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ALICE physics

P-P

reference to AA

minimum bias physics => soft QCD (underlying event)
unique pp physics with Alice (baryon transport, charm
Cross section)

A-A (macroscopic QCD)
equation of state

phase diagram
kinetic coefficients (viscosity)
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The ALICE collaboration
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A Large Ion Collider Experiment
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ALICE Acceptance

* central barrel -0.9 <1 <0.9
— 2 7 tracking, PID
— single arm RICH (HMPID)
— single arm em. calo (PHOS)
— jet calorimeter (proposed)

* forward muon arm 2.4 <n <4

— absorber, 3 Tm dipole magnet
10 tracking + 4 trigger chambers

* multiplicity -5.4 <n <3

— including photon counting in
PMD

e trigger & timing dets

— TO0: ring of quartz window
PMT's

— VO0: ring of scint. Paddles

ALICE, Edinburgh
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ALICE detector

ALICE unique features:

© acceptance at low p; (~ 0.2GeV/c)
— relatively low field (0.5T)
— low material budget (total X/X0=7%)
© excellent PID capabilities
= dE/dx (TPC/ITS), TRD,
TOF, HMPID, PHOS, (EMCAL)

@ limited in luminosity

ALICE, Edinburgh 14/03/2008
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Tracking Challenge

Alice event: 0, Run:0
Nparticles = 36276 Nhits = 1943104
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Inner Tracking System ITS

« Three different Silicon detector technologies; two layers each
— Pixels (SPD), Drift (SDD), Strips (SSD)

Detector Acceptance (1.d) Position (m) Dimension (m?) N. of channels
ITS
SPD +2,+1.4 0.039, 0.076 0.21 0.8 M
SDD +0.9 0.150, 0.239 0.42, 0.89 133000
SSD +0.97, £0.97 0.38, 0.43 5.0 2.6 M

Status: installed; being commissioned

e A(re) resolution: 12 (SPD), 38 (SDD), 20 (SSD) um
* Total material traversed at perpendicular incidence: 7 % X,

ALICE, Edinburgh
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Inner Silicon Tracker
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Iner Tracking System

| ~ 10 m? Si detectors,
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1st muon in SPD: Feb 17, 2008

ALICE, Edinburgh 14/03/2008
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‘ TP‘ ‘ HY electrode (100 kW)

field cage

largest ever:
31— readout chamber
88m>, I=5m,

d=5.6m
570 k channels =

drift gas
Ne - CO,— N, (86/9/5)

;
embrane (25 pm)
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Momentum resolution

%; ook at low momentum dominated by
a F
= = . . . .
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Commissioning

 1individual (groups of) detectors ‘in situ’ from the ACR

1) individual detector operation (LV, HV, gas, cooling, FEE)
2) integration with online systems (DAQ/HLT/Trigger/DCS/ECS)
3) operation of several detectors together

‘global commissioning’ with cosmics
- 10-21 Dec, 4 weeks in February, April, ...

e includes detector calibration and alignment

Number of runs

10000- Alice Control Room

1000

100+

10+

SPD SDD SSD TPC TRD TOF HMPID ACORDE FMD Mu TRK

Data collected (MBytes)

1.00E+10+

1.00E+08

1.00E+06+

1.00E+04 1
1.00E+02 1 ) i
1.00E+00

SPD SDD SSD TPC TRD TOF HMPID ACORDE FMD Mu TRK




Start-up configuration 2008

« complete — fully installed & commissioned

_ ITS, TPC, TOF, HMPID, MUONS, PMD,
V0, T0, FMD, ZDC, ACORDE, DAQ

« partially completed

— TRD (25%) to be completed by 2009

— PHOS (60%) to be completed by 2010

— HLT (30%) to be completed by 2009

— EMCAL (0%) to be completed by 2010/11
 at start-up full hadron and muon capabilities
» partial electron and photon capabilities

ALICE, Edinburgh 14/03/2008
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Statistics for pp physics analysis

* First ALICE physics is not limited by luminosity nor by
acquisition period
= event rate 1s above the normal acquisition rate (100 Hz)
= sufficient statistics will be collected very fast:
— 20k events 1n 3 minutes
(20k 1s the statistics needed for ITS alignment)
—70M events in 3 weeks (8 days)

(70M 1s the statistics needed for final TPC gain calibration)
— 107 collisions in 107 secs ~ 115 days (nominal run)
¢ Fast physics output is rather limited by analysis speed
= all necessary tools and analysis have to be prepared in advance
¢ Different physics studies will necessitate different accuracy in
= geometrical alignment
= detector calibration
= particle identification calibration

ALICE, Edinburgh 14/03/2008
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First 3 minutes
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dN/dn at n=0

 Feynman (1969):
N, .= a+ b*In(s)
dN/dn= const

o ISR(1977):
dN/dn=a+b*In(s)

* SppS (1981):

dN/dn=a+b*In(s)+c*In(s)?

ALICE, Edinburgh

dN_, /dn at n=0
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Model discrimination/tuning

* Pythia and Phojet )
predictions different TSN
=> First measurements RN
will be able to distinguish
Eur. Phys. J. C 50, 435-466 (2007) N SUST

? L AN . /d ;
 Colour glass condensate o 000 ey
Nucl.Phys.A747:609-629(2005)

ALICE, Edinburgh
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Multiplicity measurement

. ALICE detector n acceptance
TPC: - TP$ FEfuII tracking)
— n traCkS . 3__ .—.—.—.ISPD outer layer

© ; — SPDlnnerIayer
) < T VOA

ITS Pixel: i 6l {FMD A
= n clusters (in layer 1) B . TOA
= n tracklets Z 40

o
FMD i
= nalve method (n hits) 0 _ s SR
= Poisson method Pseudorapidity 1

ALICE, Edinburgh 14/03/2008
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Multiplicity distribution

ALICE, Edinburgh
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Multiplicity distributions

true — « events (norm.)
true — 108 events
measured

_IIII|IIII|IIII|IIII|IIII|IIII|I
0 50 100 150 200 250 300 350 400
Multiplicity |eta|<1.5

Unfolding (measured = true) is not a simple problem.

see: Anykeev et al, Nucl. Instr. Meth.A303, 350 (1991)
d’Agostini, DESY 94-099, June 1994.
C. Jorgensen, talk at ALICE p+p meeting, Oct 7, 2005

ALICE, Edinburgh 14/03/2008
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Multiplicity Unfolding

Unfolding by X2 minimization X2 calculation
- Sum of differences between measured and
guess P smeared with response (Rij = P(i|j)) X (f) =
- Regularization term R(p) adds “smoothness™ ... (,,, — s gy, )2
- Minuit used for minimization Z Jm R
Bayesian unfolding
- Iterative method using Bayes theorem Bayes theorem
1) P(jli) is calculated assuming prior P, Pljtruclimeas) = -

2) Guess is calculated from P(j|i) and measured

3) Prior is updated (set to normalized guess) P(imm\ﬁm) P (Jtrue)

4) GO tO 1 ﬂr P(?meaa“hue) P (‘rhue)

(d’Agostini, DESY 94-099, June 1994)

ALICE, Edinburgh 14/03/2008
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Multiplicity unfolding

+ Unfolded spectrum within 5-10% S LN S
of generated. q!é 11_ _________________________________________________________________________________________________________
200 RE—

+ Consistency between the two LR o
methods. _:c:_, . =

e Stable x 0:_:2_ _____ Bayesian .. W
- varying statistics 075~ ~'55 {00 150 200 250 300

- varying true distribution Multiplicity

1.25

12N=108 |etal<1.5....

Ratio true/unfolded

L1 | 11 11 | 111 1 | | | 1 o | 11
100 150 200 250 300
Multiplicity
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Initial multiplicity reach

With 2x10* minimum bias pp events we will have statistics up to multiplicity
~150 — 10 times the average (30 events beyond)

We plan to use also multiplicity
trigger (with silicon pixel detector)
— to enrich the high-multiplicity
Energy density

in high-multiplicity

pp events can reach the one in
heavy-ion collision (according
Bjorken formula), however, in

much smaller volume

ALICE, Edinburgh
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High-multiplicity trigger

Silicon pixel detector Sector: 4 (outer) + 2 (inner) staves

« fast-OR trigger at Level-0
OR signal from each pixel chip

* two layers of pixel detectors
400 chips layer 1; 800 layer 2

« trigger on chip-multiplicity per
layer

Fired chips vs. true multiplicity (in n of layer) SPD: 10 sectors (1200 chips)

Few trigger thresholds

350

300

fired chips

10 » tuned with different
downscaling factors

* maximum threshold
determined by

250

k

150

Jj.l{lIlI|IIII|IIII|III

e event rate
OE# . background
% 6 400~ 606 800 1000 double interactions
ALICE, Edinburgh 14/03/2008
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High-multiplicity trigger — example

. 250 kHz coll. rate
Example of threshold tuning: 1 Bins <5 entries
10 removed
. . 0° g
MB and 3 high-mult. triggers :
10 = o,
107 )
250 kHz collision rate 0%
. 10-9 = cross-section
recording rate 100 Hz o 60000002 evts, FO > 0 chips
107 E 13300000 evts, FO > 114 chips .
MB 60% 10-11;_ —&—— 13300000 evts, FO > 145 chips U
= ——— 12950754 evts, FO > 165 chips
3HMtri ers‘40% 10-12E_|||||||||||||||||||||||p||||||||||||||||||||||
88 * 0 50 100 150 200 250 300 350 400 450
trigger threshold true multiplicity in In| < 2.0
rate Hz scaling raw rate layer 1 Ew_'. **Wﬂﬂ
60.0 4167 250000 | min. bias | o
13.3 259 3453.3
13.3 16 213.3 L
13.3 ALICE, Edihburgh 13.3 i

11 oo oy ey by by by el
1075 50 100 150 200 50 33
threshold



p-p high multiplicity

* (Can one separate the ‘soft’ from the ‘hard’ component

(e.g with offline veto on jets) ? CDF (Phys.Rev.D65:072005,2002 ,STAR

(Phys.Rev.D74:032006,2006)

« Comparison between pp and AA at same dN/dy

- pt spectra, strangeness

[ a) Mini.Bias [ b)Soft [ ¢ Hard

14 r r @ 1800 GeV CDE
Tt F F O 630 GeV CDE

[ 200 GeVSTAR

st oot 555&
o o e®
w988 oo™ : Capsoe®e ?ST:EJ@EIJ@%]
8O B ont®t? ;
oref U _—..CPB o
O_U'...l...|...|...|...|...|...|...|...|..:...\.. Lows bbb b b b bl b b v b i bk b Ly Ll
2 4 6 8 10 12 14 16 18 2 & B 8 1 12 14 16 18 2 4 & 8 10 12 14 16 18 Neh

Figl. The mean transverse momentum <Pr> dependence on the multiplicity Nch in minimum bias,
soft and hard events. The errors bars are statistical errors only. The STAR acceptance is extended
from [n|<0.5 to n|<1.0 by HIJING to compare the results with CDF.
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Py spectra results

Check made with map (from Pythia) and independent Pythia sample
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Initial transverse momentum reach

* With 20k events, we can reach 10 GeV/c (~30 events
beyond)

With 70M events, we can reach 50 GeV/c

10 E ........... Numberquarti c|espereventwithptbp'T ......
B . Primary Charged Particles,n[<0.9
ISCTIE | L YU W RS S — T— H—
ﬁ" S {s= 14000 GeV
- . Ns= 5500 GeV
2 1“-1 E ...... .. ........................ . .................. \JE- =2ij{]|]Ge'!gr' .....................
g E : : : : ﬁ: ano GEVE
e I N NS NS ORI NI SUTT — T
o TTETON
o \
= - |
t 1“4 g— ........................................................................................................................................................
(141 -
Q. B
z 1n-4 i_ ............................................................................................................................................
1né —— e | .......................................................................................................
| I I | 1 1 1 1

5 10 15 20 25 30 35
p'T [GeVic]
ALIC 3/2008

S mm
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First three weeks

« Strange particles

e Resonances

ALICE, Edinburgh

14/03/2008

37



I

First strange particle studies

based on Pythia for
LHC

significant samples of
strange particles in 70
million

minimum bias events:
K : 7x10°

A: 106

=: 2x104

Q:270

detailed study of
flavour

composition

ALICE, Edinburgh

KAl EZ | Q| p | p
yield per 0.1 | 0.01 |2x10™*| 10®° | 04 0.4
event
statistics 10* 10* 104 104 10* 104
needed
pp events 10° 106 108 10° | 10* | 10*
needed
KOs reconstructed
10000 decay radius R:
i —— 0.0cm <R < 2.9cm
= — 2.9cm <R < 3.9cm
8000 — —— 3.9cm <R < 7.6cm
i —— 7.6cm <R < 15¢m
6000 :—
4000 =
2000 :—

"y

0.42 0.46 048 0.5

1 T
| P 1 1) 1

0.52 0.54 0.56 0.58 0.6
M(n*n’) (GeV/c?)
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® physics in pp Interactions
(work carried out at B’ham)

PYTHIA MB pp events in ALICE = DT Takaki
Perfect PID fon- R Platt
(I) — ktk- - Z.Mathews

2 x 106 pp events (5.5 hours)

100 \. lee-Slgn

& —> hth- \ O visible background
o even with no

i1IIJa

250~

200

150~

Lol b b b b b b by b Ly
IIEQS 099 1 101 1.02 1.03 1.04 1.05 1.06 1.07 1.08 PID

ALICE, Edinburgh 14/03/2008



First three months

e Jets

* Heavy flavours

ALICE, Edinburgh

14/03/2008
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Jets rates at LHC

Annual jet yields

Annual Yield

(E>ES™

=
E
]

T

10°

2 Oy

107 s, 100 Hz DAQ rate,
10° events (MB trigger)
(1 day = 8.6%10° events)

................................................................

p+p, 14 TeV

Vs[GeV] | 900 | 5500 | 14000
E.[GeV]

(RTINS . LY eeery—— |

L=5x10"em’s"'; 1 year=5x10" s

..............................................................

S0 600 | 30000 | 150000

100 6 1800 7500

200 |o6x10°3| 60 3750

lnd -
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Heavy flavours

9
e Test QCD at large QQ? A B
. 10 M =10 TeV ]
and small Bjorken x e %y Q) e ) .
(down to 10-°) 10" - i
« Baseline for p-A and 10° 1 M=ty
AA & 100 - |
QL
1 year, pp, vs = 14 TeV @ nominal lumin. ;:T'rj- ot | M=100 Gev
E e,
10°
Y —=102
J/y—=-101
100
107 1078 105 10~ 103 10= 101 10Q@
x
14/03/2008
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D% K7 channel

ct=123 pm

High precision vertexing, better
than 100 um (ITS)

High precision tracking
(ITS+TPC)

K and/or = identification (TOF)

DO —» Kn*

pointing angle 8[

HoInt

ALICE, Edinburgh 14/03/2008
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First heavy flavour physics:

charm

100p

w0
o

D’ Relative statistical error [%]
o
o

ALI(

DY — K-nt* in pp

vtx known"
(low lumi runs)

pp events:
10°

105
10%10
10%/20
10%/50
10100

II|IIII|IIIIJI

6 8 10 12 14 16 18 20
pt[GeWc]

Andrea Dainese

reach up to 11.5 — 14 GeV/c with 7x10" evts
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* Semielectronic beauty in pp

100
90
80
70
60
50
40
30
20

0

Statistical relative error on beauty [%]

First heavy flavour physics:
beauty

Depends on number of
TRD modules available

105~

lllllllllllll IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

2 4 6

ALICE, Edinburgh
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16 18 20
p,[GeV/c]

—— 10’ events
—— 1075 events
10710 events
—— 10720 events
10750 events
—— 107100 events
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Trigger efficiency [%)]

100

=]
(=]

=]
(=]

S

]
(=]

=

Minimum bias trigger

MB: Pixels & VZERO.OR & "VZERO.BEAMGAS

How efficient is the MB trigger ?

__ ....... ;____ _____ .............. mf"ﬂ’[gg‘ﬂ .........

S LI s = o e M
__ """" F-----;;i;llj:--;-----;::;—-- __SD(EB_‘ZJ """""

. J;!\LICE MP Irigger% efﬁcieni::y, p+p \EI' =14Te\f%

-20 -10 0 10 20 30
Vertex z [cm]

ALICE, Edinburgh 14/03/2008

46



Trigger Efficiency Systematic

y
th

d E

Systematic for dN/
¢ - N W B
u1_|||||IIII|IIII|IIII|IIII|III.I|IIII|IIII|IIII|IIII

e 2 =2 2 =

& =~ o w -
-
[ )

PN T N A A I A O M
0.6 0.7 0.8 0.9 1 1.1 1.2 1.3 1.4 1.5
x=fraction of diffractive events

=
=th

Systematic uncertainty due to different
trigger efficiencies for ND,SD and DD interactions.

ALICE, Edinburgh 14/03/2008
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ALICE Central Trigger Processor

ALICE CTP features:
* 3 Levels (LO,L1,L.2 ~ 1pus, 6u, 88us)

* Partitioning of detectors into independent
groups — €.2. muon arm and central barrel

* Pile up (past-future) protection — tens of
interactions 1n TPC drift time

ALICE, Edinburgh 14/03/2008
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Birmingham ALICE Group
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ALICE trigger software

Testing
Configuration

- trigger logic

- timing

Monitoring

- triggering detectors
- luminosity

- dead time

Offline

- cross section calculation
- trigger corrections

ALICE, Edinburgh 14/03/2008
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User interface — partition

editor

File Show Cluster

[=|[a][x]

Class name:|SCclustd

PFs:
BCmasks:
Cluster of: SPixelD
All |
- SC | | CE | CE | LOprescaler: 0
Cluster of: TPC TRD SFixelD Trigger desctiptor: SC |
I
Class name:]SCt:Iusﬂ
Cluster of: TPC
PFs:
opt. inpuis:
BCmasks:
All |
LOprescaler: 0

Trigger descrptor: SC |

Main window = one partition = list of classes in clusters

ALICE, Edinburgh 14/03/2008



Snapshot memory browser

SSM: 10_outmon | Orbit 0 | S
SSM: 11_outmon | orbit0 | s
SSM: 12_outmon | OrbitD | e
35M: Il]_uutmunl scaledbel 23| -'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'I-SE;'_-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'
SSM: 10_outmon | IDstrobe & | N S 2
SSM: 10_outmon | 10cist4 5 | e
S3M: 10_outmon | I0data 9 | : W
SSM: 10_outmon | deadtime 30 | e
33M: 11_outmon | 1 strobe Bl ﬁ
SSM: 11_outmon | neistd s | s
S3M: 11_outmon | Idata 9 | & ﬁ o
SSM: 12_outmon | I2strobe 1 | e e
SSM: I2_uutmun| 1Zdatal 2| | S— - X L -Ig?_a;_ -
SSM: 12_outmon | I2data2 3 | 5 s J—
33M: 12 uutmunl IZcIsMﬁl m‘ W
SSM: husy_uutmunl byclstt 1 | 4794 W
33M: busy outmon | ctp busy 8 |m| W
Audd new signal | Refresh shown signals | Save shown sighals Restore signals | << < > |bc: |EI SyncHag:1 33Ms: 0-husy 1-10 2-11 3-12
ALICE, Edinburgh 14/03/2008
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Trigger input alignment in time

Alignment: adjusting the trigger input delays to assure that the trigger signals originating from
the same bunch crossing reach the CTP in the same clock cycle

Without the beam: Before doing any timing tests, we have
information on expected timing from tabulated cable lengths.

With the beam methods:

* Oscilloscope/Snapshot (LO,L1,L2 level), if rate and noise
are low

* Correlation analysis

Possible data sources for analysis:
* SnapShot

e Interaction record

ALICE, Edinburgh 14/03/2008
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a;

by detectors A,B at ti 1 08
Correlation function:

Frequency

Trigger inputs alignment

b, — trigger inputs generated Number of bunch crossings for 16 separation

events (1 hour) necessary for 1 o separation

C.(&, in beam-gas collisions

]
th
IIII|III||III||IIII|IIII|II|I|I||I|IIII|IIII|IIII

[=1

N 10° //], 0001
. r=0.001
10
10"
10° T
1“5 ]
10*
IIIIII| 1 IIIIIII| 1 i IIIIII| | I, | III|
10° 10 107 10 10"
Noise level
| T PO S | | N IR I | X1 ﬂ'a
AR 14/03/2008
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Quark Gluon Plasma

the phase transition from lattice QCD

— T/T,0.9 -> 1.1 =>factor ~2 in & => factor ~9 in \s
we need big factors in energy to cover the QCD phase diagram

e~T4 & (t=1fm/c) ~ dN/dy ~ In(\'s)

e energy density e/T4

Order parameter for deconfinement

L B e B . LN R e R pa T

energy and pressure
b
o

1 e pressure 3P/T4
e ; I
| s < 3

1.0

temperature T/Tg

1.5 20

T/T.
ALICE, Edinburgh 14/03/2008
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Heavy-ion physics with ALICE

O early ion scheme (2009)

0 1/20 of nominal luminosity
O [Ldt=5-102%em2s!x 10°s O first 10° events: global event properties

O alignment, calibration available from pp

0.05 nb’! for PbPb at 5.5 TeV
Npp collisions = 2108 collisions
400 Hz minimum-bias rate
20 Hz central (5%)

muon triggers:
~100% efficiency, < 1kHz

centrality triggers:

bandwidth limited
Novpomin, = 107 events (10Hz)
Nopbpheentral = 107 €vents (10Hz)

ALICE, Edinburgh

U multiplicity, rapidity density
Q elliptic flow
first 10° events: source characteristics
O particle spectra, resonances
Q differential flow analysis
U interferometry
first 107 events: high-p,, heavy flavours
Q jet quenching, heavy-flavour energy loss
U charmonium production
yield bulk properties of created medium
U energy density, temperature, pressure

U heat capacity/entropy, viscosity, sound
velocity, opacity
O susceptibilities, order of phase transition

14/03/2008
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Flow

Azimuthal asymmetry
in the transverse plane:

Eccentricity: Flow:

& <I'I.' = IE% JLLT':F:AI- _ L d’A [ 4+ Z 2opcos( HHI]

i <1_ EERREEIIE. d®p ulpt.le.r —
| v, = directed flow v, = elliptic flow

@ — angle with respect to reaction plane

Relativistic hydrodynamics prediction:v,/e=constant

ALICE, Edinburgh 14/03/2008
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Is the QGP an ideal fluid ?

® one of the first ‘expected’ answers from LHC

— Hydrodynamics: modest rise (Depending on EoS, viscosity, speed of sg

— experimental trend & scaling predicts large increase of flow

LHC ?

i
— L LI B T T 1 T T 1 Tr T Tl rTrrr]
> 0.25F HYDRO limits N @
0.2 ’
0.15F : 7 3
0.1} — L
- —E—E“.-’-' 1.8 G2V, EATT _ \ N4 @
B . — @ E, /A=40 GeV, NASD i &‘ IY <&
- —@— E_ /A=15% GaV, NA43 ] .~
ﬂ.DE : é +ﬁ'13-] eV, ZTAR : X
= f _—— \E'E:'] eV, ZTAR Pralim. |
ﬂ o b e e b g g ———— BNL Press release, April 18, 2005:
0 5 10 15 20 25 30 35

(1/S) dN_, /dy
New state of matter more remarkable than predicted —
raising many new questions




Summary & Outlook

first pp run

— important pp reference data for
heavy ions
— unique physics to ALICE
* minimum-bias running
« fragmentation studies
* baryon-number transport
* heavy-flavour cross sections

first few heavy-ion collisions

— establish global event characteristicy

— important bulk properties
first long heavy-ion run

— quarkonia measurements

— Jet-suppression studies

— flavour dependences

ALICE, Edinburgh

Outlook

* high luminosity heavy ion
running (1nb1)

— dedicated high p, electron
triggers

— jets > 100 GeV (EMCAL)
— v - jet correlations
— Y — states

* pA & light ion running

14/03/2008
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We are looking forward to very exciting times

@erra incognita: hic sunt dracones !
Be prepared for anpthing !
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END

ALICE, Edinburgh

14/03/2008

62



Quarkonia physics

p-p @ 14 TeV, L =3.103%cm=2 s, t=10"s, 30/pb

Muon channel: (2.5 <y<4): 2.9M J/Psi and 27k Y (N.Bastid et al.)

b L
=2 1= F
== — total =2 [ —total
& -—- correlated blg = ---corralated bkg

iy

ALICE, Edinburgh 14/03/2008
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Baryon number transfer in

. When original baryon changes its colour configuration (by gluon exchange) it can
transfer its baryon number to low-x without valence quarks — by specific
configuration of gluon field

i)
ol
'

D
(— 8 = ¢ 10—
¢ Yi—p € = ¢
C C C ¢ C ¢ String junction
C C C C ¢ ¢ 8]
¢ ¢ ¢ ¢ ¢
BN=1/3 =
BN=13  BN=-13 =
BN=1
Standard case — quark exchange Gluon mechanism
_ _ qO Different prediction for
This exchanged is junction exchange:
suppressed oc exp (-0, Ay)
oc exp (-1/2 Ay) a, = 0.5 Veneziano, Rossi
qO © g OIO O o, =0 Kopeliovich
=experimentally we measure baryon — antibaryon asymmetry NB — NE
=|largest rapidity gap at LHC (> 9 units) A=2- N N
=predictadcabsoibietvalue for protons ~ 2-7% 14/03/2008 BT B
64




Jets 3f B .
¥ [ Di-Jets (charged only)
(charged + EMCal) F Ll
50 E . 107 evts cent. PbPb
5 iz 2 L L
. w\‘:-‘ Y\ - _I_l .
.L._‘-;-:'.._-:;_:-.“-. H-h-‘-h-\"'--..\___ 1|:|_| - _|—|_‘ —
”""‘.;'--L;;';:-- e -H-_h"""*--.__._‘_ i s o WY
| .--h.."*----.-q_'._;;__l-_h ________ o N 10° — = .
Charged jets: 10°evispp i = T
iy, J0eviscept PP 080 100 120 140 160 180 200 220 240
40 60 &0 100 120 140 160 180  20( M [GEV]

E™" [GeV)

* First jet physics
» with TPC up to E; = 100 GeV in p+p and
Pb+Pb

» Minimum bias data: No high luminosity needed

Prague Physics Week 06.03.2008 3 Christian Klein-Bosing

ALICE, Edinburgh 14/03/2008
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Impact parameter precision

300
E:g i \ pp low rnultiplicityéo
© 250 '- g( )
- T Ttrack
. ++ Oyettex
200+
150F
100f
50 : ‘.-‘-:‘_"3'\"; e el
All events “‘“m»___ﬁ______
0'::Itra ks = = 7 ih_""‘ e
p, (GeV/c)

Impact parameter resolution is crucial
for the detection of short-lived particles
- charm and beauty mesons and
baryons

At least one component has to be better
than 100 um (ct for D meson is 123 um)

For low-multiplicity events (i.e. pp)
the contribution from primary-
vertex resolution is not negligible
Full reconstruction with primary
tracks has to be used

T T o7, uw;;

300

E | \pplﬂghrnunmncng
Y amnk +—o(d0
© 250 o
i - Gt ack
R R RN U A R 2 Gver‘tex
200"
150F
100F
501 <
ENtracks > 15 e ~=¢——-______,_
0 -1
10 1
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Particle Identification

* Very good PID over broad momentum range

—— T T T T T T T
(dEdy) L LT O TN LT L LTI TIIR
ST e e
— /K
TOF I K/p
[ eln
]
HMPID (RICH)
TRD
PHOS
MUON
L ! 1 ! | \\ 1I0 102
0 1 2 3 4 5 p (GeVic)
I separation @ 30 HEE separation @ 20

ALICE, Edinburgh 14/03/2008



Pn

Multiplicity reach at 900 GeV

1
10" k= Multiplicity distribution Js=900GeV §
- 107
- e E
= 102 =
102 | Aﬁ1n'3 i—
- z §
F 104
. 107 = .
10% £ Pythia g = UAS5 NBD fit ~. \_ "
= . T o
C "y
[ ---"-. 1°-T:E
104|||||||||||||||||||||||||||“JJ I".’-....I.-T-'g..l....l.... 10-8i_|||lllllllllllli ||||||||||| T-|
0 10 20 30 40 50 60 70 80 90 0 20 40 60 80 100 120 140
Nch h]|<15 Nchl h]|<15
Pythia 6.214 (in Aliroot) Using NBD fits to UAS data

UA5: ZPC43,357(1989) to estimate multiplicity reach:

=106 ev. ~ Max N, N5~ 90
6839 ev. ~ Max N, ni<1-5=47 =108 ev. ~ Max N, Ni<15~ 120

ALICE, Edinburgh 14/03/2008
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cross section [mb]

Total cross sections

Energy dependence of c and b cross sections

-
=

—

10

T ———T T T T T — * Values at 14 TeV:
_ charm 11.3 mb
— beauty 0.44 mb
« PPR (older PDFs):
— charm 11.2 mb
— beauty 0.51 mb

| » Ratio 14TeV /
2.4TeV:

— charm 3.6
— beauty 5.9

14/03/2008
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Identified particles yields and spectra

« Data on K/m in
energy and with multiplicity

interactions show steady (slow) increase with

* Mean pt as a function of multiplicity for different particle types —
shows different behaviour

L] Ksofﬂ:o

4 KT
" K/ (nTn)

0.10

- 0.075

- 0.05 ++++

0.025

10
1

& B

4 |

10™ 10
1 1

/s [GeV]

ALICE, Edinburgh

<dN./dxg>
- ? flﬂ !IE E.D
a8l ﬁ (a) + | | i
0.6 |- ;4 bt -
{
4t i
e 0.4
%" 0.6 — . {b) -
& - K~ s
o.5 i'++ t i {' } +I _
"ﬁl. i 4 |
O oal bl
0.40 (c})
+
e L b LA I } + i L
0,36 |- -
L
. ¥ -
¥
0.321 .
| 1 1 1 ] 1

4] 20 40 &0 B0 100 120 140
N-I:

E735 Fermilab 14/03/2008
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‘ ALICE Electromagnetic
“alorimeter

* upgrade to ALICE

e ~17 US and European institutions

Current expectations:
2009 run: partial installation
2010 run: fully installed and commissioned

ol . = B

EMCal Module = 4 towers

Lead-scintillator sampling calorimeter
Shashlik fiber geometry
Avalanche photodiode readout

Coverage: [n|<0.7, A¢=110°

~13K towers (AnxA¢$p~0.014x0.014)
depth~21 X,

Design resolution: 6/E~1% + 8%/NE

ALICE, Edinburgh 14/03/2008
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10°

Jet rate at LHC

10

10

NLO-QCD, y—ET CTEQ4HJ

d“o /(dly dn) (nb/GeV)

3

10

-1
10

10

RULLBRRILL L llllll"]_"l'l'l'n1T|—M|'|'|'|111T|£|'r|'nTm

Om @ O » = % %

-3
10

-4
10
10
10

107 L

(pp at 45 GeV, n=0)
(pp at 63 GeV, n=0)
(pp at 630 GeV, I1l<0.85)
(pp at 630 GeV, Inl<0.7)
(pp at 540 GeV, 0.1<Inl<0.7)
bp at 630 GeV, Inl<0.5)

= (pp at 1.8 TeV, 0.1<Inl<0.7)

(pp at 1.8 TeV, 0.1<In<0.7)

\ 4

10

ALICE, Edinburgh

E; (GeV)

Eldo,/dE, 1dn= fQE, //s)

do,/dE, /dy /s, E;,
do,/dE,,/dn %Eﬁl

200/14000=0.014
0.014=25.2/1800

14/03/2008



Jet rates at LHC

#Jets per central Event * 4()() |

-
(=]
N

Er > EP'™ n] < 0.5)

#Jets/event (
3

1073

ALICE Acceptance

PbPb =~ 400*pp

hh""‘-—-q
‘-"""H-.,_‘_hi\_\_\
| ‘ | | ‘ 1 | ‘ | | | L1 1 | | L1 ‘ [ | ‘ 1 | ‘ L1 1 | | [
20 40 60 80 100 120 140 160 180 200
ErTnln [GeV]
. PbPb 2 pp pp
#jets O A" Oy Jet
_ PbPh pp o pp
event O-inel 100 ainel Ginel

ALICE, Edinburgh

107 s, 100 Hz TPC rate,
10° events (MB trigger)

E, threshold Niets
50 GeV 1 x10°
100 GeV 2 x10°
150 GeV 6 x 102
200 GeV 1 x 102

14/03/2008

73




Correlation function example

@ Det B trigger signal C 48(0)20

[TTTTT T TTTTT T T
Cozd)=r’ H H
&220F B

200
g
1o
160
140
120
100
80
60
40
20

. | ce=a=r H - signal present in BC

- signal not present in BC

_lI|III|1IIIIII|IIIJII1|IIIJI11J|||||11J|| I

I I L L - H Bl C (4) _4/48
I:'I]I I lII.I'.ZIZl I ﬂ.mll lII.l'.II(:l [II.!IIEI I IIZL‘I : 012 : 0.14 ; l.'l.‘llﬁ1 : ||].18 (;0.2 48
d

SN
& Shaan i

Det A trigger signal
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Multiplicity predictions

Multiplicity Distribution

-1

:@ = # PYTHIA 6.214 - CTEQSL (ATLAS tunis
20 ~fs = 14 TeV, NSD events
E B PYTHIA 6 210 - CTEQSL (defult tuni
o L
& PYTHIA 6.150 - CTEQ4L (LHGbtuning
2 k:
10 J"S.; PHOJET 1.12 pp - GRV98LO {default

§

-
o
X
| T T T TTI '“W"Wﬂf.ﬁ'}”.‘_"é T
3

Different models give very
different predictions

especially in the tail of the
multiplicity distribution

| Particle density vs 1 |

10
i I .."z -~ @ PYTHIA 6.214 - CTEQ5L (ATLAS tuning)
10 AT | |2 00 -Pmaas e GiE (tARGD  F =14 TeV.NSD everts
il il ‘ m-[”m 8 = PHOJET 112 pp - GRV93LO (default tuning)
LH = _m_..
10°} = 5 s %
T O N 1110 e 1| O E & . .'.
0 100 200 300 400 500 600 = = .,.-"'r ﬂx_ =
nchg E .ll.r -H.l.
4__ r._u.r IIJ.'I
| | | | 3E i A
0 50 100 150 2E
Charged particles in |n|<0.9 15 -
0:I | N -I | | | | | 1 1 1 1 | 1 1 1 1 | | | | | =
-15 -10 -5 0 5 10 15
n
ALICE, Edinburgh 14/03/2008
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ISR

{ measured
\ fitted

Wer-deridy

.o

Pig.6

ALICE, Edinburgh

oo 1.0 .G 3[:! .l:l 5'|:I

T ] I | | I
<Nn>
6.0 )
5.0 i
i< 1.5
4.0 - ]
] L Il [ 1 I L I 1 I 1 I 1 I 1L
20 30 40 50 60 GeV

Vs

W.Thome et al.:
NPB129.365,1077

14/03/2008
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p-p nominal run

Q/Ldt=3103*cm2s1x 107s
30 pb! for pp run at 14 TeV
=2-10'2 collisions

pp collisions

U minimum-bias triggers:
20 events pile-up (TPC)

N .. =10’ collisions
pp minb

ALICE, Edinburgh

14/03/2008
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1.5

1.4

1.3

<p;>(GeV/c)

o
©

0_6_Ili\

(pr) vs. multiplicity

— @ Pythia: setting 1
r ¥V Pythia: setting 2
— A Pythia: setting 3
- O Herwig: setting 1
—A  Herwig: setting 2

- W Min Bias DATA (1800 GeVy 1~

E (pr20.4 GeV/c, yI=1.0) /

[ Mean p; grows with multiplicity

= high p; jets have higher multiplicity
BUT: same behavior in “soft” events

events with no jets/clusters with E;>1.1GeV
- (CDF: PRD65,072005,2002)

(o} 5 10 15

el 50 1w b o gy Py
20 25 30 35 40
Charged Multiplicity ( N.,)

ALICE, Edinburgh 14/03/2008
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Physics triggers

Trigger inputs:

LO pp

L1 pp

L2 pp

VO Minimum bias
V0 Beam Gas

PHOS jet low pt
PHOS jet high pt

VO High Multiplicity

TRD unlike e-pair high pt

V0 Beam gas A
V0 Beam gas C

TRD like e-pair high pt

TRD electron

OINO| NP WIN|[—~

TO A
TOC
TO Vertex

TRD hadron low pt
TRD hadron high pt

(o)

PHOS MB

—_
N

Cosmic

-
W

RN
N

-
(€))

—_
(*)

—_—
N

—_
o

DM like high pt
DM unlike high pt
DM like low pt
DM unlike low pt

DM telescope
DM single

RN
(e

TRD pre-trigger

N
o

ZDC

N
-

N
N

N
w

N
N

TOF MB
pixel trigger

AT T 12018 1|
ALldcr, duioul

L 1_
11

e Minimum Bias

e Muons

Pixels

Electrons

high-mutiplicity trigger:
reserved bandwith ~ 10Hz
muon triggers:

~100% efficiency, < 1kHz
electron trigger:

~25% efticiency of TRD L1

14/03/2008
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