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Discovery of Hypernucleus
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The first observation of hypernucleus is made by Danysz and 
Pniewski in 1952 in a cosmic ray experiment

4c D.H. Davis / Nuclear Physics A 754 (2005) 3c–13c

Fig. 1. The first observation of the decay of a hypernucleus.

announce that a very similar event had been found at Imperial College London. Thus the
Warsaw event was published, the more likely explanation being the trapping and subse-
quent decay of a bound V 0

1 particle (! hyperon) although the delayed disintegration of
a long-lived mesonic atom remained a possibility. These conclusions were reinforced by
the London event which was published as the following paper in the Philosophical Mag-
azine [2]) and these authors computed that the explanation of the two events as chance
juxtapositions had a probability of 10−8. The first mesonic decay was soon reported which
finally laid to rest the mesonic atom hypothesis [3]. The first three events were found in
glass-backed emulsion plates so the events were never completely recorded in a detector
which was only 400 or 600 µm thick. With the innovation of stacks of stripped emulsion
pellicles the first complete event was found the following year. It was an example of 3!H
decaying via

3
!H→ π− + 3He

and confirmed that the bound particle was a ! hyperon [4].
After these initial cosmic ray observations, exposures of emulsion stacks were made

to accelerator proton and pion beams but the rates of production were low and there was
much background. The advent of separated beams of K− beams in the late fifties changed
this situation with copious production with little background since the required negative
strangeness was already present in the beams. Most of these early studies used emulsions
since they possess the high spatial resolution, ! 1 µm, necessary to resolve the production
and decay disintegrations. Hypernuclei are heavy, often multiply charged, are usually pro-
duced with low kinetic energies and as a consequence often have ranges in emulsion of
only a few microns. The disadvantage of emulsion is that it presents a mixture of target nu-
clei, hydrogen, the light nuclei, carbon, nitrogen, and oxygen, and the heavy nuclei, silver

Juxtaposition of two unrelated events?
Fragment carries a bound pion?
Fragment carries a bound V0?
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A New Dimension to the World of Nuclei
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S=-1

S=-2

S=-0

Strangeness

Lightest hypernucleus
Λ
3H(p+n+Λ)(Hypertriton)

Helps to understand strong interactions
Helps to study neutron stars

Helps to study baryon octet
Easiest to be produced 

in HIC

Hyperon-Nucleon(Y-N) Interaction
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Physics of Hypertriton
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Binding Energy?

Mass?

Lifetime?

2.991GeV 2.809GeV

12.32 years

8.48MeV

~2.63e-10s

0.13 ± 0.05MeV

3H

Comparison with Triton
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Sensitivity to QCD Phase Transition
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Figure 7: The Strangeness Population Factor RH = (3
Λ
H/3He) · (p/Λ)

as a function of √sNN for most central collisions of Pb+Pb/Au+Au.
We compare results from the thermal production in the UrQMD hy-
brid model (lines) with coalescence results with the DCM model
(symbols). The red line and symbols denote values of RH where the
Λ yield has been corrected for the Σ0 contribution.

nuclei ratio is still larger. Hence, the Λ is more likely
to form a hypernucleus. There seems to be a stronger
correlation in the transport calculation as in the hydro-
dynamic description. In fact the qualitative behavior of
RH closely resembles the behavior that is expected for
cBS , the baryon-strangeness correlation, for a hadronic
gas [66]. This observation leads to the conclusion that
the information on correlations of baryon number and
strangeness is lost in the thermal calculation because
here RH essentially only depends on the temperature.
On the other hand, in the microscopic treatment the cor-
relation information survives and RH captures the trend
of cBS .

5. Conclusion

We have presented results on hyper-nuclei, anti-
nuclei and di-baryon production in heavy ion collisions
over a wide beam energy range. To explore the theoret-
ical uncertainties we applied two distinct approaches:
firstly, the thermal production with the UrQMD-hydro
hybrid model and secondly, the coalescence calculation
within the Dubna hadron cascade model. Concerning
most hyper-nuclei and di-baryons both approaches
agree well in their predictions which gives us confi-
dence in robustness and significance of the obtained
results. We find that both the non-equilibrium and
thermal models may be considered as appropriate
approaches to describe strange cluster production.

Figure 8: Single ratios of (3
Λ
H/3He) (black solid line and circles) and

Λ/p (blue dashed line and squares) from the UrQMD hybrid model
(lines) and DCM model (symbols).

In agreement with previous studies we demonstrate
that the most promising energy range to produce
hyper-clusters will be provided by the FAIR and NICA
facilities, Elab ≈ 10 - 20A GeV. Anti-matter clusters
heavier than  t are only feasible at RHIC and LHC
energies.

The most interesting result of our study is the appar-
ent difference in the double ratio RH when we compare
our thermal results with the coalescence. This differ-
ence indicates that the information on correlations of
baryon number and strangeness are visible in the micro-
scopic coalescence approach, while they are washed out
in the thermal picture. This could open the opportunity
to directly measure the strangeness-baryon correlation,
which may be sensitive to the onset of deconfinement.
The present status of the experimental data does unfor-
tunately not allow for a comprehensive comparison with
our model calculations. We hope that this situation will
improve in the upcoming RHIC energy scan and FAIR
experiments.
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Strangeness Population Factor

S3= Λ
3H ( 3He × Λ p)

 It is predicted that the beam energy dependence of       would behave 
differently in pure hadron gas and QGP.

Dubna Casacade Model

UrQMD+hydro

226 S. Zhang et al. / Physics Letters B 684 (2010) 224–227

Fig. 1. (Color online.) The Wigner phase-space density ρ for 3
ΛH from melting AMPT (left panel) and default AMPT (right panel) as a function of (Λ, p) pair momentum.

Densities are shown for
√

sNN = 5 GeV, 17.3 GeV and 200 GeV. The distributions have been normalized by the number of events at each collision energy.

Fig. 2. (Color online.) The S3 ratio as a function of beam energy in minimum-
bias Au + Au collisions from default AMPT (open circles) and melting AMPT (open
squares) plus coalescence model calculations. The available data from AGS [33] are
plotted for reference. The Λ/p ratios from the model are also plotted.

CBS = −3
〈B S〉 − 〈B〉〈S〉
〈S2〉 − 〈S〉2 , (4)

where B and S are the global baryon number and strangeness
in a given rapidity window in a given event. As pointed out in
Ref. [12], a suitable rapidity window is important to retain the fluc-
tuation signal. We choose the rapidity window of −0.5 < y < 0.5
for the present analysis. Fig. 3 shows the CBS in minimum-bias
Au + Au collisions as a function of center-of-mass energy from
the AMPT model. From top SPS to RHIC energy, the CBS lies be-
tween 0.2 and 0.4, and is lower than the expected value of unity
for an ideal QGP or 2

3 for a hadron gas [8]. In addition, we find
that the CBS values from melting AMPT and default AMPT are
comparable over a wide energy range. As discussed in Ref. [12],
the recombination-like hadronization process itself could be re-
sponsible for the disappearance of the predicted CBS deconfine-
ment signal. Detailed study indicates that the hadronic rescatter-
ing process further blurs the signal [13]. The CBS increases with
an increase of the baryon chemical potential µB [8] at decreas-
ing beam energy. The Strangeness Population Factor S3, on the
other hand, increases with beam energy in a system involving

Fig. 3. (Color online.) The comparison between S3 and CBS in minimum-bias Au+Au
collisions at various beam energies.

partonic interactions, as shown in Fig. 3. It carries the potential
to reliably resolve the number of degrees of freedom of the sys-
tem created in heavy-ion collisions. This suggests that the global
baryon-strangeness correlation coefficient (CBS) is less sensitive to
the local baryon-strangeness correlation than the Strangeness Pop-
ulation Factor (S3) from hypernucleus production. Future precise
measurements in comparison with our calculations will provide
further insight into these physics questions that are of central im-
portance to relativistic heavy-ion physics.

In summary, we demonstrate that measurements of Strangeness
Population Factor S3 are especially sensitive to the local correlation
strength between baryon number and strangeness, and can serve
as a viable experimental signal to search for the onset of decon-
finement in the forthcoming RHIC Beam Energy Scan.
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Lifetime
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It is promising to obtain an improved lifetime measurement result using present datasets.

free Λ→
nπ 0 (~35.8%)
pπ − (~63.9%){ bound Λ→ nonmesonic(Λ+N→N+N) 

mesonic (suppressed){

Previous Measurements(before 1973): 
Use nuclear emulsion or bubble chamber
Accepted hypertriton events: less than 80

STAR 2010 Measurement
Run4 200GeV minbias 22M
Run4 200GeV central 23M
Run7 200GeV minbias 68M

STAR 2010+2011 Datasets
Run10 200GeV minbias ~223M
Run10 200GeV central ~199M
Low Energies minbias ~213M

differences in the total yields using different cuts
are found to be less than 15%. The total
systematic error in the present analysis is 15%.

The parent candidate invariant mass is
calculated on the basis of the momenta of the
daughter candidates at the decay vertex. The
results are shown as the open circles in Fig. 3A
for the hypertriton, 3LH → 3He + p−, and in Fig.
3B for the antihypertriton, 3

LH → 3He + p+.
There remains an appreciable combinatorial back-
ground in this analysis, which must be described
and subtracted. A track rotation method is used
to reproduce this background. This approach
involves the azimuthal rotation of the daughter
3He (3He) track candidates by 180° with respect
to the event primary vertex. In this way, the event
is not changed statistically, but all of the
secondary decay topologies are destroyed be-
cause one of the daughter tracks is rotated away.
This provides an accurate description of the
combinatorial background. The resulting rotated
invariant mass distribution is consistent with the
background distribution, as shown by the solid
histograms (Fig. 3, A and B). The rotated
background distribution is fit with a double-
exponential function: f (x) º exp[−(x/p1)] −
exp[−(x/p2)], where x = m − m(3He) − m(p), and
p1, p2 are fit parameters. Finally, the counts in the
signal are calculated after subtraction of this fit
function derived from the rotated background. In
total, 157 T 30 3

LH and 70 T 17 3
LH candidates

are thus observed. The quoted errors are statistical.
Production and properties. We can use the

measured 3
LH yield to estimate the expected yield

of 3
LH, assuming symmetry between matter and

antimatter, in the following manner: 3
LH = 3

LH ×
3He/3He = 59 T 11. This indicates a 5.2s
projection of the number of 3

LH that is expected
in the same data set where 3

LH, 3He, and 3He
are detected. An additional check involves fitting
the 3He + p invariant mass distribution with the
combination of a Gaussian “signal” term plus the

double-exponential background function (blue
dashed lines in Fig. 3, A and B). The resulting
mean values and widths of the invariant mass
distributions are consistent with the results from
the full detector response simulations. Our best-
fit values (from c2 minimization) are m(3LH) =
2.989 T 0.001 T 0.002GeV/c2 andm(3LH)=2.991 T
0.001 T 0.002 GeV/c2. These values are consist-
ent with each other within the current statistical
and systematic errors, and are consistent with the
best value from the literature [i.e., m( 3LH) =
2.99131 T 0.00005 GeV/c2 (16)]. Our systematic
error of 2 MeV/c2 arises from well-understood
instrumental effects that cause small deviations
from ideal helical ionization tracks in the TPC.

Lifetimes. The direct reconstruction of the
secondary decay vertex in these data allows
measurement of the 3

LH lifetime, t, via the
equation N(t) = N(0) exp(−t/t), where t = l/(bgc),
bgc = p/m, l is the measured decay distance, p is
the particle momentum, m is the particle mass,
and c is the speed of light. For better statistics in
our fit, the 3

LH and 3
LH samples are combined, as

the matter-antimatter symmetry requires their
lifetimes to be equal. Separate measurements of
the lifetimes for the two samples show no
differencewithin errors. The signal is then plotted
in three bins in l/bg. The yield in each bin is
corrected for the experimental tracking efficiency
and acceptance. The total reconstruction efficien-
cy for the 3

LH and 3
LH is on the order of 10%,

considering all sources of loss and the analysis
cuts. The three points are then fit with the
exponential function to extract the parameter ct,
and the best-fit result is displayed as the solid line
in Fig. 4A. To arrive at the optimum fit, we
performed a c2 analysis (Fig. 4A, inset). The ct
parameter that is observed in this analysis is
ct ¼ 5:5þ2:7

−1:4 T 0:8 cm, which corresponds to a
lifetime t of 182þ89

−45 T 27 ps. As an additional
cross-check, the L hyperon lifetime was ex-
tracted from the same data set using the same

approach, for theL→ p + p− decay channel. The
result obtained is t = 267 T 5 ps, which is
consistent with t = 263 T 2 ps compiled by the
Particle Data Group (19).

The 3
LH lifetimemeasurements to date (25–31)

are not sufficiently accurate to distinguish between
models, as depicted by Fig. 4B. The present
measurement is consistent with a calculation using
a phenomenological 3

LH wave function (14) and
is also consistent with a more recent three-body
calculation (15) using a more modern description
of the baryon-baryon force. The present result is
also comparable to the lifetime of freeL particles
within the uncertainties, and is statistically com-
petitive with the earlier experimental measurements.

Coalescence calculations. The coalescence
model makes specific predictions about the ra-
tios of particle yields. These predictions can be
checked for a variety of particle species. To de-
termine the invariant particle yields of 3

LH and
3
LH, we apply corrections for detector accept-
ance and inefficiency. The 3

LH and 3
LH yields are

measured in three different transverse momen-
tum (pt) bins within the analyzed transverse
momentum region of 2 < pt < 6 GeV/c and then
extrapolated to the unmeasured regions (pt < 2
GeV/c and pt > 6 GeV/c). This extrapolation
assumes that both 3

LH and 3
LH have the same

spectral shape as the high-statistics 3He and 3He
samples from the same data set (see Table 1).
If the 3

LH and 3
LH are formed by coalescence of

(L + p + n) and (L + p + n), then the produc-
tion ratio of 3

LH to 3
LH should be proportional

to [(L/L) × (p/p) × (n/n)]. The latter value can
be extracted from spectra already measured by
STAR, and the value obtained is 0.45 T 0.08 T
0.10 (23, 24). The measured 3

LH=3LH and
3He=3He ratios are consistent with the interpre-
tation that the 3

LH and 3
LH are formed by coales-

cence of (L +p +n) and (L + p + n), respectively.
Discussion. As the coalescence process for

the formation of (anti)hypernuclei requires that
(anti)nucleons and (anti)hyperons be in proxim-
ity in phase space (i.e., in coordinate and
momentum space), (anti)hypernucleus produc-
tion is sensitive to the correlations in phase-space
distributions of nucleons and hyperons (6). An
earlier two-particle correlation measurement
published by STAR implies a strong phase-space
correlation between protons and L hyperons
(32). Equilibration among the strange quark
flavors and light quark flavors is one of the
proposed signatures of QGP formation (33),
which would result in high (anti)hypernucleus
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Fig. 4. (A) The 3
LH (solid squares) and L (open circles) yield distributions versus ct. The solid lines

represent the ct fits. The inset depicts the c2 distribution of the best 3LH ct fit. (B) World data for 3LH
lifetime measurements. The data points are from (26–31). The theoretical calculations are from
(14, 15). The error bars represent the statistical uncertainties only.

Table 1. Particle ratios from Au + Au collisions
at 200 GeV.

Particle type Ratio
3
L
H=3LH 0.49 T 0.18 T 0.07

3He=3He 0.45 T 0.02 T 0.04
3
L
H=3He 0.89 T 0.28 T 0.13

3
LH=

3He 0.82 T 0.16 T 0.12

2 APRIL 2010 VOL 328 SCIENCE www.sciencemag.org60

RESEARCH ARTICLES

STAR Collaboration, SCIENCE 328, 58 (2010)
Previous Measurement
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Hypertriton Study at RHIC STAR
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STAR Detector at RHIC
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★ STAR: a complex set of various detectors, a wide range of measurements 
and a broad coverage of different physics topics.  

★ TPC: effectively 3-D ionization camera with over 50 million pixels. 
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Daughter Identification
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Λ
3Η

Statistics: Run7+Run10+Run11 minbias+central,  totally 609.89M events

bin width: 4MeV

Λ
3H+Λ

3H produced: 602 ±  63 significance: 9.6σ
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bin width: 2MeV

Background Estimation: Rotated background fit
Signal: Bin-bin counting in a fixed mass range : [2.986, 2.996] GeV
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          Production in Separate Energies
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STAR Preliminary

3Ηe pT  Spectra
3Ηe pT  Spectra3Ηe PID and Efficiency

STAR Preliminary

                        becomes harder with the increase of beam energy. From this spectra,                     
              ratio can be obtained by dividing their yields in      range [2,5]GeV/c 

3Ηe pT  Spectra
Λ
3H / 3Ηe

STAR Preliminary

pT
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              Beam Energy Dependence of                   
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With present statistics, the strangeness population factor indicates (with 1.7    ) 
an increasing trend with the increase of energy(from 5.2GeV to 200GeV)

σ

STAR Preliminary
STAR Preliminary

S3
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Lifetime Measurement
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N(t) = N(0)× e− t /τ = N(0)× e
− l
βγ

cτ
,  l  is the decay length

Radioactive Decay Law

Datasets: 
Run10 7.7,11.5,39,200 minbias, 

Run10 200 central, 
Run11 19.6, 27 minbiasSTAR Preliminary

STAR Preliminary STAR PreliminarySTAR Preliminary

4 Bins:
[2,5]cm, [5,8]cm, [8,11]cm, [11,41]cm
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Systematic Study on Lifetime
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Bin Width

Different Cuts

Present is 4MeV bin, τ  fit result is 123± 24ps
For 2MeV bin, τ  fit result is 116 ± 23ps

Systematic error due to binning is 5.7%

Change cuts 1):  τ :120 ± 30ps

Systematic error due to cuts is 6.2%

Change cuts 2):  τ :130 ± 28ps

Total Systematic Error: ~8.4%

Absorption
Hypertriton interacts with air and detector structure materal

 e
−
σ

Λ
3H+material

σ p+material
⋅ l
λT /ρ  e

−
σ

Λ
3H+p

σ p+p
⋅ l
λT /ρ < e

−
σ pd+σ pΛ

σ pp
⋅ l
λT /ρ

Absorption effect is less than 1.5% and can be neglected
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Lifetime Measurement
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τ = 123±22
26 ±10psSTAR 2012 result:

STAR Preliminary

H
 li

fe
tim

e(
ps

)
3 R 

0

50

100

150

200

250

300

350

400

450

PR136,6B(1964)

PRL20,
819(1968)

PR180,1307(1969)

NPB16,
46(1970)

PRD1,
66(1970)

NPB67,
269(1973)

STAR
SCIENCE

328,58(2010)

STAR
Preliminary

 (pdg) Rfree 
(STAR Preliminary) R

STAR 2012 Result
Dalitz, 1962

(cm)γβdecay-length/
2.5 3 3.5 4 4.5 5 5.5

  C
ou

nt
s

H
Λ3

H
+ 

Λ3  

0

1

2

3

=1.582χ

=0.582χ

 cm0.65
0.77±=3.69τc

τ = 138 ±20
23 psSTAR 2010+2012 combined fit:



Yuhui Zhu HENPIC EVO, November 8th, 2012

Outlook
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Smaller Lifetime?

Modifications to the previous theoretical assumptions

1. Decay rates?
2. Binding energy?

Different Construction?  

Thanks!

p n

Λ

p

n

Λ


