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2 Basic procedure
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- And for small systems only
weakly correlated to number
of participants (Npar)

« Classify events in terms of event
activity (or centrality estimator E)
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- E should vary monotonously
with number of participants

1/N,,, dN/dEE

- Multiplicity, energy,
slow neutron energy
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- Order as percentile of cross
section

 Establish relation to Glauber il
model parameters (Npart, Neoi) Via . ® %ﬁ ﬂ%&
particle production model :

Glauber MC: t(N.,) Model: P(E | N,,)



3 Essential requirements

e Demonstrate correlation of
measurement to collision geometry

- Via correlation of observables
that are causally disconnected

after collision

« Demonstrate completeness
- Are there other relevant geometry
parameters that are biased by the
selection wrt minimum bias?

- What are their possible influence
on centrality dependent
measurements?

« Importance for p(d)A:

small dynamic range
leads to large fluctuations

- Glauber-MC
6001 p-Pb |5, = 5.02 TeV :
[ ey 1 410°

Multiplicity
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4  Example large system: ALICE Pb+PDb

Miller et al., Ann. Rev. Nucl. Part. Sci 57 (2007) 205
ALICE, Phys. Rev. C 88 (2013) 044909

Forward neutrons
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* Correlate particle yields from
disconnected parts of phase

space

Correlation arises from

common dependence on

collision impact parameter
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http://arxiv.org/abs/nucl-ex/0701025
http://arxiv.org/abs/1301.4361

5 Example small system: PHENIX d+Au

PHENIX, PRC 90 (2014) 034902

* Probability for Ncoll binary
collisions 1(Ncon) from Glauber

d+Au @ 200 GeV
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« Charge distribution for one collision

Negative Binomial
(e ity (o

Pxgp(n; p, k) =
P+ DI (Fm)" " _
For Ncoi collisions, assume <BBC>~<Ncoll>,q,[/"X

P(BBC|Ncon) = Pxpp (BBC; Neont X 4y Neon X k)

F d+Au @ 200 GeV
- <Ny>=2.64.35.87.59.311.313.4 155 18.1

« Fit to measured distribution oal
PBBc(BBC) = Zivcou 7"-(A]\[(:OII)P(-B-BCW‘]VCOH) :
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 Forfixed kand p
P(NCOH‘BBC) == P(BBC|NCOH)?T(NCOH)/P(BBC)



http://arxiv.org/abs/1310.4793

6 High-p; bias factor correction
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* Presence of high pr particle at
central rapidity increases BBC
charge

e Quantify bias using pp data
coupled with the Glauber model

— And check with HIJING

PHENIX, PRC 90 (2014) 034902

d+Au @ 200 GeV
| o Data
., | . Glauber + NBD

80 100 120 140
BBC Charge (Au-going Direction)

Centrality (%) Glauber + NBD HUNG 1 < pr <35
0-20 0.94 +0.01 0.951 +0.001
2040 1.00+0.01 0.996 + 0.001
4060 1.03 +0.02 1.010 £+ 0.001
60-88 1.03 + 0.06 1.030 + 0.001


http://arxiv.org/abs/1310.4793

7 Correlation with d-dissociation

PHENIX, PRC 90 (2014) 034902
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http://arxiv.org/abs/nucl-ex/0306024
http://arxiv.org/abs/1310.4793

8 Remarks

* Need Glauber fit with specific particle production model
because of defining centrality and determining N
from the same estimator

e Biases can be conseguence of

- Correlations of collision parameters other than Nyar

— Correlations induced after collision
(eg. jet fragmentation in the example of PHENIX)

« Bias corrections are not necessarily corrections of Ny

- Physics origin has to be understood

Look at non-trival extensions of the Glauber model



9 Glauber extensions
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 Glauber-Gribov color fluctuations Eha ATLAS Simuaton Prolminayy
o p+Pb 5, = 5.02 TeV .
- Size of proton varies e-by-e oeE e
- Configuration frozen for a single p-A 001" ]
collision ;
IJ.IJIJE_ —
- Parameter Q equals width of Gaussian g :
fluctuations O B0 o0 T80 20 %0
. HUIING Glauber ATLAS-CONF-2013-096 "™
- Mean number of hard scatterings (Nhaa) ~ 4 N T
depends on NN Overlap _EE . i lllustration using Pythia
- 2.5 " 2
- No fluctuations of spatial distribution I )
2 =
* Only Poisson fluctuations of Ny : . b
15
* Flickering of the Interaction strength | & N
- Generalized gluon distribution and " o
fluctuations | "eeees
n,.

Alvioli et al., PRC 90 (2014) 034914 A 2 b


http://arxiv.org/abs/1402.2868v3
https://cds.cern.ch/record/1599773

10 Glauber extensions

N part}

e Glauber-Gribov color fluctuations ~

Changes 1t(N¢o)

HIJING Glauber

Does not change 11(Nco)

Provides a correlation between

hard and soft particle production

Long range correlation via byy

Note: Large nn.q Values
suppressed by energy
conservation

Geometric bias
Jia, PLB 681 (2009) 320

ATLAS-CONF-2013-096
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11

Glauber-Gribov
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e Glauber-Gribov fits slightly worse

 However, extracted parameters
closer to WN expectation
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12 Centrality dependent dN/dn

dN_, /dn

40
30
20

10

0

ATLAS Preliminary Loteeotenes
p+Pb L = 1ub™ o 0-1%
n -
el
I8j= 202 Ta) T 1-5%
- -0.465 "
y “M ““’“m..
_.f" “'I-" 5-10%
-* o**
o o '.__.«H“"“.-
o ‘,.*"" .’,.*" 10-20%
S “'.M'w". ﬂﬂiﬂmﬂ
A e 20-30%
._. I'm P S
W 30-40% e
-
40-60%
'MWW“
60-90%

Oﬂ'mmﬂﬂﬂm“m.mmmw

-3

-2 -1 0 1 2

* Npat Scaling depends on Q

* Presence of bias open question

= w

)2)

part

dN_ /dn / (N

ATLAS-CONF-2013-096

81~ ATLAS Preliminary M 5 =5.02Tev ]
- P o] y  =-0.465 1
glep+PbL =1pb’ _m _ @ om _|
| int m%@lﬁ] _
4 * B EETa= ™ , 27.q<27]
- v 2<mn< 2.7 1
ol o Eiiv:nv.:t‘:l’ |
m] - = =
Glauber n—E.?qqq—E 1
B_ 1 1 + L
6 - ™ —
4 EEET T
2 | ]
Glauber-Gribov Q=055
glE I I ]
6 _
| Flx = - v
i DB w e ®
= i u)
| Glauber-Gribov Q=101 |
% 10 50 30
<Npart


https://cds.cern.ch/record/1599773

13 Centrality dependent measurements
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Alvioli et al., PRC 90 (2014) 034914

* Rich phenomenology if one trusts the measurement of N

 However, systematics of centrality determination itself has to be
discussed first in the context of particle production models


http://arxiv.org/abs/1402.2868v3

14 Kinematic bias on centrality from jets

Armesto et al., arXiv:1502.02986
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Taking into account energy-momentum conservation in the proton
In a toy simulation of pp (hard) PYTHIA plus pPb (UE) HIJING events
describes main features of data
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15 Multiple parton interactions (MPI)

 Nalive factorization

022
(Na—s2) = >1 at pert. scale
Otot,
n n
By = 1222 ()

n!

e |n reality

Color screening to regularize
hard cross section at low pr

Cut-off at high n because of
energy conservation

Coherence between scatters
Impact parameter dependence

Nhard (b) — OhardTp (b)

» |Leads to a correlation between
hard and soft as in AA

Skands, arXiv:1207.2389
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16 Scaling of hard probes with multiplicity
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17 Nucleon-nucleon
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Impact parameter studies

Morsch, 1S2014
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(obtained from slicing superposition
of N, pp collisions in 2.8<n<5.1)

Leads to long range (n) correlations.
How much of this effect survives in pPb?



18 Energy and species dependence

Morsch, 1S2014
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21 Forward neutron energy vs multiplicity

NBD method SNM method
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Correlation between forward neutron energy and multiplicity?



22 Correlation between ZNA and VOA

— Convolute the distribution of the :Q:

SNM model with the NBD 5
from the VOA glauber fit A B E
40 60 80 100

ALICE, arXiv:1412.6828 Centrality (%)

_ y T ————
3 : 40-60% 1 80-100%
%1{1'2 -
z f
107 .
VOA ring 1 dist. :
4 Unfolded
P(ZNA) x NBD(VOAr1)
] T R 0) o e e "800 5 10 15 20 25 30 35 40
VDA ring1 (Pb-side) amplitude(a.u.) VOA ring1 (Pb-side) amplitude(a.u.) VOA ring1 (Pb-side) amplitude(a.u.)
- ~ 30— L AL LA I |
e For each ZNA centrality class - ]
. . £ 25 O Data -
— Plot the VOA ring1 distribution < ® Glauber + SNM -
~ Find input Tt(Ne) distribution 220 - O Unfolding =
via Unfolding . E
 Does not work for a biased estimator == .



http://arxiv.org/abs/1412.6828

23 Scaling of particle production
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24 Centrality from Hybrid method
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25 QpPDb factors with hybrid method

ALICE, arXiv:1412.6828
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. Charged patrticle Qppb consistent with unity at high p.
« Cronin peak develops with multiplicity
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26 Average QpPb

ALICE, arXiv:1412.6828
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27 dN/dn measurements
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28 Wirt d|scussmn of this morning
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0-5% ZNA selection corresponds to roughly 2xminbias multiplicity,
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29 Conclusions

* Question of “bias vs no-bias” in
general has no definite answer

e Systematics of centrality
measurement and interpretation
of data must be done In the
same framework

e Using the hybrid approach
avoids the bias (but at expense
of limited dynamical range)
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31 Centrality dependent nuclear modification

ALICE, PRL 110 (2013) 082302
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32 Multiplicity bias

ALICE, arXiv:1412.6828
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33 Geometry bias

ALICE, arXiv:1412.6828
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34 Multiplicity scaled by different Npart

ALICE, arXiv:1412.6828

E B | 1 I | | I | 1 1 1 1 | 1 | | 1 I | 1 I 1 1 I | |
_& [ ALICE p-Pb (s,=5.02 TeV )
— 3 —

o= = -

G
< [ :

2.9~ ~

of- L
: % VOM ( M:jf'ﬁ‘“ )0 NANL) ]
: = VOA N‘JEDElaLbEr} 5 ZNA {Nmaua} :

1__ =) \.FDA {M::n”i*%“ i } ® PP mlerp-nllaled ]
0 10 20 SU 40 50


http://arxiv.org/abs/1412.6828

35 Cronin and high-p; region vs Nch

High p; region
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In|<1.4

ALICE, arXiv:1412.6828
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37 RpPb measurement

ATLAS-CONF-2013-107
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38 J/W and W(2S) suppression

Forward going Backward going
28 . o b ncuusive sy, vizs) o ALICE Preliminary %i;‘ 1.4 | Inclusive Jiy, y(2S) - W'y ALICE Preliminary
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12F 1.2
: ] Iy m_C
B i ». ..
| g Y e B i
- [ i
08k E JI\I’ 08
- ha . I
0.6F [ = 06 Y (2S)
0.4F y(2S) 0.4F
. . 0.2f .
. I I 0 : : .
80-100 60-80 40-60 20-40 5-20 80-100 60-80 40-60 20-40 5-20
ZN Energy Event Class (%) ZN Energy Event Class (%)

* Jhy - pu: Multiplicity dependent suppression in p-going direction,
and no suppression in Pb-going direction

* Consistent with shadowing

*  y(2S) - pu: Multiplicity dependent suppression in both directions

* Needs additional effect (Final state?)
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