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Rypertriton

deuteron

BA~1301(€\/,

~10 fm separation

. Lightest hyper nucleus: bench mark for AN(ANN) interaction models.

. Important input to determine the AN spin-singlet strength

. Small binding energy by emulsion data was generally accepted.

. Small BA — large spacing between A & d
— |ifetime should be ~ free A\ (263 ps)

. for example 256 ps by H. Kamada, et al, phys. Rev. C Nucl. Phys. 57, 1595 (1998).

. Spin 1/2 determined by the two-body decay ratio R3 (G. Keyes et al., NPB67, 269, 1973).
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Hypertriton lifetime puzzle

Theoretical predictions f re e A

- .= PRC 57 (1998) 1595 Nuo. Cim. 46 (1966) 786
—— J.Phys. G18 (1992) 339-357 - - PLB 791 (2019) 48-53

! || ! | ! || ! |r\|l ! | || ! ! |I ! ! !

PR 136 (1964) B1803 — o { i

PRL 20 (1968) 819 —

PR 180 (1969) 1307 —

NPB 16 (1970) 46 |—

PRD 1 (1970) 66 —

NPB 67 (1973) 269 —

Science 328 (2010) 58 |—
NPA 913 (2013) 170 —

PLB 754 (2016) 360 —

PRC 97 (2018) 054909 |— — A lifetime - PDG value __|

PLB 797 (2019) 134905 — World average

ALICE Preliminary Pb—Pb 5.02 TeV |—
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Short lifetimes from HI experiments in 2010’s

BAE@EO[EY ZRY —[EERBMAS



Hypertriton lifetime puzzle

C. Rappold, et al, Nucl. Phys. A 913, 170 (2013). ALICE, Phys. Lett. B 754, 360 (2016). 5 gTAR Collaboratlon Phys Rev C97, 054909 (2018).
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Recent progress In experiment

ALICE, Phys. Lett. B 797, 134905 (2019).
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s there still puzzle?

Theoretical predictions

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
NPA 913 (2013) 170
PLB 754 (2016) 360
PRC 97 (2018) 054909
PLB 797 (2019) 134905

ALICE Preliminary Pb—Pb 5.02 TeV

Lifetime value from the fit
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Binding energy

H. Le, J. Haidenbauer, et al, Phys. Lett. B 801, 135189 (2020).

P. Achenbach, et al, PoS(Hadron2017)207. L LA B L I L B L L B
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- STAR 0.41(12)(11) MeV > Emulsion 0.13(5) MeV
- Need high precision data
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(Part of) Recent progress in theory

Strong dependence on Ba
A. Pérez-Obiol, et al, Phys. Lett. B 811, 135916 (2020).

Branching ratio depends on Ba

F. Hildenbrand et al., Phys. Rev. C102, 064002 (2020).

etc...

A. Pérez-Obiol, et al, Phys. Lett. B 811, 135916 (2020).

Pion FSI enhance the decay rate 10~20%
A. Gal, et al, Phys. Lett. B 791, 48 (2019).

2 admixtures reduce the decay rate ~10%

F. Hildenbrand, et al., Phys. Rev. C102, 064002 (2020).

Observable Bar =0.13 MeV Bar = 0.41 MeV

Auv (MeV) B (keV)  Tsy_spe .- (GHz)  7(3H) (ps) a_ 0.642 | 0.732 | 0.642 | 0.732
800 69 0.975 234 £ 27 (Tpa+Tha)/Ta | 0.612 0.612 | 0.415 | 0.416
900 135 1.197 190 +22 | (Tspge +Tsy) /Ta | 0.382 | 0.363 | 0.569 | 0.541
1000 159 1.265 180 =+ 21 FH/FA 0.992 0.975 0.984 0.956

_ 410 1.403 163 +18 I1Tsme/ (Dspe +pq)| 0.384 | 0.373 | 0.578 | 0.566

73 11 (Ds] 264.7 | 269.8 | 267.6 | 275.0

BAE@EO[EY ZRY —[EERBMAS




10

Planned experiments

. Heavy 1on collision

. ALICE Run 3(2021~2024), Run 4 (2027~2030)
. ~b0 times yield expected

. GSI (20227)
. FRS+WASA

. Binding energy measurement

. MAMI (e, e'K) decay pion spectroscopy

. JLab (e, e’'K) C12-19-002

. J-PARC EO7: Emulsion full scan

. Counter experiments for lifetime

. ELPH: (1, K+)

. J-PARC P74 (-, KO) at K1.1

. J-PARC E73: (K-, %) at K1.8BR
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Our approach
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HypertritonZamBlxE (J-PARC E73/T77)

calorimeter
O<6,ab<80

3He . ’
K‘ ormation Y
o— ‘ 0 —
~0.9 GeV/c high-energy vy
1.0 GeV/c
2-body decay
“almost” at rest

CDS
~114 MeV/c

. detect forward high-energy gamma to tag (K-, 79 reactions

.- 4AH measurement as feasibility demonstration (T77)
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Forward gamma tag

Simulation

Generate: w9 uniformly O~1 GeV/c, 0~180 deg
Accept:. >0.6 GeV/c gamma in the calorimeter

Il 25

BRI R R R R R R SRR R R R R R R R R R R R e R RN R R R

0.8—- F=
3 —120

™ momentum Lab. [GeV/ic)

> - - : M - M - . M
0.6 ..ol 2 nsiat taiuat e Siiuesdusanvuanynteshsiins Fissassisauntisssfanisassniinnys G issinNanismanyiarnissnsansanshcinainn
® - . . . - . . . .

0.4

0 2_... I R R R R I I I I I R R T T

| i L1 1 i 11 l. 1 1 i 1 1 i 1 i | 15X S | i 11 | i 11 1 i 11 1
0 20 40 60 a0 100 120 140 160 __ 180

9, Lab. [degree’
- <forward 0 1ab (degree)

79 momentum (GeV/c)

. forward high-energy m° can be selected by detecting 1 gamma

. low-energy m0from hyperon decays can be removed.
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0 [mb/Sr]

oato,

I\/Iomentum selectlc;[)

recoil momentum vs meson scattering angle
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beam momentum in Lab, [GeV/c]

—¢— Kp->A
b Kpow3
—$—er oy

________________________________________________________________________________ Slight increase of recoll
| _______________ ________ momentum

; G Armen;eros et a)., Nucl. F;’hys. B8 ( 1968) 23.’:' A't h i g h e r m O m e n 't u m

Higher kaon yield

8 O S ARBREANIN Lower elementary CS
""""" PPV PeveEeE fyers fvbvspeves reeveveves e 1.0 GeV/c (or 0.9 GeV/c)

1.1 1.15 1.2
K momentum in lab. [GeV/c]
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Spin non-flip nature of the reaction

LAB CROSS SECTIONS
Er—1 I l I I ] . y ' | : . S

CROSS SECTION (mb/sr)

06 08 1.0 1.2 1.4 1.6 1.8 2.0
LAB MOMENTUM pg- (GeV/c)

. Spin-nonflip reaction is dominant at 1.0 GeV/c or lower
. Selectively produce ground states 4AH(0+), 3AH(1/2+)
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Cross section ratio R = ow(iH)/ou((H).

1.7°
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Harada-san predict

- R=0.3~0.4 for BA=0.13, R =0.65 for BA=0.41

T. Harada and Y. Hirabayashi, http://arxiv.org/abs/2106.04256.

d"’ccm /d2 (nb/sr)

DOI: 10.1103 / PhysRevLett.93.242501

2

-
o

-
o

¥ 'H(e,e’K*)A x 0.1
M *He(e,e’K*)H
® ‘He(e,e’K*)iH

A 4

10

15 20
cm

©. (deg)

Hint for 3/2+ state combining J-Lab data (spin-flip favored)
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Experiment
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Pt
= -

liquid SHe
target system =

f

/i i =

. . ~2x 105 K- /spill (~70% on target)
| @50kW,-1.0 GeV/c
- K/pi ~
' Spectrometer @ |- ~50 kW @ T77, 2020.6
XL 2N ‘. ~60 kW @ E731st, 2021.5




Detector Setup g

Solenoid magnet

o ¥
S |

[ I > ?4
CDH”
Vertex DC CDC B
| DEF
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Target cell |
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(2 layers)



PbFZ calorimeter

21

- PbF2 EM calorimeter
. Cherenkov-type
- Radiation hard
- 25 x25x 140 mm
. 40 segment
- 1/47 PMT

- Fe magnetic shield

Crystal Lacato Mol?ere Density Cost Resolution S
length radius length
T 12
PbF : :
2 0.93 cm 222 cm e USD / cc 5% 2ns

D.F. Anderson, et al., Nucl. Inst. Meth. A290 (1990) 385
P. Achenbach, et al., Nucl. Inst. Meth. A416 (1998) 357
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PbF2 calorimeter pertormance

2019.12: Test experiment @ ELPH
using 100~800 MeV e+ beam

0.3—

0.25

E—ALAIXRILF— (GeV)

| : | | | | | | | | | | | | | | | : | | : |
0 0.2 0.4 0.6 0.8 1

Response to 1 GeV/c n-/e- @ J-PARC

200—""!'"'*""!""!""!""!""!""

180t '1plon """"" E’"'electron

; I:
160 0B T ~6%(0)
140 R REME A Y :

l '
120F it -

T SRR S LI U SO R | NS .
B0E— i :
SOS N NN N D W Y A5 W :
DS N R S W I :
oob. i AL LR ... . T S

R A 5 5 . 5 S

4y | I I R -
—qOO O 100 200 300 400 500 600 700

MW T RILEF—

- good enough performance to tag high-energy gamma
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Cylindrical detecter system

Particle ID

10
] 10°
l E 10
I =10’
E-"=s u 1 O
- ;%‘:{";E _hq-""j'!:-
ez g Ll
ﬂb ...-_-_-i"ﬂ';. -:?:'%-'Hi'{- a-l--l.l-:
0 1 2 3 4 5 1

Mass squared (GeV/c?)

0.07

0.05

0 0,04

+—

& 0.03F-

0.02
0.01

0.08

Single track resolution

L U
- Simulation
0.06 ? ?

l 1 I I ' I I I ' | I I

= i B o

0.4 0.6 0.8
P, (GeV/c)

—A
o

- Well established system. used in ET15(K-pp)/E31(L1405)
. Best resolution at around 0.1 ~ 0.15 GeV/c

BAE@EO[EY ZRY —[EERBMAS



24

mmﬁ&W«UTAFm/X L

vV B1EN2/HeZ FBWEETIS Y AT A= /N)VAF 2 —7 SEEZ BAWCESE Y AT LN
v BERE 2.5-2.7K, SHEIFEB L 5<48KE T3He kL Pl 5E
VT77/E73 1stCERICERICAIN
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4He data: Pion momentum spectrum

2-body decay

H \\ /{4
almost at rest _
& & ﬂ:

» JCDS

= H. Outa, Nucl. Phys. A 585, 109 (1995).
450 — 50 kW — 3 d ayS 1 —; »er115|v(|)ec\)//c) AH Ilfetlme champlon data (in 1992)
O : - T 1 | T | T 1 | T 1 | | T T 11
<. 4005 = @June, 2020 E K- at rest ! AH decay
% 350 — 1250 - Applied: l
= - - AE correction 600
z 300 = 1000 - prompt rejection -
Al 250F —
~ = = 750 |- —
N 200 - = /z\‘ H formation | 5.QF/
-+ - = 500 k- A-decay _
- 150 - -
> 100 = 250 L _
O E E A-QF /= -decay
O 50 —
— ] 0 NIRRT BN SN AN AN N BN BN AN A BN A
- ' ' ' L 300 -250 -200 -150 -100  -50
—%.3 —0.25 O —O 15 -0.05 0
Pion Momentum GeQ/} —P,- momentum (MeV/c)

. H4L peak was clearly observed with expected background from quasi-free Y.

. X2 peak count, x10 S/N compared with the KEK experiment
BAE@E6EY 52y —REBHMES
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4He data: Timing spectrum

7T scattering H4L after sideband subtraction

Mean :-0.4 ps

Sigma:136.9 ps

statistical error
< 10 ps

Timing (ns)

. Detector timing response is well understood by m-scat. data.
- Need more study for the background subtraction.
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SHe data

00 kW ~4 days beam
@May, 2021

. Successfully observed the peak from 2 body decays.

. First direct confirmation of spin 1/2
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3 H. Kamada, et al., Phys. Rev. C57, 1595 (1998).
I l e d ata [VSM] s T

0 ¢ orer O 2¢ 0¢ e&
T I I | e

0l
" for
-‘ “oI g
3 01 &
- <0l hé;l._l
oo
i ol
(N ] 0
[\VSM] il
QF-Z- QF-A/Z0 just eye guides:-

. 3-body decays are also observed. could be used for the life time evaluation

- We need careful study of the background shape
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Plan for 2 years

. 2020.6: Feasibility demonstration with Helium-4 done

. 2021.5/6: Cross section measurement with Helium-3 done

. Analysis ( Ph.D thesis for T. Akaishi )
. (necessary modifications of the setup (not all):
. beam-line trigger counter
. PbF2 readout
. vertex fiber tracker
. target radiation shield

. etc... )

. 2022.10 or later (after long shutdown):
. Lifetime measurement of 3aAH (> 1000 events )
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Summary

- Hypertriton provides a benchmark for hypernuclear physics.

- We have explored a new method to investigate the neutron-
rich hypernuclel by K- beam & gamma-ray tagging

- We will provide unique information
. Cross section (x Branching ratio) of 4aH, 3AH in (K-, 7 0)

- Lifetime with highest precision and different systematics
4AaH: < 10 (stat), < 10 (syst.) ps
SaH 1 ~20 (stat), < 20 (syst.) ps

- (two-body decay ratio)
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