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Why R AA is the worst (in small systems)

1812.05111
1607.01711

e Reliance on a reference system

e Steeply falling production spectrum

o  Survival bias
o  Sensitive to PDFs and nPDFs
e Sensitive to initial condition

o  Geometry
o Momentum anisotropy

e Sensitive to jet fragmentation
e Supposed to quantify AE, but

o AE<~L«<N_.: uncontrolled

o AE=AE(T): T is uncontrolled
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20000 Glauber-MC Pb-Pb \‘S;‘ =2.76 TeV 8
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Can we do something else?
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Romdo et.al.: 2304.07196

Single observables that are
99% as good as the full set
of observables

Beyond R a4

(1) Train a BDT on all
observables to
distinguish quenched
from unquenched

angularity: rzgp = Aisp
N-subjettiness: 73 sp

(2) cf single and pairs
of observables
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https://arxiv.org/abs/2304.07196

Beyond R4 4

(1) Train a BDT on all
observables to
distinguish quenched
from unquenched

(2) cf single and pairs
of observables
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https://arxiv.org/abs/2304.07196

Pairs of observables that are just
as good as the full set

Beyond R4 4

Dynamically groomed jets, a = 0.1
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https://arxiv.org/abs/2304.07196
https://arxiv.org/abs/2303.14166

IK: 2303.14166 Barretto et.al. 2310.11150

HYdI'O interface for JEWEL gh repo clone isobelkolbe/jewel-2.4.0-2D

New jewel-2.4.0-hydro-2D:
e Built on jewel-2.4.0-simple
o  Similar use of temperature and velocity for scattering centers
o  Similarly separable from main jewel code.
e Caninclude any (2+1)D background with 7 and (u ,u ) information
e Jet production location from N information )

e  Subtleties with density determination
1o

Neff =

coshn — sinhncos @
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https://inspirehep.net/literature/2645672
https://arxiv.org/abs/2310.11150

Trajectum

e Utrecht / CERN / MIT

e Contains:
o Initial stage (Trento)
o pre-eq.
o Hydro
o Freeze-out
o  Hadron phase
e Fast

e Bayesianized parameter lists

Isobel Kolbé (Wits)
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7=0.6fm/c

Trajectum

7 =3.5fim/c

200 300 400
Temperature, T'(z;,7) (MeV)




Ultra-preliminary results - groomed pT

Trajectum + PYTHIA + JEWEL A Dynamical Grooming aoi .o
/4

(w/ recoils, const. sub.)
Incl. jets, R = 0.4, kr Drop

— Vacuum

— simple

— hydro

1
k@ = =  max
pr i€ C/Aseq.
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Ultra-preliminary results - Jet Mass
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— Vacuum

— simple

— hydro

hydro samples

SoftJet 2024 (Tokyo)

Simple: Standard JEWEL medium.

Hydro: 1k JEWEL events each on 500
Trajectum profiles.

Hydro samples: 200k JEWEL events

on each of 10 randomly chosen
Trajectum profiles.
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Ultra-preliminary results - R 4 4

— simple
PRELIMINARY

— hydro

hydro samples

Incl. jets, R = 0.4, Time Drop
Trajectum + PYTHIA + JEWEL (w/ recoils, const: Qub.)

50 100 150 200 250 300 350 ~400
pr [GeV]
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Simple: Standard JEWEL medium.

Hydro: 1k JEWEL events each on 500
Trajectum profiles.

Hydro samples: 200k JEWEL events
on each of 10 randomly chosen

Trajectum profiles.

All normalized to JEWEL vacuum.

Really need ensemble
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What (other) physics can we do with this?

e Initial goal: Explore new observables in a variety of N atdocaine

s s, Niiapy :
collision geometries modification of high-pr

e Explore any medium effect on jets: partons look like in

o  Time-delays small systems?

o  Flowing medium
e RealisticR,, vs v, in AA (more work) e ralle e il
2112.04593 state fluctuations play

2104.09513 on Jet properties?

How do other
environments
affect jets?
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Backups
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Apolindrio et. al. 2012.02199 Apolindrio et. al. 2401.14229 Andres et.al. 2409.13536

Need a space-time picture

: e e — i 2p . 2p \ T _ y:
Time reclustering: d;; = min ( py;,p7 p=0.5 pr;0° ~

pp (PYTHIA + JEWEL) pp (PYTHIA + JEWEL)
VANN = 5.02 TeV i — Inclusive V3NN = 5.02 TeV V3NN = 5.02 TeV
: — Torm < 0.84fm/c ’ pr,; > 30 GeV/c

prs = 30 Gev/e ——  Tiorm > 0.84fm/c pr,; > 30 GeV/c
pr.z > 60 GeV/c

pr.z > 60 GeV/c g pr.z > 60 GeV/c
— Inclusive

— Ttorm < 0.84fm/c

—_— Torm > 0:84fmjc

—
=]
8
E
o
S
20
o
=
R~
=
=
Z"\
\
i

%02 04 06 08 1 12 14 16
'Tj.Z

Logyo(Tform (fm/c))
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https://arxiv.org/abs/2401.14229
https://arxiv.org/abs/2012.02199
https://arxiv.org/abs/2409.13536

Zhao et.al.: 2103.14657

Zigic et.al.: 1908.11866

Andres et.al.: 2211.10161

Rai4 ® v2 non-trivial even in AA

V,(SP)  Pb+Pb@ \s,, =5.02TeV  v,SP)

h* + = h*
RY,  Pb+Pb@ |sy,=5.02TeV R,
CoLBT ColLBT . .
—— with Coal. —— with Coal. with Coarltescence
- == without Coal.

0.8} - =~-- without Coal.
o  ALICE, 10-20%, h|<0.8 o ALICE, 40-50%, h|<0.8

without Coalescence
anus IO

10 15

pT(GeVIc) pT(GeV/c)

0.08

0.06

s

Jet pr [GeV]

Sensitive to the nature of
radiation in the early stages

SoftJet 2024 (Tokyo)

Sensitive to late-time
temperature profile?
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Mehtar-Tani et.al:2402.07869

Sensitive to
hadronization
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https://arxiv.org/abs/2211.10161
https://arxiv.org/abs/1908.11866
https://arxiv.org/abs/2103.14657
https://arxiv.org/abs/2402.07869

Kolbe: 1511.09313 Arleo et.al. 2212.01324

What is the pathlength dependence?

® PbPb ‘,»f§= 5.02TeV h"  [Jo-100% ]} 10-20% J30-50% [ 60-70%
m PbPb Vs =2.76 TeV h*

) -80% [10-30% 7
& XeXe Vs =544 Tevh:  MO8o% 1
¥ PbPb Vs =5.02Tev Jiy Ho-5% [l20-30% Wso-60% [ 70-80%
X PbPb Vs=502TeVD  [Jo-10% M20-40% [40-80%

W5-10% [30-40% [f50-

¢ AuAu Vs = 0.20 TeV n°
— model

(e) =/LP
0.09
B=1.021002
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https://inspirehep.net/literature/1407184
https://arxiv.org/abs/2212.01324

Xie et.al. 2003.02441 Shen et.al. 1601.03070 Zhang et.al. 1311.5463 Tywoniuk 2014

Start by varying the pathlength Caveat.

Centrality
determination
0-1% p+Pb @ 5.02 A TeV size a, 0-5% 1 —trivi
_________________________ PHENX 322 R is nogl t{(lVlal
size a, U-207% -- 5 S€e€ DACKUPS
— — — —size b 0-20% ( ps)
. . TT i i
Energetic partons + [ 'y '!' i
: 1 H =
MARTINI 3 5
pPb cold nuclear effect (EPS09) K
pPb ebe a, =0.27
pPb smooth o, =0.27
30 40 50 60 70 80 Enhaneedencrgy
pr (GeV) loss near T,
5.02 TeV, p + Pb — ydrect & h#f 12<pt<40 GeV/c Higher-twist
Estimate energy and 05<pr<ls Gevie energy loss

length scales,
multiple soft scatterin

100 150 200 250 300 350
p1 [GeV]
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https://inspirehep.net/literature/1415124
https://arxiv.org/abs/1311.5463
https://www.sciencedirect.com/science/article/pii/S0375947414001055?via%3Dihub
https://arxiv.org/abs/2003.02441

Lighter ions
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Huss et.al. 2007.13758
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Zakharov: 2105.09350
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https://arxiv.org/abs/2007.13758
https://arxiv.org/abs/2105.09350

No quenching?

ANGANTYR with
string-shoving OFF

Caveat: 0-20% bin in

pPb is quantitatively
different to 0-5%

Isobel Kolbé (Wits)

ATLAS: 2206.01138 Bierlich et.al. 1806.10820

ATLAS
pp, Vs =5.02 TeV
p+Pb 0-20%, |5, = 5.02 TeV

Mg, > T8

pp, 2.7 nb"- 3.6 pb™
p+Pb 0-20%, 0.025 - 0.36 nb™

EE=% ANGANTYR, EPPS16 (NLO), p** > 60 GeV
=== ANGANTYR, EPPS16 (NLO), p*' > 30 GeV
=== ANGANTYR, no nPDF, p*' > 60 GeV

== Data, p’:‘ > 60 GeV
-8~ Data, p' > 30 GeV

4 567810 20 30 40

4 567810 20 30 40
P [GeV]

P (GeV]

Jet tag Jet tag

near-side

away-side
hadrons

hadrons
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https://arxiv.org/pdf/2206.01138.pdf
https://arxiv.org/abs/1806.10820

IK et.al. 1511.09313

Relaxing large-L approximation

1

— LAz~ Appp < L

KD
A

Ve

——
1
— < )\mfp

KD

DGLV poles

N

corr. pole
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By
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Faraday et.al. 2305.13182

0.6
0.5¢f Exp.
— F
0.4f T
p(Az) 0.3" e
0.2}
0.1}
005 1 3 4

-=-=-=- WHDG
WHDG + corr.

O h* Rya ATLAS 2017

exp. (rad. only) -
step (rad. only)
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https://arxiv.org/abs/2305.13182
https://arxiv.org/pdf/1511.09313.pdf

Sievert et.al. 1901.01319

Mogliacci et.al. 1807.07871

Small is not the only problem

1 1

>‘mfp ~N o~ s pup ~ g1’

po  g*T

6 PbPb R?=6.5 fm? 6 XeXe R?=6.0 fm?

-4 -4
=6/ Trpax~460 Me 6 Tax~410 MeV
-6-4-20 2 4 6 -6-4-20 2 4 6
x [fm] x [fm]

6  ArAr R?=5.3 fm? 6 00 R?=3.9 fm?
4 4

2
0
)
4

-4
=6} Tpax~480 MeV =6/ Trax~500 MeV
6-4-20 2 46 6-4-20 2 4 6

x [fm] x [fm]

Smaller systems are hotter at the
same multiplicity
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Single, massless, non-interacting,
scalar field in a finite box

SoftJet 2024 (Tokyo)
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https://arxiv.org/abs/1901.01319
https://arxiv.org/abs/1807.07871

ALICE: 2106.05713 Cungqueiro et.al.: 2211.11789

In-medium radiation fills the dead cone

The dead cone

Vac+MIEs
5 2

2 < 4L < 8GeV cets

k[lcut = 0.5GeV — b-jets

— Inclusive

light -flavour
<10 GeV -——

Radiator

heavy -flavour

g
5
5
Q
g
»
Q
8
ie
g=t
<
~

CHEENN OFE=INN
ool LiouioUuio

Ratio to ¢
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https://arxiv.org/pdf/2106.05713.pdf
https://arxiv.org/abs/2211.11789

CMS: 1305.0609

R A A, vy, and Centrality

(b) CMS pPb {5, = 5.02 TeV} 220 < N2 < 260

Subtract low mult-data (match ATLAS)

1<p)®<3Gevic
1< p:““ <3 GeVic

_ﬁﬁ_i
CMS|pPb s, = 5.02 TeV
e /{2, |A1|>2} Omineo-3 <p,<3GeVic
--== Wo{2, JAN>2}, N ""<20 sub.
m {4}

; ® v,{2, hnpp2}
- V,f2, [An[>2), Ne<20 sub.

viizhvilal
V2w

+..o e o 00g0000

200 200 300
offline offline
Ntrk Nﬂl‘k

pPb data
Noffine bin i § ) | Fraction (INgarrectecly
[0, 00)
[0,20)
[20,30)
[30,40)
[40,50)
[50,60)
[60,80)
[80,100)
[100,120)
[120,150)
[150,185) | 64 5 21049
[185,220) 253+11
220,260) 299+13 5
260,300) | 5742 350415 0-0.00631% bin

11300, 350) 1 405+18

ATLAS, 0.3 < P, <5GeVic
O] V{2, |An|>2}, 50-100% sub.
O] v,{4}
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https://arxiv.org/abs/1305.0609

ATLAS: 1303.2084

R A A, vy, and Centrality (Alternative - ATLAS)

YET° | (XE3°) range in (NEe
range fraction (RMS)
[GeV] | [GeV] | of events [%]

132 (30
5080 | 04.8 1991
40-55 46.7 9.1-20.0 80 (23)

25-40 20.0-39.3 || 60 (20)

1020 10.9Y 9Y.0—(U.4

55 <XE-°< 80 GeV 40 <3E"< 55 GeV 25 <3E°< 40 GeV
ov,{2)
*V,{4)
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https://arxiv.org/pdf/1303.2084.pdf

CMS: 1210.5482

R A A, vy, and Centrality (Alternative - peripheral)

Multiplicity class
(Nofﬂine)

Minimum Bias

Nptfline < 35

35 < Nffline < 90

90 < Npoftline - 110

Nofﬂine L;\ 110

CMS pPb \/s, = 5.02 TeV, NI < 35

1< p, < 3 GeVic

. e
1|9 0.20
%g 018 £
0 0.16] ¢
‘—lz“ K
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Fraction
(%)
100.0
50.4
41.9
4.6
3.1

1282

offline
Ntrk

40.6

4 —

1/7.1

56.3
98.2

corrected
N trk

53.4£2.9
23.5x1.3
75.6t4.1

115562

149.1+8.1

——

o ffling
CMS pPb \(s,,, = 5.02 TeV, o™ > 110
5

1< p, < 3 GeVic

5

g
4

&
o

-~

<
<
o
=
3

1.8
1.7
.6
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01<p <10 GeV/c

CMSs

Cavam

Correlated yield

Crvam = 2

35 <NJE"™ < 90
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https://arxiv.org/abs/1210.5482

Brewer et.al.: 1812.05111

ALICE: 1412.6828

Why R 4 4 is not ideal for small systems

e Reliance on a reference system
e Steeply falling production

spectrum
o Sensitive only to large AE
o Sensitive to PDFs and nPDFs

o Species-dependent
e Sensitive to initial condition

o Geometry
o Momentum anisotropy

e Sensitive to jet fragmentation
e Supposed to quantify AE, but

o AE «— L « Ncoll: uncontrolled

ty

Glauber-MC p-Pb {5, 5.5.02 TeV ]
- "

Multiplicity

Multiplici

JAUIGpe
o
(=]
(=]
o

0000/~ Glauber-MC Pb-Pb |5, = :?,l

150 200

o AE = AE(T): T is uncontrolled pr [GeV]
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https://arxiv.org/abs/1412.6828
https://arxiv.org/abs/1812.05111
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Dai et.al.: 2205.14668

Dead cone prediction in AA

Pb+Pb inclusive jets (SHELL)
Pb+Pb D° tagged jets (SHELL)
= = = Pb+Pb light quark initiated jets (SHELL)

Vs =5.02 TeV
5<E <10 GeV

Radiator

charged jets , anti—kT R=04

—D° tagged / inclusive
= = light / inclusive

SoftJet 2024 (Tokyo)
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https://arxiv.org/abs/2205.14668

