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1 Multistrangeness baryons are of importance in our understanding of
strong interactions. However, the information of them is very limited currently.  —

1 SU(3) flavor symmetry allows as many S = -2 baryons, i.e. =, but only
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[ This 1s mainly because multistrangeness hadron production have small

cross section rates relatively. Overall
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1 Recently, the situation becomes better since more precise and abundant data
are expected to be produced in the future experiments via various beams:
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the spectroscopy of hyperon and cascade baryons.
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(1 Multistrangeness production in hadron physics
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d Multistrangeness production in hadron physics
a. photoproduction (yp > KK =)

> CLAS & GlueX Collaborations
at JLab is producing the data.

> The production mechanism is
a two-step process.

> The hadron coupling constants
are not well known.

> Theoretical analyses

vp— KKZ(1318)
Nakayama et al. PRC.74.035205 (2006)

v p — K* K* 2(1530)
No analyses yet

=0 1P =1/201/2) PDG 2022

The parity has not actually been measured, but ™ is of course expected.

Goetz (CLAS) PRC.98.062201(R) (2018)
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FIG. 2. Missing mass off of (KK ™) showing the E spectrum
above a smooth background. summed over all angles and all E,.

In the missing mass off of K+ K™ (Fig. 2), the strong peak
at 1.32 GeV corresponds to the E ground state (J© = %_),
and the smaller peak at 1.53 GeV 1s the =* first excited state

(JF = %_). No other statistically significant structures are

seen in this mass spectrum.
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[ Multistrangeness production in hadron physics
b. pp interaction (p p — Z E)

> FANDA Collaboration at GSI-FAIR will produce

the data.
Lutz et al. 0903.3905 [hep-ex] Physics Performance Report

> The production mechanism is a two-step process.

> The amplitudes are described by the loop diagrams

within a modified Regge type model.
Titov et al. 1105.3847 [hep-ph]

> More rigorous analyses are called for.

Titov et al. 1105.3847 [hep-ph]
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2. Kp - KE theoretical framework

[ Multistrangeness production in hadron physics (¢. K p — K &)
> Only (A® & =) hyperons mediate in the Born diagrams.
> t-channel meson exchanges are not possible because no meson of strangeness two exists.

(A)Kp—-KZ " B)Kp—K°Z
L ) : B =
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2. Kp - KE theoretical framework

[ Multistrangeness production in hadron physics (¢. K p — K &)
> Only (A® & =) hyperons mediate in the Born diagrams.
> t-channel meson exchanges are not possible because no meson of strangeness two exists.

(A) K p—-> K= - (B)Kp—->K°Z°
] i} : e 01
K- Kt K- K+ I s A : K- K" K K" {( S [ds/]
\\ / \\ y A "% - : \\ // N ! = 4
\ 4 x A sz M 4 L i N\
% A Xuuss ) ; 5 A X [uds3]
\ / / N 5 1 " \ / 7 N N | R
p o AYY =T p o AXY == pluud] =~ [dss] p A =0 p vt =0 pluud =[uss]
(a) (b) (c) (a) (b) (c)

O tetraquark in charm sector |1 1Ch, Nature Physics (2022)]
> First observation with [ccud] content, Tec(3875, 1%), width T' ~ 410 keV
in the mass spectrum of “D® D° t*”

O tetraquark in strange sector
> No meson of strangeness two is known to be exist.

1 The evidence of the pentaquark in charm sector, Pc*[uudcc], is
clearer than that in strange sector, Ps*[uudss] & 0*[uudds].
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[ Multistrangeness production in hadron physics (¢. K p — K &)
> Only (A® & =) hyperons mediate in the Born diagrams.
> t-channel meson exchanges are not possible because no meson of strangeness two exists.

(A)K p— K=
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O (Fig. a) Additionally, in the s channel, we include (A" & X*) resonances
which couple strongly to KN & KZ channels.
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O Box diagram is calculated from the 3-dimensional reduction of the Bethe-Salpeter equation.




2. Kp - KE theoretical framework

[ Multistrangeness production in hadron physics (¢. K p — K &)
> Only (A® & =) hyperons mediate in the Born diagrams.
> t-channel meson exchanges are not possible because no meson of strangeness two exists.
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2. Kp - K2 theoretical framework
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1 As seen, hyperon Regge trajectories involve many of 3 & 4 star resonances. 11
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s, (KKp—>KE) * d X(2100) T7/2- *
A(2085)  T/2F  sx i > P
_ — 181 GeV A I X(2110) 1/2- %
A(2100) 7/2 * Kk : N7 X'(2230) 3/2+ *
A(2110) 5;’2i ok AR 2(2250) | 7/2- 2 | *x
A2w0) 0/ o s ooy |27 |
p ALY = .
A(2585) | 11/2-2 | * (3000) *
22(3170) *

1 As seen, hyperon Regge trajectories involve many of 3 & 4 star resonances.




2. Kp - K2 theoretical framework

1 PDG 2020 (A", J") ['a- [MeV] status| Bry. ,ni (%] |grva«] .Brm_,g_r{ (%] |gr=a~]
+ L2 2 33
(1 We include (A" & X7) resonances ;}E}gig §§§_§ i . noY s ~ ~
: A(1890,3/27) 120 Rk 24 — 36 1.19 ~1 0.75
thCh couple strongly to A(2000 1/2-) o i L 3 7
KN & K= channels. A(2050,3/27) 493 * 19 +4 _ _
: : A(2070,3/27 370 * 12+5 1.01 7+3 1.38
 Partial decay width A(2080, 5§2—§ 181 * 11 +3 0.71 4+1 1.18
| aw ! A(2085,7/27) 200 *x — - — —
Dy oy = — K My x| A(2100,7/27) 200 Frkk 25 — 35 3.40 <3 < 8.45
- 8t M2, 2Jye + 1 - A(2110,5/27) 250 rk 5—25 - -
A(2325,3/2") 168 * - = - -
A(2350,9/2%) 150 ok ~ 12 — —
A(2585,77) ok - . - -
(X7,J7)  Ts-[MeV] status|l )Brg- ,ng [%] |gxns-|[@Brs =« [%] [gr=s-]
K- K (1880, 1/27) 200 ok 10 — 30 — —
! / ¥(1900,1,/27) 165 ok 40 — 70 0.93 3+2 0.1
\ ! -
\ y 3(1910,3/27) 220 ok 1—5 - -
. , 3(1915,5/27) 120 kK 5—15 1.97 -
\ : ¥(1940,3/2") 250 * 13 +2 - -
Y ) ¥(2010,3/27) 178 * 7TE3 1.26 3£2 3.71
\ / (2030, 7/2%) 180 Hrdk 17 — 23 0.82 <2 < 1.41
> 31(2070,5/2%) 200 * - . - -
p ALY = ¥(2080,3/27) 170 * - - . .
‘ 3(2100,7/27) 260 * 8+ 2 — —
>(2160,1/2) 313 ¥ 29 £7 - -
(2230, 3/27) 345 * 6+ 2 0.41 2+1 0.34
$(2250,?7) 100 ook < 10 < 0.59 — —
¥(2455,77) 120 ** — — — —
%(2620,7°) 200 x - - — - 12




2. Kp - KZ theoretical framework
J PDG 2020 (A", J7) _ ['a- [MeV] status| Bry. ,ni (%] |grva«] .Brh*—rEI{ (%] |gr=a~]
: A(1820, 5,2 80 FHEE 55 — 65 841 - -
(1 We include (A" & X7) resonances ﬁglgg[], 5)’}5-% %0 . 1_3 _ _
. +
i _ A(2000,1/27) 190 * 27 +6 - -
KN & K= channels. A(2050,3/27) 493 * 19 +4 _ _
: : A(2070,3/27) 370 ¥ 12+5 1.01 7+3 1.38
 Partial decay width A(2080,5/27) 181 * 11 +3 0.71 4+1 1.18
A(2 2+ 2 *x _ _ _ _
Tyusion = 1 ok My on ﬁz?ﬁgj gﬁz—% zgg Frkk 25 — 35 3.40 <3 < 8.45
- 8 M2, 2Jy. + 1 - A(2110,5/27) 250 rk 5—25 - -
A(2325,3/27) 163 * - - - -
A(2350,9/27F) 150 xk ~ 12 - -
A(2585,77) *ox _ _ _ _
(X7,J7)  Ts-[MeV] status|l )Brg- ,ng [%] |gxns-|[@Brs =« [%] [gr=s-]
e e »(1880,1/27) 200 ** 10 — 30 — —
L = AMD K)N + He. 33(1900,1/27) 165 ** 40 — 70 0.93 3+£2 0.1
ANK = 8ANK ( ANK } (1910, 3/2") 990 o 1—& B B
3/201) _ BANK 3v{n3/2Ab) & 3(1915,5/27) 120 Ak 5— 15 1.97 —
Lank = T A*(D,*K)N +H.c. $(1940,3/27) 250 * 13 +2 - -
: x(2010,3,/27) 178 * 7+3 1.26 3+2 3.71
5/2(£) _ SANK juv(pn5/2L) @ ¥(2030,7,/27) 180 R 17 — 23 0.82 < 2 < 1.41
Link = m2 A (Dw K)N +H.e. 33(2070,5/27) 200 * — — — —
: - ¥(2080,3/2") 170 * - - - -
7/2(£) _ SANK gz uv 7/2(2) o 3(2100,7/27) 260 * 8+2 — —
L = === AMP(D K)N + H.c. i
G m ( Ha JN + ¥(2160,1,/27) 313 * 20 + 7 — —
¥(2230,3/27) 345 * 6+2 0.41 241 0.34
$(2250,?7) 100 ook < 10 < 0.59 —
¥(2455,77) 120 ** — — — —
%(2620,7°) 200 x - - — - 12




2. Kp - K2 theoretical framework

1 PDG 2020 (A", J") ['a- [MeV] status| Bry. ,ni (%] |grva«] .Brm_,g_r{ (%] |gr=a~]
+ L2 2 33
(1 We include (A" & X7) resonances ;}E}gig §§§_§ i . noY s ~ ~
' v A(1890,3/2%) 120 kR 24 — 36 1.19 ~1 0.75
thCh couple strongly to A(2000- 1/2) o i L 3 7
KN & K= channels. A(2050,3/27) 493 * 19 +4 _ _
: : A(2070,3/27 370 * 12E5 1.01 713 1.33
 Partial decay width A(2080, 5§2—§ 181 * 11 +3 0.71 4+1 1.18
1 ae ] A(2085,7/27) 200 Hx - - - -
Dy oy = — K My onl? A(2100,7/27) 200 Frkk 25 — 35 3.40 <3 < 8.45
- 8 M2, 2Jy. + 1 - A(2110,5/27) 250 rk 5—25 - -
A(2325,3/27) 168 * - - - -
A(2350,9/2%) 150 Hork ~ 12 - -
A(2585,77) *k . . . .
(X7,J7)  Ts-[MeV] status|l )Brg- ,ng [%] |gxns-|[@Brs =« [%] [gr=s-]
K- K (1880, 1/27) 200 ok 10 — 30 — —
! / ¥(1900,1,/27) 165 ok 40 — 70 0.93 3+2 0.1
\ ! _
\ y 32(1910,3/27) 220 Horx 1-5 - -
. , 3(1915,5/2") 120 Hokrk 5— 15 1.97 -
\ : 3(1940,3/2") 250 * 13 + 2 . .
Y ) ¥(2010,3/27) 178 * 7TE3 1.26 3£2 3.71
\ / v 2(2030,7/2F) 180 Hokrk 17 — 23 0.82 <2 < 1.41
> 31(2070,5/2") 200 * - . - -
p ALY = ¥(2080,3/27) 170 * - - . .
‘ 3(2100,7/27) 260 * 8+ 2 — —
3(2160,1/27) 313 * 29 £7 - -
v 3(2230,3/2F) 345 * 6+ 2 0.41 241 0.34
v 2(2250,?7) 100 ok <10 < 0.59 - -
¥(2455,77) 120 ** — — — —
v turn out to be important. %(2620,7") 200 . - - - - 12




3.Kp - KEZ results
(1 Total cross section (K- p — K* =) [u-channel background]

> pseudovector (pv) form (A=0)

> pseudoscalar (ps) form (A=1)

I T I ! ! ! I
200 Kp—)Ker - 2{)[):— Kp—oKz -
150} o 150f
ER o
o) 100_ b 1{)[]_
1/2(+ = ¢ 1/AE) 1/2A+) § . 1 -
LLS) = gis RIDY RN He: D5 = }(im b 3) M K
My, = mpg N K




3.Kp - KEZ results
(1 Total cross section (K- p — K* =) [u-channel background]

> pseudovector (pv) form (A=0)

> pseudoscalar (ps) form (A=1)

I T I ! ! ! I
2001 Kp— K= . 200F Kp—>Kz . —
150} o 150f
N T |
© 100 o 100}
_ _ . 1 88 ~
L0E = s KD RYN-4He Dy o= —r‘i}(im .~ a) K K
My, = mpg v K
o\ A
A" rd
S, : o(ps) > o(pv) \x,f
high energy: o(ps) < o(pv) AN
e = = —
p AY E

> We adopt the pv scheme rather than the ps scheme.
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3.Kp - KEZ results

(1 Total cross section (K- p — K* =) [u-channel background]

> pseudoscalar (ps) form (A=1) > pseudovector (pv) form (A=0)

i rr T _ T L e e
200f Kp—K'E 1 A K KpoKEZ . —
........ \ !
_ y 4
150 S Y N
i A\ i/
S \ /
© 100 il
° p A =
5ol [s-channel
[ resonant
contribution]
_ _ . 1 -8 -
L0E = s KD RYN-4He Dy o= —r‘i}(im - — - a) K K
Hhgi e lkg “ .
\ o
AN 4
S, : o(ps) > o(pv) \x,f
high energy: o(ps) < o(pv) AN
- P - —
p AY E

> We adopt the pv scheme rather than the ps scheme. 13
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P

(1 Total cross section (K- p — K" = & K° =) [u-channel background pV form]

'_ KpoK'E _' . I xpsk'= . y :
200¢ H P E* ] 100 | " _E* 1 [ Isospin rule
[ CCRer ] S| ‘ 1 >u-channel 2 & > exchange
_ : : ] oc(Kp—-KEZ)x4
; ] =0 p-oK'E)
L { m | . K- K
AT ] \ ’
i f{‘_fif ..... Tl + ] s d
o 2|. T L 2:5'11- ......... 5 h-‘.g.w-,_—.-—_.....__31._5 . ‘\ ,‘
W [GeV] \ /
N/
X
N
/ AY




3.Kp - KEZ results

[ Total cross section (K- p — K* = & K" Z') [u-channel background, pv form]

SRS RREPSRecs 1w T s _- .
2007 H P R ] 100 | P ) 1 [ Isospin rule
ol CCRer ] Y | 1 >u-channel 2 & > exchange
I \ O'(K'p—>K+E')X4
[ 5 _ =0 (K p—-K"ZEY
i WJ | | _ K K
[ f_;__i_:t:;::f_;_-}f_-j;_fi;{:__:_____ { ] AN e
N 2|r L L | ,2r5.11 ...... T ..—E-——;a—-ﬁ.m.-,_-..-_...éj._j 4 .“\ ,{
W [GeV] \ /
I rlmf* IKI_[::—:rIéuEIu o | //x\
[ 'ﬂ * fﬂﬁ + = i e
| |- T i i P AY =
E ‘+ H-H"-,_ .h_q-:“““" - =
Lo’k e 1 10F i[ ) =-f‘_‘_:._::.h:5
| T | - - .i Lo | | 1
10" 2.5 3 3.5 10" 2 2.5 3 3.5
W [GeV] W [GeV]
> Analytical behavior: > Asymptotic behavior: > u-channel Regge amplitudes describe
fiss Z Mals, P ses s —_— high energies (W > 2.5 GeV) very well.
=00 d—(s—»m,u—rf})ocs 14
5;8 ¢ i



3.Kp - KEZ results
[ Total & Differential cross sections (K- p — K* = & K" ') [1-channel background + s-channel A™ & 7]
P K'E" —-— u-ch Regge _: i P K’z ——— u-ch Regge 1
Al189032+) 100 H LT AMEB9032+) T
— o= Ti2030,772+) ) - T{2030,.7/2+)
----- T(2250.72-7) ] e E(2250.772-7)
— full — full
=
E!
]l ©
3




3.Kp - KEZ results
[ Total & Differential cross sections (K- p — K* = & K" ') [1-channel background + s-channel A™ & 7]

LI I B R R | ||- LI B R | L L L |D|

T 1 T T
_ e - =
p—>KE u-ch Regge i i po K= --— u-ch Regge
A(TROO32+) 100 L(T ALTRO032+)
——= E2030.72+)y B 1 ——= E{2030.,7/2+)
- I(2250,772-7 -== E{2250,7/2-1)
— full

G [ub]

depid() [uhvsr)
deid L2 |ub/sr]

=

SBs °B& °B&




3.Kp - KEZ results
[ Total & Differential cross sections (K- p — K* = & K" ') [1-channel background + s-channel A™ & 7]

T T T LI T T LI T T T T T T T T |D|

L |+":__' ] B Iﬂ.;-
PoKE o uchRegee 1 ' PoKE" wareme | |> Backward peaks due to
Al189032+) 100 L(T AMEB9032+) T
——— E{2030,772 I 1 ——= E[2030.732 _ -
- Zonnany ] TTImaIsn || au channel background
— - || contribution are clearly verified.
> Inclusion of various s-channel

A" & 2" resonances provides
good agreement with the data.

deid L2 |ub/sr]

dofdl} |ubvsr)

SBs °B& °B&
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3.Kp - KEZ results

1 We used old experimental data taken in
1960s and 1970s.




3.Kp - KEZ results

1 We used old experimental data taken in
1960s and 1970s.

d Recently, the J-PARC EO5 experiment measured
the cross section at forward angles (OLab < 18°).

Nagae et al. AIP Conf. Proc. 2130, 020015 (2019)

Observation of a Z bound state in
the "C(K-, K*) reaction at 1.8 GeV/c

—_ +'_‘_
Kp—=KZE
80 I I- T l T T l

i | o J.P.Berge (1966)

- : 4~ G.Burgen (1968)
—_ = ? o P.M.Dauber (1969) -
# 60 il e Tlijima(1992)
e 'A o e J-PARC (2019)
= _ TTeL e
2 6 b1l T
é 401 ir ‘I"f T T C:D |
£ H - T i
5 HER PR .
d i 4'. T b L .:.
Tol
- 20 B i& i& ) . -

I o

/ = L

0 1 lD 1 1 I 1 1 1 1 I 1 1 1 L | IQ 1 L 1
1 1.5 s 25 3

PLab [GEV]
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1 We used old experimental data taken in

Kp—KE
1960s and 1970s. g 80————— ——
: - H o J.P.Berge (1966)
- Z:} 4~ G.Burgen (1968)
_ . T : o0 P.M.Dauber (1969) -
(1 Recently, the J-PARC E05 experiment measured % o) - & BMDaher (159 |
the cross section at forward angles (OLab < 18°). S . i # AR
5 oy oA
Nagae et al. AIP Conf. Proc. 2130, 020015 (2019) ¥ 401 o 7! 17 <T> 1
Observation of a = bound state in é‘? L %5 ;"{a i .
the 2C(K-, K*) reaction at 1.8 GeV/c S a5
0 20 At e u
= T .
o
_ _ o ]
[d Relations between c.m. and Lab frames: 01 15 5 75 3

l:’Lab [GeV]
COS B 5, = (Ex— Eg+p — Ex-Ex+ + PPk +COS O, o )/ Prap Px 1

(do/dR), My Piay Py P
(do/dR2) == p:h 5 (g1 + My — PrapEy o1 €08 Grap/Pyr) ! :
c.m. K+ |

(;L >,, E [ "™ d(cos 8, )do/dR, / j:"‘ d(cos 6,)
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3.Kp - KEZ results

1 We used old experimental data taken in Kp— K'E-
1960s and 1970s. 80———————————————
c i [ o J.P.Berge (1966)
: - : A G.Burgen (1968)
. i 7N i
J Recently, the J-PARC EO05 experiment measured = cok - L e
the cross section at forward angles (Orab < 18°). 5 | ihe ol T RO
2 T af full
Nagae et al. AIP Conf. Proc. 2130, 020015 (2019) ; T8 ’ A
Observation of a = bound state in é‘? 8
the "C(K-, K*) reaction at 1.8 GeV/c 3
8 20 il
; ; _ - TH“““ . l|_ Q
(1 Relations between c.m. and Lab frames: T I S o S

l:’Lab [GeV]
COS B 5, = (Ex— Eg+p — Ex-Ex+ + PPk +COS O, o )/ Prap Px 1

(do/dR2), _ My Piab Px+1
(dojdﬂ)c.m. ppKJf

(6x-1 + My — Drap€x 1 €08 Olp/Px +L)-1

(o) =" dtcos0,dafam, [ dicos 8

16



3.Kp - KEZ results

1 We used old experimental data taken in Kp— K'E-
1960s and 1970s. SO0+
- T o J.P.Berge (1966)
: - [ A G.Burgen (1968)
1 Recently, the J-PARC EOS5 experiment measured col- - ¢ S o
the cross section at forward angles (OLab < 18°). : ke ol T RO

T - a4 full
.

Nagae et al. AIP Conf. Proc. 2130, 020015 (2019)

Observation of a =Z bound state in
the "C(K-, K*) reaction at 1.8 GeV/c

do/dQrabe<18) [Ub/sr]
=
|

-

1 (s o) (T PO ) IS AR | 1 1 1

1 Relations between ¢.m. and Lab frames: T | 15 2 25 3
5 PLab [GeV]

cOs Oy, = (Ex— Ex+r — Ex-Ex+ + PPg+COS O, o )/Prav P +1

\/ \ y

(do/dR), My Py Prs o
£ = MUK (ex-y + My — Digybisr €08 Oigy/Py o) 1 A(1890,3/2%)  2(2030,7/2%)  2(2250,7/2°7)

(dojdﬂ)c.m. B ppKJr

[ The evidence of these three Y~ resonances
~ looks very convincing.

&

( ;SL }A E j:“‘ d(cos 0, )do/d2, / [

HEoaiey) 1 More data from the J-PARC E05
~ experiment are strongly called for. 16
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Kp—KE
I 3 |+_'|"'|"'_ : 77—
K p— K u-ch Regge i : T o J.P.Berge (1966)
- A h  gomon
-—= £(2030,7724) 1 : = 601 % | e Tlijima(1992)
----- X(2250,7/2-1) | s | 'A e e J-PARC (2019)
— full = B Tl & ———- u-ch Regge
o i llb ! full
v v _
. 5
G L
=
© _
o]
1 IC:) 1 1
; . 3 : . 3
W [GeV] g PLab [GeV]
Y \J Y : \/ y y
A(1890,3/2%) 2(2030,7/2%) 2(2250,7/2°7) - A(1890,3/2%)  Z2(2030,7/2%)  2(2250,7/2°7)

- [ The evidence of these three Y* resonances
~ looks very convincing.

(1 More data from the J-PARC EO5
~ experiment are strongly called for. 16



B L Ll e S
3.Kp - KEZ results

Previous works

Sharov et al. EPJA.47.109 (2011)
Shyam et al. PRC.84.042201 (2011)

> Effective Lagrangian approach

Kamano et al. PRC.90.065204 (2014)
> Dynamical coupled-channel approach to K induced reactions

Feijoo et al. PRC.92.015206 (2015)
> Coupled-channel unitarized chiral perturbation approach

Nakayama et al. PRC.85.042201 (2012)
Jackson et al. PRC.89.025206 (2014)

> Model independent aspects

Jackson et al. PRC.91.065208 (2015)
> Effective Lagrangian approach in which “the rescattering contribution™
1s accounted for by “a phenomenological contact amplitude”




3.Kp - KEZ results
Comparison with other works
| Jackson et al. PRC.91.065208 (2015)
-"""'I'("_)I%;-'""""' 250 T
200¢ P = ___ uchRegge - +, -
. A(1890,3/2+) K+tp—oK +Z (a)
i ---- £(2030,7/2+) 200 contact term
————— ¥(2250,7/2-7) |
150
- — full
— B hljﬁ
ES =
p 100 i
I © 100
50}
i S0
Q) 3 gl et ] PRI e e 1
W [GeV]
A(1890,3/2%)
v v L >(2030,7/2")
A(1890,3/2%) 2(2030,7/2%) |2(2250,7/2°7) 3(2250.5/2°7)
VALUE (MeV) DOCUMENT ID TECN COMMENT
2210 to 2280 (~ 2250)  OUR ESTIMATE
9970 +50 DEBELLEFON 1978  DPWA Dy wave
9210 +30 DEBELLEFON 1978  DPWA Gowave 18
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Comparison with other works

Jackson et al. PRC.91.065208 (2015)

) ""'I'(’p'_)'lgr;_'""""'- 50— T T T T T T
200 ' o A u-ch Regge : - +, -
[ o A(18903/24) | | K+p—o>K +E (a)
I -—— X(2030,7/2+) 1 : 200 contact term
1500 Akl N ¥(2250,7/2-7) ] :
I — full
— - 150
ES =
o) 100 brati
I © 100
50}
I 50
Q. J 3 0 A 3.0
W [GeV]
| A(1890,3/2%)
v Y i é 3(2030,7/2+)
A(1890,3/2%) 2(2030,7/2%) |2(2250,7/2°7) $(2250.5/2° )

(A The structure at W = 2.2 GeV are
explained by a destructive effect between

“contact term” and “resonant amplitudes”.
18
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(1 Rescattering amplitude

ST . \f{_ K
P MA 4 4
Ton = Tk-povaTvask= ~ O, pw
e (27)* EA py, — My, +ie S W"I‘]'W’ g sh
I I - Ay >E-K+*
Pemn. Ma K K Kp—>{ow
va =it s ¥ |Tx-povalt) Tvasks(tk)] | - & oA

—
V=(g, p, ) \fdngdcosg,d¢, pooA =




3.Kp - KEZ results

(1 Rescattering amplitude

d’p My 1
T = T “p— T —K=
VA (2:r)3 Eﬁ P%; —M%, e K- p—oVALVA-SK

. Pem. M

Tya=— — [ dQ |Tk-pvaltg) Ty a—kz(t + P
VA 116.?{2\/.; |Tx-povalt) Tvasks(tk)]

N\
V:((p, P, ) \ fdQ:/dCOSQ’d¢’

K p—~K*=" process in the two-meson-exchange
peripheral model

To cite this article: B K Agarwal ef al 1971 J. Phys. A: Gen. Phys. 4 L52

O Naive calculation by assuming forward
production of ¢: cosf’ = G- - Gy — 1

0 Except for “P = 1/(t1-Mx?)(t2-Mx?)”, which is
a rapidly varying function of cos®’, therefore
essentially determines the angular distribution.

do/dil Lubn sr-1)

At 2.0 GeV/e

defdf} Cubn sr1)

At 2:47 Gev/e




3.Kp - KEZ results
(1 Rescattering amplitude
a’p My 1
Tya = Tk-psvaTva—k=E
VA (2}’1')3 Eﬁ p%,—Mi} ol K- p—-VALIVASK
cm. M
Tya = I;GH \F dQ |Tx- p—valtx) Tva-kz(tx) | + P
V=(g, p, w)

0 We fully calculate the singular part.

200——— 11— L B
[ M Kp— K="
150 B | w H —_—: ;Xh Regge 9
R I 1 & 4 LS S N I L Lt pPA & WA
g TR
PO S T —
50:_ /H \\\\ h+ + 7
'Jﬁ_ e =
e S e ]
2.6 2.8 3

J__.]-‘t‘l‘_l: LI—-—-“I" I"; il | q-
9.8 2l 2.2l 24

A (pA,wA) oA

\K‘ K} \K‘ K’
‘Lopw T Aoy T
Y--- Y---

I | I |

S L
— e e,
p ALY = p ALY =

1 1
GK*Kp = JK*Kw ﬁgf{*m& Egup?r
 ;
9KKp = 9KKw = Egmrrp

20
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(1 Rescattering amplitude

CERT : K- K K K
A
Tya = p3 5 s Tk-p->vaTva-kE w7 o L7
(27m)3 Ep p2, — M +ie N NS L
I I I
cm. M K, K VK, KT K*o 'K*
Ty = —i 11)6"; —= [ dQ [Tk-povaltx) Tyamxs(tx) ] + P : : ! :
t \/E —3 | | -— I | | —
V= (¢, p, ®) pooAL = p AL Z
. 1 1
0 We fully calculate the singular part. 9K Kp = KoK = TSI Ko = G
200 Tt orrTro T T T 1
I H Kp— K'Z" ! IKKp = JKKw = Eg’.rr?rp
| — — - u-ch Regge |
ﬁ“ ------ PA & WA —
+ Regge + Box ]

> [t 1s difficult to clarify the role of the box diagrams with only the TCS data. 20
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(1 We can polarize “the incoming nucleon” or “the outgoing = baryon”:
Target (T), Recoil (P), Target-recoil (K) asymmetries

Recoil asymmetries

K +p—>K +Z K +p—>K + ="

T 1 —
lﬂ_— ?..ll___u ‘t Ezll_
10§ it _
. | . | . | . . | | ! .
lﬂ_— 224 L 2.247
;:\ D I B _-"'-h|:_
@ —10 — 7
S ]
— lﬂ_— 228 L 228
- E ¥ __I ¥ -
ofg Ayt ]
S 1ob * = ' 3
B ' } ' } ' } ' } } } '
= lﬂ 242 __ 2427
A 0 C ]
—ﬁ”f RN E
. . ! ! ! .
kb 28 2.47]
—10k ]
L I I I I I I ]

cos O cos O

Theory: Jackson et al. PRC.91.065208 (2015) 21




4. Application
(a) “open” strange (charm) production
np—o> KA [Regge + Resonance] w1 p— D A’
T_(kl) K*Dﬁkg) ,\ﬂ-_ Kt,ﬂ /o8 T T D*
ik ¥ s - \ / R ~ \x ;;
i \ A M ¥ y
‘#K*—'—, K—I— \ / *D*{]_DU \ /
> . > - [ > » I '.; g g I
p(p1) Alp2) P Ne A p AP N A




4. Application
(a) “open” strange (charm) production
np—o> KA [Regge + Resonance] w1 p— D A’
¥ — B .
T (k1) K Ekz) ,\ﬂ- K fﬂ T " e D*
- ~ - 4 \ / N Eae x ) \L‘k Jl"lII|I
i \ A T ! 4
"‘K*—'—: }-{—F \ / *D*{]. D{] \ /
=y o e e e g R g Mg
p(p1) Alp) P N+ A P Ay P Nx A
np—-oMiB—->K’A [Rescattering] nwp— MiBi— DAt
T K*O m K*O m K*O T K*O ; D _ D - D
\\ K ,’/ \\ T ,’/ \\ K’ ,’/ \\ p // \\ D // \x T /’/ \\ D //
AE T T T : N Y- Y --
K*| T P KK K, K" x TP, K D", g p \D, D* D, D", :77
p A% A p N A p AT A P N A 5 awm N . N & oam
(@ o) © (@ (@ o) ©
» Use the dominant decay process: K*— Km, p — 7w D* — Dm, p — nt



4. Application
(a) “open” strange (charm) production SELI €1 51,
PRD.92.094021 (2015)
mp—oK?A
T (k1) K*(ky) 107 p= P, = 3.93 GeVle P, =3.95 GeVle 110’

= - - - p— "‘-‘*‘*'-*- p—
i % 10°} 4 r 310’ %
—+ ot E! =
KK = o | | | S

. > g Fn (I ;

p(gjl) *ﬂi(p?) ]{]-2 __ _—_I.ul.'il”_ e iimam =TT T __ e e ”}'2

0 0.5 i 15 20 0.5 I 15 2
3 z
S ©
= =
= =
% ] 3
— ] = o
el 107 1F 107~

b 3 PR —_ = - - ER*]{F P— is mm - - gy

S N T A

-1 [GeV?Y) -1 [GeV?)

> K exchange governs do/dt near —t" =~ 0, whereas
K" exchange becomes dominant as —t” increases.
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4. Application

(a) “open” strange (charm) production [ p— KV A (D" Ac")]

How to describe the 3-body decay process | O Differential cross section ? Z B
T+p—>V+Y->P+m)+Y do do W) //‘.f;a\e--.mx %
: = = f g )\
in the rest frame of the vector-meson? dtdQdy  dt fremii /.:,
pencpumpC P L.y
O Decay angular distributions per ‘1’ B
W(Qy) = Moy aom. Mo .
(f m, mz}x N AT m e Xy iy ©: polar angle
vy . ®: azimuthal angle
x Yix, (€2f) Y (),
: 1 O Spin factor
with Mmf,}xv;mi - F Smf,}xv;mt. P
4 S = E‘:E{ﬁ SMHN N
) ) R YKNA T
O Normalization factor Sk =1xiguxk* r'rski(ky — ki),
My + M,
2 IK g+
N* = Z ‘Smf r}‘vimi‘ S % = IxYakk 9xNa € |y, _MN‘K""N;’}A 0ya(ky = ki)' | Kaakip

/

me,m, Ay \




4. Application
(a) “open” strange (charm) production [ p— K™ A (D" Ac")]
1. spin-density matrices (p,,.) 2. decay angular distributions (W)
(1) Unpolarized case (1) Unpolarized case
3
ﬁg}u — Z M., m A m, :lf?y;mi WO (Qy) = [poo cos? © + pY, sin? © — pY_, sin? O cos 2@
m;=+3,m;=+3 — \/_Re(pw) sin 20 cos <I>],
(2) Polarized Y hyperon (2) Polarized Y hyperon
+
P = Z M m,,Am; mf MNsm WE(Qy) = L [PDO cos® © + ; (p:ltl e 9%1—1) sin? ©
m,==+3 :
— .01—1 sin? © cos 2@
A, \': helicity states of the vector meson — \%Re (,olio e ,o:fm) sin 20 cos @] ;

(1 Quantization axis in the rest frame of the V-meson
“s”-frame (helicity frame) : anti-parallel to the outgoing Y
“t’-frame (Gottiried-Jackson frame): parallel to the incoming &t
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4. Application

— 0 . o .
o p—> KA 1. spin-density matrices (p, .
V exchange PS exchange ) p y (p)\)\ )
s-frame r-frame s-frame -frame 2
u-ﬁ B I I I I | I I I I B I T T | | | | ] ] | u-ﬁ 1-2' I I I I | I I I I I T T | | | | | ] | 1-2 Unp()larlzed Case
o ———— == LTI T LT T ] - (d) —
04| ¥ = - Jos p,. =6 and 15 GeV/c
I I A N A
« 02 E —E - - Joa . S.H.Kim, Y,Oh, A.L.Titov,
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0.2 - (El) 1 (b) ] [ ] 0.4 0
T T N N T N T T T T T A A A RN I T T B B A T I R - pm
0 1 2 1 2 0 1 2 1 2 o 0
o — £ (GEV?) e — £ (GeV?) P o
T p—D"A T Re pig
s-tframe r-frame s-frame ~frame | T T =" Pcli_l
ﬂ-ﬁ I I I I | I I I I I L] L] L] | ] 1 1 1 u-ﬁ 1-2‘ I I I I | I I I I B I L] L] L] | ] 1 1 1 | 1-2 e R’E pﬂ
~— - (h) - -10
04l - —038
- - .
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. R i
02 | (e) [ J-04
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0 1 2 1 2 0 1 2 1 2
e — F(GeV) foae — T (GEVH)

0
enhancement of P[x|=1, |\ |=1 enhancement of pgo




4. Application

(a) “open” strange (charm) production

1. spin-density matrices (p,,.) Unpolarized case

wp—> KA

T T S.H.Kim, Y,Oh, A.L.Titov,
0.8 — (<)

- B - B PRC.95.055206 (2017)
o b i o4 n i o4 :C++ v Exp.: Crennell et al,
s R = == T, 1 _= I —f—_ ) PRD.6.1220 (1972)
S +,.-+’1 S . \\_+__+_: - + | s-frame
0.0 -«‘-&‘# = = 0.0 "\N = 0.0 —
B ] N T~ \ PS -
_0-4 B 1 1 1 I 1 1 1 N _0-4 B 1 1 1 | 1 1 1 N _0-4 \I-\-&.. 1 |1"" dl-. H-T #I#_-
0 1 2 0 1 2 0 1 2
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Y LS e U |
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0.0 | + _ 00#* +4+7_ e
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Lo — 1 (GeVT) Lo — 1 (GeVT)

0
enhancement of P|x|=1, |\V|=1 enhancement of




4. Application

(a) “open” strange (charm) production 2. decay angular distributions (W)
(1) Unpolarized case (2) Polarized Y hyperon E T ST AT T .
5 5 , A ) . SN ==
Tp— KA Tp— KA PRC.95.055206 (2017) /{}“9 ¥
s-frame t-frame s-frame t-frame . / /
/ %
L L B LI N LI B B IS L L L BN B / _ o )
1+ —1 1+ e —1 production ane |
- @ ®) /3 - ©  F @ ] [ ""/ il
~ D8 \ ;0.8 — D8 -1 — 0.8 |'I LA A
@ . @ F + . e @ \*
E 0.6 F. = 0.6 > 0.6 = —:: E 0.6 AL o 2
S 04F qo4  gosf +-, /04 '
o2F A2 02 b~ \ o \ 402 ©®: polar angle
| a N — T i ] . .
ﬂ B 1L 1 | Ix +..!| 1 1 1 . ﬂ ﬂ - I | | I | + 1 1 1 }+‘1 L 1 1 . ﬂ ®. aZlmuthal angle
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e/n O/ O/t O/n 9
0 0 2 0 . 2
. . 1) - W¥(®) =py cos" O + p;, sin“ O
Jr_p—}D_A: E_p%D_A: ( ) 3 ( ) p[][] pll !
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+ - - 2 + + .2
) __I L L I B |___ L B I B |__- ) { __I LI L I B |____| LI L B L |__ { (2) EW (8) - p[][] COS 6 + E (pll +p_1_1) s 6
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- T _' -\ . _' ey . .
02t | AN I NG O G exhibit totally different shapes.
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4. Application

(a) “open” strange (charm) production

(1) Unpolarized case (2) Polarized Y hyperon
- K" K"
Tp—>K A Tp—>K A
s-frame t-frame s-frame t-frame
LT L e s I e e sy ey B 1-5_|||||||||__|||||||||_1-5
~ I ] 1~ © F @
| - -1 & 1 - -1
= B n n -l L A a
< osh : Jos £ st +
% : £ 17 2 F s ]
8 of . 1o 8§ of T 10
: | | | | | | | | | :: | | | | | [ [ | | :
0.5 05 -05 0.5
0 1 2 1 2 0 1 2 1 2
&' B/t B/t &/
T p—>D"A; Tp—D"A;
s-frame t-frame s-frame t-frame
Ly I s s e e e ey B 1-5_|||||||||__|||||||||_1-5
- (e) + (f) 1 _ (&) T (h)y -
ﬂ 1= 1 41 & 1 - —1
L 1 - ] - - -
B - T ] B - T .
L 05 MMD.S T osE T 05
o E - = - & NS NEFT
g O < pg - - =0 T O0p~--T T —0
—ﬂ.ﬂ_ AR BN A i n BN A A A A '_—G.S _D_S_I R B R i i R B B O |__ﬂ_5
0 1 2 1 2 0 1 2 1 2
&' B/t B/t &/

2. decay angular distributions (W)

Z
S.H.Kim, Y,Oh, A.IL.Titov, ,

PRC.95.055206 (2017) LN
2 /\9 !

£ 5 \
/; i
ion & decay |
.'fg:l‘:':a;;”_“- plane | _?'___.. y
s P
pa)

.."":g. -~
> = =
X

®: polar angle
®: azimuthal angle

4
(1) %WD(B = g, ®) = pl, — p?_;cos29
4 T 1
(2) ?Wi(e = 5’ ‘I’) = ﬁ ( :ll:l ‘|'p?1_1) _pib—l cos 2P

(1 V- and PS-meson exchanges
exhibit totally different shapes.
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4. Application

(b) “hidden” strange (charm) production

T p — @ n [Regge + Resonance]

m (ki) P (k2) i )
) * ~ - T ’ \'\ "ff
£ X A
Jetp+: ?T+ L !
e - ——
p(p1) n(p2) p N* n
Ps°[uddss]

T p — Mi Bi — ¢ n [Rescattering]

T ¢ T ¢ T ¢
\‘ # ‘ s \* £
. K- 1’1 o p ’,f Me ! /,1
Y- Y- T
| | i | |
K, KK TP | P L P
| | | | I |
- l ] > - ] ] — - L l —
P zt n p N n p N n

» Use the dominant decay process: ¢ — K'K-, pt, K*— Kn, p - nn 30



4. Application
(b) “hidden” strange (charm) production
T p — @ n [Regge + Resonance] Y p — ¢ p [Pomeron + Resonance]
k) bk) 6 Pk ek 6
e i A / h! !
AN, UT \ / : 5 \ /
x X A A Pomeron ! A
lp+: T L / 1 \ !
— > > /\ P W
p(p1) n(p2) p N* n : P(p1) p(p2) P N* p
Ps°[uddss] Ps*[uudss]
50 T T T T T T T T T T . T T T T T T T T T T II| T T T T T TT
E & Dahl (1967) ] : [ --=- Pomeron
B . Bu}d{l%sl 1 . 08—_ == mesons ]
401 s Ao ] ; ]
. « Courant (19770 A : - — = without N*
L sl . s i ] : 0.6
_E" 30:‘ - xf\:&zusn. 32 — :-; E ol + -------
© 20f - | 004 7 R
105— 5 021
| L ] | e R i
0—3%— 325 3 35 U 10 100
W [GeV] : Ey (GeV)
[T.Ishikawa et al. Proposal submitted [S.H.Kim, T.S.H.Lee, S.i.Nam, Y. Oh, PRC.104.045202 (2021)]
using the J-PARC E16 spectrometer (2022)] : 31



B L Ll e S
5. Summary & Future work

<> Multistrangeness production, K- p — K =, is investigated in a hybridized Regge model

for two different isospin channels (K- p — K* = & K" =°).

<> As for a background contribution, (A & Z & Z%) hyperon Regge trajectories are
considered in the # channel to describe the backward angles.

< We employ a “pseudovector” scheme for the KNY & KZY vertices rather than a “pseudoscalar” scheme.

<& For K p — K Z°, only (2 & Z7) Regge trajectories are possible and their relative contributions
are well constrained.

<& For K- p — K* E, A Regge trajectory is more dominant than (£ & =) ones.
<& A(1890, 3/2%), 2(2030, 7/2%), and 2(2250, 7/2°?) play a crucial role in explaining the bump structures.

<> The box diagrams may play an important role.




B L Ll e S
5. Summary & Future work

<> Production of multistrangeness (S < -1) baryons
Kp—>Kp = K"”C->K C
Kp—-KZ = K "C—K""”Be
> A distorted-wave impulse approximation within the multiple scattering formulation
> = hypernuclei 1s important to study multistrangeness systems and strange neutron stars in astrophysics.

<& Relevant experiments to date at J-PARC:
[PO5] Spectroscopic Study of Z-Hypernucleus, '*_Be, via the "*C(K",K*) Reaction
[P50] Charmed Baryon Spectroscopy via the (71,D™) reaction
[P85] Spectroscopy of Omega Baryons
[Lol] Study of 2-N interaction using light 2-nuclear system
[Lol] = Baryon Spectroscopy High-momentum Secondary Beam

< Rescattering effects could be important for the meson induced production:
Kp—K'E, Tp—@n
Kp—9(AZ), mp—oDY(Ac,Z)
> The systematic analyses should be carried out.
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5. Summary & Future work

<> Production of multistrangeness (S < -1) baryons
Kp—>Kp = K"”C->K C
Kp—-KZ = K "C—K""”Be
> A distorted-wave impulse approximation within the multiple scattering formulation
> = hypernuclei 1s important to study multistrangeness systems and strange neutron stars in astrophysics.

< Relevant experiments to date at J-PARC:
[PO5] Spectroscopic Study of Z-Hypernucleus, '*_Be, via the "*C(K",K*) Reaction
[P50] Charmed Baryon Spectroscopy via the (71,D™) reaction
[P85] Spectroscopy of Omega Baryons
[Lol] Study of 2-N interaction using light 2-nuclear system
[Lol] = Baryon Spectroscopy High-momentum Secondary Beam

< Rescattering effects could be important for the meson induced production:
Kp—K'E, Tp—@n
Kp—-o9pAZ), mp— DY (Ac,Zc)
> The systematic analyses should be carried out.

Thank you very much for your attention N
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3.Kp - KEZ results

(1 Resonant amplitude

1 Rescattering amplitude
K K K

do/dQ

K
\“ ’_z \‘ ’_/
N O, pWw . O, pW L
S Yo
| I o) - =)
K ' K* K : L =
I I I I %
> AP Jr— §§
n AE = p \, 2 =

0.6
0.4

0.2

| —- 5/2- (d wave)

| — 1/2+ (p wave)
r -- 1/2- (s wave)
- — 3/2+ (p wave)

-— 3/2- (d wave)
— 5/2+ (f wave)

—

0.2

0.15

=
[e—

0.05

05 0 05 1
cosO
E ‘ l I I l ' ' ' ‘ I ‘ l I I ‘ ' m
- Pub=1.8GeV/c — (K, K" loop |
B - (K*a K) loop ;
1 05 0 05 1

0

> [t becomes a forward peak
as J increases.

> It 1s the only channel
which provides decreasing
behavior at forward angles.
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3.Kp - KEZ results

(1 Resonant amplitude

0.6
SR, 1 e ]
\ i - — 3/2+ (p wave) ‘ i
\ 4 B o . > It becomes a forward peak
- | —- 5/2- (d wave) i 3 .
\ / & | as J increases.
\\ )'! 0.2
— 3 > Ly e
P AYY =
O 05 | 0; 0.5 1
CcOs
1 Rescattering amplitude
K K K K (AN
3 . b 1 _ W=207GeV | :
Lopopw % Y dosiw % L e Regge > It is the only channel
T p T TI i*ﬂ o _' which provides decreasing
- — e I I & L N 1 .
K o i el N e #adi behavior at forward angles.
W e | [ e B T R B T B B S
i e i 1
P N X = P A X = 40 '_\+ 211 ] }+ 2.14 ]
20 I \\+++ ] *
N ol et 4
ot | e At

> More accurate data are called for from the J-PARC.
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