High- pT particles (pT > 4 GeV/c): � Products of jet fragmentation processes � Probes of early partonic stages of the collision � Spectra calculable (in principle) within pQCD � Sensitive to medium- induced energy losses

PHYSICS MOTIVATION

EXTRAPOLATION TO Pb+Pb COLLISIONS @ 5.5A TeV

A Large heavy- Ion Collider Experiment (ALICE)

TEVATRON DATA

HADRON-HADRON (pp → γ, πo X) COLLISIONS @ 0.2- 1.8 TeV

HAGEDORN FORMULA

INCLUSIVE PHOTON SPECTRUM @ PHOS

Photon Spectrometer (PHOS) πo γ

γ1

) ( 2_,cos1_{2 21}− 1 =_{γγ}θ γ γ EE m_{inv}

CROSS- SECTION EXTRAPOLATION

Survey of high- pT πo and γ yield predictions for the PHOS/ALICE spectrometer

D.G. d�Enterria and �Groupe Photons Subatech� for the ALICE Collaboration

EXPERIMENTAL SETUP

With Quenching ~ factor 2 less

X.Wang and Z. Huang PRC55 (1997) 3047

� Estimate dσ γ,πο/dpT for Pb+Pb @ 5.5A TeV � Define a high- pT (pT >10 GeV/c) trigger for ALICE � Estimate corresponding γ , πο experimental rates

Parton energy loss in the QGP ⇒ Jet quenching

A A’

( before )

A’ A Δτ0 ( after )

γ

- 0.125 < y < 0.125 50o < ϕ < 50o ε ∼ 0.07

Number of π0�s during one ALICE year

pΤ (GeV) dN/dpT(GeV-1)

High pT trigger 1/1000Hz

Central ALICE trigger 40 Hz

Eπ > 40 GeV : ~ 300 (central) ~7000 (high pT)

Nreac = 3.4x107 εPHOS= 0.07 σ reac= 8000 mb Ncentral/Nmin.b.~ 4

dσdpTdy(mb/GeV)

CDF π0 Decay γ CDF direct γ Scaling in xT

CDF PRL61(1988) 1819 CDF PRD48(1993) 2998

( / ) ( / ) d dp d dp x p s T T T T σ σ γ π ≈ ≡ 2

High pT trigger assumed ! E > NγPHOS ============ 15 GeV 5.105 20 GeV 105 30 GeV 104

HIGH- Pt πo SPECTRUM @ PHOS

UA1/UA2 DATA

Observing jet quenching in ALICE via: � Leading particle spectra: high- pT πo � Ratio πo/direct- γ at high- pT � Photon- tagged jets (PHOS+HMPID)

γ2

SvOutPlaceObject

( )^⇔ + = 0 0 3 3 n T n p p p C dp d E σ p0/n : Slope of the (exponential- like) pT spectra for pT � 0 1/n : Slope of the (power- law) pT spectra in the hard- scattering region

( )^{ppp} B A b d B A d^{T +} + ⋅ = σ σ^{α )(} .. min

X , X , o o %) 10( )( πγ πγ σ^{→+} → + ≈^{pp} AB B A dbT

Nd_{central}

⇒ = = ∫ ∫^∞ ∞ 2 2_γ γ π π π γ π π γ σ σ σ T o o

o T o o p T T T p T T T T p dp dp d dp dP dp d dp dp d o T T p dp dP π γ γ 1 : decay of on distributi y Probabilit ≈ πo DECAY- PHOTONS SPECTRA

n

T T T pp p pC dp d + ≅ 0 0 2_π^π π π σ

1 2 1 2_0 − ≈ + − = n p p p n dp d dp d T T T T o γ γ π γ σ σ The γ- decay spectra has the same shape as the π0 spectra but scaled a factor ~n/2

EXPECTED HAGEDORN FIT @ LHC

5.5 TeV @ LHC

( ) ( )[ ]^2ln0067.0 ln 040.0

41.0)

GeV/c ( s s p_T + − = > <

Using :

p0 = 1.3 GeV n ≈ 7.7 C ≈ 450 mb/GeV2

GOALS

GROUPE PHOTONS SUBATECH

Nantes (France) X. Camard, D.G. d�Enterria, H. Delagrange, G. Martínez, O. H. Odland, D. Peressounko, M.J. Mora, and Y. Schutz

HIGH- Pt πo DETECTION

� pT ≈ 0. - 20 GeV/c (Large θγ1γ2): Invariant mass method � pT ≈ 8. - 20 GeV/c (Small θγ1γ2): Isolated photons � pT ≈ 20. - 100 GeV/c (Very small θγ1γ2): Shower topology � pT ≈ 0.1 - 1.5 103 TeV/c !! (θγ1γ2 ≈ 0): Conversion probab.

( )^{PHOS}reacc^{reaccn}_T n o T b part central part Pb PHOS T N p p ppC N N A dp d ε σ π σ π π π 0 .. min % 10 22 + ≅

n

T T T pp p n p p C dp d + − + =_0^0 0 )1 ( 4_γ γ γ π σ

The invariant particle production cross- section can be parametrized as:

The ratio of γ- decay vs π0 cross sections is:

The expected neutral- pion spectra measured by PHOS is:

However, it is not straightforward to detect high- pT π0 ...

SvOutPlaceObject

SvOutPlaceObject

ALICE Rates: - min.bias ≈ 8000 react/s - central ≈ 1000 react/s ALICE DAQ: - min.bias ≈ 40 Hz - central ≈ 40 Hz

In general the minimum- bias (impact- parameter integrated) production cross- section for hard- processes in A+B collisions is :

3 2 _0

0 0 2 0 0 − = + + >= < ∫ ∫ n p dp p p p p dp p p p p p T n

T T

T n

T T T Inv. cross- section for h++h- /2 (circles) and π0 (crosses)

Hagedorn fit with::

p0 = 1.3 GeV n ≈ 8.9

UA1 PRB366(1996) 434 UA2 PRD48(1993) 2998XX

Hagedorn fit with::

p0 = 1.3 GeV n ≈ 8.5

And considering the parametrization of <pT> :

We can get the expected po and n values of the inclusive π0 spectra at 5.5 TeV :

jet

p p A A b A d^+ + ≈ σ σ^2_{..min}

Which, for equal colliding ions, one can roughly approximate as:

We are mainly interested in central Pb+Pb collisions. The average number of hard- probes produced in the 10% most central events is:

EXPERIMENTAL CONDITIONS

Where TAB(b) is the nuclear AB overlap at impact parameter b which in our case amounts to:

K.J. Eskola et al. Int. J.Mod.Phys. A10, 3087 (1995)

1- 2

.. min

2 mb22 4 (mb)

8000 208 )( )( )( ≈⋅ ≈ = b T b T A b T b central PbPb tot PbPb σ

X , X , o o %) 10( 22 πγ πγ σ^{→+} → + ⋅≈^{pp} Pb Pb d

Nd_{central}