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Quarkonia as probes of QGP

* Quarkonia: Massive states,
> Produced in the early stages of collisions 02T 0747 11T 23T
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*> Screening is different at different temperature T
»> Weakly bound states dissociated at lower T
> Sequential melting scenario

* Cold nuclear matter effect: nPDF, shadowing, nuclear absorption, energy loss
* Regeneration of quarkonia: from uncorrelated quarks and anti-quarks produced in bulk.
> Expected to be small for Y states as compared to J/y.
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Quarkonia measurements

1) Charmonia measurements in PbPb at 2.76 TeV
* Nuclear modification, v2, ratio of yields, etc
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Quarkonia measurements

1) Charmonia measurements in PbPb at 2.76 TeV
* Nuclear modification, v2, ratio of yields, etc

2) Charmonia measurements in PbPb at 5 TeV
“ Double ratio

CMS PbPb {5y, = 2.76 TeV <10 PbPb 351 ub™ (5.02 TeV)
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Quarkonia measurements

1) Charmonia measurements in PbPb at 2.76 TeV
“ Nuclear modification, v2, ratio of yields, etc

2) Charmonia measurements in PbPb at 5 TeV

“ Double ratio

3) Bottomonia measurements in PbPb at 2.76 TeV
“ Nuclear modification, ratio of yields, etc
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Quarkonia measurements

1) Charmonia measurements in PbPb at 2.76 TeV
“ Nuclear modification, v2, ratio of yields, etc

2) Charmonia measurements in PbPb at 5 TeV
“ Double ratio

3) Bottomonia measurements in PbPb at 2.76 TeV
“ Nuclear modification, ratio of yields, etc

4) Bottomonia measurements in PbPb at 5 TeV
“ Double ratio
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Quarkonia measurements

1) Charmonia measurements in PbPb at 2.76 TeV

pe L. . . ¢ Want to measure
“ Nuclear modification, v2, ratio of yields, etc

modification of the yields in

2) Charmonia measurements in PbPb at 5 TeV Heavy-ion collisions

“ Double ratio ¢ Want to see the sequential

Suppression
3) Bottomonia measurements in PbPb at 2.76 TeV
, W i : ;
Nuclear modification, ratio of yields, etc
4) Bottomonia measurements in PbPb at 5 TeV
( -
Double ratio
cms gy s RN o ot
oo ||flIf‘lf'll|"'|‘||||||||||||‘||'|‘[‘|f|l|"|_ _— LI T T T T LI T _ b -!-.'?

‘199000 ly| < 2.4 « data E “"9‘ E o™ |L1e + Datla -.‘ 1800} CMS _j % 4500 rﬁTf?ﬁV-’ﬂ CMS —:
% 6.5<p, <30 GeVic %4 total fit 1 = 18p " ) CMS r Prelimi 1 £ 4000 :G Vi Py 3
GB000F Gent. 0'100% ~ bhkgasnonprompt | 3 [ SSePred0eVe  —Towl®t projimingry S 1600/ i o T ot il 3
N0 #+ background ] S 1o =+ Background & Sya00k 3 3 3500 Cenirality 0-100% E
= ; 1 S - 13 Cent. 0-100% | g 3000 . L,':ﬁg;’f“ E
EGUUU _E = 12; S 12 ] "‘%‘ 1200:_ lyl<2.4 i 2500 £ -- pp overlayed .:
Esnm = % 1ok g 1 1a 1000} p;‘:- 35GeVe | 2000 3
o, 18 ! 800k Pr>40GeVie 150 3
7 F 2 03 1 = ;
3000 _; = 35 36 37 [:és 30 - 600 : e 3
3 E o (Gevic?) 7 E 1 3
2000 3 o I 400 9 |
] F ] s " 0 — ' = : =

= E 2': \ = 200> E = ;:‘__-l . LI Ty lun.. oy g Y
v vasspins’ "Aang. - E S E B R e e as o trant, o et

N i To i - e O TN T G..I....I....I.. il M3 s * Pyl .

86 27 28 29 32 33 34 35 025 3 35 4 45 8 9 10 12 13 1 N T 3 14

- 0
My (GeWc ) My {Ger’cz} (GeW & ) L™ (GSWC’)




Quarkonia measurements
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Observables

1) Nuclear modification factor R,

Y
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2) Double ratio (DR)
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3) Elliptic flow, v2
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Compact Muon Solenoid
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~ Global Muons reconstructed with information from inner tracker and muon stations.
~ StandAloneMuons in Muon chambers only.
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J/yy measurement with 2011 Pb+Pb at 2.76 TeV
(p+p 2013)




Signal extraction o

. arXiv:1610.00613
Inclusive Jhy \
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J/y in PbPb at 2.76TeV: R, vs N o lyl, pT

CMS Sy = 2.76 TeV arXiv:1610.00613
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* Strong centrality dependence (stronger suppression in central events)
> R,, < 1in the most peripheral bin (60-100%)

* No significant rapidity or pT dependence




J/y in PbPb at 2.76TeV: R, vs N o lyl, pT
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* Strong centrality dependence (stronger suppression in central events)
> R,, < 1in the most peripheral bin (60-100%)

* No significant rapidity or pT dependence




J/y in PbPb at 2.76TeV: R,, vs N, |y|, pT
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* Strong centrality dependence (stronger suppression in central events)
> R,, < 1in the most peripheral bin (60-100%)

* No significant rapidity or pT dependence




J/y in PbPb at 2.76TeV: R,, vs N, |y|, pT

CMS VS = 2.76 TeV
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* Strong centrality dependence (stronger suppression in central events)
> R,, < 1in the most peripheral bin (60-100%)

* No significant rapidity or pT dependence




J/y in PbPb at 2.76TeV:

arXiv:1610.00613

PbPb |5, = 2.76 TeV
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* ly| <2.4,6.5<pT <30 GeV/c, 10-60% centrality:
> V,=0.066 = 0.014(stat) + 0.014(syst) = 0.002(global)

+ Significant non-zero v,

* Charm quark in the collective expansion of the medium ?



J/y in PbPb at 2.76TeV:
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+ Significant non-zero v,

* Charm quark in the collective expansion of the medium ?



J/y in PbPb at 2.76TeV:

arXiv:1610.00613
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+ Significant non-zero v,

* Charm quark in the collective expansion of the medium ?



Y(2S)/y(1S) measurement with 2015 Pb+Pb at 5.02 TeV




Y(2S)/y(1S) Double ratio in PbPb at 2.76TeV :
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Y(2S)/y(1S) Double ratio in PbPb at 2.76TeV
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* In PbPb at 2.76 TeV, an interesting and surprising observation
=> y(2S) is suppressed in the range |y|< 1.6 and 6.5 < pT < 30 GeV (=> sequential melting )
=> While it is enhanced in the range 1.6 < |y|< 2.4 and 3.0 < pT < 30 GeV.
=> Need to investigate kinematic pT and rapidity dependence
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Y(2S)/y(1S) Double ratio in PbPb at 5.02 TeV
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Y(2S)/y(1S) DR at 5.02 TeV:

PbPb 351 ub™, pp 25.8 pb™ (5.02 TeV) arXiv:1611.01438
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* Centrality binning:
ly| < 1.6: 0-10-20-30-40-50-100% ; 1.6 < |y| < 2.4 and Run 1: 0-20-40-100%
* Nostrong N dependence at 5.02 TeV, y(2S) is heavily suppressed
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* Centrality binning:
* Nostrong N dependence at 5.02 TeV, y(2S) is heavily suppressed
* Good agreement with 2.76 TeV for most bins
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Some difference (3 s.d.) only for central events at 1.6 < |y| < 2.4



Y(2S)/y(1S) DR at 5.02 TeV:
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Centrality binning:
ly| < 1.6: 0-10-20-30-40-50-100% ; 1.6 < |y| < 2.4 and Run 1: 0-20-40-100%
No strong N dependence at 5.02 TeV, y(2S) is heavily suppressed

Good agreement with 2.76 TeV for most bins
Some difference (3 s.d.) only for central events at 1.6 < |y| < 2.4
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Transport Model

*  Quasi-free dissociation for the break up of charmonia
* Y(2S) regenerated later than J/y in the fireball evolution
* Sequential regeneration mechanism




W(2S)/y(1S) DR at 5.02 TeV:

PbPb 351 ub™', pp 25.8 pb™! (5.02 TeV) arXiv:1611.01438
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Two rapidity bins: |y| < 1.6, 1.6 <|y| <2.4

Double ratio < 1 in all bins: y(2S) more suppressed than J/y

“ 95% C.L. upper limits when no significant y(2S) in PbPb
No significant pT dependence

Interplay of J/y and y(2S) regeneration in transverse momenta.
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Double ratio < 1 in all bins: y(2S) more suppressed than J/y

“ 95% C.L. upper limits when no significant y(2S) in PbPb
No significant pT dependence

Interplay of J/y and y(2S) regeneration in transverse momenta.



Summary I
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~ J/psi: Shows strong centrality dependence, more suppressed in central events

“ DR: psi(2S) is more suppressed than J/psi => sequential meting

“ DR: No strong centrality dependence at 5.02 TeV




Y (nS) measurement with 2011 Pb+Pb at 2.76 TeV
(p+p 2013)
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* Y(1S) shows gradual centrality dependence
* Y(2S) largely suppressed at all centralities
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* Y(1S) shows gradual centrality dependence
* Y(2S) largely suppressed at all centralities
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* Y(1S) shows gradual centrality dependence
* Y(2S) largely suppressed at all centralities
« Both R, are flat over |y| < 2.4 and pT < 20GeV/c
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R, at 2.76 TeV
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Y(1S) shows gradual centrality dependence
Y(2S) largely suppressed at all centralities
Both R, are flat over |y| < 2.4 and pT < 20GeV/c

Y(3S) not observed R, (3S) < 0.14 at 95% confidence level




., - Comparison with models




16 PbPb 166 ub”, pp 5.4 pb’

R,, : Comp.arison with models
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* Strong and weak-binding scenarios

* 1(1S) not affected by color screening at
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* Significant regeneration contributions
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| RAA: Comparison with models

* Strong and weak-binding scenarios

* 1(1S) not affected by color screening at
LHC

* Significant regeneration contributions

* Thermal parameters are constrained by data

* Good agreement with CMS data

* Data preferring small shear viscosities in the range
1 <4mm/s <2
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R, : Comparison with models

PbPb 166 ub’, pp 5.4 pb” | Sy = 276 TeV PbPb 166 ub™, pp 5.4 pb” \Syy =276 TeV
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Hydrodynamics model

* As a function of rapidity and pT, model reproducing the trends seen in the data

* As a function of pT, bottomonia spectra are unaffected due to the lack of thermalization

* Preferring low shear viscosity to entropy density ratio => QGP created in HIC behaves like a
nearly perfect fluids ?



T(nS)/Y(1S) measurement with 2015 Pb+Pb at 5.02 TeV
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Invariant Mass from 5.02 TeV

pp 25.8 pb”' (5.02 TeV) Pbe 351 ub (5 02 TaV)
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Y'(2S)/Y'(1S) double ratio with Pb+Pb

PbPb 351/464 ub™', pp 25.8 pb™' (5.02 TeV)
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Y'(2S)/Y'(1S) double ratio with Pb+Pb

DR is the ratio of R, of Y(2S) and Y(1S)

In 0-5% bin, Y(2S) signal is consistent with
zero < (0.36 at 95% CL

DR, is compatible with unity in the most
peripheral bins (70-100%),

Theory curves use hydrodynamics and
lattice-based potential
> Obtained from the ratio of R

AA
predictions of Y(1S) and Y(2S)
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Y'(2S)/Y'(1S) double ratio with Pb+Pb

PbPb 351/464 ub™', pp 25.8 pb ™ (5.02 TeV)
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* The Y(3S) double ratio is lower than unity in all
centrality bins
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Y'(3S)/Y'(1S) double ratio vs centrality

PIJPD 351 ub t5 02 TGV}
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Y'(3S)/Y'(1S) double ratio vs centrality

PIJPb 351 ub {5 02 TBV}
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PbPb 351ub™, pp 25.8 pb™' (5.02 TeV) PbPb 351ub™, pp 25.8 pb™ (5.02 TeV)
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* DR has no clear dependence on pT or rapidity
* Similarly to 2.76TeV result
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Summary II

PbPb 166 b, pp 5.4 pb \'Syy = 2.76 TeV
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* Y(1S) shows gradual centrality dependence
* Y(2S) largely suppressed at all centralities
* Sequential suppression of bottomonium states
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PbPb 166 b, pp 5.4 pb
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* Y(1S) shows gradual centrality dependence

* Y(2S) largely suppressed at all centralities
* Sequential suppression of bottomonium states
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* Y(2S) strongly suppressed from mid-central collisions
* Y(25) is less suppresses in the peripheral collisions ?
* Y1(3S) is completely dissolved ?
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Double ratio at 5.02TeV: nonprompt removal

Non-prompt

l cut L

2D fits not possible for 17(2S) in PbPb at low pr (too low S/B)

Rejecting nonprompt using a fJﬁ.ﬁ- cut

e A nonprompt contamination is left but accounted for

Estimated from data using a sideband in 37 iy (reverted e 1/ Cut)

¢ Also using the EJN’ cut efficiency from simulation



J/y in PbPb at 2.76TeV: R, vs N o lyl, pT
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* Strong centrality dependence
* No significantcant rapidity or pT dependence
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Non-prompt J/y in PbPb at 2.76TeV: R vs N ..o lyl, pT

CMS VS = 2.76 TeV
ER AL RS ER R R Rl KRN R AT
r:ré 1.4 Nonprompt J/y -
» o |y|<1.2 -
1.2 m12<|y|<1.6 g
): v16<l|y|<24 -
0.81- -
0_6__ j =]
B ; ¢ E
0.4F } 3 o
0.2 6.5 < p_< 30 GeV/c . -
O_ILLlll}lljlllillllllllllllllJlllllllLJl_
0 50 100 150 200 250 300 350 400

part

0 1.4

1.2
1
0.8
0.6
0.4
0.2

0

W=

CMS Sy = 2.76 TeV
R R R Rl ) R R RN LR KL
— Nonprompt J/y

- '|'3<pT<6.5 GeV/c

g l ¢6.5<p_<30GeV/c

+

¢

+

t

¢

‘-—*——-

II[I[IIlltlIIIII

—16<|y|<24

I.IJlIlljlJ.ll.l.I.l]l.l.l.ll.llllll.ll.l.lllljlll

IIIIIII[IIlIIIIII

1

0 50 100 150 200 250 300 350 400

part




	Slide 1
	Slide 2
	page3 (1)
	page3 (2)
	page3 (3)
	page3 (4)
	page3 (5)
	page3 (6)
	page3 (7)
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	page9 (1)
	page9 (2)
	page9 (3)
	page9 (4)
	page10 (1)
	page10 (2)
	page10 (3)
	Slide 22
	page12 (1)
	page12 (2)
	Slide 25
	Slide 26
	page15 (1)
	page15 (2)
	page15 (3)
	page16 (1)
	page16 (2)
	Slide 32
	Slide 33
	page19 (1)
	page19 (2)
	page19 (3)
	page19 (4)
	page19 (5)
	page20 (1)
	page20 (2)
	page20 (3)
	Slide 42
	Slide 43
	page23 (1)
	page23 (2)
	page23 (3)
	Slide 47
	page25 (1)
	page25 (2)
	page25 (3)
	page26 (1)
	page26 (2)
	page26 (3)
	Slide 54
	page28 (1)
	page28 (2)
	Slide 57
	Slide 58
	Slide 59
	page32 (1)
	page32 (2)
	Slide 62

