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N scattering: ~10° datasets
most clear in particle & nuclear physics.

All four-star N*, A", Basic couplings g-nn et al.

PWA: SAID, MAID.

300

) §,,(1650) D (1675) F (1680)
3
= F,(1905
o P,,(1232) (1909 Tt p— X
250 P,,(1620) D,,(1700) P, (1910)
\ s Tp—X
S,,(1535
200 u1339) F,;(1950)
P,,(1720) :
D,,(1520) H,(2220)

G,,(2190) G,,(2250)

100 P,,(1440) W H, ,,(2420)
50
s s B T O
0 I 1 ¥ 1 1 1 1 1 1 | 1 1 1 I 1 1 1 | 1 1 1 I 1 1 1 I 1 1
1 1.2 14 1.6 1.8 2 22 2.4
Thesis: Williams:2007zzg W (GeV)

For hyperon: A", 2%, 2, ()", KN scattering is most favored.

Q > 0 reaction,

kinematically allowed @ Pjqp = 0 MeV
Near KN threshold with large phas
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However, hyperon spectrum is very ambiguous

Mainly due to: old scattering data (1980s), scarcity of polarizations, isospin-mixing

T(Kp—nm Yt = —%Tl(FN —7TY) — %TO(EN — L),
T(Kp—n'ST) = %Tl(FN — 7%) — %TO(FN — m3), K™ p include I = 0,1 amplitudes
T(Kp— 7% = %TO(FN — 7Y%),

K° K as flavor eigenstates, could mix by box diagrams

5 Vi Via 5 Vi Via
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Ignore CP-violation term (< 1073), define CPeigenstates:
1 - 1 -
K = ﬁ(1{0 + K9, KD = 5(1{0 — K9

mean life K;: 5.116 X 1078 s (ct=15.3 m)
Ks: 0.895x 107195 (ct=2.68 cm)



K} suitable as a beam to collide on the proton target.
Most of KN scattering data from K™ p reaction, contain both isoscalar and isovector

1 _ R 1 _
T(Kip — n+2%) = —ET'(KN — 1Y), T(Kp - 'A) = ——ﬁT‘(KN — A,
| _ IR
T(K p — n'%%) = ETI(KN — 7)), T(K™p - 7°A) = ETI(KN — 7).

K;p only I =1 amplitudes

For K;p —» X%/t A, only K° contributes, tree-level Feynman diagrams:
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In the energy range up to 1.7 GeV, * resonances(up to D-wave): JF=1/2% 3/2% 5/2~

effective Lagrangian:

Lrns = KX -ty"ysN + He,

8KNE
M+ME
frex

Lons = Mgn—AEMAy”ysé)Jr T +Hec,

Ly =i Sytys X X - d,m+He,

1/2*

Lussy = gz -2 (1/27)x T -n+ He,

Lynsa-y = —igknsa-KE(1/27) - 7N + He,
} 1/2~
Lars/2-) = —igaaza/2H2 (1/27) An + Hee.

Liong = L0 3,KE" - TN + He.,
mg
fnzz .
Losse =i 67r S x ¥ + H.c., 3/2+
3 fm\z .
Lopse = B#JT-Z"A+H.C.
m

Lrnsaoy = %6 K%' (3/27) - mysN + He,
K

fn22(3/2 ) o

Lrssapy =i EM(3/27)xysZ+ He,, 3/2”

anZ(B/Z ) _
Lrnziy = m—G#HE” (3/27)ysA + He.

Lrnss2y = 8rnss20u0,K 2 (5/27) - TN + Hee,,
Lass(s/2-) = igryss/2-)0u0hm - 2 (5/27) x T+ Hee,,
Lonss/2) = Erassja)0udvm - 2 (5/27) A + Hee.

5/2-

8nNN
2M,

Loy = Ny"ys Aum - TN,

gKNA
My + Mp

} u-channel

Lina = NY'ysAd,K + Hee.,

Likr = ik knK, (- 10" K — 37 - 1K),

S o KK=NT
Lg:ns, = —gr-NzZ - T()’ K#* - —=0,0'K *‘”)N +H.c.
o2My t-channel
Lina = —gr-NaA (‘)/,;K*" - 6"K*“)N +Hec.
A Form factors account

FB(qu-Mex) =

N+ (g -Me)*  for off-shell effects

M;En;,'_wz (Pz)AMr. P1) ,(p2) (ZAI) ur, P1) Tota| amp.
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Differential cross section

Initial couplings estimated from SU(3) relations or partial decay widths.
A tunable scaling factor € [1/2,2] is introduced account for SU(3) breaking.




Mass (MeV) (PDG estimate)

1
TIot MeV) (PDG estimate) (I'y A g n) 2 /Ttot (PDG range)

$(1670)3

167317 1% (1665, 1685)
2(1635) or Z(1660) 5 1634.827 (1630, 1690)

5377 5 (40,80)
120 = 12 (40, 200)

+0.08T0 022 (0.02,0.17)
—0.06570013 (0,0.24)

Our previous work:

1.0 : 1.0 : 1.0 :
05 514MeVic 08 560MeV/c 08 581MeV/c
o ' ' P. Gao, B.S. Zou, A. Sibirtsev/ Nuclear Physics A 867 41 (2011)
- 06 06
0.4
0.4 4 04
_ 0 . . . .
02 0 o K~ p —» m" A : dcs and recoil polarization
0.0} ] ’ .
5 0ol . 1 ool . 1 Cited by PDG
g 19 ' 10 ' X(1660) MASS
E sl 659MeV/c ogl  O8TMevie ]
2 VALUE (MeV) DOCUMENT ID TECN  COMMENT
Su 06 06 1640 to 1680 (= 1660) OUR ESTIMATE
H 0.4 04l _ 1665 +20 SARANTSEV 19 DPWA K N multichannel
-§- i [1633 + 3 GAO 12 DPWA KN — Ax |
= 02 0.2 1665.1+11.2 1 kolso 85 DPWA K—p —» Im
S e , 00 , 1670 +10 GOPAL 80 DPWA KN — KN
T - 1 0 1 0 1 1679 +10 ALSTON-... 78 DPWA KN — KN
© 10 10 ; coso 1668 25 VANHORN 75 DPWA K~ p — Ax0
08l 714MeVic ] o8l 750MeV/c ) 1670 420 KANE 74 DPWA K p— XInm
X(1660) WIDTH
0.6
04 VALUE (MeV) DOCUMENT 1D TECN COMMENT
100 to 300 (~ 200) OUR ESTIMATE
02 300 149 SARANTSEV 19 DPWA K N multichannel
0.0 —
-1 1 har + 4 GAO 12 DPWA KN — Ar |
05 "514MeVic 05 " 560MeV/c " 581MeV/d " 620MeV/c) 8165+ 222 1 koiso 85 DPWA K p— Xm
i u 1%° 1% ] 152 + 20 GOPAL 80 DPWA KN — KN
t
< Eantdl| BN g e m i SRR o, & S| ISR N i B URE ot | SRS 5 00 S
o | 00f oot (T ) /T soral in NK — E(1660) — Anr (rir2)%yr
VALUE DOCUMENT 1D TECN COMMENT
1-05} 1-05} I_—o_064j8:882 GAO 12 DPWA KN — Ar
-1 0 1 -1 0 1 4 0 1 < A04 GOPAL 77  DPWA KN multichannel
- 0.12 —
05 687MeVic| ‘ “1'2 Toon VANHORN 75 DPWA K~ p — ArD
o \
4 0.0 g
- The sign denotes amp. phase
-0.5 1-05 j




82. /A and }' Resonances

PDG review: Revised August 2021 by V.D. Burkert (Jefferson Lab), V. Crede (Florida State U.), E. Klempt
(Bonn U.), U. Thoma (Bonn U.), L. Tiator (KPH, JGU Mainz) and R.L. Workman (George
Washington U.).

Xr final state: £* A" signs, Am: £* signs.

{10} 18 18} 8 {8} {10} {1}
¥ (1385) A(1670) A(1690) A(1820) A(1830) X(2030) A(2100)
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So1 Doz D3 S11 Dis Fi5
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Include four-star *: £(1189)1/2%, 2(1385)3/2%, 2(1670)3/2~, 2(1775)5/2"
unestablished states: 2(1580)3/27 , 2(1620)1/2~, 2(1660)1/2%, 2(1750)1/2~

2 2(1189)1/2+ 1192 0
niN: * %Kk . — (1385)3/2* 1384 36
Origin: only states: y“/dof = 2.8 rpsan 1354 3 ;
keeping strict phase conventions zU773)35/2 n 120 1
Resonances Parameters Optimal fit Fit I Fit I Fit III Estimates
K* JKNE ~7.0+0.5 -7.0 -2.7 -70+12 7.0, —=1.2]
Ko N ~16+0.2 -2.3 -23 ~1.6+08 [-2.3, =0.2]
A 0.97 £0.01 1.01 2.0 0.97 4 0.09 [0.5, 2.0]
N A 1.42 +£0.04 1.93 1.47 1.4+04 [0.5, 2.0]
¥(1189)1/2+ Grnsfrzs -1.50 +3.0 -3.39 -1.35 ~1.50 £3.0 [-5.4, —=1.3]
A 05+1.1 0.6 0.5 05+13 [0.5, 2.0]
¥(1385)3/2+ Frnse fass: 134440 —4.49 -5.7 ~1.34+4.0 [-5.7, —1.1]
A 0.50 £0.18 0.5 0.6 05+1.3 [0.5, 2.0]
£(1670)3/2~ Vv oz/ Tt +0.26 +0.04 +0.27 +0.29 +0.24 £ 0.06 [0.09, 0.38]
A 0.72 £ 0.07 0.61 0.62 0.76 £ 0.17 [0.5, 2.0]
2(1775)5/2~ Vv oz/ Tt +0.24 +0.04 +0.24 +0.24 +0.24 £0.12 [0.06, 0.24]
A 20+ 1.4 2.0 1.1 20+15 [0.5, 2.0]
£(1580)3/2" VTin e/ Tt +0.032 + 0.005 +0.034 +0.031 + 0.005 [—0.4, 0.4]
A 0.50 + 0.09 0.5 0.50 + 0.11 [0.5, 2.0]
X(1660)1/2+ M (GeV) 1.696 £ 0.010 1.75 1.673 £0.027 [1.40, 1.75]
I' (GeV) 0.108 £ 0.021 0.073 0.10 £ 0.04 [0.01, 0.40]
VI inT o2/ Tot —0.112 + 0.006 -0.121 —0.086 + 0.048 [—0.48, 0.48]
A 204+0.8 2.0 20£1.2 [0.5, 2.0]
2(1620)1/2 M (GeV) 1.541 + 0.003 1.4(Fixed) 1.545 1.542 £+ 0.007 [1.35, 1.65]
I' (GeV) 0.129 £ 0.002 0.4 0.10 0.16 £ 0.05 [0.01, 0.40]
VT inos /T —0.633 + 0.009 -2.32 -0.45 —0.779 + 0.259 [-3.2, 3.2]
A 0.89 + 0.04 1.07 0.59 0.72 +£0.19 [0.5, 2.0]
X(1750)1/2~ VTNl ax/Tor +0.093 + 0.187 [-1.2, 1.2]
A 1.9+0.8 [0.5, 2.0]
d.of. 223 224 229 221
r2/d.of. 1.606 1.707 1.774 1.619

PHyS. Rev. D 112, 034000 (2025). ©



do/dQ [mb)

do /dQ [mb]
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/5= 1.55 QeV.

V3= 1565 GeV

V3= 1575 GeV

.~ -

—— Fit result
K*
$(1660)1 /21

—— £(1620)1/2~
without 3(1660)

—-= without $(1620)

! Exp. data

Narrow 1-o errorband,
robust para constraint
x%/DoF=1.606

t-channel dominates the forward-
angle.
s-channel no angle dependence.

%(1660)1/2* M (GeV) 1.696 £ 0.010
T (GeV) 0.108 + 0.021
VTenToz/ Lo —0.112 + 0.006
A 20+0.38
%(1620)1/2" M (GeV) 1.541 £ 0.003
T (GeV) 0.129 + 0.002
VInToe/ T —0.633 -+ 0.009
A 0.89 + 0.04

(7)Y /T ora in NK — £(1660) — Em

VALUE DOCUMENT ID

—0.134-0.04 1 koIso 85
—0.16+0.03 GOPAL 77
—0.1140.01 KANE 74

(r,-rf)‘/z/rm,. inNK— X(1620)—» Iw

VALUE DOCUMENT ID
+0.32+0.03 ZHANG 13A
not seen HEPP 76B
+0.4040.06 LANGBEIN 72
+0.08 KIM 71

Fitted M T of £(1/27) compatible with
Phys. Rev. C 88, 035205 (2013).
Phys. Rev. C 92, 025205 (2015) .

Phys. Rev. D 112, 034006 (2025). ©



Loy V5= 1.55 GeV V5= 1.565 GeV V5= 1.575 GeV
0.5F ) T [ ]
Q" 00rS = - ST N = // ]
—05F L
_10 -_ ' 1 + 1 1 + 1 _I ] + 1
1.0 s Vs= 1.585 GeV V5= 1.587 GeV Vs= 1595 GeV
0.5¢ T 3
£ 00— == ﬁ': E-.-Tr—* rig i !=' f"f;%_l -\/ 7"‘"
L .‘ -/'I.’ ] \\ P i \'\ ------- -
_05 0 \‘\ - - et : it result L
i --- S/ithuutlZ(IS(iO)
A —-— without $(1620)
—10 -_ + 1 ' 1 ' I Exp data [l -l ] ' + Il
1.0 ' V5= 1.605 GeV \/_— 1. 62 GeV N 1.625 GeV
0.5F R - mmeal

Recoil polarization

1/2 1/2 +=1/2,1/2
po o 2IMOGE o M,

|MI_(”p—>.fr+ZO ‘Z

Polarization arises from
iInterference. Single diagram
produce zero polarization.

Measuring the asymmetry in the spin
distribution of the recoiling £° along the
direction normal to the reaction plane.

Phys. Rev. D 112, 034006 (2025).:0



do/dQ [mb]

o4l VA= 155GeV § o= 1565 GeV J 5= 1575 GeV | /5= 1.585 GeV |

Further, m¥X% and ¥ A,

03| I i fitting
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—
[
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——
——
—=—
—a—
!

oz{[ 1. ..,- 11> T}\r {1}/ . Common cutoffs and
oaf TOgTH 10 P ﬁIH- | Consistent phase for

o ~ —— 1‘ __________________ ,.f"l g e ,-"" T e ’ two Chaﬂne|S.

0_4;I \/Ez 1587GeV 1 \/I§=I 1587GeV 1 s= 1.595 GeV 1 Vs= 1.605 GeV ] Almost invisible errorbands

03} : | | -:

0.2 f : T ;
i 1] ::W i
01—

¥2= 855. 029,

¥2/dof= 1.6041
dof=283+284-34=533

04L V5=162GeV I /s=1625GeV I

£(1660)1/2*:
m = 1.637 GeV,
= 0.129 GeV

2(1620)1/27:
m = 1.557 GeV,
['=0.117 GeV
Indispensable!

I Exp. data ——= 2(1620)1/2
—— Fit result -~~~ without ¥(1660)

e withort (1620) Latest updates!
¥(1660)1/2 .
Coming soon!
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1.00 F
0.75F
0.50 |

0.25 F

V5= 1.565 GeV

and T A

Further, m*X0

joint fitting

0.00 H—————

1.00
0.75 F

0.50 |

0.25F

0.00 (=

1.00

0.75}

0.50 |

0.25 -

Common cutoffs and
Consistent phase for

two channels.

Almost invisible errorbands

1 V5= 1.645 GeV

\f— 1.655 GeV ;E

NARYeYoS

0,00 Lemsin

Kipp—atA
I Exp. data ——— ¥(1620)1/2
—— Fit result - without 3(1660)
- K* --=-- without £(1620)
(1660)1/27

¥2= 855. 029,

¥2/dof= 1.6041
dof=283+284-34=533

%(1660)1/2%:
m = 1.637 GeV,
['=0.129 GeV
2(1620)1/27:
m = 1.557 GeV,
['=0.117 GeV
Negligible!

Latest updates!
Coming soon!
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T /5= 1.575 GeV

) LA S S S B S S S — A —

LOF /5= 155 GeV T y/s= 1.565 GeV

[ /5= 1585 GeV

Further, m*2% and 4

0.5} T T T ]

joint fitting

Y N I S S

0.0t — 1t T PP L ]
e R e N T Common cutoffs and
—0op g T T e ] Consistent phase for

—1.0 :_' e '-:-' ————— '-:-' ———————+—+—| tWO Channels
LOP VA= 1587 GeV T V3= 1505 GeV T /5= 1605 GeV T 5= 162 GeV ] Almost invisible errorbands.
0.5F T T T :
0.0 #\ I i‘iﬁ_;;{_w}\ v\» _ - _ \': =

—0.5F e N Polarizations @ other E.p,

1ok I I | ] also constrained strictly

LOF i Tz Gov T e 13 Gov

05} | :

Kip = ot
¥ GExp data ---- without 3(1660)
—— Fit result --=-- without ¥(1620)

Latest updates!
Coming soon!
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T

1.0 F V5= 155 GeV T /5= 1.565 GeV 1 /5= 1.575 GeV T /s= 1585 GeV ]
0.5F - ] T ]
s N s

—0.5F

T

V5= 1.587 GeV 1

} Exp. data
—— F}it result

Kpp—wtA

- without £(1660)
without ¥(1620)

Further, m*2% and 4

joint fitting

Common cutoffs and
Consistent phase for
two channels.

Almost invisible errorbands.

Polarizations @ other E.,
also constrained strictly

Latest updates!
Coming soon!
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In fit procedure, not include total c-s data.

Comparison of theoretical and experimental

Agree well with MC result(by

Marshall Scott)

o [mb]

3.0

2.5¢

2.0

1.0

0.5¢

0.0

1.5

1.0f

0.5f

0.0

KLp — 7T+ZO I_-- The(;ry
{ CERN-1978
' ' §  ANL-1976 ]
x l t DESY-1975
{ -~ - f _ I I ANL1978 |
. ! SLAC-1974

2 T\H{“ﬂ ; 1o
| ‘_\t\ * | = /-f’.

‘\.\}.______I.ifi‘
. l
160 162 164 166
V5 [GeV]
K Lp — 71’ TA

ﬁ"f‘ﬁhﬁ-{r{;_-_-_._

—--—""-’./ {

| { === Theory

P e B e

CERN-1978
ANL-1976 |
DESY-1975
ANL-1978 |
SLAC-1974

|

160 162 164

V5 [GeV]

1.66



Conclusion

(1) The first theoretical analysis of K;p — 7+ %% and n A using effective
Lagrangian method, with strict phase convention and 1sospin-
selection.

(2) Further confirm the existence of Z(1660)1/2™".

(3) Due to the limited quality of historical data earlier than 1980, in
present, the mass of 2(1620)1/2" is fitted around 1.55 GeV.

(4) Multichannel fit iImposes much stronger constraints on the common
resonance parameters and relative phases, resulting almost invisible
errorbands. 2(1620)1/27 is indispensable in 772, but negligible in 7T A

Expecting more precise measurements of K; p scattering in wider energy
range by KLF

16
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Back up

Error propagation
X = (x4, ..., X;) input data vector, p = (p4, ..., Pr) pParameter vector

Model output: ¥ = f(X; D) = (V1) o) Vi)

a fit by minuit, given the covariance matrix C of para, n Xn

Numerically calculate the Jacobi matrix J of first derivatives, m X n :

0Yq
opy

Jap =

then obtain the covariance matrix C" of output, m X m

c'=Jc”

Square roots of diagonal elements giving the errors.



