Exploring the QCD at LHC with Hard Probes

expect physics highlights with these probes:
» quarkonia (charm- und beauty sector)
» open charm / open beauty
e jets - large reach in p/E,

< Debye screening/deconfinement
= norm quarkonia
= quark energy loss in plasma

- direct reconstruction 'iet tomography'
- heavy quark.s for different quark species
- photon tagging (gluon) and for gluons

with RHIC results clear that this is where (among others) new
physics at LHC will be

at mid rapidty this will be ideally addressed by TRD (electron 1d; jet

trigger) in combination with the other detectors in the ALICE central
barrel (TPC, ITS, PHOS/EmCal)
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New Physics with ALICE

 ultra-rel. heavy 1on program started nearly 20 years ago at AGS & SPS:
established that (at least) at top SPS energy and RHIC a new state of
matter 1s created in which partons are the degrees of freedom
“Quark-Gluon Plasma”
» from RHIC first hints on the properties of this new state of matter
task of heavy 1on program at LHC: to characterize the QGP

+ 1nitial temperature > 600 MeV

probably about 900 MeV (5 T) for the first time 1n 20 years a
+ life time of QGP = 10 fm/c new accelerator opens totally

several 10 k prod. hadrons new energy regime -

'macroscopic state' huge discovery potential with

« totally dominated by hard processes —> ALICE in pp and AA

1deal probes
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at high p,: spectra suppressed in AuAu relative to pp

proton data scaled to AuAu with appropriate number of binary collisions

® pp— =X @ 200 GeV (N,_,[80-92%] scaled)

¥ AuAu - X @ 200 GeV [80-92%)]
\ mNLO pQCD, EKS nPDF, Q = p; [I.Sarcevic et al.]

I
2 4 6 8

p; (GeVic)

10 12 14 16

1/[2r p;] d°N/dp ;dy (GeV/c)™

& ppo 7X@ 200 GeV (N_[0-10%] scaled)
1 0 3 ¥ AuAu - X @ 200 GeV [0-10%)]
4L ¥4 = NLOPQCD,EKS nPDF, Q. = [l Sarceicet
107}
102E
103
10
10°;
10°%E
107
10$é.|mllmlwllml.m.H||H||H
0 2 4 6 8 10 12 14 16
p; (GeVic)

o~
PH-SENIX PRL 91 (2003) 072305 and 241803
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Suppression predicted due to energy loss

of partons in hot matter ‘“jet quenching”

leading particle
R a=yield(AuAu)/N,;; yield(pp)

Au+Au > h* @ Sy = 200 GeV [ ]
“+ STAR (0-5%)

® PHENIX (0-10%)
= PHOBOS (0-6%)
v BRAHMS (0-10%)

leading particle 1:* """""""""""""""""""""""""""""""""""""

&Q\ hadrons

D. d’Enterria

* all expts. see large
suppression in AuAu

# 710 Jower than h* +

% no suppression in dAu - ﬁ ++¢+ IIIIIIIII
rather

Cronin enhancement é - 1|0
— medium effect, not p- (GeV/c)

| Incoming partons
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Suppression predicted due to energy loss

of partons in hot matter

‘jet quenching”’

H. Baier, Y.L. Dokshitzer, A.H. Mueller, <
S. Peigne, D. Schiff, Nucl. Phys. B483 =
(1997) 291 and 484 (1997) 265

energy loss of high energy parton
traversing color charged medium ->
medium induced gluon radiation

in high energy limit

AE = o, W2L2/A (1 + O(1/N))

a 1.5

0.5

implemented in models in different ways:

high initial densities dN,/dy=1100 (Vitev/Gyulassy) 00

large opacities <n> = L/A = 3-4 (Levai et al.)

transport coefficients qy,=3.5 GeV/fm? (BDMPS, Arleo)

plasma temperature T = 400 MeV (G. Moore)
medium induced ratiative energy loss

Levai
(no dE/dx)

Vitev

with dE/dx)

(with dE/dx)

Leva *

(it /g0

2 4 6

8

10

p (GeV/c)

dE/dx(expanding)=0.25 GeV/fm or dE/dx(static source)=14 GeV/fm (S.N.Wang)

Johanna Stachel

[AHHAD RUPRECHT-KARLS-UNIVERSITAT HEIDELBERG




RHIC result: jet quenching

Ra=yield(AuAu)/N,;; yield(pp)

PHENIX Au+Au (central collisions):

g | Direct y ]
(14 A 70 Preliminary
10 il o

GLV parton energy loss (dN%dy = 1100)

1
high gluon density -
of the plasma 10" =
induces energy E L1 | L1 1 | | I | L1 1 | | L1 | | I | L1 1 | L1 | | 1 L1 | L1 1
0 2 4 6 8 10 12 14 16 18 20
loss of partons b, (GeVic)

new run 4 data for it¥
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Role of scattering in parton energy loss

inspired by success of soft-color-interaction model for diffractive DIS at HERA
(Ingelman et al., PLB366 (1996) 371, Hoyer at al., PRD’71 (2005) 074020)

* soft color interactions between partons after perturbative hard interactions
and before hadronization

* color exchange between partons and small momentum transfer

- describes rapidity gaps, leading baryons, diffractive jets, high p, J/y, v', Y

apply this approach to parton traversing QGP, modelled by medium of space
and time dependent high gluon density
* parton from hard scattering scatters with gluons of QGP, successive
scatterings can lead to significant energy loss
* independent hadronziation of two ends of string due to QGP
* implemented in PYTHIA

K. Zapp, G. Ingelman, J. Rathsman, J. Stachel, PLB637 (2006) 179
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the SCI Jet Quenching Model for QGP

Geometry: Npart, Neall etc. from simple Glauber - model
Eskola, Kajantie, Lindfors, Nucl. Phys. B 323 (1080)

EOS: ideal relativistic gluon gas
= n=E(B)T? & e=ZAT*

expansion: boost-invariant longitudinal expansion
Tlr)o 13 = nr) x ™t & e(7) x 743
([r=" 2 — E’E) Bjorken, Phys. Rev. D 27 (1083]

local energy density: e(x.y.7) x Npare(x.y) - 743

jet production: LO pQCD matrix elements (PYTHIA) +
distribution in overlap region according to Neai(x.y)

b=4fm z=10




The SCI Jet Quenching Model: Parameters

if parton from hard interaction encounters a QGP gluon within a certain
radius it will scatter with probablity 0.5 (0.75) if it is a quark (gluon)
= scattering cross section

QGP formation time T 0.2 fmm

initial energy density «(7 = L1 | €p 5.5CGeV fm

critical temperature T, | 0.175 GeV

gluon mass mg | 0.2GeV

interaction probability p 0.5

screening radius R | 0.3fm = G= 1.9 mb
width of t - distribution 7r | 0.5GeV?

Cronin parameter 0y 0.5 GeV*?

Johanna Stachel [AHHAD RUPRECHT-KARLS-UNIVERSITAT HEIDELBERG




Number of scatterings and energy loss per scattering

# scatterings =

1/ Ny dN AN,

1.2

0 — 10%
40 — 0%
2 5 7 -9k —
CSE 3
._||I ll:.l,l'
W/
1 .
. 4
F |II III
/ i \ 4 -
p " & H"*.
,--*"f ; \\ &k -
1 L 1 o
2 1 i 10
Mg
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AEfscattering [3eV]

# gluons encountered X scatt. probability (50/75 %)

E [GeV]

energy loss most efficient for
intermediate p;
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- scattening
10 scatterings

Dd‘ 5 o - l_.\_h.-:-\.d-l-__,_ r..;l"','l.._l'__“,._r.

- o i e TG
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SCI jet quenching model and data as function of centrality

adjust Cronin parameter o 2 . —
(i) \ SCI 'etPIjeF;ll\CIlIl)iilﬁm((i)?iteai 3
JﬁJ_ (x._}’,b) = J.E‘J_,D(x!y!b) + Q( l: NS'EEItT (X ‘y!b).-:' - 1} : o?ﬂy Cronign cffeet
) 15k 80 — 92% oc=19mb _

PHENIX 70 data —o—
SCI Jet Quenching Model X

RAu

0 2 4 6 8 10 12
p1 [GeV]
a ! ' ! PHENIX 7° data o
% ) 4 6 5 10 1 e e o oot —
p_ [GeV] sl 0-10% o=19mb -
B |
for most central : i
collisions model S
accounts for half of u L ooouun000000aRR00E |
' BB
N exp. effect ' ﬁﬁﬂﬂﬁﬁﬁgagﬁﬁﬁﬁH
b ) | p 5 10 12

data: PHENIX, PRL91 (2003) 072301 and 072303 po [GeV]
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< R.ﬁ.l.l.ﬁ.ll[pT} 3 Eﬂlll.lr:l =

Centrality dependence of jet quenching

1.2 12 ' ' ' PHENIX 7 data —o—
: PHENIX 1 data —— SCI Jet Quenching Model —x—
1 1k o =1.9mb -
_ } nominal cross
038 | : 2 08t 3 - -
o section
0.6 | + /L A L —x—F 13 |
— &
0.4 i 2 .
3 Q’ii 04 B —35— N
0.2+ . - *
0.2 | =
0 : ' : - ;
) 20 44 GO 20 100 | | | |
cantrality [24] 0 0 20 40 60 80 100
centrality [%]
. 1+ B i
data show linear dependence of R 7= o2mb ]
R,  as function of fraction of ; 08 g 1 cross section
ge0. Cross section ?; 0.6 4 —*— 1 chosen to
= —%—
z — =% reproduce
S b | most central
difficult to reproduce s |
' 02 data
1in model 0 | | | |
0 20 40 60 80 100

centrality [%]
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R, A at lower beam energies

Vs dependence of R, , consistent w/ parton E_ _models (AE _~ dN/dy) + Bjorken expansion:

3.5 FE N FEL LT L L BRI L P L L L R SR S FEe SR L L L b IR RS R
R,, ~ 1 @ Vs~20 GeV (dNY/dy~400)  m STAR Au4AL —> hT :
3 R, ~0.3@ Vs~62 GeV (dN¢/dy~650) ==
R,, ~ 0.2 @ Vs~200 GeV (dN/dy~1100) PH_E-N-I}{ ALCAR 5= ] g
25 [ e PHENIX Au+Au —> 77 ]
Gl s WAOS Pb+Pb — «° 4
Z 2 F A CERES Pb+Au — mw+ -
e ' A WAS0 S+Au — n° ]
I 15 = =
;‘;' “Jet quenching” model+ 1-D longitudinal plasma expansion
= Qu Wang & X.N.Wang (nucl-th/0410049)
o 1 R =
: [D.d'Enterria , Hard 7
E = Probes'04 Proceedings] -
i Au+Au —> n° e N
0 i | | | | M B el Ot e

R OTES P OES fOm G B8 TE OTE OBE OES OY EEE G FiE P i gEg gEl ]

0o 25 50 75 100 125 150 175 200 225 250

Vs (GeV
i
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jet quenching indicative of gluon rapidity density

T,[ fm] T[MeV] | &lGeV ] fm’] | T, [ m] dN* / dy
SPS | 08 210-240 | 1.5-2.5 1.4-2 200-350
RHIC | 0.6 380-400 14-20 6-7 800-1200
LHC 0.2 710-850 190-400 18-23 2000-3500
I. Vitev, JPG 30 (2004) S791 160 | ' ' ' ' ]
140} 4| SPS RHIC LHC ssa™ -
12.0 | 7
100 |
-Consistent estimate with sol [
hydrodynamic analysis sof @ 3 Havour
40| | 5 Havour
201 3 TiT,
0.0 & L

1.0 1.5 2.0 2.5 4.0 4.5 4.0
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1/Npigger AN/d(A0)

Azimuthal correlations of high p, particles

- disappearance of away-side peak
trigger particle: 4-6 GeV/c correlated with all others with p=2-4 GeV/c

s d+Au FTPC-Au D-20%
A d+Au min. bias

0.2

— p+p min. bias
*  AutAu central

STAR: PRL 91 (2003) 072304

™ Ao (radians)

Johanna Stachel

1IN_,. . dN_fdA¢ (rad™)

very similar effect seen already at
Vs =17.2 GeV

o
o
O

o
o
oo

o
o
on

o=
L

0.25_“|||||||||||||||||||||||||||||_
1 0 1 2 3 4

Ao (rad)

CERES/NA45 PRL92 (2004) 032301
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1/NuigdN/dA¢

Azimuthal correlations in SCI jet quenching model

SCI Jet Quenching Model (0 = 1.9mb) SCI Jet Quenching Model
0.3 T T T T T 0.25 T T T T T T
STAR data central —e— 0-10%
508 | 0—10% o =5.2mb 80 — 92%
: 80 — 92%
02 .
0.2
J
0.15 4] 0.15 F i
=
el
0.1 éo
= 01f 7
~
0.05 -
o k- 0.05 .
_005 | | 1 | | | 0 ; | !
-2 -1 0 lA d2 3 4 5 D) -1 0 1 2 3 4 5
¢ [rad] A¢ [rad]

away-side peak 1s suppressed, but not nearly
as much as 1n data
general problem of model: to reproduce this

effect need huge cross section of opacity
- /
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Complete Suppression of away-side jet generally difficult:

1.8

1.6

1.4

el

R
0.8
<06
0.4
0.2

0

SGeV d - Quarks

r = 0fm

2fm

L4 6m

-_'_:l_rl'l_'l T

jEr fm

6.4fm

0 0.5

1 1.5 2
@ [rad]

e
,,/< due to rapid expansion
B | - surface emission does
£ {
/ not help

20T Jet Quenching Model
0.1a T T T T T T
all events
.14 F events with trigger particle - o= 190mb + |
: events with trigger particle - =52 mb
0,12

0 —10%

! [fm]

Johanna Stachel
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mean p, in cone opposite to leading trigger particle

1_25_ AL |AD-TT] < 2.14_5
: — inclusive
< .
= :
QD 3
< :
A : »
éf : for central collisions
: mean p, on opposite side
T F : looks nearly thermalized
0.5p /,s:; nucl-ex/0504011 3
gl —e— L. 3
0 200 400 600
dN_, /dn
VsnN= 200 GeV Assoc. particles:
Au+Au results: 0.15<p, <4 GeV/c
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Jets in ALICE: high rates at very high E,

— need and can trlgger

Pythia jets sticking out of shaker background - ' '
one hin =14 TRD module E 10 | alkHzmlnbia&rate—
= i i ; ; :
=
;& 50 o Fem WG S'_ : HZ I % S
‘:ll- 40 = » [ ! b’b@és
301 LA
2}
10 i
-3 i | i i i
19 o 50 100 150 200 250 300
E.min {GeV)
TRD jet trigger efficiency
> )
go to very high E, ;- o
with trigger :
jet — photon coinc. **
reconstruct actual jet os
WO SO R SO w— -
%0 50 100 150 200 250

Johanna Stachel
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Charmonia as QGP signature

* T. Matsui and H. Satz (PLB178 (1986) 416) predict J/\y suppression in
QGP due to Debye screening

* significant suppression seen in central PbPb at top SPS energy (NASO)
in line with QGP expectations

* but: at hadronization of QGP J/y can form again from deconfined quarks
in particular, if number of cc pairs 1s large (colliders) - NW o< NCC2

(P. Braun-Munzinger and J. Stachel, PLB490 (2000) 196)
= statistical hadronization, charmed hadrons can equilibrate chemically

similar to production of multi-strange baryons, (BraunMunzinger,
Stachel, Wetterich, nucl-th/0311003, Phys. Lett. B596 (2004) 61.)
typical reaction: DDy, + TR = J/Y + T

-~ expect J/\y suppression at low beam energy (SPS) and
enhancement at high energy (LHC)
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Quarkonia Production through Statistical Hadronization

» Assume: all charm quarks are produced in 1nitial hard scattering
number not changed in QGP

» Hadronization at Tc¢ following grand canonical statistical model
used for hadrons with light valence quarks (fugacity to fix
number of charm quarks, canonical correction factors at low
beam energies)

P. Braun-Munzinger, J. Stachel, Phys. Lett. B490 (2000) 196 and Nucl. Phys. A690 (2001) 119

A. Andronic, P. Braun-Munzinger, K. Redlich, J. Stachel, Nucl. Phys. A715 (2003) 529c and

Phys. Lett. B571 (2003) 36

M. Gorenstein et al., hep-ph/0202173; A. Kostyuk et al., Phys. Lett. BS31 (2001) 225; R. Rapp and
L. Grandchamp, hep-ph/0305143 and 0306077
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RHIC data on J/v Production

scaling with number of collisions participant scaling
D_('!DI-GI ! I N T ! HEN data X;Iq-a T T 1 T T 1 T FHEN< g
0.7} W AUALDY20% i @ Au-AU 0% - 20%
- /* - Au-Au 20% - 40% 1_5: W Au-Au 20% - 40%
0.6 — < D s I ' —A— Cu-CU 0% - 20%
_ 0.5¢ - 1 . 1.2F :
~|_8 E ‘ / i ™ E_ D |
> = oat s - < %
= [ : 1 2 -
25 >K S - T 0.8}
0.3 : B
o l \\ *} 1 B ol
0-2 *P : 0 4: .
0.1 - . 0.2F .
-3| L1 |-2| || |-1| L1 |D L1 L1 1 L1 1 |2 L1 1 |3 _| |-2 | | | |-1 | | | | D | | | | 1 | | | | 2 | |_
 J y
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RHIC results: J/y suppression

*  AutAu lyl=[12,2.2] Au+Au y~1.7 |y|< 0.35 order 1000 J/\|f
o CutCu |yle[1.2,2.2]
o d+Al |HE[12,22] & B Capella et al. hep-ph/0505032 (7, =1mb, ,,=0.65mb})
: m ||:I'1|':%33§ m1 2 __ ------------- Grandchamp et al. hep-ph/0306077 (direct)
o d+Au [y|<0.35 i -0
1L """"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
0.8
$ ee 0.6
| n o
0.4 |- [ B
I 4 0.4
| i I
021 0.2 .
PHENIX prelimina :
i P Y - PHENIX pl'ellll'l'llll'lary| - T
gI|||||I|I|I|I|||I|I|I|I|||||I|II|I|I|I| % 50 100 150 200 250 300 350 400
50 100 150 200 250 300 350 400
Nwl Nparl

J/y suppressed at RHIC — but not as much as expected from SPS data
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Comparison of model predictions to RHIC data

'E- 1.4 _I L I T T | L | L I LT T I L 1T I_
= - —— pQCD {dofdy=280 pb) i
= A2 aeeee %2 =
...._'-: e Ay =2 i 2
ex e -"'- o
= E .
E i _-.!'-- =]
= 081 ___.-"" PHEMIX data —
k= B & 2003 -
06— B 2005 =
" @ 7
04 -
I:I E —_ T L __
fag @ ]
|:| _I L1 1 I L1 11 | L1 1 1 | L1 11 I L1 1 1 I L1 11 L1 1 I_
predictions Andronic, Braun-Munzinger,, =4 10 150 20 2500 200 20 400
Redlich, Stachel, Phys. Lett. B571 (2003) 36 Hpart

using NNLO pQCD results for open charm
Cross section
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New SHM results: take into account the corona effect

relevance recently pointed out by
Klaus Werner hep-ph/0603064

Nuclear density distribution: . |
“ ) ) ” . Re “‘.
core” up to R, + X, ”corona” outside 5 oo & AusAy X =0 fm
"’E osfp 4 "; 08 b Voo X=0.7 1m
E "F c — X =1.2fm
= 0.16 g 07|l .
5 014 _- QO .
E 012} 2R l:‘"-
8 ..l 1 ¢
o E 05
=
< 008 |
04
0.06 - i
ek 03[
0.02 |- 02|
DD '| 2 3 4 5 6 T 7: L 8 N 9 -10 01 A
R, Radius (fm) | | | | | |
UU 50 100 150 200 260 300 360
Npart(b) =Neore(b) + Neorona(b) Npan
fraction of nucleons (participants) in corona: N =30 <> 55% N, =350 <> 10%

Collisions in corona region as in pp, core: medium, e.g. QGP
chh/ dﬂ/N part(b) chh/ dan core(b)+ chhpp/ dﬂ/ Ncorona(b)
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does charm quark recombination in QGP play a role?

study ccbar — gg in expanding
and cooling QGP

cross section via detailed
balance from calculations of

gg — ccbar
by Gliick, Owens, Reya, PRD
17 (1978) 2324

order of 0.1 mb

annihilation rate/volume:
)
dr./dT = 0. < Cepar—y gg V>

integrate over T evolution until
T

C

Annihilation fraction, & (%)

07
06|
05 [
04

03|

02

01}

0O 10 =20 30 40 50 60 70 80
dN/dy at 1,

annihilation appears irrelevant
even 1f cross section would be
factor 10 bigger

Johanna Stachel
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Comparison of charm data with pQCD

pQCD: FONLL Cacciari et al., hep-ph/0502203

O = 25 6+400—146 ub

— 41':_ﬂ T T | T T T | T ]

(b

| —— pQCD

B PHENIX

- * STAR Vs =200 GeV

measured PHENIX cross section in
upper range of pQCD calc,
STAR factor 2 higher -

need experimental clarification

Johanna Stachel
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Statistical charm hadronization and RHIC data

Fall-off of data with centrality very moderate
in line with SHM model (but large uncertainty in o)

5 —— —

. T - : |
4_5:"“-&&— SHM, pQCD do /dy=63.1 ib

z Z 5|, —— SHM, PHENIXdo /dy=123 b
T 4\ PHENIX data 3 \ PHENIX data '
= EEN B 2005 (prel.) - = N B 2005 (prel.)
2 ¥ ® 2003 | Z ® 2003
x 3p R — <
2 25/ 2
i ®

2|

1.5:_

1]

05
UEUI‘I(I)I‘ISUIE(IJIEEU 3(‘.().350

pp charm cross section FONLL oo Mo

Cacciari et al., hep-ph/0502203 measured PHENIX pp charm

G.. =256%400 . ub ~ cross section
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Statistical charm hadronization

M

and RHIC data vs rapidity

"IDDdewfdy

—k
]

pp charm cross section FONLL
Cacciari et al., hep-ph/0502203

O¢c = 25 6+400—146 “b

—i3

= Au+Au 20-40% {NPE rt:‘1EE!|:| '
e
0.5

8251

D'. ] | |._._J__ LN AL | | STt el
L] 1 1 1 1

Cu+Cu 0-20% (N

data very well reproduced
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Energy dependence of Quarkonia Production in

Statistical Hadronization Model

This predicted centrality
dependence 1s unique for
the statistical hadronization
model.

18 ¢

——  LHC (do, /dy=639 ub)
-------- RHIC (do_/dy=63.1 ub)

16|

14|
--------------- Y/N,, at LHC

Its observation would not only
imply that recombination 1s 8l
at work, but be a fingerprint e + s,

100 x (N, /dy) / (N, /dy)

of deconfinement. sia

02 \pp, PHENIX data

Upsilon at LHC expected to | | | | | |
look like J/y at RHIC 5 100 150 200 250 300 350
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Entries/(Events*GeV/c?)

Charmonia in ALICE at mid-rapidity

Electron identification with TPC and TRD

— all contributions

A,

- - BG from open charm

——— BG from open beauty

BG from misidentified x's

— uncorr. BG (like sign)

10°

L IH‘TI]"_“' -

107

T I]IIIII|

=
o
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o T

2 4 6 8

10
Invariant Mass [GeV]

Good mass resolution and
signal to background
expect w full TRD and trigger
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Heavy quark distributions from inclusive electron spectra
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model all contributions from
hadron decays and photon
conversions using data as input
subtraction: leaves D and B semi-
leptonic decays

Au+Au @ Js = 200 GeV ; mmimum bias

i
Py [GeVic]

Aus+Au @ Vs = 200 GeV, 0-10% Centrality

n:E - PHENIX PRELIMINARY
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surprize: suppression very similar to pions
prediction (Dokshitzer, Kharzeev) less
energy loss for heavy quarks (dead cone eff.
for radiation)
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STAR and PHENIX findings agree

— using basically same method

STAR Preliminary
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SCI jet quenching for heavy quarks

compute in model the measured quantity (K. Zapp)

12 o Hedieterd 4= standard ¢ | charm contribution indeed
do uﬁiﬁeo"lﬁggﬁﬁég; | suppressed as much as pions
e € charm eauty o
sl | but adding beauty data are
;o — not reproduced
0.4 - - ¥V G to match pion data
SCI Jet Quenching Model 0-10% o =>5.2mb
02 T R ! " ¢ + ¢ PHENIX data ——
| | | | | ‘i | et +e= STAR da;% ) ;l-_
% 2 4 6 8 10 12 Ir \ * e + ¢ only charm |
L (GeV os | ] - o iy et —— |
. - \\ e+ e 4 x charm + 2 X beauty
06 —l 1| 1
g 1 "_

04
need improved heavy quark 0l
measurements — to come .
. 0
with upgrades
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Heavy Quark Energy Loss: theory vs. data
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Expectation for charm/beauty production

following Cacciari et al., hep-ph/0502203

—~ 18 S
3 ] T . T |
E. ;& R.Vogt, hep-ph/0111271
& | NLO(MRSTHO, m=12 GeV, u=2m,
— |-
8 14|  scalefactor: 1.5
b x [
© i Al —
12| ~,
1 Ifi --\-.\
J!
o8| [

dN,, /dy

at LHC from pQCD

expect for central
PbPb collisions

100 (200) ccbar =

and 5 (10) bbar
over all rapidities
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Open/hidden heavy flavor measurements in ALICE

% Hadronic decays: D' - K1, D*-Knmn D -KK', D -@Tt ...
* Leptonic decays:
— B - 1(e or 1) + anything.

— Invariant mass analysis of lepton pairs: BB, DD, BD__, J/%, W,
Y family, B - J/W + anything.
— BB s upp /W .

— e-M correlations.

same?

id. hadrons, electrons: -0.9 <y < 0.9 and muons: y=2.5=4.0
in central barrel: vertex cut effective for heavy quark 1d.
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D~ KTt channel

ALICE PPR vol2 JPG 32 (2006) 1295

pointing angle Bpoimi .

+ High precision vertexing,

better than 100 pm (ITS) % ]
+ High precision tracking (ITS+TPC)
+ K and/or Ttidentification (TOF) S pERRR
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Entries/evt

Open heavy flavor measurements in (semi-)leptonic

channels in ALICE

n
« single lepton p, distributions % 10
ec&Db E
« single leptons with displaced vertices s
ec&b = g9
D* | D° | D; | B*|B° | B = &
ct(um)|315(124 | 140|495 | 468 | 462 £ -
1 04 =3
\ pé>1 Geb‘;’c 11;I:I §
! \ o /0
Jw 3
A all
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i ! |
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L | i
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‘ 1 L L
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1 ‘ 1
350 400
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B — e in ALICE ITS/TPC/TRD
p,>2 GeV/c & dy> 180 pm:
100000 electrons with S/(S+B) = 90 %

dO0 threshold [ pm]
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High Precision charm measurement

pp at 14 TeV
sensitivity to PDF’s
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Open Beauty from single electrons

Electron Identification (TRD+TPC) T 492l = = = 7 1 ]

: . . : > - Pb-Pb, Y syny=5.5TeV =

QD E N

High pre.c:1310n vertexing (ITS) & %  aribosahote

Subtraction of the E qa3L i N
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ALICE - Overview

= L3 MAGNET

*  HMPID

* TOF

*  DIPOLE MAGNET
*  MUON FILTER

'*  TRIGGER CHAMBERS
+  ABSORBER
= TPC
PHOS
0= ITS

1
2
3
4
5
6+  TRACKING CHAMBERS
[
7
8
Gu
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The TRD (Transition Radiation Detector)

+ 18 supermodules

+ 6 radial layers

+ 5 longitudinal stacks
e 540 chambers
« 750m? active area
e 28m’ of Xe gas

Each chamber:
~ 1.45 x 1.20m?
~ 12 cm thick
(incl. radiators and electronics)
in total 1.16 million read-out ch.

purpose:

electron identification
hard electron pair trigger
jet trigger, high p, tracking

Johanna Stachel

m RUPRECHT-KARLS-UNIVERSITAT HEIDELBERG



Transverse momentum resolution (%)

Combined Momentum Resolution in ALICE Central Barrel

M.Ivanov, CERN & PI Heidelberg, March 05 dN,/dy~5000
67
- %
° -
Al ——
E —— 7¢77¢7 .
3 —L— e
- e
L 7<>77<>7
2:— ——
, —=— ITS+ TPC
- —+— ITS + TPC +new TRD
ol Lo Lo b b Lo b b Lo L

10 20 30 40 50 60 70 80 90 100
Transverse Momentum(GeV/c)

resolution ~ 3% at 100 GeV/c
excellent performance in hard region!
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ALICE 7 rejection via TPC dE/dx and TRD

g = 0.02
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TRD Chamber construction

PI Heidelberg (development of procedure)

JINR Dubna

NIPNE Bucharest

GSI Darmstadt =

IKF Frankfurt | E B
typically 1 chamber each per week on averagegs . )

Ty

-

g
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TRD FEE: 2 custom chips on MCMs

PASA and TRAP - developped at PI and
KIP in Heidelberg
chips bonded on multi-chip modules

MCM bonding at FZ Karlsruhe

L) LL]
3] = - . 21 g ’
e _f.-‘? 2 LLJ :F_:_ ’jll " ar
ke 2 T4 00 o FPTRE LR
- o : wam - = Ll e .




Finally chambers are
equipped with electronics
- lots of connections -
power, water, optical,
ethernet (TRD control is
540 node Linux cluster)




TRD Electronics Integration on Chambers & Noise

Ch. Lippmann, B. Doenigus GSI; K. Oyama, M.J. Kweon. HD
ERENE

‘u

Mean distribution of baseline

.
I

-
]

Chamber Pad Number in z
=

# Noise measurement for fully integrated chamber
<RMS>=1.07 LSB~1070 ¢

100 120 140 160
ADC channel number in phi



TRD Supermodule Full Length Assembly
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First TRD SM
completed in Hd
on Sept. 22, 2006
arrives at CERN

today!




 there are exciting times ahead

» ALICE 1s dedicated experiment to study all aspects of
heavy 1on collisions at LHC

° many new aspects of pp collisions as well

» detector 1s coming together after more than 10 years of
hard work and many novel developments

@ physics starts with end of 2007
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jet production in deuteron - Au collisions

™
o

PHENIX high p, n?
S
PH>>><</‘ENIX ] d+Au @ 200 GeV [min. bias]
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not suppressed but

rather enhanced due to

initial parton scattering
(Cronin effect)
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Charm total cross section

E IIIIIII T T ||||||| T L) ||||||| T LR E‘ _II T T L] ] IIIII T T LI IIIII
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e
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1 b & . NLOpQCD (i =2m,)
NLO - - === PYTHIA 1
0 : il o gl
1 10 10° 10° 10 10° 10°
number of binary colllslonsN_ Colllskon Energy Ys (GeV)
[o=1.4+0.2+0.4 mb in minimum bias d+Au collisions at Vs, =200 GeV

[10=1.26+0.09+0.23 mb in minimum bias Au+Au collisions at V S\un=200 GeV
[0=1.33+0.06+0.18 mb in 0-12% Au+Au collisions at Vs, =200 GeV
e Charm total cross section obeys N,. scaling from d+Au to Au+Au within error

e Supports conjecture that charm 1s exclusively produced 1n initial scattering
* However, the total charm cross section 1s ~5x larger than NLO (and FONLL) ;

talk P. Djawotho, STAR, Hard Probes 2006 conference




pQCD calculations for p+p vs. data

. . . 102 ' | ' |
101 F
e All suppression predictions ! SEROGR
use the most recent pQCD = -t 2\ M for & fom heavy flavor
. . . g 10—2 > — D—e+tX
calculations as starting point |3 i — B etX
< - B D+X—e+X
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talk A. Dion, PHENIX, Hard Probes 2006 Conference
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Suppression of J/y production in Pb + Pb

as function of centrality
w 407 :
E 35 - = Pb-Ph 2000 _' Tgltﬂn:: ' I'_':-:!::-n*':rT:;nl:: resroll o ln",'-‘{]fjlu:':.;:‘...'
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systematically central collision below “normal” pA suppression
consistent with QGP expectations
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J/Ay Suppression in QGP

J.P. Blaizot, P.M. Dinh. J.Y. Ollitrault. Phys.Rev.Lett.85(2000)4012

Dissolution in QGP at ecritical density n,. (dashes)

and with energy density Huctuations (solid)
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SPS J/y data and SHM

= Vs =17.3GeV
= ]
Z - ® NAS5O0 data
% 2
K I
o
16|
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spectrum needs flow (in QGP)
T consistent with chem freeze-out
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Ratio y' to J/yy and SHM
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Npart dependence at LHC - SHM prediction
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dE/dx (keV/cm)

Particle identification by dE/dx - ALICE TPC

=

RN R M
o

—
Co

dE/dx resolution 6.9%

—
on

—t
o

crossings: use TOF to
resolve ambiguity

—
ha

—
=

LIV O N N O NV U O O N OO O NS T S U A O SO O O O IO O O O Y OO I

o

-
=
—
-
=

(70 RUPRECHT-KARLS-UNIVERSITAT HEIDELBERG

Johanna Stachel




TRD Trigger — tracking on detector

“Tracklet”
| (32-Bit word):

. U oy

(deflection)

¥4
position (pad-
row number)

Drift Time
Fit Calculation

C 1obal Tracking

| i L I || '_l—i [ | i | '_l_I | L I LI P
0 1 2 3 4 5 6 t/ps

J. DeCuveland, HD



hDilArel

TRAP Performance

4 2RO

=15
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-5

(-2.5 +1.5) [%]
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{rrar -Proor Virrap [l

» performs angle
reconstruction

» good agreement with
offline tracking

M. Gutfleisch, HD



TMU Design / Simulation

Entries: N =977

Mean:  opp/p, = 0,004 %
RMS: (Api/p) = 2,116%
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