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Compact Muon Solenoid




« Bulk properties: charged particle production, elliptic flow, two-
particle correlations

e Study of the initial state: Z and photons

» Study of the medium properties:

- Medium modification to hard probes
— Quarkonium
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CMS detector
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| Photons, Jets
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Data taking during 2010 PbPb run
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—— Minimum Bias Trigger
Jet Trigger

- = Delivered

- Recorded

T TTTT
-100%

TTTTTT
50%

|
Fraction of minimum bias events

Luminosity (ub™)
S a4 N W o OO O N O O
|

_ 10 | ]1|5t - I2[(]'E - I215I - I310I - 13|5.~ 10-50I I:I2|OI | ;4i0| I:-G!Ol | |8;iOI 1CIJC|) | 12|C1J |1£11C|J | %60
Date in November Sum HF Energy (TeV)
* Recorded luminosity PbPb » Triggering on minimum bias,
8.7 ub? jets, muons and photons
* Recorded luminosity pp at * ALL rare probes written to tape
2.76 TeV 241 nb’ e ~half of minimum bias written to
« Total PbPb data volume tape

~0.89 PetaByte

Anna Julia Zsigmond Zimanyi School 2011 4



Trigger and event selection

* MinBias Trigger:

— Coincidence of BSC or Forward
calorimeter signal

- Trigger efficiency: 97% + 3% CMS Preliminary j
 Di-Muon Trigger: '

PbPb \/s,,=2.76TeV IL dt=6.8,b"

i Min Biae Trigger 7
10 oo Photon Trigger 3

— Two reconstructed tracks in the
muon detector

« Photon Trigger:
- Uncorrected photon E_> 15 GeV

Fraction of minimum bias events

. Jet Trigger: [gives high p_reach]

0O 20 40 60 80 100 120 140 160
_ Sum HF Energy (TeV)
- Uncorrected jet E_> 35, 50 GeV

« Centrality determination:
- Forward calorimeter (HF) energy
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Charged particle multiplicity

Uses pixel tracker with two methods
Data : B=0T ; Trigger with 99% efficiency, 1% UPC contamination
Central multiplicity dN_/dn[(n=0) = 1610 + 55 for 0-5% centrality

dN_/dn/(0.5 Npan) a factor of 2.1 > RHIC; similar centrality dependence
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. dN_/dn /(0.5 Npan) and dE. /dn /(0.5 Npan) — power law increase with \/sNN

 dE/dn /(0.5 Npart) rises faster . More energy per particle than at RHIC
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Elliptic flow at mid-rapidity:
LHC and RHIC
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trend in both CMS and
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The full harmonic spectrum
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¢ V VS Npart shows different trends:

« even harmonics have similar centrality dependence:
decreasing - 0 with increasing Npart

- Vv, has weak centrality dependence, finite for central collisions
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Two-particle correlation: Centrality
dependence in PbPb

[Lot-atu’ PbPb 2.76 TeV | cwms Preliminary
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Two-particle correlations in high
multiplicity pp collisions

ppNs =7 TeV,N>110

2<p, <3 GeV/c 2
1<pT**<2GeVic

CMS Preliminary

-\ CMS Preliminary pp \'s = 7 TeV, N>110

2<p,°<3 GeV/c
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* The ridge-like structure is clearly visible at Ap = 0 extending to |n| of
at least 4 units

. At higher pTtrig the ridge almost disappears
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Fourier analysis of A® correlations
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High p_ charged hadrons:
spectraand R,

- Measuring charged tracks up to p.~100 GeV/c (jet triggers)

e Strong constraints to energy loss models
CMS PAS HIN-10-005
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Isolated photon spectra and R,
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CMS PAS HIN-11-002
« CMS measured the isolated photon R, for the first time

« Confirmation of collisional scaling

« No nuclear modification: the photon R,, at 0-10% is consistent with 1
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Dimuon Invariant mass distribution In
PbPb collisions
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First Z - py'y candidate in PbPb

CMS Experiment at LHC, CERN

Data recorded: Tue Nov 9 23:51:56 2010 CEST

Run/Event: 150590 / 776435

Lumi section: 183 Y /

Anna Julia Zsigmond Zimanyi School 2011
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Study of Z - y"u” in PbPb collisions
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e Clean Z signals from opposite-sign di-muons T =
me
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« No modification is found with respect to the pp reference

PRL 106 (2011) 212301
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J/Y and Y

« J/P and Y observed in p'u channel
« CMS muon acceptance: |n| < 2.4 and p,"> 2-4 GeV/c

 Excellent mass resolution ~1%
NW=734¢54 NY=86112
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J/Y) suppression

< [T T T T T T
T ar L CMS Preliminary B « Prompt J/ are reconstructed
1o POPD sy = 2.76 TeV - from muons originating from
: " PromptI : the primary vertex
1 |
b T % [ AN amee! 1+ Comparison to J/{ in AuAu
: + + pTTSGewC, Tm : collisions at Vs, = 200 GeV
0.6 pie | - _
b + . | '| B « High P J/yY are more
: : suppressed at LHC than at
0.2 0.0 <y| <2.4 a . RHIC
- 65< p, < 30.0 GeV/c g
056100150 200 250 300350 400
N

part

CMS PAS HIN-10-006
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B-meson suppression from B - J/y
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E L, = 7:28 b * data 1.2~ a Prompt Jiy (0-100%)
total fit . C

1 Non- fy ¢ (0-100%
— - bkgd + non-prompt 1l * Non-prompt J/y ' (0-100%) :
o -- background _ - Jiy: pr >6.5GeVe|
0-100%, 0.0 < |y| < 2.4 0.8 -
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. D.E:— —_
10 - L ]
] - i 1
0-2—ﬂﬂ¢|y|q24 - -
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-1 _.3:_5 0 05 1 15 o 00 50 100 150 200 250 30(} 350 400
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xy

* Vertexing allows separation of prompt and non-prompt J/y
» First direct observation of b-quark quenching

CMS PAS HIN-10-006
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Suppression of Y excited states

t:l—'- : II|IIII|IIII|IIII|IIII|IIII|II c:l—.., ||||||||||||||||||||||||||||||||
L 8 .+ data CMS Preliminary L e CMS Preliminary -
3 zop— Mt + Pp\s=276TeV 8 BU:_— PoPbfit § PbPb\[sy, =2.76 TeV -
Tk 0.0 <y <24 . s [ - ppshape|f 0-100%, 0.0 <|y| <2.4
S 60[-p! >4 GeVic 0 <p, <20GeV/c - s 503_ p; >4 GeVic 0<p, <20GeVic B
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< S0F E < 4or =
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40F - -
L 30_— —
30F :
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4f- .
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— +0.16 _ +0.13
Y(2S +39)/Y(1S)|,, = 0.781 31 + 0.02 Y(2S + 35)/Y(18)|py-p, = 0.247%13 + 0.02

Y(2S + 35)/Y(1S5)|pb-po
Y(2S + 38)/Y(19)]

= 0.317012(stat) + 0.03(syst),
pp

« EXcited states Y(2S,3S) relative to Y(1S) are suppressed

 Probability to obtain measured value, or lower, If the real double

ratio is unity, has been calculated to be less than 1%
PRL 107 (2011) 052302
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All quarkonia suppressed:
R,. Vs. centrality

- High p_J/y is strongly suppressed at the LHC

« Non-prompt J/Y suppression is a measure of b-quark quenching

e Inclusive Y(1S) is suppressed

=T IlIIIIIlIl IIIIIIII I IIIIIIII |IIII|IIII

I | i
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+Y(1S) 5 (0-100%)
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Summary of CMS R, results

L I I I I I I I I I I I I I I I I I i ]
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Dijet imbalance

« Quantify dijet energy imbalance by asymmetry ratio:

pT,1 = pT,z
B =
pT,1 + pT,z
- (a) cMS ]Lm-'.!sj pb? I“tﬂil | | IL ;_‘_ub.. ()
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Jet angular correlation
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« Even in central heavy-ion collisions, azimuthal correlation of di-

jets is maintained
PRC 84 (2011) 024906
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Missing p_!

L TS Sosaee T e Definition:
C : T [ 0.5-1.0GeVic B ]
40| PYTHIASHYDIET + Biieae -
: T =R mon I i
5 20F — T T T — Z — Pt COS (¢1 — QbLeading Jet)
3 : i
-~ OF
¥l  Integrating over the
b J e : whole event final state,
: T 20 F mi<re ; momentum balance is
L ARASE & S AL AR AR A restored
40:‘ Pb+Pb \s,=2.76 TeV I —:' : '
ILdt:E.?_uh" T 1 | T
2 excess away
c% from leading jet

=

excess towards
leading jet

PRC 84 (2011) 024906
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Missing p_!

f ﬁof cone
In PYTHIA, the balance is

Co T wame fw e ma S
40:_m wowToa, 08 T % e s ; found out-of-cone as well
o i RE - but at higher p;
s * In PbPDb data, in-cone
°

excess of high p, tracks is

Py, > 120GeV/e

aof F rsmone : balanced by out-of-cone
:.\'ﬂiiil””}HHIH:iin_ic:,r:e=;='.’¢’1ll*==IHHEHHIHLLL:C:,;; IOW pT traCkS

o e B "1 '« The momentum difference
st e In the dijet is balanced by
S of L _ low p, particles at large
¥ a0 : angles
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Jet fragmentation function
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« Fragmentation function similar between PbPb and pp
« Pattern independent of energy lost in the medium
« Consistent with partons fragmenting in the vacuum

Track U by

CMS PAS HIN-11-004
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pt difference is
found at low pr

/ far away from jet
\

|

Dijets remain back-to-back
In azimuth

Large average
dijet pr imbalange

o
-

Partons fragment
as in vacuum
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Summary

2010 data:
« CMS has obtained significant statistics of hard probes

« CMS conducted detailed measurements of global properties of
medium in PbPb and pp collisions

« QOur measurements indicate consistent view of the hot and dense
medium

— Strong collective effects in the medium

- No quenching of weakly and electromagnetically interacting probes
- Strong guenching of partons, including b-quarks

- Suppression of quarkonia, including excited states of the Y

Outlook:
e In 2011 run CMS already recorded ~8 times more luminosity
« Wide range of new possibilities with the higher statistics

Anna Julia Zsigmond Zimanyi School 2011
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CMS PDbPDb results

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsHIN

TWiki > m| CMSPublic Web > PhysicsResultsHIN (15-Nov-2011, RaphaelGranierDeCassagnac)

CMS Heavy-lon Public Physics Results

Conveners

* Current conveners: Raphael Granier de Cassagnac (LLR), Gabor Veres (Budapest and CERN)
* Next convener: Julia Velkovska (replacing Raphael from Jan 2012)
+ Past conveners: Gunther Roland (MIT), Olga Kodolova (Moscow), David d'Enterria (CERN), Bolek Wyslouch (MIT)

Papers

See our full list of publications. For now, it concerns:
* Charged particle multiplicity, JHEP 08 (2011) 141, nun
* Suppression of Y excited states, PRL 107 (2011) 0523
+ Dihadron correlations, JHEP 07 (2011) 076
# 7 bosons production, PRL106, 212301 (2011)

Dijet imbalance, Phys Rev C84 (2011) 024906

Physics Analysis Summaries

See our full list of PAS (including plots). For now:
+ Higher harmonics
* Fragmentation functions
* Energy flow
* Quarkonia (J/psi, B -> J/psi and Upsilons) PhysicsResultsHINQuarkonia
+ |solated photons
» Charged particle RAA

Anna Julia Zsigmond Zimanyi School 2011
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dE_/dn rapidity and centrality

dependence

AL N LN NN NLRLELELE ILRL L R
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mn part

« dE,/dn (n=0)=2 TeV — by a factor of 3.4 + 0.4 higher than RHIC

 Measured over wide range of pseudorapidity

- dE/dn/(0.5N ) - Monotonic increase with N_

CMS PAS HIN-11-003
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V,(p;): comparison of methods

1-:|:|-:"°'C-:2 Gavic JLdl=31uh"
2.0<janj<4.0 CMS Preliminary

T T T T I ] I I ] I I
0.2 PBPbyfs,, =2.76 TV 1
..

70-80%

udﬂ-&ﬂ% “50150% : : :LE-B-Tﬂ%l | + 70 -BD%
I T DO - T T N P L
p‘T"“ (GeV/c) pY? (GeVic) p'T"“ (GeV/c) pﬁ'“ (GeVic)

. v3{2} and v3f comparable at low trigger o

. Non-flow dominates v {2} at high p_and in peripheral collisions
: T CMS PAS HIN-11-005
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« Very good dimuon mass resolution

- separation of 3 Y states

PRD 83 112004 (2011)
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