Physics background:

at high temperature and/or high density two phase transitions
* confined matter < deconfined matter
* broken chiral symmetry < restored chiral symmetry

want to find and characterize this new state of matter

J. Stachel — Physikalisches Institut der Universitiat Heidelberg

'Physics at the Terascale' - 46" Wilhelm und Else Heraeus Seminar
Bad Honnef, April 29, 2008

?';‘:I " s
Johanna Stachel L\!,&ﬁ__ﬁ% RUPRECHT-KARLS-UNIVERSITAT HEIDELBERG




16.0 ¢
14.0 |
120 ¢
10.0 ¢

8.0 ¢
QC:O.7 GeV/fm3 6.0 |

#

40 1
20 r

0.0

(from F. Karsch, hep-1at/0106019) |
et el -
' —F 3
: —
B o )
X ¥
dVour
-
lavour
T,
15 20 25 30 35 40

1deal gas limit

for 2 flavors (==2+1): T .= 173 £ 15 MeV results rather stable with time but
recent debate: 150 - 190 MeV for T, discussed
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SPS : 1986 - 2003

« S and Pb ; up to Vs =20 GeV/nucl pair
« hadrons, photons and dileptons

LHC : starting 2008

* Pb ; up to Vs = 5.5 TeV/nucl pair
« ALICE and CMS experiments

AGS : 1986 - 2000

« Siand Au ; up to Vs =5 GeV /nucl pair
« only hadronic variables

BNL ./

RHIC : 2000

 Au ; up to Vs =200 GeV /nucl pair
« hadrons, photons, dileptons, jets



New State of Matter created at CERN

At a special seminar on 10 February, spokespersons from the experiments on CERN* 's Heavy Ion programme
presented compelling evidence for the existence of a new state of matter in which quarks, instead of being bound up
into more complex particles such as protons and neutrons, are liberated to roam freely.
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http://www.cern.ch/info/Announcements/2000/NewStateMatter/
http://www.cern.ch/Public

RHIC Scientists Serve Up ‘‘Perfect * Liquid
New state of matter more remarkable than predicted
— raising many new questions

results of first 3 years summarized in 4 large papers:
Nuclear Physics A757 (2005)

nucl-ex/0410003 (PHENIX)
nucl-ex/0410020 (BRAHMS)
nucl-ex/0410022 (PHOBOS)
nucl-ex/0501009 (STAR)

and references therein

1n central AuAu collsions
at RHIC s = 38 TeV
about 7500 hadrons
produced (BRAHMYS)

about three times as
many as at CERN SPS
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from transverse energy rapidity density using Bjorken formula’:
e & dEJ/drf (mR?) using Jacobian dn/dz=1/z,
SPS 158 A GeV/c Au-Au collisions: dE/di ) GeV
To= 1 fm/c — gy =3 GeV/fm?
PHENIX & STAR central Au-Au collisions: dE/dif )  GeV

(nucl-ex/0407003 and nucl-ex/0409015)
conservatively: Ty= 1 fm/c —  gp=15.5 GeV/fm3

optimistically: (¥ Q, =0.14fm/c — ¢;,=40 GeV/fm?

in any case this 1s significantly above critical energy density
from lattice QCD of 0.7 GeV/fm3

* this is lower bound; if during expansion work is done (pdV) initial
energy density higher (indications hydrodynamics: factor 3)
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initial conditions from pQCD+saturation of
produced gluons

NAA(Oap07 Ay — 17 \/§> ) 7T/p(z) — T‘-R/%i
using pQCD cross sections find for central

PbPb at LHC p, =p., =2 GeV

and a formation time of ty=1/p_,=0.1 fm/c
and with Bjorken formula:

ez dE/drf omR2) w. Jacobian dn/dz=1/t,

as compared to RHIC: more than order of
magnitude increase in intial energy density

initial temperature T, = 1 TeV
(factor 2-3 above RHIC)

e|GeV/fim”|
A
g

[
=
=
=

Johanna Stachel

R

K. Eskola et al., hep-ph/0506049
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after fast thermalization hydrodynamic expansion of
fireball and cooling T o 3
hadronization starts at when T, 1s reached (165 MeV)

duration hadronization: # degrees of freedom drops
by factor 3.5
-> volume has to grow accordingly -> 3-4 fm/c

initial N4 o determines final multiplicity

estimate (Eskola) dN_/dn = 2600

overall several 10 k hadrons produced
'macroscopic state'

task of heavy ion program at LHC
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cut through the central
barrel of ALICE:
tracks of charged particles

in a 1 degree segment
(1% of tracks)

heavy 10n collisions at LHC
» detector 1s coming together after more than 10 years of
hard work and many novel developments



1. The hadro-chemical composition of the fireball

what are the 7500 hadrons observed in final state at RHIC?
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ng

partition function: In 7; =

/ +p2dpIn(1 + exp(—(Bi — 115)/T))

T Oln Z; g; /OO p2 dp
particle densities: 7 / V. ou 212 Jo  exp((E; — p)/T) -1

for every conserved quantum number there is a chemical potential:

3
Wi = B + pnsS; + pr, I Fit at each energy

but can use conservation laws to constrain V/, (s, f41, — provides values for
T and u

* from AGS energy upwards all hadron yields in central collisions of heavy
nuclei reflect grand canonical equilibration
* strangeness suppression known from pp and ete- is lifted

for a review: Braun-Munzinger, Stachel, Redlich, QGP3,
R. Hwa, ed. (Singapore 2004) nucl-th/0304013
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130 GeV data in excellent agreement prel. 200 GeV data fully in line
with thermal model predictions still some experimental discrepancies

2 o
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chemical freeze-out at: T = 165 £ 5 MeV

P. Braun-Munzinger, D. Magestro, K. Redlich, J. Stachel, Phys. Lett. B518 (2001) 41
A. Andronic, P. Braun-Munzinger, K. Redlich, J. Stachel, Nucl. Phys. A772 (2006) 167
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A. Andronic, P. Braun-Munzinger, J. Stachel, Nucl. Phys. A772 (2006) 167

180

180

T (MeV)

140

1=10

glala

& 8 8

L

10

By (MeV)

10

14

B fits, dMdy data

- saturates

cnem

not trivial

.

1 IIIIIII 1 1 —l

14

=
14

Ay (GeV)

'IlJﬁlllé-lllllllll

—— 1" order
ek cQEDEE crossover
M critical point

LTS

e
e
£
R
% .
"
.
= .,
~ Tk
- -
~ "
- -._
- N

4
IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|

- hadrons .

- ® Data (fits) + ;

- hadron gas

- n,=0.12 fm™

E - £=500 MeV/fm®

| || | 1 11 | 11 | | 11 | | | |T| | | 11

0 200 400 600 800 1000 1200
o (MeV)

expectations for LHC: again equilibrium, same T=T =165 MeV, very small

interesting question: what about strongly decaying resonances —

sensitive to existence of hadronic fireball after hadronization of QGP



2. Indications for hydrodynamic expansion

consider
particle transverse momentum spectra
azimuthal correlations
momentum correlations
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slope constants grow with mass - much too large to be temperatures!
Hubble Expansion of Nuclear Fireball
expansion velocity at surface 2/3 ¢ at SPS, 4/5 ¢ at RHIC



Coordinate apace: Collective interaction Momentum space:

initial asymmetry Pressune final asymmetry
Fourier decomposition of momentum distributions rel. to reaction plane:
AN quadrupole component v,
— NO-{H 2vi(y,pt)cos(i<l>)] “elliptic flow”
dp t dydde i=1 effect of expansion (positive v,) seen

from top AGS energy upwards
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ideal (nonviscous hydrodynamics describes spectra and azimuthal asymmetries
up to about 2 GeV/c at sub% level

requires strong interactions at short times -> very fast equilibration (< 1 fm/c)
at present mechanism how this happens not yet established!
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low viscosity (maybe zero?) implies strong interactions
not ideal gas
conjecture: QGP produced at RHIC 1s strongly interacting
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o Au+Au Charged, b=6. 3fm scaled to eccentricity
~ 0.35 —s— CGC-+hydro, T"=100MeV | of overlap region
0.3 —&— CGC+hydro, T "=169MeV . (y2—x?2)
] * CGC+hydro+cascade (v2+ x2)
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but at very high T the

plasma could become
weakly interacting

‘ RHIC I ‘LHC I‘
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T. Hirano et al., J.Phys.G34 (2007)S879
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0.4~ Charged particles
- 100 events

for 2000 charged particles:

reaction plane resolution &8°
statistics plentiful

good particle 1dentification

2000|events
0.08
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0.04
0.02
0 > 3 _a
p, [GeV]
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3. Signature for deconfinement
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% 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 (NAS0)

J.P. Blaizot, P.M. Dinh, .1.Y. Ollitrault, Phys.Rev.Lett.85(2000)4012

in line with QGP expectations

Dissolution in QGP at critical density n, (dashes)

and with energy density fluctuations (solid)

20

25

15¢

10

[ 3
ne=4.7/fm"

ot

i

a0 40 &0 a0
Er

100 120 140

ner=3.3 and neo=4.2/fm?

40

Oy

apy
30 \

b
Yo
20 UEE'J% '
o
i
o
\imt‘
10 4 + 1
0

L] 40 40 o
Er

a0 1a0 120 140

= but: at hadronization of
QGP J/v can form again
from deconfined quarks,
in particular if number of
cc pairs is large;Ny,,o<N *

(P. Braun-Munzinger and J.Stachel,
PLB490 (2000) 196)



what happens at higher beam energy when more and more

charm-anticharm quark pairs are produced?

Development of
Start of collision quark-glucn plasma Hadrenization

Low
(RHIC)
energy

low energy: few c-quarks per collision = suppression of J/\y
high energy: many “ - enhancement
unambiguous signature for QGP!

(13




@ assume: all charm quarks are produced in 1nitial hard scattering; number not changed in QGP
@ hadronization at T, following grand canonical statistical model used for hadrons with light

valence quarks (fugacity gc to fix number of charm quarks)

chéfirect L _gCV(Z ntherm + n}txherm) 4 gCV(Z ntherm

. ' 1 )i ( Ntherm
. dir __ therm 1\YGc
and for NN ce << 1 — canonical: N = 5 geNY 7. (chZZL —
. therm Il __ aATtherm 2
obtain: Np = Np“"™-g.-— and Ny, =N Ji *9c andall other charmed
Iy hadrons

additional input parameters: V, IV fg "(pQCD)

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,

Phys. Lett. B571 (2003) 36, Nucl. Phys. A789 (2007) 334 and Phys. Lett. B652 (2007) 259

M. Gorenstein et al., hep-ph/0202173; A. Kostyuk et al., Phys. Lett. B531 (2001) 225; R. Rapp and
L. Grandchamp, hep-ph/0305143 and 0306077
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107 x (AN, /dy) / N,

P. Braun-Munzinger, K. Redlich, J. Stachel, Nucl. Phys. A789 (2007) 334 nucl-th/0611023

9 T |
45/ —— SHM, pQCDdo, /dy=63.1 b

M i y=1.7 PHENIX data

B |y<0.35

- O |yl=1.2-2.2
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25
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good agreement, no free

parameters
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pp open charm cross section FONLL Cacciari et al.,
PRL 95 (2005) 122001 o, =256%400 . ub

but need for good open charm
measurement obvious

— (this 1s a lesson for LHC as well!)




Raa: Jy yield in AuAu / J/y yield in pp times N

coll

5__— D B ] T T T
=3 Au+Au 0-20% (N__=280) Au+Au 20-40% (N, =140)

0.5
0.4
0.3

0.2

0.1

quantitative
agreement!

0

data: PHENIX nucl-ex/0611020
additional 14% syst error beyond shown

model: A. Andronic, P. Braun-Munzinger, K. Redlich,
J. Stachel Phys. Lett. B652 (2007) 259

remark: y-dep opposite in
'normal Debye screening’
picture; suppression
strongest at midrapidity
(largest density of color
charges)
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A. Andronic, P. Braun-Munzinger, K. Redlich, J. Stachel Phys. Lett. B652 (2007) 259

Jy

£~ ® RHIC data =

H ~, i centrality dependence and
. [ H : enhancement beyond pp value
" lﬁ 1 will be fingerprint
Model ﬂ ﬂ of statistical hadronization at LHC
— LHC | -> direct signal for deconfinement
........ HHIC
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Npart
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dN,,, /dy

yellow band: uncertainty of pQCD prediction for ccbar prod.
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electron i1dentification with TPC and TRD

E J/IP — all contributions
B =T 7 - - - - BG from open charm
10° '
mintmas BG from open beauty

----------- BG from misidentified ‘s
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Simulation: W. Sommer (Frankfurt) 2-10° central PbPb coll.

2500 Upsilon per PbPb year
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there 1s evidence from RHIC that E,
fireball 1s expanding
hydrodynamically

do heavy quarks follow?

dN,, /dp,

p; spectra with flow are very

different for charmonia from those
measured in pp_bar e.g. at Fermilab
or expected for pp at LHC

should be easy to discriminate
at LHC
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predictions with statistical hadronization model

= 06 I Z T
&)
=z = = =
Z oz Vs =5.5 TeV, N, =350
> 05 o)
i &
=
Z O o2
O 04
>
Fy]
o 0.15
0.3
i 0.1
0.1 0.05
0 0
50 100 150 200 250 300 350 2 B3 oA Ho@m 4 @ 8 4
N y

in terms of number of produced quarks, beauty at LHC like charm at RHIC
do they thermalize and hadronize statistically??

if yes, population of 2s and 3s states completely negligible (exp-Am/T)
hydrodynamic flow? need to measure spectrum to 15 GeV
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* Hadronic decays: D’ Km, D+ - Krmt D, - KK, D - @t ...
* Leptonic decays:
e B- 1(eor|)+ anything

« Invariant mass analysis of lepton pairs: BB, DD, BD_ . J/%W, W’

Y family, B - J/W + anything
* BB -pppd/AYp

e e-M correlations

same?’

id. hadrons, electrons: -0.9 <y < 0.9
muons: y=2.5-4.0

in central barrel: vertex cut effective
for heavy quark identification

10
Johanna Stachel B p; [Gev/c]




4. high p _partons as probe of the medium, i.e. the QGP

prediction: in dense partonic matter a jet is losing energy rapidly
order several GeV/fm

Johanna Stachel



R A A:yield(AuAu)ﬂ\I coll y1€ld(pp) PHENIX Au+Au (central collisions):

E | Direct y ]
(14 A 70 Preliminary
10 il e

GLV parton energy loss (dN*/dy = 1100)
new run 4 data

high gluon density
of the plasma 1
induces energy
loss of partons

most calculations %Aﬁéﬁ%&ﬁ%%éﬂ&%i% % % %
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I. Vitev, JPG 30
(2004) S791
SPS 0.8 210-240 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
«Consistent estimate with 16.0- —
hydrodynamic analysis - =
several mechanisms describe jet £ no- e - . ,_‘? —>
quenching at RHIC -> predictions S S~ =
for LHC span very wide range ?ﬁ -
- Rp4 stays at 0.2 outto 100 GeVorso g
- R 4 rises slowly toward high pt z .- SRR StANES
- R, o much smaller than at RHIC . s stneatsay
need to cover large p, range 205 SR
go beyond leading particle analysis 0 = e 5 !

- 1dentified jets, frag. function, ...

Temperature, T




Mini-Jets 100/event  1/event 1 Hz 100k/month

atp>2 GeV/c: at high p:

- leading particle analysis - reconstructed jets

- correlation studies - event-by-event well distinguishable objects
(similar to RHIC)

Example :
100 GeV jet +
underlying event

for jet physics recently added EmCal
will play important role in conjunction
with existing charged particle tracking
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sensitive to energy loss mechanism

dnh

qE € N. Borghini, U. Wiedemann
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: | 3-particle correlations
1.02 : :
z confirm
o cone-like structure

PHENIX |

T T T T [ T T 1 Lo o 1y o o by g g 1y

o 1 2 3 4 2
Ao (rad) Ao (rad)

possibility: sonic shock waves — supersonic (v>c ) partons

produce shock waves propagating at a Mach angle w.r.t. the
parton direction: cos(D))~ ¢,

sound velocity is related to the EOS of the medium: ¢ ? = dp/de
ideal gas has c?

original idea: Stocker/Greiner 1976 for nuclear reactions
Stocker 2004: 60° cone for jets in QGP and simultaneously
—J.Casalderrey-Solana,E. Shuryak, D. Teaney,hep-ph/0411315
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with 95 m3 the largest TPC ever

-----
caweee* T

..........

560 million read-out pixels!

precision better than 500 pm in all 3 dim.
180 space and charge points per track
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540 chambers (radiator + drift+
multiwire proportional chamber +
/'read-out with segmented cathode

--pag_l_____plané, ‘operated with Xenon)

typical chamber size 1.7 m?

. over all detector area 750 m?2

~in 18 supermodules (8m long)

" 1.16 million read-out channels

30 million pixels




Transverse momentum resolution (%)

%

M.Ivanov, CERN & PI Heidelberg, March 05 dN,,/dy~5000

—=— |ITS+ TPC
—o— |ITS + TPC +new TRD

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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‘From test beam data: at 2 GeV and 90 % e eff — 10° & rejection
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Stat. Model

D 1 | | | 1 1
0.1 015 0.2

T (GeV)

Lattice QCD calcs. F. Karsch et al.

@ Known since years: two-body
collisions are not sufficient to bring
multi-strange baryons into equilibrium.
@ The density of particles varies rapidly
with T near the phase transition.

@ Multi-particle collisions are strongly
enhanced at high density and lead to
chem. equilibrium very near to T,

P. Braun-Munzinger,

J. Stachel, C. Wetterich
Phys. Lett. B596 (2004) 61
nucl-th/0311005
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18 AP0 173 88 189 190 TiMeV)
EillI|!III||IIII||IIII|IIIII|IIII|III-IE
:III|||||||||||||||||||||||||||||||:
5 01 015 02 02 02 035 04

n_{fm™)

@ rate of change of density due to
multiparticle collisions o<n(T)™n M2 P

@ example: for small L, reactions such as
KKKnnt—QNy,, bring multi-strange
baryons close to equilibrium.

@ Equilibration time T o< T

@ All particles freeze out within a very
narrow temperature window close to T..

P. Braun-Munzinger,

J. Stachel, C. Wetterich
Phys. Lett. B596 (2004) 61
nucl-th/0311005
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High p; Spectra in p-p Collisions (II)

cv’:; 1 04 § RHIC pp at \'s = 200 GeV vs NLO pQCD:
1 - @ inclusive jets, R __=0.4, 0.2<n<0.8 [STAR]
N LO pQCD Wlth ‘\"> 1 03 § — PDF: CTEQS6M, u:pT/2-2pT [Vogelsang]
apropriate FF 8 102= A A, A 10x inclusive I, <1 [STAR]
= A, N ® 7 n|<0.35 [PHENIX]

descri beS We” a 2 10= __ PDF: CTEQ8M, FF: KKP, u=p /2-2p_[Vogelsang]

é = % prompt y [n|<0.35 [PHENIX]

E —_ PDF: CTEQ6M, FF: BFG-II, u=p_/2-2p_ [Vogelsan

wide range of o 1E 220,

210"
P-p Spectra. © =

©107¢

: 10° ¢
Any cross section -
modification in nuclear _5§
collisions is defined 10_;
w.r.t. the corresponding 107?
p-p cross section by 108?
the nuclear modification ~ 107 E" v mon-photonic” e* [PHENIX]
faCtor RAB' . 10'9 Eg — FONLL (c,b— e*, total) [Cacciari]
1 0-10 L K10°xinclusive h', n|=3.2 [BRAHMS]
11 E_ — PDF: CTEQ6M, FF: Kretzer, p=p, /2-2p_[Vogelsang]
10§ |I|||||| | |||||||| I
10 1 10

4/22/2008 47



Quantitative Constraints on Medium Parameters

p- 0.6 PHENIX 1 (Au+Au 0-5% Central) < 0.6 BHENIX ° (AutAu 0-5% Central)
o 0 5:_G|0b3| Systematic Uncertainty £12% o 0.5 [ Global Systematic Uncertainty +12%
0.41 ] N 0.4f |
0.3 — | I E— 0.3f ;/f;At—
v e——————
- e— 3 E f/;f“——r
_ - - ’_//—'——"“_—//_/7—————7
0.1 - 0.1f-
R N T Tl o g
(GeVic) 27276 8 10 12 14 16 18 20
Gyulassy, Levai, Vitev P, (Levic Zhang, Owens, Wang, Wang p,(GeV/c)

Least square fit of energy loss model parameters to data

Medium properties indicative of extremely hot, dense, strongly
Interacting QCD matter

However, R,, not very sensitive to variations of medium

pM I roperties constrained within + 20-25% at 10 level

PQM | GLV | WHDG | zZoww

g =13.22,GeV*/fm | dN* | dy =140077 | dN*® | dy =140072) | g, =1.977 GeVifm’

re

=540
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: . 2 L LI | L LI L 1
systemiatio srmor 5 i | | | | [ ] STAR
AusAu @5 = 200 GeV, 0-10% Centrality |— =il ser ':ﬁu __ * DR, (0-30% An+And+An pamuan_: T
mﬁ T PHENIX PRELIMINARY e | [R——— w 1.8} A BER,, (ceniral 1% AntAndrAnc—e) T prehmmary
1.4 N uncertainty in p+p raf. 'E. i O =R, ic=ntal 1% An+And+an c—e ]
B E1-E__ Svs. Ermor ]
1.2_— E i _*_I M, Ertor in cemral 12% An+An i
L 51.4 —‘+ —
1 i i
_ 121 a
0.8 X ]
: . % ____________________________________________________ K
0.6 “r e a R
- ] : : l].B: Lok + :
0.4 ; * I [ 0.6l ;45 ]
0.2 | 0.4 ¢ ¢ g ‘]I’ + -
ﬂ_l 1 11 I LLLl I Lol I 1111 I 1111 I LLLl I LLll I 111l | LAl I LLll D-E__ __
0O 05 1 15 2 25 3 35 4 45 5§ . -
p]' [GEU{G] u_ L1 |. il _d |. L l_l_J |. Lt i1 | Lt i1 | 1
0 1 2 3 4 0 1 2 3 4 5
P (GeVic) p, (GeVic)

surprize: suppression very similar to pions
prediction (Dokshitzer, Kharzeev) less energy loss for heavy quarks (radiation suppr.)

?';‘El 1 -8
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recently shown by Korinna Zapp (U. Heidelberg) that scattering also important for
parton energy loss; implementation in nonperturbative approach - SCI jet quenching
model (K. Zapp, G. Ingelman, J. Rathsman, J. Stachel, PLB637 (2006) 179

apply same approach to candb 0-10% centr. 6=5.2 mb & & to match pion data
1.2 -
e’ +e” PHENIX data o | - ~
| _\ ) €+++ e” STAR data B || charm contribution indeed
et 4+ e~ only charm — .
. e’ + e only beauty — | | suppressed as much as pions
et | e~ charm | beauty — : d
0.8 F | e' +e” 4 x charm + 2 x beauty 4| but adding beauty data are
3 ' T not reproduced
Z06F 1 =
<
0.4 F -
0.2k .
need improved heavy quark data
0 ! - - ! ! — to come with RHIC upgrades
0 2 4 § 8 10

p1 [GeV] — or even earlier from ALICE



ALICE PPR vol2 JPG 32 (2006) 1295

+ high precision vertexing,
better than 100 um (ITS)

+ high precision tracking (ITS+TPC)
+ K and/or Ttidentification (TOF)

1<p,<2 GeV/c

800R

700

Events/ 2 MeV

600

500

107 central o0
PbPb 300

200

=Y

100

1 II 11 II 11 1 I 11 1 I 11 1 I 111 | 111 | 111 | 111 I 111 I
0
1.78 1.8 1.82 1.84 1.86 1.88 1.9 1.92 1.94 1.96

Invariant Mass [GeV]

S/B = 10%
SN(S+B) = 40

mtine ang .
pointing angle epuulty;g

&|  Dightline., // \ _

seC Olldﬂl}' vertex

—
| Hprimar}-‘ vertex
dg\

A

impact parameters ~100 pLm

10° pp 108 pPb 107 PbPb

|

i

= 10E D? - Kt ]
L E 5
o S e -
r-3 [ HerH —— :
-g 1= Fjﬁ»*;* —— _5
S - e, T Vs = 14 TeV (x 50 7
= 10-1__ e —— —+— ppNs= eV (x 50) ]
o = ++4HH — . -
Ncbz'lD-QE_ ’_+_:_+_| — '—I—"—I—_:
1 0-3 ;_ —4 p-Pb mmev < 52
—- —

4l Pb-Pb 5%, \[s,y = 5.5 TeV —3+— ]
10*E e

S L
10-5_|||||||||||||||||||||||||||||II||||||||_
0 2 4 6 8 10 12 14 16 18 20

p, [GeV/c]
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Data / Theory

pp at 14 TeV Central PbPb

sensitivity to PDF’s shadowing + k. + energy loss
§14_||||
A R S LR R AN R AR RE AN RARE RS r [ Pb-Pb, 0-5% -
- ——12,2,2,CTEQ4M 1 c 125 —
o 12,2,2,CTEQ5M 1 9 i ~ 20 i
B 12,2,2, MRSTHO A g 1 ] —
-\ 15,2,2, CTEQ5M 1 s ]
2:— 12,2 1, CTEQ5M 0 o8 N
" -------- 15,2, 1, CTEQS5M - i
1 550 —— 18,2,1,CTEQ5M - 06 h
e ] 04F =12 GeV .
B 5 e e s e e e s : 3= 25-100 Ge\fm |
0-50 - =0 —
- ] )] S W FE N T E N S N
| T N NN N N BETY REEE FUE N P 0 2 4 6 8 10 12 14 16 18 2
0 2 4 6 8 10 12 14 16 18 20 p, [GeVic]

p, [GeVi/c]

ALICE PPR vol2 JPG 32 (2006) 1295
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S/(S+B)

total signal statistics

10

4
10

-1
10

10°

+pT > 1 GeV/c
—— Py > 2 GeV/c
+p.|_ > 3 GeV/c

1 | L ‘ L | 1 ‘ L | 1 ‘ L
100 150 200 250 300 350 400
dO0 threshold[pim]

o
5]
Q

+pT > 1 GeV/c
——p > 2 GeV/c
—-— pT >3 GeV/c

1 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1
0 100 150 200 250 300 350 400
dO0 threshold [ um]

B —fik-in ALICE ITS/TPC/TRD
p,>2 GeV/c & dy =200 -600,ptm:

80 000 electrons with S/(S+B) = 80 %

E 10-2 LI | LI | LI | L | LI | LI | UL | LI | LI | UL
>k Pb-Pb, \s=5.5TeV  °
-.m*:" [t efromb—seorb—sc—e -
E 10° ™ =
- : aa 107 central 3
= o PbPb 1
£ 5
T 0 Bl ]
10°F —+— .
f — ]
10°% =
10'? _I 11 | 111 | 111 | 111 | 111 | 111 | 111 | 111 | 111 | 11 I_

0 2 4 6 8 10 12 14 16 18 20
electron p, [GeV/c]

ALICE PPR vol2 JPG 32 (2006) 1295

‘ﬁﬁi@j}' RUPRECHT-KARLS-UNIVERSITAT HEIDELBERG




a 5:'"|'"|'"|'"|'"|'"I"'I"'I"'I"'I"':

E 4_5; = 4(dot-dash), 25(dash), 100(solid) GeV?/fm =

HG_JDEE 4 = No E loss E

o - Eloss,m =m, =0 :

5 3.9F E loss,m =12 GeV, m_=4.8 GeV -

Y= < - C b =

o< 3F =

' = .

[ 2.55— ‘\‘ : E

od  2F E

15;_ Tt TN e, ' R _;

data of one full luminosity 13 S S
PbPb run (106 s) should 0.5E pb-Pb, 0-5%, {5y = 5.5 TeV E
clarify heavy flavor | G546 15 14 16 16 50 2
quenching story electron P, [GeV]
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