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(%\» Charged-Particle Multiplicity

* Previous measurements at hadron colliders,
theoretical models and predictions for LHC

« Pseudorapidity density and multiplicity
distribution measurement procedure with ALICE

— Detector status and data taking
— Analysis procedure
— Systematic uncertainties

« Data sample and MC validation
« Results
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. Definitions
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Part 1

Previous measurements at hadron
colliders, theoretical models and
predictions for LHC
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Multiplicity IR
» Simple observable in collisions of Eéiﬁé?ﬁ%m%ﬁ@ - cor vt omtrd
hadrons T 33;4;““333233
» Important ingredient for the 2ptererrel Gy |
understanding of multi-particle s S 1%,
production

— LHC is in an energy realm where

multiple parton interactions are in 1SR 44.5 Gov

the bulk of the events 1SR 622 Gov

« Constrain, reject and improve
mOde|S E735 1800 GeV
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4 Feynman Scaling

. Phenomenological VERY HIGH-ENERGY COLLISIONS OF HADRONS
arguments abOUt the California Institjt{{-i:cr?fa ggcfr;oi:?:m;z:adcna, California
eXChange of quan’[um (Received 20 October 1969)
numbers PRL 23 1415 (1969)

. | A Bubble chamber INEL |
» Feynman-x: x = 2p,/\s - T Sns Violated in the
* Feynman scaling function 2o« ersswep Fegion that was
: | O UuAiNsD measured
f(pr, X) iIndependent of cms e ¢ corne 7 7
energy (for large energies) 50t F74
_ v 40 7

—->Average N, increases 30° //@ “

with In s 20¢ e
10; Amﬁﬂ/ MM’WE
—->dN_/dn approx. constant St RN R
10 10? 10° 10*

Vs (GeV)
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unfortunately does not mention how many gev or mev in the paper


(%-@ KNQO Scaling

1@;» O 200 GeV |-
+ Koba, Nielsen, Olesen (1972) & ol somoer |
» Based on Feynman scaling 3
. \ 1072: 2
« Scaling variable z By
. Expr?ss P(N.,) as i o S SIS
P(z) ™ <Ngn> NNl liff knRe52.5
« Multiplicity distributions
measured at different Successful for NSD events
energies fall onto universal E:JSpRt)o SRR PhEes SEE
curve -up to 900 GeV in central region
(UA1, UA5)

sremains only valid in |n| < 1 for

soft events at 1.8 TeV (CDF)
Nucl. Phys. B40 317 (1972)
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) Negative Binomial " /”h\\
= Distributions " AN
» Bernoulli experiment %\%\
— Probability for n failures and k | \
success in any order, but the o

last trial is a success ISR, 30Gev. H )

* Physical interpretation

— Cascade production (clan
model, Giovannini, Z. Phys. C30 10-2[

391 (1986))

) Ancestor particle are producec Successful for NSD events
independently (Poisson) -up to 540 GeV in full phase
 Existing particle can produce space (ISR, UA5)
additional one with some -central intervals up to 1.8 TeV

probability p (UA5, CDF)

= i,
T,
iy
%TT

1n-3

Nch
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f%\ Two Component -
= Approaches 1w UAS, 900GV

ﬂ Oml<1.5
; Al < 3.0
« Combination of 2 NBDs
representing soft and semihard

& nl <5.01.....

part of the collision L
(with and without minijets) ol Rl
(Giovannini, PRD59 094020 (1999)) - IL%FD\?\?
— Two classes of events, not two ) B i WA T Lo
production mechanisms in the 5
same event 22 Thi<is |
. - —ml<3.0
« Other data-driven approach 8¢ bl
Identifies several KNO o ;DMLM@ N
components (Alexopoulos, 5 |
Phys. Lett. B435 453 (1998)) N -1
© &
Successful for all regions up to g 2
1.8 TeV Z Al
0 20 40 60 80 100 120 140
Physical interpretation unclear Nch
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: Predictions for LHC Energies

« Extrapolations of trends at j6F Srrv owr e
lower \/S 15 Pythia, D6T tune (CMS) {10 .
— Just for average multiplicities I TR
— For the multiplicity distribution 12—Pythia default oo e
o | n r | n m | 11—Epos, with mini-plasma i ™ i
Gluon saturatio odels 107" dN,/dn @ 7 TeV predictions

(ArmeStO et al, Kharzeev et al) 9-t range from 4.3 to 6.4

8—hainaiov, rognosyan (usoN) LU @
* Dual Parton MOdel / 7 —Kharzeev, Levin, Nardi i .
Quark-Gluon Stnng Model B—Armesto,Salgado,Wiedema;nn I:i] o] -
5—G-0.,R. (Inz\.fiextrapolatioh) OO0
« Monte Carlo generators 41-G-0, R (n\S extrapolationj o8 |
_ Pyth|a (pQCD + SOft 2:2-2.,:. (e'e’lpp universalitﬁi)_._. a o q:
phenomenology) with all its tunes §coFparam, || Do |NSD|
— Phojet (based on DPM/QGSM) o 1 2 3 4 5 & 7 a
— Epos (allows mini-plasma in p+p) ArXiv-0912.0023

Charged-Particle Multiplicity at LHC Energies - Jan Fiete Grosse-Oetringhaus



. Predictions for Vs = 14 TeV

_|—— 2NBD Scen.1 e 2NBD Scen. 2 —— 2NBD Scen.1 e 2NBD Scen. 2
--------------- 2NBD Scen. 3 Pythia D6T e 2NBD Scen. 3 Pythia D6T

o Pythia ATLAS MCO09 Pythia A Pythia ATLAS MC09 Pythia A

¢ Pythia default Phojet ¢  Pythia default Phojet
QGSM Multi-parton | B |- QGSM Multi-parton
Abramovsky, Radchenko 0.030| ---- Abramovsky, Radchenko

Vs = 14 TeV i Vs=14TeV |

__________ 2nBD Scen. 1 MultlpI|C|ty dlstrlbutlons differ

------------------- 2NBD Scen. 3 by a factor 2 up to an order of
Pythia ATLAS MC09 "‘ ‘ magthde

o]
m}
a  Pythia A g
¢+ Pythiadefault |
- :

SN
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r"'r'"|'"|"'|"'1'"1"'1"'1"|
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|%l Open EXperI mental =90m1oouc;ev Z::::S
ISS u eS 10 g i S"@o&@?
| - A B
+ Discrepancy of multiplicity %ﬁa @%%%
distributions of UA5 and E735 LR e
in full phase space N eeosn®, |
— Extrapolated from |n| < 5 (UA5) and "L arXivi 0912 Goz3, |

|n| < 325 (E735) 0 20 20 60 B(N 100 120 140 160 N::m

ch
» Restricted phase space?

— Data points not in electronic format

— Go to the publication: plot quality?
1L FooN =

» Lessons from this? Q

¥ > Try to reduce extrapolations (and thus
model dependence)

- Provide your numbers in a digital ! |
form (otherwise they are lost) » 10 e e a5

Nucl. Phys. A544 343 (1992) z=n/<n> N, / <Ng> >~

o UAS full phase space

735 full phase space

-

<Nch>P(Nch)

P(n)

arxiv:0

full phase space

10
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Z. Phys. C43 357 (1989)
Phys. Rept. 154 247 (1987)
Phys. Lett. B435 453 (1998)
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Part 2

Pseudorapidity density and multiplicity
distribution measurement procedure with
ALICE
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3 Proton-Proton Cross-section

Gtotal = Gelastic T O-non—diffractive T Gsingle—diffractive T O-double—diffractive
- - I\ /
|_insensitive . ey

inelastic, ALICE trigger

« Many experiments triggered on and published
non single-diffractive events (NSD=ND+DD)

« ALICE measures inelastic (INEL) and NSD

45 ND 2.5- |-
a0 N I
3.5F 2.0 |
> 3.0 > |
'cfg T A.0F || _
.0E o fo ol S
050 h 05 rr ~ Pythia, 900 GeV
:“' : : l| |l|. " :||§| : i N : ; ; ; ; ; ; ; - I|
00864202468 0.0%5~ B R
Rapidity y y
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I%I Treatment of Diffractive Interactions
E Single Diffraction

« Use MC generator for

corrections per process type |[sp,900GeV | Pythia | Phojet

(ND, DD, SD) MC fraction | 22.3% |19.1%
« Combine using measured Replay 18.9% |15.2%

weights Measurement* | (15.3%2.3)%
* Replay measurement .

conditions UAS: Z. Phys. C33, 175, (1986)

_ M%s < 0.05 for UA5 derived from ratio of SD/NSD

measurement

. Measurement for 1.8 TeV
— Weight SD such that replayed  g7qg, phys. Lett. B301, 313 (1993)

fraction matches Other cut on SD: 2 < M2 < 0.05s
measurement

— Experiments have corrected Can be used for 2.36 TeV (ratios
for non-SD contribution in their  sp/INEL, DD/INEL fairly constant
measurements as function of cms)
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I%I Treatment of Diffractive Interactions

®

« UAS z. Phys. C33, 175, (1986))
— Centeredgap In| <1..3

— Somehow corrected for
efficiency to find certain
gap sizes

— Hadron-level definition for
DD not evident from the

paper
 CDF (PRL87, 141802 (2001))

— Measures with a gap of 3
n-units (including n = 0)

Double Diffraction

DD, 900 GeV Pythia | Phojet
MC 12.3% |6.4%
Measurement (8 5)%
DD, 1.8 TeV Pythia | Phojet
MC 12.6% |5.8%
Replay An®>3 |6.6% |2.2%
Measurement (7.5 £ 2.2)%
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: : = « CDF
I%l Treatment of Diffractive Lo’y - uss aduseo) p
: . 2 [ - znc:fma ized ga g
= Interactions - DD (2) & [T P o’
E "
. 210 L 7
« CDF scales their and e | y A
UAS result to floating gap ' L= |
of 3 n-units (“An > 3”) ol /
. L / ]
* Consistent -/ PRL87, 141802 (2001) |
measurements O A R
10 10 10
* Replay works for Pythia, Is (CeV)
but not for Phojet Pythia | Phojet
« Treatment of DD remains 900 |MC 12.3% | 6.4%
ambiguous GeV | Replay An>3 | 10.6% | 3.6%
UAS5 scaled (9.5 6)%
1.8 |MC 12.6% | 5.8%
TeV | Replay An>3 | 10.3% | 3.5%
CDF scaled (10.7 £3.1)%
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€ A Large lon Collider Experiment

EMCAL
Yy, 0, jets

L3 Magnet

TO/VO
= Trigger

ACORDE
Cosmic trigger

— S
o H i --
TRD S ""ﬂ HMPID
| Electron ID (TR) [ 2 PID (RICH) @ high p; e
=i g = — | ¥ P =

- | PMD
vy multiplici
TSR

Tracking, ;
) L —

PID (dE/dx) [
- OF ~| Low py tracking pairs
| PID + Vertexing [ =5
PHOS F Charged B2 v zg: =
y, 0, jets | multiplicity = Not shown: ZDC (at +116m)
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250 : :-- I-V . - I i i i : o Ij y-ray image T ‘ \FI)-\‘.\p‘ \at\ \\\/_g\ T \do\ \G\\e \ T \b\gl \d\3¥\ T \E
= pp @ ann GeV > zuu| —
- = B ALICE Performance 7
® ; 200 [ - TPC PID 150~ work in progress
@ i ALICE pertormance | B 3
~ r work in progress ] 100? SSb B
— ~ r &
8 150 + B E 50— SDD 7
= ) . S - 9 -
cC - b L C g -
- 1 ] - : SPD inner -
P é 00 L e ] > 50 d:§\_(:-Ic—)'r:tca:inmlent —]
E % 50 ] -1001 TPC Rods / _ \ =
: T A50F . oo
R 0 e 200F -
10 _25 :\\\\‘\\\\‘\\\I‘\I\\‘\\\\l\\l\‘\\\\‘\\\\‘\I\\l\\l\:
F 950 200 -150 100 -50 0 50 100 150 200 250
X(cm)
X (cm)
O + : 0.00—— TRD PID
K?* from kink -
0.08— —=— electrons
= pp@LHC pions
0.07
M v 0.065 testbeam (2002)
c C
A = 0.05F
O = p=1 GeVic
QO 0.04F
N 0.03F
0.02 = ALICE Performance
C TE work in progress
0.01—
E n r il .-:-:-'.;..:..5.:.-__ el

Integrated charge (a.u. )
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Detector Acceptance
71 MUONSPnlwer1PMD

. Detectors =2
T e
5- FMD—-SSD--FMB
- VO scintillator array . I el
— 28<n<5.1and-1.7<n<-3.7 2 o _
i . 17N 2’ I-INl_In* 72#"2 1=ZN
- Silicon Pixel Detector (SPD) ST om0 W
— Two innermost layers of the IR N LA
Inner Tracking System (ITS) - —
— Radii of 3.9/7.6 cm (|n| < 2.0/1.4) N ST'S
= Aop.p
— Trigger & Tracking =T et pp@
_ |n| < 1.4 % oeé é?r\ Laws o~ o~
— pr>50 MeV/c Q b e o YT
9.8 M channels O, " rimaries
- 9. 30 primaries
— Tracklet: 2 points + vertex *# (2009 configuration
0.1 Ll 8 Q/IO C cti e)
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(%\» Trigger for MB Physics

« ALICE measures MB & 1oF o]
properties for INEL and § 08 —o {jﬂ@wﬁk
NSD events = F I -

L
* Inclusive trigger ("MB1") for &, = o VoANDNSD |
INEL: central pixel hit (SPD) 2 -  Pythia = . o |
o %20 0.9TeV ]
or forward scintillator (VO) [ © MB1INEL .
— One particle in 8 n units Generated multiplicity in |n| < 1
— (Trigger-)sensitive to 95-97% — -
of the inelastic x-section Efficiencyin % |ND |DD |SD

« Two-arm trigger ("VOAND") Pythia | MB1 1100 |92 |77
for NSD VOAND (98 |49 |29
— Both forward scintillators Phojet | MB1 100 {98 |86
— One particle in 2.8 <1 < 5.1 VOAND 98 (66 |34

andone in-1.7 <n <-3.7 900 GeV
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900 GeV: LHC10a8, LHC10a12 (104867-92)


» dN,,/dn Measurement

dN_,  Tracks
dn  Events

« Basically If the detector was perfect

 But... there is Primary particles =
— Detector acceptance, tracking efficiency charged particles
— Decay, conversions, stopping, etc. produced in the collision

— Vertex reconstruction efficiency/bias, ::ght,:ﬁ:\r d‘z‘;\"( 52‘::2“?5
trigger efficiency/bias g y

from strange particles
— Low momentum cut-off

 Three corrections needed
— Track-to-particle correction all events
— Vertex reconstruction correction
— Trigger bias correction
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. Corrections

« Track-to-particle correction
— Acceptance of the SPD clearly visible
— Function of n, z-position of event vertex
(Vix-2)
 Trigger-bias correction

— Corrects towards
* Inelastic events 100 T—

 NSD events .
_ Event and track |eve| ‘g 0_9? ...................................................................................................................
_ Function Of mu|t|p||C|ty, vix-z "'E 03:_ .........................................................................................................................
o
."3 07: ........................... o e o
Average correction factors o Event level
Tracking: 1.53 § 06— _______________________ towards NSD
S (I F5H R S B
Events (NSD): 1.02 [+8.3% (NSD) — 6.8% (SD)] 0.5 0 5 10 15 20
Subtraction of SD tracks for NSD: 3% multiplicity
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! Normalization

» Triggered events without vertex Ny, ...+ Us€d in the
normalization N(z) =N, (2)+ N, om (2)

» Triggered events without vertex are — well — without
vertex position

« Have to be put "in the right place" (at the right vertex)
— Nyig, novix @re distributed like the vertex distribution from data: a(z)

— The vertex distribution is biased (~ 1%) due to the vertex
requirement, th|s effect is corrected for: F(z)

Ntrig,novtx(z) T trig,novtx a(z) X F(Z) Ctmg (Z)
*  Nyig.novix CONtains beam-induced background and noise

— Assessed from control triggers (discussed later)

— At 2.36 TeV no control triggers
» Use 0 bin from MC - larger systematic uncertainty
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%» Systematic Uncertainties

Error ellipse ¢ gp

* Influence of systematic Systematic uhcertainties | INEL | NSD
effects on result at 900 Ge\in % DD,
evaluateq Fractions NE@ D/SD )}2/6 2.8

* E.g.fractions ND/DD/SD [\c dependende—4—1 2.0 | 1.0

- ﬁgzrs]gfeilge/rizr?gr Detector efficiency 1.5
- 2 ol & oz,
~ E.g. SD (15.3 £ 2.3)% faricl (%ﬁgﬁo
(Scaled as dISCUSSGd _En-ﬂﬁ.tgr __a_lbu)gget ........................ ..................... .................. negl
before) Jg“g‘jspe_ e A SRR

« Larger uncertainty for §§B’“’tﬂggermg efficiency | negl.
NSD than for INEL \& trictgerlng eff|C|e f

@ckground
%tﬁbn - '-1i.u' _ '4:;.5' _ 'u.;u' _ =

* n-dependence
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(%T@ Multiplicity Distribution

Events with multiplicity N

All events

 Efficiency, acceptance
— Resolution vs. bin size - bin flow
— Correction by unfolding

» Detector response M = RT

— Probability that a collision with the true
multiplicity tis measured as an event

with the multiplicity m N
« Vertex reconstruction, trigger bias

correction 0 10 20 30 20 50

— Like for dN/dn, but in unfolded true multiplicity
variables (true multiplicity) because it is
applied after unfolding

P(N_ )=

(2]
T
|

- Inl<1

= w10

F-Y
<,

W
(=]
L

N
o
I S

measured multiplicity

o
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LHC10a8_run104867_8


O

®

* For the multiplicity
distribution all considered
events have to have full
acceptance in n

* For each n-region a
different acceptance
— Reduces statistics
— Not centered around 0 due
to small shift of the ITS vs.
the nominal interaction
point
« Use number of triggered
events without vertex to
estimate vertex efficiency
in “O bin” from data

Multiplicity Distribution (2)

1.5%— Il,fll"!: " max = 3 . |

o.s%— ,l,' I}I . . ..'ﬁ' . —2.0
o o.o%— '.J“: AR | : f’ —15

1.0 g 'I '{ 'I r::

- - z-vix (cm)

Iml < |z (cm) Fraction 0.9 TeV

0.5 -10...10 [ 99%

1.0 -5.6 ... 6.1 | 84%

1.3 -1.9...24 [53%

1.4 -0.3...0.8 [11%
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(%\» Challenges with Unfolding

« Example with a simple quadratic response matrix R

« True distribution (Gaussian is assumed) converted to
measured distribution using R

* 10,000 measurements generated

R s inverted and used to infer the 'true' distribution
—> large statistical fluctuations

::Ei . True distribution

(0.75 025 0 ---) 25 "measured”

0.25 0.50 0.25 2000¢ & T
0 0.250.50 5% /N

L ) 1::2; / \ 351:::: I
T=R'M IEEARRR NN

TII‘\ l I-\- ' \-I-I- | I-;-I- i | 1] 1 | |l [

_500:IHHIIII‘HIHIHHIIH‘HII i il filinin Ml Fifil i L1
V. BlObel,Ye”OW report, 1984 0 2 4 6 8 1012 14 16 18 00 B e multiplicity in 1l < 1.0
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:  Unfolding using y2-Minimization

5 M - R _U, ? Regularizations
X (U)sz ) t +BR(U) R(U):Z (a )2
. U, ~-U,,
* One free parameters per bin for \/F U
unfolded spectrum U, t
* Regularization Ut _Un+2U U,
— Prefer constant locally VU, vU,

— Prefer linear function locally

« Weight parameter [ needs to be
tuned
— y2/ndf not larger than 1

— Keep bias low
V. Blobel, Yellow report, 1984

Charged-Particle Multiplicity at LHC Energies - Jan Fiete Grosse-Oetringhaus



O

: Unfolding using Bayesian Method

Bayesian method (based on Bayes’ theorem)
(e.g. Nucl.Instrum.Meth.A362:487-498,1995)
D Rtht

R, = R P R, Response matrix
Zt‘ mt'™ ¢ R, Smearing matrix
_ D P, Prior distribution (guess)
Ut o Rthm
m M _ Measured distribution
ﬁ =(1-a)U, + U, Unfolded distribution
t t o Weight parameter

%(Ut_1 +U, +U,,) (optional)

Iterative method:

Limited number of iterations 1. Choose prior distribution P,

A

provides implicit regularization ~
(V. Blobel, hep-ex/0208022) 2. Calculate R, ,U,,U

t

3. Replace P, by IAJt; go to 2.
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3 Systematic Uncertainties

« The influence of the systematic effect on the unfolded
result is studied

« Uncertainty as function of multiplicity

» Fractions ND/DD/SD and MC dependence effects only
trigger efficiency and vertex reconstruction correction

« Detector efficiency evaluated by changing the response
matrix (higher / lower efficiency)

— Uncertainty on the p; spectrum and particle composition is
effectively an uncertainty on the total efficiency

— Overlaid by usual fluctuations from the unfolding
« Fit with a smooth function

Different VO selections to assess effect of trigger
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Change in trigger efficiency

3 Systematic Uncertainties

0.5|"'l|llll|||||

- Total uncertainty

0_4—_(dom|nated by

- dotsuteHgisieiengp)

> ]

= g

S [ }

S 0.3} E

Q Uor i

=) i i

((}] = 4

= 0.2 .

© ]

T, i

' : : : T 0.1 .

0. 7—'V0AND trlgger for NSD | [ :

" In)<. g LN N S SR » - ]

06—||Irll|I<I|IIIiIIIiIIIiIII| 0.0 Illllllllllllllll
0 2 4 6 8 10 0 10 20 30 40

Generated multiplicity Generated multiplicity
Only effect in low-multiplicity region Detector efficiency dominates at
Large effect in 0 bin large multiplicities
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Part 3

Data sample and MC validation
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r 1 x10°
30—
- ALICE Performance Data
%¢ Data Sample ey A work in progress  pac
ge] PP tt '
_ g 205—' SN
« Analysis based on = Eerle
o D sl v second layer
— 900 GeV: 186k collision events @ - - -
out of ~430k total c "t T e vy e
— 2.36 TeV: 41k collision events sCirst layer -
i MC adapted to mean Vertex 00 — I5|{]I — ‘1l|]0| — I1|5l‘.flI — |2{‘10‘ —
position and spread SPD module
et e TS o ™= inefficient sector
b, | _ 2 >nosignificant
Sl A § | s *5  effecton result
[ A 900 GeV (x 10) © £ }
c 10°¢ = Q 1.0%‘-’“«%% e :
d>) E E 9 ogé_ F A t f H:h t HM
i 3 £ & os- yield in first and
. J -
o el ey o7 second layer  aLicE performance
] ALE.ICE relimina; 06— compatible work in progress
L po - .10.\’. Al 055~ within 0.5% s a0
z vertex distribution (cm SPD module
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900 GeV: 92k in run 104824-52 (accepted MB1); 94k in run 104867,90,92


O

« Tracklet finding quality
parameter match
between MC and data

« Combinatorial
background assessed

— Side-band technique
— Shift of clusters in outer

layer by =
* Needs scaling factor

— Combinatorial background

amounts to 0.2 — 0.4%

: Data Sample (2)

10° E

we

—

-,

103 é_ _______________________________________ Ffﬂifrﬁdj

»
Q =
p .
firary =
o 102k = e
F” ALICE Performance
10L W work in progress 1
1 ; _ : : : T
010 005 000 005 0.0
Tracklet A
105%— Standard ALICE Performance
- . work in progress
Jo+L Shift by = prog
3 [ (scaled)
=10° =
c F
w r
102 = !
E 1 |
10} !
- 1 |
1._..|...|...|...|..'.|.'..|...|...|...
-0.8 -0.6 -0.4 -0.2 -0.0 0.2 04 0.6 0.8

Tracklet A
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€  SPD Triggering

= Efficiency

« SPD triggering efficiency
evaluated with data

— Fired triggered chips over
chips that have clusters

— Using VO triggered data
sample (unbiased)

« Applied in MC

— Essentially no influence on
the trigger efficiency (MB1)

Data -
5 MC -
1400:—
1200:— M
1000:—
300:— ALICE Performance
- work in progress
400 250" 500 Bs0 TG00 650
SPD chip chip number
800 . . AI_ICEPerformance
- work in progress
600 _._400 ............. 4%01 ...... o I5':|":II ...... ,5]501 ...... 1,6[|m,,, Béo

SPD chip

chip number
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LHC09d10 run104867-71
run 104867,90,92 pass3


(%1 VO Trigger

« MC has been adapted to reproduce the spectra found
with data

« Same time windows for beam-beam (BB) and beam-gas
(BG) applied to data and MC

« Estimation of fake rate from data

[ VOA Mean- 7?.26: " VOC .I\-.II:al:a .::'.?U;';
T L RMS 349 | T RMS 1.264
‘wk  BG | el BG o
o BB - - BB
10° ) g 10° >
10l fake ol fake !
- ) | ALICE Performanc ¥ ALICE Perf
1 % work in progress e M work in progress
SN ol E | P TRRRRTINN NN W SRR RS R

1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 — 1 1
50 60 70 80 90 100 50 60 90 100

70 80
leading time (ns) leading time (ns)
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! Background Identification

T T e e e e e |
 Beam “splashes” o " B
— Lots of clusters caused by et .
particles traversing the detector in e — .
direction of the beam line O e
- Identified by g——so _+_ * -30
) g——-m ’_| _;_#‘ \_| -40
» Correlation of number of tracklets T
with number of clusters T TT A  ETT V FS PP AT
. . = 45
* VO information s  Single bunch Iw
« Cosmics » “°F  ALICE Performance” - [[5s
. @ "F  workinprogress. ~ |
— Rate that causes valid vertex @ 0 e
102 Hz I T =
+ In coincidence with passing beam ~ § wof. i s
~106 Hz O a0 10
100 5
0

0
0 5 10 156 20 25 30 35 40 45

SPD tracklets
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3
Beam-induced & =
- Relative to accepted events in background -
bunch crossing trigger -Qi g g A lui
— About 2.1% each in single bunch %" 3

Background @ 900 GeV

triggers
About 1.2% in “empty” trigger (= noise)
0.02% have a vertex and tracks

The remaining go into the 0 bin, which
can be subtracted with the control
triggers

Bunch intensities taken into account

« Background with activity is negligible

0.6

04

0.2

0‘0_\\\\||\\\

! Mean

- only |z| <115 showin.

aaaaaa

ALICE Performance
work in progress
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z-vtx (cm)


run 104967,90,92


%» Background @ 2.36 TeV

. 2| < 10cm
: : - -10 <z<0c
* No control triggers for this data - < 2 <10 cm
sample S o
e Assess baquround bylreplaymg the % + # i
2.36 TeV trigger conditions on the i3 (J;r
900 GeV sam ple AL1f.E Performan
. mgorkm prqgre$s
« Look at those events which are ? n :
flagged as background by the VO
: 180 only |z| < 1 shown
— 0.9% events w.r.t to all triggered 16
— 23% of those are found by the e
background identification 107
— Of the remainder, 10% have tracklets, ::
the rest goes into the 0 bin (which is not ‘= ALICE Performance
used at 2.36 TeV) .., Wworkin progress

40 30 -20 10 O 10 20 30 40

z-vtx (cm)
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run 104967,90,92


Part 4

Results
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® -g 5_ T T T T T ]
""'hto | —
g | :
4 + —
4 4 + ﬁ* E A,
CA A &+h+L Al A A+
3 -
2 Eur. Phys. J. C (2010) 65: 111 —
- \'s = 900 GeV -
11— m ALICEppNSD & UA5ppNSD ]
i o ALICEppINEL & UAS5 pp INEL :
B L L L . ]
9% X 0 1

=N

| will not comment much about this distribution today, except...

that it is based on 284 events
and has 1056 authors
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5 | T T T T | T
‘%‘ _ ALICE preliminary ]
tar . n : -
B A A mTa, i
- ‘2*‘& &m ;J ;#ﬂ*#“. hﬂh‘*; E;*m& &*3 :
5 31— oo 8 4 mo® _
\-S B UA5: only stat. uncertainty shown _
% oL CMS, ALICE: stat. + syst. uncertainty shown B CMS does not
i \s = 0.9 TeV 1 Include
- m ALICEppNSD © ALICE pp INEL . charged
1- A UA5ppNSD 4  UA5ppINEL — leptons
= ¥ CMSppNSD - 2 ~1.5%
- o e difference
0 -2 -1 0 1 2
n
dN./dnin |n| < 0.5 INEL NSD
ALICE preliminary 3.02+0.01 £0.07 |3.58 £0.01 £0.11
ALICE EPJ C (2010) 65: 111 |3.10*0.13*0.22 |3.51+0.15+0.25
UA5 Z. Phys. C33 1 (1986) 3.09+0.05%? 3.43+x0.05%?
UAS5 Z. Phys. C43 357 (1989) 3.61+0.04 £0.12
CMS JHEP 02 (2010) 041 3.48 £0.02 £0.13
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Y E ALICE preliminary
5__ .
S ol B
SR FETTT R LA AN
P e A A
= r -+ CMS does not
% 35_ stat. + syst. uncertainty shown _E ::nhcalll‘lgd:d
2 \s = 2.36 TeV - leptons
- m ALICEppNSD o ALICE pp INEL 1
1 | difference
- ¥ CMS pp NSD 5
0:| ] ] | ] ] | ] | ] ] |:
-2 -1 0 1 2
n n
dN./dnin |n| < 0.5 INEL NSD
ALICE preliminary 3.77 £0.01 £0.23 |4.44+0.01£0.16
CMS JHEP 02 (2010) 041 4.47 £ 0.04 £ 0.16
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:  Comparison to Monte Carlo

5 T T T T T T T T T T T

€ T ALICE prelimina 0.9 TeV § Sp 2.36 TeV
> L P ry ] = [ ALICE preliminary 7
k= - f e B 5
LG S R, O Y L I
I VW AT I TIt Ll # 7 E ) *’*‘ . : *‘* Tt
i YR N T * -I!'.:_'E::!P:ﬁ:ﬁ:t.f -------------
d=———— L1 L L e =
3__ ___________________________ —_ - -_-:::v__:::';:::_:._ e ___...::::::::::Z:=:== -‘*----..__:
E E 3 }v—{
2— NSD S=09TeV INEL — - NSD \s = 2.36 TeV INEL ]
— s=0U. e — - _
- n ALICE pp = ALICE pp . 2k " Aﬁi ‘(’:’;:)SD . AL&ET‘E:’;;E" —
I R D6T (109) — D6T (109) 7 R — .
= | Atlas CSC (306) ——  Atlas CSC (306) | S Atlas CSC (306) ~——  Atlas CSC (306) =
R I Perugia-0 (320) ——  Perugia-0 (320) n 1= | Perugia-0 (320) —_— Perugia-0 (320) —
I Phojet — Phojet i T Phojet - Phojet ]
1 A R B R L] L -

0 -2 -1 0 1 2 O -|2 L L |1 L L L L 6 L L L L JI L L L 2|

N n

« Pythia D6T and Perugia-0 match neither INEL nor NSD at both energies
- Pythia Atlas CSC and Phojet reasonably close with some deviations

D6T/Atlas: Pythia 6.4.14 - Perugia-0: Pythia 6.4.21 - Phojet 1.12 with Pythia 6.2.14
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(%T@ dN/dn vs. s

« Larger increase from 0.9 to

2.36 TeV at mid-rapidity as ol m | ALGE
: ot o 2= T
in MC generators ~ preliminary
Perugia-0 (320)|- " _
g T I|S|R(| T |}\I|hJ|EL T T T T T |||| T T T T T TTT T T T
[ PP s UA1 (pp) NSD
I 6| © UAS (pp) INEL e UAS (pp) NSD | Atlas CSC (306) - " -
S o PHOBOS (pp) INEL & STAR (pp) NSD
- | v CDF (pp)NSD « CMS (pp) NSD -
| o ALICE (pp)INEL = ALICE (pp) NSD A il D6T (109) - .Ea |
- points at the same :
4— energy slightly shifted —
: - CMS| .-
- . O INEL |
ol ] ALICE[-|® NSD i =
. ’_,.&”'ﬁ LHC _ T N T B
I Ns=14TeV | | 0 10 20 30 40
- ALICE preliminary : Increase from
0 | | | 1111 || | | 1 1 |||| | | 11 1 |||| | | | o
102 10° 104( 0.9t0 2.36 TeV (%)
s (GeV)

Charged-Particle Multiplicity at LHC Energies - Jan Fiete Grosse-Oetringhaus


Stat. uncertainty on MC values < 0.1%
D6T/Atlas: Pythia 6.4.14 - Perugia-0: Pythia 6.4.21 - Phojet 1.12 with Pythia 6.2.14


N
o

@) Muttiplicity 2 wmeos =g
® . . . 815
Distributions ¢ ” ;
. Distributions in limited ™ rrebthy H % k
n-regions 05l :
¢ The average 005 v%:h?.SQDTevl L IALICEIpreIIimilnary E
mU|t|p||C|ty of the 0 10 20 MultiplicityNCShO
distribution reproduces - ;
the chh/ dTl o %10_1;___ R < 1.0610) A
measurement within g

o 102 - +++++++_,_
1% - T

- Consistent with UA5
104 i

= |[\s=2.36 TeV
NSD AHICE preliminary

UA5: ZP C43,357 10°5— BT

_|_
(o] | HIHH| | I\IHH| | I\IHH| | IIIIHI| | IIIIIH|

0
Multiplicity N,
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'%l A structure?
* Independent of
— Regularization scheme

— Unfolding method
— Data sample

« Unfolded distribution
changed to exponential
— Residuals show structure
— Slope change already in raw
data
« But... errors in unfolded
spectrum correlated
— Moving all points by 2c
—> structure disappears
— Might just be a fluctuation

Normalized
residuals

Probability P(N ;)

102

10°

10

Events

|
ERa —ALICE |3
B, sy cUAS ]
- %00 "'*'+++ B
= . ! =
- s E
- 3 % b ]
= | <0.5 (x 1) H mi<1.0(x10) =
- == .
- L, |
= [\Vs=09TeV T -
:l NSD | AL|ICE preliminary -
0 20 40 60
Multiplicity N,
g E\ln Lo _51___1 _E__ ____|§J__!__§1!__|_

04 M —— Measured distribution
o % m% % R ® unfolded distribution
. ; . ALICE preliminary
10 'z; /'\\{ Lﬁ%'*—m tﬂ

el ﬂj [

A ' — e — —

3§ IT‘ | < 1

i A LN M

j: [ \

oi = SRS el

.1§ T I

.22

.32

45 e R R ———

10 2 . Measuped nﬁltiplicit\f inl < 153
measured muldiplicityity
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€ Comparison ; “EEl | 5
Y %1_5 | — Perugia-0 (320) __ ...
to Monte Carlo § | |

—
o
; 1]

* Phojet provides a good

description at 900 GeV, o N~
but fails at 2.36 TeV | ST ]
\ \ . ] ml <1.0 ALICE preliminary |
- Distribution at 2.36 TeV ool T
closer to Pythia with Atlas P Men
CSC tune %2'0; = IglgtTél:Jlragerl"taIintlyl/ SRR
— Qualitatively same g | :étlas((}sc()%(%ooe;) /\
conclusions for NSD 2 "1 Phojet . g

e

« MC generators do not
describe the energy
dependence of the tail of

= PhojetéY \//‘*\/

| Vs=2.36TeV

the distribution correctly INEL o
ml<1.0 ALICE preliminary "
1 I1|0I 1 1 I20I 1 1 I30I 1 1 I4|0\ 1 1 I50

Multiplicity N,
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T =

r%\ . e L 0  UA502TeV 3
[ ] B & UA5 0.9 TeV ]

L B A 9Te |

: KNO Scaling g« ™=, o o

V [ %%@ .

. . . . . S 102 =

« KNO scaling violation in restricted a. %
phase space F [ s % :

— i i - 1 <05 . E
Scaling variable z = N/<Ng,> F L 1 e

iy — ALICE preliminary _

— Very sensitive to average 3 S ]
multiplicity o o ]

* dN./dnin|n| < 0.5 used E Q;'zj‘ T “"++-|_|—|—|-q<_|___ -

- Consistent with <N,> from o™ | | - N
distribution ° ? Yz % e

— KNO scaling fulfilled until 5 E — NE
z~4 20- | < 0.5 . " =

— Forz > 4 trend ViSible, not 05-15jitlé:3E * ALICE preliminary e
significant 125503 3

EOCZ " - - -

 Reduced moments S . e - -
C, = <n%>/<n>9 20: In| < 1.0

— KNO scaling requires constant o .a =
moments as function of Vs O 10fc, ‘ :

. . . ‘e - mC, -

— Slight increase, not significant *Hec, - = E
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Larger discrepancy between UA5 0.2 GeV and ALICE 2.36 TeV, but errors larger too


O

$ Negative Binomial Distributions

 Fits with one NBD work well at both energies in limited
n-regions
— X?ndf between 0.2 and 0.9 (not taking into account correlations
between the errors, yet)

 Fit with two NBDs have slightly lower X2/ndf

‘—% 1= — ‘—% T
- E = e E
- . < =
510'1 e ] £ [F i
3107 E S 10 E
5 - . S ]
[l — o — o) :
%102 - E &2l N
3 _: B 7
10* = = _ = 4l _
E \E_OégTeV E 107 El\s = 2.36 Tev E
L NSD I B C ]
41051 . . | ‘ . . AL\ICE Iprellrlnlnary - NSD ALICE preliminary -
0 20 40 60 ,10-5 6 I | | 2|0 I | I 4|0 1 | I 6

N 0
Multiplicity N Multiplicity &,
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i Summary

« The pseudorapidity density and multiplicity distributions
at 0.9 and 2.36 TeV have been presented
— Consistent with UA5 and CMS

« MC generators do not describe the energy-dependence
of the average multiplicity as well as the tail of the
distributions correctly

— Significantly larger increase of the multiplicity measured
« KNO scaling in |n| < 0.5 and 1.0 remains valid

* Negative binomial distributions reproduce the shape at
0.9 and 2.36 TeV

Thanks for help with preparing this
talk to Michele Floris, Andreas
Morsch, Sparsh Navin, Maria

Nicassio, Martin Poghosyan Thank you for your attention!
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