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Jet internal structure

e Different variables probe a different aspect of jet
structure modification

Hadrons
= Distribution of charged hadrons inside the jet

Medium
response

Momentum
broadening

See talks by Rey Cruz-Torres

\
T and Martin Rybar
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Jet shapes and fragmentation

e Jet fragmentation:

o Jet shape:
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Hardening of core: high z
enhancement from quark

vS. gluons?

Soft particles are at
large angles from
jet axis
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e Little to no significant modification of jet mass (~a =2) or width (o« =1)

* Insensitive to medium  « Softening and broadening of constituents
effects or cancellation > Inside cone->larger mass

f? .
of effects” » Qutside cone->smaller mass

e | arger jets more modified-> smaller mass
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Hadrons
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Subjets as a probe of the jet core

= Subjets from hard parton splittings

Separate out soft signal from softening of constituents and
medium response to focus on modification of hard core

e Utilize methods from pp:

Removes non-perturbative effects
Perturbative regime under better theoretical control

Access hard jet splittings to focus Reclustered subjets within a jet:
on modification of hard core of jet access parton level fragmentation
Grooming Trimming
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Lund Plane: space-time structure of QGP
pri=(1-2)pr . $

In(kT)
Perturbative

kt = pr2sin(AR)

e Formation time:

tf —
Y. L. Dokshitzer, et.al. (1 o Z)kTAR Non-perturbative

<Z: In(1/AR) —
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https://www.lpthe.jussieu.fr/~yuri/BPQCD/BPQCD.pdf

Lund Plane: space-time structure of QGP

1: Outside of medium In(ke)

Perturbative

e Formation time: wider jets formed
earlier experience more medium

1 Non-perturbative
See Liliana’s talk today ff —
Y. L. Dokshitzer, et.al. (I —2)krAR

< In(/AR)  @rXiv:1808.03689 —
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Lund Plane: space-time structure of QGP

1: Outside of medium In(ke)

Perturbative

2: Decoherence

3: Coherence

4: Medium-induced splittings

e Formation time: wider jets formed
earlier experience more medium

1 Non-perturbative
See Liliana’s talk today ff —
Y. L. Dokshitzer, et.al. (I —2)krAR

In(1/AR) arXiv:1808.03689

—
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Soft drop grooming: in-medium

“ JHEP 9708:001 1997 See talk by Marta Verweij

e Recluster jets with C/A*

Zy > Zeyt 6F

e Apply grooming to

access first hard splitting ¢ = 2&

R

In(1/AR)
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Soft drop grooming: in-medium

“ JHEP 9708:001.1997 See talk by Marta Verweij

e Recluster jets with C/A*
In(kT)

Z, > Z.. 0P
g ‘ Removes some of the

physics signal

e Apply grooming to

access first hard splitting ¢ = 2&

R

> Removes soft signal from softening of
jet constituents and medium response
to focus on hard structure modification

In(1/AR)
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Groomed jet angularities

e Class of IRC-safe observables to summarize all substructure
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Related to jet shapes:
Angularity (girth) g a=1

~Mass a=2

e (Grooming reduces systematics and reveals narrowing feature
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» (Frooming reduces intra-jet broadening and recoil effects
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SD grooming variables

Modifications to splitting function? |
~ min(pr, ) Ingkn)

Z p—
Pr1 + P

g

Y In(1/AR)
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SD grooming variables

Modifications to splitting function? |
~ min(pr, ) Ingkn)

Pr1 + P

Resolution length of the QGP?
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SD grooming variables

Modifications to splitting function? |
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Flavor dependence

e The energy loss by quarks is predicted to be less
than the energy loss by gluons

See talk by Sebastian Tapia Araya
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Flavor dependence
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e (Quark jets are narrower and have less

structure than gluon jets
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Jet splittings: z;

6%

Modification of splitting function?
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Jet splittings: A,
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Resolution length of QGP?
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Jet splittings: A,
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Jet splittings: narrowing?

» Narrowing reproduced by models with different implementations of jet-medium interactions

Laura Havener, Yale University
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Jet splittings: narrowing?

» Narrowing reproduced by models with different implementations of jet-medium interactions

» Model 1: role of color coherence?

-Lres = %0, coherence
-Lres = 0, decoherence

Laura Havener, Yale University

Pablos et al JHEP (2020) 044

0 0.05 0.1 0.15 R,
Ol 4= S T .
polbs - ¢ pp ALICE \s, =5.02 TeV
g 3.5 :_ m Pb-Pb 0-10% Charged—particle jets
| < 37 Sys. uncertainty R =0.2, | 77jp|| <0.7 i
A c
250 o m 60<pT!0hjct<80 GeV/c |
5 - + Soft Drop z,,=0.2, =0
n P A
- + s Fiagaes = 0-88, fron o = 0.89
- - A
0.5t .
- I ! I | 1 i | 1 1 ! |
= oL m JETSCAPE Cauca )
Hie: [ Pablos, L. =0 Yuan, al. = 5 GeV*
o< C Pablos, L. =2/n] Yuan, med q/g
o [ Pablos, L. ==  ==Yuan, quark
1.5¢
-
0.5 |
0 0.2 0.4 0.6 0.8 p 1
g

<: _arXiv:2107.12984 <

13


https://arxiv.org/abs/2107.12984
https://arxiv.org/abs/2107.12984
https://link.springer.com/article/10.1007/JHEP01(2020)044

Jet splittings: narrowing?

» Narrowing reproduced by models with different implementations of jet-medium interactions

» Model 1: role of color coherence?

-Lres = %0, coherence
-L+es = 0, decoherence

> Model 2: coherence with changing qg/g fractions?
Yuan et al arXiv:1907.12541

-quark only
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Jet splittings: narrowing?

» Narrowing reproduced by models with different implementations of jet-medium interactions

» Model 1: role of color coherence?

-Lres = %0, coherence

res = U, decoherence

> Model 2: coherence with changing q/g fractions?
Yuan et al arXiv:1907.12541
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Jet splittings: Ry suppression

A

-

AV

Resolution length of QGP?

\
&7 -

o ATLAS measurement at higher pr

e Absolute suppression with RAA instead
of per-jet, differential in pr

» [ arger Jets are more suppressed

Laura Havener, Yale University
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RHy: consistent picture?

e ALICE: 60-80 GeV (charged jets) o ATLAS: 158 501 GeV
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» Both see larger jets more suppressed i.e. the jets are narrower

Laura Havener, Yale University



Quasi-particle nature of QGP?

See next talk by Raymond Ehlers for more details

Laura Havener, Yale University 16
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» Not sensitive enough to distinguish j R T YU—
s RN S el
M Hybrid w/ wak e ]
models yet 0 51. H;:b:id w/ wake + Moliere | “

See next talk by Raymond Ehlers for more details

Laura Havener, Yale University
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Jet splittings: large R trimming

e Combining R=0.2 into
R=1.0 jets removes

. * Q *
energy radiated ®

between subjets

ATLAS-CONF-2019-054

Laura Havener, Yale University 17
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Jet splittings: large R trimming

e Combining R=0.2 into

. o ¢
R=1.0 jets removes .'o' “ -> @ > @
. O
energy radiated go o (29 @ ATLAD
between subjets < | ATLAS Prelminary
L Pb+Pb 1.72 nb™, pp 257 pb™', 5.02 TeV
Recluster with kr algorithm to access At 18r . 20 )
How hard is the resolved splitting? /412 = Pr2ARy, | A 200
- 60-80% -
0] SN (it SRR (LU ST -l =
X | |
-» VS, "
"B 'ﬂ.+ + .|||.
: : g
single subjets (SSJ) osF tx i« i % : _
: 'lf= - e o _
- v]<2.0, 200< p_ <251 GeV
- Reclustere |
gy — s oy
S 50 100 150
4 ATLAS-CONF-2019-054 \/d ., [GeV]

V] =~ <

Laura Havener, Yale University
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Jet splittings: large R trimming

e Combining R=0.2 into
R=1.0 jets removes
energy radiated
between subjets

. I

-

€
©

Recluster with kt algorithm to access kr

How hard is the resolved splitting? v/d12 = Pr2ARy;

<{p v

e Jets with a substructure more suppressed than

jets without (single subjets SSJ)

Laura Havener, Yale University

-

€
®

1.5

0.5

ATLAS

EXPERIMENT

1.0

I L L
- ATLAS Preliminary
L Pb+Pb 1.72 nb™, pp 257 pb™', 5.02 TeV

_ ¢ 0-10% _
B 10-20%
A 20-40% _
+ 40-60% :
60-80% :
] =
T I
s : '
AR
+
 AA A A 4o 1 . B
L]
BLH-
- V[<2.0, 200< p_ <251 GeV
- Reclustered R = 1.0 jets |
| | | | | | I | | | | I | ]
S 50 100 150
ATLAS-CONF-2019-054 \d., [GeV]
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Jet substructure at RHIC

HardCore jets Matched jets

e STAR uses a HardCore selection to s 16 G preonst > 0.2 GeV/c

suppress the background priecoliet > 8 GeV/c AR (et, HC-jet) < 0.4
_ . 15“” Ghom. matching o High tower trigger
* Then matches to original jet to g, Bt g
recover constituents - s

(QpT
W

Geom. matchin

Laura Havener, Yale University STAR, PRL 119 062301 (2017) 18




Jet substructure at RHIC

e STAR uses a HardCore selection to

suppress the background

e Then matches to original jet to

recover constituents

0.25 .
i pS'>2 GeVic; ps“>0.2 GeV/c, Matched:
- © p+p HT @ Au+AuMB O p+p HT @ Au+Au MB
0.2 o Au+AUdHT ® Au+AuHT
c - Au+Au, 0-20%
§ [STAR | g, 41 '
T 015 5 * Anti-k,, R=0.4
T " ' O Cut
™ - : * With p_>2 GeVi/e:
= - ; ’ p_ >20 GeVic
" Thox
¢ 0.1 g: 4 P, .. >10GeVic
uJ : E t + S »
5 o | :
e 3 ¢ V¢
b ¥ L}
8 . : s ®
o =1 PR - 1 = A Q. | BN | %
-0.2 0 0.2 0.4 0.6 0

Laura Havener, Yale University

HardCore jets
preonst > 2 GeV/c
prlead-iet > 16 GeV/c
pTRecoll-]et > 8 GeV/c
Geom. ma?c_:pi»n_g 15-
o
a 5
Geom. matching

e HardCore jets are imbalanced and
matched jets are balanced

Matched jets
preonst > 0.2 GeV/c
AR (jet, HC-jet) < 0.4

<< ngh tower trigger

STAR, PRL 119 062301 (2017)




Substructure with subjets

e Recluster constituents of R=0.4 jets into r=0.1 jets HSJ — A Rl )

)@
)

e Find the leading (1) and subleading (2) jet

Laura Havener, Yale University arXiv:2109.09793 19
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Substructure with subjets

e Recluster constituents of R=0.4 jets into r=0.1 jets HSJ — A Rl )

HardCore Di-jets
Trigger P et > 16 GeVic
¢ Find the lead: 1 d subleadi 2) et Recoil p,,, > 8 GeVic AutAu, p+p Yo = 200 GoV
In e ea Ing ( ) an Su ea‘ Ing ( )Je Recoil Matched Jet 6, Selection Antiky R = 0.4, Antik; Rg, = 0.1
o _ _ A6 (jet, HT) > 2=/3 m *R, <10
e No modification with angle
I T STAR
0'257 :;‘::1 Au+Au 1 :;‘::)u Au+Au "
i . 1 0-20% |
<& 0.2k + ' M 0.1 <B,,<02 @ ¢ 02< B, < v.o b
O 1 )
N * $ <: I ¢ < :
Z 0.15F T .
© I * 1 |
3 E 1 ? # :
< of *E T + é p
0.05} gi -+ f é § -

I 1 O |
”11..111L1.li!,..,|_“_|.1,11.llle,‘$|‘

0 0.2 04 06 0 0.2 04 0.6
Matched |AJ| Matched |A |

Laura Havener, Yale University arXiv:2109.09793 19
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Substructure with subjets

e Recluster constituents of R=0.4 jets into r=0.1 jets HSJ — A Rl )

HardCore Di-jets
Trigger P et > 16 GeVic
® F d h | d 1 d bl d 2 ' RAcOl Py, > 8 GaVie Au+Au, p+p Y8, = 200 GeV
In t e ea Ing ( ) an Su ea‘ Ing ( )Jet Recoil Matched Jet 6, Selection Anti-ky Rj = 0.4, Antik; Rg, = 0.1
. g y . Ao (jet, HT) > 27/3 n |*Rm<1.o
e No modification with angle L
025- p+p © 4 p+p @ STAR -
- AusAy AutAu 1 AusAy AutAu ~
i - 1 0-20%
STAR 'ALICE  CMS/ATLAS _ | + ) Woi<o <02 I i §¢ozco,cus
9 Vacuum N # |
- . : — 6=0.1 0.15F - X ?$ < :
e Contradiction with Ry A I 6=0.4 E 5
= 0 Medium-induced 0.1 $ ;
e RHIC later formation < s — §=2GeVm § .t ?“ :
. . 4 ) :
times outside of 3 . .S TS
" 2 0 0.2 04 06 0 0.2 04 0.6
M ed ium ? 1 Matched |AJ| Matched |A |

-

O S5 10 15 20 25 30 35 40 45 50

M. Verweij QM 17 .
Laura Havener, Yale University ® (GeV) J arXiv:2109.09793 19
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Subjet fragmentation

e Recluster constituents of R=0.4 jets into r=0.1 jets

Laura Havener, Yale University

F(z,)

do

O, 06 dz,

Pb—Pb

iy —

1 dN
]Vjet dzr

ch subjet
Pr
ch jet
Pt

ALICE-PUBLIC-2022-016

10F =
" ALICE Preliminary .
. = PP |
8 Sy = 9-02 T.e v ., . . MPb-Pb0-10%
- Charged-particle anti-k; jets Sys. uncertainty ]
- R= o.4h_ '?iet' <05
Ol 80<p™ <120 GeVic _
| anti-k; subjets r = 0.1 O i .
4| ’ + i
2 . O _
B
Medium jet functions ]
- == JETSCAPE ]
1.5+ == JEWEL, recoils an —
i - JEWEL, recoils off ]
1 :_ ............................... ..E
L T
05F .
! | | | | | | | | | | | I | | | :
0.6 0.7 0.8 0.9 1
A Azr



Subjet fragmentation  r¢)- L&

N dz
jet v
e Recluster constituents of A=0.4 jets into r=0.1 jets pch subje

__ T
= ch jet

Pr

ALICE-PUBLIC-2022-016
10F =
- ALICE Preliminary ]

- \Syy = 5.02 TeV ®pp

- Charged-particle anti-k; jets .gst:spubn?:e:tgiﬁ ty -
- R=04 [n_|<05 | ‘

Ol 80<p™ <120 GeVic

> Hint of hardening at 5
iIntermediate z -> similar
to Ay and hadron FF i

— ———r _anti-k; subjets r =0.1 N .
5 | | T
| ATLAS b ™ | < 2.1 anti-k, #=0.4 jets 4| + ]
—
N i ' -
Q ol @ 126 < p'f' < 158 GeV | 2 N - 5
m ] <=+ Hybrid Madel, R _ = 0 | I N
- Hybrid Model, R = 3 | [ L]
i —— EQ model ) : | " PR S T S SR A" PR S
i i Medium jet functions ]
2. - == JETSCAPE /o
1.5 1.5+ == JEWEL, recoils an / —
5 i - JEWEL, recoils off ]
" 1 _:_ ...............................
1 L
- 05F
: Pb+Pb, ISy = 5-02 TeV, 0.49 nb™, 0-10% | - | T R R T T T R T R R -
0.5 pp.s=5.02TeV,25pb" _ 0.6 0.7 0.8 0.9 1

Alllll | llllllll | L ISR SR R S I | A z

r
1072 10" 1 3
Z
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Subjet fragmentation  r¢)- L&

N dz
jet ¥
e Recluster constituents of A=0.4 jets into r=0.1 jets pch subje

__rT
= ch jet

Pr

ALICE-PUBLIC-2022-016
10F >
~ ALICE Preliminary ]

- o
~ IS =o02TeV lglt))—Pb 0-10%
- Charged-particle anti-k; jets Sys. uncertainty
- R=04 [p_|<05 | ‘

Ol 80<p™ <120 GeVic

> Hint of hardening at 5
iIntermediate z -> similar
to Ay and hadron FF i

o Neill, Ringer, Sato JHEP 07 (2021) 041 25— s —— | anti-k; subjets r = 0.1 O i i
—_— Ohyirark . i ’.et I- = . | 4
L ’;:l:;l: Q — 019 CeV /\ "‘,\T . ATLAS b | <2.1 anti-k, #=0.4 jets | : ’ + :
G-%i o | ~ . -
ﬁ‘ i__"; NT.I =104 {1 | Q o @ 126 < p' < 158 GeV _ 2 B i " N
Sy 6nt x = " Hyor Model R j A
I ete™ \ i —— EQ model : | — P S S S S PR R
S 9. Leading/inclusive jets - X a - ;\'}AEe_?iSU&J;gEfU"CtiOHS
e \ \I 1.5 Q. 15F == JEWEL, recoils an
e \ - 't — JEWEL, recoils off
0.2 0.1 0.6 1.8 i i
> ~ 1 TRy
1 0 Z
> Hint of suppressionas z -> 1, ; : : ]
| Pb+Pb, ys,,,=5.02 TeV, 0.49 nb™, 0-10% | I T R S T S R B T B _
energy loss of pure quarks? 0.5 oo -502TeV. 250" - 0.6 0.7 0.8 09
Lo | | | { I N - | 1 I I I | A r
A

10°° 107 1 W W
Z
Laura Havener, Yale University 20



Jet axis

collinear radiation soft radiation -
groomed-away radiation 2 - ALICE Prelimina B Pb-Pb0-10%
: AR;Jlxis = \/0’2 - y1)2 + ((Pz - (pl)z ® mé i i 1 pp
O i \{sNN =5.02 TeV .
3 40 Sys. uncertainty
- Ch-particle jets, anti-k
o' K —=— WTA - Standard
30 - —#— WTA - SD (z_,=0.1, 5=0)
- ﬁ ~ E —— WTA - SD (z,,=0.2, 5=0)
20 8 ] 40 < p™® < 60 GeV/c
_ T
- e R=02 I |<07

P. Celetal.,, JHEP 04 (2020) 211

» See narrowing effect

> Not sensitive to grooming: does
not change jet direction

Laura Havener, Yale University



Jet axis: model comparisons

ol & 45p ALICE Preliminary ¢ op
» Hybrid model: role of Moliere scattering? U% s0f VS =502TeV ® Pb-Pb0-10%
-without Moliere Pablos et al JHEP (2020) 044 e 35 ;_ Ch-partlde jets, antl‘kT Sys. uncertainty
30 [
1 P WTA - Standard
\\ T = ooy 40 < p"* < 60 GeV/c
0F 8 R_02 |p <07
15 et
- .
1 =
Ny .
. . . - [
» Model: coherence with changing g/g fractions? S . S
| B o of = JEWEL recols of JEWEL, recoils on
-medium g/g Yuan et al arXiv:1907.12541 Lle o o N ecanining 1
N — MATTER+LBT T b
q q : ]
9 1 OE ) . M | . . ] M . M | . . | M ) M ]
0 0.02 0.04 0.06 0.08 0.1

Laura Havener, Yale University

AR
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https://link.springer.com/article/10.1007/JHEP01(2020)044

Summary

1. Narrowing effect in measurements sensitive to angular
scale of jet. decoherence or quark vs. gluon jets?
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Jet charge: g/g fraction modification?

e Jet charge sensitive to electric L 1 1 1 ?
charge of initial parton Q" = et Z qdiPr;
Pr iEjet
e Fractions in pp and Pb-Pb similar -> q )
no modification of gluon fraction?
CMS pp 27.4 pb™', PbPb 404 ub™ (5.02 TeV)
anti-k. R = 0.4 jets, pjft >120GeV,In_1<1.5 k¥ =0.5
- I I I I I + | | | | | -
C - o
-f_,-)’ o8l PP =& Data 1 0-10% PbPb
g | -- PYTHIA6 |
e Possibly indicates that narrowing iIs §0_6= ----- g - & - & - e -4 --
due to decoherence effects! %’ | i $ b
e |s this measurement sensitive to §0_4'_ 1 _
same effects as jet mass? ol [ CMS JHEP 07 (2020) 115
| | | | | | | | | |

1 2 3 4_5 1 2 3 4 5
Track P thresh. [GeV] Track p_ thresh. [GeV]

Laura Havener, Yale University
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Summary

1. Narrowing effect in measurements sensitive to angular
scale of jet: decoherence or quark vs. gluon jets?

“Survivor bias”?



“Survivor Bias”

C. Nattrass recent talk at INT

Comparing final modified Pb-Pb jet to
unmodified pp jets instead of comparing the
initial unmodified jets

“Survivor bias” where at a fixed pr bin we are
left with less quenched narrower jets

>

PP

Pb-Pb

Pt

Cole, Spousta EPJ C76 (2016) 50 Brewer, et al PRL 122, 222301
Caucal et al JHEP 2020, 204 (2020) Brodsky et al arXiv:2009.03316 | | N |
Final energy selection Initial energy selection
J'U. ........................ I,n.c ].U.Si.v,e m ;( J.h, .-. ........................ I,n.c ].11.5{.‘;,'? m X — -.
] ] L ] Xin=<(.90 mawm Xin=<(.90 mawm
e Selection on the initial instead of
final energy removes narrowing 350 5% R=0.4 1 Red: unquenched jets
. . _334 pp Jel pr = 200 GV . )
effect for more quenched jets in : | Blue: quenched jets
r 1.5 1
hybrid model :
< 10]
U.J."
' PbPb Jet pr > 200 GeV PbPb Jet pr > 100 GeV
& prfyp > 200 GeV
Du, Pablos, Tywoniuk, JHEP 21 (2020), 206 Rg Rg

Laura Havener, Yale University
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https://arxiv.org/abs/2009.03316
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.122.222301
https://link.springer.com/article/10.1007/JHEP10(2020)204
http://Cole,%20Spousta%20EPJ%20C76%20(2016)%2050
https://www.int.washington.edu/talks/WorkShops/int_21_2b/People/Nattrass_C/Nattrass.pdf

Summary

1. Narrowing effect in measurements sensitive to angular
scale of jet: decoherence or quark vs. gluon jets?

“Survivor bias”?

2. No modification to splitting function?

26



Summary

1. Narrowing effect in measurements sensitive to angular
scale of jet: decoherence or quark vs. gluon jets?

“Survivor bias”?

2. No modification to splitting function?

Could we be removing in-medium splittings In(kr)
with grooming?
Subjet fragmentation sensitive to this at high z!

| In(1/AR)

SD removes some
of the physics
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Summary

1. Narrowing effect in measurements sensitive to angular
scale of jet: decoherence or quark vs. gluon jets?

“Survivor bias”?

2. No modification to splitting function?

Could we be removing in-medium splittings In(kr)
with grooming?
Subjet fragmentation sensitive to this at high z!

3. Measurement not sensitive enough to
measure Moliere scattering

Seen in acoplanarity measurements (Peter’s talk)

See Raymond’s talk for future ideas!

| In(1/AR)

SD removes some
of the physics

26
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Jet quenching expectations

e Jet energy loss -> jet suppression Depends on the path traveled in the medium

Flavor dependence See talk by Anne

e Complicated internal structure is
modified in the medium

e Jet-medium interactions:

= Momentum broadening widens jet = \\/ide-angle deflection
See talk by Peter




Hadron-level observables

e Distributions of particles inside jet

4 Jet axis
Jet fragmentation: longitudinal ' Jet shape: radial profile of
profile of charged particles in a jet. charged particles in a jet
1 chh ‘~~
D(z) = .
( ) I\Ijet dZ ( A ) Zjets ZtracksE(Ara,Arb) P Th
p(Ar) =
7 — pT COS AR or ]Vjets Zjets ZtracksEArSlp%h
'_I?t
e Properties of the jet (generalized angularities) 1 A} |
&) Related to jet shapes:

Angularity (girth) g a=1

1l ee o }
HOW Wide are > vs. -> _?l\'ltllli[?licjl,y . X ﬁ NMaSS a_2

the jets?

Laura Havener, Yale University



Boson-taggea jet structure

e Boson-jets dominated by quark jets

e Boson tag provides approximate initial momentum

of jet (no energy IOSS) sy = 5-02 TeV p_ > 60 GeV/c
® Photon-jet ® PhO’[Oﬂ-jet Shape: PbPb 404 ub | anti-k., jetR=O7.3
: 27.4pb”"  p° >30GeVic, A¢p >
fragmentatlon PRL 123 (2019) 042001 p? | Ipl | pT > | |e| C |¢JYI> 8 - o
§1 L  ytag ('p?'r;'so-ma GeV., ﬂft'=65-1214 'Gév')'_; -CMS Cent. 0-10% - Qualltatlvely similar
5 15 o ggté,Ti.oz TeV, 0-30% Pb+Pb / pp _; A& 3 i Supp/ementary _ behaVior tO inclusive
2 1 45_ Inclusive jets (p’ft=80-110 GeV) E \: - -
T F —'—+ g Data, 2.76 TeV, 0-10% Pb+Pb/ pp 4 - M Data
g . 1~ I SCET, Chien-Vit '
= = len-vitev :
11'215 E = 2 i !LBT . 1 Except high z
ha | i enhancement
— - - .
0.9F 1 = 1 disappears?
0.8 . = _
- Pb+Pb 0.49 nb -
0.7- y .- e ' ] S E R R

10*@ 107 W 1 0 0.1 0.2 0.3
I

Laura Havener, Yale University PRL 122 (2019) 1520



https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.042001
http://dx.doi.org/10.1103/PhysRevLett.122.152001

Groomed jet angularities

e See grooming reduce sensitivity to medium recoll

— & | ' ‘ | . ' . _ j = = Ry E o | SATISHS
J I 'th i I / -8‘ “S | @ AuccciwPoPoaua  ALICE Preliminary *10°E @ ALGEOa0%PoPoaaa  ALICE Preliminary
eWG WI re CO I O 14 PL-Pb syst sncel. VS =5.02 TeV | . T —— VS = 5.02 Tev 3
— ] : i . " " i
Ib [ @ AUCE pp data Ch.particle anti-k; jets ] @ ALIGE pp data Ch.-patticle an'i-k; jets -
. . 12 . 40 < pP < 60 GeVic ; | 40 < pP ¥ 60 GeVie ]
" /7 onsyst.uncont, T i N 277 op syst. uncent. T
ewel WITNOUT recCol ok ,1<07, A=02 102 | 77 In,]<07, A=02 -
i ] : SD:z,,=02,8=-0
| R=0.2 £
B » - » — - a VAR ¢
5 2@;//,@;; .- 7 10 . :
@ 0-10%Pb-Pb s, =276 TeV sl R : : 22 R 4
s PYTHIA Perugia 2011 3757 » = _ ?’2 N
b . p Pl dd o 7’
-- Q-PYTHIA 2 -._ //"/?/',/' - 1 :_' o ... .'//8/1////////'7
S [ rrrr[ r ¢ 101 [ rr 1 1 1 i I G """"" ﬂ [ .
Q 60<p_ . <80GeVic ALICE o ' % —t— = o : % % i
9, [ T, chjet i Olg 251 JEWEL iresoils off g dlg 251 JEWEL frecxils off 1
v 0.21 JEWEL + PYTHIA 0-10% Pb-Pb £ % |JEWELicigon | L - L3¢ | JEWEL irecois on)
¥ . I Recoil on i _', + | JETSCAPE (MATTER4LET) | B | + | JETSCAPE MATTZRILET) |
(]
= . 2 % | Higher-Twist parion Edoss = 2 Hybric model (¢ elastey
= (ERERRN
% Eo *" Recoll off = Hybrid model (o elasic) Hybric model [wilh 2lastic]
© gm Hybrid model iwith elastic), .
‘ 2 - 1.5k ]
— 9 L
2 . g 1
| | -
» N — e
- e X
o =% € —u
- . 4
= 0.5 |
. . ' l . . ' ' ' . ' ' 1 i 1 1 l L ) 1 1 I ' ' ) I | 1 | ' L ' ' 1
0 0.1 0.2 0.3 0 0.05 0.1 0.15 0.2 025
lk‘—‘ /-lx=1
=2 =2

* Not as sensitive as jet mass measurement but uses different jet radil

Laura Havener, Yale University



Vacuum: exploring phase space of QCD

In(kt)

e |solate different QCD effects like
hadronization, perturbative vs.
non-perturbative emissions, etc. and
tune MC models

Parton
shower

e KT ~ Aqcp separates perturbative
from non-perturbative regime

soft, collinear

< In(1/AR) arXiv:1808.03689 <:

Laura Havener, Yale University
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https://arxiv.org/abs/1808.03689

Jet splittings: Rg larger R

7T O YV®

0o 01 02 0.3 A,

0 0.05 01 015 Ry ol : . — d
s ALICE (5. =502Tev | ©IO = epp ALICE Y sy, = .02 TeV =
35 ®0P Ch E o " m Pb-Pb 30-50% Charged-particle jets .
¢ 99° mPb-Pb0-10% arged-particle jets : | = 5 2 o ainty R=04. |1 <05 -
—| & 37 Sys. uncertainty A =0.2, | 77'.:.-:1| < 0.7 : b?ll r yS. uncertainty 50 T jel %0 G vi -
© 25: - 60<pTc hi <SOGeV/ . 4:_ <pT,(:hjel< B /C—:
' ' VD m ) E r . Soft Drop z,,=0.2, =0
> Narrowing remains 2k 4 Soft Drop z,,=02, =0 N oftDrop 2,02 =0 -
. : o ™ 088 ,HA 089 - - ¢ frogaod = 0-89: Frcooq =090
for larger R in more 150 , o ] of . :
. . . 4 - m ]
semi-central collisions e : ; io i :
05 - ' - :
- N L . ., 1 & . A AU RS E .L
O | JETSCAPE Cauc E
Ol‘ o 20 -delos Lios=0 ‘YS:rfaL:SGeVz p D|' Q- WJETSCAPE
o< i Pablos, L,. --&Ttl Yuan, med q/9 e 1.5 * Pablos, L.; =0
o [ m Pablos, L =  ==Yuan, quark 0O L Pablos, L,. .._2 T
1.5 " L W Pablos, L, ., = =
1 _-'-' - . . .
05 ; : : PR : P I : : I L ! L
0 0.2 0.4 0.6 0.8

| 6 O
< J <: PRL 128 102001 < 0
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N -SU bJ ett | NeSsSSsS e Pramin AR ARy ARy

Trr =
N RpT,jet
o kT reclustering selects hard subjets
0/ = >0 Are the prongs resolved by the medium?
Jet has 2 prongs

L R L 6_ ' ' ' a

6= ALICE - C ALICE - _

-lpp Vs=7Tev - 5 0-10% Pb-Pb Sy = 2.76 TeV 1 e Fully corrected z2/711n pp
— 5 Anti-k; charged jets, R =0.4 = [ Anti-k; charged jets, R = 0.4 N
©  F 40<ph <60 GeVic - o ,F IT-Ap <06 » ALIGE Data 1 and Pb-Pb data Compared
& F k. reclustering ™ ALICE Data - S *F TT(1545 - TT(89)  » PYTHIAG Perugia 11 =
\\6 C e PYTHIAG Perugia11; % C 40 <p <60 GeV/c 4 PYTHIA8 Monash tO PYTHIA
% 3 & FYIHIAS Monash - = 3:_ k- recleitering -
- E_ = === _E Ew % 2f— self normalised ‘ _f
> 2 + - g2 | pMC>1 Pb-Pb/MC ~ 1
— F == == ] S ¢ — N

1:_ —— . _: 1T ——A——

E o - i n E \ ‘
o P S o . Pb-Pb/pp < 1
= E T .
~ b — ~ A . . .
§ : ‘ § S Hint of suppression

§2—~o04 o8 o8 1 of 2-prongness in Hls
' ALICE arXiv:2105.04936 T_g/f, P 9

<. =



https://arxiv.org/abs/2105.04936
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Groomed jet angularities
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e Solutions:

1. smaller jet radil

2. tighter SD
condition

Laura Havener, Yale University

Background treatment

leads to incorrect splittings

subjet

real subjet 2

or semi-central collisions
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ALICE R-scan: narrowing

e ALICE ML-based Raa

e Seems to imply a narrowing of the jet

See Hannah Bossi’s talk at QM for details

Laura Havener, Yale University
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