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Hypernuclei production at CBM experiment: Theoretical models: SHM, DCM, UrQMD-+Hydro
* Single and double hypernuclei

Precise measurements of hypernuclei lifetime :-Iyplercr)lusclei at o
i : : y_..|<O0.
Measurement of branching ratios of hypernuclei o :H H iHe JHe |,

Direct access to the hyperon-nucleon (YN) interaction through 20 40 60 80 100 120 140 160,
measurements of Ba in a hypernucleus

“Hyperon puzzle” in the astrophysics: understanding of YN
interaction is crucial for neutron star physics

- Search for strange matter (e.g., heavy multi-strange objects)

Advantages of CBM:
- Highest production cross section for hypernuclei at CBM
energies (yet no experimental data)

A | - Complex topology of decays can be easily identified in CBM and
u,d quark plane helps suppressing the background thanks to precise tracking
_eutron nUILE and particle finding algorithm

- Reliable identification of produced hypersystems.

stable nucle © M. Kaneta, Department of Physics, Tohoku University  Access to AA-hypernuclei: high interaction rates, optimal 20 40 60 'A 613(/) 120 140 160
collision energies and clean identification [A GeV]

J. Steinheimer et al., “Hypernucle| dibaryon and antinuclei production in high energy
heavy ion collisions: Thermal production versus Coalescence,” Phys. Lett. B 714 (2012) 85
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central AuAu events

Experimental challenges at CBM

RICH TRD gy TOF CBM — future fixed-target heavy-ion NN ) ) v On-line reconstruction at the on

Ring ¥ Transition Resistive ] . .
meare | (BRSSO .. experiment at FAIR, Darmstadt, Germany. line farm with 60000 CPU
‘ ' ' equivalent cores.

10>-107 collisions per second High speed and efficiency of the
Up to 1000 charged particles/collision. reconstruction algorithms are

Free streaming data. NS | = f required.

No hardware triggers (HLT only). \ The algorithms have to be highly

On-line event reconstruction and selection is e ==~ p~——  parallelised and scalable.

required in the first trigger level. Wi . = . CBM event reconstruction: Kalman
MUCH | ECAL Epso T AT g ‘ Filter and Cellular Automaton.
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Feasibility study

—{An} o =1.7 MeV/c? : —{Ann} o = 1.9 MeV/c? x —3H 0= 1.8 MeV/c? : — %H o =2.1 MeV/c’ : — %He o =2.1 MeV/c? * AuAu, 10 AGeV, 5M central UrQMD events

S/B= 240,¢, =16.7% | & S/B=10.4, ¢, =8.9% = S/B=029,¢ =133% | ‘T | S/B=0.37,¢, =11.4% | "£200F S/B =191, ¢, =6.5%

; N _ p e - 4Hee3He - + thermal isotropic signal, TOF PID.
_ | _ | AH—"Hen | aH—"Hen F ”W - Background can be further reduced with
{An}—dn | {Ann}—tr - | | , h,'. '.w'l additional dE/dx PID.

e I * For 4AHe background can be reduced

. o D e do | selecting only primary hypernuclei.
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‘y ty i 4 . : : > | additional dE/dx PID.
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ERER SN : : 4 py_.3 : i L 1He—32He pm
| atle="He pr 14 ot Her - = pr | //‘ R + For SaHe and 5mH, background will be
| | A A | /A H—=SHer | reduced selecting only primary

| - ' hypernuclei.
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Further improvements

TOF + TRD TOF + STS Conventional method Missing mass method Pfsj_ib('je decays to be
studied.

* CBM can perform dE/dx PID in 3 = 3:H — SHe 1
two detectors: STS based on dprr
silicon strip detectors and TRD  —. _ 7 ppnT

based on gaseous detectors. / ) t e

S ————————— : 4H = 4He 1T
\ T ] = o The expected resolution should
dE/dx [keV/(cm)] tprr
P GeViel be enough to separate 1 and 2- ddmn

[3\H0=1_9Me\//02 _iH0=1_8MeV/02 : _[3\H0=1_9MeV/c2 Charged particles and Clean up ° The m|SS|.ng mass methOd for reconStrUCtK.)n Of Short- 3He n 'r[-
s-0sc,-raon | § | S/B=209 ¢, = 127% £, §/8.=208 ¢, = 127% 3He from proton contamination lived particles with a neutral daught_er partlcle was ppnT
‘H>Herwr and “He spectra from protons developed and added to the KF Particle Finder package. 4\He = 3He p

and deuterons. - Originally developed for the reconstruction of 2, =, Q dpprr

+ The studies of including dE/dx hyperons, the method can be applied to the hypernuclei. 4?—|2 Fr’lon T

» For better control over the systematic errors, all possible ddmo
channels should be studied. tpm

M? [(GeV/e)}
m? [GeV¥c?]
dE/d /300 um

31 .
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Conclusions

v CBM is perfectly suited for detection of hypernuclei thanks to PID precise and v Missing mass method: measurement of more hypernuclei decay channels — direct
precise tracking. measurements of branching ratios + tools for the control over systematic errors
Plans:
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v Algorithms developed for reconstruction hypernuclei with high efficiency and
statistical significance. Improve daughter particle PID using dE/dx method

v Observation of AA-hypernuclei is possible given the optimal energy at 107 st Add more decay channels
Interaction rate Study systematic errors
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