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The ATLAS Detector

Detector characteristics
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Centrality in Pb+Pb, p+Pb
3.2<|n|<4.9 -4.9<n<-3.2

ATLAS Preliminary
p+Pb, \syy =5.02 TeV, L, = 1ub”

ATLAS
Pb+Pb \s,=2.76 TeV
Ly = 200 mb!
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 Measured using forward calorimeter(s)
—In p+Pb, on Pb-going side only

=Note: ATLAS p+Pb measurements now use
“usual” convention (positive n in proton direction)

e For Pb+Pb usual Glauber MC for geometry

e For p+Pb use both Glauber and Glauber-Gribov
color-fluctuation model a /a Strikman et al.
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Physics Goals

e Study the strongly coupled quark gluon plasma
using both soft and hard probes

— Study the collective response of the plasma to (fluctuating)
initial conditions (flow).

— Study modification of energetic parton showers by the
plasma (jet quenching)

— Calibrate both in proton-lead collisions.
=Themes: improving precision, exploring new directions .
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Collective dynamics in Pb+Pb and
p+Pb(?) collisions
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Pb+Pb v, via cumulants

e pr-differential measurements
=Good agreement between three experiments

5-10% 10-20%
0.2+ ATLAS Preliminary

Pb-Pb \s =276 Te] X VAUATIAS
Lix=7 Mb_1 £

, OV ,{4} ALICE
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Derendarz: Correlations and fluctuations: 1 7
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Pb+Pb v, via cumulants

e pr-differential measurements
=Good agreement between three experiments

5-10% 15-20%
0.2+ ATLAS Preliminary

) _ * v {4} ATLAS
Pb-Pb ‘[37”1“ =276 Te 5 2
Ly =7 ub i

5 10 15 200 5 10 15 200 5 10 15 20
p_ [GeV]
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Pb+Pb v, via cumulants

e pr-differential measurements
=>Good agreement between 3 experlments on vz

F1 T LI T

5-10%
ATLAS Preliminary

| Pb-Pb Ys,, =2.76 TeV *vo{4} ATLAS
- N @ Ov{4}ALICE

10 15 200 5 10 15 ZdO 5 10 15 200 5 10 15 200 5 10 15 20
p_ [GeV]

ATLAS Preliminary I i ATLAS Preliminary
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Pb+Pb v, via cumulants

o v {EP}

Sl different methods measure
OB different “vi”’s (fluctuations)

*vAEbYE}

ATLAS Preliminary Il compare cumulant vi’s to event-

Pb-Pb \s,, =276 TeV

Lo=7ab" <25 il by-event calculations of same

int
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 Good consistency between cumulant results and
published ATLAS event-by-event measurements
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lane angle correlations

* Measure event plane angles, ®,, event -by-
event using ATLAS calorimeter (arXiv:1403.0489)

—Evaluate (cos (jk [®, — ®.,,]))

— Compare to Glauber: poor agreement

N DL DL L I e e e e e IS B B s
[ ATLAS Pb+Pb  Ee= (cos(z®)), data ] . —ATLAS II3b+Pb —ol— (cos(ZcDI)> data I'
i [ \Sw=276TeV g (cos(z®)) data : F_z 76 TeV.  —g— (cos(z®)) data 1
-— Lim=7ub'1 (cos(Z@¥)) Glauber : Lint=7u‘b-1 (cos(z@*)), Glauber
( (

- (cos(z®")) Glauber i - (cos(=®*)) Glauber ]

A ﬁ&'

-0.5

200 300 400 0

(N,
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lane angle correlations

* Measure event plane angles, ®,, event -by-
event using ATLAS calorimeter (arXiv:1403.0489)

—Evaluate (cos (jk [®, — ®.,,]))

— Compare to AMPT: good agreement

T T T T I T T T T T T T T T T T T T T T T I T T T T
| ATLAS Pb+Pb 3 1 | ATLAS Pb+Pb
| {5 =2.76 TeV ' s\ =2.76 TeV
Lint =7 Mb-1

L L l L L L L l L L L L 1 ] 1 1 1 1 1 1 l 1 1 1 1 l 1 1 1 L
200 300 200 300
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* Results for all 2, 3-plane correlations agree
poorly with Glauber, well with AMPT

= Significant non-linear flow contributions to
higher order harmonics
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Vn correlations

e Study correlations between v,’s using two-
particle correlations with |An| > 2

—Plot correlation of (e.g.) v2 and vz, v3, v4, vs values
in different 5% centrality bins

=non-monotonic
variation

=Role of finite
viscosity in .
peripheral
collisions? T V< <oae)

Vs\=2.76 TeV 0.5<p <2GeV . Vsyn=2.76 TeV 0.5 <p_ <2 GeV
, a IAnI=>2, Pb+Pb
L =7 b |Ani>2, Pb+Pb L. =7 ub N

//Pe?pheral _ /'?
Peripheral

Central Central

ATLAS Preliminary Centrality 0-70%
0.5< P, < 2 GeV
IAnl>2, Pb+Pb

ATLAS Preliminary Centrality 0-70%
(5=2.76 TeV IAni>2, Pb+Pb VSu=2.76 TeV
L.=7 ub’

v, {2< p.<3 GeV}

Line = 7 ub” | /4

Peripheral 0.02 Central Peripheral

Mohapatra: Collective dynamics: 4 14
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Event v2-selected result

' ' ' I
ATLAS Preliminary
M. \Su=2.76 TeV
Line =7 ub’’

Pb+Pb

' Cehtrali'ty 0-1%
] S

* Fix initial geometry
via centrality, select
events according to
elliptic flow vector
magnitude (q2)
—Measured in FCals

=Study two-particle correlations in |n|< 2.5

o

1/N,,dN, /dq
povwol vl syl |

7.5-10%

o 30-40%

o

T - ——— ——— ——————
L Centrality 0-70%, no q, selectio "I s Centrality 0-70%, no g, selection | s Centrality 0-65%, no g, selection 7 |

| ATLAS Preliminary :ATLAS Preliminary Centrality intervals ] “°I" ATLAS Preliminary
s =076 TeV , e i e with g, selection: i :
AN Y ] 05 \swm278TeV o o e ]  s=2.76 Tev
—7ub" -5 10-15% o 40-45% | [ L, =7 ub"
oo 20-25% —=— 50-55% -
i~ —— 60-65% |

o
W
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L L
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] - L e entrality intervals |
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—— 0-5% —4— 30-35% L YR i L —— 0-5% ~4—30-35% -
—=-10-15%  —&— 40-45% - -1 1 ~2-10-15% —&— 40-45%
—o—20-25%  —=—50-55% - - e ] —o— 20-25% —=— 50-55% -
—e—|60-65%- [ 05< P < 2 GeV, IAInI>2

' Cl - 05<p_< I2 GeV | —e—|60-65% g
0.1 0.15 0 0.05 0.1 . 00 0,05 o 05
V,{05<p <2GeV} v,
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ing flow non-linearit
*V2-V4q correlatlons within centrality bins

10-15% g ] [ 20-25% ] r 30-35%

ATLAS Prelim.‘:

\S=2.76 TeV -

Llnt =7 Mb-1 —-
- [AnI>2 ]
0.5< P, < 2 GeV

e Fit to /<2 + (civ?)” to separate €s- (“linear”) and v2-

(“non-linear”) driven contributions

' ' ' = Inclusive ATLAS Preliminary
ATLAS Preliminary B

Sy =2.76 TeV | —©- Linear 44 EP Linear \S\n=2.76 TeV
Ly=7 ub'1,Pb+Pb N ~ —B— non-Linear % EP non-Linear L, =7 ub'1
ATLAS Preliminary 1 I 1 . Pb+Pb
s\=2.76 TeV 1 o lAn>2 1
L,=7 ub”, Pb+Pb ] - | 05< p, < 2 GeV
IAn|>2 ]
0.5 < P, < 2 GeV

* Plot linear and non-linear L oseesEee
components vs centrality
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p+Pb va: overview

e Use minimum-bias + high-multiplicity trigger data
 Apply “improved” peripheral subtraction

eSSV,
N
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‘\‘ \\‘}‘“‘ “ “\\'\\‘ .. ~

N§ \\\\‘\\““'
> \\3“‘\

reweighted
ATLAS Preliminary —

\Syn=5-02 TeV .
Lin = 30 nb™ p+Pb

0 Ny '>225, E-' >65 GeV
=& Njw>200, EX' 565 GeV
= Nii'>180, E' >50 GeV
F-= NELT>150, B >50 GeV

[~ N '>130, EX' >10.Gev

[ =~ Ni">100, EX">10 GeV

1<pb<3GeV,2<IAnI<5 1t 1 g R T TR
g 0 100

ATLAS Preliminary | [ 10
b 1t {1l b
[ v Vem=5.02Tev ][ 3 1 v
-0. -— - Vo I Lint= 30 nb"! —- I —.—V4
1

SR i I sG] Radhakrishnan:
p? [GeV] : : Correlations and
fluctuations, 2
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p+Pb 2-particle vn(pT)

ATLAS Preliminary 220 < N’ < 260

- Obse rve: \/STJN=5-02 TeV 1 <p: <3 GeV, IAnI>2
. o gro _ L, ~28nb" —@— n=2
—significant values for P o n=s

n — 2 . 3 . 4, 5 —&— n=5

CMS, 220<N ;<260

=Forn=2,3to 10 GeV T e Vg, NEI<20 st

— Vg, N‘t’r’Z<20 sub.
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p+Pb 2-particle vi(pT)

. O.5<p:<1 GeV 2<IAnl<5

* Observe: g
—0— 220 = N’ < 260

—significant values for R o
n= 1 ,2,3,4,5 0.1—+=— 140 = N;;’ < 180

ATLAS Preliminary

= V1 ~ V3 _ s\ =5-02 TeV

19
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+Pb 2-particle van(pT

T T T T ‘ T T T T |
. - ATLAS Preliminary 220 =< N’ < 260
= Observe. 1<p’ <3 GeV, lAni>2

—@— n=2

—significant values o e o

. —4— n=4
forn=1,2,3,4,5 o5, 220t <26
=v2 ~ constant at high Y g N <20 s
multiplicity
=V3 increases over whole
multiplicity range

— Vg, N7y<20 sub.
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P eeeete s
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ATLAS Preliminary 7

VS =5-02 TeV
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Compare p+Pb, Pb+Pb vn

F@=  p+Pb 220sN;’<260
OO —©- Pb+Pb Centrality 55-60%
@)
© o
¢ o
[ ]
ATLAS Preliminary

F® p+Pb 220sN; <260
—5—- Pb+Pb Centrality 55-60%

=@ p+Pb 220=N;’<260
—©- Pb+Pb Centrality 55-60%

—B- Pb+Pb Centrality 55-60%, V2(p_r /1.25)x0.66

—&- Pb+Pb Centrality 55-60%, v4(pT /1.25)x0.66

#F

"4

+

ATLAi| Preliminary

e Compare p+Pb and Pb+Pb
=Good agreement between p+Pb and Pb+Pb

when including pr and vz, v4 rescaling

Right panels adjust
p+Pb pTt scale by 4/5
to account for
difference in <pt>
(Teany et al)

Pb+Pb v2 and v4
multiplied by 0.66
to match p+Pb

21
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Hard probes:
electro-weak bosons, jets
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W= production in Pb+Pb collisions

T T T ‘ T T T ‘ T T T ‘ T T T ‘ T T T ‘ T T T T ‘ T T T T ‘ L ‘ L

- pyerete il ¢ Measure =210 ATLAS Preliminary
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1
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e Yields well

reproduced
—s by POWHEG

ATLAS Preliminary é :>Data can

not (yet)
test nPDF
effects

?detz 0.14-0.15 nb”

JLdtz 0.14-0.15nb"'
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- 4 Data 2011
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- v Data 2011
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E ..PYTHIA LO* (MRST) Ee PYTHIA LO* (MRST)

U l U l U l ) S

0.5 1 : : Grabowska-Bold: 0 05
EM probes: 3

) S l ) I l ) l W —

1 1.5

(@)

Thursday, May 22, 14



W= production in Pb+Pb collisions

|
o
w

ATLAS Preliminary

ATLAS Preliminary
Pb+Pb |/s, = 2.76 TeV

<
>
=
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>
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<
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-
©
e
@)
c
®)]
h—
o
(V)
-l

A W (Data) -0.2] [#7] Data 2011 0-80% \
— W NLO —— POWHEG NLO (CT10)
- POWHEG NLO (EPS09)
PYTHIA LO* (MRST)

0 50 100 150 200 250 300 350 400
< Npart >

e Evaluate W* yield/Ncon vS Npart

eand W charge asymmetry (inclusive).

—Yields increase proportional to Nco
— Charge asymmetry determined by isospin

=Additional data to further our understanding
of hard scattering in Pb+Pb collisions.

Thursday, May 22, 14
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Pb+Pb photon yields

Steinberg: Jets 2

JETPHOX PDF+scale err. T r ATLAS Preliminary
T — JETPHOX Pb+Pb/pp 1 [ Pb+Pbys,,=2.76 TeV
JETPHOX EPS09/pp & err. 1 L

In|<1.37

Ratio to JETPHOX (pp)

] 1.52<|n|<2.37

g
x
o
T
o
-
Ll
)
e
e
g
o

[ 40-80%, 1.50M<2.37 ] 20-40%, 1.52<mI<2.37 |} 10-20%, 1.52<mI<2.37 |}  0-10%, 1.52<mI<2.37 |
[ PR T 1 1 1l 1 [ PR R R S S A | 1 [ 1 roaoaoa ol 1 ]

10? 10° 10? 107
photon P, [GeV] photon P, [GeV] photon P, [GeV] photon P, [GeV]

e Ratios of isolated, direct photon yields/Taa to
NLO pQCD calculation for p-p (JETPHOX1.3)

—Also shown, JETPHOX for Pb+Pb: iso only, EPS09
=Data not yet able to discriminate yet
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Pb+Pb photon yields

JETPHOX pp 20-40% ATLAS Preliminary
— JETPHOX Pb+Pb Pb+Pb |s,,=2.76 TeV
JETPHOX EPS09

Forward:
1.52<Inl<2.37
Central:

Ly =0.14 nb” | nl<1.37

©
=
C
O
@)
<
©
P
©
=
@)
L

10° 10°
photon P, [GeV] photon P, [GeV] photon P, [GeV] photon P, [GeV]

* Forward (1.52<|n|<2.37) to central (|n|<1.37)
yield ratios vs pr
— More sensitive test of isospin/PDF
=Ratios well described by NLO pQCD

=Need better statistics to probe for isospin,
nuclear PDF effects

» but we’re getting close
26
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Jet spectra: p+p and Pb+Pb

* Absolutely normalized jet spectra:
—2013 2.76 TeV p+p (left)
=> cross-section
—2011 Pb+Pb (right)
=per-event yields

I
ATLAS Preliminary yl<21 \
--0-10% (x 10%)
= 20-30% (x10*)
—4—-40-50% (x 10%)
... —+60-80% (x10°)

[ nb/GeV ]

o|2Njet

Nth < TAA > ded-y

VS =2.76 TeV
anti-k, R =0.4 jets

2011 Pb+Pb data, L., = 0.14 nb™

’ int
2013 pp data, L, = 4.0 pb

ATLAS Preliminary

anti-k, R=0.4, Vs = 2.76 TeV
2013 pp data, L, = 4.0 pb™

WL L Al R L L L AL L L AL L R L e
wcood ol vownd vovd vvod ol vovnd vond vod oo vouwd vvnd vod vovd vl 1o

>
0]
S
B
Q0
[

0-10%
-=-1lyl<0.3 (x 10
=+03=<ly1<0.8

4-08slyl<i12
4 12<lyl<21

ded y

[ nb/GeV ]

eh‘*’*e;‘
e

R

o lyl<21 (x10%)
Byl <03 (x10°%)
4-03=<1y1<0.8 (x10*)
+08=<lyl<12 (x10%)

Nth < TAA > dedy

WL AL Bl ELL L AL L L L L L e L e
ol vovwnd voowd vvod ol vowed vvod vvd oo voud vod vud v voud vod o

- 12<lyl<21 (x10°)
1 1 1

40 60

Angerami, Jets 1
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®
RAA \TAS pT and y ATLAS Preliminary  anti-k, R=0.4jets 2011 Pb+Pb data, L, =0.14 nb™

—insub-setof IR o — (Sw=276TeV ._?9_1._.._?T?‘F?z_.Fi_n;_f._‘?_-?.?_t_’f _____
centrality bins
=Fully unfolded
* Observe

— Factor of ~ 2
suppression up to
jet pt of 400 GeV

— Slow increase with
increasing jet pr
=May vary with

centrality
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Jet Raa: centrality and y dependence

* Raa monotonically decreases vs Npart
:>0.8 in 60'80‘%) 2011 Pb+Pb data, L, =0.14 nb anti-k, R = 0.4 jets

2013 pp data, L, = 4.0 pb™ S\ =276 TeV

=0.4in 0-1% at
lower jet pr

80 < p_ <100 GeV ATLAS Preliminary

* No significant dependence on rapidity observed

— Even though
both spectrum
shape and q/g
fractions vary
with y

=Test of dE/dx Lo e |
calculations

29
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Pb+Pb modified jet fragmentation

Spousta Jets 3

L T T T T T TTTT] F T T T T TTrTTTT]
0, 6k E ATLAS Prellmmary 3 e ATLAS Preliminary 3 A ATLAS Prellmmary
| Pb+Pby[s=2.76 TeV E “F Pb+Pby\/s,=2.76 TeV ] _f Pb+Pby[s=2.76 TeV
“F 0.14 nb” “F 0.14 nb" ] “F 0.14 nb"
E anti-k; R=0.4 E aF e Data : aF
pJ '>100 GeV | g [ Systematic Uncertainty E E_

0-10%/60-80%

HHI

10-20%/60-80% - 20-30%/60-80%

i
*4 HH”_ * | .HHII;
 Thiy 1 od E

M|
10

Eo T T R oo T R SR TooTT T
o, .f ATLAS Preliminary i 2. . ATLAS Preliminary i .0, .f ATLAS Preliminary
" Pb+Pb\[s,,=2.76 TeV ] F Pb+Pby\/s=2.76 TeV ] "F Pb+Pby\/s=2.76 TeV
“E 0.14 nb E “F 0.14nb E “F 0.14nb"

30-40%/60-80% |’ -50%/60-80% _
14 { | | | - b y . .*.f

'*****{*II.

P |
10

e Ratios of D(z) vs centrality to 60-80% bin
—In addition to features previously seen
= Indication of an enhancement at large z
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Pb+Pb modified jet fragmentation (2)

e Enhancement at large z or pt clearer for:

— Smaller jet radii
=R =0.2,0.3
—fragment pT
spectrum, D(pT)
*Observe

=enhancement
makes it
possible to
preserve

[ dz zD(z)

ATLAS Preliminary
Pb+Pb\/s,=2.76 TeV

ATLAS Preliminary
Pb+Pb\/s,=2.76 TeV

anti-kT R=0.2 _ anti-kT R=0.3
p"f‘>85 GeV p"f‘>92 GeV
0-10%/60-80% ' 0-10%/60-80% |

e Data
Systematic
Uncertainty

ATLAS Preliminary
Pb+Pb\/s,,=2.76 TeV

ATLAS Preliminary
Pb+Pb\[s,,=2.76 TeV

anti-kT R=0.2 ' anti-kT R=0.3
pj:t>85 GeV piTet>92 GeV
0-10%/60-80% ' 0-10%/60-80%

+++ | +++
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Pb+Pb: correlated nearby jets
*{1st step in studying

Neighbouring jet
. P
internal structure of
parton showers g
n

—Measure nearby jet pairs
R=0.4,08<R<1.6

=Useful probe of relative
quenching of correlated jets

 Measure (e.g.) conditional yield
of jets associated with “test” jet

3Sl‘ ppressed [ ATLAS Preliminary ATLAS Preliminary
L. . 3 Pb+Pb 201 Pb+Pb 2011
conditional yield peiTamd | o ey
. 2 0.8<AR<1.6 =1
of nearby jets
=|nterpretation
needs theory e == ot
calculations 46~ 500

100 120 80 100 120
E™ [GeV] E™" [GeV]
Rybar, Jets 4
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soft and hard particle production
in p+Pb collisions
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+Pb Glauber(Gribov

T T T T I T T T T I T T T T I T T T
ATLAS Simulation Preliminary
p+Pb \s,, =5.02 TeV

—e— standard Glauber

—e— Glauber-Gribov Q=0.55

—e— Glauber-Gribov Q=1.01

IIIIII|T| IIIIII|T| IIIIII|T| IIIIII|T| I-l:
IIIIIIL|_| IIIIIIL|_| IIIIIIL|_| IIIIIIL|_| I-;

O:!_I'FITITI"‘

ATLAS Simulation Preliminary
p+Pb, s =5.02 TeV
Lint =1 Mb_1

¢
bt

Glauber
Glauber-Gribov Q = 0.55
Glauber-Gribov Q = 1.01

<

| | | | |
60.9, 40.a. 30.,. <0. 70. 5. . . 0.
090% 060% 040% 030% 020% 70c>/° 7 59 o 7% 90%

centrality
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——
ATLAS Preliminary
p+Pb, L. =1ub™

int

ISy = 502 TeV

Pb -
70 [GeV

1/N,,, dN/dZE
| IIIII|_|,| | IIIII|_|,| | IIII|_|_|,| | IIII|_|_|,|

—— Glauber
Glauber-Gribov, Q = 0.55

— — - Glauber-Gribov, Q = 1.01

Glauber

©
—

©
©
~
o
—

—
Glauber-Gribov, Q = 1.01

e Evaluating implications of
the Strikman et al Glauber-
Gribov color fluctuations

model for p+Pb centrality
34



p+Pb dN/dn

| ATLAS Preliminary
| p+PbL =1 ub™

® B EET
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N A~ OO
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ATLAS Preliminary JeTestteses
*®
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~
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dN,,/dn

dN,/dn / (N

()]
o

1-5%
Glauber

|
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o

000900000
g oo *®

10-20%
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***030-40%
cessvsetetsese,

e

D
o

w
o
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Glauber-Gribov Q=0.55

"o ®
40-60%
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60-90%

I
T

N
o

wIIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

>
R

—_
o

H

2
|  Glauber-Gribov Q=1.01

10O

|
10

e Interpretation of the p+Pb multiplicity data
depends on choice of geometric model

— Glauber-Gribov CF with () =0.55 (ws=0.1) more
“natural” (like wounded-nucleon)

Debbe, Collective dynamics 1 35

Thursday, May 22, 14



o [ )
Z roductlon in +Pb
" ATLAS Preliminary
- L p+Pb 2013
= Lin = ) — L,,=28nb"
— \'Syy = 5.02 TeV ‘ \/Syy = 5.02 TeV

C n°l<2.47 L ® 2095 Z Candidates
® 1652 Z Candidates B

o 52 Same Sign Pairs
e

- O 37 Same Sign Pairs

. L
%
L 111 ‘ L1l ‘ L1l ‘ L1l ‘ L 111 ‘ L 111

- ATLAS Preliminary . 1 - ATLAS Preliminary
p+Pb 2013,L =29 nb p+Pb 2013,L =29 nb

int i
| \[syy=5.02TeV ; | \Syy=5.02 TeV

—e— Data

o CT10 Model

Ao, ,p-.z-. 1/dy” D]
Ao,z /dy” [nb]

lll\l

Z—uu/Z—ee
Data/Model
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o [ )
Z roductlon in +Pb
" ATLAS Preliminary
- L p+Pb 2013
= Lin = ) — L,,=28nb"
— \'Syy = 5.02 TeV ‘ \/Syy = 5.02 TeV

C n°l<2.47 L ® 2095 Z Candidates
® 1652 Z Candidates B

o 52 Same Sign Pairs
e

- O 37 Same Sign Pairs

. L
%
L 111 ‘ L1l ‘ L1l ‘ L1l ‘ L 111 ‘ L 111

- ATLAS Preliminary . 1 - ATLAS Preliminary
p+Pb 2013,L =29 nb p+Pb 2013,L =29 nb

int i
| \[syy=5.02TeV ; | \Syy=5.02 TeV

—e— Data

o CT10 Model

Ao, ,p-.z-. 1/dy” D]
Ao,z /dy” [nb]

Z—uu/Z—ee
Data/Model
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_p+Pb Z spectra: centrality dependence

Glauber
*Plot 1/Ncon dN/dy
in different p+Pb
centrality bins
—Top: Glauber

— Bottom: Glauber-
Gribov CF, () =0.55

=0bserve centrality
dependence

=|nterpretation
depends on the
geometric model

dN,,pp—z— /Ay

1
evt

Glauber (2=0)

=@ 0-10% Centrality,(y%)=0.23 = 0.08
—&— 10-40% Centrality, (y?)=0.16 = 0.06
=¥ 40-90% Centrality, (y?)-0.58 + 0.16
—— CT10 Model

<Ncoll>-‘I Q=0 N,

>
2
U
N
i
o
o
+
o
pd
©

1

evt

Glauber-Gribov Q=1.01
—®— 0-10% Centrality
—A— 10-40% Centrality
=¥— 40-90% Centrality
—— CT10 Model

<Ncoll>-1 Q=1.01 N,
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p+Pb Z yields vs centrality

[ ATLAS Preliminary \/Syy = 5.02 TeV —
[ p+Pb 2013, L =29 nb1 0-90% Centrality _]

e Evaluate Z yields/Ncoil
vs centrality (Npart)

— sensible results for
Glauber, GG () =0.55

e Ratio of Z and charged
particle yields consistent
with (Npart—1)

-2.5<y?<2.5

= Data
Glauber (£2=0) (N, ) Uncertainty
® NNLO Prediction

<Npa'l°t>

x10 S

= ATLAS Preliminary
g p+Pb 2013,L =29 nb™

=5.02 TeV 0-90% Centrality

—

© o o0 o0 O
O'IO)\ICD(O

o o
: W b
IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|

OO

_ Glauber-Gribov Q=1.01

o

Glauber (22=0)

T _

0
D
[
<3
@
)
=
S
<
T
o
%

|

o

o Glauber-Gribov Q=1.01
a.(<Npart>-1 )/<Npart>

10 15 20 25
(Noary) Citron, Heavy flavor: 5

o @
S )
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p+Pb Jet production

103 <y <408, 510° s [+21<y"<+28

¥

+2.8<y*<+3.6, x10' ® -03<y*<+0.3, x10°
O
&+

C+1.2<y < +2.1

-E—Eﬁ%ﬁﬂﬂ; = W
- ¢ p+Pb, 0-90% %}
L — EPS09 calculatio

- +0.3 < y*<+0.8

T 1T T \)L
+3.6 <y*<+4.4, x1

+2.1<y* <+2.8, x 0.8 <y*<-0.3, x10

'

+1.2<y* <421, x 1.2<y*<-0.8, x10°

+0.8 <y* <+1.2, x b 21<y*<-1.2, x10°

p+Pb /s, = 5.02 TeV
anti-k,, R=0.4
Ldt=27.8 nb’
0-90%

| ATLAS Preliminary
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Preliminary m " p+Pb |5, =502 TeV *prPbdt 27.8 nb™
— "1 anti-k, R=0.4 - [rPdt=4.0pb"
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*0-90% jet yields (left) and jet Rppb (right)
=using 2013 p-p reference for Rppo
* Rpop compared to pQCD w/ EPS09 (Armesto)
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e As reported at Hard Probes

— ATLAS observes a strong
variation in jet yield with
centrality at high pr or
forward rapidities

=>Scales with p = prx cosh(y) [Sereamg
in forward direction oy wm;#--f

Preliminary -

4L 421 <y'* <+2.

=Depends on Xp ? “ 4 I

o _ ATLAS [ Ldt=27.8nb" Bl -
" Preliminary p+Pb {5y = 5.02 TeV - H-HHE-&:&{E_E -ﬂ- -

anti-k,, R=0.4

- 0-10% :
+3.6<y*<+4.4 - e - {F 4 +03<y*<+08 *f} .
+2.8<y*<+3.6 - {F v -0.3<y*<+0.3 . i 1 | b o-oweoson
+2.1<y* <428 -1F + -08<y*<-0.3 -A- . det 27.8nb" * ]

A

Y
. - ]
4 +l.2<y* <421 I9F ¢+ 12<y*<-08 ] [ p+Pb sy = 5.02 TeV I ¢ 20s0%we0-90%
C . )

0

. .+(.J..8|<y*<+1..2 T i 1E .+. .-2..1.|<y*<-1..2 . . ] | anti-k,, R= 04 I + 40-60%/60-90%
100 40 100 1000 20 100 800 20 100 800
p, x cosh(<y*>) [GeV] P, [GeV]

Perepelitsa, Jets 2
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*If inclusive Rppo ~ 1 and
Rce shows such effects, sy
necessarily o oo *

&= 60-90%

—peripheral enhancement
—central suppression

=Exactly what we
observe in the Rppo
=127

* This was also observed
in preliminary PHENIX
jet measurement.

42
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p+Pb jets: geometric explanation?

Alvioli, Frankfurt, Strikman arXiv:1402.2868

* Proton spatial
configuration (size)
depends on x of
quark entering
hard scattering

=protons w/ large(r)
x partons have a

reduced soft
cross-section

e Calculation:

— Reduced cross-section for proton shifts Ncail
distribution to smaller values

=Suggestive, but conditional probabilities are
“backwards” compared to data ...

=Calculation analogous to data underway.

Glauber+CF, <0> = 0,,,/2 —
Glauber+two states -~

43
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p+Pb charged particle Rppo

ATLAS Preliminary ATLAS Prelimi nary

p+Pb L =25nb’ p+Pb L =25 nb” -2<y*<-1
n in

\/STJN =5.02 TeV

-1<y*<i

0-90%

* p-p charged particle cross-section measured
at 2.76 TeV, 7 TeV, interpolated to 6.02 TeV

—Three different interpolation methods tested

* Rppb measured for 0-90% and as a function of
centrality, in different y* intervals
— Results here for 0-90%
=Confirm CMS observation!?

Balek, Jets 2 a4
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Summary: soft probes

ATLAS Pb+Pb =e— (cos(z®)), data
Vsw=276TeV g (cos(za,
(Z

unsub
—V2

ATLAS Pb+Pb  Ee= (cos(z®)),
1 Ysw=2.76 TeV —8— (cos(2d))
Ly =7 ub” —— (cos(z®)),

)

) ®)) data -V,
Ly =7 ub —— (cos(z®)), AMPT
' eooe00 ®

(cos6((I)3-tI)6)>

— — (cos(=®)) — — (cos(E®)) AMPT - .... L4

1< p:b <3 GeV
2<IAnl <5
ATLAS Preliminary

Vs =5-02 TeV
Ly ~28nb’”
p+Pb

220 < N’ < 260
b
ATLAS Preliminary 0.5<p < 20 GeV 1<p <3 GeV, An>2
-©- Linear %% EP Linear \S=2.76 TeV Pb-Pb |5y =276TeV  hi<25 —o— n=2
—8- non-Linear % EP non-Linear Ly, =7 ub™ e e " —&— n=3
POO O Pb+Pb 5:{3*

== Inclusive ATLAS Preliminary

*

* v{4} *
¥ v3°4,EbyE}

o v {4} ‘ ) .
o vE(4,EbyE} ¢ O Y TveNi<osuw
n v,{4} b

CMS, 220sN 3y <260
=V 5, N%Y<20 sub.

AnI>2
0.5<pT<ZGeV i
100 150 200 250 300 350 400

N,

 Pb+Pb:
=consistency between cumulant and previous event-by-
event flow measurements.
=®, and v, correlations show non-linear flow effects
* p+Pb:
=Measure significant vi-vs, out to 10 GeV for vz, v3
=Same vz, v3, v4 shapes vs prt for p+Pb, Pb+Pb 45



Summary hard probes

9% ~JETPHOX pp
— JETPHOX Pb+Pb
JETPHOX EPS09

% ATLAS Preliminary

Forward: I 4005
Pb+Pb {5,,,=2.76 TeV

152\|237

Forward/Central

photon p; [GeV]

2 102
photon p; [GeV] photon P [GeV]

ATLAS Preliminary
—— Pb+Pb 201
—— Vsn= 2.76 Te

L;=0.14 nb
¥ . 0.8<AR<1.6
=

>
()
S,

nor
T

ATLAS Preliminary
"F Pb+Pb\[s,=2.76 TeV

dR, . /dE

anti-k.r R=0.2
pfre'>85 GeV
0-10%/60-80%

E*'>80 GeV '. ! {
anti-k; d=0.4
40 60 80 100 120
EY" [GeV]

4jets 2011 Pb+Pb data, L, = 0.14 nb”
2013 pp data, L =40pb’

ATLAS Preliminary

. W‘(Data) ¥ W*(Data)  J&l W (Data)
W NLO —-w*'NLO — W NLO
W* LO*
Pb+Pb\,sNN 2.76 TeV

00 50 100 150 200 250 300 350 400

ATLAS Preliminary
@ b Pb+Pb\[s,=2.76 TeV

anti-k; R=0.3
pf'>92 GeV
0-10%/60-80%

* New electro-weak boson measurements
=Constraints on hard scattering rates

* New jet Raa to 400 GeV, vs y, down to 0-1%
=factor of ~ 2 suppression continues to 400 GeV

 Update jet fragmentation: enhancement @ large z

e First look at nearby jets in parton showers

46
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Summary p+Pb productlon

ATLAS [ Ldt=27.8 nb"
Preliminary

p+Pb \ =5.02 TeV
g By anti-kt, R=0.4

4 20- 30/
0-10%
+3.6<y*<+4.4

+2.8 <y*<+3.6 BT "
+2.1 <y*<+238 . . : @ﬁﬁgﬁfﬁ
+1.2<y* <+2.1 "
+0.8 <y*<+1.2

+0.8 <y <+1.2 g

5 ATLAS Preliminary
’ pr2013L‘ 29 nb™

O \[syy = 5.02 TeV, 0-90% Centrality

o
s ATLAS Preliminary

- £
T 0 = 1
—— —#—E@— p+Pb Lm_ 5 nl
s =5.02Te
NN

o Glauber (Q=0)
=e—= Glauber-Gribov Q=0.5
o Glauber-Gribov Q=1.01
—— a((Nya- /(N

' D
Jrdt = 27.8 nb!

1000 40 100 1000
P, [GeV]

e Z yields and Z/Ncnhg Vs centrality make sense
= starting to see clarity on p+Pb centrality?

* p+Pb jets show unexpected(?) behavior
=Strikman et al: proton configuration size depends on x
 ATLAS shows enhanced charged particle Rppp at high pr

=277 -
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ATLAS conference notes

|NEW\ Measurement of the production of neighbouring jets in lead-lead collisions at Vsyy® 2.76 TeV with the ATLAS detector

Collective flow with higher-order cumulants in lead-lead colisions at Vsy,=2.76 TeV with the ATLAS detector at the LHC

|NEW | Centrality, rapidity and pT dependence of isolated prompt photon production in lead-lead collisions at Vs, = 2.76 TeV with the ATLAS detector
at the LHC

Measurements of the nuclear modification factor for jets in Pb+PD collisions at sqrti{NN}=2.76 TeV with the ATLAS detector

| NEW | Centrality and rapidity dependence of inclusive jet production in Vsy,=~5.02~TeV proton--lead collisions with the ATLAS detector

ATLAS-CONF-2014-

Measurement of W boson production and the lepton charge asymmetry in Pb+Pb collisions at vsyy = 2.76 TeV with the ATLAS detector v
0;

| NEW/| Elucidating the event-shape fluctuations via flow correlations and jet tomography studies in 2.76 TeV Pb+Pb colisions using the ATLAS detector A "

Measurement of the long-range pseudorapidity correlations and associated Fourier harmonics In Vsy,=5.02 TeV proton-lead collisions with the  ATLAS-CONF-2014-
ATLAS detector 0z1

| NEW | Measurement of the Z-boson production in pPb collisions at vsy,=5.02TeV with the ATLAS detector

e ATLAS conference notes can be found at

— https://twiki.cern.ch/twiki/bin/view/AtlasPublic/
HeavylonsPublicResults

e Stay tuned for following publications at
— https://twiki.cern.ch/twiki/bin/view/AtlasPublic

Thursday, May 22, 14
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pr-Integrated v2

*Use 2-point

tracklet and
other low-pr
tracking
algorithms
=Measure v2

down to 70 MeV
=Improved precision
on integrated v2
e Evaluate centrality
dependence

=Good agreement
between 2 methods

=Good agreement w/
CMS for pr > 300 Mev

Al

ATLAS

Pb+Pb |s,=2.76 TeV
IDT & PXT: L, =0.5 ub”

TKT: L, =1 ub™

0.2 04 0.2 0.4 0.2 0.4 0.2 04 0204 0204 0204

P, , [GeV]

= 012 ATLAS

Pb+Pb
sNN=2.76 TeV

TKT method: L = 1ub

PXT method: L_ =0.5 ub”

ATLAS TKT pT>O.O7 GeV, Inl<1
ATLAS PXT O.1<pT<5 GeV, Inl<1
ATLAS PXT 0.3<pT<5 GeV, Inl<1
CMS 0.3<pT<3 GeV, Inl<0.8

30 40 50 60 70 80
Centrality [%]
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p+Pb charged particle Rpps

 Enhanced Rppp seen in all centrality bins.

ATLAS Preliminary
p+Pb L =25 nb” 60-90 %

ATLAS Preliminary

*Rcp (integrated over y*) iy
shows similar features o2
as the jet Rcp

©0-10 %/60 - 90 %
¢ 40 - 60 %/60 - 90 %
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[ Systematic uncertainty ATLAS Preliminary ' ATLAS Preliminary
—— Statistical uncertainty p+p p+Pb L =25 nb”

—— \'s/In\s interpolations -2.0<y"<1.5 \/sTW:s.oz TeV
— = x_/Ins interpolations _ -2<y’<1.5 0-90%
—— 5.02 TeV PYTHIA / In\'s interpolations e using pp interpolation

—+—0—_+_ .6~ = using pp PYTHIA
N _+__+_—+——+-

7 TeV /5.02 TeV

* p-p charged particle cross-section measured
at2.76 TeV, 7 TeV, interpolated to 5.02 TeV

—Three different interpolation methods tested

* Rppb measured using PYTHIA baseline shows
same result obtained with interpolated p-p.

52
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Event plane angle correlations (2)

e Also measure multi-plane correlations
—Generally {(cos (c1®; + 2¢co®3 + ... + le;Py))
= with c1+2c2+...+1lcg=0
—In particular, 34-plane correlations
= (cos (c1P1 + 2¢co2P; — (c1 + 2¢2)P3))
— Also poor agreement with Glauber

(cos (2@ + 4P, — 6¢6)) (cos (—10P3 + 4P, 4 6¢6))

ATLAS Pb+Pb —e— (cos(z®)) data 3 ATLAS Pb+Pb —e— (cos(z®)), data ATLAS Pb+Pb —e— (cos(z®)), data ATLAS Pb+Pb e— (cos(z®)), data
cos(Z®d)) data N cos(Z®)) data Vs=276TeV  _g— (cos(z®)) data V5\=276TeV _g (cos(=®)) data
") =
" (

cos(2d*)),, Glauber N =7 ub’ cos(z®")), Glauber cos(2®*)), Glauber Ly =7 ub™ — (cos(z®")), Glauber

cos(=d*)) Glauber cos(=d*)) Glauber cos(Z")) Glauber

cos(=d*)) Glauber

(cos(2® -6@,+40,))

~
o
S
[¢e]
e
~
e
<
¥
~
=y
o
—
-
(22}
o
o
~

<COS (2(1)2 + 3@3 — 5¢5)> <COS (2(132 — 6(1)3 + 4¢4)> 53
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Charged particle Rpps

ATLAS Preliminary
p+Pb L'm=1 ub’’
18,,,=5.02 TeV

¢ ATLAS ly*I<0.5, 0-90%

$ ALICE In__|<0.3, MinBias

2 4 6 8 1012 14 16 18 20 22
p, [GeVic] p. [GeV]

* Good agreement on (almost) minimum-bias
charged particle RpPb

=Beware differences in event selection
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ATLAS Preliminary
\S\=5.02 TeV, L =30 nb”

1< p:’b<3 GeV

J .’ ‘
SR NN
LS \\\‘

,,o’s \‘\\“
SRR
2 RN

\\“\\,¢ “ ““ \\\‘

»
W ,
RO
N

* Good statistical precision on development of
the ridge(s) out to high event multiplicities
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Peripheral subtraction

A5 \‘ Y r”’(‘“\\
R W
‘\\‘\‘}}\‘/ / \\}\ "

6l ATLAS Preliminary 2<IAnl<5 (C).
VSp=5-02 Te;v t<p
L,, =30 nb
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* Apply peripheral subtraction to remove recoil
contribution
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Integrate v2 vs n

[ method: 1 Pb+Pb |s,=276Tev | ATLAS I

[ e TKTp>007GeV 1 prgpxT:L =05ub" | lagwedoe,gg
- OPXTp >0.1GeV _L TKT: L =1pl.nb_1 lew weeds gl
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N
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centrality: 3-15% 1 centrality: 15-25% 1 centrality: 25-50%
- Oo I I
CMS 2.5-15% t ATLAS i

ATLAS TKT method 3 %#%%
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Pb+Pb W: control distributions

LI L L L L L UL LS B
I I T T T T
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Pb
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Pb+Pb nearby jets: analysis

I
: ATLAS Preliminary —#— Raw | | anti-k, d=0.4 :
i Pb+Pb 2011 —e— Combinatorial background 0.8<AR<1.6 |
| \s\w=2.76 TeV —4=— Subtracted
7 —014nb" —4— Unfolded
int— ™"

E'>80 GeV |
® 30<E}"'<45 GeV |

¢
]

dR, /dET" [GeV™]

40-80%
Centrality

* Result for the differential neighboring jet yield
at various stages of the analysis (lowest prT)
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Charged Rppb

0_2.2\\\\\‘ T T \\\\\‘

o

ATLAS Preliminary
p+Pb 2013
s =5.02 TeV

NN
0-90%
-2<y*<1.5

ATLAS Preliminary
p+Pb L =25 nb” ® Jet triggers

n
/S =2-02 TeV ¢ MBTS trigger
-2<y*<1.5 0-90%

— Total

— Track selection

—— Non-primary fraction

—— MC statistics

— P resolution

— — Jet trigger

— — Material budget
Period dependence

2

1.8

1.6

1.4

1.2

Systematic Uncertainties

1

| ATLAS Preliminary 1 1
L p+Pb L =25nb" 60-90% | 20-30% | 0-10 %
int 1 1

B Vs =5.02 TeV
NN

-2<y*<1.5 ’_|*_
| 4T
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e Observe non-zero
vi1 in p+Pb
collisions
— Similar to Pb+Pb,

changes sign with
increasing pr

— Extract v41 using
same procedure
applied to Pb+Pb

=0bserve that v1
factorizes

=Evolution from
negative v+
below ~ 2 GeV to

positive above

Thursday, May 22, 14

-9-1<p:<1.5GeV
+1.5<p:<2GeV
%2<p$<3eev
+3<p$<4eev
—9—4<p:<SGeV

+0.5<p:<1 GeV
%3<p:<4GeV
' —0—4<p$<5GeV

ATLAS Preliminary

\s\=5.02 TeV
L,.=30nb"

ATLAS Preliminary

VS=5.02 TeV
Ly,=30nb"
p+Pb

2<IAnl <5

-




Jet Raa: Rapidity dependence

* Why should we expect a y dependence?
—y dependence of primordial parton spectrum:
=jet spectrum steeper with increasing y
—variation of quark/gluon ratio
=ql/g increases with increasing y

anti-k, R = 0.4 jets ATLAS internal

*0-10% ™30-40% *+60-80%
VS = 2.76 TeV

eObserve no

systematic

variation

with y
=Theory? NS orappdan Ly =dop! N
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Event plane angle correlations

* Measure event plane angles, ®,, event -by-
event using ATLAS calorimeter (arXiv:1403.0489)
— Evaluate (cos (jk [®, — P,,]))

=corrected for event plane resolution.

=In 5% bins of centrality + 1% bins over 0-5%
— Compare to Glauber only (here)

=Poor agreement

ATLAS Pb+Pb —e— (cos|
YSw=2.76 TV —g— (cos

Ly=7ub’ —— (cos|

ATLAS Pb+Pb —e— (cos(z®)) data
IS\=2.76 TeV _g— {cos(=®)

Ly =7ub" —— (cos(z®*), Glauber

ATLAS Pb+Pb —e— (cos(z®)), data

\sw=2.76 TeV  —g— (cos(z®)) data

Ly =7 ub’ —— (cos(z@*)), Glauber

(cost 2(0 P )
(cos6(®,-@;))

), dat
) data
)

)

— =~ (cos — = (cos(z®*)) Glauber X — = (cos(=®*)) Glauber:

f

ﬁ'a!aﬂaﬁ .

........ g N

7,

(cos (4 [®2 — ®4])) (cos (8 [Py — ®y4])) (cos (12 [®2 — ®4])) (cos (6 [Pz — P3]))
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Cumulant v2 vs

ggggggggggi @@@ﬁ@@@@@@‘

15-20% :' 20-25% _:

E@@@@@@@@QQEQ@%ﬂﬁ@ﬁﬁggéﬁﬁﬁﬁﬁﬂﬁﬁﬁaé

'é@@@@@@@@@@;@mgggggggg_@aﬁﬁ&ﬁ%ég@

4o 45/ -1

&§§§%§§§§§§

T ATLAS Prellmlnary

Pb+Pb \'s,, =2.76 TeV

T Ling =7 Mb-1
0.5<p_<20 GeV
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Cumulant, E-by-E v2

- O v, 2} I * {4}

e O O vi2,EbyE} i R O v&@4,EbyE}
B ®) o LS

L @) L ‘50 o

[ Ry f o #®

ATLAS Preliminary - ATLAS Preliminary

Pb+Pb \s,, =2.76 TeV S 051 Pb+Pb s, =2.76 TeV

L ~7ub" M<25 OOO@ - L, ~7ub’ M<25 a
0.5<p_<20GeV 0.5<p_<20GeV -

I O N N N N N R : L 4 \\\\\\\\\\@

O V{23 (2,EbyE} : .05} * V{45 {4, EbyE}

Hy HARAR 808 N

200 100 200 300 400

(N,

Comparison of 2, 4, 6- [ & v

particle cumulant vn Fpetea, O WS
values to those . ATLAS  Preliminary

Pb+Pb \'s,,, = 2.76 TeV

calculate using e-by-e Ch Lge7ab! m<as T

0.5<p_<20GeV &4

measurements o R S

calc

7o VA{B)VS {6,EbYE}
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Cumulant, E-by-E v2(2)

Q B 9 5
T 1.06f *+,{6} / v {4} S 1.06f ¢ vge(6,EbyE} / v3°{4,EbyE}

1.04F
1.02F
1=
0.98f

0.96; LAS Preliminar : ; ATLAS Preliminary
0.94F Pb+Pb \s, =2.76 TeV 94F Pb+Pb \s\, =2.76 TeV

L. ~7ub’ <25 = L. ~7ub’ Ml<25

Ov,{8}/ v.{4} R ® v3°(8 EbyE} / v3* (4,EbyE}

int int

0.92f :
n 05<pT<ZOGeV n 05<p <20 GeV
Olg_l |1 - I Ll 1l I Ll 1 | I Ll 1l I Ll 1l I Ll 1 | I Ll 1 1 I L1l II i N R I Ll 1 | I Ll 1 | I Ll 1l I | I L1l II IIIIIIII I

0O 50 100 150 200 250 300 350 400 50 100 150 200 250 300 350 400
<Npart> <Npart>

e Comparison between v2{4}, v2{6}, v2{8}
— Left: cumulants
— Right: event-by-event
=Good agreement
=Probe of flow fluctuations
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Cumulant, vs, v4 fluctuations

T ‘ T T T T ‘ T T T T ‘ T T T T | T T T T ‘ T T T T ‘ T T T T ‘ T T T T
. ® ATLAS preliminary cumulant method | - @ ATLAS preliminary cumulant method -

| —— Glauber

.

O ATLAS - EbyE
— Glauber

ATLAS Preliminary } -~ ATLAS Preliminary

ml<2.5 0.5< p, < 20 GeV i - Iml<2.5 0.5< p, < 20 GeV
1 1 1 1 ‘ 1 1 1 1 ‘ 1 1 1 1 ‘ 1 1 1 1 1 1 1 1 ‘ 1 1 1 1 ‘ 1 1 1 1 ‘ 1 1 1 1
0 100 200 300 400 0 100 200 300 400
<Npart> <Npart>

*v3 and v4 fluctuations agree well with the
event-by-event results

=Not described by Glauber or MC-KLN

Thursday, May 22, 14



~ ATLAS Prellmlnary
 Pb+Pb \s,, =2.76 TeV

A D0
@//// 7/ 070
/.

Cumulant V3, V4 VS n

-1 i
L..=~7 ub, O.5<pT<2OGeV §

ATLAS Preliminary
Pb+Pb \s,,=2.76 TeV ]
Liw=7 ub”, 0.5<p_<20GeV |

s
O 8 & y
FFSTT S S
(IPPPD % sy Y
S VI IS

{:) o A A, 7
IIIIT IS /S S L Ll
I, A2 s 5 S
Il 5% - 559, AN
I, 2 m IS
LT
LLLLLLL Y

A 7 //////////,KZ) 5;; (:)
/////////////////////
Ky Y
7552
P, W
e, I g
% A
00

 —

e V.{EP}
O Vv4{2}
0-60% * V5{4}
| ‘ | | | |

2 40

*N dependence of v3, v4 averaged over large
centrality interval

- OK, because weak dependence on centrality
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Cumulant v2 fluctuations

I T T T I I

. 2 5/ N T T T T ‘ T T T T ‘ T T T T ‘ T T T T |
ATLAS Pre“mmary ¢ 5-10% . L ® ATLAS preliminary cumulant method-

—Pb+Pb |s, =2.76 TeV x 10-15% O ATLAS-EbyE
o7 b 0 15-20% _ Glawer

| —— MC-KLN

O CMS

int

4= 20-25% i
[125-30% - ATLAS Preliminary

* 30-35% ’ - hql<2 5 O 5 < p < 20 GeV

1 I 1

6 b 700 200 300 400
p, [GeV] Noart

e Evaluate flow fluctuations
using the cumulant and
(previous) event plane “v2

v, {EP}2-v, {4}
59 v, {EP}+v, (4}
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. @@ O v{2} L
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Hy HARAR 808 N
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(N,

e Comparison of 2, 4, 6- [ & we

particle cumulant vy Ftre, V(6. EbyE)
values to those . ATLAS  Preliminary

Pb+Pb \'s,,, = 2.76 TeV

calculate using e-by-e Ch Lge7ab! m<as T

0.5<p_<20GeV &4

measurements o, R

calc

7o VA{B)VS {6,EbYE}
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Jet Rcp comparison

—e— 2010 stat. @ sys. error, L =7 ub’
—=— 2011 stat. ® sys. error, L =140 ub”

lyl<2.1 0-10%
] ] |

|
anti-k, R = 0.4 Hl jets ATLAS Preliminary
\'Syy = 2.76 TeV
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| |
ATLAS Preliminary ——0-10% (x 10°) - ATLAS Preliminary —e—0-10% (x 10°)

anti-k, R=0.4 jets, |5, =276 TeV _m 10-20 % (x10%) - anti-k, R =0.4 jets,\s,, =276 TeV @ 10-20 % (x10°

[ nb/GeV |
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Pb+Pb jet Raa vs Npart

| anti-k, R = 0.4 jets ATLAS Preliminary _

i 63 <p_<80 GeV i 80 < p_<100 GeV

2011 Pb+Pb data, L, = 0.14 nb”
2013 pp data, L, = 4.0 pb™

1 1 1 a 1 1 1 1

1OO<pT<126GeV ly 1<0.3_ 126<pT<1SSGeV ly 1<0.3 ]

0 50 100 150 I I 300 350 400 50 100 150 250 300 350 400

(N_ ) (N_)

part part
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p+Pb Rprs scaling

det=27_8 nb'1 ) i TR ’I’ +2.1 <y*<+2.8 + +0.8 <y*<+1.2

p+Pb \ sy, =5.02 TeV
anti-k,, R=0.4

+ +1.2<y* <+2.1 + +0.3 <y*<+0.8

1000
p. x cosh(<y*>) [GeV]

escaling with pr cosh(y) less clean in Rppp
— Errors larger, p-p interpolation, p+Pb y shift, ...

=but still present for both peripheral and central
collisions

76
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Pb Pb Vn correlatlons

T T T T ‘ T T T T T T T T I T T
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Pb+Pb vn scaling, decomposition

C_IIII|IIIILIII‘|IIII|

o—©®
o*®
- n
m = T
n ¥ |AnI>2
[
O.5<pT<2GeV

oY
V(gn} from Glauber

i_
P
o |

ot

ATLAS Prelim.

F_z 76 TeV j

L —7ub1

Pb+Pb

"‘[‘]:2
& n=3
4-n=4 linear  %“n=4 |

= n=5 linear < Nn=5 |

0

e Evaluation of v, scaling, with and without the

100 200 300 400
N

part

[An|>2
0.5< p, < 2 GeV

¢
WY L
¢

\/(?n)from MC-KLN i
o i i -

Pb+Pb
ATLAS Prelim.

F_z 76 TeV j

@ n=2 L, =7 ub’

- n=3
—4-n=4 linear

“*n=4 1

- n=5 linear %n:S_
IIII|IIII|IIII|IIII|

0

100 200 300 400
N

part

non-linear flow contribution
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Pb+Pb qgz-selected vn(pT
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p+Pb 2-particle A vs pT

L
:<1GeV
A 1<p:<3GeV

- 0.5<p

- 1<p_T_<3GeV - 3<pi<4GeV - 4<p:<SGeV
__.Ycorr(Aq)), NC = 220 B

ch =
L recoil corr
L oY EOLYperi(A(I))

[ 2<IAnl <5

Per-trigger yield

O
2

|

!

[ 5< p? <7 GeV
- ATLAS Preliminary
| Y50=5.02 TeV
L, ~28nb"
p+Pb

i 9<p: <12 GeV

ke
Q0
>
—
(0]
(@)
Rey
=
]
o
(0]
o

...................... - 0

1 I--I -I- I 1 1 1 1 I 1 1 1 1 I
2 3 0 1 2 3

Ad Ad

e Clearly see the symmetric ridges even for
pt > 9 GeV!
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Peripheral subtraction

*Scale up the peripheral conditional yield to
match more central bin in the jet peak

[ T I T T T ‘ T ‘ ]
- O YeenratN[; = 220} (b) 1A¢l > 27/3

- O YeennaN}, = 220} (@) IAGl < /3 -

[ B Y°°"{EPb =10 GeV} 1< p:b <3 GeV N

peri

e YCO"{EPb =10 GeV} 1< p_T_'b <3 GeV N

peri

[ aYer ATLAS Preliminary :

B peri

= \'syn=5.02 TeV

. _@ corr corr
Y oY ~28nb "' p+Pb

central peri L.
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Near-side per-trigger yield
Away-side per-trigger yield

—— . —T=
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1< pT <3 GeV 2<lAnl< 5 ATLAS Preliminary
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