
=

o
N

o
o

N v p— W(2S) SUPPRESSION STRONGER THAN J/y

IN CENTRAL COLLISIONS, BUT SIZE
OF UNCERTAINTIES PREVENTS A
DETAILED COMPARISON WITH J/\y

TENSION IN CENTRAL EVENTS BETWEEN



BOTTOMONIUM IN AA

PbPb 368/464 b, pp 28.0 pb™" (5.02 TeV)

THREE Y STATES WITH
DIFFERENT SENSITIVITY

TO THE MEDIUM 68% CL  95% CL 0-100%

* Y(19) T(2S) T Y(29)
= Y(2S) | Y(38) T Y(3S)

SN

LIMITED RECOMBINATION
AND NO B FEED—DOWN
(BUT LARGE FEED DOWN
FROM EXCITED STATES)

)

INTERESTING FOR 0 50 100 150 200 25

<N__>
STUDIES ON SEQUENTIAL CMS, PLB790 (2019) 270 part

SUPPRESSION

STRONG CENTRALITY SUPPRESSION FOR ALL Y(NS)
(FACTOR ~25 FOR Y(1S), ~7 FOR Y(2S)) @



Y{15), PbPb yaes.02TeV COMPATIBLE ,, VALUES FOR

® ALICE, 2.5< y<4 p_<15GeV/c (preliminary) ALL THE LHC EXPERIMENTS
ATLAS, |y|<1.5 p_<30GeV/c (ATLAS-CONF-2019-054)

® CMS, |y|<2.4 p_<30GeV/c (PLB790(2019)270)

STRONG CENTRALITY—DEPENDENT
Y(1S) SUPPRESSION




Y(1S) Rpp: RHIC VS LHC

Y(1S), PoPb (o5 02TeV COMPATIBLE R,, VALUES FOR

® ALICE, 2.5< y<4 p_<15GeV/c (preliminary) ALL THE LHC EXPERIMENTS
ATLAS, | y|<1.5 p_<30GeV/c (ATLAS-CONF-2019-054)

® CMS, |y|<2.4 p_<30GeV/c (PLB790(2019)270)
STAR Au-Au |/s)=200GeV, | y|<0.5 (preliminary) STRONG CENTRALITY—DEPENDENT

Y(1S) SUPPRESSION

SIMILAR Y(1S) SUPPRESSION
ALSO AT LOW VSy,?

COULD BE EXPECTED IF DIRECT Y(1S)
ARE NOT SUPPRESSED AT LHC




Y(1S) Rpp: RHIC VS LHC

Y(1S), Pb-Pb {{5,,=5.02TeV, Au-Au |5, =200GeV COMPATIBLE R,, VALUES FOR

® ALICE 2.5< y<4 p_<15GeV/c (preliminary) ALL THE LHC EXPERIMENTS
ATLAS |y|<1.5 p_<30GeV/c (ATLAS-CONF-2019-054)

® CMS |y|<2.4 p_<30GeV/c (PLB790(2019)270) LI~/ DEPENDENT

Y(1S) SUPPRESSION

dN/d L Au-Au s, =200GeV (PHOBOS, PRC83(2011),024913)

dNidn _ Pb-Pb s,a=5-02TeV (ALICE, PRL116(2016) 222302)

PLOTTING VERSUS dN/dn SUGGESTS
i A SMOOTH EVOLUTION WITH
iy L] #
FLUCTUATIONS IN THE CENTRALITY
DEPENDENCE OF RHIC RESULTS

@0

0
0 200 400 600 800 1000 1200 1400 1600 1800 2000
(dN/d )




T(2S), Pb-Pb fs,,=5.02TeV Y(2S) SUPPRESSION IS STRONGER
® ALICE, 2.5<y<4 pT<1SGeV!c (preliminary)

ATLAS, ly|<1.5 p_<30GeV/c (ATLAS-CONF-2019-054) THAN THE Y(15) ONE
® CMS, |y|<2.4 p <30GeV/c (PLB790(2019)270)
STAR Y (2S+3S) Au-Au |s,,=200GeV, |y|<0.5 (preliminary)

SUPPRESSION AT RHIC 1s sLIGHTLY
LOWER IN PERIPHERAL COLLISIONS,
BUT SIMILAR IN THE CENTRAL ONES,
WRT LHC

$e oy




Y(2S), Pb-Pb y5,,=5.02TeV, Au-Au |5,=200GeV Y(2S) SUPPRESSION IS STRONGER
ATLAS, ly|<1.5 p_<30GeV/c (ATLAS-CONF-2013-054) THAN THE Y(1S) ONE
® CMS, [y|<2.4 p <30GeV/c (PLB790(2019)270)
STAR T(2S+3S) Au-Au \'I|S_NN=200GEV, [¥|<0.5 (preliminary)
PLOTTING VERSUS dN/dn LEADS TO

A SMOOTH TREND

dN/d LI Au-Au |5, =200GeV (PHOBOS, PRC83(2011),024913)

dN/dn

Pb-Pb 5,,,=5.02TeV (ALICE, PRL116(2016) 222302) STRONG SUPPRESSION OF THE
EXCITED STATES AT BOTH ENERGIES

¥ [<0.5

200 400 600 800 1000 1200 1400 1600 1800 2000

(dN/d m)




THEORY COMPARISON

PbPb 368/464 pb™', pp 28.0 pb™ (5.02 TeV) ________PbPb368/464 ub™, pp 28.0 pb”’ (5,02 Tev)

L L L L B L B L N DL I B -]
p, <30 GeV CMS . . CMS —
ly| < 2.4 ] . 7]

I Du, He, Rapp \ [ Du, He, Rapp
Krouppa, Strickland —] B Krouppa, Strickland Y(2S)
e 4T -T‘V'S:'] 2\, w4 ﬂf‘s=1
— 47 1)/5=2 — 47 1)/5=2 @ Data
- 4n/s=3 ~oe Amm/s=3 68% CL

T 95% CL —

‘III‘IIm

Y(1S)
@ Data

0.2

0||\\||||\||||
AR RRAAARRRRARES

Data fotal uncorrel. unc. & Krouppa, Strickland
é Du, He, Rapp

Data / Theory
Data / Theory

...\..I\.\.I.\.I..\....\
0 50 100 150 200 250 300 350 400 100 150 200 250 300
PLR790(2019)270 <N, <N,

[a»] —
a o O

I
350

DATA ARE DESCRIBED BY MODELS INCLUDING COLOR SCREENING AND FEED—DOWN
FROM DECAY OF HEAVIER QUARKONIA (+REGENERATION)




Y(1S) Ryp VS Y AND Py

IIIIIIIIIIIIIIIIIIIIIIIIIIII IIIIIIII\IIIII . T
(1S}Pb—Pbﬁ 502TeV i i (1S)Pb—Pbﬁ 502Tev

® ALICE (preliminary) L
o ALICE (reflected) ® ALICE, 2.5< y<4 (preliminary)

& CMS (PLB790(2019)270) 1 8 [ ®CMS,|y|<24 (PLB790(2019)270)
ATLAS (preliminary) 1 i ATLAS, | y|<2 (preliminary)

1 I 1 1 1 1
25 30
P, (GeV/c)

BROAD RAPIDITY COVERAGE

RATHER FLAT RAPIDITY DEPENDENCE, BUT SIGNIFICANT DECREASE AT FORWARD—Y
(RECOMBINATION—SIGNATURE?) HOWEVER NO SMALL P, INCREASE OF R,




FIRST MEASUREMENT OF Y(15) ; IN
AA COLLISIONS

Y(1S) Pb—Pb {5\, = 5.02 TeV
ALICE, 2.5< y<4 5-60% (PRL123,192301)
® CMS, | y|<2.4 10-60% (HIN-19-002)

Y(1S) v, 1S CONSISTENT WITH ZERO
OVER THE FULL A RANGE AND OVER
ALL CENTRALITIES, WITH A MAXIMUM

OFFSET OF 250

NO SIGNIFICANT RAPIDITY DEPENDENCE

40p {éf;w(:fﬂ Y(2S) v, ALSO MEASURED IN 10—90%:
: —0.063 + 0.085 (staT) + 0.037 (sYsT)

35



Jiy and Y(18) Pb-Pb |/s,, = 2.76TeV, 5.02 TeV

ALICE, 2.5< y<4 5-60% (PRL123,192301)

CMS, | y|<2.4 10-60% (HIN-19-002)

ALICE, 2.5< y<4 20-40% (preliminary)

ALICE, | y|<0.9 30-50% (preliminary)

CMS, | y|<2.4 10-60% (EPJC 77 (2017) 252)
CMS, 1.6<| y|<2.4 10-60% (EPJC 77 (2017) 252)

40 45 50
[ (GeV/c)

FIRST MEASUREMENT OF Y(1S) 5 IN
AA COLLISIONS

Y(1S) v, IS LOWER THAN THE J/\y ONE
AS EXPECTED FROM:

NEGLIGIBLE REGENERATION
COMPONENT

Y(1S) DISSOCIATION OCCURRING
EARLY IN THE FIREBALL EVOLUTION
(HIGH T) WHEN PATH LENGTH
DIFFERENCES IN THE SUPPRESSION

ARE SMALL
(Rapp, PRCO6,054901)



COMPARISON TO THEORY

g 100020 PbPb 1.7 nb” (5.02 TeV V5 1S COMPATIBLE WITH THE SMALL VALUES
!> 35 GeV CMS PREDICTED BY THEORY MODELS INCLUDING OR

lyl <2.4 Preliminary NOT A REGENERATION CONTRIBUTION
Cent. 10-90% #Y(‘IS)

-+ Hong, Lee (10-50%)
Y -60%

Do Rew (20-40% OVERALL AGREEMENT, BUT MUCH MORE

--- Bhaduri, Borghini, (10-30%)

Jaiswal, Strickland PREClSE DATA ARE NEEDED TO D|SCR|M|NATE
BETWEEN APPROACHES

MORE INPUTS MIGHT COME FROM PRECISE
MEASUREMENT OF Y(25) v,
- BEING SUPPRESSED AT LOWER T, Y(25)
15 5?15)25 30 35 40 45 50 SHOULD BE SENSITIVE TO PATH LENGTH
p, " (GeV) EFFECTS, INDUCING A LARGER ¥, WRT Y(1S)

(Rapp, PRCOO,054901) @




PA COLLISIONS




COLD MATTER EFFECTS

ADDRESSED VIA PA COLLISIONS, TO INVESTIGATE

ROLE OF THE VARIOUS CNM CONTRIBUTIONS, WHOSE IMPORTANCE
DEPENDS ON KINEMATIC AND ENERGY OF THE COLLISIONS

sizé OF CNM EFFECTS, FUNDAMENTAL TO INTERPRET QUARKONIUM AA
RESULTS

PRESENCE OF POSSIBLE HOT MATTER EFFECTS



Jhy IN PA

JAy p—Pb sy, = 8.16 TeV

o

P

ALICE, pT>0 (preliminary)
® ALICE, pT>0 (JHEP 07(2018)160)
® LHCb, pT>0, (PLB774(2017)159)

P—GOING DIRECTION: 2.3 107515 107+
ALICE PB—GOING DIRECTION: 1.5 1072x<10™"

Low A,

Jy R,) SHOWS A STRONG
RAPIDITY DEPENDENCE, WITH THE
J/y PRODUCTION SIGNIFICANTLY
SUPPRESSED AT FORWARD—Y



Jhy IN PA

Low A,

Jy R,) SHOWS A STRONG
RAPIDITY DEPENDENCE, WITH THE
J/y PRODUCTION SIGNIFICANTLY
SUPPRESSED AT FORWARD—Y

CMS |syy=5.02 TeV, 10< p_<30 GeV/c (EPJC 77,269) H IGH PT
ATLAS |s\\=5.02 TeV, 8< p,<40 GeV/c (EPJC 78,171)

from ALICE, {/sy,=8.16 TeV, 8< p_<20 (JHEP 07(2018)160)
T K. 1S RATHER FLAT AND CLOSE TO

UNITY (OR SLIGHTLY HIGHER)

@)



COMPARISON TO THEORY

CNM MODELS, BASED ON SHADOWING, CGC, ENERGY LOSS DESCRIBE THE DATA

* ALICE, p-Pb s, = 8.16 TeV

e inclusive J/w — e*e" (Preliminary)

CEM EPS09NLO (R. Vogt)
nCTEQ15 reweighted (J. Lansberg et al.)
—1EPPS16 reweighted (J. Lansberg et al.)
CGC NRQCD (R. Venugopalan et al.) ]
EGC ClEIVI {BFDAJ(I:loue’[etl al.) | | EPS09 NLO (Vogt)
nergy loss (F. Arleo et al.)
0.2 —Tranggort (P. Zhuang et al.}_} . - EPS09 NLO (Lansberg-Shao)

3 Transport (X. Du et al.) TEQ15 NLO (Lansberg-Sh
p E. Ferreiro) | nCTEQ15 NLO (Lansberg-Shao)

U5 4321012345 0 s s 050 05 145 2

4 cms You

— REWEIGHTING OF NPDF (DITETS, OPEN CHARM, QUARKONIA?) MIGHT HELP REDUCING
THE UNCERTAINTIES (P. PAAKKINEN, QM19, J.P. LaNsBerG PRL121,052004) @



EXCITED CHARMONIUM STATES

p—Pb {s,=8.16 TeV ALICE, J/ v p_>0 (preliminary) \V(ZS) SUPPRESSION IS STRONGER THAN

ALICE, J/ v p_>0 (JHEP 07(2018)160
LHCb, J/ v pTT>0, (PLB774(2017)159) THE J/W ONE, IN PARTICULAR AT

ALICE y(28), p_>0 (preliminary) BACKWARD—Y




COMPARISON TO THEORY

ALICE, inclusive J/w, w(25) — p'p’ 5 ALICE, inclusive J/y, w(25) — pu'p’
p-Pb Y5y, = 8.16 TeV ® J/y (arXiv:1805.04381) ! p-Pb sy = 8.16 TeV

ot D
® y(2S) (Preiminary) Comovers {E. Ferreiro, PLB 749 (2015) 98)

® J/y (arXiv:1805.04381)
® (2S) (Preliminary)

-y == y(25)

CGC+HCEM (° C 97 (2018) 014909)

EPS09NLO + CEM (R. Vogt)
nCTEQ15 (J. Lansberg et al.}
CGC + CGEM (B. Ducloue et al.}

Energy loss (F. Arleo et al.)

AT LHC ENERGIES ADDITIONAL FINAL STATE EFFECTS

qsmmee (INTERACTIONS WITH HADRON COMOVERS)

THE TWO RESONANCES



Y(1S) IN PA

Y(1S) R,) SHOWS A HINT FOR A (WEAK)
RAPIDITY—DEPENDENCE

® ALICE \'JS_NN= 8.16 TeV pT<15 GeV/c (arXiv:1910.14405)
LHCb, sy=8.16 TeV p <25 GeV/c (JHEP11(2018)194)
CMS ‘U‘ISNN= 5.02 TeV, pT<30 GeV/c (CMS-PAS_HIN-18-005)
ATLAS |[s=5.02 TeV p,<40 GeV/c (EPJC78(2018)171)




Y(1S) IN PA

p-Pb s, = 8.16 TeV, inclusive Y(1S) Y(1S) RPA SHOWS A HINT FOR A (WEAK)

e ALICE, p_< 15 GeV/c =
o LHCb, p_ '« 25 GeV/c (JHEP 11 (2018) 194) RAPIDITY~DEPENDENCE

ALSO IN THIS CASE, MODELS BASED ON
SHADOWING OR ENERGY LOSS DESCRIBE

THE DATA
EPSO09NLO + CEM (R. Vogt et al.)

EPSO09 + energy loss (F. Arleo et al.)

Energy loss (F. Arleo et al.)
EPPS16 reweighted (J. Lansberg et al.) DO MODELS SLIGHTLY OVERESTIMATE

nCTEQ15 reweighted (J. Lansberg et al.) DATA AT BACKWARD"’Y?

nCTEQ15 + comovers (E. Ferreiro)

Go



EXCITED BOTTOMONIUM STATES
Y(28)/Y(1S) Y(3S)/Y(1S)

ATLAS, pPb s, = 5.02TeV, EPJC78(2018) 171
. ® CMS, pPb s, = 5.02TeV, CMS-PAS-HIN-18-005
® LHCb, pPb |s,, = 8.16TeV, JHEP11(2018) 194

)

~
)
-

0.8

Double ratio Y(3S)/Y(1S

2]
=
=
w
&
P
§e]
<
Q
S
=]
[o]
(]

0.6

0.4 ATLAS, pPb s, = 5.02TeV, EPJC78(2018) 171
® CMS, pPb {s,, = 5.02TeV, CMS-PAS-HIN-18-005
® LHCb, pPb |s,, = 8.16TeV, JHEP11(2018) 194

0.2
ALICE, pPb |s, = 8.16TeV, arXiv:1910.14405

% 4 3 2 1 0 1

EXCITED STATES SHOW A STRONG SUPPRESSION THAN Y(1S) IN PA WRT PP

THE Y(2S) MODIFICATION DOES NOT SHOW A RAPIDITY DEPENDENCE, WHILE THE
Y(3S) (AS EXPECTED?) 1S STRONGLY SUPPRESSED AT BACKWARD—Y @



EXCITED BOTTOMONIUM STATES
Y(28)/Y(1S) Y(3S)/Y(1S)

ATLAS, pPb {s,, = 5.02TeV, EPJC78(2018) 171
® CMS, pPb |s,, = 5.02TeV, CMS-PAS-HIN-18-005
- ® LHCb, pPb s, = 8.16TeV, JHEP11(2018) 194
Comovers, E. Ferreiro, PLB731(2014)57,arXiv:1804.04474

)
=
18)
-

0.8

Double ratio T(3S)/Y(

w
=
=
w
o
P
L2
<
o
re}
=]
[o]
|

0.6

0.4 ATLAS, pPb |5, = 5.02TeV, EPJC78(2018) 171
CMS, pPb |S,, = 5.02TeV, CMS-PAS-HIN-18-005
LHCb, pPb {s,, = 8.16TeV, JHEP11(2018) 194
0.2 ALICE, pPb |, = 8.16TeV, arXiv:1910.14405
- Comovers, E. Ferreiro, PLB731(2014) 57, arXiv:1804.04474

% 4 '3 2 -1 0 1 2 3 4

EXCITED STATES SHOW A STRONG SUPPRESSION THAN Y(1S) IN PA WRT PP

Y(2S) vas 20% SUPPRESSION RELATIVE TO Y(1S)
SHOULD ONE EXPECT A SIMILAR EFFECT FOR J/y (SIMILAR BINDING ENERGY)?



Jy v, IN PA

A SIGNIFICANT NON—ZERO V2 IS
pPb @ 8.16 TeV mid-rapidity high-multiplicity OBSERVED IN HIGH—MULTIPLICITY P—PB

—a—i ALICE J/V -4.46<y<-2.96

—=— ALICE J/¥ 2.03<y<3.53

—e— CMS J/¥

e ® SIZE OF I, SIMILAR TO THE ONE

== ¥(2S)

MEASURED IN PsPg

® HOWEVER, USUAL V5, INTERPRETATION FOR
PePB, BASED ON REGENERATION OR PATH
LENGTHS EFFECTS, DOESN'T WORK IN PPB

® MODELS WHERE V, ORIGINATES FROM
FINAL STATE EFFECTS IN THE FIREBALL
(DISSOCIATION, REGENERATION)

ALICE, PLB 780 (2018) 7 UNDERESTIMATE THE DATA

CMS, PLB791(2019)172
Rapp et al, JHEP03(2019)015




PA aND AA: J/y

J/y, p-Pb and Pb-Pb SIGNIFICANT DIFFERENCE

ALICE, -1.37<y<0.43 0-20% (preliminary) H ALICE, | y|<0.9 (preliminary)

CMS, 0<y<0.9 (EPJC 77 (2017) 269) B CMS,|y|<2.4 (EPJC 78 (2018) 509) BETWEEN J/\|] RPA AND RAA OVER

ATLAS, -2<| y |<1.5 (EPJC 78 (2018) 171) ATLAS, | y |<2 (EPJC 78 (2018) 762)

ALL THE P; RANGE




PA aND AA: J/y

J/y, p-Pb and Pb-Pb SIGNIFICANT DIFFERENCE

ALICE, -1.37<y<0.43 0-20% (preliminary) H ALICE, | y|<0.9 (preliminary)

CMS, 0<y<0.9 (EPJC 77 (2017) 269) B CMS,|y|<2.4 (EPJC 78 (2018) 509) BETWEEN J/\|] RPA AND RAA OVER

ATLAS, -2<| y |<1.5 (EPJC 78 (2018) 171) ATLAS, | y |<2 (EPJC 78 (2018) 762)

ALL THE P; RANGE

UNDER THE ASSUMPTION THAT
SHADOWING 1S THE MAIN CNM
EFFECT AT MID—Y:

CNM R
pA




PA AND AA: J/y

J/y, p-Pband Pb-Pb- N SIGNIFICANT DIFFERENCE
ALICE, -1.37<y<0.43 0-20% (preliminary) B ALICE, | y |<0.9 (preliminary)

CMS, 0<y<0.9 (EPJC 77 (2017) 269) B CMS,|y|<2.4 (EPJC 78 (2018) 509) BETWEEN J/\|] RPA AND RAA OVER
ATLAS, -2<| y |<1.5 (EPJC 78 (2018) 171) ATLAS, | y|<2 (EPJC 78 (2018) 762)
ALL THE Pr RANGE

UNDER THE ASSUMPTION THAT
SHADOWING 1S THE MAIN CNM
EFFECT:

CNM R
PA

CLEAR ), ENHANCEMENT AT LOW
P; AND SUPPRESSION AT HIGH A;

CROSSING BETWEEN SUPPRESSION

30 35 40
M(COVORE AND ENHANCEMENT AT A~ L

GEeV/c @




JAWNNWAVAR UGS,

T T I 1 1 1 I 1 1
Y(1S) p-Pb, Pb—Pb ys,, = 5.02 TeV

® CMS, |y|<2.4 (PLB790(2019)270)
ATLAS, | y|<2 (preliminary)
CMS, | ¥|<1.93 (CMS-PAS_HIN-18-005)
ATLAS, -2<y<1.5 (EPJC78,2018,171)

[+

10 12
[ (GeV/c)

Y(1S) R, 1S HIGHER THAN ),
OVER THE WHOLE Y AND A RANGE

ALICE pT<I 5 GeV/c (arXiv:1910.14405)
{7 LHCb pT<25 GeV/c (JHEP11(2018)194)
CMS pT<3[l GeV/c (HIN-18-005) 1
ATLAS pT<40 GeV/c (EPJC78(2018)171)
® ALICE (preliminary) ]
{ ALICE (reflected)
® CMS (PLB790(2019)270)
ATLAS (preliminary)

LI L LB L
[ Y(1S) p-Pb, Pb—Pb

T legresssstgell © -

<=5 e




JAWNNWAVAR UGS,

Y(1S) R, 1S HIGHER THAN ),

Y(18S) p-Pb, Pb-Pb sy = 5.02 TeV OVER THE WHOLE Y AND A, RANGE

® CMS, | y|<2.4 (PLB790(2019)270)

ATLAS, | y|<2 (preliminary) IF SHADOWING 1S THE MAIN CNM
CMS, | y|<1.93 (CMS-PAS_HIN-18-005) EFFECT AT MID-Y:

CNM R "
P

ATLAS, -2<y<1.5 (EPJC78,2018,171)

v' SizeaBLE CNM EFFECTS OVER
ALL THE P_ RANGE

V' R, ALWAYS HIGHER THAN )5,
I.E. THERE IS AN ADDITIONAL
SUPPRESSION AT ALL P, ON TOP

OF CNM EFFECTS




DIRECT Y(15)

Y(1S) IS CLEARLY TO UNDERSTAND IF DIRECT Y(1S) ARE SUPPRESSED, WE NEED A
SUPPRESSED IN == PRECISE ASSESSMENT OF

PBPB CcOLLISIONS

 sSi1zE OF CNM EFFECTS
* FEED—DOWN FROM S AND P STATES

Y(1S) INcLUSIVE Ry, (MiD—Y, O—90%): 0.38 +/— O.04 (STAT+SYST) (CMS PLB790,270)

FEED—DOWN ~30% AT LOW A; / \I
, ; CNM EVALUATED FROM (CMS HIN-2018-005)
J.P. Lansber
Y'(IS) arXiv:1908185 /-?p A= 0O.77 +/— O.07 (sTAaT+SYST)

J A LB
® From g3, (1P) 4 From 2, (1P)

rom “253)‘ ""—_-> RAA(CNM) -~ RPA2 ~O6O +/— 006

Fro! (2
® From Y (35)
® From %, (3P)
® Direct

(a) Low Py T(18) (d) High Pr T(1S)
1 .

OBSERVED Y(1S) SUPPRESSION COMPATIBLE WITH

gggggmfgpgﬁ e L CNM AND SUPPRESSION OF HIGHER STATES? j;

(ASSUMING NO UNCERTAINTY ON FEED—DOWN)



X(3872)

v' FIRST 0BSERVED IN 2003 By RELLE
v QUANTUM NUMBERS: JPC = 1*+
v' NATURE OF THIS STATE NOT YET UNDERSTOOD:

CHARMONIUM TETRAQUARK D°-D*% MOLECULE
2
i
DO o
©®_ u ? o
C C_' b m
3
S
WRONG MASS R~0O.3FM u Q
PREDICTED WITH i C_' 0
J‘PC = 4+ D*O

R>D FM, SMALL BINDING ENERGY

PRODUCTION IN HEAVY IONS MIGHT PROVIDE INSIGHT ON ITS INNER STRUCTURE @



X(3872)

STUDY THE RATIO OF PROMPT X(3872) T0 y(2S) RECONSTRUCTED VIA
y(25), X(3872) 2 Jlynrn 2 punn

X(3872) IN PPB @
816TeEV

FiIRsT X(3872) EVIDENCE IN X(3872) MULTIPLICITY
PePs @ 5.02 TeV DEPENDENCE IN PP @ 8TEeV

CMS Preiimin 1.7 nb" (2018 PbPb 5.02 TeV —
S Prefiminary ( )4 LHCb Preliminary

g 400 LHCb Preliminary
pp\s=8Te

Pbp |'s,, = 8.16 TeV
5.0<y*<-25
p,>5 GeV/c

Inclusive 15 < P, < 50 GeVic

X(3872) yl<16 13
W(2S) ( Cent. 0-90%

w b
o o O
o o o
N
a
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X(3872) IN PP@8TEV

SIGNIFICANT DECREASE OF PROMPT

LHCD Preliminary X(3872)/y(2S) VS EVENT ACTIVITY
pp Vs =8 TeV

—+ Prompt
—+- b decays

o
—_
N

o
—_—

v' EXPECTED IN A SCENARIO WHERE
X(3872) 1S A WEAKLY BOUND STATE
MORE EASILY BROKEN BY COMOVING
HADRONS THAN y(2S)

o
o
oo

o
o
o

[

BR(y(2S)> Jv o )

o
o
=

v NON—PROMPT RATIO HAS A WEAK
60 80 100 120 140 160 180 200 DEPENDENCE ON EVENT MULTIPLICITY, AS

NVELO

ct

S
+
R
>
S
I
N
M~
(e 0]
o
K
oY
o0
S
M~
3
N
b

O y(25)

tracks EXPECTED FOR IN VACUUM DECAYS
LHCe—coNF—2019-005



X(3872) N PePs

R = X(3872) / y(25)

1.7 nb”' (2018 PbPb 5.02 TeV) RATIO OF CORRECTED PROMPT YIELD

CMS Preliminary pp (7 TeV, CMS)
<12 R =110 +/- 051 (staT) +/— 053 (sysT)
PbPb (5.02 TeV, CMS) @ Inclusive

ly] < 1.6, Cent. 0-90% pp (8 TeV, ATLAS)
m  Prompt ly| <0.75

e Prompt HINT FOR AN ENHANCEMENT OF X(3872)

O Nonprompt

PRODUCTION IN AA, WRT PP COLLISIONS

PbPb 368 jib ", pp 28.0 pb (5.02 T9V)
< e G
<<
o 145 Gent. 0-100% CMS

y(2S) SIGNIFICANTLY e

1

SUPPRESSED IN PBPg: os- < Prompt vi2s)
Rux = 04 +/— 0.06 g
(staT) +/— 0.02 (sysT) 2 e

(15<PT<2O GEV/C) mml.w 10 15 20

P, (GeV/c)




X(3872) N PePs

(2018 PbPb 5.02 TeV)

CMS Preliminary pp (7 TeV, CMS)
<12

LET'S TRY TO ESTIMATE ) ,*3872;

10k Iyl < 1.6, Cent. 0-90% pp (8 TeV, ATLAS)

Iyl <0.75

D XG872 - P y2S) [X(3872) / \|!(2S)]AA Pp _____________
— iy X
e s [X(3872) / w(25)1,.

1
oo
-2
0% ""20 30 40

p

RAA“’QS) i, Al - & )
O i 0.06 (oot ST S IE. [X(3872) / y(2S)s, =110 +/= 051 (sTAT) +/- 053 (SYST)
(15«20 GeV/c) [X(3872) / y(2S)],, = 0106 +/-~ 0.008 (sTAT) +/- 0.004 (sYST)

(16¢p<22 GeV/c) ATLAS, JHEPO1,117

Ry X872 = 146 +/— 0.92 (staT) +/— 0.73 (sysT)

VERY LARGE UNCERTAINTIES:
COMPATIBLE WITH EITHER A COMPACT STATE HARDLY AFFECTED BY THE MEDIUM ‘
OR A LOOSE STATE MAINLY CREATED BY COALESCENCE? @



CONCLUSIONS

AT THE END OF RUNZ2, VERY PRECISE By ot
QUARKONIUM RESULTS ARE AVAILABLE,
IN PA AND AA, OVER A BROAD KINEMATIC RANGE

REsULTS FROM ALL THE LHC EXPERIMENTS SHOW AN OVERALL GOOD
COMPATIBILITY AND SHOULD GIVE STRONG CONSTRAINTS TO THEORY
MODELS

WE WISH YOU FRUITFUL DISCUSSIONS AND WE EXPECT YOU TO SOLVE ALL
THE REMAINING MISTERIES!

THANK You!



BACKUP




OVERVIEW

(AFTER—QM) WRAP—UP OF THE MOST RECENT RESULTS ON
CHARMONIUM AND BOTTOMONIUM AT THE END OF LHC RuN2

PP PHYSICS CoLp (HOoT?) HOT

& VACUUM NS NUCLEAR  MATTER

REFERENCE MATTER EERECTS
EFFECTS

MAIN OBSERVABLES: NUCLEAR MODIFICATION FACTOR AND FLOW



T |
~ ATLAS
- Sy =5.02TeV, 0.42 nb”

L ¢ cwms D%+D°, 0-10%, Phys. Lett. B 782 (2018) 474
— B Charged particles, 0-5%, 2.76 TeV

I “$ Non-prompt Jhy, 0-10%

- & Prompt J/y, 0-10%

6 78 10 20

ATLAS, EPJC78(2018) 762

— VERY HIGH Ay

T [ T 1 ‘ T 17T “ T T T , T 1 T 1T 11 I T
- ATLAS Centrality 0-20%
- Prompt J/y, ly| <2 E=Ecorrelated systematic uncer. 5

| === Energy loss [Spousta, Phys. Lett. B 767 (2017) 10]
|~ === Color screening [Vitev et all, Phys. Lett. B 778 (2018) 384]
j » Color screening [Siddikov et all, Phys. Rev. C 91 (2015) 02491 1]_
- Energy loss [Arleo, Phys. Rev. Lett. 119 (2017) 062302]

‘llll‘ fllll\ \IJJIA‘

15 20 25 30 35
p_ [GeV]

T

INDICATION
OF A HIGH Ay
RISE, AS FOR
CHARGED
HADRONS OR

D MESONS

- WEAK
REGENERATION
EXPECTED,
PARTON
ENERGY—LOSS
AT PLAY?




LOW — HIGH VS,

Iy Pb-Pb Y5, = 5.02 TeV, 0-10% SIGNIFICANTLY DIFFERENT Ry, Ar

CMS, | y|<2.4 (EPJC 78 (2018) 509)
ATLAS, | y|<2 (EPJC 78 (2018) 762)

STAR, | y|<0.5,0-20%, Au-Au, (PLB797, 134917)

'- H ............................................................................................................................................... 3 AT RHIC ENERGIES

=2 K., 1S RATHER FLAT VERSUS A,

= AT LOW P, R, , IS SIGNIFICANTLY
SMALLER WRT LHC RESULTS

= AT HIGH P, R, , 1S SLIGHTLY HIGHER
THAN THE RESULTS AT LHC ENERGY,
BUT UNCERTAINTIES ARE STILL LARGE




Jy — COMPARISON TO THEORY

F Au+Au @ 200 GeV
Au+Au @ 200 GeV, Inclusive J/y 3 (a) 0-80% (b) 0-20% i l""%k Tsinghua
. ST T o TM Il: TAMU
* STAR: Jly—ui’, lyl< 0.5 b - g Coll. dissociation, t
[ systematic uncertainty 2F @ Coll. dissociation, t
gp  PHENIX: Jly—e'e’, |y|<0.35 L

O® STAR:Jly—e'e, |y|<1

Pb+Pb @ 2.76 TeV
[0 ALICE: Inclusive J/y, 0-40%, |y|<0.8
(> CMS: Prompt J/vy, 0-100%, |y|<2.4

PEFEES BT
12 14
pT[GeVIc]

E (e) 60-80% &k PHENIX: 60-92%




Jhy COMPARISON RUN1 VS RUNZ

ALICE, Pb-Pb, \J% =5.02 TeV ALICE, Pb-Pb, \sy = 5.02 TeV
Inclusive Jy, |y| < 0.9

® Data (2018,preliminary) Inclusive Jhy, y| < 0.9
p.>0.15 GeV/c

® Data (2015, arXiv:1910.14404) ® Data 0-10% (2018, Preliminary)

® Data 0-20% (2015, arXiv:1910.14404)
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New preliminary (2018), new publication (2015)

asurements based on high statistics data ( ~10 x for 0-10%, ~ 4 x for 30-50% compared to 2015)
» Significantly better precision and larger pr coverage w.r.t the previous measurements

68



COMPARISON TO THEORY

SAME MODELS DESCRIBE ALSO LOW \Sy,y RESULTS

STAR Inclusive: Au+Au @ 200 GeV, P> 5 GeVic
* Inclusive: Au+Au @ 200 GeV, |y| < 0.5, p_> 0.15 GeVic ; * |y| <0.5 O lyl<1

m Inclusive: Pb+Pb @ 2.76 TeV, |y| < 0.8, P, > 0 GeVl/c m Prompt: Pb+Pb @ 2.76 TeV, |y| <24, P, > 6.5 GeV/c

Au+Au @ 200 GeV, P> 0 GeV/c Au+Au @ 200 GeV, P> 5 GeVic
— TMI: Tsinghua - -- SHM . — TM I: Tsinghua
TM II: TAMU

STILL LARGE UNCERTAINTIES MAINLY DUE TO na————— IN MANY CASES, DATA PRECISION
CHARM CROSS SECTION AND SHADOWING BETTER THAN THEORY ONE



Jiy Pb—Pb s, = 2.76, 5.02 TeV

ALICE, 2.5< y<4, 1<:pT<:5 GeV/c (preliminary)

® ALICE, 2.5< y<4, 5<pT<20 GeV/c (preliminary)

® CMS, |y|<2.46.5< pT<30 GeV/c (EPJC77 (2017) 252)
ATLAS, |y|<2 9<pT<30 GeV/c (EPJC78 (2018) 762)

A 4

40 50 60 70 80 90 100
Centrality (%)
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Jhy v, AND Vs

FIRST MEASUREMENT
Pb-Pb ys,,=5.02TeV 0-10% OF INCLUS'VE J/\lj V3

3.7G SIGNIFICANCE FOR A POSITIVE 4
OVER THE FULL Ar RANGE

LOW—INTERMEDIATE P, (INTERMEDIATE
CENTRALITIES)

BOTH 1, AND V5 SUGGESTS AN ORDERING
BETWEEN CHARGED HADRONS, DO aAND J/y

HigH A,
V, CONVERGE TO SIMILAR VALUES FOR ALL
PARTICLES, AS EXPECTED BY PATH LENGTH
EFFECTS

6 & 10 12

ALICE, arXiv:1811.12727 P. (GeV/c)



w(2S)

y(2S) LOOSELY BOUND STATE: BINDING
ENERGY: y(25)~60 MEeV, J/y ~6HOMEV

ALICE inclusive Jiy, w(2S), Pb-Pb s, = 5.02 TeV, 2.5<y<4, 0<p <8 GeV/c

w(25) (Preliminary)
— J/y (arXiv:1606.08197)

Upper limits include global uncertainties

W(2S) 1S STRONGLY SUPPRESSED IN CENTRAL
COLLISIONS, BUT SIZE OF UNCERTAINTIES
PREVENTS A DETAILED COMPARISON WITH J/y

PbPb 368 (<30%) / 464 (>30%) ub™, pp 28.0 pb™ (5.02 TeV)

EID 6.5 < P, < 30 GeV/c
i

= Prompt J/y
e Prompt y(2S)

0 50 100 150 200 250 300 350 400
MS, EPJC 78 (2018) 509 N,

W(2S) SUPPRESSION STRONGER THAN
Jhy, AS EXPECTED IN A SEQUENTIAL
SUPPRESSION SCENARIO @



Y(1S) VS PT AND RAPIDITY

ALICE Preliminary, Pb-Pb sNN =5.02 TeV, Centrality 0-90%
« Inclusive Y(1S),25<y <4
[1Systematic uncertainty (global 2.9%)

—d4nn/s=2 Transport model (Du et al)
——4n =1 with Zzwithout regeneration

AH

~

a1 lLlUllA‘p-O.lp

:od

Ayd

0796 DAY S

¢

106
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ALICE Preliminary, Pb-Pb s, = 5.02 TeV, Centrality 0-90%
« Inclusive Y(1S)
] Systematic uncertainty (global 2.9%

Hydro-dynamical model (Krouppa et al.)
o dm /s =3

—4nns=2

-=d4n n/s =1




Y(25)

T(3S), Pb-Pb {s,,=5.02TeV
. |ATLAS r(28+38), ly1<1.5 p,<30GeV/c (ATLAS-CONF-2019-054)

[JcMs 1(3s), yl<2.4 p,<30GeV/c (PLB790(2019)270)

TT T [T T T[T

IN\DRLEGNS),

7|\|II|||||||||||\|\I||||I||||III\IIIIIIII\I
n:< 14 [ T(@S)Pb-Pb sy =502TeV
T ® CMS (PLB790(2019)270)
1.2 ATLAS (preliminary)
1F
08 F
06 [
04 F
02F
L _g_—qs—aplf_@_
C 11 1 IIIIIII\I‘III

b by e by i o

Y(2S) Po-Pb ys), = 5.02 TeV

® CMS, | y|<2.4 (PLB790(2019)270)

o
RAA

ATLAS, | y|<2 (preliminary)

E

o

20 25 30

P (GeVic)

-2 -1 0 1
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THEORY COMPARISON

30-60% 10-30% 30-60 % 10-30% 0-10%
1 1 * 1 1 I

% Y(1S): STAR Au+Au@200 GeV, lyl<0.5 -k Y(25+3S): STAR Au+Au@200 GeV, lyl<0.5
¢ Y(1S): CMS Pb+Pb@2.76 TeV, lyl<2.4 . ¢ Y(2S): CMS Pb+Pb@2.76 TeV, lyl<2.4
- TAMU [JSTAR CMS

STAR Preliminary | N STAR Preliminary

N _ uncertainty
coll \

N, uncertainty

0 ‘ 100 ‘ 200 ‘ 300
Strickland,Universe2(2016)3, 16Npart

MODELS INCLUDING SUPPRESSION (+REGENERATION) FAIRLY DESCRIBE THE DATA

HOWEVER, MODELS FORESEE A DIFFERENCE IN THE Y(NS) Ry, AT LOW AD HIGH
\Syy» NOT OBSERVED IN DATA




FLD/J0O (4£Ul4) J01
ALICE, Inclusive Y(1S) — p'w’, centrality 0-90%

m Pb-Pb\s,, =5.02 TeV, Preliminary global sys.= + 3%

m Pb-Pb\s,, =276TeV, (PLB 738 (2014) 361-372) global sys.= + 7%

open: reflected

Y(1S), Pb-Pb {5y

® CMS
® ALICE
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EXCITED CHARMONIUM STATES

Low A,

W(2S) SUPPRESSION IS STRONGER THAN
THE J/\ ONE, IN PARTICULAR AT
BACKWARD—Y

HIGH Ay
® CMSJvy Y sNN_ 5.02 TeV, 10< p_<30 GeV/c (EPJC 78,509)
ATLAS J/ v 5= 5.02 TeV, 8< p <40 GeV/c (EPJC 78,762)
ALICE 1.sNN_8 16 TeV J/ y <p_ <20 (JHEP 07(2018)160) THE DIFFERENCE BETWEEN THE \V(ZS)
CMS (2S) |/s=5.02 TeV, 10< p,<30 GeV/c (PLB790(2019)509) AND J/\V SUPPRESSION 1S LESS
SIGNIFICANT

—> DIFFERENCE BETWEEN J/y AND
y(2S) R, 1S LARGER AT LOW PT AND
BACKWARD—Y



dAu @ 200 GeV |y|<0.35

—e— PHENIX J/¥

PHENIX W(2S)
JM

Y(2S)

JI¥ reg

Y(2S) reg
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EPPS16 reweighted with CMS dijet R7p™

Q2 =10 GeV?

= EPPS16

J.« | B EPPS16 reweighted
0 ; ‘ )
10=4 1073 10=2 10!

)

79

[Eur.Phys.J. C79 (2019) 511]

0% = 10* GeV?
probed region

B EPPS16
B reweighted




Y(18) p-Pb, Po—Pb {s,, = 5.02 TeV
® CMS, | y|<2.4 (PLB790(2019)270)

ATLAS, | y|<2 (preliminary)

CMS, | y|<1.93 (CMS-PAS_HIN-18-005)

ATLAS, -2<y<1.5 (EPJC78,2018,171)

E

PR oy
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Y(18) p-Pb, Po—Pb {s,, = 5.02 TeV
® CMS, | y|<2.4 (PLB790(2019)270)

ATLAS, | y|<2 (preliminary)

CMS, | y|<1.93 (CMS-PAS_HIN-18-005)

ATLAS, -2<y<1.5 (EPJC78,2018,171)
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mFromyA2S)
From y.2(1P)

®From y.,(1P)

mDirect

mEromyA2S)
From y,(1P)

mFrom y,(1P)

mDirect

J.P. Lansbérg arXiv:1903.09185

Y(1S)

® Erom y, (1P)
From ,,(1P)
® Erom Y (25)
From ,,(2P)
® From Y (35)
® From 2, (3P)
m Direct

(a) Low P T(1S)

® Erom g, (1P)
From J3:(1P)
® Erom Y (25)
From }; (2P)
® From Y (35)
® From %;(3P)
m Direct

(d) High Pr T(1S)

Y(2S)

mFrom Y (35)
From y,(3P)

mFrom y; (2P) N6O%

mDirect

(b) Low Py T(2S)

mFrom Y (35)
From y,(3P)

mFrom y, (2P)

mDirect

~60%

(e) High Pr T(2S)

Y(3S)

mFrom y;(3P)
mDirect

(c) Low Py T(3S)

~60%

mFrom y,(3P)
mDirect

(f) High Pr T(3S)




X(3872) IN PP AND PPB

oP (o 2 8.18 TV SIGNIFICANT DECREASE OF PROMPT
1.5<y*<4.0

p>sGevie [\ FRACTION FOR BOTH X(3872) AND
y(2S), VS EVENT ACTIVITY

a
=}
S

LHCb Preliminary
Pbp |s,, =8.16 TeV
5.0<y*<-25

P> 5 GeV/c

w
@
=)

w
o
1=}

n
a
=]

n
o
=]

— Total fit — Total fit
Background Background
o x,,(3872) : 1 xc1(3872)

Entries/(4 MeV/c?)

Entries/(4 MeV/c?)

LHCb Preliminary pp s =8 TeV

+x_,(3872)
= y(29)

=]
=]

50!
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L { 1 -
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VELO
Ntracks

Satz, J. Phys. G 32 (3) 2006 e LHCB_CONF_2019_OO5



CHIi_C IN PPB

Analysis of o(yc2)/o(xc1) in 2016 pPb data is ongoing.

LHCDb tracking allows separation of the two y. peaks using converted
photons even in a nuclear environment (left plot). On the other hand
calorimeters provide larger statistics (right plot).

& LHCb Preliminary
O pPb {sqe = 8.16 TeV
1

n4 = =
350 400 450 500 550 {_ 50 300 350 400 450 500
M(upy)-M(ufe) [MeV/e?] Mutpy)-Mp ) [MeV/e?]




