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Facility for Antiproton and lon Research

Research communities from
more than 50 countries

covering many different
aspects of physics:
* Hadron spectroscopy
with anti-protons (PANDA)
* Rare Isotope beams
« Plasma Physics
* Heavy-lon Physics
with the CBM experiment
and HADES

Using beams from two paraliel
synchrotrons:

<New FAIR complex
é(isting GSI com@
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Producton Target

SIS100: (starting 2018)

2-29 GeV (protons)
2-11 A GeV (Au)

SIS300: (few years later)
2-89 GeV (protons)

2-35 A GeV (Au)
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#2 unversmat  Exploring the QCD phase diagram
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In region of high net baryon density

Probing the QCD diagram at very high T and p_= 0 (early universe):

ALICE, ATLAS, CMS at LHC
STAR, PHENIX at top RHIC energies,

ﬁ;lllm]"ll

Probing the QCD phase diagram at moderate T and (very) high p_:

Beam energy scan at RHIC, NA61 at CERN SPS density p = 6x p,
(but limited statistics, observables) p, nucl.matter density
CBM at FAIR, MPD at NICA

Al

Quark-Gluon Plasma

Temperature T

Quarkyonic
Matter

Gas-Liquid

1 -
Nuclear -3
Superfluid

- -
- -

Superconducting
Courtesy of K. Fukushima & T. Hatsuda Baryon Chemical Potential us
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#2 wuerertat - How to produce dense matter in the lab ? 2

At FAIR / CBM: Au+Au collisions at medium energies, fixed target
SIS 100: Ekin 2.0 - 11 AGeV, VS =2.7-4.7 GeV

SIS 300: Ekin 2.0 - 35 AGeV, VS ,=2.7-8.3GeV
contrary to “high T” physics at LHC: Pb+Pb collisions at highest energy

density as function of time

according to transport calculations
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W. Ehehalt, W. Cassing

Nucl. Phys. A 602(1996) 449
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for different beam conditions
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Maximum freezeout density reached at 30 AGeV,
well within SIS300 range
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need penetrating probes sensitive to the early, high-density phase of fire ball evolution !
 CBM: di-lepton decays of light vector mesons and charm

— light vector mesons

p,w,d - e'e/ pw

— Charmonium
J, 9" - e'e/ ppw
— open charm
D", D’ - K+mn
K+mnn
K+nnmn

charm

* measure both di-electron and di-muon channels /
— same physics, but different detection methods

. prompt Y
— good control over systematic errors

decay y resonance

by W
thermal y
decays

e Rare probes! U — U collision at 23 AGeV, evolution in time
— high luminosity
— reaction rate up to 10MHz (J/Psi)
— good particle ID (pion suppression better 10™)
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« CERES data at 40 AGeV and 158 AGeV: excess higher at lower energy
— connection to baryon density
« HADES: excess in C+C can be understood from elementary processes
(pn-> pny Bremsstrahlung, A decay, ...)
but: additional excess in more dense system Ar+KClI (1.76 AGeV)
in-medium effects ???

No data between 2 and 40 AGeV beam energy!

" E_Pb-Au 40 AGeV 0/ gey= 30 % ko Fw & 8 20 B O§& — U T | 1]
[ <dN_/dn>=216 &:}" 10° ﬁ (3) =z
A 2.11<m<2.64 —_ C 3
eI 002 GeVic 5 | % Ar+KCl - 1
c ) & 0,.>35 mrad % 104:_5 i 1.76A GeV "
S 10 g | ﬂ%?p /
by = &
5 © S
Y 107 Z 10°E e e T -
A T - - 17598
- o )
'g ) 'z?"" = i, S " f + A
P | 12 [pp*npl - LT
K 107F 1.25 Gev #‘r
10-9 , Ly LA s .."'-.. . l._-.__.l . S \”' ! 1 1 L | ! 1 1 | L 1 +| | 1]
0O 02 04 06 08 1 1.2 0 0.2 0.4 0.6
2
CERES @ SPS Mee (GEV/C) HADES @ SIS18 M.. [GeV/c?]

Eur. Phys.J. C41, 475(2005) G. Agakishiev et al., Phys. Rev. C 84 (2011) 014902
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#37 wueeental  charmonium (J/¥, cc) production

« J/W¥ produced in hard collisions at initial stage of collision

— probing dense medium on higher energy scale | S
 If the medium is partonic (and not hadronic): : )e\
— formation suppressed due to Debye screening N’y

- increased formation of open charm (D mesons) | Perurbatve vacuum .
- ratio: charmonium / open charm

Debye color screenlng
e But: J/W¥Y can also be absorbed in cold nuclear matter !

Need for precise multi-differential data, L S Trer— P ———
both p-NandN-N _flf PR N 15,5 @ PN e e a1 2002
to disentangle absorption in nuclear matter %S T m respnrran izt B PHENDX AusAu PRL 85, 152203
from dissociation in partonic matter(QGP) 100 E & Mmoo e
F [0 E743p+A; PR433, 127 T
== ™ | v E653p+A PR433, 127 Y -7
F: | o meramey
O pHA; .
S ____.‘\ @ HsD I 1 OSF— ¥ NAGO In+In (preliminary)
X % sHm =2 - B
N | HsD: 1§ I
s O. Linnyk et al., ; 10°E
- Int.J.Mod.Phys. E17, 1367 (2008) | &) I
- h —
SHM: | € L o
A. Andronic et al., o 10 / NLO with CTEQSM
| Phys. Lett. B 659 (2008) 149 | X I RO NLO Uncertainty Bound
g e R e R < i f}" (from R. Vogt, arXiv:0709.2531)
\‘m(GeV) Iu I| Ilr | IIIIII| | | IIIIII| | |
Predictions for J/¥ over D,D ratio, two different models: 10 102 108
quark like or (pre) hadron like medium Measured cc cross section overview s (GeV)

no data at FAIR energy range
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%% wuererta. - Multi strange hyperon production

e direct production: C. Blume, J. Phys. G 31 (2005) S57
pp - = K'Kp E,  =3.7 GeV
) + " _ =l IR | LR | I 1 | I'| I I =
pp - QK'K'Kp E,  =7.0 GeV = g S1S.100 :
3 n e
* Multistep, sub-threshold production o E f._/ E
in nuclear collisions via strangeness exchange: X ¥ - e .
I Z Koo
pp -1 K'A E_=16GeV 10%E B e =
pp - pp KK E_=25GeV : R~ s K :
I L] ! J:ITI -
followed by: 10E s _,;-J " 0 =
AN - =71, ANZ= - Qn or n g 7 =
AK- - =1, =K QT =
ELL L/ o aa Ax0.02) o
or even three-body collisions involving A and K Z I . = (x0.) -
& | O u¥ e - b ]
L& x
I . F A o+ (x0.2 i
« Production cross section depends on density 107 ;,r”; N ( ) E
— enhanced production in dense medium ; g (> 0.02) :
- . ‘ & e &
 systematic study of = and Q- production 10°E 4 Vi <) E
as function of beam energy and size of nuclei: g / / ]
- study the nuclear matter equation of state, EoS - .
_.ED-E. | L1l | | | I IJ L L |
1 10 10°

Available data in SIS100 range very scarce,
no data on Q production below 40 AGeV \[Si (GEV)
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« Particle yields as measured with HADES S. Wheaton and J. Cleymans,
. Ar+KCl, 1.76 AGeV, VS _=2.61GeV gorme. EHys. Comm. 180 (2009) 81
10°Cg. @ Data, s, =261 Gev =
] ] _ 10 i T=75.842.1MeV, M= =799 4421 E'rMe‘-."
e Comparison with thermal fit: " @ T R.=22:02Mm, R =4 #05m '
THERMUS - 1_ E
i [ 10°F 2ee .
« = yield off by factor 25 11! — » L - 9 'f
103 . (\ 5
» Can not be described by B ot . 18
Statistical Hadronization Model, SHM 105+ | |
33.{0.? S +
) ? i
= 1.5
z A
I.II.I 1_# o .........+ - T |
£ =
g
X 0.5 .
HADES, Ar+KCl

u, [ E—

ALt N A KKKo o =57
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Observables to be studied with CBM

N
S
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Particles containing charm quarks (D mesons, charmonium: J/Psi)
— Access to early, dense phase of collisions

 Low-mass vector mesons decaying into dilepton pairs (P,W,®)
— Hadron properties within dense phase of fireball evolution

LECTURE NOTES IN PHYSICS 814

e Collective flow of identified hadrons The (BM Ph)fSi(S

— Obtain information on the equation-of-state, EoS of dense matter Book

e Kaons, hyperons and hadronic resonances oS TS onic Wi
: o : : yonic
— Strangeness is sensitive probe for fireball evolution Laboratory Experiments

 Hyper-Nuclei, exotic particles
— Strange dimension of chart of nuclei,
— hyperon-nucleon and hyperon-hyperon interaction

“_ Springer

e Dynamical fluctuations of particle multiplicities, momenta
— Indication for first order phase transition, search for critical point

 Photons
— Direct radiation from the early fireball

* Two-particle correlations, hadronic femtoscopy these (and more) observables
~  Determine source size, space-time characteristics of source o0 ha studied with CBM

providing unprecedented statistics
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Particle multiplicity x Branching ratio
for min bias Au+Au collisions at 25 A GeV (from HSD and thermal model)

MxBR

3
i& (XD
10 SPS, Pb+Pb @ 30 A GeV
\ P RHIC, Au+Au VS, =7.7 GeV
1
101 \ 4
102
1“_3 I I I I
Not yet measured . 4 *
At maximum density
In heavy ion collisions
10°

10~

Driving CBM
€ | experimental
requirements

-10 —
10 7t p KAK- A p A E Q E+Q+p o ¢ D+D- DODP Jay g
{dileptons) (hadronic decay) (dileptons)
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Electron setup Muon setup
RICH and TRD for electron-ID instrumented iron absorber

pion suppression >10*
: ECAL MUCH

TRD 2-5 iron layers
3-10 layer GEM [ straws
MVD+STS - RICH inbetween
inside

magnet | o= N e il PSD

TRD for
intermediate
tracking
— TOF
Exceptional high rate capability (up to 10 MHz for J/W¥) (0=80 ps)

Hadron- and lepton reconstruction/ID with large acceptance
Displaced vertex reconstruction (open charm, strangeness)
Fully self-triggered readout, no hardware triggering

Online event reconstruction and selection

excellent fast tracking inside 1Tm superconducting magnet

VG HRAN O3 1.0
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#z' wuerertak.  STS+MVD - the heart of CBM
CBM

STS: Silicon Tracking Station

*Double-sided silicon strip sensors

*Track reconstruction for momenta >0.1 GeV

« Momentum resolution: Ap/p ~ 1% (p=1 GeV)

* ~100 individual “ladders”, ~1200 indiv. detectors
* > 2mio channels (!)

MVD: Micro Vertex Detector

 Monolithic Active Pixel Sensors, MAPS

5/ 60 um primary/secondary vertex resolution
(- open charm, hyperon reconstruction)

STS thermal enclosure (-5°C)
inside CBM magnet

P\ T - : :1‘.!
Detector layers: Sensor development:
Low-weight carbon structures Double-sided microstrips

60 um pitch, 300 pm thick
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dense baryonic matter

Experiment Energy range Reaction rates
(Au/Pb beams) Hz
STAR, PHENIX@RHIC Vs, = 7 — 200 GeV 1 —800

BNL (limitation by luminosity)
NA61@SPS E,.= 20— 160 A GeV 80
CERN VS, = 6.4 —17.4 GeV (limitation by detector)
NN . .
MPD@NICA Vs = 4.0 — 11.0 GeV ~1000
Dubna (design luminosity of
10%” cm2s?t for heavy ions)
HADES@SIS100 E.. =15 AGeV Au+Au 5x 10°
— : : limitation b
Darmstadt B, =8 AGeVNI+Ni | ol Dhg)
CBM@FAIR E,.=2.0-35AGeV 105 — 107
Darmstadt \/SNN: 27_83GeV (limitation by detector)
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running scenarios
 Key to achieve interaction rates up to 10 MHz: "
very effective event selection (up to factor 1000) | B
using fast online full event reconstruction B e =1
no hardware triggers = :T [NRNINNG w—— !
QLTI 1
e All data transferred to computer cluster (up to 1TB/sec) ™ o H :: H: =
- fast reconstruction algorithms = KT =
- parallel processing on ~60k cores, GPU processing R
1 AT
e Different running scenarios depending on physics measurements
- maximum rates / data reduction not possible for all channels ~GreenlT cube™:
- rate limit of vertex pixel detector (- displaced vertices, hyperons) planned FAIR Tier-0
data center
1 GB/sec raw data - Pions, kaon, proton, hyperon yields
10* ev/sec 1GB/sec to disk spectra and flow
No online event selection possible - low-mass dileptons
<100 GB/sec raw data - low-mass di-muons
10°-108 ev/sec 1GBl/sec to disk - open charm (limited by vertex det)
online data reduction: 10-100
Maximum rate 1 TB/sec raw data, - charmonium (e* e, u* ')

online data reduction: 1000
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#2w unverstat CBM performance (i): x>
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Charm / charmonium

All performance simulations: Au+Au 25 AGeV (SIS300)

— realistic detector geometry
- event generator: UrQMD (+PLUTO)
— GEANT3

we JIP - ete 4 1010

J/W will be running at maximum event rate: - events
- 10 MHz minimum bias event rate

Open charm at reduced rate:
- 100 kHz — 1MHz
— limited by Micro Vertex Detector MVD
— reconstruction of displaced vertices

22 24 26 28 3 32 34 3.6 38 4
M, , GeV/c?

60 10°centr Di _)K TTTTTT
I 125D

[

wn

(=

=]
I

5¥ 10" centr D0 _)K TU TU TU

S/B = 2.5(1.24)

40 off = 4.75%

1000:— %M S/B = 0.5(0.16) 63D

eff =3.95% 20- *

500}

Entries / 8 (MeV/c?)
)
Entries / 8 (MeV/c?)
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di-electron decays of vector mesons

ll' R

@SIS100: 8 AGeV @SIS300: 25 AGeV
Using STS, RICH and TOF Using STS, RICH, TRD and TOF
% 10 i o 102
> af 100k events ! 2 F
10 4 : ” 10°}
L 0) ]
10-4 'U"L'V\,LWJL\P % 10—4
10°8l 1 |
‘f“ft.:- T 10
10—6 ¢ i % 10—6
10-7 ; 10—7
-8 L ] -8 V’ I
0% 05 1 15 2 0% 05 1 15 2
M,, [GeV/c?] M., [GeV/c?]
eff.[%] 3.12 4.11 4.89 eff. [%] 4.39 5.53 7.08

S/BG - 0.64 0.04 S/BG - 0.31 0.11
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=<
= WO (multi strange) hyperon production

Hyperon yields in 10s CBM run at maximum interaction rate 10 MHz

1M central events Au+Au 25 A GeV (SIS300)

. —_ & 400F
NQ ) 2 | -
> B > 10" % @
§ ik off=17.7% § =
< g S/Bg=3.1 S eff = 5.0% I i eff =2.5%
@ -~ i S/B o 200-
2 7 LU & kS | S/Bg=2.7
=) = S
= E E
k= = s, <3 4
2 ¢ B YN |
105P .'..‘ [ S S S S RN S SR SR S 10 F; “” M*WW’M M* \-A - ¢\ R
1.1 1.15 1.2 1.3 1.5 1.6 1.8 2 2.2 2.4
m,  pT (GeV/c?) m,,, TA (GeV/c?) m, KA (GeV/c?)
o~ — 10°¢ S I
2 i _ 2 F —+ =2 I
= 10t A Zz > % 40-
%]
= g off =16.3% S 102k o > -
= - _ Q F I i +
> i S/Bg=3.8 g F S/Bg =78 Z - Q eff =2.3%
D L w
= 10°F 3 - S 20 S/Bg="7.1
£ i T 10- E M
= [ o = E =
L& = L =
W FEAT R
1.1 1.15 1.2 1.3 14 1.5 1.6 1.8 2 2.2 2.4

m,,, pr* (GeV/c?) m, TT"A (GeV/c?) m,,, K'A (GeV/c?)

mv
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#5 wueeental Detector development and design s
CBM

CBM detector design in advanced stage
Technical design reports for several detector systems submitted

Real size prototype systems of all major components
Tested in test beams at CERN PS, CERN SPS, COSY and GSI

for Micro Vertex detector
beamtest at CERN SPS, 2012

TRDs-Frankfurt [ ﬂ W
SPADIC FEE -

n r e

FASP- FEE . = el
| - i R i Pb-glass calorimeter - . . '
” o MADC & MAXIM [T g Silicon strip sensor stations for STS

Combined RICH,-RD and RPC beam test beam test at COSY, FZ-Julich
CERN PS, 2011 and 2012 2011 and 2012
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typical single event rings £ ring radius as function of momentum g
fn Eefiw =7 * Monte Carlo £m-  measured ’
§25 gzs : - £ 60% -
“in ar - —52;=——--:—21'-—-—-_=
155— " - 155— ﬂ 40?
3 | - r s0F
10 = 10 r E
I 1 20
_ .l . C
55 el 5_ T, = -! 1o
LI S '1'5""25""550'5";?}3;“ R S '1'5""25""5':'0'5";%'?;" -
- - - - - - - 01””2”IISHII4I”IS'I”‘6””7””;3“”9“”'10 ’ 2 momentum(GeV/c)
event-integrated ring image and hit multiplicity P (GeVic)
e ony 7238 000" Entries 220417 ring radii for momentum p=8 GeV/c
ili 7000; Constant 7826 25000 5_7
6000 I :I.e:‘ 20.22 20000~ TU -
. e 16000} 'R=36.3%1.2 mm
B 16000 —
4000? I 14000
3000 12000
2000 [ 10000[
10005_ I soooi— e’
x-pos (pixel) o G 0 15 20 25 30 hitsig‘re;eﬁ? jzgzi
_ _ 2000F R=45.5 + 0.7 mm
@ very clean single event rings o ‘ AN
[¢] 30 40 50 60

ring radius (mm)

@ in averag e ~20 photonsl/ring (electrons)
in agreement with Monte Carlo @ ring radii for electrons and pions
corresponding to Monte Carlo expectation

@ nearly no uncorrelated background
noise ~ 10Hz / channel @ >70 e | 1t separation at p=8 GeVI/c
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China:

Tsinghua Univ., Beijing
CCNU Wuhan

USTC Hefei

Croatia:

University of Split

RBI, Zagreb
Cyprus:

Nikosia Univ.
Czech Republic:

CAS, Rez

Techn. Univ. Prague
France:

IPHC Strasbourg

Germany:
Univ. GielRen

Univ. Heidelberg, Phys. Inst.
Univ. HD, Kirchhoff Inst.

Univ. Frankfurt
Univ. Mannheim

Univ. MUnster
FZ Rossendorf
GSI Darmstadt
Univ. Tdbingen
Univ. Wuppertal

Hungaria:
KFKI Budapest

Eotvos Univ. Budapest

BM International Collaboration Meeting

The CBM collaboration

ndia:

Aligarh Muslim Univ., Aligarh
IOP Bhubaneswar

Panjab Univ., Chandigarh
Gauhati Univ., Guwahati
Univ. Rajasthan, Jaipur
Univ. Jammu, Jammu

IIT Kharagpur

SAHA Kolkata

Univ Calcutta, Kolkata
VECC Kolkata

Univ. Kashmir, Srinagar
Banaras Hindu Univ., Varanasi

24 - 28" September 2012 ¢ «q!

Variable Energy Cyclotron Centre 2
Kolkata, India

vecc

AR Y R o e

1187/

450 members

B

)7

Korea:
Korea Univ. Seoul

Pusan National Univ.
Norway:

Univ. Bergen
Poland:

Krakow Univ.
Warsaw Univ.
Silesia Univ. Katowice

Nucl. Phys. Inst. Krakow
Portugal:
LIP Coimbra

Romania:

NIPNE Bucharest
Bucharest University
Russia:

IHEP Protvino

INR Troitzk

ITEP Moscow

KRI, St. Petersburg
Kurchatov Inst. Moscow
LHE, JINR Dubna

LPP, JINR Dubna
LIT, JINR Dubna

MEPHI Moscow

Obninsk State Univ.

PNPI Gatchina

SINP, Moscow State Univ.
St. Petersburg Polytec. U.

Ukraine:
INR, Kiev

Shevchenko Univ. , Kiev
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CBM@FAIR:
— explore the QCD phase diagram of nuclear matter
— at high net baryon density

— using in particular rare, penetrating probes (dileptons, charm, ...)
— starting at SIS100, later continued at SIS300

CBM detector design in very advanced stage
— Detailed simulations proof feasibility of physics program
— prototype detector performances fulfill CBM requirements
— first TDRs submitted for external review

Substantial part of CBM startversion for SIS100 in financed

ordering of first components (eg PMTs for RICH) will start 2014

o1 ota | a0te 2016|2017 aota | auss | a020 | a1 | a0zz 2024 | a025
Construction ----.

Installation

Commissioning
Expts. at SIS100

NN

Expts. at SIS300 -

cave ready II SIS100 ready



mailto:CBM@FAIR

£/% BERGISCHE
=% UNIVERSITAT

WUPPERTAL Backup slides

4_—=

%;

l

N
||

©

'|||||




#%E24 BERGISCHE
@;j universitat - EXpected particle yields: X

WUPPERTAL - 9 @
hyperons and hypernuclel v

Strange baryon yields measured per week
for 2-104/s min. bias Au+Au collisions.

M(min. bias)

~ 0.25 M(central)

Efficiency is 15% for anti-A and 3%
for the multi-strange hyperons.

Beam = Q- anti-A =* Qr
energy
A GeV
4.0 9-106 1.8:10%|3.6-10% | 5.2-103| 9.0-102
6.0 2.6:107 |5.0-10°(2.4-105|1.4-10%|2.8-10°
8.0 4.0-107 11.4-109|3.6-10| 2:10° |[6.0-104
10.7 5.4-108 |12.2-10%5/6.8-10%| 3.8-105| 1.2:10°
Hyper M BR e | Yield/s |Yield/week
nuclei | central % | central central
~H 2:102 0.6 7 7.6 4.6-108
anH 6-10% | 0.36 | 1 |2.2-104 130
anfHe 1107 [ 0.36 | 1 1-10-6 2

central collision rate 10 kHz

BR = 36% for double lambda hypernuclei is a guess
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open charm, charmonium->Uu™j t
Particle | Multiplicity | Multiplicity | BR [%] g [%] Yield/week
central Min. bias Min bias
D* 2.7-108 9.0-10° 9.5 13 97
D- 5.5:108 1.8-108 9.5 13 206
DO 2.9-108 9.7:10°° 8.1 1.7 12
Anti-DO 8.8-10°® 3-108 8.1 1.7 37

M(min. bias) ~ 1/3 M(central)
min. bias reaction rate 1.5 MHz, pile up of 50 central events in the MVD.

Collision |Energy | Multiplicity | Multiplicity | & [%] Yield/week
system Central* Min. bias Min bias
p+C 30 GeV |5.0-108 1.7-108 13 700
p+Au 30 GeV [1.2:107 4.0-108 13 1800
Au+Au 10 A 1.7-10°7 3.4-108 3.3 400

GeV

* taken from HSD. Min.bias ~ 1/3 central for p+A, and 0.2 for A+A
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dense nuclear matter in neutron stars i

« How is the inner core of a neutron star composed ?
Strange matter ? Hyperons ? Quark matter ? — many different models

« What is the Equation-of-State (EOS) of such dense matter ?

* Recent mass determination of massive neutron star challenging models
PSR J1614-2230 with mass ~ 1.97+0.04 * M

sun

P.Demorest et al, Nature 467, 1081-1083(2010)

T T T T T T T z : Color-superconducting
Quark/hadron strange quark matter Surface

* Hydrogen/He
mixed phase L * Iron nuclei

Outer Crust

* lons

0,1 E = Electron gas

Pure quark 1
matter Inner Crust

s Heavy ions

» Relativistic electrons gas

* Superfluid neutrons

Quter Core

* Neutrons, protons

* Electrons, muons

* Superconducting protons

0,01 |

Relative Particle Fractions

----- S Inner Core
4 = Neutrons, protons
* Electrons, muons
* Hyperons (£, A, Z)
* Boson condensates (m, K)
* Deconfined quarksfquark matter

1E-3

p/p, Radius ~ 10to 14 km, Mass ~ 1102 M _

M. Orsaria, H. Rodrigues, F. Weber, G.A. Contrera (August 2012)
Non-local SU(3) NJL with vector coupling
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wurrertaL - Search for double hyper nuclei

e Hypernuclei: Nuclei containing one or more hyperons
in addition to nucleons
example: °, H, ° He

» explore third, strange dimension of the chart of nuclei

e information on hyperon-nucleon and hyperon-hyperon interaction,
— important role for neutron star models

e So far:
produced using K- beams bombarding light nuclei:
strangeness-exchange: s-quark transferred to nucleon
forming a A trapped in nucleus
Kaon+Nucleus — Pion+Hypernucleus

* only few double hyper-nuclei found so far

e mostly in emulsions
(displaced decay vertices on 10mu scale ! )




%y uwersitat (double) hyper-nuclei production
i with CBM:
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» alternative approach CBM:

production of (double) hyper-nuclei in heavy ion collisions
via coalescence of /A with nucleons or light nuclei
A. Andronic et al., Phys. Lett. B 697 (2011) 203

T T | T T TTTT | I T T TTTT I L
« A produced abundantly, 107915100 o %He e oM
~50 per (Pb+Pb) collision above 40 AGeV, 10k 5 e e = H
still 4 A per (Au+Au) collision at 4 AGeV . e
g - yazHe

e yield of light nuclei increases rapidly
with decreasing beam energy !

|,|,|J |||||_|,|_|,| Ll |||||u,|] ||||||_|,|,| LLl

Yield (dN/dy) for 10° events

» coalescence probability should have
maximum at 7 — 11 AGeV: SIS100 energy !
(according to statistical model)

||||||_|,|,| |||||_|_u,| ||||||_|,|J ;

* reconstruction and tagging via decay chain:
5 5
/\/\H — AHe + TT
> He -~ “He+p+Tr

] |||||_|,|J | |||||_u]

L1 1111 I| L1 1|
10°
\ Sy (GeV)
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F wuerertal  Strangeness production x
CBM
 Excitation funcion of yields, spectra and collective flow of
strange particles as indication for phase transition
L.
) ) + + ) ; - '_l - w23 O
* Non-monotonic behaviour of K™ / " ratio % 02 ey .| D LT
L "‘-.__-J [ Doy r R l _______
L e a~ vy aef iA T 0.1 T M-
 Strangeness production changes at ~30 AGeV 0.1~ i Ll
E _ e
< S i
r NA44
0.05— l! I< i PHENIX :
i "l_ 0.01_—
S
. : I
L S |
[1] = ' £~ - l [
0.004— Y 11 0,002 l
r BL X 4 -
0.0021 L 0.001—
e . = B
5 T - I
2 0.001- [ " B :
‘O} L ~ L
,& | ] & L
i . 0.005 . m
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wuerertaL - Dileptons with CBM : performance

ol
ol

N
Sl
T

@SIS100: 8 AgeV @SIS300: 25 AgeV

© L
5 I 2 " §
o 10 3 10! -
g ]’\ W o RL ]
S 1 S 1 W
& 1 H g i ® ;
8 107 ® T 107+ [ !
3 -2E ﬂmﬁfﬁdji W § 2E Hlﬂ[ nJJﬁLLW [L :
O 10 L | LI_ILIH-‘ (@] 10_ LrIJ"Lr“ u"LrL,|-rLL‘ %
10‘3: h H 10—3% ”’-[IU[[J é
S Y-S T - 1'3"4'::‘:"'1:}_5'"'1""1[.5'H" >
M., [GeV/c?] M., [GeV/c?]
eff. [%] 3.12 4.11 4 .89 eff. [%] 4.39 5.53 7.08

S/BG - 0.64 0.04 S/BG - 0.31 0.11




R. Averbeck et al, PRC 67(2003) 024903

temperature T [MeV]

Current status of measurements

200

17

150

125

100

75

50

25

RHIC Brookhaven
Vs = 130 — 200 GeV/Nukleon
additional data from LHC

SPS CERN

o

baryonic chemical potential L5 [GeV]

= 20-160 GeV/Nukleon
§ dilit N AGS Brookhaven
o il NI~ #1 2-10 GeV/Nukleon
- hadronic
- medium dense
— baryonic
E medium SIS18 GSI
- _—V" <2 GeV/Nukleon
- ¥ P. Braun-Munzinger et al. PLB 518 (2001) oV “freezeout points” determined
— @ F. Becattini et al. PRC 96 (2004) for different conditions
— W R. Averbeck et al. nucl-ex/9803001 N
[ 111 | | I J I ‘ I ‘ I J 11
Qs Gt o8 0.2 ! Possible critical point
® Z. Fodor, S.D. Katz,

JHEP 404, 50(2004)



; BERGISCHE
#2=%) UNIVERSITAT

#" wuerertal  Different steps of a heavy ion collision

UrQMD 160 GeV Au+Au

Before the collision
two Lorenz-contracted nuclei approaching

time

Moment of collision:
compression and heating, T>>T___ ~ 160 MeV

Thermalization of the “fireball”
(high T and p reached for ~10 fm/c= 3.3x10*s

Expansion of fireball, cool-down

Chemical freezeout (number and type of particles frozen)
kinematical freezeout (particle spectra frozen)

T~ 160 MeV, ~2x10% K

che
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%37 wureertat The Muon Detection System

Requirements:
* Muon reconstruction and identification
* High particle- and dose rates

Realisation
* “Instrumented” iron absorber

* Front 3 gaps, small area:
“Gas electron Multiplier”, GEM-detectors

« Backward 2 gaps:
Strawtube layers
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