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BB Interactions for Realistic Nuclear Force

Nuclear physics

« NN potentials are the foundation.

Based on NN scat. data.

Neutron Proton

=
L 200+ 1So
=
= )
> Repulsive
100 + / . )
core ey ddu,)
\ Proton Neutron
| | | —+ 1 [fm]
0.5 1.0 15 2.0
-100 —+
Attractive
pocket
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Hvypernuclear physics

Oyt (Mb)

To expand the nuclear force study.
BB int. models:
« Nijmegen model (Boson exchange)
« Quark cluster model
« x EFT
-+ efc.
To update the theories (from exp.)
« Precise two (few-body) YN (YNN) data
« To make a more realistic YN int.
« Accurate B, & level scheme data
« Compare the realistic BB int.

YN scat. data is in lack.

A pelastic (e) 2 p->xn(f)

fss2

fss2

100 FSS ----- FSS -----
exp —— \

exp ——

50




Experimental Approach for YN Interaction

el
S .
— »@ \3 .-+ efc.

In J-PARC, Jefferson Lab, KEK --- « Precise two (few)-body YN (YNN) data.
« To get a more realistic two (few)-body int.

In the future

« Accurate B, & level scheme data. « From a scattering exp. side

« J-PARC (K1.1 & HIHR), « The J-PARC E40 exp. pioneered

J-Lab, Emulsion --- the YN scattering technique!!
— The new Ap scat. exp. is under the plan.
6000:_ Simulation h

< so00[- “°%{Pb HIHR I ! \
= - AE=04MeV \
= 4000:— f/\
‘S’ 3000 |-
g 2000 |- BB int. models
Opwe & B Realistic YN int. by two (few)-body data

- " Many-body int. based on density dependence

930 -25 -20 —1’:';l —101 ‘—5
-B, (MeV)



Toward the Next Ap Scattering Experiment in J-PARC

J-PARC E40 exp. (X p scat.)

« High-statistics YN scattering method.
« The first-time 2p do/dQ data.

K. Miwa et al.,

PRC 104, 045204 (2021)

Differential cross sections of =p scattering

=8 T T
g [ p,=470-550 (MeV/c) g p,=550-650 (MeV/c) :
€6 L[« This work ‘,~' L f.
E [ | o E289 o T -H
B [ | ChiralEFT 1
B[] - res2
22_ ------ ESCO8c ﬁ_ﬂ_ ““““““ p 1 L7
- e i H?.. ““““““““““ ey Rl
IR +J"‘,:h¥h --------
0 ﬂ:ﬁ‘ e ,_L o 1 jﬂ?&“&l“ """""""" 1 R
S | p,=650-750 (MeV/c) p,=750-850 (MeV/c)
8 6l [ '
A .&]. :
G : “‘ %‘@;f
§ 4 __ _;;,.‘.g.f: B — 4 e
i o |
I~ %,@
4 bt Yot
0 -1-%%% |I O I TN .ot/ 'l ||| AN B R A
-1 -0.5 0 0.5 —1 -0.5 0.5 1
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Next Ap scattering exp. (J-PARC P86)

« do/dQin 0.4 - 0.8 GeV/c.

« Spin observables:
Analyzing power, A,

,~ (),
_)R

Depolarization, D7,

» (@

yZZPA(_

P + D;PA cos @

2Ny — Np

P Ap scat. =

14+ PPycos®

O(NU +ND

*P,: A’ polarization.
*¢: Angle b/w A and A’ spin axis.



Toward the Next Ap Scattering Experiment in J-PARC

J-PARC E40 exp. (X p scat.) Next Ap scattering exp. (J-PARC P86)
« High-statistics YN scattering method. « do/dQin 0.4 - 0.8 GeV/c.
« The first-time 2p do/dQ data. « Spin observables:

- Analyzing power, 4,
« (an),~ (@),

(e (3

df df
- Depolarization, D7,

The m-p—KOA reaction data P+DJPrcos® 2Ny —Np

P =
as a by-product Apscat- = 1 4 pPycos® ~ aNy + Np

*P,: A’ polarization.
*¢: Angle b/w A and A’ spin axis.

Feasibility study for P86

HYP2022, 6/30 (Thu), Tamao SAKAO



J-PARC P86 Exp. (Ap Scat.)

Points
« A is produced by the m-p—KOA reaction. The past data of A polarization (#,)
« do/dQ, A, and DV, « P,is -~ 100% in the K9-forward region.

 Low statistics.

A polarization in the 7 p—KYA reaction

/0/'3’0’ e 1E[—]_L—l“fﬂ -
" p p \ 0

p
L Total Eqy = 1847 MeV

A produced by the mp—KO%A reaction TSI N T

should be polarized 100%!! -1 0 €os 0 cpm, kol
R. D. Baker et al., Nucl. Phys. B 141, 29 (1978).

P, Analysis

« Verifies if the A beam is polarized 100% or not.
« With the m p—KOA reaction data (E40 by-product data).

HYP2022, 6/30 (Thu), Tamao SAKAO



KO Reconstruction in the E40

In the E40 by-product data analysis as the feasibility study of P86

« Apply the P86 detection assuming the E40 setup.

@) A identification

KURAMA
magnet

7T+

(D KO reconstruction

KURAMA spectrometer

Detect s
respectively!!

HYP2022, 6/30 (Thu), Tamao SAKAO



measured by CFT [MeV]

Total AE

Respective Detectlon of the KO—>TC 7'L’+ Decay

KURAMA TOF
magnet D

TC+

tt track direction
& momentum

7 - track direction

104 _
o
= 103
103 S
8%: 102
SO
S D
D]
>
10 E> 10
o O
05 1 L 37 M

E deposit measured by BGO [MeV] m?2 measured by KURAMA [(GeV/c2)?]



A Tagglng After the Particle ID

—3
o
T3

Tagged by
MM(m p—KOA)

Reconstructed
by m-& m+

To measure the MM( 7 p—>K0%X)

1. Calculate p,. by assuming KO—  + - decay
by using the measured p .. and the opening angle 6 - ..
2. Calculate the missing mass of m p—K9X.

If the K° decay assumption is correct, the produced A is tagged in the MM histogram.
HYP2022, 6/30 (Thu), Tamao SAKAO
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A Tagging Performance for P, Analysis in E40

Missing mass of 7 p—K%X

For P, analysis, we required
the A— mp decay. 4500

*w/ m-p detection by
A CATCH.

L
rl- z0

Ly

'© _IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|I

14
[GeV/c?]

-

A tagging performance for P, analysis
A yield: 2.80x104
SN ratio: 2.67

KURAMA spectrometer

HYP2022, 6/30 (Thu), Tamao SAKAO



Toward P, Analysis by Using E40 Data B

P, analysis method

1. Detect p from the A— mp decay.

—
o
S|

*LAB system

2. Measure 0 ,in the rest of A. T

—— @

*0 ,: Angle b/w the A spin & p direction. K9

3. Analyze the 0, distribution (Up-Down asymmetry).

HYP2022, 6/30 (Thu), Tamao SAKAO
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BG Suppression & Up-Down Asymmetry of cos 6
450 i—:0.7<cos 6 ko.cm<0.8
e t

+ 9p=: 9p=:7't

Ol oo s L B i Mirror 5

Due to the parity violation of the A— mp decay, Polariz 3
o i . olarized A A\ bexiislod
0 , distribution becomes asymmetric (Up-Down asymmetry). | |

Counts

4
+
n
+
+
4
4
4
++
+

AU L L L
T+

=
+

b

o o

Two decay modes have different amplitudes.
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BG Suppression & Up-Down Asymmetry of cos 6

Zz = +0.7<c05 0 o,om<0.8 Z 900 £70.7<c08 0 0. 0<0.8 i
% 450 - *BG subtra?tglé[ + 2 ?‘correctedKO . |
8 = "E40 data + O - "E40 data + i
- + - s
= + 3 |
T + = I
L+ R SR S S 2=+ DOWN ; UP
= | Lol ! Lol L ) = I I Lo v Uy vyl Liis
0_1 1 -1 1
cos 0, cos 0,

P, = the slope b/w the data of cos 0 , =-1 & 1.

X
S *0.7<cos 0 KO,CM<O-8
Ef *Estimated by simulation
S
L
=
a:: — o o o
- — Efficiency correction
— —+
—— —
—+ —
| | 1 1 _:_l | | | 111
: cos 6 1
HYP2022, 6/30 (Thu), Tamao SAKAO p
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BG Suppression & Up-Down Asymmetry of cos 6

2 - *0.7<c08 0 ko,cm<0.8 *2 900 E*0.7<c0s 0 xo,cm<0.8 !
% 450 = *BG subtra?tgg + g ?‘CorrectedKO - |
3 = *E40 data + O = "E40 data +
] + ] i
3 P 3 i
e : =
bt T e ;_ +7\D OWN - UP
= ! | L] ! ! L = I | ! | !
1

i 1 1
cos 6, / \ cos 0y,

P, fitting function:

= AN Lk apcost
Nodcosep_Z( aP scosbyp)

o @ asymmetry parameter
(= 0.750 = 0.009 = 0.004 [2]),
[2] M. Ablikim et al. (2019)
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Measured P, in E40 & Prospect

m —

+~ - *0.6<cos 6 KO,CM<O-7
g 700 E*corrected

@) - *E40 data
@,

p_.A_IIII IIII|IIII|IIII|IIII|III

Z 900 E70-7<c0s 0 xo,cm<0.8
g —*corrected

o - *E40 data

@)

— _IIIIIIIIlIIIIIIIlIIlIIIIIIIIIIIIII
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[o—
A

Ol _IlII|||||||||||IIII|IIII|IlII|IIII|IIII|IIII|IIII

o A beam polarization (#,)

A polarization in the 7w p—KYA reaction

*E40 data
*R. D. Baker et a/ (1978)

llllllllllllllllllll

............... Prellmlnary

2
0.

Achievement

cos 6 CM, K()l

1. 1ststep for establishing the P, analysis was done.

2. High polarization of A beam was confirmed.
(P4 =1.009 + 0.049 in 0.7<cos 0 kg,cum<0.8 region)

3. The Ap spin observable measurement is possible

in the J-PARC P86.




Summary

« A tagging method by using the 7 p—K°A reaction was established.

- High polarization of A beam was confirmed by J-PARC E40.
« P, =1.009 % 0.049 in 0.7<cos 0 gp,cm<0.8 region.

« By selecting such K° angular range, we can get a highly polarized A beam.

- Ap spin observables (A,, ) 7)) measurement is possible in the J-PARC P86.

HYP2022, 6/30 (Thu), Tamao SAKAO
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Backup
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Physics Motivation
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Many Theoretical Models (Nijmegen & Quark Model) N

Nijmegen (Extended) Soft-Core

Low Mom High Mom
«  Soft-core OBE. 500(O<p(A) MeV/c<400) (%000<p( ) MeV/c<1000)
i. Pseudoscalar mesons (7, n, n’, K) = (a) = (b)
3 . E 400 N\ Ap > Ap E Ap > Ap
ii. Vector mesons (p, ¢, w, K ¥ »
300 |
iii. Scalar mesons (ay(980), £,(975), {,(760), « (880)) -
iv. Pomeron (2-gluon) & tensor meson) el N
o
« Central, spin-spin, spin-orbit & CSB int. were included. " . : L
B 0 100 200 300 400 800 1000
Th. A. Rijken et al., Phys. Rev. C 59, 21 (1999) P ap(MeV/C) P g (MeVIc)
1000 150 —
° Quark‘mOdel BB int. e (@ z* p elastic  (c) ¥~ p elastic (d)
fss2 fss2
in the 2-cluster RGM (Resonating Group Method) kernels. z 2 = g s o g
= 100 e
i. Kinetic-energy operator 2 T el N
ii. Effective meson-exchange potential
A. MULLER-GROELING et al., Nucl. Phys. A513 (1990) 557-583 - 0
A pelastic (e) TTp-> % n(h)
fss2 fss2
5 100 FSS ----- FSS -----
% 100 g exp —— A\ exp ——
B 50
10
0 100 200 300 400 0

HYP2022, 6/30 (Thu), Tamao SAKAO Tiew (MeV)



Many Theoretical Models (Lattice QCD)

Lattice QCD
« Numerical QCD simulation.
« Very strong calculation power.

«  SU(3);limit affects mass dependence.

NN (I=1)
2N (I=3/2),ZN-AN (I=1/2)
¥ (I=2), EN-22-AN(I=1/2), EN-ZZ-AA (I=0)
=X (1=3/2),22-EA (1=1/72)
E=E(I=1)

27 @
10 3N (I=3/2)
EN-TE-AN(I=1)
Z5-ZA (I=172)
= (1=0)
NN (1=0)
% IN-AN(I=1/2)
L]

EN-EA (I=1)
=N (I=3/2)

10*

IN-AN (I=1/2)
=EN-AN(I=1),EN-2Z-AA (1=0)

EN-2A (I=1/2)

IN-AN (I=1/2)
EN-2X-2N(I=1),=N (I=0)

ZX-2A (I=172)

EN-ZZ-AA (I=0)

8s

8a
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NN interaction

YN interaction

1S,

38D, V,

38D, Vi

20

Wk 27-plet, 1S,

V(r) [MeV]

Dlala (512)
Function — 100 -

10*-plet, 3SDy, V¢

Data (=12) ~—+—
Function ——

V(r) [MeV]

10*-plet, 3§D1, Vr

Data (t=12) —+—
Function ——

N L -100
0.0 1.0 20 3.0 4) 0.0 1.0 20 3.0 40 00 1.0 2.0 3.0 4.
LEaa) L) rifml
T T T o0 ! ¥ Dll (=12) - ' ' Ijala (=12)
Data (=12) ata (=12) 3 =12)
8s-plet, 1SO Function — 10-plet, 3SD1, Ve Function — 10-plet, °SDq, V1 Function —
4000 s 2000 |- ] 80 -
3000 [ 1500 1 e N
) %
3 3
= 2000 1000 1 =
S S
1000 500 ]
0 0
10000 0 1.0 20 3.0 a( 0.0 1.0 20 30 4.0 0.0 1.0 20 3.0 4.
rIfm1 r(fm]
= ' ' ) " ' ' Data (:=12)
Data (=12) 3 aar=' p—t—t
100 |- Ba-Plet, 3SD1, VC Function — 8a'ple':’ SDlr VT Function —

1200 B -
1 Data (t=12) —— 40
1'pIEtr SO Function ——
-1400 : 1 L ) - L
0.0 1.0 20 3.0 4.0 0.0 1.0 20 3.0 4.0
rifml r[fm]

V(1) [MeV]

T. Inoue, AIP Conf. Proc.

2130, 020002 (2019)




Many Theoretical Models (Chiral Effective Model)

Chiral EFT K ('bpeu’tron'mattef 4
« NLO includes - 201 n
i. One-pseudoscalar octet meson exchange §

ii. Two-pseudoscalar octet meson exchange

iii. Four-baryon contact term
« NNLO 3BF (in NNN)

« Can be replaced into NLO w/ the decuplet saturation approximation.

U, (MeV)

21

LY
L4

J. Haidenbauer et al., Eur. Phys. J. A (2(31(1)(’)7) 53: 121

T T
neutron matter

NLO13

EmEy,
I
4

Y *
...Ill“‘

L
L2

— Only three parameters (1 coupling length & 2 coupling constants). [
~J ulich ’0 ]
« NNLO 3BF (in ANN, ZNN, ANN=2ZXZNN) Y ¢
. . ) _ 0.5 1.0 15 2.0 0 1 2 /03
« [t can be translated into Effective Density-Dependence YN potentials. PPy
— Accurate B, data should restrict the Low Energy Constants (LEC) introduced in this model.
LO NLO NNLO
2BF | X 1 A | v\ )
Etc...
NNLO 3BF SBE
Dominik Gerstung et al,. ) toNLO. | X  t—e t-o- appears
Bur. Phys. J. A (2020) 56:175 | 3BF (in NNN) - @NNLO.
contact term 1-meson 2-meson

HYP2022, 6/30 (Thu), Tamao SAKAO




Recent YN Interaction Study

quark-hybrid traditional neutron star
star

hyperon
star

neutron star with
pion condensate

Fe
color-superconductin 6 3
strange guark matter e 10~ g/em
(u,d,s quarks) 1 3
glem
2SC
cSL CFL 14 3
o« o CFL-K?* 10 ™ g/lem
Hyperon Mixing? 9CFL Cr[ K0 )
CFL-T atmosphere
strange star
F. Weber., nucleon star

Prog.Part.Nucl.Phys.54:193-288,2005

R~ 10 km

HYP2022, 6/30 (Thu), Tamao SAKAO

0.0

Hyperon puzzle of NS

P.B. Demorest et al., Nature. 467., 2010

9 10 11 12 13 14 15
Radius (km)



N
w

Hyperon Puzzle of NS & AN, ANN Interaction

Hyperon Puzzle of NS How to support the massive NS w/ hyperons??
« Hyperon mixing: soft EoS « 3BF gives repulsion in the high-density region.

* 2My NS data: stiff EoS

400

i ('bgleutron’matter' ' neutron matter
i | - NLO13
NS masses as a function of the radius R 20_ "«g
2.5 _ i 300- ©n
ESC (black) _ NLO13+3BF Un | 8
ESC + MPa(3BF) (red) : MeV] =
> 200- =
= 0
< n (@)
= M
n | 100+
25 50
s \ | s
“f N J ulich’04 ORI
R o1 5,5 1
J. Haidenbauer et al., Eur. Phys. J. A (2017) 53: 121
0.0 « AN density dependence study is necessary
. 111 112 113 1l4 115 16 (by B, _data from hypernuclear exp.).
R [km] — ANN force strength study

Y. Yamamoto, T. Furumoto, N. Yasutake, and Th. A. Rijken
Phys. Rev. C 90, 045805 — Published 30 October 2014

Hypernuclear Exp. ~ Models based on YN Scattering Exp.
Accurate B, measurement Realistic AN interaction

HYP2022, 6/30 (Thu), Tamao SAKAO
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Approach for BB Interaction & Spin-Dependent Terms

S-wave BgBg interactions of NN, 2N & AN channels

BgBg(I) spin-singlet spin-triplet
NN(I = 0) . (10%)
Past NN scatterin
NN(I=1) (27) — 5 Restricting }
BN(I =1/2) \/—11—0-[(3(85) — (27)] —}_5[(8&) + (10%)] J-PARC E40 YN int.
EN(I=3/2) (27) (10) (2p scattering) A w/ more restricted YN int., }
T151(88) +3(27)]  —5[—(8a) + (10%)]]  New Ap scattering study more precisely.
@J-PARC
T matrix M=V_+V, (s, s;)+ Vars(s,+5,) L+ Vars(s,—s3) L +Vi((s, ® 5,]? Y,(F))
of YN scattering
Analyzing power  , (a) = 4—\/51111 U o(Sat+Sp) +~ 1 o= S, +Sg) - 1T (=Sa+Sp) %No polarized target
of YN scattering “” N B —ﬁ P g RROP 5

Central ALS SLS Spm spin

« Spin-dependent terms of AN interaction

S. shikawa, M. Tanifui, Y. 1seri, and Y. Yamamoto, Fhys. Rev. can be constrained by spin observable measurement.
C 69, 034001 — Published 4 March 2004

. 0 . .
HYP2022, 6/30 (Thu), Tamao SAKAO 100%) pOIarlzed A beam IS an advantage'
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Approach for BB Interaction & Spin-Dependent Terms

S-wave BgBg interactions of NN, 2N & AN channels

BgBg(I) spin-singlet spin-triplet
NN(I = 0) — (10%)
_ Past NN scatterin
NN(I=1) (27) — 5 Restricting }
BN(I =1/2) \/—11—0-[(3(85) — (27)] —}_5[(8&) + (10%)] J-PARC E40 YN int.
EN(I=3/2) (27) (10) (2p scattering) A w/ more restricted YN int., }
T151(88) +3(27)]  —5[—(8a) + (10%)]]  New Ap scattering study more precisely.
@J-PARC
T matrix M=V _+Vs," sp)+ Vsrs(s,+5,) - L+ Vars(s,—s,) L + V([(s, ® 5,12 - Y,(F))
of YN scattering
Depolarization i N L ; D(q) = i L L ) l _ L )
of YN scattering Dl(a) = NRTr[Ma,-(a)M oi(a)]. (a) NRRe " Up + \/§U1 U, + = U \/§U1

1 AR T
X TT1+T3 —S1S2+ _|S3|
6 2
Polarization phenomena in hyperon-nucleon scattering
S. Ishikawa, M. Tanifuji, Y. Iseri, and Y. Yamamoto, Phys. Rev. 1 1 1
C 69, 034001 — Published 4 March 2004 - TTI TTI -T, ] - —|T2|2 , (C2)
6 6
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Key to Restrict YN Interaction Models = Ap Differential Observables

- We want to measure them
« YN Interaction Models
w/ ~ 100% polarized A beam.

—

Ap differential observables

« Soft-core OBE (Nijmegen)

, . To restrict
« Quark-model interaction (fss2)

e Chiral EFT

models

etc: Ap— Ap differential
Ap -> Ap . . . . .
Cross section Polarization Depolarization
300 — T T T T T T T 45 L L S SR FSUIL S S B R e L R B T T S B L A U L0 L A O P LN L Y PR S S
| | | I | I | . Piap = 633 MeVic - Pia = 633 MeVic [ Piap =633 MeVic .. /// ]
o i ] sof - 02| ——— i I o
s A L NLO13
o Hauptman et al. K
& Piekenbrock | 35 NLO19
< Chiral EFT NLO13 ( J7ulich 04
200 — — 30 .o -
(red) = | Nijmegen /' |
- . I
5 €.l Nsco7t /4
o) s ’ S 20k . ; o
Ju “lich ’04 | 5 ] = S
+ . o /
‘o0l (blue dashed) | e A : ]
Nijmegen NSC97f - N Sl | - ]
\ (black dotted) o[- P il - ] 0z2f -'
\ | 5 \\\\~“_‘___.__’/’// -1 06 -
A B 04[- .
900‘2(|Jo|3(|30|4$0|5(|)0 6(|)0I7(|)0|8(|)0|900 91.0'”‘-o].s"l'ofo“”ofs"“m -1.0“”-01.5“”021“Hofsl”‘m -l.ol“‘-o{s"x‘ofo'l”ol.s"xlto
Pip (MeVic) cos 6 cos 6 cos 6

Johann Haidenbauer et al., arXiv:2105.00836v1 [nucl-th] 3 May 2021
HYP2022, 6/30 (Thu), Tamao SAKAO [ ] y
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J-PARC E40

27



J-PARC E40 (Z p scat.) Analysis Method

vvvvv

CATCH system
PSR Cylindrical Fiber Tracker

...... g

= BGO calorimeter

2 production in LH, Target 3. Energy of proton 2. Scattering angle
3p scattering

« Tagged by the m*p—K*X reaction
« 2+:606M

e 22 17M

2 production

~ 1% of data where Liquid H, target

m was detected downstream is the byproduct.

HYP2022, 6/30 (Thu), Tamao SAKAO
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BG Suppression
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BG Suppression in P, Analysis

Point
« Az (m m vertex — primary vertex) of BG and A production

are different from each other.

The mp—KYA reaction The main BG (multi- # production)

-

K

v

A

K.
.o
boa

— > Z : > Z

Az of KO " Az should be 0.

HYP2022, 6/30 (Thu), Tamao SAKAO

30



40000
35000
30000
25000
20000
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10000

5000

3

BG Suppression in P, Analysis

Point

« Az (m m vertex — primary vertex) of BG and A production

are different from each other.

Calculated A z(KO)
in A production simulation

III|IIII|IIII|IIII|IIII|IIII|IIII|II

*Simulation !

Coovo Lo 1y

00

Ol e e e e e e e e = = =

-150 -100 -50
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Mistakenly calculated A z(KO)

in multi- © production-simulation as BG

200
180
160
140
120
100
80
60
40

|III|IIllllIIIIIllllllllllllllllllllckdl

TTT

=
=)
Q
=
S
S

IIllIllllIlIIIlIIII

(=]
(=]

OfF— = = = = = = -

50 100 150 200

Imm]|
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BG Suppression in P, Analysis

Az (z-flight length) cut

1. Set cut value = 0 mm.

Calculated A z(KO)
in A production simulation

40000

*Simulation

35000

30000

25000

20000

N negative Npositive

15000

10000

III|IIII|IIII|IIII|IIII|IIII|IIII|II

5000

50 100 150 200

Ol e e e e e e e e = = =

Coovo v L by 1
—%00 -150 -100 -50

Npositive > N negative
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Mistakenly calculated A z(KO)

in multi- © production-simulation as BG

— 1

FSimulation !

= |

— 1

- 1

— 1

— 1

- 1

— 1

— 1

- 1

= N ’

— negative positive
— |

— 1

— 1

- 1

— 1

— 1

- 1
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BG Suppression in P, Analysis

Az (z-flight length) cut
1. Set cut value = 0 mm.
2. Define cos 0 b where Az>0 mm & cos 0 b where A z<0 mm.

3. By calculating the difference b/w them, BG was subtracted.

g E_*O.7<COS 9, KO,CM<O'8 ;*0.7<COS 9, KO,CM<O'8
56005*]340 data —*BG subtracted +
~ H *cos 0 , where Az>0 mm =“E40 data +
C| *cos 0, where A z<0 mm - +-
g 3 +
: . 3 +
= subtraction = +
: e +
0:...|...|...|...|...|...|...|...|...|... Qbbb b b be e b b a Loy
1 1 1
cos 0, cos 0,
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*cos 0 , where Az>0 mm BG Suppression in P, Analysis

*cos 0 D where A z<0 mm

w20 —*0.6<co0s 0 ko,cm<0.7 x - - *0.7<cos 0 ko,cm<0.8
o 200—*E40 data g —*E40 data
= - C
180 — L
o = o 500 —
O 160 © -
140 — 400—
120 — -
100 300
80— C
= 200—
60_— —
40F 100[—
20— -
o:||||1||||||||||||||||||||||||||||||||| o v v b b by b P B B Lo n Loy
-1 -0.8 -0.6 -0.4 -0.2 0 0.2 04 0.6 0.8 1 -1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.8 1
COSGF COSep
1200 — 900 =
« - *0.8<cos 0 ko,cm<0.9 «n = *0.9<cos 0 ko,cm<1.0
= [ *E40 data o 800E*E40 data
8 1000 — g 700 —
o [ &) =
800— 600 —
B 500 -
600 |— -
- 400 |—
400__ 300:—
C 200 —
200 — =
B 100 —
0_111|1111111||1111||l||1|11||1111|11|111 0:11111|1||11|1||11|1[11||1111||1l|1111||
-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1 -1 -0.8 -0.6 0.4 -0.2 0 0.2 0.8 1
COSGp COSBP
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Outlook of the BG Suppression

Estimation of BG structure from MM’s sideband
« To reproduce BG more precisely.
« Use peak positions of MM’s sideband

as the Az cut value.

Az of MM’s sideband region

140 *w/ m-p detection

by CATCH.

*E40 data

*Fitted w/ Poisson Set
func.

the cut value
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Missing mass of © p—KO%X

4500 *W/ TT-p

detection
by CATCH.
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Sideband jo
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P, Calculation
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A Beam Polarization & Spin Observables

Analeing;;ower: y 4+A_> ® A ‘y do
-, *_ (@,

= p
Y 2P, (do do p A
(d_ﬂ)L + (d_ﬂ)R
Differential Cross Section: Depolarization:

- P+ DyPycos® 2Ny — Np
Apscat-— 1 4 pp,cos®

(jll_g) - Cll_;)o (1+A4,(6)Py cos @)

(42,3, +(2),) = o

aNy + Np




P, Measurement Method w/ the A—p m- Decay

. . . 0 p T 0 0 p T T

Parity violation (P,=+1, P =-1) o 0 1+a |A+B|?
T T 1—a |A-BJ?

Amplitudes of the m-N system 3 W : The scattering angle (6 )

. Sy A $ will be asymmetric.
\ l

. Polarized A A bexiislod .

* Pyt B I 1 U/D asymmetry in cos 0 , appears.

— TWO decay mOdeS ShOW @ e General Partial Wave Analysis of the Decay of a Hyperon of Spin Y2
T. D. Lee and C. N. Yang

1 1 ‘ ' Phys. Rev. 108, 1645 — Published 15 December 1957
different amplitudes. Amplitude: A+B A-B

P, analysis method

1. Detect p from the A— mp decay.

-

*LAB system

HYP2022, 6/30 (Thu), Tamao SAKAO
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Measured cos 6 D in E40

@ 450E10.6<C05 0 o ou<0.7 @B IOE*0) 7<c08 0 o,om<0.8
= oE corrected S sofrFcorrected ++
= *PE¥E40 data g = *E40 data +
8 350~ o o 3 + ++ +
300 f_ + 600 ;—
250 + ++++ 500 i—
200 §_ - 400 ;— ++
150 i— + 300 i— +++
100 z— + H 200 ;_+_ _+_
50— + w/0 Rebin 100~ +
0 = 11 I L1 1 I 11 1 I 11 1 [ 11 1 I L1 1 I 11 1 I L1 1 I L1 1 I L1 1 0 E I I I I 1 I 1 I ] I I
-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1 -1 -0.8 -0.6 -0.4 -0.2 0 0.2 04 0.6 0.8 1
T The fitting line is pulled down by the bins  cos 6, cos 0,

whose entry is accidentally lower than others.
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Measured cos 6 D in E40

900

*corrected
*E40 data

800

700

counts

600
500
400
300

200

w/ Rebin 100

0.7<cos 0 KO,CM<O-8

0lIIIIIIIIIIIIlIIIIIIIIIIIII[IIIIIIIIIII

N = *0.6<cos 0 KO CM<O-7
= 700~ ’
- - *corrected
= - *E40 data
O 600
© u

500 —

400 —

300 —

200—

100

%8 s 0
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cos 0,
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P, Calculation (Two-parameter fitting)

The reference equation:

1 dN 1 —
Ny dcost, B 2 (1 * CZPACOSQP) “EN,cor = Ncor\/(%v) + (?f]]:)

To Calculate P,

« Fitting

f(x) = % (1 + pycosB,) <Two parameters
_bh
a

Error
P (—gp1)2+
g -
PA A Py

« The systematic error

P,

2
(S—“) “The systematic error will be estimated.
a

« Will be estimated by studying the cut condition’s effect for P,.



counts

counts
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Efficiency Estimation for Every K° Angle

F*0.6<cos 0 KO,CM<O-7

E*Simulation
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cos 0,
Efficiency (0.800000<cost{CM K"1<0.900000)

= *0.8<cos 6 KO’CM<O.9

- *Simulation
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