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Introduction

Hot and dense deconfined matter is created in

heavy ion collisions, called quark-gluon plasma
(QGP). This matter allows to:

Study non-perturbative aspects of QCD and é’i’é
collective phenomena connected with the
strong interaction.

Study the phase diagram of nuclear matter g fr;“ﬁ“{zg
and the transition from quarks and gluonsto @ iﬁi’:&f}

hadrons. ey

Study matter which is similar to the matter
present in the early stages of the universe.

Study the electromagnetic processes in BEN R
ultra-peripheral collisions (growing program). \J g ol
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How to access the information?
* Measure different processes:

— hard processes: jets, EW-bosons,
guarkonia, heavy flavor mesons

— soft processes: correlations and
fluctuations (elliptic flow and higher order
flow harmonics, ...), multiplicites, low-pt
spectra, ...

* Study Pb+Pb and also pp, p+Pb (reference,
Initial state effects, effects of nuclear parton
distribution functions).

* Use different center-of-mass energies.

awIL

Z Initial
state,
nPDF

Hard
scattering
(jets, EW-

bosons,

2| quarkonia)
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“Freeze-out” —
hadron formation
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Hard probes

Inputs: objects
well understood in
p+p collisions

high-p; partons /

time
Outputs:

modified yields and
properties

—» Jetquenching =

jets

charmonia,

medium-induced gluon
radiation, elastic
scatterings

—

heavy flavor
mesons

—. dissociation,
regeneration,
energy loss

photon, W, Z

> unmodified,
reference
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) Centrality

L

EXPERIMENT

peripheral central

* Centrality quantifies the collisions collisions

degree of overlap of two

colliding nuclei. . .
—
* More central collisions —

higher deposited energy.
* Centrality quantified by the

energy measured in Forward < 1 o s
: ° - .
Calorimeters. = L\ Moce Pb+Pb |5, =2.76 TeV -
% - \MMM L =200 mb™" 3
;% 10'“; E
2 e 2| | R §
=* 102498 § | 3 =
= HEsle|8| &
107 4 E
10° 4 E
: 1 I 1 1 1 1 1 1 1 1 1 1 1 1 :
0 1 2 3 4

FCal E; [TeV]
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1939 Inclusive jet suppression

ATLAS In Pb+PDb collisions
dQNjEtbe Jet yield in heavy
. lisi
R B Nourr dedy ont ion collisions
AA — T/ 2_PD | )
d Tt
<TAA>C6I11: X dord Expected jet
pTdy > yield in the case

_ of no quenching
Mean nuclear Jet cross-section

tickness fuction in pp collisions

The nuclear modification factor, R,,, quantifies the magnitude

of jet suppression, which arise mainly from final-state interactions
with constituents of the medium.
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) Jet Raa: pr-dependence,
ATLAS Vsyn = 5.02 TeV

ATLAS-CONF-2017-009

g 19 | | T T ]
Qe " ATLAS Preliminary ly| <2.8 7
| anti-k, R = 0.4 jets, Sy, = 5.02 TeV ]
mmm o oo e e Il— --
+— T T
4 4 F I
0.5 —;._—;——E.;——E-a——m——ll!?——:—'—j ——————————————————————————————————————————————————————————— ~
- #-0-10%
2015 Pb+Pb data, 0.49 nb”’ —4-30-40% @
2015 pp data, 25 pb’! | ~+- 60 - 70| » 1 (O | | o
0
100 200 300 \ 500 600 900

p_[GeV]
* Central collisions (0-10%): Raa ~ 0.6 up to TeV scale.
* Peripheral collisions (60-70%): still significant suppression.

* Measured also differentially in rapidity (more suppression in the forward
region).
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-009/

Jet Raa: pT-dependence,
ATLAS 2.7/6 TeV versus 5.02 TeV

ATLAS-CONF-2017-009

< 1.5
$ 00 — | | | | | B
| ‘:n?":SRP[e(')"E'Eg —#— ATLAS, |5, = 5.02 TeV, this analysis Ob;l Loz’ffl
k, R = 0.
i —4— ATLAS, |5, = 2.76 TeV, arXiv: 1411.2357 _
L PRL 114 (2015) 072302 [~"""""""7TT Il
[ ——fh——1 & == 1
05 Lecoggpm T T A} | TN . . I i
2015 Pb+Pb data, 0.49 nb™
| 2015 pp data, 25 pb™
0 | | | | | | | |
100 200 300 400 500 600 900
p. [GeV]

* Same magnitude of Raa Within systematic uncertainties observed
at the two different center-of-mass energies.
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-009/
http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.114.072302

1939 Internal structure of jets
AER2  In Pb+Pb at 5.02 and 2.76 TeV

ATLAS-CONF-2017-005

R o D(Z) |cent
I T \ I B N B T \ NN |_ D(Z) — D(Z) |
14 ATLAS Preliminary V jer 121 B bp
N L | i
= i [ 1126 < p* < 158 GeV, |5y, = 2.76 TeV - 1 dN
O:D i [:‘ T NN JJ j D(Z) _ ~ d_
1.2 |@ 126 - P < 158 Gev - Jet
— '_l_| —
I r il T
: ﬁ 2 = S5 CosAR
I L] PS i Pt
i ® g _ ] !
0.8 n : A
[ ] | e
| Pb+Pb, {5 = 5.02 TeV, 0.49 nb™, 0-10% i : - Z
- _ | !
0'6_ pp . s =5.02 TeV, 25 pb’ _ v
| | | | I | | I
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1939 Internal structure of jets
AER2  In Pb+Pb at 5.02 and 2.76 TeV

ATLAS-CONF-2017-005

Fragmentation (at 2.76 TeV)
measured for:
— Prjec>100 GeV,

_ pT,trk> 1G eV’

ATLAS Preliminary V jer 121

o
"\

[]126 < pj:t < 158 GeV, \sy, = 2.76 TeV

@ 126 < P < 158 GeV B |yjet|<2'1
R :
1 = T ~ *Enhancement at low z and
- et at high z, suppression
® g at intermediate z
0.8

* Result fully corrected to
particle level

*No +s dependence

*No prjet dependence
observed

Pb+Pb, {5y = 5.02 TeV, 0.49 nb™, 0-10%

0.6
pp . Vs = 5.02 TeV, 25 pb’
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&) Photon-tagged jet fragmentation
ATLAS iIn Pb+Pb at 5.02 TeV

ATLAS-CONF-2017-074 pr,= 80-126 GeV,
Prjet = 63-144 GeV,

= 3 ] N AR T+ '
a q1gC y-tagged jets 5.02 Te\(] S 18- N :
ot RN - \ | [Ao(et,y)| > 7T/8,
INCiusive jets 2. J o
2 72 incsie oo 27T S 1 Pruc> 1 GeV,
s NN D x
30-40% g ‘-‘@y% 0-10%
3 * 128 =
N s
L — I = 1% e W*
m,.,, N - NN
0.8 —- QlES . 0.8 ’%Q:@* B
- ATLAS Preliminary 1 - ATLAS Preliminary ]
0.6 30-80% Pb+Pb / pp B 0.6 0-30% Pb+Pb [ pp 7]
L 10 107 1 10 107
p. [GeV] p, [GeV]

* Photon-tagged jet fragmentation: flavor dependence.

* More peripheral bin: ratios similar between photon-tagged and inclusive.
* Central bin: ratios different between photon-tagged and inclusive.

* Result fully corrected to particle level.
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159 Jet fragmentation
ATLAS In p+Pb at 5.02 TeV

arxiv:1706.02859
3 4-_ATL}qs' IERET
N [ 110<p*<160Gev ] | Measured for:
S 12 _- _ Prie= 45-260 GeV,

— pT,trk> 1 Gev1
_ |yjet*| <16

0.8

0.6

—
!
—_—
S
—_—

*No modifications of jet internal structure seen in the p+Pb environment.
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https://arxiv.org/pdf/1706.02859.pdf

Dijet production

PLB 774 (2017) 379 [

*Uses 2D bayesian unfolding to
correct for the detector effects in

_ PT.1
L) = DT o Measured for:
, — pT,subIeadning >25 GeV,
% ><" 4:|||||||||||||||||||||||||||||||||||||| — pT,Ieadning >1OO GeV
|-O v 100 < P, < 126 GeV 0-10% (various bins)
‘_Z e )
' — |Ao(jet,y)| > 71/8
3F [¢|Pb+Pb _ Im(pg Zz)l
LGN _ R=0.4, R=0.3 jets
N —0= ]
C == i _ ~
2r L L 1 e*First fully corrected dijet
15L EEEE measurement in heavy ions.
1E -
! %1 ATLAS ]
0.5 — anti-k, R = 0.4jets 7 pr1 and prz simultaneously.
III| IIII|IIII|IIII|IIII|IIII|IIII

0.3 04 0.5 06 0.7 08 09 1

X

*Energy loss very different for the
second jet.
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https://arxiv.org/abs/1706.09363

Dijet production

Pb+Pb at 2 76 TeV

PLB 774 (2017) 379 }

pp

0-10%
H@|Pb+Pb

100 < p < ‘126 GeV

antl k; R =04 jets

ATLAS 126 < p < 158 GeV \I 2 76 TeV pT1 > 200 Ger
2011 Pb+Pb data, 0.14 nb™ e

£ 2013 pp data, 4.0 pb’’

kgen

s 20-30%

Ml

L L L

o Ll A
0.3 04 05 06 07 08 09 1

X)

03 04 05 06 07 08 09 1 -

X

N

‘IIHlI\I\‘IIH II
J = 2.76 TeV
| 2011 Pb+Pb data, 0.14 nb"’
* 2013 pp data, 4.0 pb”

- 60-80% g

I
03 04 05 06 07 08 09 1

03 04 05 0.6 07 OB 09 1

X,

Pb+Pb
PP

Ll L]
03 04 05 06 07 08 09 1

Xy

Pronounced jet pt
dependence,
high-p+ jets almost unmodified

Clear centrality dependence.

0-10%: most probable value ~0.5.

60-80%:consistent with pp.
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https://arxiv.org/abs/1706.09363

159 Gamma-jet production
ATLAS In Pb+Pb at 5.02 TeV

ATLAS-CONF-2016-110
S L L I B B | A A M AR S AR AR A
<1 63_60<p¥<SOGeV _33_80<p¥<1OOGeV _33_100<pi"r<‘|50GeV
S [ E30-10%PosPb, 0496 1f ATLAS Preliminary |4 ]
2 | pb == PP 26pbT 1£5.02 Tev
2?‘ E PYTHIA 8 + Data Overlay 3t i
= [ o El E
0.8F o 1F g
0.4F 1k
O'||||||||| plovalovabvnalovnal I IR TR F R AN AN EE N A : 1
0 T x5, 20 1T x5, 20 T xy, 2
* Clear modification (downward shift) due to PT . jet
the parton energy loss of the balancing jet. Ly = ——
*Not yet unfolded for the detector response. P

* Smaller suppression in peripheral collisions (not shown).
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Quarkonia and heavy flavor
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Quarkonia in Pb+Pb, 5.02 TeV

T | T I
o 145 ATLAS Preliminary ]
- PbPb, Sy = 5.02 TeV, 0.42 nb™
1.2E PP fs = 5.02 TeV, 25 pb™ ]
"=t Prompt Jiy, |y| < 2
1: 0-80% centrality
0.8 Prompt ]
0.6F . .
0.4 et
C _l_‘l_l'—l——l—
0.2_— ]
0: | I 1 !
910 20 30 40
p, [GeV]

x

ATLAS-CONF-2016-109

T | T
1.4 ATLAS Preliminary —
- PbPb, Sy = 5.02 TeV, 0.42 nb” ]
1.2E PP {s = 5.02 TeV, 25 pb” ]
"=+ Non-Prompt Jiy, |y| < 2 2
12 0-80% centrality i
0.8 Non-prompt E
0.6 .
0A-4-fft—g g —F—F—
0.2 .
O: | 1 1 :
910 20 30 40
P, [GeV]

* Similar suppression of prompt and non-prompt J/p.

* No significant dependence of suppression on rapidity over |y[<2 (not shown).

* Non-prompt fraction in Pb+Pb consistent with pp (not shown).
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£ Quarkonia in Pb+Pb, 5.02 TeV

ATLAS
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é(2_5_|| TT || T || TTTT |-| Il\l T TTT || T T || TTTT T TT I_ é(2.5_|| TT || T || TTTT |-\ Illl TTTT || T || TTTT ‘I TT I_
w° L[ ATLAS Preliminary 1 T [ ATLAS Preliminary i
% [ PbPb, 5y =5.02 TeV, 0.42 nb” 1 @ [ PbPb, sy =502TeV,0.42 nb" ]
;ncé 2 pp, [5=5.02TeV, 25 pb” . ;ncé 2 pp, ¥s=5.02 TeV, 25 pb” .
_ Prompt, [y| < 2.0, 9 < p_< 40 GeV i _ Non-Prompt, |y| < 2.0, 9 < p_< 40 GeV i
1.5- - 1.5 -
: Prompt : : } :
1}. ..................................................................... ._E 1}. ..................................................... } ............. ._E
0.5~ * ¢ . 0.5 .
i + 1 i Non-prompt 1
_I L 11 | I | | | | 11| | | | [ | | | | L 11 I_ _I L 11 | I | | [ | | I .| | | | I | | | ‘ L 11 I_

Cb 50 100 150 200 250 300 350 400 00 50 100 150 200 250 300 350 400
NPan NPan

* Prompt y(2S) suppressed by a factor of ~2 more than prompt J/p.

* Non-prompt (2S) exhibits similar suppression as non-prompt Jhp.
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£ Quarkonia in Pb+Pb, 5.02 TeV

ATLAS

EXPERIMENT

é¢2_5_|| TT |I T I| TTTT |-I Il\l T TTT |I T T I| TTTT T TT I_ é(2,5_|| TT |I T I| TTTT |-\ Illl TTTT |I T I| TTTT ‘I TT I_
w° L[ ATLAS Preliminary 1 T [ ATLAS Preliminary i
% [ PbPb, 5y =5.02 TeV, 0.42 nb” 1 @ [ PbPb, sy =502TeV,0.42 nb" ]
;ncé 2 pp, [5=5.02TeV, 25 pb” . ;ncé 2 pp, ¥s=5.02 TeV, 25 pb” .
_ Prompt, [y| < 2.0, 9 < p_< 40 GeV i _ Non-Prompt, |y| < 2.0, 9 < p_< 40 GeV i
1.5- - 1.5 -
3 Prompt ] 5 } ]
1}. ..................................................................... ._E 1}. ..................................................... } ............. ._E
0.5~ * ¢ . 0.5 .
i + 1 i Non-prompt 1
_I L 11 | I | | | | 11| | | | [ | | | | L 11 I_ _I L 11 | I | | [ | | I .| | | | I | | | ‘ L 11 I_
Cb 50 100 150 200 250 300 350 400 00 50 100 150 200 250 300 350 400
NPan NPan
* Prompt y(2S) suppressed by a factor of ~2 more than prompt J/p.
*Non-prompt ¢y (2S) exhibits similar suppression a See poster by

Sebastian Tapia
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) Quarkonia in p+Pb, 5.02 TeV

ATLAS

EXPERIMENT
' dO.pr
R.pp = dpr ~ ratio of Rppy, _
1% A doPP arxiv:1709.03089
@1-8_"%' ] = e
o - ATLAS p+Pb, {5, =5.02 TeV, L=28nb™ @ . - ATLAS p+Pb, {5y =5.02 TeV, L =28 nb™
1.6~ Prompt Jry pp, (5=502TeV,L=25pb" S | 8<p, <40GeV pp, (5=5.02TeV,L=25pb"
- -20<y*<15 7 1.5 T
1.4 = - i
1.2F = ] e e P -]
= ® i : 1 I [ ) :
13- ----------------------------------------- —: - ) ? ’
i ] 0.5 —
0.8 — i ]
O ] | Prompt y(2S) to J/y Double Ratio _
_l 1 1 I 1 1 1 1 l L 1 1 1 I 1 1 1 1 ] 1 1 1 1 I 1 1 L 1 l 1 1 1 I_ _| | I | | | | | | | | | I | | 1 L I L L L ]
06===90""15 20 25 30 35 40 0=—= 1 0 1 2
p, [GeV] y*

*Jp Rppy consistent with unity, ¢(2S) suppressed wrt Jip (10).

* Prompt and non-prompt J/yp, (2S), cross-sections consistent
with NRQCD and FONLL predictions, respectively (not shown).
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http://arxiv.org/abs/1709.03089

) Quarkonia in p+Pb, 5.02 TeV

ATLAS

EXPERIMENT
' dO.pr
R.py, = dpr ~ ratio of R :
P A % doPP pPb arxiv:1709.03089
dpr w
2 1-8_"'I""I""I""I""I""I""I""_ & 1.2
o C ATLAS ALICE p+Pb, {5y =5.02Tev ] = - ATLAS ]
1.6— L=51ub™,-1.37<y* <043 ] = i -
- -4~ Inclusive 1 Qe L] e el ]
1.4 e ERCS .
1.2F ' L ) .
: +|| T : § 1
1':—- """" T [ :*“t """"""""""""""""""" — 0_6__ ]
0.8 > _? | ATLAS pp, Vs =5.02TeV A [ p,<40TeV ]
. : * L=25pb_1,|y|<20 : 04—_ _2_0<y*<1.5 _—
0.6E[— fi@eﬂ@fi’.ﬂf s " pp, Vs=5.02TeV, L =25 pb” :
- +1(1S) ] 0ol p+Pb, \[s, =5.02 TeV, L =28 nb” B
0.4 :_ - Prompt J/y _: . i i
O- B 1 L L I L 1 L 1 I 1 L L L I 1 1 L L I L 1 1 1 I L L L L I 1 1 L L I L L 1 I_ O_ =
2O 5 10 15 20 25 30 35 40 Y(2S)T(1S) Y(3S)Y(1S)
p, [GeV]

*Y(1S) suppressed at low-p.
*Y(2S),Y(3S) suppressed wrt Y(1S).

7th International Conference on HEP in the LHC Era 22 I


http://arxiv.org/abs/1709.03089

)

ATLAS

EXPERIMENT

D meson in p+Pbh, 8.16 TeV

DO+§

x10° x10°
> 8—_I T T | | I | I. I I | | 1T T 1 | T 1T T | | I I_— > FT T T 1 | I T T 1 | T T T | T T T | T TT1 | I T T T4
S [ ATLAS Preliminary 4 Data 1 2 3.50ATLAS Preliminary 4-Data tD"" Signar]
o  JEp+Pb |5, = 8.16 TeV —Fit 4 v - p+Pb |5, = 8.16 TeV —Fit  E1Bkg .
- - L ] . 3— & 2 B —
- -0.5< y" <0.5 ‘ : E - 05<y <05 yx-/ndof = 1.2 -
= 6_5D<p < 6.0 GeV SD%+DSignaly - 5.0<p_<6.0GeV -
0 ) Comb. Bkg £ 250 1.75<m(Kn) < 1.96 GeV =
W C X Indof = ] 3 - -
kn Swapped = - ]
=] Z 7 | L _
Q - . - 2C .
< 4r - < - ]
= - . = 1 5: -
L C ] oD 1.0 —
; 3 ] ‘© B +:
: 1 = & ‘
2 - - y
1f_ - 0.5F J t t 3
: ] Lo # i
0_ 1 1 | | 1 | | 1 | 1 | | 1 | | 1 1 1 | | 1 1 | | 1 | | 1 a I 1 1 1 | I 1 1 1 | | | | | | | | | | | | 11 1 | 11 1 I_

1.75 1.8 185 1.9 1.95 2 40 145 150 155 160 165 170
m(Kr) [GeV] m(Knn) - m(Kn) [MeV]
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D meson in p+Pbh, 8.16 TeV

2
1.8
1.6
1.4
1.2
1
0.8
0.6
0.4
0.2

m
o
(n d

0 1 1 1

ATLAS Preliminary
p+Pb \s,y = 8.16 TeV
Prompt D°>K x

Forward, 0 <y* < 0.5
Backward, -0.5<y* <0

Lol
o

5 20 25

©
[
=

RFE

2
1.8
1.6
1.4
1.2

0.8
0.6
0.4
0.2

ATLAS-CONF-2017-073 |

ATLAS Preliminary
p+Pb sy, =8.16 TeV

Forward, 0 < y* < 0.5

Prompt D'—>an5—>f( xr, Backward, -05<y* <0

Lo
o

5 10 15 20 25

o
©
4
=

* Forward-backward ratio, Rgg consistent with unity for both D° and D*.

* Cross-sections consistent with FONLL predictions (not shown).
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D meson in p+Pbh, 8.16 TeV
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ATLAS Preliminary
p+Pb {5,y = 8.16 TeV
Prompt D°>K x

Forward, 0 <y* < 0.5
Backward, -0.5<y* <0
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ATLAS-CONF-2017-073 |

ATLAS Preliminary
p+Pb sy, = 8.16 TeV

Forward, 0 < y* < 0.5

Prompt D'—>an5—>f( xr, Backward, -05<y* <0

Lo
o

5 10 15 20 25

o
©
4
=

* Forward-backward ratio, Rgg consistent with unity for both D° and D*.

* Cross-sections consistent with FONLL predictions

See talk by
Dennis Perepelitsa
(Fri 17:40)
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Electroweak bosons
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ATLAS Preliminary
Pb+Pb, 0.49 nb™

pp, 24.7 pb™’

Sy V5=5.02 TeV l

1

XPERIMENT
'E‘ I T T T T T T 'E‘ 7 T T T T T
c 08— — = |
= 08 1 = 015 +
Y - 4
N> + N +
= P ¢ 12
- 06 F+ + * 2 9. L — O
T = _ — —
;‘(( I~
L—/ |~ & data (statistical uncertainty) ATLAS Preliminary I |_§ 0.1 5 Pb+Pb 0-10%
- % I~ [ systematic uncertainty Pb+Pb, 0.49 nb™ 1o~ | =% Pb+Pb 10-40%
= 0.4— [ ]{ T,,) uncertainty PM‘”" pb" — T3 — =% Pb+Pb 40-80%
- 1%l daoy, /dy Sy V5=5.02 TeV 1 = - 5 dop, /dy
—  — doyy/dy NLO QCD (CT10) % kynio - | — doyy/dy NLO QCD (CT10) % kynio
B B T T e S e S I - R N . M
F T T T T = L ‘
< 1.4 £ 3 {xﬁ 1.4
x - - C
12 ¢ . E 12 |
T e et -
0.8 . . — 0.8
r PP luminosity uncertainty ] ' C pp luminosity uncertainty
0.6 = 0.6
= E ol
0 100 200 300 N4oo 0 0.5
< part >

* Studying rapidity and centrality dependence.
* Data consistent with POWHEG scaled to NNLO accuracy.

—
o1
N
[\)|\|H||\||‘ el el 1 |
o1

* No modifications seen in Ta-scaled yields — good understanding of
geometry.

*No precision to distinguish nPDF effects yet.
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@ W in Pb+Pb, 5.02 TeV

ATLAS

EXPERIMENT '

' ATLAS-CONF-2017-067 |-
'E' | T T T T | T T .I .I | T T T T T T T T T ]
= . ATLAS Preliminary |

s [ Pb+Pb ]
Z - el = o .-:- -:.-.:: i
% A<i | i 2 QoS |
z [F - W
=d i - i A -
_ . _ T —— ®
ATLAS Preliminary -+—
1~ Pb+Pb, {s=5.02 TeV, 0.49 nb™ - sl % B
- Wopy i | S¥=5.02 TeV (W—u'v) ] i
| W HEData -+ POWHEG (CT10 NLO) x Ky ] | ==—5.02 TeV POWHEG (CT10 NLO) X Kyy o — =
i - L6276 TeV (W', I=e*u) .
. W Data - POWHEG (CT10 NLO) X Kyy.0 | | 2.76 ToV FOWHEG (CT10 NLO) il
1 1 1 ] | ] ] ] ] | 1 1 ] ] | ] ] | | | | 0 PR SR S NN SR SR
0O 100 200 300 400 0 0.5 1 1.5 2
(N0 ul

* Studying rapidity and centrality dependence: same conclusions as for Z.
Data consistent with POWHEG scaled to NNLO accuracy.

*Isospin effect: d-quark excess => ~10% larger W+ yield.

*Lepton charge asymmetry consistent with theory prediction (not shown).
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-067

Prompt photons
ATLAS In p+Pb, 8.16 TeV

do/dEY [pb/GeV]

ATLAS Preliminary

107"

1.10 < 7* < 1.91

S=8.16 TeV p+Pb, 162 nb™' e
——
e

R

JETPHOX + CT14 + EPPS16

1.4
1.2

1

I ,...,.
I
i |
|
t
i

—

—— —
I

t

.I.

Theory / Data

0.6E

0.8 S

£

30 40 50 102

2x10?

EY [GeV]

ATLAS-CONF-2017-072 |

* Measured up to E; = 500 GeV.

* JETPHOX with CT14+EPPS16
underpredict data by ~ 20%
(similar disagreement seen in pp,
JHEP 08 (2016) 005).

* Evaluating ratios wrt to pp
collisions:

dO_pr
dE
RPPb — A % doPP
dET
... hext slide
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1937 Prompt photons
ATLAS In p+Pb, 8.16 TeV

ATLAS-CONF-2017-072 |-

£ 2: T T T T T LI | T T T :: T T T T LI I T T T .:: T T T T T LI I T T I:
=% C I I ]
o 1.8F T T [] E
16E 110 < nn* < 1.91 T -1.83 < n* < 0.91 F -283 <n*<-2.02 3
HIE [
12:_ 1 1T - T _:
= HHHLE mmm s BE A - ;
- = —1 1L T - | e Bl e | 11 I+ = 1
0.8F £ JETPHOX T a . ---._
0.6F ATLAS Preliminary + s ¥ H1---4
0.4FVs = 8.16 TeV p+Pb, 162 nb™" |FH K- F 3
O.ZE Data é- """ CT14 + EPP516 _E_ _
G: 1 1 1 1 L1 1 | 1 1 1 T 1 1 1 1 L1 1 I 1 1 1 I-- 1 1 1 1 L1 1 I 1 1 ]

2
30 40 10 2x10 £ [GeV] 30 40 107 2102 E' [GeV] 30 40 102 2107 EY [GeV]

* Consistent with unity except in backward rapidity (isospin effects)

* Data compared to two nPDF sets: CT14+EPPS16, nCTEQL5 and initial state
energy loss model (multiple scatterings in nuclear matter before
hard process):

— no ability to distinguish nPDF effects
— no signs of initial state energy loss
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Soft processes
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1939 Soft processes —
azimuthal anisotropies

* Initial shape and its fluctuations lead
to pressure gradients giving rise to
azimuthal anisotropies in particle
y /+ production.

* Quantified by Fourier decomposition:

d/

10 = Ny (1 + 2 Zl Uy, cos (o — (I)n)>

Uy = <Ez'?'"”'(‘-f”‘_‘1’“-)> = (cosn(¢p — dy,))

* Initial shape of the interaction region drives elliptic flow, v..

* Initial spatial fluctuations of interacting nucleons dictate higher
order flow, v,.

* Expected in Pb+Pb. Seen in pp, p+Pb !? ... How about non-flow
contributions (di-jets, resonances,...)?
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@ Cumulants for flow

EXPERIMENT

* Cumulant method: Fourier harmonics are obtained from 2k-particle
azimuthal correlations

(corr,{2k}) = << R _”?U>> — <-—g;_n{2k:}%>

example of cumulants:

cn{2} = (corr,{2}) cp{d} = (corr,{4}) — 2 (f‘:a?'?'ﬂ{Q})z

-g_.*_n{Q} — \/ (_':.n_{Q} "I.-*ﬂ{il} — {1/—(3;1{4}

* Cumulants are less sensitive to
non-flow effects.
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@ Cumulants for flow

EXPERIMENT

* Cumulant method: Fourier harmonics are obtained from 2k-particle
azimuthal correlations

<f0??”{2k}> << mn(P1+...+0 —QPpai1—-. —f,szk)>> _ <_.I___,ﬂ{2k}2k.>

example of cumulants: EPJC 77 (2017) 428
~« 015 T T
S ) ) U S > . ATLAS EvSel M -
(,H{Z} — <CO? ?-:1,{2}> | p+Pb s, =5.02 TeV ]
. Pb+Pb |5, =2.76 TeV |
L 0.3<p§<3GeV i
— oA == PR
3771{2} —_ (_:.ﬂ_ {2} - 5 ) ¢ a a @ & # & _
| ﬁé +*» ¢ ¢ L ] 7
* Cumulants are less sensitive to 0.057 . % % Cwme 4
- # p+Pb: v {2,|An|>2 & Pb+Pb: v,{2,|An|>2
non-flow effects. : .Emb;vﬁh}'m' } gF’b+Pb:v2E4}|ﬂn| } |
*v, harmonics from cumulants larger | e oo |
1 | | | | | 1 | 1 | | | 1 | | | | | | |
for Pb+Pb then for p+Pb. Oo 100 200 300 400
*Vof4} = Vo{6} = Vof8}. (N, (p, > 0.4 GeV)
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)

ATLAS

EXPERIMENT

Cumulants in Pb+PDb

* Measured c.{4} (n=1-4) allows to understand the nature of flow fluctuations.
*Cc,{4}: negative, constraints on dipolar eccentricity fluctuations.
*C,{4}. non-gaussian fluctuations of v, in ultra-central collisions.

negative => gaussian

ATLAS-CONF-2017-066 fluctuations

. = . x10° —
«10° iy DEl- ----------- L. Vo A —
AP LI A ML 2l @ ATLAS Preliminary .
=B ATLAS Preliminary = "f %gg, Standard method . g
= E © - ¢@° 1
5 01 9$ ] /6.1— j;ol:lo:}'. aaaang
0.05 $¢ﬁ E + k B Toe, .55DDDg$ i
(R 1 - L woF 0 0, 002053t 7 ]
® Y esee® 0O
¢ ] o
""" + = """"""""""""$‘$‘" =1 " 0 2_ *#G (}DD OOOoOOODD{‘ﬁ T
& p 0.2r= fods =| B- &% ]
.. ] - 0 = .
positive => 1.0<p.<5 GeV 44 - —e—0.5<p_<5 GeV w#og Dnngn':'@%& -
. T = 1.0<p <5 GeV /3 * o ¢ ]
- 3 o dh & & -
non gaUSSIan —®- Standard method -0-3—5—1-4<P:<5 GeV /4 * .ﬂ,# 0004}‘?? —_
fluctuations $ -=- Three-subevent method 3 [ —— 1.6<p_<5 GeV /4 * *‘“‘4}‘::'& i
] = T .
o Pb+Pb 5.02 TeV, 22-470 ubJ [ b e .
T + : ev, . Hb _0_4_+2.U<pT<5 GeV /4 —
_025 1 I 1 1 1 I 1 1 L I 1 1 1 I 1 1 1 I I: - 1 I I I 1 =
: 4 4.2 4.4 4.6 4.8 0 20 40 60
SE, [TeV] Centrality [%]
.
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@ Cumulants in Pb+PDb

ATLAS

EXPERIMENT

* Measured c.{4} (n=1-4) allows to understand the nature of flow fluctuations.
*Cc,{4}: negative, constraints on dipolar eccentricity fluctuations.
*C,{4}. non-gaussian fluctuations of v, in ultra-central collisions.
*c,{4}: non-linear contribution of v,? to v,.

ATLAS-CONF-2017-066

1 I | | 1 1 I | 1 1 1 I 1 1 1 1 I 1 | | 1 [l
—— O.5<pT<:5 GeV

—— ’I.O-c:pTc:S GeV /8 $ #
—B— ’|.4<pT<5 GeV /32

—— 1.6<p,<5 GeV /80 ,{] +
50— 1.8-:pT<:5 GeV /80 |.J|:|

= —h— 2.O-c:pT<:5 GeV /80 +

XT[I:I-QI 1

c,(4, ZE;}

[ ATLAS Preliminary i* b ¥ % I
¢

: Standard method A $ E“F

.................................... T
0 g% 4

1 1 1 1 I ] ] 1 1 I ] 1 1 1 I 1 1 1 1 I 1 ] ] 1
0 10 20 30 40

Centrality [%]

7th International Conference on HEP in the LHC Era 36 I



1939 Cumulants and sub-event
ATLAS cumulants — small systems

EPJC 77 (2017) 428

_oxee
) - ' ATLAS ]
o' 0.03 & p+p V{s= 13 TeV —
B D.3~:pT¢:SGe‘u’ i
C o Ml <2.5 -
0'02:_ $ HEvSel_ M _ B
B | * e—EwSeI_NUII ]
I Go¢¢*,¢( """ '45 """""" i
- R 1
_ . | | T DR
D'Db 50 100 150 200

(N_(p, > 0.4 GeV))

* Strong dependence on the definition
of the event class.

* Still sensitive to various non-flow
effects. Can we do better?

*|s there a collectivity in small
systems or not?
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1939 Cumulants and sub-event
ATLAS cumulants — small systems

arXiv:1708.03559

%107 |

c,{4}

0.04 ATLAS

| + pp 5.02 TeV
| 0.17 pb™
0.02|— %,

T T T T
El Standard method |

E 2-subevent method |

|I| 3-subevent method

0.3<p_ <3 GeV

NGy for 0.3<p.<3 GeV ]

* Strong dependence on the definition
of the event class.

* Still sensitive to various non-flow
effects. Can we do better?

*|s there a collectivity in small
systems or not?

g

* Sub-event cumulants — correlator
calculated using particles from 2 or
3 subevents => removing non-flow
contribution

v {4} = V/—c, {4}

* ... direct evidence for collectivity in
small systems
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A@AS Ridge in small systems

EXPERIMENT

pb-pb {5-2.76 Tev PD+PD p+Pb pp
Liy=8ub™" 0-5% ATLAS  p+Pb 05<p°<5GeV  ATLAS pp 0.5<p™ <5 GV
:

2<p, p2<3 GeV

e -1
Vsun=5-02TeV, 28nb"__~ . N*>220 Is=13 TeV, 64 nb

& 1.02¢ g 5
J ] O 51
o Y 0.98 ©

* Two particle correlations in AnxA¢ — long range, near side and away side
correlations = the ridge.

*Seen in Pb+Pb, but also in p+Pb, pp collisions.
* Template fitting method to suppress non-flow contribution.

7th International Conference on HEP in the LHC Era 39 I



) Ridge in small systems

E

E

x
o
]
<

IMEN

—

2 g4 O.5<pf_’b<5GeV ATLAS Preliminary | no /s, depedence
S~ 2<|An|<5 Template Fits

a
T

B @@@@@@DMMM@_
7

§§5Q005859. ° no +/s or N, dependence
In pp collisions

0.057= B p+Pb |s,,=8.16 TeV, 171 nb ™' (ATLAS-CONF-2017-008) |

0 p+Pb |s5,,=5.02 TeV, 28 nb™! (arxiv:1609.06213)

| ® pp\s=13TeV, 64 nb™" (arxiv:1609.06213) i

- & pp 15=5.02 TeV, 170 nb™' (arxiv:1609.06213) -

0 50 100 150 200 250 300
Nrec
ch
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1939 Ridge in small systems:

ATLAS heavy flavor

-a—..\'_ T T T T | T T T T | T T T T T T T T T T T T T T T T ’_é"-_ FT T 171 | T T 171 | I.I I. T | T 11 ‘ T T T | ' T T | H
D~ | ATLAS Preliminary 4 21.06 ATLAS Preliminary 160 < n, <240
=" -  p+Pb \|I'S—NN:8.1 6 TeV, 171 nb™ Ny © - p+Pb Vswn =816 TeV  simyitaneous fit ’
0.1— 0.5<p3<5 GeV 7 1.04- 4 ¢ (a0) .
| ] T . periph :

N = 8 O B o O Q O o o O i : _gc terr{plc(Aq)) (Ad))
@] - - - —
| 0 ] 1 02_ —C rldge(Aq)) + fC perlph(o) i ’
- O 0.5<p?<5 GeV (h-h Correlations) _ 0.98 ]
- O 4<p$<:6 GeV (h-u Correlations) - 0 96: v, ,x10° = 3.1+ 2.6(stal) + 0.3(syst) 1
1 1 1 1 | 1 1 1 1 | | 1 1 1 | | | 1 1 | | | | 1 | 1 1 | | b _I [ L] IR R L [ _I
% 50 100 150 200 _ 250 300 RN TR IS Sy —

NFEC
ch Ad
*Ridge also present for heavy flavor: ATLAS-CONF-2017-073

— muon-hadron correlations
— D*-hadron correlations

ATLAS-CONF-2017-006
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1939 Ridge Iin small systems:
AR Impact parameter dependence

o . : : ———— I ATLAS-CONF-2017-068

1 1 I 1 1 I T T I
> . ATLAS Preliminary 2.0</An|<5.0 §
0.1 Temalate Fits 0.5<p?"<5.0 GeV
pp, Vs=8 TeV, 19.4fb™ T

I ¢ o
N a] @ E 8 Q e v i
0.05F —

e 8 TeV Z-tagged
O 5 TeV inclusive
013 TeV inclusive

dOe

0 20 40 60 80".'190
signa
ntrk

* Selecting on high-Q? processes = sampling of lower impact parameter
pp collisions. Here: Z-tagged ridge.

*New method to measure the ridge in events with large pile-up.
*v, 8% * 6% larger in Z-tagged events compared to inclusive.
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8

... more results

IEXPERIMENT
€ Tamas | intercep- 044 2011 mmE ]
= L intercept = (V. T U m | . . e
s pPb2013, 28" Slope - 0.262 0,002 e Femtoscopy_ Wlth_ldentlfled
o 2O [s=502Tev ) charged pions in p+Pb
F | 02 <kr <03 Gev A 41 (Phys. Rev. C 96 (2017) 064908)
100 = - = S —
- ) ~ [ATLAS
= - *M<-1.5 m-15 <_y*m<-‘| . -
S b <yt <057 05<y <0 | HﬂDU """""""""""""" 7
E t O<y* <05 +0.5<y*m<1 E [ =] =] 5
% 020 30 40 s0 8070 = g .
dN/dy* ! -
E 0-95_' Pb+Pb 20-30% |
Longitudinal flow decorrelations in Pb+Pb = [O] 2.76 TeV
(arXiv:1709.02301) [ 5.02 Tev
a1 g a1, ' R A B
O 05 1 15 2
n
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Physics of ultra-peripheral
collisions
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UPC measurements

Measurement of high
mass dimuons

W
. (ATLAS-CONF-2016-025)

(ATLAS-CONF-2017-011)

Photo-nuclear dijet
production

~ < Evidence for light-
y by-light scattering
< (Nature Physics

) 13 (2017) 852)

{
|

N
| .
S "

jet

jet

p,Pb See slides by
Brian Cole (Thu 9:05)

L

S
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@ Short, basic summary

EXPERIMENT

*Jets: remain quenched up to a TeV scale, insight should be gained e.g. by
detailed fragmentation measurements of different final states.

* Quarkonia: modest modifications in p+Pb, but strong modifications in
Pb+Pb which is similar for prompt and non-prompt charmonia.

* Electroweak bosons: no clear evidence for nuclear modifications of PDFs
yet, higher precision needed.

*Flow: Strong evidence for flow in small systems by sub-event cumulants,
ridge also present for heavy flavor.

* Ultra-peripheral collisions: growing program, first evidence of light-by-
light scattering in UPC, important results on photon-nuclear jet production.

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HeavylonsPublicResults
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£ Landscape of the suppression
ATLAS measurements

| ATLAS Preliminary E

~ B Z,0-10% (ATLAS-CONF-2017-010)
- + prompt J/ v, 0-80% (ATLAS-CONF-2016-109)
0.8— _ "
- ® jet, 0-10% (ATLAS-CONF-2017-009) H H
°

¢ hi' 0-59% (ATLAS-CONF-2017-012)

O.Gf— o
0.459@3@&3 ++ d E@&ﬂ

(@]
E 3
= =y
:r:l||||||

[&]
(@]
'l'
EI'I'
C ol

0.2 K
mmmad'ﬂm Pb+Pb 5.02 TeV, 0.49 nb™~
| pp 5.02 TeV, 25 pb’’ i
O | | | | | ] | | | | | | | ]l | | | | | ] | |
1 10 10° 10°

p,orm, [GeV]
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UPC

A

Boosted protons/nuclei are source of photons of
small virtuality (Q%<1/R?=10-3GeV?) described using

equivalent photon approximation (EPA)

o k photon number
n(k,b) :O o KQ( )| density for one

he)? i nucleus in EPA

kb \ 106
where & = — [ 4510 Iarggr

~vhe 1 | photon density

_ .} | compared to pp
e.g. for two photon interaction :

oEPA (A Ay 5 A A X) =
v
— / dkidky f(geometry) ni(ky) no(ks) o(y1v72 = X)

.. EM interactions dominate at large b, qualitatively
different collisions compared to ordinary Pb+Pb
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A@ Three UPC measurements ...

EXPERIMENT

Measurement of high
W mass dimuons
q :Lj< - (ATLAS-CONF-2016-025)
/ pt 7 Photo-nuclear dijet
/N’ production
(ATLAS-CONF-2017-011)

p,Pb p,Pb P
: . ( ) »
~ < Search for light-by- S
y light scattering
- (Nature Physics
Y 0 13 (2017) 852) jet
v W
A
p,Pb p,Pb M .
il IL\_.“/L_‘_‘_'_"""_‘—'—-—._
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A@ Three UPC measurements ...

EXPERIMENT

Measurement of high
W mass dimuons
(ATLAS-CONF-2016-025)
HJJJ,\ T 7 Photo-nuclear dijet

production
(ATLAS-CONF-2017-011)

N
| .
S "

—
vy Evidence for light- —
\-(]::/ JJJI< by-light scattering

(Nature Physics
4 13 (2017) 852) jet

LL‘ jet
i . all exclusive final states

(i.e. nothing else is
expected to get produced)
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3% Measurement of high-mass

ATLAS Im
EXPERIMENT dl UOnS
'S' - | T T T T T -E- I T T T | T T T I T
v N ATLAS Preliminary 1 =3 102  ArLAs Preliminary Pb+Pb ys,, = 5.02TeV L, = 515 pb3
O 10 Pb+Pb— Pb +Pb ety | E O Data 10<M,,<20 GeV [ STARLIGHT 10<M,,<20 GeV 3
5 E Y5 = 5.02 TeV =X - A Data 20<M,, <40 GeV [ STARLIGHT 20<M,,<40 GeV .
= - Ly = 515 pb™ >~ [ O Data 40<M,, <100 Ge\{—] STARLIGHT 40<M,,<100 GeV ]
= N P, >4GeV,n |<2.4 O
Ex 1L O Ddia|Y |<2.4 E 10 —
s E CSTARLIGHT Y |<2.4 o S .
L) E A Data 1.6<|Y [<2.4 - .
&) n ) STARLIGHT" L6y |<2. [ i
5 1 up
102 i il
: 107 E
10°% - i}
- 10°F E
1 0_4 1 1 i 4 I I I - I 1 1 1 1 -
10 20 30 40 5060 102 —2 0 2

M,, [GeV]

<
£

* Good agreement with Starlight MC — but the higher order
QED corrections needs to be implemented into the MC

*Verifies the Z* scaling of cross-section and photon flux

* Significant kinematic extension over previous measurement
by ALICE (EPJC 73 (2013) 2617)
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1939 Evidence for light-by-light

ATLAD scattering
g _IIII|IIII|II1IIA|]-ILIA‘I9I|IIII ]
14 —e— Data, 480 ub’ —
pﬂpb I)*Pl) g - D‘ﬂ(—)‘ﬂ' MC S ]
% 190, ElyeeMC Pb+Pb s, = 5.02 TeV+
J?J—r % B [ ]CEP yy MC
< -
f}/ ) Ll 10__
B C Signal selection
) 4 8- no Aco requirement

v ] 6
/Cﬁ’\ L:LL‘ 4:_
| ‘ L 1

11 1 1 1 1 1 1 11 | I 1 II I T T [ T : T | —
00 0.01 002 0.03 004 005 0.06
vy acoplanarity

* Event selection: 2 photons: Et>6 GeV, |n|<2.37, my, > 6 GeV,
PTyy < 2 GeV, Aco = (1-A¢/x)<0.01; no tracks
*13 events seen in the data, expects: 7.3 signal, 2.6 background

*p-value for the background-only hypothesis: 5 x 10° <=> 4.4 sigma
significance (3.8 sigma expected)
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) Search for light-by-light scattering

ATLAS

EXPERIMENT

12IIII|IIII|IIII|IIII|IIIIIIII

} Lo _I T T 1T | T 1T | T T T | T 1T | T 1T LI I_
& T —eData, 480 ub' ATLAS ’ S 14 —eData 480 ub’ ATLAS —
E 10-  Epoeemc PP+Pbsy=502TeV—o = _F g, eemc PD+Pb sy =502TeV]
= - DHCEPyyMC 15 " | [EHCEPyyMC ]
T 8- o o 10~ —
- Signal selection i - Signal selection ]
Bl— —¢— with Aco < 0.01 — 8L no Aco requirement
i — 1 6 _
4r- 7 - -
- il 4+ -
: L Ll | | (| 1 L i“l_ } 1 ': 11 1 1 1 1 1 1 I# 1 1 1 II I T T [ T : T T |:

OO 5 10 15 20 25 30 00 0.01 0.02 003 004 005 0.06
m.., [GeV] vy acoplanarity

* Event selection: 2 photons: Et>6 GeV, |n|<2.37, my, > 6 GeV,
Pryy < 2 GeV, Aco = (1-A¢/n)<0.01; no tracks

*13 events seen in the data, expects: 7.3 signal, 2.6 background

*p-value for the background-only hypothesis: 5 x 10° <=> 4.4 sigma
significance (3.8 sigma expected)
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) Search for light-by-light scattering

ATLAS

EXPERIMENT

o e L L B LR
3 | —e—Data 480 ub" ATLAS
2 10k Eij;j;:f;”,jc Pb+Pb {5y,=5.02 TeV ]
E 8:_ e - _ Ndata — kag
B Signal selection i O-ﬁd o
6L _4_ with Aco < 0.01 - C X deI
- 1 : _/\
ar . C=0.31 % 0.07,
B ] corrects for:
o e R trigger, diphoton, PID efficiencies
l and photon energy and angular

OO 5 10 15 20 25 30 :
m,, [GeV] resolutions

* Measured cross-section: 70 £20 (stat.) £17 (syst.) nb
* SM predictions:

— 45 £ 9 nb (PRL 111 (2013) 080405),

— 49 £ 10 nb (PRC 93 (2016) no.4, 044907)
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A@ Photo-nuclear dijet production

EXPERIMENT

* Motivation: restrict nuclear parton distribution functions (nPDF) at low x
* nPDF exhibit non-trivial behavior:
— suppression at low x called “shadowing*

— enhancement at T e AT
larger x called — 13 EPPSIG - |l
7 H : 1] Cy L : =
antI-ShadOWIng j 1.2 - antishadowing maximum \ : H
— suppression at =k I 1
the largest x 4 o0 : i
called “EMC effect” / i /-
- 0oL ) A
V4 L - 4
‘,’, 0.8 - small-x shadowing
p/A(- QZ)_ I,, 07_— |
fi Ay _’f‘ L EMC minimum
\’ .................................................................................
— RAx, 0% P (x, 0%) O T oo et ar Epoa (2017) n3, 163 g
= R/ (x, S, o5t . , i
[ (one of nPDFs groups) |
04— vl 0 il 0wl
10 10° 0* . 10" I
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&) Photo-nuclear dijet production:

ATLAS observables
(= 2 -> 2 scattering limit:
S
%77 Hr = Z Pri > 2Q
. jet [
jet
— = Mt —iets
— XA = e )| — x of struck parton
\/E in nucleus
7
... where Miets £y
. _ lhl (Zt El' + Zi pZz’) Z'}/ = € Jets _> Xy yy
Yiew = 53 NS E — 3, s Vs (yy ... E fraction of y,
, 12 Xy ... fraction of y's
- 1N 5 E carried by
Miets = E; Pi
J (Z ) lz parton in vy)
... I goes through
all the jets
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&) Photo-nuclear dijet production:
ATLAS new Inputs for nPD

e 1 AN 1
dHT)CAdZy B L AHT A)CA AZy Cirig €sel

. measuring triple differential cross-section fixed target DIS and DY
not unfolded for the response —> projections LHC dijets
25 A LHC W & Z
dH dx, [ub GeV™] CHORUS neutrino data
S 280 10 . PHENIX 7°
3 | ATLAS Preliminary
- | 2015 Pb+Pb data, 0.38 nb’ 5 e
I'_ ~ Vsyy =5.02 TeV, OnXn jl 10 7’_‘ / |
2001~ anti-k, R =0.4jets ] = E

[ pt*>20GeV, my, >35GeV
| 0.0001 <z, <0.05

150 Not unfolded for
I detector response

100

111 1 |
10° 1072

|| 1 1 1 | - T
107 1 &z
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&) Photo-nuclear dijet production:
ATLAS slices of X,

;‘ 106_ T | T 11 | T T 1 | T 11 | T T 1 ‘ T 17T 1T
(&) — ATLAS Preliminary anti-k; R=0.4 jets —
O 1t 2015 Pb+Pb data, 0.38 b p=s20cev | *NOt the same as F(x,Q?)
a Vs, =5.02 TeV, OnXn My > 35GeV |
2 L N — still contains 1/Q* and z,
st | == 0.0023 < x, < 0.0049 l
0[S T i * Data = dependence
Bl T e Pythia+STARlight —| - _
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&) Internal structure of jets
ATLAS in Pb+Pb at 2.76 TeV 2
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1939 Internal structure of jets

ATLAS at 5.02 TeV
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-005/

1939 Internal structure of jets
ATLAS at 5.02 TeV
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-005/

) Jet Raa: y-dependence,
ATLAS \/SNN = 5 02 TeV

ATLAS-CONF-2017-009 |
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-009/

)

ATLAS

EXPERIMENT
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* Good agreement between PYTHIAS8 and pp data
* Not unfolded for the detector response
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