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Physics cases for hyperons and hypernuclei measurements
in dense baryonic matter
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Phase structure of QCD

A. Andronic et al., Nucl.Phys.A772:167 (2006)
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A Production Near Threshold in Central Nucleus Nucleus Collisions
J.W. Harris (Darmstadt, GSI), A. Sandoval (Darmstadt, GSI), R. Stock (Darmstadt, GSI), H. Strobele (Darmstadt, GSI), R.E.

Renfordt (Philipps U. Marburg) et al. (1981) Ar + KCI @ 1 8 AGEV
Published in: Phys.Rev.Lett. 47 (1981) 229—232|

PRODUCTION OF K+ MESONS IN 2.1-GEV/NUCLEON NUCLEAR COLLISIONS
S. Schnetzer (LBL, Berkeley), M.C. Lemaire (LBL, Berkeley), R. Lombard (LBL, Berkeley), E. Moller (LBL, Berkeley), S.

Nagamiya (LBL, Berkeley) et al. (1982) Ne + Pb NaF d p @ 2 1 AGeV
7 7 7 .
Published in: Phys.Rev.Lett. 49 (1982) 989-992
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Dense hadronic matter Equation — of — state

21.01.2024
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beam

Sub-threshold kaon production
* multi-step processes, using resonances/pions as intermediate energy storage
strongly dependent on density

* sensitive to the stiffness of the nuclear matter equation of state
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EOS determination from elliptic flow

A. Le Fevre, Y Leifels, W. Reisdorf, J. Aichelin, Ch. Hartnack, NPA A945 (2016) 112, arXiv:1501.02546
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Equation of State

HADES, Nature Phys. 15 (2019) 10, 1040-1045
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Multi-messanger signals from Neutron Star mergers
and HI collisions are complementary tools to study EOS.

High quality collective flow data needed.
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Reconstruction of short lived resonances in Hl

Subthreshold production

S* > A+m (871 2%)
I =39.4 MeV

ct =5fm

E n=2.33 GeV

X. Lopez et al. (FOPI), PRC 76, 052203(R) (2007)
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Masses and widths of 2* and K* consistent with PDG values.

Particle ratios can be described by thermal model.
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Freeze-out in high p; - region

Freeze-out data are well described by
Statistical Hadronization Model

A. Andronic et al., arXiv:0911.4806

)
)
=

(MeV

-

=

o
|

A
=
#
-
e %

| .
3 Y .
g 120 | C
(o} r e - A.Andronic et al.
E 100 O -J.Cleymans e al. L
S g0 [ eo-LHe L N
[ @0-RHIC ﬂ_ P
60 — ®O-SPS }
- 0mses % Hadronic
40 — e0-SIS
[ % -Ar+KCI (HADES @ SIS)
20 - 7 - Au+Au (HADES @ SIS) Liquid-Gas
0 -V -AsAlFOPI@SIS)
0 200 400 600 800 1000 1200 MN HB_)
chemical potential u (MeV) Quarkyonic Matter ?

L. McLerran and R. D. Pisarski, Nucl. Phys. A 796, 83 (2007).
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Heavy lon Physics at SIS100
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Deviations from Statistical Model

HADES data Transport Model Predictions

Ar + KCI 1.76 A GeV

G. Agakishiev et al., EPJA 52 (2016) 6, 178 PHSD W. Cassing, E. Bratkovskaya et al., Phys.Rev. C93 (2016), 014902
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Sensitivities of subthreshold particle production

e Equation-of-state (multi step production)

* In-medium properties of hadrons

* Contributions from partonic degrees of freedom (,,QGP“)
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Recent HADES results
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STAR Beam Energy Scan
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eTOF performance in STAR BES-II

3 layers Magnet i idi i =
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STAR BES-I results

Collective flow at \/Syv = 3 GeV STAR, Phys. Lett. B 827,137003 (2022)
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* Mean field necessay for proton/pion distributions Collision Energy \s (GeV)
* Strange particle flows not not described by models (JAM, UrQMD)
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STAR BES-I results

Collective flow of hypernuclei at \/syy =3 GeV STAR, Phys.Rev.Lett. 130,212301(2023)
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* Reduced strength in agreement with A - flow
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STAR BES-I: cluster formation

tXp STAR, Phys. Rev. Lett. 130 (2023) 202301

Yield ratio 77 sensitive to baryon density fluctuations and production mechanism
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Hypertriton excitation function

Hypernuclei as probe of strangeness — baryon density fluctuations ?
Production mechanism
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. IB;H yield described well by coalescence at high baryon densities
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Preview: Hypernuclei from Express Stream Production
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light hypernuclei are well measurable in STAR BES-Il acceptance with limited statistics

3-body decays offer opportunities to investigate internal structure
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Recent developments at FAIR

SIS100 primary beams:
* 10%s Auupto 11 GeV/u
* 10%s C, Ca, ... up to 14 GeV/u
* 10%/s pupto 29 GeV

Science evaluation in 2022
(chairs: R. Heuer, R. Tribble)

p-Linac 3/10 years
Unilac J‘/~ v /; . . )
J\/\/ . / e FAIR council committed to build MSV

Available budget is driver for decisions

S
A
Y
N
/(

N
[}

| FAIR project execution strategy:
; CBM
' y pbar target f ./
’ APPA Cave start with FAIR2028

= \7//
/ ES, FS, FS+
pbar ) 9,

i | " NUSTAR R3B
— Early Science . .. .
e FiFst Science — /__ Priority given by sequence

First Science + / ”1‘;,“ ES in 2027
s First Science ++ APPA / LEB / / ."5“ FSin 2028

MSV Completion / /HEB @ LEB ]
V\/(m) + in 2028

https://www.gsi.de/fileadmin/oeffentlichkeitsarbeit/fair/FAIR-report_221025.pdf

— GS| existing facility
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CBM - Building

i ol
-

'E40 Erjtranc.e / loading area
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Compressed Baryonic Matter %//@\\R

HADIES

F A I R 1: Time-Zero Detector & Beam Diagnostics 5: Ring Imaging Cherenkov Detector
2: Silicon Tracking System / Micro Vertex Detector 6: Transition Radiation Detector
3: Superconducting Dipole Magnet 7: Time of Flight Detector

iI= =1L

4: Muon Chambers 8: Forward Spectator Detector



Production yields of strange hadrons

«10° Ao-16Mevict | . x10° —Zo=21MeVIc? | g —Z" 6= 2.0 MeV/c? £200r —Q o = 2.4 MeV/c?
10~ S/B = 4.36 2100 S/B =10.7 E S/B = 60.8 O S/B =7.69
| . 2 T - z K-
[ A—prt Z—AT 200~ = —ATt : —
o 100+
— S ST S E—" __.....-‘-A JL A s sl --‘.‘!MMJ L&W"“*WM‘“‘*
0 L1 12 0 1.3 1.4 3 7 1.8
it 2 - 2
Au + Au, central, 10AGeV, = _ _ _ My (AT [GeVicT) My, (AK [GeV/e']
g 5 - Eventwise reconstruction of UrQMD events with KFParticle package
: . MC
= cs Particle | Multi- | Multi- Statistics estimation at R, ,=0.1 MHz
(mass plicity | plicity | decay BR e (%) for Q at T=10 AGeV
MeV/c?) |6AGeV |10 AGeV| mode
A(1115) |4.6.104| 0.034 | pm | 0.64 | 11 Signal counts per week:
§ ) Reco - =-(1321) | 0.054 | 0.222 | Aw 1 | 6 S, =Ry, 5 : Equty : Porod 31 foo/cen ’; BR ’; € oco ’; AT 5
g _ =110>*0.7 *510°*0.25 *0.68 *0.05 *6 10
& 50 =*(1321) [3.0-10°|5.4-104| Am* 1 3.3
* (1321) = 1.800.000
0 Q- (1672) |5.8:10%|5.6-108| AK- | 0.68 | 5
Q* (1672) ] 7.10°5 AK* 068 | 3 Statistics sufficient for YN correlation studies
. (femtoscopy)
’ Improvements possible by Machine Learning.
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CBM - Technological Goal

T. Galatyuk, https://aithub.com/tgalatyuk/interaction rate facilities, 2022

ng
YOSFISHAH NAGLSHINE

wlog % I I I T T T | I I I I .| T | o I %
I r CEMOFAR SIS100 Heavy ion collisions -
T, SR VY W W W —
_,q_,) 10 = J-PAZC-HI“ il =
— E —
© -5 .
ol 5
c10: o, E
O . NAGO+@SPS .
5 5 . g o ..... 0 ............ O —]
© 10 E_LAMPS ¢ =g ALCEQLHG 2
o = =
Q ~ @RACN SPHENIXGRHIC
4 HADES@GSI MPD@NICA T =
£10 Jatan u| =

103 ;— STAR FXT }:( STAR@RHIC *
2L P -
o: d
10;_ | | | I O I | | | | L1 | | % _;
1 2 3 4567 10 20 30 100 20

Collision energy \'s,, [GeV]

Mission:

Systematically explore QCD matter
at large baryon densities

with high accuracy and rare probes.

Disclaimer:
not all measurements benefit from the
highest possible rates.

21.01.2024 N.Herrmann, 60th International Winter Meeting on Nuclear Physics, Bormio, Jan2024 24



Hypernuclei production

US white paper, arXiv:2209.05009v1 [nucl-ex] 6 He double-h pernucleuDsCt Sl
Unique mterpretation!!
10 | - ="+ *C— AHe +‘He +t
2 | LNEEHERARHL............................ TSI J; Steinhelmer et al, PLB714, 85(12) | AHe — iHe +p+ 1
(o) — LARGE: A. Andronic, et al., PLBG97, 203(11)™] :
@ 107 | B g g
O B MA . & : o
= 1 0_3 = k&' A________ﬁ - ;
— — . o) 4He — =
E N O O 0 "] 8 s - ~
£ 10k soay ™ N
9 _L EE__ ‘ @ — 3 e
107 i -~ — :
5 [ mg® e e
Z 10°E _gjiHe ®.. =
= [ i ®... N
1 0_11 __ :__.-,-' AAE?HA?% _ a4 w, @_— "
® ¥ R R
- / S~ ~ - 5
10-13_| |‘.f ! C|BM| T ?hh“ N
3 5 10 20 30 o iat: i W ; \ ‘
CoII|S|on Energy Vs, (GeV) "NAGARA" event '

presented by E373(KEK-FS) on Jan.2001
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Hypernuclei measurements with CBM

55 T T T E| . .
> 10 ] . T3 Projection for 1.6 x 10! events:
© 10*E = IR (MHz) Runtime (days)
: 3 - CBM Simulations 0-5% Au+Au 7] 0.5 220
0 10°¢ g He — SHe p 7, B.R.=50% E 5 22
c\:/ . £=1.2%, S/B=0.4, 6=2.6 MeV/c® ]
— 10°F —
> S —=— 1.6x10'? ev 'measured' /R=500kHz 3 ) ) .y
= ok thermal B Production cross section, binding energy and
5‘ B branching fraction measurements
% 1 E are feasible with hadron setup
10_1; N down to thermal yields of ,~He .
10‘2? . Data set will contain all hypernuclei with larger
10_3; 5 T °F ] production cross section
10—4; i i i —i : for ~ 6 .
: 53 S Needed run time for ~ 100 ppHe :
10-5L . . T R 3 weeks at peak rate 10 MHz
3 4 5 6 7 8 910

Collision Energy \sy, (GeV)
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CBM status after June2023 Council

- = | = | = | = | =
o J

Funding — Decision TBI

A FS+ HEBT INSTAL.

Funding — Decision ACC

Funding v

Decision

= YY 11
Funding — Decision 5 E {g g FS+ (HEBT+CBM) Ready for Beam ’ .

FS+ Ready for Physics

X - latest date for funding decision of FAIR2028 components to keep the timeline

Designation Estimated
Date

FS+ cu rrently not fU”y funded. Award of contract 12/23
Current strategy: get subprojects approved step by step A CHTET AR L S o)) Qb
. / Conceptional Design Review (CDR) 12/24

magnet contract signed by FAIR management ST P ST T

next step: HEBT to CBM cave (due Dec. 2023) Final Acceptance Test FAT 12/26

Shipment incl. documentation 03/27

Site Acceptance Test (SAT) 06/27

All scientific committees very supportive for CBM in FAIR2028. Final Acceptance 09/27
Magnetic field mapping 12/27
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Status of CBM detector systems

Diagnostic T0

station
Halo

station

Beam Monitor (BMON)

- TO high purity pcCVD diamond demonstrator
successfully tested in mCBM 2022 runs , 1L}

- novel sensor technologies (LGAD, SiC) under ' ——
investigation )

Sensor == : -

arrangement = F ; Diamond interface PCB
with pneumatic drive

MIMOSIS-1

AC
&
H
}

MIMOSIS-2

DC DC
ALPIDE-like

Micro Vertex Detector (MVD)

- Intensive test campaigns of full-size MAPS prototype
MIMOSIS-1

- — MIMOSIS-2 needs re-submission

- Preproduction quadrant in preparation

!

Silicon Tracking System (STS)

- Revised modular design with 3+5 stations

- Ladder preproduction will be deployed in J-PARC E16
- Design of FEB8-2 and FEBS8-5 finished

- Module pre-production ongoing

21.01.2024 N.Herrmann, 60th International Winter Me
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CBM developments

M ‘ ' I PID
MVD ! P|Xe| STSS
MVD l l \STS 3+5
PID

21.01.2024

lu

Forward Spectator Detector (FSD)

- New design, likely based on ZnS scintillators and
LYSO crystals for central part

- Read-out via SiPM

- Readout electronics based on existing solutions

- Alternate readout by PMT under investigation

-  PWG input mandatory

| ‘ Upgrade to Forward Spectrometer (?)
nner tracker - PANDA straw tube tracker

Acceptance - Neutron detection
upgrade.
Inner Tracker (MVD/STS) performance and upgrade
- Physics projections of measurement of excitation function
(target position, material budget)
- Physics projections for strip -> pixel transition
CBM 2028 - Pixel technology

(

Next step: Workshop "Prospects for complementary instrumentation in CBM*,
May 2024, GSI
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With mCBM towards CBM

MCBM@SIS18

top view
mCBM 2022

benchmark runs

\ -
= wamva AV

' target
- MVD
Sts,

CBM full-system test setup at SIS18/GSI comprising
pre-series productions of all CBM detector systems:

TO 16+16ch pcCVD diamond, 1x1cm?, 80 um, part of BMON

STS 11 modules, 6x6cm? and 6x12cm? double-sided silicon-strip sensors, 5 ladders on 2 stations
MUCH 2 GEMs M2 modules (MUCH 1+2), 1 RPC (MUCH 3+4)

TRD 2 MWPCs with rect. pad (TRD1D, outer region), 1 MWPC with triang. pads (TRD2D, inner part)
TOF 8 MRPCs modules in 2 stacks

RICH 2 aerogel radiators (2 20x20cm?), 36 MAPMTs

FSD and MVD test systems in preparation
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The free-streaming CBM DAQ and data processing

/| DAQ container 1
i/ S
CRI (PCle)
@ FLES
| —r optical ‘
entry e fivers NN
nodes [ _ . -

i | optical
fibers

;('he ﬁCBﬂprenment 20m
g GSI SIs18 FLES
March 27, 2022 processing
CRI = BNL FLX-712v2 nodes

: Timeslice Building :_
TFC -k PN T
triggerless- (CRibased) % f---- e
! [
streaming FEE . 0 m CRI FPGA 300 m " _R_egczn_s\kt_rtic_tic_)rl N
assignin GBTx - ildi P S
assigning =0 oer optical pSlice building — Green \™ £ -~ selection |
time stamps optical = - M A v !
to hits FLES entry nodes Cube S5 ‘archiving |
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N\ reconstruction in Ni+Ni collisions at 1.93 AGeV

Data, run 2391, total run duration 1:57h MC, similar reconstruction chain
4x to 5x107 ions per spill, 10s spill 100 M generated events

400 - 500 kHz average collision rate, 10° events /s

500 M triggered events 63.7 M triggered events

T P : :
% 60 —Sameevent E — Same event
'>—_ Mixed event >—_ Mixed event
: : —Same - Mixed — Same - Mixed
Mean 1.1169 GeV
40 _ ________________________ ____________ ::r:l ;;;f? 3:: | | Mean ;.;(1]3: GeV
B H : . : : Signal 526
::gnzljﬁzm 50 _ .......................... ............ s;g 0264
Sgnf 21.10 : + Sgnf 21.89
B Prob 1.01e-06 : Prob} 8.26e-06
20 _ ....................... ............................... ............................... Dre“mlnarv '
N | _data analysis | oreliminary
o i { IN Progress ST ' : ;
0 ﬂ| flc B % P P 0 ﬁwi ,,:}E’H#WMMW
LH|E||||||||||||||||| iIIII|IIII|I||||||

11145 12 125 1.1 115 1.2 1.25
[GeV My [GeV

F-\lR rare signal reconstructed — development of background description and efficiency corrections ongoing .

|nv
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mCBM campaigne 2023 / 2024

mCBM 2024/25

2023, Dec. 15- 19
2024, Mar. 2 - 24
2024, May 6 - 13

2024, June 12 - 15

21.01.2024

MUCH

y MUCH  egp taken from

RPC mod‘ \'H Julich TOF Calorlmeter
RD1D L‘ ‘
TRD2D ‘”‘ '; V 7 i
NN = ! Y soxteis
N | l‘: - ‘
B i - ! [~
| ‘
AN " RICH  pgpe
neutron det.
at 25°

High-rate TOF tests during machine engineering runs
Commissioning for benchmark run with Au beam

Ni+Ni benchmark run
N production excitation function at 1.93, 1.58, 1.23, 1.0 AGeV,
online reconstruction and selection (events with A candidate)

Rate scans with U beam
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Conclusion

New data on strangeness production and propagation at high baryon densities
e strange particle flow at 3 GeV

* hypernuclei production at high pg

« density fluctuation observables

CBM scientific program at SIS100 is unique

« explore QCD matter at neutron star core densities

« employ high statistics capability
— to achieve high-precision of multi-differential observables
— to enable rare processes as sensitive probes

CBM prepares for start of data taking in 2028 with significant discovery potential.

« systematic study of light hypernuclei production and properties 4
« excitation function of hyperon production C L Wk Gluonen
« excitation function of proton number fluctuations 5|8 °”’§’7ZZ,%

. . . . . © = e, e
 excitation function of di-lepton production 2] O T
e emerging proton beam program k5

Hadronen A&

CBM collaboration is open for new ideas and new members. Rt Neutronensterna:  Supialeiiungs

Kernmateriedichte

21.01.2024 N.Herrmann, 60th International Winter Meeting on Nuclear Physics, Bormio, Jan2024 35






CBM collaboratio

Romania  Ukraine l _—‘)

3%
7%
_\

Czechia
2%

Poland
11%
Korea
0,4%

C India

20%

Hungary _—~
1%
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