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Introduction/motivation

Why electroweak bosons in HI ?

& LHC energy allows for first observation and measurement of W
and Z bosons as well as and Isolated photons in Heavy lon collisions

® Photons, W, Z produced early in the collision with a typical
lifetime of 0.1 fm/c, do not interact with the medium and therefore
constitute an excellent reference of our measurements:

¢ Check the binary scaling
¢ Test pQCD predictions
¢ Constrain nuclear PDFs

& Reference for Jets
¢ Detector performances




W bosons

Electroweak bosons: W

¢

Production: at LO, Ws are mostly produced via the fusion of a

valence quark and a sea antiquark, ud > W*and du - W-

\ 4

in transverse plane

€ How to extract W yields?

—> Fitting single muon distribution
€® ATLAS Style

- Counting from W transverse mass
® CMSstyle

strong isospin effect expected

Number of Events / 1 GeV/c

Signature: high p; muon recoiling against (undetected) neutrino
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Electroweak bosons: W

W transverse mass in CMS

@ Transverse mass: My =+/2p/" gy (1 —cos¢) ¢ =¢ (W) = ¢ (pr)

€ Neutrino based on miss. p; from track(p;>3), miss. p;>20GeV/c
¢ p*>25GeV/c
€ Sharp peak at m; =m,,
€ Residual contamination from Z 2 p+u-, W—> tv subtracted (2%),

QCD (<1%) %160;—p$>2seewc Jﬁ CMS
g 140 M'1<21 L, (PbPb) = 7.3 ub
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21201
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€ Raw W counts {100¢
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Electroweak bosons: W

W centrality independence

fd:gzz E_ CMS L (PbPb) = 7.3 ub™
dNAA / TAA - dO'pp X RAA l:;<800§— \'s =2.76 TeV L (pp) = 231 nb™!
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¢ Individual R,, for W* and W-reflect the different u & d
quark content in Pb and proton - isospin effect

€ Within uncertainties, no dependence of W production vs.
centrality observed in PbPb collisions



Electroweak bosons: Z
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Electroweak bosons: Z

Di-muon/electron Invariant Mass in pp
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Electroweak bosons: Z

Di-muon/electron Invariant Mass in PbPb
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Electroweak bosons: Z

‘ Nuclear modiﬁcaﬁon factor: }2.5_\\\\‘\\\\‘\\\\ \\\\‘\\\\Z‘—)\\+\-\‘\\\\‘\\\\
oc - CMS Preliminary $ zZ— ﬁ*: Minimum bias
AA - ZVT =2.76 TeV — Syster+na}tic uncertainty
dN 2 B NN —— Z-e'e
B [ ] Systematic uncertainty

AA d T B pp lumi uncer tainty
G X AA B [ T, uncertainty

—H— Z — e*e” Minimum bias

divide PbPb yield normalized by

collision geometry (T,,), by pp yield 05k |
%50 100 150 200 250 300 350 400
Npart

€ 7 boson production in both channels in PbPb collisions scale with
TAnS
€ Biggest systematic uncertainty comes from pp luminosity! 1



Electroweak bosons: Z
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¢ R,, compatible with 1
® Nuclear effects: need more statistics to probe this scale



Electroweak bosons: photon

Photons directs
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g 10 0-40% Pb-Pb, \s, = 2.76 TeV .

> %;_ 10 ALICE 3

% Q. . PRELIMINARY -

O_ 4 —+— Direct photons -

< — Direct photon NLO for . = 0.5,1.0,2.0 p. (scaled pp)
Z 10 H

- e 10 . Exponential fit: A x exp(-p,/T), T = 304+ 51 MeV "5

102 e _éi
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10° —é

10°® ?:

0= 1+ o+ | v v v by by by by by ‘l;
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p. (GeV/c)

@ Spectrum consistent with NLO pQCD calculation for p; > 4GeV/c
® Excess at low p;interpreted as thermal photon signal

Effective temperature 304 £ 51 MeV
13



Electroweak bosons: photon

Isolated Photons
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Electroweak bosons: photon

Details of removing decay photons

Normalized Entries

08 - L DL L L L L . B i
0.7E Probability distribution - 10003 giagt:al i
osf OfOMM - | = Background (decays)
: . 800 [~ -
- = ] n + i
05 : Signal ] @ il
04F = g 600 [ =
- ] Ju I ]
0.3 E_ - _E - d 400 [ _
02F ~ Decays E Fit data - :
- 0 1 witha 200F .
01 :_ a TC ’ n, coe _: | i
: d 1 sum of i ]
% 0005 001 0015 002 the 2 0 0.005 001 0015 0.2
Transverse shower shape (C,,) Shower Shape (o, )

Signal template: obtained from PYTHIA+MinBias data

Decay template: Using a data-driven method with non-isolated photons:

AR<0.4, 6 GeV < 2E o< 11 GeV
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Electroweak bosons: photon

Isolated photon spectrum
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Isolated Photon R, ,
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No dependence on centrality or E



Electroweak bosons: photon

Isolated Photon R, ,

CMS \/s=2.76TeV L

(PbPb)=6.8ub™" L._(pp)=231 nb™
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Boson-jet correlations: Photon-jet

Boson-jet correlations

/ EMS Experment at LEC, CERN _ |
w Pata recorded: Mon Dec .5 23:36:38

|25/ \Run/Event;. 18301 3{i43056273
#FF——~ fumisection: 1114
Photon

260 Gev | ]

2011 EDT

~"golden channel" to

investigate energy loss

of partons in the

- medium

S Jet

100 GeV
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Boson-jet correlations: Photon-jet

Boson-jet correlations

(_:'\,/\S/ CMS Experment at LKC, CERN
[ /,{// Data recorded: Mon Dec..5 23:36:38
[/ Run/iEvent;. 183013 143056273
zt" +__fumisaction: 1114

| Photon

260 Gev | ]

2011 EDT

~"golden channel" to

investigate energy loss

of partons in the

" medium
_Jet
100GeV Goal: characterise
| possible modifications
_ of jet properties as a
% function of centrality
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Boson-jet correlations: Photon-jet

®X;= p;iet [ p;¥is a direct measurement of energy loss
Isolated photon: |n7|<1.44 and p;?>60 GeV/c jet:|[n’et |<1.6 p;'®t >30GeV/c
Back-to-back requirement A® |, > 7x /8
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© ¥
'_'Z-’ 1:
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Gradual centrality dependence of the x iy distribution »



Boson-jet correlations: Photon-jet

Angular correlation

O_5||||||

C LI L B I B B B T . . |
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Consistent AD |, distribution in pp and PbPb
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Boson-jet correlations: Photon-jet

Jets partners missing in PbPb

¢ R, :average fraction of isolated photons with associated partner
jet above 30 GeV/c

T jet jet
: (b) CMSE
0.9_—A¢JY>%:¢ ]
0.8F -
o o.7;—[] 5 o o —
:. ] pp PbPb
0.6 — Y N
NI B N 3
- ¢ 1 20% of jet partners are missing
c oo o by by by A H
0 00 200 300 200 IN PbPb
N

part
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Boson-jet correlations: Photon-jet

1.1
1.05
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jet jet

pp PbPb

14% of jet energy was lost

in PbPb
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Boson-jet correlations: Photon-jet

Comparison ATLAS vs. CMS
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Compatible!
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Boson-jet correlations: Z-jet
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Boson-jet correlations: Z-jet
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® Back-to back correlation preserved (as seen for photon-jet)
# Reduction in momentum ratio for more central events
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Boson-jet correlations: Z-jet

Jets partners missing in PbPb

¢ N, ../ N,:fraction of event with a Z boson (p; > 60 GeV/c) that
also have a jet reconstructed (p;'®t > 25 GeV/c)
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& Reduction of jet yields per bosons for 3 considered jet cone sizes )



Boson-jet correlations: Z-jet

S : LI I LI I L I LI :: LI I LI L l LI I LI :_ LI I L I LI I LI :
NQ_»- - T T ATLAS Preliminary
-~ pZ>60GeV f  —PYTHIA E Pb+Pbysy, =D2-t762T:1\q :
= o , I I ata B
= I—O'g - pit>25Gev T ® Data N N
- T + ® Data (All Centrality) F L=0.15nb" ]
~ s p®/pZ>25/60 4 I .
- LI T - q — ]
: - Tt :
0-8F msss——— T ¥ :
- R T k
0.7F I + - T I r
0.6 ;_ Anti-k, Jet R=0.2 $ -;_ Anti-k, Jet R=0.3 H _;_ Anti-k, Jet R=0.4 :
L1 1 I L1 1 I 111 I L1 1 - L1 1 I | I .| l 111 I L1 1 -: L1 I | S .| I 111 I L1 1 :

100 200 300 100 200 300 100 200 300
(Np art’ <Np art’ <Npart )

¢ Reduction<p;’®t /p:%> asa function of centrality for the 3 considered
jet cone sizes 29



Summary

& LHC energy allows for first observation and measurement of W
and Z bosons as well as and Isolated photons in Heavy lon collisions

® Photons, W, Z produced early in the collision with a typical
lifetime of 0.1 fm/c, do not interact with the medium and therefore
constitute an excellent reference of our measurements:

¢ Check the binary scaling , Done
¢ Test pQCD predictions - Done
¢ Constrain nuclear PDFs — cf. Alice W en pPb

# Reference for Jets ——> True
¢ Detector performances . Always
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Observe the quenching of the jet energy relative to the Z boson

Method:
Consider the ratio of their relative transverse momentum

pr et/ pr

Jet reconstructed using anti-kT algo using 3 cone sizes 0.2, 0.3, 0.4
following the subtraction of UE R

2 iterative prodedure
To reject fake jets all jet AR < 0.4

Jet minumum pT of 25GeV; jet in |eta| < 2.1
36Zinll

https://cdsweb.cern.ch/record/1472941



prompt photons are selected using an isolation requirement,

namely that the additional energy in a cone of fixed radius around

the direction of the reconstructed photon be less than a specified

value
pT gamma > 60, |eta gamma|< 1.44

pT jet > 30, |eta gamma|< 1.6



Cut H/E < 0.1 selected

The detector activity in a cone with R=0.4 with respect to the
centroid

Isolation = reject photon candidates originating from jets

UE ~20GeV



To choose Z bosons and jets that are correlated

only pairs that are separated by at least Pi/2 are considered
Look at how the fake rejection works

We should take relatively high-pT Z (above 60)

pTjet/pTZ > 25/60 (=0.42)

36 event including 8 that have multi-jets reconstructed with a pT
of more than 25 (add them or not didn’t change significantly the
results)
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