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Measuring the Quark Gluon Plasma

QGP in heavy-ion collisions lasts for only ~10-2s! — difficult to probe
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Angular Correlations

Agqgarwal, Elliptic Flow in Relativistic Heavy-Ion Collisions
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* Initial spatial anisotropy — final
momentum anisotropy

* Quantified through angular
correlations in final state particles
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Angular Correlations
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« Initial spatial anisotropy — final N R
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momentum anisotropy pr [GeV]
£ . ; . C 102 (2020) 044905
* Quantified through angular Schenke et al, Phys. Rev. C 102 (2020)

correlations in final state particles

Elliptical overlap region = angular
anisotropy!
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Nuclear Modification Factor
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How do we know a medium is forming?

Natural question: can the experimental evidence be
explained without a medium?

- Look at p + p and p + Pb collisions as a baseline
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QGP in small systems?
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B. Schenke, C. Shen, P. Tribedy, Phys.Rev.C 102 (2020) 044905
ALICE Collaboration, Phys.Rev.Lett. 123 (2019) 142301 8

COLERIDGE FARADAY



QGP in small systems?

Signatures of QGP formation
in high muiltiplicity
pp, p/d/*He+ Al

+ other signatures including
quarkonium suppression and
strangeness enhancement

How about the Nuclear
modification factor or R, 4?
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Nuclear Modification in Small Systems

Small system suppression
pattern not as clear

No suppression!

T

ATLAS, JHEP 07 (2023) 074
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Nuclear Modification in Small Systems
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Nuclear Modification in Small Systems
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Nuclear Modification in Small Systems

Small system suppression

pattern not as clear

No suppression!
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* Apparent tension
between RHIC
and LHC
suppression
results?

* R,4is difficult to
measure due to
centrality bias

- Theoretical input needed
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What do Small QGP’s Look Like?

. p+Pb0-5% | d + Au 0-5% 3He + Au 0-5%
0 .
-5+
. O+ 0 0-5% Pb + Pb 50-60% Pb + Pb 0-5%
0 L
-5+
-5 0 5 =5 0 5 -5 0 5
x (fm)

B. Schenke, C. Shen, P. Tribedy, Phys.Rev.C 102 (2020) 044905 (adapted)
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According to hydrodynamic

models:

* p+Pb much smaller than
Pb+Pb, but with similarly
large temperatures

* p+Pb has comparable
length scales to peripheral
PbPb collisions
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Energy Loss Model

* Model QGP using
hydrodynamics

Scattering

Centre \;’:0.\} +
o

* Energy loss is radiative

and elastic
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Radiative ’/'>

Energy Loss

Energy Loss

Wicks, PhD thesis (2008)

15



Energy Loss Model

* Model QGP using
hydrodynamics

Scattering

Centre \;’:0.\} +
o

* Energy loss is radiative

and elastic
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Radiative ’/'>

Energy Loss

Energy Loss

Wicks, PhD thesis (2008)
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Energy Loss Model

* Model QGP using
hydrodynamics

Scattering

Centre \;’:0.\} +
o

* Energy loss is radiative

and elastic
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Radiative ’/'>

Energy Loss

Energy Loss

Wicks, PhD thesis (2008)
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Energy Loss Model

. -~ A
* Model QGP using Scattering ‘ :.\ . P R
. S (® o
hydrodynamics Centre \ ® 0.} JP o ® o!
* Energy loss is radiative \’\“‘ y L
and elastic Radiative N B,
Energy Loss é :.\ N _
Short path length correction: o o % | /.0.0.\
Neglected e+~ terms @ o © le®”
~2 \o9 ® L
Theoretical Kolbe & Horowitz, PRC 100 (2019) 024913 e 7
challenges! / ul
i ¢
Elastic 25N \
Energy Loss o ‘. )
Central limit theorem \'\.g / High-
L> X applied ‘ ’

Wicks, PhD thesis (2008) 18
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Elastic Energy Loss

Uncertainty in the elastic energy loss
relating to applying HTL vs Gaussian propagators

We compare two extremes to capture this uncertainty:

1. BT - combination of vacuum and HTL propagators
Braaten and Thoma, Phys. Rev. D 44 (1991) R2625
2. - HTL only propagators

Wicks, PhD thesis (2008)
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Heavy Flavour Suppression in PbPb
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Heavy Flavour Suppression in PbPb

1-47 T I L
1.2F ---DGLV o ALICE 2018 .

T —HTL ,
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of elastic energy loss (blue vs
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Heavy Flavour Suppression in PbPb

141
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o D° 0-10% Pb + Pb -
i =
0.2 EE— sw =5.02TeV |
0 L [ L A \ .
0 20 40 60 80 100
pr (GeV)

* Low ptis sensitive to choice
of elastic energy loss (blue vs
green)

—— * Short path length correction to

radiative E-loss is small (solid
vs dashed)



Light Flavour Suppression in PbPb

1.5——
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* Low-mid pt results sensitive to
choice of elastic E-loss kernel
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Light Flavour Suppression in PbPb

1.5 ——— ——
’ —DGLV + SPL o ATLAS 2022
---DGLV | : e

G o CMS 2016 - * Low-mid pt results sensitive to

—HTL
—BT choice of elastic E-loss kernel

h* 0-5% Pb + Pb

—— + Short path length corr. is
s = 5.02 TeV |

extremely large due to large
contribution for gluons
compared to quarks

RAA

0.5

* SPL grows in quickly in prleading

s e — to fast rise in Rax
10 107

pr (GeV)
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Light Flavour Suppression in AuAu

—DGLV + SPL o PHENIX 2008

.81 ---DGLV S —— 1 * Moresensitive to elastic energy loss

j — j uncertainty than PbPb, ~100%
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0.4 * SPL correction is quite small, since it
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Light Flavour Suppression in pPb and dAu

< ,
= A h* 0-5% p + Pb
05k 7 s =5.02 TeV
’ —DGLV + SPL
~=-DELY
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High pr R4 qualitatively consistent with SPL
result, but low pr dramatically inconsistent
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0.8

f 0.6_

04
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Models qualitatively consistent with data in dAu
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Summary

* Simultaneous suppression predictions in both small and 1|
large systems, qualitatively consistent with data _
0.8~
I ‘ ‘ I 1 - e — = B
I AuAu ] L o8] -1
L m : k2 |
- —DGLV + SPL o PHENIX 2008 04l ]
e ---BCTEII_-V o PHENIX 2012 ] i n° 0-5% d + Au o ]
— 1 . ——DGLV + SPL
I 0.6 0.2+ ---DGLV SNN =200 GeV Lo
T | —HTL
I . —BT o PHENIX 2023
0.4 0 ) . . , | | . , . | . | . \ | ,
i 0 & 10 15
0.2 e pr (GeV)
- 7® 0-10% Au + Au /sy = 200 GeV * Small systems are almost entirely elastic energy loss
ol e b . . . .
0 5 10 15 20 = System size scan in Ra4 could disentangle radiation vs

pr (GeV) elastic energy loss mechanisms
Future work:

* System size scan with global fitted o, * HTL vs vacuum propagators ¢ Detailed uncertainty analysis
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Energy Loss Models in Small Systems

Collision
Geometry

Elastic
E-loss

IP-Glasma
+ Bjorken

expansion

Schenke et al., PRC
102 (2020) 044905
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Bricks
of (L, T)

Radiative
E-loss

HTL, Braaten + Thoma

Braaten and Thoma,
PRD 44 (1991) R2625

Total
E-Loss

—> Raa

Djordjevic and Gyulassy, Nucl.
Phys. A 733 (2004) 265-298

DGLV, 1t order in
opacity
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Energy Loss Models in Small Systems

Theory RpA is Central limit Elastic
o y 1P HTL, Braaten + Thoma
difficult too! theorem E-loss
Braaten and Thoma,
. . PRD 44 (1991) R2625
Prethermalization (1991)
E-loss is uncertain
Collision Bricks Total
e E— Raa
Geometry of (L, T E-Loss
IP-Glasma
+ Bj orken Djordjevic and Gyulassy, Nucl.
expansion Phys. A 733 (2004) 265-298
Schenke et al., PRC .o .
102 (2020) 044905 Radiative DGLV, 1storder in  Neglected
E-loss opacity terms ~ e+~
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Energy Loss Models in Small Systems

Theory RpA is
difficult too!

Prethermalization
E-loss is uncertain

Collision
Geometry

Central limit
theorem

—

IP-Glasma
+ Bjorken

expansion

Schenke et al., PRC
102 (2020) 044905
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Bricks
of (L, T)

Elastic
E-loss

Radiative
E-loss

HTL, Braaten + Thoma

Braaten and Thoma,
PRD 44 (1991) R2625

Total
E-Loss

—> Raa

Djordjevic and Gyulassy, Nucl.
Phys. A 733 (2004) 265-298

DGLV, 1t order i
opacity

Neglected
terms ~ e+t
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What do Small QGP’s Look Like?

0.6

0.4

Proability density

0.2

——pPb 0-5% (L) = 0.9 fm, (T) = 0.36 GeV
——dAU 0-5% (L) =1.1 fm, (T) = 0.25 GeV
—AUAU 0-5% (L) =4.8fm, (T) = 0.2 GeV
——PbPb 0-5% (L) = 4.8 fm, (T) = 0.27 GeV
——PbPb 70-80% (L) = 1.4 fm, (T) = 0.22 GeV |

COLERIDGE FARADAY

* Small system (L) ~ 1 fm
comparable to peripheral AA
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What do Small QGP’s Look Like?

Proability density

COLERIDGE FARADAY

0.4

0.6

0.2

——pPb 0-5% (L) = 0.9 fm, (T) = 0.36 GeV
——dAU 0-5% (L) =1.1 fm, (T) = 0.25 GeV
—AUAU 0-5% (L) =4.8fm, (T) = 0.2 GeV
——PbPb 0-5% (L) = 4.8 fm, (T) = 0.27 GeV
——PbPb 70-80% (L) = 1.4 fm, (T) = 0.22 GeV |

* Small system (L) ~ 1 fm
comparable to peripheral AA

* Small systems have L/A ~ 1
> Central limit theorem
inapplicable (elastic)
> Multiple soft scatter
approaches inapplicable
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What do Small QGP’s Look Like?

Proability density

COLERIDGE FARADAY

0.4

0.6

0.2

——pPb 0-5% (L) = 0.9 fm, (T) = 0.36 GeV
——dAU 0-5% (L) =1.1 fm, (T) = 0.25 GeV
—AUAU 0-5% (L) =4.8fm, (T) = 0.2 GeV
——PbPb 0-5% (L) = 4.8 fm, (T) = 0.27 GeV
——PbPb 70-80% (L) = 1.4 fm, (T) = 0.22 GeV |

* Small system (L) ~ 1 fm
comparable to peripheral AA

* Small systems have L/A ~ 1
> Central limit theorem
inapplicable (elastic)
> Multiple soft scatter
approaches inapplicable
* Large systems have L/A ~ 5
> Central limit theorem still

dubious?
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Why is Gaussian ~ Poisson?

Consider moment expansion of RAA

Raa(pr) = Z cn(Pr) f de Piot.(€|pr) : :Sis 8:::;0

_ __glion  —AuAu 0-5%
=Y " cn(pr) (€ (PT)) o, : <—-light  —— PbPb 0-5%
n

(n) = Do |cn (€7)] /

B > n lCn (€7)] -

. , R —— e =
Small <n> => Gaussian RAA ~ Poisson RAA R e
. X . . ol v
since zeroth and first moments are identical 0 5 10 15 20 o5 30
pr (GeV)
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Elastic vs Radiative E-Loss Importance

— Poisson HTL ——pPb 0-5%
g '\ ---- Gaussian BT ——dAu 0-5%
I\ — AuAu 0-5%
N S~ — PbPb0-5% |

|

COLERIDGE FARADAY

Elastic AE/ E~a*T*log(ET)/E
Radiative AE/E~adL*Tlog E/ E

* Strong dependence on elastic E-
loss used

* Small systems elastic is ~1-3x
more important than radiative
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Large Formation Time Assumption

Constant L=5fm, #=05GeV, A=1fm

COLERIDGE FARADAY

N |
| ==== DGLV
10F DGLV + corr.
% : * Large contributions to SPL corr. at high
- energies from regions of phase space not
£ allowed according to Large Formation Time
3 .
72T assumption
(4] [
2 * Also impacts DGLV
10'1 = I Lo -
10 100
E (GeV)
k,c
Mg,l,o @éég Mg,l,l
Zo 2, &z z Zy 71 7y k2 9 D Had
@—g—‘—g—» ~ > +mz+x-M

ot Y1 P~ = 50

£ £ W H1

—J—

37



Large Formation Time Assumption

Constant L=5fm, #=05GeV, A=1fm

[ == thx  Large contributions to SPL corr. at high
~ 10p GLV+ com energies from regions of phase space not
\ allowed according to Large Formation Time
é assumption
% 1 * Also impacts DGLV
E:: * Future work should include a full rederivation of
~ DGLV with LFT assumption relaxed
10k . ] e Can implement a phenomenological cut in the
10 100 phase space as well to limit assumption-
E (GeV) violating contributions
Mg,l 1
@Zo A Zﬁ]\ Z) " ki+m§+x2M2 1 x 0
E ”gdmwmim 2w 1
e ,C
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Turning Off Elastic E-Loss

[ i LA L L T S L _IIIIIIIIIllIlIlrwlwiml‘wlI]iIIIIIIII_
1.4 p -
r s , s 5l |p+Pb, Vs =5.02 TeV, 0-10% cent.
L L@ e} - |
1.2: ¢o 609 0 el ‘ o
1.0H : D
1 : I
g 0.8} < 0=
c I ] Q:Q ______
0.6; - === WHDG _
I WHDG + corr. i
0.4 el. + rad. J i . |
; o D° ALICE 2019 rad. only : 0.51 WHDG kA _
a5 E WHDG + corr. rad. only
me=] — _1No, .
: p +Pb, \s =5.02 TeV, 0-10% cent. : o * Ryy ATLAS 2017
00 MR BTN EEPUNEETI BT N SR TNN PRI S N 3
o 5 10 15 20 25 30 35 0.0 ——————— ]
0 50 100 150

Pr{5eV) pr (GeV)
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Gluon to Light Quark Crossover

0.2

Col

— N —— q2.76 TeV

llIIII'IIlIlIIIIIIIIIIII

\ —— q0.2TeV

M - q5.5TeV
||::||||||||——QO‘_2T6V

B / —— g—n’2.76 TeV

A —— 9276 TeV
2 EEEEE g 5.5 TeV
/ ’," ——— g—-n’02TeV

Y2 A PPRPOO g —n’55TeV

25 50 75 100 125
P, (GeVic) 40



Short pathlength (SPL) Corr. to DGLV

2 2 2
Xc(ii/: B C:—:;esL / dwa e /%/dAzﬁ(Az) (1)
g (1% +ai) DGLV 1% order
[ 2{1 —cos[(w1 +&m)AZ]} [(k—q1) -k (k—qi1) in opacity
X 2 2 B 2 Djordjevic and Gyulassy, Nucl.
(k —a1)" +x K+ X (k —a1)” + X Pfqys.jA 733 (2002)265%;98

+le—mAz k ’ 1 — @ {1 — cos [(wg + @&m) Az]} SPL corr.
2 k2 + X Ca

Kolbe & Horowitz, PRC

100 (2019) 024913
k-(k—q1) 2o

+ > {cos [(wo + &m) Az] — cos [(wg — w1) Az]} (2)
(k2 +x) ((k = a1) + x)
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Short pathlength (SPL) Corr. to DGLV

dN B CROdSL / dqu

2 d’k
: S /—/dAzﬁ(Az) (1)
X T ST (p4a]) ST DGLV 1t order
2{1 — cos [(w1 + &m) AZ]} | (k —q1) - k (k — q1)° in opacity
N N Djordjevic and Gyulassy, Nucl.

(k —q1)” + x k? + X (k —q1)” + x

X
Suppressed ) , e Phys. A 733 (2004) 265-298
for large L <k2 - X) (1 — C—;) {1 — cos[(wo + &m) Az]} SPL corr.

Kolbe & Horowitz, PRC
100 (2019) 024913
k-(k—q1)

> {cos [(wo + &m) Az] — cos [(wg — w1) Az]} (2)
(k2 +x) ((k = a1) + x)

X

+
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Short pathlength (SPL) Corr. to DGLV

dN <L d2 2 d?k
X— = Cra / ik a 5 /—/dAzﬁ(Az) (1)
dx ’IT)\g T ( 2+q2) T
H 1 DGLV 15t order

(k —q1) - k (k — q1)° ] in opacity

- 2{1 — cos [(w1 + &m) Az]}

B 2 k2 o 2 Djordjevic and Gyulassy, Nucl.
Suppressed (k ql) X o (k ql) TX Phys. A 733 (2004) 265-298
k 2
forlarge L <k2 - ) {1 — cos [(wo + &m) Az]} SPL corr.
X
Kolbe & Horowitz, PRC
k- (k— 100 (2019) 024913
+ (k=a1) {cosflioo + Gm) Az] — cos[(wo —wi) AzZ]} || (2)

(k2 +x) ((k = a1) + x)

Breaking of colour triviality
- we'll see this can lead to excessively large corr. for gluons!
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Central Limit Theorem in Elastic E-loss

How important is central limit theorem in the elastic energy loss?

1) HTL result with Poisson
distribution (Poisson HTL)

[ ]

P(e|E) = ) _ Pu(c|E)

n=>0
1 dNY
'rH—l/ 4z (€

Pria (6) —
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— $n)

P(e

o

We compare:

2) HTL result with Gaussian
distribution (Gaussian HTL)

1 — AE/E\’
E) = exp | — (6 / )
2mo V20
2 dFE .
- dz—T (Fluctuation
B2 © dz (Z) Dissipation Thrm)

44



HTL vs Vacuum propagators

* HTL expands in momentum transfer: ¢ / T~ g,
* For large momentum transfer, vacuum propagators should be the correct
theory
* The way in which you cross between the two, changes the longitudinal
and transverse components
* Makes a large difference in energy loss
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Controlling the LFT approximation

e Collinearity can be enforced via |k |nax = 2xE(1 — x)

e Similarly, collinearity + LFT = |k |max = Min[2xE(1 — x), /2xE p1].

Constant y=05GeV,A=1fm,L=5fm

Collinear Knay

AE/E

E (GeV)

— DGLV
— DGLYV + corr.

PR |
100

Large Formation Time K

— DGLV
— DGLYV + corr. -

A|~|~+~H-}—|‘é-+—k- f—

e

E (GeV)



Example contribution to SPL corr.

; d*
Mi 10 k.c M 0,0 :/ (25)1 iJ(p+ k — qp)e'PTEa20 (g Ve (2p — 2¢ + k)¥x

X iAp(p— q1 + k)idn(p — q1)(2p — 1)V (q1)e' "1 Ty, a1

co 2
gﬁ‘]hﬂl J(p—l—k) 1(p+k)$o( %gsCllCTal QE / d ql e~ b111,

def  €a(2p—2q + k)~ «
2 (p—q1 + k)?> — M? + ie
1

" (p o [11)2 == ﬂJg + iFTJ(ﬁl)e_iqf(zl_ZD)

Il(pak': q:, <1 — ZD) =

Pole at qf(‘g) = —11
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Short pathlength (SPL) Corr. to DGLV

A
6e°
|® .. % ) +
e ¢ 9 Scattering
* Standard radiative energy loss (DGLV) S Center
assumes L>> !
* Short path length correction adds back in ~
P Jen o (zE, X, k) & || L
neglected terms ~ e A
Kolbe & Horowitz, PRC 100 (2019) 024913 \ 9 on Ky
—1
~
Az ~X |1
® r.0E ||
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What is the Quark Gluon Plasma?

* State of the universe only microseconds
after the Big Bang!

* Melted down protons and neutrons

* Near perfect fluid created in heavy-ion
collisions at RHIC and the LHC

* Test QCD - core component of the
standard model

- How do we know QGP is formed in heavy-ion collisions?
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Numerics of the Short Pathlength Corr.

COLERIDGE FARADAY

E o0

0.6
0.4F

AE 0-23

|
0.8

L=5fm| 1

-
ol
-y
N wag

DGLV

c
9

== DGLV |
DGLV + corr. |
c J

g

]
10

L |
100
E (GeV)

50



Numerics of the Short Pathlength Corr.

|
0.8

"""""
-~
~
~

L=5fm| 1

0.6F
0.4F
AE 02?
E ool

i —
0L ==== DGLV E
[ DGLYV + corr. ]
-0.4F c ?

9

We see the SPL correction:

== DGLV |
DGLV + corr. |
¢ J

g

P . . oo N
10 100
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Numerics of the Short Pathlength Corr.

L=5fm| 1

"""""
-~
~
~

We see the SPL correction:

: e
_023_ ==== DGLV / .
“ DGLV + corr. ; * Decreases as a function of L
-04~ c 1

9

== DGLV |
DGLV + corr. |
¢ J

g

| . . o N
10 100
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Numerics of the Short Pathlength Corr.

COLERIDGE FARADAY

-0.2F

-0.4

-0.6

0.1

------
-
~
~

L=5fm

=m== DGLV

c
9

DGLV + corr.

==== DGLV ]
DGLV + corr. |

-_—C

g

10

- 100
E (GeV)

We see the SPL correction:

* Decreases as a function of L

o / much larger for gluons cf quarks
L=1fm|
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Numerics of the Short Pathlength Corr.

©
©
R
!

L=5fm

------
-~
~
~

We see the SPL correction:

of L
_02:_ ==== DGLV 1 .

2 DLV + cor. ; * Decreases as a function of L
-04r- c 1

06 g * much larger for gluons cf quarks

L=tim] * Can lead to negative energy loss

* Grows as a function of £

==== DGLV ]
DGLV + corr. |
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Heavy Flavour Suppression in pPb

1.5
12 .ax BEIR | . | * Gaussian R~ Poisson Ruu;
e A Ty @ ® ° .. .
o Sage o —— - Surprising since CLT should not be
or - -, — ! ! .
< Le === valid
_ o ATLAS 2022 —DGLY + SPL Extremely sensitive to e.Iastlc energy
0.5+ ----DGLV - loss model (x2 suppression)
i ——Poisson HTL
D° 0-10% p + Pb —— Gaussian HTL
s =5.02 ATeV —— Gaussian BT
0 P U S S S K S S S S T S S S
0 10 20 30 40

pr (GeV)
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Preliminary results!

We want to understand:

* Do different elastic/radiative energy loss models — different
signatures in energy loss?

* Can one simultaneously describe suppression (or lack thereof) in small
and large systems?
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Preliminary results!

We want to understand:

* Do different elastic/radiative energy loss models — different
signatures in energy loss?

* Can one simultaneously describe suppression (or lack thereof) in small
and large systems?

- Fit o, on a per model basis
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Global a-Fitted Results at RHIC

1 __ — 1 — il
3 e PHENIX 2008 ----DGLV i
081 + PHENIX 2012 ——Poisson HTL Qg = 0 45
—DGLV + SPL  ——Gaussian BT vy = O 35
< 0.6F i
mq: - i
_ n® 0-10% Au + Au : _
041 meg SN =200 GeV — e — T 0.4 I e PHENIX 2023 |
: : DGLV + SPL
0oL 0oL ° 0-10% Au + Au - ----DGLV
I I ,_SNN — 200 GeV = 0.45__ Poisson HTL
| | i = 0 35 —— Gaussian BT
0 | ) ) ) | \ \ | | | | \ ) ) | ) ) | | O g 5 @ 5 | s ¢ 5 5 | P55 @ | o5 m § g
0 5 10 15 20 5 10 15 20 25
pr (GeV) pr (GeV)

* Very different «, required
for different models
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* All models can fit both small and large
systems, but HTL closer to data




Global a-Fitted Results at the LHC (heavy)

1.9

T L E— LA — T T T T T
121Preliminary ] -Preliminary
I —DGLV +SPL e CMS 2017 ] I —
i ===DGLV + ALICE 2018 ] 1 o R | .
U ——Poisson HTL (g = U. 1 "‘r:}: Ty ® o'T' .
0.81 —— Gaussian BT oty = 0.35 ] 1 :.{<EJ . i
< :u‘" ° ° <>(< L ®
< 0.6 {i s D o | K =
0.4l | —— N N, - 1 05 o ATLAS 2022 —Bgtysm i
\ = I — 0.45— Poisson HTL
| et - 0 - - D° 0-10% p+ Pb Ys — V-0 ——Foisson
0.2 gLi.‘f"ﬁ ) i O IUA PO SRS o - as = 0.35 — Gaussian BT
l o =5.02TeV ] | Vs =502ATev ~°
o v s ] o_
0 20 40 60 80 100 0 10 20 30 40
pr (GeV) pr (GeV)
* All data over suppressed, especially Heavy flavour RAA is especially
small systems sensitive to elastic energy loss choice
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Global a-Fitted Results at the LHC (light)

" Preliminary =

o ATLAS 2022 y e

1.5

— .
Preliminary

8l + CMS 2016 '
- —DGLV +SPL 5 1 7
I ----DGLV | I e e e B S
(g = .45 — Poisson HTL :.:.'II—.ﬂ - n:$ ______
g = 0,35 —— Gaussian BT O '—:‘ ]
gl _- s . DGLV + SPL
4 - n® 0-5% p + Pb --DGLV _
_ 0 . \'s =5.02 TeV Poisson HTLQs = 0.45
o2l i O=ole Fois R | o ATLAS 2019 J— Gaussian BT, = 0.35
\'s =5.02 ATeV _ |
0 ] 0 20 40 80 100
102

pr (G

Over-suppressed in pPb with DGLYV,
qualitative agreement at high pt with SPL

Too good to be true? No space for
running coupling effects
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Gaussian ~ Poisson?

1.25 [ T T T | I T T T T T T T T I T T
[ 0
121 | ]
_ -\ ——pPb 0-5%
2 - ——dAu 0-5% |
5. 1151 —AuAu 0-5% |
S I ——PbPb 0-5% ]
g 11p N
< I
c
1.05F ]
1 R R R D
0 20 40 60 80 100

pr (GeV)

* Opposite ordering than expected
according to CLT?
* Strong
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Gaussian ~ Poisson?

1.2 ———— 11—
r sy
i ° 1021 I T =0.15GeV pr = 10. GeV light
1.2 | o g ]
T\ — pPb 0-5% 3
3 I 5 > —— Pure HTL Conv. |
g ] ——dAUO0-5% 4 G — Pure HTL Gauss.
c»:E 115L —AuAu 0-5% | ks 10+ E
i i ——PbPb0-5% | 5 @ f —L=1fm
R = § | ---L=5fm
i 18 S e L=14fm
< i > 1 E
‘f: o g . E
1.05 .
r — o , L
e S S G S S -0.1 0.3 0.4 0.5
0 20 40 60 80 100
pr (GeV)
° 1 1 . . . . .
Opposite ordering than expected Gaussian distribution not a good fit for
. 5 :
according to CLT: either small or large systems
* Strong
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Gaussian ~ Poisson?

15— 11—
I sy
[ e 1021 h T =0.15 GeV pr = 10. GeV light
121 | . : | ;
Fo\ ——pPb 0-5% 1 [ ! ]
3 I 5 1T > I n B —— Pure HTL Conv. |
i : ——dAUO0-5% 4 G 2 & —— Pure HTL Gauss.
c»:E 1.15+ — AUAU 0-5% | 8 105— A . l,I : i ¥
s : — PbPbO-5% | < - i —L=1fm
= _ £ g ---L=51m
3 i o e
g 1f 1 8 Bl L=141m
< I T 1- ST .
o = : B ' ]
1.05F . Sy
[ . SN . D T I
e S S G S S -0.1 0.1 0.2 0.3 0.4 0.9
0 20 40 60 80 100 pr (GeV)
pr (GeV)
® i i . . . . .
Opposite ordering than expected Gaussian distribution not a good fit for
: 5 :
according to CLT: either small or large systems
* Strong . . .
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Why is Gaussian ~ Poisson?

One can show that;

1) In small systems: small energy loss
= Risdepends mostly on average
energy loss

Raa (pr) ch pr / dec”" Pt (€ | pr)

= Z cn (1) (€" (PT)) 1o,
n

2) In large systems: elastic energy loss
small fraction compared to radiative
energy loss
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0

A —Poisson HTL ——pPb 0-5%

\ ----Gaussian BT ——dAu 0-5% |

I\ —AUAU 0-5% |
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