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Experimental study toward spin-parity
assignment of the first Kaonic nuclear
bound state, K-pp

— One of the most fundamental quantity to be defined experimentally —

M. Ilwasaki
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K-pp was observed very clearly In
exclusive non-mesonic reaction

channel K~ + 3He - (A+p) +n

specified to be simplest final state
less ambiguity in interpretation
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PWIA based interpretation
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New programs open to kaonic nuclei
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Spin-parity (JP) is the most fundamental
quantum number need to be examined
experimentally

JP defines internal structure of KNN



Internal structure of K-pp
There are two candidates as for the KNN ground state,

in which NN symmetry and NK couplings are different

T » | ¢ S
(N N ) (1. SmeS Asym) ® K ;{ (N N )(I AsymXS.sym) ® K |
[ gy =0 ‘ _ 3 expected [ Igy =0 ‘ 1 expected to
[Ty = 1 ‘2 1 tobedeep , | Iew = 1 ‘ 3 be shallow ,

’: —

'- strong symbolical , Stl’Ol?g , i
| interaction in % -6 representation | | interaction in g -5 |
| S-wave as “K- pp | S-wave p n Ko

Natumlly, JE = ()_ IS expected to be the ground state, because
v = U channel is strongly attractive, while Iz, = 1 channel is weak



Specific representation of KNN
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How to access JP by the K-pp — Ap decay

J = 0 means no angular correlation?

P=(-1)

To beJAp=LAp+SAp=O’ SAp=SA+Sp
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Distribution of spin- and decay-axis ( KNN for JP = 0- & 1-)

=17 “ (NN)(I.AsmeS.Sym) ® K”

(7 =07) (N N )(I.SymxS Asym) & K”

deeper

normalized yield

o
o

o
>

O
N

Ap spin triplet **

symmetric
around Kpp
decay axis

P-wave shape

shallower  Ap spin singlet G *) Ap spin triplet $

S
D| |n

—p

[ -S

KO

a2

spin distributions

referring to the decay axis

are quite different

Kpp

decay

axis

spherical

Sl\p=0

SAp=1

ST

deformed P-wave shape

BR=2/3

experimentally not accessible

— Ap spin-spin correlation

normalized yield

1.0~

0.8

o
o

o
»

O
N

0.0

| *é spin anti-parallel
A T

-1

0

cosO0—-
SP

—_

-V

p

symmetric
around Kpp
decay axis




How to measure spin-spin correlation

— spin asymmetry measurement using A — pmt~ & p-C scattering—

KJ\O(A—ﬂ?ﬂ'_) ~ @(Aepﬂ_)(in A— CM)

P N(#)dp (1 + - ay,cos ) di

I' . scaling factor defined by
A Ajcs f(s), B, g, and By

AA . A\ asymmetry parameter

ApC . proton spin-analyzing-power
on carbon

f(f) : spin angular distribution
referring to motional axis

B: magnetic field

By: K binding energy, ¢: momentum transfer



¢ uniform

How to measure A spin

weak decay asymmetry

N@)d€2 x (1 +A, cos0)d

spherical asymmetry : (6, ¢)




How to measure p spin

onhe can measure proton spin

pC nuclear scattering asymmetry component orthogonal to the motion
N(@p)dd < (1 + Acos@)dg | |
scattering plane orthogonal to proton motion pC asymmetric nuclear scattering
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Analyzing power of proton spin

NIM201(1982)315 |

Analyzing power of carbon taken from Ref.
NIM 201 (1982) 315

Asymmetry max. around 7, = 0.2 GeV

Proton (K" pp — A + p) momentum in spin
sensitive range

Slightly lower than max. asymmetry

5cm-thick plaétic scinti. . . :
. 3 R A ..... 6°<6’;cat<30°se|ected .............. . Simulated by MC with 5cm thick carbon
= S S S T S W N - 6° < 0,7 < 30° selected
z B’ pPD > AT
1] _____________________________ ______________________________ -E_: Average asymmetry: < ApC >~ (04
0" Oi 4 E—p ... GIANT is not good at in handling spins ...

14



Experimental setup for spin-spin correlation

dedicated setup needed

large acceptance

— large CDS

polarimeter...
tracker stack | | E

— w/ inner charge trigger
counter

— barrel polarimeters &
tacking chamber layers




Describe 1 - «, , as a function of ¢

proton motion vector

( proton spin reference vector) spin observation probability

S50 .
p — (471-)2 < 1 + AA COS H(A—AD)> ( 1 + ApC S111 HA COS(¢A T ¢pC)>
= ](:(;/;Z (1 + Ap(cos Oy cos Oy +sinb, sinb) cos(gpy — gbAD))> (1 + A, sinb)y cos(py, — ¢pc)>
¢/\




Describe 7 - A\, a8Sa function of ¢ simple convolution for B=0, g=0 and s uniform
(more specifically, if J £(5)e@rtdp, =0 )

proton motion vector

( proton spin reference vector) spin observation probability

](Cijgi <1 + A, cos H(A_AD)> (1 + ApC sin 6, cos(¢gh, — ¢pc))

_ f5p)
 (4n)?

p:

(1 + Ap(cos 6y cos Oy +sind)ysinb) cos(¢y — gbAD))> (1 + A,c sin 6, cos(p, — gbpc)>

if spin direction s, is uniform in ¢, direction,

P(@p,~ dpc) = Jd(COS Oh,) JdEA {P(QA,)» EA)}

|
y — ym Jd(cos 0,)f:(0,) (1 + %A Ay e sin? N CoS(¢AD - Cbpc))
/




Describe 1 - o Ap as a function of 0, simple convolution for B=0, q=0 and s uniform

proton motion vector
( proton spin reference vector)

(more specifically, if J (5)e @1 tdp, =0)

spin observation probability

- J(sp) (1 + A, COS H(A—AD)> (1 + A, sin 0, cos(y — ¢pc))

(47)*

_ f5p)
 (4n)?

(1 + A\ (cos 6, cos QAD + sin 8, sin QAD cos(¢gpp — gbAD))) (1 + A C sin 0, cos(p, — gbpc)>

if spin direction s, is uniform in ¢, direction,

P(@p,~ dpc) = Jd(COS Oh,) JdEA {P(HADa §A)}

- L J'd(COS Or) 15(0)) (1 + %AAA ¢ sin* 0, COS(¢Pn,, — gpr))

(), Ag
Ao
if s, is also uniform in 6, direction (experimentally this is NOT),
1 T
P | A\ A ~COS = P\ —
(@) = 27z ( 12 Ay e Cb) (D = Pr— Do)
| A= EAAA Ccos¢ ~0.076 if 5\ is uniform |

small, but sufficient for dedicated setup




Describer - O Ap as a function of ¢ simple convolution for B=0, q=0 and s uniform
. (more specifically, if J' f(s )ei(2¢A+5)d¢ A=0 )

proton motion vector

( proton spin reference vector) spin observation probability

S50 -
p — (1 + AA COS H(A—AD)) (1 + Apc S111 HA COS(¢A T ¢pC))

(47)*

- f5p)
- (4n)?

(1 + A (cos 8, cos HAD + sin @, sin QAD cos(¢pp — gbAD))) (1 + ApC sin 6, cos(p — gbpc)>

if spin direction s, is uniform in ¢, direction,

effective asymmetry

P(pp,~ Ppo) = Jd(COS Oh,) JdEA {P(HAD» EA)} X SiIl2 0 A

_ L Jd(oos 0,)f=(0,) (1 + %A A Sin® 6, cos(hy — €pr)>

D
if s, is also uniform in 6, direction (experimentally this is NOT),
1 T
P(¢) = r (1 | 12AAApC COs Cb) (D= dr~ bp0)
(Auis=[=Arycosd ~ 0076 ir5,is uniform

small, but sufficient for dedicated setup




Ny (Pnp)
A-p bare asymmetry = Z¢ v (pA; o= L Awcosd) o (4= by

JF=0 JP = 1-
1.2 [ 1 i 1 i I i 1.2 I 1 | | 1 I T T p p
- g=0.30GeV/c: AX = 0. 089 ' q—O.3OGeV/c ' A =0.016
"+ ¢=0.45GeV/c: Al =0.087 -o- s "+ q=0.45GeV/c: AL =0.017 s =0 s
I ¢=0.60GeV/c : AX = 0.086 I ¢=0.60GeV/c: A_=0.017 ol In ko
- ¢=0.75GeV/c : A_ =0.085 - ¢ 0.75GeVic: AL =0.018

— B=07T INN—1 Sww=0,Lg=0 - B2=07T Liv=0,Sy=1Lz=0

Ap bare asymmetry
=
Ap bare asymmetry

A —) pr decay
asymmetry

A —) pr decay
asymmetry

Ax ~ 0.9 (> Aunis) for JP=0- Ax < 0.2 (< Auni.s/3) for JP=1-



Why JP=0- & 1- asymmetries
are so much different?

It helps to discriminate JP=0- & I-, though



Because 1) asymmetry cancelling happens on polarimeter (NOT at K-
pp decay where o, is defined), and 2) effective asymmetry sin” @ A

Oh JP=0"
/\;;7 acancel(B ’ M ’ Q) =1

. no anti-parallel component in JP=0-

)
J'=1"  sin” @,
BA acancel(B M, q) =
A b <2ag?Ap=1> + a/(\*;/\p=0)) I(f(ﬁp) N g(ﬁp)) sin® 0, dQ,
L p‘ : 2+ 1) ( ( 10, - g(ep)) sin2 0, dQ,
only for JP=I- erc




Proton Spin distribution to the direction of motion
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Effective-asymmetry weighted spin distribution

JP =0-

q: at-rest

effective asymmetry effective asymmetry g.oot -
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Effective-asymmetry weighted spin distribution

effective asymmetry

weighted yield
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How to derive aap from
observed asymmetry?

How to remove r from spin-spin asymmetry r - o, ,
in the experimental condition (at finite B & q)?



return yoke
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A typical event topology in which
particle motions and momentum kicks are

exaggerated

A — pn™ decay
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return yoke
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How to calibrate the
absolute value of anp?

self-calibration factor o ,.((B, M, q)
to be applied to A-A,c asymmetry

A (B,M,q) =~ 1

P — o .

Jo =0 { J £(6,) sin* 6, dgzp}
ﬂeff(B,M, Q) p— - @pC

{ SO\ ) sin” 0, LAs2, C}

) P P P @pc
effective asymmetry
o sin” 6,
JP = 1~ { J <f(6’p) + g(é’p)> sin’ 6’p de}
‘def(B9M9Q) — @pC
{ J (f(é'ApC + g(HApC)) sin? 0, dQApC}
@pC



Short summary of aap calibration procedure

N—->p+n
mulati —
N simulation n(¢(A—p)) 1 —a .
Oy~ C (B, M. g) ——————

(A=A,0) €08 P(a—p) 5, =15, S, =Sh.
two experimental data é * ?

: - — 0 -

simulation
%eff(BaMa Q) — ‘Qfeff(BaMa Q) Xaccmcel(BaMa Q) S —O _? SA = SA
correction = effective asymmetry X canceling facor
Ar-A,0
‘Qieff(Ba M9 Q) — A
(A=p)

experimental data

(Pa—py) — 1 : bare asymmetry of A — p
AA-A o) - asymmetry observed in A — N\,

%eff_ 1.017 (J* =07)



Short summary of aap calibration procedure

P __bare asymmetry A - p T
simulation —1i~ A COS
e I RS oy Sy
ap, R C 4B, M, q) A
(A=A, oS ¢(A —p) s.41S, = s =5.
A B i ,,
two experimental data f é * ;’ *
: : — @ — P,
simulation |
%eff(B ) M > g ) = eff(B ’ M ’ q) X acancel(B ’ M > Q) SAp = ﬂ_\ _§;9 = = E\pc
correction = effective asymmetry X canceling facor o T
(A=A,c) — pC scattering asymmetry

*Q[eff(Ba M, q) =

experimental data

(Pa—py) — 1 : bare asymmetry of A — p

A(A—p)

Ap- Ao - asymmetry observed in A — N\,

%eff_ 1.017 (J* =07)



Short summary of aap calibration procedure

29N

P
A Sation R Aa—p)
two experimental data
simulation |
%eff(Ba M, Q) — ‘Q[eff(Ba M, q) X acancel(B’ M, Q) SAp = B Sp
correction = effective asymmetry X canceling facor e
(A-A,c) — pC scattering asymmetry A self-calibration

*Q[eff(Ba M, q) =

experimental data

(Pa—py) — 1 : bare asymmetry of A — p

A( A—p) — pC scattering of A decay proton

Ap- Ao - asymmetry observed in A — N\,
B,p=1431 (JF=1)



Short summary of aap calibration procedure

_Dbare aSymmetry

0 Ap
two experimental 'data
simulation
%eff(B’ M, Q) — ﬂeff(B, M, Q) X Olcancel(B, M, Q)
correction = effective asymmetry X canceling facor "
o (B.M.q) = (A=Apc) — pC scattering asymmetry A self-calibration
eff\B> M- q) = .

experimental data A( A-p) — pC scattering of A decay proton

(Pa—py) — 1 : bare asymmetry of A — p
Ap- Ao - asymmetry observed in A — N\,

C.= 1017 (J"=07)

efficient calibration can be done dominantly by data / data

73 off = — ] 431 ( JP = 1~ ) with small collection factor (for JP = 0-) given by simulation



(Pa—py) — 1

Ap spin-spin correlation anp a,, = €,(B, M. q)
AA-1,0) €08 P(a—p)

JP =0 JP=1-




anp analysis for JP =0-/ 1-

KNN:JP= 01 =1/2: InN=1,Snn=0,Lk=0 KNN:JP=1-1=1/2: Isn=0,Snn=1,Lc=0
P _ - P __ 11—

P Igy =0 _3 P Ien =0 _1

p — = p =

y=11" 1 $¢ Ien=11 3

S Q-5 . g O s _
ol WP K Coy = 1.017 he B, = 1.431
| D=1 5w =0 Lg=0 aAp=+IJ | =0 Sw=1 Lg=0 aAp=+1/5

|| I ] 1 | | | I 1 || | | || I ] | | | 1 | -OIOIOIOI_TIOIOIOIOIOIOIOIUITTIOIololo-

| | JP = 0- data analyzed as Jf = 1- |

: [ S - over correction due to the wrong assumption -

1.0 w—‘—O—O—i.—o—.—o—‘—H—O—'..—O—o—O—ﬁ = 1.0 —

I JP =0 |

| .
5‘ 0—0—0—0—% 0009000005000 08
0.0 -

JP = 1- data analyzed as JP = 0 _ _

- insufficient correction due to — - —

the wrong assumption
-1 0 [ 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 - -1 0 i 1 [ [ 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
=TT 0 JU -JT 0 T

PAp PAp



Summary

- 1o establish K-pp as a well defined quantum state, J* should be experimentally studied
- JP can be determined by using A-p spin-spin asymmetry a1, = +1 (for
JP=0") and a1, = +1/3 (for JP=1-)

- For JP=0~ a.1-, can be calibrated by data (with small correction factor )

- For JP=1- correction factor for a1, is bit large, but it enables us to
discriminate from J*=0- more easily

- The a4-p analysis is insensitive to the spin uncorrelated backgrounds

( background removed automatically by n(gb( A_p)) — | procedure,

although more sophisticated correction needed for o, , calibration )

- We wish to prepare the setup to achieve measurement within ~ two months
(need to embed spin into GIANT)



New programs for
kaonic nuclel

molecule like structure expected due to NN repulsion

K-p Kpp Kppn Kppnn
© OO0

Kenn Konnn

e o¥

- understand origin of hadron mass
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- KN interaction

- NN repulsion

- binding energy

- mass modification

- g-dependence
- spin-parity
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T. Yamazaki & Y. Akaishi,
PLB 535 (2002) 70
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Many exotic study can be done at J-PARC,
why don’t we do that?

Please join if you can

Thank you for attention
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Appendix 1:
Internal structure of K-pp



(NN ® K) + (N ® KIN)/A/2 = (NN); 11 @ K kiun: 072 001 4172 tove 1, S 0, L 20

isospin singlet I[gN =0 {N{(N@ K) IIZNZO} + {(N® K) IKN:O} N}/\/§
: o0 : ( L (K~ — nKO) + ——(pk~ — nk%)
—(pK~ — k") =—\ P—=(pK™ = nK") + —(pK™ — nK")p
V2 V2 \ V2 V2
Ly=|1/2, +112> Izgy=0 Ien=0 Ly=|1/2,+1/2>
- () _
Isospin triplet — % <2ppK (pn + np)K ) R ( N=I )
\/5 (I.sym) \/z (S.asym)
pK® _ _
N = N{N®K}, _ +{N®K} _ N:/12
1 ~ =0 r 2
—(pK~ + nk") I 2 0 0 T R
\/5 = — 3 n(pK)+(pK)n>— 3 p—(pK~ + nkK") 4 (pK~ +nK")p
V2 L =L 1> Igy=| 11> .\_/._5__________. .\_/__5_________.
K- L=1/2,-1/2> Ly=1/2,-1/2> Iy=11/2,+112>  [py=|1,£0> Iey=|1,£0> Ly=[1/2,+1/2>
_ 1<2ppl<—<pn+np>l€0) ® ( n—u)
6
1X1 /2 +3/2 \/5 (I.sym) \/z (S.asym)
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+1 -1/2
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|N{N® K}, +{N®K} _ N

Igy=1

expected to be deeper bound
strongly attractive in [z, = 0
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isospin singlet | gy = 0 {N{(N@ K) =0} + {N®K) 1,0} N}/\/§

! _ N P
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isospin triplet = — % (ZnnK (pn + np)K ) 0% ( [Lantl) )
\/z (I.sym) \/z (S.asym)
pK° _ . NG
KN = N{N® K}IKN—I - {N® K}IKN=1N /\/2

1 _ _

—(pK~ + nK°) 1 > ) N 2 R T

V2 = —(p(mK™) + (mK") p) + /= | n—=(pK~ + nK°) 4 (pK~ + nK°n
\/5 L 3 . 34 \ZZ_______. 2
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1xX1/2
/ \/5 (I.sym) \/5 (S.asym)
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N{V@R) 1m0} + {V®K) o} V| 5

2

|N{N® K}, _+{N®K} _ N

expected to be deeper bound
strongly attractive in [z, = 0
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pK"°
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nK_ Ly=1/2,-1/2> Iy=|1/2,-1/2> Iy=|1/2,+1/2> [[ZN:|1,10> I,gN:|1,iO> Iy=|1/2,+1/2>
3 ( (np — pn)K° t+ 11
= B X M, A
\/5 (I.asym) \/5 (S.sym)

) _ 2
N{N@K) fymo} + {N®K) 10} N

. KNNJ " =17)...

2

Igy=1

|N{N® K}, +{N®K} N

expected to be weaker bound
strongly attractive only in Iz, = 0




Appendix 2:
Decay axis & spin alignment




Ap decay of KNN JP = 0- 7 1

decay axis and spin direction s =S
pl vp K [3
—cos 0
4

L..=1]1,0>=Y%0,¢) =

., i SAp=|1’O>
Sy =10, 0> N

Ly, =11,+1> =Y, Ly,=11,-1>=Y7'9,¢) ——>
Sap =11 —-1> Sap =11, +1>

74N ' - 7, 1,
peliod dedeg g

S =1 i Sap =1 Shao =1 \/ Sap =1
Lap=1 Lap=1
i . 0 i p SAp=1
1 3 sinf tid _1 3 sin6 _id
Y0, ¢) = ¢ Y716, ¢) = ¢
42 42 31, 0 e
=1/—= (12> e+ | > e
4 2

N(Vy - Sy) o sin?@<_., where 6-__. is the angle between (v, and S)

N, 8) N=Vi-S) 3/ o=\ 3 sV
= =Z<1—(v-S))=Zsm O< -
2N 2N -

JP = 0- : decay-axis 1n P-wave & spin aligned to cancel L:
1.e., spin ~ orthogonal to the decay axis



spatial distribution of K absorption

A\p decay of KNN JP = 1-

initial neutron spin :
final A spin
IP=17)=(8, =0 0r ) ® (Lgyp, = 1) l A AL
3/2
( _|1 —|—1>)KO (ﬁrm—ﬁfﬁ)[—(o 1X1/2
L NG !

quantum-axts = spm dzrectzon

Kn = A

P-wave
absorption

Clebsh-Gordan Y_

classification by symmetry

first term
S =L<(mAl—/\lpT)—(plAT—ATpl) | (pTAL—AlPTH(plAT—ATpl))
PA \/5 ) ! N

second term

(ot A= AT )
Y

this term should be |1, +1)



examine first term by rotation U(0', ¢')
t — cos(@'/2) 1 + et sin(0'/12) |
Uo'¢) N
| — cos(@'/2) | —e ' sin(0'/2) 1
u@.¢")

rotation of former component
((pT A=A pt)— (N pl—pl AT)) .
2 U9

structure unchanged, so former component should be ‘O, O>

(COSZﬂHmQQ) ((pTAL—AlpT)—(ATpl—pl AT))
2

Let’s examine 0 = z/2 rotation to the latter component after 0 = /2 rotation
A -ANM+ANp-pl A cosg(pl Al — Al pl)+ismg (AT pt —pt A)
2 Ulnl2.¢) 2
before rotation ,
2¢0' =0 |[quantum Q' =arv. quantum 2¢ — 7 quantum
- axis axis

aXlIS

0 = x/2

before rotation

/2

rotation

after 0 = n/2 rotation, this component | .. >
becomes normalized vector in x-y plane, in

between all up or down at the phase 2¢'

after 6

0 = n/2

\

latter component: normalized vector in x-y plane

DD
<=




1
N e LB (LR o> S e
471' 4r

1/3 S=1 parallel to quantum axis
summary of JP = 1- 1/3 : o=1 & uniform in a plane

orthogonal to quantum axis
N (WA—p) | EA@) xcos’l,5  1/2

N ( Vir-p)° S(A,m) o 05”0,

LAp(99¢) £
¢SAP=|1,+1>

spin parallel &
paralel to decay

SAp=|1’+1>

0, V& FRIRERE X
Y (v &S) DR
EP;:

L0, ¢) =Y,
—&» () —=>
p N

\/ Sap =1 1,0 >

spin parallel & parallel to decay

. Ly, 0.¢)=Y7' || same for other Y,"

$ elio9

\/ Spp = 10,0 >

Sy, = 11,0 > In total
spin anti-parallel & uniform spin parallel & orthogonal to decay
NViap* Sn) _ 1 NV - SO 1 1 1 1 +5(Va_ - Sh)?
SAP =0 =2 - -’ SAP =1 P A — — Sin2 9( —5) + I COS2 9( S) — (A=p) A
2N 3 YN 8 ’ ’ 3

uniform distribution mostly parallel to decay axis



Appendix 3:
N\ & p spin Asymmetry



N\ & p spin Asymmetry
ay ~ 0.7 Ac-~ 04

A decay asymmetry

N(0)dQ « (1 + a, cos0) df2
d€2 = d(sin 0)dg

pC scattering asymmetry
N(@)dep x (1 +A-cos ) dg

yield (arb.)
yield (arb.)

one dimensional ¢

-t 0 1L

¢ (cos (v, X Vgeprn) * Sp))




Appendix 4:
Difficulty to measure spin axis




Can spin distribution be measured?

KNN : JP= 0-

—
% -6=
p P K-

p
S

decay
axis

A— pr~ decajz
asymmetry |

If possible, the experiment is just simple...

1.0. . I I

=
0
|
=V 7 -
47D
N
S
|

O
o
—

normalized yield
o
S

** spin parallel

O
N

ool o U oo
-1 0 1
cosHE»__,

» Vp

N(0)dQ « (1 + ay cosO) df2



Can spin distribution be measured?
If possible, the experiment is just simple...

1.0 —r—r—

KNN : JP= 0- 9/

E—
%-@-s
RL VP Kpp

p
S

decay
axis

normalized yield

Q2 W ELLD

vV — D\ t\emﬂ:\

N(0)dQ « (1 + ay cosO) df2

+
N(@0)dQ x (1 — a, cos 0) dC

A — D/ decajf

asymmetry i N(H) dC) o df2

Unfortunately, no way to access quantum axes! - spin-spin



Appendix 5:
Improved acceptance due to Inner Z
trigger counter



When we trigger pion inside CDC, acceptance
of A\ decay angle drastically improves

= S S
(F8) Lo |

radius at CDC end-plate |[m]

&
N

inner trigger -
hit pattern

0 1 2 3

No. rotation before reaching end-plane

relative yield |arb.]

CDC inner pion trigger helps a lot

| I I

~ with inner trigger
3-rB=0.7T

| without inner trigger
2 -

' efficiency of the
1L A decay direction ~

. referring to its motion
0 - A I B I
-1 0 1

o . v (atAdeca
SAD VA( )



Appendix 6:
Spin and Frame to observe that



Lorentz transforms do not change spin direction to the global
axis, but do changes angle between spin direction and
direction of motion

spin appers to be inclined referring

particle & spin apper to move _ : ;
to the direction of motion

opposite (Lorentz transform)

spin at—rest

s N*g, globally rotates
“@ B by 60 deg.

[ N &
' Q A

$ Z-axIs .:-‘17;'
T<——> o AR

|
”~ 4
\
\\ /

-
&@ \

n, observer’s frame

ﬂ



Lorentz transforms do not change spin direction to the global
axis, but do changes angle between spin direction and
direction of motion

particle & spin apper to move
opposite (Lorentz transform)

—>

Z-axIs

event observed In
Laboratory frame

FT%

Eh!? Spin is close to L\L\/

parallel to motion! [
\ N ‘Ea?"

event observed in CM frame

Spm is Eh!? Spin is close to
orthogonal to ,,_ parallel to motion! N
motion! We Kpp is produced with momentum

transfer g, and pC scattering happens
on a carbon at-rest in Laboratory frame
(g is relatively small compared to the decay momentum, in fact)

Both are correct in a sence...



N\-p spin correlation analysis
simply compare spins on reference plane

spin-spin correlation analysis

A — pn~ decay
asymmetry

decay gives sherical

A decay gives
angle in 3D

% | rotation of spin observation direction
due to the momentum transfer q

S note: Trajectory &
 reference vector of spin for pC Sp in rotate around B
scattering = proton motion, if B=0 . .

in different frequency

A — pr~ decay
asymmetry




Small, but unpreferable reduction of spin correlation
due to apparent depolarization

spin dipolarization * B
in appearence -

for the spin measurement

| \
\ /> R
B | \ spin
q(Kpp) 3\ measurement
> axis Large scattering

Q’Q\\) spin in Lab. )
asymmetry is expected

when directions of spin
and motion are
orthogonal

P p(CM)

spin in CM



Small, but unpreferable reduction of spin correlation
due to apparent depolarization

B Both spin and spin-measurement-

spin dipolarization
' vector rotate around B field.

in appearence

for the spin measurement \ _
Vg 2R
) | \ spin
q(Kpp) 3\ measurement
\\} ° -
2 axis Large scattering

Q’Q\\) spin in Lab. i
asymmetry is expected

when directions of spin
and motion are
orthogonal

P p(CM)

spin in CM



B field effect

0 20 40 60 80 deg

B & q effects to bare asymmetry are weak

1.2

K-

g-2 rotation of
proton in solenoid

¢/

p

B=0.7T
qg =030 GeV/c

g =0.45 GeV/e
g =0.60 GeV/c
qg=0.75 GeV/c

relative yield

,..«"'Bzor G=0: Ay=0.092 ™. "N
o, B=0.7T, q=0: A,=0.090 (dash) AR
' g=0.30GeV/c: A =0.089
g=0.45GeV/c: A" = 0.087.
g=0.60GeV/c: A”=0.086 °
g=0.75GeV/c : A* = 0.085

proton spin rotates
~20 deg. more than
cyclotron rotation

bare asymmetry
=
—

0 ) =TT




Appendix 7:
Spin convolution




spin asymmetry around motional axis ... for B=0, q=0, parallel (s, = 5;9), but uniform

P = <1 + A\ COS O\ ) ) <1 + A,csin 6, cos(@y — ¢pc)>

Sa(Op, Do) = cos 0, 7;('”@[ )+ sin N <COS(¢ AN— @ AD) g/’il;mj) + sin(¢h, — ¢AD) S,Xlo)rthO)>

Sa,(Or > Dr ) = COS O, 7;(”61[ )+ sin Oh, 3/(\1193 o))

Cos O, = 5(0, D) - 55 (64, Pr,)

POy . dn. . Ons 1) = ( | + A(cosOy cos O+ sin0, sin 6, cos(¢, — quD))) ( 1 + A sin6, cos(¢h — qspc))

(47)*
JP(@AD, ¢AD, 0y, Pn) d(cos Op,) = P(¢AD, Orn @p) ... pC scattering do not have sensitivity in 6 direction

> | |
P,y O ) = 1 (1 + %AA sin 0, cos(¢h, — gbAD)) (1 £ A sin 6, cos(gh — gbpc)>

B 2
()2 |

T
L+ A, sin 0, cos(dr="03 )+ A c sin 0, costdpr="¢,c)

+%AAApC sin” Or {003(2451\ = ¢AD = ¢,0) + COS(¢AD - Cbpc)} [X/(¢A)d¢A =0

dr 4

| |
P(dy,) = Jd(cos 0) qub AP(@p , Ops pp) = — J'd(cos 0,1+ ZaA AApe sin” @, cos(¢ A, qbpc)]

- ApNA,ccos(Py  — Cbpc))

1
P(¢y,) = (1 =

27



Appendix 8:
Simulated polarization spectra to derive

A (B, M, q)



effective asymmetry

Eff. asymmetry { J f(0,) sin*6,dQ, }

weighted yield

o
1N

O
o

spin parallel

q: 0.00, B: 0.7
q: 0.30, B: 0.7
q: 0.45, B: 0.7
q: 0.60, B: 0.7
q: 0.75, B: 0.7

.| p from Kpp decay

@p

qg: 0.00, B: 0.7

q: 0.30, B: 0.7

} q: 0.45, B: 0.7
©rg: 0.60, B: 0.7
q: 0.75, B: 0.7

weighted yield
O
0

o
1N

effective asymmetry

—— - . e,

-~
-~
S

spin anti-parallel ~<




Eff. asymmetry { J(f(@ApC + g(HApC)> sin” g, dQApC} P f

@pC Seamommnacsn

weighted yield
o
o

o
N

weighted yield
=)
oo

(=
A




N\-N\pc data for self-calibration of asymmetries

correlation of observed spins by A decay and pC scattering

=0.038
=0.087
=0.086
=0.084

JP =0
1.2
g=030:A_
qg=0.45 : AX
— g=0.60: A"
+ qg=0.75 : AX
g
>
= .
S .
2 1.0
>
S
<
0
<
<

A — pn~decay
asymmetry

JP =1-

1.2

g=0.30:
qg=0.45 :
g=0.60 :
g=0.75 :

A_=0.069
A_=0.070
A_=0.071
A_=0.072

A — pn~ decay
asymmetry




Appendix 9:
K-pp observed in E15




“K-pp’’ search

K-+°He = “K pp” + n
via KN—=KN reaction

illustration of the reaction




3He
“K—pp” SearCh K-injection (1 GeV/c) pO Op

K—+3He — uK—ppu +n 0 _>O

via RN*RN reaction CK-pp” formation wereceememe

illustration of the reaction mass

D X - S




“K-pp” search

K-+3He = “Kpp” +n
via KN—=KN reaction

illustration of the reaction

3He

K-injection (1 GeV/c) p‘ Op
0 Q.

HKpp” formation wemecmrsmes
mass

M,

q “K'pp”

momentum transfer -



“K-pp” search

K-+3He = “Kpp” +n
via KN—=KN reaction

illustration of the reaction

3He

K-injection (1 GeV/c) p‘ Op
0 Q.

“K-pp” formation wesseesesmms
mass

M,

q “K'pp”

momentum.transfer = _;

“K-pp”decay



3He
“K—pp” SearCh K-injection (1 GeV/c) pO Op

K~+°He = “K pp” +n 0 _>O

via KN—=KN reaction

illustration of the reaction

“K-pp”’decay




3He
“K—pp” SearCh K-injection (1 GeV/c) pO Op

K~+°He = “K pp” +n 0 _>O

via KN—=KN reaction

illustration of the reaction

“K-pp”’decay




3He
“K—pp” SearCh K-injection (1 GeV/c) pO Op

K~+°He = “K pp” +n 0 _>O

via KN—=KN reaction

illustration of the reaction

detected

L 4
¢ L 4
* 0

hd
&
L
N
|

“K- pp”decay




3He
“K—pp” SearCh K-injection (1 GeV/c) pO Op

K~+°He = “K pp” +n 0 _>O

via KN—=KN reaction

illustration of the reaction

detected




3He

K-injection (1 GeV/c) p‘ Op
*)

“K-pp” search
K-+3He = “Kpp” +n
via KN—KN reaction _




3He
“K—pp” SearCh K-injection (1 GeV/c) p‘ Op

K-+°He = “K pp” + n
via KN—=KN reaction

illustration of the reaction

N .
[ ] a
. N
’, .0
TR N

kinematically
ensured




00
c—>g

&

14 K—pp!!

mass @Ol
q¥ “kpp”

momentum transfer




1 mass“/

'

' q/ “K'pp” P =D, q

_momentum transfer



.




; momentum transfer EKpp + E,

kmematlcs deflned by E? = m? + p?

(M, q)



2D analysison (M, g) M(Ap) M(Kpp)
K‘ 3e : I meffectlve >

1 e |.|:|'|.':|l -'-.:.Li:?
""'"I.'F""" .
1-H.'-1 **‘- ;'h_a"a‘-'

Jf" Lr'

energy
conservation

mom. transfer [GGV/ C] E &

_momentum transfer

- .0 2.2 2.4 2.6 2.8 3
kmematlcs defmed by mass M [GeV/c?] me

(M, q)




2D analysison ( M, g) M(Ap) M(Kpp) = (mx+2m))

K™ 4+ °He [a

L
R

Jl"'..--ll

mom. transfer [GEV/ C] E &

_momentum transfer

- 20 22 24 26 28 3
kmematlcs deflned by mass M [GeV/c?] me

(M, q)




2D analysison ( M, g) M(Ap) M(Kpp) = (mx+2m))

K™ 4+ °He [a

"t
v g

Jr'..--ll

energy
conservation

mom. transfer [GeV/ C] E &

_momentum transfer

- .0 2.2 2.4 2.6 2.8 3
kmematlcs deflned by mass M [GeV/c?] me

(M, q)




2D analysison ( M, g) M(Ap) M(Kpp) = (mx+2m))

K™ 4+ °He [a

-k
o

0.5

mom. transfer [GeV/ C] E &

0.0 -
- 2.0 2.2 2.4 2.6 2.8 3
kmematlcs deflned by mass M [GeV/c?] me

(M, q) M = mg+2m,—Bx

_momentum transfer




PWIA

(plane wave impulse approximation) (erp / 2)2 :
o (M, q) x p3B(M,q) X 3 3 X eXP| =
Differential (M o MKpp) + (erp/z) Kpp

cross section



PWIA

(plane wave impulse approximation) (erp / 2)2 :
o (M, q) < p3B(M,q) X X eXp| =3
Differential Lorentz invariant (M -M KPP) T (r Kpp! 2) Kpp

cross section phase space (Apn)



PWIA

(plane wave impulse approximation) (erp / 2)2 :
o (M, q) < p3B(M,q) X X eXp| = 3
Differential Lorentz invariant (M -M KPP) T (r Kpp! 2) Kpp

cross section phase space (Apn)



PWIA form factor / structure factor

(plane wave impulse approximation) (erp / 2)2 :
O-(M Q) x | p3p(M,q) X > S X exp -Qz
Differential Lorentz invariant (M -M KPP) T (r Kpp! 2) Kpp

cross section phase space (Apn)



PWIA form factor / structure factor

(plane wave impulse approximation) Co o) ,
Kpp/
o (M, q) « | p3s(M,q) X Xexp |~ 52
Differential Lorentz invariant (M -M KPP) * (r KPP/ 2) Kpp
cross section phase space (Apn) p
50 lNvariant Mass Spectrum
acceptanlce corrected :»-I ¢ data
70 0.3<¢g<0.6 S| — K A
GeVic o = P - Op
ofll ! Kpp—2Z'p
60 ® : —>YAD
+ i = OF gnN-spp, 5%
50} : BG
H - + H all

w
o
|
®
_._
_._
—&—

do/dM [nb/(MeV/c?)]
S
I

.

2.1 2.2 2.3 2.4 2.5 2.6
Map) [GeV/c?]

strong binding (KN attraction)
BKpp ~40 MeV, rl(pp~ 90 MeV



PWIA form factor / structure factor

(plane wave impulse approximation) 2
erp/z -
o (M, q) <  p3(M,q) X Xexp|— 3
Differential Lorentz invariant (M o MKPP) + (erp/z) Kpp
cross section phase space (Apn) p
50_lNVvariant Mass Soectrum 20 Momentum Transfer Spectrum
acceptanlce corr eclted i ’a_l ¢ data . o alcce;)ta[;ce Icon!ectled -
70} 03<¢g<0.6 S| — K A I 227 <M <237 GeV/c* .
GeVic ¢ = _pp K Op i I ¢ data
= ol | Kpp—2Z'p \
% 60 ® i —YyAp ,E i | | ¢ — Kpp— Ap
; i - QF KNN—Ap,="p ; 20 - 1 Kpp—2p -
o S0 : BG [ i 1 —YAp -
= a = e OF 0
E a0l | all ~ - ™~ KNN—Ap,2'p -
= + +H+. = * ~ H + BG
§ 0 *H | ++++ - g oL H all )
B | ++ S | + } | A
T 20} 0H+ ! - T + + * H
it T
. u

2.1 2.2 2.3 2.4 2.5 2.6 0 1.0

M(Ap) [GeV/c?] q(()fp) [GeV/c]
strong binding (KN attraction) wide momentum width quite compact?

BKpp ~40 MeV, rl(pp~ 90MeV QKpp~ 400 MQV/C (RKpp~0.6 fm (H.O.) )



We introduce three model Funcflons to fit
E(M,q) x p3(M,q) physX(M CI)

detector Apn 3-body | physics

efficiency phase space | process

“Kpp” QFka broad(BG)
KN—KN, KNN-“Kpp” KN—KN, KNN—Ap K 3He—Apn ?

11(c)

bOWld S tate:.' : -broazalI :". |
— 1 'l [ . Y L1 1 L

2 22 24' T 26 28 2 25 24I 26 T8 2 25 2.4 2.6 2.8
m, (GeV/c?) my, (GeV/c?) my, (GeV/c?)




From A(1405) to kaonic nuclel
Is A(1115) an excited state of uds?

A(1405) .

AEx ~ 290 MeV

- - oy
-~
= ~




From A(1405) to kaonic nuclel
with qq (y-condensate) in vacuum

A(1405) .




From A(1405) to kaonic nuclel
wo color-singlet objects bound by meson exchange : p =

K-

-
¢‘ R
2 3 ¢ .
‘ ¢ '\
)\ ’ 'y
| | ' '}
| ' 1
r---*---.l 1
|
F---’----. 1
q 1 1
' V '
- Bk ~ 25 MeV. .
X4 3 y
2 4
X A Y Y
2 . 5
< v
D B .
K-

M( pK- ) = 1432 MeV/c?

-m = oy
- - o

A(1405)

-
-----



From A(1405) to kaonic nuclel
kaonic nucleus “Kpp”

- . oy
'~
i ~

A(1405)
‘I'""""'." e ‘-----.q.---:
bk bl R
q a ’ ""BK ~ 25 MeV“‘ % ,,'BK ~ 25 Me\l\s ~
P K- P
M( pK- ) = 1432 MeV/c? My, ~ 2320 MeV/c?

M( ppK-) = 2370 MeV/c2  Bgp, ~ 50 MeV

and “Kp” = A(1405)



