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e Jets in pp collisions



Jets in HIl collisions?

e Jets Iin pp collisions ¢ Jets in Pb+Pb collisions

> Jet quenching: phenomena where partons are expected
to lose energy in interactions with the hot dense medium
produced in HI collisions.

m) jets are thus sensitive to the microscopic structure
of the medium. 3



Jets in HI collisions

e Many measurements of jet quenching done in
HI collisions at the LHC and RHIC.

e Jet measurements
with ATLAS in run 1
(Vsnn =2.76 TeV):

=) Dijet asymmetry:
dijets are more
asymmetric in Pb+Pb
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Jets in HI collisions

e Many measurements of jet quenching done In
HI collisions at the LHC and RHIC.

e Jet measurements
with ATLASinrun1 ~
(Vsnn =2.76 TeV):

= Dijet asymmetry

= Jet suppression: jet<
yields are

suppressed in Pb+Pbs
compared to pp ol
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Jets in HI colli:
e Many measurements of jet quenct -

HI collisions at the LHC and RHIC.

e Jet measurements
with ATLAS in run 1
(Vsnn =2.76 TeV):

=) Dijet asymmetry

) Jet suppression

) Jet fragmentation:
the internal structure
of jets Is modified in
Pb+Pb
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Jets in HI collisions }

e Many measurements of jet quenching done in - 100 Gav

pJ'Tet > 100 GeV
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Jets in HI collisions

e New results dig deeper to better understand jet
quenching:

= More precise measurements with better control
over the background subtraction and systematics
and unfolded so they can be directly compared to
theory.

m) Better statistics allows for measurements at high
jet pr and differentially in jet pr and rapidity that
address specific questions such as what is the
flavor dependence of jet quenching and what
happens to jet suppression at high jet pr.

=) Measurements at different center-of-mass energies.

=) What happens in boson+jet systems, etc.
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Jet reconstruction: procedure

e Jets are reconstructed using the anti-k; algorithm for
R=0.4 in pp, p+Pb, and Pb+Pb collisions.

e Uncorrelated underlying event (UE) contributes

background energy inside that jet cone that varies with
n and ® and hugely event-by-event.

= Background is subtracted using an iterative

procedure that is modulated by harmonic flow.
dE;  dE - Z y M)
dndcp dr] n COS CP W,

e Measured quantities are mfluenced by both the effect
of the UE and the detector.

=) Removed through an unfolding procedure that is
under better control if UE is subtracted jet-by-jet.

(o)



Jet reconstruction: performance

e Measure of how well you can
do any jet measurement.

e MC jets (with a simulated detector
response) are embedded into real
Pb+Pb data and reconstructed in
the same way as data.

e Jet energy scale (JES) and jet
energy resolution (JER) are the
mean and the width of the pyreco/
prtrue distribution.

10



Jet reconstruction: performance

ruth

e Measure of how well you can -

~

do any jet measurement.

e MC jets (with a simulated detector
response) are embedded into real
Pb+Pb data and reconstructed in
the same way as data.

(p

e Jet energy scale (JES) and jet
energy resolution (JER) are the
mean and the width of the pyreco/
prtrue distribution.

= JES is ~1% above 100 GeV
for 0-10% meaning the
additive UE background
was removed to within 1%
of the jet energy.

1.08F
1.06F
1.04F
1.02F 2 s _ _
lpe e 2T
0.98F
0.96F
0.94F
0.92F

09: 1 1 T
40

Pb+Pb data ov erlay -

VS =5:02TeV

anti-k, R=0.4 Hljets, I n1<2.8 —

—4-10-20 %
—©5-40-50 %

70 - 80 %

400 600 1000
p _I'Eruth [GeV]

11



Jet reconstruction: performance
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* Measure of how well you can <«
do any jet measurement.

reco
(p;

e MC jets (with a simulated detector
response) are embedded into real
Pb+Pb data and reconstructed in
the same way as data.

e Jet energy scale (JES) and jet
energy resolution (JER) are the
mean and the width of the pryreco/
prtrue distribution.

= JES is ~1% above 100 GeV
for 0-10% meaning the
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arXiv:1706.09363 DIJ et asymmetry

e A traditional method of studying
jet quenching is through the dijet
asymmetry.

* The jets lose different amounts
of energy because they travel
different paths in the plasma.
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arXiv:1706.09363 DIJ et aSymmetry

e A traditional method of studying
jet quenching is through the dijet
asymmetry.

* The jets lose different amounts
of energy because they travel
different paths in the plasma.

_ Pro

X — Tl
S pr
= Use ratio of sub-leading jet pr to the leading jet pr.
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arXiv:1706.09363

e A traditional method of studying
jet quenching is through the dijet
asymmetry.

q S q

* The jets lose different amounts
of energy because they travel
different paths in the plasma.

Dijet asymmetry
X, ~ pr

=) Use ratio of sub-leading jet pr to the leading jet pr

e Measure x; as a function of leading jet pr and centrality.
=) Compare to pp dijets.

= Kinematic selections: two highest jets in each event
with pr1> 100 GeV and pr2> 25 GeV and A¢ > 71/8.

15
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arXiv:1706.09363

e A traditional method of studying
jet quenching is through the dijet
asymmetry.

q S q

* The jets lose different amounts
of energy because they travel
different paths in the plasma.

Dijet asymmetry
X, ~ pr

=) Use ratio of sub-leading jet pr to the leading jet pr

e Measure x; as a function of leading jet pr and centrality.
=) Compare to pp dijets.

= Kinematic selections: two highest jets in each event
with pr1> 100 GeV and pr2> 25 GeV and A¢ > 71/8.

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

centrality dependence
100 < pr1< 126 GeV

arXiv:1706.09363
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X distribution

centrality dependence
100 < pr1< 126 GeV

e xyin Pb+Pb is more
asymmetric in more
central collisions.

arXiv:1706.09363
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X distribution

centrality dependence
100 < pr1< 126 GeV

Xy in Pb+PDb is more
asymmetric in more
central collisions.
The most probable
configuration for pp
collisions is xy~1.

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

arXiv:1706.09363
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XJ dlstrlbutlon

centrality dependence
100 < pr1< 126 GeV

Xy in Pb+PDb is more
asymmetric in more
central collisions.
The 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

xyis like Iin pp.
arXiv:1706.09363
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arXiv:1706.09363
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2 x’

X distribution

PT1

arXiv:1706.09363
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arXiv:1706.09363
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ATLAS-CONF-2016-110

pT,jet .
X, = -
v=p. Y-jetasymmetry
e The photon does not 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
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XJ —

Y

p T,jet
P,

ATLAS-CONF-2016-110

Y-jet asymmetry o-10% @

e The photon does not 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
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ATLAS-CONF-2016-110

Y-jet asymmetry
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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.
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—r
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O
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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
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Jet suppression

e Jet quenching implies jet yields in Pb+Pb are
expected to be suppressed at a fixed pr compared to
pp collisions.
=) Compare the number of jets in pp to Pb+Pb vs. pr

Jet yield
measured
in heavy ion
collisions

R AA — Jet cross-
section
measured in pp

collisions

Nuclear thickness
function

e The nuclear thickness function (<Taa>) contains the
effects of nuclear geometry and accounts for the fact
that per Pb+Pb collision there are multiple chances for

hard scatterings.

30


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-009/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-110/

ATLAS-CONF-2017-009

Jet spectra

e Jets are measured In six bins of rapidity (out to 2.8)
anduptoa~1TeVinjet pr

- = T I I | — T 10 O T T T T T T T ]
> 107 il ATLAS Preliminary g 10 - ATLAS Preliminary |
Q 10" anti-k, R=0.4 jets, /s=5.02 TeV = S 108 anti-k, R=0.4 jets, |'s,,=5.02 TeV
O | —e— t N -8

5>\ 10°F _ "% —e—__ 2015 pp data, 25 pi' — T 18 = 2015 Pb+Pb data, 0.49 nb'
— —— — = — —
2IC. 107 e . T, 4 =H°. L 2015 pp data, 25 pb”" _
Ol Q. — % ° e — N Q. al —— B
- 10°F - . e o Sl 10T —— B
3 — @ ° ) @ — -'c% - ° — L 2
— ® I ® — — 21 —— B
19 Y . — . * /Z\ 10 B —— —— —— R
10F - . <. o < B — o B
Af . S T s . -
10—, . BRE =k . —— — -
109" - - 102} -~ - T
- g B - —— -
10° = o = 1074 Iyl <28 e
107 - B 1yl <0.3 (x10") E | = 0-10% —— B
- 0.3<lyl <0.8 (x10° = Al . ——
o[ : o.szu}ilzmzixm% B 106-_ M. 20-30% (’doj) —
10 e 12<lyl<1.6 10 N N : Zg'jgof (’186) O =
10‘11_——0—1.6<Iyl<2.1 (x10?) — 10° 'd tO(X ) —
_13_——0—2.1<Iyl<2.8 — __—pp ata |
1 O —| | | L1 1] 1 0-10 | | | [ —

100 200 300 1000 100 200 300 1000
o [GeV] P, [GeV]

e Spectra is unfolded using 1D Bayesian unfolding.
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HAA VS. PT

319 | ]
c ATLAS Preliminary lyl <2.8
® R AA | S < 1 for anti-k, R = 0.4 jets, |5, = 5.02 TeV
P QO e -p--
all centralities.'[ =~ =3 : (©) g
—— .
PENNEFE S S e - ' +
- —— —E— —Hl—] = :+: ] J
0_5 __E-_;__E.E__E.E]__;.:___E_.E__E_._j ___________________________________________________________ =]
- % 0-10% :
2015 Pb+Pb data, 0.49 nb™’ —4-30-40%
| 2015 pp data, 25 pb” —+- 60 - 70| % I I I I I
0
100 200 300 400 500 600
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HaAA VS. PT

; & ATLAS Preliminary ! i<os |
® Rap is <1 for | ~atik R=04jets {5, =502Tev :
all centralitiesn5}‘-;;:---;----;;--@--: --------- @
. . [ —4— == T.:‘:. : — ]

® Raais lowerin [~ =" -
central (~0.5) 05 [ogs s m T e T :
. ' +Pb data, 0.49 nb™ 4 30-40% 1
than peripherall 2ot zse e | L

0

(~0 9) 100 200 300 400 500 600 900
p_[GeV]
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< 1.5

HAA VS. PT

R 1 f © | ATLAS Preliminary | <28 1
® RaA is < or | ~anti-k, R = 0.4 jets, \[s,,, = 5.02 TeV -
all centralitiesnj--i-\\---‘-----------------;;;--@ ------------- @ i

. . —= —— -
® Raais lower in [+ .+ % DI :,I,:O. —

central (~0.5) "= ™= oo T -

. [ 49 nb” —4-30-40% '
than peripherall om0
(~0 - 9) - ‘(I)OO 200 300 400 500 600

® Raa rises with
jet pr until
~300 GeV
where it
begins to
flatten.
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Raa VS.

ATLAS-CONF-2017-009

UI:E " [ ATLAS Preliminary | I|y| < £-8
® RAA iS < 1 for :\w;omets,\/?wﬂozmv
all centralitiesn_--_,_----_-,;---;;:---;;----;;:-GD--; --------- (0) O -
- . ——= == —
® Raais lowerin [~ =" -
O5F----- e '-EIE--;.D---E-.E--E-.-] ----------------------------------------------------------- _
central (~0.5) "= - 0-10%
| 2015 Pb+Pb data, 0.49 b —4-30-40%
4 60-70%

2015 pp data, 25 pb

than peripheral

(~0.9).

$ 197 — | | | | T T ]
] ] < ! :n.’t-iljl/:SRPLecl)l_rZTe?;y —#— ATLAS, \'s, = 5.02 TeV, this analysis OIyI 1<0 2_/1
O RAA rises with —4- ATLAS, \s,,, = 2.76 TeV, arXiv: 1411.2357
n n 1l ettt et -.l-— —
jet pr until |
~300 GeV | '
[ 05 boc=a- o - —pe = N oo oo -
where it S |
= | 2015 Pb+Pb data, 0.49 nb™
beg NS to | 2015 pp data, 25 pb” I I I I I I I I
0
flatten. 100 200 300 400 500 600 900
p_ [GeV]

® Raais independent of Vsnn (over a narrow range) when

comparing run 1 and run 2 results.
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Raa VvS. rapidity

e Spectra is steeper with increasing rapidity at for
the same amount of energy loss and since Raa ~ red/blue.

=) lower Raa

A A

=

mid-rapidity foward-rapidity

e Guark and gluon fraction changes with rapidity and pr

with more quarks at forward rapidity which should be
quenched less.

=) higher Raa

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



Raa vs. §
rapidity £

e Ratio of the Raa
vS. y to the Raa
forlyl < 0.3 In
different pr
ranges.

> Large
cancelation of
systematics in
ratio.

— T
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Raa vs. §
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> Large 0
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e Raa decreases with
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Jet fragmentation o) - o
functions (FF)  ,_prcosaR

e Measures how the particles AN
within the jet are distributed. D(p;) ch

= N, is the number of
charged particles
associated with the jet.

e R=0.4 jets with charged
tracks starting at 4 GeV for
Pb+Pb and 1 GeV p+Pb.

* FF are background
subtracted, corrected for
tracking efficiency, and fully
2D unfolded in jet pr and z.




Jet fragmentatlon pp and p+Pb
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p+Pb Rb(z)
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" pp, Vs =5.02 TeV, 25 pb™
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1 107"
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107 10"
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=) No modification of jet structure in p+Pb.
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Jet fragmentatlon Pb+Pb
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* Need ratio to see R..
modification.
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Pb+Pb RD(z) Ro)

I I I I T 11 | I I I I N L L
1 .4__ ATLAS Preliminary ly o <221 N
N a | _
E B []126 < p* < 158 GeV, |5y =2.76 TeV —
‘1.2—[:| @ 126 < P < 158 GeV .
! = -
L — (L -
] L] P ]
0.8 m
| Pb+Pb, I'sn = 5-02 TeV, 0.49 nb™!, 0-10% ]
0'6__ pp, \s =5.02 TeV, 25 pb” -
| | | | I 1 1 1 | | | | | 1 1 1
107 1
Z

= No Vsny dependence.
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Pb+Pb RD(z) Ro)

| ATLAS Preliminary

ol [

@ 126 < p"Tet < 158 GeV

[]126 < p < 158 GeV, sy =2.76 TeV

y jor 1<2.1

—+

11
[ B

ﬁi

0.6

(]

T££

| Pb+Pb, s, = 5.02 TeV, 0.49

. pp, {s=5.02TeV, 25 pb"

nb’ 0-10%

107

Z

= No Vsny dependence.

=) Enhancement at low z, suppression at

1

intermediate z, enhancement at high z: low z
missing from 5.02 TeV because prttk cut at 4 GeV.
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D(Z)pops
Pb+Pb RD(Z) RD(Z) D(Z)pp

ATLAS-CONF-2017-005

[ | [ |
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Il ! []126 < p' < 158 GeV, (s, = 2.76 TeV 4 al ! @ 126 < p7’ < 158 GeV =
m i | - m - ¢ 200 < pf < 251 GeV q—
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0.6~ _1 — 0.6~ _1 —
. pp, Vs=5.02TeV, 25 pb _ . pp, Vs=5.02TeV, 25 pb _
L 1 | L 1 | ] ] ] ] ] L 1 1
107 1 107 1
Z Z
= No Vsny dependence =) No jet pr dependence.

=) Enhancement at low z, suppression at
intermediate z, enhancement at high z: low z
missing from 5.02 TeV because pri*k cut at 4 GeV. 4
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Summary

e Wide variety of jet measurements from ATLAS:

> dijet and y+jet balance, inclusive jet suppression,
and jet substructure in Pb+Pb and p+Pb

e Era of precision measurements with careful underlying
event subtraction, reduced systematic uncertainties,
and unfolding for detector effects.

e |ncreased statistics in run 2 allowed for differential and
high jet pr studies:

= Single jets are suppressed up to high (TeV scale) pr.

= No jet pr dependence in jet internal structure
modification.

=) Jets are more balanced at higher values of jet pr.



Backup



. most central: 0-10% O
Ce ntral Ity most peripheral: 70-80%CD
> | Fa
ol
b=impact |
parameter O;

'5,

.
.
- . -
.

.

.
O' 1

.
.
-10’_ " =
’
.
- I — 1 1 ] 1 i | I 2

e Flux of nucleons increases with collision  x[m]
“centrality”.

e Define “centrality classes”:
= Events with similar degree of overlap.

* |n experiment the total particle production is used
as a proxy for b.
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Jet reconstruction: procedure

Average
transverse energy

Anti-k;
Algorithm
Reconstructed
+ > > + Y e
Calorimeter
towers
t lterative I

Flow modulation
(V25 V3, V4)

dE,  dE
dnd¢ ~ d’7 (1 T ; Vi COS (n(¢ T wn)))
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Jet performance: JES
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| i | _Q_ i
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| —O— i | _O__
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Effect of unfolding on x;
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» 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
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X systematlc

>
JES/JER systematics Es 0.09
O
=) JES: rigorous uncertainty 2 008
broken down by source that @ %
is pr, n, and centrality 5 0
dependent s 005
& 0.04
= JER: dominant contribution % (g3
comes from the UE which is 0.02
described well in the MC 0.01

sample (data overlay) 0

ATLAS-CONEF- 2015 016

I|IIII|I I |IIII|IIII|IIII|IIII|IIII|IIII

ATLAS Prellmlnary Uncertalnty components
anti-k, R = 0.4 Hl jets Baseline in situ JES

_ ——— Flavor : inclusive jets
VS*NN =2.76 TeV ——— Cross calibration
O<lpl<03 . Data period

....... Quenching

Total uncertainty
12011 Pb+Pb:0-10 %
1 2011 Pb+Pb : 60 - 80 %

12013 pp

ll|llll|llll|llll|llll|llll|llll|llll|llll

1

W
o

40 50 60 10° 2x10° 3x10?

p, [GeV]

= Evaluated by rebuilding the response matrix with a systematically varied
relationship between the true and reconstructed jet kinematics

» JES is the largest uncertainty in this measurement: 10% at x,~1 and 15% at x,

~0.5 in central collisions

Analysis specific systematics for the combinatoric background and unfolding

= Unfolding systematic can be as large as JES in central at lower x;
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Xy systematics summary
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Zx_’ 4_III|IIII|IIII|IIII|IIII|IIII|IIII|IIII_ _III|IIII|IIII|IIII|IIII|IIII|IIII|IIII_
°° . 79<p_ <100 GeV 0-10%] [ ATLAS 10 - 20 %

1—‘2 3.5 1

: 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. .= :
e Same analysis for R=0.3 ’:32 B

jets since effects of the

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

¢ R=0-3 jets correspond to %\{ST 4;"'|""|""I""I""I""‘L(')'_"(SIO'L/"é ;"'I"'='|2"7'é|_|l'{/'|""I""é(')'_'élo"o/";
R=0-4 jetS at d Iarger 3 ] 5_20?; Pb+Pb data, 0.14 nb"* ;
energy due to the smaller :

1 [ 2013 pp data, 4.0 pb™!

jet cone so the R=0.3 are —— st
shifted to one bin lower in @E?EE @fﬁ

leading jet pr.
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R=0.3 Xy pr1 dependence

Pb+Pb 0-10% centrality compared to pp dijets.
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1 dN
Ndx

MC/Data

OO0 =
DO NA O

XJ pp data to MC comparison

: ®|2013 pp data, 4.0 pb”

| ® PytHA 6

" ¢ Pythia 8

|+ Herwig++

% Powheg+Pythia 8

A TLAS

100<p <126 GeV -
antlk R O4Jets

| Sy =2.76 TeV -
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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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Jet energy resolution

Efficiency
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Y-jet systematic uncertainties

o Jets:

JES is 5% at low prand decreases with pr
Cross calibration: 1% addition JES uncertainty
JER is evaluated by increasing the resolutions measured in pp by a few percent

Uncertainty on flavor composition and different in flavor response is 2% at low
prand decreases with pr

Addition JES uncertainty in Pb+Pb that is 1% for pr> 50 GeV and up to 5-10%
above 50 GeV from comparing charged-particle jets to calorimeter jets, studying
the response of simulated quenched jets, and residual non-closure of simulated
jets at low pr

e Photons:

Photon purities adjusted by their statistical uncertainties

Photon isolation cut increased by 2 GeV in both pp and Pb+Pb, which increases
efficiency and lowers purity

Non-tight selection varied
Photon energy uncertainties evaluated in pp which are less than 1%

Assumption that the distribution of background photons factorizes 50



Y-jet background subtraction

e Two contributions to the background:

e Combinatoric: estimated by embedding PYTHIAS
photo+jet events into real Pb+Pb data

e Dijet: per-photon distributions subtracted using non-
tight photons, after scaling by the photon purity

N - I I I
L o.4sf 60 < p! <80 GeV 80 < p! <100 GeV (100 < p! <150 GeV
& %% = ATLAS - 4  Pb+Pb502TeV{[ 4 -—= Rawdat
0.35F . [ 1[
§ 0at Preliminary - 0.49 nb™ 1F — Background ]
o 0_2.55 : 0-10% 1t —e— Corrected data 1
= oz * I
Z 015 4l * iF WL+
: + 1
0. ey | iasada™ _
0.05t oz 1 :'::"-.t' ]
ot ! : :"!g._._._. ! — =
0 50 100 150 0 50 100 150
py [GeV. py [GeV.

> Combinatoric important at low pr, dijet at high pr 61



Xy,

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

p T,jet
P,

Y-jet asymmetry

pp

= pp jets compared to MC generator

increasing pry

-
3_6O<p7r<80 GeV

- =8 pp, 26 pb”
[ PYTHIA 8

-
180 < pYr< 100 GeV
1E ATLAS Preliminary
1£ 5.02 TeV

3 100<pYr< 150 GeV
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Haa systematic uncertainties

- Jet energy scale

= Standard pp JES components + 5 TeV flavor and HI cross-
calibration (following ATL-CONF-2015-016)

= HI specific uncertainty due to jet quenching (estimated using
studies of the ratio of calo-jet to track-jet pr)

- Jet energy resolution

= Standard pp component
= Established HI component
- Luminosity

- Nuclear thickness function

- Unfolding

= By comparing to results unfolded using the response matrix
without the reweighting
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pp cross-section uncertainty [%]

Haa Systematics summary

> uncertainties > uncertainties » uncertainties
on the pp on Pb+Pb on Raa
cross section yields

20

_oqt

- ATLAS Simulation Preliminary ] < 20;'ATLAs Simulation Preliminary S 15;'ATLAs Simulation Preliminary
15F - 2 15k - =2 [ .
- . = n ] £ 10+ =
s - g - . 8 i ]
10:— /\_ g 10~ = g i ]
C . c = 7 c 5r -
o _— 5 M - ]
5 ] % 5: _,J/: 3} — ]
OF i 3 of . o %é .
- . G_>J* 03 . OZ -
5 & 5 N g ~
— : & f \ 5r ]
10 yl<2.8 E O -10F lyl <2.8,0-10% = [ lyl <2.8,0-10%
- —JER - - —JER . 10l —JER E
15 ~JES E -15F i Es E I “HidEs
| I—UnfoI(I:hng ] E| — Unfolding . :l — Unfolding i
100 200 300 1000 2800 200 300 1000 1800 200 300 1000
p. [GeV] p. [GeV] p. [GeV]
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RAA

Haa VS. Npart

_I | I | | I D | | L | | I D | I D | | | | L | 1T I_
14 —Pp_= 100-125 GeV ATLAS Internal —
- lyl<2.1 anti-k, R=0.4, \'s,=5.02 TeV -
1.2 2015 pp data, 24.7 pb" —
- 2015 Pb+Pb data, 0.49 nb™ -
Uy —
O N
0.8 —
0.6 —
0.4 —
0.2 —
O : I I | I I | ] 1 1 1 | I I | I I | I I | ] 1 1 1 | I I :

0 50 100 150 200 250 300 350 400
Npart

® Raa decreases with Npart
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Energy loss: flavor dependence

® How does energy loss depend on the details of the
parton show?

= Vary the quark and gluon contribution of the jets
since gluons are quenched more than quarks.

LOQ0Q@NQL00Q,
Nalvely é ~ 9/4x é

o Measure suppression as >~ p;tma;,(u;;s”
anti-k, R=0.4 jets
a function of rapidity or 35N

0.5
3k

jet pr since gluon fraction o4
decreases with rapidity 2 o3
and jet pr. ‘f >
= Higher Raa at forward s N a

rapidity and high pr. Twa 10 20 0 g

p_ [GeV]

0.6




Simulation / data

Simulation / data

D(z)op MC to data
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Systematic uncertainties
on p+Pb Rpy

- Jet energy scale
- Jet energy resolution
- Unfolding

- Track reconstruction

- MC non-closure

| | | | | | | | | | | | |
- ATLAS p+Pb, \s\= 5.02 TeV, 28 nb'"
~ .¥-JER pp, \s=5.02 TeV, 25 pb'1—0—
-4 - Unfolding H
— MC non-closure -
B Tracking — o
[ —e— Total — ]
: ® ® ® _’__._.-.-.-.-...-.-.-. -------------- v---]

10
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p+Pb Rppor In jet pr bins

* New pp reference at same center of mass energy

1.4F - ATLAS Cyt.<16 ] [ ATLAS 1 [ ATLAS
o " 45< p"*' <60 GeV 1 [ 60< p*'<80Gev 1 [ 80< p*<110 GeV
E B T i i T i i T
C 1.20 4 E 10

1

0.8f

p+Pb IS\ =5.02TeV,28nb", 0-90% 1 | :
_—pp Vs =5.02 TeV, 25 pb™ 1 -
1 1 1 1 1 1 II 1 1 1 1 1 1 1 IIII 1 1 1 1 1

1 10 1 10 1 10

0.6}

P, [GeV] p. [GeV] p. [GeV]
- ATLAS  ly*. <16 1 [ATLAS ' {taras
—~ 14 | o | |
o [ 110< p’' <160 GeV ] [160< p¥ <210 GeV 1 [210< p*' <260 GeVv
12 1F s
s
081 1F I— -Z
- 1 [ Pp+Pb, yspy =5.02 TeV, 28 nb™, 0-90% ; ;
0.6 - _-pp \s = 5.02 TeV, 25 pb’’ - »
L I Er e | L o L AR N | L AR N | L a3 gl L a3 gl
1 10 10° 1 10 10° 1 10 10°
p_ [GeV] p_[GeV] p_ [GeV]

=» No modification of jet structure in p+Pb.
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Tracking Efficiency
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Systematic uncertainties
on Pb+Pb Rb(2)

g - ATLAS Prellmlnary ]
— 30- +jES Pb+Pb, |'sy= 5.02 TeV, 0.49 ni5"
=t e o= 1 ]
o " . Unfolding pp, \s=5.02 TeV, 25 pb :
- Jet energy scale “>  20f -+ MC non-closure —
- Tracking =
- Jet energy resolution 1oF — Tow! =
- Unfolding Oi“ T, — ¢T3 -
_____ = ET s S SN o o A =~_-=_-_:,';\=~_;
- Track reconstruction - ‘ . ; : | -
10 ——
- MC non-closure - N
C 0-10% -
20 | Via |<2.1 —]
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_30 1 | | 1
10 1
V4
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Systematic uncertainties
on Pb+Pb Rb(y
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m» Jets are more modified in central collisions
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Pb+Pb Rpbpr) in centrality bins
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= Jets are more modified in more central collisions

74



Pb+Pb Rpom jet prin bins
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