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Abstract

Proposed is a novel method to produce a double-A hypernucleus without using nuclear emulsion.
A =~ bound in °He and a part of quasi-free Z’s, produced in 7Li(K ~,K™) reactions, are absorbed in
the reaction point, and , 2H may be formed via Z~p — AA conversion. Decay pion spectroscopy for
A iH — [fHe + n~ will be performed after event selection requiring a fast proton from non-mesonic
weak decay of iHe. The experimental setup will be based on the Z-hypernuclear spectroscopy
experiment E70; a new cylindrical detector system will be installed between the K1.8 beamline

spectrometer and the S-2S spectrometer for detection of the decay pion and the proton.
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4.y Decay pion spectroscopy 3/07
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Pion momentum in SpekC (MeV/c)

A. Esser et al., a) Production of , ’H
PRL 114, 232501 (2015) :  b)Ildentification of , JH
A1 Collaboration, :
NPA 960, 165 (2017)
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3. Experimental Setup




4o MA-=N mixing in , JH 4/27

B.F. Gibson et al,,
Prog. Theor. Phys. Suppl. 117, 339 (1994)
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Finally, we commented on the size expected for the
AA-EN mixing effect in these light AA hypernuclei. For
models such as NSC97e which are close to describing well
the AA interaction as deduced from B, ,(§ \He), we have
argued that the =0 COlll fecshould not exceed

0 05 1 15 2 25 3 35 4 I.N.F|I|kh|n,A.GaI,andV.M.Suslov,
ABya(aaH o 1z°He) (MeV) Phys. Rev. C 68, 024002 (2003).

l.N. Filikhin and A. Gal, Nucl. Phys. A 707, 491 (2002)
¢ Many theoretical calculations support the existence of

bound 5apH.

¢ caveat: the AA interaction might be too strong so as to

account for the“old” binding energy of 6anHe.

AB,, = 1.01 £0.201318 MeV (2002) — 0.67 £ 0.17 MeV (2013)

¢ The comparison of the AA bond energy between 5 ,\H

and éxp\He will be very important.
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#X# From an experimental point of view //27/

¢ Two-body pionic decay possible A/éH — iHe + T
cf. \*He —» Li+7~ - JHe+p+7~

¢ No excited state in the daughter hypernucleus
cf. \~#H = He®) + 7~

¢ Remarkably high momentum of decay pion

| SHe  AJHe

» All but {H are excluded
from the region of interest

¢ How to produce ,/H, and
how to distinguish it from {H?
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Y. Yamamoto, M. Wakai, T. Motoba and T. Fukuda, Nucl. Phys. A 625, 107 (1997)
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vay Production of double-A hypernuclei

8/27(

=- capture at rest Quasi-free =- rescattering
[emulsion exp.] [counter exp.]
Danysz et al., BNL-AGS E885, E906 )
KEK-PSE176,E373  f. PANDA (pp—=-=+) BNL-AGS E906
J-PARC EO7
KT KT
Direct production =-hypernuclear decay
BNL-AGS E885
planned at J-PARC (K1.8+"S-2S")
KT KT
K~ K~
AA Sy
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Production of double-A hypernuclei 9/27

=-capture at rest
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Neutron spectrum for
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H. Takahashi et al., Phys. Rev. Lett. 87,212502 (2001);
JK. Ahn et al., Phys. Rev. C 88, 014003 (2013)

J-PARC EQ7

talk by Yoshida (Wed.)
posters by Ekawa, Hayakawa
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#X# Production of double-A hypernuclei 10/27
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#X# Production of double-A hypernuclei 11/27

BNL-AGS E906

Quasi-free =- rescattering 311
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~ fragmented into double-A hypernuclei, |\ app ot al, Phys. Rev. Lett. 87, 132504 (2001)
single-A hypernuclei etc.

Y. Yamamoto, M. Wakai, T. Motoba, T. Fukuda, Nucl. Phys. A 625, 107 (1997)
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#X# E906 experiment 12/27

October 17, 2003 14

Suggested decay mode of 4, \H and limits on AB, ,

-
(*2}
o

’a — O Oo o] [lo o ooo QOoo oo
~ B o Oodoo0ol O Oo O0O
> m oo[] (o OO0 O0o[JOO0Od O oo
) ) () O 0Od0 coOdcooocooo odO
4 AH (single A binds to 2H by 0.13 MeV) = L= En podoooddoecOd]Je OOO o
~ - oo[JgOoo O ojoo OoOOdoo
T 140 |0 _8ood0d Lo OLB00
_ OO o oo O COOoooOoOoo=O
(104 MeVic) o o o eiO]e 80]0000000 o
ODooodoooOf] o[joo IV
130 DoodoOdded 0000
DDUE]UI—IDL |
Ood O g0 o OO
120 DDDDDEQﬁ&EEDD
= oo 5 I0000og
o O Dj
- 11
n=(114.3 MeV/c) 110 (5570 EEEE'E]D'
4 He :Duggimum v
10
A 100 __DDDDE% 'A ¢
4 He excitation(MeV) AB, ,(MeV) 3He - ;EEE
7.75 1.8 90 [BO o | | 111
8.75 0.8 J::E
9.84 -0.26 80"1111[1111|11111111|111|1111|1111|1111|

80 90 100 110 120 130 140 150 160
P, (MeV/c)

HYP2003

P. Pile, HYP2003
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Experimental Counts

N
>

1) Twin hypernuclei
H - "He + 7~

“He — °Li"V + 7z~
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l. Kumagai-Fuse and S. Okabe,
Phys. Rev. C 66, 014003 (2002)
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Interpretations other than | /H

13/27

2) Double-A hypernuclei

7 7 .(>I<) —
AAHe — AL1 +

150F

110 . .

90 = o

The ’ He decay

Li—> 'Be+n~

120f s

P, (MeV/c)

90 100 110 120 130 140 150 160

S.D. Randeniya and E.V. Hungerford,
Phys. Rev. C 76, 064308 (2007)

They may be produced from |, $He"| or (E7,°Be),om
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E961, An improved search for double A hypernuclei 1 4 /27

« E961: Collaboration (same as E906)

» BNL, CMU, Gifu, Freiburg, Hampton, INR-Russia, KEK, Kyoto, Manitoba, New Mexico,
Osaka, Osaka Electro-Communication, Pusan, Temple, Tokyo, TRIUMF

» Spokesmen:_T. Fukuda (Osaka Electro-Comm.), A. Rusek (BNL), R. Chrien (BNL)

 The Improvements/Changes

» Improved statistics (run time, protons/spill, spectrometer acceptance)

> CDS momentum resolution

= New target vertex chamber
* Higher CDS magnetic field

» X decay background reduction
= New target vertex chamber

= Better target geometry
Il I = = B = =E = == BN

> "Replace UBG target with L1 i

I : : :

: = Direct reaction cannot produce two single A hyperfragments §

! » Eliminates Z > 1 double A hypernuclei in direct reaction A
» Stopping = reduced due to lower density of Li 0

HYP2003

October 17, 2003 23

Outlook for the Future

 AGS Fixed target experiments are no longer supported concurrent
with RHIC operations since HEP base support was terminated at the

end of 2002, P. Pile, HYP2003
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Quasi-free =- rescattering

BNL-AGS E906

=-capture at rest
[emulsion exp.] [counter exp.]
Danysz et al., BNL-AGS E885, E906
KEK-PSE176,E373  f. PANDA (pp—=-=+)
J-PARC EQ7
KT
K-

4

’Li target instead of 9Be

fragmented from |, °H’|

—double-A hypernuclei A4/fH

i o

=- stopping probability will be small
because of the material density
(Lithium: 0.53g/cm3, Beryllium: 1.85g/cm3)

fragmented from (27, 'Li),, .

—double-A hypernuclei
w/ A=7 and Z=1,2

—twin hypernuclei>H + >'H

Hiroyuki Fujioka (Tokyo Tech.) / HYP2018



#X# New experiment at J-PARC 16/27

’Li target instead of 9Be

Quasi-free =- rescattering
6 b
BNLAGS ES06 fragmented from |, °H']

Ko+ —double-A hypernuclei y H

K~ @/ — twin-hyperauclei
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vay New experiment at J-PARC

Quasi-free =- rescattering

BNL-AGS E906

16/27

’Li target instead of 9Be

fragmented from |, °H’|

—double-A hypernuclei A4/fH

i o

At the same time,
='H (= annZ=")
will be produced via
the 'Li(K~, K*) reaction

=-hypernuclear decay

8
[1]
|
C&
+
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oo "Li(K~, K*)-’H reaction 17/27
(a) £ H (ESC)

—————————_—_—_—_—_———OC+n+n+E
0.19
,____O'§7_/
———————————————— 6He+v-1 -
_1.29 - 6 - 6 - 6 -6
= + He(04) §T =+ Hey) E + He(0+) §E * He2d)
—1.83 _|----|----'-‘---|----|_ [T T
o.ozo—kfzo'9 T : ND — 0.020—]5":0'9 o : ESC -
Pk =1.025 —— | : i | 1

-

s

0.015

0.010

(i) ke =1.055 (i) ke=1.3
(b)=-H (ND)

0.005

d%0/dQy,dEg, (ub/(sr MeV))

|
d%0/d0g, dEg, (ub/(sr MeV))

0.000

E (MeV) E (MeV)

0.000

_ Fig. 1 Calculated "Li(K —, K T) inclusive spectra for px- = 1.65 GeV/c and 6+ = 0°. The left and right panel show the result
________________ Ol+n+n +E corresponding to the case using potential ND and ESC with three k y parameters listed in Table 1, respectively. These spectra ar
— = smeared assuming 2 MeV detector resolution

o sHerz—-  Koike and Hiyama, Few-Body Syst. 54, 1275 (2013)

Talk by Hiyama (Wed.)

E. Hiyama et al., Phys. Rev. C 78, 054316 (2008)
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#X# Production via =-hypernuclear decay 18/27

PHYSICAL REVIEW C VOLUME 54, NUMBER 1 JULY 1996

Double-A hypernuclear formation via a neutron-rich = state

Izumi Kumagai-Fuse and Yoshinori Akaishi
Institute for Nuclear Study, University of Tokyo, Tanashi, Tokyo 188, Japan
(Received 21 March 1996)

Conversion processes for 7EH are discussed as a typical example of the double-A hypernuclear formation via
a neutron-rich E state. f\ AH is formed with a surprisingly large branching ratio of about 90% from 7EH that is
produced by the (K~ ,K*) reaction on the ’Li target. The 7EH state has a narrow width, 0.75 MeV, and its
population can be confirmed by tagging K™ momentum. [S0556-2813(96)50507-8]

PACS number(s): 21.80.+a. 21.45.+v. 25.80.Nv, 25.80.Pw
e —— ————mme
l. Kumagai-Fuse, Y. Akaishi, Phys. Rev. C 54, R24 (1996)

¢ Only 4 decay channels are
tH-3\H+tn+tn ~11 MeV, allowed energetically
— H+A+n+n ~7 MeV,
¢ Among them, the channel
AHE 4+ A+n+n ~6 MeV, with the fewest bodies and

3 the largest Q-value is most
— HEA+A+ntn ~5 MeV. predominant (B.R. ~ 90% !!)

R e Sttt
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PHYSICAL REVIEW C VOLUME 54, NUMBER 1 JULY 1996

Double-A hypernuclear formation via a neutron-rich = state

Izumi Kumagai-Fuse and Yoshinori Akaishi
Institute for Nuclear Study, University of Tokyo, Tanashi, Tokyo 188, Japan
(Received 21 March 1996)

Conversion processes for 7EH are discussed as a typical example of the double-A hypernuclear formation via
a neutron-rich E state. f\ AH is formed with a surprisingly large branching ratio of about 90% from 7EH that is
produced by the (K~ ,K*) reaction on the ’Li target. The 7EH state has a narrow width, 0.75 MeV, and its
population can be confirmed by tagging K™ momentum. [S0556-2813(96)50507-8]

PACS number(s): 21.80.+a. 21.45.+v. 25.80.Nv, 25.80.Pw
_ . |
l. Kumagai-Fuse, Y. Akaishi, Phys. Rev. C 54, R24 (1996)

¢ Only 4 decay channels are
tH—3H+tn+n ~11 MeV, allowed energetically

SYH+A+n+n ~7 MeV,
A ¢ Among them, the channel

AHE 4+ A+n+n ~6 MeV, with the fewest bodies and

3 the largest Q-value is most
= HE A+ Atntn ~5 MeV. nradominant (B.R. ~ 90% !)

T — —————temmmestETT
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19/27
"Li(K~, K™) reactions

(1) =’H— ,H+2n

(2) Quasi-free = = fragmentation from [AfH*]

{production) -
A /f H - /{He +
(structure) AN-=N mixing in , EH
(decay) How to identify , °H ?

Hiroyuki Fujioka (Tokyo Tech.) / HYP2018



AA ) ) 5 ’a 160 FO Ovco [OJoQd [[o o Ooo0 OO0 o0
7 ~ o OoooOdol O Oo OO0
A How to identif H? s b-oleigmsss.. 00/2/
® QO 150 [BC Og0 od0ddcoooooo oOO
] o oodqooodooOdJo OOO o
~— oodgOoo O ooo OO0Oog
T 140 O Doodn] Oo d0oog
o o oo O[T O Ooob-go-&

O00o0OO0o
O oJoo IV
ODoOgoOd|o OOOo
oo oo ooogo

ODod o@fdoO4qO0odOO

130

120

O =00000lo
110 0 1

100

o
O
O
O

oo
O

¢ BNL-AGS E906 (P961R) )
two pions from sequential MWD ,,

~He — *He + p +7(99)
wH— He +m(1162)
+He — “He + p +7(97)
AAH = *He” +7(104)
:He* — j@l +p
°H — "He + ' (114.3)

110

in case of >anH decay 100

90

— clue to identify e P, (MeVic)
parent double-A hypernucleiand & w ST
daughter single-A hypernuclei  « = e -

¢ This method is difficult to apply £ e

80“““““““
80 100 120 140 160

P_ (MeV/c)

simulation (P96 1R proposal)
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AVA

vay Momentum of decay pion 22127
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can be used for calibration

Only pions from 4p\H two-body decay (discrete)
and from hyperon decay (continuous) will contaminate the Rol.

Y. Yamamoto, M. Wakai, T. Motoba and T. Fukuda, Nucl. Phys. A 625, 107 (1997)
Hiroyuki Fujioka (Tokyo Tech.) / HYP2018




#X#Novel method for AASH identification 23/27

Decay pion spectroscopy with tagging a proton from NMWD

SH = SHe + 7~ (referred to as a “fast proton”)

iHe — H4-p+n
proton energy distribution

N3 " | MWD A - p+r +38MeV
_ + T~ carries away
. + g most of the released energy
E —A-? _‘-+“‘
0.05:— ‘+—“_‘_
. YTy ey (1N-induced) NMWD

0 20 40 60 80 100 120 140 160 180 200
proton energy (MeV)

< >
25+7% of 5 H (FINUDA)
M. Agnello et al., Nucl. Phys. 804, 151 (2008)
Hiroyuki Fujioka (Tokyo Tech.) / HYP2018

A+ p = n+p+176 MeV




#X# BG rejection with fast proton tagging 24/2/

three processes with {H( — “He + z7) in the final state

H—Q \HHn+n ~11 MeV,
—{{HfrA+n+n ~7 MeV, slow A - p+7-
(a)
—I—A—I—n—l—n ~6 MeV, slow A —>p—|—7z'_
(b) \[AgH*] S (*H+ A+ slow A — pr-
(c) —> AHH (p+ 7 /n+7°) proton from MWD/no proton

;\lH — ‘He + 7~

[~

A fast proton from NMWD has a larger kinetic energy
than from MWD (including free A decay)

Hiroyuki Fujioka (Tokyo Tech.) / HYP2018




#X# Experimental setup 20/21

. requirements
. 1. High resolution for (K-, K+) spectroscopy
. in order to distinguish z’H from QF events

. — 525 will be the best option
2. Decay - and proton measurement

— a large-acceptance and compact
CDS (cylindrical detector system)

superconducting magnet (z2Tesla)
gaseous detector (drift chamber? TPC?)
plastic scintillator hodoscopes

J-PARC K1.8 beamline

Q9

Hiroyuki Fujioka (Tokyo Tech.) / HYP2018



#X# Perspective 26/27

¢ Selective production of , ?H in a counter experiment
» Determination of AA bond energy

» Lifetime measurement of A H Only possible by
a counter experiment

» Constraint on branching ratios such as:
E_7H — AEH + 2n

5 4 _
AAH—>AH+p+7Z

E?H —>A/€H+n

—>A/§‘H+2n

5 5 —
AAH — AHe: T

H - H+n
¢ Production of y?H with a 6Li target SH -, 3
(depending on the B.E. of 2°H and {*H) B )
— s AH+n

Hiroyuki Fujioka (Tokyo Tech.) / HYP2018



#X# Conclusion 20121

¢ A new method of , JH production via =-hypernuclear
decay and quasi-free = rescattering is proposed.

¢ “Mass production”in comparison with emulsion
experiments will open new possibility to investigate
properties of double-A hypernuclei.
» lifetime, weak-decay B.R. as well as AA bond energy

¢ A Letter of Intent has been submitted to J-PARC.

¢ |f you are interested, please contact us!

Hiroyuki Fujioka (Tokyo Tech.) / HYP2018
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Table 7

Calculated pionic decay rates of light double-A hypernuclei to be produced in the (K, K*) reaction on ?Be.

29/27

The calculations are made for the two-body and three-body final states. DW denotes the use of pion distorted
waves described in the text. All decay rates are given in units of the free-A decay rate /74

7w~ DW 7 DW
A/‘}H = iHe-i-fr“ 0.25 = 41H 47! 0.13
= H+p+7~ 0.52 = ‘H +n+ 7" 0.28
43H = SHe+7~ 0.38 = (No 2-body) -
= ‘H +p+ 7~ 0.61 = ‘H +n+ 7" 0.31
AjHe = (No 2-body) - = iHe—l—vr“ 0.18
E= ‘f]He-I-p + 7 0.48 — el L~ n o
W
1He => (No 2-body) - s[4 A
= SHe+p + 7~ 0.60 = U
A Z i ~0.5
1He = " Lit+7~ 0.26 : o T i
= SHe+d + 7~ 0.06 - T F -
) L
= ?IHe+p + 7 0.21 I 1
" i
o L "
<<
x ©L
. o
> i
& i ]
= // \
T T T T i L) 14 l T T i L] I T J T T 1
20 30 40 50 60

PION KINETIC ENERGY

T (MeV)

i1

Fig. 9. The calculated 7w~ spectrum from the weak decay of A/f}{, which consists of the monochromatic peak
for the two-body decay (f,He-Hr‘) and the continuum part for the three-body decays (jH+p+1r‘).

Y. Yamamoto, M. Wakai, T. Motoba and T. Fukuda, Nucl. Phys. A 625, 107 (1997)

Hiroyuki Fujioka (Tokyo Tech.) / HYP2018



#X#Novel method for AASH identification 30/27

Decay pion spectroscopy with tagging a proton from NMWD
i H— He + 7~ (referred to as a “fast proton”)

iHe — JH p+n
proton energy distribution (KEK-PS E462)

o= : r,/T,=045+0.11+0.03
02— | B.H. Kang et al., Phys. Rev. Lett. 96, 062301 (2006)
+ /T, =0.406 % 0.020
d L B ol (N
01 +_ _—*— - S. Okada et al., Nucl. Phys. A 754, 178 (2005)
: —A—$ -‘+:$—_
0.05— A= —_
: +—:_,‘, cf. /gHe —> 4He +p + 7
°L“++I ...................
02026 s0 80 100 120 "::‘,‘i,; ﬁ‘i?l.;gf?;u;{%“" I /T, =0.340 = 0.016
) g S. Kameoka et al., Nucl. Phys. A 754, 173 (2005)
25+7% of >A\He (FINUDA)

M. Agnello et al., Nucl. Phys. 804, 151 (2008)

[', iscomparableto I' !
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