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« Comparing photon-tagged jet vs. Inclusive jet

= guark- vs. gluon-initiated jets
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Does quark-initiated jets lose less energy than
gluon-initiated jets in the medium?

PLB 846 (2023) 138154

- i . , _
S L ATLAS Simulation (s =5.02 TeV _
© [ anti-k; R=0.4jets 7] < 2.8 -
LL — |
S 0 mm ~
x #"ii*# # n _
© - e . t i + .
O - —
0.6 — N ;
- «{M}*ﬂ}“ﬁ}_{h_ = S = T -
- _EDJ__EDJ_—EEJ—_ED]__ ‘”\_m::@: @ - |
0.4 > o FEY —
rSS=d Inc. jets y-jets ]
- . -©- @ PYTHIA8 -
02 | For y-tagged jets _
- p!>50GeV, || <237 7 F SHERPA -
~ A¢@(y,jet) > 7n/8 —& HERWIG
O | | | | | | | | | | | | | | | | | | | | | | |
50 100 150 200 250 300

Jet p‘T“‘”‘ [GeV]

Yeonju Go (BNL) ECT* Jet Workshop @ Trento, Italy / 2024 February 12-16 4



y-tagged Jet Rax

2018 Pb+Pb 1.7 nb™', 2017 pp 260 pb™, |[s,, = 5.02 TeV PLB 846 (2023) 138154
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e Centrality ordering in Raa
e For jet pr < 780 GeV, photon pt > 50 GeV threshold effect
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y-tagged Jet RM

2018 Pb+Pb 1.7 nb™', 2017 pp 260 pb™, F 5. 02 TeV PLB 846 (2023) 138154
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2018 Pb+Pb 1.7 nb™", 2017 pp 260 pb™, /s, = 5.02 TeV
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y-]ets VS. 1nc'lus1ve ]ets. ! pr spectra in PP

2018 Pb+Pb 1.7 nb 2017 pp 260 pb \/ = 5.02 TeV
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-jets vs. inclus

ive jets: Isospin

e [sospin Effect: effect from the different up-
and down-quark composition of the nucleus
compared to the proton

404 ub PbPb / 27.4 pb™ pp (5.02 TeV)
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y-]ets VS. mc'luszve ]ets. Isospm & nPDI-" effect

 Nuclear Parton Distribution Functions (nPDFs):
modification of PDFs of nucleons inside nuclei
compared to free proton PDFs

e [sospin Effect: effect from the different up-
and down-quark composition of the nucleus
compared to the proton

Fermi-motion
404 ub PbPb / 27.4 pb™ pp (5.02 TeV)
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e NPDF only effect; event-by-event weighting
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e NPDF only effect; event-by-event weighting

pmodied jgromina — (. x Ry(x1, 1, Q%) X Ryt 3, 0% )/,

= The nPDF (EPPS16) effect is similar
for both photon-tagged jets and inclusive jets

e |sospin only effect; Z protons and (A-Z) neutrons

pmodied jgromini = (726, +27(A = 2)a,, + (A - 2)%6,, ) 1A%,

= The isospin effect reduces the production rate of
photon-tagged jets in Pb+Pb collisions, while the
production rate of inclusive jets remains unaffected.
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y-jets vs. inclusive jets: Other Effects

e |n summary, the other effects besides the difference in energy loss:

= the pt spectrum in pp effect increases photon-tagged jets Raa by ~5-10%f

= the isospin effect decreases photon-tagged jets Raa by ~10-20%

Assuming the same amount of energy loss
(but w/ different isospin + pr spectrum effects)

btw the inclusive jets vs y-tagged jets

A
<
<

The combined effects (excluding the energy loss) =
decrease photon-tagged jet Raa (by ~5-10%)

Inclusive jet Raa

Photon-tagged jet Raa

>

inclusive jet pr or y-tagged jet pr
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y-jets vs. inclusive jets Raa: q/qg Energy Loss

— —— —————— S

2018 Pb+Pb 1.7 nb™, 2017 pp 260 pb™", |[s = 5.02 TeV
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e Comparison in Raa between y-jets and inclusive jets for the 0-10% centrality bin

e For pr <7200 GeV, Raa (y-jets) > Raa (inclusive jets)
= |ndicates that quark-initiated |ets lose less energy than gluon-initiated jets
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-jets vs. inclu

S

ive jets Raa: q/q

e —

2018 Pb+Pb 1.7 nb™!, 2017 pp 260 pb™", |[s, = 5.02 TeV
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e For pt > 7200 GeV, Raa (y-jets) = Raa (inclusive jets), why?
1. Isospin effect becomes larger

2. Quark-initiated jet fraction becomes similar btw y-jets and inclusive jets
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y-]ets VS. 1nc'lus1ve ]ets RAA. q/g E'nergy Loss

2018 Pb+Pb 1.7 nb™', 2017 pp 260 pb™, s, = 5.02 TeV
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1. Isospin effect becomes larger

2. Quark-initiated jet fraction becomes similar btw y-jets and inclusive jets
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-jets vs. inclusive jets Raa: q/q
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2. Quark-initiated jet fraction becomes similar btw y-jets and inclusive jets
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Fractional Enerqgy Loss, Sioss

- —— e S—
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* [imitation of . a steeper pr distribution in pp (before jet quenching) will result in lower Raa

e The Sioss (@nd ApT) was originally defined and further detailed by the PHENIX Collaboration

= Sioss and Apr are less affected by the pt spectrum in pp collisions Nucl. Phys. A 757 (2005) 184,
Phys. Rev. C 76 (2007) 034904,

JHEP 09 (2001) 033

Ape = pPP _ pPb+Pb L 1 1 &N (pp = pI? — Apy) _ d*o?? (p7) o |1, dApt
PT=Pt — Pt (TAn) Nov dpPb*Pody dp™” dn dp”?
Apr

SZOSS(pgp) = ppp
T
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Fra c't1on al En 1ergy Loss, Sloss

PLB 846 (2023) 1 38154
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Theory Comparison: Rz
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* |Inclusive jet: data is well described by all calculations

e Photon-tagged jet: data is generally higher than many of the calculations
 Theory predictions include color-charge dependence of the parton-QGP interaction

o For both data and calculations, generally, RIZ_Ajet/R::l“SiVG It > 1 at Raa < ~200 GeV
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y-jet Cross Section in pp: Data

2017 pp 260 pb™, Vs =5.02 TeV
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e —®a 7 <28 =
Z&b £ - -wm p}( >50 GeV, |n'| <2.37
© '*_8_" - . A@(y,jet) > 7Tn/8 -
10—3 — el =
= e =
- 24 -
| M ]
107 = e =
- = -
_ @ pp data g _
- — PYTHIAS8 (x1.0) Cay -
1078 | *»+» SHERPA2.2.4 (x1.2) o —
~ == HERWIG7.2 (x1.7) E"I"E:
© = ——— ] | =
© 165 —-PYTHIA8 —=
g 15 F 4 SHERPA2.2.4 =
S T4E - HERWIG7.2 l E
13 b =
1.2 ‘ E
1.1E 30—
1 5 Slibiet
09F ¥ =
N TN ST TR T AT R S TR S N S S SU S R S S S S N S S S S R e

50 100 150 200 250 300

v-tagged jet P [GeV]

— —— — e ——— S

e MC generators (Pythia, Sherpa, Herwig)
do not describe the data well for either pt spectrum or

the total cross section

= |f theory predictions use one of these MC generators,
the differences in cross section in pp between the data
and predictions needs to be considered

PLB 846 (2023) 138154
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p¥ e (40,50) GeV/c CMS

Ny PbPb 0 - 30% anti-k. jet R = 0.3, pjTet > 30 GeV/c
o pp (smeared)

=15 0.8 et Y n
%l‘é o W\<1-6,M\<1-44,A¢w>8
‘_IZ>- .

0.4

0.2

0 o ole #8004 PLB 785 (2018) 14
0.5 1 1.5 0.5 1 1.5
_ et 7 _ et Y
Xjy = P; /pT Xy = Pr /pT

e Lower xyyin Pb+PDb; jet energy loss
e Xyy In photon prt bins = dominated by the leading order contribution of photon production
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OV

Arbitrary normalization
N

O
o

N
&)
LI LI

-
@)
TTTTTT

A
LI LI

50 <

= ATLAS

jet pr < 60 GeV

anti-k1 R=0.4 jets
n'|<2.37 }

P!> 50 GeV]

7% |<2.8, Ag(yjet) > Tn/8 F

50 < p!* <60 GeV }

—&— Data —:

=== PYTHIA8 (Dir. + Frag. y)

(
PYTHIAS (Dir. y)

......... (
(

Frag. v) _
= =« PYTHIA8 (Dir. + 0.5 x Frag. v) :

jet

Py

/pi

e Potential mis-modeling of the fraction of

05 1 15 2 25 3 35 4 45 5 05 1

200 < jet pr < 250 GeV

2017 pp 260 pb”". ¥s =5.02 TeV
200 < p*' < 250 GeV -

jet
T

Y
p_Ip_

* Xyy In photon pt bins =& dominated by the leading order contribution
e Xyy In jet pt bins — at higher jet pt bin, the larger fragmentation photon (higher order) contribution
and fragmentation photons in MC
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Medium Response Incurred by Jets
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e As jets are modified by medium, the medium is also affected by jets!

e By energy and momentum conservation, lost jet energy = into medium
PRL 103, 152303 (2009)

e Typical structures formed; Mach cone, sonic boom, shock wave, wake, diffusion wake, ...
= enhancement in jet direction
= depletion opposite jet direction

Yeonju Go (BNL) ECT* Jet Workshop @ Trento, Italy / 2024 February 12-16
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Why is medium response important to understand?

—_———— ————— = e ———— — — ———— L -

e Essential to describe the jet (sub)structure precisely

e Understanding in QGP bulk properties e.g. #/s, sound velocity
nls = 1/4rn nls =3/4n nls = 6/4r PRC 79 (2009) 054909

Jet
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Why is medium response important to understand?

e Essential to describe the jet (sub)structure precisely

e Understanding in QGP bulk properties e.g. #/s, sound velocity
nls = 1/4rn nls =3/4n nls = 6/4r PRC 79 (2009) 054909

Jet

x [fm] x [fm] x [fm]

o In-medium thermalization information e.g. £ .., Dy, T,

* Medium response affects the extraction of jet transport coefficient
= can be related to local gluon density distribution of the medium
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Why is medium response important to understand?

— . — = — — —_—— e ————————— —_ -

e Essential to describe the jet (sub)structure precisely
e Understanding in QGP bulk properties e.g. #/s, sound velocity

nls = 1/4rn nls =3/4n nls = 6/4r PRC 79 (2009) 054909
Jet
x [fm] x [fm] x [fm] 1~ Vs=5.02TeV Pb+Pb 0-10 % —
- anti-k R=041lyl<28 w/ medium
e In-medium thermalization information e.g. E_ .., Dy, T | response

AA

ju]
v _'__v_-v-va-:E'-V-'—'—V-Iv—v—v-_

 Medium response affects the extraction of jet transport coefficient 0 |

“+ ATLAS data w/o medium

= can be related to local gluon density distribution of the medium _
-o- LBT . =0.15 shower+me. re response

- v LBT 0=0.15 showers only

PlLB 790 (20 19 ) 108 | -4 LBT 0=0.13 showers only

PRC 106 (2022) 044904 ° 0  amw  s00 800 1000

p, (GeV)
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A¢(ch,Z) > 37/4
————m

c

Z

hadron ; p7trig
Y Pb+Pb /N, Pb+Pb

hadron / A7tr1g
Ypp /Npp

Ipp =

e Enhancement of low pr particles at large angles w.r.t jet axis

=
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Redzstnbutzon of Partzc'les Around ]ets

PRL 126 (202 1 ) 072301

5§35 |
Q. ATLAS
< pp, Vs = 5.02 TeV, 260 pb
= 3 Pb+Pb, \[syy = 5.02 TeV, 1.4-1.7 nb”

15-30 30-60 >60 pf [GeV]
-©-| || 9| Data
Hybrid w/ wake

o L) L] Hybrid w/out wake

0-10%
¢ Ad(ch,Z) > 3r/4

II|IIII'IIII|III|III|IIIIIIII|

Jl

hadron trig
Y, Pb+Pb / N Pb+Pb

hadron / A7tr1g
Ypp /Npp

IAA —

e Enhancement of low pr particles at large angles w.r.t jet axis
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Redzstnbutzon of Partzc'les Around ]ets

PRL 126 (202 1 ) 072301

102 [ [ [ [
_(EJ'\ 35_ [ 1 1 | ] : . -
SI_ - ATLAS ) (a) Leading Jet 2.76 TeV JHEP 11 (2016) 055
< I pp, s = 5.02 TeV, 260 pb” : - ® PbPb(CMS, 0-30 %) -
= 3 - ‘ Pb+Pb, \/% = 5.02 TeV, 1.4-1.7 nb” _: 101F — PbPb (w/ Hydro) g PRC 95, 044909 (2017)
- \ 15-30 30-60 >60 pZ [GeV] : - -== PbPb (w/o Hydro)
50 i + B B o . | PbPb (Hydro)
i Hybrid w/ wake - 00 .. pp (PYTHIA) __
C \ 0 Lo | Hybrid w/out wake £ -
A - s
\ | 0-10% E Q10_1'_ W g
e ¥ Ag(ch,Z2) > 3n/4 - | e E e —e
B 7 e
i i, e : |
L W\ - B . Fesmmy D0 Jet axis
| - 102+ piF>120 GeV/e .
:_ f pjf’t2> 50 GeV/c 8 e N
i “w e Ay > 51/6
O B | | | NN | 10'3 ] | | |

pe" [GeV]

hadron trig
Y, Pb+Pb / N Pb+Pb

hadron / A7tr1g
Ypp /Npp

IAA —

trk
1 Ztrke(r 5t/2.r+61/2) PT

or

e Enhancement of low pr particles at large angles w.r.t jet axis
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Diffusion Wake Using Boson-jets

= — e ———  — —— ————— ——— ——

e Modification in jet direction are convoluted with in-medium parton shower modification and medium
response — hard to disentangle ...

Yeonju Go (BNL) ECT* Jet Workshop @ Trento, Italy / 2024 February 12-16
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D1ffus1on Wake Usmg Boson -]ets

e Modification In Jet direction are convoluted with in-medium parton shower modification and medium
response — hard to disentangle ...

e Diffusion wake (depletion) effect using jet-hadron correlations in boson-jet events;

= unlike di-jet events, a |et associated a boson e.g. photon is NOT contaminated by in-medium parton
shower modification or wake caused by the other jet in the opposite direction

/ Di-jet dlfo‘S'rOh Wake\

........ Wa..ke,
d|ffus|on Wake%partonshc er
wake ........
parton show‘é'r -
..... wake,
y-jet paiton shower
y oY
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D1ffus1on Wake Usmg Boson -]et.s

e Modification in jet direction are convoluted with in-medium parton shower modification and medium
response — hard to disentangle ...

e Diffusion wake (depletion) effect using jet-hadron correlations in boson-jet events;

= unlike di-jet events, a jet associated a boson e.g. photon is NOT contaminated by
or wake caused by the other jet in the opposite direction

‘‘‘‘‘‘ -
“: .\
L M ,

| ] o* s

o : i

Di-jet STOL VV;
** - :
* ] .
“ - -
. H

"""" wake,
diffusion Wake, "‘""b-é-rton shower
. 0000000000 wake,
= y-jet paiton shower
bulk medium + Z-jet jet-induced medium excitation + Z-jet }/ W
1 2 3 4 5 GeV/fm? -0.4-0.20.0.0.2.-04 0.6 0.8GeV/fm?
PRL127, 082301 (2021)
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Lookmg for szfuszon Wake in Photon ]et events

e CoLBT model predicts overall enhancement from multi-parton interaction (MPI)

PRL 128 (2022) 122301

A¢p(ch,Z) > Tn/8 : Hybrid FCoLeT
— enhancement w/o wake

depletion?® @ _2 ‘ o =30 GeVic -
- pl>1GeVic :
1 T T T T
05 1 1 5 2 2. 5 3
Acptrk,z (rad)
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Lookmg for szfuszon Wake in Photon ]et events

e CoLBT model predicts overall enhancement from multi-parton interaction (MPI)

PRL 128 (2022) 122301

L D B DL ILELALEL IR I
Ag(ch,Z) > Tn/8 i ] Hybrid I CoLBT ; PRL 127 (2021) 082301
| B3 ColBT-hydro 4-cms  MPlincluded
o 67 mmm CoLBT-hydro (MPI sub)
= | ---.=€eEBI-hydro (MPI off)
5 2
-------------------- > 1
N P O Wi T
ion2? © _2F P==30GeV/ - -
doplotiogg 2: tTrk>1 G:V/CC ; 0.0 ™10 15 20 25 30
AR AV MPI sub’rrac’red IA¢hZI = ¢" — ¢
05 1 1 5 2 2. 5 3
A rad
(I)trk,Z ( )
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Multi Parton Interaction (IVIPI)

“Hard” Scattering

Outgoing Parton

PT(hard
' _»

,_'

Proton AntiProton

‘;
=P

Underlying Event T — Underlying Event
......... P Initial-State
< e Radiation

= Final-State
* Radiation
Outgoing Parton '

e Multi Parton Interaction

Multiple Parton Interactions / outgoing Parton

PT(hard)

)

< ' '4.' s
Proton = @lutibroton
<A ——
Underlying Event \""/“i"" ﬂ"\( Upderlying Event

4

MPlI

Outgoing Parton

= additional "semi-hard” parton-parton scattering from the incoming nucleons;

= underlying events in pp collisions
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......

e CoLBT model predicts Ag(h, jev), An(h, Jet) \ //

= Jet-hadron (A, An) ~ (x,0) in y-jet events
= Unambiguous diffusion wake signal }/

‘
.
 J
.
L
.
.
‘ﬂ
‘

*
...
S R LA
"lllllllllllllllll
o Bl

pp Pb+Pb 0-10 %
(a) (b)

ptr = 0-2 GeV/c | pt=0-2GeV/c oo

T 10.0

p+p

dN/dAndAg
A,
>
g
dN/dAndA¢

PRL 130, 052301 (2023)
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e CoLBT model predicts Ag(h, jev), Anth,jey) '« \ / // ------ \ Jet
= Jet-hadron (A@, An) ~ (x,0) in y-jet events " e sal
= Unambiguous diffusion wake signal yiene
a%
oJe Pb+Pb 0-10 %
(a) (b) 3.0 s
ptr = 0-2 GeV/c pt=0-2GeV/c (a) |Ap| > n/2
'2-7‘120 '2-* 12.0 75 - 0<p%'aCk<2 GeV 75 -
10.0 T 10.0 [
p+p <X g Pb+Pb 21, S
-g { § F 60 S
=T =T 40 <T]
OT OT 20 S
. - 0.0 E
3 O

25 00 25 50 175

An=np— MNjet

75 =50

PRL 130, 052301 (2023)
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PRL 130, 052301 (2023) Diffusion Wake Multi-parton interaction (MPI)

o) 0.0 (b)
pt =0-2GeV/c S 0.5 -
©-1120 = . |
< 00 A 0.1 - Small jet B loss
= ‘o g 0.4 -
</ -
S 6.0 ~—’
St 40 S -02- 0.3 -
U:Z..O § 0 - plret/p¥< 0.6
ke jet, .y
< —-0.3 -+ — —
% 0-10% Pb+Pb 0.1 - pr /pr>1.0
——— plety
/S =5.02 TeV 0.0 - Prlpr € 0610
-6 —4 -2 4 6 —4 -2 0 2 4 6
AN = Np — Niet Large jet E loss AN = Nk — Niet

o Smaller Xy, = p%et/p%’ means larger jet energy loss and longer path through the medium and
hence larger medium response I.e., diffusion wake

o However, the MPI signal has no significant dependence on the XJy» while the diffusion wake does

Yeonju Go (BNL) ECT* Jet Workshop @ Trento, Italy / 2024 February 12-16 26



|Ar](]et track) | distributions in Pb+Pb collisions

08<ny<10

2018 Pb+Pb 1 7 nb \/ 5 02 TeV
|

S e
£ 18 - ATLAS Prellmlnary 90<p <18O GeV -
SIS | Centrality 0-10%  anti-k, R = 0.4 jets, pJ *'> 40 GeV _
%§ 100~ 08<x, <1.0 'l < 2.37, 17*1<2.5
1—% B Ag(y,jet) > 3n/4 :
< 80— Ag(jet track) > /2 —
u 0.5<pl® K <2.0GeV A
jet 60 — In"K <25
Xy, = py. I pZ ; R
Jy T "IT B AR
40 B ‘l‘:lll---‘"‘:—
20 - -
[ -©Mix jet-track pairs (Y yncorr i
0 _l_l__l—l__l_l__l-l—T_l_l_-l—l-—l_l__l—l-—l—l_—l_l_ llll Ul 1 l l 1
= I I e L L
3
c -
S0 1041 =
- -
5 1.02F -
N N 5 oo Q 5 & ¢
DO S Y O - - S —
10575590 - 00 QYL ¢ # %
0.96 - -
Y S ST S AN SN TN TR TR N T SN SN SN NN ST ST SR SR ST S T A T N S S S S
0 1 2 3 4 5 6

|An(jet, track)l
d2 N? jet—track

Nr=Jet dAndA

o Y. .. jet-track pairs from the signa ﬁb (photon-jet) events

. per-(photon, jet) yield ( ) as a function of | Axn(jet, track) | in three different X, regions

COI'I'

o V. . .o Pairs from mixed events; jets from signal events and tracks from MB events
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| Ar]( jet, track) | distributions in Pb+Pb collisions

O3<ny<O6 O6<ny<08 08<ny<10
2018 Pb+Pb 1.7 nb \/ 5 02 TeV 2018 Pb+Pb 1.7 nb \/ 5 02 TeV 2018 Pb+Pb 1.7 nb \/ 5 02 TeV
§ [e 120 ' - % |s120F ' $ [s120 [ ' |
£ 18 - ATLAS Prellmmary 0<p <180 GeV - z |g - ATLAS Prellmlnary 0<p <180 GeV 4 & g = ATLAS Prellmlnary 90<p <180 GeV -
= 4: qool Centrality 0-10%  anti-k, R = 0.4 jets, p "> 40 GeV - %> § | Centrality 0-10%  anti-k, R = 0.4 jets, p"at > 40 GeV - S g | Centrality 0-10%  anti-k, R = 0.4 jets, p"at > 40 GeV
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Y oo pairs from mixed events; jets from signal events and tracks from MB events
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( COrIT uncorr)ny—O 3—-0.6 b,\l\f -

Y /Y

- COIT™ -

( COIT uncorr)xJ =0.6—0.8

IlCOI’I‘ -

A%
Pe)
o8 %

* 1 .

* ) 2

* . H

o* %
*

2018 Pb+Pb 1.7 nb’ 1NN 5.62 Tev

: Centrality 0-10%
! 05<p”a°k<2oe.ev
_ |ntrack| < 2 5

ATLAS Preliminary 0.3 <x; <0.6

o
o'

1 I | L
1 90<p <180 GeV
L p® > 40 GeV

'l <2.37, 11 < 2.5

IIIIIIIIIIIIIIIIIIII
06<x, <08 }

A¢(y,jet) > 3n/4
Ag(jet,track) > /2

IIIIIIIII_
0.8<x, <1.0 |

YCOI'I' / Yunc OrIT

IAn(jet, track)l

5 0 1 2

IAn(jet, track)l

 No clear diffusion wake signal found
within uncertainties for all three x;, regions

4 5

IAn(jet, track)l

>

e

~
diffusion wake?

>
0 | An(jet, track)
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( COrIT uncorr)ny—O 3—-0.6 b,\l\f -

Y

- COIT™ -

Y

( COIT uncorr)xJ =0.6—0.8

IlCOI’I' -

A%
>
o8 %
* 5 .
* ) 2
* . H
o* %
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2018 Pb+Pb 1.7 nb’’ i N 58/2TeV
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3 ATLAS Preliminary 0.3 <x;, <0.6 I 90<p’ <180 GeV 0.6 <x,, <0.8 T Ap(yjet)>3n/4 0.8<x, <10 :
>3 .06 [ [ Centrality 0-10% 1 s 40 GeV A¢(jet,track) > n/2 - =4 ?
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o S~
e
7L ~N,
I diffusion wake?
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0 | An(jet, track)
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N

1 d2 Njet—track
NY-Iet dAndA¢

Y COIT —

 No clear diffusion wake signal found

within uncertainties for all three x;, regions
! o Y. 'Y,

COIT Uncorr
= Relative yield ratio btw signal and mixed events
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Double Ratio (YCOH/ Yunc(m,)xJ ~0.3-0. 6/ (Y / Y
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within uncertainties
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Diffusion Wake Amplitud

Diffusion Wake Width (o OIW) Diffusion Wake Width (o OIW)
 Monte Carlo sampling method
= Statistical and systematic uncertainties and their correlations r
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3 7 sT102f -

L o 0 00

O 05 1 1.5 2 25

are considered

|
3

|
0

0.5 1 1.5 2 2.5

3

IIIIII 11
O 0.5 1

Diffusion Wake Width (o ) 0.96F

IIIIIIIIIIIIIIIIII n STerdarcloIT ]
15 5 5 & 3 1 EEEQEELLQLLUJU - :

0.98¢

0.94:|""I""I'"'|"--|---.I...'
IAn(jet, track)

-
Diffusion Wake Amplitude Diffusion Wake Width
—| An(jet,track)|*/(2675,)

o . . . . . Ay + dgy, - €
e Statistical uncertainty dominates as systematic uncertainties are highly | |
correlated bin-by-bin
e All results are consistent with no signal, i.e., a4,,=0, within approximately 1o
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Diffusion Wake Double Ratio Amplitude

-
Double Ratio Amplitude Double Ratio Widthﬂn

_ ,—|An(jet,track)| 2/ (267
Lb() -+ deI’ e dwr

= 2018 Pb+Pb 1.7 nb™" |/s,,, = 5.02 TeV
S | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
& 005~ ATLAS Preliminary 90 < p!. < 180 GeV —
. Jet
Centrality 0-10% p. >40 GeV
0.04~ A¢(jet.track) > n/2 'l <2.37, 191 <25
0.03|+ 0.5<pl** <2.0GeV Ag(y,jet) > 3n/4 _|
1" < 2.5
0.02
0.01
[ ] [ ] O S —
e Data indicates no 0,01
significant diffusion 0,02
- — best fit
wake signal that —0-03J 1o W20 -
. . | | | | | | | | | | | | | | | | | | | | | | | | | | | |
Increases with larger B Y S B - Y-SR
O
dwr

parton energy loss
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D1ffus1on Wake Double Ra t10 Amphtude

Double Ratio Amplitude Double Ratio Width
—| An(jet,track)| 2 (20§WI)

Prob. Dist. for width 64,, = 1.033 ¢

8Pb Pb17 b 502TV
bo + deI' - € v P T \2@\' + n \{7 - ]
L | 2018 Po+Pb nb V— 502 TeV = 408 - A LAS Prellmmary 90<p t<180 GeV_:
S | | %  E Centrality 0-10% : p. >40 GeV =
© 0.05— ATLAS Prellmlnary 90 < p! <180 GeV— Q 507 :—A¢(jet track) > /2 : .
Centrality 0-10% pTet > 40 GeV O O 0.5 track _ o 9 GeV : —
0.041~ Ag(jet,track) > /2 In'l<2. 37 <257 O 0.06 £ trac<k Pr = © : ) -
0.03 0.5<p™*<2.0Ge Ap(y.jet) > 3m/4 _ = <25 : N B
mtrackl 22_5 ‘ 0.05 & :  Width (Odwr) for 1
0.02 - : : ‘double ratio = 1.033 -
0.01F g B 0.04 E_ : - _E
Op === o= - - Ty 0.03 ;_- 90 % CL : _;
e Data indicates no ool . _ 0.02 - [ 95 % CL E =
significa nt diffusion ~0.02 - 0.01 ECoLBT =
wake signal that 0.3 Y o - 0btii S L. ST
: : S -0.03 -0.02 -0.01 O 0.01 0.02 0.03
Increases with larger 00 TTes T T s T2 25 3 Amplitude (b ) for (Yo /Y. ) (YY)
O dwr corr’ © uncorr x,,=0.3-0.6 corr’ © uncorr x,,=0.8-1.0
parton energy loss awr
o Data provides limits on double ratio amplitude (|64,,,|) y Wfr
= 95% CL upper limit of 0.0095 does not rule out CoLBT prediction of 0.0018
= Stat. uncert. dominates in probability distribution; more statistics will be valuable
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“Unambiguous” Medium Response Measurement

* Medium excitation = change the chemical composition of particles via parton coalescence
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* Medium excitation = change the chemical composition of particles via parton coalescence
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* Medium excitation = change the chemical composition of particles via parton coalescence

0.8

p/m(PbPb) - p/m(pp)

PLB 837 (2023) 137638

0.4

0.2

0

— 0-—10%
o ---- 10— 30%
—-—- 30 — 50%

........ 50 . 100% —
— |
- _ — = |
,---*,:.'_'.1
——r—1 B RIS
_____ﬁ__l .................
0.2 0.4 0.6 0.8 1

1.
R
~

O

2

STAR Preliminary

STAR Preliminary

Au+Au, VSNN =200 GeV, 0-20%

. p+p, Vs =200 GeV

Anti-k_
Jet p’Ta‘” > 10 GeV/c
p$°“s‘ > 3.0 GeV/c

—@— Au+Au, Jet R=0.3

—& - p+p, JetR=0.3

.| 7% - Au+Au, Track-Track

Inclusive

[PRL97(2006)152301]

N0 pp

[PRLB637(2006)161]
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“Unambiguous

* Medium excitation = change the chemical composition of particles via parton coalescence

0.8

0.4

0.2

p/m(PbPb) - p/m(pp)

PLB 837 (2023) 137638

— 0—10%
o ---- 10— 30%
—— 30 — 50%

I 50 . 100% —
— |
- _ — = |
,---*,:.'_'.1
——r—1 B RIS
_____ﬁ__l .................
0.2 0.4 0.6 0.8 1

1.
R
~

O

2

0.4

0.2

PP [

Ollll

STAR Preliminary

- STAR Preliminary

: AAAAAAAA Au+Au, |'s,, =200 GeV, 0-20%
o . pep, (5=200GeV

Anti-k_
Jet p’Ta‘” > 10 GeV/c
p:°“s‘ > 3.0 GeV/c

—@— Au+Au, Jet R=0.3

—C - p+p, Jet R=0.3

'f:jj ::‘::“:;::::}jj35'5133111111111»:2211 _+ - AU+AU, TraCk'TraCk

M\ N
L/
ll |1||||

2

e [GeV/c]

e No significant modification of in Au+Au within uncertainties in data
= |arger datasets + larger radius would be valuable

Inclusive

[PRL97(2006)152301]

MO0 pp

[PRLB637(2006)161]
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Summary & Discussion

— S

e Jet-medium interaction is inherently complex

= utilizing observables with varying sensitivities to distinct physics effects is crucial
for disentangling phenomena e.g.

- In-medium parton shower vs.
- quark vs. gluon jet quenching
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Summary & Discussion

= - —— —_—

e Jet-medium interaction is inherently complex

= utilizing observables with varying sensitivities to distinct physics effects is crucial
for disentangling phenomena e.g.

- In-medium parton shower vs.
- quark vs. gluon jet quenching

e Jets produced with electroweak (EW) bosons have advantages of
= access to initial hard scattering
= quark tagging
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Summary & Discussion

= - —— _—

e Jet-medium interaction is inherently complex

= utilizing observables with varying sensitivities to distinct physics effects is crucial
for disentangling phenomena e.g.

- In-medium parton shower vs.
- quark vs. gluon jet quenching

e Jets produced with electroweak (EW) bosons have advantages of
= access to initial hard scattering
= quark tagging

e Jet+EW boson: “golden channel” but rare production rate..

= will greatly benefit from larger statistics in the future high-luminosity data
allowing precise and more differential, multidimensional measurements
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Prompt Photons

* Direct photon ¢ Y g v
= produced from primary vertex \\ﬂf \\//
= Processes . Compton scattering, Annihilation

Y Y
quark-gluon quark - anti-quark

Compton scattering  Annihilation

Direct photons
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Prompt Photons

- S —— - _— = S

e Direct photon

q Y q Y q q
= produced from primary vertex \\ﬂf \\//
= Processes : Compton scattering, Annihilation y
e Fragmentation photon Y Y
= radiated from partons after the primary hard
g q q

scattering &99999’\ //‘GQQQQQ

g q q

quark-gluon quark - anti-quark |
Compton scattering Annihilation Fragmentation

Direct photons

Prompt photons
= Direct + Fragmentation photons

Yeonju Go (BNL) ECT* Jet Workshop @ Trento, Italy / 2024 February 12-16 35



Prompt Photons

= __ S —— N _— = _—

e Direct photon a v g y q q
= produced from primary vertex \\‘/ﬁ \\//
= Processes . Compton scattering, Annihilation

e Fragmentation photon Y Y
= radiated from partons after the primary hard

scattering 399999’\\ /‘QQQQQQ
g q q g

e Decay photon | ! !
0 quark-gluon quark - anti-quark |
= decayed from hadrons, such as 7~ — yy Compton scattering  Annihilation Fragmentation
= the two decay photons often have ‘
small opening angles Y
— reconstructed as a single high pr y 4
= major background W
0 Prompt photons
7 = Direct + Fragmentation photons
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Isolated Photons

Non-isolated

Y

Isolated
Y
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Isolated Photfon

—_— — — . _—— = — = —— == — - e — = === B e - — ——— —_—— = ——— E——

e Photon Isolation condition
= suppress significant background photons from neutral meson decay
= suppress the fragmentation photon contribution and retain the majority of direct photons

e Discrimination between isolated direct and fragmentation photons is arbitrary in experiment

Non-isolated Isolated PRC D82 (2010) 014015
Y Y Non-isolated Isolated
5. [ 5. |
S1.4al pp — v X,\Js=14 TeV, y=0 24 4 pp — v X,\s=14 TeV, y=0
© F O+ y isolation: R=0.4, £, =0.1
g [ — 49~ d(Compton) g i —qg—y q(Compton)
w1.2 —'49—y g (annihilation) w1.2 —-qg —y g (annihilation)
§ i --- Fragmentation y § - --- Fragmentation y
e === e rr—————————————=
2 | JETPHOX 1.1 (CTEQ6.6, u=E}) e - JETPHOX 1.1 (CTEQS.6, u=E)
»0.8 ®0.8
0.6/ 0.6 Compton
A 0.4 0.4
\ -. Annihilation
| 0.2 o _ 0.2 St
. Annihilation _ _ __————- e e e T e
\ 0’-—111_—_1_7_1_1—-:111 1 1 S N I B | o—lll | | Loa il ] | I T S |
10 20 30 100 200 100( 10 20 30 100 200 100(
E; (GeV) E; (GeV)
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@® Meson
A Baryon

v Antibaryon
© Heavy Flavour

PYTHIA pp — tt event

(O Hard Interaction
® Resonance Decays

B MECs, Matching & Merging

B FSR

H ISR*
QED

W Weak Showers

W Hard Onium

(O Multiparton Interactions

[0 Beam Remnants*

Strings

Ministrings / Clusters
Colour Reconnections
String Interactions
Bose-Einstein & Fermi-Dirac

W Primary Hadrons

B Secondary Hadrons

M Hadronic Reinteractions
(*: incoming lines are crossed)
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Parton Distribution Functions (PDF)

e _—— — — —————————— ——— — -

e QCD Factorization theorem: hadronic cross section is factorized into PDFs of incoming particles
and perturbative partonic cross section

: Z ® fara(z1, Q%) ® fo/5(z2, Q%)

| a.b=
eHadronic =49
Cross section

ePartonic cross section eParton distribution
eperturbative QCD enon-perturbative

Q2 =10 GeV?-

41 EPJC 63 (2009) 189
1 MSTW 2008 NLO
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|Ar](]et track) | d1str1but1ons 1n PP c'oll1.s1ons

ATLAS CONF—2023 054

==

. . . . ¥ 0.9 —
e NO Xy, dependence found within uncertainties £ S o ATLAS Preliminary ~ 90<p! <180 GeV -
o _ | ‘ﬂlz S 7" £ 2017 pp 260 pb” p‘et>4_oe.ev:
 The data is in agreement with the theory expectation S| 07F =502Tev 7'l < 2.37, Iif*1<2.5 =
—[7 - Ap(y jet) > 3n/4
. . . 0.6 - _ —
o [his validates that any xJ},-dependent change in Pb+Pb 205; Ag(iet rack) > /2
: S . O.5<ptT'a°k<2.O GeV—
should be from different amounts of energy loss - T, o <25 -
Multi-parton Interaction O ] E
(g 0o (b) 0'25_—0.6<xjyy<0.8 5: _E
A s 0.1E —08<x, <1.0 ﬁ_b%"—l_ E
q - Y —
5 04 S T | | : S
<] (0 0) = -
ke, y 1.4 =
§ 0.2 - /pT< 0.6 x%‘ 1_22_ 1 1 _é
S - plﬁt/pr>1.o o 11; SESWE-Ton o R S0 AN E N E
. --— pFipY € (0.6,1.0) % g.zg: L S e A E
6 4 o 0 ) 4 6 S o,7E T E
An = nNp = Njet T 0-6§— _;
o 1 2 3 4 5 &

PRL 130, 052301 (2023) IAn(jet, track)l
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https://cds.cern.ch/record/2870221/files/ATLAS-CONF-2023-054.pdf

e — ——r———— e ——————————— = =5 — =

e Bulk medium property w/o jet can be obtained from event mixing

= by correlating the photon-jet pair in a signal event with tracks in different minimum-bias (MB) events

- photon and jet kinematics are exactly the same between the signal event and the mixed event

= matching signal and MB events in bins of (ZE%FC&I, Yy, z vertex)

All tracks in a signal event Event Mixing: uncorrelated tracks in different MB events

+
|

Y Y Y
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Event Selection & Analysis Procedure of y-Jet Raa

— — e _

e Photons
= pt > 50 GeV
= In| < 2.37
= Prompt Isolated photons (direct+fragmentation photons)

e Jets
= anti-kt R=0.4
= 50 <pr <316 GeV/c
= [n| <238
= AQ(y,jet) > /n/8
= all (photon, jet) pairs are considered rather than just leading objects

e Main analysis procedure
= combinatoric background jet subtraction using event-mixing technique
= subtraction of jets associated with background-photons using photon
purity
= 2D simultaneous unfoldina for photon pr and iet pr

a
e
.
N,
]
.
.
.
.
*
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* Photons V
= pt > 50 GeV Tracks

= |n| <2.37
= Prompt Isolated photons (direct+fragmentation photons)

e Jets N
= anti-kt R=0.4 Jot
= 50 < pt <316 GeV/c S
= [n| <25

= Ap(y,jet) > 3n/4

= only leading photons and leading jets are considered

Ag > 3r/4

e Tracks
= (0.5<pr<2GeV
= n| < 2.5
= A@(jet, track) > n/2
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