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Jet energy loss
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o Shown through observables such as Rya and photon jet momentum balance that
jets lose energy when traversing QGP- up to 1 TeV in central collisions

o What is the mechanism of this energy loss?
o What is the path-length dependence to energy loss?
o What is the role of fluctuations?



Measurements of jet energy loss

- o - o

o Dijet momentum balance: ‘ L

o Imbalance in jet momentum of back-to-back jets in Pb+Pb
collisions compared to pp is a signature of energy loss

o Unequal energy loss could be explained by jets traversing
different path lengths of QGP




Measurements of jet energy loss

o Jet v,

o Path-length dependent energy loss can cause higher jet
yield in-plane vs. out-of-plane, causing a positive v,



Measurements of jet energy loss
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o Jet v,

o Path-length dependent energy loss can cause higher jet
yield in-plane vs. out-of-plane, causing a positive v,

o Jet v, can give insight into the role of fluctuations in the
Initial state
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Jet performance R = 0.4
G

Scale Resolution

()] 11_ T T T T ] T T T T ] o 05: T T T T T T T T =
e 1 08E ATLAS Simulation Preliminary anti-k; R = 0.4 q4 4 0.45E- ATLAS Simulation Preliminary anti-k; R = 0.4 E
" F (syy=5.02TeV nl < 2.1 . " F (syy=5.02TeV Il < 2.1 =
1.06 — 0.4 =
1.04F = 0.35fs =
1020, o o o . — 0.3k ® ——0-10% =
= ®*~a222904,.0 ] - o ©® —— 10-20% E
1_1!.!;:51.30?3330;55:55’? 0'255_0 LI —e— 20 - 40% 3
0.98 —o—0-10% — 02 ® o ® 4 @ —e— 40 - 60% -
- —o— 10-20% ] L, %e® S e —e— 60 - 80% 3
090 e BN EEEFHE TP :
0.94F —e— 40-60% 3 0.1 ° R =
- —e— 60 - 80% 3 = - l"'ﬂ!lg.,\,\;
0.92 ——pp — 0.05:— - -7 v—:
9: . . o . . . . .: c . o . . =

50 6070 10 2x10®  3x10° 50 6070 10 2x10°  3x10°
p:[uth [GeV] p:[uth [GeV]

o Dijet momentum balance measured using R = 0.4 jets
o |nl <21
o Measurement is unfolded to correct for JES/JER effects
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Jet performance R = 0.2
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o Jet v, measured using R = 0.2 jets

o Measurement is unfolded to correct for JES/JER effects
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Jet performance R = 0.2

Scale Resolution
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o Jet v, measured using R = 0.2 jets

o Measurement is unfolded to correct for JES/JER effects

o |y] < 1.2 chosen to minimize JES and JER dependence on angle with

respect to the event plane
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Dijet momentum balance

- P12
PT,1

o X, measured for 5.02 TeV Pb+Pb
and pp collisions as a function of
leading jet pr (p74) and centrality

XJ

o Dijet pairs selected back-to-back
with |Ag| > 711/8

0 Result is unfolded to account for
migration in p;,and p+,
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Dijet momentum balance- Pythia comparison
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X, X

o Compare pp measurement to Pythia8 using A14 ATLAS tune and
NNPDF23LO PDFs

O )# i?]pp collisions is very well described by Pythia8, both at low and
Igh Pr
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Dijet momentum balance- comparison to 2.76 TeV
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o Comparing to arXiv:1706.09363
o Depletion in high x; dijet pairs in 5.02 TeV pp collisions compared to 2.76 TeV
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Dijet momentum balance- comparison to 2.76 TeV
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o Comparing to arXiv:1706.09363
o Depletion in high x; dijet pairs in 5.02 TeV pp collisions compared to 2.76 TeV

0 Results in Pb+Pb consistent within uncertainties between 5.02 TeV and 2.76 TeV
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Dijet momentum balance- centrality dependence
13 |

Al SO ATLAS Profiminary | anik A= 04 ]
S 17 4-Pb+Pb 1.72 nb” Sy =5.02TeV
~| 23 5{-Pp 260 pb’’ E
-158 < p_ <178 GeV
3 T 7
- ®pp 0-10% ™10 -20%

2.5F @ 20-40% W40-60% ' 60-80% 3

o With increasing centrality observe a gradual flattening of the x| distributions above x; > 0.5
o Jets in peripheral Pb+Pb collisions have similar x; distribution to pp
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Dijet momentum balance- p; dependence
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(8

Run 2 data allows us to measure x; at high pr

(8

o Still see modification between central Pb+Pb and pp for jets above 400 GeV

o Modification of x; becomes smaller at high p;

o Both Pb+Pb and pp distributions are steeper at high p;
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Dijet momentum balance
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Measure jet yield as a function of nAg,, = n|¥, — @| in bins of p; and centrality

n=234

Yields unfolded in prand A@,

Fit to extract v,

ATLAS-CONF-2020-019
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Jet v,
17
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o Positive v, on the order of 1-4% for inclusive p;
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o Positive v, on the order of 1-4% for inclusive p;
o No significant p; dependence for jets with p; 71-251 GeV
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Jet v, comparison to other results
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CMS charged particle: arXiv:1702.00630
ATLAS 2.76 TeV: arXiv:1306.6469
ALICE 2.76 TeV: arXiv:1509.07334
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Jet v, comparison to other results

20 | ————————————
10-10% Pb+Pb |

(V] T T T T T | T T T T

| T T T T | T T T T _l
= o - ATLAS Preliminary -
' 5: Pb+Pb |s,, =5.02TeV, 1.72nb" o In 0-10% central collisions jet
. anti-k, R=0.2,lyl<1.2 7  Voconsistent with:
0.1 0-10% o CMS high pr charged particle v,
i $ 1 o ATLASjetv,at2.76 TeV
0.05 — : :
o . % 15 ALICE jet v, at 2.76 TeV higher
9 % ‘@f . Dy ¢ ¢+ 1 than other measurements
O_ ___________________________________________________________________ —
E D@ 0-10% Jet, this result ¥ ]05%CMSh" E
—0.05 =1 5-10% CMs h* [ W ] 0-5%ALICE2.76 TeV Jet  _|
MY [T 5-10% ATLAS 2.76 TeV Jet _
B 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 _l
50 100 150 200 250
p, [GeV]

CMS charged particle: arXiv:1702.00630
ATLAS 2.76 TeV: arXiv:1306.6469
ALICE 2.76 TeV: arXiv:1509.07334
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Jet v;and v,
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o No evidence for non-zero v; and v,
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Jet v, comparison to other results
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o Jet v5 values are consistent with high py charged particle v;
measured by CMS in central and mid-central collisions at 5.02 TeV

CMS charged particle: arXiv:1702.00630
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Summary
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X, Centrality

o See evidence of path-length dependent energy loss:

o Ihr]c[]eased asymmetry in dijet pairs in Pb+Pb collisions vs. pp collisions, even at
Igh Pr
o Increased yields of jets in-plane vs. out-of-plane leading to positive v5

o First measurement of jet v and v, shows values consistent with zero

o ATLAS heavy-ions public results:
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HeavylonsPublicResults
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X, selections

25 |
0 1.72 nb-!' Pb+Pb data at 5.02 TeV
o 260 pb-1 pp data at 5.02 TeV

0 0-10%, 10-20%, 20-40%, 40-60%, 60-80%
centrality bins

0 R=04jets

o |n| < 2.1

0 |Ag| > 711/8

0 158 < prq4 <9562 GeV
00.32<x;,<1

o 2D Bayesian unfolding in pr4, pto



v, selections
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0 1.72 nb' 2018 Pb+Pb data at 5.02 TeV
0 0-10%, 10-20%, 20-40%, 40-60% centrality
bins
0 R=0.2 jets
o Inclusive jets
oyl < 1.2
0 71 <p<251 GeV
o 2D Bayesian unfolding in pt, Ag,
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o Improved uncertainties come largely from
better understanding of JES and JER in run 2
data
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Fractional Uncertainty

Fractional Uncertainty

X, systematics
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X, In Pythia
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Theory comparison
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Jet v, systematics
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