Physics background: 20 years after start of fixed target program at
AGS and SPS and 8 years after start of RHIC next huge step in
collision energy

Vs =5/19 GeV -> 200 GeV -> 5400 GeV

truely macroscopic energy ¢==) what's the difference?

J. Stachel — Physikalisches Institut der Universitiat Heidelberg
Int. School of Nuclear Physics, 30" course 'Heavy Ion Collisions from

the Coulomb Barrier to the Quark-Gluon Plasma'
~ Erice, September 27, 2008



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:

eo = dE¢/dn/(1omR?) w. Jacobian dn/dz=1/1,

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

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

Johanna Stachel
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after fast thermalization hydrodynamic expansion of
fireball and cooling T T1/3
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
(this is independent of order of phase transition)

initial N4 o determines final multiplicity

estimate (Eskola) dN;/dn = 2600

overall several 10 k hadrons produced
'macroscopic state'

Johanna Stachel
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@ unambiguous proof of QGP
@ determine properties of this new state of matter

equation of state — energy density <> temperature <> density <> pressure
heat capacitance /entropy — number degrees of freedom

viscosity (Reynolds number) — flow properties under pressure gradient
velocity of sound — Mach cone for supersonic particle

opacity / index of refraction / transport coeff. - parton-energy loss
excitations / quasi particles - correlations
susceptibilities — fluctuations
characterisation of phase transition

@ be open for the unexpected
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cut through the central
barrel of ALICE:
tracks of charged particles

in a 1 degree segment
(1% of tracks)

heavy 1on collisions at LHC
» detector 1s starting operation 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?
analysis in terms of statistical ensemble (grand canonical) successful
for central PbPb (AuAu) collisions from top AGS energy

a new look at e+e-

what do we expect at the LHC?

Johanna Stachel



Ratio

130 GeV data in excellent agreement prel. 200 GeV data fully in line

with thermal model predictions still some experimental discrepancies
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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, J. Stachel, Nucl. Phys. A772 (2006) 167

?';‘El 1 -8
Johanna Stachel [ETHER RUPRECHT-KARLS-UNIVERSITAT HEIDELBERG




study of high quality final LEP data — F. Beutler, Heidelberg, diploma thesis 2008
full canonical treatment with conservation of A, Q, S, C, B and quantum statistics

g

=

£ 1) quantum numbers 0 in each jet
= Ex iR AR =Y Y 11) quantum numbers O in sum of
ot F o] both jets

decay from charm and beauty
subtracted — production not
thermal

A. Andronic, P. Braun-Munzinger, F. Beutler, K. Redlich, J. Stachel, arXiv 0804.4132
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Js[GeV]  T[MeV]  V[fm’] o \2/dof
10 159+1.7 14+15 0.80£0.02 318/21
20-35  160+1.7 18+1.4 0.964+0.03 101/18
ol (all) 157+0.50 3241 0.784+0.007 630/30
91 (-c,b) 1664050 20+1  0.66+0.01 708/30
130-200 154428 42+43 0.784£0.03  11/2

= fits not good, 1n particular to best data set on Z-pole
in part, because LEP data are very precise

= 'T" indeed similar to heavy 1on collisions at high energy

= strangeness significantly suppressed (gamma_s = 0.66 implies
deviation for Omega of factor 3.5)
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A. Andronic, P Braun Munzmger F. Beutler K. Redlich, J. Stachel, arXiv 0804.4132
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o

parameter set: T=164 MeV, V=20 fm>,

wit h y?=718/30

Johanna Stachel
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A. Andronic, P. Braun-Munzinger, J. Stachel, Nucl. Phys. A772 (2006) 167
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rapid equilibration within a narrow temperature
interval around T by multiparticle collisions

— requires T_~ 170 MeV

P. Braun-Munzinger, J. Stachel, C. Wetterich, Phys. Lett. B596 (2004)61
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synopsis of different lattice QCD results - F.Karsch



A. Andronic,P. Braun-Munzinger, J. Stachel arXiv 0707.4046 [nucl-th]
T.=161 +-4 MeV, u, =0.8+1.2-0.6 MeV

ﬂ_—ffﬂ_—l— I{—fﬁ:“‘ I__},g"‘]f) J_\ffli'\ E,RIE E_Z/)Q

1.001(0) 0.993(4) 0.948_ 005 0.997 000y 1.005. 0007 1.013(4)

p/m=t  K'/m™ K /7~ Ajm~ =/ Q /7

0.074(6) 0.180(0)  0.179(1)  0.040(4)  0.0058(6) 0.00101(15)

interesting question: what about strongly decaying resonances —
sensitive to existence of hadronic fireball after hadronization of QGP

due to their width
o/K~  K*/K% A*t/p %(1385)t/A  A*/A  E(1530)°/=" very difficult to
0.137(5) 0.318(9) 0.216(2)  0.140(2)  0.075(3)  0.396(7) measure
RHIC results not
conclusive
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2. Indications for hydrodynamic expansion

consider
particle transverse momentum spectra
azimuthal correlations
momentum correlations

Johanna Stachel
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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:

quadrupole component v,

dN

= NO-[ 1+) 2v|y,p,|cos(i qb)] “elliptic flow”
dp t dyd ¢ ( t) effect of expansion (positive v,) seen

i=1

from top AGS energy upwards
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mass ordering typical effect of hydrodynamic expansion

1deal (nonviscous) hydrodynamics describes azimuthal asymmetries up to
about 2 GeV/c at sub % level
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v2/ecc

proton pion
’ different hydrodyn. models:

(1/27)d*N/dp.dy
=)
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low viscosity (maybe zero?) implies strong interactions
not ideal gas - actually this was realized from lattice results a long time
conjecture: QGP produced at RHIC i1s strongly interacting

lately a lot of excitement connected to AdS/CFT equivalence
what about LHC? does this change at higher T?

D. Teaney, PRC68, 034913 (2003)

first order hydro 'wo dynamics'

0.2

= 0.18F b = 6.8 fm (16-24% Central)
016

(Pr]

-+ STAR Data
0.14F

nAzE

0.4F
0.06 —
0.06F
0.04 —

0.02F .

not enough work on viscous hydro

in the last 5 years, but more is starting ...
see €.g2. Romatschke arXiv 0706.1522
& Teaney's talk today & Son/Heinz
qualitative trends established

still many open issues when it comes to

quantitative comparison to data
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Johanna Stachel
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determination of viscosity/entropy density from lattice QCD via
correlation function of energy-momentum tensor
H.B.Meyer arXiv 0704.1801 [hep-lat]
n/s =0.134(33) at T=1.65 Tc
0.101(45) 1.24

C. Greiner et al. using perturbative kinetic parton cascade get

02 F -
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© 04

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)
0.25

_.

0.2
0.15
0.1
0.05

but at very high T the

plasma could become
weakly interacting

LHC ‘

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
0.06
0.04
0.02
0 > 3 _a
p, [GeV]

Johanna Stachel
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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)
in line with QGP expectations

J.P. Blaizot, P.M. Dinh, J.Y. Ollitrault, Phys.Rev.Lett.85(2000)4012
Dissolution in QGP at critical density n, (dashes)

and with energy density fHluctuations (solid)
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PRL 98 (2007) 232301 at mid-rapidity suppression at RHIC very

,} - Nuclear modification factor similar to SPS
1_........ .........................................................................................................................................................
~H #® PHENIX, Au+Au, |y|=[1.2,2.2], £ 7% syst. 1 b
i S PHENIX Ao oo o oy suppression at forward/backward rapidity
B o NAS0, Pb+Pb, 0<y<1,+ 11% t.
0.8 & NABO, In+in, D<y31. +11% s:g: StI'OHgGI'!
N O NA38, S+U, O0<y<1, + 11% syst.
. fb@%% @
= .o
i - % < but prediction:
0.4 @ : @ 5 at hadronization of QGP
i ‘ 7 @% JAy can form again
0.2 @ from deconfined quarks,
- in particular if number of
'|_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII 1 1
% 50 100 150 200 250 300 350 400 ccbar pairs ;S large
Npari NJ/\VOCNCC

(P. Braun-Munzinger and

Ra: J/W yield in AuAu / J/y yield in pp times N I Stachel, PLB490 (2000) 196)
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P. Braun-Munzinger, K. Redlich, J. Stachel, Nucl. Phys. A789 (2007) 334 nucl-th/0611023

5 |
a5 —— SHM,pQCDdo_ /dy=63.1 ub
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- O |yl=1.2-2.2
3
25
2

5ID 100 150 200 250 300 3I5(]

Npart

o o [T |
P:Eé AUFAU 0-20% (Nyq,=280) i
= ¢ 08
by !
o |
= 15 0.8
1 0.4
0.5 . /r\‘\ 0.2
e — .
D ._-.II.E...___-__.]-_______ ._._______i______.E___ D _-_-.Ea__._._-..1._.._.--_.6. cchokc
pp open charm cross section FONLL Cacciari et al.,
PRL 95 (2005) 122001 o, =256%400 . ub

Au+Al ED—-iEE-‘B.meH:MD]

good agreement, no free

parameters

>

but need for good open charm
measurement obvious

(this 1s a lesson for LHC as well!)
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E < UA2pp; PLB 236, 488 A STAR d+Au; PRL 94, 062301
- % MUON cosmic rays; NPB 122, 353 @ STAR Au+Au (preliminary)
| % PAMIR cosmic rays; NPB 122, 353 @ PHENIX p+p; PRL 97, 252002
| @ NA32 p+A‘; PR 433, 127 A PHENIX Au+Au% PRL 94, 082301 . . .
JO'L & NATs A P a5 = pewmemrmm el pQCD cross section consistent with
F A NA27 p+A; PR 433, 127 PSe -
= ¥ Eoen s PR 4SS, 127 . dat
: o HERA?B p;+A; PR 4;33‘ 127 - r/T/ a a
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103 ¥ N80 i Goimnany (modulo discrepancy between
- - STAR and PHENIX)
2 . .
10% only in spectra at higher pt some
- deviation
10= x™ _
E , —— — NLO with CTEQSBM
- S e NLO Uncertainty Bound
: f //’ (from R. Vogt, arXiv:0709.2531)
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R J/y yield in AuAu / J/y yield in pp times N

coll

DE ] | T |

=
= @ L =] Lk
Er_'g: 0 Au+Au 0-20% ( NFE”_EE-D] Au+Au 20-40% [NFE”_ 140])

0.6 m

0.5

0.4
0.3

0.2

0.1

0

quantitative
agreement!

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

Johanna Stachel

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

T = ® RHIC data =

| |
do,/dy (mb) 128

[\~
I

y /ay) / (AN, /dly)
o d

0.85....
125
g
>
O
=]
05 ' 0.32
0.25
0 | o |
0O 50 100 150 200 250 300 350 50 100 150 200 250 300 350
Npart N

part

centrality dependence and enhancement beyond pp value will be
fingerprint of statistical hadronization at LHC
-> direct signal for deconfinement




N, /dy

yellow band: uncertainty of pQCD prediction for ccbar prod. line: central value
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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

Entries/(Events*GeV/c?)

10° uncorr. BG (like sign)
10°
E 810°F
107 g
0 | | MH|H 0%
0 2 4 6 8 10 12
Invariant Mass [GeV]
Good mass resolution and

signal to background
expect w full TRD and trigger

«10°

v

o
et o
& =

] I

=
P
I

Entries/(Events*GeV/c?)
(=]
= <
b
I

=
~
I

o
&
I
{

o
—
I

a=30 MeV

Lp!

=)

&

32 34 36 38

4 0

Invariant Mass [GeV]

0=90 MeV

94 96 98 10 102 104
Invariant Mass [GeV]

e @ et

— —_——

JN—  ee

o dNidy =300

—_——

0o 1 2 3 4 5

6 7 8 9 10
reconstructed P, [GeV/c]

—_——

reconstructed P, [GeV/c]

Simulation: W. Sommer (Frankfurt) 2-10° central PbPb coll.

2500 Upsilon per PbPb year
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2x10° central (10%) events, 10° sec (1 year run) 2x10% central (10%) events, 10° sec (1 year run)

x

-

=
4]

0.14 | x10°® Y“|S) Y(|28
] |
!

e
-k
N
—
N

e
i
T T T | T T T | T T T | T T T

Entries/(Events*GeV/c?)

Entries/(Events*GeV/c?)

ot
=]

| —
0.08 | i
| 0.6
0.06%" s J 0.4
i %%% | :
_ Oo%nfbnm I -
B G 0.2
0.041 QT%SA“?‘ I I
| | | | | | 1 | 1 | | | | | 1 | 1 | | 1 | [
2.2 2.4 2.6 2.8 3 3.2 08|||||||||||||||||||||||||||||
Invariant Mass [GeWcz] 8.5 9 9.5 Invar::nl Malgl[sGeWc%-l
J/y: W' T:
S/B = 1.47 ) S/B = 1.03
sgn = 284 S/B B 2355 sgn = 25.0
signal = 1.3 x 10° sgn = 10. signal = 1378
FWHM = 65 MeV/c2  Signal =23 FWHM = 200 MeV/c?

D. Krumbhorn, Heidelberg
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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

10

10

o ||j] N g{ﬂ.‘* A,
4::-':I |FI r Q':'c:-__'-h O 0.3
2 Ay I:Iuﬂ_ iIIn . ; B 1 04
E i o A
ot o % 4 N
D L8
1] DE- :F
o 3 ] I
sl e
P n,n _D
3 ¢ &
L il
»7T TY 4 G"J D :
v Y u o
T v c
.. GDH ]
L] ¥ - ([ A
" v %Y
4
Y pp, Vs =1.96 GeV (CDF data, prel.)
5
0 1 2 3 4 5 B ' 8
P, (GeVic)

Johanna Stachel
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> [0-5GeV/c] (GeV/c)' <p2> [0-5GeV/c] (GeV/c)’

2
<p;

# Au+Au |y[<0.35
{3 Cu+Cu Prelim |y|<0.35
B p+plyl<0.35

AutAu |yl e[1.2, 2.2)

) Cu+Cu Prelim |y|e[1.2, 2.2]] -

p+p lyle[1.2, 2.2]

part

2

Heavy Flavor Electron v

0.2

0.15

0.1

0.05

-0.05

minimum-bias

T A I
pr——L

+Run-4
¢ Run-7

PRELIM.

h

Rapp & van Hees,
PRC 71, 034907 (2005)

taoaa il
R TR

Johanna Stachel

1.5 2 2.5 3 3.5 4 4.5 5
P, [GeVic]
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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

Johanna Stachel




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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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 —fieXin ALICE ITS/TPC/TRD
p,>2 GeV/c & dy =200 -600 pm:

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
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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% % % %

[ [T TTT Iﬁ
—a—N
g

<
i
::: 1 .
: .
1
A
=k
o

based on radiation @ 10"

0 2 4 6 8 10 12 14 16 18 20
p; (GeV/c)

Eyarton —+ 00, loss AE

-
~—

mean free path A > 1/ .. range of sereened gluon interaction JPRECHT-KARLS-UNIVERSITAT HEIDELBERG




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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I T ' T T
—R,, for LHC
8-
0.6+ i
<
e 4
2
04 |
0.2F —
0 . | | |
0 100 200 300 400
pTlf.:L‘v’]
1u T [ T 'I [ T '[ T 'I T [ T [ T 'I T 'I T 1_“ T | T T T T T T T
L & Bk oN fdy = 1000 | — Rad=coll, o, =04 o foy w 1750
A PHENIX v — Radonly, @, = 0.5 Pions
0.8~ — HRad +caoll o =04 = 0.8 _
— Rad enly uF-CS
- 0B — . oe- —
% €
3 n:§
" . 0.4
0.2
o EERN ST S WS OV RN oy | RN e ool L L |, | | s
Y9 2 4 & B8 10 12 14 16 18 20 D 20 40 60 B0 100 120 140 160 180 200

- Renk and Eskola, expanding QGP
T BDMPS energy loss;

midrapidity at LHC

Wicks and Gyulassy, sensitivity to gluon dens.
and E-loss mechanism

p, (GeV)

p; (GeV)

Johanna Stachel
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sensitive to energy loss mechanism

dnh

e € N. Borghini, U. Wiedemann
= OPAL, V5=192-209 GeV
14 - ___ in vacuum, Eje:=100 GeV A
12 | ---- in medium, E;.(=100 GeV .
Increase on #
* = . >
10 TASSO’ V=14 Gev of particles *
--- in vacuum, Ej, =7 GeV . with low z
8 | —-—in medium, Ej;;=7 GeV,”
6 | -
4| .
20 *,z’:j_-/
----- qDecrease on # of

partiéles with hikh z 4

good reconstruction
in ALICE

4.5 T
g - Ideal R=1.0. pt=0.0
E 4 4 EMCAL « tracking R=0.4, pt=1 0
o35 C ]
B © Annual ALICE run statistics J
o 3 L
& F <Eppu>~125 GeV . { )
o 38F -
& "F Pb+Pb 0-10%: <G>=50 L 4
5 ’f Pb+Pb60-80% norm -
E 15 4 ’_I
+ - A
E 1;_ ............ e e ‘_ILJ .................................
i
u__E:— _* i .I.r__l'
_JI_:_I i i I i i l i
% ; 2 3 3 X a
£ =1In(1/2)
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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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- 5:'"|'"|'"|'"|'"|'"I"'I"'I"'I"'I"':

§ 450 4= 4(dot-dash), 25(dash), 100(solid) GeV*/fm -

qﬂ_-‘*n? 4 = No E loss E

o = Eloss,m_=m, =0 :

5 3.9F Eloss, m_=1.2 GeV, m =4.8 GeV J

— < - C b B

o< 3F =

0 = a

[ 2.55— ‘\‘ : E

om  2F E

1.5 ;_ B, g _;

data of one full luminosity E_ S T - M‘%
PbPb run (106 s) should 0.5E pb-Pb, 0-5%, Sy = 5.5 TeV E
clarify heavy flavor | Q5 46 g g 15 14 16 18 50 2
quenching story electron P, [GeV]
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. HMPID

b L_
ML —

1000 scientists
iR ! | ’ from 90 institutes

Size: 16 x 26 meters in 27 countries

Weight: 10,000 tons



Transverse momentum resolution (%)

%

ALICE physics performance report 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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Backup slides
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12 + [ -~

10 -

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

Johanna Stachel
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10

—a
Cr
ra

=

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)

c«1;104
o 3
% 10
(O] 10°
2 10

|||IIW |||IIW‘ |||IIW‘ ||||Im IIIIIIII‘ [T

|||||II‘ |||IIW‘ |||IIW‘ |||IIHW ||||||II‘ IIIIIW‘ |||IIW‘ |||||||I‘ ||||||||‘ [T

RHIC pp at \s = 200 GeV vs NLO pQCD:
| inclusive jets, R__=0.4, 0.2<n<0.8 [STAR]

— PDF: CTEQS6M, u:pT/2-2pT [Vogelsang]

A A A 10 x inclusive h', n|<1 [STAR]

A, @® 1°n|<0.35 [PHENIX]

¥ "non-photonic" e* [PHENIX]
— FONLL (c,b— e*, total) [Cacciari] oK

K 10° x inclusive h', |=3.2 [BRAHMS]
__PDF: CTEQS6M, FF: Kretzer, p:pT/2-2pT [Vogelsang]

IIIIIII| | IIIIIII|

— PDF: CTEQ6M, FF: KKP,;L:pT/2-2pT [Vogelsang]

% prompt y |<0.35 [PHENIX]
—_ PDF: CTEQ6M, FF: BFG-II, u:pT/Q-QpT [Vogelsan

-t
Q

1 10
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Quantitative Constraints on Medium Parameters

b 0-8F PHENIX = (Au*Au 0-6% Central) p-| 0-5F PHENIX ° (Au+Au 0-5% Central)
o 0 5:_G|0b3| Systematic Uncertainty £12% o 0.5 [ Global Systematic Uncertainty +12%
0.4 — 1 o 0.4F |
0.3 -:jj:i::_—_—_-_-_—:_‘::::j: |- 0.3F /fi—
0.2F = . [ 0.2F ﬁ—
: R SHEEE— - 0
0.1 — 0.1
[b:'""""""""""'""""""""' ST P B T P DT P T
2 4 6 8 10 12 14 16 18 20 272476 8 10 12 14 16 18 20
p_(GeVic) p,(GeV/c)
PQM | GLV | WHDG | ZOWW

g =13.2"7) GeV?*/fm | dN*¢ | dy =1400" | dN* | dy =1400"2 | g, =1.977 GeVifm’




: . 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 ]
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0.6 “r e a R
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0.4 ; * I [ 0.6l ;45 ]
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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.)
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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
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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
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—
| Hprimar}-‘ vertex
dg\

A

impact parameters ~100 pLm
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Data / Theory

pp at 14 TeV Central PbPb

sensitivity to PDF’s shadowing + k. + energy loss
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S/(S+B)

total signal statistics
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B —fie'in ALICE ITS/TPC/TRD
p,>2 GeV/c & dy =200 -600 pm:

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