
 Measurement
of Hyper-Triton Lifetime

at STAR

Yifei Xu
for the STAR Collaboration



Yifei Xu

Outline

2

• Motivation
• RHIC and STAR
• Dataset 
• Invariant mass result
• Lifetime
• Branching ratios
• Summary



Yifei Xu

Motivation

3

The first hyper nucleus was observed in 1952. 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

M. Danysz and J. Pniewski, Phil. Mag. 44 (1953) 348

YN interaction will help to 
understand strong interactions 
and neutron stars.

primary collision vertex near the center of the
TPC. The 3

LH travels a few centimeters before
it decays. One of the possible decay channels is
3
LH → 3He + p+, which occurs with a branching
ratio of 25% (assuming that this branching
fraction is the same as that for 3

LH) (15). The
two daughter particles then traverse the TPC
along with the hundreds of other charged
particles produced in the primary Au + Au
collision. The trajectories of the daughter par-
ticles are reconstructed from the ionization trails
they leave in the TPC gas volume (shown in Fig.
2 as thick red and blue lines for 3He and p+,
respectively). The energy loss by these particles
to ionization in the TPC, 〈dE/dx〉, depends on the
particle velocity and charge. Particle identifica-
tion is achieved by correlating the 〈dE/dx〉 values
for charged particles in the TPC with their mea-
sured magnetic rigidity, which is proportional to
the inverse of the curvature of the trajectory in the
magnetic field. With both daughter candidates di-
rectly identified, one can trace back along the two
helical trajectories to the secondary decay point,
and thereby reconstruct the location of the decay
vertex as well as the parent momentum vector.

Particle identification. Figure 3 presents
results from the antihypertriton analysis outlined
above, along with results from applying the same
analysis to measure the normal matter hyper-
tritons in the same data set; only the sign of the
curvature of the decay products is reversed.
Figure 3C shows 〈dE/dx〉 for negative tracks as
a function of the magnetic rigidity; the different
bands result from the different particle species.
The measured 〈dE/dx〉 of the particles is com-
pared to the expected value from the Bichsel
function (19), which is an extension of the usual
Bethe-Bloch formula for energy loss. A new
variable, z, is defined as z = ln(〈dE/dx〉/〈dE/dx〉B),
where 〈dE/dx〉B is the expected value of 〈dE/dx〉
for the given particle species and momentum.
The measured z(3He) distributions for 3He and
3He tracks (Fig. 3D) include 5810 3He and 2168
3He candidates with |z(3He)| < 0.2. The first few
3He candidates were observed at the Serpukhov
accelerator laboratory (20), followed by confir-
mation from the European Organization for

Nuclear Research (CERN) (21). In 2001, a
sample of 14 3He antinuclei was reported by
the STAR collaboration (22). The 3He and 3He
samples in the present analysis are so cleanly
identified that misidentification from other weak
decays is negligible. However, because of the
〈dE/dx〉 overlap between 3H and 3He at low
momenta, we can identify the 3He nuclei only at
relatively high momenta (i.e., above ~2 GeV/c).
The daughter pions from 3

LH decays usually have
momenta of ~0.3 GeV/c and can be cleanly
identified (23).

Topological reconstruction. A set of topo-
logical cuts is invoked to identify and reconstruct

the secondary decay vertex positions with a high
signal-to-background ratio. These cuts involve
the distance at the decay vertex between the
tracks for the 3He and p+ (<1 cm), the distance
of closest approach (DCA) between the 3

LH
candidate and the event primary vertex (<1 cm),
the decay length of the 3

LH candidate vertex from
the event primary vertex (>2.4 cm), and the DCA
between the p track and the event primary vertex
(>0.8 cm). The cuts are optimized on the basis of
full detector response simulations (24). Several
different cut criteria are also applied to cross-
check the results and to estimate the systematic
errors. The signal is always present, and the

Fig. 2. A typical event in the
STAR detector that includes the
production and decay of a 3

L
H

candidate: (A) with the beam
axis normal to the page, (B) with
the beam axis horizontal. The
dashed black line is the trajec-
tory of the 3

L
H candidate, which

cannot be directly measured.
The heavy red and blue lines
are the trajectories of the 3He
and p+ decay daughters, respec-
tively, whicharedirectlymeasured.
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Fig. 3. (A and B) Invariant mass distribution of the daughter 3He + p. Open circles represent the
signal candidate distributions; solid black lines are background distributions. Blue dashed lines are
signal (Gaussian) plus background (double-exponential) combined fit (see text for details). (A) 3

LH
candidate distributions; (B) 3

L
H candidate distributions. (C) 〈dE/dx〉 versus rigidity (momentum/|

nuclear charge units|) for negative tracks. Also plotted are the expected values for 3He and p tracks.
The color indicates the number of tracks on a relative scale. (D) Measured z(3He) distributions for
3He and 3He tracks. (C) and (D) demonstrate that the 3He and 3He tracks (|z(3He)| < 0.2) are
identified essentially without background.
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Hypertriton is the hyper nucleus 
with lowest A.

Hypertriton could be abundantly 
produced at RHIC.

Binding energy and lifetime are 
sensitive to YN interaction.

Measurement of hypertriton 
lifetime at STAR.
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Relativistic Heavy Ion Collider
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dE/dx sample from Run10-39GeV 

3He, d, p and 𝜋 can be 
identified well at STAR, 
which makes it possible to 
reconstruct hyper-tritons 
through its 2 main decay 
channels:

3
⇤H!3He+ ⇡�

3
⇤H!d+ p+ ⇡�

Time Projection Chamber

STAR TPC provides momentum and energy 
loss information.

STAR Preliminary
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2-body Event #

Run10 7.7 3.98 M

Run10 11.5 10.98 M

Run11 19.6 31.15 M

Run11 27 48.65 M

Run10 39 118.02 M

Run10 200 222.73 M

Total 435.51 M

3-body Event #

Run11 27 53.31 M

Run10 39 134.41 M

Run11 200 516.87 M

Total 704.59 M

Λ
(virtual)

3-body
topological map

Channel Theoretical B.R.
3He+𝛑- 24.88%

d+p+𝛑- 40.15%
*Physical Review C.57.1595(1998) 
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3
⇤H!3He+ ⇡� 3

⇤H!d+ p+ ⇡�

Invariant mass results for 2-body and 3-body analyses.

STAR Preliminary

STAR Preliminary
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Measured Lifetime
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With 2-body and 3-body data, we can calculate 𝜒2 distribution with c𝜏.

(A) (B)

Hypertriton lifetime from combined channels : We take into account two kinds of 
contributions to systematic errors: 
• binning effect
• different (V0) cuts.

STAR PreliminarySTAR Preliminary

C
ou

nt
 ( 

/M
 )

c⌧ = 4.64+0.75
�0.65(stat)± 0.85(sys) cm

⌧ = 155+25
�22(stat)± 29(sys) ps
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Measured Branching Ratio
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Corrected by theoretical 
branching ratios

(A) (B)

40.15

24.88
= 1.61(                )Theoretical :

f(t) = N0Bre�
t
⌧Branching ratio can be calculated by decay law : 

STAR PreliminarySTAR Preliminary

C
ou

nt
 ( 

/M
 )

C
ou
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 ( 

/M
 )

B.R.(d+ p+ ⇡�)

B.R.(3He+ ⇡�)
= 2.41+0.39

�0.34

Not corrected by 
theoretical BR

*Physical Review C.57.1595(1998) 
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World Data
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STAR Preliminary

* The same method is applied for calculation of STAR free 𝛬 lifetime. 

*
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In this analysis, with 2-body and 3-body decay channels, we calculated 
the lifetime of hyper triton as well as the ratio of 2 branching ratios.

For lifetime result :

For branching ratio result :

40.15

24.88
= 1.61(                )Theoretical :

Summary

B.R.(d+ p+ ⇡�)

B.R.(3He+ ⇡�)
= 2.41+0.39

�0.34

⌧ = 155+25
�22(stat)± 29(sys) ps

*Physical Review C.57.1595(1998) 
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Backup
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Theoretical Decay Modes*
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Channel 𝚪(S-1) BR(%) Lifetime(ps)

Mesonic 
Decay

3He+𝛑- 9.73E+08 24.88 -

3H+𝛑0 4.87E+08 12.45 -

d+p+𝛑- 1.57E+09 40.15 -

d+n+𝛑0 7.83E+08 20.02 -

p+p+n+𝛑- 2.45E+07 0.63 -

p+n+n+𝛑0 1.23E+07 0.31 -

Non-Mesonic 
Decay

d+n 6.70E+06 0.17 -

p+n+n 5.70E+07 1.46 -

Total 3.91E+09 100 256

*Physical Review C.57.1595(1998) 
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Run10
7.7GeV

Run10
11.5GeV

Run11
19.6GeV

Run11
27GeV

Run10
39GeV

Run10
200GeV

dca2 >0.9 >0.8 >1.2 >1.0 >0.7 >1.0

dca12 <1.0 <0.8 <0.9 <1.0 <1.0 <0.8

LambH3 
DCA <1.0 <0.8 <1.0 <1.0 <0.9 <1.0

LambH3 
DL >2.4 >2.1 >3.8 >3.5 >2.0 >3.3

In 2-body: dau1 = helium3 ; dau2 = pion
In 3-body: dau1 = deuteron; dau2 = proton; dau3 = pion



Yifei Xu

Topological Cuts — 3body
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27GeV 39GeV 200GeV
dca2* ⩾1.0;⩾0.75;⩾0.5 ⩾1.0;⩾0.75;⩾0.5 ⩾1.0;⩾0.75;⩾0.5
dca3* ⩾2.5;⩾2.00;⩾0.8 ⩾2.5;⩾2.00;⩾0.8 ⩾2.5;⩾2.00;⩾0.8
dca12 <1.0 <1.0 <0.8
dca13 <1.0 <1.0 <0.8
dca23 <0.8 <0.8 <0.8

dca1-xv0123 <1.2 <1.2 <1.0
dca2-xv0123 <1.2 <1.2 <1.0
dca3-xv0123 <1.2 <1.2 <1.0
Lambda DL [2.4,150] ⩾2.4 [2.4,150]

Lambda DCA [0,0.9] [0,1.0] [0.6,1.6]
Lambda Mass <1.112 <1.110 <1.111
LambH3 DL [2.4,150] [2.4,150] [2.4,150]

LambH3 DCA <1.0 <1.0 <0.6

*Depends on momentum of virtual lambda.(<0.8;[0.8,3.6];>3.6)
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2-body Event # Scaled #

Run10 7.7 3.98 M 151.51 M

Run10 11.5 10.98 M 125.37 M

Run11 19.6 31.15 M 117.16 M

Run11 27 48.65 M 98.75 M

Run10 39 118.02 M 118.02 M

Run10 200 222.73 M 102.39 M

Total 435.51 M 713.20 M

3-body Event # Scaled #

Run11 27 53.31 M 108.21 M

Run10 39 134.41 M 134.41 M

Run11 200 516.87 M 237.61 M

Total 704.59 M 480.23 M

The analysis for 2 channels are using 
different dataset. So helium-3 yield data 
are used to scale the total number of 
events.

Helium-3 Yield (/M)

Run10  7.7 5101

Run10  11.5 1530

Run11  19.6 504

Run11  27 272

Run10  39 134

Run11  200 61.6
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Systematic Uncertainty
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We take into account two kinds of contributions to systematic errors: binning 
effect and different cuts.

3-Body Original Current c𝜏(cm) lifetime(ps) Uncertainty(%)

6.84 229

Binning 4 MeV 2 MeV 7.00 234 2.2

dca 23 up-limit up-limit -0.3 7.97 266 16.2

dca Lambda up-limit up-limit -0.2 6.72 225 1.7

16.4

2-Body Original Current c𝜏(cm) lifetime(ps) Uncertainty(%)
3.69 123

Binning 4MeV 2MeV 116 5.7
DL & dca(pi) >2.4&>0.8 >4.0&>1.2 120 2.4

dca12 & v0dca <1.0&<1.0 <0.7&<0.7 130 5.7
8.4

Combined systematic uncertainty : 18.4%
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STAR Free Λ Lifetime
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Result from 2-body analysis.

Measurement of lifetime of free 
lambda using same method as hyper  
triton.


