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Weak decay of A hypernucleus

m ASWEAKeO ECAYAINTECISPIEACE:

A= p + 71T~ :63.9:0.5 % Ty = 263.2£2.0 ps
A— n + ! :358+0.5 % — Well known.

YV EAReU ECEYATOUENGIMANSHYPETUCIEUS

fr [ .- (A= p + T ) Mesonic
mIr» A= n+mn9%) q~100MeVic

gy =T (o 4

r [, (A} ‘D ' n Non-Mesonic(NMWD)
. 1p _ q~400MeVic
T . A+"n —=mn

Study of the mechanism of
interaction




Non-mesonic weak decay

— A+N>N+N —

TABLE I1. Six amplitudes in NM decay process whose ini-
tial AN system is relative 5 states.

=

A+p—>n+p
: T = a’+b*+c?+d*+e’+f?

Initial Final Matrix element

Ratei Iy : Parity change
2

A+n—>n+n

150 150 a a 1’ no

5P, %(O’l —02)q b* : 1 : yes . Fll —_ az+b2+f2
351 351 C 02 : 0 : no

5Dy %512(9) d? 0 no o

'p ﬁe(m —a2)g € : 0 : yes Pn/ rp ratio

B ffloitoe f L 1_! i : The most important observable to study

the isospin structure of the NMWD.
Simple theoretical model N N
. strong tenser coupling
One Pion Exchange e (AL=2, AS=2)
(OPE) model W — dominant term

N 35 3p, (amplitude “d”)

OPE:T,/T, ~0.1 <—>‘ Exp.:T', /T, ~1 \

I,/ I, ratio puzzle

with large error



T'heoretical approach

q~400MeV/c (< large!) = short-distance interaction
(- range ~ 0.5 fm)

One Meson Exchange Direct Quark (DQ)
(OME) mechanism mechanism

N N N N
>'7 N M
N\
[N AN
n,K,n,p5w,K

« Kaon exchange model (OME)

-~ dominant term 3§,—1P, (amplitude “f”)

— largeI', /T, (~0.4-0.7)



Experimental difficulty

Most of the experiments measured only proton energy specra
> LT, =(,-T,)/T,

(because of the difficulty in detecting neutrons)

v Proton energy loss inside a target and detectors
v' Final state interaction (FSI) effect
(€ not well established theoretically)
v to distinguish between the FSI and 2N-induced process (ANN->nNN)

Final state interaction ANN—NNN
(FSI) effect (2N-induced process)
rescattering N N
N
W “‘?--
A T
N N

(One of the theoretical model)



The present experiment

—1 KEK-PS E462/E508 |—

NMWD : AN—NN
Coincidence - - -
NMWD @/I'
G_ 2"
I - .

NMWD ‘ ‘;@g/
= =="Coincidence

1) Angular correlation

( back-to-back, cos6<-0.8)
2) Energy correlation

( Q~E(N1)+E(N2) ~152MeV )

Direct measurement
of the ',/ ', ratio

= Select AN—NN events
w/o FSI effect & ANN—NNN.

N(An —nn)x (@, x2,),.
><8121><(1—RFSI )

N(Ap — np)x (Qn X Qp )av.
XE, XE, x(l—lﬁ)

* cos @ <—0.8
* E(N1)+E(N2) cut

I, N(nn — pair com) €,

I N(np — pair com) €,



Feature of the present experiment

.A+ “p” —)n

}Measure both np- and nn- pair!

TP
nA |Hlbire_>ct Mhéasurement of the I,/ T, ratio (N, /N, ratio)

 Detect all decay particles (p, n, &, y (n9))
with very high statistics.

» Select Light hypernuclei

v Light s-shell hypernucleus, °,He
( to minimize the FSI effect )

v’ Typical p-shell hypernucleus, 2,C
( to investigate the p-wave effect )



Excitation-energy spectra for ° ,Li and 2 ,C

The ground state of ,Li is
above the threshold of °,He + p.

SMeV

6ALi (g.s.) — 5AH9 +p

6 Li (g.s.) promptly decays into 5 ,He

emitting a low-energy proton.

Counts /0

v' Good S/N ratio ~ 10

v High statistics
(one-order of magnitude
higher than those of
previous experiments.)

Counts / 0.5MeV
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Decay counter system Neutron
A
T4 \ Neutral particle :

-
———r—— or
Solid angle: 26 % - e | (target—NT)
= 9(T)+9(B)+8(S) % == * T3 VETO
ﬁ bear®
Kﬁ&S ~ Drift chamber (PDC)
X
Charged particle :
« TOF (T2—T3)
L ; - tracking (PDC)
— X ¥
AQC Proton



Neutral decay particle ID

Neutral particles from '2,C

Neutron energy resolution
(estimated from y width) cO10040 20 10 5
| I | |

Neutron energy scale (MeV)

® Good y n separation

® Good S/N ratio (~30)
( previous exp.
S/N ratio (°,He) ~1)
>~30 times (for °,He)
higher than previous
exp.

® High statistics
(~ 5000 neutrons)
>~200 times (for 5,He)
~30 times (for 12,C)
higher than previous
exp.

— 7MeV(FWHM) at 75MeV o I
6001 Y
I Neutron Gareé
400} £ >
- SMeV<E, A <150MeV
- Constant
- background
200 very srrlljall n
-y
OC—-I-—n-h.-.L.-.I:-nnl\-l"I |
-3 0 ) 10 15

Neutral particle identification ( 1/ [3)

1/ B spectra | (ToF spectra)




Counts

80
60
40

20

Charged decay particle ID

Tc I? Gaussian fit
(¥20 cut)
] g [ Proton
Gate
7 |-
-0.5 0 0.5 1 1.5 2

Charged particle identification (arbitrary)

Charged particles
from °,He

Deuterons were

e separated from

the protons.
(for the first time!)

derived from

dE/dx (atT2)
Total energy deposit (sequentially fired counters (T2,T3,T4).)
TOF (between T2 and T3)

PID function




Excitation spectra w/ coincident decay particles for °,He

previous experiment at BNL

1E10 8] 5] = ——— T gate

- llDﬁO—*mj lmdus“e : 4 : T T T T —T
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Excitation spectra w/ coincident decay particles for 2 ,C

40 -3 -2

alinchsive &=

inclusive

Counts / 0.5MeV

w/ proton

Counts 7 0.5W =V

IIIrIIIlI

w/ pion

Counts / 050 =Y

(di ws‘ neutton F

lIII TT]

w/ neutron

Counts /O.5M=V
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w/ gamma
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|

Excitation energy (MeV)



Neutron and Proton enerqgy spectra of °,He and '¢,C

03— I r T F Y P P P E 1! . .
u | 4 To avoid suffering from
i | (a) iHe - FSl effect &
- | % i N Nighi¥hergy threshold
§ 0.2 i -o- neutron | |
S 0 » ;-Pm“m i\ | N, /N, (60<E<110MeV)
R {, ¢ 5 ¢4 ; ~ 2.1710.15£0.16
20 1 + | | 135MeV ]
=t | & IR FELHTS SO =
z [ o0 o * ] |%He—n+a:Q~135MeV
- I (rate : 0.049+0.01T )
0% : : : : ' ST ST -S4 apply upper energy limit of 110MeV !
. ' | T ' |i AR B AN '12' N .
i (b) ,C
® | : A
' -8 . neutron

N, /N, (E>60MeV)
~ 2.00%0.09+0.14

-8 proton

/10 MeV
-
(W)
1T T 1 | T T 1 I I T T 1
W+
ml L1 1 1

~0.1 o 7 ! 1
Z. ® o © ¢ o -
- . . » 1 | apply a simple relation
Corrected 0 - 3,:,;,.' r,/r,=(N,/N,-1)/2

proton energy OI | I2()I | I40I | I6OI | ISOI | 100 | iZO 140 > Fn/rp ~ 0_5

loss inside th
t:f;,’: _,S_,'det © Neutron / Proton Energy (MeV)




Coincidence analysis for °,He

Angular correlatlon

energy Sum
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Coincidence analysis for %,C
Angular correlation energy sum

S R R (a) np com 20 A """""""""""""""" e ( é{)’"ﬁp"ét’j’i’ﬁ """"
-- cos ¢9< ——08 ' ’ 5'

15
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I,/ T, ratio

Direct Quark

One Pion Exchange Meson Exchange .
. (OPE) mechanism mechanism
g N _/N N /N N N
= WS . ;
N\ /A N
I A T,K,n,0,w... A N
I Y | | | I | | | | I | | | | I
Fn l rp I | | | | I | | | 1 I | | | 1 I
0 0.5 1 1.5
Previous exp. (at BNL)
. 0.93+0.55 (Szymanski et al.) for >,He
% > He (E462)
=
—@— |N,./N,, (5,He)= 0.45:0.110.03

12 C (E508)

N.n/ Np, (*?4C)= 0.40+0.09 (preliminaly)




€ AN—NN was directly observed for the first time !
>AHe: I /" jratio~N_ /N =0.45+0.11+0.03
2, C: I,/ I ratio~ N, /N, =0.40+0.09 (preliminaly)

€ N /N, ratio with a hlgh threshold (60MeV) was approximatel
equal to"2 (r,/T,~ 0.5) = consistent with coincidence results.

v' excludes the earlier experimental claim I, /T, ~ 1.
v rules out theoretical calculations based on the OPE (I', / I',~0).
The longstanding “I" / ', ratio puzzle” is solved.

It supports recent calculations based on short-range interactions
such as heavy-meson exchange and the direct quark exchange.




I > He comment | 2C comment
A A
b h-LIfeter-e ay | 278715 (ps) present | 21277 (ps) present
- branching rallo 14359 + 0.009 present | 0.099 + 0.011 + 0.004  Ref. [18]
nY branching ratio 5. | 0.212 + 0.008  0.005 present | 0.133  0.005 = 0.003 present
°He comment | C comment
Tt/ T4 | 0.947 £+ 0.037 £ 0.007 present 1.242 £ 0.041 £ 0.009 present
||~ T,-/ T4 | 0.340 + 0.016 = 0.003  present | 0.123 & 0.014 + 0.005  Ref. [18]
F,,.o/ I'y | 0.201 + 0.011 + 0.005 present 0.165 + 0.008 + 0.004 present
I'um/ Ta | 0.406 + 0.020 + 0.006 present 0.953 + 0.032 + 0.017 present
- . 5 .
n - decay width for °,He n® decay width for 5,He and 12,C
A
i r,/T, of ;He r,/Tr, of \’C
Szymanski ar = 0.4
03 - L
U.Straub et al. (NPA556, 0-3
0.5 E462
------------------------------------------------- YNG
i S §rrrenne et ORG 0.2 + E508 ——
Py Motoba et al. (NPA534) & (PRC43)
E462 01 -
04l g YNG 0.1 | ASakaguchietal.(PRC43) Ltetobactal
1 T
L J.J.Szymanski et al. (PRC43) 0 -
------------------------------------- ORG| |,
03— :
experiment theory -0.1 “
experiment theory
0.2 Statistical errors were much improved !!




E462 / ES08 publication

®International conference
v PANIC02 : oral (invited) X1, poster X 2
v SENDAIO3 : oral X6

v  HYP2003 : oral (invited) X2, oral X3, poster X3
®Doctor thesis

Japan X1

® Master thesis
Japan X4, Korea X2

® International conference
v INPC2004 : oral X1
®Doctor thesis
Japan X2, Korea X3 (or 2)
® Refereed journals
Letter paper X5, Full paper X1




To J-PARC

Non-mesonic weak decay of 4, He and 4, H

o ] see S.Ajimura : J-PARC LOI 21
Spin / isospin dependence
an(4AH) = ( 3Rn1+ RnO +2R ) X p4/ 6
LomaHe) = ( I-ZE"' 3R, + Ryy) Xpy/ 6
mCaHe) = (3R + R § + 3Rp1 + RpO) Xps/8

Ryg .- N : An2>nn, Ap2>np “He (K-,) 4,He or
S:spin= 0orl “He (n*,K*) 4,He
‘He E?H e - n+n back-to-back

‘*@* @ ‘* @@‘*é 4H; S:r,lnl?a‘::Al:-lto-back
nnlpA p p/ln A

(n® spectrometer )
- Need one-order higher statistics. 2> J-PARC

ppnnA




