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final detected

e Collide heavy N prvie ditritions
ions at very high f:.i,':'fm: =
energies to study Rk S . -

QCD at high ’ ) Fo
temperatures - W

e Produces the
high temperature

phase of QCD, :

quark-gluon ﬁgm‘é‘;“ viscous hydrodynamics | frep streaming

plasma (QGP) i e  ~ 1015 fmc
e Collective expansion of the system is Image by Chun Shen

described by relativistic hydrodynamics
> Low shear viscosity makes a nearly perfect fluid that’s

bulk dynamics are driven by strong coupling
> Very opaque allows for large parton energy loss )



Centrality

e Nucleon flux increases with longitudinal transverse
increasing centrality (or
decreasing b)

e Properties of AA collisions vary
hugely with degree of overlay

=) Define “centrality impact parameter b

classes’ as events
with similar degrees
of overlap




Centrality

e Nucleon flux increases with longitudinal transverse
increasing centrality (or
decreasing b)

e Properties of AA collisions vary
hugely with degree of overlay

= Define “centrality impact parameter b
classes” as events TeHpheral aras oy
with similar degrees QD) PorPo502Tev, 049 nb”
of overlap

e In ATLAS FCal Eris a

measure of event activity '
in Pb+Pb

e Partition distribution
into quantiles
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Characterizing the QGP

e Hard probes:

= Electro-weak
bosons, heavy
flavor, jets,
hadrons,
quarkonia

e Global properties:

= correlations and
fluctuations of
soft particles

» Separate initial and final
state by looking at p+Pb
and pp collisions
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Characterizing the QGP

e Hard probes: Produced early in the collision where
= Electro-weak the initial state IS well understood |
such that any differences from pp in
the final state are from interactions

with the medium

bosons, heavy
flavor, jets,
hadrons,
quarkonia



Characterizing the QGP

e Hard probes: Produced early in the collision where

=) Electro-weak Ihe Initial state is well understood
such that any differences from pp in
flavor, jets, the final state are from interactions
hadrons. with the medium

quarkonia photons, Z, and W bosons don’t
interact strongly with the medium
so expect no modification to their
production rates

bosons, heavy




Z boson production

* The rate of Z boson was measured in 5.02 TeV Pb+Pb
and p+Pb data and compare to pp using Raa and Rppp

1 dNpp1pp/dy
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* Pb+Pb shows no part

modification with centrality
» Indicates control over the geometry



Z boson production

* The rate of Z boson was measured in 5.02 TeV Pb+Pb
and p+Pb data and compare to pp using Raa and Rppb
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W boson
production

e W+ and W- in the - Wepy :
muon channe| for 502 | w" ®EDpata - POWHEG (CT10 NLO) x Kynio ]
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* The yields scaled by
Taa have no
dependence on Npart

e W+ yield is 10%
higher than W-

- ATLAS Preliminary
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W boson
production

e W+ and W- in the
muon channel for 5.02
TeV Pb+Pb

* The yields scaled by
Taa have no
dependence on Npart

e W+ yield is 10%
higher than W-

e The asymmetry is
consistent with

POWHEG scaled to
NNLO accuracy
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Characterizing the QGP

e Hard probes:

) Electro-weak
bosons, heavy
flavor, jets,
hadrons,
guarkonia

Produced early in the collision where
the initial state is well understood
such that any differences from pp in
the final state are from interactions
with the medium
Partons lose energy through
interactions with the medium
(jet quenching)

13



Characterizing the QGP

e Hard probes:

) Electro-weak
bosons, heavy
flavor, jets,
hadrons,
guarkonia

v+jet used to look at energy loss of
the recoiling jet since photons aren’t
expected to interact strongly with the
medium The Initial production
distributions are different

More likely to originate from quark
jets than inclusive/dijets so it’s a
probe of the flavor dependence

14



Jet suppression

e Jets expected to be suppressed at a fixed pr compared
to pp collisions
=) easure with
the Raa

15



Jet suppression

e Jets expected to be suppressed at a fixed pr compared
to pp collisions

_ 1 d?NJ.I;’tbe Jet yield
Measure Wlth Nevnt dedy cent in heavy iOn
the Raa  fian = P~ Jet cross-
Nuclear thickness |(T'A A ) @ et Kon i
. cent dprdy| section in
function PTCY PP

collisions
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Jet suppression

e Jets expected to be suppressed at a fixed pr compared

to pp colllsmn_s Jet yield
I\;cheI RAAth_ /iA(\A — Jet cross-
! uc ’?ar ickness section in pp
unction — collisions
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Jet suppression

e Jets expected to be suppressed at a fixed pr compared

to pp collisions 42 N PbPb Jet yield
- et
the Ran RAA = — J
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Jet suppression

e Jets expected to be suppressed at a fixed pr compared

to pp collisions 42 N PbPb Jet yield
’ jet
) Mea;ure v]\gth dprdy |..n¢ | in heavy ion
€ A  fVAA — Jet cross-
:::::ﬁﬁ;thmkness section in pp
— collisions
® Raa below 1 for all centralities
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» Raa shows suppression up to a TeV!
ATLAS-CONF-2017-009 19
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Dijet asymmetry.

e Dijets in pp collisions are
approximately balanced in
energy

p+p

20



Dijet asymmetry,

e Dijets in pp collisions are
approximately balanced in
energy

* |In Pb+Pb the two jets lose
different amounts of energy
because they travel different
paths in the plasma or jet-by-jet
fluctuations in the energy loss

> Use ratio of the lower jet
pr (sub-leading jet) to the
higher jet pr (leading jet)

e Compare Pb+Pb to pp dijets X
J

where we expect the x, ~1

21



Run 168795, Event 7578342
Time 2010-11-09 08:55:48 CET
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http://arxiv.org/abs/1011.6182

Xy distribution .

PLB 774 (2017) 379

e Pb+Pb more
asymmetric in more
central collisions
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Pb+Pb more
asymmetric in more
central collisions

Most probable
configuration for pp
collisions is xy ~1

For central Pb+Pb
collisions it is x;~0.5

e As Pb+Pb becomes
more peripheral the
distribution is like pp
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Xy distribution

PLB 774 (2017) 379

e Pb+Pb more
asymmetric in more
central collisions

e Most probable
configuration for pp
collisions is xy ~1

e For central Pb+Pb

collisions itis x;~0.5

e As Pb+Pb becomes
more peripheral the
distribution is like pp

e Unfolded for detector
effects
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ATLAS-CONF-2016-110

L pT,jet .
=5 Y-Jet asymmetlry
e The photon is not expected to interact with the plasma
so the energy loss of the recoiling jet can be probed

e Measured xyy for pry> 60 GeV, prjei> 30 GeV, Ad > 71/8

X
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XJ —

Y

p T,jet
P,

ATLAS-CONF-2016-110

Y-jet asymmetry o-10% @

e The photon is not expected to interact with the plasma
so the energy loss of the recoiling jet can be probed
e Measured xyy for pry> 60 GeV, prjei> 30 GeV, Ad > 71/8

= Pb+Pb has more asymmetric pairs than pp and MC
increasing pry

(1/N,)(dN/dx )

e Corrected for background and JES but not unfolded

L R R R R R R R R [ R ) AN LA L) LA LR LAl LA | A Lns L RS RARS LR LALS RALS RARS R
60<p <SOGeV _3 80<pYr<1OOGeV _31_1OO<pYr<1SOGeV ]
- B9 0-10% Pb+Pb, 0.49nb™ it ATLAS Preliminary : :
- —=— pp, 26 pb 1F 5.02 TeV E '
PYTHIA 8 + Data Overlay 1F i
:|||I|||I | il
0 1 Xy, 20 1 Xy, 20
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Internal structure: Pb+PDb

e Ratio of fragmentation functions used to see modification

of jet structure
RD(Z)

D(Z)pops

D(2),

EPJC 77 (2017) 379 ATLAS-CONF-2017-005
I I I I T T | I I I I gl
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e 1%
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Internal structure: Pb+PDb

e Ratio of fragmentation functions used to see modification

of jet structure D(2) EPJC77(2017) 379 ATLAS-CONF-2017-005
R.  — PbPb | ATLAS Preliminary ly o I<2.1 N
D(z) — ﬁ1 4 1
D(Z)pp E ] [1126 < p* < 158 GeV, |'sy =2.76 TeV =
e Enhancementatlow zand T 120Vl oo prcsocr [ 94
suppression at intermediate z | o ra :

=) Energy is transferred to 1T = e I
soft particles in and ; 8?_ e % -
around the jet . :
- LOW Z missing from 5.02 06__ Pb+Pb, ys,, =5.02 TeV, 0.49 nb™, 0-10% O __

| pp, Vs=5.02TeV, 25 pb”
TeV because pritk cut at 4 A

GeV 107 -
e Enhancement at high z -

=) More quark jets D(z) — 1 dNepn P cos AR
at high z - N dz v 3
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Internal structure: y-tagged

* FF in y-tagged jets compared to inclusive jets

ratio of D(z)
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m I

inclusive jets 2.76 TeV |
(0-10%) __

=

—l
N
T
7,

—_
N
— I

T

0.8f
I ATLAS Preliminary
0.6 0-30% Pb+Pb [ pp

1072 107 1
—_——— Z

ATLAS-CONF-2017-074 32
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Internal structure: y-tagged

* FF in y-tagged jets compared to inclusive jets

/I\T I I | | I T 1 I| .I I I I I T 11
. g i . -tagged jets 5.02 TeV ]
) y-tagged jets have 2 1.6¢ \\ i B
stronger modification o | \ inclusive jets 2.76 TeV
in central s T4 N v (0-10%) .
1.2 %
e This could be do to ! /
the effect of different :
jet pr selections? 0.8
o Preferential selection of | ATLAS Preliminary
jets losing less energy 061 0-30% Pb+Pb/pp -

in the inclusive case? 1072 ? 10 $ 1
> 4
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Characterizing the QGP

e Hard probes: Information on the temperature of
B Electro-weak medium pMedium allows for color
bosons, heavy charge screening which
flavor, jets, results in a suppression in
hadrons, the production of the bound
quarkonia states

Suppression is stronger the more
loosely bound the quarkonia state
is (sequential melting)

J/IW,Y

34



J/P and Y(2s) production

e Quarkonia in p+Pb and Pb+Pb compared to pp

g; 14_ ATLASPreI|m|nary — r:r: 14_ ATLASPrellmlnary

[ PbPb, |/sy, =5.02 TeV, 0.42 nb™ ] [ PbPb, |/s = 5.02 TeV, 0.42 nb™
1oL PP /s = 5.02 TeV, 25 pb’’

N 1oL PP /s = 502TeV 25 pb
"=t PromptJhp, lyl <2 s

"=t Non-Prompt J/y, lyl <2
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J/P and Y(2s) production

e Quarkonia in p+Pb and Pb+Pb compared to pp
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e Pb+Pb: y(2s) to J/Y double
ratio below unity for prompt
and ~unity for non-prompt
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J/P and Y(2s) production

e Quarkonia in p+Pb and Pb+Pb compared to pp

Compare Raaor
Roprb in Y(2s) to J/P
since sequential
melting suggests
that Raa(P(28)) <

Jip
AA
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Characterizing the QGP

Initial spatial ,'".f » e
anisotropy leads
to flow in the

' .
. > 77
final state % 7
Z—;\::NOU +22Vn603”(¢—¢’n)) )\
i=1 X
e Global properties:

= correlations and
fluctuations of
soft particles
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Characterizing the QGP

Initial spatial Vv B
anisotropy leads
to flow in the

a5 .
final state : .
Z_QIZNO“ +22Vncosn(cp—¢ln)) )\
=1 X

 Global properties: Multi-particle cun_1u|ants
measure correlations between

- correlat_ions and large number of particles and
fluctuations of  5pe ysed to suppress non-
soft particles  f15\y contributions -

e, (4} = ((4)) — 2((2))°

Vn{4} = aY, _Cn{4} i




Multi-particle cumulants

Multi-particle cumulants
measured in 5.02 TeV
Pb+Pb

Measuring cn{4} gives
insight into the nature
of flow fluctuations
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Multi-particle cumulants

Multi-particle cumulants
measured in 5.02 TeV
Pb+Pb

Measuring cn{4} gives
insight into the nature
of flow fluctuations
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Multi-particle cumulants

e Sub-event method suppresses non-flow by using

particles from different sub-events separated in n
x107°

]
Three-subevent method

~

N\

al
o

e Negative c2{4} in
pp and p+Pb is 2 o (5213 TV
direct evidence of 8 orPb |5, =5.02 TeV. -
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Characterizing the QGP

Initial spatial Vo wae W v,
anisotropy leads
to flow in the
final state

dN
—— =No(1+2) Vycosn(e — )
ag =1 X
Z
e Global properties:  Collective ATLAS Proiminary 2t <3 GV
] be h avi O r Su=5-02 TeV, 22 ub™ (25-30)%
= correlations and Po+P
: through 2P
fluctuations of :
soft particles correlations
P in An-A® &
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Collectivity in small systems

e Collectivity seen in small
systems in both p+Pb

and pp

ATLAS pp
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Collectivity in small systems

e Collectivity seen in small

/-\

>

systems in both p+Pb

and pp
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Collectivity in small systems

e Collectivity seen in small £ o1

/‘\

>

systems in both p+Pb

and Pb+Pb

ATLAS pp . 0.5<p2°<5 GeV
$=5.02 TeV, 170 nb 90<N "°<100

ATLAS p+Pb
S\w=5.02 TeV, 28 nb" |~

% <\\ T \ 0
3 1A \‘ \\ W AR
“0.98 \\\\\\\‘\‘\\\\\\\\\\“ WA \\\\\\\\\\\\\\\\ .

\

\\\\\\\‘

vo flat with  oos-
Nch In pp ﬁ
no Vsnn dep. -
but a coll. _
system & |
dependence °T
IS seen :
) 0.05_—
muon vzis ;
smaller than |
hadron v- b

O 5<paz b<5 GeV
2<|AT]|<5

Template Fits

y @
g ¥ °

ﬁo@@-usgg.%

(]

p+Pb |s,,=8.16 TeV, 171 nb™" (ATLAS-CONF-2017-006)

p+Pb s, =5.02 TeV, 28 nb™ (arxiv:1609.06213)

pp Vs=13 TeV, 64 nb™" (arXiv:1609.06213)

pp Vs=5.02 TeV 170 nb (arXiv:1609.06213)

ATLAS Prellmlnary

[;I @ @ @ @ |!] |§|_

I50I | | 100 | |

150 200
arXiv:1609.06213

[ R
250

300
rec
N ch

ATLAS Prehmlnary

p+Pb \'s,,=8.16 TeV, 171 nb"
0.5<pf_<5 GeV

-~ o 0 000000 oo g]
®

L]

o 0. 5<p <5 GeV (h-h Correlations)

O 4<pT<6 GeV (h-u Correlations) -
1 | 1 1 1 1

H AE¥

:__

O|||||

50 100 150
ATLAS-CONF-2017-006

B
200

250

300
rec
N, 46


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-006/
https://arxiv.org/abs/1609.06213

Ultra-peripheral collisions

= photo-nuclear dijets, light-by-light scattering

Heavy ions are an intense source of photons in ultra-
peripheral collisions

47



Ultra-peripheral collisions

=) photo-nuclear dijets, light-by-light scattering

Heavy ions are an intense source of photons in ultra-
peripheral collisions

p.Pb p,Pb

Investigate elastic
scattering of two photons
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Light-by-light scattering

e Use Pb+Pb UPC events at 5.02 TeV to be the first direct
measurement of elastic scattering of two photons

12

e Excess in data
consistent with light-
by light scattering

Events / 3 GeV

e Measured cross section
of 70 +/- 20 (stat) +/- 17

(syst) nb agrees with 2

predictions
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Ultra-peripheral collisions

= photo-nuclear dijets, light-by-light scattering

Heavy ions are an intense source of photons in ultra-

peripheral collisions

Study nPDFs with

photo-nuclear dijets
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( ) ; No neutrons
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/
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//
(Q ;
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Nucleus breaks up
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Multiple neutrons
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Photo-nuclear dijets

I_"I0§IIII I [ T T TTTI I [ T T TTTI I T TTTTH

e Use Pb+Pb UPC events E ; ATLAS Preliminary | aInti-kt R=0.4 jets é

at 5.02 TeV with no D o 215 Poren dea, 030 e a0gey
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102 = ——— T o =
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Conclusion

o Wide variety of new results from ATLAS with new
datasets at 5.02 and 8.16 TeV

= Precision results on jet quenching see suppression
up to a TeV, dijet and y+jet asymmetry, and
modification of jet structure in jet and y+jet systems

= EW boson measurements indicate an
understanding of the geometry

= Quarkonia exhibits evidence of sequential melting
in Pb+Pb

=) Collectivity seen in small systems?

= UPC events allow for direct photon and photo-
nuclear production measurements

> Looking forward to more Pb+Pb collisions at 5.02 TeV
in 2018! 52
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25m
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forward calorimeters

Pixel detector

LAr eleciromagnetic calorimeters
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Semiconductor tracker 55
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W boson

W+ > W-: isospin effect

Asymmetry decreases at large rapidity
because more W- produced at large rapidity
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Inclusive Photons

e Measurement of isolated prompt photons at 8.16 TeV in

p+Pb collisions
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J/P and YP(2s

Prompt: c-cbar bound states that
experience screening in the medium
Non-prompt: decay of b quarks that
result in a decay vertex separated from
the collision vertex by macroscopic
distances; quenching by b quark
propagation through the medium
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Highest sys. is muon reconstruction
or the fits for pp and p+Pb
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Weighted Events / 100 MeV

Weighted Events / 100 MeV
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J/P and YP(2s) production
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ATLAS-CONF-2017-009

Raa VvS. rapidity

Spectra is steeper with increasing rapidity at for
the same amount of energy loss and since Raa ~ red/blue.
% 10"°F | | ATLAS II:’reIIimilnalryI:: t t
% 10", antik, R=0.4 jets, (5=5.02 TeV —
s 10°F | % —e—__ 2015 pp data, 25 pb"
DL T
S e e
1035: o . ° . ° .:E > >
R .+ mid-rapidity  foward-rapidity
10°F - L= =) lower Raa
:g‘ -=oseroy | Quark and gluon fraction changes
10-95:1822155325183 © with rapidity and pr with more
_ e 1.2<lyl<1.6 x10%) — = g .
10“3;;32;;;;;;<10> 4 quarks at forward rapidity which

1013100 200 300 1000Should be quenched less.
p.[GeVl  m higher Raa

> Competing effects: which one wins or do they cancel? |,


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

Raa vs. §

m:E
rapidity £
=98
o Ratio of the Raa 1

vS. y to the Raa

forlyl <0.3in °°
different pr 08
ranges. 1
> Large 0

cancelation of
systematics in 13

ratio. i
e Raais flat with  os

rapidity at low pToa

* Ran decreases with rapidity at higher pr. 1 as.conE-2017-009 s

—— T
158 <pT<200 GeV -
I B B . ____________ e EERELEEETE [ i
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- anti-k, R =0.4 jets, | s =92.02 TeV 1
A R TR R KN TR SR SR SR N SR S SR SR I R R I T T R
I I I v
200 < p_< 251 GeV
e EREREEEEE R e L - e - -
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| | | L — 1
251 < p_< 316 GeV -
I e g Tl i
+ s
P R ' I I I L I
— 1 T | | — T T T T
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Nt S ..

- 2015 Pb+Pb data, O. 49 nb™

2015 pp data 25 pb

| 1 1 1 1 1 1
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Effect of unfolding™e™®™

> Unfolded using 2D Bayesian unfolding in pr1 and pr2.

2D distribution before
unfolding, symmetrized

to account for bin

migration across the

diagonal

40 60 100 200 400 800

p. [GeV]

N 1 1 1 1 LILEL I 1 1 1 1 1 LILEL ;‘ N 1 1 1 LILELEL I 1 1 1 1 1 LILEL '_
800 f 2011 Pb+Pb data, 0.14 nb™’ & 800 f 2011 Pb+Pb data, 0.14 nb"’ ]
| before unfolding = [ after unfolding
L = L
| - MinBias-Jet = 400 -
- 200 |
ﬁ .
- I
|
| Pb+Pb, 0-10% ° Pb+Pb, 0-10% °

2D distribution after
unfolding, projected
over the diagonal to
restore to leading/sub-
leading distribution

40 60 100 200 400 800

p_ [GeV] 63
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Effect of unfolding

e Project 2D distribution into x; distribution

Zl xﬁ 4 II:I LI I rrri I rrria I rrri I rrri I rrria I rrri I LILIL I-l II:I LI I rrri I rrria I rrri I rrri I rrri I rrri I rri I-l ||||||||||| I rrri I rrria I rrri I rrri I LILIL I-l
© F 2011 Pb+Pb data, 0.14 nb™ 0-10% { [ —4=Measured 60 - 80 %1 ATLAS pp 3
1= 35 Fantik, R=0.4 jets 3 [ [®] Unfolded 3 F 2013 pp data, 4.0 pb E
3 :_\( Syn = 2.76 TeV 1 E 3 :_ 3

25F —e— 1 F = | ==

L =C= _ L - B ]
Q5N I @ = opp ==

2 1 F —— p— 1 F —— 7

: g0 0o E: e SIS - =

15F -4 E - . 1 F =4——o—] 3

: ¢- — | e 1 F ]

1F ., 7 1 F . em 1 F =4= E

=Y e / 1 74— 1 ¢ .,E ]

05F 1 £ ¢ 1 E ¢ 585 =

: 100<p_ <126GeV : 1 [ 4= ]

I-I IIIIIIII I L1 1.1 I L1 11 I L1 1.1 I L1 1.1 II:I 11 I ? IIIIII I IIIIIIII I IIIIIIII I L1l I-l II:I 11 I ?I 1 I L1 1.1 I L1 1.1 I L1 1.1 I L1 1.1 I IIIIIIII .

03 04 05 06 0.7 08 0.9 1 0.3 04 0.5 06 0.7 08 0.9 1 0.3 04 05 06 0.7 0.8 09 1

Xy X X

e Moves jets in pp and peripheral to more balanced
configurations and jets in central to both more
balanced and asymmetric configurations at x;~0.5

» Unfolded result can be compared directly to theory
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X distribution
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25F
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3 -0~ ERNS L= E
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- 9 l
g % 100<pT1<126GeV : @,._ 126<pr1<158GeV
| rrd oo v v v by v v by v v bvvaa by o ' B oI
SR I I I IR I LA B I SR IR I I ILELELELE ILELELELE BLALELELE BRI
3 158 < p_ <200 GeV W 2 76 TeV p_ > 200 GeV 3
: 1 £2011 Pb-#Rb data, 0.14 nb™ ==
3 - ;_2013 pp datad\g.0 pb™ E
3 —— 1F =
[ e | B
: — 4 b == i E — 4 .
- | 1 F Migasas -
S : '
3 F;F:F‘E 158 < pn < 200 GeV 3 %@ pr1> 200 GeV‘
.......................... - T T NS P T e pT7
1 | |

03 0.4 05 06 07 08 09

X

1

J

03 04 05 06 0.7 08 0.9
J

dependence
0-10% ©

e Strong pr1
dependence

* Pb+Pb
becomes
like pp at

high pr1

e Flavor
dependence
probe since
quark/gluon
fractions
change with
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PLB 774 (2017) 379 4P A L L R L LA R s B San LA A RARA) LA AR LARRY RAARE

o L f 79<p_ <100 GeV 0-10%] [ ATLAS 10-20 %

—>35 1 F

C 1 [ anti-k;, R=0.3 jets
— X 3[ [¢/Pb+Pb 1
— = - ®pp i

Centrality dependence of #E%Eﬁ —

Pb+Pb compared to pp

dijets for 79<pri<100 GeV. .= ::::'::::'::::'::::'::::':::f ?:::':77:'::::'::::'::::'::::'::::':::f
e Same analysis for R=0.3 FZS’Z B

jets since effects of the

JER and the background .. — —
are much less g HEE@: B

® R=0-3 jets correspond to %‘x“ 4z"'l""l""I""I""I"''I""I""; ;"'I""I""I""I""I""I""I""z

R=0.4 jets at a larger T e
energy due to the smaller - I |
jet cone so the R=0.3 are .. —— | fﬁﬁ
shifted to one bin lower in ! EE?EE o

leading jet pr.

03 04 05 06 0.7 08 09 1 03 04 05 06 0.7 08 09 1

X, XJ66
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XJ pp data to MC comparison

Z >< | L | L | L | L | L | L | T T 1
T I
,_z " [#]2013 pp data, 4.0 pb” ATLAS
3__ ® PvytHiA 6 i
! | _
¢ Pythia 8 — |
|+ Herwig++ — V]

20 Powheg+Pythia 8 |

100<p <126 GeV -
antlk R O4Jets

| Sy =2.76 TeV -

O:GEIIIIIIIIIIIIIIIIIIIIIIIIIIII_;

03 04 05 06 07 08 09 1

PLB 774 (2017) 379 67 J



https://www.sciencedirect.com/science/article/pii/S0370269317307906

Xy 3rd jet

e See less nearby jets in more central collisions.

PLB 751 (2015) 376

S [amas’ Farias FAmas -
o) " Pb+Pb 2011 I [ 0-10% ]
1.51 VSp= 2.76 TeV r 1 =10-20% ]
- L,,=0.14 b 1[ 4-20-40% '
L - =4 '+'— = 1t ]
R A ey It It *#‘*:‘: * :
o5l == ki I ]
s anti-k, d=0.4 1t anti-k, d=0.4 - anti-k, d=0.4 .
" E™>30 GeV 0.8<AR<1.6 il E ' 45 GeV  0.8<AR<1.6 j i E > 60 GeV 0.8<AR<1.6 ]
L L L | L L 1 1 1
=06 100 200 300 70 100 200 300 70 100 200 300
EEI_eSt [GeV] test [GeV] teSt [GeV]

e Tested this by unfolding with a new response that

takes into account the contribution to the 3rd jet with

a weighting applied to match the 3rd jet distribution

In data

m» Deviations from the result was well within the

systematics of the measurement
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Y-jet asymmetry

= —=— pp, 26 pb™!
- PYTHIA 8 +

~ = Pb+Pb, 0.49 nb’’

Data
Overlay

" iF ATLAS Preliminary
1 60 < pYr <80 GeV
1F 5.02 TeV

0-10% -

ATLAS-CONF-2016-110

centrality
dependence

60 < pry< 80 GeV

le The distributions

become less
asymmetric with
decreasing
centrality.
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(1/N,)(dN/dx, )
(@)

y Jet asym metry

== Pb+Pb 0.49 nb1

—=— pp, 26 pb’’

PYTHIA 8 + Data
o Overlay

- ATLAS Prellmlnary
_100 < p <150 GeV
—5 02 TeV

20- 30%

30- 50%

ATLAS-CONF-2016-110

centrality
dependence

100 < pry< 150 GeV
e The distribution

becomes like
simulation for
30-50%
suggesting that
the fraction of
energy loss
decreases with
parton pr.
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Normalised entries

ATLAS-

NF-2016-110

Y-jet angular correlations

* No evidence for large modifications of angular
distributions in Pb+Pb compared to pp collisions
for photon+jet.

O
W
o

O
—r
=)

O
=)
a1

||||
' 8 <pl’r<1OOGeV

—e— 0-10% Pb+Pb, 0.49 nb™
—=— pp, 26 pb”

PYTHIA 8 +
Data Overlay

’

{

L

iﬂ}-{tf 5.02 TeV

||| ||||||II|III
'100<p§’r<150 GeV

{t ATLAS Preliminary
/oJ'Tet > 50 GeV
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3n/4

Ap TTT/2
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Jet fragmentation functions (FF)

e Measures how the particles within the jet 1 dNgp
are distributed by looking at number of D(2) = N, dz
charged particles in jets (Nch) D, cos AR

_ T

B z measures the fraction of the track Z —
;

momentum in the jet momentum

I\ N
- .

low z, low high z, high
y track pr track pr

e Ratio of FF needed to see
modification

RD(Z) —

Jet axis
!

D(Z) e
D(2)y,




Jet fragmentatlon pp and p+Pb

| UL I | | | I 1T 1T 11 | I 1T 1T 11 | I 1T 111
N 108 ATLAS ] . ATLAS 1 —
S [ s , PP \s=5.02TeV, 26pb™ m e, p+Pb, \/sNN=5.oz TeV, 28 nb -
— ¢ — ¢ 0-90% —
I o 1L ¢ _
o ¢ .
6| ¢ L _
10°F ¢ 1T o -
V v . v ¢
N M 10 M ~
v % v ¢
B 0 v | O v _
10*[ I - v .
| |
N N m A m v \
- A A, A L] oy -
10— ° A ° —
| o ° ® ® A [ | v-
B ° Y A B
- ly* 1<1.6 ly* 1<1.6 o -
Y jet y jet ° A [ |
1= ¢ 210<p™ <260 GeV (x 10°) 7
T o .
N 160<pf‘<21OGeV(x1o4) -
- v 11O<pjTet<16OGeV(x103) o
10 m 80<pjTet<110GeV(x1 —
| arXiv:1706.02859 A 60<p<80GeY _
- ® 45<p® <6086V (x10°) -
10—4 | I | | | L1 111 I | L1 111 I | | | L1 111
107 107 107 1
arXiv:1706.02859

e Ratio needed to D(z) = 1 dNch

see modification. N, dz
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Internal structure: p+Pb

* Ratio needed t0  p4+Pb Rpin jet prbins o

see modification. arXiv:1706.02859
14ATLAS” y*, <16 [ ATLAS o - ATLAS

N [ 45<p®<60Gev © 60 <p’ <80 GeV - 80<p' <110 GeV

a I .

o 1.2 -

1

0.8
p+Pb F 5.02 TeV, 28 nb", 0-90%

0-6_ Cpp, s = 502TeV 25 pb™
107" 5 1 10-1 5 1 107" 5 1
14'_ATLIAS' Illllllly*jetll<1.l6l””: '_ATLIAS' o o _ '_ATLIAS' ] 1
N " 110 < p®' <160 GeV 1[ 160<p™ <210 GeV 1[ 210 <p™ <260 GeV
x 12 1r 1t
1
0.8 _ -
i arXiv:1706.02859 p+Pb {5 = 5-02 TeV, 28 nb™, 0-90%
0.6 " pp, Vs =5.02 TeV, 25pb1
1072 107" 107 10-1 1072 107" 1
Z zZ Z

= No significant modification of jet structure in p+Pb.

74


https://arxiv.org/abs/1706.02859

Jet fragmentatlon Pb+Pb
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o5 pb - V 251< pl'<316GeV x10'—H = (4g nb™' 0-10% —
I P pp 316< p'*<398Gev x102 i ° O )
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Z

* Need ratio to see R..
modification.
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Internal structure: Pb+Pb
@ Pb+Pb Rp)in centrality bins Qp

T T T LA | T T LI LI LI LI LI 1 1 1 LI I 1 1 1 1 1 1 LI 1 1 1 LI I 1 1 1 1 1 1 LI
1 4ATLAS Preliminary ly , 1<2.1 [ ATLAS Preliminary (o 1<2.1 | ATLAS Preliminary (o 1<2.1
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1.2 -
1 . ] o ™
0.8 _: N [
- 1 [ Pb+Pb, ysy\=5.02 TeV, 0.49 nb i -CONE-2017-
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1 PR T T A | 1 R | 1 1 Ll
107" 1 107 10™

1IN

ATLAS IPIreIiminarly et

1.4 |
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1.2

0.8

0.6

[<2.1

126 < p)” < 158 GeV, 40 - 60%

- ATLAS Preliminary Iy <21

'_ATILA.‘;‘IIBreIiminalry | ly ;et <21
126 < p)” < 158 GeV, 60 - 80%

L Pb+Pb, {5, = 5.02 TeV, 0.49 nb”
- pp, \s =5.02 TeV, 25 pb”
1 1 1 1 I 1 1

107"

1

107"

m» Jets are more modified
In central collisions
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Internal structure: Pb+PDb

ATLAS-CONF-2017-005

’ 4‘_ ATLAS Preliminary ly o <2.1 |

% F @ 126 < p° < 158 GeV -

D: - ¢ 200 < p* < 251 GeV -

* Dependence of the 120 4 e - sy ¥

internal structure on the ~ :

jet pr in central collisions F

= No jet pr depe_ndence i vy —;— +

to fragmentation 0.8/~ -

fu nctions  Pb+Pb, I'syn = 5-02 TeV, 0.49 nb™, 0-10% ]

0.6 O -

. pp, (s=5.02TeV, 25 pb™

<

107

1
———————————— Z
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—~ | L | .I ! ! ! L
Internal structure: ¢< T
) .g ! inclusive jets 2.76 TeV |

g 147 (0-10%) .

photon tagged

* FF in y-tagged jets compared
to inclusive jets

) y-tagged jets have stronger 06
modification in central

=) Better agreement in 30-40%
e This could be do to the effect of

ATLAS Preliminary
0-30% Pb+Pb { pp

T T T1 I| I I I I L
v-tagged jets 5.02 TeV ]

inclusive jets 2.7Q\
(30-40%)

;74”))
%:

N
different jet pr selections? 1.2
e Preferential selection of jets b
losing less energy in the 0.8 S
inclusive case? " ATLAS Preliminary
%L a0s0%PoPhIpp
* Probes flavor dependence sincey 1o 10" 1

+jets are more likely from quark jetS arLas-conr-2017-074 Z
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Multi-particle
cumulants

Sub-event method

suppresses non-flow

by using particles
from different sub-

events separaoted inn n

o‘\' é’ Standard method Three-subevent method
sl N o ATLAS _| L ATLAS 3 pp 15=5.02 TeV _
[ r:|+ . + O.3<pT<3 GeV i O.3<pT<3 GeV 5] pp Vs=13 TeV
i A . " & % O pr+Pb |8 =5.02 TeV ]
O = B PP b e e e
I =l {L % % Q + i
i . l % % + + o |
I 0 9 )€ af 7o [
[ o 0 584 = Jf
O
5 0 N -k 00 & -
I 00000000 ¢ )f 0000000000
L L L0 L L I I L1 L I I
40 50 60 7080 107 2x10° 3x10? 40 50 60 70 10° 2x10? 3x10?
Eur. Phys. J. C 77 (2017) 428 arXiv:1708.03559 ./ Now 79
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Multi-particle cumulants

11/4 4
1)2{4} 4 402{2}
= or N = e 3.
{2} | (3+Ns) v2{4}
1 1 1 1 I 1 1 1 1 I 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
pp, s =5.02 TeV, 0.17 pb’ {1} pp, ¥s=13TeV, 0.9 pb™ 1t p+Pb, \s,, =5.02 TeV, 28 nb
O.3<pT<3 GeV ATLAS r O.3<pT<3 GeV ATLAS 1T O.3<pT<3 GeV ATLAS
0T N for 0.3<p_<3 GeV ] _ NG, for 0.3<p <3 GeV i _ NGy for 0.3<p <3 GeV -
ooooooo
i 11 _m ; ; o 000000 o |
Y I o || g W o g L ° o o _
. o o o © o O o ©o o ® o o O © 0. o %o *-QIIIII.. s @R EaE e g 5
a i " 1L _
o ° + ¥ + o 7 e * —o— v,{2} template fit l
| ° ﬂ 1 11 ° 1 —-o— v,{2} peripheral subtraction |
I 11 1 —a—v{4} three-subevent method |
0 1 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
0 50 100 150 0 50 100 150 200 0 100 200 300

(N) (N_) (N_)

e c2{4} is an average event-by-event then over
many events in each centrality

o centrality definition leads to flow fluctuations

e centrality smearing:ET not equal to Nch
Eur. Phys. J. C 77 (2017) 428 arXiv:1708.03559 80
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arXiv:1609.06213

Template fits

o ZYAM method similar to peripheral subtraction which
removes the jet peak but depend on “zero yleld at

minimum?”’ r“*ag) =

Template-
vn,n
overcomes Y9
this problem

where

Y (Ag) + F YP°“P“(A¢) 3 s,
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- ATLAS B
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T EEEEEE -y
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2P correlations

N | | | | | | | | | | | |
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Z tagged ridge

e 2P correlations measured in 8 TeV pp collisions for
hadrons in events with a Z boson

= Control of the impact parameter in pp collisions by
selecting at high Q2 process

N —r T [ r Tt T [ ' " " [ [ T T o —r T [ T T+ T [ " T T 1
> - ATLAS Preliminary 2.0<IAnl<5.0 - = - ATLAS Preliminary 2.0<IAnl<5.0
0.1 Template Fits 0.5<p’<5.0 GeV — B 1.4 Template Fits 0.5<p’<5.0 GeV
pp, 1s=8 TeV, 19.4fb™ T ] o [ pp 1s=8 TeV, 19.4fb™ T
PR i SRR E 1.2 + —
! g d i ¢
o o A -yt IR
0.051 — — ¢
i ] O A R *‘"
| e8TeV Z-tagged "C") " e8TeV Z-tagged
| O5TeVinclusive "c:c's :
| 013 TeV inclusive =08 N
YN R T N TR TR TR (N TR SN S SN T T S SN S > i PN TN T (N TR TR TR SN TR SN S SN S S T SN S N |
0 20 40 60 80 . 190 0 20 40 60 80 . 1(|)
nSigna nS|Ena
tr

ATLAS-CONF-2017-068 83



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-068/

Z tagged ridge

e 2P correlations measured in 8 TeV pp collisions for
hadrons in events with a Z boson

= Control of the impact parameter in pp collisions by
selecting at high Q2 process

> v> found to be 8 £ 6 % higher than inclusive at 13 TeV
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vV, ratio to 13 TeV inclusive
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