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Introduction

e Jet energy loss: important signal of QGP » N
creation Decay Photons

(1= ¥ ¥, n— ¥ v, etc)
e Ourinterest: CUJET-DGLV VS. MARTINI-AMY in )
a multi-probe, multi-stage analysis  Hadronie Phase
Thermal Photons
from hadronic gas: 7' —p%, etc

e Aim: jet-medium photons as well as strong
probes

e JETSCAPE framework: faithful comparison of - s
diff. models, with all else held fixed g

Thermal Photons,
Jet-Bremsstrahlung,
Jet-Conversion

Pre—Equilibrium

Pre_Equilibriun Photons N Initial Hard Scattering

Prompt Photons
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Physics Comparison

Radiative Energy-Loss: Gluon Emission

CUJET: Leading order DGLV
e LO in opacity (thin medium)
e Dynamic scattering centers, p(T)
via EOS
MARTINI: AMY
e All orders of opacity (thick
medium)
e Dynamic QGP, equilibrium dists.

(fm~1)

|§ 100

dr

1072+

— AMY
CUJET, L=1 fm
CUJET, L=2 fm
CUJET, L=4 fm

q—q+g P =30 GeV, T' =0.3 GeV

Both Models:
o LPM effect
e Running coupling
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Physics Comparison

Radiative Energy-Loss: Photon Emission

e LO-DGLV photons previously calculated by Zhang et al. in EP). C67(2010) for static centers & a
Gaussian profile ansatz for their density
e We extend it to dynamic centers with the same p(T) as gluon emission channel

— AMY
CUJET, L=1 fm
CUJET, L=2 fm
CUJET, L=4 fm

Pt =15 GeV, T =0.3 GeV

107 0.2 04 0.6 0.8
Z (E pv/ﬁ”)
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Physics Comparison

Conversion Photons

e Proposed by Fries et al. in PRL 90 (2003)

e |dentity changing process: hard q(q) is converted to a photon via fermion exchange with a
medium particle

e No energy loss in the process

dl 2r T2 (1 2ET
e For both cujeT and MARTINI we fix ais = 0.3 (Conversion only)
—— W
sl
——YY YV —

000000 ™
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Physics Comparison

CUJET vs MARTINI: Model Comparison

e Radiative:
> CWET: LO-DeLy — o > roditon
> MARTINI: AMY, includeg — q g Equarc (GeV) = recoil
. . => medium
e Collisional: LO t-channel diagrams G iy A
> CUJET: regulation via Debye MARTINI Y Ko %1'- S e
mass
> MARTINI: HTL gluon propagator \
i CUJET T e
e Conversion Channels: . S =7
» Photons: both T Y Y S S S
> g — g,g — q: MARTINI only o 1 2 3 4 5 6 7 8 9 1?((fm)
e Both have medium response via

. Brick temperature: T = 0.3 GeV
recoil partons

R. Yazdi, S. Shi, C. Gale, S. Jeon Comparative multi-probe view of jet Eloss March 28th 2023 6/16



Workflow

e We use a JETSCAPE multi-stage workflow( PRC 102 (2020) 5) for both pp and AA simulations

PYTHIA:

Hard Scattering, Golorless Hadronization o} FASTJETS:

egs ring :
Initial State Fragmentation Jet Clustering
Shower

Pythia 8.243, MATTER Colorless Had.:Phys.Rev.C 102 FastJet 3.2.1
Comput. Phys. Commun. Phys. Rev. C 88 (2013) (2020) Eur.Phys. J. C 72(2012)
191(2015) Phys. Rev. C 101 (2020) Fragmentation: Lund Model,
Pythi

CUJET: JHEP 63 (2014)
MARTINI: PRC 80 (2009)

PYTHIA: Vir:ﬁ:l’ity ! Colorless s
Hard Scattering, Hadronization, FASTJET3:
A-A In?:ial g?at:rmg ~3 | Energy-Loss {—$> IpyTHIA String Jet
Shower CUJET/ Fragmentation .
{\ MARTINI Clustering

VISH(2+1)D: Phys.Lett.B . VISH(2+1)D J
707(2012) Viscous Hydro BG
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Results: Charged Hadron Raa

MATTER+CUJET

F [ . . —+— ALICE |5| < 1.0
L5f L Pb-Pb, /5 = 2.76 ATeV L
° —— MATTER+MARTINI P Vv ° —=— ATLAS [] < 2.0
[n] < 1.0 —— ATLAS |n| < 1.0
i .

CMS || < 1.0

: 10-20%

CMS: 30 — 50% 40-50%

S S T R ' s T 0 S (RS T R
pr (GeV) pr (GeV) pr (GeV)

(0-5% centrality: used to fit CUJET and MARTINI.)
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Comparison in Simulation

Results: Jet Raa

00 — 05% 05— 10% 10 — 30%

30 — 50%

—— CMS 5] < 2 (2017)
|

Pb-Pb, /s = 2.76 ATeV
In| <2

0.25p f1=03 B E E
0.75F F E T
%050 f= P - —— MATTER+CUJET
025 R=04 8 E L —— MATTER4MARTINI
I | | 1 | | | 1 | Il | |
100 200 300 100 200 100 200 300 100 200 300
pr (GeV) pr (GeV) pr (GeV) pr (GeV)

Good Agreement! (Notice the relative movement...)
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Comparison in Simulation

Jet Fragmentation Function Ratios

=k f E —— ATLAS Jy| < 2.1 (2017)
1500 = [ =F —— MATTER+MARTINI
2 == = == MATTER+CUJET
B — =
51.25* - + roo== +
= —— - =l = =
1.00} - L - — L . .
00-10% === r 20-30% =T [ 30-40% ===
| | | | | | Lol | | | | | Lol | | 1 | |
1 5 10 20 50 100 1 5 10 20 50 100 1 5 10 20 50 100
+
P (GeV)
100 GeV < pj < 308 GeV | ¥
Ls0f=F [nl <2 E E
]125F -+ f i
) =] —
& == -gi - == +‘|’
- . . E:E ) ——m
100k - - - -~ _ = u =~ _= B
00-10% —=_.== F20-30% m——m—t [ 30-40% ==
1 | | | | 1 | | | | | |
0.01 0.04 0.1 04 1 001 0.01 0.04 0.1 04 1

| |
004 0.1 0.4 1

— PietPuk
° (Z - pjet'Pjet)
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Photons: Pb-Pb at 2.76 ATeV

& Pb-Pb @ /5 = 2.76 ATeV ALICE (2016) || < 0.8

—— MATTER+MARTINI
—— MATTER+CUJET
—— No Jet-Medium

<1000 00-20%

e Non-et Medium v — [Prompt ~y(PYTHIA:NNPDF2.3LO + EPOS09) + Pre-Eq. v(KgMP@ST)
+Thermal 7]

e Prompt : RFactor to match the highest pr bin: 1.65

e Thermal and Pre-Eq. taken from Phys.Rev.C 105 (2022) 1, 014909
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Comparison in Simulation

Photon Spectrum Composition: Pb-Pb at 2.76 ATeV

Pb-Pb @ /5 = 2.76 ATeV, || < 0.8, 0-20%

1.0 o Thermal P e
- P [ "
.—-— Pre-Equilibrium 7 - g
7

0.6-

Channel to Total

0.8+ '- == Prompt

£~ MATTER+VARTINI

RN

’

/
.7

N L
4

- MATTERA4-CUJET

0 200 10 20

pr (GeV) pr (GeV)

e Low and high pr parts dominated by thermal and pQCD photons respectively

e Important contribution at intermediate pr ( 40% of y yield for pr € [5, 10] GeV for MARTINI)
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Comparison in Simulation

Photons: Au-Au at 200 AGeV

—— MATTER+CUJET

& 1070 —— MATTER+MARTINI
i|> —— No Jet-Medium

[}

<} PHENIX (2012) 0-20%
=107
o)
5 1.25¢
== 1.00
2”015
B

e Prompt : RFactor to match the highest pr bin: 1.12
e Inclusion of jet-medium photons improves agreement.
o Smaller effect than in Pb-Pb @ 2.76 ATeV.
March 28th 2023 13/16
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Photon Spectrum Composition: Au-Au at 200 AGeV

= =
N O

Channel /Total

=
o

&
o

=
>

Auw-Au @ /s =200 A

L 00*20%) ,/ -

/
. /

[ /
B /

. — MATTER+MARTINI
,
/ ';_{\-

GeV, |n| < 0.35

=== Prompt

------ Thermal

—-— Pre-Eq.
MATTER+CUJET

!
5 10 15 20 5 10 15 20
pr (GeV) pr (GeV)

e Still significant but contribute less than in Pb-Pb at 2.76 ATeV: jet population, temperature
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Comparison in Simulation

Jet-Medium Photons: System Dependence

10°
1072
q
— 10*4
>
&3
s 1078
o &= ...
s
IS —_— MATTER%»MA’RT'INI
15 10 " —— MATTER+CUJET ..,
R A AuAu-200 AGeV, |n] < 0.35¢
107! Centrality: 0-10% - === PbPb-2.76 ATeV, || < 0.8
‘ ... | == PbPb-5.02 ATeV, |n| < 0.8 [Prelim.]
L | L L | | L L L L | L L L L
10 20 10 20
pr (GeV) pr (GeV)

e Significant difference in the brem. channel (rates) , system dependence in conversion
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Conclusion and outlook

Summary

First multi-probe, multi-stage comparative study of CUJET & MARTINI in a realistic simulation
Similar performance in Rhi, R’::\
Observed differences in jet fragmentation function ratios
Different expectation of jet-medium photon spectra:

» Major source of 4’s in Pb-Pb at 2.76 ATeV (~ 40% of yield according to MARTINI, pr € [5, 10] GeV)
Going forward:

» Photon spec. for Pb-Pb at 5.02 ATeV,
» Photon vy,
» ~-hadron correlations...

Precision studies of jet-quenching: jet-medium photons have a major role to play!
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as onarun: |

e Both models: as runs according to

) — ‘ CUJET
LO PQCD expression ‘ —— MARTINI-Radiative
0.6p — - MARTINI-Elastic
4m 0.5
aS(Q) = Q2 =
9 ln (AT) BoaF
Qco 5
Foaf
where Agcp = 0.2 GeV
0.2
® MARTINI:
01l
kei/qpY  Radiative o o o ey 0

Q= Ker/QAmfp  Elastic
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as onarun: ll

M)

)\mfp =

R. Yazdi, S. Shi, C. Gale, S. Jeon

= CRasyom%Tln(l + Qrznax/m%) )

-1
<CRas oTln 1+ m%/qzmax> ]

1 + m%/qgﬂn
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Parameters Used

Model Parameter Value
Both N, 3
AQCD 0.2 GeV
MARTINI N 3
Qs .0 0.3
Kr 1.5
Ke 4.5
CUJET Nr 2.5
Ols, max 0.68
MATTER Qg 0.234
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Rates: 1
LO-DGLV:
dl“,[’_cfs;i( 27) = 18CF 4+ A+ Ne /th 1 |dzy ( R? )
iz P27 ey onS Nz |\ =2
x / d’qL | of(q?) —2 <|n (RL—qu)  (RL—qu)’ >
qi |9l +mp(RL—qi)?+x2\ R +x2 (RL—qu)? + x?

R

my(T) = mp(T)/v/2, g — plasmon mass
YA(T) = M*Z% + mg(l —z4)

where
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Rates: 2
dl“gi&‘év( 27) = efaem 32 + 8Nf /d2 dZ+ / quJ- M X
dz p,z, ’/T2 16 + 9Nf Z+ dZ qi qi + M2

( K, ke >+2< k. -k, o ® >
hf+x2 R? + x2 (R 2+ x2)(R2 +x2) (R 4+ x?)?

hﬁ_ EkJ_—Z+qJ_
. 16p . 9pr
P9~ 16+ 9N, P77 16+ oN

p=s/4
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fi(zp) f((1 — 2)p)

Rates: 3
AMY:
drm;k( . aspi—y'k(z) Z 7
dz "7 [2pz(1-2)]2

dqu_ —

%h, = i6E(z.p. h )g(up (h1) + / AU )

(2m)

+ Cz[g(z,p) (hJ-) - g(z,p)(hl - qu_)]
+ Crolgp(hi) — gep(hi — (1-2)a1)]}
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d*h
/(271_)2 Re [QhL . g(z,p)(hi)] s

{Cilgep(hs) = gep(h L))
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Diagrams

o

@gﬁ(ﬁ@ffh@

i
P
°T L °w

Tt

Diagrams used in our LO-DGLV rates.
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Hydro

e EOS:HOTQCD (2014) matched to hadronic gas, matching Lattice at high T to a hadron gas at
low T

e Chemical freeze out at T = 165 MeV
e TRENTO+ Free-Streaming + VISH(2+1)-dimensional hydro simulation
EOS for LO-DGLV rates:s95p-PCE
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p-p @ 2.76 TeV: Charged Hadrons

=

T

pp, Vs = 2.76 TeV
072 <10

—4#— ALICE || < 0.8

—k— ATLAS |n| < 1.0
CMS || < 1.0

—®— ATLAS |5 < 2.0

S

>

5‘;‘ L.25F %%7
Enl OOF - et - : =
- e o i e R ——
A - — —_—
0.75E ‘ =
10" 07
pr (GeV)
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p-p @ 2.76 TeV: Jets

ALICE, R=0.2, || < 0.5
CMS, R=0.2, [n| < 2.0
CMS, R=0.3, [n| < 2.0
CMS, R=04, [n| < 2.0
ATLAS, R=04, |y| < 2.1

10°r
= 10 pp, /5 = 2.76 TeV
)
Q 10
o
=
S~—
_ =107
SN la~ ]
r\:b N
‘@‘% —— R=02
107F — R=03
—— R=04
= 150 1
10 st 1o
& L=
= =
= 050
a 0.5 ‘ ‘
50 100 150 200
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p-p @ 2.76 TeV: Jet FF’s

—
10" i L e
—— ——
. — —
n —_
% 10717 ——
£ — —
o —— —a—
PP, /5 = 2.76 TeV .
100 < pl' < 398 GeV - —— ATLAS |y| < 2.1(2017)
E —— Theory |n| <2
lo—i{,‘ —— ——
211 —— L1p -
5] —— ——
£10 — w10 i
EXT . e 09F== .
o 107 10 1077 1077 00
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Au-Au @ 200 AGeV: hadrons

- —— MATTER4+MARTINI ~—— 7+
I —— MATTER+CUJET nt—

. —

ot
AA

L
Data: STAR(2012), |n| < 0.5, 0-12%
Simulation: 0-10%

e
S
| ;—
Hor
[
~ r —
Z0-
~ T
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