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What do we know from Wikipedia?

HyperIlUCIeuS XA 16 languages

Article Talk Read Edit View history Tools v

From Wikipedia, the free encyclopedia

A hypernucleus is similar to a conventional atomic nucleus, but contains at least one hyperon in addition to the normal protons and
neutrons. Hyperons are a category of baryon particles that carry non-zero strangeness quantum number, which is conserved by the

strong and electromagnetic interactions.

A variety of reactions give access to depositing one or more units of strangeness in a nucleus. Hypernuclei containing the lightest
hyperon, the lambda (A), tend to be more tightly bound than normal nuclei, though they can decay via the weak force with a mean
lifetime of around 200 ps. Sigma (2) hypernuclei have been sought, as have doubly-strange nuclei containing xi baryons (=) or two
\'s.

Nomenclature |edit

Hypernuclei are named in terms of their atomic number and baryon number, as in normal nuclei, plus the hyperon(s) which are listed
in a left subscript of the symbol, with the caveat that atomic number is interpreted as the total charge of the hypernucleus, including
charged hyperons such as the xi minus (=7) as well as protons. For example, the hypernucleus 120 contains 8 protons, 7 neutrons,

and one A (which carries no charge).!'!

History |edit;

The first was discovered by Marian Danysz and Jerzy Pniewski in 1952 using a nuclear emulsion plate exposed to cosmic rays, based
on their energetic but delayed decay. This event was inferred to be due to a nuclear fragment containing a A baryon.[?! Experiments
until the 1970s would continue to study hypernuclei produced in emulsions using cosmic rays, and later using pion (1) and kaon (K)
beams from particle accelerators.!']

Since the 1980s, more efficient production methods using pion and kaon beams have allowed further investigation at various
accelerator facilities, including CERN, Brookhaven National Laboratory, KEK, DA®NE, and JPARC.13I4] |n the 2010s, heavy ion
experiments such as ALICE and STAR first allowed the production and measurement of light hypernuclei formed through
hadronization from quark—gluon plasma.[®]



Discovery of the first hypernucleus

The first hypernucleus V particles discovered in 1947
was discovered in September 1952 had unusual properties

by Marian Danysz and Jerzy Pniewski
in the University of Warsaw

physics laboratory at Hoza 69 * They were copiously produced in

high energy collisions (with
cross section of a few percent
of that for w production)

It happened during the time of confusion . Thys if the same mechanism was

concerning the newly discovered responsible for their
heavy unstable particles. production and decay, their
The study of hypernuclei was of lifetime should be of the order
considerable help in understanding of 102! g
the properties of strange particles.  « The observed lifetime was 210710 s

A. K. Wroblewski, 21 XI 2022 - ,,Discovery of hypernuclei: September-November 1952”




Blocks of matter

e Six flavours of quarks.

mass | =2.2 MeVic? =1.28 Gev/c? =173.1 Gevc: * The lightest up and down quarks constitute nucleons.

charge | % N k& 73

» & % Ey . ® The strange quark is the third lightest quark.
charm

spin

top
e Particles with strange quarks tend to decay (due to weak interaction).
=4.7 MeV/c? =96 MeV/c? =4.18 GeV/c?
o ¥ b * A baryon containing at least one strange quark - a hyperon.
Z - 4 ' i 7 7

S )y
strange ii bottom ‘ * Nucleons form an atomic nucleus, hyperons and nuclei can also
- constitute a bound state - hypernucleus.
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Nucleus Nucleons Hyperon Hypernucleus 6




Neutron star (NS) puzzle

»10 establish the EoS applicable to the neutron star has been
one of the most important subjects in nuclear physics for a long
time but has not been achieved yet.” T. Hamura

H.Tamura, JPS Conf. Proc., 011003 (2014)
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24F B _: :
‘ 0’& _____ i ST 1 o M. Kaneta, Department of Physics,
20 ;. .............. (\:(_—/ . M//E__'E)EBJO74O+6620 ........ _: Unstable nuclei Tohoku University, Japan
N\ f_”\; : Stable nuclei
16} S S
i ///-.»‘ Sk . .
S,k P e Hypernuclei are pivotal for the EoS of the NS
I _5 * How do nuclei and hypernuclei form?
s HNM(II) : . ..
0.4 F —— HNM(II) : e What are their characteristics?
e HNM(1) :
w5 ow fow 5 w5 ¥ o3 owm oy ow § ow g g ] : 3 P
0.0, e = o = * How do nuclei (N) and hyperons (Y) interact:

R [km]
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A ~AND, STARS FORM

THE BEGINNING

The Universe begins 13.7

billion years ago with &n event

" known as the Big Bang.,

Both time and space ark
created in this eyent. $

.
\

-
'

'
" ‘.

Stargazing LIVE is a BBG and Open Uniiversity, co-production. Credit: Photography sourced from NASA.
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UNOBSERVABLE UNIVERSE (PAST) R e T

 FRACTION OF - 1 SECUND - [100-1000 . il éQU,UOU‘-YEARS'.' )
A SECUND The Large Hadron SECONDS We can detect radiation

. Collider at CERN. is : ' from the eaHy formation.
Rapid expansion.occurs « |, . .| Nuclei of hydrogen,
during a billionth'of a * ECET T helium, lithium and of the Universe,back as |

. L ' «+| conditions that far as this point. Before .
! g::::gmﬂ g; : gglcl,%r,‘]tg f ttﬁe prevailed a fraction '?gmr light. ?Iements this, the Universe is
\isible Universe is the size of ‘a sgcond after the BT opaque: it’s as if a veil
R algtaneriiiE Big Bang. vo.. ' .. | hasbeen pulled over it.

"
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POTENTIALLY OBSERVABLE UNIVERSE (PAST)

" A FEW HUNDRED MILLION YEARS

. Matter clumps together under its own gravity forming the first protogaIaX|es and
o within them, the first:stars.

Stars are nuclear furnaces in which heavier élements such as carbon, oxygen,silicon
and iron are formed. Massive'stars exploding as supernovae create even heavier
elements. Such explosions send material into space ready to be mcorporated into
future generations of stars and pIanets .

.
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A FEW BILLION YEARS

Initially, the expansion of the Universe decelerated — but a

few billion years after the' Big Bang, the expansion began to
accelerate. The acceleration is caused by a. mysterious
force known as ‘dark energy’, the nature of which is
completely unknown.

.

e M—»&."M/

9 BILLION YEARS -

‘| generations of stars.

10 BILLION YEARS .

The first life appears on
Earthin the form of simple
cells. Impacting comets and
asteroids might have
contributed organic
molecules to Earth. Life
spreads across the globe.

13.7 BILLION YEARS

.This is where we are today. Using our own
ingenuity, humanity is probing the depths of the
Universe and trying to unravel its mysteries,
from our tiny, home planet, Earth. The visible
Universe contains billions of galaxies, each
comprising billions of stars. Within our own
Galaxy, hundreds of exoplanets have been
discovered orbiting other stars.

The Sun, along with its eight
planets, and all the
asteroids, comets and
Kuiper Belt objects, such as
Pluto, form from the debris
left behind by earlier

N o .~ ~ -

g,,_ ) 200 0 Gk vxz\,.qv,?,:s»q,m 3»} ﬂ\»—*ﬂz—'—“—u-ﬁ—&% LB AT B

20 BILLION YEARS

‘Tn'a few billion years the Sun’s outer layers
will expand as it turns into a Red Giant star.
 Life on Earth will become impossible.

Expansion of the Unlverse will contihue to

. accelerate.

'

ik e g RILLION ™wo ~ of
. , T *' o YEARS =
| | RS N S IVE S G
s : ! s " : "y ‘ and find out more about
| | “eBILL on"f‘ o B_'Fttgg N\ et 7 Ly ok
S A FEW BlLLlON U YEARs " s R b 3 ' "TO RED GIANT
YEARS - : ; o it ¢
T T
. i r ’
- EXPANSION OF THE b = . ¥ (JNIVERSE
UNIVERSE BEGINS = | ;e oD
10 ACCELERATE s A P ,
s L A LR b 9t END OF LIFE
FORMATION OF THEf ./, = w7 5, b iy Qe ™ 2o 5 1 O%. ERRTH
3 R . o i SOLAR'SYSTEM, = ol v, 4o syt o v ot e AR S
T Rl e NULUDING EARTH . % gt i 1 el o i, TEFE 2 B :
; T . - ;
‘ DAY - FUTURE f

10" YEARS

Stars no longer form; matter is trapped in
black holes or dead stars. Protons decay

and black holes evaporate, leaving the
Universe to its ultimate fate as cold, dead,
empty space, containing only radiation, which
itself too will eventually disperse.

. '




Starting from Big Bang

,But the reality is that our universe is made of matter-rather than antimatter, even though both are
believed to have been created in equal amounts at the time of the Big Bang some 14 billion years ago. Why
our universe is dominated by matter is still a question,-and we don’t know the full answer” -

- Junlin Wu, Lanzhou University and Institute of, W odern Physies, China. 2

r=1\ pilion years

= =15¥

E o .\0 2 Ge\l

hadron = bound quarks system (proton, neutron, etc.)
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Water phase diagram

A phase diagram in physical chemistry, engineering,

mineralogy, and materials science exhibits conditions

(pressure, temperature, etc.) of phases coexisting at

equilibrium.

Phase boundaries: multiple phases coexist together

Phase transitions along phase boundaries

0K

Temperature

SOK 100K 150K 200K 250K 300K 350K 400K 450K 500K 550K 600K 650K 700K 750K

1TPa

100 GPaT

10GPaT

1 GPa

100 MPa]

10 MPa-

Pressure
Z
0

Solid g Liquid

”/’,,/”‘

e

Critical point
647 K, 22.064 MPa

10 Mbar

-1 Mbar

-100 kbar

~10 kbar

-1 kbar

~100 bar

10 bar

100kPa

10 kPaT

1 kPa

100 Pa]

10 PaT

Freezing point at 1 atm |

273.15 K, 101.325 kPa

a
\

273.16 K, 611.657 Pa

Boiling point at 1 atm
373.15 K, 101.325 kPa

Solid/Liquid/Gas triple point

Gas

1 bar

=100 mbar

-10 mbar

100 pbar

1Pa

1 1 1 1 U 1 1 1 L} I 1 1 I
-250°C -200°C -150°C -100°C  -50°C 0°C 50°C 100°C  150°C 200°C 250°C 300°C 350°C 400°C 450°C

10 pbar

QCD phase diagram

Collisions of heavy-ions at various ,/Syy probe
different areas of the QCD diagram.

*carly Universe
ecritical point, first order phase transition

‘neutron star merger, neutron star

Quark-Gluon Plasma

» : ® ‘
Critical Point

T e

Temperature

12



https://en.wikipedia.org/wiki/Physical_chemistry
https://en.wikipedia.org/wiki/Engineering
https://en.wikipedia.org/wiki/Mineralogy
https://en.wikipedia.org/wiki/Materials_science
https://en.wikipedia.org/wiki/Phase_(matter)
https://en.wikipedia.org/wiki/Thermodynamic_equilibrium

QCD Phase Diagram

Low i, hight T:

* Cross-over transition from hadronic to quark matter

- comprehensive studies of QGP properties

* No critical point anticipated for uz/T < 3 (LQCD)

Temperature (MeV)

N
O
o

N
o
o

s
@)
o

100}

: " Hadrons
50!

&, .

¢ N .+
X% A

Quark-gluon plasma

Nuclei \c-

200 400 600 800 1000
Baryochemical potential (MeV)

High up, low T:

 Unknown phase structure (first-order phase
transition, critical point possible, mixed
phases, new phases, ...)

* Properties of matter to determine

* Characteristics of hadrons

e Equation of State (EoS) to establish

 Neutron Star (NS)

13



Heavy-ion collisions at the highest collision energies

c e . . final detected
Relativistic HCGVY-IOH Collisions S Qi @ Antimatter annihilates with matter.

made by Chun Shen fr-i:‘ze:i-cout i | | |
i o It is difficult to observe antimatter
Hadronization 4 /

— Initial energy ‘* particles.
density Y ou i\

e Relativistic heavy-ion collisions can

create the quark—gluon plasma with

" |8 St ""’-' ~ nearly equal amounts of matter and

—y ¥ 8 e Ry antimatter.

A
‘}
2
<
!

s e * The collision system expands and
overla 2one e N cools rapidly, allowing some
antimatter to decouple from matter.

pre- L » . .. .
equilibrium  Heavy-ion collisions are an effective

Ltlis __ free streaming tool to create and study antimatter
collision evolution |

© ~ 10 fm/c nuclei or hypernuclei.

B t~0fm/c tT~1fm/c

T ~ 1012 fm/c

14
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Relativistic Heavy Ion Collider

¢ 3.83 km circumference
» Two independent
rings

e Collides so far:

*Au+Au, ptp, SPHENIX
d+Au, Cu+Cu,

U+U, Cu+Au,

3He+Au, p+Au LINAC — NSRHL . AR

Zr+7r Ru+Ru ~ Relativistic Heavy Ion
« Top Center-of-Mass BOOSTER (. AaS Collider (RHIC)

Energy Brookhaven National

*510 GeV for p-p \ Laboratory (BNL)

200 GeV/nucl. for
Au-Au
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Solenoidal Tracker At RHIC

Versatile experiment + Many detector
subsystems —

Varied and interesting program to better
understand Quantum Chromodynamics

LHC 2.76 TeV

Quark-Gluon
' Plasma

Baryon Chemical Potential g

* Beam Energy Scan
* System Size at top RHIC Energy

* Exploring QGP Dynamical Structure
* Electro-Magnetic Probes
e Hard Probes

* Understanding QCD and Nucleons

RHIC energies, species combinations and luminosities (Run-1 to 22)
\ \\ \\ \\ \\ \\ \\ | | // // / [ [ ]
e ]

/

\ pT+p?
| T+Al

| || pT+Au
N \ \ d+Au
h+Au
0+0

e
&.
| S
| S
l ‘ %
\ AN [\ |\ CutCu 2
| .
2
L >
|
|

2

A J CutAu

| |\ zevze
T B | | | RutRu
T | \ \ \Au+Au
| \ww
8 9 12 15 17 20 23 27 39 54 56 62 130193200410500510

Center-of-mass energy \/SNN [GeV] (scale not linear)

|

,
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Particle identification at STAR

L 4

TPCPID | =
| — Kaon
-~ Proton
"|===Deuteron
- == Triton N . 5
£ » e 1"
2 =
310' —§104
> &_ . . . . .
5 - 10° Excellent particle identification due to combined

10° information from Time Projection Chamber and
B Time of Flight detectors.

] |11||l|1l| 11

| l | 1 [
=1 05 0 05 1 15 2 25 3 335 4
p/q (GeV/c)

Unique mass/dEdx separation for
7K, p,d, t, °He,*He,°He, °Li .

m%q’ (GeV?/c?)

1.5

18

p/q (GeV/c)
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nature

Explore content v  About the journal v  Publish with us v

nature > articles > article

Article Published: 21 August 2024 _
Observation of the antimatter hypernucleus 3 1H

STAR Collaboration

Nature 632, 1026-1031 (2024) | Cite this article

6541 Accesses | 13 Citations | 626 Altmetric | Metrics

Abstract

At the origin of the Universe, an asymmetry between the amount of created matter and
antimatter led to the matter-dominated Universe as we know it today. The origins of this
asymmetry remain unknown so far. High-energy nuclear collisions create conditions similar
to the Universe microseconds after the Big Bang, with comparable amounts of matter and
antimatter’22%38 Much of the created antimatter escapes the rapidly expanding fireball
without annihilating, making such collisions an effective experimental tool to create heavy

L82101L1IZ1312 hoping to shed some

antimatter nuclear objects and to study their properties
light on the existing questions on the asymmetry between matter and antimatter. Here we
report the observation of the antimatter hypernucleus x 4H, composed of a A, an antiproton
and two antineutrons. The discovery was made through its two-body decay after production
in ultrarelativistic heavy-ion collisions by the STAR experiment at the Relativistic Heavy Ion
Collider’>1¢, In total, 15.6 candidate A 4H antimatter hypernuclei are obtained with an
estimated background count of 6.4. The lifetimes of the antihypernuclei ; > H and 5 * H are
measured and compared with the lifetimes of their corresponding hypernuclei, testing the
symmetry between matter and antimatter. Various production yield ratios among
(anti)hypernuclei (hypernuclei and/or antihypernuclei) and (anti)nuclei (nuclei and/or
antinuclei) are also measured and compared with theoretical model predictions, shedding

light on their production mechanismes.

Recent STAR findings

20



Discoveries of antimatter particles

The heaviest antimatter hypernuclear ® 1928: Paul Dirac found possible solutions with

cluster observed until now positive and negative energies to his equation
(describes the relativistic quantum behaviour of

the electron).

4- A * The negative-energy solution indicates a new particle
with the same mass as an electron, but with
5 H opposite charge.

® 1932: Carl Anderson discovered in cosmic rays new
particle - positron

Mass (GeV c™)

* Theoretical framework and the experimental
foundation for the study of antimatter established.

] —— 0|

* New, heavier and more complicated antimatter
particles are discovered and their properties are
studied.

T T l T
1940 1960 1980 2000 2020

Discovery year

21



Particle identification

. T ; T ) -2+ T < T T Y T Y 1 -9 T T T Y T T T y
-4 -3 - -1 0 ! s 3 4 10 1.5 20 25 30 35 40 45 50 10 15 20 25 3.0 35 40 45 540

Rigidity p/Z (GeV ¢) m*IZ% (GeV* ¢ m*/Z° (GeV? c )

e Particle identification: dE/dx(p/Z) and m?/Z?* (TPC and ToF)
6.4 billion U + U, Au + Au, Ru + Ru and Zr + Zr collisions

* Once created (anti)hypernuclei - fly ~ few cm, then decay
e (anti)hypernucleus reconstructed by tracing back the daughter tracks to the decay point.

>H =3 He + ™ ‘H—*He+n~ . <dEldx>
T e 3 e A= 4 e n, = In( )/ 64514,
“H —° He + z* “H —>"He+ "

<dEldx >,



Signals detection

My, = \/(EHe + Eﬂ')z o (pHe + pﬂ')z

N ey s B e m;,  of the daughters - equal to the parent mass.

NSiq =941 + 59 800 Ng,, = 837+ 48
Ng-249317 NB§;=1.73816 . .
i ’ Zoount =178 ; Zoount = 14.5 * The background reproduced with a rotation method:
+
2 (anti)helium nucleus track randomly rotated around
8 500- the beamline, the decay kinematics of the real
candidate destroyed and randomized as
o , ] | | | background.
2.95 3.00 3.05 3.10 2.95 3.00 3.05 3.10
"He + n invariant mass (GeV ¢ 3 *He + n* invariant mass (GeV ¢2)
c d . .
N, =244 6. v, -1s6.47 ® The final signal extracted by subtracting
! " 4 =6 . . . .
” Q’ ee o Zom,-ié o combinatorial background from signal-candidate
15- ? - ! | distribution.
2 10- 3
el 029
oh "‘ll'l : J I \ | 2] | ' .¢ l‘ 1 ® AH : 941 i 59 AH : 24.4 i 6.1
'" W }:"' | Y !!!v ! L A I8 LA — —_
L bR TR e TIRRANY SH 637 £49 (H:15.6+4.7
3.90 3.95 4.00 3.90 3.95 4.00
*He + " invariant mass (GeV c9) “He + n* invariant mass (GeV ¢ ) . . 4 4 13
Significance: 5.6 (3 H) and 4.8 ({\H) of o
. . A . A
N.. the signal significance calculated by the likelihood ratios

sig
Zeoun: = [ 2LWNsig + Nyei)In(1 + N, k) Nig] between the hypothesis of pure B and that of S+B )3



dN/d(L/By) (cm™)

Hypernuclei’s lifetime

o BN ki gAn b A e Matter and antimatter particles: the same properties
A A A A 4 Thi v —{ ] . .
10° :-+ il e vt -- -T2 R gt TS (CPT theorem, physical laws should remain unchanged under
B " Ref, 39 "l N . . . .
R w| o e the combined operation of charge conjugation C, parity
A A Ref. 36 — . .
: “?\: s e, & — transformation P and time reversal T).
O Ref.47| 4 el | . . . . .
107 el e®— | Retzs ) * Comparing the properties: mass, lifetime of a particle
n P ss H+3H e . . .
e Tome— Y R o— and antiparticle (important test of the CPT symmetry)
A 34 | This work | -O+ . .
‘ R - T  Search for mechanisms responsible for matter and
ef. 39 L
10} ~ Ref. 37 - antimatter asymmetry in the Universe.
n ‘,“ Ref. 36 @ . . *
i ;. E"E% e ":  Important for interaction studies (NS, etc..)
i V| Ref 33 ®
Tt ~a Ref, 32 =
iy > Ref. 31 —@ . . . . .
1 Ref. 45 g 7 e [ifetime differences consistent with O
: Ref. 43 f 3 3Fand*H-4F
IS T TR TN (NN U NN SN S hi. 2 | il s B | 1 (A A al AT [\H)
4 6 8 10 12 14 16 18 20 22 0 100 200 300 400 500
L/By (cm) Lifetime (ps)
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7(}H) = 170 £ 72(stat.) £ 34(sys.) ps

T(f\H) — T(f-\H) = 18 £ 115(stat.) = 46(sys.) ps 24



Particles’ ratios

¥ This analysis, Au + Au, U + U, Zr + Zr, Ru + Ru
i This analysis, Au + Au, U + U

This analysis, Zr + Zr, Ru + Ru

O STAR, Au + Au, ref. 7

A STAR, Au + Au, ref. 8

O STAR, Au + Au, ref. 53

(1 ALICE, Pb + Pb, ref. 11
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Antimatter /matter particle yield ratios below unity
(colliding heavy-ions carry positive baryon numbers,

the collision system has pg > 0)

® Goal: to learn about production mechanisms in HIC

At RHIC T~several hundred MeV (~10'°K) (and typical
binding energies ~several MeV / (anti) baryon).

* (anti)hypernuclei production mechanism: coalescence
during last stage of HIC (the probability of coalescence
decreases by 2-3 orders of magnitude with each additional
(anti) baryon).

* A is heavier than p/n, takes more energy to create it,
fewer A than p/n created in HIC.

* (Anti)hypernucleus yields usually lower than
(anti)nuclei with the same baryon number.

® Baryon / strangeness numbers of particle production
yields described by the statistical thermal models
(assumes all particles in thermal and chemical equilibrium).

e The parameters of the statistical thermal model (T, piz)
obtained by a simultaneous fit to existing particle
yields.
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Coalescence scenario

¥ This analysis, Au + Au, U + U, Zr + Zr, Ru + Ru 470 3, P
) This analysis, Au + Au, U + U o~ X
This analysis, Zr + Zr, Ru + Ru *4He 3He p
O STAR, Au + Au, ref. 7
4 A STAR, Au + Au, ref. 8 4 7 3 = _
o STAR, Au + Au, ref. 53 A A D
0 ALICE, Pb + Pb, ref. 11 ® 417 3 R
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4 — =164 MeV ug = 24 MeV . ;
- ‘} o — == -
. O “*He SHe
-~ ' _ _
T 4 3
' & + i B ‘He 3He
. -
e Factor 4: spin-O and spin-1 states of f\H have enough
: ’ binding energy (no energetically allowed strong decay channels
4 + exist for them, therefore spin 1-state with a spin degeneracy of 3,
will decay electromagnetically to the spin-0 ground state).
107 T T T T I T T T T T T B
*He °He P ‘He SH SH P A 3 GH FH zH  p e This enhances the total measured f'\H and jl-\H production
He *He p "He H H p H °*He “He °*He “He o

yield by a factor of 4, compared with *He and *He, which

have only a spin-0 state.
Antimatter /matter partlcle y1€1d ratios below unity Considering this spin-degeneracy effect, the statistical-thermal-model

(Colhdmg heavy—ions carry positive baryon numbers, I;redz;:tlon% alfo match our measuremei"zts‘, except that the mea‘sufed ratz‘o
\H/"He is slightly lower than the statistical-thermal-model prediction. This

the collision system has Hp > () difference may be explained by the very small binding energy of ?\H
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Summary

First observation of the antimatter hypernucleus f-\H .

The discovery made through two-body decay
registered by STAR at RHIC.

In total, 15.6 candidates of f-\H.

The lifetimes of the antihypernuclei measured and
compared with lifetimes of their corresponding
hypernuclei, tested the symmetry between matter
and antimatter.

Various production yield ratios measured and
compared with theoretical predictions, shedding light
on their production mechanisms.

27



Recent STAR findings

said Hao Qiu, Wu’s advisor at IMP.

“It 1s only by chance that you have these four constituent particles emerge from the RHIC collisions
close enough together that they can combine to form this antihypernucleus” said Brookhaven Lab
physicist Lijjuan Ruan, one of two co-spokespersons for the STAR Collaboration 28
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Bonus slides
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Details of analysis
Reconstructed via decay daughters by the

Kalman Filter Particle Finder package:

Decay Length: L

DCAH<—>7Z.Z;2);‘in7aIy / |

2

DCAHe-pi — anf

2
DCAHe<—’ He Z primary

° )(tzop . (the deviation of the reconstructed path of
the mother particle from the primary vertex),
o 3 i (the deviation between the two daughter

tracks at the decay vertex),
)(pz,,im ary (the deviation of the decay daughter

track from the primary vertex),

® [ (the decay length),
o [/dL (L over its uncertainty).

""""" Particles X;.Zopo X?VDF n X;Zo-rﬂzi-rn.axr,z/ He Xyg)r'im.ar'z/ L (Cm) L / aL
; 2 ' :
Prlmary DCAV()‘_’ZtOpO 3 4
Vertex AdH,H <2 <9 = 10 < 2000 >35 >34
"H,2H <3 <5 > 10 < 2000 >335 >34

AT T A
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Systematic uncertainties

4 sources of systematic uncertainties evaluated for the (anti)hypernucleus-lifetime and the yield-ratio
measurements:

(1) track-reconstruction efficiency, evaluated by varying the minimal number of measured points on
the tracks;

(2) (anti) hypernucleus reconstruction efficiency due to topological selections, evaluated by varying
the topological-selection variables;

(3) (anti)hypernucleus signal-yield extraction from the invariant-mass spectra, evaluated by
enlarging the invariant-mass ranges for signal-yield integration, and from the pT-spectrum shapes,
evaluated by narrowing the pT-spectrum fit ranges;

(4) (anti)helium yields, evaluated by varying the minimal number of measured points for (dE/dx)

calculation and the cut on the helium-track DCA to primary vertex.

The total systematic uncertainty calculated as the quadratic sum of the four contributions
above, the correlations of systematic uncertainties from the same sources have been considered
and cancelled.
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° A

Details of analysis

corrections for the detector acceptance and reconstruction efficiency in the lifetime and yield-ratio

measurements.

e The acceptance and efliciency are obtained with an embedding Monte Carlo technique.
(Anti)hypernucleus decay and the paths of their daughters are simulated using GEANT3 and GEANT4,
taking into account the geometry and materials of the STAR detectors. The responses of the detectors and
read-out electronics are also simulated, and the final simulated data are embedded into real-data events,
which are sampled from different data-taking runs to have a good representation of the whole data set used
in the analysis.

oT

ne number of Monte Carlo (anti)hypernuclei embedded is 5% of the multiplicity of the real-data events.

T

ne embedded events are processed through the same reconstruction procedures as real data, the same

track and topological requirements as for the real data are applied.

* The final reconstruction efficiency € is calculated as the ratio of the number of reconstructed Monte Carlo
(anti)hypernuclei to the number of input Monte Carlo (anti) hypernuclei.

* This efhiciency € includes particle interaction with materials, detector acceptance, tracking efficiency and
selection efficiency. This correction is less than 3% for nuclei and less than 5% for antinuclei. The fraction
of (anti)hypernuclei absorbed by the beam pipe and insulation gas are estimated to be minimal and can be
neglected.
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