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Introduction

ner-m

* Original motivation for p+Pb collisions:
— to calibrate Pb+Pb measurements,
— to understand initial state effects,
— to study nuclear PDFs,
* ATLAS results in “soft sector”:
— Charged particle spectra and multiplicities, Rppp
— Glauber-Gribov analysis for centrality
— Ridge and flow
* ATLAS results in “hard sector”:
— Charged particle spectra at high-pt
— Z-boson production
— Jet production
... quite a lot of unexpected seen!
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Input data, rapidity convention
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*1 pub™ of 5.02 TeV p+Pb Minimum Bias events collected during September 2012
30 nb™ of 5.02 TeV p+Pb, with various triggers in February 2013

*188 ub™* 7 TeV pp Minimum Bias events

collected during April 2010 Interpolation of pp data

*202 nb™ 2.76 TeV pp Minimum Bias events >~ to get 5.02 TeV reference
collected during March 2011

—
Convention, up-to first measurements
of charged patrticle yields: measured rapidity
y*=y+y
Yoy = 0.465 5; -
E=4TeV E =1.57 TeVIN

“ _'
=0

<0 >0
! Vs, = 5.02 TeV !
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Soft physics
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Centrality and
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Pb
O ]
. . . . . = =1 T ATLAS Preliminary :
* Centrality determined using ZE+ in Pb-going o, 107 ‘x\ p+PD, Sy =502 TeV, Ly = b =2
forward calorimeters (n < -3.2) — U sl RN i
s
« [T, Ldetermined using Glauber and g 107 E
Glauber+Gribov model 10° L -
— Glauber: - .
I — 10° ¢} =
- fixed g, (0= 70 £ 5 mb) h A e E
« ® incoming proton is off-shell between SE7” [GeV]

successive interactions!
— Glauber+Gribov model:

- allows for event-by-event fluctuations in o
- fluctuations quantified using parameter Q

* two choices for Q (Q=0.55, Q=1.01) based on extraction from experimental
data (see PLB 633 (2006) 245 and PLB 722 (2013) 347)

— Glauber and Glauber+Gribov model can reproduce the measured centrality
distribution => determination of (T, Uor IN__ [ = [T, o, +1

@, = 70+ 5 mb

NN ’

part
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Initlal measurements of

A
T
T _
A
: charged particle Rppb
o _I_IR ( o *) . | I/NEVI dzN}H—Pb/dy*de LI I N L |A|T|L|A|S|-C|9I|\"|:-|2|O|13|-|1|OT T
oo [T T Ty T B /dytdpn 1 ATLAS Preliminary -
2r T p+Pb L =Tub" 1
I + 0-1% \"S—w=5.02 TeV ]
: 1 1 1.5<y'<2
. ,&% 1 feo-ox 1 :

i A

[ . | ’ ’+ —
1 _.. !‘:-j:]i[ rén fi—._
_‘ .' oty ’ﬂ-"*r —

‘/.J_r\"_'_'—'_'_'_l— i -L
0.5 _! Glauber-Gribov Q=0.55 'J Glauber-Gribov Q=1.01

15 20 5 10 15 20 5 10
p; [GeV] P, [GeV] p, [GeV]

* Increase between 0.1-2 GeV, decrease up to ~8 GeV, flattening above 8 GeV.
» Three different geometrical models used to extract [T, []

—> very different magnitude, but ratio of Cronin region to plateau stays similar
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Charged particle multiplicity
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S 8F a714S Prefiminary 'm ¥ o - 5__'0% Ta;%\él_- Ch_arged par_t!c!e multlpI|C|ty_per participant
§ gptPbl =1 _wm_ @ e T | pair ... sensitivity to the choice of the model
S | 3 EEET%Lw | toextract IN_ [
::C |- % : 2 E% [a](AICA] e -27<n<27] O extrac part
< L ; éi%i ?OJ_' - Glauber case: strong increase with IN__ [
= Glauber o -l<m<
T A-27<m<-2 7 .
- | = | | +{ e« Glauber+Gribov: only weak N
8 ATLAS-CONF-2013-096 part
6 - _ dependence
= B % M M ™M ; & | i i
4 rEEe " ... N, scaling observed previously
2 Glauber-Gribov Q=0.55 _ 30__ | PHOBdS 2605 —:
gC + } + } + }_ =N 25'_ N
i ] N - -
6| ¥ | HELS §+ + #+ + ’
. e T ¥ v bt TR ® 200GeVd+Au -
4+ S =l - ;‘5 - O 200GeVd+Au MinBias
A & | 10— _|
2+ — 5__ A 200 GeV p + p inelastic ]
| Glauber-Gribov ©=1.01 ] - A 200 GeV p +p NSD ]
L | L | L | 0 ] : — |
% 10 20 30 1 10 10°
(N_ ) ( Npart )

part
—> Clear need for understanding of fluctuating nature
of nucleon-nucleon collisions and geometry of initial state
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Charged particle Rppy .

Ratio

52-2_I T \Ill T T T

[ ATLAS Preliminary
L .

2? ?+F’D Lim_25 np

L \.'s =5.02 TeV

L NN

-1<y™<

10
pT [GeV]

= s
- [ Systematic uncertainty
25 — SEUSUCEI uncertainty

T —— \s/In|sinterpolations

oL T XT/ In\'s interpolations _

1.5 E:.__._++_+_+

—— 5.02 TeV PYTHIA / In\s interpolations

+ | 7TeV/5.02TeV

T =
ATLAS Preliminary 7
p+p 7
-2.0<y*<1.5

-

D e

L ———y —— g
———

15

* Ratio of 0-90% p+Pb spectra to interpolated pp

Ccross-section

* Three different interpolation methods of 2.76
TeV and 7 TeV cross-sections used to obtain

the reference

* Seems to be confirming CMS observation of
large enhancement at high-pt

ATLAS-CONF-2014-029

| ATLAS Preliminaﬁry 1
- P+Pb L =25 nb~ -2<y’<-1 |

[ \|/ s =5.02TeV
» NN
- 0-90%

-0.5<y*<0.5

0.5<y*<1.5

Hard Probes 2013

B 2.76 TeV / 5.02 TeV ] 05 [ | —+ | | — |
ol | L L L L HIZ i — L L """2 L1 ”2 ”2
10 10 10 10 10 10 10
p. 1GeV] p. [GeV] p_ [GeV] P, [GeV]
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Collectivity in p+Pb (*Ridge”)
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ATLAS  p+Pb \5,=5.02TeV
JL=1up" 05<p™*<4Gev "

(a)

rEP<20 GeV O\ ZE*>80 GeV

=1 =
z | &
< 1 = .-
] | O

PRL 110 (2013) 182302
PLB 725 (2013) 60-78

L F i ATLAS piPb |s,=502TeV, [L=1pub" ] ATLAS-CONF-2014-021
& 10 ? P [ central E
ur 107k [ Peripheral ] * Discovery of double ridge
5. ioef B structure in
5 . p+Pb events
i 10 E E * Influence of the away-side jet
T 10°L 4 estimated from
-------- ] events

0 50 100 150
YEY [GeV]
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Ridge, more detalls —
per-trigger yield

Y(Ad, An)

Pairs per
trigger
article

(S(A@")-. An) )

}ISUbLAQ{), A??) — }ILA!’D. A?}F) . Os}fcorr(id;-_ //_\‘:,])

TRax B(Ag, An) peri
o) T T T T }fN—Peak
T 11.6 ATLAS Preliminary 2 <an| <5 (C)_ Background oo
> - e — ; rN—Peak
5 \'Spn=5-02 Te;V 1< o™ <3 GeV @Q 3 from mixed }peﬂ
=X - L.,.=28nb T Q) - events
2140 " o 7 - B(Ad, An)dAddAn [ S(Ad, A
= - P+Pb o= v(a0) 1 s | Scales the near- YOI (Ag, An) = | B(A¢, An)dApdAn (Ag, An)
y [ i side correlation o TRax B(Ad, An)
1.2 - to the yield in a
i ] given centrality — bzmm)
11-— h class PN
i : Subtracting
- | | L s pedestal from
0 1 2 3 uncorrelated pairs
A¢
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Ridge — integrated
per- trlgger yield
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16 ATLAS Preliminary 2 <An/<5 (C)_]

31
2 1.6
5. =5.02 TeV
S [ VS 6; 1<p' <3 GeV ,@
o) -~ L,=28nb T @
211.4 [0
g P+Pb oY (A0) ©
o oY) P

0] nt = / Y (Ag) d|Ag|
2

w/3
Yint = j Y (Ag) d|Ag] 112
0 2w /3

Near-side 1
integrated yield

Away-side
integrated yield

AT R . S
e

‘g‘ [ T T T ] | T T T T ‘g i T T T T | i
S [ ATLAS Preliminary |Ad|<m/3 (a) > |Ad|>27/3 (D)
| \Sy=5:02 TeV,L = 28np" | - $ .
061~ 1<p]<3GeV Ny z200 1T b
- 2<|An|<5 - 220 < N}’ < 260 A - T
I —=- 180 < N[} < 220 | i 7
04l —E|—140<thc<180 . [ ]
I —— 110 N < 140 I |
- - 0.5+ —
- . O
0.2 - -
i | - Grows with pt due to
- . L contribution of dijet
L § 1 - recoil component
1 | Y I .
0 5 10 0 5 10
p? [GeV] p? [GeV]
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Ridge — difference
of mtegrated per trlgger ylelds

g0.8F —T = z0.8F | —
> . > . -
- (a) 1< P <3 GeV 2 < |AT]| < 5 B (b) ATLAS Preliminary ]

I - I i s, = 5.02 TeV 1

o6 * Near: |A¢|<m/3 e 0.6 \'Sy 7

- —& Away: [A0|>27/3 - . - L~ 28 nb”’ -

i - J i J

L —— Difference u } . p+Pb " o

0.4 peri " — 0.4+ u _

i —i— ochm - u P ¢ ] i . [} . i

o T o0 2000 300 o 100 200
N EF’ [GeV]
* Difference between near-side and away-side integrated per trigger yields evaluated
as a function of two centrality measures: number of charged particles, total FCal Et.

* Difference of yields compared with the estimated recoil contribution in the away side.

* Slow variation of the difference with centrality —> a presence of component of the
same magnitude in the near side and away side
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Flow
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T T T T T T T T T T T T I T T T T T T T T T T I T T T T I T
- [ NG = 260 1t 220 < N§° < 260 ][ 180 < N[’ < 220 ]
Zoqs  1<pl<3GeV,2<pn<5 [ cMs, 220<N°" <260 [ ]
- (] =21r i off 1r ° .
i .. ¢ ; 2:3 i : ’.".‘ VZ’ Nnk<20 sub. : : ® [ ] <__ v2_V5 VS pt
[ —-n=4][ ® o=V NT0sup, ][ @ - ™
0 ® ) Sk (W ‘. T e o ]
o o0 iTe oo TS 8 ) V. Vs bt
0.05-> o 11é 57 © L] Lo 7L @ ] 1VSP
e o 1le 1fe ° ]
ve 7ARSRUL B (T -
[ Cue¢ | RR 1t "# ]
o) 7 S + ..................................... I RN YN 1 ¢HE ...................................... _
r . . - v by e R | N S L [ L e I 3
[ T T T T T T T T |__ T T T I T T T T T |__ T T T T T T T T T |_ >\— L NLT]CEZZO 2<mn‘<5 -
- | 140 <N < 180 110 < N2 < 140 ] 80 <N <110 | 0.15— X -
= 1t 1F . @05 <1GeV i
0.15 ATLAS Preliminary | [ 1t ] - <DPT ¢ ° -
5. =5.02 TeV 1t 1 ] L5 3 <p <4 GeV -
il \iNN~ 28 nb"e 1L % 1I ® ] 0144 ; 5 GeV -
o [ ] [ int™ 1F ® . 1F ® @ - * < pT< e *
0.1~ p+Pb —HF HF [ ] [ ] - - i
- .. ° 1 @ 11 @ ] - ATLAS Preliminary * -
[ . o iy ]
- @ E B 0.05/— \sy=5.02 TeV —
3 ofo s P 12008 | o |
0.05+ o JL® 0O 1r® o o _ L Ly=28nb 4
® 0 4 e +% Y : e 0 ]
@%ﬁ ] :ﬁ#* + e 4 + ] o e ®
i B R R | A At Aol B N i Q‘Q$$ ]
[ L L L | L L L L | | 1 1 1 | I I I 1 | | 1 1 1 | 1 I I I | ] i /\ | | | | | | | | | | | [
0 5 0 0 5 10 0 5 10 0 2 4 6 . 8
p? [GeV] pj [GeV] pj [GeV] p? [GeV]

 Fourier coefficients v,-vs extracted using two particle correlation method.
* Significant v,-vs observed with similar trends as observed in heavy ion collisions.
» Excellent agreement of v, and v; with results from the CMS Collaboration.
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Flow In p+Pb vs
flow In Pb+Pb

ner-m

I—‘ pt rescaling h

o 02k p+Pb 220N <260 JE =B PbePb Centralty 55.60%, \r2 p . 250, 66_ * BasaH'Teaney: p+Pb should
ot & 44 Oo f’”’*p“ coy s 1 E be rescaled to account for a
r O ® c 1 ] .
00 0° R 1 o : difference between mean pt
Do e o & e« "3  inp+Pband Pb+Pb.
OFooios i A Iéf‘__s______?r?_'!m!_”ary_ __________ E _ATLASPfe"m'mw ______ E :
- - ' * After rescaling same shapes
Py [Ge\/] P, [GeV] .
T T T 1r . - _ observed => long-range ridge
>m 01 p+Pb 220 <N; <260 1L -8 PP Cenlramy 55-60%, vg(p /1. 25) ] . . . .-
e » 5 Pbupb Cenaty 55.60% | [ I ; correlations in high-multiplicity
L 1L || .
oosk Ooff' 00 ¢¢ 1 & Toa . ; p+Pb and peripheral Pb+Pb
?-C’ $ : :f ' b ] driven by similar dynamics.
oS ATLAS preiminay  AF€ ATLAS Preliminary
0 5 0 5r O
p, [GeV] p, [GeV]
_;'0'08:_ gﬁ @& p+Pb220<N]; <260 _: _ =& Pb+Pb Centrality 55-60%, \r4(pT /1.25)><0.66_:
0.06 ¢¢ + =5~ Pb+Pb Centrality 55-60% ] [ ]
P % 1t . ]
0.04F S ¢ i ui[:] '# ]
i Oc?.‘# + ) 1 ﬁ# + ;
0.02_— ? . _—f' % .
0_9 _______________________________ ATLAS Preiminary 1 dF .....ATLAS Preimnary |
0 - 5I — 1|0 ' 0 — 5r 10 '
p_ [GeV] P, [GeV]
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Hard physics
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Z-b0oson cross-section

dN/dm,, [GeV

180
160
140
120F
100

80
60
40
20

ATLAS Prellmmary
p+Pb 2013
=29 b

E\/Syy = 5.02 TeV

- 1652 Z Candidates
o 52 Same Sign Pairs

[——

%

< Alnlnn e AN a e
80 90 100

& do“ph—*z—- Illdyz [nb]

Cross-section,
Inclusive in centrality

Z—pplZ—>ee

250

dN/dm, [GeV"']

100

50

110 12( %

M. [GeV]

200_

150

300\|||||\\|\|||
ATLAS Preliminary

p+Pb 2013
- L,,=28 nb!

\ sy = 5.02 TeV
[ e 2095 Z Candidates

C o 37 Same Sign Pairs

O
:

>

0 70 80

T
- ATLAS Preliminary

m,, [GeV]

=k
(]

w
O

20
= /—uu
10— o 7/—see
| %
= ATLAS CONF 2014 020
10 B~ %ﬂ#’i’— ................................
05 L L #

p+Pb 2013, L =29 nb*
| \[S = 5.02 Tev

| **W{ﬁ
: :ﬁ ftﬁ

Agreement between

-2 0

) ﬁﬁ: the two channels

Z
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Z-boson cross-section and yields

l 0° Glauber

ePD 2013, L 28 b 3 SEATLASPreliminary p+Pb2013,L =29nb" \S;;=5.02TeV |-
= 30— | \Sy=5.02T€ + + + | % 2_53_ + + + _E
% Pl e " T g
20— o — < - ]
é t iy s 1.5 -
S — — P m .
'8 10— Data || i") 1:— Glauber (Q=0) | —:
_$_ o CT10 Model + ) - s - —@— 0-10% Centrality, (y%)=0.23 = 0.08 * -
L i ’%‘ 05 - —&— 10-40% Centrality, (y?)=0.16 = 0.06 =
2“ N B 40-90% Centrality, (y?)-0.58 = 0.16 =
- | | | = :* — CT10 Model -

o 2 L] ! | | | — 0 i PR TN N TN N TN TN T S N T T N TN [T T TN TN T NN S TN TN SN [N TN TN NN N (NN SN S T I
g - : 3 2 i 0 1 2 3 4
E S L o o eSS T . SR S EJ’E y4

8 FreYT | R E 10 GIauber+Gr|bov

f 2 0 2 yZ 4 <l 3E-ATLAS Preliminary p+Pb 2013, |_ — 29 b \Syu=5.02TeV |7

. . N 25 X + =

* Cross-section inclusive in flavor, 5 IIE + i . ]
. < - . 2pEE ¥

shape differs from MC prediction 2 B | — :
. ] _s 15F .

* Centrality dependence of yields, z E * | ¢ i ]
similar shape for different Ny T E i F s ol ot E
models, but magnitude strongly B 0-55—* T IR 10 500 Contity + =
I ZO = I R R T N .T (IzT.‘IG.M?d(?I | I T T T AN TR A T T N 1 -
depends on the choice of the model S e E e T R
yZ
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Z-boson production vs Ny
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* Z-yield as a function of Npa,

212~ ATLAS Preli | s = — :
13 ey '[“'”ggnb1 A ge?]fr;i;’ @=—==decrease seen for Glauber-Gribov
i 8l e ® ,.j.,‘, =0 B with Q=1.01
s F T * ' z . ) . .
z 6 ;2-%;3{;2-5 s * Ratio of Z-yield and charged particle
< ,[ Glauber (@=0 i - - - -
3o 4 Glauber(@=0) =l ) Uncertainty yields consistent with
o 2 | | | | | B a(Npar-1)/Npar as expected
12— —
0 © = ] l
- XK ] 9
8 m ' . 1 >|= 1X1'0"‘|""|""\"" =
6 — S5 ,oF ATLAS Preliminary E
4| Glauber-Gribov ©=0.55 | < %U 0'9: p+Pb 2013,L =29 nb’’ E
0.8 \[s,, = 5.02 TeV 0-90% Centrality —
20~ - 0.7 =
12" ‘ ' - e
0 & % : 05E 5
8 m € - - 0.4F E
6 * 7 0'3;_ o Glauber (2=0) _;
4+ Glauber-Gribov Q=1.01 _| 02F =+ Glauber-Gribov Q=0.554
— = o Glauber-Gribov Q2=1.01 3
oL ] 0.1 B a((Np -1 )/(Npart> E
0 ‘ 10 ‘ 50 ' 30 % R 10 15 20 25
<Npart> <Npart>
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Jet yields and Rypy,
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+_|108_ I 1T |'|+J|l W T T |AB|||_ o T . T .
E - ‘ *z:az ‘10‘ . j:::’;:ﬂ | e[ *2I<yi<s28  ArslZ<yi<+21 1 ATLAS-CONF-2014-024
=10 v 21<y <428, 10 ¢ 0B<y <03, <10 ] C |££ iﬁi ___________ i;%ﬂ;m%;
;13-\ I VooH2<yt <421, x10° = 12<y" <08, x10° — "o F = s .
- i - . . : 1 - 4F ¢ p+Pb,0-00% g
o 104 - * #8<y <412 %10 op 2.1;1“-1.2, x10 — 04 ATLAS Protimi T epsos calculatic} 4
S L e, PPD (s =502Tev ] P ANAS Prelminey dr - 1 *0-90% Rypp, compared
T i ti-k, R=0.4 F+08<y < +1.2 1 +0.3<y*<+0.8 . i
=10°F =, = rof i I ) 1 to NLO with EPS09
J5 [ == 0 [Ldt=278nb7 i T o cess i
S [ e e 0-90% ] 1o s ~in -~ NPDFs
- eﬁsef;ta*# o = i 1T ]
_ o* == _ i 1 ] .
N ] o4 T 1 *Rypp does not differ
_ = S p
1020 ST T E ity i
[ = T E"Z.ﬁ;*##@ ’ 1 much from unity if
B 9 T R . .
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= > N - _ _
o @ o= T T 1 in centrality, but ...
10°1 & ® T TF ee 1
- - ]
- Ly ¥ = i ! -
10_8__ E - =) Ej a . .
— 7 1 et 5 |
10°F ATLAS i i o Y &
L o o4k P+Pb {5, =502 TeV __f-‘- dt=27.8 nb ]
-12 I Prle|IITI]In|Elr3|a’ Lo T T anti-k, R=04 __prpdt:4'O po” ]
10 20 100 1000 40 100 1000 40 100 G‘11\3!00
e
2
R 1 (I/Nev) d_Njet/dedU*
0-90% jet yields pPb =
ety Toa d? Uf;‘f /dprdy*
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Jet Rppb and Rcp
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S14[ 86y <aa 28Ty <386 ] ﬁ Rcp Ropb K
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mqwiqw *Rcp strong!y \(arles vylth cgntrallty exhlbltlng
I *«{ i i + $ +1  decrease with increasing pt in all three centrality
0.4+ HF 8 .
L -12<y*<-08 L-21<y'<-12 i i
M e i T Q”;, « If Rypp i Unity and Rep decreases then there
1.Opg---===--"" [ o i G . . . -
';' kﬁﬁ ;1 o ! must be enhancement in peripheral collisions
ldt=278nb . .
Ve leape o T L e wrt to pp. Indeed, this is observed.
20 {00 800 20 100 800

o.icevy ° The use of Glauber-Gribov only amplifies these effects.
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* Rcp scales with E~p = pt-cosh(y) in the forward
(p-going) direction

B I P - nan ey bt maa * production driven by x,?
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Conclusions —
— or summary of surprises? ©

ner-m

* Charged particle production: magnitude of Cronin peak and trends in the N~
scaling of multiplicities depend on the choice of the centrality model.

* Charge particle Rypy: large enhancement at high-pt.
* Ridge: significant v, — vs, similar to those in heavy ion collisions.

* Ridge: long range eta correlations and flow in “central” p+Pb collisions likely
driven by the same dynamics as the flow in peripheral Pb+Pb collisions.

* Z-boson: 0-90% cross-section does not fully agree with MC, the production is
centrality dependent.

* Z-bosons / charged particles ~ (Npar-1)/Npar -
* Jet production: Rcp and Rpp, Strongly vary with centrality.

* Jet production: R¢p scales with the total jet energy in p-going rapidity region.

PANIC 2014 Martin Spousta for ATLAS Collaboration 22



Backup slides

ner-m
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P Multiplicity,
: extrapolation to 0 MeV
_g : T T T | T T 1 | T T 1 | T T 1 | L | T T 1 :
5 . 0Z_ATLAS Preliminary BT g 80&9&6\91/#.‘.”“. .
S "V pPbL = 1ub Tt
600 Sy = 5:02 TeV A E
E Y= 0,465 “.Mf-;;m Laserteesass
40" -
30 =
20— -
10~ =
: I — | I I — | I | I I — | I | I I — :
DT 1 2 3
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Multiplicity compared to ALICE

ner-m

C’ | T T 1 | T T 1 | T 1 [ | T T 1 T [ T 1T 1 |
L. [ ATLAS Preliminary 1
Zu 25_ |
go) i i
20 :
150 :
10‘_.ATLAS 0-90% scaled by 7.9/8.44 7

- oALICE [Phys. Rev. Lett. 110, 032301 (2013)] ~

5 -

0_ | | | | | | | | | | | | | | | | | | | | || | | | | | 1 | |

3 -2 -1 0 1 2 3
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Multiplicity for different models

ner-m

— ATLAS Preliminary e
p+PbL = 1ub’

)2)
o

part

< 6 m
_g : _— , |
Z‘E \'syy = 502 TeV Glauber |
= y. =-0.465

.Cm |
.

I
8_ o 0-1%

e 60-90%
6— _|
4 ]
8— _
6— _
4 _]
l l l l l
3 2 1 0 1 2 3
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Glauber-Gribov analysis

’_"Z 0_02 T T T T T T T T | T T T T | T T T T ‘ T T T T ’ﬁ_‘: t T T T | T T T T ‘ T T T T | T T T T ‘ T T T T ‘ T T T T i
6 L ATLAS Simulation Preliminary | 23 107 ;°. ATLAS Simulation Preliminary |
= L p+Pb \[s,, = 5.02 TeV - T g p+Pb |s,, = 5.02 Tev 3
0.015 Glauber-Gribov ©=0.55 | 102 i : gg”u(:)f::jgliigseéio 65 j
; Glauber-Gribov Q=1.01 ; § '::2;:. —e— Glauber-Gribov ©=1.01 §
0.01 - 10°e © e, E
- i 104 A ¢ .
0.005— — - .t +++++++ .
: E 1075 T T*T .
07 RN S TS S S —l J ; ! | | L | [ R t [ i 1 ;
0 50 100 150 200 250 0 10 20 30 40 50 60
GNN [mb] Nparl
(Ttot/00 — 1)
_ O'tot Otot/00
Pp(otot) = p———— €xXp{ — D
Ttot T 00 Q
Pr(oNN) = EP(O'NN/ ) ONN = AT ... constant inelastic cross section

* Estimates of Q based on data at 1.8, 9, and 14 TeV —> interpolation to 5 TeV =>
Q=0.55, corresponding 6, = 78.6 mb

« New results from diffractive analysis from LHC => Q=1.01, 0,= 1725 mb
« For each choice of Q and g, , A chosen to produce g,,, = 70 mb.
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Glauber-Gribov analysis

ner-m

« For fixed N oo SE P~ Npan—fold convolution of ZE P
« 2E_" ~ gamma function:

—
r ATLAS Simulation Preliminary 7]
10° PYTHIA 8, 5.02 TeV |

amma(x; k, 6) = : l(x)k_le_'w
- S T T e \g

counts

fit to gamma function

=> can fit the measured ZETPb X unsatisfactory result 10 ko= 1402, 6, = 3414 _
=> generalized WN-model: x ]

102 E

k(Npart) = ko + k1 (Npart — 2). L |

| | 1 N
-10 0 10 20 30 40 50

6 (Npart) = 9() + 91 10g (Npart — 1) FCal A E, [GeV]

... e.g. allows for possible variation in effective acceptance of FCal due to Npart-
dependent backward shift
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Nepr-pe

Glauber-Gribov analysis

2 T T T T T T T T | T T T T | ‘.I T T ‘. T T T I.l ! T T ‘: Q :\ T T T T T T T ‘ T T T T | T T T T ‘ T T T T ‘ T T T \:
S . ATLAS Simulation Preliminary 7 € u ATLAS Simulation Preliminary ]
9 3 PYTHIA 8, 5.02 TeV o B PYTHIA 6, 5.02 TeV 7
° 107 2 ° 10 T -
- fit to gamma function - - fit to gamma function

102 = Ko =1.402, 6, = 3.474 107 ko=1.231,6,=2677 |
10= E 1oL .

1= = 1= —

. T 11 | B N - =
10 10 20 30 40 50 10 20 200 30 a0 T Io

FCal A E, [GeV] FCal A E; [GeV]
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Matching to the FCal sum Et

ner-m

T T T TS
> ATLAS Preliminary -
O 107 = Pb [ = -1 =
= = p+Pb, L, = Tub E
& - = -
F-u — —
ﬁ 10° =
= - =
s | _
g ' E
10° e E
- m—Glauber a
0l === Glauber-Gribov, & = 0.55 |
E === Glauber-Gribov, Q = 1.01 E

B T T A S AT S S T S RS W
2= 1 T 1 T T T T T T T T T ] ]
C Glauber .
y: IR S
0 :— . \ . . | . . . . | . \ . \ | —:
2 [T T T T I T T T T I T T T T I T T T ]
8 - Glauber-Gribov, Q@ = 0.5 .
{U - -
T g 0800 000000088000000000, oo T SGP Gk —]
= = 090 ._+ | _]
= 0 — . . . | . . R | . . . . | . . —]
2E " Glauber-Gribov, @ = 1.01 | E
10000000000088800000000 55 "~~~ """ =]
. pa TV o4 ]
oE . R T R R . =

0 50 100 150

TEY [GeV]
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Glauber-Gribov analysis

ner-m

—~ 30
E - ATLAS Simulation Preliminary
ECL oc [ p+Pb, {5y =5.02 TeV
~ E Lint =1 “b-‘l *
20 {} {
15 | I J,} }
- gt !
B ¥
10 — ¥ H
- “ Wi
B !01 ¥ Glauber
5 [~ ¢ Glauber-Gribov & = 0.55
B A Glauber-Gribov © = 1.01
0 [ | | | | | | | | |

ﬁg‘gg%@_ﬁg%&aq%@‘ 3%?&2@5 5. 700, 159, a;% G‘Qg%
centrality
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nepr-m

Example of

T

Pb
Centrality Glauber Glauber-Gribov
Q=0.55 Q=1.01
) 00905 | 4235 () | 30673 (0) | s, ()
T, Ob] | s
1| usT (%) | 0B () | e
0-90% | 106.3%;, (fé%f) 107.3 6 (iﬁ.«) 108.5%3 (fé%f)
Centrality Glauber Glauber-Gribov
T @ Q=055 Q=1.01
PhCent | "40-60% / 60-00% | 2.16°00 () | 219700 (-35%) | 221708 (Fer)
EI-Pb|%0—90
0-1% / 60-90% | 5.80*53; (*2%) | 9.003(*(%,) | 11.095(5%,)

Uncertainties:
central collisions:

model + pp cross-section

— peripheral collisions: model + pp cross-section + event selection
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» Corrections for charged particle
: spectra
I chh I Nc“h(pTJ?) P(FTJ?)

2rprdprdy  2nptNeiAn  Aptr  |en(pr.1)

l dN¢h B l Nch([)‘Ta U;Tt )P(}”Tafff; )ﬂ(PTa fo";: )
2npr dprdy™  2aptNewiAys ApT &rn(PT, Y )
ek (PT-Yr) ... tracking efficiency
P(pr b’;) ... purity (to remove fakes and residual secondary tracks)
A(PT.Yx) ... to correct N(y* ) to N(y*) since n —> y* _(no particle ID)
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Tracking efficiency

Nepr-pe

I I *
e iN N iny
> T T T T ' ' > T T T T '
e 1— ATLAS Simulation Preliminary 7 2 1— ATLAS Simulation Preliminary 7
Q@ | p+Pb HUING ] L i p+Pb HIJING i
= T {Sy=0.02 TeV e ] 2 Syn=5-02 TeV m“**_*_t ]
[y e el * *-*'* 3 it — e N o -*-1*
W 0.8~ 0-90% w;ﬁrmur*tmsmw o -—— G 0.8 0-90% f;—;*f::wf.‘motﬁho seeba44 .
. =‘w| -..'_ | L ]
o Y
B == 2 ® - == _* .o ub.‘ E
0.6 _._... .".ﬂ’.d‘.ﬂu-o | 0.6 . .‘.ﬂ.o » ]
- Re ] [ == = i
L - . i L - _
- ad o 25<n<-225 _| | - o e -20<y’ =-1.75 B
047 = = = 225<m<-20 _ 0-4r - = 175<y <15 i
i - ¢ -1.25<n<-1.0 ] B ++ ¢ 075<y’ <-05 ]
o=%= + -1.0 < < -0.75 ] . _—e * -OScy'kSO.ZS ]
O-e% + -025<m<0 02';;_ » 025<y’ <05 ]
O_ 1 1 1 1 | | 1 1 1 1 11 1 1 | I_ 0_ 1 1 1 1 L1 1 | 1 1 1 1 1 11 1 | I_
10" 1 10 10" 1 10
P, [GeV] p, [GeV]

Rec Rec
Prrmar i (1 ? )

NGE”(P%?”, ?7)

ek (PT. 1) = ek (PT,Y)) =

Rec ( Rec )
Primary

NGEH (F?EM : y;rt )
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“Mass correction”

ner-m

NGen(m, pt,y™)
; *
NGE‘H(”IJT" ])T" y;’r) y*:y;

Alpr,yy) =

~—y R I N B = I ' T T T =

% 10= ATLAS Simulation Preliminary J. = 11— ATLAS Simulation Preliminary 7]

@) i p+Pb HUJING al NN - p+Pb HUING A

— i VSyn=5.02 TeV 1 __|_—'—_"‘8'T$'t't,_- = T:W* VSun=5.02 TeV |-

= E L —- ¥ bkt s & ]

O 0-90% 1 8| e GLLCCLEEEEEEEETEEEEL L EYY AN -

ol — | | 2% =

- - o 0-90% .

—o— - 8 ) _

—0.9 0.9~ Fu 7 O =

1 B #’: - .

L - .’.-. e -2.0< y' <-1.75

- 1 —10.8 0.8~ oo m-1.75<y_ <-1.57]

- - ¢ 075<y <05 7

- - +05<y <025 A

- 1 0.7 0.7t 0.25<y" <05

-1 ool e oy ey ey C 1 R B | L oo | L
E/\ N0 ! 2 3000 "o 1 10

Pion acceptance limitations | ¥ p, [GeV]

Correction done using HIJING. Difference between realistic particle composition
and pp enters estimates of systematic uncertainties based on measurements of
particle composition in p+Pb by CMS and ALICE.
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Uncertainties for the multiplicity
measurement

ner-m

Uncertainty 60-90% | Uncertainty 0-1%
Source barrel endcap barrel  endcup
MC detector description 1.7% 1.7%
Extra material | % 2% | % 2%
Tracklet selection 0.5% 1.5% 0.5% 1.5%
pT re-weighting 0.5% 0.5% 0.5% 3.0%
Extrapolation to pp=0 | % 2.5 | % 2%
Particle composition |7 | %
Analysis method 1.5% 2.0% 1.5% 2.5%
Event selection 5.0% 6.0% 0.5% 0.5%
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Nepr-pe

Uncertainties for the charged
particle RpPb at high-pt

Uncertainty on the tracking

Ratio

0.3 N I

9p] — L T T T T T 1 .| |. N
-% T — Total ATLAS Preliminary
‘g 0.25[~ —— Track selection ~p+Pb 2013 ]
5 - o 5502 Tev
Y ~  —— Non-primary fraction NN ]
5 0.2 —— MC statistics 0-90% 1
- = . _2<y*<1‘5 ]
= r P, resolution .
£ 0.15 —— Jet trigger =
% - — — Material budget -
A 0.1 =~ Period dependence s
0.05[ -
(o]
2
10 10

p, [GeV]

2.5

| Systematlc uncertamty ATLAS Prehmlnary ]

- — Statistical uncertainty p+p

- — \|s/In{s interpolations -2.0<y*<1.5

L —— X_ / In\'s interpolations

- —05. 02 TeV PYTHIA/ In\s mterpolatlons

n —4- 7TeV/5.02 TeV
-t

Uncertainties on the
Interpolation; Total uncertainty on
2.76 TeV spectra (gray band)
used for the interpolated results
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Rapidity gap analysis

Nepr-pe

* Diffractive and electromagentic excitations of proton rejected:
— rapidity gap analysis (similar to EPJ C72 (2012) 1926)

— rapidity interval starting from Npb-edge = 4.9 divided into clusters in An = 0.2
— occupied cluster = cluster with p. > 200 MeV

— events with An gap = |r]F,b_eolge Nausierl = 2 rejected
excited proton y* =-0.465 rapidity gap
decays at Pb-going side
-
> . mm '
<0 n= >0
i Vs, = 5.02 TeV i
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Centrality

Nepr-pe

:'_; 100_ T [ 'P' I.' .' T T 104 - T T T T T T T T T T T T ]
S L . ATth_t.;q.?_r?lmmary L jl > Fs ATLAS Preliminary .
& [ ', p+Pb, Sy, =5.02 TeV, L, = Tub 107 ~ il 4
s gl . | < = P, p+Pb, \'s,, =5.02TeV, L, = Tub” 3
bl B ) 103 £ E \1 E
. 1 2 b F H‘H"H‘ _
60— —4 7 ﬁ 10° 3
= m ' _ 2 E E
. . , %L .
- 1 =10 ] |
40 — = = 10*H E
L 1 [ = = =
201 " 10 10° E
0 10°H E
| 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 1 — | 1 1 1 | 1 1 1 "I " | 1 |

0 50 100 150 200 0 100 200
LET” [GeV] TER [GeV]
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Two methods for tracklet
reconstruction

Nepr-pe

— I —_— T T | T |
g ~ ATLAS Preliminary Barrel B 4{13 103 |_ATLAS Preliminary Barrel |
= —1ub’ « data = = = 1ub’ * data 3
E 104 E_pib_ I:E'in{t};THriIr [ 1MC primary 3 E E ?ib_ Iéirlbz!r“:( [ MC primary  J

= E Sy =2-Ys le 1 MC secondary J = E Sy = 2Ue e [ MC secondary -
2% [ Yon= "0-465 [ MC fakes ] =3 [ Vo= 0465 I MC fakes ]
s @ B I T
= T : =
T 10°L _ S 10°F E

s = 3 = F .

B £ 3 i C ]
£ T . = ]
— - . . B —

102 10
-0.01 0 0.01
An

—_— _I T T T | T T T T | T T T T I T T T T —_— T T | T T T T | T T T T | T T
= [ ATLAS Preliminary Endcaps =1 L ATLAS Preliminary Endcaps -
= - -1 * data = — -1 * (data
E B pib_ |gn{[}21TL12r [ 1MC primary E 102 ?ib_ Iéinb;ruz [ MC primary —|

510° | VSuy =2 le 1 MC secondary_| < E VSun =>-Ue 1€ [ MC secondary
=% Y, ,=-0.465 I MC fakes 3 =5 - ¥.,=-0-465 [ MC fakes .
= u ] BE B ]
= - . =
T - ] = - i

R I g =
z. z 10 :

1
10
-0.01 0 0.01 -0.1 0 0.1
An A0
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Extracting flow

ner-m

[ PP(Ag)dAg

T

r*(Ag) =

(1 + Z 20,5, COS(nAQ)
n

SN cos(nAG,) Y™ (A,

_ ~m=1
Unn = N

L=t Y0 (AS)

Un,n (P%, Pt"}) = Up (P%)Un(PtT)-)

Un (pT) = Un,n (PT, PrTef)/ \/Un,n (PrTef, Prff)
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Unsubtracted v, values

ner-m

£ I I e I R B B S I — I R T I R — T 1 T
0.15F e® © 4+ it .
| oea  © o 1 10 _

g ° o O
0.7 Q ar a1 -
[ ]
L i & i
g | 1l ¢ _
: 1| o2 = 11 :
0.05_6 ¢ + —HF GS(D O —_1F —
® o 17 1r o i .
[ o 1 ’f + 11 98 + _
I b _. 1L 1L ]
boorep<scevzepies ([ o T i § g
I ATLAS Preliminary | [ 11
i o U;nsub y‘%:&ﬂz TeV : : = ug”s“h : : -5 'U’EHSUI:' _
_0.05_ _'_ Uz I_ - 28 nb-1 - _._ UE %) t%) = _._ U_q —
oM™ T T 1 T TR T B R SR SRR
0 5 p+Pb 10 0 5 10 0 5 10

p? [GeV] p? [GeV] p? [GeV]
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Vi

0015 X ATLAS g 2_5 L o o %
- ET Negative recoll + positive
0005 TRA L. uou oy % dipolar flow
ey,
L
L 2030% C [ e e o e ©
C S ot
0.01— ": :5_ oo o9 " ¥
?]]{Z} k1 . L P ‘#E — | | I \ | I T | | |
COOE %, TRawo o X R T 015 NG, > 220 2<[An|<5 -
o 2 ] 15— —
_ o e e e e e @ 05<p°<1Gev |-
> [ 40-50% e 05p% phel Gev ] - A b L i
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C o« — 2<p;,p$<3 GeV ] 017 b ]
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