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What is the (absolute) amount of energy lost in cone”

photon <) Photon+jet pr-balance
_ = Xsy = pret/pr¥ (for Ad>7r/8)



How Is the parton shower in cone modified by medium®?

photon -V Photon-tagged frag. function
------ *4& -: (with respect to the jet)

Jet et particles = D(pr") or D(z = pt" / pr¢)



What is the (absolute) amount of energy lost in cone”

photon <) Photon+jet pr-balance
_ = Xsy = pret/pr¥ (for Ad>7r/8)

How Is the parton shower in cone modified by medium®?

photon -V Photon-tagged frag. function
------ *ﬁc -: (with respect to the jet)

jet  jetparticles = D(P1") or D(z = p1" / p7¢!)

(%? ATLAS-CONF-2017-074




Photons in EMCal

pr > 63.1 GeV, |n| < 2.37
(excluding 1.37-1.56)

/. Citron, 10:00am

Jets In calorimeter
Nl < 2.8, pr>31.6 GeV

M. Spousta, 11:10am

Tracks In
inner detector (|n| < 2.5)

M. Rybaf, 12:30pm

Centrality in
FCal (3.2 < |n| < 4.9)
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Correction for detector effects

ATLAS Slmulatlon Prellmlnary p

- Pythia8 A14 NNPDF23LO - /
— Pb+Pb 0-10%

"""""""""" LA -

0 50

100 150 200 250 300
Truth (pT, X,,) bin #

e 2-D unfolding in (prY¥, xuy)

= (priet, pth) or (priet, z) for FF
measurement

bIg “blocks” show the
(pr¥.truth pr¥reco) correlation

(X truth x preco) correlation at
fixed ( [0 Ty,truth’ pTyreco)

= final results at “particle level




What is the (absolute) amount of energy lost in cone”

photon <) Photon+jet pr-balance
_ = Xsy = pret/pr¥ (for Ad>7r/8)

V/
. |ATLAS-CONF-2018-009



Photonﬂet o7 balance in pp
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I Pob+Pb, pr¥ = 63.1-79.6 GeV

ATLAS Preliminary
pp 5.02 TeV, 25 pb”
Pb+Pb, 0.49 nb

pYr = 63.1-79.6 GeV
t«] pp (same each panel)
= Pb+Pb

e
02040608 1 1.21.41.61.8

peaked structure destroyed in 0-10% Pb+P£)
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I Pob+Pb, pr¥ = 63.1-79.6 GeV

ATLAS Preliminary
pp 5.02 TeV, 25 pb”
Pb+Pb, 0.49 nb

pﬁ’r = 63.1-79.6 GeV
t«] pp (same each panel)

= Pb+Pb
= 2= I I I I L I I I =T B B LN B B BN LR UL R =1 I B L I B BRI L IR B
b 1.2 20- 30% 10 20% O 10%
< 1.4 L PP
= 1.2 - LI
Z 1 ¢ +§
=~ 0.8 sQe=D==0~ EF"-.-_._
= 06 1= =
0.4 - -
0.2 =~ =
02040608 1 1.2141.61.8 020.4060.8 112141618 0.20.40.6 0.8 112141618

X

peaked structure desz‘royed in 0-10% Pb+Pb
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peak returns in 50-80% I Pb+Pb, pr¥ = 63.1-79.6 GeV
Po+Pb events
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l Po+Pb, pr¥ = 79.6-100 GeV

Y3 ATLAS Preliminary
S 1.6F pp 5.02 TeV, 25 pb*!
S 1o Pb+Pb, 0.49 nb"
2 pl. = 79.6-100 GeV
~ 8-2;: =] pp (same each panel)
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peaked structure ( /J'Yez‘s w/o E-loss?) visible in 20-30%
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50-80% Pb+Pb events I Pb+Pb, pr¥ = 100-158 GeV

compatible with pp

e ATLAS Preliminary
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visible peak even in 0-10% Pb+Pby



(1/N,)(dN/dx;, )

COOO —t b —h —h

NRERODOLNDIOOON

-1X centrality, explore pr¥-evolution
higher pr¥

20-30%
-

4o o
Co s

=0=

——

-
==

C S

02040608 1 1214161

8 02040608 1 1.21.41.61.8
XJY XJY

02040608 1 1214161.8

X

Jy

15



(1/N,)(dN/dx )

NROOLNDROOON

-1X centrality, explore pr¥-evolution

- higher pr

==
§ L
.
et St
==
o] = =
02040608 1 1.214161.8 02040608 1 1.2141.61.8 02040608 1 1.21.41.61.8
X X X
Jy Jy

6



/:}’. Simulation
'E) B3 Data
% 1 ATLAS
20-30% Pb+Pb = Preliminary
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20-30% Pb+Pb
or¥ = 79.6-100 GeV

0-10% Pb+Pb
or¥ = 100-158 GeV

uncorrecz‘eo’ Pb+Pb data (o

Simulation _ o)
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(1/N,)(dN/dx )

Direct comparisons to theory (no smearing)
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How Is the parton shower in cone modified by medium??

Photon-tagged frag. function
(with respect to the jet)

jet  jetparticles = D(pt") or D(z = pT" / pr¥')

- |ATLAS-CONF-2017-074
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How Is the parton shower in cone modified by medium??

Photon-tagged frag. function
(with respect to the jet)

jet  jetparticles = D(pt") or D(z = pT" / pr¥')

Kinematic selection intended o pv = 79.6-125 GeV

pick out only the |eading . _
(dominantly quark) jet : priet = 63.1-144 GeV

- |ATLAS-CONF-2017-074
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y-tagged jet FFIn pp §

ATLAS Preliminary
pp, 26 pb™, 5.02 TeV

&ﬁ Data, y-tagged jets
— PYTHIA 8 A14 NNPDF23LO
% Data, inclusive jet (pjTet = 80-110 GeV)

y-tagged jet
(quark jet-dominant)

107 i

Inclusive jet
(gluon jet-dominant)
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y-tagged jet FFIn pp §

Inclusive / y-tagged ratio
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ATLAS Preliminary
pp, 26 pb™, 5.02 TeV

&\ Data, y-tagged jets
PYTHIA 8 A14 NNPDF23LO
% Data, inclusive jet (p"Tet = 80-110 GeV)
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Y- tagged let FF In ,op
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Fragmentation difference as
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ratio of D(pT)

Y-tagged jet FF ratios in Pb+Pb
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modification here...
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Y-tagged jet FF ratios in Pb+Pb
30-80% Pb+Pb / pp 0-30% Pb+Pb / pp

o i Iyl-l[ébged jlets 502TeV_ o Iyl-ltébged jlets 502TeV_ COm,Oal’e l.O UnfO/ded
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S SR -
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08 080%PoPbipp | 08 00%PoPbiep results: M. Rybér
1 10 10 - 10 10° ' :
p. [GeV: b, [GeV: this room, 12:30pm)
familiar pattern of ... different pattern

mod|ification here... here!
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ratio of

Y-tagged jet FF ratios in Pb+Pb

1.8t

0.6F

0.8}

30- 80% Pb+Pb / pp

N y tagged jets 5.02 TeV_

B NN

iInclusive jets 2.76 T% :
(30-40%)
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— 30-80% Pb+PbI [ pp B

1 10 10

ratio of D(

0- 30% Pb+Pb / pp

6] 0-30% Pb+Pb / pp

. N
Ea rlagoed s 5021V 00 hare 10 unfolded

otomy o E 0 TeV. inclusive jet FF
measurement
@2.76 TeV...

ATLAS Prellmlnary Inclusive vs.

Y-tagged FF'S

10

modified differently!
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Y-tagged jet FF ratios in Pb+Pb

ratio of D

0-30% Pb+Pb / pp
- S y-tagged jets 5.02 TeV y-tagged jet FF vs.
inclusive jets 2.76 TeV iﬂClUSive jet FF

more enhancement
at low-pr"

| = shift of mid-pr"
: minimum,

NO enhancement at
large-pr!
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y-tagged jet - vs. inclusive jet FF-
O 30% / 30-80%

/-\I_ I \
Q B y tagged Jets 5 02 TeV_
S8 L
"g 1 6k inclusive jets 2.76 TeV -
g (0-10% / 30-40%)

1.4r

I L} 2
CXXKXY
AR
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08 N\ N KK
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1 10 10°
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Stronger centrality dependence for
how Y-tagged |ets are modified
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Y-taggeo jet gquencninNg (w/ unfolding for detector effects)

3 1223j ATLAS Preliminary
S 16F pp 5.02 TeV, 25 pb’
S oF Pb+Pb, 0.49 nb’”
3 pl. = 79.6-100 GeV
— 8-22— [+ pp (same each panel)
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,-%_ 2::_::::::::::::::::::::::::,:::,...,... .....................................
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= 0.8F e
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02 o e R
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* Y+|et pr-balance

= pp-like peaked xyy iIn Pb+Pb:
variation in jet-by-jet E-loss
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Y-tagged jet quenching (w/ unfolding for detector effects)

N T 11 | I I I T T T
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» Y-tagged jet frag. functions:

= different modification in central
evts. than inclusive jets



Y-taggeo jet guencning (w/ unfo\dmg for detector effects)

3 152; ATLAS Preliminary 3'_ 1 8L y tagged Jets 5 02 TeV_
S 16F pp 5.02 TeV, 25 pb’ -
< 1-;; Pb+Pb, 0.49 nb™ 8 16 inclusive jets 2.76 TeV_
2 F pl. = 79.6-100 GeV [E (0-10%)
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quenched enerqgy

1. What Is the (absolute) amount of
energy lost in cone”

= photon+jet pr-balance

2. How Is the parton shower in cone

modified by medium?

= photon-tagged frag. function (with
respect to the Jet)

3. Where does the lost energy go?

= photon-hadron corr. broadly In
angle / momentum
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e Dominant: standard HI jet pr scale, resolution uncertainties

SYSIOMANIC 5.1, qominant photon 0, solation, et background

uncertainties | Co-dominant in central events: prior/MC/combinatoric bkg.
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Normalised entries

Photon selection

60 < p! <80 GeV
Cln'l < 1.37 e
I - pp, 26 pb

PP

°hotons are required to pass |

CATLAS Preliminary 1}

-+ Non-Tight 1

T 0% PeePy
5.02 TeV, 0.49 nb™ -

—§-

selected

/ photons

-J-’-I-?-IIIIIII | L

10 20
EZ° [GeV]

Pb+Pb 0-10%

-10 0

Db__ Db)

estimated
background

D cuts & be experimentally isolated

= ourity estimated with standard “"double sidelband” approach,
>95% (>80%) in pp (central
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e Data-driven background corrections
= combinatoric photon+jet pairs

= dijets (#0+]et) from impure photon selection
= - measurement also includes UE particles in jet cone



Photon-jet pr
palance in pp
aaditional pr¥

DINS

Ratio of (1/N,)(dN/dx )

(1/N,)(dN/dx, )

Ratio of (1/N,)(dN/dx )

0.6
0

L I L L B L L L L B R BN RN IR
= pl=63.1-79.6 GeV ATLAS Preliminary -
= pp 5.02 TeV, 25 pb™ 3
E_ —e— Data _E
= __jugsf e Pythia8 A14 NNPDF23LO J
E_ m ------------ Sherpa CT10 _E
= _ L.?t i - Herwig H7UE MMHT2014id]
: - -
= by =

IR | | ! L0 |M
2 04 06 08 1 12 14 16 1.8 ,
Jy

L L B B B B B DL BELENL
— p.=100-158 GeV ATLAS Preliminary 3
= pp 5.02 TeV, 25 pb™ 3
- -4 -
— !_ —e— Data —]
= - .=+« Pythia8 A14 NNPDF23LO—
— =0 -
;— E -------- Sherpa CT10 —;
— Bd) bsas ..o Herwig H7UE MMHT2014i0]
— 'fd #rirflher =
— ~m ..ﬁ JE—
= Bgmanei® -
B == E
- | | Lo | '.HMW
2 04 06 08 1 12 14 16 18 .

Ratio of (1/N,)(dN/dx )

(1/N,)(dN/dx, )

Ratio of (1/N,)(dN/dx )

==+ Herwig HZUE MMHT2014

L L L L BN
1.8 pf’r =79.6-100 GeV ATLAS Preliminary _F
1' 65_ pp 5.02 TeV, 25 pb™ 3
1.45_ :'"‘"I —@— Data _E
1'25_ ‘_,_5- ++ Pythia8 A14 NNPDF23LO J

= JE g -------- Sherpa CT10 -
1__ o~ H _ ]
085  .u. e iooo}" Herwig H7UE MMHT2014id]
S PRy i i -
0.6 [@®* i =
o o E
0.2 — § Sragrag =
(g T Lo | L | et aguaca
14;_' ' | | ' | | | L LA EI|Im'“”'““:|§.| i '_2
13;_ ------- .g é _;
1_2;_ R aeesas} ' R =
1.1 =
1E ;
0.9 =
0.85 =
0.7E é
0'6:_| e ey ey ey ey ey ey ey ey
02 04 06 0.8 1 12 14 16 1.8 X
Jy
L B B B L L
oF- p_=158-200 GeV ATLAS Preliminary
1 8E pp 5.02 TeV, 25 pb™
1.6 —e- Data
1_42— .-++ Pythia8 A14 NNPDF23LO
1.2 F p Sherpa CT10
13
0 8%

O
N
ARRRRN

|" “*i, '

III|III|III|III|IlﬁlII|III|III|III|III|III

: a —— ® =
0.8E i+t S =
O% é E
06 . . e b -

0.2 04 06 0.8 1 1.2 14 16 1.8 X
Jv



ATLAS measurements with 2-D unfolding
= needed to reveal otherwise hidden physical features of distributions
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Effect of unfolding on ... inclusive |et fragmentation functions
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Cross-check with alternate fiducial definitions
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ATLAS

EXPERIMENT

Photon-tagged measurements
possible in Run 2;

1. y+jet: absolute E-loss

2. D(2) for y-tagged jets in ’
Pb+Pb & p+p
3. y-tagged Raa T ?'

87 Tt

- = iy Ay
4. y+jet vs. reaction plane N

5. missing-pr flow w/ external
scale

49 = hitps.//twiki.cern. ch/tW/k//b/n/V/eW/At/asPub//c/l—/eavv/onsPub//cF?esu/ts =



https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HeavyIonsPublicResults

- Measured in detail by
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Sensitivity to analysis choices...

1. Photon + inclusive |ets

-experimen’[ally easy, put cant (

extract per-jet <Ejpss>

2. Photon + leading |et

= petter-defined “leading quark”™ — =========--- —

probe
3. Photon + Spr of high-pr jets

= [_|oss of entire recoiling  ~ TTTTTTTTTTS -_—

hadronic system
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vary initial E before quenching
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leaser comparisons to theory...
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