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@ Vector bosons (Y, Z->II, W->Iv) and heavy-ion physics (this talk 1=p)

@ Detection and reconstruction
) the CMS at the LHC
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@ Physics results (2010 PbPb data)
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@ Conclusions
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@ A vacuum-like reference (for the final state effects), produced in AA collisions

@ Access to cold nuclear matter effects, without specifically running pA collisions
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Vector bosons and heavy-i
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@ The best handle/tool for jet energy calibration

) I—D!I_Jet(initial parton) ~ rﬁZ,VV,Y

M) Raa gives indirect access to the initial parton energy (basically just the leading hadrons), a
convolution of many initial and final state effects (one of the reasons for huge differences
between different model calculations/predictions)

@ LHC

B Higher energies = weak bosons energetically possible Ist time in HI

=) Beétf:r (than previous HI exp) detection capabilities (coverage and technologies) to reconstruct photons 4
and leptons
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TRACKER
CRYSTAL ECAL

Total weight : 12500 T
Overall diameter : 150 m
Overall length 215 m

Magnetic field : 4 Tesla

PRESHOWER

RETURN YOKE
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FEET — " ; / CALORIMETER
. HCAL
@ Structure; ’ MUON CHAMBERS

m» Tracker+calorimeters (HCAL and ECAL) inside the solenoid coil
B Muon detectors embedded in the flux return iron yoke of the magnet
B |arge acceptance

® 27T in azimuth

® Si-tracker |n|<2.5 R
Muon s
e ECAL |n|<3.0, HCAL |n|<5.2 | =y .

® Muon detectors |N|[<2.4 _Hi
Pixels+Tracker

@ High resolution
p Granularity of the Si-pixel layer+4T mag field ~ Ap;/p; < |.5
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Reconstruction
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Photons

| @ Many sources of hig “

|

4 )
Direct
s
Isolated
Blind to the mediun
\_ Y,
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Pl b

Fragmentation Meson decay Bremmstrahlung

Jx

Not Isolated (hadronic activity from other fragments of the parton)

éffected by the medium

@ Reconstruction steps:

|. ECAL clusters candidates selection

2. Clusters isolation

3. Photon signal extraction
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Isolated/direct Photons
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@ Clusters/photon candidates identification

23 cm
B algorithm:island clustering (Ref: CERN-LHCC-2006-001) ﬂ

) crystal size: 2.2cm x 2.2cm --> 94% of energy in 3x3 crystals W
crystals’

response

@® Photon candidates isolation

B To reject very energetic (and hence mostly isolated) hadrons or neutrons

p in a cone AR<O0.15, compare the cluster energies; 403
p select those for which Encal/EecaL < 0.2 gg
820
) To reject indirect photons w183 .
) in cone AR<0.4 (that contains signal+uncorrelated background) 8 o 1
® 3 (Er'- TTAR?<Er'backeround>) < 5GeV, where 3 ;“ |
® i = HCAL, ECAL, and Tracks with pr>2GeV/c o .,
® <Eybackground>: <Er> per unit area in the N-¢ space | 12\3‘1;1 0.5 9(\ e
® estimated in a rectangular area, 2AR wide in n-direction and 27T in (p-direct-icin
8
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Isolated/direct Photons

@W corrected isolation:

@ ACCEPTED

o energy
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Isolated/Direct

Photons

e

@ Signal extraction

@ statistical approach to estimate the number of
hotons from the remaining background (photons
rom high-z, isolated T1° and n decays)

exploit the fine granularity of the ECAL (A x A
© 2B R0 Y (B xAn

=  quantify the transverse shower shape in the ECAL crystals

55 -
5 By w; (1; — f5x5)°
inin E?><5 w;

w; = max(0,4.7 +In(E;/E))

@ create the probability distribution functions for
onn (aka Templates)

= photon templates:

» from MC, mixing PYTHIA photons in HYDJET HI
event

=  background templates:

» from Data, using the non-isolated photons
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Normalized Entries
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Isolated/Direct Photons
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@® Photon signal extraction
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» repeat for each (pT,centrality) bin
I



Muons
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Transverse slice
through CMS
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@ Global muons = tracker + muon stations informations

B need

absorber

with Muon chambers

= 3 GeV to reach muon stations + 2-3 GeV to compensate for the en loss in the

Table 2: Minimum p and p to reach first Muon station

VIRV, febrcpey 200%

) {‘un\.‘:,

m}—ﬁ

pr " = 0.3BR:™

pmin e p$in/ sin @

B |D cuts at ana level: 7= —Intan §
0 <|nl<1.2
) reco both inside-out and outside-in
) #hits in the tracker, X2, DCA, etc | 2SI =15
15< |n| <24
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Missing Et (MET)
@ Slgnatures forW->uv

i
u
:

O =
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= high-pT isolated muon: pr>20GeV/c in this case 3 105" PRI
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Results
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Photons: spectra

CMS PAS HIN-11-002
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@ dN/dEt scaled by the nuclear thickness function for 3 centrality bins+minbias
@ p1:[20,80]GeVi/c

@ [n[<1.44 (barrel only)

@ 21-37% systematic uncertainties
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Photons: Raa vs ET
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@ Photon RAA for 0-10% centrality, is consistent with unity
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Photons: Raa vs Npart
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@ NPan

@ No dependence on Npart, within uncertanties
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Z: spectra
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@ 39 Zs:reconstructed with muons that: pt*>10GeV/c, [n¥|<2.4
@ 3 prtand 3 rapidity bins: 6% statistical and 14% systematical uncertainties

@ Vvery small initial state effects expected theoretically

Transverse momentum (GeV/c)

) |0-20% shadowing, ~3%isospin effects, ~2% initial state energy loss

®

state effects.
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pT spectra reproduced by pp NLO calculation scaled by a geometric factor (Taa): no final



PRL 106, 212301 (2011)
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@ no centrality dependence of the yield, once the different geometry is considered

@ small effects expected from theory, experimental uncertainties too big to help
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@ Analysis cuts:
) prH>20GeV/c, INH| <24
= |AQ| = |@H-@"T| > 2 rad

@® Too look for:

B charge asymmetries

) R
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Conclusions
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CMS 2010 PbPb
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@ CMS measured for the first time the Z and direct photons spectra in HI collisions.
B on-going work for finalizing the W results

@ No maodification (initial or final) of the vector bosons is observed, within the uncertainties,
in the kinematical regions reached with the 2010 recorded data

@ Baseline comparison for _final state__ effects of charged hadrons

@ More data needed for investigating/quantifying any _initial state__ effects
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