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Introduction

= Hypertriton (3,H): Lightest hypernucleus with p, n and A
»Benchmark for hypernuclear physics

»Small binding energy by emulsion data has been generally accepted.
B, = 130 + 50 keV

deuteron

Ba~130keV,

~10 fm separation

P
oy 3 o S e

vSmall B, — large separation between A & d
— lifetime t ~ free A is naively expected
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Hypertriton lifetime puzzle
Free A

Esther Bartsch et al.,
Nuclear Physics A
Volume 1005,
January 2021, 121791

PR 136 (1964) B1803
PRL 20 (1968) 819
PR 180 (1969) 1307
NPB 16 (1970) 46
PRD 1 (1970) 66
NPB 67 (1973) 269

Science 328 (2010) 58

HypHI NPA 913 (2013) 170
ALICE PLB 754 (2016) 360
STAR PRC 97 (2018) 054909

PLB 797 (2019) 134905

ALICE Preliminary Pb-Pb 5.02 TeV

0 100

»>Short lifetimes from heavy ion experiments in 2010’s
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Theoretical predictions
== PRC 57 (1998) 1595
— J.Phys. G18 (1992) 339-357

Nuo. Cim. 46 (1966) 786

= = PLB 791 (2019) 48-53
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HypHI(2013) 183132 + 37 ps
ALICE(2016)
STAR(2018)

181*3% + 33 ps
142%51 + 29 ps

Free A(263 ps)
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Hypertriton lifetime puzzle |

Free A THEIA-STRONG 2020

Esther Bartsch et al., ..
Nuclear Physics A ALICE Preliminary result
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the Hypertriton lifetime puzzle is still not solved
= spin mixture of 1/2 and 3/2 should be avoided ,
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Toward solving hypertriton lifetime puzzle

= the detail of the 3,H should be clearly understood
=an independent and complementary approach

ALICE, STAR

Production : .
method Heavy ion collision
Microscopic Thermal model;
process Coalescence model
Quantum 1/2 and 3/2
number mixture?

J-PARC E73

3He(K-, =%)3,H
Strangeness
exchange

spin=1/2
dominant

»produce the ground state of 3,H(1/2%)

»>provide important data

on the hypertriton lifetime puzzle
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HI exp. vs direct measurement

= Counter experiment

= Heavy ion experiments
»reconstructed by invariant mass

»Indirect measurement using

decay length

3,H lifetime@ALICE
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»Direct timing measurement
using Decay pion
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HI exp. vs direct measurement

= Counter experiment

= Heavy ion experiments

»>reconstructed by invariant mass

»Indirect measurement using

decay length

,\H Ilfetlme@ALICE

':—"" [[[[[[[[[[[[ I 1 1 | 1 I | I I || I | | T I [ I 1 1 || I
£ 10° ALICE Preliminary =
g | :
% - 4.\_*\ Pb-Pb |5, = 5.02 TeV, 0-90%
: {\?\lk
10° ' \ | -
e T~_%
1ol Francesco Mazzaschi, i - j\ .
THEIA-STRONG 2020 x\ .
3 L 1 1 1 ] 1 1 L L I L L 1 1 I 1 1 | L I 1 I L l L 1 1 1 I ]
0 5 10 15 20 25 30 35
ct (cm)

PANIC:2021

»Direct timing measurement
using Decay pion

“He(stop K7, n7)4\H @KEK
T

=— %H stopping time

H. Outa, et al,,
NPA547(1992)109C

No data of 3,\H lifetime
=J-PARC E7/3 Is on-going




Experiments on Hypertriton

= Heavy ion-based experiments

»STAR

»>ALICE

»>GSI (WASA-FRS experiment)

Hypertriton still motivates

= Counter experiments for lifetime activates studies

»ELPH, Tohoku-U, Japan: (y, K*)

»>J-PARC P74: (n-, KO)

»J-PARC E73: (K-, %) < Our project

- Binding energy measurement
>»MAMI (e, e’K) decay pion spectroscopy
>»JLab (e, e'K)
»J-PARC EO7: Emulsion full scan
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J-PARC E/3 experiment
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J-PARC E73: Experimental principle
v3He(K-, n%)3,H reaction

@ Forward calorimeter

Detect

1 gamma
(>600 MeV)

1.0 GeV/c

®tag (K-, n9) reaction by detecting
forward single high-energy gamma with calorimeter

—almost 100% detection efficiency for forward going n° (0< 6,,,” <10)
=tag A production with low recoil momentum

Reduce BG from Y decays and multi pion production

{
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J-PARC E/3 experiment

v3He(K-, n9)3,\H reaction

3 He 2-body decay

! “almost” at rest BHe
1.0 GeV/c

@Measure Momentum and Timing with Cylindrical Detector System (CDS)
select the mono-momentum of =- after 2-body decay
low recoil momentum (~100 MeV/c)
—Hypertriton stops immediately inside the target
=2-body decay “almost” at rest

Identify 3,H and derive lifetime from decay time

{
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T @ CDS

momentum,
Timing
~114 MeV/c

54<6,,,<126°




Experimental setup: CDS

PT410 liquid 3He

target system

CDS SN

|
Solenoid magnet
CDH
= T ] 7
.
CDC new
? [EiF / Calorimeter
L . ! | PbF2
~ | ] N
Target cell "\ Charged particle

veto counter (2 layers)

CDS has worked well in K1.8BR Beamline
Using E15(Kpp)/E31(A1405)/E57(K-d atom) @
2021/09/05
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»PbF2 calorimeter is installed |nto the
meson beam line to tag fast =®

»40 segments used

2019.12: Test experiment @ ELPH e* beam
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Strategy of J-PARC E73

= Phase-0 | 4 3
>Feasibility study of new method Hypernucleus AH AH
with the (K-, %) reaction Branching ratio Iy QAT

to 2-body decay

using 4He target
Relative cross section 1 0.3—0.4

—expected to be relatively easy

to generate and identify 4\H Relative yield 1 0.15—-0.2
»Data taking in June 2020 (3 d) calculation of cross section
- Phase-1 by Prof. Harada
: : T. Harada and Y. Hirabayashi,
»Production cross section study for 3,H https: //arxiv.ora/abs/2106.04256v2
»Data taking in May 2021(4 d)
= Phase-2

»Direct lifetime measurement for 3,H
»>planned in FY2022 (1 month)

{
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https://arxiv.org/abs/2106.04256v2

J PARC K1 S8BR Beamline

@1 liquid 3He
target system

- : __‘"_--

: . :.h.‘__,:h ,'

PRI SE a (
‘~m"“ 4 . we

N~

!~ 2 X 105 K /sp|II ( ~70% on target )
@ 50 kW, -1.0 GeV/c
K/pi ~ 0.4
~50 kW @ T77, 2020.6
~60 kW @ E73 1st, 2021.5
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Phasae-0: Feasibility study

- momentum distribution

-4He(K'n0)4,\Hreaction soof 1
CDS i C4\H Al
; - Accept
S 4001 : \ reject
3 -
O~133 MeV/c = 3001
S 000
8 Tk L ,J,1|'|b"1r"‘-""d|
=select 1 gamma ray = the % \H peak, I ;=&
can be seen like the black I|ne -
- IiII
: Backgrqund re_ductlon by PbF2 Qg e

for 4,H production
=Improved S/N ratio(3/2 — 4/1) Red line
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Phasae-0: pi- momentum dis. of 4,\H
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= Successfully established new method of (K-, pi0) reaction
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Phasae-0: timing spectrum of 4,H data
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>Timing response evaluated by =N = "N scattering

»statistical error < 10 ps
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Phase-1: pi- momentum dis. of 3,H

60 kW ~4 days beam

@2021. 5 Fit with eye guides
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>»Hypertriton events can be
seen

~ 200 events(2 body)

»3-body decay events can also
be seen around ~100 MeV/c

¥

vcross section(B.R.X0)

v2-body/3-body ratio
will be derived

not enough to derive lifetime
= need more statistics

20:--r
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Summary

= J-PARC E73: Direct measurement of 3,H lifetime
»Different experimental method from heavy ion-based experiment

»Selectively produce ground state of 3,H(1/2%)

= Current status of the experiment

»Phase-0: established a method by (K-, =%) reaction
= 4,H lifetime

»Phase-1: confirmed 3,H production
=cross section of 3,H

»Phase-2: 3,H lifetime measurement

~ 1 month beam time, 3,H ~1000 events, ~10 % error
— in FY2022
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J-PARC E/3 collaboration
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Backup
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