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ac Motivation

The first hyper nucleus was observed in 1952.

/e

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

% Binding energy and lifetime are
sensitive to YN interaction.

M. Danysz and J. Pniewski, Phil. Mag. 44 (1953) 348 % Hypertriton is the hyper nucleus
with lowest A.
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*He + Invariant mass (GeV/c?) ’He + n* Invariant mass (GeV/c?) lifetime at STAR.
STAR Collaboration, SCIENCE 328, 58 (2010)
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wRelativistic Heavy lon Collider
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s Solenoid Tracker At RHIC

dE/dx sample from Run10-39GeV
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Rigidity

SHe, d, p and & can be
identified well at STAR,
which makes it possible to
reconstruct hyper-tritons
through its 2 main decay
channels:
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— o —— T by Maria & Alex Schmah A H % H 6 _|_ 7_‘_
STAR TPC provides momentum and energy 3 B
loss information. \H—d+p+m
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Theoretical B.R.

Dataset

SHe+m 24.88%
d+p+1 . 40.15%
*Physical Review C.57.1595(1998)

dcal

2-body Event #
Run10 7.7 3.98 M
Run10115 | 10.98 M
Rn11196 . 3115M

eas 3-body
topological map |Total 704.59 M
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R Invariant Mass
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22000 :_Run7+Run10+Runll mbeentral 27 ndelgnangB 732 4 § i Runi1 27GeV 200GeV MB p_— Slgn:;!; — i
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Invariant mass results for 2-body and 3-body analyses.
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ac Measured Lifetime

With 2-body and 3-body data, we can calculate y2 distribution with crz.

| HyperTriton_Yields_Compare | | HyperTriton_Combined |
— 102 E T T | T T T T I T T T T I T T T T I T T T T | T .| T T .l T T E Nx 7 C T T T T I T L I T T T T I T IO I7é I T T T T | T T T T l T T
% = —=— 2body HyperTriton Yield - - cr = 4.64710 52 (stat) £ 0.8%(sys) em ]
E —=— 3body HyperTriton Yield 6.5— -
2N - o =
: % i : | X2:5.7 —
e t 1 = 5.5 =
- ] 5 -
10 T - - I v2=4.7 .
= . 45— —
{A) STAR Preliminary - (B) STAR Preliminary 1
- 1 1 | 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 | 1 1 1 1 | 1 1 _I 1 1 1 | 11 1 1 11 11 I 1 1 11 | 1 1 1 | 1 1 1 1 | 1 1 1 I_
10— 10 15 20 25 30 4 3.5 4 45 5 5.5 6 6.5
ct (cm) ct (cm)

Hypertriton lifetime from combined channels : We take into account two kinds of

contributions to systematic errors:
* binning effect

T — 1551—32(815(%) + 29(8y8) pSs - different (VO) cuts.
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s Measured Branching Ratio

Branching ratio can be calculated by decay law : f(t) = NoBre =

| HyperTriton_Yields_Compare | | HyperTriton_Yields_Compare |

AnglllllllllIllIllllzt)lcl.ill-llllf'ltllY'lllcllg A102§"|""I""l""l""l""l'§
§ - ocy Typertron Te 3 :g: ~ Corrected by theoretical A
S B —=— 3body HyperTriton Yield S - branching ratios .
8 10, = 8 10 -
=5 7 Not corrected by 3 = =
- 3 : theoretical BR a - .
U= t 1 E 15 E
107 T = 107 =
{A) STAR Preliminary - (B) STAR Preliminary -
ct (cm) ct (cm)

B.R.(d +p+m ) _ 9 417039 _ 40.15

— 2.41_ 534 Theoretical : (5,23 el 1.61)

B.R.PHe+ 7~)

*Physical Review C.57.1595(1998)
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P World Data
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0
* The same method is applied for calculation of STAR free A lifetime.
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p Summary

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 :
T = 155755 (stat) £ 29(sys) ps
For branching ratio result :

B.R(d+p+77)
B.R.3He + )

40.15
24.88

0.39 |
= 241739 Theoretical : ( =1.61)

*Physical Review C.57.1595(1998)
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v Theoretical Decay Modes*

Channel BR(%) Lifetime(ps)
He+w | 9.73E+08 24.88 -
3H 410 4.87E+08 12.45 i
, d+p+m 1.57E+09 40.15 -
Mesonic ¢ LT
pEeey d+n+10 7 83E+08 20.02 i
D+P+N+TT 2.45E+07 0.63 i
P+N+nN+1P° 1.23E+07 0.31 -
e S0 OTES 0w -
Decay 0-+N+N 5.70E+07 1.46 i
Total . 3.91E+09 | 100 5 256

*Physical Review C.57.1595(1998)
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w# Topological Cuts — 2body

Runi0 Runi0 Runif Runif Runi0 Runi0
7.7GeV 11.5GeV 19.6GeV 27GeV 39GeV 200GeV

In 2-body: dau1 = helium3 ; dau2 = pion
In 3-body: daul = deuteron; dau2 = proton; dau3 = pion
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w# Topological Cuts — 3body

27GeV 39GeV 200GeV

dcaz* >1.0;20.75:205 | 210207505 | =1.0;20.75;205

dcaz* I -2522.000.8 | 2252200208 | 252200208

oz [ e T T

acats [ T

ccazs (- T T
dcatxvoizs (R T T T e
ceazxvoi2s [N 1 S S
dearxvoizs [ S S
Lamba DL [N 24150 7R e
cambiaoca PO S 1T T T
P e e am
comoroor [E N T T N T
LambH3DCA [ <0 Py S R s

*Depends on momentum of virtual lambda.(<0.8;[0.8,3.6];>3.6)
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v« Scale Number of Events

Helium-3 Yield (/M)

Run10 7.7 5101

Rn10 115 1530
Runit 196 504
RUNIT 27 o2
Runt0 30 184
Runit 200 616

events.

2-body Event # Scaled #
Run107.7 398M: 15151 M
RUN10115 | 10.98 M 12537|v|
Runi119.6 | 31.15Mi 11716 M
Runi127 | 4865M 9875 M.
Run1039 | 118.02M|  118.02M!
RUN10200 | 22273M 10239 M.
Total43551M """" 713.20 M|

Event # Scaled #

The analysis for 2 channels are using ENEPPPE IV R
different dataset. So helium-3 yield data [ <7 & o2 M TP "
are used to scale the total number of Run10 39 134.41M; 13441 M
Run11 200 516.87 M|  237.61 M

Total . 70459M  480.23 M

/?'?@@g%liﬁé@%ﬂgﬂ’%ﬁ 16 Yifei Xu

SIN A D Shanghai Institute of Applied Physics, Chinese Academy of Sciences



w  Systematic Uncertainty

We take into account two kinds of contributions to systematic errors: binning
effect and different cuts.

Original Current lifetime(ps) Uncertainty(%)

Binning
DL & dca(pi)
dcal2 & vOdca

Current

Binning

.............................................................................................................................................

dca 23

dca Lambda

.............................................................................................................................................

Combined systematic uncertainty : 18.4%
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s« STAR Free A Lifetime

103IIaIIIIIlIIIIIIIIIIIIIIIIIIIIl

Z - =

g - (a) ® STAR 2012 .

8 L m STAR(Science 328 (2010) 58)
i i """""""" STAR 201042012 combined fit

.|.,=|< i STAR 2012 A lifetime fit 7]

i I 3 r—369+m 11 Measurement of lifetime of free
102 ] "/ H lambda using same method as hyper
- b 1 triton.
L l_' i
-t(A)=260i ! e ey el Result from 2-body analysis.

decay-length/ By(cm)
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5 10 15 20 25 30
decay-length/ By(cm)
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