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ATLAS Jet Quenching in LHC Run 1

dijet asymmetry VS. reaction p/ane
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modification of multi-jet correlations
* Broad program of jet suppression and modification
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= how do we best make progress in Run 27
= hitps.//twiki.cern.ch/twiki/bin/view/AtlasPublic/HeavylonsPublicResults
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Extreme Kinematic reach: jets
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slowly increases from
50-400 GeV

= quenching for TeV- o R
scale jets in Run 27?7 .. . . . . .
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Inclusive Charged particles
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= mportant: check CNM effects in data...
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= visible y-dependence for pr > 300 GeV jets
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Dijet pr
balance

Full ("2-D”) unfolding to
generator-level
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Tasp ® I\AAELAS 0-10% = 3-°F apbspy  ATLAS-CONF-2015-0523
14 F analytic | 3 4m :
o] Cole, Spousta o 5E M E‘:—-
“H EPJC 76 (2016) 50 : A ==
1.2 F a3 E
L E 1.5F B8
T : i I A
: 2 | ey E
1F ;* 15 ;@E‘E ]
09 b ++‘} 05F . E
ogb 02703 0.4 05 06 0.7 08 09 1
10° 1 X
Z J
- after quenching
. after quenchin
Y ; I pT2/pT1 N A+A

D(z: priet) in A+A S
: . VS.
Dz, pri¢) in p+p pr2/Pt1in p+p
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Run 168795, Event 7578342
Time 2010-11-09 08:55:48 CET

Pb+Pb 2.76 TeV
LHC Run 1

see for example:
Milhano, Zapp

1
no balancing jetl ~ hep-ph/1512.08107



ATLAS

EXPERIMENT

Run: 286834
Event: 124877733
2015-11-28 01:15:42 CEST

Pb+Pb Vsnn = 5.02 TeV
photon + multijet event
> EtFCal = 4.06 TeV

Pb+Pb 5.02 TeV

LHC Run 2

balancing

jet? -

19

high-energy




p{’.of?'.’- .<) 1. What is the (absolute)
: amount of energy lost in cone”?
= photon-+jet pr-balance
photon 4 2. How Is the parton shower in
""" : cone modified by medium?

jet jet = photon-tagged frag.
particles  fynction (w.rt. jet)

3. Where does the lost energy
end up?
= photon-hadron corr. broadly

quenched in angle / momentum
energy
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Xy = pret [ pry ATLAS-

vary system size CONF-2016-110
< >
A pp ~_50-80% Pb+Pb ~30-50% Pb+Pb  20-30% Pb+Pb  10-20% Pb+Pb  0-10% Pb+Pb
> - ATLAS - Pb+Pb, 0.49 nb™ ] Simulation §f '
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Measured in detail by
HEP commun/ty e.qg.

y+multijet

5 F - T T T3 g e T T T T -
Z [ ATLAS 2% i == ATLAS
N 151 (s = 8 TeV, 20.2 fo" 7 — 2 . Vs=8TeV,202fb"
;6* ! ﬁLto QCD 7 > ;e AP toQC Z
[ = Z #44 NLO QCD
-8 - (BLACKHAT, D) % / -g 4 (BLACKHAT, D) , Z
< 7 e o
o 10 ) % o) Y %
© i %% ] go) - > 7 7
- ’Y - | —
5| ETH> 130 GeV ] 2 %/ pp > y+3jets+ X |
|, pr" > 100 GeV | TV B 5 130Gev pt > 65 GeV -
pp+y+21ets+X p“2>65GeV ] - p“1>1OOGeV p“3>SOGeV
..............................
= 1.91;— = g i
g 1.2F y 3 g 12% %
O i NI O %%
0.6; ) ) ,é 067 ) )
0 1 2 'Y-jet2 3 0 1 2 ]et3
Ao [rad] () (I) [rad]

da/d¢(x+/ez‘2) dO/d¢(x+/et3)

p!. = 80-100 GeV In'l <2
R - 0.4 /oiTet >20 GeV, In®'l <2
AGl > 77/8

inclusive leading
----- Pythia8

1.6
1.4
1.2

L arge differences 1
for inclusive vs. ~—
leading at low-Xy...

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

IIIMII|III|‘II|III|III|III|III|I

2x107"  3x10 1

2
_ plet 7 v
50 Xy, =P /pT



Sensitivity to analysis choices...

1. Photon + inclusive |ets

= cxperimentally easy, but (

can'’t extract per-jet <Ejoss>

2. Photon + leading jet

= pbetter-defined “leading ~  =========-- —
quark” probe

3. Photon + Zpr of high-pr jets

= f-loss of entire recoiling """ TR —_—
hadronic system
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PbPb/pp

2

1.8
1.6 |

14 |

1.2

0.8 |
0.6

0.4

Casalderrey-Solana, Gulhan, Milhano,
Pablos, Rajagopal, hep-ph/1508.00815

Photon-tagged
fragmentation functions

1

e When the transverse size r, of the jet is smaller than medium
resolution scale Q;] the medium interacts “effectively” with

P} > 60 GeV, Pi" > 30 GeV Strong Coupling
P;artrm > 1 GeV Radiative

N the total charge of the jet (primary parton)
Collisional s

L njet] < 1.6, |ny] < 1.44,r < 0.3 Large angle Unmodified
energy flow intrajet
Vs =5.02ATeV 0—10% from total structure
_\ charge
\ Q= 0jeiE / T
’4:\!: 1= eje L
S - l jet transverse size

Casalderray-Solana, Mehtar-Tani,
Salgado, Tywoniuk, hep-ph/1210.7765

1/N,,;, AN/

Zy

1 08 0.6 0.4 0.2

sl I I L i i I

5<p, <9 GeVic x0.5<p] <7 GeV/c

e IAG-Tl < 7/2 O
lyl < 0.35 ] = ]
107 A 3
. p+plAu+Au =7 +h + X ]
-2 —
107 E e PHENIX Au+Au 0-40% @ 200 GeV 3
- global sys = + 8.8%
10° = PHENIX p+p E
- global sys =+ 8% (@) ]
IY b by by

550 --- BW-MLLA in medium E_,=7 GeV
oF ~~~ YaJEM 9-12 GeV/c 3
E IE =
1.5EF + ‘:‘:m:‘—‘i

1 B tH
0.5 - BT E
ob 18] - global sys =+ 6% (b) 3
0 0.5 1 15 2 2.5
E=In(1/z)

Y PRL 111

(2013) 032301

» Separately with respect to the jet and the photon

= flavor dependence of parton shower modification

- X-'
rejection)

ag: clean sample of jets at lower pr (e.g. w/o fake et

= avoid “artificial” features due to final-state selection
(e.g. change in g/g mixture, Spousta, Cole hep-ph/1504.05169 )
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Photons + heavy
flavor quarks

Q Q
M’V Mﬂ
Q Q
(a) (b) P
<

> Q
A Y
s SO N N
See also: (c) 05 T %X B
= Stavreva, Arleo, Schienben, hep-ph/1211.6744 Esggph\;;t?\(/)m@?j}llbi
= Huang, Kang, Vitev, Xing hep-ph/1505.03517 R

* Absolute energy loss & mod. fragmentation for ¢, b”

= since Qis not incoming parton, lose back-to-back
photon + “leading quark”™ picture

= put still pick out consistent initial kKinematics in pp & AA?
25



p+Pb & ultra-peripheral Pb+Pb



Rpp,)

Inclusive jet and £, [03<y <403 | -
Charged particles

2(;”:“; l<8;JGeV | _ goriAj <l11lolc;‘.<la\l/I o 0_4: ~ PLB 748
: - Jet (2015) 392

h 40 100 1000
1 | p+Pb, {5y =5.02TeV, 28 b, 0-90% | | 'DT [GeV]

0.65— 4 Eee, {5 =502 TeV, 25 pb” 1 F .
o o ATLASCONF2016.108

14'_ATL'AS' - yeu<ie ] pamas ' {tamas ] o

. | . . 1.6
[ 110< p’' <160 GeV ] [160< p*'<210Gev 1 [210< p'<260 Gev 3 - hadron

. e e
e ———¢

— ) 4 1

=g

1
0.81- pp, 5 =5.02 TeV
prF 5.02 TeV, 28 nb™!, 0-90% 060 LP® =25 pb
- PP, r 502TV25pb E
N N . i 0.4 ATLAS Preliminary  pPb, \s, 502 TeV
2 2 2 -
1 10 10% 1 1o 10 1 10 10 - -2.0<y<1.5 LPb 25nb

p_ [GeV] p_ [GeV] p. [GeV] 0.2~ 0-90%

hep-ex/1706.02859, sub. to PLB s

Measurement of p+Pb / pp jet fragmentation functions
= (data-to-data ratio, identical collision energy

= ties together (unmodified) jet and hadron measurements



RAA
>
2
D
»n
A
@
3
)
Q

<

~ B Z 0-10% (ATLAS-CONF-2017-010)

0 8_— + non-prompt J/z/;, 0-80% (ATLAS-CONF-2016-109)
L e jet, 0-10% (ATLAS-CONF-2017-009) H
.

¢ h*, 0-5% (ATLAS-CONF-2017-012) H H
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- e preres Pb+Pb 5.02 TeV, 0.49 No™
" | pp 5.02 TeV, 25 pb™
O | | | | | | 1 1 | | | | 1 1 | | | | | [
1 10 102

 Frt=11TeV@y=0
o Efjet — 03 Te\/@y: 2
= xa = 0.4(!)

e Need constraints on
possible initial state
effects, ideally in data
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- VW bosons m ,o+Pb

Tremendous
y/W+/Z yields

= 8 eV comparison

Entries / GeV

—
o
w

data readily available

= analyses in progress

- p+Pb, 8.16 TeV, 47/nb P9

Trigger Efficiency

0.8
B In'l <1.37
- - | 1EM20
0.6 - —*—g33_etcut
—¥-g35_loose ;
04__ 156<|77Y| <2.37 d
- -o--L1EM20 ;
L --A--g33_etcut
0.2~ ---g35_loose g

..........................................
e
000

0

,'o 7\
T e 50 95 30 T35 40 45 50

p. [GeV]

forward photon trigger

10*¢

ATLAS Preliminary
p+Pb \s,,=8.16 TeV 33 nb"

el < 1.37, 1.52 < °l < 2.47

Wigiid

M**

m"l < 2.4

Entries / 1 GeV
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100 100

ps [GeV]
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Single e+ and u* spectra

10000

8000

6000

4000

2000

0

M

IIII|IIII|IIII|IIII|IIII| IIIIIIIIIIIIIIII |IIII|IIII|IIII
[ _  ATLASPrelimnary | p.>35GeV
" p+Pb T R=0.3
VS =8.16 TeV, 11 nb™ | Tight
1 * Non-tight |
B In'l <1.37 1 1.52 <In'l <2.37 ]
=
- 1 i
B - 1 i
=
- 1 -
=
o>y T =
- . *e T " ]
A4 ‘I. 1 - '.'..-.".'..
b 1 o%e
& Loy by Ly m_“:.l NI AR mm..

10 15 20 0 5 10

E [GeV]

photon isolation

15 20
E X% Gev]

pL [GeV]



Saturation phyS|CS’7

p p ||near ............ p-p I|near ____________

Low-pr central + a0p | 5 torinear —— 4 e pppominear ——
forward dijet cort. 250 | 57 Tov I I
g 2005_ p;> 15 GeV g 405_ p, > 25 GeV

= 5.02 TeV p+Pb E o 22 oy <47 e it 02 0y < 4.7

vS. pp data =

50 | 1 10¢F

- ana/yS/S /n progress O25.5 2I.6 2I.7 2I.8 2I.9 é 3I.1é 02%5 2.6 2I.7 2I.8 2I.9 é 3I.1-
D/—phoz‘an pr oduction KUA;)ak, Sapeta, hep-ph/ 1205.2035

(& other papers)

Di-photon event

p+Pb /sy = 8.16 TeV

pi, =36.7 GeV, 1 = 0.96, ¢1 = 0.21
pi, =34.2GeV, nz = 1.68, ¢2 = -2.91
ST EFP =19.9 GeV




fixed target DIS and DY
LHC dijets
LHCW & Z
CHORUS neutrino data
PHENIX 7"
— EIIII [ IIIIII| [ [ IIIIII| [ T TTTTH N
> = . : : = 107 ¢
() L ATLAS Prehmmary anti-k, R=0.4 jets —~ - |
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Z  F . (S ;
< E 42 < H; <50 GeV & ‘ i |
B 3 10° e —— T = 107 | UPC jets ;
R — - T -1 : i -
°T £ PPN —— , |
© ] —E —e e S . E E_ 107 ]
= ' 59<H <70GeV (x107?) N E ;
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£ —— e E 10 | :
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= N L S
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- g TTEETTTTLL o
83 141<H <168GeV(><1O ) 3
107 E @ Data @ =0 R — < ° . 4 oooooooooooooooooo
- Pythia+STARIight o I .
e ythia+ ig = ! . .
? scaled to data 168 < H, <20—0"Gje\/_fx10 )__?_ ’ntaCt quaSl'real
10710 = RN
- nucleus photon
E Not unfolded for detector response
10—12 IIII| l l IIIIII| | | IIIIII| | I I

107 1072

cleanly access nPDF effects in

entirely new (xa

10~

Xa

photo-nuclear nuclear
dijets breakup
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1 I 1 ' L l l | ) | ) I o

Energy loss in ' 9<p <12GeV

1.5F -
small systems? [ ATLASPRC90 A
.1 : - (2014) 044906
1 Brre 27.'4 plb .(5.'92. :I'IeV pp) .+ 4(|)4 Iutl) .(.5.'92 TeVIPbFI’b) >
145_ IC|\/|S | | | _E 8 7L ¢ Minimization 1 s
12%—?23223213 _; » 6_— @ Minimization 2 1_
S
2 4
- o
3
0.5
2 | .
1 ]
® 100 200 300 400 _

p. (GeV)

F Arleo M. Spousta ™ OO...'.‘;...IZ.)....%’
= see also Morsch, Loizides high-pr near-side A9
nucl-ex/1705.08856 ridge in <1% p+Pb

= Search for energy loss-like signatures with intra-event
momentum correlations...

= guidance from peripheral Pb+Pb data and theory?
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= https./twiki.cern.ch/twiki/bin/view/AtlasPublic/HeavylonsPublicResults



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

