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ATLAS probes of jet quenchin
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ATLAS probes of jet quenchin
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ATLAS probes of jet quenching

ATLAS Prodminary 10 - 20 %
Atk =04 jets |5, =276 ToV
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*Dijet asymmetry (unfolded)
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ATLAS probes of jet quenching

e Small-angle jet pairs

ATLAS
Pb+Pb 2011
VSTn\F 2.76 TeV
L._=0.14 nb™
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ATLAS probes of jet quenchin
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1st Run 2 Pb+Pb jet result: Gamma-Jet

1.2 ATLAS Preliminary

Pb+Pb, |[s\,= 5.02 TeV,1 ub
g O OO g

-

ATLAS Preliminary

loose photon, Inl<1.37
-+ offIinep“+ > 25 GeV
triggerp“; > 20 GeV

Trigger efficiency

— 1
e with UE subtraction pp, Vs =5.02 TeV, 26 pb
m without UE subtraction Photon candidates
ml <1.37,1.52 <Inl <2.37

4
SETC [TeV]

e Data collected in Nov. - Dec. 2015:
—Vsnn=5.02 TeV Pb+Pb, [ Ldt=0.52 nb
-Vs =5.02 TeV pp, [ Ldt=26 pb"
e Using photon triggers that sampled full luminosity
=38 k photons with 60 < pt <150 in pp data
=29 k " " in Pb+Pb, 0-50%

8
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1st Run 2 Pb+Pb jet result: Gamma-Jet

£ Pb+Pb, Vs = 5.02 TeV
YATLAS  Foiio vou=s027e _

EXPERIMENT  SEfCo = 406 TeV

e Data collected in Nov. - Dec. 2015:
—Vsnn=5.02 TeV Pb+Pb, [ Ldt=0.52 nb™
-Vs =5.02 TeV pp, [ Ldt=26 pb"
e Using photon triggers that sampled full luminosity
=38 k photons with 60 < pt <150 in pp data
=29 k " " in Pb+Pb, 0-50%
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ATLAS 5.02 TeV Pb+Pb Data

ATLAS Preliminary
Pb+Pb 5.02 TeV, 0.49 nb”

ATLAS Preliminary
Pb+Pb \5,,= 5.02 TeV, 28 mb™’
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e Usual centrality analysis using two-component
model, but applied over 0-85% centrality range

=Avoids complications with photo-nuclear,
electromagnetic backgrounds in peripheral Pb+Pb

e For this analysis:
=0-10%, 10-20%, 20-30%, 30-50% intervals
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Prompt photons in 2.76 TeV Pb+Pb

ATLAS

PHOX err.
— JETPHOX Pb+Pb/pp

JETPHOX EPsogf,oap Pb+Pb |s,=2.76 TeV
[ <T ,,> uncertainty L, =0.14 nb"

Ratio to JETPHOX (pp)
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40-80%, 1.52 < Inl <2.37 20-40%, 1.52 < Inl <2.37 10-20%, 1.52 < Inl < 2.37 0-10%, 1.52 < Inl <2.37
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* ATLAS measurement of prompt, isolated photon
production in 2.76 TeV Pb+Pb collisions

— compared to JETPHOX with & without isospin, EPS09
=Good agreement when isospin included in Jetphox
=Similar methods, systematics for Run 2 photon analysis _,

Saturday, September 24, 16



Photon identification

ATLAS Prelimihary 30-50% Pb+Pb 0-10% Pb+-Pb

60 < p. <80 GeV 5.02 TeV, 0.49 nb™ 5.02 TeV, D.49 nb™
In'l <1.37

| pp, 26 pb”

= Tight 5.02 TeV
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e Candidate photons obtained from clusters in EM
calorimeter with shower shape cuts applied

— Additional isolation requirement based on E1 within
R = 0.3 cone around candidate photon

=Compare isolation distributions for clusters that pass
“tight” and “non-tight” selections

* Photon purity (data driven) >~ 70% in Pb+Pb data
= subtracted using sideband method (below) .
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Gamma-Jet jet energy scale

A\

¢ Heavy ion jet © - 1.15|—ATLAS Preliminary
reconstruction PR il
energy scale:

— Calibrated using
5.02 TeV pp MC

—POWHEG —e— pp5.02TeV, 26 pb”

 Apply 13 TeV pp 85— —=— PYTHIA 8, 5.02 TeV
“in-situ” correction

— Corrects for data-
MC differences

e Apply 5.02-13 TeV - 300 e [GeV]
“cross-calibration” '

—transfer jet energy scale systematic uncertainties

Testin 5.02 TeV pp data using gamma-jet events
13

*ﬁ‘*’%;

Saturday, September 24, 16




Gamma-jet Jet performance

MC: PYTHIAS +
data overlay
evaluation of
jet performance
in Y-jet events

—Jet energy resolution

T due to underlying
event fluctuations

ATLAS Simulation Preliminary
5.02 TeV, y+jet
pL>60GeV, || <2.1

—+- 0-10% Pb+Pb
—4— 30-50% Pb+Pb
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—Jet reconstruction |
due to increased JER

Efficiency

= ~ entirely due to
jets falling below
minimum pr cut

e Jets in gamma-jet events have pt corrected for flavor-
dependent JES offset (previous slide)
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The measurement
« Measure Y-jet pT balance: z; = p'S* /p.
—And y-jet acoplanarity (Aw) distribution

15
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The measurement
« Measure y-jet pT balance: z; = p'S* /p..
—And y-jet acoplanarity (Aw) distribution
e For three bins in photon pr:

= 60-80 GeV, 80-100 GeV, 100-150 GeV
=~Iny| <2.37 but also excluding 1.37 < |ny| <1.52.

16
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The measurement

« Measure y-jet pT balance: z; = p'S* /p..

—And y-jet acoplanarity (Aw) distribution
e For three bins in photon pr:

= 60-80 GeV, 80-100 GeV, 100-150 GeV

=|ny| < 2.37 but also excluding 1.37 <|ny| < 1.52.
* Using R = 0.4 anti-kr jets

—iterative background subtraction a /a Run 1
—accounting for vz in underlying event

=priet> 30 GeV, |njet| < 2.1

17
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The measurement
« Measure y-jet pT balance: z; = p'S* /p..
—And y-jet acoplanarity (Aw) distribution
e For three bins in photon pr:
= 60-80 GeV, 80-100 GeV, 100-150 GeV
=|ny| < 2.37 but also excluding 1.37 <|ny| < 1.52.
* Using R = 0.4 anti-kr jets
—iterative background subtraction a /a Run 1
—accounting for vz in underlying event
=priet> 30 GeV, |njet| < 2.1
* Inclusive measurement with Ap selection
—include all jets in Y-jet events
=straightforward combinatoric subtraction
—For x; measurement, require Ay > 71t/8

18
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Combinatoric subtraction

0.45 60<pYr<80GeV 80 < p_ <100 GeV 100 < p_ < 150 GeV

+ ATLAS + Pb+Pb 5.02 TeV 4+ —=— Raw data
Preliminary 0.49 nb — Background
0-10% —e— Corrected data
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150

* Multiple hard scattering + UE fluctuations produce
jets uncorrelated with y-jet hard scattering

— Measure combinatoric rate using MC data overlay
= The underlying events are minimum-bias Pb+Pb

— Subtract differentially in A, priet
e Also subtract background pairs via photon sideband
=Shown above: yield for A > 7rt/8 "
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Gamma- etinb5. 02 TeV collisions

60<p <80GeV _3 80<p <1OOGeV _3 100<p <1SOGeV
Bl L ATLAS Preliminary ]

— === pp, 26 pb" al
2 L] PytHAS 4p5-02 TeV

IIIIIIIIIIIIIIIIIIIIIIIIII IIIIIIIIIIIIIIIIIIIIIIIIII
'80<pYr<1OOGeV "100<pyr<150GeV

‘Comparing data | i “ATLASP limi
(measured) to | -E/Pa;j;:i:b" "pj:t>50 Gf:\'/m'nary
PYTHIAS8 + GEANT 10 02 Tev
(reconstructed)

=Top: 1/Ny dN/dXx;
=Bottom: 1/Npair dN/d A IECECTENEECY

e Important: PYTHIA8 sample does not include
frag. photon contribution
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Gamma-Jdet in 5.02 TeV Pb+Pb collisions

16 6O<pYT<80(3eV 80<pYT<1OOGeV 100<pYr<1SOGeV

B 0-10% Pb+Pb, 0.49 nb™ 3t ATLAS Preliminary

=~ pp, 26 pb” 5.02 TeV
[_] PyTHIA 8 + Data Overlay

=12

e Start with 0-10% centrality bin:

—solid points in the figure

— systematic uncertainties from:
=Jet energy scale uncertainties (pp & Pb+Pb)
=Jet energy resolution uncertainties

=photon purity, combinatoric subtraction
21
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Gamma-Jdet in 5.02 TeV Pb+Pb collisions

16 6O<pYT<BOGeV 80<pYT<1OOGeV 100<p?r<1SOGeV

B 0-10% Pb+Pb, 0.49 nb™ 3t ATLAS Preliminary

=~ pp, 26 pb” 5.02 TeV
[_] PyTHIA 8 + Data Overlay

=12

e Start with 0-10% centrality bin:

— Compare measured, background-subtracted
1/Ny dN/dx;for inclusive pairs with A > 771/8.

—to PYTHIA8+GEANT + Pb+Pb data overlay

22

Saturday, September 24, 16



Gamma-Jdet in 5.02 TeV Pb+Pb collisions

16 6O<pYT<BOGeV 80<pYT<1OOGeV 100<p?r<1SOGeV

B 0-10% Pb+Pb, 0.49 nb™ 3t ATLAS Preliminary

=~ pp, 26 pb” 5.02 TeV
[_] PyTHIA 8 + Data Overlay

=12

e Start with 0-10% centrality bin:

— Compare measured, background-subtracted
1/Ny dN/dx;for inclusive pairs with A > 771/8.

—to PYTHIA8+GEANT + Pb+Pb data overlay
—and to 5.02 TeV pp data (previous slide)

23
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Gamma-Jdet in 5.02 TeV Pb+Pb collisions

16 6O<pYT<BOGeV 80<pYT<1OOGeV 100<p?r<1SOGeV

B 0-10% Pb+Pb, 0.49 nb™ 3t ATLAS Preliminary

=~ pp, 26 pb” 5.02 TeV
[_] PyTHIA 8 + Data Overlay

=12

e Start with 0-10% centrality bin:

— Compare measured, background-subtracted
1/Ny dN/dx;for inclusive pairs with A > 771/8.

—to PYTHIA8+GEANT + Pb+Pb data overlay
—and to 5.02 TeV pp data (previous slide)

=See clear modification (downward shift) in central
Pb+Pb due to energy loss of balance jets -
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6E = Pb+Pb, 0.49 nb
- —=— pp, 26 pb’
oF [ ] PYTHIA 8 + Data
. Overlay

0-10%

t ATLAS Preliminary
60 < p <80 GeV
- 5.02 TeV

- 2= Pb+Pb, 0.49 nb’’
6F —— pp, 26 b’

- [ ] PYTHIA 8 + Data

- s Overlay

ru ; .

0-10%

Gamma-Jet in 5.02 TeV Pb+Pb collisions

t ATLAS Preliminary
£ 80 < p <100 GeV
5 02 TeV

{}'C]'

e Centrality dependence for two photon pr ranges
— Left: 60-80 GeV, right: 80-100 GeV
= Observe a smaller shift in less central collisions

=At higher prt, can see evolving peak + lower x;
contribution
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- 5= Pb+Pb, 0.49 nb”
- —=— pp, 26 pb”’
|:| PYTHIA 8 + Data

Overla
o y

0-10%

t ATLAS Preliminary
£ 80 < p <100 GeV
5 02 TeV

'C-"‘C}

oF B Pb+Pb, 0.49 nb™

—=— pp, 26 pb”
[ ] PYTHIA 8 + Data
&% Overlay

iy

Gamma-Jet in 5.02 TeV Pb+Pb collisions

ATLAS Preliminary
100 < p <150 GeV
5 02 TeV

=

N
o

—
N

(1/N,)(dNdx,)
()]

o
o)

o
~

0

o

e Centrality dependence for two photon pr ranges
— Left: 80-100 GeV, right: 100-150 GeV
= Observe a smaller shift in less central collisions

=At higher prt, can see evolving peak + lower x;
contribution
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Gamma-Jdet in 5.02 TeV Pb+Pb collisions

80<pYr<1OOGeV 100<pYr<150GeV

o
&)
o

ATLAS Preliminary
pjT‘at > 50 GeV
5.02 TeV

—&— pp, 26 pb’”

| | PyTHIAB +

Data Overlay

Normalised entries
o
o

= =
b mCH]
[ ]

* Look at A distribution for 0-10% centrality

— pret> 50 GeV to limit combinatoric contribution

—compare to PYTHIA8 + GEANT + data overlay, pp data
=—same disagreement with PYTHIA8 as seen for pp
=agreement between 0-10% Pb+Pb and pp -
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Summary and Conclusions

* ATLAS has measured gamma-jet correlations in
5.02 TeV pp and Pb+Pb collisions

= [ Ldt =26 pb, 0.52 nb, respectively
e Jets reconstructed using anti-ki with R=0.4

=heavy ion jet algorithm with underlying event
subtraction and v2 flow correction

=full set of jet energy scale corrections and
uncertainties propagated from 13 TeV pp data

 Measured distributions (no unfolding):

—1/Ny dN/dx; for A > 71/8 and 1/Npair dN/d A

— compared to PYTHI8 + GEANT + PbPb overlay

* See data-PYTHIA8 agreement for pp x; distribution
=|n Pb+Pb collisions see clear quenching effects

e See data-PYTHIAS8 disagreement for pp Ay distribution
=Pb+Pb and pp Ap dist’s agree within uncertainties 28
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