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Jet has been one of the most popular object in Heavy lon communitiy
in LHC era for its plenty

* From 2010, More than 30 papers/notes were born from ATLAS and CMS

* This was enabled by virtue of not only the superb detecting apparatus,
but the enormous development of jet finding techniques, especially UE
background subtraction as well as researchers’ efforts

* In this presentation, jet results during LHC Run | phase are overviewed
and the new results from PbPb@5.02TeV are introduced

* Remind that only CMS and ATLAS results are discussed but ALICE also
published several jet measurements via charged particle jets
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Part |
Jets in pPb at 5.02TeV

Outline
1.JetR,, and Rep

2. Charm and bottom tagged jets
3. Di-Jet and nPDF
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- Rypp in centrality integrated collision is slightly above the unity,

possibly due to interpolated pp reference
- ATLAS result indicates a strong centrality dependent reduction in the
yield of jets in central collisions which is pronounced at high p;
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PLB 748 (2015) 392-413
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And interesting scaling behavior of Energy (not E;) was observed in R¢p
which was measured by ATLAS
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EPSO9, while overall amplitue is slightly above within uncertainty.
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Jet p;translated into Bjorken-x
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...covering the anti-shadowing region as well as the onset of the EMC effect
regime.
BTW, There is a better tool for PDF study, which has two variables.....
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nPDF via di-jet pairs

New pp results @5 02TeV
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Why di-jet is good probe for PDF?
PDF is a two-dimentional function in (x, Q2), and Di-jet momentum
provides 2-dimensional information for PDF

- xreflects ny;e. = (N1+ N,)/2 and Q2 by ps¢ = (pr'+p;?)/2
And back-to-back requriement suppresses complicated scatterings

This analysis used Run Il pp data @5.02TeV as the reference, so the

analysis also provides constraints for pp PDF models
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nPDF via di-jet pairs
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pPb/pp ratio is compared to NLO calcuations from several nPDF models.
- Recall that the nPDF are usually demonstrated by ratio to pp

Comparisons with DSSZ, EPS09, nCTEQ15 (nPDF) and CT14, MMHT14 (PDF)
are presented in the note

1-Sep-16

Yongsun Kim




., Of heavy quark jets
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The secondary vertex is used for b-tagging and c-tagging
- ¢t~ 100 um is discriminable with CMS silicon tracker
- Find the secondary vertex where 2+ (or 3+) tracks are merged

Distributions of the “corrected secondary vertex mass” are fit
- Rypp , evaluated from PYTHIA reference, is consistent to unitiy within
uncertainties, yet their central points are slightly above 1

KOREA
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Part Il F _.

Jet quenching in PbPb

CMS Experiment at LHC, CERN

Data recorded: Sun Nov 14 19:31:39 2010 CEST
Run/Event: 151076 / 1328520
Lumi section: 249

\

Jet 1, pt: 70.0 GeV

> LOGAL ORGANIZATION COMMITTEE
- SUYONG CHOI (KOREA UNIV.)
- BYUNGSIK HONG (KOREA UNIV.) CHAIR
= MULTI-PARTICLE CORRELATIONS AND FLUCTUATIONS: FROM SMALL TO LARGE SYSTEMS - YONG-J00 KIM UEJU NAT. UNIV)
- HADRONIC FINAL STATE IN HIGH-Pr INTERACTIONS . - CHANG-HWAN LEE (PUSAN NAT. UNIV.)
- FORWARD PHYSICS AND DIFFRACTION - INKYU PARK (UNIV. OF SEQUL)
- PERTURBATIVE AND NON-PERTURBATIVE FEATURES OF QCD - JONG-KWAN WOO UEJU NAT. UNIV.)
- COLLECTIVITY IN HIGH-ENERGY COLLISIONS: JETS, FLOWS AND OTHERS - UN-KI YANG (SEOUL NAT. UNIV.)
- PROTON STRUCTURE, SMALL AND LARGE-x PHYSICS - IN-KWON YOO (PUSAN NAT. UNIV.) CO-CHAIR
- COSMIC RAY AND ASTROPARTICLE PHYSICS - JIN-HEE YOON (INHA UNIV)

Jet 0, pt: 205.1 GeV

Did you notice that?
One of first jet quenching di-jet pairs in the first PbPb run
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Jet library for PbPb
RAA (PYTHIA reference)

Jet Raa

PRL 114 (2015) 072302
Raa

Fragmentation
function Jet shape dN/dz (pT > 1GeV) dN/dD(§) (p; > 4GeV)
dN/dD(€) dN/dD(€) (pp referece) Jet splitting

Momentum imbalance p; dependence A, vs event plane
Momentum imbalance p; dependence “

Jet-track
correlation

Boson-jet
correlation

New 2015 5TeV
PbPb dataset

Yongsun Kim



1. Jet quenching in Boson-jet pair

“ Gamma-jet in PbPb pr dependent gamma-jet

Z-jet correlation

2. Momentum imbalance in di-jet

Momentum imbalance pr dependence A, vs event plane
Momentum imbalance pr dependence “

Di-b-jet correlation

3. Momentum re-distribution

Jet-track correlation Missing vs jet R Dependence on A,

4. Jet hadronization (fragmentation)

dN/dD(§) dN/dD(§) (pp referece)

5. Jet splitting

s sk
Raa is skipped...
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Outline
1. Jet quenching in Boson-jet pair

Gamma-jet in PbPb pr dependent gamma-jet

Z-jet correlation

2. Momentum imbalance in di-jet (gl 910701 152820

C CMS Experiment at LHC, CERN
Data recorded: Sun Nov 14 19:31:39 2010 CEST 1

Momentum imbalance pr dependence A, vs event plane
Momentum imbalance pr dependence

Jet 1, pt: 70.0 GeV

Di-b-jet correlation

3. Momentum re-distribution

Jet-track correlation Missing vs jet R Dependence on A, Jet0, pt: 2051 GeV

4. Jet hadronization (fragmentation)

dN/dD(§) dN/dD(§) (pp referece)

5. Jet splitting
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Outline

Jet quenching in Boson-jet pair

Gamma-jet in PbPb pr dependent gamma-jet
Z-jet correlation

Momentum imbalance in di-jet

Momentum imbalance pr dependence A, vs event plane
Momentum imbalance pr dependence

Di-b-jet correlation

Momentum re-distribution

Jet-track correlation Missing vs jet R Dependence on A,

Jet hadronization (fragmentation)

dN/dD(§) dN/dD(§) (pp referece)

Jet splitting
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CMS Experiment at LHC, CERN
Data recorded: Sun Nov 14 19:31:39 2010 CEST

Run/Event: 151076 / 1328520

Lumi section: 249

Jet 1, pt: 70.0 GeV

Jet 0, pt: 205.1 G
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Outline
1. Jet quenching in Boson-jet pair

Gamma-jet in PbPb pr dependent gamma-jet

Z-jet correlation

2. Momentum imbalance in di-jet e o g 1

C CMS Experiment at LHC, Cl

Data recorded: Sun Nov 1 2010 CEST

Momentum imbalance pr dependence A, vs event plane
Momentum imbalance pr dependence

Jet 1, pt: 70.0 GeV

Di-b-jet correlation

3. Momentum re-distribution

Jet-track correlation Missing vs jet R Dependence on A, Jet 0, pt: 2051

4. Jet hadronization (fragmentation)

dN/dD(§) dN/dD(§) (pp referece)

5. Jet splitting
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Outline
1. Jet quenching in Boson-jet pair

Gamma-jet in PbPb pr dependent gamma-jet

Z-jet correlation

2. Momentum imbalance in di-jet RUEvet 51075 1320820

C CMS Experiment at LHC, Cl
Data recorded: Sun Nov 144/9:31:3% 2010 CEST 1

Momentum imbalance pr dependence A, vs event plane
Momentum imbalance pr dependence

Jet 1, pt: 70.0 GeV

Di-b-jet correlation

3. Momentum re-distribution

Jet-track correlation Missing vs jet R Dependence on A, Jet 0, pt: 2051

4. Jet hadronization (fragmentation)

dN/dD(§) dN/dD(§) (pp referece)

5. Jet splitting
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Before moving to the results...

A series of evolution in UE background energy
subtraction technique

~2010) UE background estimated from the
average inn ring

~2012) Flow component taken in account
- CMS :Background p estimated from event
training and Voronoi sectioning
- ATLAS : Data-driven correction for modulation

~2016) Constituent Subtraction!

- background p, p,, from kT clustered soft jets
- particle-by-particle 4-vector subtraction

- first used by ALICE for jet shape study and in CMS for

jet splitting study

[1] Berta et al, JHEP 1406 (2014) 092
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A 4 1)
> >
d in strips of n. 2. Run anti-k; algorithm
o background-subtr: ct d
A 4 1)
i
i
ik ° e
: i
I e onst 4. Re-run anti-k; algorithm
to get final jets
CMS Preliminary " M8 <in<5
2 . An| < 1.479

75%cent. UM LU
Run 182915
LS 491 Event 19383373

2

Soft Drop condition
B
) 9

We use B =0 and z,; __ min(pra, pr2)
All soft emissions are removed “g pT1+ pra

Equivalent to modified Mass Drop
CMS/|
18 ]
Y



1. Previous results of boson-jet correlation

Most direct measurement of jet quenching
via boson-jet

CMS Preliminary su=2.76TeV, PbPb 150 pb™, pp 5.3 pb”' p
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1. Z-jet @ 5.02 TeV

(S = 5.02 TeV PbPb 404 ub™', pp 25.8 pb™ 4 (S = 5.02 TeV PbPb 404 ub™', pp 25.8 pb™
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Slightly narrower A® distribution in central PbPb collision than pp reference
Jet quenching is in similar level with gamma-jet result in 2.76TeV
Demonstrated the utility of Z boson for the quantitative study of jet quenching
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2. Di-jet results

- Di-jet momentum imbalance study

Momentum imbalance p; dependence
Momentum imbalance p; dependence
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pT,Z/pT,1 % s
- ATLAS unfolded jet resolution effect in x, (= p2 / p;*) and found a peak at
X, ~0.5 for the central collisions
- di-jet imbalance vs p;2@n8 provides constrains in quenching models

:
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2. Di-jet results

- Correlation with event plane

A, vs event plane
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- Positive v2 for inclusive jets and the excess of momentum imbalance in
out-of-plane

- The results supports the intuitive picture of the path-length dependence of
energy loss : Longer path = more energy loss and large fluctuation
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Event fraction

2. Di-b-jet results in PbPb

0 bl 204 ub” (5.02 TeV PbPb) 25.8 pb” (5.02 TeV pp) + 404 ub™' (5.02 TeV PbPb)
-5 [TTTTTTTT T T rrTT] L L L O O O
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0O 0102 03 04 05 06 07 08 09 1 0 50 100 150 200 250 300 350 400

sublead lead R
Py /pT <Npart> (Ncoll weighted)

The first measurement of flavor identified di-jet correlation in AA

Similar size of momentum imbalance with inclusive dijets

Provides inputs to the modelling of quark-mass and flavour dependence of
queching

Chis,
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Event fraction

2. Di-b-jet results in PbPb

0 bl 204 ub” (5.02 TeV PbPb) 25.8 pb” (5.02 TeV pp) + 404 ub™' (5.02 TeV PbPb)
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The first measurement of flavor identified di-jet correlation in AA

Similar size of momentum imbalance with inclusive dijets

Provides inputs to the modelling of quark-mass and flavour dependence of
queching
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3. Chase of the missing energy (1/3)

* The devil is in the details! Hunting for the missing energy dissipated by jet
guenching in several aspects

CMS-HIN-15-011 JHEP 1602 (2016) 156
Missing vs jet R

CMS A, Inclusive anti-k, Jet; 0-30% Pr,> 120; Prp> 50 GeV ml |n | <0.6; Aq) ) 5n/6

), [GEV] EW05-1.0 [11.0-20 \:|204o -4080 I 8.0-300.0 mtkl<24 ;
e T ST . - Track p; are projected

to the di-jet axis

- Distributions depends
on jet R and centrality

53pb (2.76 TeV)
_ PbPbR=02

apPoPoh, 1 - HOWGVGI’ Wllen
A )
— —Pbe(pI)[M]

------------------------------------ P apeta integrated they are all
= i balanced

166 ub' (2.76 TeV)
'PbPb - pp R = 0.2
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3. Chase of the missing energy (2/3)

The devil is in the details! Hunting for the missing energy dissipated by jet

guenching in several aspects

JHEP 01 (2016) 006 JHEP 1602 (2016) 156
Dependence on A,

Long range asymmetry |An|<2.5

pp 5.3 pb™' (2.76 TeV)
PbPb 166 pb' (2.76 TeV)

anti-k; R=03, I [<1.6
120 < P < 300, P, ,> 50 GeV/c, A¢, > 51/6

"_||||l|||||l||l‘||l|‘|||'|||'|||['||| |]|||I[|||I|||Illllllllllllllll]llll
1‘;;_ A, <0.22 A,>022 CMS Preliminary
10 —©— PbPb50-100%

4% PbPb 0-30% »
2 I pp Reference w
N7 % o

Ak,

2 ' : Z &

- 0 : 7% Z :
NS L 7 o Gt~ T <
_..I...I....I.‘..I....I....I,...I...."|||||||[|||||||||||||||||||||||| r 1]
O I B N S N R N A W SN

p$5°° (GeV/c) p?ss°° (GeV/c)
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Energy redistribution are
decomposed in p; bins for
peak region and long-range
regtion, and integrated
over hemisphere

Imbalanced di-jets in PbPb
has , compared to pp,
excess of soft particles
reduction of high p;
particles (3-jet events)

Jet shape measured

CMS /|
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3. Chase of the missing energy (3/3)

The devil is in the details! Hunting for the missing energy dissipated by jet
guenching in several aspects

JHEP 01 (2016) 006 CMS-HIN-15-011
Jet-track correlation

cMs PbPD 166 ub ' (2.76 TeV) 53 ph (276 TeV)
F T T T T T T T T T T T T T T T T T T T T
10 Cenvality 50-100% T Cemrlity 30-50% T Cenvalty 10-30% T Cemrmlity 0-10% 1 CD
= 1<g*c2GeV p,  >120GeV ans-k, jes, R- 0.3 Projecied W) < 1.0 - A and A between
(s T g ¥t 4 4 .
= 8_“_._ PoPb Lexding Jes Py s 50 GV <18 . t d h d
[t ppLawding Jas B 1> 528
znﬁj T e T T - ] Je an C are
%Ig‘ = -
Ar - ¥ o T LE) T "o ] 1
E 2:_ .B H. i .g g. I [ 1 [ B ] pa rtICIeS
TR W art Tma - B o
JVITONIIUSITITOTINNETOUIE S T PRPIT IOTE PRI ST NN FETIT T PRRTE PR Jovi b
';105-4-' PuPb Sbleadng Jets T 5 ]
> —— pp Sublesding Je . o o .
8 gf 4 mwwmdoks 4 f % 1 i e - Clear modification of
b= L ’ ’ ’
=|86F * + + + B . . .
%E;_ A A T P S S distribution compared
=1 XA ACEN :oa“ P . to pp
" 2r e o T S & T L) o o 1
> oI ¢ v ¢ .0 O * 0 0
o-@M‘-M PRSP i S
10_”-'?-"'% vvvvvvvv l'v-'f""__""i”"f'"-f""?""f”"__'mr tH T T T THHY Frt
—#— FoPb - pp Leading
—~ _| =% PoPb - pp Subleading
s 8 . .
@
i - Different behavior for
g
> 4 H 1
; leading jet and sub-
> 2r T
oy ; ;
ope-sti Pitee ol leading jet
1 05 0 05 1
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4. Fragmentation function

ATLAS-CONF-2015-055

—~ [ | T T T T [ T T T Irrrr T T T T T [ T T T rrrrrf T T ™ 7
5 FATLAS Preliminary {} 2011 Pb+Pb data, 014 b { | Ysuw =276 TeV | | Pb.Pb 010% -
@ 18 - 2013 pp data, 4.0 pb'{ [ anti-k, R=0.4 jets{ F . -
Pb+Pb 0-10% 1 | pp daia, 2.5 Pb T ¢ ‘ 1t j*t . 158 GeV ]
s - [ Pb+Pb 0-10% { | Pb+Pb 0-10% ] | Py ]
: 100 GeV 4 = . 1F . 1F .
Py > N 100<p™ <126 GeV | HIk 126 <p™ <158 GeV | | 1
: 1k ik :
- = [ 1P+ ]
1.2 - - [ = _._'*'. [ E
= - 1 - - 1 B 1F = ) .
1 ........................... *.. ....... -._ ........................... *.. ....... — -._ ....... W .......................... _. -_ ...................... 3 ....... _..
—— L o [ - 1t -.-,..., 1
1 M MR | M PR M MR | M PRI . M aaal M M
001 004 01 02 05001 004 01 02 05001 004 01 02 05001 004 01 02 05
z z z z
PRC 90 (2014) 024908 Constituents of jets in PbPb
10 ;”JD—; Sanw = 2.76 TV -g * PoPb T |‘|KE§}' v;‘"'"-' i,:”;‘l:‘h;l—.:l':” .-T. .l;;..t‘::“':"‘;:‘l‘;";l.'; ;:IV;”"\ .
W St o } —ppreferencocaa 03« < - more soft particles ( z < 0.02)

- less intermediate py particles
- more harder particles (z > 0.2)

1/N,,,dN,
T T
1 C

Detailed measurement by ATLAS

- in bins of centrality, jet py and n

PbPb/pp
= S,
s ==
-
[ <+ |
[ 1o |
-
el

- Fully unfolded jet p;

- Gradual evolution of FF observed

CMS /!
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5. Analysis with sub-jets in a jet

Collimated jet
+ softer 2" structure

. min(pr1, P1,2)
Jet splitting Observable: z, = |

Small z, Large z,

Two hard structures

Why interesting?
Soft Drop condition

- Hard branching delivers information in H
early stage of quenching (Vitev’s talk 22 A ut9

on Wed) threshold  exponent
X\{Ieslé?’tee%ngig:s ;rcét ;rg{gved Zg = min{pr, Pr2)

Equivalent to modified Mass Drop PT1t+PT2
New Jet algo : Grooming with SoftDrop 102 S
. E Pbe\/_ 502TeV404ub‘ ]
- Removes soft divergences and C convaliy 0-10%  © data ]
. . I L |
remaining backgrounds 1oL 10p, <160 Gev [ PYTHIASHYDIET ]
- This is the first anlaysis using this P ,.-"""
. ~ | SoftDrop p=0z =0.1 7
-c c—? [ cut I
method in Heavy lon research & Lansor o i
- Grooming and sub-jet finding is done ©, [ cusPreliminary  _6® E
. ™ = - [ =
simultaneously < D A
107 q E
i I‘..#.’I. ..|....|:
0.5 0.6 0.7 0.8 0.9 1

pT,g/pT,jet CMS, /!
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5. Jet splitting result at 5.02TeV

Pb
Pb Pb L.
. . < More central collision Pb.

10:— = Centrality: 0-10% s Centrality: 10-30% - Centrality: 30-50% — Centrality: 50-80% —
8: o ©® ppsmeared 1 o antik;R=0.4 1 ™ SoftDropp=0z_ =0.17 CMS Preliminary

- . PbPb T 140<p <160GeV T o= AR,>0.1 T = .
i i, J<1.3

|
A+

|
T
M |

"lz L -
—o—

o[- - g - I = 1 = = J

E + S + + -8 4
:.:—.— 4 :._—.—_._ 4 +4+ =.=.=—.—=.=-
—.—:: :-. +_._:.:.. + 4

I PR P BRI RS B i PR TR PR BERT R BT e b b
1 11—+ 1t -+

VSu=5.02TeV

2
T T TT

: pp 25.8 pb 3

i S 3 k3 E
o 12 e POPDAOAWT I t
S Afee e R [ E:
S osb -+ k3 - E
o E =] 1 T

0.6 e T et

0.4} 3 >

0.2f =+ Imbalanced balanced

c:...1...,1....1....1....1::...l....l....l....l...,l':... PERTEITSRT U NS S SRS SN S AU NSNS e oS N B
0.1 0.2 0.3 0.4 0.5 0.1 0.2 0.3 0.4 0.5 0.1 0.2 0.3 0.4 0.5 0.1 0.2 0.3 0.4 0.5

Z Z 2 Z

Compared to pp reference, the two subjets are more imbalanced in central PbPb
collisions. The modification is less conspicuous for higher p+.

M/
A
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PbPb/pp

5. Jet splitting result at 5.02TeV

:2: (Suy=5.02TeV
12k = PbPb 404 ub™ E

L | bttt EEEED -~ TTTT SRt e L -]
08F ++_,_ k
0.6f- e
0.4F =
0.22— Imbalanced balanced-i

0" .........................

1-Sep-16

Small z, Large z,

In general this is dominant.
And even more in PbPb compared to pp
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5. Measurement of neighboring jets @ 2.76TeV

Motivation P. Steinberg

- Search for two jets originated from the Annulis around Ehe festJet

same parton shower, in annulus A | Neighbouring jet
AR=(0.5-0.8)-1.6 ®

- Two jets are thought of as trasversing
the same path length in the medium,
so isolate the size of fluctuation in

energy loss
Observable : 5] ATLAS
Z{VjteetSt N nbr (Etest EDbr AR) 0-05‘Pb+lfb 2011 7
R g (EtSt Enbr)_ i=1 "jet,ir”T =T > \Sn= 2.76 T1eV o
AR(ET™, Ep™) = NSt (e | 1.20.14 nb + | «0-10%
- o | 1522
_ | 420-40%
. . . . . _QNno
= The probability to find a neighboring z' r +40-80%
. . . ]
jet near a test jet +* 4
- a¥ anti-k, d=0.4 1
0 EP">30 GeV 0.8<AR<1.6
70 100 200 300
E*'[GeV]
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5. Measurement of neighboring jets @ 2.76TeV

PRar = RAR|cent/RAR|40-80

(Central — peripheral ratio)

s'yryra PLB (2015) 376

« [ ATLAS F ATLAS
[ Pb+Pb 2011 1 1l 0-10%
1.5 5= 2.76 TeV T 1 =10-20% ]
- -1

- Lip=0-14 nb i 1[ 4-20-40% ]
1 1 + gla ]
byt t I # # ’ I ‘ * ‘ ]
osl ¥ § ¢ 1 ‘ 1 ;
L anti-k, d=0.4 i anti-k, d=0.4 [ anti-k, d=0.4 |
[ ET"> 30 GeV 0.8<AR<16 [ EY>45GeV 0.8<AR<1.6 ][ E?>60GeV 0.8<AR<1.6 ]
PR | " N PR | L L PR | 1 "
0% 100 — 70 100 200 300 70 100 200 300
E®' [GeV] E* [GeV] E*®' [GeV]
~ [Amas ' {amas 7 {tamas T
[ Pb+Pb 2011 1 1[ 0-10% ]
1.5 5= 2.76 TeV 1 1F=10-20% ]
[ Lin=0.14 nb il 1[ 4-20-40% ]
t -t e & :
SR by i E
osf- T oy I :
L anti-k, d=0.4 anti-k, d=0.4 ][ anti-k, d=0.4 |
[ Efres'>80 GeV 0.8<AR<1.6 E$S!>90 Gey 0.8<AR<1.6 ][ E;.e51>110 ?ev 0.8<AR<1.6 ]
P I T PR P P TR IR ST ST N M RS B FERFETE SRR

0=—=20~"%60 80  e0—i20 40 60 80 100 120 40 60 80 100 120
E™ [GeV] EP [GeV] EP [GeV]
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Clear dependence
of suppression on
centrality, but
independent of the
test jet E;

The suppression is
decreasing with
increasing neighbor
jet E;

CMS;E
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* The heavy ion jet results at 2.76TeV and 5.02TeV from CMS and ATLAS
collaboration were reviewed

* The pPb nuclear modification factor of inclusive, b- and c-jet confirms that
the strong suppression in PbPb collision is attributed to the hot medium
effects. Along with di-jet results, they provide constrains for nPDF in anti-
shadowing region

* In PbPb, ~20 literatures indicate the significant energy loss of high p; jets
and give quantitative clues where the lost energy are dissipated

* The new reuslts from LHC Run Il phase arrived. Z-jet result at 5TeV proved
the role of Z for more elaborate analyses in near future. Di-b-jet
correlation results gave an insights of quark mass dependence

« CMS and ATLAS investigated the jet splitting nature using different analysis
techniques in different distances within jet-pair

* There are tons of new results from brand new data @5TeV are waiting for
us, so stay tuned!

cms.
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Latest jet finding algorithm in CMS

Phys.Lett.B 725 (2013) 357-360

Studies of jet splitting
- In antenna picture, the activity
of (de)coherent emitters is
affected by the temperature of
medium

2 coherent emitters 1 coherent emitter
Color disconnected Color disconnected

Jet Grooming with SoftDrop Soft Drop conditon

- Removes soft divergences and . > ,Cutg
remaining backgrounds | \®. ~\®/ 1 nguh,_

- This is the first anlaysis using this el e

method in Heavy lon research A g Zon 0 2y = ZUMPLL PL2)

All soft emissions are removed “g — PT1+ PTa
- Extracts 2 branchs

Equivalent to modified Mass Drop

Collimated jet
+ softer 24 structure

rnln( 7T,l/ 7T, )
Observable : =, — ™n/112) %) é}
pPr1+ P12

Small z, Large z,

Two hard structures

CMS
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Unfolding of di-jet xJ distribution

100 <p_< 126 GeV

- 4
12;|%§ £ 0-10% | ' 100<p <126 GeV -
~|> 3.5F =

|2 F 4-Pb+Pb -

3 4pp -

N E _‘_ ag_

T . 25__ ]

¢ : 25_ ¢ ~4- == 3
¢ -

B 1.5F -4e=

2

0 6.70.20.30.4050.60.70.80.8 "1 82703 0.4 05 06 07 08 08 1
X, Xy

ATLAS updated the di-jet correlation result with 0.14 nb! @2.76TeV

X, (= pt? / p+t) is fully unfolded and found a peak at x,=0.5 for the central

PbPb collision

The x, distribution gets narrower for higher p; pair indicating AE/E decrases

with jet p;
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CMS p 4""
Jet results in pPb at 5.02TeV

1. Jet Ryy, and Rey

2. Charm and bottom tagged jets

Naijer Updated (+pp data)

3. Di-Jet and nPDF

Fragmentation function Fragmentation function
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