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Model

Raa = op(pr + de(pr))/opp(pT)
de(pr) = k(pr) /T3u -dL

/

Along trajectories
through the plasma

Fit in some reference centrality
(not sensitive to choice)

Rest is a prediction
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Bands:
e Trajectum settings
e Choice of reference centrality
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https://arxiv.org/abs/2509.04299

Light-ion predictions
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CMS 2510.09864

Light—ion predictions 6.1 nb" (00), 1.02 pb”' (pp), 5.36 TeV

Energy loss models
= BDMPS-Z (Huss et al.)
= LCPIl + mQGP in pp (Zakharov)
== LCPI + no mQGP in pp (Zakharov)
Bayesian q (Xie and Zhang)
= DGLV+SPLC (Faraday and Horowitz)
— CUJET/CIBJET
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Energy loss models
= Hybrid model (Pablos et al.)
Coherent energy loss (Takacs et al.)
= Pathlength model (van der Schee et al.)
JEWEL+Trajectum (Kolbé et al.)
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https://arxiv.org/abs/2510.09864

What is the nature of the
path-length dependence?
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What is the nature of the path-length dependence?

Start with a fit to
0-5% in PbPb

——PbPb (ref, 0 — 5%

T3 dL (GeV3fm]

[T3udL [GeV>fm] \/ SNN = 5.02/5.36 TeV-
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What is the nature of the path-length dependence?

Isobel Kolbé (Wits)

T3 dL (GeV3fm]
[T3u-dL (GeV3fm)

0 — 100%
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Predict min.bias:

Energy-loss if only
dependent on brick
pathlength



What is the nature of the path-length dependence?

Add temperature
dependence

—PbPb
——PbPb (ref, 0 — 5%

T3 dL (GeV3fm]

[T3udL [GeV>fm] \/ SNN = 5.02/5.36 TeV-
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What is the nature of the path-length dependence?

Show me some data

T3 dL (GeV3fm]
[T3u-dL (GeV3fm)
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Let’s dig into the
system-size dependence
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Does this get you to a system-size dependence?

Centrality obfuscates the
size-dependence

*He'He WA Ar  —PbPb
900 —"Ge™Ge —UU

centrality [%]
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Does this get you to a system-size dependence?

Centrality obfuscates the Multiplicity reveals universal
size-dependence behaviour
: , Smooth
1.0 Trajectum ,S,NN 215.%64816"1@_\/’ 1.0 ijectum sy = 5.36/8.16 TeV transition

across systems

*He'He WA Ar  —PbPb
900 —"Ge™Ge —UU

—p%0 —*He'He -—Ar**Ar —PbPb
pPb BOY0 =PGeR0e =TT

50 100 5001000
dN/dn

centrality [%]

Universality broken in high-mult. tails:
Same L, higher T
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Energy-loss as a function of system-size*

* size of the colliding system

—p'%0 —*He'He
16016()

“Effective” A;
° pO: 7
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sy = 5.36/8.16 TeV

—L()AI.—l()AI.

=00 =TI

Same physics, different aesthetics
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SNy = 9.36/8.16 TeV
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One last thing about the brick

The brick pathlength

Isobel Kolbé (Wits)
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One last thing about the brick R/ T3u-dL

(fits data)

, Vswn =5.02/5.36 TeV]
50 100

D
~ N

WAMAL  _PHEPHSN

160y16() __ 61600 —UU

The brick pathlength
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One last thing about the brick p)TPwdl

0 tTrajectum 0= 100

(fits data)
Vsun =5.02/5.36 ’1‘;\/:
5 10 50 100
pr[GeV]
Rk
2 AA
NN (disfavoured by data)

0AM0A L __PEPD

160y16() __ 61600 —UU

Energy-loss coincidentally

! [fm] scales like L? because of the
temperature dependence

The brick pathlength
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High-p_ v,
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Canonical lore: high-p,. v, is path-length-dependent energy-loss
(Min. bias)

Jsun = 5.36/8.16 TeV Trajectum Trajectum \san = 5.36/8.16 TeV]
g S : : r

900 —»0
—PbPb DArOAs pPb
_—UU  —"Gel'Ge —"He'He |
5 10 50 100
pr [GeV]

Extract v, from a fit to in-plane and out-of-plane R, ,
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Trajectum —p'0 Ar rajectun —p'%0 WAAr
pPb —Ce™Ge pPb —T0Ge™Ge
'He'He —PhPh 'He'He —PbPh 'He'He —PbPh
1600 —UU . 6ol —UU = V. 6plt0 —UU
: Q Q

A Sny =5.36/8.16 Te ~ 0. . SN = 5.36/8.16 Te = VSN = 5.36/8.16 Te
« CMS

pPb data not shown b/c:
e We really compute v, {2} - hard to measure
e v,{4} exists, but very different quantity
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0.25; Cn e
‘FTrajectun'z —p1%0

0-5% »Pb (e Ce ; (e Ge pPb  —T0Ce™Ce
'He'He —PbPb 'He'He —PhPh 'He'He —PbPh
l(i()lli() _~[‘- 5 l(;()lﬁ() —-U[V k 3 l(i()l(i() —U[
: Q Q

A Sny =5.36/8.16 Te ~ 0. . SNN = 5.36/8.16 Te SN =5.36/8.16 Te

« CMS « CMS

pPb data not shown b/c:
e We really compute v, {2} - hard to measure
e v,{4} exists, but very different quantity

Zoom in on 0-5%:
pPb less than 0.002
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Summary & Conclusions

Energy loss is temperature-dependent | '

(not just path-length) L
JT3u.dL [GeV3fm)

If you must:

The L-dependence is L? because of T

Trajectum —p'%0 VA0 Ar

Path-length (and temperature) dependent ; pPb —TGeTCe

'He'He —PbPh
6% —uu

energy-loss is not the whole story for high-p_ v*

SNN = 5.36/8.16 Te
« CMS
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Summary & Conclusions

Energy loss is temperature-dependent

(not just path-length)

If you must:

The L-dependence is L? because of T

Path-length (and temperature) dependent

energy-loss is not the whole story for high-p_ v*

Thank you!

Isobel Kolbé (Wits)
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0 — 100%

AR

T3 dL [GeV3fm)
JT3u.dL [GeV3fm)

Trajectum —p'%0 VA0 Ar
pPb —T6Ge™Ge
'He'He —PbPb
6ol —yuU

SNN = 5.36/8.16 Te
« CMS
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Backups
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ALICE: 1412.6828

Oxygen-Oxygen - a controlled small system

PbPb: t = 00.358 fm/c 00: t = 00.352 fm/c
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proposed [1812.06772] Yo PbGPoPb 30-500%
eg XeXe 30-50%

; > \ o Pbe 50-70%
% < @ ArAr /X XeXe 50-70%

Pbe 70-90%

pPb <>f A exe. 70-80%
(fAr ’ ’ @ _>
h =
g 2

CMS hadrons ATLAS jets  B°B
PbPb 5.02 TeV —E—
pPb5.02 TeV —&— +—o—i
XeXe 5.44 TeV +—A—

(Npart)
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https://arxiv.org/abs/1412.6828

Trajectum |

e Utrecht / CERN / MIT

e Contains: Tgjechums . 50
o Initial stage (Trento) T =35 /e
o  pre-equilibrium :
o  Hydrodynamics
o Freeze-out
o  Hadron phase

e Fast
e Bayesianized parameter lists

7=9.0fm/c

200 300 400
Temperature, T'(z;,7) (MeV)
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No-quenching scenario

Isobel Kolbé (Wits)
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subtr., no recoils -
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CMS: 1305.0609

R A A, vy, and Centrality

(b) CMS pPb |5, = 5.02 TeV, 220 < NO7"'"™® < 260 PP \Syy = 5.02 TeV

Subtract low mult-data (match ATLAS)

1< p‘Y"ﬂ <3 GeVic
1< p:“"“ <3 GeVic

_ﬁﬁ_i
CMS|pPb s, = 5.02 TeV
e /{2, |A7|>2} Omineo-3 <p,<3GeVic
=== Wo{2, JAT>2}, N, ""<20 sub.
m {4}

°
r X 9. 0. a00eg,
® v,{2, |AnP>2} ;
- -vy{2, 1An|>2}, Nj'™<20 sub.

vi{2
+..o e o 00o000

offline offline
Ntrk N(rk

pPb data

Npfftine bin ) | Fraction (INgarrectecly

20,30)
[30,40)

[40,50) 4 44 0-50%
[50,60) ;

[60,80) 6 87+4
[80,100)

[100, 120) 0-10%
[120,150)

[150,185) | 6 5 21049
[185,220) 253+11
220,260) 299+13 3
260,300) | 572 350+15 0-0.00631% bin

~300,350) 1 405%18

ATLAS, 0.3 < P, <5GeVic
O] V{2, |An|>2}, 50-100% sub.
O] v,{4}
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