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s; pp » high multiplicity events arise from low impact parameter collisions and
statistical upward fluctuations of the number of MPI per event

|

MPI expected to be enhanced in €ollisions with nuclei (larger transverse
parton density, larger number ofthadron-hadron collisions)
at high energies (lowerjparton momentum fraction)

A A » number of MPI Iargely determined by centrallty (Iarge Ncoll) e Q f
l p-A) parton-parton scatterings determined by p-A centrality Q O
| BUT smce Neoll values are smaII also pN geometry becomes important!

From pp to p-A
» larger number of MPI per event due to larger <Ncoi>, with an overlap reaction

region of similar size as in pp
» use what we learnt from pp high multiplicity as a reference for p-A
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3 t ALICE, pp, \s = 13 TeV, charged particies, 1] < 0.8
| ALICE Coll., arXivinucl-ex 1509.08734 | % 2 oaa (V) «67.(8,) = 94 (o, > 0.15 GeVie)
| o

o

o

(o0

r® iﬁ’:ﬁ“;""’ ot
| Events with a high pr particle correspond to more central pp D
collisions (high muiltiplicity)

» selecting high pt particles more central collisions are selected
| #in p-A, a selection based on multiplicity can bias the estimate

‘ AL me, e .'-"'--\.\ Py, o~ S
| of the number of hard scatterings per binary collision 0z - BosuG w0 TR |
PR -----A; — .----.1.-0 ]

- ~ i I - , B ) - p, (GeVic)
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MPL: from pp fo p-A

| ALICE Coll., arXiv:nucl-ex 1509.08734

Events with a high pr particle correspond to more central pp
collisions (high muiltiplicity)

» selecting high pt particles more central collisions are selected
| #in p-A, a selection based on multiplicity can bias the estimate
| of the number of hard scatterings per binary collision

|

Ina factorization approach:
J

| b < Nhord >pN —< NGlauber

MB
coll > ’ < nhafr‘d >pp

| » yields from hard processes per binary collision scale like:

Y K< > PN |
| hard SMNhard
- NGRS | <npara>PP |
: selected classes

Ratio to INEL>0 §

|

t ALICE, pp, \s = 13 TeV, charged particies, 1] < 0.8
2" Data, NS =6.7,(N,) =94 (p, >0.15 GeV/c)
18- ® 1N <INDH
1.65 (NS SND <2NDH

P NG R2ANDD
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0.4} pac, setection on N,
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0.2k EPOS LHC, (N_) = 10.0 .
OE — = PYTHIA 8 (Monash-2013), (N_) = 10.1 ¢
1 10
p, (GeVic)

=1 for centrality integrated p-A collisions
can deviate from unity in centrality
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2" Data. (N™) = 6.7, (N,,) = 9.4 (p, >0.15 GeV/c)
18- ® 1N <INDH

| ALICE Coll., arXiv:nucl-ex 1509.08734

1 ALICE. pp, 15 « 13 TeV, charged particies, |1] < 0.8 i
[

Ratio to INEL>0 §
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Events with a high pT partlcle correspond to more central pp

collisio {
» select gl
| ¥ inp-A ]
K3  » OUTLINE OF THE PRESENTATION il

10
l - p, (GeV/c)

Jl ¢ Cenirality selection and biases

| Ln afag & MPI through two-particle jet-like correlations
b <n

| ¥ yields

| Y hard <Npgrqg>PN =1 for centrality integrated p-A collisions |
| NGlﬁtuber> | can deviate from unity in centrality |
‘ €0 selected classes
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Centrality # classification of collision geometry based on a measured observable
(with a monotonic correlation with collision geometry < b, Ncal, Npart

Centrality estimator M related to geometry through Glauber
convoluted with a model to describe the observable
(NBD for particle production, I function for E7) Glauber MC: P(Neor) - Model: P(M|Ncai)

» conditional probability P(M | Ncon)
» classify events as percentiles of cross-section
» <Npart> and <Ncoi> in each centrality bin
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Multiplicity

C. Oppedisano

600

Centrality # classification of collision geometry based on a measured observable
(with a monotonic correlation with collision geometry < b, Ncal, Npart

Centrality estimator M related to geometry through Glauber
convoluted with a model to describe the observable
(NBD for particle production, ' function for E7)

Glauber MC: P(Ncon) Model P(M]|Ncon)

vvvvvvvv

» conditional probability P(M | Ncon)
» classify events as percentiles of cross-section
» <Npart> and <Ncoi> in each centrality bin

Events (a.u.)
3 8 3
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VZERO-A amplitude (a.u.)

- Glauber-MC
— p-Pb \sy,\ = 5.02 TeV

(] check if the centrality selection could induce a bias in the
geometry parameters » selection in a system with large
relative fluctuations can induce a bias
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Centrality # classification of collision geometry based on a measured observable

Centrality est
convoluted w

(NBD for particle production, ' function for E7)

» conditional

» classify events as percentiles of cross-section

' <Npart> and

(with @ monotonic correlation with collision geometry < b, Ncol, Npart

imator M related to geometry through Glauber
ith a model to describe the observable

Glauber MC: P(Ncon) Model P(M]|Ncon)

vvvvvvvvvvvvvvvvv

»wo
#
7
:
O

probability P(M | Ncon)

Even.t‘s (a.u.)
q
1TIE
88EB5Y
§33537

3

<Ncol> in each centrality bin
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- Glauber-MC
600~ p-Pb |s,, = 5.02 TeV

Multiplicity

VZERO-A amplitude (a.u.)

] check if the centrality selection could induce a bias in the
geometry parameters » selection in a system with large
relative fluctuations can induce a bias

[J verify the connection between estimator and geometry
comparing Glauber MC and data for a known process or
correlating observables from kinematic regions that are

causally disconnected after collision

C. Oppedisano
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3K DETECTORS

VOC O @ midrapidity # 2 inner ITS pixel layers |n|< 2, |n|<1.4

O @ forward rapidities » VO scintillator hodoscopes
VOA 2.0<n<5.1 VOC -3.7<n<-1.7

O @ beam rapidity » neutron ZDC (ZN) |n|>8.7

£ \/OA SPD
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3K DETECTORS
VOC O @ midrapidity » 2 inner ITS pixel layers |n|< 2, |n|<1.4
O @ forward rapidities » VO scintillator hodoscopes
VOA2.0<n<5.1  VOC -3.7<n<-1.7
O @ beam rapidity » neutron ZDC (ZN) |n|>8.7

£ \/OA SPD

3K ESTIMATORS

CL1 » number of clusters in 2" pixel layer
VOC » raw multiplicity in p-side VO

VOA » raw multiplicity in Pb-side VO

s
S
o

: ooock

—_ - ALICE p-Pb \S,, = 5.02 TeV,5p0yt # )

U AN e L ZNA » ZN energy on Pb-side

= - - a ..
Yo} [ - e *
§ > 105§ ——— SNM-Glauber
S| € F ® ALICE p-Pb |5, =5.02 TeV
of & = *+ Data ot
S @ 102 e NBD-Glauber fit :
< c 10 }% NogrtX NBD (4 = 11.0, k = 0.44)
®» | ~—
of @ 2
> C.in3 !
@) o010 :
o 3 > 020 30 40 o
¢ 10 - i
& -4
= 10 VOA
)
o
LLl
S}
-
<

T T80T T T Tr1797
-

5
&

L ' ] T
20 40 60 80 100 120 o ‘1(',0' : ‘2(',0‘ s 00 '560
E,\ (TeV) VOA (Pb-side) amplitude (arb. units)

Ll lllllll Ll lllllll

C. Oppedisano MPI@LHC, Trieste, 23-27 November 2015



" N N
Bias sources ) Jnr

Multiplicity bias

Large multiplicity fluctuations ¥ centrality selection based
on multiplicity may select a biased sample of NN collisions

T T T T T T

- Glauber-MC
6001 p-Pb \'s), = 5.02 TeV

Multiplicity

MPIaLHC, Trieste, 23-27 November 2015

C. Oppedisano



Bias source h

ALICE Coll., Phys. Rev. C 91 (2015) 064905

Multiplicity bias

3 18 G]Iauber-MC] I | " vo;\ I
inlici ' ' i ‘O p-Pb |5, = 5.02 TeV + CL1 E
Large mul_hphcnty fluctuatlons_b centrality selection bqs_ed 2cle Pb-mj%: o2Tev, ot E
on multiplicity may select a biased sample of NN collisions S a « VoM :

& 1. v b (imp.par)
2‘51 2:—.:'.:: A VOM (Pb-Pb)

] Multiplicity bias through Glauber fit IR = - T
Mean multiplicity x participant / u from NBD ‘g 0.8} T e S
» central (peripheral) collisions have larger S 06 T
(smaller) multiplicity per Npart than average 2 04 C
0.2 -.-2
O:‘1“1.,“l““l““l““l““l““l““l““ll“.

0 10 20 30 40 50 60 70 80 90 100
Centrality [%]
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ALICE Coll., Phys. Rev. C 91 (2015) 064905

Multiplicity bias

3 18- G]Iauber MCI I | " vo;\ ]
inlici ' ' I ‘OL" p-Pb |5, =5.02 TeV + CL1 B
Large multiplicity fluctuatlons_) centrality selection based 5. ok PPl T - E
on multiplicity may select a biased sample of NN collisions §1 ): v :
& 1. v b (imp.par
=" E= 4 VOM (Pb-Pb)
C e : _ - 12b "'::_._ E
] Multiplicity bias through Glauber fit = e -
Mean multiplicity x participant / g from NBD ‘g 0.8 *1'1‘*:3:'{‘}" .
» central (peripheral) collisions have larger 2 06 T
(smaller) multiplicity per Npart than average S 04 T
0.2~ -.-é
0: M ITERY FTE NI AR Tl SN RN N

0 10 20 30 40 50 60 70 80 90100
] Multiplicity bias through HIJING Centrality [%)]
Multiplicity fluctuations due to fluctuations in MPls
<Nhard> = Ohard © TNN(DNN)
» the bias on multiplicity corresponds to a bias on nNhard
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Multiplicity bias

3’ 18- élauber MCI I | - vo;\ |
‘Al : ' ' OF p-Pb s, =5.02 TeV + CL1 E
Large mul_hphcnty fluctuatlons_b centrality selection bqs_ed e gbpg?_ gerey ol 3
on multiplicity may select a biased sample of NN collisions §1 i M :
&1 v b (imp.par
=" E- s VOM ‘(,Ppb-Pb)
[} [ [} ] (] 1 2 -’-*
] Multiplicity bias through Glauber fit = 1.H_x_ e
Mean multiplicity x participant / u from NBD ‘g 0.8}~ +;-1-++'-.{‘}.- -
» central (peripheral) collisions have larger S 06 T
(smaller) multiplicity per Npart than average S 04 N
0.2 -.-g
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] Multiplicity bias through HIJING Centrality [%)]

Multiplicity fluctuations due to fluctuations in MPIs T | | |
<Nhard> = Ohard © TNN(DNN) Z" 4
» the bias on multiplicity corresponds to a bias on nNhard ,\\225 .
CE . ________________ ......... ...... . ................. ( M ar )pp
~~ 2j b o . .
G-PYTHIA 15 Glauber + Pythia
Incoherent superposition of N-N PYTHIA collisions  p-Pb (Syu=5.02TeV .
coupled to Glauber MC 1
» <nnhara™> per pN collision deviates from Ncoi scaling o5k .t
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Centrality (%)
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ids sources

—~ 1E 3 8
- - ] o
Jet-veto bias S ] |2
@0 107 3 |©
- 1 |o
: : : 4 al B
Kinematic bias I 102k 4|5
. . . . . . 3 o
» high-pT particles contribute to overall multiplicity - 113
and shift event to higher centralities 10°F ER
¥ larger bias when centrality estimator overlaps C ALICE ; 1 |=
. . 4L : - =
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[ —ppis=7Tev : 1|8
10 E 1 Lol 1 Ll = a5 0l <
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Geometric bias See also J. Jia, arXiv:0907.4175 £ 1_455_
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Purely geometric bias 135 PrPb |5 5.02TeV
» in peripheral collisions <bnn> is larger YE o
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. . . 1.2
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Deviations from blnary scallng at hlgh PT expected
» central (enhanced yield » Rpa>1) and peripheral (lower yield » Rpa<1) classes

» G-PYTHIA incoherent superposition of NN collisions

_ p-Pb suu=5'02 TeV —  0-5% — 40-60%

- . ALICE PRELIMINARY — 9-10% — 60-80%

i — 10-20% —80-100%
— 20-40%

/ # Qupy = Rppyincluding |
pOSSIb|e blases |

ALICE Coll., Phys. Rev. C 91 (2015) 064905

Jet-veto effect in CL1 most peripheral bin with a significant negative slope vs pr
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DeV|at|ons from blnary scallng at hlgh PT expected
» central (enhanced yield » Rpa>1) and peripheral (lower yield » Rpa<1) classes

» G-PYTHIA incoherent superposition of NN collisions reproduces the biases!

_ p-Pb \s = =5.02TeV e 0-5% -+ 40-60%
= . ALICE PRELIMINARY * 9-10% - 60-80%
P gSyst.on (T ) + 10-20% « 80-100%
- . « 20-40%
e c—— - I — ! B syst. on normalization 0
:*' - ' : ! 2r ] | | 2
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B _ i L) N
e (5] e NS 2N g
i y PP 4 A_ o
o + +. o 1 —— L)-
- . hadss as | _0_—0—:0: — N é
1 At SN e e e e 2 . L4t m| cg\
- T — — —— e
— o
- §
0.5 y
- 5
I <
Tt e
I AL 1l 1 l L1l 1 1 l L l-.-l Ll >;ﬁ- L)
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Jet-veto effect in CL1 most peripheral bin with a significant negative slope vs pr
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ALICE PRELMINARY * 95-10% - 60-80% ALICE PRELMINARY *  9-10% - 60-80%
+ 10-20% « 80-100% « 10-20% .+ 80-100%

Syst.on (T ) + 10-20% « 80-100%
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. - o I . - g -
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A model to describe Slow Nucleon emission (SNM) is convolved with Glauber to extract
Neon Glauber from measured Ezn

SNM is not expected to provide reliable description of peripheral data » the remaining bias
in ZNA is NOT due to the event selection but to the unaccurate estimate of Ncoi provided by
the model
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* Unbiased centrality selection

Assumption » an event selection based on ZN energy does not induce any bias on
particle production at smaller rapidities (equivalent to assume that forward nuclear
emission is directly related to geometry and not sensitive to hard processes)

Assumptions » based on observed scaling of particle production vs. n:

O charged particle multiplicity @ Vd
midrapidity scales with Npart '
(predicted by Wounded Nucleon

Model, verified for MB measurement)

< dN/dn >;
< Na > = - 1
' part ~MB (< dN /dn >MB)

——

< YhighpT >

< YhighpT >MB
——esccanmssmmANN

O yield of charged high-pt particle @ - )
midrapidity scales with Ncol ~ =

(valid for MB measurement)

< Neott >MB -

O target-going particle multiplicity scales

as Nparth = Npart'1 = Ncoll >

< YPb—side >MB
——e——
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Assumption » an event selection based on ZN energy does not induce any bias on
particle production at smaller rapidities (equivalent to assume that forward nuclear
emission is directly related to geometry and not sensitive to hard processes)

ALICE Coll., Phys. Rev. C 91 (2015) 064905

S —— T —
3.,F ALICEp -Pb = 5.02 TeV
> 14— N_, ZN-classes . ( < dN/dn >; ) .
~ 12 mult MB * —
s —— ° Nﬁ?"h < dN/dn >mB
— —_—— g pT
o Neoi ———————seEmA
- Pb-side
6:— 8= Neo
af- = = ,
- Sys: (Neou? ve N\ < Yhi >
2 - < Neou >MB "—o 02T~
: coll ~MB
R S T D D S S TN N < Yhighpr >MB
§§11;7\:- _; ——eesstanmsstERONR
< 1__._=e===ﬁ= - .
= = .
3091 - .
3 E AAAAAAAAAAAAAAAAAAAA ' P— JA-AE ; <YPb—szde >‘i

0 10 20 30 40 50 60 70 80 90 1> 7 < Neoll >MB " 3 Por—side 5
Centrality (%) ™\ , MB

—‘—W

» consistency of the 3 assumptions within 10%
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ALICE Coll., Phys. Rev. C 91 (2015) 064905
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= VOA (Glauber)
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" ALICE p-Pb |/5,,=5.02 TeV
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YA\ N Poside &

- VOA (Glauber °

[ l' Gribov) l ® Ippinter;lmlated(c?I)5.02 TeIV |
2 4 6 8 10 12 14 16 18Np20

art

» VOA Glauber fit: steeper than linear increase in Npart
» VOA Glauber-Gribov fit: ~ linear scaling with Npart apart from most peripheral bin

» ZN centrality + Ncon from high-pt and Pb-fragmentation side assumption: linear
scaling with Npart (within 10%) and the most peripheral bin in agreement with pp data

C. Oppedisano
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o 1.8;
05. : ALICE p-Pb V SNV 5.02 TeV 0-5% ® 40-60% § Syst.on(T )
O 16 - . 5-10% * 60-80% i Syst. on normalization
- Charged particles | n 1<0.3 10-00%. |
1.4+ ® 80-100% .| Syst. on dN/dp, >
: 20-40% O
m
1.2 &
e Pt T |
L tuuﬁ*ﬁgf R S G
| . B ¢ < | e ;';DU
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1.15 S
11 — R 1 1
1.05
14 I o
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Nuclear modification factors » @ high pr the yield is consistent with binary scaling
over the whole centrality range

» Results from the 2 assumptions are in agreement within uncertainties

MPIaLHC, Trieste, 23-27 November 2015
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unbiased centrdlity selection

- ALICE p-Pb |5, = 5.02 TeV

5 biased centrdlity selection

ALICE p-Pb |5, = 5.02 TeV

—

[4  *CL1 = Vo

o 2
© > =
> o 1.8 S
0] Q i S
S 1.6] v 1.6¢ 2
;vz" 14 _ \\\ *VOM  © VoA Glauber-Gribov g 1.4:_ ‘i
; :*\_) o : <
od 1 .2 : _\ . Ood 12 N @)
ILas & 7 L =
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| —~ —R » %
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Centrality (%) Centrality (%)

Centrality selection based on multiplicity » bias at high pt over the whole centrality range

ZN centrality selection + assumptions on dN/dn, Pb-side » no centrality dependence
and binary scaling for high-pT yields
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2< Py, <4 GeVie p-Pb\s,, = 5.02 TeV ALICE Coll., PLB 719 (2013) 29
1< P assoc < 2 GeV/c 0-20%

away side jet peak

.,/

» subtract jet contribution to » subtract long range correlations to
study Long Range Correlations study jet-like short range correlations
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Minijets produced in hard scattering events

Overlapping minijets produced in high multiplicity events are
Interpreted as due to MPIs

» studied on statistical basis to probe MPlIs

» Two-particle azimuthal correlations

Measure A@ between pairs of TRIGGER and ASSOCIATED
particles at low pr

Nearside (NS) Ap~0 and awayside (AS) Ap~Tr yields provide
information about the fragmenting properties of the partons Ap =Tt
producing the jets

near side peak away side peak ’
s 9
3 g
ra .
A =
2 E
Z 6F <4
5_/\ 4 uncorrelated
E W ST TSI 17 2
4 background
3
2 = =
1
0
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Observables » per trigger yields in NS Nassoc, nearside aNd AS Nassoc, awayside peaks,

Nuncorrelated seeds

L <Ntrig> o (Ntrig>

N. — —
( uncorrelated seeds) <Ncorrelated triggers> <N assoc,nearside> Ir (N assoc,awayside> +1

» Nuncorrelated seeds provides the number of independent sources of particle production
and contains information about the number of semi-hard scatterings in the events

N i —4— P, >0.7GeVie, | <1.0
g 50__ ——%— p,>0.7 GeVic, il < 10.0 +
L ansssmnns Linear fit for p_> 0.7 GeV/c, In| < 1.0 +
8 40 - Linear fitfor p_ > 0.7 GeV/c, b <100 ~¥ ©
“ T
e | 4
o i Sy
% = P THIA pp F
=z i » PYTHIA predicts a strong correlation
. e
~ 20! e between uncorrelated seeds and MPIs
i e
1 e
e Tt Pythia6 Perugia-2011
Reetvs alnl @ Vs =7.0TeV
™, PRENS=ATTRY
0 5 10 15 20
NMPI
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» sensitive to jet fragmentation properties (of low pr leading particles)

A —
% 0.9 :_ ALICE p-Pb \s,, =5.02 TeV ml /\0 1 4: " ALICE (pp @ Vs =7 TeV) m—
B o .5, r
g 0.8E P: assoc < Prang < 30 GeVie 2 1 4+ ALICE (pp @ Vf = 2.76 TeV)

o e s i v ALICE (pp @ Vs = 0.9 TeV)
il a _F . 1.2 , >
g \2/0.7:....000000... 00." S ; L I_CPI
o E 8 1 - . O
< 0.6 E 3 il =
3 o 8 | A -
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9 - e 20GeVice pT'."“, 0.7GeVic< p . o 3

' - [ 20GeVice p. ,20GeVic<p_ I o
-DCU>} 0'4 E T,trig T,assoc 0.6 : g
= 0.3 I @«
S 0.41 -
®) -
- [ p > 0.7 GeVic
< 0.2 - p. " > 0.4GeVic

T 11 1 l LA 1 1 l LA A 1l l LA 1 1 l LA 1 1 l AL 1 1l l LA 1 1 l LA
1 L 1 l 1 1 1 l L L 1 l 1 1 1 l 1 1 1 l 1 0 1 0 20 30 40 50 60 70
00 20 40 60 80 100 N
VOA multiplicity class (%) charged, | < 0.9, p_> 0.2 GeV/c

» high multiplicity events have the same number of associated yield per trigger
particle in jet peak
» consistently with incoherent fragmentation of multiple-parton scatterings
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» sensitive to jet fragmentation properties (for low pt recoil particles)
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» high multiplicity events are not built by a higher number of particles in recoiling
jet peak
» absence of coherence effects for large number of MPIs in p-Pb collisions
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Uncorreldted seeds

» Uncorrelated seeds to probe the number of semi-hard scatterings

/\a —
2 | ALICEp-Pb \|s,,=502TeV ~ 25— —e— ALICE m
§ 20— .,[Z] § = PHOJET
g [ +07<p, < p,,,, <5.0GeVic, data —a— PYTHIA8 4C
S F --07<p "< p"™ <5.0GeVic, fit ® 20— . PYTHIAG Perugia-0 (320)
5 5 -_ .« 20<p #’z pT"‘ﬂ <5.0GeV/c,data § o PYTHIA6 Perugia-2011 (350)
= 5 20<p < 5.0 GeV/e, fit g 15— e
Z T,trig E] g -
<~ L px 7~ =
} I ~  10}—
10— JLs
i tlfm pp @\s =7 TeV
: Ju 5 i < 0.9
i e - Py >07GeVic
5t— _o'p ©
- °O '
- 9 2’ JURUIPRPI . g
- 9 . . ~
L e a.ee-c--ro--o-d-"‘"" - CE)
0= P nrar AR Levo o | ! S
E E - =
8 1.2F ) systematic uncertainties g
3¢ . N
o 1.1 . charged, | < 0.9, p_ > 0.2 GeV/c
é 1 .- l o :. '--l'..~ ..... - T ..... L R - : -~ : al
0 10 20 30 40 50 60 70

(N (Il < 0.9, p_> 0.2 GeV/c)
' Nuncorrelated seeds increases W|th pal’ticle mU|t|pl|C|ty

» In p-Pb MPIs scale linearly with Ncharged While in pp there is an indication of a saturation
iIn number of parton-parton interactions
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Uncorrelated seeds

D
m

ALICE Coll., Phys. Lett. B 741 (2015) 38
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Nuncorrelated seeds SCales with Ncoll Glauber at intermediate multiplicity: deviations for low
and high Ncoll clauber # less/more semi-hard scatterings per p-N collision?
» reminds of multiplicity bias!
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A, - p-Pb\s,, =5.02 TeV 7

g 20 L.— 0'7 < p-r.m < pﬂr'mg < 5'0 Gev,c . —.- /\ 3.5 L 1 L 1 ] 1 1 1 ] 1 1 1 l' 1 1 | ] T 1 | ] Il
T - VOA Multiplicity Classes (Pb-side) — S o il
s L . (&) - -
® 15— . - Z K .
s ¢ . 3 —
g T : ! 1 T [ e ]

> 10/ ALICE . 9 X .
Y, - PRELIMINARY o " . - ° :
- - ° f— -

: o k=) N a 2.5 B e < n ) il

5— e« ° - £ Y s hard ‘pp .

- . ® * Up to 26% systematic uncertainties on - c - - -

- *’ N.on. rauser (MOStly correlated) not shown . ~~ 2 = =) o |

— 0= S ! 1 | ] 1 | I " L N

< - ¢ -

(=] - -

S + 5 n : -
15 — 1.5 Glauber + Pythia -
o - - - B (=] 1l

3 T . . [ p-Pb \s\, =5.02 TeV !

7% i B 1 =
g - " i E o

5 0.5 -,—_. ._—.' 0.5 [ 1 L L l 1 L 1 l A ' 1 l ' 1 L l ' A 1 l m

- : 0 20 40 60 80 100

12 14 16
N.os. crause in VOA multiplicity classes

Nuncorrelated seeds SCales with Ncoll Glauber at intermediate multiplicity: deviations for low
and high Ncoll clauber # less/more semi-hard scatterings per p-N collision?
» reminds of multiplicity bias!
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) Blas on centrallty selection based o]p! multlpI|C|ty estlma’E)rS

\ \ B
' B Multiplicity bias observed in p-A corresponds to a bias in MPls o

J—— | l‘ \.’—
- —| #Bias is reduced by increasing y separation between measurement |

| and centrality estimator 1
— S
= ) ZN energy prowdes unblased centrallty selectlon SO

,/'/>// 7 7 /) | | \ \\ \ 3 \\\‘\\ S .

» Jet-like angular correlations at low pt do not show sign of coherent
—~ fragmentation effects » constraint for models!

» Uncorrelated seeds (probe for MPIs) scale Imearly with unbiased Ncoi

// ,. /] \ \ & N\
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ALICE p-Pb 5.0 = 5.02 TeV |
* Data

—— NBD-Glauber fit
NpartX NBD (= 11.0, k = 0.44)

Glauber MC + NBD for particle production

nts (arb. units)
2

» assume that VOA amplitude is proportional to Npart
» conditional probability to measure amplitude n for a g10° W
given Npart: P(nleart) — P(n, Npart“, Npartk) — E
10 E
C(n+k)  (u/k)" 10° :
P k) = S+ TR~ (a/k + 1)7 % E

"ol PR B P | PR ST ST TR SN N ST SN S |
I ——— e 0 100 200 300 400 500
VOA (Pb-side) amplitude (arb. units)

» convolution of Glauber Npart with P(n|Npart) to obtain calculated VOA distribution
¥ fit to the measured VOA distribution to obtain NBD parameters u, k

-
Values of parameters y, and k are similar

0.56 11.0 0.44 to those obtained by fitting pp @ 7 TeV
CL1 9.8 0.64 8.74 0.76
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Glauber-Gribov includes color fluctuations

» event-by-event fluctuations in size of proton
» width of the fluctuation governed by parameter Q (Q=0 » “standard” Glauber)
» changes 1(Ncoi)

ALICE Coll., Phys. Rev. C 91 (2015) 064905
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Measurement of Ncon in separated y regions (ZNA and
VOA inner ring) to establish their relation to centrality

» for centrality classes selected with ZN:

OP(Ncan) distributions in ZNA bins ® NBD from Glauber fit ; ]
to MB VOA multiplicity » P(Ncon) VOA ring1 (Pb-side) amplitude (arb. units)

80-100%

10"

Ounfolding » VOA distributions in ZNA centrality bins fit
with P(Ncon) distribution ® NBD from Glauber fit » P(Ncon)

S

does not work for VOA distributions selected
using a biased centrality estimator (CL1)

ALICE Coll., Phys. Rev. C 91 (2015) 064905
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nucleus

Hadron-nucleus collisions » “slow” nucleon emission

forward

“‘Black™ and “gray” component eray
(terminology coming from emulsions experiments) black

D R S

0+0.25 0+ 250
0.25 +0.7 250 + 1000

Black » nucleons + low-energy target fragments from nuclear evaporation processes
Gray # nucleons and light fragments emitted in the intra-nuclear cascade processes

F. Sikler, hep-ph/0304065

Features of slow nuclear emission weakly depend on hadron beam energy in a wide
range (1 GeV - 1 TeV)
» slow particle emission mainly dictated by nuclear geometry
» kinematical distributions described by independent statistical emission from a moving frame
®» isotropic emission from a source moving with velocity 3
=®» number distribution of black/gray nucleons follows binomial distributions
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t ’ ergies esist! 1

—

No predictions for slow nucleon emission in p

Model based on lower energy data

E910 Coll., Phys. Rev. C 60 024902 (1999)

Average no. of grey protons » <Ngrey, p> = Co + C1*Ncoll + C2*Ncol
the linear term is the dominant contribution (c2~0)

A. Letourneau, Nucl. Phys. A712 133 (2002)

Average no. of black protons » <Npiack, p> = 0.65*<Ngrey, p>

Average number of slow neutrons » [Ngouwn) = aNrcr + (a = . )
c+ NrcF
R — ———————esEmGmT
with:

Nicr = no. of Light Charge fragments (Z<8) = y*<Nsiow, p> (Y = 1.75) » ~ linear in Ncol
a =50, b =230, c = 4.2 (from a minimization procedure on LHC data) » saturation term
a = 0.48 » term linearly increasing in Ncoll
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100 ZN vs. ZP energy on Pb-remnant side

» correlation up to the onset of a saturation in slow (black)
neutron emission (same dependence as for lower energy
data and for DPMJET+FLUKA MC at 5.02 TeV)

ZNA energy (TeV)

» ZN acceptance: 95.7%

» ZP acceptance: 82%
strongly affected by LHC optics parameters
detector response depends on proton impact point

ALICE Performance
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ALICE Coll., Phys. Rev. C 91 (2015) 064905

2900 | ALCEp-Pb (5= 5.02Tev S | |
5 | Eznc (p-side) is anti-correlated with Ezna (Pb-side)
Qo o0l » participant contribution can’t be neglected for very
. Ay | . peripheral collisions (while SNM assumes that for
’ZG Z Ncoi=0 no neutron is emitted!)
N 200}
* % 300
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L _d |
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» linear anti-correlation over a wide centrality range, -
consistently with a energy transfer from the proton
proportional to Ncoi » e
100k o . L
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Normalized signals vs. mulriplicity  Jul

ALICE Coll., Phys. Rev. C 91 (2015) 064905

2k, VOA ring 1 . Self-normalized signals <S>i/<S>ug in
1.8 e centrality bins selected by ZN vs. normalized
1.6 dN/dn(1.5<n<2.0) . charged particle density @ midrapidity

4 dN/dn(-2.0<n<-1.5)
3 » clear n dependence of the slope

Normalized signals
—A
NN

1§_- VOC ring 1
0.8}
0.6F Wounded Nucleon Model (WNM)
0.4}
0ok ALICE p-Pb \|sy, = 5.02 TeV » charged particle density @ midrapidity ~Npart
oo aa. . B at higher n predicts a dependence on a linear
% "o combination on No™RCET and NoaPROECTILE
g with coefficients which depend on n
04 06 08 1 12 14 16
(dN/dn / dN/dn )

» Observables related to Npart assuming a linear dependence parametrized with (Npart-Q)
» Fit data with a free parameter » a=0 means a perfect Npart Scaling

<8 >; B < Npart > MB ( < dN/d’I) >3 ) B o
<8>mB (< Npart >mB —@) \<dN/dn>mB) _1peo (< Npart >mB —)
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ALICE Coll., Phys. Rev. C 91 (2015) 064905

ALICE Preliminary
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e p-Pb
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ALICE Coll., Phys. Rev. C 91 (2015) 064905
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Long rdnge correld’non sub’rrdc’ﬂon ,,,,,,

0.7<p <p_ <5, 0 GeV/c 0- 5%

T,assoc T.trig

|An|<1.8
NS 1.2<|An|<1.8

NS #» divided in short-range |An|<1.2 and long-range 1.2<|An|<1.8 regions
» normalized and subtracted from one another

AS # jet and ridge contributions can’t be disentangled » NS long-range
correlation mirrored around A¢@=11/2 and subtracted from AS
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