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@ A Large lon Collider Experiment ALICE

« ALICE has been optimized for heavy-ion (Pb-Pb) collisions,
but it also studies proton-proton (pp) collisions

- Several signals in heavy-ion collisions are measured relative to pp

- ALICE also has a rich pp program
« ALICE special features for pp minimum bias physics

- Low momentum sensitivity due to low material budget and
low magnetic field

- Excellent primary and secondary vertex resolution
- Excellent particle identification (PID) capability
» ALICE can give important input to pp studies
- Rare signals need good description of soft underlying event

- Tuning of MC generators in low-p_ region

- Study of high-multiplicity collisions
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@) A Large lon Collider Experiment
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Motivation ALICE

* High-energy proton-proton collisions can be interpreted as
collisions of two “bunches of partons”

« Multiple distinct pairs of partons can collide with each other
-

— Multiple parton interactions (MPI)

JHEP 0403, 053 (2004)

=

« At LHC energies, the cross section for parton-parton scattering
exceeds the proton-proton inelastic cross section
— many parton scatterings per event

O-in eraction ( P min)
<NMPI(pT,min)>: S =

o non-diffractive
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@ Outline of the Presentation ALICE

Experimental observables related to multiple parton
interactions measured by ALICE

1) Inelastic proton-proton cross section

)
2) Charged particle multiplicity distribution
3) Underlying event

4) Correlation between soft particle production and

a) Heavy flavor production (J/yw-mesons, D-mesons)

b) Event shapes
c) Low p_-jets

Eva Sicking 5
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@I Inelastic Proton-Proton Cross Section

ALICE

3100
= ¢ ppA(L)'CE « For center-of-mass
w TOTEM .
& ToPP energies above

0 pp ATLAS

®” . ppCMS Vs = 100 GeV, the
Y pp hadronic cross section
=P T increases

60

40

SETCIY Gotsman et al.

Origin of this increase is
not yet fully understood

_ Goulianos « Can be interpreted as
— Kaidalov et al. due to the increase of
— - - Ostapchenko , .
o Ryskin et al. partonic fluctuations
0 | | lllllll | | IlIlIIl | | lllllll | [
10° 10° 10*
\ s (GeV)

J. Phys. G 38, 124044 (2011)
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Charged Particle Multiplicity Distribution

-
o

T TTTI I IIIIIII| I IIIIIII| [

—

Probability P(N )

ALICE
INEL>0

i <1

G_I_Illlllll I IIIIIII|

J5 = 2.36 TeV (x 10)

N5 =0.9 TeV (x 1)

Eur. Phys. J. C 68, 345 (2010)

60
Multiplicity ¥,

Charged particle multiplicity
distributions in comparison to
negative binomial distribution
(NBD) fits

NBD — clan model

NBD is a compound
Poissonian distribution

Physical interpretation of NBD

- mean of Poissonian = number
of particle sources (clans)

- Associated particles per clan
distributed according to
log-series

Can be validated by particle
correlation studies
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@ Outline of the Presentation ALICE

Experimental observables related to multiple parton
interactions measured by ALICE

1) Inelastic proton-proton cross section

)
2) Charged particle multiplicity distribution
3) Underlying event

4) Correlation between soft particle production and
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X Underlying Event (UE)

« UE is the sum of all processes 4 Leading track
that build up the final hadronic
state in a collision excluding
the hardest partonic
Interaction TRANSVERSE

T~
TOWARD "\ Ad

)

TRANSVERSE

- Fragmentation of beam
remnants

- ISR and FSR
- Multiple parton interactions
. Experimental approximation of Analysis of particle production

JHEP 1207, 116 (2012)

AWAY

the hardest partonic w.r.t. the leading particle
interaction - Toward: |AD|<1/3m
- Leading jet or leading track - Away: |AD|>2/3m
in detector acceptance - Transverse: 1/31 < |A®| < 2/31
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JHEP 1207, 116 (2012)
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UE: Charged Particle Density

Charged particle density versus
p; of leading particle in detector

acceptance of |[n| < 0.8
Toward and Away region

- Fragmentation products of
the two back-to-back
outgoing partons

- Increases with p_ of

leading particle

ALICE
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UE: Charged Particle Density
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@ Outline of the Presentation ALICE

Experimental observables related to multiple parton
interactions measured by ALICE
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3) Underlying event
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@ JAY and D-Meson Yields

 Measurement of JA yield « Example: J/Y reconstruction
with p >0 GeV/c from from u'u &
QY
- — e (\t) 60 '_ — g
J/(,U eein |y| <0.9 S | .if:qi g?g Sign ;h
- Y sy win25<y<4 % 401 ~
o N o 262.0 x 10° evts. m
* Measurement of D-meson ¥ ” %
yield in |y| < 0.5 from 8 T f o
2. o
- D> Km S
O
- D" K O 40
* 30 |
- D"— DO T 15.3 x 10° evts.
20 f 31<N, <50
 Measurement as function of ok
the charged particle density ) :

dN_ /dy > 3 4 5
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JA Yield versus dN_/dy

{:; /5\’ 107 ALICE pp 15 = 7 TeV » Approximately linear increase of
> - . .
2| B Uiy o u (2.5 <y <4) L JA yield (p,>0 GeV/c) with &
cIe ® Jy—ereyl<09) charged particle density &
O
Normalization uncert.: 1.5% o ngheSt Charged partiC|e denSity gﬁ
51 (W] bin corresponds to 4 times the =
I @ minimum bias (MB) density @
5
% * Enhancement of JAy yield relative
~ to averaged yield in MB events for £
&S both rapidity ranges
0 2 4 PIATy Tang
dNy/dn - Factor of 8 for |y| < 0.9
(dN_ 7

- Factorof 5for2.5<y<4
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JA Yield versus dN_/dy

f:; /5\’ 107 ALICE pp 15 = 7 TeV » Approximately linear increase of
S - ' .
| B Uiy o u (2.5 <y <4) L JA yield (p,>0 GeV/c) with &
CIe ® Sy ooyl <09) charged particle density S
O
Normalization uncert.: 1.5% « Highest charged particle density =~
o (W] bin corresponds to 4 times the =
[ @ minimum bias (MB) density -
5
@j » Enhancement of JAy yield relative
~ to averaged yield in MB events for £
& N - both rapidity ranges
ZlE 5
= | I~ ® Pythia6.4 (Jy| <0.9) _
z:’;: z:’;: . . P;thia6_4 (2>’_S<y<4) Factor of 8 for |y| < 0.9
sz " - Factorof 5for25<y<4
- wpl
1_ 9585 .
i . . . ne » [ ' ' :
SR LA « Correlation is not reproduced by
0 2 4 Pythia6.4 Perugia-2011
dN /dn ythia6.4 Perugia-20
(dN_ /ch
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A

JA Yield versus dN_/dy

ALICE
> |> 10 P >3 20F Non-P
SYIS ALICE pp \s =7 TeV rompt 3 Q}  ALICE pp \s =7 Tev Non-Prompt
~ 2- B % >J -
Zﬁ Z_’ | m Uy opw (25<y<4) 2 2 - o Jy — e*e (ly| < 0.9)[non-prompt]
© g ® Jy—e'e (ly|<0.9) Lo ] g- g 151 [ | Systematic uncertainty
B al & I
i sl & |
Normalization uncert.: 1.5% %C %C 1 O L Normalization uncert.: [+7%,-3%)]
S S ~
| A
— Ll S[ALCE
I @] N
™ I E%ﬂ (1]
] ¢ I D
'1 1 1 | 1 1 | | I | i 1 1 | | | | |
0 2 4 0 2 4
e Lot 5712 165 20 dN, /dn dN,, /n
ys. Lett. B 712, 165 (2012
(dN_ ) (dN_/dn)

» Linear dependence between JA yield with charged particle
density also for non-prompt JAy (ly| < 0.9, p_.>0 GeV/c)

* Non-prompt JA are measurement for b-hadron yield
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<) D-Meson Yield versus dN_ /dy

T 1 T T T T |

’_é;'— aF ' ﬁp\'s':':T'Te\i o 'G'V 1« Approximately linear increase
- — ¢ D”meson, |y|<0.5, 2<p_<4 GeV/c _ ] :
%-' -  ALICE .... & Df meson, |y|<0.5, 2<p¥<4 GeVic aISO fOI’ prompt D meson yleld
52 12:— eatiiuskaRy " A D.J'rrleSDI'h ly|<0.5, 2{pT-=:4 GeV/c - as functlon Of Charged partlcle
T 10E |, gy een y1<09, p >0 % = density similar to JAY
; _ ¢ Jly o', 2.5<y<4.0, p >0 4 ] .
o 8 1.5% nomalization unc. notshown ] e Linear dependence given for
% 6l ﬂ' - several bins in transverse
s T ' : momentum, e.g.
N 4T ]
= of n i - From 1<p.<2GeV/c
- == .
| :a..;ﬁ,'lj,u,i,“;l“_[”“;lf upto 8<p,<12GeV/c
g 0.4 B fraction hypothesis: x 1/2 (2) at low (high) multiplicity 3 Consistent results for DO D D*+
g . ’ ’
2 3« Behavior reproduced by
o , 3 .
@ ¢ i 2 3 4 5 Pythia8.157, SoftQCD tune
dN,/dn/ (chh!'dr])
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@ Outline of the Presentation ALICE

Experimental observables related to multiple parton
interactions measured by ALICE

1) Inelastic proton-proton cross section

)
2) Charged particle multiplicity distribution
3) Underlying event

4) Correlation between soft particle production and

a) Heavy flavor production (J/yw-mesons, D-mesons)

b) Event shapes
c) Low p_-jets

Eva Sicking 17
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@ Event Shape Analysis: Sphericity ALICE

- Transverse sphericity S_ is defined in terms of the eigenvalues
A, and A of the linearized transverse momentum matrix S ny

1 1
Ve Z Pr i Z Pr,i

. ST IS infrared safe and co-linear safe

2
Pxi Px,iPy,
2
px,ipy,i py,i

22,
— ST:}\
1A,

« Characterize transverse event shape in proton-proton
collisions with S_

« Examples:
Z b= St 5 S1—1
Y charde §\\\\W///é | in the
particle II_Dkencil %////A\\\\\ 'QUitep' :_sof[ropic
- y like isotropic imit

Eva Sicking 18
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@ Mean Transverse Sphericity ALICE

- T T [T T T T [T T T T[T TTT[TTTT][TH
uf_ i all
~ 0.8}

« Transverse sphericity grows as
function of the charged particle
multiplicity

0.7
[ « Possible interpretation:
o _ High multiplicity events
comprise particles from
several independent sources
of particle production
— particle production
independent in the
azimuthal angle ¢

D.S;ﬁ

0.4
e 0.9TeV

i A 276 TeV
03 = 7.0TeV

o N TN TN T N TN TN N T (NN TN N U NN T T TN T N TN TN N T N N NN OO M O

« For same Nch, almost no

N RN NN N NN

10 20 30 40 50
N, (p. 2 0.5 GeVic) center-of-mass energy

dependence

Eur. Phys. J. C 72, 2124 (2012)
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@ Mean Transverse Sphericity ALICE

I‘IIIIIIIIIIIIIIIIIIIIIIIIIII

« Data prefers model with
softer fragmentation than in
pre-LHC tunes

(8, )

p-p, ¥s=7 TeV
all

- Best agreement for
Pythia6.4 Perugia-2011

III“I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1

m ALICE L derlvi t
04l 0 PHOJET arger underlying even

i O ATLAS-CSC and slightly softer

i A PERUGIA-0 fragmentation than in
0.2F & PERUGIA-2011 ore-LHC tunes

I Pythia8

4] TN T T T T T T N T T

Data / MC

Ney (p2 0.5 GeVic)

Eur. Phys. J. C 72, 2124 (2012)
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@ Outline of the Presentation ALICE

Experimental observables related to multiple parton
interactions measured by ALICE

1) Inelastic proton-proton cross section

)
2) Charged particle multiplicity distribution
3) Underlying event

4) Correlation between soft particle production and

a) Heavy flavor production (J/yw-mesons, D-mesons)

b) Event shapes
c) Low p_-jets
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Multiple Parton Interactions and Jets

* One parton-parton interaction
can produce one di-jet

» Multi-jet events with pair-wise
p,-balanced jets can be

produced in multi parton
interactions

Proton Proton

Figure: inspired by R. Field
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@ Jet Measurement at High N_ ALICE

 Low-energy jets at high N_

- Reconstructed jet energy can be
biased significantly in events
with high charged particle
multiplicity
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@ Jet Measurement at High N

- Low-energy jets at high N_ - Several jets at high N_

- Reconstructed jet energy can be - Events with high charged
biased significantly in events particle multiplicities can contain
with high charged particle more than one di-jet
multiplicity

- Jets might overlap

Multiple Parton Interactions in ALICE Eva Sicking 23



@ Jet Measurement at High N_ ALICE

 Low-energy jets at high N_ - Several jets at high N_

- Reconstructed jet energy can be - Events with high charged
biased significantly in events particle multiplicities can contain
with high charged particle more than one di-jet
multiplicity - Jets might overlap

P v

« Event-by-event jet reconstruction in these cases not possible

« Solution: Statistical analysis (= correlation averaged over many events)
of the jet properties

Eva Sicking 23
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Two-Particle Angular Correlations ALICE

Di-Jet
YA “Ap=0 « Measure distances between particle pairs of

trigger particles (o, > p; ., with p . >> A o)
and associated particles (p; > Pr 25500)

« Distance in terms of azimuthal angle ¢
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Two-Particle Angular Correlations ALICE

Di-Jet
YA “Ap=0 « Measure distances between particle pairs of
trigger particles (o, > p; ., with p . >> A o)
and associated particles (p; > Pr 25500)

« Distance in terms of azimuthal angle ¢

. X .

ParthI_eS for Particles from

same jet away, side jet

=N 9

< =

O 8F

= -

°T7F \

€ o Particles from
Si&_ﬂ e ] pI’OCGSSeS
4 uncorrelated to
> trigger particle
2 = >
1
0= 0 1 2 3 7]
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Two-Particle Angular Correlations ALICE

Di-Jet
YA “Ap=0 « Measure distances between particle pairs of
trigger particles (o, > p; ., with p . >> A o)
and associated particles (p; > p; .....)

« Distance in terms of azimuthal angle ¢

. X _
Partlcl.e? for Particles from
same je ide i
o gJ: away side jet » Further possible contributions
3 o can be neglected when
o F choosing p, . ™ > 0.7 GeV/c
€ & Particles from |
5;‘««\Nw Y processes - Particle decay
z 'tjrincoer:elztr?igléo - Photon conversion
2 = J9EP - Hanbury Brown and Twiss
1 effect (HBT)
= o 1 2 3 4
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Yield Extraction of Azimuthal Correlation

» Azimuthal correlation can be divided
into three contributions: background

= Pythia6 Perugia-0 @ fs = 7.0 TeV

o Or

S F

ne 8

% - E“ N g'?' GeVic

and two peaks e F I > 04Gevic

z o
5
4: Ot i
3
2
1
0= o 1 2 3 1

Ao (rad.)
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Yield Extraction of Azimuthal Correlation

9_ [~
 Azimuthal correlation can be divided 3 F Dt monens
. . . = [
into three contributions: background S 6 —— ; Constant_
and two peaks z 5:—‘/\[: - GauesianAS
1 H H T E —:/—-\h
« Fit function: Combination of constant 4P
and Gaussian functions af  Pythis6 Perugia0@ (5= 7.0 Tev
B p. > 07GeVie
~Ap’ —Ap® o p:l::F- 0.4 GeVic
f(Ap)HCHA, e ,€ e
—(Ap—m) 0= 0 1 2 3 4
20, Ao (rad.)
+4; ¢ 3
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Yield Extraction of Azimuthal Correlation

9_ [~
 Azimuthal correlation can be divided 3 F Dt monens
. . . = [
into three contributions: background S 6 —— ; Constant_
and two peaks z 5:—‘/\[: - GauesianAS
1 H H T E —:/—-\h
« Fit function: Combination of constant 4P
and Gaussian functions af  Pythis6 Perugia0@ (5= 7.0 Tev
B p. > 07GeVie
~Ap’ —Ap® o p:l::F- 0.4 GeVic
f(Ap)HCHA, e ,€ e
—(Ap—m) 0= 0 1 2 3 4
20, Ao (rad.)
+4; ¢ 3

« Data and fit are in excellent
agreement, fit is stable
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Yield Extraction of Azimuthal Correlation

. S il
 Azimuthal correlation can be divided 3k Dt monens
. . . = [
into three contributions: background S 6 —— ; Constant_
and two peaks z 5:—‘/\[: - GauesianAS
1 1 H H E —:/—-\h
« Fit function: Combination of constant 4P
and Gaussian functions af  Pythis6 Perugia0@ (5= 7.0 Tev
B p. > 07GeVie
~Ap’ —Ap® o p:l::F- 0.4 GeVic
f(Ap)HCHA, e ,€ e
~(Ag-n) 0= 0 1 2 3 4
20, Ao (rad.)
+Ad,e 7 1
3 <Nisotr0p>:N . C
trigger
1
 Data and fit are in excellent (N asso. nearside ) = N e V21 (4,0+4,07)
agreement, fit is stable 1 —
<Nassoc, awayside>: N \/27T<A30-3>
trigger
<N >_ Ntrigger
trigger/ — N
event
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Yield Extraction of Azimuthal Correlation

. S il
« Azimuthal correlation can be divided 3 Dot oot
. . . = [
into three contributions: background S 6 —— ; Constant_
and two peaks 4 5:—‘/\[: - GauesianAS
: H H : E —:/—-\h
» Fit function: Combination of constant 4
and Gaussian functions af  Pythis6 Perugia0@ (5= 7.0 Tev
N p. > 07GeVie
AP’ —Ap° o p:l::ﬁ- 0.4 GeVic
f(Ap)HCHA, e ,€ e
~(Ag-n) 0= 0 1 2 3 4
20, Ao (rad.)
1sotrop N .
trigger
1 —
« Data and fit are in excellent (N assoe, nar side ) = N 2m(4,0,+4,07)
L trigger
agreement, fit is stable 1 —
<Nassoc, awayside>: N \/27T(A30-3>
trigger
<N . >: Ntrigger
« Compute number of sources of wigger/ =
particle production — possibility to ‘N - (N igger )
access information about MP! neoneled e T (1 4 N agsoe near + away ( P17 D1 wig))
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X

Probability(N

Number of Multiple Parton Interactions

Pythia has a phenomenological
model of multiple parton
interactions (MP1)

<NMPI(pT,min>>:

- - - - - -
© @ 8 @ & ©°
LY - én IS & [}

—
<
(=]

Q_Illllllll IIII|T|I| IIIIIIII| IIIIIIII| IIII|T|I| IIIIIIII| IIIII|T|| T

O-interaction ( p T, min>

o

non-diffractive

T
I

Pythia6 Perugia-2011
PP @ Vs =7.0 TeV

ft

5 10 15 20 25 30 35

NM Pl

uncorrelated seeds >

(N

ALICE

o Within the Pythia model, N, is

proportional to the number of
uncorrelated seeds N

uncorrelated seeds

- Possibility to access N, using

presented analysis method

50:_ —e— p_>0.7 GeVic, n| < 10.0 T
- —=— p_>0.8 GeV/c, n| <10.0
40— p. > 0.9 GeVic, |n| < 10.0
- —— p_>1.0GeVic, | < 10.0
30
20
101
B Pythia6 Perugia-2011
B PP @ ¥s =7.0 TeV
* | | | | | | | | | | | | | |
0 5 10 15 20
Nyp,

Multiple Parton Interactions in ALICE
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A

MPI in Pythia6

—

_  The Pythia tunes
— Perugia-0 Perugia-0 and Pro-Q20
_ — Pro-Q20 use very different number
= of MPI while giving
et similar charged particle
e multiplicity distributions

Probability
S

—_—
<
3]

' ™, - Perugia-0 has
i t comparably low
i number of MPI
f H

- Pro-Q20 has higher

.......... Lo, MHJr number of MPI
10 20 30 40 50 60

NMF’I

—
<
Lo

o
IN

D— I IIIIIII| I IIIIIII| I IIIIIII| I IIIIIII|

—
<
&

 |s this visible in the
correlation analysis?

N, = MSTI(31)

Pythia
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@ Pythia6: Near/Away Side Pair Yield

Aﬁ 11— Pel‘ugia-o Pythia6 pp @ s = 7.0 TeV A‘E 1= - Perugia'o Pythia6 pp @ Vs = 7.0 TeV
< W <08 ® - M <09
8 PrO-Q20 :T vy > 07 GeVic 8 PrO'on :mg > 0.7 GeVic
g 08— p. > 0.7 GeVic i @ 0.8— p. > 0.7 GeVic
E T, assoc -l:HO z nnnnn
0.6 — » Mﬂ#{'{r{- 0.6 — g
it | ;
R HELE
s e e il
0.2— o paF
.
et
215 215 Jf_[,
5 e [ R T
_é-'j 0.5 -t-,.,ﬂ{-"'#”ﬂf g *’E‘%Mﬂ#{_ é_‘f 0.5 gy eﬁmﬁmwmwm
§ 0 10 20 30 40 50 60 70 § 0 10 20 30 40 50 60 70
nE_ - Ncharged, In| < 0.9, p. > 0.2 GeVic E - Ncharged, Inl <0.9, p.> 0.2 GeV/c
Near side Away side
1
 High N_ can only be reached in Perugia-0 by 2 L near
increasing near and away side yield = away

— fragmentation bias towards high N_

[ L I T O ¥ = e I = - T (=
T T T T

« Near and away side yield stays almost constant in
Pro-Q20 as function of N ' AQ
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uncorrelated seeds >

(N

Pro-Q20 / Perugia-0

< N uncorrelated seeds> — < 1 + N

- =k =
o N A

N RO

o -
nh o O

Pythia6: Number of Uncorrelated Seeds

— — Perugia-0 ;
 — Pro-Q20 L
- *_m,,.-*-"'*' .,.**++++++
- T
...'-""m_ -;-'*'PH#
- e
.—.'_'HHH ":F**

__.-—-”HH"' Pythia6 pp @ Vs = 7.0 TeV
— A m <09
_._'_,_p"—"' P, > 07GeVic
_'_..-:-1-.-— .......................... _ ................................................................................................................................ .-l-l'l"{"‘l" ...........................................
0 10 20 30 40 50 60 70

Ncharged, n| < 0.9, p. > 0.2 GeV/c

(N

trigger >

assoc, near + away ( Pt > pT,trig ) >

ALICE

Number of uncorrelated
seeds scales linearly
with the number of
multiple parton
interactions in Pythia6

Number of uncorrelated
seeds in Perugia-0
reaches limit at highest
charged particle
multiplicities

Uncorrelated seeds in
Pro-Q20 continues rising
at same multiplicities

Multiple Parton Interactions in ALICE
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ALICE

Results
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ALICE

8§ 1.4— — Phojet
v — Pythia8 4C =1
e 1.2— Pythia6 Perugia 0 (320) '[' & A
:.:* i — Pythia6 Perugia 2011 (350) .I.._[_-H' |
0N
Z 08— | H'I I
0.6 — = -~ -
L et . pp @ Ys =7 TeV ____
04 =t 2 Inl <09
N
0.2/ — - P i > 0.7 GeVlc
:_Es ALICE P> 0.4 GeVic

Ratio MC / Data

Ncharged, In| < 0.9, P> 0.2 GeVic

- Per-trigger near side pair yield grows with N_,

» Near side is overestimated by Phojet, Pythia8, and
Pythia6 Perugia-0 by up to 100%, Pythia6 Perugia-2011
gives best agreement with only small deviations

Per-Trigger Near Side Pair Yield ALICE

1N, N/dAg

Particle production in
near side peak is
dominated by jet

fragmentation

9:

8-

76 nhear

o

5

4 e |

3

2

1

g 1 0 1 2 3 4
A (rad)
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@ Per-Trigger Away Side Pair Yield ALICE

~ 0.8~ —— ALICE Jr « Particles in away side
——— Phojet -
E 0.7 Pythiat 4C 1 peak are produced in
2 06— Pythia6 Perugia 0 (320) ][ recoiling jets
g ——— Pythia6b Perugia 2011 (350)
Q
2 0.5—
N 2
Z 04— %{é
0.3— ALICE
PRELIMINARY _ o ++'*+++ +pp@4§=7Tev
0.2— : Py Il < 0.9
0.1— P g > 0.7 GeVic
' P, >0.4GeVic

m ———— P —— S — pe—— S —————
-
o
O
=
9
©
(14

Ncharged, In| < 0.9, P> 0.2 GeVic

1N, N/dAg

- Per-trigger away side pair yield grows with N,

 Pythia6-Perugia-0 gives best agreement with
ALICE results

O o N W s OO0 N 0 W
IARRRRRRN TT
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isotrop >

(N

—

Ratio MC / Data

40— — ALICE
——— Phojet
35 —— Pythia8 4C
30 Pythia6 Perugia 0 (320)

25
20

Pythia6 Perugia 2011 (350)

%%

"'E:::u

15
PFtFElLIEh:fII:IEFIERY PpP@ Vs =7 TeV
10 mo <09
5 Prvg > 0.7 GeVic
p, _ >0.4GeVic
| 1 ,I L 1 |
2
1
0.8
0.6

Ncharged, In| < 0.9, P> 0.2 GeVic

Pair yield in uncorrelated background is well
reproduced by all models within the
systematic uncertainties

Pair Yield in Combinatorial Background

1N, N/dAg

ALICE

Particles from
processes which are
uncorrelated to
production process of
trigger particle

9

8

i

o

o

4E e T |

Se—= ——

2=—= background =

— =

= o 1 2 3 4
A (rad)
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@ Average Number of Trigger Particles ALICE

~ T — ALICE . Average number of trigger
g 40/ —— Pythias 4C particle contains
= Pythia6 Perugia-0 (320) . .
~ Pythia6 Perugia.2011 (350) mformahoq about MPI and
30— - fragmentation
20— FILE 1: CE e 2 o I\Itrigjger grows slightly faster
PRELIMINARY .
0l op @ 5= 7 TeV than linear, growth of
M <09 - i
b >a18ae mean-p, with N_
R e ——————————. S
o
(]
_— L ey
= RS
=
,.‘_u, 0_5 et eeem e e e e e e e e o -
(14

charged, n| < 0.9, p.> 0.2 GeVi/c

« All Pythia tunes slightly overestimate the ALICE results
» Phojet underestimated the ALICE results
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@ Number of Uncorrelated Seeds ALICE

b ——— Phojet

e —— Pythia8 4C

3 20— Pythia6 Perugia 0 (320)

% ——— Pythia6b Perugia 2011 (350)

S 15—

P
zZ
~ 10— pIICE

PRELIMINARY

Ratio MC / Data

Ncharged, In| < 0.9, P> 0.2 GeVic

< N trigger >

(N )=
uncorrelated seeds < 1+ Nassoc, near + away ( pT> pT,tﬂg) >

Multiple Parton Interactions in ALICE

The number of
uncorrelated seeds
contains information
about MPI: In Pythia N,

and N are

uncorrelated seeds

proportional

All Pythia tunes
reproduced the ALICE
results fairly well

Phojet underestimates
the ALICE results

Eva Sicking



@ Per-Trigger Near Side Pair Yield

~ C ALICE (pp @ Vs = 7.0 TeV) o~ C Pythia6 P2011 (pp @ {s=7.0 TeV) o~ B Phojet (pp @ fs= 7.0 TeV)
% 1.4 ALICE (pp @ Vs = 2.76 TeV) % 1.4- Pythia6 P2011 (pp @ {s= 2.76 TeV) % 1.4 Phojet (pp @ fs= 2.76 TeV)
§1.2f— ALICE (pp @ ¥s = 0.9 TeV) 51.2; Pythiaé P2011 (pp @ 5= 0.9 TeV) §1.2f— Phojet (pp @ fs= 0.9 TeV) _[_F}
g 1t g 1 g 1 MH
=° A Z° .F
< 08f < 0.8f < o08f [
| | P!
0.6 0.6 0.6F .- +;H-I¥J[ .
8 I Jr
0.4/ 0.4 0.4/ w
02 ; e 0TSO |02 02 7 Phojet
A T N I L P T T S SR N I
0 40 20 30 40 50 60 70 0 40 20 30 40 50 60 70
Ncharged, In| < 0.9, p.> 0.2 GeV/c Ncharged, Inl < 0.9, p,> 0.2 GeVic Ncharged, In| < 0.9, p > 0.2 GeV/c
« Center-of-mass energy Vs = 0.9, 2.76, 7.0 TeV . o
<] o
: . T : 2 j_ near
* Near side pair yield at same multiplicity bin 3
grows with increasing center-of-mass - s <N\
4: e T |
energy ;
2
 Splitting between slopes for different s is 1
. 0
largest for Phojet ST pp (rad)
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(N

assoc, away side >
o

o

X

=)

o
N

—
T

m T

e
B

ALICE (pp @ ¥s = 7.0 TeV)
ALICE (pp @ s = 2.76 TeV)
ALICE (pp @ ¥s = 0.9 TeV)

ALICE

ALICE

I PRELIMINARY

> 0.7 GeV/c
> 0.4 GeVlc

| A880C

Ncharged, In| < 0.9, p.> 0.2 GeV/c

assoc, away side >

(N

e
(>
T

o
)

—
T

o
T —

o
Ihll

Pythia6 P2011 (pp @ {&= 7.0 TeV)

Pythiab P2011 (pp @ 5= 2.76 TeV)

=== Pythia6 P2011 (pp @ 5= 0.9 TeV)

Pythia6 P2011

{ {H} o

&
s
;ﬂﬁ o
-n.-r"':?p-\" ﬁ

1 1 1111 | 1111 | 111 1 | 1111 | 1111 | 1111 | 11
10 20 30 40 50 60 70
Ncharged, Inl < 0.9, p,> 0.2 GeVic

Away side yield at same multiplicity bin

shrinks with increasing Vs
» Pythia6 Perugia-2011 underestimates
ALICE data

Phojet shows almost no Vs dependence

Per-Trigger Away Side Pair Yield

(N

assoc, away side >
o

o

ALICE

Phojet (pp @ ys= 7.0 TeV)
Phojet (pp @ Ys= 2.76 TeV)
Phojet (pp @ ¥s= 0.9 TeV)

Phojet

-
T

e ¢
L =2 (o]
T | T T T | T | T T
——
=y
o S
S
g =

o
]
| T T

111 | 111 1 I 111 1 | 1111 | 1111 | 1111 | 1111 | 1 1
10 20 30 40 50 60 70
Ncharged, In| < 0.9, p > 0.2 GeV/c

1N, N/dAg

O o N W s OO0 N 0 W
TTTT
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Average Number of Uncorrelated Seeds

~ 25 B ALICE (pp @ Ys =7.0 TeV) ~ 25 B Pythia6 P2011 (pp @ ys= 7.0 TeV) —~ 25 B Phojet (pp @ Ys=7.0 TeV)
% i ALICE (pp @ Vs = 2.76 TeV) % i Pythia6 P2011 (pp @ y5= 2.76 TeV) % i Phojet (pp @ Vs= 2.76 TeV)
g 20:_ ALICE (pp @ ¥s = 0.9 TeV) ; 20:_ Pythia6 P2011 (pp @ y5= 0.9 TeV) ; 20:_ Phojet (pp @ V¥s= 0.9 TeV)
o o o o .
g I g I Pythia6 P2011 g | Phojet
Z 15 Z 15 } Z 151
Mo T S -
10F 10- ﬁ 10-
L L L L
5- 5 5
- g > 07 GeVic i r
_III|IIII|IIII|IIII|IIII|IIII|IIII|II _III|IIII|IIII|IIII|IIII|IIII|IIII|II _III|IIII|IIII|IIII|IIII|IIII|IIII|II
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70
Ncharged, Inl < 0.9, p > 0.2 GeV/c Ncharged, Inl < 0.9, p,> 0.2 GeVic Ncharged, Inl < 0.9, p,> 0.2 GeVic
< N trigger >

(N )=
uncorrelated seeds < 1+ Nassoc, near + away ( pPr=> P T trig >>

« Only small Vs dependence

« Inlow and intermediate multiplicity region: N

uncorrelated seeds

grows linearly with N_,

e At high multiplicities, the numberof N . . stagnates — Multiplicity

increases only by selecting events with highly populated jets, limitin N,
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@ : .
AV <Nuncorrelated seeds> and Linear Fit ALICE

AU'J 25 — ALICE (pp @ Vs = 7.0 TeV) ,E 0.6- ALICE (pp @ Vs = 7.0 TeV)
E - ALICE (pp @ Vs = 2.76 TeV) L, - ALICE (pp @ Vs = 2.76 TeV)
“t! 20‘_ ALICE (pp @ Vs = 0.9 TeV) ) E“ 0 4:_. ALICE (pp @ ¥s = 0.9 TeV)
S ] \_\\;%i% g I 1 nl 0.9
zg 15:_ %)‘ E 0.2 ?’ Prwg > 07 GeVic
- ALICE -1
-~ PRELIMINARY (0 —rrrm—g e
- ol S g )
' : - """"'"IIMHHH
Linear fit ____ > 020
function AL
5 o -0.4_— </
i <09 " ALICE data = (N :
P, > 07GeVic -06:— PRELIMINARY " ; ﬁr;t“:;fs::: ::I*;mmial
||||||||||||||||||||||||||II|IIII|II |||||||||||||||||||||||||||||||||II|
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70
Ncharged, nl < 0.9, p_> 0.2 GeVic Ncharged, nl < 0.9, p_> 0.2 GeV/c

« Compare distribution with linear fit in intermediate N range

« At high multiplicities, hint of deviation from linear dependence -
this would indicate a limit in MPI
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X Summary: MPI in ALICE

« Study of observables which can give insight into the
physics of multiple parton interactions

- Inelastic proton-proton cross section

- Charged particle multiplicity distribution

- Underlying event

- Correlation between soft particle production and

- JA4 and D-meson yield
- Transverse sphericity
- Jets: Per-trigger pair-yields

Multiple Parton Interactions in ALICE Eva Sicking 40



@ Summary Jet AnaIySiS ALICE

« Study of the per-trigger pair « At high multiplicities, the

yield at the near side and the number of uncorrelated seeds
away side as well as the shows a hint of a deviation
number of uncorrelated seeds from a linear dependence with
using a two-particle multiplicity — this would
correlation analysis iIndicate a limit in MPI

« Pythia studies show that the « Pythia Perugia-2011 gives
analysis approach can probe best description of ALICE
number of multi parton results

interactions (MPI) - Phojet, Pythia6-Perugia-0,

- Information about jet and Pythia8 show large
fragmentation and MPI discrepancies to ALICE
results
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@ Assumption: Nuncorrelated seeds I\IMPI $CE

« We measure Ny, qorelated seeds

(N
N —
< uncorrelated seeds > < 1 + N + N

assoc, near, p.> py .. assoc, away , PT>pT,mg>

trigger >

« We assume that N,,.orelated seegs SCalES with the number of multiple
parton interactions

« (Can we demonstrate a direct dependence in Pythia simulations
- Perform two-particle correlation analysis of Pythia6
simulations as function of Ny,p) = number of multiple parton
interactions
- N ., (Pythia definition) = number of hard or semi-hard scatterings

that occurred in the current event in the multiple interaction scenario;
is 0 for a low-p_ event

Eva Sicking
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MPI in Pythia6 Perugia2011

S E £100- - -
Z10"'r —_ T
= T N T - —
=102k — ~ 80
8 0 c |
i10 3 ~ E 60—
10 E =
- : =
10°E - 'g 40
E 5
1055 Pythia6 ++ h
- Perugia-2011 S 20 Pythia6
107 Generator level JP[ 5 Perugia-2011
] & Generator level
III|IIII|IIIIIIIIIIIIIIII
0 5 10 15 20 25 30 N35 10 1850 5E 80 5
MPI NMF"I
« Spectrum of multiple parton « Correlation of measured
interactions in Pythia6 multiplicity to number of
Perugia-2011 multiple parton interactions
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‘N N uncorrelated seeds N MPI ALICE
. o 0-55
- | _+_ pTﬁO.TGeWc, Il <1.0 el - = 0. eVic, <1.
-E 50—_ _+_ p_>0.7 GeVie, n| < 10.0 + 'g 04;_ _+_ N
g - T * E 0.3 f— _+_ p_ > 0.7 GeVic, |n| < 10.0
E | --. Linear fit for prD.T GeVWic, n| < 1.0 ..#'_' ;: - =i
® 40_ _ ""' t.U 0.2~
E : --. Linear fit for p_r?ﬂ.'.-" GeVlc, [n| = 10.0 +-—'—- _tl_ul - E
S I _;“* T 0.1-
5 30_— .3 0:
! ++ JE -0.25—
10 kon e -0.3F
- * — . .
[ Mwhiaﬁ Perugia-2011 .0.4E Pythia6 Perugia-2011
- _,,.-efT“"* . PP@Y5=T7.0TeV . §| | lpp@r=7.|oTev |
0 5 10 15 20 05 5 10 15 20
NMPI NMPI

« Agreement with linear fit is better when accepting tracks at full n
acceptance and not only the tracks in the ALICE acceptance
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- -
AV Nuncorrelated seeds I\IMPI ALICE
i 0.5-
hm 5ol —e— p_ > 0.7 GeVic, n| <10.0 .E 0 45_ —e— p, > 0.7 GeVic, n| < 10.0
E - e p.> 0.8 GeVic, n| <10.0 + E - g —=— p_> 0.8 GeVic, n| < 10.0
% i p, > 0.9 GeVic, n| < 10.0 k = 0-3;_ p. > 0.9 GeVic, n] < 10.0
5 400 . p >10Gevic, <100 ) © 025 . p >10Gevic, <104
5 I B 0.1° |
=z >°F UW Pt
b 0.1~ !
20 - I
I -0.2¢
10~ 27 -0.3-
i ’,’ . Pythia6 Perugia-2011 0 4:_ Pythia6 Perugia-2011
- P pp @ Vs =7.0 TeV e PP@ Vs =7.0TeV
* | | | | | | | | | | | | | | | | | | | | _0.5_| | | | | | | | | | | | | | | | | | | | |
0 5 10 15 20 0 5 10 15 20
NMPI NMPI

- Linear dependence is given for several p; thresholds
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C@ Estimation of Combinatorics in Auto Correlations

For an a priori unknown muiltiplicity distribution P(n) of the mini-jet, we measure

<n(n—1)>:l <n2> —1
2¢n)  2\(n)
For steadily falling P(n) and small <n> this is in good approximation:
1{(n° n
5 _<<n>> —1 T—Pl0| —<P>(O) —1 (= <n> with trigger condition - 1)

Which is the mean number of associated particles.

Example 1 (geom. row): Example 2 (Poisson): Example 3 (Log Series):
Pinl=1- " n_—u __ -1 p
(<nn)>:(i)q7 Pln=5 R
. o R
<n2>=2<n>2 (n*)=u’+u R P P
1[(n?) 1 (n?) u <nz>:(1<n>)
——L 1= L\ny . -
21\ (n) ) 2y 72 L((n?) p
(n) . _ (n) . w _pu 2\ (n) ):2(1— )
R =P 1 2Tm T TS
Relation is exact ! 1=plo] " 2f1=p| 12[1=p] *

Expect P(n) to be steadily falling, choose P, such that <n> is low
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@ AnaIySiS Detalls ALICE

e Data (including ITS and TPC) « Track cuts
- pp @ Vs =0.9 TeV: - Full refit procedure during the
tracking in ITS and TPC

- 7 million events

- pp @ Vs = 2.76 TeV: - At least 1 hit per track in one of the

N first 3 ITS layers (first 3 out of 6)
- 27 million events

_ Js = 7.0 TeV: - Atleast 70 clusters per track in the
PP @ TPC dfrift volume (out of 159)

- X°/TPC cluster < 4
- Reject tracks with kink topology

— 204 million events
« Event cuts

- Minimum bias trigger: hit in VO or SPD _ p,-dependent DCAXy cut

— One distinct reconstructed vertex corresponding to 7o of track
within |z | <10 cm of good quality distribution (DCA, = 0.3 cm)
- Atleast one track in ITS-TPC - DCA <2cm

acceptance (p, > 0.2 GeV/c, |n| < 0.9)
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Corrections and Systematic Uncertainties

e Correction chain e Sources of systematic
uncertainties

- Reconstruction efficiency

_ Contamination with tracks from - Uncertainty of ITS-TPC efficiency

secondary particles - Particle composition in MC
- Two-track and detector effects - Track cut dependence
- - Multiplicity correction - Correction procedure
é ~ Con.tamination from strange - Event generator dependence
£ particles - Transport MC dependence

— Vertex reconstruction

efficiency - Signal extraction

_ Trigger efficiency - Vertex quality cut dependence
- Pileup events

- Influence of resonances
- Material budget

- Strangeness correction

Multiple Parton Interactions in ALICE Eva Sicking



Correction: Reconstruction Efficiency

1

1
g 7 . pp@\@f?.OTeV ? D * pp@VYs=7.0TeV
s %% « PP@Is=276TeV | G %% . PP@I{s=276TeV
é T *+ pp@Y¥s=0.9TeV E * pp@VYs=0.9TeV
& Og_ PERFORMANCE g 09_ PEEFIBEIEIECE
E 16-05-2012 E 16-05-2012
~ 0.8- SEE: P e = S SN
- ]
0.7+ - 0.7y +
- = S .
[ > 0.2 GeVic nl <0.9
| | | III|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|
06— s 0 0.5 1 08 s T e 9 0
n P, (GeV/c)

» Reconstruction efficiency. Ratio of the number reconstructed and
accepted particles tracks of primary particles to number of primary
particles

« 78% of all primary particles (at p, > 0.2 GeV/c, |n| < 0.9) are found in
the reconstruction - Loss of 22%
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@ Correction: Contamination ALICE

c 1.1 c 1.1
RS y s pp@VYs=7.0TeV O z * pp@Ys=7.0TeV
0 %% * pp@ Ys=2.76TeV © %% « pp@Ys=276TeV
g105_ s pp@VYs=0.9TeV §105_ s pp@Vs=0.9TeV
g ALICE gl ALICE
PERFORMANCE PERFORMANCE
S 16-05-2012 g 16-05-2012
5o B ++
= = e
S - #‘4*8:
IS IS ——t
S0.95 et £0.95 +
@ @
0.9+ 0.9+
p_> 0.2 GeVic ml < 0.9
| | | ||||IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
08515 0 0.5 1 OB s e T e 9 o
n P, (GeV/ic)

 (Contamination: Ratio of number of all reconstructed tracks to number of

reconstructed tracks of primary particles —
Contamination from decay produces of strange particles, photon
conversion, hadronic interaction with the detector material

. Contamination of 6% (at p; > 0.2 GeV/c, |n| < 0.9)
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Correction: Two Track and Detector Effects

1.051
'.% E ,;1% - pairalltracks !pairmc
o 1 04__ a - pairtracks MC prim. / pairMC
E pEEFlénIrEchE ——— pair __ 4 track / pair .
1.03 - 16-05-2012 mixed tracks mixe
1'02:_ pp@ys=7 TeV
- o m < u.gG .'
[ e Prig > 07 GeVic
1'01: T - Py ounoe > 04 GeVIC
(B T T ey e T e
099:|||||||||||||||||||||||||||||||
: 1 0 1 2 3 4
A (rad.)

« A fraction of the near side peak after single track correction is due to
detector effects (black) — limited flatness in @ distribution give rise to
structures in A@

 Remaining peak comes from split tracks, resonances, gamma conversion

« Correction on total yield is very small
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X Multiplicity Correction

« Multiplicity correction via normalized
and extended correlation matrix

co
o
|

fﬁ%ﬁ\“ .

ALICE e

PERFORMANCE
16-05-2012

 Normalization:

- ZR mc rec):1

o)
o
|

T

N
o

 Extension:

— Fit slice of correlation matrix with
Gaussian function and extract
sigma and mean

h
o

Nremnstruced. charged, p_>0.2 GeV/c, n|<0.9

. III|IIII|IIIIIIIII|IIII|IIII|IIII|
- Used extrapolated sigma and Oo 10 20 30 40 50 60 70 80
mean for extended correlation Ny true, charged, p. >0.2 GeV/c, n|<0.9
matrix

« (Correction:
Observable Z Observable ( rec). Rl,extended <N Nrec)

mc’
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X

Europhys. Lett. 96, 21002 (2011)

(mb)

Ttot, Tinel, and oy

Cross Section

ALICE

140 T T T 11 — T T T
Ttot (red), oipe1 (blue) and o) (green) .
1301, sp(PDO) % ALICE i
1201~ pp(PDO) « TOTEM - | i
110 s Auger + Glauber _ vd >
100 « ATLAS — best COMPETE oy fits v 7]
oo | ° CMS ———-11.4—1.52In5+0.1301In% s i N
80 - - -
70 ]
60 [~ 7
50 - —
o bV -7 -
40?5’*_.@?&;—‘,—.1&* - -7 7
F ~ —v B ) |
- R T .
20 | Tal ; i} - —
L ) =T & 4
WF;-H@_%W&*J_ e — - m =TT T 7
0 | | | I | | | | | 1 1 1| | | 1 1 1 11 | | | T |

10! 10° 10° 10* 10°

V5 (GeV)

Multiple Parton Interactions in ALICE
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