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Subjects of this proposal

* Properties of AN weak interaction

— study on non-mesonic weak decay (NMWD)
In hypernuclei - AN weak interaction

 spin/isospin structure determination of
« parity information partial decay amplitudes

— measurement of np-ratio (I',/T"y) of #,He
An-nn, Ap-np
e Studies toward test of “Al=1/2 rule”
— “Al=1/2 rule” valid or not in NMWD
— Study on A=4 hypernuclei (*,He and 4,H)
— 1st step for the study



Weak decays in A-Hypernuclel
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similar with free A decay
A spin/isospin structure well known

NNN

1=0 or 1 Non-Mesonic weak decay (NMWD)
’N N‘ new decay modes
Ap — np, An — nn

spin/isospin structure: unknown
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Status of NMWD studies

* Old puzzle solved recently
— np -ratio (F anssnn/L ap  pn=L o/I) INCONSIstent
I'y21(Exp.) < I,/I'y~0(Theory)
— Experimental and theoretical improvements
I, /T'y = 0.5 (Exp. and Theory)

— (Exp.) Back-to-back coincidence for final two
nucleons (E462/508)

AN - nN I FSI re-scattering || ANN - nNN
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e Anew puzzle arises
— Decay asymmetry inconsistent

aM 0 (BExp) < oM ~ 0.7 (Theory)
n

P P
@
Asymmetry written 1 3 3~ 3
by amplitudes SpX” S 51X
ONM 2vV3Re|—ae* +b(c — v2d)* /3|~ f(V2¢ + d)
p {a2+bg_|_3(52_|_d2_|_£—,2 _I_f?)}
Large contribution ?
initial final amplitude | isospin | parity
1S, 1S, a 1 no 1
T T e So(l =1)
38, 1S, C 0 no 3
- ; . - Si(1 =0)
L e 0 yes
3P, f 1 yes —381(| :1)

assuming initial S state



« NMWD of 4-, 5-body hypernuclel
— allowed initial AN states
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initial final amplitude | isospin | parity
1S, 1S, a 1 no 1
3P, b 1 yes } S() (I — 1)
38, 1S, C 0 no
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Status of amplitude determination

Our prospects
Current status new constraint from 4,He

constraint from °,He data np-ratio better than 15% error
other constraints are loose
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Production of 4,He

Use 4He(n*,K*)*,He reaction

19,000 4,He/day
— 500,000 4,He in 4 weeks

High resolution
Efficient K+ detection
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High intensity = beam
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(not limited by primary beam)



Energy Resolution (MeV in FWHM)

Energy resolution

— K1.8 bemline + SKS — excellent resolution
e Liquid “He 2 g/cm? — AEX ~ 2 MeV
e BE(*,He) = 2.42 £ 0.04 MeV

— Separation from QF A production essential

x102

QF A Production
A — p+m-

1 400
, 200 n+A = nnX, npX
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. 2
Target Thickness (g/cm’) Excitation Energy of ‘AHe (MeV)
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Decay arm system

TOF Counters

— Large acceptance and high efficiency for NN

Range and

Q(n) =~ 0.4
£(n)~=30%

Q( p) ~0.25
£(p)~80%

_ Good PID capability (n/p/r/y)

Neutron energy scale (MeV)
G?im:m 2010 3
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5 400 . E L ate
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n/p charge-veto " &\n\y N )
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Neutral particle identification ( 1/ ) Charged particle identification (arbitrary)



Yield estimation

Parameters Values

7t beam momentum 1.1 GeV/c

77 beam intensity 13 107 /spill € hlgh beam |ntenS|ty
PS acceleration cycle 3.4 sec/spill

1He target thickness 2 g/em?

Reaction cross section 10 pb/sr

Spectrometer solid angle 0.1 sr €= |arge acceptance
Spectrometer efficiency 0.5

Analysis efficiency 0.5

Decay counter acceptance for proton 0.25

Decay counter acceptance for neutron 0.4 |arge acce ptan ce
Efficiency for decay protons 0.8 . i TaS
Efficiency for decay neutrons 0.3 and hlgh effICIenCy
Branching ratio of An—nn process 0.01

Branching ratio of Ap—np process 0.17

— 19,000 4,He/day — 500,000 4,He in 4 weeks
— 1,300 Ap—np and 75 An—nn in 4 weeks

In case of
1% BR
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Background estimation

e Background sources

— QF A-production (A—p+n-, t—+tA—nnX)
e cut in EX spectrum

— Mesonic weak decay of hypernuclel
o 4 He—3He+p+n-, t~+A—nnX
e I' 2031 & I,=001T

 Reduction of background
— veto: no « track in CDCZ | range

[

e~ ]

— less material at target
* LHe target < 2 g/cm?
e range(n—) < 5 g/cm?

Decay width
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Background MC simulation

Simulation of worst case

— 1/5 of n— stop in material around target
1/5Tn-~0.06 = I'n~0.01

— GEANT4 base simulation

z 300 = 1400 |
= 700 | Li Emﬂzﬂc
SR _ S 1 Reei S'|-|]|-|]|1]| Signal Region
i) ; -._._Igl'lﬂ ‘:EIE" ._.__ = 'E-_____
a0 f| T - LU K -
200 R~1/110 600 R~1/30
2000 400
100 200 P
P T T I T “:....|.. NI
0 50 100 150 200 0 50 100 150 200

Enl + En2 (MeV) Enl + En2 (MeV)
R: Reduction factor (Enl1l+En2>50MeV)
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Time schedule

— Ready in 2009
— Collaboration with EO5 and E15

FY08 FY07 FY08 FY09
K1.8 beam line magnet |
MWPC, DC I
Readout I
Counters I
magnet — SKS Ready
SDC1-3 [
SDC4-6 [
Counters [
LHe target
TO counter D ¢
cbc

Range counter

TOF counter

Re¢

~

2cay arm
rady

Collaboration with E0S

Collaboration with E15

Design and R&D
N [nstallation

Disassemble

I Beam tuning
I /o dification

I s semble and Test
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Summary of proposal

propose to measure the nonmesonic
K decay of 4, He.

— S€E

ect initial spin state (1S,/°S;)

— first step to check the validity of AlI=1/2 rule

1300 np-decay and 75 nn-decay are
expected in 4 weeks if B.R.(nn)=1%.

Main background, =~ absorption, will not
affect the measurement

Experiment will be ready in FY 2009.
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Backup Slides
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AS=1 weak Interaction

» Quark description . d\/U AS = 1
S

Al #0
 Case of A free decay

S=0 | .- S=0 AS=1

=12 N| ' 121  p/s =0.38

S=-1 A Al =1/2 @) I'n/Tn’=2
1=0 or Al =3/2 =) I'n/I'n°=0.5

Exp. I'n/T'n’=1.78 “Al=1/2 rule”
Isospin and parity structure well known
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® Experiment ® Theory

Old puzzle S L I L[3c|= - JHe
-%1.7 - -%1.75
E.. 1.5 E- 1.5
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— (Exp.) Overestimation of An—nn decay
o Assumption of clean AN—nN process

AN - nN I FSI re-scattering || ANN - nNN
2@

@3 In Ireality




AN—nNnN coincidence necessary

— Back-to-back emission of n+N P ® —Pn

— Sum of n+N kinetic energies

Y \n(c0sB) counts/ 10 MeV

Th+Ty = (mA — My )C2 ~ 170 MeV

(a) Tn+Tp

(b) T +T,

100

200 Mev

(d) cosb__
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New puzzle in asymmetry

0.4
NM— 0.08
oM™ <0 (Exp) 5o op'=0.08£0.08°G¢%
Y ﬂ: E;m 2°-6° 16°~9 9°~15°
oy ~—0.7(Theory) ¢ o=

=

0 01 02 03 04 05 06 0.7 038

Polarization of ,5He

Asymmetry written 1 3
by amplitudes Large S@X

v 2V3Re|—ae® +b(c— v2d)*/V3
p o {{12+bg+3(ﬂg+d2—|—ﬁz—|—f?)}

¥
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Partial decay amplitudes

* Block and Dalitz treatment
— Initial S-wave (s-shell hypernuclei)
—Isospin=0 or 1 In final states
— Represent spin/isospin and parity structure

spin ISospin  parity
Initial  Final Matrix element Rate [; Parity change
T Tq 2
So So a a 1 no } 1 L
3Py %(f_ﬂ — 03)q b? 1 yes SO(I - 1)
S, S, c & 0 1o
D, 5 75512(q) ¢ 0 no } 38 (1 =0)
1 V'3 L 2 S 1 o
P, S2e(oy — o9)q e 0 yes ;
P i1 ton)g  f2 1 yes —°S (1 =1)




Expected Spectrum

FSI

re-scattering| | AN -nN I

A0

@’

ANN - nNN

distribute low energy
region up to Q/2

Energy spectra (image)

|

counts

il

broad peak

around Q/2

T

Q/2

continuous
distribution

Energy
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Asymmetry parameter of > ,He

Nucl.Phys.A754 (2005) 168c

nucl-ex/050916
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Yield of 4,He with (K-,%-) reaction

Parameters Values
K~ beam momentum 0.90 GeV/c
K~ beam intensity 3.6 x 10° /spill €<=— full beam (BOGeV)
PS acceleration cycle 3.4 sec/spill
‘He target thickness 2 g/em?
Reaction cross section 1.5 mb/sr
Spectrometer solid angle 0.02 s €= SPESZ
Spectrometer efficiency 0.8
Analysis efficiency 0.5
EZ-‘S - (a) He(K,m),*He(0") | 3 , E(b) ‘He(K,n),*He(0")
E 2 s 0, s = 4 degrees %1.’?5 E_ 0, up = 4 degrees
E . ..o' . 51.5%— oo
gls b et e g,%”f S o(K,7)/o(r,K)
£ 1 .. =075 3 *
éos - i g 05 | . ~ 15 O
= Fo2s £ g0
Eo'.l...l...l...l. @05.?....|...|...|.
3 0.6 0.8 1 12 & 0.6 0.8 1 1.2
= kaon momentum (GeV/c) kaon momentum (GeV/c)

— 33,000 #4,He/day: about x2 of (n+,K+)
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Decay counter Setup (KEK-PS K6 & SKS)

Solid angle: 26% | D
9(T)+9(B)+8(S)% becay arm ‘\"v <

i
[ -3

4| | 7 TN

13

[~
N: 20cm>100cm>=5cm

T3: 10cm>=<100cm>=<2cm
T2: 4cm>=16cm>0.6cm

-
20cm

Neutral particle
TOF (target » NT)
T3 VETO




equipment

item

cost (JPY)

source

Beam spectrometer

liquid He target

TO detector

CDC

Range counter system

TOF detector

MWPC Imm
MWPC encoder

modification
LHe

scintillator
PMT

mechanical support
chamber gas

scintillator
WLS-fiber
multi-anode PMT
PMT

cable

ADC

TDC

HV supply
discriminator

mechanical support
scintillator

PMT

cable

ADC

TDC

HV supply
discriminator

4,000,000
20,000,000

2,500,000
700,000
500,000
2,000,000

1,500,000
1,000,000

4,000,000

500,000
3,200,000
1,600,000

800,000
1,600,000
1,600,000

1,500,000
7,500,000
12,000,000
1,800,000
2,000,000
2,000,000

Grant-In-Aid
Grant-In-Aid

Grant-In-Aid

Grant-In-Aid
Grant-In-Aid

Grant-In-Aid

Grant-In-Aid
Grant-In-Aid
Grant-In-Aid
Grant-In-Aid
Grant-In-Aid
Grant-In-Aid
Grant-In-Aid
Recycle

Recycle

Grant-In-Aid
Grant-In-Aid
Grant-In-Aid
Grant-In-Aid
Grant-In-Aid
Grant-In-Aid
Recycle

Recycle
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High Intensity and High Resolution beamline

— handle 10° =/spill -
pectrometer
— Ap/p ~ 104 RS

Plan View

PP
55
sx  Elevation View

» Primary Beam 9 1|0m

%

D1
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High Intensity and High Resolution beamline
(new configuration)
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Others
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Super Kaon Spectrometer (SKS)

INS-SKS

N\ . TARGET

BEAM
700 MeVic
600 MeV/c 0 Tm




Production cross section

—4,He(g.s., 0+) production
— estimation with DWIA by T. Harada
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Decay particle identification

Neutral PID

Neutral particles from 12,C

Neutron energy resoltion
- MeV(FWHM) at 75MeV

Neutron energy scale (MeV)
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-J 0 5 10
Neutral particle identification ( 1/ 3)

1/ B spectra

Good y n separation

1

Counts

80

Charged PID

Charged particles from °,He
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05 .
Charged particle identification (arbitrary)

Proton

P IS S N
0 0.5

(I

PID function

Good &t p d separation
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pn Pair Detection Efficiency
s & 2 S © S 2 = ©
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Nn-pair detection efficiency

region

back-to-back
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back to-back

/ region

average
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cos@lm

— About x1.5 in back-to-back region
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