Jet quenching

Heavy Flavor dynamics

small systems

IGFAE - University of Santiago de Compostela

Thank you to Carlota Andres, Jasmine Brewer, Florian Cougoulic, Xiaojian Du, Elena Ferreiro, Gian Michele Innocenti,
Carlos Salgado, Deepa Thomas, Urs Wiedemann, and Nima Zardoshti for advice and illuminating discussions.

SC

UNIVERSIDADE

Instituto Galego de Fisica de Altas Enerxias gg?z’éﬁ‘é?&m D E G‘ \ L I C I —~\

Isobel Kolbé (IGFAE) Initial Stages - Copenhagen - 22 June 2023 1

M)
N
&
@\

INITIAL
STAGES




ALICE: 1805.04381 Matsui et.al: 1986

Are there competitive non-plasma J/v suppression mechanisms?
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ALICE: 1805.04381

Matsui et.al: 1986

Are there competitive non-plasma J/¢ suppression mechanisms?

Nuclear modification

of PDFs
(Marquet, Tue)

Gluon saturation

Gluon saturation
+ hadronization

Fully coherent gluon
radiation

Dissociation

Isobel Kolbé (IGFAE)

p-Pb Sy = 8.16 TeV

® ALICE inclusive J/ly
O LHCb prompt J/y (PLB 774 (2017) 159 )

EPS09NLO + CEM (R. Vogt)
nCTEQ15 (J. Lansberg et al.)

EPPS16 (J. Lansberg et al.)
CGC + NRQCD (R. Venugopalan et al.)
CGC + CEM (B. Ducloue et al.)
. Energy loss (F. Arleo et al.)
—— Transport (P. Zhuang et al.)
== = Comovers (E. Ferreiro)

small-x

Initial Stages - Copenhagen - 22 June 2023

Rpr (in’TTLS ) p11) —

2 / )
d OpPb

d?j cms de

Initial- and final-state
effects describe p-
going direction
suppression.

d2 J/ ‘11/)

Opp

APb dy(:wz, s de



https://arxiv.org/abs/1805.04381
https://inspirehep.net/literature/230496
https://indico.cern.ch/event/1043736/contributions/5441929/

ALICE: 2008.04806

Need final-state effects for ¢/)(25)

ALICE, p-Pb \s, = 8.16 TeV, Inclusive J/y, y(2S) — u'p-
—446<y <-2.96, p, < 20 GeV/c

cms

Transport Model (Du and Rapp) . J/y v (2S)

Comovers + EPS09LO (Ferreiro)  J/w
EPS09sNLO + CEM (Vogt et al.) = J/y
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No final state - no difference
between J/v and ¢ (25S)

Experimental results:

Thomas (overview)
Trzeciak (STAR)
Wang (LHCDb)
Lofnes (ALICE)
Acharya (ALICE)
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Jet Quenching

in small systems

Do we know what How can HF
to expect? help?

Existing Beyond R 44 Intermediate- p More physics

v

calculations
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Csummuess o Alassom Slsamsen
A phrasing of the problem:
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ALICE: 2211.04384 ATLAS: 1910.13978 ATLAS: 2206.01138

A phrasing of the problem:

Self-consistent
paradigm in AA:

0-10% Pb-Pb, |5, = 5.02 TeV

Prompt D
Non-prompt D

40 50
P, (GeV/e)
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ALICE: 2211.04384 ATLAS: 1910.13978 ATLAS: 2206.01138

A phrasing of the problem:

Self-consistent : ALICE
paradigm in AA: 0-10% Pb-Pb, {5 = 5.02 TeV

Strong-coupling:
Multiple interactions

DREENA-A
Prompt D
Non-prompt D

b,
Wi £
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30-50% Pb-Pb, /Sy = 5.02 TeV

10 20 30 40 50
P, (GeV/e)
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ALICE: 2211.04384

A phrasing of the problem:

Self-consistent
paradigm in AA:

Strong-coupling:
Multiple interactions

Kinetic transition:
Few interactions
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ALICE
0-10% Pb-Pb, |5, = 5.02 TeV

DRZENA-A
’rompt D
Non-prompt D
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ATLAS: 1910.13978

ATLAS: 2206.01138
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ALICE: 2211.04384

A phrasing of the problem:

Self-consistent
paradigm in AA:

Strong-coupling:
Multiple interactions

Kinetic transition:
Few interactions

Path length-dependent
energy loss
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ALICE
0-10% Pb-Pb, |5, = 5.02 TeV

hi
lon-prompt D b-oe

30-50 6 Pb—Pb, /s = 5.02 TeV

P T N
20 30 40 50
P, (GeV/e)
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ALICE: 2211.04384

ATLAS: 1910.13978

A phrasing of the problem:

Self-consistent
paradigm in AA:

Strong-coupling:
Multiple interactions

Kinetic transition:
Few interactions

Path length-dependent
energy loss
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ATLAS: 2206.01138

Unclear interpretation
in small systems
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Kinetic transition:
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Path length-dependent
energy loss
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ATLAS: 2206.01138

Unclear interpretation
in small systems
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Self-consistent
paradigm in AA:

Strong-coupling:
Multiple interactions

Kinetic transition:
Few interactions

Path length-dependent
energy loss
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Unclear interpretation
in small systems

An E.loss description of U2
and R 4 4 is non-trivial in AA

Sensitive to:
-starting time
~-temperature profile
-hadronization

See backups
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B T .
Start by varying the pathlength

Isobel Kolbé (IGFAE) Initial Stages - Copenhagen - 22 June 2023 6


https://inspirehep.net/literature/1415124
https://inspirehep.net/literature/1415124
https://inspirehep.net/literature/1415124
https://arxiv.org/abs/1311.5463
https://arxiv.org/abs/1311.5463
https://arxiv.org/abs/1311.5463
https://www.sciencedirect.com/science/article/pii/S0375947414001055?via%3Dihub
https://arxiv.org/abs/2003.02441
https://arxiv.org/abs/2003.02441
https://arxiv.org/abs/2003.02441

Xie et.al. 2003.02441

Shen et.al. 1601.03070 Zhang et.al. 1311.546

Start by varying the pathlength

<

Energetic partons + Gl
MARTINI 0.4

0.2

0.0

Isobel Kolbé (IGFAE)

pPb cold nuclear effect (EPS09)
pPb ebe a, =0.27
pPb smooth a, =0.27

30 40 50 60 70 80 90 100
Pr (GeV)
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Xie et.al. 2003.02441 Shen et.al. 1601.03070 Zhang et.al. 1311.5463 Tywoniuk 2014

Start by varying the pathlength

size a, 0-5%
PHENIX " gize b, 0-5%
size a, 0-20% ---

Energetic partons + [l

MARTINI 0.4
pPb cold nuclear effect (EPS09)
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Xie et.al. 2003.02441

Shen et.al. 1601.03070

hang et.al. 1311.5463 Tywoniuk 2014

Start by varying the pathlength

Energetic partons + [l

MARTINI 0.4

0.2

Estimate energy and
length scales,

multiple soft
scattering
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0-1% p+Pb @ 5.02 A TeV

pPb cold nuclear effect (EPS09)
pPb ebe o, =0.27
pPb smooth a, =0.27

30 40 50 60 70 80 90 100
pr (GeV)
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Enhanced energy
loss near T,
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Start by varying the pathlength
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Energetic partons + Gl
MARTINI 0.4

0.2

Estimate energy and
length scales,
multiple soft

scattering
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PHENIX

pPb cold nuclear effect (EPS09)
pPb ebe o, =0.27
pPb smooth o, =0.27

30 40 50 60 70 80
pr (GeV)

100 150 200
1 [GeV]
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size a, 0-5%
size b, 0-5%
size a, 0-20% ---

i
i
i

|

1

12<p}<40 GeV/c
0.5<ph<15 GeV/c

Tywoniuk 2014

Enhanced energy
loss near T,

Higher-twist
energy loss
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Start by varying the pathlength

Energetic partons + [l

MARTINI 0.4

0.2

Estimate energy and
length scales,
multiple soft

scattering

50
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size a, 0-5%

PHENIX " gize b, 0-5%
size a, 0-20% --
— = SIZE b70-20°/e_

i
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| |

1

o
pPb cold nuclear effect (EPS09) m gt
pPb ebe o, =0.27
pPb smooth a, =0.27

30 40 50 60 70 80 90 100
pr (GeV)

5.02 TeV, p + Pb — ydect 4+ h*] 12<p}<40 GeV/c
0.5<ph<15 GeV/c

50 200 250
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Tywoniuk 2014

Caveat:
Centrality
determination
is non-trivial
(see backups)

Enhanced energy
loss near T,

Higher-twist
energy loss
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Huss et.al. 2007.13758 Zakharov: 2105.09350 _

Lighter ions
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No quenching?

ANGANTYR with
string-shoving OFF

Caveat: 0-20% bin in

pPb is quantitatively
different to 0-5%

Isobel Kolbé (IGFAE)

ATLAS: 2206.01138

Bierlich et.al. 1806.10820

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

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

4 567810 20 30 40

P (GeV]

Jet tag

near-side
hadrons

Initial Stages - Copenhagen - 22 June 2023

A¢ch,je‘ > 7n/8

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

=6~ Data, p*' > 60 GeV

jet

== Data, P> 30 GeV

4 567810 20 30 40

P (GeV]

Jet tagA
away-side
hadrons %



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

Relaxing large-L approximation

1
—<<AZN)\mfp<<L
KD

A

4 A\
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Relaxing large-L approximation

1
—<<AZN)\mfp<<L
KD

A

4 A\

DGLYV poles |— ‘ /{{(\/‘:

By
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Relaxing large-L approximation

1
—<<AZN)\mfp<<L
KD

A

4 A\

H—l
! <A
1D mfp
DGLYV poles |— ‘ % >
corr. pole > ]
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IK et.al. 1511.09313

Relaxing large-L approximation

1
— LAz~ Appp < L

KD p

A

4 N\

H_J
! <A
o mfp
DGLYV poles > ‘ g >
corr. pole - (<]
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Faraday et.al. 2305.13182

0.6

0.5} Exp.
[ F

0.4¢ T

(Az) 0.3} T

0.2f

0.1f

005 1 3

WHDG + corr.

O h* Rys ATLAS 2017

exp. (rad. only)
step (rad. only)
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Small is not the only problem

1 1
po  g*T

)‘mpr 'uDNgT
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Sievert et.al. 1901.01319

Small is not the only problem

1 1
)\mfp ~ p_a ~ 92_T pp ~ g1’

5 PbPb R?=6.5 fm? 3. XeXe R?=6.0 fm?

6
4 O

 Thnax~460 Me 6 Tmax~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®

=6 Trax~480 MeV
-6-4-20 2 4 6
X [fm]

=6 Tax~500 MeV

x [fm]

Smaller systems are hotter at the
same multiplicity

Isobel Kolbé (IGFAE)

Mogliacci et.al. 1807.07871
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Sievert et.al. 1901.01319 Mogliacci et.al. 1807.07871

Small is not the only problem

1 1
Amfp ~ — ~ —= up ~ gT
mifr oo 92T

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

O

=6 Trax~460 Me 6 Trax~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?

=6 Trax~480 MeV =6/ Tax~500 MeV
-6-4-20 2 46 6-4-20 2 4 6
X [fm] x [fm]

Smaller systems are hotter at the Single, massless, non-interacting,
same multiplicity scalar field in a finite box
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The future of quenching studies
in small systems
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Romaio et.al.: 2304.07196

Beyond 1R 4 4

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

(2) cf single and pairs
of observables

Isobel Kolbé (IGFAE)
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Romaio et.al.: 2304.07196

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

Beyond 1R 4 4

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

angularity: rzgp = A%,sp
N-subjettiness: 72 gp

(2) cf single and pairs
of observables

g e g o g
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Pairs of observables that are
just as good as the full set

Beyond 1R 4 4
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0.910.960 970.96 0.960. ‘ @980.900.980.920.910.930.970.97 0.940.91

0.960.960.970.970.970.950.98| | i i 5 0.960.950.98 0.9.

0.970.970.980.96 0 0.940.960.950.960.960.980.930.9

0.960.970.970.91 0.950.99 0.980.92 0.980.960.970.980.910.92

0.960.970.960.970.960.960.98| 0.980.91(Vi 0.960.950.98 0.9
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https://arxiv.org/abs/2304.07196
https://arxiv.org/abs/2304.07196
https://arxiv.org/abs/2304.07196
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Beyond 1R 4 4

(1) Traln a BDT on all 0 ;370.970960 960.¢ 9%
Observables to 7sp-0.970.970.970.970.970.970.980.97
distinguish quenched
from unquenched

0.960.970.960.960.960.970.970.960.96

0.980.960.960.960.960.960.970.980.98

0.970.970.970.970.960.970.980.980.970.960.98

0.970.960.950.950.960.960.980.99 0.96

0.980.980.970.980.98 0.98

0.960.970.960.970.960.960.9

(2) cf single and pairs o

980.980.980.980.980.98 0.990.990.98

of observables .

0.97

0.970.960.960.960.970.96

0.980.970.960.980.970.97

0.970.970.980.98

970.96

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

Dynamically groomed jets, a = 0.1

0.98

'@ 05 N T T T T T T T T | T _

2, E“ C ]
= = - JEWEL + PYTHIA + MUSIC A
w 04 [ -

— Z-& C PbPb ]
C —+— pPb i

0.3 [— =]

C —+— 00 2

L —+— pO b

0.2 —

0.1 -

0.980.91

0.990.9 o

0.980.93 Mjet [GeV}

0.960.950.960.95

[

0.960.960.970.980.95

980.980.98

70.97(0)::0.940.91 JEWEL_2.4.0 on
oo EREEs (2+1)D background

0.980.92

0.980.91t
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https://arxiv.org/abs/2304.07196
https://arxiv.org/abs/2303.14166

How can heavy flavor help?

Produced early: Additional physics
- Easy to tag
- Track evolution
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ALICE: 2211.04384 Ke et.al.: 1810.08177 Liet.al.: 1912.08965 Katz et.al.: 1907.03308 _

Heavy flavor and Intermediate pr

No Full
coalescence

- ,
o« 18-ALICE, Promp}

1.6F-Pb—Pb, sy = 5/02 TeV
Centrality 0-10/6

CMS Pb-Pb Solid lines: Langevin 160-0 6.5 TeV pll.%?Xe-Xe 5.44 TeV
Dashed: Energy loss —— 0Ar-Ar 5.85 TeV — sphar Xe-Xe 5.44 TeV
—— 208P},_P}, 5.02 TeV

No radiative

Lower pT has more
discriminating power between
energy-loss mechanisms

Critical in small systems
NB! Need control over centrality
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https://inspirehep.net/literature/2178285
https://arxiv.org/abs/1810.08177
https://arxiv.org/abs/1810.08177
https://arxiv.org/abs/1810.08177
https://arxiv.org/abs/1912.08965
https://arxiv.org/abs/1907.03308
https://arxiv.org/abs/1907.03308
https://arxiv.org/abs/1907.03308
https://indico.cern.ch/event/1043736/contributions/5363869/

ALICE: 2106.05713

The dead cone

light -flavour

Radiator <10 GeV -_——

heavy -flavour

 /

Isobel Kolbé (IGFAE) Initial Stages - Copenhagen - 22 June 2023

Cungueiro et.al.: 2211.11789
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https://arxiv.org/pdf/2106.05713.pdf
https://arxiv.org/abs/2211.11789
https://arxiv.org/abs/2211.11789
https://arxiv.org/abs/2211.11789

ALICE: 2106.05713 Cungueiro et.al.: 2211.11789

In-medium radiation fills the dead cone

The dead cone

Vac+MIEs
A 2

2 < 4L <8GeV cets

kt,cut = 0.5 GeV J— b-jets

— Inclusive

light -flavour

5< ERadiator <10 GeV -——

heavy -flavour

g
2
3
(&)
>
9
8
o
£
<
[

0
2.3
2.0
1.5
1.0
0.5
25
2.0
1.5
1.0
0.5

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

Summary
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Summary

Can compute RAA in
small systems -
problematic

50 100 150 200 250 300 350

pi [GeV]

---- WHDG exp. (rad. only)
—— WHDG + corr. step (rad. only)

O h* Ryn ATLAS 2017

Isobel Kolbé (IGFAE)

100
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Summary

Can compute RAA in
small systems -
problematic

100 150 200

---- WHDG
—— WHDG + corr.

O h* Ryn ATLAS 2017

1:
50

250 300

exp. (rad. only)
step (rad. only)

100

pr (GeV)

Isobel Kolbé (IGFAE)

“New” observables are
game-changers

ouiouio

Ratio to vacuum

Ratio to ¢

2
2
1
1
0
2
2,
1
1
0

oot

0.980.950.950.950.950.950.980. 980.98@

980.980.980.980.990.98 0. LOO‘I.OO (081:11.00/1.

»-0.97 0.970.970.970.960.970.950.98 0.980.930.980.4

»-0.960.910.910.90 10.960.970.970.960.970.960.990.91 0.980.900.980.4

2 0.97@ 0.960960.970.970970.950.98'0.980.98 0.980.4

0.970.920.910.920.920.930.970.970.970.970.980.96 91|

0.98| ).8: 0.960.970.970.960.960.950.99

: i
0.96@ @0.960 970.960.970.960.960.98|
' '
< "
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Summary

Can compute RAA in “New” observables are
small systems - game-changers
problematic

100 150 200

---- WHDG
—— WHDG + corr.

O h* Ryn ATLAS 2017

Isobel Kolbé (IGFAE)

Ratio to vacuum

Ratio to ¢

0
2.5
2.0
15
1.0
0.5
2.5
2.0
15
1.0¢
0.5

300 350 100

.980.950.950.950.950.950.980. 980.98@

.980.980.980.980.990.98 0. 1.00‘1.00 (081:11.00/1.

exp. (rad. only)
step (rad. only)

0,810.73 WO.SEO 970.960.970.960.960.98|
N T ot
o Y

Initial Stages - Copenhagen - 22 June 2023

20 -0.97| 0.970.970.970.960.970.950.98 0.980.930.980.4
960.910.910.90:0.910.960.970.970.960.970.960.990.9111:110.98 0.900.980 4
@n.geo 960.970.970 970.950.980.980.98 0.980 4
70.920.910.920.920.930.970.970.970.970.980.96 0.91) 0.93 0.4

-0.98| 0.960.970.970.960.960.950.99(¢k: @0.98 0.980.4

Heavy flavor will be key:
Calibrate CNM & leverage
intermediate- pr

ALICE, p-Pb \(ﬁ =8.16 TeV, Inclusive J/y, y(2S) — p'u-
203<y, <353 p< 20 GeVic
Transport Model (Du and Rapp)  J/y y(2S)
Comovers + EPS09LO (Ferreiro)  J/y y(2S)
EPS09sNLO + CEM (Vogtetal.)  J/y

oy(2S)
elly

® CMS Pb-Pb Solid lines: Langevir
Dashed: Ener s

pr (GeV)
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Summary

Can compute RAA in
small systems -
problematic

50 100 150 200 250 300

pi [GeV]

---- WHDG exp. (rad. only)
—— WHDG + corr. step (rad. only)

O h* Ryn ATLAS 2017

Isobel Kolbé (IGFAE)

“New” observables are
game-changers

Ratio to vacuum

Ratio to ¢

O FUPIN e P 19
ool LloULioUio

-0.980.950.950.950.950.950.980. 980.98@

.980.980.980.980.990.98 0.980.98 1.00‘1.00
-0.97] 0.970.970.970.960.970.950.98

960.910.910.90 0.910.960.970.970.960.970.960.990.91

0.98

0.98

WD.QGO 960.970.970. 970.950.980.980.98

.920.930.970.970.970.970.980.96 0.91

0.960.970.970.960. 960.950.99‘l=~ @0.98

@ .960.970.960.970.96

Tusind tak!
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0.98|

0.930.980.4
0.900.980.4
0.980.4
0.93 0.4
0.980.4

#10.980.4

Heavy flavor will be key:
Calibrate CNM & leverage
intermediate- pr

T
ALICE, p-Pb |5, = 8.16 TeV, Inclusive J/y, y(2S) — p'u-
203<y, <353 p< 20 GeVic
Transport Model (Du and Rapp)  J/y

Comovers + EPS09LO (Ferreiro)  J/y
EPS09sNLO + CEM (Vogt et al.)

oy(2S)
elly

® CMS Pb-Pb

pr (GeV)
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Backups
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Andres et.al.: 2211.10161 Zigic et.al.: 1908.11866 Zhao et.al.: 2103.14657

Description of R 4 4and v2 is non-trivial in AA

"0 3 30

20 30 20
pr (GeV) pr (GeV)

Pb +Pb @ |sy, =5.02 TeV R,

CoLBT CoLBT
——— with Coal. —— with Coal.

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

10 10
pT(GeVIc) pT(GeVIc)

Isobel Kolbé (IGFAE)

Sensitivity to the nature of
radiation in the early stages

Or sensitivity to late-time
temperature profile?

Vy(SP)  Pb+Pb@ |y, =502TeV  v,(SP)

CoLBT
without %oalescence
K

P W Or do you need
10-20% P ‘ .
comprehensive
hadronization picture?

Initial Stages - Copenhagen - 22 June 2023
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https://arxiv.org/abs/2211.10161
https://arxiv.org/abs/2211.10161
https://arxiv.org/abs/2211.10161
https://arxiv.org/abs/1908.11866
https://arxiv.org/abs/1908.11866
https://arxiv.org/abs/1908.11866
https://arxiv.org/abs/2103.14657
https://arxiv.org/abs/2103.14657
https://arxiv.org/abs/2103.14657

CMS: 1305.0609

R A, vy, and Centrality

(b) CMS pPb s, = 5.02 TeV, 220 < NS

Subtract low mult-data (match ATLAS)

1< p:[g <3 GeVic
1<l <3 GeVic

_rﬁ_'_i
CMS|pPb |s|, = 5.02 TeV
o /{2, |A1|>2} 01:ﬂineﬂ-3 <p,<3GeVic
- V{2, |AT[>2}, N "7<20 sub.
m {4}

® v,{2, |Anf>2}
--Vy{2, |An[>2}, Noy'™°<20 sub.

pPb data
(Centrality Fraction Tine'y ™~ (Nggrrected )
+ RMS (%)
50+2
1241
30+1 5 3041
. 4242
0-50% : 4 5442
6613
87+4 : 84+4 0-30%
108+5
0-10% 9 13246
159+7
210+9 19549
253+11 236+10
299+13 3 280412

350415 328+14 0-0.00631% bin

405118 374+16

S,03< p, <5 GeVic
O| v,{2, |An|>2}, 50-100% sub.
O] v,{4}
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https://arxiv.org/abs/1305.0609
https://arxiv.org/abs/1305.0609

ATLAS: 1303.2084

R A4, vy, and Centrality (Alternative - ATLAS)

range in (NZEE€)
range fraction
[GeV] of events [%]

200—38U 04.3

10—20 16.9Y 9Y.5—(U.4

= . 1-20. 3)
25-40 20.0-39.3 0)
7)
1)

55 <3E"°< 80 GeV 40 <3E7"< 55 GeV 25 <3EFP< 40 GeV

L= 10b™, I < 2.5

Ak
%TJF
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https://arxiv.org/pdf/1303.2084.pdf

CMS: 1210.5482

R A4, vy, and Centrality (Alternative - peripheral)

0.1< P < 1.0 GeV/c

Multiplicity class ~ Fraction Nt‘;{(ﬂine Nfr‘fre“ed

(Noffine) (%) Fool Correlated yield
Minimum Bias 100.0 106 534129

Nefline < 35 50.4 vyt 735+1.3
35 < Notine 90 419 56.3 75.6+4.1
90 < N‘Sl\ me -~ 11() 4.6 98.2 118562
Noffline > 110 3.1 T98.2 149.1+8.1

——

CMS pPb \/sy = 5.02 TeV, NI > 110
. 5
1<pT<3GeV/c \ 1<pT<3GeVlc

=
g 3 0.20
3

<
R e
S 5
‘—| £Y .6

- 21
F

=]
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https://arxiv.org/abs/1210.5482

PHENIX: 2202.03863

Sequential J/¢¥ and ¥ (295)

-2.2 <y <-1.2, Inclusive PHENIX (a) 1.2 <y <2.2, Inclusive PHENIX (b) /
B y(2S), p+Au |5, =200 GeV ] w(2S) nCTEQ15 (Shao et al.) PHENIX Pb- going
® J/y, prAu |5, =200 GeV =] w(2S) EPPS16 (Shao et al.) . :
[ w(2S) Transport Model (Du & Rapp) dlreCtlo.n ShOWS
(E=] J/v Transport Model (Du & Rapp) Separatlon between

J/psi and psi(2S)
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https://arxiv.org/abs/2202.03863

ALICE: 1603.03402

R4 4 inp-Pb

p-Pb |5,y =5.02 TeV
FastJet anti-k jets, R = 0.4
In, I <0.5 (ALICE)

-0.8 <y* <-0.3 (ATLAS)

Isobel Kolbé (IGFAE)

Centrality classes
= ALICE 0-20%
=== ALICE 60-80%

sm= ATLAS 0-10%
=o= ATLAS 60-90%

100 120

T, chjet’ pT, jet (GeV/c)

Initial Stages - Copenhagen - 22 June 2023
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https://arxiv.org/abs/1603.03402
https://arxiv.org/abs/1603.03402
https://arxiv.org/abs/1603.03402
https://arxiv.org/abs/1603.03402

Brewer et.al.: 1812.05111

ALICE: 1412.6828

Why R 4 4 is not ideal for small systems

Reliance on a reference system
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

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

o AE « L « N_,;: uncontrolled :
o AE = AE(T): T is uncontrolled 5 w0

Glauber-MC p-Pb \;,N':_SAOZ_TeV 3
-

icity

nN

0000 Glauber-MC Pb-Pb \s,, =

pl

2
S
=
3
=S

Multi

nb
GeV]1072
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https://arxiv.org/abs/1412.6828
https://arxiv.org/abs/1812.05111
https://arxiv.org/abs/1812.05111
https://arxiv.org/abs/1812.05111

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
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https://arxiv.org/abs/2205.14668
https://arxiv.org/abs/2205.14668
https://arxiv.org/abs/2205.14668

