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ALICE experlment at LHC

ALICE is a dedicated

heavy-ion experiment at
LHC.

«= Our aim Is to study the
= '79/2 y5/cs 0f strongly
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ALICE setup

¥
L3 MAGNET

R \
HMPID L ———

PHOS

el MUON FILTER

TPC ABSORBER  MUORI'CHAMBERS

CERN AC - ALICE 98 - CIL

On ALICE physics see a talk by M.Monteno on 24 May
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See a talk by N.Bianchi
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PHOS crystals

Base element: PbWQO, crystal grown at
“North Crystals” enterprise in Russia

Ry=2.0 mm
X0=8.9 mm
p=8.28 g/cm?3
n=2.16

Size: 22x22x16 cm?

PHOS has 5 modules installed at 4.6 m
apart from the ALICE interaction point.

Each module contains 3584 crystals
Total number of crystals: 17920
PHOS aperture: |n|<0.13, A¢=100°
Energy range: E<100 GeV
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First PHOS moedule Is assembled: in April-
May: 2006
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Main physics interests

Phoeton are highly penetrating pasticles, Which escape fem the
ot nuclear matter almost Intact and, therefore, caniy.
Undisterted mfermation: ffeni any: stage: off the: nuclear nmatter
evelutien

PIFECT pPheLeRS are: producedNnrelementan/nteracions actsiin
e nuclear matter:
= [Nl lnard @CIDPIeCESSES, BSEEd maimly at g P

= i emission el tiiermalized nuclearmatter:; eusen/ed mainiy:atiow p:r

SEnve asia proke: fier thermal properties off the early’ phase el the nucleal
reaction|. Aka =iierial priolors: .

EragmERtaLGR PIGLeRAS

[DECAN/ PRGNS reveal meditm=Induced moaifications oifhadken
PIOPENIES.

Interferometny off phoetens can be Used as a teol ter measure
geometrical size of the source.

See a talk by E.Arlee on 24" May/
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Photon seurces (1)

Prompt y [6(aas)]: interaction of initial partons
d+g —>(q+7y
q+q—>9g+y

Parton in-medium-modification imprinted in the final hadronic
state

Prompt photons are not perturbed by the medium

Medium-induced vy [6(aa?s)]: multiple scattering of final-state
partons g+ gmedium —>q+y

d_i_ qmedium — q + /4
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Photon seurces (2)

Thermal photons from QGP:

dN 0.23E
B0 > TR — a In X
g i d*xd °p o AL

S

LB o diy = baa (ex (—Ej
q q g 73 oF S p T E

d?xd °p

Photons from HG: np—ny, nn—py, o—>ndy

dN 1 E
_ 48T *Sexp| - s
dxd°p eXp( (1.35T)°'77]6Xp( Tj

Photon rates from QGP and HG might be similar, but can be
distinguishable due to different space-time evolution
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Contributions to direct photen spectrum

Central Pb+Pb

25 5ATeV
<N_>=3000

-0.5<y<0.5

— — - in-med HG

—-— QGP (T=845MeV)

- ——- initial pQCD (pp)
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Photen; predictions for p+p at LHC

Start up scenario :
2 PHOS modules - DPMJET: J. Ranft ot al.

(A(I):4OO, Ay:O ; 25) __ 0 All decay photons
NLO pQCD : CTEQEM, M= p=M_~=1xp,

----------- r* Decay Photons © KKP
L=103° cm—s? s E B ————— Prompt Photons * BEG sat |l

T=10 days=8.6-10°s
LT=8.6- 108 mb1!

3-10% events/GeV at 1-2 GeV/c
15 events/Ge\V' at 35 GeV/c
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w° predictions for p+p at LHC

Start up scenario :
2 PHOS modules
(A$p=40°, Ay=0.25)

L=103%° cm~?st
T=10 days=8.6-10°s

LT=8.6- 108 mb!

3-108 events/GeV at 1-2 GeV/c
75 events/Ge\V/ at 50 GeV/c

22-26 May 2006
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T =\Syy =14 TeV - p + p Collisions

0 CPMJET J. Ranft =t al.

NLO pQCD : CTEQSM, KKP

—— M=|J-=MF= 1x Fr

I:l M=p=M_:from 05 xpto20upy

75 counts

100
p; (GeVic)




Decay y Vs Direct v

Photon Yellow IREpoIi hep'phl0311131 pp, dAu, pPb, AuAu, PbPb — vX CTEQSM BFG setlIl M =y =M, = p,

P+ collisiens:
m’ deminates at all ps

A+A collisions:
Jet guenching sUppress .
REIC:
= N =N for p: = 10 GeV/c
LHC:
= N > N_for p;> 100 GeV/c
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pp, dAu, pPb, AuAu, PbPb — n"X CTEQSM KKP M = =M_ = p;

\s = 200 GeV AuAu EKS98 Eloss
\s =200 GeV pp

\s = 200 GeV dAu EKS98

W= =200 GeV dAu EKSg8 Al'"®

\s = 5.5 TeV PbPb EKS98 Eloss
Ns=55 TeV PP

Js =14 TeV pp

\s = 8.8 TeV pPb EKS98




72 nuclear modification factor

Rixx TOF the 5% most

central Pl+Pircollisions
at s, = 5.54 TeV. with
[ESPECt Lo P SYSten.

PoInts ehtained with
NLO pQCD
appreximaton

Pheten Yellew Repert
hep-ph/0311131
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(1/N§) 2N%y /dp,dy

(Noott) /73" x 0y /dpydy

T - \Syn=5.5 GeV - p + p and Pb + Pb Collisions
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Phoeton predictions for Po+Ph at LHC

Start up scenario : Photons -\s,,,, = 5.5 TeV Pb + Pb 5 % Most Central Collisions
— 10 g

2 PHOS modules E DPMJET - T. Ranft et al.
: o All decay photons
(A¢:40°, Ay=0. 25) NLO pQCD : CTEQ5M + EKS98 + ELoss
B seesssesasaees 1" Decay Photons ; KKP
Prompt Photons . BRG sat 1

All scales :1x p,
L=10%° cm2st

T=10 days=8.6-10°s ]
L T=8.6- 104 mb! : 50 counts

7-107 events/GeV at 1-2 GeV/c
50 events/GeV. at 35 GeV/c
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predictions for Pb+Pb at LHC

T -\Syy =5.5TeV Pb + Pb 5 % Most Central Collisions

—

Start up scenario :
2 PHOS modules
(A9p=40°, Ay=0.25)

0 DPMJET : J. Ranft et al.

[ —y
L

NLO pQCD : E loss, EKS98, CTEQSM, KKP

M=p=M=1"p,
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L=10%6 cm~?s
T=10 days=8.6-10° s
LT=8.6- 10* mb1?

40 counts

2:10° events/GeV at 1-2 GeV/c
40 events/GeV at 50 GeV/c
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Particle identification in PHOS

Pheten are identified By 4' crtenas:
Sihape of the showers (e.m. or hadroenic)
Charged particle matehing by CPV: detector
Time of flight measured by FEE
Pheton! isolation
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Probability

Photon efficiency and hadren
contamination

yidasy
® WwW>0.05
A w>0.95

3
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Probability

Central Pb+PDb collisions
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Direct phoetons: experimental methoeds

Direct phetens Spectium at Iow: P Can| ke measured
statistically:

Raw: spectrtms of reconstiucted and identified
PhGLeRS IS acclmulatea

RIS ravw Spectirum IS te) e corlected! fior

2 hadren contamination

5 Photon conversion

a reconstruction andidentification efficiencies
a geemetncal acceptance
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Experimental methods (cont'd)

[Decay photon| Spectrum is te be reconstructed:

w0 SPectrum is reconstructed by 2-photon invariant mass
distributions fier each p+-hbin

Combinateralibackground is evaluated: by event-mixing
technigues

w0 Spectrum is corrected for
5 reconstruction efficiency:

= pPhoeton conversion

= geometncallacceptance

Similar procedures sheuld e dene for n and ether neutral
mMesens I pessible, heavy mesens contribution s evaluated
Py My scaling
Reconstructed neutral meson spectra should be put into

2 simulation to produce decay, photon spectra




m° detection in pp via 2y InV.mass

o J 0 0 0
005 01 015 02 025 03 005 01 015 02 025 03 005 01 015 02 025 03 005 01 015 02 025 03
M., GeVic? M, GeVic® M, GeVic? M., GeVic?

20F
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M, GeVic® M, GeVic® M, GeVic® M., GeVic®

Practically no combinatorial background at p>1 GeV/c
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n? detection in Pb+Pb via 2y inv.mass

| 2y mass spectra in modules

[ O mE e

é'““\

\m., | P

g 3 Gevic ¥4 GeV/c

m

‘ ‘|
5' ML

n® becomes visible over combinatorial background at p:>5 GeV/c
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w0 reconstruction in central Pb-Phb collisions:
vy-IMass Spectrum

Invariant mass spectrum of photon pairs
has too high combinatorial background at
low p; which obscures the =° peak

S1: real yy-pairs

Example: yy-mass at p=1 GeV/c in
200,000 central Pb-Pb collisions in PHOS

Number of combinations: N(N-1)/2
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yy-IMass Spectrum: In mixed events

Combinatorial background can be
constructed from totally uncorrelated
photons from different events

Example: yy-mass at p.=1 GeV/c_of all
combinations from 10 conseguent events

Number of combinations: 10{N)
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S2: yy-pairs in
mixed events




Combinatorial background normalization

R=S1/S2:

Normalization of real-pair spectrum and e
normalization

mixing-event pair spectrum can be

obtained in the mass region of |

| {
uncorrelated pairs |H {
|
(200<M, <400 MeV/c?) Hhmlmlﬁh M' |H| |H} | H
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Combinatoriall background subtraction

After subtraction the n® peak is revealed
above almost zero background

eresidual correlated pairs are observed at
low M. which gives a background for
photon interferometry studies (see later)

eStatistical errors are higher due to
subtraction of two large numbers

22-26 May 2006 Direct photons inf ALICE
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w0 detection in central Pb-Pbh: collisions

2y mass spectra: |

[2vsubtracted: 0.5<pc1.0 Gew.ﬁﬂfndf 13-1?;;:9 2y subtracted: 1.0<p1.5 Gewﬁ’fndf 255'%_{_;: [2vsubtracted: 1.5<p:2.0 Gew.%\‘nfnd! 10-1%8’119
200,000 central Pb-Pb i b pe.7 I P
collisions (b<2 fm) - - -
4 minutes of the LHC - W’ } | - - |

. Tl Y b b i m
run at the nominal - ” I |H|' ﬁ ﬂﬁ”m i T Wiuﬂ' hﬁ'“ #HH“

luminosity

[2v subtracted: 2.5<p3.0 Gev/g*/ndf 2423779 [27subtracted: 3.0<p35 Gevig*/ndf 271719 [21 subtracted: 3.5<p:a.0 GeVig '/ ndf 1921 ;1; [2v subtracted: 4.0<p5.0 Gevi'/ndf 3323719
m, 0.138 m, 1357 a0 m, 01335 = m, 0.1358
L_5.1026 Cm'zs‘l 80 0.008667 50 0.007814 0.006019 0006971
i 15.74 11.62 24.59 a0 a, 13.89
-0.20568 401 1.217e-05 30 -81.31 a -2.539e-08
L 251
0 :m = i
20
201
| 10

| + } | 10
i 4 1 |
Hrbg W|HH“1HHI|“|+HI (O L T I L T

B
5

B Tndf 2534719 5 Tndf 25.13 7 19]

|2‘{ subtracted: 6.0<pc7.0 Gewi n apl |2'y subtracted: 7.0<p8.0 Gewi n b

My 0.1359 My 0.1352

80| a 0.003942 o .00 5609

9.415 a, 1.224

-49.95 50 a. 1.458e-09

60

40
40 30
- 20

"
il i " " +
WL WWH hHI g U1 |*+I“ﬂﬁ|*|++|*|+lnﬁlﬂ o MH*t;Hi**hﬂ*d,'{”,ﬁﬂihnﬂ,h|+

nz nzs
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Direct photons at high o

Direct photens at high pr can
peridentiied E-ly-E
Py the shiape of the shewer
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Direct photons at high px:
efficiency. and contamination

-l

P = 901GeViec:
FAINE XY R NN P('Y,’Y) :60%

e P(v.7) P, 72) = 5%
o P(y. m°)

Probability
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Direct photons:
sources ofi systematical errors

Errers In Inclusive: photon; spectrum
EXrers in decay. phoeton Spectrim
Errers Inl theereticall assumptions on| backgreund

=0 p=1.5 GeV/c | p;=5 GeV/c
v detection 3% 3%
7 detection 5% 5%

1 detection 3% 3%

Hadron contamination 2 5% 196

Non-vertex background 2% 1%

Total 7.3% 6. 7%
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Expected direct photon excess over decay photons

Photons - \|5M = 5.5 TeV Pb + Pb 5 % Most Central Collisions
1.6
‘g I I I I L |

Hydro + NLO pQCD (see text)

— High Estimate _
Nost Probable Estimate
Low Estimate

v NLO pQCD only
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Photon Interferemetry

2

P(k,,K,) :1+1Ud4XS(X, K)e'™
P(k,)P(k,) Ud“xs(x, K)‘2
qg=k —k,, K=(k+k,)/2

C, (k;, k,) = ~1+ 260
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C, in Ph-Ph at 158 AGeV/c (WA98)
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Photon correlations:
sources ofi systematical errors

Systematic errors in photen HBET extration.

Apparatus, effects: close cluster interference, cluster
Merging and splitting

Photon spectiruny contamination and admixture: of the
nadron (electren) correlatiens

Background photon correlations due te

= Residual correlation from Bese-Einstein correlated hadrons (7%i?)
x Resenance decays and conversion on materal in frent off PHOS

s Residuall correlations from: collective flow, jets, etc.

Experimentall reselution ofi the relative mementum
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TWo-photon correlations:
HIJING event

Comparison of two-photon correlation
function of primary photons and
reconstructed one as well as
decomposition of correlations due to
decays of heavy resonances.

K.= 200 MeV ——

Primary

conversion

Each contribution is shifted for clarity (all
they go to zero at g;,, > 30 MeV/c)

A i e e i i e o b B o o s S B s e n S s s B s B s s
[HHH N HAHHAH N H N N H NN HH]

Both apparatus effects and
background correlations
q_ (GeV) are negligible at q,,,>30 MeV/c

0.02 0.03 0.04 0.05 0.06
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Summaly/.

ALICE PHOS can measure direct photons and % ini pprand
PPk collisions Withr reasenable statistics dung first 10 days
up. to p=30-501 GeV/c.

PHOS) IS alkle termeasure thermal phetens With the
Uncertainties better thamn 10%

= Mainiuncertainties come fromrphoton identification efficiency’ and
decay photen reconstruction.

PHOS can measure prompt phetens at high pr With' the
Uncertainties; ketter thenra fiew %

x Main contamination Is due to ©° misidentification

PHOS prevides an epportunity, te measure iWwoe-pheton
correlations, and In particular, direct phoeten HE
correlations

s Backgroeund coerrelations and apparatus effiects distort twoe-photon
correlation functien at g<20-30 MeV/ec.
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