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Photon+jets in QGP
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Photon+jets in QGP

1. Compare Raa 2. v+2 jets + X 3. Diffusion Wake!
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ATLAS Detector and Data

Width: 44m
Diameter: 22m
\ Weight: 7000t

Solenoid N AT ATTAS VIS PP

Muon Detectors Electromagnetic Calorimeters

Forward Calorimeters
End Cap Toroid

pp collected in 2017
260 pb ! int. lumi.

Pb+Pb collected in 2018
1.72 nb ! int. lumi.

a oi Inner Detector . P
Bapre! Joroid Hadronic Calorimeters Shielding

o Jets are reconstructed w/EMCal and HCal
e Photons are reconstructed w/ EMCal
 Centrality (nuclear overlap) is determined by FcCal
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https://cds.cern.ch/record/39038

Motivating -tagged Raa

ATLAS Simulation
anti-k; R =0.4 jets

c
kel
=
©
©
o
[T
-
©
2
x
=
©
S
]

Inc. jets y-jets

. -©- —@- PYTHIA8
For y-tagged jets

pl > 50 GeV, || < 2.37 “- 4+ SHERPA
A¢(yjet) > 7n/8 -5 -m HERWIG

250 300
Jet p'T“"h [GeV]
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Motivating -tagged Raa

ATLAS Simulation
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For y-tagged jets

pL>50GeV, || <237 ¥ ~* SHERPA
A¢(yjet) > 7n/8 -5 -m HERWIG

250 300
Jet p'T'”'h [GeV]

2015 data: Pb+Pb 0.49 nb™, pp 25 pb? (20 - 30%

140 - 50%

HEENA (T, Cand luminosity uncer. (2160 - 70%
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Quark Jet Fraction

Motivating -tagged Raa

Can we make a comparable
ATLAS Simulation

anti-k; R = 0.4 jets measurement and observe

q/g flavor dependence?

e

For y-tagged jets
pL>50GeV, || <237 ¥ ~* SHERPA
Ad(y.jet) > 7Tn/8 -5 -# HERWIG

250 300
Jet p'T'”'h [GeV]

=10 - 10%
2015 data: Pb+Pb 0.49 nb™, pp 25 pb? (20 - 30%

140 - 50%

HEENA (T, Cand luminosity uncer. (2160 - 70%
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Measuring -tagged Jet Spectra

Construct Raw Distributions

At least one : R=0.4 jets with:
Subtract Iﬁixed Event
Apply Purity Correction
1. p; >50 GeV 1. pr>50GeV
2. |71<1.370R 2. |nsetl<2.8 Unfold For Detector Effects
1.52< |77| <2.37 3. A¢7,Jet> 77|'I8

3. Good shower shape

4. ~isisolated .
Final Results
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Measuring -tagged Jet Spectra

2018 Pb+Pb 1.7 nb™, 2017 pp 260 pb*,

1

>
‘g anti-k; R = 0.4 jets
_ . N - ™ <28
At least one Ye R=0.4 jets with: g % P! >50 GeV, '] < 2.37
[ E:_‘D:_ Agly,jet) > 71v8
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S
g|3
N =y
VAVAVAV, -3
z
A
==
v =0-10% y-jet  =B=
4-10-30% y-jet (x10)
430-80% y-jet (x10°)
a3 5 e pp y-jet (x10%)
1. py >50 GeV 1. pr>50GeV pp inc. jet (x10) [PLB 790 (2019) 108]
2. I11<1.370R 2. [nseel<2.8

1.52< |5l <2.37
3. Good shower shape
4. visisolated

3. A(‘f)a‘hjet> 7’/T/8
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250 300
Jet P, [GeV]
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y-tagged Raa

2018 Pb+Pb 1.7 nb”, 2017 pp 260 pb™, |/s, = 5.02 Tev

For y-tagged jets [PLB 790 (2019) 108]

v Y .
P} >50GeV, |n'] < 2.37 o Inclusive jet y-jet
Aplyjet) > 7178 0-10% = 010%

anti-k; R = 0.4 jets —=m 0-10%
p! >50 GeV, || < 2.37 “4 10-30%
17| < 2.8, A@y jet) > 718 4 30-80%

0,
50 100 150 250 300

Accepted PLB v-aggediet py [GeV]

250 300
Jet P, [GeV]

~-tagged Raa Comparison with inclusive jets

o Observe centrality ordered suppression (left), 0-10% most suppressed
* 0-10% ~-tagged jet Raa > inclusive jet Rp,! (right)
¢ Quark v. Gluon medium interactions one possible explanation

¢ Slope of spectra in pp differ enough to cause a 10% effect

¢ Isospin and nPDF effects cause another 10% but opposite in sign

Q"J University of Colorado Boulder m I Christopher McGinn
Il py


https://arxiv.org/abs/2303.10090

Estimating per-Jet Energy Loss

2018 Pb+Pb 1.7 nb™, 2017 pp 260 pb™, {5, = 5.02 TeV

ATLAS Pb+Pb Centrality 0-10%
anti-k; R =04 jets = Inclusive jets FoIIOWIng PHENIX
7% <28 ---- Inclusive jets (corrected for isospin+nPDF) Calculate per-jet energy loss from spectra'
For y-tagged jets == ged je
pY >50 GeV ---- y-tagged (corrected for isospin+nPDF) Shlft needed to PrOduce °bserved [{AAI L.e.
In'] < 2.37
Ag(y.jet) > 78
Apr
............................... S
Jet pr

---------------------------------------------------- B Remove spectral shape, isospin and nPDF
effects for fair comparison between inclusive
120 140 160 180 200 220 240 260 280 300 (CLLREET:ISTT BT

Accepted PLB Jet p, [GeV]
Aprand S; ., calculation
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Comparisons with Theory

~v-tagged jet Raa Inclusive jet Raa Ratio

2T ATLAS Sun = 5.02 TeV )
y-tagged jets Inclusive jets Data
Takacs et al. (gmE =2.2-2.3)

LIDO (u=1.3-1.81T)

SCET, (9=1.8-2.2)
—— BT
=a= JEWEL

Centrality 0-10%
anti-k; R = 0.4 jets
p¥ >50GeV, '] <2.37
7% < 2.8, Ag(y,jet) > 78~ ~® Data
300 E 150 200 250 300
Jet P, [GeV] Jet P, [GeV]

y-tagged jet P, [GeV]

o All calculations describe inclusive jet 255 well
¢ Most calculations tend to undershoot data for -tagged jet Raa

o Data shows the ratio of the two 55 above 1 everywhere
¢ Theory replicates this qualitatively, but quantitatve discrepencies exist
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Motivating v+multijet

pl=100-158 GeV ATLAS
pp 5.02 TeV, 25 pb™

e Data
Pythia8 A14 NNPDF23LO

SherpaCT10

~-jet balance in pp
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https://www.sciencedirect.com/science/article/pii/S037026931830950X

Motivating v+multijet

* pp measurements of 1 ;, are a combination
of -+ single and multijet

ATLAS
pp 5.02 TeV, 25 pb™

e Data
Pythia8 A14 NNPDF23LO

SherpaCT10

~-jet balance in pp
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Motivating y+multijet
* pp measurements of ;;, are a combination
of 1+ single and multijet
¢ In Pb+Pb, this is convoluted w/ quenching
e Can we disentangle w/data?

ATLAS
pp 5.02 TeV, 25 pb™
~e— Data

===+ Pythia8 A14 NNPDF23LO

L B e e Eman T

s Sherpa CT10 IATLAIS T
2
ISR+FSR? 5 5 7y, 0.49 nb™
. PR,
Quenching? p; =100-158 GeV
&4 Pb+Pb 0-10%
+ . ++ --+ JEWEL+PYTHIA

j‘-ﬂ-' ‘ -+ Hybrid
BDMPS-Z
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v-jet balance in pp ~-jet balance in Pb+Pb
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Multijet Observables

We are studying:
Xy =00 + J
Photon pair 3= (0 + 1 )e/py
with balancing

e

<
L

* X,;,- reduced impact of ISR/FSR on ~+jet balance
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Multijet Observables

We are studying:
Xy =00 + J
Photon pair 3= (0 + 1 )e/py
with balancing

AVAT \/Agbi + Ant

e

DU
* X,;,- reduced impact of ISR/FSR on ~+jet balance
¢ ARy;- medium resolution of multiple color charges
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Multijet Observables

We are studying:
Xy =00 + J
Photon pair 3= (0 + 1 )e/py
with balancing

ARyy= \/Agbi + An?

e

Pt

NI )L\ Ay =(pr -0 Wy

* X,;,- reduced impact of ISR/FSR on ~+jet balance
¢ ARy;- medium resolution of multiple color charges
* A,,, - sensitive to color-charge differences in g/
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Measuring -+multijet

At leastone :

1. 90 <p] <180 GeV

2. I1<1.370R
1.52<|yl<2.37

3. Good shower shape
4. isisolated

o N -
(5< >’) @ University of Colorado Boulder ﬁ
ATLAS )

U PWENNG

At least two
R=0.2 jets with:

. pr>30GeV
. 175etl<2.8

. A set> /2
. ARy3> 0.4
b A¢JJ7>77TI8

Christopher McGinn

Construct Raw Distributions

Apply Purity Correction

Unfold For Detector Effects

Final Results



2.

3.
4.

Measuring v+rmultijet

At leastone :

90 < p; <180 GeV

Inl <1.37 OR
1.52< |yl <2.37

Good shower shape
~ is isolated

Q"J University of Colorado Boulder m

At least two
R=0.2 jets with:

pr > 30 GeV
I7setl<2.8
A set> Tf2
ARyy> 0.4
A(JéJJ»\’ > 77?/8

Christopher McGinn

PYTHIA 8 (x 1.2)
wJEWEL pp (x 1.2)
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0.6 0.8
ATLAS-CONF-2023-008

ATLAS Preliminary

2017 pp 260 pb”

Vs =5.02 TeV
90<F’T,<180 GeV |

30<p, "<501 GeV

anti-k, R=0.2 jets



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-008

Results x,,;,

~e- Pb+Pb 0-10% ATLAS Preliminary |
= pp 2018 Pb+Pb 1.72nb |
JEWEL pp (x 1.2) 2017 pp 260 pb™!
— JEWEL Pb+Pb (x 1.2) Vs =5.02TeV
90<p_ <180 GeV
30<p, <501 GeV

anti-k, R=0.2 jets

New Comparisons
JETSCAPEv3.5 AA22

B LBT

Xy5,= () + )T/P:i;

¢ Monotonic increase in overall suppression as centrality — 0%
e Peak shifts to lower x,,,in Pb+Pb as centrality — 0%
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-008

Results AJJA),

-~ Pb+Pb 0-10% ATLAS Preliminary
= pp 2018 Pb+Pb 1.72 nb ™'
JEWEL pp (x1.2) 2017 pp 260 pb™'
o —JEWELPb+Pb (x12)  Vs=5.02TeV
90<p, <180 GeV
30<p, <501 GeV

ami-k} R=0.2 jets -

New Comparisons
JETSCAPEvV3.5 AA22

Q
2
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I LBT

03 04 05 06 07 08

Ay =( - ) /228
' AJJ“{

e Ascent. - 0%, A,,, Pb+Pbh/pp develops a downward slope
¢ Suggests a greater suppression of asymmetric pairs
15
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-008

Results ARy,

- Pb+Pb 0-10% ATLAS Preliminary -
& pp 2018 Pb+Pb 1.72nb ']
JEWEL pp (x 1.2) 2017 pp 260 pb™" |
== JEWEL Pb+Pb (x 1.2) Vs =5.02 TeV—
90<p, <180 GeV |

30<p, <501 GeV _

anti-k, R=0.2 jets -

New Comparisons PR

P

JETSCAPEvV3.5 AA22

B LBT

N \/Agb{ + A2

¢ See hint of greater suppression at large AR,; in 0-10%
e JEWEL gets the slope of Pb+Pb/pp strikingly wrong
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-008

Diffusion Wake Search in +jets (l)

Via PRL 127, 082301 (2021)
(b)
1. Select on y+jet events

2. Jet-track correlations for Ag;ey i >7/2

3. Scan as functionof :

4. If ratio deviates from 1? Diffusion wake!

N
jet- 1nduced medium exmtatlon + Z-jet
—0.4-0.20.0.0.2-0:4 0 6 0. BGeV/fm3

Look at jet-hadron corr. iny
hemisphere; Searchviaz
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https://arxiv.org/abs/2101.05422

Diffusion Wake Search in ++jets (1)

]
Via
(b) ¥ / ns=0 2018 Pb+Pb 1.7 nb™ s, =5.02 TeV
<
» 4 s ATLAS Preliminary
IOE Centrality 0-10%
. \7 ~ Agjet,track) > 172
a' V/r § 0.5 <pi™k < 2.0 GeV
=N\ NNXNANAANS -
'\
-
» 1 g
g
5> 90 < p! < 180 GeV 7| <2.37, |7 < 25
S p'f‘ > 40 GeV Ag(y jet) > 34
jet-induced medium excitation + Z-jet z _ 6
—0.4-0.20.0-0.2-0:4 0.6 0.8GeV/fm3 |an(et, track)|
e

No observable 1 ;, dependence in yield within

Look at jet-hadron corr. iny
current uncertainties; NO WAKE

hemisphere; Searchviaz
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https://arxiv.org/abs/2101.05422
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-054/

Diffusion Wake Search in y+jets (lll)

Via
(b)
Ns=0
it
v
~

jet-induced medium excitation + Z-jet
—0.4-0.20.0-0.2-0:4 0.6 0.8GeV/fm3

Look at jet-hadron corr. iny
hemisphere; Searchviaz

Q’J University of Colorado Boulder m I
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2018 Pb+Pb 1.7 nb™ s, = 5.02 TeV

ATLAS Preliminary 90 < p’ <180 GeV
Centrality 0-10% p:' > 40 GeV
Agljet,track) > 72 In'] < 2.37, |7®| < 2.5
0.5 < pi* < 2.0 GeV A@(y,jet) > 314
|I7|Yack| < 25

Probability

Width (o) for
double ratio = 1.033

B 95 % CL
0.01
0

-0.03 -0.02 -0.01 0 0.01 - 0.02 0.03
Amplitude (bdw.) for (Y conl Y “”CO”)xJV:OB»O.G 1Y cond Y “”CO”)XJV:O.B-LO

95% CL at 0.8% perturbation on bulk; CoLBT
prediction is 0.2%
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Conclusion

=+ Pb+Pb 0-10% ATLAS Preliminary

2018 Pb+Pb 1.7 b, 2017 = pp 20
s 207 s JEWEL pp (x 1.2)

— JEWEL Pb+Pb (x 1.2)
06!

Width (a,,,,) for
double ratio = 1.033

T 002
Y ol ¥

130 140 160 180 200 220 240 260 300
Jetp, [GeV]

¢ y-tagged jet 254 finalized for publication; extended to higher pr
e Observe quark-enhanced -tagged jet a4 > inclusive jet aa

¢ First analysis of y-tagged multijet system in Pb+Pb (preliminary)
o Observe significant suppression of + 2 jets + X production

* 95% CL on diffusion wake set by +jet data!
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Multi-jet Mixed Event (I)

Mixed event subtracts off background contributions (r<)

Signal Event

¢ 2 Min. Bias Events are needed per signal (minimum)
¢ Min. Bias chosen by matching global characteristics in signal:

e Centrality matching (1% width bins)
* U,, or Event-plane ¢, (8 bins)

= 3 .
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Multi-jet Mixed Event (ll)

Using our example signal even
Signal Event

1. Signal
* b+c
2. Signal with Background
+b
+C
° +b
° +C
3. Pure Background
* a4+

L%'J University of Colorado Boulder m
Al L AS I

, raw contributions are:

Fora
step-by-step walkthru
of mixing jet algo.
come ask me!

Christopher McGinn

23



Multijet Systematics

All figures 0-10%/pp

- - oy
ATLAS Preliminary s = 5.02 TeV anti-k, R=0.2 jets
2018 Pb+Pb 1.72nb " 80<p_

2017 pp 260 pb™'

2— ATLAS Preliminary ¥ 02 TeV anti-k, R=0.2 jets —|
[ 2018PbsPb1.72nb" 90<p, <180 GeV 1

I~ 2017 pp 260 pb”! 30<p, <501 GeV

2|~ ATLAS Preliminary s =502 TeV anti, R:
[ 2018Pb+Pb1.72nb" 90<p <180 GeV
|- 2017 pp 260 pb”! 30<p, , <501 GeV/

—Total

=y ES/ER

4 JESIER

4 Mixing

¥ Iso./Purity

= Unfolding

i
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15— — Total
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¥ Iso./Purity
= Unfolding
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® (Relative Systematic Uncert:

Pb+Pb, 0-10%
23
Pb+Pb, 0-10%
PP

X33, A,,,
¢ Multijet systematics for Pb+Pb 0-10% / pp
e Canreach100% in the tails of the distributions
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nPDF and Isospin Impact

ATLAS Simulation .02 TeV
PYTHIA8 anti-k; R = 0.4 jets
-.-. y-tagged jet, Isospin only 7 <2.8
wen y-tagged jet, EPPS16 only For y-tagged jets
— Inclusive jet, Isospin only P} >50 GeV, |7'] <2.37

Inclusive jet, EPPS16 only Ag(y.jet) > w2

O—modlfled/ 0-nommal

LT TR
LLLELY
ARRRRE

ARARARRRARAAARANT

350 400 450 500
Jet P, [GeV]

¢ nPDF effect cancels between inclusive and -tagged
¢ Isospin effect significant
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