


“ ALICE is optimized for low p; proton-proton physics “

0 Complete understanding of the physics of colliding protons at LHC requires
the study of all phenomena, including those with large cross-sections, even
though they were not the driving motivation for building the LHC.

 Those phenomena with cross-sections ranging probably between
100 mb(c,,), 60 mb(c,, ) and 12 mb(c 4 ) [cf. A. Kaidalov] represent the
bulk of the events at LHC. They are generally characterized by low p-.

L As new kinematic domains are investigated, new physics could be present.
Therefore, low p; phenomena should not be neglected:

><they will contribute to our understanding of the strong interaction, at the
frontier between perturbative and non-perturbative QCD (a most
challenging domain) - Access to a much smaller x range => many more
higher orders to calculate!

><they are inescapable at LHC, as they will be first to be observed in the
commissioning phase of the machine and of the detectors.

-
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“ Low p; proton-proton physics with ALICE “

d Low p; proton-proton studies represent a major part of the ALICE programme for
several reasons:

><Ito provide “reference” data to understand heavy ion collisions. In a new
energy domain, each signal in HI has to be compared to pp;

><] Genuine proton-proton physics when unique or competitive; note that ALICE
can reach rather “high” p, up to ~ 100 GeV/c, ensuring an overlap range
with other LHC experiments;

< Detector commissioning (will be carried out with pp data (simpler): the first
ALICE paper will be a paper on proton-proton collisions).

O Low p; proton-proton collisions are also of interest in the search for rare
phenomena as they contribute to the background (Higgs, SUSY, etc.):

> Minumum bias event pile-up;
»<Underlying event [a large fraction of particles in high-p; events is at low p].

-
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pp and HI collisions H

Thin gluon walls

N
|

A
[0 The real picture is in between (combined effect of the Lorentz boost
(y = 2750), of a distribution of low x partons and of the uncertainty principle).

[0 Is there a difference between Pb ions and protons? Within a factor 2 at most,
same structure functions; parton saturation (gg— g ~ A'6) is also present in
PP.-

What changes really is the volume

1 1

()2 =0.97x 4% =5.7fin
1

()2 =0.81fm

proton
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H pp and HI collisions H

[0 Proton-proton collisions at LHC will reach initial energy densities
comparable to those available in gold-gold collisions at RHIC. Therefore,
they represent considerable interest for the study of high energy densities,
going from small volumes with pp to large volumes with Heavy lon
collisions. (In addition, it is important to have pp and HI in same detector!)

) (IEE;} el (f:1|3] (GeVE;fmaj e = é <E > dNg,
Pp 400 4 4.5 0.5 9 2 d
(Vs = 1.8 TeV)

;3;'5= e 500 7 4.5 1.2 =— 12 GeV/fm?3
ﬁ,:“:‘éég'gg} 500 700 153 5.5 (10° events)
EE':“E E—':Eu: ‘ge y)| 500 | 3000-8000 | 159 15-40

[J Can QGP be produced in pp collisions? These ideas have been already
explored at the Tevatron, with intriguing results (T. Alexopoulos et al., E-
y 735 : “Evidence for hadron deconfinement in proton-antiproton collisions at

1.8 TeV” ). Why are system parameters thermal? Maximum entropy?
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ALICE Time Projection Chamber

[0 The TPC plays a crucial role in ALICE. It provides information to all other
detectors in the central region (-1.5 <n < 1.5). (most challenging TPC)

Channels 557 568

Gas Ne/CO, 90/10
or + 5%N,

Volume 88 m3

Drift length 2.5m

Drift field 400 V/cm

Drift velocity 2.84 cm/us

Max drift time | 88 us

Diffusion D, = D; = 220

X/X,q 3.5% atm =0
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“ ALICE is optimized for lead-lead collisions at LHC “

[0 The TPC is designed to work up to 8000 tracks per unit of rapidity.

RHIC — dN/dn ~ 2000 — 4000
So we are probably safe!
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H Proton-proton event in ALICE H

0 With dN/dn ~ 7, pp events will be studied under ideal conditions of
momentum and dE/dx resolution, thanks to low occupancy ~ few 10—

761 tracks
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H Tracking in central region H

[0 ALICE optimized for low p; (small material budget, low B field) and high
multiplicity (high granularity); Vertex detectors (ITS), TPC and TRD, are used
for tracking in central region.

Magnetic | Material | P;cutoff | - -~ praves
field thickness: | (GeVic) | + & ¥ Vean =0.6186
(T) XIXO0 (%) R ]
ALICE | 02.-0.5 7 0.1-0.25 |« ¥ '
5Ll %
ATLAS | 2.0 30 05 |[E°- i
il 14
CMS 4.0 20 0.75 L HH H ”
LHCb 4Tm 3.2 0.1*
0 0.5 1 15 2 2.5 3 3.5 4

Event average transverse momentum (GeV/c)

* Minimum momentum is 1 GeV, while for ALICE p ~ o

[J Beam pipe ® = 59.6 mm pushes the first Si pixel layer to 3.9 cm from the
beam axis. Thickness = 0.8 mm Be (0.23% X,). Competitive at LHC but not
wilvery daring! Improvement should be part of the upgrade (follow CDF!
@ Be with R = 1.313 cm; thickness = 0.58 mm)
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H Comparison with other LHC experiments H

Vertex detectors resolution
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“ Tracking performance: momentum resolution “

[0 The detector simulation and reconstruction work. They are being used for a
detailed evaluation of the detector performance, in various configurations.

[0 The momentum resolution is excellent up to high P;region: with 0.4T, 9% at
100 GeV/c. Will be ~ 20% better at 0.5T.

B=0.4T dN/dy=8000 good tracks

relative resolution of p |, [%]

" Shouldbeeven %.,,F m| <0.9
~ better for pp § E '
PE andwith05T & .
40— S 161 !
: s S14F
30— ~ gl.zi— Ll el
3 B : : H\ 4t 1l
gl S *+*+*+*+**M W W Ml
o ~odk | *
— = i*—r 0.2E- M.Monteno
% 20 a0 40 50 N T T N T D B
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Transverse Momentum (GeV/c)
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ALICE has unique particle identification z o dE/dx:

“ - ALICE TPC PID
45

7 % with Pb-Pb

TPC and ITS ”

(dE/dx) /K .
K/p
—
TOF e/m
- H2‘5‘H‘\‘3”“3‘5””4‘¥HH4¥‘5HH
TC/ K o Total Momentum (GeV/c) |
HMPID
(RICH) |
0 i . P
Next: combined PID to get most out of ITS TPC and TOF
TRD BN -
viT0 - e
PHOS I 05 .
Moot TOF
Muon Arm -
| | 0.4;—
1 10 030|51|1|52‘2|53
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“ First data from the ALICE detector: HMPID at RHIC “

pions

J.-P. Revol / CERN / April 30, 2005

Au-Au data collected at STAR

both signs

p>16GeV

protons
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H First ALICE physics: Study of Global Event Properties

[0 Charged particle multiplicity: The Minimum Bias trigger is provided by a coincidence
between VO counters covering a pseudorapidity range from -1.7 to -3.7 and from 2.8 to
5.1. This corresponds to a visible non-elastic cross-section of ~ 67 mb.

12 -
o Momentum o
Multiplicity & Multiplicity Multiplicity
10: measurement  aasurement Measurement
@ 8 - i
g i Y N
> 6 -
E |
54
<C _
5 FMD FMD
= e
O I I I I I I
-6 -4 -2 TPC 2 4 6
ITS Pixel n

[0 Charged particle multiplicity is measured over 8.8 units of rapidity, momentum is

measured in the TPC and the Inner Tracking System (ITS) over 1.8 units of rapidity for
optimal resolution and up to 3 units in total. (ATLAS and CMS have a better rapidity
overage)
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“ Charged track density

[0 ALICE will make a precise measurement of charged track multiplicity at

14000 GeV.
7— Y ISR (p+p) inel
- 4 SPS UAS (p+p) inel
6— . SPS UAS5 (p+p) ND
~ % Tevatron CDF (p+p) ND
o sb evatron (p+p)
Isl__ -
- T LHC
@ 4 ‘E’
= r o
2 T
E 3 __ ‘J‘Ii*f‘i‘
Z ° e
o B '__-1:‘_*-*'
2 __ '-_*_-:" -Fﬁ"l
B _.T-f"“J!' Data is from:
1— Mucl.Phys.B129,365(1977)
[ Z.Phys.C33,1{1986)
- C. Jorgensen Phys.Rev.Dd41,2330(1990)
u_l | IIIIII| | | IIIIII| | | IIIIII| |

102 104

10°
s [GeV]
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Measurement of the charged track momentum distribution “

O At 3x103%0 cm—2 s-1 the MB event rate is 2x10° Hz. In ALICE, the event
size is 1 Mbyte and 10° events could be collected in one year (107 s)
with a rate of 100 Hz, or 100 Mbytes/s, reaching a momentum of
50 GeV/c. The statistics are not limited by genuine event rate!

P, distribution
10| . . , -24
Primary Charged Particles, |n|<1.5 10 T
125000 p*p Pythia events 15-25} CDF: 55700 &9400 evts
s
O : < . -26f% O CDF 1800 GeV
S 10° About 20 minutes of data 3 '0 F§ @ COF 630 Gev
~, = C
& w0 VL
=] .2 E
~= 10 < _.=28F
2 \‘\ o100k
= .3 o ek
<1 ﬂh 33 102k
| S
~30}
1 -
10* | —90% have ‘ “ Ok
pr<1GeVic 10_3]: 0.5+(h*+h")
-5 I L1 11 | I 1 | [ f EL_
%% 35 N .,
[GeWc] 0 g% 4 6 8 10

P, (GeV/c)



Global Event Properties (cont.)

[0 One interesting issue is the study of charged tracks

<p;> as a function of multiplicity. The correlation
discovered by UA1, also observed by CDF for

exclusive states, is still not well understood and is
a diagnostic for new physics. Correlations seem to
depend on the type of particle. While DPMJET fits
the pion data, it does not fit the kaon data well and
completely misses for antiprotons.
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Global Event Properties (cont.)

I Will the correlation look like the Pythia prediction at LHC?

[0 Next step: study the correlation <p;> vs N, separately for pions, kaons
and protons/antiprotons, etc. (as in E735 at Tevatron) using some PID

“global” algorithm to span over a rather large p; range (0.2 — 5 GeV/c).
[0 With 10° events one can collect substantial samples of identified particles

Fully simulated and reconstructed Pythia events
KV | A = Q| P P
£ 1 -
n.a:— B Yield per 0.1 | 0.01 |2x10*| 10° | 04 | 04
- JUUURR Sl M H%ﬁ#ﬁd event
D.B;'_’-O-’ -—
- Statistics 10 | 10* | 10* | 10* | 10* | 10
04 needed
b2 PPevents | 10° | 10° | 10® | 10° | 10* | 10°
CL L T T needed
0 10 20 30 40 50 60 70 80
Multiplicity
19
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H Commissioning LHC and ALICE H

[0 ALICE could not run usefully much above a luminosity of 5x1030 cm—2 s
(events pile up in the 88 us maximum drift time of the TPC).

0 How will ALICE get low luminosity conditions?
</ By using special beam optics at Point 2:

 The reduction factor is B*/B,,,, = B* /0.5 m. Under nominal conditions,
maximum * = 35 m, which gives reduction-factor 70;

> In special runs at low luminosity, when detector is complete, to take data
with negligible event overlap, and if possible a small enough B*, so that the
transverse vertex spread is minimized, in view of heavy flavour physics;

>< By displacing the beam, whenever the above conditions are not sufficient:

D2
‘ Luminosity : L(D) =L, exp(— 40'2j

0 for D/c = 4.5, the additional reduction factor is ~ 160.

= Lace = 3x103% cm2s-1 for L, = 1034 cm-2s-
uring LHC commissioning!
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“ Beam characteristics (LHC-OP-BCP-0001 rev 1.) “

0 LHC commissioning time will be ideal for ALICE. [, = f X Nb NlNz
7z(4 0.0 )
Beam Energy (TeV) 0.9 2.0 5.5 6to7 |6to7 |(6to7
Number of bunches 43 43 43 43 43 156
B" [m] 10 10 10 10 10 10
Crossing Angle [urad] 0 0 0 0 0 0
Transverse emittance [um] | 3.75 3.75 3.75 3.75 3.75 3.75
Bunch spacing [ns] 2025 2025 2025 2025 2025 525
Bunch Intensity 1x10"0 | 1x10"0 | 1x101° | 1x107% | 4x10"0 | 4x1010
Luminosity [cm~2 s71] 4x10%7 | 9x10%7 | 2.4x1028 | 6x1028 | 1x1030 | 3.5x1030
Inelastic Rate [Hz] 144 369 1128 3600 |57600 |201600
Time to collect 2x10* events = 140s 60s 20s 5s
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“ Baryon Production in Central Rapidity Region “

[0 Can gluons carry baryon number? d

(Rossi, Veneziano String Junction)
) \V
®  eg

String Junction

>< Baryon number can be transferred by specific configuration of the gluon
field: (B. Z. Kopeliovitch and B. Zakharov Z. Phys. C43 (1989) 241).

< This would result in substantial baryon production in central rapidity region

{10}
P c C
{3 € ¢ c
(10} 9 g _ C C c
{84 q < g C  String junction
C o
C ¢
C ¢
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H Baryon Production in Central Rapidity Region (cont.) H

00 At LHC huge rapidity gap between incoming protons (y, = +9.6) and central
rapidity (y = 0) would allow contribution from valence quarks to be
(probably) negligible (constant baryon density as opposed to models where
stopping is a “mechanical* phenomenon and the density decreases as
exp(-0.5Ay)=1/120. Should be straightforward to distinguish.

* “mechanical” = both energy and baryon number stopped HERA point plotted at
0.4 . . . . . 10 | | rapidity 9.6 - 7.4} = 2'2.
1 B. Kopeliovitch | Baryon asymmetry AN

0.3 { HERA | 31 —
S 0.2 5 6_\ gluons )
< | & _
] 41 ]
0.1 1 ’ I - valence quarks :
I et el I 21 :
0.0 == o ' | | | | ]
—4 =2 0 2 4 O E ; 2

n
y [0 At HERA, the valence quark contribution is still relatively large

-
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Baryon Production in Central Rapidity Region (cont.) H

O O

ALICE will be able to measure p,P,A, =, and Q. The idea is to measure
the asymmetry between baryons and anti-baryons (B. Kopeliovitch):

Ap EZX%N S%at LHC Systematics < 2% (Beam-Gas,
antiproton absorption,
secondary protons)

A, =2xD=A 230%ar LHC
A A+A | _

10° MB events = 1.4x1019 pions, 7><108[—9, 107 A, 2x10°E and 104 Q.

Since baryon stopping implies more strings to exchange, it is expected

that those events have higher particle multiplicities, hence a

measurement of the asymmetry as a function of multiplicity is needed.

Such measurements will be relevant to heavy ion collisions where baryon
stopping should be dramatically enhanced.

ALICE can also study heavy flavor baryons (A, E,, €, ...) which are
poorly known. With Br.(A, — J/WA) = (4.7 £ 2.8)x10-4, 10° events,
triggered on J/y using the TRD detector, should produce a few thousand
A s. What's more, there is a chance to observe =, and €,
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Heavy flavour production at LHC

10l ¢

101

do/dpe(J/¥) BR(I/9¥-uu) (nb/GeV)

10~2

10~8
4]

HERA-LHC Workshop, Mangano,
Nason, Ridolfi, NPB 373 (1992)

[0 Important test of pQCD requiring both B and C studies.
Large uncertainties on NLO predictions for LHC. Probe

of small x gluon dynamics.
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Charm production measurement

O Charm quark in hadronic (D% — n*K-) and in semileptonic channels: TRD with
P (electron ) > 1 GeV/c

O Benchmark channel for ALICE: D® —» 7w+ K-[ct(D°) = 124 um] (fully simulated)

»< Reconstruct primary vertex using all tracks; — 11—+

, I - i

< Select displaced topologies; > = pp,\s = 14 Tev ]

>1K# ID via TOF crucial at low P s t - D° > Kn j
£

n =107 \ Andrea Dainese et al. 1

. o B ]

pmnn/ng angle 8|\n'.' Q: C ]

LY e - Y .

ﬂa — —

K e L —.— 4
v ©

102 R E

Down to P, = 0! f

|

10'3£

Vertical bar: statistical errors
. Yellow band: P, dep. Syst.
Example: Not shown: 5 % P, indep. Syst.
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“ Beauty and Charm physics “

O AtLHCenergies g-/0_-~5% D%sfromb — BYB* — D% not negligible.
ph ' e

[0 From “Standard” NLO pQCD + Pythia fragmentation + PDG: 064

dN /dy(b — D") dN/dy(g'gO}}Z/F)xBR(BO/B*%D°+X) = s
= =J.970

dN / dy(c — D°) dN/dy(c = D’) 0.0196
[1 Use excellentiepton IU: B — (U= )e* + X, J/PSI + X (muon arm, 1 RD)

10— “Measured data points”
n Pb-Pb, 0-5% .
- from single muon sample
i Andrea Dainese et al. l
102 E 103 E_l + Single muons
= Easier with pp! = ot o)V « BDyarme
- (work in preparation, — 10°L W Le BBa
- By Andrea Dainese) E .
10'35— = i 10 ¢ . b
- ] Al - Input
: ] L 1 E-distribution/
10-4_— — B i
§ mb 10 1 E_E 4"\
- 2<p{mn<23 GeV 1.2 < p” <30GeV/c
L i 10'2 L Lo ! P
10'5 L 1 1 1 I | I I | I L 1 1 1 I | I I | I | I I | 1 10
0 5 10 15 20 25 .
B p"" [GeVic] py [GeVic]



“ Quarkonia physics “

[0 Muon channel (2.5 <y< 4) AM =90 MeV at the Y. In one year of data: 8.5x10°
J/¥ with a S/B ratio of 13 and 6.5 x 103 Y with a S/B ratio of 16.

[0 Electron channel (-1<y<1), with a mass resolution of AM = 70 MeV, and statistics
of 5x10° J/¥ in one year and S/B > 10. The mass resolution for Y is < 100 MeV.
Acceptance down to P; ~ 0.

Upsilon family mass distribution with correlated background - mass‘fieldﬂﬁn
_ nitries
‘ Psi family mass distribution with correlated background totmassYield Mean 6625
Entries 1.818518e+07 —_—
5 - RAMS 2113
— 10" Mean 2 587 Nu __total Integral 5.497e+05
~ =il ﬂ _— —- -comelated bkg 2 !
2] C |—total RMS 0.3341 = = Y 21 ¥ I ndf 47021500
‘E > ™ |--correlated bkg b Integral 1.2662+07 = % Y i :fﬂb 0.8262
= = e iy \ 1 ndf 700,21 252 8 Y ﬂ[ ...... 2670+ 5.4
3= -~ & S n K, 4059+ 258
Ola L i 1 Frab o } ", 9,516 + 0.001
o I Kon, 68282404227 = 3 o, 0.08271 £ 0.00034
= 40°L bl Ki 56374054334 = 107 = 1 K, 028+ 134
Z = : ﬁ e 3.422:£0.000 - B L 10.09: 0.00
:/"\/' 1 Oy,  0.0B358 +0.00002 - N Oy 0.08382 + 0.00145
L -t J| Ky 14312404 £ 79 B i) t :v' H137£108
- S n o o 10.42:£ 0.00
e 1 ", 2715 £0.000 G, 008454000265
- A 0,  0.08527 +0.00033 ~
10* ' 102
" B Vercellin Example of muon channel . E.Vercellin
T T T T T | R T Y TN T TON N T2 NN FU AN TR TR TS N NOU M N
1 2 3 4 5 6 6 8 10 12 14

GCeV GeV
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Kinematic range at LHC

[0 The quarkonia studies will cover an entirely new kinematic domain at LHC,
where both gluon saturation and non-perturbative QCD will play a role.

[0 Data taking scenario: 107 seconds, ata 109
luminosity of 5x1030 cm—2 s
8
upsilon PT yield in 1e+07 s. T 4 8x10% 10
— 10| , 107
>l C T 8.7 x103
d° [
L Y” 53 %103 |1°
zZ e Y
T - 5
|+ ~ Jhy 5.0 x106 |10
i e v 0.13 x108 |104
103+ 103
N Example of muon channel
- Y —pp— 102
: Jhy =101
_I 11 | L1l | L1l | L1l | L1l | L1l | L1l | L1l | L1l | L1l
0 2 4 6 8 10 12 14 16 18 20 100

Pr (2

I I I I
X1 2 = (M/14 TeV) exp (-y)

_Q:M

M =10 TeV -

. M=100GeV £~

M =10 GeV,

107 10% 10° 104 103 102 101

X
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do
dp,

102

10!

10°

Photon Physics in ALICE |

[0 Two main motivations:

< Calibrate photon production in pp to subtract NN contribution in Heavy
lon collisions, in search for thermal photon signal from QGP, and study

jet quenching (longer lifetime at LHC)

> Perform high P QCD tests (y, n° cross-section, jet fragmentation, etc.)

™ =y, N — Yy, 0— ..

p — wy; QGP 1

Thermal
regime e?T

Perturbative
QCD regime p;*

-adiation

Perturbative QCD contribution

“Compton”  “annihilation”

g
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“ ALICE Photon Spectrometer (PHOS) “

[0 Dimensions: 1 ~+0.12, ¢ ~ 100° (1x8 m?) at radius R ~ 4.6 m
PbWO, crystals, X, = 0.89 cm, A,, = 19.5 cm, Moliere radius: 2.0 cm
0 Granularity: 2.2x2.2 cm? (An x Ag ~ 0.005 x 0.005), length: 18 cm

PHOS in ALICE [J The granularity is the same as CMS

but the distance from the interaction point
is 3 times that of CMS

[ =0 identified from 1 to 80 GeV/c

[0 Energy resolution 2% above 3 GeV/c
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pseudorapidity

“ Jet physics in ALICE

[0 ALICE is considering the possibility to construct an electromagnetic
calorimeter (USA EMCAL project); Most likely not ready at start of LHC.

[J In the mean time, jet studies will be carried out using charged tracks
only.

Jet fragmentation using identified particles,
and PHOS for y tagging

| Photon Acceptance in ALICE |
3
, FMD Poor Resolution | 4 ==
15 f—
1
03 EMCAL Moderate Resolution 80/,
0 FHOS High Resolution 20/
-0.5

2
transverse mtwnentum (GeVic)




Jet physics in ALICE

a 0.2 0.4 0.6 0.8 1 11 1.4 16 L tacut |
Mext - _I

o Jetrates; pevios || oatctes - ons N 55062
>4P,>100 GeV: 107/year | Top View
@ L=10%cm?sin Side View
ALICE acceptance Front View
. All Views
[0 Jet Reconstruction: openc. |

< Limited to charge
particles (2/3 of the
energy)
[0 Physics topics:
< Correlation between
leading particles

< Jet-Jet Correlation =
Pick |

<] Jet fragmentation Zoom | 0
properties |
UnZoom

— all of this relevant to
jet quenching studies
in Pb-Pb collisions

@ with a cut of 2 GeV/c on track momenta
A‘ J.-P. Revol / CERN / April 30, 2005

ALICE simulated proton-proton event with two jets
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“ Conclusion “

[0 Many items not covered here (strangeness production, B production, nt®
production with PHOS, Diffractive events, Cosmic ray related physics, etc.).
ALICE Collaboration, J. Physics G: Nucl. Part. Phys. 30 (2004) 1517-1753

0 Low P proton-proton phenomena studies at LHC are mandatory:
><INecessity to explore in detail and fully a new domain of physics;

< Contribute to a better understanding of the strong interaction in a
challenging kinematic domain;

< Needed for the study of heavy ion collisions and has therefore always
been part of the ALICE programme;

><]Some of it (Minimum Bias and underlying event properties) is relevant to
the understanding of the background to high P- signals.

0 ALICE is complementary to the other LHC detectors, because it is optimized
for low p; physics, and because of its unique Particle ldentification
capabilities.

[0 ALICE will be ready in April 2007 and will be commissioned with pp collisions.

[0 Physics with ALICE will start with the first few minutes of collision at LHC.
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Jan 2006
Sept. 2006
Feb 2007
April 2007

Stage 1
installation
Stage 2
installation
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