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1. introduction

How to produce multistrangeness baryons in hadron physics?

. 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
11 = baryons are observed, whereas there are ~ 25 A™ or Z” resonances (S = -1).

d This is mainly because multistrangeness hadron production has relatively
small cross section rates.

Overall
status
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. 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
11 = baryons are observed, whereas there are ~ 25 A™ or Z” resonances (S = -1).

d This is mainly because multistrangeness hadron production has relatively
small cross section rates.

to the spectroscopy of cascade baryons.

*

Overall
Particle  JP status
 a. pp interaction (p p —» =2 =0, QO Q) at GSI-FAIR Z(1318)  1/2+ sk
b. K induced reaction (K- p —» K =) at J-PARC Sggggg 3/2+ e
> [KimSH, et al, PRC.107.065202 (2023)] =(1690) -
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11 = baryons are observed, whereas there are ~ 25 A™ or Z” resonances (S = -1).

d This is mainly because multistrangeness hadron production has relatively

small cross section rates.

d a. pp interaction (p p — 27 =, Q© Q) at GSI-FAIR
b. K induced reaction (K- p - K =) at J-PARC
> [KimSH, et al, PRC.107.065202 (2023)]

Overall
status

c. photoproduction (y p - K K 29, K K K Q) at JLab

> May provide substantial contributions
to the spectroscopy of cascade baryons.

3k ek
ok sk sk
%
sk
ek
sk
3k ek
*

% 3k

% 3k

e




1. introduction

0 In this work, we study the reaction y N — K K =" in a hadron exchange model.

A state B(A*—=KE) ¥ state B(E* = KE)
") [%] (J7) [%]
A(1820)5/2* = T(1880)1/2+ i
A(IB30)5/27 - (19001 /27 3+2
A(1890)3 /2" ~1 [41] £(1910)3/2 —
A(2000)1/2- — £(1915)5/2+ .
A(2050)3/2 - £(1940)3/2+ —
A2070)3/21 T+3 2(2010)3/2 e i S
A(2080)5/2~ 4+1 £(2030)7/2+ <2
A(2085)7/2% - E(2070)5/2% -
A(2100)7/2 =3 (2080)3,/2" o
AQTTIDS5/2F 2 £(2100)7/2~ =
A(2325)3/2 - £(2110)1/2~ -
A(2350)9/2* = ¥(2230)3/2+ 241
A(2585) 7 — £(2250) 7 o
£(2455) 7V —

v(2620) 7

3(2250) - K = [B = 18 %]

vyN—KKZE
| K K g Several Y'(A", 27) states should be included
‘\/\'\’\»‘7,* 7 since multiple “Y" — K =” decay channels
, , exist.
—_—— e .
N o v - [Liu, PRC.69.045204 (2004)]
’ [Nakayama, PRC.74.035205 (2006)]
[Man, PRC.83.055201 (2011)]
YyN—-KKE
N i . O We consider only the ground state, Y (A, %),
P + due to the lack of information on “Y" — K £
7 0 Only one decay channel is listed in the PDG.
. g

0 The calculations can be further simplified than y N — K K Z.




2. theoretical framework

@ Kk) K(ka) 7 KoK v(q) + N(pn) = K(ki1) + K(k2) + B(p) PN = —q,
B B =*(1530,3/2") ki =k, (cm.)
e ke = —(k+p)




2. theoretical framework
@ Kk) K(ka) 7 KoK v(q) + N(pn) = K(ki1) + K(k2) + B(p) PN = —q,
A /ﬂ' f A E*(153U, 3/2_'_) kl = k: (Cm)
/ s , / / . k . k+
Nen) Yy E'(P) T Cross Sections = bt
(a) (a')
¥ K K v K K (27'1')4 /
¥ i q o = dp [ dk §(W — Ek (k) — Ex(/k + p|) — Eg(p))
HH H‘i 1+q/En(q)
g ¥ / il I:
N N Y = N Y vy = X Z Z |(pm53,kl,kg|T(W)|q)t,mesN)|2
(b) () }\,m_qN s g
Y K K Y K I
do  (47)? f , /
y y ’ y = W d A€} k.p. W
3 0 g pyn(a, W) [ podp kpf(kp, W)
\ y = v y =
(c) () 1
_ ' ) ' ) X 1 Z |{pm35!k1=k2|T(W)|q}‘u meSN)|2
M el Amay o |
K:/ g ‘//, ,', o/ 1:" *
N Y = N y = 1 1 1 Mpg
(d) (d') (zﬂ-)gfﬁ \/ZEK [:k) \/2EK (k 5 p) EB (p)
g hv }\-—
A 4 1 My
‘ 3% X (mSBII(P-:kLk2§ﬂvPN)|AmsN>
T v2lq] | En(PN)
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2. theoretical framework

. o ] L 2My
@ Kl Kl | E (msp | 1(p, k1, ka3 @, PN) | A ) = T Ma(py; K, 0') —ma Ma(k, pipy)
'\’\’\'\4\/’ If / ! p M},
N s s N l/ /
Nipn) v ='(p) N ¥ = . .
@ (@) Invariant Amplitudes
¥ K K 4 K K 2
s / —2ie GKYy=*
/ , ’ ’ — t(K) Zﬂffy t(K) e ko
H]] £ 7 Lo =Moy s kaze Brop, VIV KLY Myyore = - —ME My 29
— = e / 2M x [(k2 — q) - Uz-]uy,
N N Y = N Y v = I :M-S':Y ) . ¥ M )
o W) b 7Y K28 Prop VN KLY PV oo —ie _grvE g )
, WoHKE = (k4 p)2— M2, Mg ‘- °
| o ) o 2 My (k2 +p) v Mg
g K K / K K C
’ / ’ ’ Iﬂ’ :MTY_}KEE*P MN—}K]Y
’,/ /{I //l ’I( er2 " (}52 + p —|— .ﬂff}") { —|— W{?y ‘ E“,H-y?
N Py E N Oy = ¢ VY= KaE* Prop, [ VKLY My gz = iﬁgi}f; (€ - Us:uy,
(c) () - 2 My
Ler =M“§7} K= o WMN= K Y HK") —COyK K 1 grv=" wap
v -- y K =+ = €
R""\, £OE| 2 x & 7= Prop, Moy Kam = (=) — MZ. My 2My
s /s / /
B 7 ." i X [(p —q) - Uz-yuvsuy
s = e F Prop, = (pn — k1)? — My i
& () — Uzep(p - g)'rsuv] GuPats,
X P ‘
6 v = —ilegyE=-gryvs 1 -
{/ ! M“( ) — = ¥ : . U-E*":r‘y
ARy MN-K Y = 19K NY Uy Y5UN WRHET T (p—ky)? — M2 2My
N y = = X Y5 (quer — qu#)(p — ¢+ Mz)vysuy,
)
(€ 08
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Gauge Invariant; Contact terms

Extension from one-meson to two-meson photoproduction
[Haberzettl, PRC.56.2041 (1997), 58.R40 (1998), Nakayama, PRC.74.035205 (2006)]
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2. theoretical framework

W) Kia) Kka) ; KK (Dyp—- KTKtE*, (I)yp—+ KTK°EY
'\'\-’\,\’y,f' fﬂ'f /I ,//

il N Gauge Invariant; Contact terms

Nipn) v ='(p) N Y =

Extension from one-meson to two-meson photoproduction
[Haberzettl, PRC.56.2041 (1997), 58.R40 (1998), Nakayama, PRC.74.035205 (2006)]

K K K K
HH S H'HM p 88— 1", (e;Rs1 — esRy) + T, CF CF =TY(epRy — efRy,) + T2Ch
NN Y = N YVYyY = — ; _

(b) (v) YKNY KNY YKYZE" KYZ"
Y K K K K
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3. numerical results

4/
1056 2.8

I I |
3 3.2
W (GeV)

[CLAS, PRC.98.062201 (2018)]

do/dQz+ (nb/sr)

0.4 ;\‘ |
\.‘\V - W = 277
\'4\ a+b o W = 290
- "\ ------- W = 3.03 -
0‘3 | o W = 316
_\.\.\ . W=3.29
: .\'\, (GeV)
0.2 o _
N _:_ ) e \\\11 o .
- | | I | I
0 05 0 0.5 !
coSGE

Preliminary Result

0 The processes (a — d) are more dominant than those of (a' - e').
0 The results of invariant-mass distributions and Dalitz plots will come soon.




4. applications

+
FERFR {MISZO) 42%

A(1405) 100%

~33% _
- Y
~33% / EU ‘ﬂ:ﬂ
oy
33 . 3" TE+
a%% GG
v+p—= K" +2%1385) K" A n?

v N — K 7t 2 (Invariant Mass Distributions)

do/dm (ub/GeV)

[
n
=

Ln
=

Lh-'llllllllllllllllll

counts/(5 MeV/c?)
=
[

=

i .Hf oy ++ |

+++++
1 +f+,f/ 1 % fﬁ{ i ‘LH

Zm Invariant Mass (Ge\«-’x’c )

¥ n Invariant Mass (GeV/c?)

[Nacher, PLB.455.55 (1999)
CLAS, PRC.87.035206 (2013)]
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b “ Y (1670) bg b

it + g
T, P fh +++L+H++ i
it S LI

s e — S
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4. applications

8 K T * . K T *
y y YN—-Km2 | / y YN—Kx A
« ~« : « A«
/ / : / 7
/ c /

N ALY 3% (1385) N P A7 (1405, 1520)

n3(1385) S mA[%] n A'(1405) 2 ;A [%]
A(1600,1/2* ****)|_> ) 35 2(1660,1/2* === ) — 4 37 35
A(1670,1/2- )| — 6 40
A(1710,1/2* = )|— 20 21 7 A*(1520) [%]
A(1800,1/2° == )|— 9 27 2162012+ ) 10 17 9
A(1810,1/2% »= ) — 40 16 (2(1750,1/72 #= )| 2 16 14
A(1820,5/2% #xxx) — .5 1 (2(1775,572 #e4) | 20 3.5 17
A(1830,5/2 )| —s > 15 55 51880172+ » Yo 2
2(1775,5/2 +)— 10 3.5 17 :

0 These reactions provide a valuable opportunity to study higher A" and X" resonances

by measuring cross sections, invariant-mass distributions, and Dalitz plots, etc. 12
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4. applications

/ /
—_— e e A N—
Ay A, X 3% (1385) N P A*(1405, 1520)

L‘ﬁqﬂ_r‘-r-l Lu,lﬂ(—r‘*_l

A K A K
= =
;""-f 3 (1385) ;""-,f A" (1405, 1520)

0 These diagrams should essentially be included as part of the background contribution.




4. applications

Status as seen in —

Overall

Particle  JF status Em AK YK =2(1530)7 Other channels

=(1318)  1/24  sekxx Decays weakly

Z(1530)  3/24  skxx ook

=(1620) ok ok

=(1690) Hokk g *okok ok

=(1820)  3/2— ek *k Kok * ok K

=(1950) ok *k *ox *

=(2030) ok ok *% kK

=(2120) x .

=(2250) ok ? 3-body decays

=(2370) sk 3-body decays

=2(2500) * * * 3-body decays

KN—->KaZ
K~ K T K~ K T K~ K T K~ K ™
N 7 ~ d 7 -~ - / /
\ i A N P 4 ~_ 7 ox ~~_ A A
\ / / SN LT / NI T
\ / / PR / PN / s K™
e L Pl L e Ly > > £ £ >
p YW = = p Y 2 = p Y Y = p Y =
0 These reactions provide a valuable opportunity to study higher =" resonances. 14



4. applications

Status as seen in —

COrverall
Particle JE status NI 2lar Other channels E K E(1530) K E K(892)
Af1116) 12+ 5 o4 o o N (weak decaw)
A{1380) 12— . e e e
A(1405) 12— e o s e e s e e e ke e e
A(15200) 3,2 e o s e a8 a8 e e e ke e e Agrar, Ay, Flarw
A 1TG000) 12+ e o s e o5 2 3 e ke e e A, Z(1385)w
Af1670) 12— e s e e e e i e s e e Ay K- K
A 16900 3,2 e o o4 e e s ade a4 e ke e A, Z(1385)w X /
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A{1S000) 12— O e o8c ke 4 e Amww, NK \ ’f
A(18100) 1_..-"'2"' e 28 o EREe e e N \\ i
E K l_ A(1820) a2t e o s e e s e e e ke e e 2(1385)w \ !
Af1830) 5,2 8¢ 28 o 2 prrpep—— 34 2 o e 2(1385)w i \\ ',I o
A(1890) 3/2+ S SR — (1385)w. NIk . AL () -
A(2000)  1,/2— - - - P ,
— A{20500) 3/2- - > 4
E(1530)K | 2G070) 3/a+ . . . -
A{20800) b2~ - * e i
A(2085) TS2+ a4 ke ol # =
A{21000) TS2— a8 a8 ofc o a8 a8 o o g NET o
A(2110) 572t S _— e se NEK"
=) A(2325) 3/2— - -
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SA(2585) - =
KN—-aKEZ
K~ 7 K K~ s K K~ 7 K K~ s K
N ' ~ 7 Ve ~ A / /
\ i A N - 4 7 ¥ ~_ A A
\ / N 7 g / S v g < g ) /\/ //
\\ // / /\\ // \>: K(*/>/ //
D Y Y = D N Y = D N Y =F D Y =
. . . . * *
0 These reactions provide a valuable opportunity to study higher A™ and 2" resonances. 15



4. applications

Status as seen i ——
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0 These reactions provide a valuable opportunity to study higher A™ and 2" resonances. 16



5. summary

0 We studied the v p — K* K* =" reaction in a hadron exchange model.
Nine Feynman diagrams are rigorously taken into account in a gauge invariant manner.

0 The total and differential cross section are calculated and is fitted to the JLAB/CLAS data.
The results of invarianrt-mass distributions and Dalitz plots will come soon.

0 We can apply our formalism to other 3-body reaction channels:
YyN—->Knx 2, Krnr A" (JLab), KN —- K &, t K 2 (J-PARC), etc.

0 These reactions may provide substantial contributions to the spectroscopy of hyperon baryons.




5. summary

0 We studied the v p — K* K* =™ reaction in a hadron exchange model.
Nine Feynman diagrams are rigorously taken into account in a gauge invariant manner.

0 The total and differential cross section are calculated and is fitted to the JLAB/CLAS data.
The results of invarianrt-mass distributions and Dalitz plots will come soon.

0 We can apply our formalism to other 3-body reaction channels:
YyN—->Knx 2, Kr A" (JLab), KN —- K x &, t K 2 (J-PARC), etc.

0 These reactions may provide substantial contributions to the spectroscopy of hyperon baryons.

Thank you very much for your attention
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