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CMS detector

= EM and Hadonic calorimeters
| Photons, Jets
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Centrality
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» Bulk properties: charged particle production, elliptic flow, two-particle
correlations

e Study of the initial state: Z, W and photons

e Study of the medium properties:

- Medium modification to hard probes (Yen-Jie's talk)
- Quarkonium suppression
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PbPb collisions in CMS
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* The total hadronic cross section is divided into centrality classes

« The corresponding impact parameter and number of binary collisions
comes from Glauber model calculations
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Introduction to EWK bosons

« Electroweak bosons (photon, Z, W) are essentially not perturbed by
the QCD medium

- At first order, check the binary scaling hypothesis
- Serve as a reference to modified processes (jets...)
- Second order modifications ultimately constrain initial state (npdf)

e |solated photons
- From 2010: PLB 710 (2012) 256
- From 2011: accepted (in press) by PLB, photon+jet (Yen-Jie's talk)
* Z - Py
- From 2010: PRL 106 (2011) 212301
- From 2011: PAS-HIN-12-008
W - uv
- From 2010: PLB 715 (2012) 66
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Isolated photons

| PLB 710 (2012) 256 |

Trigger on ECAL clusters

- Uncorrected E_> 15 GeV, fully
efficient for E_> 20 GeV

SUbtraCt Underlylng event 040.302010 01020304 .a::._a.n_:mz.m 01020304

A
seFoRe 1) geFoRe N

- From same pseudorapidity
strip, event by event

Look for isolated cluster

- Remove photons from
bremsstrahlung and jet
fragmentation...

Look at shower shape in the
highly segmented ECAL

0&030.2-0070 01020304 o

AFTER 41 ﬂﬂ

— Further remove isolated 1t°, n
photon-like mn =2 2y

Anna Julia Zsigmond Zimanyi School 2012 6



CMS \/s,=2.76TeV L (PbPb)=6.8ub" L,,(pp)= 231 nb™
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CMS \/s,=2.76TeV L_(PbPb)=6.8ub™ L, (pp)=231 nb’
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* Photons are not influenced by the strongly interacting matter

e Spectrum is consistent with NLO calculations
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Centrality (in)dependence

| PLB 710 (2012) 256 |
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Muon reconstruction

| | | | | | |
Oom im 2m am 4m 5m 6m 7m
Key:
Muon
Electron
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""" Photon
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[ =
D Barnay, CERN, Febrwmey 2004

through CMS

« Z and W bosons are identified through their muon decay channels

 Global muons reconstructed with information from inner tracker and
muon stations
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First Z—- p'u 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 ' /
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Z boson production

PRL 106 (2011) 212301
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Z boson production

| cMs-PAS-HIN-12-008
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Z boson production

| cMs-PAS-HIN-12-008

e dN /T =do™xR
YR AA

— 100_| L | | L I LI I L I | l L | | | | I I_
0 = ]
o TAA nuclear Overlap functlon “‘%§ 902— CMS PbPb Preliminary 150.0 ub™ at\W:z.?G TeV_;
|_ - -
from Glauber-model ~ 80F E
calculations < 70Fe =
\% = ]
. > 60— - E |

« Z production scales = L o
with T S 501 | E
AA Z -
S 4of :
e« dN /T =56.9+2.0%£6.7 pb 30F- ° OMS E
AA-AA : = Minimum bias 0-100% ]
. According to POWHEG 201 Systematic Uncertainty E
do™ / dy = 59.6 + 3.0 pb 10 POWHEG (5% uncertainties) ]
1 E| 111 | | I | I | L1111 | | | 1111 | | | | |I;
if ly| <2 Q%50 100 150 200 250 300 350 400

N
> RAA =0.95+0.03+0.13 part

<o @

Anna Julia Zsigmond Zimanyi School 2012 13



Z boson production

| cMs-PAS-HIN-12-008
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* No large deviations from the POWHEG reference
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W boson production
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W boson production results

| PLB 715 (2012) 66

 Less W+ and more W- produced in PbPb, then in pp — isospin effect
« 2010 PbPb statistics = 2011 pp statistics at 2.76 TeV c.m. energy

Anna Julia Zsigmond
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dN /T =do®™xR
AA AA AA
RAA (W)=1.04 £0.07 £0.12
RAA (W) =0.82 +£0.07 +0.09
RAA (W)=1.46 +£0.14 £ 0.16

Consistent with isospin effect
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Summary

CMS (* preliminary)  PbPb\js, = 2.76 TeV
I

2 | | I | l | I | I
B - 1 i
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Summary

* Photons are not modified by

21T T T
1.8—I L dt = 7-150 ub"

1 .6_ —@&— Isolated photon (0-10%)

1.4~ ®
1.2

0.8~
0.6~

0.4
0.2

CMS (* preliminary)  PbPb\js, = 2.76 TeV
I

the strongly interacting
matter
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Summary

* Photons are not modified by

CMS (* preliminary)  PbPb\js, = 2.76 TeV
I

2n — the strongly interacting
' S;I L dt = 7150 ub’ W "z (0-100%) p} > 20 GeVic | matter
1.6_— @ Isolated photon (0-10%) i « Z boson production also
s al b scales with number of binary
Al ? | collisions
1.2+ = | |
S + ________________________________ 1+ Nuclear effects (isospin,
o v " shadowing, ...) small with
0.8~ 7 respect to uncertainties
0.6 =
0.4 =
0.2 -
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Summary

CMS (* preliminary)  PbPb\js, = 2.76 TeV
I
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100

Photons are not modified by
the strongly interacting
matter

Z boson production also
scales with number of binary
collisions

Nuclear effects (isospin,
shadowing, ...) small with
respect to uncertainties

W boson production also
scales with number of binary
collisions

Strong isospin effect when
separating W and W*
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PbPby/S, = 2.76 TeV

CMS (* preliminary)
I
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Summary

Photon, Z and W boson
production scales with
number of binary collisions

BUT other strongly
Interacting particle yields are
modified

* |nclusive charged particle
production

* b quarks identified from
secondary J/y
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Outlook

« Analyses of 2011 PbPb data are still ongoing
Z - e'e,W - uv
e High statistics pPb and pp data in 2013

e Longer term: high statistics from y+jet, Z+jet, ...

CMS Experiment at LHC, CERN

Data recorded: Fri Mov 18 03:32:48 2011 CEST
Run/Event: 181969 / 18790244

Lumi seclion: 541

Orbit/Crossing: 141750167 / 2762

CMS,

goodZMuPair 0,
mass = 90.69
pt = 68.96

Muan 0,
pt=75.07
Muan 1, eta = -0.252
pt = 38.65 phi = 0.744

icPuSCaloJatsL2L3 0,
ot = 54.00

ola = -0.557

phi = -1,858
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CMS Heavy-ion results

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

- Observation of long-range near-side angular conelatinns...nj:::

18 4 Observation of sequential Upsilon suppression In“
) Measurement of the azimuthal anisotropy of... f_f,
6 Study of W boson production in...(")
1 Measurement of jet fragmentation into charged...()
14 Measurement of the pseudorapidity and ce ntralit;r...;:__“_fl
i Studies of jet quenching using Isnlated-phntnm-}et...:::l
12 Azimuthal anisotropy of charged particles at...()
i Measurement of the elliptic anisotropy of...[ )
104 Jet momentum dependence of jet quenching...()
_ Study of high-$p_T$ charged particle suppression...( )
& - Suppression of non-prompt J$\psi$, prompt J$\psi§,... )

. Centrality dependence of dihadron correlations a nd...:'\__‘j:

6 - Measurement of isolated photon production in..{ )

. Dependence on pseudorapidity and on centrality...( )

4 ( Jindications of Suppression of Excited §\Upsilon§...

- _; Long-range and short-range dihadron angular correlations...
21 ( )Study of Z boson production in...

- () Observation and studies of jet quenching...

|
-

u T T T T T T T T T T T 1
Jan 2010 Apr 2010 Jul2010 Oct 2010 Jan2011 Apr2011 Jul2011 Oct 2011 Jan 2012 Apr2012 Jul2012 Oct2012
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