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Weak Decay Modes of A Hypernuclei

/Fm { I' (A->pn) Mesonic Weak Decay
I (A nmo) q~ 100 MeV/c
INNCIVE I B
~ Nonmesonic Weak
I < I'(Ap 2> np) =
~ I' (An > nn)
q~ C
I’y (ANN- NNN)

~

High momentum
interaction

—/

Main focu?of this talk
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Non-Mesonic Weak Decay NMWD) & Issues

1. B-B Weak Interaction ;
A+ N->N+ N (AS=1 B-B Weak Interaction )
— The crutial importance of NMWD is that it provides the only
practical means of exploring the four fermion, strangeness changing
AN >NN weak interaction.

2. Long standing puzzle on : I‘,,/FlD (=np ratio)

3. 2N NMWD: Predicted to be a significant component of NMWD,
though not experimentally identified yet.

4. Asymmetry ; The relative phase concern of PC and PV part of
NMWD interaction.

5. Final State Interaction : It seems one of the important elements to
understand NMWD.
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Status of I' /T, puzzle
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The exp. error bars are too large to distinguish different models.

Improvement of the experimental accuracy of the ratio seemed very
urgent. In this regards, the two experiments, KEK-PS E307 and E369,

has been implemented at KEK.



E307 Experiment/Setup

1. Objectives
1) 1 for 12,C, 28,Si and ,Fe
2) Proton energy spectrum
3) I, I,-
2. Set up
1) (=*, K*) reaction
2) Large solid angle, ~100msr, SKS
3) Decay spectrometer
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E307 Experiment

Mass spectrum
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Life times
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Proton Energy spectrum
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E369 Experiment/Setup

To derive the I',/T, experimently,
one need n measurement.
Neutron spectra measured.

target: 1°C, 31V and Y
n /¥ separation by TOF method
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Neutron Spectrum
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- absorption background
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Discussion
* Now we can directly compare n and p spectra to estimate I',/T, ratio.
* To estimate I' /", ratio simply from Nn/Np number ratio.
- Assume NMWD 1N process only ; r,+r, =1
- The neutron (proton) number per NMWD for full solid angle and e= 1.
N, =Y /NpQR0ngn = @ro+r)f + rg
N,=Y /Ny e, = rf + (2r,+r)g
where f ; loss due to FSI, and
g : channel cross over influx due to FSLI.

- Assumed f,=f,, g,=g,. , considering the isospin independece of the
strong |n1'er'ac1'|on cmd The isospin symmetric propagating medium.

HYPO03 Conf.



INC calculation

Therefore, .
2_ I SU 0 e -
N‘ = rp +rpb =a=173 : II| — Iel
N, @-r)p+r, e M L
Where SRS LR
—g ~ - - s .
p=2=(076-11) «INC b oo,
1- 1
rn = rp = (045'051) r.-F e i S e
ror

> /T, = (0.45~0.51)+0.15
* AT, /T, significantly smaller than unity.
* Obtained model independently simply assuming f,=f,.

» The INC B value is used only for second order correction.
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I'n/T'p ratio

E307/E369 :
I,/ T, 02,01y~ (0.45 ~0.51)% 0.15 (stat. only)

- Almost model independent.
- A significantly smaller ratio than unity.
- This ratio agrees well with the most recent theoretical values (~.5)

However, ambiguities due to

- final state int. In order to resolve the difficulties,
. 2N induced NpwD, D

* Exclusive measurements

?:> . 5,He > E462

* Asymmeftry issue: Large - 12 C > E508
inconsistency among 0,

HYPO03 Conf.
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Status of Asymmetry Parameter,q,,,

O
o
|

o

O
U1

5
AHe

“C,\B
- Two measurements exist.
» anm very different

* Inconsistent state

Theoretical prediction



Setup E462/E508 (KEK-PS K6 beamline & SKS)

Solid angle: 26%
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As the mass number become lager, the number of neutron become
lager in the low energy part, and smaller in the high energy part.
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N,/ N, Ratio

Neutron and Proton
Energy spectra from 2 ,C
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Discussion
Similiarly to that of E307/E369, we can estimate I'/T",.

Again assuming 1N processes only in NMWD,

N, 2-r, +np
Tho_ g =
N, 2-r)B+r,

where a=1.80, B=(0.067~0.10).

1-—
Weget = - _ 2" _ (0.49~0.55) from E508
p M Mo

for 12,C (E508) > I,/ (12,C) = (0.49~0.55)  0.10.
Similarly, for °,He (E462) > I /T (°\He) = (0.66~0.69) + 0.12.

< (0.45~0.51)+0.15 from E307/E369.
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Asymmetry (Maruta’s Parallel talk)

m Another important Issue in NMWD study.

m When a hypernucleus polarized,
weak decay particles have
an asymmetric angular distribution. Namely, n : K

N(©) = No (1+ P,acos0O)
= No (1+ A cosO),

where P ; polarization of the hypernucleus, p
A . Asymmetry of the decay ang. dist. b,
a ; Asymmetry parameter. Of T
m 1T mesonic Decay of A: Decay

R Angle
H, =ig, w1 + Ay ), 0,
Asym. of n, A, > a, = a, = -0.64
2> A= -6.9
= Nonmesonic Weak Decay :
o SN HYPO3 Conf.
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Asymmetry parameter of °,He (E462)
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Asymmetry parameter of 12,

c,1t B (E508)
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f!n/f‘p from Inclusive Yields

5,He : (0.66~0.69)+0.12 (E462)
12, € : (0.49~0.55)+0.10 (E508)
: (0.45~0.51)%0.15 (E307/E369)
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Current Status of I' /T,

—
=
@
o
=
<

JUaWILIodXH

| Niyp I'n/I'p
sas02 >\He 0.70
1to02 5 He 0.39
Gar03 >\He 0.46
Ose01 12.C 0.53
lto03 12.C 0.57
Gar03 12, C 0.34
. I'n/T'p
5 He 93+0.55
BNL
12, C 1.3311.12/0.81
KEK'95 12,C 1.87+0.91/1.59
KEK - 0.87+0.09+0.21 (1N)
(Sat02) AY 1 0.60+£0.11+0.23 (1N+2N)
KEK (Kim03) | 12,C | (0.45~0.51)+0.14 (1N)
E462 (Inclusive) | 5\He (0.66~0.69)%£0.12 (1N)
| E508 (Inclusive) | 12,C (0.49~0.55)£0.10 (1N)
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Comparison with recent resulits of a,,,

0.5T

> e |o
I { \I{g\maz\ E508

H[E27s]

°H CA'B

O
ol

oeq-0)

Theoretical t

' prediction

-1.57

Asymmetry ; The I',/I', puzzle seems resolved. However, the
decay asymmetry which is one of the two basic observables in
weak interaction study remains to be understood.



" J
Summary

1.
2.

I have mainly focused on I'nl'p puzzle issue.

Since last HYPOO, a series of experiments have been done at KEK-
PS using SKS kaon spectrometer. The I'n/I'p ratios from inclusive
nucleon spectra converge to significantly smaller ratios, ~0.5.

. The extraction of 'n/I'p ratio was done simply using the nucleon

number ratio, Nn/Np, of the inclusive spectra, but with the
"IN(AN->NN) only” assumption. An inclusion of 2N process tends to
decrease the ratio.

. Pinning down I'n/T'p further will require understanding of 2N process

and also of FSI better. Exclusive coincidence measurement is
necessary for this purpose. ( > Next Dr. Outa’s talk)

. As long as I'n/I'p ratio concerned, the experimental and theoretical

ratios now well agree to each other. However, anm remains
inconsistent between those of experiment and theory.
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More results and Puzzles coming.

Stay tuned!
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Extra slides
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Status

*The neutron spectra from NMWD of He and C measured accurately with
only a few % of statistical error.
- I'//T, ratios from Singles spectrum (with 1N assumption);
obtained the ratio significantly less than unity from recent weak decay
experiments,
I'n/T'p(bAHe) : (0.66~0.69) + 0.12. (E462)
I'n/T'p(12AC) : (0.49~0.55) = 0.10. (E508)
: (0.45~0.51) £ 0.15. (E307/E369)
- Derived directly comparing n and p spectra model independent way.
- Asymmetry ; The I'n/I'p puzzle seems resolved. However, the decay
asymmetry which is one of the two basic observables in weak interaction
study remains to be understood.
- Ambiguity ; There still remains some ambiguity due to the FSI and 2N
process in the inclusive singles analysis.

Q> - Coincidence easurements
- 5 He > E462

- 12, C > E508




" J
Summary
1

2. The I' /T, values derived from the proton spectrum of C, Si and Fe are close

to or somewhat smaller than unity. But the error bar was quite large.
Difficulties in the measurements of I'\/T' ;
i) FSI = Light mass system prefered. (E462)
ii) High Eth & n measurement. (E369)

3. The neutron spectrum
— for 12AC with a greatly improved statistics and S/B ratio.
— for a heavy A hypernucleus like 89AY is the first measured one.

4, T'n/Tp ratio
— the first experimental value significantly less than unity,
I'nl'p = (0.45~0.51)%=0.14
— Obtained directly comparing the neutron and proton spectra without
relying on a model calculation of FSI except for the estimation of the

secondary cross over ratio into the high E region.

HYPO03 Conf.
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i:n/Fp from Singles Spectrum

OME (w/ heavy meson )

OPE DQ model ...
| — —
r,/ T, F—————=————————
0 0.5 ] 1.5
Experiment 0.93+0.55 (Szymanski et al.) (for 5,He)
HO—le
—O0—

5 He : (0.66~0.69)+0.12 (E462)
12 ¢ : (0.49~0.55)+0.10 (E508)
: (0.45~0.51)+0.15 (E307/E369)




P r/nr N N N_/N r/nr
HY | source >50 /' " P /Mo /o
Singles Coincidence
2.20
A47+.13
Okada 0.341£.0 | 014820 1, 413 (66~69) | 28 | 90
14 07 (<-.8)
+.15 +0.12
SHe 0.332+.0 | 0.150£.0 | 2.204.1 | Amost same 0.44+
E462 | Kang 13 07 3 as above 30 90 0.11
.07+.08+.00
Maruta 8/.0
E307/3 ) . (.45~.51)
69 2 +.15
1.80+.0 (.49~.55) 463+.11
A427 237 7412 £10 33 117 (<-.8)
12C
E508
2.08+.0 (.66~.75) 59+.13
441 212 36 101
£.10 (.59+.13)
-.24
Maruta |, 6+.08/.0
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N, (/Decay)

N, (/Decay)

N, /N, ratio

=30MeV
>40MeV
=H0MeV
=6H0MeV
=T0MeV
=80MeV

0.4345 = 0.0153
0.3861 = 0.0142
0.3278 £ 0.0130
0.2702 = 0.0119
0.2121 £ (0.0106
0.1568 £ 0.0093

(.1746 £ 0.0071
0.1683 £ 0.0070
0.1491 = 0.0066
0.1229 £ 0.0059
0.0936 £ 0.0052
0.0722 £ 0.0046

2.4889 =+ (.1340
2.2944 + (.1269
2.1991 £ 0.1303
2.1989 + (.1438
2.2660 £ 0.1697
2.1712 £ ().1882

Nu(/Decay)

N, (/Decay)

Nu /Ny ratio

>30MeV
=40MeV
=>H0MeV
=>60MeV
=>T0MeV
=>8&0MeV

0.6309 = 0.0136
0.5249 £ (.0122
0.4273 = 0.0109
0.3435 = 0.0099
0.2611 = 0.0087
0.1926 = 0.0075

0.2927 £ 0.0075
0.2779 = 0.0073
0.2371 = 0.0067
(0.1829 = 0.0059
(.1415 £ 0.0052
0.1017 = 0.0044

2.15562 £+ 0.0720
1.8893 + 0.0661
1.8023 £ 0.0688
L8778 £ 0.0811
1.8454 £+ 0.0912
1.8936 £ 0.1103

Table 4: Table of neutron and proton energy spectra par decay for }2C.
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The most recent resulis

1) T {E307)
« Measured the Np/nm.

NAE.>40 MeV)}nm = 0.4
« Compared with the INGC {Ramos et al)
Best il

—=> TWfTy = 0.87+0.09+0.21 wfo Tay
_ nil . n73
TafTy = 0.60+ pna 1o W Ion

where systematic error due to the

'Sl model is not included.



3. Neutron measurement : K369

Experimental target: 12C, 51V and ¥Y
Observable:

Lifetime

Branching ratios of charged particle
Proton and neutron energy spectra

_I_

n /¥ separation by TOF method K ! +
H T- AT LT s T K -EE
: Target
oo | | |
° | Preliminary Result L
a0 ' Neut
1500

. G ~200ps
1M -
- n E369

iy i s Decay counte
- R -fi -4 - 1] 2 4 & B [[1]
Time of Flight RREL
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E369 Experiment/Setup

1. TO ; before tatget
T1, T2, After target

Veto Counter (T2)
. 10x100x2 ¢cm3
T3 ; Neutron Counters (30cm) Neutron Couter (T3
2. Target thick ; 1.74 g/cm2 20x100x5 om
T1 4x25x0.6 cm?
3. T3 acceptance ; 0.114 remhem
Target | ITO 7+ Beam
1{3{ \95‘&%
A Thic D Seg.
(cm2) k (cm) 7\"
T 12x12 | ©® | 30 | 3
T | 140x100 | 2.0 | 60 | 14 | ' |
7 | 80x100 | 30.0 | 68 | 4x6
3
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Neutral particle identification

v Good ¥ n separation 1/ B spectra

v Good S/N ratio (~30)

v High statistics
(~ 5000neutrons) : 4

Resolution -
for neutron counter g ~0.12
o ~8NMeV - for 1/beta

( around S0MeV ) :
width of ¥ peak 100

Neutron gate
e

et Meeclution of 1.0
Agmp=0 12

2 B i 12 14

gated 12, C ground state

decay mode _2
Sl
iy

|: I.: by F 1 I L1 L1 (I | L1 1
i 2l il i) Hix LR 1=X]
Heubron Energy (el
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Mass number dependence
of neutron energy spectra ( A=5,12,89 )

Meutron energy spectra (A=5,12,89)

- 3
- s
50.25— | —o—E462 [ | He )
S I %—% =-E508( . C)
;;“-25_ E369 (. Y)
;1115— { previous expeniment )
=1 Fﬁf-r .
E o1 -
8 | 4y 3+,

0.05(

ut'l: I (R 5 -"!:'-"- -! = .

20 40 &0 EII] 1nu 120 140
lule':.l-'

T

As the mass number become lager, the number of neutron become
lager in the low energy part, and smaller in the high energy part.
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Summary

1. Measured Lifetimes (Total width) are almost saturated at 12 C region to a
value about 80% of the free lifetime. 2 I'nm

2. The T /T') values derived from the proton spectrum of C, Si and Fe are close
to or somewhat smaller than unity. But the error bar was quite large.
Difficulties in the measurements of I'\/T'; ;
i) FSI = Light mass system prefered. (E462)
ii) High Eth & n measurement. (E369)

* The neutron spectrum:
- for 12AC with a greatly improved statistics and S/B ratio.
— for a heavy A hypernucleus like 89AY is the first measured one.

e I'n/I'p ratio
— the first experimental value significantly less than unity,
I'nl'p = 0.45%0.14
— Obtained directly comparing the neutron and proton spectra without
relying on a model calculation of FSI except for the estimation of the
secondary cross over ratio into the high E region.



Widths(T",) 12 C
E307
I, 1.254+0.18 [1]
— C decay width status ¢ 1.14+0.08 [2]
H o] &S completed} Al T r_ 0.1440.07+0.025 [3]
=A 0.113+0.013%0.005 [4]
T, 0.217+0.073%0.011 [5]
r_ 0.33+0.075+0.012
r, /T,
0.11
r, 0.31+0.07+ 011 [3]
0.4340.08 +0.11* [6]
I 0.38+0.06 +0.05 [1N]
T 0.89+0.15+0.03 [3]
0.81+0.11+0.013
r, /T,

SUIELW N

R. Grace et al., PRL 55 (1985)

H. Bhang et al., PRL 81 (1998) 4323,

H. Park et al., PRC 61 (2000) 054004

. H. Noumi et al., PRC 52 (1995) 2936

. Y. Sato et al., Nuc. Phys. A691 (2001) 189
. Sakakuchi et al., PRC 43 (1991) 73




Particle Identification

—_ a
z £ 150 |
S 100 | o
©
S protons |
8
a) :
= O =
o 100
-
-100 | .
o 50
-200 *l_ S I
SRS R | ‘ | ‘ | i
-0.6 -04 -0.2 0 0.2 0

PID, (arb. units)




Discussion

1. Measured Lifetimes (Total width) are almost saturated at 12 C region to a
value about 80% of the free lifetime.

2. The T /T') values obtained for C, Si and Fe are close to or somewhat smaller
than unity. But the error bar 1s still large.

3. Difficulties in the measurements of I'\/T';;
i) FSI = Light mass system prefered. (E462)
ii) High Eth 2 n measurement. (E369)



a dependence ;
* a value depends on the model calculation of FSI.

* In order to see the sensitivity on a, we can extract a value from the
INC calculation of Ramos et al. ; a =0.11 which 1s 50% bigger value.

« With this 50 % higher a value, the I'n /I'p value is 0.51 compared to
0.45 with the a = 0.076. This weaker sensitivity on the model
calculation is due the fact that the INC value 1s used only for the
correction of the secondary effect, namely for the cross over recoil
nucleons.
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Discussion

* The neutron spectrum:
- for 12,C with a greatly improved statistics and S/B ratio.
— for a heavy A hypernucleus like 89AY is the first measured one.

« I' /T, ratio
— the first experimental value significantly less than unity,
I, = (0.45~0.51)%0.15
— Obtained directly comparing the neutron and proton spectra without
relying on a model calculation of FSI except for the estimation of the
secondary cross over ratio into the high E region.

* Asymmetry : Now the experimental and theoretical values for I'T" are in
good agreement. The GG puzzle seems resolved. However, the decay
asymmetry which is one of the two basic observables in weak interaction
study remains to be understood. There also remains some ambiguity due to
the 2N process.
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Asymmetry

m When the hypernucleus is polarized,

the weak decay particles have an asymmetric
angular distribution.

Namely,

N(6) = No(1+ PacosO)
= No(1+ AcosH),

where P ; polarization of the hypernucleus,
A ; Asymmetry of the decay ang. dist.
a ; Asymmetry parameter.




Setup (E4B2) (KEK-PS K6 beamline & SKS)

Solid angle: 26%, o2
9(T)+9(B)+8(S)% Decay arm § Sh AT
EE (22~ 4

1 |
el |
e LT
-2 (1
|I":-:I E | l
o . H

Charged particle:
“TOF (T2—T3)
“tracking (PDC)
Ttracking i s N: 20cm x 100cm % 5cm

Meutral particle: T
-TOF (target—NT) T3: 10cm x100cm x 2cm

THT3 VETO TZ: dcmx16cm X D.6Ccm
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4. Asymmetry
Asymmetry measurement of decay proton

Asymmetry - Volume of the asymmetric emission from NMWD

N(B)=1+ AcosB =1 +5_‘;Pﬂ%

Asymmetry Asymmetry
— DEL‘.EI':.I' counter
Accaptance
1 | @ I » 0.7

SKS Accepltance
Py = +15°~-15"




Comparison with recent results

05 |

Asymmetry Farameter
o
n

|
)

0.24+0.22
0.09=0.08

Z_Ellac;
'l Red

b Blue

T
T—D 12==0.24

I 06~-07 I

k : Our results
- Previcus rezsults
- Thearaetical prediction

5
aHe

Asymmetry parameter of NMWD

- s-shell( }He : E462) = (,09+0,08

(E278:0.24%0.22)

- p-shell(C. B : E508) mump .0.12+0.24
I Large (E160:-1.3=0.4)

discrepancy
Theoretical prediction
(s/p-shell hypernuclei)

m) 06~07



Asymmetry of p-shell hypernuclei

Estimation of the contamination
fmm other energy levels

Proton coincidence

12[: ”E

gate

i:M e;l.-;f o 7]
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Asymmetry parameter of '°C,!'B

Asymmetry of Proton

0.3

0.2

0.1

(1.1 ;

| 12 _
' Blue - '°C - MM = -0.375 &+ 0.300
'I::I.E =

03 L

 Preliminary

L |

Theo

-1.3+0.4

Lo NM—_ Ajimura et al.
Eﬂtp =-0.12+0.24 =)

A
Red : \'B:u™ = 0332 + 0.394
O - ﬂill':'r .. -Df1- -. -[l-l1E-. - .ﬂjE. .- .ﬂ..:?E-- ..

Polarization of A



I'n/I'p ratio
Model Independent Analysis

It is desirable to estimate the TW/T, ratio directly from
the experimental data.

= Consider NMWD 1N process only ; r,+r,=1,

* Yields ;
Y, = Nm(2—rp;.f2n8,fn 2—1”p=21”n+ r,
YP: NﬂmrPQPEJP

rp*r,=1 it IN process only.

fn [+ FSI factors

eeeeeeeeeeeeeeeeee

and £=1.

Y.
NJ’LI'J‘IQJ'IEJ'I
i
N = — Emull, =
n NanpE"p fprp
* Since we have
> the high threshold energy

Nn: (2_rp:lfn

—> Assume f,=f,=f. Mazurian Lake Conf. ‘03



g Assume f.=f =)

|
N, 2-r, 069 _i7a
N, r, 040
FJ’I r]’l
T - 7 -036 <1
o P

Much small than 1.

* However the effects of the cross over Secondary Evenls exist.

Therefore A+p - n+p channel
1500 F —_— ——————
N, 2-ry+r b " i (a) *2C neutron energy]
= = ! —— Total ]
N_D (2‘?},)8"‘?} I e RO |71 ol il iy ISR s n from primary n |

Fam g ™
—rerLah Ly

1000 -
i Hal N P n from primary p

-
[ |
-
™

[}

aged
- —-——t AL
R all- (Tl

Where B=-5 =0076

[ o
L

f 500 i, v _
sr,= 0.688 nEm—
;“ = ljp = 0.45 (0.51 with 8=0.11, 50% higher value )

A T, [T, significantly smaller than 1.0 is obtained
without relying on INC instead obtained simply

assuming |fn=fp- Mazurian Lake Conf. ‘03
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Neutron energy scale (MeV)
c010040 20 10 9
I i I I I

= 700

3 600

Resolution 500

for neutron counter 400
g~8MeV

v Good y n separation
v Good S/N ratio (~30)

v High statistics
(~5000neutrons)

| Neutron Gatei

4 6
1/p

gated *?,C ground state

8 10 12 14




Energy spectrum from -He 1
gy spe A Energy spectrum from _,'EI:

o T Tl
z -
2008 CLRE]
';_.:ﬂ,ﬂEl 5 ~gi6fF —+—
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g aa7E T 01af-
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Figure 3: Nucleon energy spectra from ; He Figure 4: Nucleon energy spectra from *C
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E307 Experiment

1. Measured mass dependence of D-ﬂﬂﬁé
lifetimes of A hypernucleus with a 0.020¢
high accuracy, ~(6-7) %. 0.015F

T T T | T T T T I T T T T
—== Accepted

I T T T T | T T T T
r,/ |
{1M process omly)

0.010

''''''

0.005

2. Comnaring to INC calc.
T (1.17 + 0.09 + O.20(1N)J

0.96 £ 0.10 + 0.22(2N)

0.060 =

—= hoecepted r, /I,

%
=
E
gt
..-""E\
g :
I D ,I_. 0.025 =
";_‘-.l" i f1H process only) ]
0.87 £ 0.09 £ 0.21(1N) B 0.070F L - 010
~10.60 +0.11 + 0.23(2N) 3 o015 ]
3. The ratios are less than unity but “ ooweb
only within 1o from unity. And the ﬂ” 0005
error bar is still quite large. l Dmil N
) E a.nzﬁé—
4. The integrated proton number per & & (I process onls)
NMWD above 40 MeV is 0.4. & oosh T+
ol 0.010
5. Difficulties to determine I'n/I'p ; 0.005
i) FSI > Light mass sys. 0.080 -
(E462)
ii) High E th & n meas.
(E369)

HYPO03 Conf.



Energy scale matching

Result for E307 Geometry

LT e T I B AN L L SN BN
2 _l_ — R,8en
5] I _— e
S 0.020[ E E ot B ;
o i A N
LY
b - 5 |
= U‘ﬂlﬁ-— . : .
T : :
E 0.010f R
= ! : .
() _
n I : ------ 1
@, 0.005F B R
= ) | - -
oppoti Tl B Foo v T e v s g e | Fopd
0 25 80 5 100 125 150
Neutron Energy (MeV)

v Matching E. scale

Now we can directly compare this

N, ; 0.80 - 0.69 # to that of proton, N/
HYPO03 Conf.
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- Since we have
- the high threshold energy
- isospin independence of strong interaction
- isospin symmetric propagation medium
+ Assume fn=fp=f.
N,/N, = (2-r, )/r, = 0.69/0.40 =1.73
L/ = r/r,=0.36 « 1
which is much smaller than unity.
* However, the effects of the cross over secondary events exist.
N, = (2-r)f +r,g
N, = (2-r,)g + r,f

HYPO03 Conf.



Nhyp PH/PD
n/T 5,He 1.33£0.5
Nrye P = [ BNL —
8 to02 | 5,He 0.39 = KEK'95 | 12,C 1.87+£0.91/1.59
< | Gar03 |5,He 0.46 5| Kek |, | 08720.00:0.21 (IN)
Ose01 | 12,C 0.53 = | (Sat02) | "7 | 0.60+0.11+0.23 (1N+2N)
KEK
1003 | PAC 0.57 o | PG | (045-051)20.14 (1N)
Gar03 | 12,C 0.34 (Kim03)

e The neutron spectrum: with greatly improved statistics and S/B ratio.
e ['n/T'p ratio : — the first experimental value significantly less than unity,
I'nl'p = (0.45~0.51) £0.15

— Obtained directly comparing n and p spectra model independent way.
« Asymmetry ; The I /T, puzzle seems resolved. However, the decay
asymmetry which is one of the two basic observables in weak interaction study
remains to be understood.
o Ambiguity ; There still remains some ambiguity due to the FSI and 2N
process.

HYPO03 Conf.



1. Baryonic Weak Interation

* has bee studied Mainly through parity violation phenomena in
the nuclear and hadronic interaction via the meson exch. diag.
--> Successful
+ They are limited only to the parity violation component of the
NN weak interaction.
* In the nuclear environment
--> low momentum components only.
+ However, in order to understand the four baryon weak int.
we heed to understand
* Parity conserving
* the strangeness changing
* higher momentum
components.
- NMWD provides such study ground.

HYPO03 Conf.



I'n/T'p puzzle

2) Hybrid Model

OPE + Short Range Model

N N
e Direct Quark Int.
 Phen. Point Int. etc. T
@ - | N
A N
OPE | OPE+DQ | EXP(BNL) | EXP(KEK)
Py (4, He) 0.154 | 0.253 |0.20£0.05 |0.20%0.05
r/rHe)  (0.06L0.178 [0.2540.13 | 0.20+0.05
Py G,He) | Q154 | 0627 |0.41+0.14
I /rGHe)  NQ.06LAE) 0.489 | 0.93+0.55

Z >

HYPO03 Conf.



Though the ratios among experiments are consistent, the error bars
involved are too large to distinguish different models.

Improvement of the experimental accuracy seemed very urgent. In
this regards, the two experiments, KEK-PS E307 and E369, on the decay of A
hypernucleus has been implemented at KEK.

HYPO03 Conf.
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i — Garbarino’s
. OME
EAZHLL ; _l_ ~ PPM+LDA | calculation
The proton energy spectri - [ | considered FSI &
the energy loss in the thic I ANN-NNN
to observe the shape of la 15 | ¢ § ] I
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As the mass number become lager, the number of neutron become
lager in the low energy part, and smaller in the high energy part.
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Garbarino’s calculation
considered FSI & ANN-=NNN

No peaking
at half of Q-value
(76MeV) even > He
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LAy larger contribution

o

20 40 60 80 100 120 140
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. 21 of ANN-NNN or FSI
than his theory.



N
Energy !ca!e

In E462 and E508, we now
have Nn and Np obtained from same
target measurement and with same
energy threshold for both n and p,
which is much improved situation than

those of E307/E369.

12
Energy spectrum from ,°C

> Nn=0.43
B > Np=0.24

In both of 5,He and 12,C, the target vertex resolutions were
high enough that we could recover the original emitted energy of the

proton from the degradation.

.+ No need for Energy Scale Matching of n/p in E462/E508.

The same energy scales make the direct comparison of the
intfegrated yields of n and p spectra possible with less systematic error

than that of E307/E369.
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Lifetime measurement of 5 He
(Kameoka's Parallel talk)
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E307 Experiment/Setup

1. Objectives
1 T for 12,C, 28,Si and ,Fe
2) Proton energy spectrum

3) I'p, I'n—

2. Set up
1) (x*, K*) reaction
2) Large solid angle, ~100msr, SKS

3) Decay spectrometer

Detector Platform

INS—=SKS

Lucite Cerenkov
Aerogel Cerenkov

~ Drift Chamber

\ .
NN
\ \ -
\ ANS= o8
\
\ %7‘

TOF Wall | Shambe
— .
. = —BLC(Lucite
Time Zero Coufiter(T1) ——=7 gfr%rZFKOV)
High Rate Drit ———. 9
Chamber(BDC3,4)
Q10
Q9
Beam spectirometer
(QQDQQ)
D2

High Rate Drift
Chamber(BDC1,2)

Scintillator(BH1)

Gas Cerenkov Counter(GC)
Mass Slit

HYPO03 Conf.



One of the main goals of E307 was to reduce the exp. error of 6n/Gp.

p spectrum was compared to that of INC. The comparison was necessary
since the measured spectrum cover only a limited portion of all the emitted
nucleons, namely, a partial information of p (HE p only) and nothing of n.

In fact, the INC calc. originally we used was corrected with an errotum later.
Accordingly we had to revise our I' /" result as

I (117 009
Lo [0.96 + 0.10
0.87 + 0.09

~ (0.60 £ 0.11

H

0.20 (IN)
0.22 (2N)

-+

+

], PRL 89 (2002 )

0.21 (IN)

058 () ] PRC (submitted )

.. Best way would be to derive the ratio directly from experimental data.

For it, we need to measure

1. the neutron spectrum > E369

2. with low E threshold

3. the light system which have less FSI. > E462



In fact, the latter ratio is due to the revision of INC result with an errotum
later. Accordingly we had to revise our T',/I' result as

.. Best way would be to derive the ratio directly from experimental data.
For it, we need to measure

1. the neutron spectrum > E369

2. with low E threshold

3. the light system which have less FSI. > E462



Comparison of Proton and Neutron Spectra

Result for E307 Geometry
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FESI and 2N induced NMWD

e Need to confirm the small I'n/ I'p.

e 2N induced NMWD has not been identified yet, though

theoretical calculation claim its significant contribution.

« E462 : Exclusive Coincidence measurement of the decay of °,He
to identify this. However, it showed an unexpectedly large LE
component in the decay particle spectrum. 2N/fsi are mixed.

* E508 : Need an additional target in p—shell to separate them.

- Coin. Meas. of the decay of 12,C

« Asymmetry issue: Large inconsistency among a_ for C.

HYPO03 Conf.
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Aims of E462 and E508

To measure
the decay particle spectra from °,He and 1¢,C
both n & p in coincidence
with high statistics.

To resolve
the current issues of NMWD such as
- I, T
- l“n/Fp

~ Oy , asymmetry parameter

HYPO03 Conf.
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Comparison with recent results

0.5 =

~He +C,\'B

{U\ E462 | | E508 |
Y=
o
1 O
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-1.5 -

Theoretical prediction ,
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