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Raa — Jet Quenching Parameters

T Raa > 1 (enhancement)

inel 2 7 - ”
0 d“N .. /dp..d QCD Medium
pp AA/ Pran _ —~  Rua =1 (no medium effect)

A <Ncoll> dzapp/de dl] “QCD Vacuum”

(__ Raa <1 (suppression)

(N con)
TAA= ;:2[ "NN equivalent integrated luminosity per AA
Opp collision™

« Study medium modification through charged hadron suppression
« Complimentary to direct jet reconstruction

« Constrains quenching parameters in models
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High-p; v, - Path Length Dependence

AE~LC
a =1 for pQCD, collisional
a = 2 for pQCD, radiative
a = 3 for AdS/CFT
Ap =0°

Fourier decomposition of charged hadron yields:
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Azimuthal anisotropy (vz, vs, va4) of high pT jets
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The CMS Detector
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pp Charged Particle Spectrum
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PbPb Charged Particle Spectra

CMS: Eur. Phys. J. C72 (2012) 1945
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Charged Particle Ry,

l T T T T LI I| | I T I’II
1.8 cMs PbPb - |
1. 4ENSw =276 TeV, ni<1.0 I .
1.23— ) i —— E
C Taa @nd lumi. uncertainty T r .
< LIS A bt | SRRl B I bbb LRt SRRl ik s it A bbb bbb bbbt % ]
Cost gy Eﬁ i i $ ;
0.6 [MESENR 0. S o555 0.0 L O <28 ]
1 IS nee - E
0.4 N s l.-{l}'_' ]
02F 70-90% ¥+ 50-70% : ]

I L Lol L Lol It 1 Lol 1 Lol 1 Lol 1 Lol
1 2 3456 10 2030 1001 2 3456 10 2030 1001 2 345 10 2030 100

P, (GeV/c) p, (GeVlc) p, (GeVlc)
1 _2 l T T T 11T I T T I l TT I T T LU l _ I
R 1 :
08k $ -3 : ]
£ Ei $ T i Ur. - ; ]
e O0F +§§E £ igiﬁ? CORYE
04 = L O o & .
0.2f rx® -+ "™ ] Ta ot .
[ 10-30% T 510% 0-5%  "=* ]
T 1 1 1 1 111 || 1 1 1 1 111 || _] 11 I 1 111 II I 1 I 1 1 1 1 1 11 II ]
01 2 3456 10 2030 100 1 2 3456 10 20 30 100 1 2 3 45 10 20 30 100
P, (GeV/c) p, (GeVic) p, (GeVic)

« Dip structure develops as a function of centrality

* Raa increases at high pr
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Raa EVolution
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Details of Event Plane Method

- Uses 3-subevent event plane
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Avoiding Di-Jet Correlations

n=3 n=5  Particles from positive n

correlated with event plane
from negative n
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correlated with event plane
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systematic effects from
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correlations
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Pseudorapidity Gap Study
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High-py v,

CMS: PRL 109 (2012) 022301
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High-py v,

CMS-PAS: HIN-12-010 http://cdsweb.cern.ch/record/1472744/files/HIN-12-010-pas.pdf

CMS Preliminary  0.10% 10-20% 20-30%
0.15 Lint =150 ub N
PbPb ﬁf =2.76 TeV :
0.10 ° m|<1 '
™ ‘ < | :
> s A o 1<n|<2 %‘ e\g )
» . y
‘S8 s . )
0. G&n’ﬂ‘_“e ------ s — _’.. ;é“;“';%- _bg_i_s';‘%‘;'--- A
X : — t — f —t——
. % :
3 y % |

Whi PR _# - = —E 1

N ' N | . M " | ) M 2 | M N M M o 2 1
20 20 40 ) 20
P, (GeVic) P, (GeV/c) p, (GeVic)

CMS;;
{

Eric Appelt 8HighPT-LHC 2012, Wuhan (China)




CMS;;
{

CMS-PAS: HIN-12-010 http://cdsweb.cern.ch/record/1472744/files/HIN-12-010-pas.pdf

CMS Preliminary  0.109% 10-20% 20-30% |
0.15F L, , = 150 ub" .
PbPb \s,,, = 2.76 TeV .
0.10 ° m|<1 ]
~ .
< ]
> 0.05 o 1 h]l<2 %¢
&
0 - * $ ‘“j—i'—'% g%—{i e .
’ ¢ b {

s 50-*0%
0.10 -
- :
> ]
0.05 b Lo
- *-- o, T --__.:

0.
1 1
0
p. (GeV/c)
Eric Appelt 8HighPT-LHC 2012, Wuhan (China)




Summary and Conclusions
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Charged particle Ry, measured to pr = 100 GeV/c
Charged particle v, determined to p; = 60 GeV/c
Charged partlce v; and v, determined to p; = 40 GeV/c

Large suppression seen in PbPb charged particle spectra
due to final state medium modification. R,, reaches 0.5 at
high p; in central events.

Vv, values gradually decrease above p; ~ 10 GeV/c and
reach zero only above p; ~ 48 GeV/c

v; and v, values are small above p; ~ 20 GeV/c

These results constrain jet quenching parameters and the
path length dependence in energy loss models
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Global Uncertainty

Table 1: The average number of participating nucleons (Np,), number of binary nucleon-
nucleon collisions (N ), and nuclear overlap function (T4 4) for the centrality bins used in
this analysis. The rm.s. (root-mean-squared) values give the spread over the centrality bins,
which are expressed as fractions of the total inelastic PbIPb cross section.

Centrality bin | {Nyn} | rms. {Ncon} rm.s. | {Tas) (mb -} | rmus.
0-5% 381L2 | 192 | 1660 =130 166 | 2594106 | 260
5-10% 32943 | 225 | 1310110 168 | 2051094 | 262
10-30% 2444 | 459 | 745.67 240 | 1164067 | 375

30-50% 0844 | 271 | 251228 101 | 3924037 | 158
50-70% | 420235 | 144 | 628:94 334 | 0981014 | 052
70-90% 114515 573 | 108=20 729 | 0174003 | 0.11

« Global uncertainty expressed together with

|uminosity peripheral-central
pp integrated luminosity 6%
PbI'b event selection (Nyg) 3%
Tan 18-4%
Total global uncertainty 27%-13%
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