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Photons and electroweak probes

Mainly produced from initial hard

collisions

No final state interaction once

produced
Baseline for jet quenching
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v/[Z°-tagged jets
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What we need?

* How jets and photons, Z° are
created?
— Perturabtive calculation

— Identify the contribution from
different photon sources

* How jets propagate and change
in the medium?
— Jetenergy loss theory and
models

- Medium EVOIUtion prOfiIe (hydrO) Nudlear remnant | Nuclear remnant 2

* The response of medium to jet-
deposited energy and momentum
may affect the background




Isolated/all ratio

Photons in p+p

About 90% are isolated photons in

R =0.5 cone
; N
Need consistence between theory Compton o Bremssrahiung
and experiment "
What is this number for A+A ~
collisions? o ."i
Annihilation / Fragmentation \|\
“E p+p 1s=200GeV 2006 data
12
" eeee GRY ; .
[— BFGIl . I ‘
[ NP, e . AL
- BT et LV
SR
"o
o4 v
0 '_ & Direct photons
: J I i A I I a i i a ] I L

I i i A I. i i I i
I:"I} & {[1] 15



Photons in A+A

Sizable contribution from jet-medium photons at o
intermediate p;
0
El

3 ® PHENIX Prelim 0-10%
. — — direct
- — - fragmentation
. --- - jet-medium
L sum

RS

AN/, dy (GeV'™)

Non-prompt photon-trigged jets may have different
shapes compared to prompt photons
Measure both cases (with and without isolation cut?)
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GYQ, Ruppert, Gale, Jeon, Moore, PRC, 2009



Photons in A+A

Sizable contribution from jet-medium photons at o
intermediate p;
0
El
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Non-prompt photon-trigged jets may have different
shapes compared to prompt photons
Measure both cases (with and without isolation cut?)
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Photon-triggered FF
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Good approximation of medium-
modified fragmentation function

Suppression at high z; and
enhancement at low z,

Consistent with the picture of jet
energy loss and redistribution of lost
energy from jet
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k: brodening

Both radiative energy
loss and k; broadening
are controlled by q

eki> [GeVic]

Longitudinal scatterings [
may be as important as
transverse scattering
(change jet energy loss
and jet shape)

Measuring jet shape in
three dimensions
provide better
constraint on jet energy
loss models
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Fully reconstructed jets

Capture both leading and sub-
leading fragments inside the jet

New observables provide more
discriminating power against jet
energy loss models

Require running jet finders

Need to disentangle jets from soft
background

Jets and the background may be
correlated (initial production, jet-
medium interaction)
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Dijet energy imbalance
increases as one moves

to more central
collisions

Dijet angular

distribution largely

unchanged

Many other results for
full jet measurements

Dijet @ LHC
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Jet shower evolution in medium

B 5 ? AE[ad’OUt
- -~ A
- - e — - — AErad,in
_——-— = -—— - . R
- - — i
- |
| |‘ = | >
\ =~
coll coll Y ~
AE AE e 2
\\
s br d
AEg Ooa
Leading parton:

Transfers energy to medium by elastic collisions

Medium-induced gluon radiation (inside and outside jet cone)

Radiated gluons (vacuum & medium-induced):

Transfer energy to medium by elastic collisions

Be kicked out of the jet cone by multiple scatterings after emission
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Theory postdictions for dijet asymmetry
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Theory postdictions for dijet asymmetry
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Jet fragment profile
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Measurement: jet fragment profile
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Compare to photon-triggered FF
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(1N,) N, /dx,

Measurement: y-jet correlations

PR e e HL L A N s s e '1-1E|""|""|""|----E 1
C I Iﬁ"ﬁ ] 105F (@) . \/5,,=2.76 TeV S
C p! > eVic I'l<1. i F 1 E )
2r pi'>30 GeVic M <16 15‘3‘1}# }BE J‘ 4 E 09
E A¢J’>gﬂ E 095 E Ldt=150pnb E -
15[ \s\w=2.76TeV E 3 :
C L] A 0.9F = i
g Jra=rsow ] {;’_0.85;— o o o E o 0.7
I 0%-10% 08k 4 E
C ] F 3 0.6
0.5 4 075F E
i . 0.7k o ' ER
- > 065 - |
~ ' . Ele by
o= L %65 100 200 300 40
Xy =Py 7Py Noar
o o o o 2 L] L) 1 T
The distribution shift towards ﬁ‘* CJPYTHAData
smaller x, =15 o
Missing pairs (the integral is = e
smaller for ATLAS) - 'HJ ﬁﬁfﬁn’ﬁ*‘
More quenching towards 08 ATLAS Prefirivany]
central collisions s
o ﬁ_j—
b |

-

L L L N
- (b) CMS -
r 7 ]
CA,, > gt ;
C . ]
r 4 + ]
: I i 'l ' i I 'l i i ' I i i i 'l I ' i 'l i :
0 100 200 300 400
parl
_."; 2.| T T T ]
H f COPyTHIData
= & ain
% |5_— 108
= | R=0.3
s | Posft ]
- .5._‘-::-75. Tt :
+ * L =013 mixr'!
05 +++ ATLAS Prefmranary]




ha
wn

Calculation
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. y-tagged jets
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P! > 60 GeV/C

&
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*  CMSO0-10% (R=0.3)
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VNIBMS (RADIATION)

Coleman-Smith, QM 2012

* Energy loss of the tagged jets leads to the shift of x,distribution

* More detailed information (missing pairs, cone size dependence,
centrality dependence...)



Simulating y/Z°-jets

Generate pp events from PYTHIA

A A

MC simulation of partonic jet transport in medium
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Collisional/elastic energy loss Radiative energy loss
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_ 2a.xP(x)q(t) . ,(t—t,)| Higher
Drag € and diffusion €, q ia’a)a’k 2 - gwkt 2, ) Twist

UM VLoV

Reconstruct jets using FASTIET(anti-kt algorithm)
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Setup

Jet shower evolution and jet cone energy loss are controlled by

. dAp,) . dE . d(AE)
q = , € ey =

dt - dt’ dt
Relate them by
G = 26, = AT6

These transport coefficient, e.g., q, can be calculated from Lattice
QCD (Majumder, 2012)

Different parameterizations for transport coefficients

(@a)g o« T* (b)g o« T?log(E/T) (c)d o« ET?



Energy imbalance for y-jet

Jets lose energy in medium;
xz7 distribution shifts (about
20% missing pairs)

The blue lines take 20%
missing pairs into account
for normalization

g oc T°

Same information contained
in py distribution
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Difference

Take the difference and ratio

X J . 0.01
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Larger energy loss for central
collisions

Stronger cone size
dependence forq « T?E than
G < T3In(E/T) than g < T3

Cone size dependence may be
used to probe the transport

property q

Energy, centrality, reaction
plane dependence ...

Missing pairs and momentum fraction
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0.5

0.5

v-jet tomography

The trigger » propagates
in-plane (+x) direction,
and the away-side jet
propagate roughly (-x)
direction

L |— < > (fim)

| —

X

1
Final x,

1.5

jet

SR

L (x,y)

Different average x, probe
different path lengths:

May be combined with
different directions to probe
different areas of the collision
zone



Measurement: Z° /y"-tagged jets
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* Cleaner but less Z°-tagged jets events

 Away-side jets are quenched (the
distribution shift to left, mean xT
smaller than PYTHIA)

* The suppression increases for more

central collisions
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Calculation: Z°/y"-tagged jets

* Energy loss of the tagged
jets leads to the shift of A,

distribution to the right

* Sensitivity to background

fluctuations is not big

* (Cone size dependence are

different on different
energy loss mechanisms

Neufeld, Vitev, PRL (2012)
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Calculation: Z°/y"-tagged jets

* Similar to y~jet st =m0
correlations (for the 1 — PYTHIA + medivm|
same pt cuts), the Z°- -1 riet .
tagged is a little broader = .
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Compare y and Z°/y"-tagged jets

.-r""h.__ LI LI T TT LI -"""\-;_ T T 17T I LI I T 1T T TT
x x
. d ad EI
S L
[ ]
05 05
- @ A=02Data - [l R=0.3 Data
| O R=0.2 PYTHIA+Data | O R=0.3 PYTHIA+Data
ATLAS Preliminary ATLAS Preliminary
Pb+Pb L, =0.13 np™ Pb+Pb L, =0.13 nb”
(5 =2.T6 TeV V5276 TeV
D | I . I | | I I 1 1 1 | 111 | U. 11 11 I 1111 I I 1 1 1 I I 1 11
a 100 200 300 400 0 100 200 300 400
~— L L L L L L L L L L L
ND‘,_ E I ATLAS Preliminary 4
~ g_f pZ = 60 GeV — PYTHIA Pb+Po |5, =DE-1?5;§:J; ]
@ U9 i ® Data i :
o & Py =25 GeV e Data (All Centrality) | L, =0150b" ]
— E p |:rT3 =250 - I ]

0.8 p—

!

0.7 l ; H
0.6F antik, JetRe02 $ C Antick, JetR=0.3 H T Antid, JetRe0.4
Ev ool b b v e bvaaa b tov s Lo o b o b d
100 200 300 100 200 300 100 200 300
inan :I {Npaﬂ } {Npal'l:

20-80% D_BO%  0-20%

m_n'-: T 1T T TT T T 1T 1T m_?; | T TT T T 1T T 1T LILELEL
= = N s B
O o 0 I +
05 + + 05 + +
- @ R=02Data - W R=03 Data *
| O R=0.2 PYTHIA+Data | O R=0.3 PYTHIA+Data
ATLAS Preliminary ATLAS Preliminary
Pb+PbL,,=0.13 nb™ Po+Pb L,=0.13 nb™
[S=2.76 TeV [Se=276 TeV
D. |- I L1 1 | I L1 1 | I L1 1 1 D | - I - I | N T | Ll Ll
0 100 200 300 400 0 100 200 300 400
N F TTT I TTTT I TTTT I TTT T T TT I TTTT I LI I T TT I TTT I LI I TTTT I T TT ]
= 12 3 T T [ ATLAS Preiiminary
"‘--.'_ :_ F'_Z:" B0 GaV ::_ — PYTHIA _::_ Pb+Pb 'I% =278 TeV _:
@ E e I ® Datma + Crata 201173
44 oF Pr =23GeV 3 | ¢ Dam (All Gemrality) L, =015n5" 3
= Ut pl*/pl=25/60 © I E
0.8¢ + + 3
06F + + 3
E Anik, Jet R=0.2 T Antik, Jot =03 T Anik JetR=04
:I||||||||||||||||::|||||||||||||||II::||||IIIIIIIIIIIII:
100 200 300 100 200 300 100 200 300
N MNogn? (N



Summary

Photons and electroweak bosons and tagged jets are very useful in
studying jet-medium interaction (jet tomography)

Many observables
— Triggered FF, k; broadening
— Energy imbalance, angular correlations, missing pairs
— Jet fragment shape in both longitudinal and transverse directions
— System size, reaction plane, energy, and cone size dependence

Other things
— Contribution from jet-medium photons
— Medium response to jet transport (energy/momentum deposition)
— Compare yand 2° triggers

Need consistent description of multiple observables simultaneously
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Z° /[v"-tagged jets
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