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Letter of Intent for J-PARC 50 GeV Synchrotron 2/ 8 9

Decay Pion Spectroscopy of , IfH
produced by "Li(K~, K*) reactions

Hiroyuki Fujioka!*, Tomokazu Fukuda®*", Emiko Hiyama*, Toshio Motoba?”,
Tomofumi Nagae®, Sho Nagao’, Toshiyuki Takahashi®

Abstract

Proposed is a novel method to produce a double-A hypernucleus without using nuclear emulsion.
A EZ~ bound in ®He and a part of quasi-free =~ ’s, produced in Li(K~, K™) reactions, are absorbed in
the reaction point, and , iH may be formed via 2~ p — AA conversion. Decay pion spectroscopy for
A EH —> iHe + 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 E-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.

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 2He. 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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Letter of Intent
for
New Generation Spectroscopy
of
Hadron Many-Body Systems
with Strangeness S = —2 and —1

S=-2
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2.2.3 Proposed experiments

Decegber 31, 200

Based on the result of E906, we are going to propose a study of the double-A hypernuclei
by means of decay-pion spectroscopy. In E961, we will identify 4 H by using a "Li target,
and will determine the mass within 0.5 MeV accuracy. At the Joint Project, we expect a
K-beam with an intensity of 5-10 times greater than the AGS and therefore we will be able
to identify several weaker channels than ,yH case, e.g. yHe. Another interesting possibility
is that the =Z-hypernuclei produced in the (K—, K1) reaction on ‘Li will decay to 2, H with

a large branching ratio of about 907% |14| (Fig. 15). When we use heavier targets like *<C,
we can expect heavier double-A hypernuclei like 1, Be.

http://www-ps.kek.jp/jhf-np/LOllist/LOllist.ntml
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A Hypernuclear Chart
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AA-Hypernuclear Chart

DEMACHIYANAGI ( :°Be*
NAGARA  \yiKAGE ACHIVANAGI {1,5¢7)

Lo

"BERDOZMEDFFEL K—b1 (2013)

Hiroyuki Fujioka (Tokyo Tech.) / 728th ASRC seminar (JAEA) 2018.09.04



MNLTUyR - ITIYaViE 8/39

KEK-PS E373 ==+ 12C - | °He + “He + 1

H. Takahashi et al., Phys. Rev. Lett. 87, 212502 (2001); 6 5 B
JK. Ahn et al., Phys. Rev. C 88,014003 (2013) anHe — ‘He+p+
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T.Yamada and K. Ikeda, Phys. Rev. C 56, 3216 (1997)
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* 2 prong from = stop point

DLH event in Mod098 plo4

. #2: \X * twice non-mesonic-decay
i / * charge of #1 >=3 J—PARC EO7

# :5.5um\ #1: ,,X, 4.0pum

initial state: (2+160), (E-+14N), (E—+12¢c) | Forall combination,
[ conservation laws

track #1: , ,7Li, ,8Li ... (30 nuclides) ) : :
track #3: p, d, t, *He... (57 nuclides) lg klrmematlc consistency, etc.

o : within 3o of measurement error
invisible particles: null, n, 2n, 3n |

Possible solutions sorted by Abs(AB, , - B ):
Preliminary resy|t

+ 1N -> , \10Be + *He + n, AB,, - B, = ~1 +- 3 MeV
+12C-> , 8Li+%He+n ,AB,,-B-="6+-2 MeV

[I] [I]

Preliminary results are rounded to one significant figures. 28
Fruits of J-PARC EO7 ;" T AN
found at Jun 215t B

5 DLH events

= A@HYP2018
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K.Yamamoto et al,, Phys. Lett. B 478, 401 (2000)
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BNL-AGS E906: 9Be(K- K+) [ it
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JK. Ahn et al., Phys. Rev. Lett. 87, 132504 (2001)
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October 17, 2003 14

Suggested decay mode of 4, \H and limits on AB, ,
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1) Twin hypernuclei 2) Double-A hypernuclei
3 3 — 7 1 (%) —
AH—"He+nx aaHe = L1V + 7
o (K _ o —
“He — °Li" + Li— 'Be+n
0 85 90 ﬂ?rt:lom;(siumlz);ev/lé)o 115 120 QOEDEED
. Kumagai-Fuse and 5. Okabe, =50 06 10" 720" 30" T40 150160
Phys. Rev. C 66, 014003 (2002) P (Mevic)

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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HIAF in Huizhou/China
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* Heavy E hypernuclei spectroscopy
* Coulomb-Assisted bound states 89Y(K-, K+)

T. Nagae, HYP2018
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Run Conditions Pilot Run | Next physics Run
K™~ intensity (M/spill) 0.6 1.31

MR beam power (kW) 39 85

Spill cycle (s) 5.52 4.7

Target thickness (g/cm?) 9.3 10
Spectrometer acceptance (msr) 110 35
Missing-mass resolution (FWHM) 6 MeV <2 MeV
Signal events/days of run 40/10 days ~110/20 days

T. Nagae et al., P70 proposal
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E. Hiyama et al., Phys. Rev. C 78, 054316 (2008)
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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
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

Koike and Hiyama, Few-Body Syst. 54, 1275 (2013)
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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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H. Nemura et al., Phys. Rev. Lett. 94, 202502 (2005)
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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 >apH.

¢ 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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H. Tamura et al.,
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C  World data on 4AH from nuclear emulsion
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A. Esser et al.,
PRL 114, 232501 (2015)
A1 Collaboration,

NPA 954, 149 (2016)
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vay Momentum of decay pion 24/39
Region of Interest
+—>
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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)
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¢ 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
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simulation (P96 1R proposal)
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160
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150 £2 P B % 0 3o 0 | The distinction between
140 eboggagzeoe o " | the two decay modes
130 LB b g are experimentally difficult.
%3 ; SEDES§§DEH—{W+ +7(99)
120 == : LeRREee & ﬁ%jﬁktﬁU%)
E:: ; =L ag " SH — SHe +7(1357) - - R - -
EER 2l = NELIG afs ~He — *He + p +7(99) Y Y
10 Go |:||§| DD:EE- A§H—>§J{e+n'(il16?)H p | From apomtofVIeWOf
100 5 AiHeﬁfﬁ;f;ffto o decay pion spectroscopy,
o oo SN S the decay mode on the left side |
90 = | H— "He + w (114.3) ; . :
: | | | is regarded as a background process.
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#X#Novel method for , °’H identification 27/39

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 ;He (FINUDA)
M. Agnello et al., Nucl. Phys. 804, 151 (2008)
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A+ p = n+p+176 MeV




#X# BG rejection with fast proton tagging 28/39

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)
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#X# Perspective 29/39

¢ 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 — A/fH + 2n

5 4 _
AAH—>AH+p+7Z

5 5
AAH — AHe: T
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- 30/39
(1) BEOYFIANAI—1 (,H) DER

o . f 12C +,K+ 12C
7L1(K 5 K+)A/€H + 2n - (7 A

6Li(ﬂ+,K+)/€He +p
(2-1) JjHERESET BHECONT
5 5 _

(2-2) s/ FRFIRIC L ZEEDRE

[ 3 ] J-PARC [C &7 5 RERETE (from S=-1 to S=-2)
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#X# Experimental setup 31/39

. 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
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#X#l \1 0w ;3EER (phase-1) 32/39

LI+ CDS + S-2S @ K1.8 beamline

LA & R U A TR ET — 5 IS (BZ0$%)
~N\Y I T5 Y ROBE~

2. VT IJLNINA IN—RZIC XTI B BRIEn A 77
ILi > 'Be+ 7~
°He — °Li+ 7z~
“H — “He + 7~
iH — ‘He + 7~
cf. SaHe [ ZE _{RERER (SLi+m-)
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o 7Li I X192 R F 4 33/39

L1(7r, JK*y) AL

J. Sasao et al., Phys. Lett. B 579, 258-264 (2004) > @ bound egion e
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T. Motoba, K. Itonaga, PTPS 117,477 (1994) FINUDA collaboration, PLB 681, 139 (2009)
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& nHe?

l B(E2) o%fm*
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E, (MeV) L B(M1) nm® '7+AZ #* +|:|:|I‘E?/\D_
. 100I1IIIIIII|IIII
i Jn,T 6 CHe J=1-
’ - A
o 624 0.30 S AHe + D o
— )
° + 5.91 | T T 3251
2,1 4.58 | 3_90: |
5 4.02 0_15I o o.zo;
! N
4.28 ¥ T +H—++—+——+ 1/2%1
41 + o T—[-—I—+—|—|—+—{- ’
0,1 aHe+d PUW R
= 441 | | 003 | [ 415
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3 3.00 — [ | ] 7/2 ,0
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1l : l | ! !/ I Il/ L/ o + FIG. 2. Denzity distribution‘ of the valence neutro.n, p,, 1n the
| 0.86 J i | 3/2°,0 ground state of | He together with those of the A particle, p, , and
| s 0'?/2 l | a single nucleon in the a core. The radius r is measured from the
oL 1.0 0.00 . 4 1/2+,0 c.m. of the a core.
Hiyama et al., PRC 53, 2075 (1996)
. 7T .
6L1 ALI

FIG. 2. Calculated B(E2) and B(M1) values for °Li and Z\Li.
The observed values for °Li are in parentheses. The particle-decay
thresholds are 3.94 MeV (QHe+d), 5.58 MeV (°Li+A), 5.99

MeV (§He+p), and 6.16 MeV (3He+p+n). Hiyama et al., PRC 59, 2351 (1999)
Hiroyuki Fujioka (Tokyo Tech.) / 728th ASRC seminar (JAEA) 2018.09.04




AVA
VAV

MAMI DR DEER

High-Precision Measurement
of the Hypertriton Mass

PoS(Hadron2017)207

Patrick Achenbach*, Sebastian Bleser, Josef Pochodzalla*, Marcell Steinen

Institut fiir Kernphysik, Johannes Gutenberg-Universitdat Mainz, Germany
and Helmholtz Institute Mainz, Germany
E-mail: achenbach@uni-mainz.de, pochodza@uni-mainz.de
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“Be target "Li target | °Li target
Z pr (MeV/c) 2Li* SLi*  8He* | ]He* CHe*
3H 114.37+0.08 0.56 1.18  0.67 1.49 2.48
“H 132.874+0.06 3.56 374 751 | 1261 8.81
¢H 135.134+1.52 0.03 <0.01 0.23 0.10 =
®He 108.47 £0.18 244 125 147 3.53 =
‘He | 114.97+0.154+0.17 | 2.12 044 135 = —
S He 116.50+1.08 0.04 - = — —
1Li 108.11+0.05 1.54  1.68 = = -
SLi 124.20+0.05 085 - — — —
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#X#%H and 4\H

/ ALi level structure and particle emission thresholds
7L| 4 H

K-+-> 3He + A+t + -

> o +3AH + 7I-

s —s substitutional

L exchange froma tot = Sn 8
”A" . ///////
1°;T=0 4 %H#He 19.3
O+;T:0/ 4 ----------
+* H
/// A
| 4
‘He +m 3/27;T=1 ~12¢ (K-,m-) AL=0, AS=0
Substitutional on “t” 0. emission e p,—p, substitutional
. ﬁ/Z';TZ ~84%
1727 T=1
31210 ” s Hta 6.9
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AJ X

B F40 TR NLYIYRXIABYEBEZEZ DS (2017.87) £ D
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SHe +p
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Nerr (ReL. 10 HAX=1)

O. Hashimoto and H. Tamura, PPNP 57, 564 (2006)

' LR i i ! ! Excitation energy [MeV] ,-'ror — ? —— 19 — 20 EA 7/89
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Fig. 11.10. Experimental®-?**-?** and theoretical excitation functions for the inflight (K, 77), (w*, K*) and

(K~ stopped, w~) reactions producing JLi. The (7™, K*) data are not available yet. Comments as for
Fig. 11.7.

H. Bando, T. Motoba, J. Zofka, Int. J.Mod. Phys. A 5,4021(1990)
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