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*R Hypernucleus

Hypernucleus: Nucleus which contains at least one hyperon in addition to nucleons.

Hyperon-Nucleon
(Y-N) Interaction

Helps to understand strong interactions
Helps to study baryon octet
Helps to study neutron stars

Binding energy and
lifetime are sensitive to
Y-N interactions
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Hypertriton is a local baryon-strangeness

correlation system

Strangeness Population Factor

S,= H/CHex A/p)

A/ps

It is predicted that the beam energy dependence of S,

Sensitivity to QCD Phase Transition
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NNYHW T IIYYHW T IIYYHW T T

would behave differently in pure hadron gas and QGP. Y Y
10 10 10°
\/s\ (GeV)
S.Zhang et al., PLB 684 (2010) 224 J. Steinheimer et al.,PLB 714 (2012) 85
1-6 T T L B R R T T L B 15 T w7 L LB R | T T T T ! 15
- 3
1.4 1)3Hgﬁ —F+— Melting AMPT + Coal. e ..D.ubna Casacade Model ’
. B P 5 Default AMPT + Coal. 1.2 ¢ 11.2
al ® ES864/AGS (expt. data) . Coe o ¢
O 1 - 2) A/p [ N |
.c% i “A- Melting AMPT 0.9- ", 1109
o 08 -6~ Default AMPT pl L
0.6 I 061 T UrQMD+hydro 106
0.4 _— I ‘/
I 0.3- — 103
0.2 " withZ
- N without =°
0 0.0 -4—F——— - —— 0.0
3 10 100
1 Vs, [GeV]
\/Spy (GeV)
Yuhui Zhu Quark Matter 2012, Washington DC, August 12-18, 2012


http://arxiv.org/find/nucl-th/1/au:+Steinheimer_J/0/1/0/all/0/1
http://arxiv.org/find/nucl-th/1/au:+Steinheimer_J/0/1/0/all/0/1

Yrar

pi (~63.9%)
free A — {mro(~35.8%)

bound A — { mesonic (suppressed)

nonmesonic(A+N—N+N)

Previous Measurements(before 1973):
Use nuclear emulsion or bubble chamber

Accepted hypertriton events: less than 80 g
)

STAR 2010 Measurement jS
Run4 200GeV minbias 22M :G:J'
Run4 200GeV central 23M —
Run7 200GeV minbias  68M m:li

STAR 2010+2011 Datasets

Runl10 200GeV minbias ~220M
Run10 200GeV central ~180M
Low Energies minbias  ~212M

Hypertriton Lifetime Measurement

Previous Measurement

STAR Collaboration, SCIENCE 328, 58 (2010)
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It is promising to obtain an improved lifetime measurement result using present datasets.
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STAR Detector

Time Projection Chamber

(0<¢<2m, n[<1)
Tracking — momentum
Ionization energy loss — dE/dx

Particle Identification
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*R Datasets and Analysis Method

% Datasets

Datasets Used

Runl0 7.7GeV minbias ~4 M
Runl0 11.5GeV minbias ~11 M
Runll 19.6GeV minbias ~31 M
Runll 27GeV minbias ~49 M
Runl10 39GeV minbias ~118 M
Runl10 200GeV minbias ~223 M
Runl0 200GeV central ~199 M
Run7 200GeV minbias ~56 M

% Analysis Method: Secondary Vertex Finding Technlque

% Find helium-3 and pion helices

* Analyze each possible helium-3 and pion pair and give appropriate

VO cuts

% Plot the invariant mass spectra

Yuhui Zhu

Secondary vertex finding
technique

JH— He+1"

Vertex
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Daughter Identification

dat
dE | dx“"
Z = ln( Bichsel )
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Total ;H Production

Statistics: Run7+Run10+Runll minbias+central, totally 609.89M events
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R °H Production in Separate Energies

~H+-H produced at /S, =7.7,11.5,19.6,27,39,200GeV (minbias)
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*He p, Spectra

3 . 3
He PID and Efficiency He p, Spectra
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*He p, Spectra becomes harder with the increase of beam energy. From this spectra,
JH/’He ratio can be obtained by dividing their yields in pyrange [2,5]GeV/c
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Beam Energy Dependence of S,
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With present statistics, the strangeness population factor indicates (with 1.70)
an increasing trend with the increase of energy(from 5.2GeV to 200GeV)
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Lifetime Measurement

Radioactive Decay Law l
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*R Systematic Study on Lifetime

Absorption
Hypertriton interacts with air and detector structure materal
_02H+material. [ _GIEH-Fp. [ _Gpd+GpA. [
e Gp+material )‘T/p ~e O-p+p AT/p < e Gpp AT/p

Absorption effect is less than 1.5% and can be neglected

Bin Width
Present 1s 4MeV bin, 7 fit result 1s 123 = 24ps
For 2MeV bin, 7 fit result 1s 116 £ 23ps
Systematic error due to binning is 5.7%
Different Cuts

Change cuts 1): 7:120 = 30ps Change cuts 2): 7:130 = 28ps

Systematic error due to cuts is 6.2%

Total Systematic Error: ~8.4%
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Lifetime Measurement
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*R Conclusions and Outlook
Ay

* Over 600 JH+ “H are reconstructed with 9.60 significance

*x H+ iP_I signal at separate energies 1s reconstructed

% Strangeness population factor tends to increase with energy with 1.70

* A statistically improved lifetime 7 = 12342 +10 ps is obtained.

.- ______...g

% Subsequent study on the lifetime related physics

% RHIC BES-II Project to improve the low energy statistics

| Fharnles!
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V0 cuts at separate energies

Runl0 Runl0 Runll Runll RunlO Runl0 Runl0 Run7 200
7.7 11.5 19.6 27 39 200(minbias) 200(central) minbias
dcalto2 <l.0cm | <0.8cm | <0.9cm <1.0cm | <1.0cm <0.8cm <1.0cm <1.0cm
vOdca <l.0cm | <0.8cm | <1.0cm  <1.0cm  <0.9cm <1.0cm <l.lcm <1.0cm
dca(helium-3)  <1.0cm <1.0cm | <1.0cm <I1.0cm | <1.0cm <1.0cm <1.0cm <1.0cm
dca(pion) >0.9cm | >0.8cm | >1.0cm  >1.2cm | >0.7cm >1.0cm >0.9cm >(0.8cm
V0 decaylength >2.4cm  >2.1cm | >3.3cm | >3.5cm | >2.0cm >3.3cm >2.6cm >2.4cm

VO cuts for lifetime measurement

VO cuts dcalto2 dca(heium-3)

dca(pion)

v0 decaylength

<1.0cm <1.0cm <1.0cm >(.8cm >2 4cm

Difference cuts for systematic study on lifetime

Present cuts: [ > 2.4cm,dca()>0.8cm,dcalto2<1.0cm,vOdca<1.0cm
Change cuts 1): [ >4.0cm and dca(r)>1.2cm, 7:120 £+ 30ps
Change cuts 2): dcalto2<0.7cm and vOdca<0.7cm, 7:130+28ps
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Validity to combine different datasets to calculate lifetime

3 .
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