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* Covered in separate talks

Recent MB results
— dNg,/dpy, <pr> Vs, N,

— Two-Pion Bose-Einstein
Correlations

— Proton-to-antiproton ratio
— ldentified particle spectra
— Strangeness
— Event shapes

— Common plots for dN,/dn
(Chiara, today)

— Underlying event (Sara, tomorrow)

Content

Pseudorapidity density and
multiplicity distribution already
discussed in previous meetings:
*EPJC: Vol. 65 (2010) 111

*EPJC: Vol. 68 (2010) 89

*EPJC: Vol. 68 (2010) 345

Publications since the last
meeting:

«arXiv:1007.0719, accepted by PLB
«arXiv:1007.0516

*PRL 105 (2010) 072002

MC generator versions used:
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% ALICE Running 2009 & 2010

P

« 2009 (0.9 and 2.36 TeV) e 2010 (so far)
— ~10.3 pbl LHC fill number
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| ' ™ N
— 10 i = 90— Sum
a { g - INT1 B triggers
2 g0 MUS1 B triggers (x10)
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'§ ] E E | SH1 B triggers (x20) ]
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13:00 01:00 13:00 i :

400

500 k min bias o _ _______________________ - 'ﬂ

ME— 200

100

e ~ 700 M min bias triggers (10 nb)
e ~ 50 M single muon triggers (50 nb1)
e ~ 15 M high multiplicity triggers
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Multiplicity Distributions
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 Tall of the distribution much wider than expected by
many MCs

* Excellent agreement between ALICE and CMS
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Momentum Distributions

= 10 e !
— ALICE measured o .. ALICE
charged particle p; S Sl
spectrum from 0.15 to Z 10
10 GeV at Vs = 0.9 TeV = '°°F arXiv:1007.0719
e 10°®
— Seems to get harder S 107F pp. NSD.NE =900 Gev
. . g —s— ALICEINI <08
towards midrapidity / 2 10°F o Amiasinic2s
smaller rapidity window ) S
— ifi 12 F _,
Modlfled _I—Iagedorn o S
function fits full range B 08 E - AUGE uncoriamios ¥4
al § o4 EBAE
— Exponential fits above 3 02 E 2R
GeVic 10 1
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 PYTHIA Perugia0O and
D6T tunes describe the
shape best, only yield
~20% too low

« PHOJET (at 900 GeV)
and PYTHIA ATLAS-CSC
tune (at 2.36 and 7 TeV)
gave best description of
the multiplicity
distributions

T
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pp. INEL\/S =900 GeV, In1 <08 ¥

—e— ALICE data

—— PHOJET

----- PYTHIA D6T (109)

— . PYTHIA ATLAS-CSC (306)

—— PYTHIA Perugia0 (320)
I B A | |

Momentum Distributions (2)
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" ALICE data uncertainties
— MC/DATA
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Average p+ vs. multiplicity

+ ALICE measured <p;> 3 Mpmce e :
vs. multiplicity with a S S
pr cut of 0.15 and 0.5 | E
GeV/c R ‘5
~ Extrapolated to 0 oa Ut bt

GeV/c e 0<p_<4 GeVlc (extrapolated)

0.7 .

* Stringent check for : :
MCs because ” /—
correlation has to be 0.5 / ]
reproduced (not only : g ]

. g 0.4 arXiv:1007.0719 5
multiplicity or pq)

11 11 1 I 111 1 I'
0 5 10 15 20 25 30 35 40
”cn
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Average p- vs. multiplicity (2)

Perugia-0 which was tuned to this distribution

Z Eps’INEL :”G 3?0 Gev,Inl<08 at another energy works well for the data
<p <
e AP starting at 0.5 GeV/c (also in ATLAS), but not
[ PHOJET for those including particles down to 0.15
< 12 ---- PYTHIADST (109) GeV/c
= [ PYTHIA ATLAS-CSC (306) . : .
g 1.4 —- PYTHIA Perugia0 (320) _.- - Very soft particle production important to
O - measure
g ] /\l_ 0?:_ . e J_____,--_"fd— _:
] o C "a"f-_’d-—'-r" #_-.:
v 1V o06F L .
] 05k e :
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Minimum-Bias Activities in ALICE and Recent Results - Jan Fiete Grosse-Oetringhaus



Two-Pion Bose-Einstein
Correlations

« Measure Bose-Einstein

= 3 D L
1 1 1 E - O atys= e

enhancement of identical-pion S b o Asconwpp atverss ooV :
pairs to assess size of the s % ETSAlSraTey 1
emitting source e ALICE pp at\-200 Gev ]
— At small momentum differences e .
J = p, — P, as function of multiplicity &£ | % ]
and pair momentum "é 1sf %f .
Kt = [pr1+Pr2l/2 o ] } :
* Measure space-time evolution of iy %? E E
the ‘dense matter’ system in o :
heavy-ion collisions "r | E

— Interpretation in ‘small systems’ N Ia|1r|><||\I/.I1IOIOI7I.(I)£I516

. . ' B
(pp, e*e’) is less obvious... 0 ; 0 s 25

] ) . <dN_/dn>
- HBT radius R,,, increases with <dNen/dn>
multiplicity
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S 1 aiv:1007.0516

k; Dependence <. ° :

/51.2} : E —:

. - r .

* R,,, practically constant as = 71 F } -

function of k; v, } :

* Inconsistent with STAR and ]
E735 '

« Very sensitive to baseline “oul arkivi1007.0516 -

— ALICE sees similar k; b 1

dependence using a flat baseline 0 %\% i E

— STAR and E735 both used flat E | l\f%ﬁ ;

baseline 2t NG ]

« STAR investigated also other = "o T~ -

baselines o - .

1 | 1 1 1
0 0.2 0.4 0.6 0.8 1

<k> (Gevicy "
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Antiproton-to-Proton Ratio

« Can one stop a proton ‘on its track’ at LHC?

«  Where does the conserved 22 ~ e~y =g ~(aly  (Ay » 1)
baryon number reappear a = intercept of relevant Regge trajectory
after the pp collision? Ay = Yy cam = Ybaryon = ‘Tapidity loss’
« Fragmentation function f(z) of baryon number
— Di-quark qq: z2=>o=-1...-0.5, small Ay
— Single g: Vz => o = 0.5, medium Ay
— No valence q: o = ??; large Ay ?7?

Veneziano: a = 0.5 others: a = 1 (pQCD estimates, o(p-pbar annihilation), ‘odderon’)
o = 1 =>f(y) = constant, pbar/p < 1 at all energies (< 0.93 at LHC)

string

. d junction ‘/.\ M u d

u

G.C. Rossi and G. Veneziano, Nucl. Phys. B123, (1977) 507
B.Z. Kopeliovich, Sov. J. Nucl. Phys. 45, 1078 (1987)
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Antiproton-to-Proton Ratio (2)

y-ray image from conversions

* Very challenging

'g'200""|'"'|""|""I""\""I""I""_
S, In| < 0.9 ALICE Performance_|
measurement " s mere, 1o
* Measure the ratio son. - ]
to 1% precision T — E
: E 1ot ‘p-Nucleus ] 4 =10
° AsseSS materlal ’ A absorptlon Cross sectlon
budget from data l 1 o2
10
* Nucleus-pbar : Y ST | .
Cross-section not [ p-C ((‘ané'\aNsﬁz) | e 0
) 10%E - E i
consistent S— GEANT3 .
between transport : . EZEaKA E
codes 0 02 04 0608 1 12 14 i |
p [GeV/e] =—lss 1 | |

) 120 140 160 180
R [cm]
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Antiproton-to-Proton Ratio (3)

Vs [GeV
« Results show no p; 10 10 10° 105 |
T T IIIIII| T T IIIIII| T LI IIIII| T

dependence for both energies i

— Results are compared with
model predictions with

ALICE Preliminary

"

different BN transport o 0.8 N
mechanisms Y _
» MCs with enhanced stopping = 44l arxiv:1006.5432 |
do not reproduce data % ISR + BRAHMS
« Energy dependence of the Q 5 NA49 o PHENIX
ratio parameterized based on < 04 % = ALICE » PHOBOS ||
the contribution of different « STAR

diagrams describing the p(bar) 0.2, N SRR R
production (pair production at

mid-rapidity and BN transfer) -% L ................................................ A J
— Junction intercept set to 0.5 =08 = Daam
— Little room for additional Fit function:
giagrams er;ich translport (=) | a,=0.5(fixed)
aryon number over large p
rapi%ity gaps J L; = 1+ C. g™ —>Ya,=1.2 (ﬁxed)F
| C=10.0%1.0 |

PT \\JL'VIU}
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(%’@ Particle T

ldentification | wweciocionm| |
O _ = 1 E
e Use TS, TPC and TOF ':'é E ITS standalone =
for identification of | oo
charged hadrons '
 ldentified particle spectra , l l |
— Base line fo.r HI o . R|g|dﬁw@@€v@)
— Hadrochemistry (statistical
model) may allow to extract B e 350 MEV < P <400
freeze-out temperatures il g
and baryochemical 10° E-  eam |
I s — kaon .
potgntlal € 102" B K“lCE Peiformiance | M.
— Tuning of MC generators S5 f oo e Looo GV 2850 | 41
« ldentified particles used © 10051- ©
In further analysis (e.qg. o -
- 04|:_ [N ;. Lo Lo o FI R AR :
strange partlcles) 1 200%-0.6 0502 0250.250.4.9.640.6 ‘1
M ome FIUEMKQEEQG eiE/@)}Kaun theor.
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TTTTIT

. gen . ‘Zg @
Identlfled ParUCIe s positives MCEFﬁ;m
';:... 1 = Statistical Error Only
Spectra i _z2mz0no
c% 10 GOO —=—n* (TOF)
- 2 SN %E:(:Ig}Global
« Spectra from different detectors 2 o g
. 2| RS —=— K" (TOF)
consistent - e [
_ _ _ _ > ITSdE/dX™  |=earo
* Levi (Tsallis) function fits the data 1w} « TPC dE/dX |=rm
at low p- - TOF, .
- I I B N
dN o p 1+ mT - m pT (GeV/C) Fp'ft((ueev::c))
T
dp; nT, v ©

« Sum of fits (n+K+p) matches well
with dN/dp+ (all charged) result

 Fit also allows to extract integrated
yields

—

10" &

1/N,, &N / dndp, (GeV/c)”

Statistical Error Only

10% & s All Charged
- Sum of Levi
i " fits (ID particles)

10—3 I 11 1 | | | | | L 111 | | | I | |
0 0.5 25 3
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Data/MC

1/N,, d2N/d,dp

=y

O.

_..
S
s

Hadron Yields

* Yields of &, K, p as function of p; (here for pos. particles, similar for neg.)
* Pions reasonably described by Phojet, Pythia D6T, Perugia-0
« Kaon yield underestimated above p; of 1 GeV/c
* Proton yield underestimated except by Pythia D6T
[, n ALICE preliminary |- K+ ALICE preliminary |- D ALICE preliminary
L, n stat. error only L stat. error only L stat. error only
F b Data - -
- % - .Phpj.et - . &— Data: K B —g— Data:p
= ‘?q- Pythia ATLAS-CSC ||/ Phojet - Phojet
B Py BT A pova- oo e e T poe- o
g ""n . Pythia Perugia:0 ? E"J -+ Pythia - Perugia0 - 320 ;; -+ Pythia - Perugia0 - 320
900 Gev
— - s ”fw “\ = _;j;jJT-T:'-';
o e R oo oo | T pERe e B
T T o T T R HIN e e S-S T - N S N T R S R
p+ (GeV/c) p, (GeVic pr (GeVic) p, (GeVic) p+ (GeV/c) P, (GeVie)
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¢ Hadron Yield Ratios

* No agreement with MCs
» K/r ratio fairly independent of s

fl;:. 0.6 — . /s = T; N —
+ - ALIGE \s =900 GeV + - ALICE preliminary
s —e— E735,\'s = 300 GeV |~ 4 0.35 [
= [ —o— E735.\s = 540 GeV 1T = - stat. error only | e e,
—~ 0.5 N N = B il
¢ - —— E735\s=1000GeV | | ] I 0.3 - LT e =i
i L —+— E735\s=1800GeV | | | o B ?JTHTF_.L_ !
X . .. T 025 [ [ aveeermeeee
— 041 ALICE preliminary | R A
[ stat. error only*_%_* 0o L T
0.3 - O F A
: 5+ ) e e e, B , ' )
e O
0.2 - Jﬁﬁ*f Phojet o1E T Phojet
Y Pythia ATLAS-CSC F - Pythia/ATLAS-CSC
R Pythia D6T ] Pythia D6T
C e Pythia Perugia-0 - - Pythia Perugia-0
0_|||||||||||||||||||||||||| U_||||||||||||||||||||||||||
0.5 1 1.5 2 2.5 0.5 1 1.5 2 2.5
P, (GeV/c) P, (GeV/c)
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Cascades...

ALICE Performance
WorK in progress
p+p at Vs = 900 GeV (2009 data)

B —-A+m >p+r+m

Mass: 1.322 GeV/c?

o 1.459 GeVic B | & AW, |- —~y

Decay length: 6.85 cm

Run 104892, raw data chunk 09000104892020.130, event in chwy
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Strange Particle Yields

« Yields of K;°, A, E as function of p

 Pythia 6 (D6T, ATLAS-CSC, Perugia-0) and Phojet underestimate
overall yields

« Larger discrepancy with increasing particle mass, strangeness and p+
« Butthe ¢ is ~ ok within uncertainties

107 g L B ) L A B R B A A LR R B 107" £ L B L L O e e
= ALICE Preliminary pp. INEL\s= 0.9 TeV = = ALICE Preliminary pp, INEL,\s= 0.9 TeV 3
- stat. uncertainties only o ALCEET 4T @I ] B stat. uncertainties only —=— ALICE ¢ @ i
102 & —— PHOUET R . —— PHOJET —

E e 0 e PYTHIA DET (109) I I e PYTHIA DET (109)
e F e e PYTHIA ATLAS-CSC (306) 1o 1072 e PYTHIA ATLAS-CSC (306) =
B ----- PYTHIA Perugia 0 (320) . F) E B - e PYTHIA Perugia 0 (320) 3
= 10° ER S -
7T 10% . =
10 _é E (I) 9 K K §
'\J,:—":__"‘ll' ] i AT N B | I il |
0.4 - Y S 3

o 10O 1 E
= 02 Ja= . .
g~ I
T - - T O =5 T i3z " Z5 T3 TTTIF T2
GeV/c

pr (GeVic) Py (GoVie) p: (GeV/c) p. (GeVic)
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A/K,° Ratio

« Good agreement
between STAR
(200 GeV) and

5
=
A

T LI | LI | T T 1 | LU | T T | T T | T 1T T
STAR pp@200GeV |y| <0.5 —5— UA1 pp@630GeV Ks:hi<2.5andA:

—
IS
[

< ]

ALICE (900 GeV) E‘: ?wwm% CDF pp@1800Gev  [n| <1 7]

o . + 1.2 —&— ALICE pp@200GeV|Yy| < 0. @' ALICE frE;itmisr‘I:ry ) _:
E)é;f()e/&%r(])’[o];rgrl‘]ndCDF < : % {% {%} INEL pep atys = 900 Gev :

11— —

UA1 (630) for B ﬁI} I] ‘I] LI] ! .
pr> 1.5 GeV 0.8 %} _»,:ﬁf #_% :z: .

«  UA1(630) and 06F- IRENY == =
CDF(630) don’t - Iugfi‘ I {%} .
agree either ... o E

« To be further O -
in\'/eStigateq E I I I I I I I I I E
(dlfferent t”ggers’ I:II:I IIII:I.SIHI1IllI‘I.SIHIEIHL‘E.SIIHSHHS.SHHaﬂlllll’-l.ﬁI I5
acceptance, feed- p,(GeVic)

down correction ?)
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https://twiki.cern.ch/twiki/pub/ALICE/PWG2SpectraTopicalBaryonMesonRatio/UA1ratioLambdaK0s.jpeg

Multiplicity Dependence of dN/dn

 Study dN_/dn in multiplicity bins Summer student project

Martin Sparre
« At present: on raw data level
— Detector effects clearly visible
— Compute ratios to take out detector effects 15<N<=30 / 0<N<=15
30<N<=45/ 0<N<=15

' B
-7 TeV Data L 30eN<=45 7 TeV data Pythia
12l pyth|§*ﬂﬁ1 R e 2 ® 1=<N=<15 | ® 1=<N=<15
T + = B 16=<N=<30 | B 16=<N=<30
107 Phojet + s L 4 3M=<N=<d5 [ 4 31=<N=<45
. * rosetrs 15<N<=30 | 5
© gl 5 ¢ 5 - i I
5 85 L s S " =" v : + # ++
Z o = © W
T X i
af ALICE performance - 02.09.10 : ;
- uncorr% +2« O<N<=15 o AﬁCE performancém -
2? tfm W } {)95: 02.09.10 " i ﬁ
0:\ coc b P by | ca b v b | :| |unF0rr|eCt|6d ﬁjata| | |:| I | | | | | +*| |
2 15 1 05 0 0.5 1 15 2 b 95 1 05 0 05 1 15 22 15 -1 05 0 05 1 15 2
n n ' n '
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Multiplicity Dependence of dN_,/dn (2)

* Fit ratios for quantitative T et :%:ii

comparison T T b
b- ax s
. . CU 0.06?

« Comparison between fit o MC Study
parameters before and after ot Generator level
detector simulation indicate that oLt Reconstructed
detector effects cancel in ratio

Multiplicity
g 1_0.52_ 9
c =
D: U.QE;— &6

mLl plpe s sy by b s b aa gl
S-S - S B N [B] 1 1.0

o b=

n
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Multiplicity Dependence of dN_,/dn (3)

« Comparison of fit ] e
parameter at 7 TeV - F * t
with Phojet and UE —— 2 —— § ;
Pythia Perugia-0 g o i T i
o . o i © oo — !
NB: this is a raw B e .
= N Phojet
data study S oo — 4 Pythia Perugia-0
— Systematics to be = ool 7 TeV data
assessed L mf_ :
— Trnivial effects GE ALICE performance - 02.09.10
(change of <m>) to - i uncorrected data
be diS?ntangIed- -0020:0—| | |5| L1 1 |1!C|I |1 |1|5| | |2|c'| |1 |2|5| L1 |3|0| L1 |3|5| 11 |4|0| (| |4|5| L1 |50
from difference in Multiplicity ~ Multiplicity-range

n(y) distribution
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Extend dN,/dn AR
: S S0 L
acceptance 5
4 VO_TFE;d. Vo'
* Using the Forward Multiplicity o/ .
Detector 2 e b
34<n<-1.7and1.7<n<5 1@”—" g@i oy
 Challenging measurement S AR A |

— Material due to services of Inner
Tracking System K]
> Significant progress in 7
understanding of material budget ©
since beginning of data-taking

— No tracking, just hits EMD
« Overlap in n with Silicon Pixel 1TS

Detector allows cross-check ~ 2¢2M Pipe
becays 31.08.10
Primaries J——— o
Other n n
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Event Topologies

|- | = ATLAS-CSC, MSTR{E1)=11 H H

| = ATLAS-CSC, MSTR({21)=20

MC study -

With MPI

 In addition to UE analysis
(discussed tomorrow), classify

Without = =

events into topologies

..MPI....E

— Study fraction e.g. as function of

1 1 | | 1 1 |
35 68 841 1210 1517 1820 2133 2426 2129 3037 3335 1633 A1 Al-44

TRUE Multiplicity

multiplicity

YT 1T 1T 1 1.1 T T T T ]
- herici W 7Tev P-P :
ransverse sphericity o A o> 0.6 GeVic
« Eigenvalues of the momentum H
tensor Sy, o I
1‘}2 () (5) 2)“ os- 8 ? ¥ ¥ * . :—
g _ Z pt Pz’ Dy S, =72 : t oy Y
o (i), (i), (i)2 Ao + M o
i Pz Py Py . ALICE —>data more
o2 . perucia-0 Spherical
- ¢ ATLAS-CSC
small S.: // large Sy ‘>K’ ‘”:_T PHOJET tlhalmlMlc‘T’ g

4 7 10 13 16 19 22 25 28 31 34 37

Multiplicity
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Outlook: High
= Multiplicity Trigger

« ALICE uses high-multiplicity
trigger (pixel hits at LO)
since July

— Displaced beams
—> low pile-up
— About 15M events collected

« Trigger efficiency and bias

300 =
zoo =

100 =

-100 =<
-zoo =

-300 =

I Entries 243

n 10° ;L _
= E ALICE performance
unde_r study o Bl . . 130810
* Do high-multiplicity events © ¢ NN
resemble the bulk properties “F "N, MBtrigger
of MB events? 10t w“; E“Ogtz mult. trigger
- W
_ <pT>. . 102— hl} MH Mtl
— Particle yields £ N Wh
— Strangeness nE o 00 s 200 250300

Fired chips in first pixel detector layer
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O

A Summary Min-Bias Results

Other Normalization Common Plot Normalization
0.9 TeV 7 TeV 0.9 TeV 7 TeV
MB1 INEL/NSD/INEL>0 | INEL>0 See Chiara's
dN,,/dn (P+>0) EPJC 68 presentation
EPJC 68 (2010) 89 | (2010) 345
and 345
MB2 INEL/NSD
dN,,/dp arXiv:1007.0719
MB3 INEL/NSD/INEL>0 | INEL>0
multiplicity |(Pt>0) EPJC 68
EPJC VolI. 68 (2010) 345
(2010) 89 and 345
MB4 INEL (p>0.15) arXiv:1007.0719
<p_|_> VS. NCh arXiv:1007.0719
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Momentum Spectra

— <p;>Vvs. N, not explained by
common MC models and
tunes

Two-Pion Bose-Einstein
Correlations

— Source size increases with
multiplicity, no k; dependence

Antiproton-to-Proton Ratio

— Baryon-number transfer to
mid-rapidity suppressed at 7
TeV

|dentified particle yields

— Kaon and proton yield
underestimated by MCs

Strangeness

— MC underestimate yield of K,
A, E with increasing particle
mass, strangeness and p-

Summary

Multiplicity
— dN.,/dn being extended up to
-3.4<n<5
— dN,,/dn being studied as
function of N,
Event topology

— Data more ,spherical” (less
back-to-back-ish) than MCs
High-multiplicity data being
analyzed

Still some work
and approval for
the common plots
needed

ALICE is a happy
girl right now...
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