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Motivation

Definition of Jet : the collimated set of hadronic decay products of a
high energy parton(quark or gluon) in high energy collision.

quark
proton proton
L

quark

proton-proton collision

I In vacuum In medium I
after the collisons

e A o e

» In pi) collisions, jet pair energy are.':..-;.‘:\lmost balanced.

» In hot and high dense matter(QGP.), partons lose energy by radiating
gluons : Jet Quenching
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» Energy loss by passing through medium(QGP)
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Different path lengths —» Di-jet E asymmetry
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4  Initial information before jet quenching

-7 "Jex |+ information after jet quenching

» Photon does not have any color charge.
: without strong interaction
. it can be a reference for the initial momentum of jet
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CMS detector

SUPERCONDUCTING COILS . ECAL HCAL
S, PbWO, Crystals Cu-Scintillator

Sampling

photon

reconstructed here! IRON YOKE

7 TRACKER
—3

jet reconstructed = s sup:
h I Ap/p =1-2%
ere.! Occupancy < 2%

for central Pb+Pb

MUON BARREL
Drift Tubes & RPCs
Total weight : 12,500t o_=50 MeV
Overall diameter : 15 m at 10 GeV/c?
Overall length : 21.6 m HADRONIC
M ic field : 4 Tesla
Bghetic Sald : 4 Te FORWARD CAL
MUON ENDCAPS
Cathode Strip Chambers &

Resistive Plate Chambers (RPCs)

Compact Muon Solenoid
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Jet Reconstruction

» Anti-kTt sequential recombination algorithm

» Underlying-Event Subtraction

» Conesize AR<0.3 AR={ A¢’+/Ai

» [n| <1.6

Seva

Anti-kr jets with
R=0.2,0.3,04
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|Isolated Photon Identification

Smaller width Larger width

H/E < 0.1
Photon isolation variable : SumlIsoVEstb « 1 GeV

Purity calculation : shower shape method

vV VvV v Vv

In| <1.44 (barrel region of the Ecal)
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Recent results of y-jet exp.
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» Use of MC
: reference of the data

. systematic uncertainty calculation
(such as efficiency, resolution ...)

==== WHAT we measured & used DATA SETS ==================

» PbPb and pp were measured at the same CM energy
» pPb were also measured to understand the cold nuclear matter effect

and MC was used as the reference

PYTHIA + HYDJET : Pb+Pb MC

PYTHIA + HIJING : p+Pb MC

Smeared pp reference : by the relative jet energy resolution in order to account
the underlying event fluctuation when compared to PbPb data.

07 Dec. 2013 Yeonju Go / HIM 2013 @ Andong National Univ. 10



KOREA

UNIVERSITY

PT

>
40 GeV<P1'<50 GeV 50 GeV<Pr'<60 GeV 60 GeV<P1'<80 GeV Pr">80 GeV

[l 40Gev<p/<50GeV | = 50GeV<p.<60GeV | ~ 60GeV<p.<80GeV | p/>80GeV _
+Pb o PYTHIAHUNG L wf  CMS Preliminary
p | zez pp Data (2.76 TeV) © & B Sy=5.02 Tiv 9
le10" L a - & pPb 30.4 nb &

E ﬁ & EH . 3
5 @ o Ll B ¢

10 2 ? P ;. E ﬁ E$3 ::$::
Pb'l'Pl: P P e CMS Preliminary

1
F 0 PbPb 30-100% 4 g & \su=2.76 TeV

-Eers Smeared pp reference o 1 PbPb 150 ub™ é
- oo 8t 1 '
5110 ! - M = ? =+
Z |9 3 $ EF g ¥
- B B g ol EE '

©T IT

B

*mE

=

o A . 8]

centrality

1F PbPb 0-30% ¥ CMS Preliminary
F o -30% ¥
- : Vs
im Smeared pp reference L) a1 Su=2.76 TeV 1
A 4 - ~ " 1 PbPb 150 ub" ,:._i -
z|§10°F 3 i* ¥ pp5.3pb’ E

10 ' * - . 1 - + " }

A | Ad Ad A

\4

CMS PAS HIN-13-006

» PbPb, pPb, pp are consistent with each other ) clear peak at Adj, = w (back-to-back)
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Momentum fraction : Xuyy
PTY
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 Parton energy loss lead to a shift of the xjy distribution towards left.
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» Significant modification with respect to the smeared
pp reference is observed in 0-30% PbPb collisions
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Number of assouated ]ets

: the probability to find jet

} when leading photon is triggered.

Pb+Pb (I

Pb+Pb @
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Jet laa

PT S CMS PAS HIN-13-006
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In the low prY, the yields || As pr'increases, yields
in PbPb are smaller than ||at low prer are greater in
in pp for all prjet bins. PbPb than pp.

Ratio of je
| in PbPb to smeared pp. |
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Aphi and sigma(Aphi) Rjy in PbPb are <xj, > of PbPb are
are almost the same more smaller value = more smaller value
with pp and PbPb than in pp than in pp
— Jet Quenching — Jet Quenching
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recently updated results :
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Summary

V' We measured Ady, Xjy, Rjy, and Jet [aa in p+p, p+Pb, and Pb+Pb
collisions for the y-jet events.

v In the central Pb+Pb collisions, there are significant modifications
as compared to the p+p
- Jet Quenching

v The p+Pb data are consistent with p+p and MC.
- It confirms that the y-jet momentum imbalance did not
originate from initial-state effects in cold nuclear matter.
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BACK UP

07 Dec. 2013 Yeonju Go / HIM 2013 @ Andong National Univ. 19



KOREA

UNIVERSITY

2
S
e

2
-3

@
<
S
=

=

g
a
=
Q

o

sy

Centrality

[0geom~TT(Ra+Rg)?] [Oreac~TTb?]

X
107
S
O proton or neutron ~ [
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I Impact parameter I
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1. High py jet suppression 4. p; difference found at
AR = 0.2 - 0.5 doesn'’t capture all : .7 low p; particles far away
the radiated energy from the jets

2. Large average dijet and {
photon-jet p;imbalance '

5. First observation of modified
fragmentation function and jet shape

6. b-jets are also quenched
3. Angular correlation of jets
not largely modified

challenges to theory community!

07 Dec. 2013 Yeonju Go / HIM 2013 @ Andong National Univ.

21



Anti-kt algorithm

1. Find particles having high prabove a certain threshold and set them as seeds of

clusters.

. Starting from the seed of highest pr; calculate the distance measures and find the

smaller one between

. 1.—2 7.-2 AR?]’
d,‘j - mm(kit ’kjt R?

(2.1)

and
dip = k2 (2.2)

it
where, k;; and k;; are the transverse momentum of the seed and searching parti-

cles respectively and AR is the distance defined as

ARi; = \/(yi—yj2+(pi— ¢; ) (2.3)

. If d;; is smaller than d ;5 the searching particle is merged into the seed jet. In the

other case, it is dropped from the jet entities.

4. Step 2 and 3 are repeated until there is no seed remaining.
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Jet Quenching

LN
g
% < Feynman diagram
i E

» In pp collisions, jet pair energy are almost balanced.

» In hot and high dense matter(QGP), partons lose energy
by radiating gluons : Jet Quenching
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Jet Production

Jets detected in calorimeter

!

Hadronization
(makes mesons and baryons)

I

Collective high pT partons
(quarks or gluons) Sl

t

QCD hard scattering
(large momentum transfer)

out-of-cone
; FS radiation

underlying
event
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Centrality

» Centrality : whether the S 3
overlap of the two colliding = 1 0" PbPb \s,, = 2.76 TeV =
nuclei is large or small. 3 i

S ﬂ
b 2 1"‘1:\ -

4 Npart : the number of .."E’ L T, >
nucleons which experienced 9 “Hh"‘tl ]
at least one inelastic collision ..g 10°F | S

2 95,9, H AR RE S :
. . O : -
» Peripheral case is found to B 10 centrallty
approach that for the pp YRR SR AR SOR CHONO »
> E;in HF [TeV] '
{ : reac :
| centrality(%) = . x 100 Small — Npat —> large
4 geom 3 .
s smeneed  peripheral < » central
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Event Selection =

CMS case

L1(Levell) _HLT (High Level _ Offline event
rigger =  Trigger) — selection

» Single-photon-candidate were triggered in L1
» HLT use a clustering algorithm from calorimeter towers

» Further offline selections were applied to the triggered

event sample. (such as removing ‘ultra peripheral collision
events’ and non-collision beam backgrounds and so on..)
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Energy Scale &

Resol

ution

D"]et EXP. 1.6} (a) 50-100%  CMS— (b) 20-30% + () 0-10% .
A i T T PYTHIA+DATA
2 1.4F  PHYSICAL REVIEW C 84,024906 (2011) 1 ® LeadingJetResponse
E G - - T =+ [] Subleading Jet Response
Jet Energy 2, ¢ u T :
Scale § ¢ | Pe :
Y Tesseee e s e OteE L e *‘i.—‘%ﬂ'i'i““g """" ]
0.8 ” T T :
—+——+———— ——————t+—— 1 +— i
- (d) 50-100% (e) 20-30% T () 0-10%
{-\ I - i @® Leading Jet Resolution
g 0.4+ —+ —+ [ Subleading Jet Resolution =
Jet Ener.g 02_'- i - - Resolution in p+p
Resolutions 1
oz, Poua, Peves -
T [*88e e o, J[Coee o $l LI
0 1%2nJet (G1§,(I) ) 200 1%2nJet (G13(I) ) 200 1(():1(9)“‘“:}t (613(} ) 200
: . : P evV/c P evV/c P ev/c
Systematic; T T

§uncertainty!§ These are determined using PYTHIA + HYDJET
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