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QQ bound states : Excellent Probe for the Quark-Gluon-Plasma
* Produced by hard scattering in the early stage of collisions

tformation(q(_:I) < tformation(QGP) < Tjite time(QGP) < rdecay time(q(j)
wexpected to experience whole QGP evolution

Nuclear collisions and the QGP expansion

collision evolution . particle
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W BNL workshop in June

* Quarkonia productions in heavy ion collisions are affected by

Color Screening : melting depending on different
temperatures and binding energies (Sequential Melting)
Statistical Regeneration

Parton energy loss in medium

Cold Nuclear Effects (CNM) : Nuclear PDFs, coherent energy
loss, comover break-up.. Etc
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Quar konia Acce P tance
We are good friends !!!
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 Complimentary acceptance for LHC detectors
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CMS Charmonia News

CMS Experiment at the LHC, CERN

Datarecorded: 2010-Nov-12 03:55:57.236106 GMT(04:55:57 CEST)
Run/Event: 1508877 1792020
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PbPb 368 ub™ (5.02 TeV) PbPb 368 ub ™ (5.02 TeV)
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Submitted to EPJC
arXiv:1712.08959

‘ Inclusive J/y | u*
- 3D Mipy
Non-Prompt J/ Jhy H Ly = Lyyz -
Primary Lyyz Secondary
Vertex Vertex
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Pbe 368 ub™, pp 280pb (5.02 TeV) Pbe368 (<30/)/464 (>30%) ub™, pp 28.0 pb' (5.02 TeV)
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Submitted to EPJC |Y|

N
arXiv:1712.08959 part

e Very similar suppression : no strong dependence on collision energy but slightly more
suppressed in most central events at higher collision energy
* Ry (0-5%) : ~20% more suppressed
e 5.02TeV:0.219 £ 0.005 (stat.) £ 0.013 (syst.)
e 2.76TeV :0.282 +£0.010 (stat.) £ 0.023 (syst.)
* No strong rapidity dependence

S
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PbPb 368 ub™, pp 28.0 pb™ (5.02 TeV) PbPb 368 (<30%) / 464 (>30%) ub™', pp 28.0 pb”' (5.02 TeV)
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Submitted to EPJC part

arXiv:1712.08959

* Low p;J/ are less suppressed than high p; J/U in more central events (> ~30%)
: signature of regeneration ?

CMS
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PbPb 368 b, pp 28.0 pb™' (5.02 TeV)
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Submitted to EPJC
arXiv:1712.08959

CMS,

P, (GeV/c)

At high p;, no strong collision
energy dependence

PbPb 368 b, pp 28.0 pb™ (5.02 TeV)
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* Decrease suppression at higher p;
* Similar trend of p; depending on

P, (GeV/c)

centrality (increasing trend at high p;)
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27.4 pb™' (5.02 TeV pp) + 530 ub ' (5.02 TeV PbPb) PbPb 368 ub”, pp 28.0 pb™ (5.02 TeV)
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* At high p;, no strong collision * Decrease suppression at higher p;
energy dependence * Similar trend of p; depending on

centrality (increasing trend at high p;)

* Less suppressed at high p; : energy loss contribution ?
e Similar to D meson and charged hadron

S
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1 A
27.4 pb™' (5.02 TeV pp) + 530 ub™ (5.02 TeV PbPb) PbPb 368 ub”, pp 28.0 pb™ (5.02 TeV)
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* At high p;, no strong collision * Decrease suppression at higher p;
energy dependence * Similar trend of p; depending on

centrality (increasing trend at high p;)

* Less suppressed at high p; : energy loss contribution ?
e Similar to D meson and charged hadron

S
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PRL 0118 (2017) no.16, 162301

«10° PbPb 351 ub™ (5.02 TeV)
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Simultaneous two dimensional fit method
 Mass + pseudo-proper decay length

* For (25), extra cut applied for rejecting non-prompt components using a cut on /,,
due to small S/B

* Data-driven correction for the non-prompt contamination in the low /;,, region
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PRL 0118 (2017) no.16, 162301
PbPb 351 ub™, pp 28.0 pb™" (5.02 TeV)

a T PbPb 351 ub™, pp 28.0 pb™ (5.02 TeV) PbPb 351ub™, pp 28.0 pb™' (5.02 TeV)
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[¢(2S)/J/¢]Pbpb — RAA(TP(zS))
[¥(25)/ I/, Ran(J/)

Double Ratio (DR) =

 Double Ratio (DR)
: relative behavior of excited state compared to the ground state
e P(2S) more suppressed than J/{ : sequential melting
* No significant dependence on p;
e Hint for a different behavior with energy
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PRL 0118 (2017) no.16, 162301
PbPb 351 ub™, pp 28.0 pb™" (5.02 TeV.
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Double Ratio (DR) =

 Double Ratio (DR)
: relative behavior of excited state compared to the ground state
e P(2S) more suppressed than J/{ : sequential melting
* No significant dependence on p;
* Hint for a different behavior with energy
e X.Du and R. Rapp: Y(2S) regenerated later than J/ in the fireball evolution
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PbPb 368 (<30%) / 464 (>30%) ub™', pp 28.0 pb™' (5.02 TeV)
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PRL 0118 (2017) no.16, 162301
Submitted to EPJC, arXiv:1712.08959

* (2S) more suppressed than J/ at high p; : ordered suppression up to high p;

CMS
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PbPb 368 (<30%) / 464 (>30%) ub™", pp 28.0 pb™ (5.02 TeV) PbPb 368 ub™, pp 28.0 pb™ (5.02 TeV)
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PRL 0118 (2017) no.16, 162301
Submitted to EPJC, arXiv:1712.08959

* (2S) more suppressed than J/ at low-p; (but larger uncertainties)

CMS
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0° pp 28.0 pb™ (5.02 TeV) 0 PbPb 368 b’ (5.02 TeV)
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arXiv:1706.05984

 Double CrystalBall + Exponential *Erf
* pp Y(1S, 2S, 3S) overlaid (Red dashed line) in PbPb

CMS
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PbPb 368/464 ub™, pp 28.0 pb™* (5.02 TeV)
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Double Ratio (DR) =

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

[T(nS)/T(1S)l,,  Raa(T(19))

Suppression of Y(2S) w.r.t. Y(1S) and trend looks ~flat in centrality > 40 %
* Upper limit assigned with 95% CL at most central event (0-5%)

Strong suppression of Y(3S) w.r.t. Y(1S) in all centralities

Hydrodynamic model with 3 temperatures (Krouppa at al.) describe well data within

uncertainty (4mm/s = {1, 2, 3}, T, = {641, 632, 629} MeV)
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%103 PbPb 368 b (5.02 TeV)
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e Complete melting of 3S
* 3Syetto be seenin PbPb collisions at the LHC
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PbPb 368 ub™, pp 28.0 pb! (5.02 TeV) PbPb 368 ub™, pp 28.0 pb™' (5.02 TeV)
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[T(nS)/T(1S)],,  Raa(T(15))

* No strong dependence on p; and rapidity but
e Possible stronger relative suppression in forward region (large stat. uncertainties) , not
expected by theoretical model
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PbPb 368/464 ub™', pp 28.0 pb™ (5.02 TeV)
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Increasing suppression along the centralities
‘Clear” ordering : RyA(Y(3S)) < Rya(Y(2S)) < RyA(Y(2S))
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PbPb 368/464 ub™, pp 28.0 pb™ (5.02 TeV)
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* Increasing suppression along the centralities

* ‘Clear’ ordering : RyA(Y(3S)) < RyA(Y(2S)) < RpA(Y(1S))

e Also hydrodynamic model with 3 temperatures (Krouppa at al.) describe well data
within uncertainty (4mm/s = {1, 2, 3}, T, = {641, 632, 629} MeV) as DR
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PbPb 368 ub™, pp 28.0 pb™' (5.02 TeV) PbPb 368 ub™, pp 28.0 pb™' (5.02 TeV)
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* Hint of increasing R,, for Y(1S) with p;
* No dependence on rapidity
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Indication of larger suppression of Y(1S) at higher collision energy
* No significant dependence on rapidity but hint of more suppression in low p; region at
5.02 TeV than 2.76 TeV
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 Charmonia
» 2015 data allowed finer/more differential studies
* Similar suppression of prompt J/ at 2.76 & 5.02 TeV
* P(2S) is more suppressed than J/ at 5.02 TeV (as at 2.76TeV)

* Bottomonia
* Sequential suppression : RyA(Y(3S)) < Rya(Y(2S)) < RyA(Y(1S))
* Indication of larger suppression of Y(1S) at 5.02 TeV than 2.76 TeV
e Still no sign of Y(3S)

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsHIN
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PbPb 368 (<30%) / 464 (>30%) pb™', pp 28.0 pb™' (5.02 TeV) PbPb 368 pub™, pp 28.0 pb ™' (5.02 TeV)
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arXiv:1712.08959

e Similar suppression at 2.76 TeV and 5.02 TeV
* Hint of less suppression at low p-
* Available at higher p; (up to 50 GeV/c) in 5.02 TeV (flat or increasing trend ?)

CMS
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" PbPb |s,, =2.76 TeV CMS
Cent. 0-100% b
1 | Prompt charmonia |
L m JAy  (arXiv:1610.00613) :
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Bmdlng energy [GeV]

state J/ | xe Y’ 1 Xb | Xb ™
mass [GeV] | 3.10 | 3.53 | 3.68 | 9.46 | 9.99 | 10.02 | 10.26 | 10.36
AFE [GeV] | 0.64| 0.20 | 0.05 | 1.10 | 0.67 | 0.54 | 0.31 | 0.20
AM [GeV] | 0.02 | -0.03 | 0.03 | 0.06 | -0.06 | -0.06 | -0.08 | -0.07

ro [fm)] 050 0.72 1090 | 0.28 | 0.44 | 056 | 0.68 | 0.78

L ; Table 3: Quarkonium Spectroscopy from Non-Relativistic Potential Theory [9] 32 i1
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Table 3: Quarkonium Spectroscopy from Non-Relativistic Potential Theory [9]




CMS DETECTOR

STEEL RETURN YOKE
Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS
Overall diameter :15.0 m Pixel (100x150 ym) ~16m* ~66M channels
Overall length :28.7 m Microstrips (80x180 um) ~200m? ~9.6M channels

Magnetic field :3.8T
SUPERCONDUCTING SOLENOID
Niobium titanium coil carrying ~18,000A

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 468 Cathode Strip, 432 Resistive Plate Chambers
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Silicon strips ~16m> ~137,000 channels
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pPb
PbPb

XeXe

Run 1 Run 2
2010 2011 2013 2015 2016 2017 2018
2.76 TeV | 2.76 TeV | 5.02 TeV 5.02 TeV
230n nb-! | 54 pb-! § 28 pb-! 276 pb-!
5.02 TeV | 8.16 TeV
34.6 nb-1 ; 185 nb-!
2.76 TeV | 2.76 TeV 5.02 TeV 5.02 TeV
7.3 ubl | 166 ub-! 0.5 nb-! ~1.5nb-!
5.44 TeV
3.47 ub-1
Nov ‘wlwbec
. a3 a a5 46 a7 | a8 49
® Much more data in Run 2 - . L I "
3
e New physics territory and E
precise measurement :
LHC Pb- Pb lon run
e Still hungry of statistics
35 :;
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CMS PbPb |S,y, = 2.76 TeV

NN
>N 0.6 T DAL LU L INLLAUNL N IR
- Hidden charm: prompt J/y -
i + 16<lyl<24 i
05 = ly<24 N
N Charged hadron N
e Inl<08 .
0.4 Open ¢harm: prompt D (ALICE) .
’ C o lyl <0.8, Cent. 30-50% .
3L p Cent. 10-60%
H1L J/p (CMS) ]
°'2:‘,ﬂ‘ﬁ‘- ﬂl D (ALICE) 7
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Comparing hidden charm (Prompt J/{, CMS) to open Cham (D, ALICE)

Smaller v, in low p; but similar v, in high p;
Mass ordering in low p;, path-length dependence in high p;
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pPb

FRIC K7 (2017) 269

pr 346nb , pp 28.0 pb™ (5.02°7

CMS

Prompt J/yp

4 [¢] Data

1 [[] EPS09 NLO (Vogt)

1 1 EPS09 NLO (Lansberg-Shao)
{1 /A nCTEQ15 NLO

1 (Lansberg-Shao)
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Prompt J/ R, above unity in most bins

Suppression only in the most forward bin (1.5 <y, < 1.93) for p; < 7.5 GeV/c

NnPDF calculations slightly lower than data

5 10 15 20 25 300 5 10 15 20 25 30
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CMS-PAS-HIN-16-015

pPb 34.6 nb™”, pp 28.0 pb ISy = 5.02 TeV pPb 34.6 nb™", pp 28.0 pb’ Vs = 5.02 TeV
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yCM yCM

* Expecting similar effects from nPDF for J/{ and {(2S)
* Hint for a different modification in the data (in the Pb-going direction)
* Isthe more “fragile” Y(2S) affected by final state effects ?
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Coherent Energy Loss

— Nuclear transverse momentum broadening of the heavy quark pair induces coherent gluon
radiation, arising from the interference between emission amplitudes off the initial projectile
parton and the final color octet quark pair. This coherent medium-induced radiation leads
to an average induced energy loss proportional to the quarkonium energy [18]. The conse-
quences of coherent energy loss are quarkonium suppression (respectively, enhancement) at
large positive (respectively, large negative) values of the rapidity and at all center-of-mass
energies of the p—A collision.
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CMS,

PbPb 368 ub™', pp 28.0 pb™' (5.02 TeV)
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PbPb 368 ub™, pp 28.0 pb™ (5.02 TeV)
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PbPb 368 ub™, pp 28.0 pb™* (5.02 TeV) PbPb 368 ub™, pp 28.0 pb™ (5.02 TeV)
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PbPb 368 ub™, pp 28.0 pb™ (5.02 TeV)
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PbPb 368 ub™, pp 28.0 pb™ (5.02 TeV)

2 16F Hddencham SR
o T8 Moty CMS -
1.4F ’;fofr']‘stjf(';s) el Preliminary
- @16<lyl<24 @lyl<1.6 =
1.2 Opencharm .
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z , 188
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® Open charm suppression from energy loss (Eioss) of charm in QGP
e Similarity between prompt J/\p and D° Raa:
Eioss contribution to charmonia suppression ?
® However, P(2S) still more suppressed up to pt= 30 GeV/c
CMS
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