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Outline

- ALICE Interest in & capabillities for pp physics
- Diffraction and total cross section

- Inclusive production & identified particle
oroduction
- Charged particle multiplicity, dN,/dn, dN./dp-
- Yields and p; spectra: n/K/p, hyperons
Correlations and fluctuations

HBT correlations, mean p+ fluctuations

ALICE presentations: Heavy lon (1) - high p; @ ALICE: M. van Leeuwen Nov 14
Heavy Quark Production @ ALICE: C. Suire Nov 17
Heavy lon (ll) - soft p;: ALICE/ATLAS/CMS P. Kujier Nov 18
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Alice numbers:
1300 members
116 institutes
33 countries

Highligths for this talk:

» moderate B (0.5 T), thin material (7% X, at perpendicular §
Incidence in ITS)

- low p-; reach (< 100 MeV/c)

 extended PID capabilities in central barrel: =, K, p and
electron |dent|flcat|0n Hadron Collider Physics Symposium P. Antonioli / INFN Bo|ogna 3



Triggers:
MB: based on VZERO (A and C) and SPD
SINGLE MUON: forward muon in coincidence with MB

Centrality selection for PbPb:
Based on amplitude on VO

VO detector (at z=3.3 m (VOA) and -0.9 m (VOC) from I.P.)
Two arrays of 32 scintillator counters
Used for reference cross-section (VdM scans) and diffraction studies
Hadron Collider Physics Symposium P. Antonioli/ INFN Bologna 4



Alice central barrel in 2011 and some PID highlights
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Alice central barrel in 2011 and some PID highlights
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pp physics in ALICE

Total cross section and diffraction

Production mechanism
e inclusive production
e identified particle spectra
e multistrange hadrons
- vector mesons (n%m =2 gluon fragm. function)
- proton/anti-proton ratio (baryon transport mech.)

Bose-Einstein correlations and fluctuations

- Heavy Flavour production = see C. Suire talk
- (pp as baseline for HI physics = see M. van Leeuwen/P. Kujier talks)
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Total cross section and diffraction

v' measurement of the inelastic p-p cross-section
v" extraction of Single and Double Diffraction cross-sections

ote: A 0 0 andag 5 o[o[= allo 0 to € 5 D) and DD 0 eCctio
000
3000 - Alice detectors used:
e * SPD
' - VO

* FMD (silicon sensors
at large rapidity)

LR,

h)
e

R
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Total cross section and diffraction

v measurement of the inelastic p-p cross-section
v" extraction of Single and Double Diffraction cross-sections

Ote: A c > >18[0 > Qe allo 0 1O € c
gle and bouple D 2 0 0 2 0
000
2000 - Alice detectors used:
P « SPD
; l . VO
S s =N « FMD (silicon sensors
: /R = % Al at large rapidity)
= =

- Note: R,, as a tool to investigate QGP

|\|/1<A/|\|evt Nuclear modification factor

X __  "YAA T TVevt
Ran = <T,\ >-0)
AA B T.. average nuclear overlap function

h)
e

. ssinsains | desired precision of RAA s typically 10%, thus precision of

the order of 5% needed on Opp
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Comparison with other experiments:

oN21 = production of 21 charged part.
with |n|<0.8, p:>0.5 GeV/c
showed agreement between experiments

For details:

K. Oyama, arXiv:1107.6902

M. Pogoshyan, arXiv:1109.4510 = S —

10° 10’ 10*
\/s [GeV]

Gotsman et al., arZiv:1010.5323, EPJ. C74, 1553 (2011)
_ _ ) _ Eaidalov et al, arXiv:0909 5156, EPJ. C67, 397 (2010)
Paris, 15 November 2011 Hadron Collider Physics Symposium Ostapchenkn, ar¥iv-1010.1869, PR D23 114018 (2011)

Ehoze et al., EPJ. C60 249 (2008), CT1 1617 (2011)
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From TOTEM Coll., CERN-PH-EP-2011-158 (Sep.
140 - - - - -
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Very good agreement between LHC experiments
Is in agreement with our preliminary result at 7 TeV within
less than 1% (and reduction of error due to lumi contribution)

e (V8=7 TeV) = 73.2 £+ 1.1 (model) + 2.8 (lumi)
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Single and double diffractive

Study of pseudo-rapidity distribution of tracks made by event vertex and a hit
either in SPD, VZERO or FMD cells

Gotsman et al., arZiv:1010.5323, EPJ. C74, 1553 (2011)
- O ALICE (M<200 GeV) - Eaidalov et al., arn-0909.5156, EPJ. C67, 397 (2010
- O ALICE (extrapolated to M?<0.05s) 3 ® ALICE Ostapches “':'_“‘ Xiv:1010.1869, PR D83 114018 (2011)
20 [ 2 ISR (M’<0.05s) 3 ;l&\); Khoze et <1, EPJ. C60 249 (2009), CT1 1617 (2011
: ¥ UAS (M:<0.05S) B A Low energy data
B . [ A UA4 (M<0.05) =10 -
= 15 = 0 E710 2 GeVi<M2<0.055) = s
- B -’ 3
a = Nk fen) -
CIJIO _-— Gl T T (e Q I
© - r g - © 5
m -Mﬁé g -
5 — ? 0 i
N = 5
l Preliminary i
B | ) ]

paaal
10*

s (TeV)

0.9 0.202 £ 0.034 0.113 +£ 0.029

Within accuracy, ratio is constant
2.76 0.187 £ 0.054 0.125 £ 0.052

7 0.201 = 0.039 0.122 +0.036
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TN, 1427 p.) (d'N,)/(cn dp. ) (GeVic)®

relative uncertainty

Inclusive production

Charged multiplicity at 7 TeV: Eur. Phys. Journal C 68 (2010), 345
Charged multiplicity (900 GeV & 2.36 TeV): Eur. Phys. Journal C 68 (2010), 89

ALICE, pp, INEL, |1 | < 0.8

Yy - LT
L wvE= 4 laVv

total syst. unceraintias
----- normalization uncaerainties

Paris, 15 November 2011

p, (GeVic)

Hadron Collider Physics Symposium

(Already published results summarized in backup slides)

Modified Hagerdon function used for fit
p+" power law observed at high p; (above 3 GeV)

for py — 0,

for p, — oc.

added spectra from ‘low’ energy run
in 2011 pp @ Vs =2.76 TeV

P. Antonioli / INFN Bologna
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ldentified partlcle spectra
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Spectra / Particle ratios and MC

- comparison with Perugia 2011 shows nice
agreement with kaons and overestimation for pions
- particle ratios plots generally challenge MC

o ALICE, pp.Ns - 7 TeV ppains =7 TeV

0.5 = ALICE pp.Ns - 0.8 TeV QI Y yprer )
L Phaojet )
«e«« Pythia DET Preliminar
0.4 - .. Pylhia Perugiao — /

(K +K (e +10)

-+ Pythia Perugia 2011

13
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< 05F + ALICE. pp.Ns-08TeV eroe ey
@« g Phajet :
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£ 04 .. Pythia Perugiao Y

-+ Pythia Perugia 2011
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Correlations

Two particles (identical pion pairs) to study Bose-Einstein
correlations

Hanbury-Brown (*) and Twiss radii extracted to study
spatial scale of the emitting source (“femtoscopy”)

Femtoscopy in pp

- precise data of ‘elementary’ systems

- now comparable multiplicities in pp and PbPb - direct comparison
- study of the emitting source size in pp

Two-pion Bose-Einstein correlations in pp collisions at

Vs=900 GeV Phys. Rev. D82 (2010) 052001

Femtoscopy in PbPb
-allow to study spatial distribution of decouping hadrons
-track collective motion of matter from radius dependence on p+

Two-pion Bose-Einstein correlations in central PoPb

collisions at Vs,,)=2.76 TeV Phys. Lett. B, 704 (2011) 442

Alice, Switzerland

- STy

(*) interferometry tecnique first time used
in 1956 by Hanbury-Brown in Australia to
measure stars radius :
Paris, 15 November 2011 Hadron Collid,e{Phys,jps Symposium
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kp=04GeVic | | ALICEpreliminary | FEYGTTRVENGI NI

) 23

HI gk

R &

T ¢
o, 5%

slinear scale expected with mult/3,
but different slopes and offset for pp
and AA

-,

13 » possible direct comparison
( chh/ dan) between elementary and

STAR AuAu @ 200 AGeV compound’ system
- STAR CuCu @ 200 AGeV

STAR AuAu @ 62 AGeV *in pp size of emitting source = 1 fm
o STAR CuCu @ 62 AGeV

e - comparison with trend inferred by

ALICE PbPb @ 2760 AGeV )
ALICE pp @ 7000 GeV other (lower energies) HI data ok

ALICE pp @ 2760 GeV for Rigng NOt for R
O ALICE pp @ 900 GeV
STAR pp @ 200 GeV « qualitative agreement with hydro

--- fits to ALICE pp models
--- fits to AA @< 200 AGeV

Note: correlations with kaons (not shown) limited to 1D radii but help to extend k; range (up to 1.8 GeV/c)
Details: A. Kiesel at QM2011
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kp=04GeVic | | ALICEpreliminary | FEYGTTRVENGI NI

) 23

HI gk

R &

A

slinear scale expected with mult/3,
but different slopes and offset for pp
and AA

13 » possible direct comparison
( chh/ dan) between elementary and

STAR AuAu @ 200 AGeV compound’ system
- STAR CuCu @ 200 AGeV

STAR AuAu @ 62 AGeV *in pp size of emitting source = 1 fm
o STAR CuCu @ 62 AGeV

e - comparison with trend inferred by

ALICE PbPb @ 2760 AGeV )
ALICE pp @ 7000 GeV other (lower energies) HI data ok

ALICE pp @ 2760 GeV for Rigng NOt for R
O ALICE pp @ 900 GeV
STAR pp @ 200 GeV « qualitative agreement with hydro

--- fits to ALICE pp models
--- fits to AA @< 200 AGeV

Note: correlations with kaons (not shown) limited to 1D radii but help to extend k; range (up to 0.8 GeV/c)
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Fluctuations: <p>

» fluctuations in pp are expected to be dominated by known physics as resonance decays,
HBT and mini-jets

« we study fluctuations on <p;> event-by-event over all tracks pairs via particle correlator C_,

. PP ' @ _ m pp:\s=7TeV
0.15<p <2Gevic ° \S=7TeV ; * Ns=7TeV : %) * ALICE

s \s=276TeV : + \s=276TeV * = PYTHIAG Perugia0
+ \s=0.9 TeV - . * Ns=09TeV . + PHOJET

Preliminary Preliminary

Preliminary

'y :
"'“"**;@? i <08

0.15<p, <2 GeVic ’ nl <0.8
0.15<p_<2GeV/c

Relative fluctuations seem universal at LHC (except at small multiplicity).
Perugia-0 reproduces well data but not at small multiplicity.
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Conclusions

Cross sections: opg.; 0sp and ocpy Measured
Very good agreement with other LHC experiments

Particle production: charged particles up to 100 GeV/c; &, K, p, 7%, n,
hyperons, o, @, resonances up to 5-10 GeV/c

Extensive comparison with pQCD and MC models, discrepancy with MC
data for hyperons at intermediate p-

Correlations and fluctuations studies:
Studied behavior of pp events via femtoscopy

pp baseline for Pb-Pb studies (Vs\=2.76 TeV) successfully established, here
discussed application for HBT and identified spectra analysis

Rich proton-proton physics programme developed by ALICE
(measurements shown at 0.9, 2.36, 2.76 and 7 TeV c.m. energies)
exploiting its detector capabilities, particularly relevant for soft QCD studies.
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Backup / published results
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UAT (pp) NSD INEL>0 ALICE  INEL>0 /<1
UAS (pp) NSD o 0.9 TeV — 2.36 TeV

STAR (pp) NSD
CMS (pp) NSD PHOJET 5 ]
ALICE (pp) NSD , :

PYTHIA
Perugia-0

ISR (pp) INEL PYTHIA

UAS5 (pp) INEL ATLAS-CSC
PHOBOS (pp) INEL
ALICE (pp) INEL PYTHIA
ALICE (pp) INEL=0 -

60
Increase (%)

~

102 10° 10*
Energy Vs (GeV)

Relative increase of the pseudorapidity charge density

power law dependence fits well, but large discrepancy with MC, increasing with energy

Charged multiplicity at 7 TeV: Eur. Phys. Journal C 68 (2010), 345
Charged multiplicity (900 GeV & 2.36 TeV): Eur. Phys. Journal C 68 (2010), 89
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+ ALICE
---- DBT (109)
ATLAS-CSC (306)
---- Perugia-0 (320)

—— PHOJET

- =
T IIIIIII| T IIIIIII| T H

Probability PN )

Probabilit
(]
I

Ns =7 TeV (x 100)

NE =T TeV
INEL=0

Ns =236 TeV (x 10)

Vs=09TeV(x1)
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Ratio Data / MC

]
0

50
Multiplicity N

OF T

60
Multiplicity v,

 Multiplicity predictions from MC pre-LHC lower than measured, with ATLAS-CSC exception
» Negative Binomial fit provides good descrtipion but not for large tail (especially for 7 TeV data)
» Very good agreement with CMS (not shown)
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" ALICE Preliminary

"E pp. INELNS=7TeV,|n| <08
« ALICE dala
PHOUJET

-- PYTHIADGT (109}

' —— PYTHIAS
PYTHIA Perugia0 (320)

ALICE data uncertainties
- MC / data

relative uncertainty

10°

- o~ .}
R, (GeVic)

Again not satisfactory agreement with pre-LHC MC tunes
Modified Hagerdon function used for fit
p+" power law observed at high p; (above 3 GeV)
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Inclusive production (4): <p> VS ng,

e}

" ALICE. pp, INEL
| k=7 TeV,Inl<0.8
- P 10 GeVWic

4 P, > 500 MeVic
up, > 150 MeVic

ap_> (riextrapolated)

ALICE Preliminary

* <p;> as a function of charged multiplicity is observable

relevant to model multiple interactions

* note ALICE low p; reach

Fr—rrrrrrryrrrryrrr T T T T T T T T T T T T
[ pp, INEL, \5 =900 GeV, || < 0.8
L 0.5<pT<4GeWc
[ & ALICE data
—— PHOJET
C ---- PYTHIADBT (109)
PYTHIAATLAS-CSC (306) |
— — PYTHIA Perugia0 (320) _.-*"

|
0 20 40 G 80 100
Nepy
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10 15 20 25 30 35 40
Iﬂ'ch

L L
pp, INEL, s =900 GeV, [n | <0.8
0.156< p, < 4 GeV/c

B ALICE data
— PHOJET
---- PYTHIA DST (109)

PYTHIAATLAS-CSC (306)

— — PYTHIA Perugia0 (320)

w SV ENU IR NI N S VI RN I B SRS B RN B R RIS o

10 15 20 25 30 35 40
r‘|ch

Perugia-0 agrees above 0.5 GeV but not above 0.15 GeV
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SD/DD analysis: 1-arm and 2-arm triggers

Pseudorapidity distribution of “tracks” (SPD/FMD/V0) event by event:
v'identify pseudorapidity with the widest width

v'compute pseudorapidity distances (- and = )of each edge of the measured n
distribution from the corresponding nearest edge of the acceptance.
Classification of events

v if maximum gap width is greater than both d, and d, > trigger event. —
v if the edge isatn<1 orn>-1andd, ord, >gap > trigger event.

spp _FMD-Right gpp FMD-Right




