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Talk outline

e Parton showers and jets - a lightning introduction

e Measurement of SoftDrop z4, Rgand jet mass in p+p
collisions at 200 GeV

e Studying jet energy loss differentially in two relevant
scales (angle and momentum) in heavy ion collisions

e Introducing TwoSubdJet zs,, 0sy

e Standard jet quenching measurements for ‘wide’ vs
‘narrow’ jets at STAR in Au+Au collisions at 200 GeV
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Jets in high energy collisions

Jet R [rremmeammcnnmcnpmms

e Jets are defined by a clustering
algorithm, characteristic angular
scale (Jet R) and their momentum

(o)

Angle

Momentuh Jet pr
e Jets can also have an inherent

angular scale and a momentum
fraction due to angular ordering in the
vacuum splitting
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Jets in high energy collisions

E RHIC Jet Probes
> LHC Jet Probes
‘E‘ QGP Influence
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* Parton shower in vacuum is a multi-scale process
- e momentum and angular(virtuality) scale

e |n heavy ion collisions - we can relate the angular
scale to a resolution scale at which the jet probes
the medium

o Study differential jet energy loss in the inherent
scales - momentum and angle

Image credit - Barbara Betz

ADi&gps://1link.springer.com/book/10.1007%2F978-3-642-02286-9
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https://link.springer.com/book/10.1007%2F978-3-642-02286-9

Measured observables

* Correlate physical ‘ = 2y = min(pm, pra)/(pm + pra)
quantities in jet evolution | == Ry= AR(, 2)
to experimental - 2g > Zeut (0.1), 8 = O
observables

Larkowski et al.
Phys. Rev. D 91, 111501 (2015)

A
* o Utilize SoftDrop algorithm

N |
§ e momentum scale - z4
8 e angular scale - R
S 9 g VAo
= e |nvariant jet mass (M ~ z62) <G>
< » = 4
3 Establish a vacuum baseline -
Momentum Understand observables in p+p collisions
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Jet reconstruction at STAR

TPC + BEMC|

* anti-ki Ch+Ne jets o | \ k
 Nominal JetR = 0.4, [n|+JetR < 1 IS
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1/N dN/dz4

SubJet momentum fractions (zg)

P+ P, +/Sny = 200 GeV/e
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* Recover the prindependent 1/z behavior starting from pt ~ 20 GeV/c
e 7z4in vacuum described by leading order MC generators
e HERWIG slightly favors more symmetric splits

Larkoski et al.
Phys. Rev. D 91 (2015) 111501
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1/N dN/dR,

Groomed jet radius (Rg)

, v/Snn = 200 GeV/c

U__ 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1

I anti-k R=0.4
I Ch+Ne Jets, InI+R '<1.0
P SoftDropz _01 =0

a N 0
rrri | I LI

Jet

E 20 < p’* < 25 [GeV/c] 7}

Unfolded Data

Jet

25 < p. < 30 [GeV/c]

= HERWIG-7 EE4C

= PYTHIA-6

Jet

STAR Preliminary %
— PYTHIA-8 Monash 7§

Perugia + STAR Tune:é
30 <p. <40 [GeV/c] E

* Ry reflects momentum dependent narrowing of jet structure
* PYTHIA-8 predicts jets with larger Rgq
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Increasing jet pr '

9-""I""I""I""-""I""I""I""-
8k 2012 p+p 200 GeV 1 STARPreliminary -
- anti-k, Ch+Ne Jets I — PYTHIA-6 _.
D e p e n d e n C e o 7_ |n|+Rjet<1.0 Perugia+ STAR Tune
5 6E_SoftDrop zcut=0.1, p=0 E3 _
O n th - t R Z °F Jet Radius = 0.2 E} Jet Radius =0.2
eje £ -- |
= 3 E3 X ;
z_w’fm“ ______ _
13 - 10< Jet p_ < 15 [GeV/c] T 30< Jetp_<40 [GeV/c] ]
. Uniform ngistribution at m 952!!!l!!!!|!!!!|!!!!E-II::ll:l:llllllllll:
= 8F + — PYTHIA-8 onas'-
low prforsmallR jets - © £ I evmasnons J
symmetric splits g’ g’ :‘ Jet Radius = 0.4 E3 Jet Radius < 0.4 3
enhanced s | 2«
- . c|
* Deviation from universal £ ] _;
, 10< Jetp <15 [GeV/c] I 30< Jetp <40 [GeV/c]
1/ZbehaVIorfor Small R 9:::::,::::,::::,:::::'::::l::::|::::|::::
sk ;
and IOW pT 7k 3 % | Unfolded Data
%f” 6- Jet Radius = 0.6 £ Jet Radius = 0.6
* Moderate effect due to 2 o i
_ _ , 4
hadronization in PYTHIA-8 <,
2
\ 2

_d)
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Invariant jet mass @,

First fully corrected jet mass measurement at RHIC p +p, /sy = 200 GeV/e

E llllllllllllllllllllllll'lllllllllllllllllll lllll IllllllllllllllllllllllllllIllllllllllllllllj:lllllllll[lllIlllllllllllllllllllllllllllllllll:
E 0.45 anti- kt R=0.4 M = \/E2 — P% _pZ2 + STAR Preliminary
2 oif  Ch+Ne Jets, m+R**'<1.0 F = PYTHIA-8Monash :
O 25<pT<30 GeV/c ¥ ]
0.35 + ~ HERWIG-7EE4C 30 < ™' < 40 [GeV/c]
E % | Unfolded Data I — PYTHIA-6 ' :
03 I - -
- 20 < p < 25 [GeV/c] I Perugia + STAR Tune ]
0.25
0.2

0.05

lllllllllllll ““ “ R an ! .
M [GeV/cZ] T [GeV/cZ] T T M [GeV/e?]

e Jet mass increases with increasing jet pr
e PYTHIA-8 generally over-predicts jet mass and
HERWIG-7 under-predicts jet mass
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Conclusions - |

* QOverall shapes of z4, Rg in p+p collisions at RHIC are reproduced
by LO-MC event generators
e Jet Mass sensitive to description of shower and MC parameters

e Observations at RHIC -

* PYTHIA-6 Tuned to STAR data - excellent prediction of jet sub-
structure

* PYTHIA-8 creates jets with wider angle splits and larger mass
(tuned at LHC)

e HERWIG-7 Smaller mass jets and more symmetric splits (also
tuned at LHC)

* Complementary to LHC kinematics - w.r.t tuning and \/s scaling

NN
= i:\%‘“@’*iﬁ:
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What do we want to measure?

'E RHIC Jet Probes £
5 LHC Jet Probes . !
— QGP Influence 777 .77+ ik N
S Y R - -
L 7 Interaction of the jet
: u u
o with the medium
@ 10
& could depend on the
2015 NP-LRP i
resolution scale
Mehtar Tani, Y and Tywoniuk, K
Phys. Rev. D 98 (2018) 051501 (R)
0. 0.5 0.6 Majumder, A and Putschke, J
T GeVi Phys. Rev. C 93 (2016) 054909

Partonic energy loss as a function
of the resolution scale —jet’s angular scale »'

High-pT Workshop @ Knoxville - March 2019 12 Raghav Kunnawalkam Elayavalli



Key idea - Use jet-substructure
as a selection tool

e |dentify an observable —
sensitive to jet’s inherent -
angular scale

o Measurg jet energy loss Vs
differentially in the angular e
scale

* Relate jet angular scale as a
proxy for medium resolution <

scale

u&e/ /\6-57
* aow
O

o AN
€963 & SN

Angular Scale

ANg|€ me MOMents

—

Momentum - pr
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Why look at splits?

Marta Verweij, 9 Vacuum Phase space
QM2017 . 0=0.1 covered for
' z,=0.1
Jvac w 1 =
- kﬁ 0%w = 6 Medium-induced STAR
S —— q =2 GeV%m
00, Q) S
d
T ET:\/T 3 CMS
kr q 2
1 Y
0 - P
0 5 10 15 20 25 30 35 40 45 B8

w (GeV)
Hard medium-induced radiation happens late

Early splits probe the coherence length and
antenna splits
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Why look at splits?

Marta Verweij, 9 Vacuum Phase space
QM2017 . 0=0.1 covered for
- z,=0.1
pvac @ _ 1 Al e g
I kﬁ 0%w = 6 Medium-induced STAR
= S — g =2 GeV%m
00, Q) S
d
T ET:\/T 3 CMS
kr q 2
1 .y
Onu .s ~ w
0 5 10 15 20 25 30 35 40 45 56

w (GeV)
Hard medium-induced radiation happens late

%;<: Later splits with jet modification probe

gluon radiation off a single color charge
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Dijet balancing at STAR

e HardCore Au+Au jets
are imbalanced
compared to
p+p®Au+Au

e Matched jets are
balanced!

e Quenched energy is
recovered within R=0.4
radius

Event Fraction

STAR, PRL 119 062301 (2017)
0.25 :
C ps'>2 GeV/q:: p$“'>0.2 GeV/c, Matched:
- © p+p HT ® Au+Au MB 0O p+p HT @ Au+Au MB
0.2 e Au+AdHT = Au+AuHT
: + Au+Au, 0-20%
0.15 - STAR . © I * i Anti-k,, R=0.4
L ' O o . Cut
- ; * With p_>2 GeV/c:
N ‘o * P, ,..>20 GeVic
0.1 — * + + t + I GeV/c
' o | -
0.05 $ ¥4
- ¥ ¥
. " L] 8
Ol 1 | | PR | 1 | 1 1 A Ql . . '
-0.2 0 0.2 0.4 0.6 0.8
A,

These are ideal to study differentially! We can tag collections
of these jets in both momentum and angular scales

See Talk by Nick Elsey on Thursday 11:30am

High-pT Workshop @ Knoxville - March 2019
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Zg in Au+Au 200 GeV

Slide shown by Kolja Kauder, RHIC AGS Users Meeting 2018

A B et e 0 KK, HP16, QM17
[ AuAu, 0-20% §,=2.0 GeVAim, AR>0.1 E N F Recoil Jet, p***" = 10-20 GeV/c
18- STAR,R=04  seeseeme p.€(10,20) GeV ] 12: 43 : T
o [ ®Pp™e(2030) Gev p.€(20,30) GeV 1 S % T AurAu HT 0-20% « No Sl;gmflcant
> F — R € PP © AutAulB 0-20% modification on
™ 6
- Li & Vitev Au+Au MLL . o o
s e trigger and recoil side
4 .o
s "";gp* of hard-core dijets
2
1@ +-i_i—_g:
0T 02 03 04 05 ig.s
C ‘ —— 1] Q 2f Aacch
- A A 0,20% ® STAR, P, €(20,30) GeV ] +. .- Recoil Jet, P, =10-20 GeV/c o
161 go“_s”f GeVim  —— pepooev.amon o BM% Aok e e T o AusA B * Theoretical models
- R=04 e p,£(20,30) GeV, AR>0.05 3 ' .
%1'47 p,£(20,30) GeV, AR>0.1 - %149 Li & Vitev MLL Capture thlS Well
N - 7 51.2
s E < = T . ST
2 : 0'; e +-+-+_+_ a\ More statistics: Test
& E 3 downward slope
06; - p,e(30,40) GeV, AR>0.1 + 3 0.4;
TE p,(40,50) GeV, AR>0.1 71 0.2/
o1 oz 021::3 04 o5 X N S B ¥ ST i‘gs Note -These are detector
- - level observables.
Ning-Bo Chang L1. & Vitev, Au+Au compared with
arxXiv:1801.0008

et.al. QM18

Splitting unmodified for these
matched jets

p+p ® Au+Au

What about the angular scale?
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Rg In @ heavy ion environment. -/

-7 Note: This is default SoftDrop

I o We can increase zcut,
_ - - _ vary B etc...
S T ' —
L —>—
—— > <
T s :
*—_ - ] R]et
— — T o=
e — - o .
— i ) L L B L L B LA B
_)_ [ —
—_— 051 2006 p+p Embedded in 2007 Au+Au 200 GeV 1
e —— - oY
- STAR Preliminary m 020%
_ a4 - -
.y oc i i
SoftDrop Rg sensitiveto _ = ]
- < _ _
background fluctuations : °7 ]
< [ .
We need an observable that is f_ 0.2 -
more robust to the Au+Au s [ i
fluctuating underlying event but 0.1 . 3=0 -
still sensitive to jet kinematics - . ' Zout = 0.1
N :\&%}, j 0 - ] P R T T T N TN TN NN TN AN TR TR TN N NN RN S N AN |-
L, 0 0.1 0.2 0.3 0.4 0.5
'4 ‘&‘“‘k High-pT Workshop @ Knoxville - March 2019 19 PP SOftIl)-tré)g?\:!lq\gKunnawalkam Elayavalli



TwoSubdet z/6

For recent literature on using subjet observables in heavy ion simulations please see

Apolinario, L et al. Eur. Phys. J. C (2018) 78:529

High-pT Workshop @ Knoxville - March 2019
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Cluster all jet
constituents into anti-ki
jets of smaller radius (0.1)

Choose the leading and
subleading SubJets

zsJs = Blue pr/
(Blue pt + Red pr)

0ss = A R (Blue Axis,
Red Axis)
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- 9 STAR Preliminary -
-3 : e
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0.4 o —
= [ A 1 ¢ Osy (W/ R=0.1 SubdJets)
(a) - - = —_
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&i, C 3 1  Au+Au underlying
o F & ® 1 event
a 0.2_— ]
o [ 1 Comparisons between
0.1 0-20% - Au+Au and p+p
i 20% :
© 2006 p+p Embedded in 2007 Au+Au200Gev | €mbedded in Au+Au to
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TwoSubdet observables
anti-ki R=0.1 Subdets

14 L o e e e e e e e e L e e e e e e e e e e
_IIII|IIII|IIII|IIIIIIIIIIIIIIIIIII|IIII|IIII|IIII |
_ anti-k, R=0.1 SubJets 0.20% 1 : 2007 Au+Au 2006 p+p 200 GeV
12 Recoil Jets 10 <p_< 20 [GeV/c] 5 2 anti- k, R = 0.4
- Ao(jet, trigger) > 2/3 § -
_ 10  Matched Jets [p>" > 0.2 GeV] ] _ 10} Ch+Ne Jets, h”l'"'R '<1.0
%) - i
@ L
5 o STAR Preliminary ® AurAu '623 oL STAR Preliminary @ Au+Au -
= ey ] B
-Ou: [ i P+p © Au+Au UQ i %3 p+p @ Au+Au i
- =0 . Eff>72% ]
ar ; it Eff > 99% ;
! Q&ﬁ@&&&ﬁ@&@ ] . 0 6 |
i e i 5 -‘Q» .
2r w’"@ B 2r @) .
:||||||||f|"|"l|||||||||||||||||||||||||||||||||||- -"'Jllllllllllllll "L»lllllll-
0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.55 0 0.1 0.2 0.3 0.4 0.5
Zs, Os,

Select jets with a particular

e The zsy distribution is biased towards
angular scale (0sJ)

harder splits

e For both zsy and sy, no significant Let’s look at standard jet
quenching observables -

difference in shape due to jet quenching o Ee
Ay and Recoil jet yield
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c
HardCore 3
Al T
=
preonst > 2 GeV/e :>j
Significant
modifications In
Au+Au for the
different sy
c
selections in 2
comparison to fg:
p+p & Au+Au £
>
LLl
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[ 2007 Au+Au 200 GeV

0257~ 2006 p+p 200 GeV 0-20%
[ anti-k, R =04

ool- Ch+Ne Jets, +R" < 1.0
[ R=0.1 SubJets

0.15:— ’

OOQQ@QQ
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STAR Preliminary

pTTrig - pTRecoiI
pTTrig + pTRecoiI

Ay =

_Dlllllllllllllllllllllllllll

“_—H—H—H—f—H—H—f—H—\—H—!—H—H—H—HQ—f—M. BEER R e s e e e e e
0.95 Recoil HardCore Jet 0, Selection T HardCore Dijet Selection b
[ A¢ (jet, Trigger) > 27/3 Trigger Jetp_>16 GeV/c
[ HardCore Jets Recoil Jetp_> 8 GeV/c
0.2_— T -
i [
0.15?-——| T g * ~
EEDgiE* O OéQ
ol 1 ¢ :
- Dg 10 § §
0.05[- —j é § -
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pTTrig - pTRecoiI
pTTrig + pTRecoiI

Ay =

o
®

0.05

[ 2007 Au+Au 200 GeV _ p+p ®
0.25_— 2006 p+p 200 GeV 0-20% ] Au+Au Au+Au
g [ anti-k,R" =0.4 j O @ Og,q,>0.1
— jet —
MatChed 5 o2~ Ch+NeJets, If+R™ <1.0 - [D] W 01<0, <02
O é R=0.1 SubJets i |
AJ E 0153 ® ] $ o 02<e,, <03
2 [ @ ¢ : STAR Preliminary
preonst > 0.2 GeV/c ® .C 7
w ¢ ]

Matched jets of .

"~ Recoil Matched Jet 0g, Selection HardCore Dijet Selection

diﬁerent HSJ 0'25:_ A¢ (jet, Trigger) > 2/3 T Trigger Jet pT>16 GeV/c _
- " | Matched Jets T ] Recoil Jet p_> 8 GeV/c ]
selections are _ o I $ :
balanced at % 3 * 5 15 % ]
0.15[= —

RHIC 2T IS 8 5
= of - ! i :

5 | ¥ it -

o f E T ? ]

0.05{ O T é § .

Oc;'"b'.1"'b'2'"b'é"b'4ios .Ism—"—l_g)-'”'o|.1””o|2””0.|3””o|4”§ Lgcﬁse“%

AJ AJ
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Recoill matched "B o oot oo 3
_  anti-k, R = 0.4, Ch+Ne Jets, Ijl+R" <1.0  0-20% -
m t m I d : anti-k, R =0.1 Subjet p_>2.97 GeV/c :
jetyie g STAR Preliminary -
preonst > 0.2 GeV/c .‘Ziz - . . -
R = = . ]
* Yield normalized per di-jet _s™ = ' ¢ N n -
A T oo
e Confirmation that W b e o0 _
matched jets recover the C o m 01<0y,,<02 :
energy lost by quenching - | e 02<0g,,<03 -
within R = 0.4 N e
I S or—— N
* Observe no significant ~ 3(3 .= <t E
- + B m T [ [ B ]
differences among 0Osy 2|9 =

Q
selections - S SO B
90 15 20 25 30 35 ;o

Matched jet pt [GeV/c]
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Conclusions - I

-IIII|IIII|IIII|IIII|IIII| IIIIIIII i
[ Recoil Matched Jet 04, Selection

[ A¢ (jet, Trigger) > 2/3

5

5

*Matched Jets 1

5?$g5m s
SR T
' "u S F¥

-IIII|IIII|IIII|IIII|IIII| IIIIIIII
HardCore Dijet Selection

Trigger Jet p, > 16 GeV/c
] Recoil Jetp_> 8 GeV/c

4

; T 09 081 .]
| | | | Il RN FEEEE EEEEE RE RN N 4 I
% 01 02 03 04 05 68— -0) 01 02 03 04 05 06 07
A, A,

STAR Preliminary

TwoSubdet observables more robust to UE

o [ ' ' _
8 s 0g,.04 > 0-1 7]
<?: 1:"". """"" @ - @i ®-------- -
- 05— |
<< L _]
2
\% s 0.1<6g,,,<0.2 7
=) I . _
g T 'h N | = 7]
05— —
<C L _|
2
o
Q_ 1.5_— 0-2< OSJ-01<0'3 —
P e PO
< 0.5_— —
90 15 20 25 30 35 40

Matched Jet p_ [GeV/c]

ZsJ and 0Osy are similar in Au+Au compared with p+p®Au+Au

Observe no significant differences between wide/narrow jets
iIn matched jet A, and recoil jet spectra
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Conclusions - I

10 - —"&
— 0=0.1 3 SN
...... 6=04 = \ 2 i 7 /’ / d . t
Medium-induced - / Renk | je_
—— §=2GeV¥m - .. selection

Surface bias

0 5 10 15 2 25 % 35 4045 50 Nick Elsey (this workshop), Thursday

e Trigger and HardCore Dijet requirements indicate potential surface bias
e Jet angular scale (6sy) not resolved by the medium —» earlier splits

e (likely) Favor shorter path length —» given ‘Jet Geometry
Engineering’ and surface bias — split most likely outside the
medium —» modification due to radiation from a single color charge

e Differential E-Loss measurements in jet momentum and angle —»

further constrain models and probe medium at varying length scales
W
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Backup



SoftDrop on a jet - |

De-cluster and re-cluster jet -
constituents with C/A >

Larkowski, et al. Dasgupta et al. Tt - _
JHEP 05 (2014) 146 JHEP 09 (2013) 029 T .

 Walking backwards in an angular ordered de-clustering tree
* Follows “First In Last Out” criterion

e Sensitive to soft radiation, MPI, UE, non-global and non-
perturbative corrections

2
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SoftDrop on a jet - |l y

Grooming criterion PR

e Require subjet momentum fraction to pass the
following criterion

min(pr.1, Prp) Zoy = 0.1
zZ, = > ZeuwRy/Ri) ,

s Pri1+DPro> p=0

e With the two surviving branches - we have two
observables that characterize a jet’s substructure

W 3
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Detector Effects on SoftDrop in p+p simulations

STAR Simulation

0.5p

e Zg5and Rg
resolutions are
iIndependent of the
generator jet pr

Resolution (Det-PY)

e Bayesian 2D
unfolding with jet pt &
vs zg, and prvs Ry~

Rq- AR(L, 2)

P T
20 40 60

PY Jet P, [GeV/c] PY Jet P, [GeV/c]
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P+pP zg and Rg

Systematic Uncertainties

T 1 T T T T 1 T T T T 1 L

e Hadronic Correction _ osf 3
€ osf 25<pf"<3o [GeV/c] =
(HC) , [S "] Hadronic Correction £ o7f E
e Using MIPs (no HC) ] Towerscal 3o, £ o°F E
and 0.5 HC owerscalevarS.8% s e STAR Preliminary 3
_ I | Tracking Efficiency 4% % o4F E
e Tower Scale - 3.8% in Unfolding E o E
the tO_WGr gain L === Total Systematics & E

e Tracking - 4% variation

(flat in track pr)

e Unfolding (@ the
response Ievel) - _*g 0.82— 25 <p* < 30 [GeV/c] _
* Prior shape anti-k, R=0.4 g’ 22: STAR Preliminary :
variations SoftDrop z = 0.1, =0 2 osf :
e Varying the iteration Ch+Ne Jets,In+Rl<1 %
parameter from 2 - Systematic Uncertainties ¢
6 (nominal=4) ?
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1/N dN/dz,

1/N dN/dz,

N W b 01 OO N o0 O

W —_

o o N 0

N W H

2012 pp 200 GeV

anti-kt R=04

Ch+Ne Jets, Il+R"*'<1.0
SoftDrop z = 0.1, =0

|}
L}
Y

15 < p”* < 20 [GeV/c]

T
I
|

STAR Preliminary

20 < p:et < 25 [GeV/c]

= PYTHIA-8

— HERWIG-7 EE4C T

30 < p_*' < 40 [GeV/c]

- = AP Q-jet

% | Unfolded Data

40 < p:et < 60 [GeV/c]

: 25<p:et<30 [GeV/c]
R TN BTT H T T N T T TN M N O U TN M N NN NN NN A MR N
0.1 0.2 0.3
Zg

0.4

0.5

0.1 0.2 0.3 0.4

33
ZQ

0.5

0.1

0.2 0.3 0.4

Zg

0.5



1/N dN/dR_

1/N dN/dR

N WA 1 N O ©

—

2012 pp 200 GeV

10 < p:et <15 [GeV/c]

o O N 0 O

N W b

anti-k, R=04

Ch+Ne Jets, lml+R"'<1.0

SoftDrop z = 0.1, =0
15 <p.* <20 [GeV/c]

ol = PYTHIA-6

- 25 < p:et < 30 [GeV/c]

STAR Preliminary

20 < piet < 25 [GeV/c]

— PYTHIA-8
- HERWIG-7 EE4C

30 < p:et < 40 [GeV/c]

Unfolded Data

kd 40 < piet < 60 [GeV/c] -




Why stop at 1st splitting? .-

In vacuum : opportunity to experimentally reconstruct the parton
shower history '

—» [est self similarity of the AP splitting in p+p collisions

In medium : differential energy loss in formation time of a split hierarchy
—» [est medium properties as it evolves!

Dreyer et al.
JHEP 06 (2018) 093
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First measurement of the jet internal structure via
recursive SoftDrop at STAR

9 9

I I | I I I I | I I I I | I I I I | I I I I | I I_ I_ I I I I I | | j I . I ]
PYTHIA-6+ STAR Preliminary A PYTHIA-6+ STAR Preliminary -
8 1 GEANT Data ot -] 8 — GEANT Data st -]
| © Kk T Spiit 2012 p+p 200 GeV ] | © Kk T Spiit 2012 p+p 200 GeV ]
H O K 2 Split anti-k, R = 0.4 ] H O X 2 Split anti-k, R = 0.4 e
- O % 37 Split Ch+Ne Jets, l+R* < 1.0 - O % 37 split Ch+Ne Jets, ml+R™® <1.0 ]
© :_ Recursive SoftDrop _: 6 :_ @ Recursive SoftDrop _:
¢ o8 I _
-Q 5—_ z..:=01,8=0 ] Q 5—_ z.,.=01,8=0 ]
Z B . 7] B as 7]
5 - 20 < Groomed Initiator - % - ‘— 20 < Groomed Initiator -
- 4 5 (sub)Jetp_[GeV/c]<25] — 4 (sub)Jet p_ [GeV/c] <25
= F o 1S B EE 5
3 % 4 e % * @ -
- O & . - .
2 % % g ") ~ 2 ® " %® 8 ~
1:_ Statistical errors only 6 ® - 1:_ * % -
E Uncorrected for Detector Effects E E @Uncorrected for Detector Effects E
TR T T T U N AN N N NN N AN N N M N N R RN RN B C | | | | | | @ | | | | ]

0 0.1 0.2 0.3 0.4 0.5 O0 0.2 ®O.4Q %

Z, Rg

* 1st and 2nd splits are similar in both zg and Ry

* 3rd split is significantly constrained in phase space/
angular scale - Deviation from universal 7/z behavior
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Need for differential measurements

E=Q=M,,,, =100 GeV

* |tis necessary to disentangle the Ty
correlations built within b b
observables by selecting jets of S F | ] Virtuality
a certain class S reduction

e Does the medium resolve the MG
two prongs of a jet as a single Majumder, A and Putschke, J

Phys Rev C 93 054909

object or two individual objects

* There are a variety of theoretical
models and calculations that
predict a larger absolute energy

loss for jets of a large virtuality Mehtar Tani, Y and Tywoniuk, K
] ] arXiv:1707.07361
_or wider resolution scales de-coherence vs
e Coherence
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TwoSubdet (R=0.1) observables in Au+Au

Fix trigger jet selection:
Study recoil HardCore/Matched jets HardCore

(preonst > 0.2 GeV/c) Trigger Jet pr > 16 GeV/c
w/ High Tower Trigger Object

Matched jet’s SubJdet pr > 3 GeV/c:
reduce sensitivity to UE fluctuations

TwoSubdJet tagging purity > 98%

Systematic uncertainty applied to the

HardCore
embedded p+p curves Recoil Jet pr > 8 GeV/c

* relative tower energy scale (2%)
e tracking efficiency (6%)
e TwoSubdJet tagging fake rate (2%)

pTTrig > pTRecoiI
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TwoSubdJet (R=0.1) 0s4
Tagging Efficiency and Purity

e Tagging Purity: Given a p+p & Au+Au jet with two resolved

SubdJets, how often does the input p+p jet utilized in the

embedding also have two resolved SubJets.

e For Matched jet pt > 10 GeV, Purity > 98%

e Systematic uncertainty estimated by varying the SubJet pr
threshold by 1 sigma variation in the background fluctuations

o Tagging Efficiency: Probability that a p+p & Au+Au and the p+p
jet utilized in the embedding has a resolved 0syin the same range.

These are the cases where both jets have two resolved SubdJets.
e 0.1 < 0sy< 0.2: Efficiency > 99%

e 0.2 <0sy< 0.3: Efficiency > 72%
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_, Jetsina Medium ... -

. G -

* Flat background - ideal medium can be easily
subtracted
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. dJets In a Medium ... -

-
-

e Flat background - ideal medium can be easily subtracted

* Fluctuating background - can be modeled but effects
persists within substructure
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—._Jets in a Medium .. -

—_— .

* Flat background - ideal medium can be easily subtracted

* Fluctuating background - can be modeled but effects persists within
substructure

o Off-center fluctuation within the jet - greatly modifies jet substructure -
introduces large smearing effects
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. JetsIn a Medium ... -

-

Flat background - ideal medium can be easily subtracted

Fluctuating background - can be modeled but effects persists within
substructure

Off-center fluctuation within the jet - greatly modifies jet substructure -
introduces large smearing effects

Realistic - Fluctuations rule the game
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z, — RHIC vs LHC

Vacuum formation time of gluons with certain energy

—
-

Phase space

2 covered for
8 z,=0.3
7
. 6 STAR
-
= 5
e
k., Ow 3 CMS
2
1

(-

0 5 10 15 20 25 30 35 40 45 50
o (GeV) Verweij, QM 17

STAR and CMS are probing very different formation times. No overlap

Marta Verweij Quark Méatter 2017 48



https://indico.cern.ch/event/433345/contributions/2321612/attachments/1411122/2158362/170209_JetStructure_v3.pdf

evolution
of splits

Very early Depending on the Medlu_m ,
4 : . o | expansion

§ formation times - split - first it :

t : : : 1t occurring

. Does not see any interaction with  § .

£ - . . : it concurrently with
: medium activity the medium . : ' i
jet evolution {
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