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Jet Substructure Observables:

Jets are quenched! How? Need to explore jet inner-workings.

u,dors jet corb jet

Jets can be a valuable tool!

How to extract properties of QGP the most effective way?

To what extent can the identities of underlying partons be deduced
from properties of the jets they produce?
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Jet Morphology: Angular and Momentum Structures

A Pythia Jet
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Jet Shapes and Geometric Moments

» Jet Mass M = \/E2 pT p2

. 2
Momentum D \/ZZ PT ;

e dispersion pTD: Pr =

Measures how spread out the
constituents of the jet are.
Measures 2" moment of the
constituent p; distribution in the jet

and is connected to how hard or soft
the jet fragmentation is

Measures 15t radial moment or

* Radial moment _ PT,i ‘ AR ‘ angularity and is sensitive to
. _girth (g): , DT, jet collimation / broadening of a jet
 LeSub: _ _lead sublead

LeSub = PT track — PT,track
* Fragmentation 1 dN
* function (FF): FF(Z) _— N y

jet QA2
* Differential 17l
« jet shape: Ar) — L y ZtraCkSE(”arrb)p T
p( 7’) — 5_ N jets jets
r jets pT

Not an inclusive list but examples of jet substructure measurements that are currently being used

as tools to disentangle different kinds of jets and g\'/cl

/ ;che effects of QGP.

Sa




An example in pp: Quark-gluon discrimination

Compared to gluon jets,

quark jets in vacuum have:

1. Fewer constituents

2. Narrower shape

3. Harder fragmentation function
and less symmetric energy sharing
among constituents

http://cds.cern.ch/record/1599732/files/JIME-13-002-pas.pdf
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsIME13002

1. Multiplicity: Total, Charged, Neutral 2>
Particle-Flow in CMS
2. Width Variables

obtained by diagonalizing
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3. Energy Sharing Variables: Pull, R, p;D
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max (pr.;) prD =

p:D=1 single jet constituent
ptD=0 e number of jet constituents.

R =




Quark-gluon discrimination: quark/gluon discrimination is
difficult, but not impossible

CMS Preliminary, L =18.3 fb™ at (s =8 TeV

38003‘::5“"”” | Likelihood based discriminator obtained by combining 3 variables:
31?22; = * Total multiplicity

- i * Minor axis

o " prD
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5 10 15 20 25 30 35 40 — T — T

o
o

,.5

> [ T ‘ T T T ‘ T ‘ ‘ ] > T d T T T ‘ T T ‘ ‘
Number of Constituents e C ] 2 r o) 7
5018 Ii<2 40 <p_<50 GeV - o L ° o 1
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e Fomi<2 « Data 1 qN) 0.14F Gluon Jets S = i |
E 1400? I Quark g ﬁ C . - L i
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£ 16001 m Q?:rk 3 . . . . .
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] Unmatche_dy

Stability vs pile-up is under investigation
Might not be directly applicable to AA but combine it with other

taggers. http://cds.cern.ch/record/1599732/files/JME-13-002-pas.pdf

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsIME13002
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An approach for PbPb Quark/Gluon-like Jet Fractions

Data / Fit

1/N,,,, (dN/dQ) [1/e]

CMS Preliminary  anti-k; R=0.4 jets, p, >120 GeV, n_I<1.5 pi*>1GeV,k=05 pp 27.4 pb” (5.02 TeV) PbPb 404 ub™” (5.02 TeV)

oz} pp

[ B Data

Fitting results
& Gluon
I Up quark
Down quark - - - -

50-100% PbPb

T

30-50% PbPb - 10-30% PbPb - 0-10% PbPb

T

B Other flavors [

K parameter adjusts sensitivity of jet-charge to

Z ( 1-),( high/low prtracks
(plT )K icet 9i\P1) - K = 0.5 — most sensitive to parton charge

initiating jet! [according to theory]

quark/gluon jet fractions extracted with template-fitting method
*Use PYTHIA and PYTHIA+HYDJET for pp/PbPb model
*Q"in data fully corrected for both background effects and
tracking inefficiencies

CMS-HIN-18-018



Quark/Gluon-like Jet Fractions CMS-HIN-18-018

o
®

gluon-like jet fraction
o
(=2]

o
»
——

CMS Preliminary  anti-k, R=0.4 jets, p_>120 GeV, b J<1.5 pp 27.4 pb™ (5.02 TeV) PbPb 404 ub™ (5.02 TeV)
[ T T T T 1 1 1 1 I I 1 I 1 1 1 1 I 1 1 1 1 I 1 I 1

pp & Data(rackp, >1GeV) 1 50-100% PbPb 30-50% PbPb 10-30% PbPb 0-10% PbPb
B 5% Data (track p,>2 GeV)'T T T T
L - - PYTHIA6 +

e T | T NS S S L R SO S
ELEE | s ok 3
1 1 1 1 1 1 | | | 1 1 | 1 1 | 1 | 1 | 1 1 | 1 | 1
03 0.4 05 0.6 0.7 03 04 05 06 0.7 03 04 05 06 0.7 03 04 05 06 0.7 03 04 05 06 0.7
K K K K K
K parameter adjusts sensitivity of jet-charge to

Q" = —

et . Z q:(p1)". high/low prtracks
(p]T ) tejet K = 0.5 — most sensitive to parton charge
initiating jet! [according to theory]

No significant modification of quark/gluon jet fraction in PbPb
Contradicts expectations of some jet quenching models
Remains to be the case for variation of track pT cuts, K values




Differential jet shape

Averaged over many jets

Differential jet shape:/

trk 7 .

Ar) — 1 1 5 ZtraCkSE(I’a,I’b) Pt \ J/

P( 7’) — 5 N jets jets \z‘\\--____ ___-——"':",
jets Pt

/or= J (A@)? +(An)?

Jet shape function: provides information about the radial distribution of
the momentum carried by the jet constituents (fragments)
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Jet Shapes @ LHC:

CMS, \5yq =276 T

vvv'vvvv‘vv-' vvvvvvvv ™

‘"‘t"':r jets: R =t b 730 (2014) 243
pi* > 100 Ge

u,dors jet

Jet Shapes: Structure of reconstructed
jets modified towards an excess of
particles far from the jet axis
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Change in Jet Morphology as seen with CMS @ LHC:

10
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CMS, {s,,, =276 T
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PLB 730 (2014) 243

Jet Shapes: Structure of reconstructed

jets modified towards an excess of
particles far from the jet axis

10 F CMS i p;fa°k>1GeV/c,R<o.3 <
F PbPb \/syy = 2.76 TeV ]
[ 150 pb~" 1
1 F=
107"

50-100%

R
1 10

p_}_rack (GeV/

piack (GeV/c)

Fragmentation Functions: Structure of

Sevil Salur

reconstructed jets is modified towards an
excess of particles at low pr.
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Jet Shapes @ LHC:

CMS, \:sm =27617

—— plmd: -1 Ge ——
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; e Rev. Lett 122, ol (o1o) T ]
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2F  JEIPYTHIA8/pp¥ ]
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Jet Shapes: Structure of reconstructed

jets modified towards an excess of
particles far from the jet axis

— pl > 60 GeVic, Yl < 1.44, p™ > 1 GeVic
VS = 5.02 TeV
anti-k- jet R = 0.3, p > 30 GeVic, || < 1.6, o, >T

PbPb 404 ub™, pp 27.4 pb™

o o041 02 o1 /o2 o3
r r
Jet Shapes of y + jet: Structure of

reconstructed mostly quark-jets is modified
towards an excess of particles from the jet axis.
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Jet Shapes @ LHC:

CMS Preliminary pp 27.4 pb™ (5.02 TeV) anti-k_PF jets (A R=0.4), p_>120 GeV, Inietl<1.6

rrrrJ1 rrrrrrr1

1 Inclusive jets

| | | L
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Ar

pAT),/p(A)

1 02 04 06 08 1
Ar

LA BN S S B S S S B S S B

b jets / inclusive jets

ol anti-k; PF jet (AR=0.4)
[ p':' >120 GeV, In | <1.6 ]
p‘Trk >1GeV

0 02 04 06 08 1
Ar

JCTVII oalul

= | pi > 20 GeV K

1<pl“<2GeV

2<p“<3GeV
-3<p'T'k<4GeV
-4<p‘T"‘<8GeV
Bl 8 <pl* <12 GeV
Bl <> 12 GeV

Constraints on pQCD calculations
for flavor dependencies in parton

Important reference for the
future studies of flavor effects
for parton interactions with the
quark-gluon plasma.

HIN-18-020



Utilize tools developed for pp

- Jet Grooming:

the systematic removal of a subset of the jet constituents

—2remove soft and wide-angle

radiation from the jet

X at rest

-7 jet2

7~

1.
boosted X __ ' single
< ! ' fat jet

/

// \\ 1’_

‘YY'I""I"Y‘T',"l""T""]""

ATLAS Simulation
Pythia Z' > tt,t - Wb

W — qq

JHEP09(2013)076

’i

/7\2/\\

~

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

pﬁ." [GeV]

Sevil Salur
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Utilize tools developed for pp - Jet Grooming:
the systematic removal of a subset of the jet constituents
—2remove soft and wide-angle radiation from the jet

\

w7 jet2

bm(\< ! sm'gle l I I I | 1 | 1 |
< ; fat jet 0701 015 02 025 03 035 04 045 05
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. 0 ALICE, 60GeV<pT<80GeV
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a o N

R=0.4, AR=0.1
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Vacuum jets p(z
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Momentum sharing between two leading subjets:

Sevil Salur

Compiled by N.-B. Chang et al. / Physics Letters B 781 (2018) 423-432
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Utilizing Jet Grooming @ LHC

large-angle soft radiation
—1 and bkg removed by
grooming!

\(sN =5 02 Tev, pp 27.4 b, Pb

L L AL B B T
10— CMS Centrallty 50- 80% —__- Centrallty 0- 10% . .
o & PbPb IR ] 5 = mlﬂ(pT,1 ’ pT,Q)
[ i 5 I ] g —
> F M pp smeared I ]
S e 1 ] pPT,1 + PT.,2
R - £ £y e ]
oL '3'3.'3'1';._. £ - ]
- sy, g e
n- 1 PENIEC I TR RN T BTN S R A .‘l.'. .'.. 1
1.8:_"'I""I""I""l""l_::_"'|'l"|IllI|II'I|IllI|
1.6F anti-k; R =0.4, h]jet| <13 E
1_4;_ 160 < p_l_’]_et <180 GeV —-
Q 1.2F +
o C I [ J
3 3 ¥ °
o 1-'"""'*'"+'+'"'+"::' """" "'.' """""
o) - i
o 0.8E T (] 5 oy O
0.6:— 3
0.4F i
0.2F +
G:...l....|....|....|....|::...I....I....I....I....I
0.1 0.2 0.3 0.4 0.5 0.1 0.2 0.3 0.4 0.5
z, z

Strong modification of branch splitting!
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Utilizing Jet Grooming @ RHIC

o F : oco large-angle soft radiation
_E 85— Recoil Jet, p? " = 10-20 GeV/c g g
z = AusAu HT 0.20% —t and bkg removed by
Z o 5 pp © Au+Au MB 0-20% grooming!
e - STAR Preliminary ,
2= - " _ min(pr,1,p7,2)
20 e 29 = T
1= Recoil PT,1 7T PT,2
OE. | | | oo o L
0.1 0.2 0.3 0.4 0.5 Zg.ﬁ
o 2 -
gl Recoil Jet, pi*™*" = 10-20 GeV/c
Q_1.8_— T
;1.ef— & Au+Au HT / p+p HT ® Au+Au MB
<$_ 1 42— STAR Preliminary
21 2;—
AT R —
osE- ‘+’ ‘ Contrast to LHC
0.6 - Time of split, kinematics, dilution,
0.4
0.2
o:l 1 ] 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I I 1

0.1 0.2 0.3 0.4 0.5 20-6
g

No significant splitting modification on near-or away-side at RHIC
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In this talk: Jet structure observables at RHIC energies

Leading

| Sub-leading

. __ _lead sublead
LeSub. LeSub = PT track — PT,track

(Thomas Gosart — Rutgers) — charged jets

track
g L dN Rl
Fragmentation (2) = Nyt dz ° pict
function (FF): (Saehanseul Oh — LBL) — charged jets
k
1 1 Z:'trackSE(i’ r )p T
) ) Jp)FT
Differential o(Ar) = EN'—ZjetS je’fs
) jets pT y
jet shape: P “
o (Joel Mazer— Rutger-s) — full jets girth (g),
This is not a complete list of studies! angurlarity

New results will be presented during Hard Probes!
(in Austin, remotely or in a postponed day!)

| [ FUE i .
10th International Conference on Hard and Electromagnetic Probes of High-Energy Nuclear
Collisions

Sevil Salur
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s
[ —
5 lead sublead
G p— J—
3 107 LeSub PT track PT track
a e
o i
-~ ——
3 C :@:
g
N L #—‘T‘— I}
v —
p _§_
E 102 —
- STAR Preliminary AuAu 0-10% centrality
™ Au+A t\s,, =2 \ e
| AutAuandpipa S O'O.Ge -= AuAu 10-30% centrality ——4——
Uncorrected for Tracking Efficiency AuAu 30-50% ralit
~  Anti-k, Charged Jets with R = 0.3 AL 20.80% oottty
Jet p_>25GeV/c == AuAu S0-807% centrality
10° — Track p,> 2 GeV/c ~#pp
[ 1 | 1 1 1 1 I 1 1 1 1 I 1 1 1 1
T
e 4
Z -
3 C
T 35
: f—
< C
© Au+Au/
25— p p
2—
15 —_—
— a |
e r--- 3 == F------ } """"" -
— g —_——
0 5 — 1 1 1 1 | 1 1 I 1 1 1 1 ] 1 1 1 1 | 1 1 1 1 | 1 1 | 1 1
~0 5 10 15 20 25 30
LeSub (GeV/c)
Leading

LeSub @ RHIC

Sub-leading

LeSub:

Measures the differences in momentum of
the two highest (leading and subleading)
constituents in a jet

Robust against contributions of soft
background particles

Comparison of pp with different Au+Au
centralities suggest that the presence
of a QGP in Au+Au causes a larger
difference between the two highest

pr constituents of a jet (effect may be
selection bias)

Caveat: Corrections like tracking efficiency
are not complete.
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dN/dz

t

e
—
o

N

—

1/N

107"
1072

1073

Fragmentation Function @ RHIC

Fragmentation function: distribution of longitudinal momentum fraction of particle
with respected to the jet

[ T T T T T T T T I T T T T T T I:
- Au+Au, Vs = 200 GeV, 40- 60% N
-A . > 0.35, R 0.4, anti- kT STAR Preliminary =
- 9. 0 < E < 30.0 GeV -
E -------- '_'_"-T-_—_.— E
L -~ - =0— —]
= =TT =
= - ke e E
— --hi*Tg____L~ N‘z. = —
= . ol Tl =
- T T Tt —A 3
N —“—¥.—______~Y~ ;1\\ ]
J. PYTHIA S N Rt
- +15<p ., <20GeV/c \‘H R
§_+20<p T <25 GeV/c, x10™ \'fiz
v 25<p Tt € 30 GeV/c, x10® _
E_ | | ,I | | | | | | | | | | | | I_E
10~ 1

y 4

Peripheral (40-60% central) Au+Au collisions for 3 jet p; ranges (15-30 GeV/c) are
compatible with corresponding PYTHIA 8 calculations of pp at 200 GeV
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)

PYTHIA

, (40-60%)/(

Ratio

Fragmentation Function @ RHIC

[ Au+Au, /s, = 200 GeV
- A, > 0.35,R = 0.4, antik_ .
- 9.0<E,,. <30.0GeV

T,trig

- 15 <pl’ <20GeVic

(40-60%)/(PYTHIA)

20 < p:“jet < 25GeVic

—

STAR Preliminary

25 <pi’ <30 GeVic -

2 f—_ {-

107" 1

10" 1

Z Z
40-60% central Au+Au / pp (PYTHIA) ratio at 200 GeV:

10" 1
y4

—Remains near 1 within uncertainties throughout the full z range and for 3 separate charged jet
ps ranges spanning 15-30 GeV/c

These results can potentially be connected to various physics scenarios:

—Tangential jet selection with a high-p; trigger particle and recoil jet configuration? which causes
no significant in-medium path-length of the jet
—Less jet-medium interactions in 40-60% central heavy-ion collisions at 200 GeV?
—Short path-length of jets in medium in 40-60% centrality?

Sevil Salur



Raw differential jet shape

p;7°°¢ increasing

all angles: raw

STAR Preliminary

mixed events include ¥, dep.
Leading Jets

&= signal + background
&= mixed event background

1
Au-Au |[s,,, = 200 GeV, 0-10%
Anti-k full jets, R=0.4

S

ch+ne = _ 10 1E
P e, ot = 20-40 GeV/c g .
pihe, ET">2.0 GeV a 107°F
103

>
1.0< p:”” < 1.5 GeV/c
& ke K

i

104

i

30< p°==°° <4.0 GeVic

10 15< p°”°°< 2.0 GeV/c 20< p"s’”c < 3.0 GeV/c I .

1 3

S/ 2 . ¥ AR
o 10° _-IE
10°° ~
104 i
10%— 40< p°”°°< 60 GeV/c “’°°> 6 0 GeV/c A Total p°”°°> 1 0 GeV/c —;

1E, —a R A 4 4]

5
& 107k ;
10*3%— ¥ B _=
10"‘:—T —:
0""0.1"'02"0.30 .1"02"0.30 .1"02"'0.3"

aSUM up charged track p; in Ar blns from the trlggerjet axis
eSum up charged track p; in Ar bins from background jet axis in mixed events from

minimum bias events of similar event class (centrality, z

vix»

Sevil Salur

s 0-10% centrality
e Leading Jets

s R=0.4 full jets

s 20-40 GeV/c Jets

e “HardCore jet selection

p;2°%°¢ increasing

v

event plane angle)



Corrected differential jet shape: central

p;2°%°¢ increasing

all angles: background subt.

STAR Preliminary

mixed events include ¥, dep.
Leading Jets

= All angles combined

10
Au-Au s, = 200 GeV, 0-10%

Anti-k; full jets, R=0.4
pch-me
T unc, jet

pshe, EY">2.0 GeV Q

10—3 B
104§

=20-40 GeVie & 10'F

S 1072

>

1.0< p™* < 1.5 GeVic

» Leading Jets
s R=0.4 full jets

‘il s 0-10% centrality
< | « 20-40 GeV/c Jets

10 15< p_°r”°° < 2.0 GeV/e 20< p°s’°° < 3.0 GeV/c I 3.0< p?****<4.0GeVic ]
3 “ : :
: 1 | @ “HardCore jet selection
C 10-1 & & A & A A A A A A —i
A A E
107 3
107 E
108 4.0 < p:ssoc < 6.0 GeV/c A p:ssoc > 6. 0 GeV/c A Total passoc > 1 0 GeV/C —é pTaSSOC increasing
Fa & A e e
A :
= 1o A 4 1
<
& 10728 3
10°3% 4
1074 i A I Il PR PR | PR PRI B L P L ._'é
0 0.1 0.2 0.1 0 2 0.3 0 0.1 0.2 0.3 \ 4
Ar Ar
tracks€ (rg,rb) Pt

p(Ar) =

N7 “ets t
or Z\]jets p]e °

T

sLow-p; tracks dominated by background
eHigh-p+ tracks located near jet core compared to low-py, as expected
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Corrected differential jet shape: mid-peripheral

p;2°%°¢ increasing

>

all angles: background subt.

STAR Preliminary

mixed events include ¥, dep.

Au-Au S, = 200 GeV, 20- 50%
Anti- k full Iets, R=0.4

1.0< p:”“ < 1.5 GeV/c

ch-me = ~  q0 i
Leading Jets [ s, ot 20-40 GeV/e g s e T
pShc, EY">2.0 GeV a 10 £
,3 B
= All angles combined 10
107
10 15< p_°r”°° < 2.0 GeV/e 20< p:s”" < 3.0 GeV/c 3.0< p:”°° < 4.0 GeV/c
1
— i A A A " A & A & 3
Z1O1A““A4A o b
=3 10°
107
107 ,
10f4 4.0< p:”°° < 6.0 GeV/c A p:”°° > 6. 0 GeV/e 4— Total p:°’°° > 1.0 GeV/c
A
1F & &
— = 4 A A A A & & A
Z 107" A, .
3 )
10—3 L
1074 i 4 Il I L PR | PR | | -
0 0.1 0.2 03 0 0.1 0 2 0.3 0 0.1 0.2 0.3
Ar Ar
(AT") . 3 tracks€ (ra,rb) Pt
P o or N . jets jets
jets pT

sHigher low-p; yield near the core compared to central
eHigh-p+ tracks located near jet core compared to low-py, as expected

Sevil Salur

s 20-50% centrality

e Leading Jets

s R=0.4 full jets

s 20-40 GeV/c Jets

e “HardCore jet selection

p;2°%°¢ increasing



Total differential jet shape: 1.0+ GeV/c tracks

0-10% centrality 20-50% centrality
_ Total p$~°'5°° > 1.0 GeV/c , Total p$~°'5°° > 1.0 GeV/c
10 p—= all angles: background subt. 10 == all angles: background subt.
- mixed events include ¥, dep. - mixed events include ¥, dep.
C Leading Jets = Leading Jets
i A STAR Preliminary i =
~—~~ 1L . <~ 1= ’
- = A - = A
< - 4 A A < B A
~— B ~—" B A
Q. | Au-Au {5, = 200 GeV, 0-10% Q. | Au-Au {5, = 200 GeV, 20-50% A
10! E—Anti-kT full jets, R=0.4 101 E—Anti-kT full jets, R=0.4
- pch+ne = 20-40 GeV/c - pSh+ne - 20-40 GeV/c
B T ung, jet B T ung, jet
_ pchc, ET¥>2.0 GeV _ _ pche, ET¥>2.0 GeV _
02k T - All angles combined 02k T — All angles combined
E 1 | Il 1 | Il 1 1 L L L I | Il I | Il E 1 | Il 1 | Il 1 1 L L L I | Il I |
0 0.1 0.2 0.3 0 0.1 0.2 0.3
Ar Ar

R=0.4 full jets, 20-40 GeV/c, “HardCore jet selection”

Jet shapes appear to be less steep at 200 GeV than at LHC energies
Changes in kinematic range
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Jet shapes relative to event plane

«Can we control path-length of jet quenching with centrality and
event plane angle?
oFix trigger jet relative to the “2nd order” event plane: v, ,

Event plane dependence

IN-plane: 0°< |@j; - Wep 5| <30°
MID-plane:  30°< |g, - Wy, ,| <60°
OUT-of-plane: 60°< |¢, - Wgp 5[ <90°

Event plane reconstruction: similar approach to
Phys. Rev. C89 (2014) 041901(R)

sAverage path-length OUT > average path-length IN
sEvent plane (path-length) dependence of medium modifications?
« Are we sensitive enough?
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Event plane dependence

p;2°%°¢ increasing

event plane dep.: background subt.

STAR Preliminary
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Corrected for event plane resolution

Above 2 GeV/c, results are consistent with each other

Sevil

Salur

03

220-50% centrality
oaR=0.4 full jets
210-15 GeV/c Jets

o“HardCore jet selection”
esBackground subtracted

o
Q

Reaction
plane



Event plane dependence: p*'=10-15 GeV/c

\Jlut-of-plane
220-50% centrality \\ mid-plane
+10-15 GeV/c R=0.4 full jets e B\ gl oo
aJet constituents: 2.0+ GeV/c piane ’\"
scentrality, z ,,, event plane angle \\

aMixed event background:
In-plane Mid-plane Out-of-plane

10 S

. o .
5101 3
Q. o |

74

102 Anti-k full jets, R=0.4 -
chsne - 10-15 GeV/c -
10} 20-50% Centrality e STAR Preliminary _
Au+Au: {s,, = 200 GeV pS'c, ET°>2.0 GeV é
L ! ) ] . ] ) ] 1 ] 1 ] L ] L ] L |
0 0.1 0.2 03 O 0.1 0.2 03 O 0.1 0.2 0.3

Ar Ar Ar
@ Corrected for event plane resolution
@ Hints of low-p tracks pushed toward farther distances in out-of-plane direction relative

to in-plane direction
—Larger effects in the out-of-plane direction due to longer in-medium path-length?

@ Above 2 GeV/c, results are consistent with each other
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Event plane dependence: p*'=15-20 GeV/c

\Jlut-of-plane
+20-50% centrality \\mme
215-20 GeV/c R=0.4 full jets e B\ gl oo
aJet constituents: 2.0+ GeV/c piane ’\Q‘
ecentrality, z ,,, event plane angle \\

eMixed event background:

74

In-plane Mid-plane Out-of-plane

10-2 Anti-k full jets, R=0.4 -
20-50% Centrality P $hu+:: jet ~ Lo Ao
1073 —oe ’ STAR Preliminar
O"F AusAu: |5, = 200 GeV pshe, E5“°>2.0 GeV / 3
L | L | L | 1 | 1 | L | L | L | L |
0 0.1 0.2 03 0 0.1 0.2 03 0 0.1 0.2 0.3
Ar Ar Ar

@ Corrected for event plane resolution
@ Hints of low-p tracks pushed toward farther distances in out-of-plane relative to in-plane
@ Above 2 GeV/c, results are consistent with each other
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Event plane dependence: p*'=20-40 GeV/c

\Jlut-of-plane
+20-50% centrality \\mme
220-40 GeV/c R=0.4 full jets e B\ gl oo
aJet constituents: 2.0+ GeV/c piane ’\Q‘
ecentrality, z ,,, event plane angle \\

eMixed event background:
In-plane Mid-plane Out-of-plane

74

—
URTo
(o
10-2 Anti-k full jets, R=0.4 -
20-50% Centrality P $ht::: jet — S
1073 e ’ STAR Preliminar
O"F AusAu: |5, = 200 GeV pshe, ES“°>2.0 GeV / 3
L | L | L | 1 | L | 1 | L | L | L |
0 0.1 0.2 03 0 0.1 0.2 03 0 0.1 0.2 0.3
Ar Ar Ar

@ Corrected for event plane resolution

@ Hint of event plane ordering at low p;with current uncertainties
—Low-p; tracks sensitive on path-length dependence of jet quenching?
@ Higher momentum jets are more collimated: in/mid/out-of-plane
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Conclusions

Jet Tomography has been explored with multiple jet substructure &
constituent observables at various kinematic ranges.

But need to characterize medium parton interactions in detail!
Requires continuous interaction between Experiment & Theory

With four parameters | can fit an " “100
elephant, and with five | can make
him wiggle his trunk.

— John ven eumann — -50
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