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* [ntroduction

« J/y production at PbPb /syy = 2.76 TeV

— Prompt and non-prompt J/y separation
— Prompt and non-prompt J/y Ry,

* Y production at PbPb /syy =2.76 TeV
— Y(2S+3S) suppression
— Y(1S) Raa
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Quarkonia in heavy ion collisions

« Good candidates to probe the QGP in heavy ion collisions
— Large masses and dominantly produced at the early stage of the

collision by hard-scattering of gluons
— Characterized by its binding energy and radius

Uy | v (25) Y (15) Y (25) Y 35)

M (GeV/c?) 3.10 3.53 3.68 946 10.02 10.36
AE (GeV) 0.64 020 0.05 1.10 0.54 0.20
r,(fm) 050 072 090 028 056 0.78

— Debye screening radius decreases
with increasing temperature
— Sequential melting

— Thermometer for the temperature reached
in the HI collisions
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Muon reconstruction in CMS
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« Excellent muon identification & triggering (Muon system)
* High mass/momentum resolution (Tracker)
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Dimuons in PbPb at \/syy = 2.76 TeV
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J/y in pp at v/s = 2.76
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* Prompt and non-prompt J/y separation in PbPb

* Quarkonia in pp at/syy = 2.76 TeV is used as a reference
— Same HI reconstruction algorithm & analysis method has been used in
PbPb and pp data Ly, Nepen(J/0) Epp
Ad = TaaNuB Npp(f/u) prpb(ceﬂt)
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Efficiency and acceptance

- MC simulations with PYTHIA §osoussmuaton © T
~ Prompt J/y and Y(1S) ForimseamIy
 With the unpolarized scenario " S e

0.5 O o =

— Non-prompt J/y oo S E
 Polarization as predicted by EvtGen osh* -:." E

* Acceptance 0z ¢, et T
. - . - . 4 Y(15) =

— No acceptance for JAy at mid-rapidity with e e :
O e e e e e 20

p:< 6.5 GeV/c * v
— At forward rapidity, acceptance for J/y with > I e AR S
pT > 3 GeV/c & 09 PYTHIA+E\.(rt(;¢jn+HYDJET_E
2 b Cent.0100% ¢ T(1

— Acceptance for Y with p; > 0 GeV/c at all rapidities * <2 " Norponpidy

- Efficiencies e n DR R & ﬂ_f
— Embedded signal in min-bias event simulated with O:j:_ i 1 h E
HYDJET e MEx ox 7]
— Validated MC by comparing efficiencies measured 0.22— CMS Simulation —
with “Tag & Probe” in MC and data o1 POPD \[Syy = 2.76 TeV 3

arXiv: 1201.5069 (submitted to JHEP) === ——5g—95"5 5%

CMS HIN-10-006 p. (GeV/c)
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0-10% suppressed by factor 5

arXiv: 1201.5069
(submitted to JHEP)

50-100% suppressed by factor ~1.6
STAR measures less suppression at high p; (> 5 GeV/c)
Similar suppression seen in CMS and PHENIX

(Despite of lower p; range at lower energy)

CMS HIN-10-006
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arXiv:1202.1383 ]
ALICE measured less suppression

& less centrality dependence than
CMS

— Lower p;: Expect to be more
sensitive to effects from
recombination than CMS 0.8

— More forward y region

Mihee Jo (Korea Univ.)
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Prompt J/y R,, & theory comparison

Rapp & Zhao, NPA 859 (2011) 114

+ private communication Ferreiro et al. (preliminary)
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Recombination negligible for Suppression by cold-nuclear-matter
p.> 6.5 GeV/c effect seems to be much smaller

than observation
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Prompt J/y Ry, VS. pT and y
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arXiv: 1201.5069

] (submitted to JHEP)

CMS HIN-10-006

* High p; J/v's tendency to survive at RHIC (and SPS) is not seen at the LHC
« CMS shows opposite trend vs. y than PHENIX but different p+

* Increasing R,, going towards ALICE y range

— ALICE inclusive J/y Ry, = 0.545%+0.032+0.84 (p; > 0 GeV/c, 0-80%) arxiv:1202.1383

— In pp at low p;: ~10% b-fraction — Non-prompt J/y could shift R,, by 11 %

Mihee Jo (Korea Univ.)
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Non-prompt Jhy Rua
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Suppression of non-prompt J/y observed in min-bias and central
PbPb at \/syy = 2.76 TeV

— First indications of high-p; b-quark quenching !
« No centrality dependence

arXiv: 1201.5069
(submitted to JHEP)
CMS HIN-10-006
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Y(nS) In PobPb at \/syy = 2.76 TeV

« Signal extraction

A Crystal Ball for 1 resonance

Peak separation is fixed to
PDG values

Mass resolution is forced to
scale linearly with resonance
mass

Fixed Y(1S) resolution from
simulation is consistent with
not-fixed resolution

Mihee Jo (Korea Univ.)
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Y(2S+3S) suppression

* Y(25+3S) production relative to Y(1S) in pp and PbPb
« Simultaneous fit to PbPb and pp data at 2.76 TeV
Y(2S + 35)/Y(15)|pypp
Y(25 +35)/Y(1S)],p

« Probability to obtain measured ratio (or lower) from background
fluctuation is less than 1%

= 0.31%912 + 0.03

PRL 107 (2011) 052302
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* Y(1S) is suppressed at low p+
* No obvious y dependence
¢ 0-10% suppressed by factor ~2.2

« Large feed down contribution from excited states (y,,, Y(2S), Y(3S))

— The Y(25+3S) suppression and Y(1S) R,, are consistent with the
suppression of the excited Y states only

e STAR R4, (Y(1S + 2S5 +35)) = 0.56 + 0.21+3 72
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(submitted to JHEP)
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(arXiv: 1109.3891)

1+Y(25+35)/Y(1S)|pppb

1+0.24

1+Y(ZS+3S)/Y(1S)|I7P

= 0.62 X
1+0.78

50 100 150 200 250 300 350 400

~ 0.43\5



P
&
Pl
o
p—
o
=

Mihee Jo (Korea Univ.)

Lots of activities on the theory side

Strickland (PRL 107 (2011) 132301)

Rapp et al. (arXiv:1111.6537)

Song et al. (PRC 85 (2012) 014902)

Brezinski et al. (PLB 707 (2012) 534)

Y(1S) Ry, & theory comparison
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« Prompt J/y at high p; significantly S CiMp?o::jfpﬁzzm T

suppressed A i

1 20-100% 0-20%

» First non-prompt J/y observation " E

in heavy ion collisions 0.6 + -

— b-quark energy loss 0.43— + -

0.2:—Iyl<2.$w . » —

- Y(25+35) excited states il b
suppressed relative to Y(1S) N,

— This result, together with the Y(1S) R,,, iS consistent with the
suppression of the excited Y states only

Sequential melting accessible with CMS mass resolution
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Outlook

T - CMS Preliminary ||
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* In 2011 PbPb collisions, integrated luminosity is 150 ub-!
(Plot contains only 1/3 of total integrated luminosity)

« More detailed quarkonia studies are ongoing!
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Systematic uncertainties

Table 2: Point-to-point systematic uncertainties on the prompt J/¢, non-prompt J/i, and Y(1S)
yields measured in PbPb collisions.

prompt J/ (%) non-promptJ/¢ (%) Y(1S) (%)

Yield extraction 0.5-5.7 1.5-14.0 8.7-13.4
Efficiency 1.8-3.4 2.2-4.2 1.4-2.7
Acceptance 0.9-4.2 2.0-3.2 1.5-2.8
MC Validation 13.7 13.7 13.7
Stand-alone yt reco. 1.0 1.0 1.0

Tan 4.3-15.0 4.6-8.6 4.3-8.6
Total 15-21 15-21 18-20

Table 3: Point-to-point systematic uncertainties on the prompt J/i, non-prompt J /i, and Y(1S)
yields measured in pp collisions.

prompt J/ (%) non-prompt J/¢ (%) Y(1S) (%)

Yield extraction 0.8-5.3 5.3-16.8 10.0
Efficiency 1.6-3.0 1.4-2.0 0.4-0.9
Acceptance 0.9-4.2 2.0-3.2 1.5-2.8
MC Validation 13.7 13.7 13.7
Stand-alone y reco. 1.0 1.0 1.0
Total 14-16 15-22 17-18
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A complex production

« J/y production in pp

— Production of gg pair (perturbative)

— Evolution of gg pair into a bound state (non perturbative)
 Different theoretical models of evolution

— Color singlet model, color evaporation model, NRQCD, FONLL

* Production mechanism not completely understood

« Many effects altering production in nuclear reactions
— In pA, cold nuclear matter (CNM) effects
* Initial state: shadowing, parton energy loss
» Final state: cc dissociation in the medium, final energy loss
— In AA, hot and dense medium effects
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Separating non-prompt J/y

* 2D (Y5, my, ) unbinned maximum likelihood fit is done to separate
Jhy originating in B hadron decays.

InL = ZIL-V:l InF(l]/l/,,mW)
F(l]/tlﬂmuu) = fsingig(l]/t/J)Msig (muu) +(1 - fsig)Fbkg(lJ/t/J)Mbkg(muu)
Fsig(Up) = faFe(l) + (L= foIR(L )

F (L) = R(L g = Ly ) ®Xuc ()
Resolution function R(1;/,): Prompt J/y’s [, distribution. Sum of 4 Gaussians
Fbkg(l] /¢): sum of 3 decay function (for long-lived components) convoluted with Xy (1; )
B ~J/y MC 1, distribution £~

1) Fittom,, to getinclusive J/y yield

2) Fitto [, in prompt Jiy MC sample to get an initial estimation of each
parameters of R(1; ;)

3) Fitto [, of sidebands of m,, with Fbkg(lj/w)
4) 2D simultaneous fit with F(l]/lp,mw)
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Tag & Probe
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Tag:

— High quality muon
Probe:

— Track in the muon station
Passing Probe:

— Probe that is also reconstructed
as global muon (i.e. with a track
In the Si-tracker)
Reconstruct J/y peak in passing
probe-tag pairs and in failing
probe-tag pairs

Simultaneous fit to passing and

2 4 6 8 0
p; (GeVic) failing probes allows us to
measure the efficiency of the
Inner track reconstruction
Torsten Dahms (LLR) 7th International Workshop On High-pT Physics At LHC 25




B-fraction
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pp Comparison

Same pp reconstruction, including low p; J/y
Agreement of the Y(2S+3S)/ Y(1S) ratio

. pp 2.76 TeV
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p-value

Could background fluctuation produce a result as extreme

aSObservedindata? _IIII|IIII|IIII|IIII|IIII|IIII|IIII_
CMS

—
o
=

Generate pseudo-experiments
following the null-hypothesis

(i.e. no suppression)

Fit pseudo-data samples with
nominal fit

Count fraction of occurrences for
which the ratio (taken as test

—
o
[¥5]
T T T TITT

—
o
[i&]

Number of pseudo-experiments

statistic) is same or lower than 0@ E
Observed: ’:’ v Lo b b L g
-0.5

— p-value: 0.9%

— 2.40 (1-sided Gaussian test) "

0 05 1 1.5 2 25 _3
[Y(28+3i)/Y(1 S)L.., /[Y(25+38)/Y(1S)]

0.31
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Y(2S+3S), Y(1S) suppression

Systematic uncertainty : 9.1%
Statistical uncertainty : 55%

Null hypothesis testing
— p-value : 1%
— Significance of suppression is 2.40

Large fraction of Y(1S) come from excited states
— ~50% feed-down from x,, for p;¥ > 8 GeV/c CDF: PRL84 (2000) 2094

Mihee Jo (Korea Univ.) 7th International Workshop On High-pT Physics At LHC 29



Dimuons in pp at+/s =7 TeV

= - -
trigger paths
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Jwinppat+s=7TeV

prompt J/y— p* 1, corrected for acceptance non-prompt J/y— p* W, ccrrected for acceptance
O, 4 o~ CMS (s=7TeV L=37pb" | - ~o- CMS (s=7TeV L=37pb" 3
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* Prompt J/y production well reproduced JHEP 02 (2012) 011
— NRQCD includes non-prompt production caused by feed-down decays from heavier
charmonia

* Non-prompt J/vy lie systematically below the FONLL predictions
— Possibly because of the large uncertainty on the B—y(2S)X branching ratio
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pp at+/s =7 TeV

Phys. Rev. D 83, 112004 (2011)
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« Separation of the 3 Y states with good mass resolution
* Pythia (LO/CSM+COM) agrees in shape, not in normalization
— Overestimated by about a factor 2
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