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Exploring the QCD Phase Diagram

Early universe (t = 10™5s),
c=150-160 MeV
from lattice QCD
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The CBM Experiment and the CBM-RICH

CBM: fixed-target, A+A at 2-45 AGeV

y-pos (pixel)

Dilepton probes as messengers of the
early and dense phase of the fireball

» p,w, O — ete

» J/W, W' — ete, utw

g x-1:‘;os1?pix"3 T xj;os1?pi)<1:I)
= D mesons f _
sum or many rings, "
- m
These are rare probes! ~ 20 photons per e ring test beam data
Needed:

» reaction rates up to 10 MHz

pro
» fast detector systems
» good particle ID
» good pion suppression: 10 65
&
Example: CBM-RICH prototype

[Christian Pauly]




Monolithic Active Pixel Sensors (MAPS) for CBM

Primary beam:

25 AGeV Au ions (up to 10%/s) | —-

= MAPS provide a unique
compromise between:

» sensitivity

» high rate capability

= Time resolution and radiation
hardness as of 2003 needed
improvement

= Requirements are met with
current design

7 sasatets L SRNG ey &
Required | MAPS (2003) | MAPS (2011) ' G
: : ~ - 1152 x 576 pixel
Single point res. [um] 5 3.5 3.5 " 21.2x10.6 mm?
Material budget [ X ] ~0.3% ~0.05% ~0.05% e 18.4 um pixel pltch
Time resolution [us] 10-100 ~1000 ~100 TR
Rad. hardness [n/cm?] > 1013 > 1012 > 1013 el ,__.’,‘;'»'»,Q

[Michael Deveaux]



ALICE: Excellent Momentum Reconstruction +
Particle ID a Low pr

i.e., at least one charged particle
within 8 units of n

pp min. bias trigger:

= ALICE designed for

ALICE TTVOAISPD|VOC  rsssp
TS SO heavy-lon collisions
ITS SPD
FMD —
V0 and TO
(C side) .
= Robust tracking over large
prrange
ZDC
. PMD (NO]. GeV < pr< 100 GeV)
VOand TO |

(A side)

= PID over large prrange

» dE/dx
— Byl » Time-of-flight
N 7 (2.5<n<4) » TRD
£ e -
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Applications of ALICS’s PID Capabilities (l):

Reconstruction of Resonances

A(1520)— p+ K~ (BR:22.5%)

-
N
o
o

pp@7TeV

2.00 GeV/c < p, < 2.25 GeV/c

ALICE Brelt-Wigner fit:

=(1. + 0.00037) GeV/c?
PERFORMANCE mass =(1.51849
09.02.2012 width = (0.01807 + 0.00125) GeV/c?

Counts/3 MeV/c?
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PDG:
mass = (1.5195 + 0.001) GeV/¢?
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[Benjamin DoAnigus]
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Heavy-lon Physics =
QCD thermodynamics

Statistical model:

» Describes yields of all particles
with three parameters

4 T, Us, V

Test statistical model by
measuring as many particle
species as possible at low pr

Example: A(1520)



Applications of ALICE’s PID Capabilities (I1):
Search for Exotic Hadrons

= HO%-Dibaryon

2’800:— Pb-Pb@ys,, = 2.76 TeV (22 million events in centrality 0-80%) » bound state of udsuds
< — 09.02.2012
2 (R. Jaffe, 1977)
37001 :
O F » predicted mass: 2.21 GeV/c?
600
C » A bound state or resonance
5000  ALICE with H® — AA decay channel
~ PERFORMANCE
400F
300 = No signal observed in
= Apmt / AN channels
2001=" A A threshold .
100:— 55 ol b b b b baaa I
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Invariant mass Apr (GeV/c?)

[Benjamin Donigus]
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Applications of ALICE’s PID Capabilities (lll):
Anti Helium

1600 e 8 Modeling the production of
= 1400 138 | - light nuclei
- N 5
S 1 % ALICE » Statistical model
@) 1200 C “":, T2012:0127 » Coalescence: B
P_‘ 1000 (e.g., can the yield of “H be
c 5 computed from A, n, p
= 800 - - phase space densities?)
- N i
2 600 : '
75 C ]
pad _ —
S 400 1 = Particle ID:
o 200 ~ dE/dx from TPC + ToF
O 05 1 1 5 2 2 5 3 35 4 45 5 . .
D = Anti-nuclei at low pr
Rigidity > (GeV/c) experimentally easier than
nuclei (knock-out of
[Nicole Martin] detector material)
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Applications of ALICE‘s PID Capabilities (IV):
Anti-Hypertritons

IH — He + m+ (25.3 %)
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31 £ 9 anti-hypertritions (2010 data)
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Dynamical Fluctuations (I)

= In| < 0.8
0.15< P, < 2 GeV/c

/i ,‘ >
" =)

\Cp /<P >,
2

Preliminary

1072 = pp:\Ns=7TeV \
s pp:\Ns=276TeV

+ pp:Ns=0.9 TeV

e Pb-Pb: \[s,, =2.76 TeV
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[Stefan Heckel]
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= Two-particle correlator for a

multiplicity class m

Gcziyn =C, = <(pT,i - <pT >m) ' (pT,j - <pT >m )>

By construction not sensitive to
statistical fluctuations

\/a Gdyn

Relative fluctuations
<pT >m <pT>

Pb+Pb follows p+p trend up to
centrality class 30%-40% (Nacc = 600):
Onset of thermalization?

30%-40% class:
Npart ~ 100; NCOll/(Npart/Z) = 4



Dynamical Fluctuations (l1):
Comparison between LHC and RHIC
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= ,Scaling” in Npart, not in dNcn/dn

= Hints at importance of nuclear geometry in heavy-ion collisions
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The Unreasonable Effectiveness of ...

>/2) Sy = 2.76 TeV
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... Geometry in Heavy-lon Physics
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Example: Shape of Ncn/Npart VS. Npart

very similar between Vsyn = 20 - 2760 GeV

Rather rapid transition from p+p-like
behavior to A+A-like behavior
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Heavy Flavors with ALICE

= Method 1: = Motivation
Measure e”* from semi-leptonic » p+p: test pQCD
decays, subtract cocktail of » Pb+Pb: test parton energy loss models

background e”*

» DB—oe+X

» B—>e+X (use(ct)s =500 pum)

c—oe+X =9.6%
b—>e+X =11%
boc—oe+X =10%

= Method 2: AE, >AE, , >AE > AE,

Reconstruction in hadronic decay colorffactor doad Z;ne offect
channels
» DO K = p+p at 7 TeV (and 2.76 TeV), ALICE:
» D — KT Heavy flavor electrons and D meson
» D**/— DO Tt spectra agree with pQCD
' A—pKrt (FONLL, GM-VFNS)
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D meson Raa

[Rosa Romita]

R (p.)= dN / dp,(A+ A)
R e B B B L Ny -dN / dp;(p+ p)
T 18 Pb-Pb \/s,=2.76 TeV A D°R,, 0-20%CC — _
o % = D'R,, 020%CC - = Strong suppression for both
' ® D R, 020%CC D mesons and pions
1.4 ALICE Preliminary T Raa 0-20% CC
1.2 =

= Surprisingly similar Raa for
D mesons and pions

—
Illlllllll[IIIIIIIIIIIIIIIIIIIIIIIIII

0.8 | -
0.6 = » pions mainly from gluons
0.4 ‘} _f » dead cone effect
0.2 o e -o-iﬁi—e——.‘:""'ﬁ?-—'— ——— ‘—;
obo vt v v 4 w However, some indication for
0 2 4 6 8 10 12 14
p, [GeV/c] Raa(D) > Raa(mt) at low pr
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Raa for Electrons from Heavy Flavor Decays
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= Suppression in central Pb+Pb collisions (0-10%)
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inclusive electrons / cocktail, |y|<0.8 l -

Electron Excess in Central Pb+Pb

op 7 TeV Pb-Pb( | | 60-80%

T T T I T q | | | | | | | | | | |
14 JLd!:ﬁ.Sr\b‘ °v 13 —_— ' |
opa =7 TeV E ° : Sys. arror from nelusive slectrons
12— — ] T'ir 12— ALICE Prem '*.u,'- Tolal 3ys. errot .
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10r 1 @ 10 pb.Pb,\ s, = 2.76 TeV
SRR Total sys. error s 60-80% central B
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- bt pee - _—u-'h
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= Hint for low prelectron excess in central Pb+Pb

Pb-Pb () 0-10%

TrrrJrrrr LI | TrrrJrrrrrrrr

. T
14-—_ o I ‘ Sys. eriof [rom Inclusive elecuons i
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'O_Pb Pb,\Syay = 2.76 Tevi__ I -
. 0-10% central

—

g
.

- o
]I T
f’_l
i
4 18
S+
lll

Inclusive electron / Cocktail, ly|<0.8

6
p] (GeV/c)

= Related to thermal direct photons? Thermal Charm production?

Effect of RAA(D) > RAA(T[) ?
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Jet Quenching (1)

= |n heavy-ion physics, particles at high prand jets are of great interest because

» they are produced in the early stage of a heavy-ion collisions, prior to the formation of the
qguark-gluon plasma

» their initial production rate can be calculated with perturbative QCD (,,calibrated probe®)

= Observables related to jet quenching may help to

» understand the mechanism of parton energy loss (talk by Markus Bluhm)

» characterize the new state of matter above T.

= Many open questions in the theoretical description

v

dependence on parton species

v

elastic vs. radiative energy loss

v

path length dependence
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Jet Quenching (lIl)

2 B | | | I | | | | | | | I | | | I | | | o
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1 8 __ —&— Charged Particle 0 - 5% (CMS) __
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1 6 :_ —&— lIsolated Photon 0 - 10% (CMS) _:
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0 I T N AN MR T M B FI Chl' hacllror1 (GL|V) Lo
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dN /dp,(A+ A)
R, (pr)=
N_,-dN /dp.(p+ p)
No energy v
loss for y‘s \— _
- : T 9
A
energy loss
forqandg

= Large prreach at the LHC sheds

light on E dependence of
parton energy loss AE



