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>p scattering experiments at KEK

® Xp scattering experiments at KEK
® Imaging method using CH active target

Magnetic

(¢) SCIFT Active Target system
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>p scattering experiments at KEK

® Xp scattering experiments at KEK
® Imaging method using CH active target
® Low beam intensity

® Background from quasi free event with “C”

0 100 200 300 400 500 600 700 800 0 100 200 300 400 500 600 700 800
D, [MeV/c] P, [MeV/c]

J.K.Ahn et al.; Nucl.Phys.A761(2005)41
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Strategy of hypernuclear physics

Nuclear physics Hypernuclear physics

, , Hyperon proton scattering
Known nuclear force | Unknown YN interaction

P ‘ Lattice QCD

= xNAGARA
Unknown nuclear Expect from .

structure hypernuclear structure 10 times more AA hypernuclei

Theoretical framework
extended to SUg(3) symmetry

S A | sd-shell A hypernuclei

Y-ray spectroscopy

P—

= hypernucle spectroscopy | IR PRI 87 212502 (2001)
2 ”w ' ) 12C(2671) (e) core-excited region
_ NS A 22" — NC(2838) (Doppler corrected)
™ _:/leV ; ; . 12C (6048)
by € ) '\LLL‘M }
PRC 64 044302 (2001)

EPJ A33(2007) 243 4 '
PTEP (2015) 081D01 E)- (MeV)



Strangeness nuclear physics




Strangeness nuclear physics

« Investigation of Baryon-Baryon interaction
NN interaction =2 YN, YY interaction




Strangeness nuclear physics

« Investigation of Baryon-Baryon interaction
NN interaction =2 YN, YY interaction
« Extend neutron drip line
A glue-like role
Not only neutron-rich A hypernuclei but
also core nuclei

o
-

E. Hiyama et al.
PRC 80, 054321 (2009)



Strangeness nuclear physics

« Investigation of Baryon-Baryon interaction
NN interaction =2 YN, YY interaction
« Extend neutron drip line
Lo A glue-like role
p,n, A, 2 E Not only neutron-rich A hypernuclei but
also core nuclei

[x

» Possible existence of hyperon in high
density nuclear matter such as neutron star
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strangeness production

® Strangeness exchange reaction

BT u
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Fig. 2.4. The sticking probabilities S,(g; (0f )y, (0f),) of Eq. (2.2) as a function of g. The harmonic oscillator

@ /\/f/\olj\\/ﬁg*zc::fﬁ size parameter b = .94 fm is used.

S(q:nl(N),nl(Y)) =l< @, (1)1 j(Gr) 1§, n,(r) >

q: EEEBIT (O DIEE) &)

j(qr) : Bellel 5%
QI NINEZ L EDEE T EB O E AN DD X7 K AE (substitutional state)3MESILF U
QR RENEE  AIEEN R OB D RERIREED LD F L B2 DB I Ao P ESND)DME
LRV (FZIEL 2R OHERIT/ N2 D)



(m*, KNS TIERERERR BRI TMEHND
MAEFEAE KIS, R FEZERmOE - 2AIZ
AR - - TOANET ) —
Z{ﬂ:éﬁEkAé’ﬁ?&{mn (IZAID (e, e KAt K XA E B B 174
- =0 pE AICTALSED > IT— A DR
KAIREED IR E 1 — L% E
EMERZ WA ED kA
B RREAR e Aa e — & 52 H]
LT T A R—FH ER L THWAZ LD SRS

{ MeV/c

w
=
<]
x
-
-
Q
&)
w
ol
=
o
=
u
[
-~

PROJECTILE MOMENTUM pL b (GeV/c)
Pl

(K—,m) s Tldq=0&72 D magic momentum)37-1E
T B — BRI IRV IR DK — A TH IR L
NAIS— KT
‘ substitutional state M FIEEHILD
AZ R REREERICANA Z LT EEL




Sz 53t

& RSN SO B R RS 5 CRIE AT

el
Missing Mass Spectroscopy

—>

4TTIEEN B ORAT
Pbeam u ptarget — Pscat U phyp

Jull X 2
phyp2 i 1\/Ihyp2 T3 (pbeam T Prarget _pscat)

ASE—LOER &, BEVRLFOER &, BLOBELA EZHIE T 52
ETHERSNINA/S—OEEDHIEHED



(K-, ) IZEDANA 7 —FE A
AN I=r =l

® Substitutional state® 4 f%

1/2~ o9- 1/2- P |
3/2- -900@—<=3/27~--—>— A _
172+ @0 172+ >@— C |
1
1
n A !
1/2- 09 ke -®— B i 5 =
- _o00e 12— o
3/2- -9000 2 < 200 E k-
1/2+ @@ 1/2+ =2@— D 2 By S
: = 5
— n A C e 5
O & &
1
1
p C
Haihe e LM
160 32~ -ee00e Ly
1/2+ -




(K-, ) IZEDANA 7 —FE A
AN I=r =l

® Substitutional state® 4 f%

® ADALANZLDLSHMIEFIT/NSVY [Py

V2 -0 1/2
3/2- -O0e 372
1/2+ -8 1/2+
n
16 —
AO >
1/2 2@9- 1/2 (")
3/2 =TT 372 E 200
1/2+ - 1/2+ g
=)
T8 n o
&)
1/2- -0
160 32- -ee00@



(t, K ZKDANA 7 N—F
A Al el —

® NE/EH) =BT

M, —Ma { MeV )
111 199 2400 ZIU 220 234
® ALOREZRNEN ARSI
A a
‘ 2o (k7 )2
Iy AL=0 Iy 0+
—>
ifﬂfai}*
v [ I\ -

itdeigg b
t 1 Hh!')ﬂ'HH )
-10 -20 -30

—~
>
=
vy
AN
S
=
12
~
£
=
=
3
&
©

Spin stretched stateZ 4R FJIZAE %,

-B, (MeV)

PRC 64 044302 (2001)



KEK CTO/ A 7N—F% Ehi

Lucite Cerenkov
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A single particle state

emulsion
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F.Pedriva et al. arXiv:1506.04042
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® Z-nucleus potential
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Strangeness nuclear physics

« Investigation of Baryon-Baryon interaction
NN interaction =2 YN, YY interaction
« Extend neutron drip line
Lo A glue-like role
p,n, A, 2 E Not only neutron-rich A hypernuclei but
also core nuclei

[x

» Possible existence of hyperon in high
density nuclear matter such as neutron star
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Hyperon mixing in neutron star
Chemical cquilibrium condition via weak interaction (w/0 interaction)

2
A MAC™ = A = Un = €fp + MyC

24 electrons are highly relativistic

myx- ¢ = Uy—- = Wn + e = €pn + m~n.c2 @ 100~200 MeV

w/0 BB interaction

S. Nishizaki et al. Prog. Theo. Phys. 108 (2002) 703



Hyperon mixing in neutron star

3 my-c? + Us- (0) = px- = pn + pe = €pp + Up(kpyn) + my,c @ 100~200 MeV

10° |
_ 21 O F " T~ e
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A and Z- mixings depend not only on the YN interaction
but also the NN interaction

® Nuclear symmetry energy E_ (p) plays an important role. S P/Po 10

® E,, also affect threshold density pt(Y) through U, (k5) l1shizaki et al. Prog. Theo. Phys. 108 (2002) 703



Softening of EOS due to the Y-mixing

!

Total Energy

......... K.E. + Amc>

1) without Y (TNI3)
2) with Y (TNI3)
3) wi

Mission of Strangeness Nuclear Physics
Reveal YN and YNN interactions

.
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T. Takatsuka, Prog. Theo. Phys. Suppl.156 (2004) 84  S. Nishizaki et al. Prog. Theo. Phys. 108 (2002) 703

® Dramatic softening of the EOS due to the Y-
mixing _ Necessity of extra repulsion

® M__ . of NS’s is greatly reduced

max

® This can not be resolved by enhancing the
stiffness in N-part EOS

Universal 3 body interaction
NNN, YNN, YYN, YYY



A potential 1n nuclear matter

89Y (m*,K*) 89,Y

emulsion
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F.Pedriva et al. arXiv:1506.04042

Hotchi et al., PRC 64 (2001) 044302

® Attractive potential U, = -30 MeV



>N 1nteraction
I3

Total spin = 1

K=095
. 28Si ( K+) — (X 2/poF = 33.6/56)
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2 :1sospin 1
spin of u (d) quark is same PK. Saha et al. PRL.94 (2005) 052502

® 2N interaction : large spin-isospin dependence
® 2N(I=3/2, S=1) : Large repulsive force is predicted

® Our knowledge 1s quite limited
® Only 4, He hypernucleus
® X quasi free production spectrum - repulsive potential +30 MeV

® How much is the 2N interaction (Z'n interaction) repulsive ?
® We need quantitative information about 2 interaction.



