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Physics motivation
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Observables
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-Charged particle R

l l/N:.‘f\-’t dENﬁ-}-Ph/dUd]JT
(Tpp) d*opp/dydpr

RpPhU}Tﬁ U) —

« Charged particle R,

<TPb.P) ( I /Nm-‘t.{:.‘ )dz N‘;_H Pb.C /dl'}d[}T
(Teb.c) (1/Newtp)d*N . pty p/dipd pr

Rep(pr.n) =

* Charged particle pseudorapidity distributions

dN,, /dn (AN_/dn| )/ (dN_/d )

cent. ch n |BD-QD%
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ATLAS Detector

Muon Detectors

Tile Calorimeter Liquid Argon Calorimeter

2.1<|n|<3.9

In|<4.9

BTS

A ...calorimetry

In|>3.2E ...Forward

calorimeters

In|<2.5 1 ... tracking
; <

Toroid Magnets Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker
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Input data

*1 pub™ of 5.02 TeV p+Pb Minimum Bias events (~ 2.1 x 10° events after cleaning)
collected during September 2012

*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

-

measured rapidity

y*=y-y
yM=-0.465¢ o

E =1.57 TeVIN E=4TeV
' > =mm '
<0 n= >0
! Vs, = 5.02 TeV !
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Event selection
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* Events selected using the Minimum Bias Trigger Scintilators (MBTS).
* Pile-up of ~10° reduced 10™ by rejecting events with two or more good vertices.
* Diffractive and electromagentic excitations of proton rejected:
— rapidity gap analysis (similar to EPJ C72 (2012) 1926)
— rapidity interval starting from Npb-cdge = 4.9 divided into clusters in An = 0.2
— occupied cluster = cluster with p_ > 200 MeV

— events with An | > 2 rejected

gap = me-edge cluster
* Total 2.1 M events = 98% + 2% of inelastic events.

excited proton y* =-0.465 rapidity gap
decays at Pb-going side
-
—)> ; < '
<0 n= >0
i Vs, = 5.02 TeV i
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Centrality and [T,
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 Centrality determination
— Total transverse energy in Pb-going using forward calorimeters (eta < -3.2)

— Eight centrality bins: 0-1%, 1-5%, 5-10%, 10-20%, 20-30%, 30-40%, 40-60%,
60-90%.

» [T, ,Ldetermined using Glauber and Glauber+Gribov model

— Glauber:
- fixed g, (0,,= 70 £ 5 mb)

* @ incoming proton is off-shell between 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__.[F [T, Ho,,+1

6,,,C= 70 £5 mb

NN ’

part
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Example of
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T

Pb
Centrality Glauber Glauber-Gribov
Q= 0.55 Q= 1.0l
. 60-00% | 42.33%(Yg,) | 366733 (%) | 34473, (%)
T, O[b”] | o
01| 245 () | 303(3E) | 3R ()
0-90% lﬂﬁﬁigﬁ(fgﬁ%) lﬂ?ji;ﬁ(jgﬁ%) lﬂgﬁiﬁA(fgﬁﬁ)
Centrality Glauber Glauber-Gribov
Q=055 Q=101
Erpb Igent o . a7 7 16+0.09 (+4% 7 19+0.04 (+2.6% ~1+0.05 [ +2.4%
40-60% / 60-90% "lﬁ—ﬂﬂﬁ{—BﬁJ ‘ --lg—ana(_zqea)‘ ---l—una(_zﬁﬁJ
EI-Pb@0—90
0-1%/ 60-90% | 5.80%53 (53°) | 9-0:97 (19%) | 11023 (:35)

Uncertainties:
central collisions:

model + pp cross-section

— peripheral collisions: model + pp cross-section + event selection
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Corrections
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I dN., 1 Nen(pr. 1) PlpT.1)

2nprdprdn  2nprNewAn  Apr  |en(pr.n)

l dN¢h B I Nch(pTa U;Tt )P([}Tay; )ﬂ(PTa fff;: )
2npr dprdy™  2aptNewiAys ApT &rn(PT, Y )
ek (PT-Yr) ... tracking efficiency
P(pr Pf;) ... 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
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Reference spectra from pp collisions

Pp@2.76 TeV
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Reference spectra from pp collisions

.9 2_ I T T 1 | I I I T T 1 | I_

= ] 8:— ATLAS Preliminary

o 1OL ¢ 7Tev/5.02TeV (InVs) p+p .

1.6~ = 2.76 TeV/5.02 TeV (InVs) 2<y*<2.5 . +—=

1 4F ¢ 5.02TeV (15)/5.02 TeV (InVs) PP S o e

1 .2_—. —
B

)
d

O !
o

0 8__._+""'"""‘"-..__~.

;_ ..-._...."""--._._
0.4 e
0.2 —

0: | I | | | L1 | | :
10" 1 10
P, [GeV]

measured @ 7 TeV /
interpolated

interpolated using In(vs) /
interpolated using Vs

measured @ 2.76 /
interpolated

... pp reference at Vs = 5.02 TeV does not exists => existing pp measurements at
7 TeV and 2.76 TeV interpolated using linear and logarithmic dependence on Vs
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Systematic uncertainties for Rppp
and Rcp measurement
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Uncertainty p+Pb pp
Track selection 1 % | %
Particle composition 1-6% 2%
Material budget [-7%
pt reweighting 1%
Rapidity transformation 0-8%
Centrality selection 1-6% n/a
Trigger Efficiency n/a 0.5%
Luminosity n/a 2.7% (2%)
+/s interpolation n/a 3-9%
Vertex reconstruction n/a [ %o
+

Uncertainties on 0, O
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Spectra in n

r}'J—"]O?)_ T T T T T —‘?"—|103— T T TTTT T T T ]
> L 41> L |
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— int — =3 g . o int |
.8— e o . Vsun=5.02 Tev _8- _O N ““Eag%iﬁ%%% \'syy=2.02 TeV
S .. QDEH”D%% omk2s 1B Fo. (%, e E
S102E " ag, R % 4 S0%F g -
% gy M_%%ﬂ “ﬂ%tb % , % B SN _
g — TV%s. % E _.. - T — —
a T %eg 1 e T
&10 - ‘EE;@% 5, o &10 o .
: _— — 0 = 1 % V'E;"e:)\ #1}‘:83 :E It : _— ar 2 < n S 25 __

- S -1 V8. = - )

S S W Te ", 4 3 P ° (1<ng2x10" 0,0
= 20 - 30 % x 107 % T, T = P s
—107C & 40-60%x 103 Y,e o 3 100 ¢ (-1<n<0)x10 3 o

— ¢ 60-90% x 10* o o+ — (-25<n<-2)x10 .
L - T - .
10" o= 107 =
| I I | | [ | |A‘ | I I | | I I |
10" 1 10 10 1 10
P, [GeV] P, [GeV]

Measured spectra: left inclusive in pseudorapidity, right inclusive in centrality.
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Spectra in y*
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1037 T T 7N—'103 T T T 2

&
T 10 i j
8 i ATLAS Preliminary 8 Eadn= S ATLAS Preliminary
2 10 T [/ -
— - p+Pb L =Tub — g p+Pb L =Tub
= | ® int B — L» int B
& W, Gwcs02Tev | 8§ : VSa=5.02 TeV
* — 0. i N — * — i o —
510_2_ o, -1.5<y" <2 @10_2_ 0-90%
~ n = n
[&] [&]
= = = _
od - o -
o o
ol i
210°E o 0-1% e 1071
Y N
= - * 5-10%x 10" = — 4+ 2<y"<25
£ - " 20-30%x107 s — ® (15<y"<2)x10"
%10_85 + 40-60 % x 107 %10‘85 ¢ (-0.5<y"<0.5)x 102
— ¢ 60-90%x 10" -~ * (2.<y <-1.5)x10°
2 ® 2 *
- — d csppf‘dy de X (pr) - — d cppz’dy de X <pr)
10’”5 Glauber 10711_7 Glauber .
I\\IIII| I\\IIII| III\III| IIII\II|
10" 1 10 10" 1 10
P [GeV] P, [GeV]

Measured spectra: left inclusive in rapidity, right inclusive in centrality.
Full line 0, [iscale pp cross-section.
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A
'Y
A Rpr
S
i IIII|IIII|IIII|IIII|IIIIIIIIIIIIIIIIIIII"IIII|IIII|IIII|IIII|II_
o ATLAS Preliminary |
2 T T p+Pb L =1ub" 1
! I 4o-1% VSn=5-02 Tev |
- F T -1.5<y"<2
1-5"}5{1’};\ 1 foeo-90% 1 1
| .: FT{T_|_'J ? 1
T 5 NI |
1 11_ 'J— ¢ rén ;_! - ==
O 1 ] ]
| st o Ml -
0.5 I Glauber | Glauber-Gribov Q=0.55 ] Glauber-Gribov Q=1.01 ]
IIIIIIIIIIIIIIIIIIIIIIIIIIIlIIIIIIIIIlII_IllllIIIIIIIIIlIIIIIII
; 1075 ' 5 70 15 2 5 70 15 20
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 x ratio of Cronin region to plateau stays similar
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Rcp
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ATLAS Preliminary

1 & 0-1%/60-90%
- p+Pb L =Tpb"

> [ 1 |] Tot. systematic uncert. T -5 Tev ]
1 § 40-60%/60 - 90 % T Vo .\ |<2.5 |
3 1 I] Tot. systematic uncert. Mi<e.
1.5] I 1 )
- o | S
' |
05 Glauber Glauber-Gribov ©=0.55 Glauber-Gribov Q=1.01
||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||-
15 20 5 10 15 20 5 10
p, [GeV] p, [GeV] p, [GeV]
Systematics :
. All systematics
without o((T [)
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Rppb more differentially

LA B B B B L B L L L S B B B B B R L
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Rppb more differentially
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y* = -0.465
p-going side Pb-going side
‘ —)> <am '
n<o n=0 n>0
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Inclusive Rppo
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i 7 L0 $ + + [ r"..., (3 + + L SLLTCH0) }
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g e et
Lo [ 8 C:
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_= _E _f
: f F
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2 4 6 8 101214 16 18 20 22 2 4 6 8 101214 16 18 20 22 2 4 6 8 101214 16 18 20 22
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P, [GeV]

... Good agreement among R pb obtained using different models when evaluated

inclusively in centrality.

20
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Inclusive Rppo

0 III|III|II\|III|III|III|III|III|III‘III|III|
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14 VSnn |

1.2

|—~|;‘u|

0.8-8
| $ ATLAS [y[<0.5, 0-90%
} ALICE n_ |<0.3, MinBias |

0.64
_ ... Good agreement of R

with ALICE.
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Charged particle multiplicity

dN, /dn

~l
o

60

[Op]
o

N
)

30

— N
o o

1 O

[ 1T T T | T T ‘ T 17 | T T T 17 ‘ T 11 H
- ATLAS Preliminary [etertTener _
(- &S —
- p+PbL =1Tub’ o 0% -
L In » —
- Vs, = 5.02 TeV b 5
j Vonn .-°°. 1-5%
E ycmz '0465‘“ U Ludesrtentengy E
— ‘0’.‘. '..0" 5-10% ]
L _..' > s _
L »* M”.‘ 0L )
. L™ 7 1020% -
L .0". W”" sevsetttese |
T e et 20-30%
L & —
L e 30 009, T -
L MA v g v
[ sesewet® a 40-60% 7
- 60-90%
: | L L | | L L | | ‘ L | | | | L L | | ‘ L | | L ‘ | | | | :
3 -2 -1 0 1 2 3

n

(d Nch/dn |cent.) / (d Nch/dn |60—9 O%)
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n

Multiplicities as a function of pseudorapidity (left) and their central to peripheral ratio
along with the fit by second order polynomial (right).
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Charged particle multiplicity
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= . ' —— = Charged particle multiplicity per participant
X 8" ATLAS Preliminary v ISy = 5:02 TeV ] : gedp . P y_p P P
5 LpePbL -1ub! _n @ JYem ™ 0465 pair ... sensitivity to the choice of the model
g/a _— int ! mm@@j __
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= Y gznz27]  +Glauber case: strong increase with centrality
=z I G o -1<n<0 | ) )
S O 1a27<n<2 ] eGlauber+Gribov: only weak centrality
8- 7 dependence
6 % MM @M M ™ N : .
L 3 Ty m ww E 1 Nog scaling observed previously
ol | _ a0l 'PHOBOS 2005 _
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8 — e i |
o % 20 %+ + #+ . -
- i S ]
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Summary and conclusions
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* Nuclear modification factors in p+Pb collisions
— measured for pr =0.1- 22 GeV,n =-25-25,y*=-2-25
— trends: increase between 0.1-2 GeV, decrease up to 8 GeV, then plateau
— magnitude of the peak (at ~3 GeV) increases with centrality and from p-going to
Pb-going direction
— magnitude of the peak strongly depends on the choice of geometric model
* Charged particle multiplicity in p+Pb collisions
— measured for |n|<2.7
— almost symmetric shape in peripheral —> highly asymmetric shape in central
— central to peripheral ratio linear with a slope strongly dependent on centrality
— multiplicity per participant pair strongly depends on the geometric model
* These data should provide an input for:
— understanding the modifications of gluon distributions in the Pb-target
— discrimination among different saturation scenarios

— understanding the fluctuating nature of nucleon-nucleon collisions and geometry
of the initial state
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Summary and conclusions
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* Details can be found in:
— ATLAS-CONF-2013-107
— ATLAS-CONF-2013-096
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Backup
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Multiplicity,
extrapolation to 0 MeV

T T T | T T 1 | T T 1 | T T 1 | L | T T 1]
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Multiplicity compared to ALICE
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Multiplicity for different models
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Glauber-Gribov analysis
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N = p+Pb \s,, = 5.02 TeV - T g p+Pb \'sy, = 5.02 TeV 3
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(0ot /00 = 1)°
_ O'tot Otot/00
Pp(otot) = p———— €xXp{ — D
Ttot T 00 Q
Py(onN) = sP(ONN/A) ONN = AT ... constant inelastic cross section
A

* 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

Ne»r-n

« For fixed N oo SE P~ Npart-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 S T T e \g

counts

fit to gamma function

=> can fit the measured ZE_" x unsatisfactory result 107 ko = 1402, 6= 3414
=> generalized WN-model: 5 ]

102 E

k(Npart):k0+k1(Npart_2)a 1_..|.. ._

0 (Npart) = 9() + 91 log (Npart — 1) FCal AE, [GeV]

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

' Hard Probes 2013 Martin Spousta for ATLAS Collaboration 31



Ne»r-n

Glauber-Gribov analysis

PYTHIA 8

counts
|

ATLAS Simulation Preliminary
PYTHIA 8, 5.02 TeV

counts

PYTHIA 6

ATLAS Simulation Preliminary E

10° _ oL PYTHIA 6, 5.02 TeV -

- fit to gamma function - ; fit to gamma function ;

10 = Ko = 1402, 8, = 3.474 107L ko =1.231, 8, = 2.677 ]
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e E i .

C 4 e 11 1 | - 3
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Glauber-Gribov analysis

Ne»r-n

—~ 30
E - ATLAS Simulation Preliminary
EEG-25:; p+Pb, |5, = 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 [ | | | | | | | | |

60‘909640‘5@9630‘4[}%30‘3[}96?G‘,?gga SL}G% ‘?‘596 [1}.95 &QGES

centrality

' Hard Probes 2013 Martin Spousta for ATLAS Collaboration



“Mass correction”

~—y N I B BEEE  BEEEE = | ' T T T 3
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. *
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NG{.’H(”I}T" JUT" y;r) y* :y
Hard Probes 2013 Martin Spousta for ATLAS Collaboration 34



Uncertainties for the multiplicity
measurement

Ne»r-n

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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Centrality

Ne»r-n
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Two methods for tracklet

reconstruction
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