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Mission: Exploring the QCD phase diagra

Nuclei

Net Baryon Density

CBM physics program:

A Equation-of-state at high r g

A Deconfinement phase transition
A QCD critical endpoint

A Chiral symmetry restoration

Diagnostic probes of the
high-density phase:

A flow, fluctuations, correlations
A multi-strange hyperons

A low-mass vector mesons

A open charm, charmonia
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CBM @ FAIR

FAIR Modules 0-3 (SI1S100):

A protons up to 29 GeV
A Au+Au 11 AGeV,

A Ca+Ca 14 AGeV

A

- HADES + CBM Start
Version

FAIR Module 6 (SIS300):

A protons up to 89 GeV
A Au+Au 35AGeV,
A Ca+Ca 44 AGeV

- CBM

W bulk observables

hyperons, charm
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CBM Start Version



CBM @ FAIR

EM Calorimeter

A protons up to 29 GeV
A Au+Au 11 AGeV,

A Ca+Ca 14 AGeV

A

- HADES + CBM Start_ '*
Version o

PS Calorimeter

FAIR Module 6 (SIS300): l_

A protons up to 89 GeV
A Au+Au 35 AGeV, Micro Vertex Detector
A Ca+Ca 44 AGeV

Transition Radiation Detecto

- CBM CBM Full Version
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FourPillarsof NuclearMatter Physicsat SIS10@Energies

Nuclear equation-of-state:

What are the properties and the
degrees-of-freedom of nuclear matter
at neutron star core densities?

Strange matter:
Does strange matter exist in the form
of heavy multi-strange objects?

Hadrons in dense matter:

What are the in-medium properties of hadrons?
Is chiral symmetry restored at very high baryon
densities?

Heavy flavor physics:
How is charm produced at low beam energies,
and how does it propagate in cold nuclear

matter?
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Current and Future Experiments &perdense

NuclearMatter
Experiment Energy range Reaction rates
(Au/Pb beams) Hz
STAR@RHIC G\ =77 200 GeV 107 800
BNL e v onrges
NA49/61@SPS E..=20i 160 A GeV 80
CERN CBNN: 6471 17.4 GeV (limitation by detector/TPC)
MPD@NICA Gs=2.07 11.0 GeV ~1000
Dubna e vy )
CBM@FAIR E..=2.07 11(35) A GeV 1057 107
Darmstadt CBNN: 257 4.8(8.2) GeV | (limitation by present detector

technology)
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NuclearMatter
I sriment Energy range Reaction rates
A (Au/Pb beams) Hz
STAR@RHIC G\ =77 200 GeV 107 800
BNL o beam energes)
NA49/61@SPS E..=207 160 A GeV 80
CERN CBNN: 647 17.4 GeV (limitation by detector/TPC)
MPD@NICA Gs=2.07 11.0 GeV ~1000
Dubna repsbeyiingmd
CBM@FAIR E..=2.07 11(35) A GeV 1057 107
Darmstadt CBNN: 25 4.8(8-2) GeV (Iimitatior;ek?;] Eg?igg)t detector




Experiments orBuperdenseNuclearMatter

Experiment Observables for beam energies below
G\ = 12 GeV  (high baryon density region)
hadrons | correlations, | dileptons | multi-
fluctuations strange,
charm
STAR@RHIC yes yes no no
BNL
NAG61@SPS yes yes no no
CERN
MPD@NICA yes yes no no
Dubna
CBM@FAIR yes yes yes yes
Darmstadt




Exploring theEOS U ,f0 ~°

o With (Bubj)Threshold

Productionof Multi-StrangeHyperons

Direct production:

NP H U O N O o 0Q w
NPLHLOLOULARTO X81'0Q w

(N)

Production via multiple collisions”:

DB + ¥ (0 P 0Q &
PE + + M 0 c®'0Q &

¥ 0 ¥ O LI ¢h
¥+ 0" fHho O

sub-threshold production cross section
of  , LI probes dense, baryonic

matter é.

A AGS physics revisited with new probes

A measure excitation functions for multi-strange
hyperons in light and heavy collision system

*) P. Chung et al, E895 Coll. PLR 91.202301(2003)
G. Agakishiev et al, Hades Coll, PRL 103, 132301 (2009)
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Exploring theEOS U ,f0 ~°

Productionof Multi-StrangeHyperons

o With (Bubj)Threshold

yield/week

Beam energy = O~ A = O
4.0A GeV | 9.0-10° | 1.8-10° | 3.6-10° | 5.3-10° | 9.0 - 107
6.04 GeV | 2.6-107 | 5.0-10° | 2.4-10° | 1.4-10* | 2.8-10°
8.0A GeV | 4.0-107 | 1.4-10° | 3.6 - 1[]6 2.0-10° | 6.0- 104
10.7A GeV | 5.4-10% | 2.2-10% | 6.8 -1 3.8-10° | 1.2-10%

¥ ¥ QN ¥ O LI ¢h 1;— /j/f/ A (x0.02) -

¥+ Q" hHho oL - : = (< 0.1)

. _ il Q+0" (x 0.2)
sub-threshold production cross section / X (< 0.02) |
of  , LI probes dense, baryonic /

, 102 (x 0.02) |
matter é. f
A AGS physics revisited with new probes :
A measure excitation functions for multi-strange 3 Ll Ll
hyperons in light and heavy collision system 10 4 \_Y_) 10 102
¥ P.Chung et al, E895 Coll. PLR 91.202301(2003) CBM S (GEV)

G. Agakishiev et al, Hades Coll, PRL 103, 132301 (2009)




Multi-Strangeness

Multiplicity

search for

A double hyper-nuclei
vV  Ch 'OQ

A MEMOSY

vV (R )RR ¥ R

= 30A GeV

470
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{25,25"} e * %

{2n,2A,2E }e

{2A,25" 25}

H. Stocker et al., Nucl. Phys. A 827 (2009) 624c
") Metastable Exotic Multihypernuclear Objects



Search for Double Hypernuclel

conventional production mechanism?: A. Andronic, P. Braun-Munzinger, J. Stachel, H. Stocker |
PL B697 (2011) 204
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heavy collisions:
production via coalescence of ¥ with light

fragments

40 AGeV: 50 ¥ i /central Au+Au collision I \5u (GeV)

10 AGeV: 15 v i/central Au+Au collision .
coalecense probability has

: . B o maximum at /i T vOoQw
yield: pmmt Co¢gp . 'OQ/central collision

Ll I

120/week 3.6/week

") Takahashi et al, PRL 87 (2001)



Being prepared for exotica:
Experimental Reconstruction of a Multistrange Di-Baryon

Signal: strange dibaryon Background:
(X°L),- L L (cU=3cm) Au+Au @ 25 AGeV

16 o 32 L per central event
M= 107, BR = 5% 11 L reconstructable

I. Vassiliey Univ. Frankfurt 1012 central

o =3 Mev/c?
S/B = 200
£=0.37%
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CBMPerformancefor LowMassVectorMesons

E. Belolaptikova

C\ll_| 1 0 ; [ B I.I L | L | [ | [ | [ | LI | [ I; i .
o s o - 3 A Low Mass Vector Meson part of original
o 1k Au+Au at 10 GeV/u - CBM programme at SIS-300
O ] -1 A atsSIs-100:
o4l . B8Okevents A HADES: up to Ni+Ni at 13 AGeV
8107 | -
S | all p, A CBM: up to Au+Au 11 AGeV
g 2 1 A Measurement in di-electron channel
5™
10_6 | || | | |_
0 02040608 1 1.214161.8
M, [GeV/c?]
06 0™ "OMEP T'Od P w )
Multiplicity central 9 19 0.12
Multiplicity min. bias 2.25 4.74 0.03
branching ratio 4.7-107% | 7.1-107° | 3.1-107%
efficiency 4% 4% 5%
yield per week 51-10% | 1.6-10° | 5.6-103




CBMSensitivityfor OpenCharm

|. Vassiliev, Frankfurt

In p+A collisions up to 29 GeV:
charm production and propagation in cold

important reference for understanding

% p+A 29 GeV 1125 D" A
= 4
: A
3 nuclear matter
5 2 37D’
5 * A
k charm in A+A at SIS-300
{u: 300714 29 Gev 617D
:
§ 200/
® \ 290 D'
;T
‘w 100- W
T iy
L . . 0 it
14 1.6 1.8 2 2.2
m,,, (GeV/c?)
r‘_] 6 O ,OU (I) O l‘) [TE1}
\ o~ ~E T2~ 2 + — 0 -0
| 6k wOpaoyg D | D D D
Decay channel Ktatn— | K~n~at | Ko~ ntat | Ktatn—n
Multiplicity central | 2.7-107% | 5.5-107% | 2.9.107® 8.8-107%
Multiplicity min. bias | 9.0-107? | 1.8.107% | 9.7-107° 2.9.107%
branching ratio 9.5% 9.5% 8.1% 8.1%
efficiency 13% 13% 1.7% 1.7%
yield per week 67 134 8 24




CBMSensitivityfor OpenCharm

|. Vassiliev, Frankfurt

SRSV sy A In p+A collisions up to 29 GeV:
g 4 A charm production and propagation in cold
P nuclear matter
5 20 37D’ . .
E * A important reference for understanding
' M&l‘ charm in A+A at SIS-300
R L P — A In A+A collisions up to 10A GeV (heavy-
E : ions) and up to 14A GeV (Z/A=0.5)
- 200.{‘ o A close to or above threshold for'O (12
P loﬂwiﬂm GeV)and O (15 GeV)
E | Puiny A very challenging: extremely low
I Hlans, C e e
S multiplicities .
. . . “’]:"v( el ) [ Au+Au (central) :
n o NN wo p “ “ 10 ‘W:
4 e :
= - - v/'/“-
—— ———— - —5 £ 0 /”U/i;c/ 15
|y 6k woOfparogd D | D- | D D R 1
Decay channel Ktatn— | K~n~at | Ko~ ntat | Ktatn—n % 10.15 :
Multiplicity central | 2.7-107% | 5.5-107% | 2.9.107® 8.8-107% = ] 1
Multiplicity min. bias | 9.0-107? | 1.8.107% | 9.7-107° 2.9.107% 10_4§ |
branching ratio 9.5% 9.5% 8.1% 8.1% ] ;
efficiency 13% 13% 1.7% 1.7% oF 3
vield per week 67 134 8 24 1“10_, T T T

Energy [A GeV]



Muon Detection Performancat SIS100

A. Senger, Frankfurt

Start version |

Iron absorber: 20+205 cm
2 detector triplets:

GEM + TRD

¢ 0OPDEO G @O

oult Tp m A OATa0 G
yield per week: o gp TT*H

U subthreshold (11.1 GeV)

Start version Il

Iron absorber: 20+70+135 cm
3 detector triplets:

GEM + straw tubes + TRD

p 10 O@pd 0 6° uff WO



