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Hard processes in QCD medium
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» Weak bosons are formed before QGP due to their large masst = 1/M = 0.003 fm/c
= Weak boson life time = 0.1 fm/c
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Unmodified probes

Electro + weak bosons (through their leptonic decays)

are medium-blind

» References for modified processes
« Ultimately can help to constrain initial state

Which ones can we detect in heavy-ion collisions with CMS?
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Unmodified probes

All of them
pp 2.76 PLB 715 * PLB 710
2011 (2012) 66 (2012) 256
PLB 718
(2013) 773
pp 2.76 PAS-13-004* PAS-13-004% PAS-13-006
2013
PbPb 2.76 PRL 106 PLB 715 * PLB 710
2010 (2011) 212301 (2012) 66 (2012) 256
PbPb 2.76 PAS-13-004* PAS-13-004* PLB 718
2011 (2013) 773
pPb 5.02 On going PAS-13-006
2013

* results presented in this talk
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How to measure if a probe is affected by the medium?

R, A = ratio between the production yield in PbPb and the production yield in pp,
normalized by the number elementary collisions
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T,o= overlap nuclear function
Estimated with Glauber model
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Transverse mass

my = /2pp* gy (1 — cosd)

Yields extraction:

N T © my > 40 GeV/c?
> 1601—pt > 25 Gevic + CMS
O 140 Ml <21 L, (PbPb) = 7.3 pb"
2 FoL s20Gevic . Almost no background
3120 Lir (PP) = 231 nb o .
S = 1% taken as systematic for QCD
s F
w100 » 2% EWK subtracted
g 80 O pp data (V5= 2.76 TeV )
s f e PbPb data (\[S,= 2.76 TeV )
[ - NN
3 50 - ] PYTHIA + HYDJET PbPb PP
40F- w+ 2175 301
201 w- 264 165
0 i 54} L e |
0 50 100 150 200 250
my [GeV/c?]

= Slightly worse resolution in PbPb
= PbPb data compatible with simulations




* Why different yield for W+ and W-?

: : ud — W+ pp collisions = more W+ than W-
p du - W- PbPb collisions = more W-than W+




* Why different yield for W+ and W-?

: : ud — W+ pp collisions = more W+ than W-
p du - W- PbPb collisions = more W-than W+

= Then why don’t we have less W+ than W-?

1. W+ are boosted in the direction of valence quark
Spin conservation:

. d 1. u* boosted back to the W+
i P l l ' 2. W boosted along with the W-
= Muons charge asymmetry
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Centrality independence and R,
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Centrality independence and R,
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Centrality independence and R,

2010 PbPb = pp data
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Partial Conclusion

oW*= us +v
o Yields of W+ and W- show isospin effect, as expected
o Muon charge asymmetry compatible with pure isospin

within statistical uncertainties
o Ryy (W) =1.04 +0.07 +0.12
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2.Z=2>p"+p and Z det + e

AS Expenment at LHC, CERN

ita recarded: Tue Nov 8 23:51:586 2010 CEST
inEvent: 150500 / 776435

mi saction: 183
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Muon reconstruction

I | | | 1 1 | |
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----- Photon
®
Track

Tracker

) Electromagnetic
)-I,, " Calorimeter

Hadron Superconducting
Calorimeter Solenoid

RN, Febriswy 2004

Iron return yoke interspersed
with Muon chambers

Muon chamber deposit

Transverse slice
through CMS

T
i
Bamaey, CE

= Muon pattern: hits in the tracker + muon seed in the muon stations
» High-p,resolution: 1-2% for muons up to 100 GeV/c

= New muon reconstruction for PbPb collision: before 85% efficient in
muon reconstruction, now 98%
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Dimuon invariant mass

PbPD collisions @ Vs = 2.76 TeV
Lil’lt - 150 Hb_l

New pp 2013 run @ Vs =2.76 TeV
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Electron Reconstruction

Y e Electro

Electron

Charged Hadron (e.g. Pion)
— — — - Neutral Hadron (e.g. Neutron)
---- Photon

®
Track

Calorimeter

CERN, Febriguy 2004

Hadron Superconducting
Calorimeter Solenoid

e FRCAL cluster deposit

with Muon chambers

Iron return yoke interspersed 1L g

= Electron pattern: tracks associated with a cluster in the calorimeter (ECAL)

» Hadron rejection cut: shower shape + and ratio of energy deposits in ECAL
and HCAL
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DiElectron invariant mass

PbPD collisions @ Vs = 2.76 TeV
Lil’lt - 150 Hb_l

New pp 2013 run @ Vs =2.76 TeV

—_ -1
— Lint = 5.4 pb
Similar numbers of Z
&5‘ [ | vt ey | N | B t%‘ e ! | L '. '. | '
L i CMS Prelimina <2 701 CMS Preliminary
% 100 e Opposite Charge pp Vs=276TeV % | @ Opposie Charge PbPb FM\ =276 TeV
g [ 7 Same Charge L,=54 pb" h g 680 [ Same Charge L. =150 ub’ |
o~ Pythia:Z ~ce(pp) o p’ =20 GeVic Q| PynieZ - cepup) B! = 20 GeVic .
g 80__ | M <1.44 B g 501 * * Il < 1.44 ]
- 80| + - “a - + T =
+ Background: R
40 : : |
i = Same sign pairs . |
’ I = 2% taken as systematic |
20 ¢
+ + + 10 . ++ + -
ptes > toal tte - 3 : :
% 70 @8 90 100 110 120 % 70 8 s 100 110 120
M,. (GeV/c?) M,. (GeVicd)

CMS PAS HIN-13-004



T

R,a VS Z boson py pp 2.76 TeV
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Rys VS Z boson |y bp 2.76 TeV
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RAA & Npart

R,, (muon) =1.06+ 0.05+ 0.11
R, (electron) = 1.08 + 0.09 £ 0.14
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Conclusion

oW*=» u*r +4+v
o Yields of W+ and W- shows isospin effect as expected

o Muon charge asymmetry compatible with pure isospin
but limited statistics

o= U+1
o Electron and muon channels show consistent results
o Possibility of small nuclear effect (shadowing...) still limited
by statistics

oW+= pr+vandZ=D> I*+1
o Ry (W) =1.04 £0.07 £0.12
o Ry (Z,) =1.06 + 0.05 £ 0.11
o Rys (Z.) = 1.08 +0.09 + 0.14
o Ryaindependent of centrality
o Ry, cOnsistent with pure isospin
o Confirms scaling based on Glauber
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Invariant Mass with the ATLAS detector

ATLAS: Muon: 1209 Z : 1223 opposite — 14 same charge
Compatible with CMS within errors
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PRL 110 022301 (2013)
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L yields versus centrality with ATLAS

Z yields in PbPb data divided by <N_;> in function of centrality
1995 Z (muon and electron combined)
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