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Matter Formation and Evolution in the Universe

 Hadrons: complex system of quarks (and gluons)
* How are hadrons formed from quarks?

— yet unanswered question

— behavior of the Strong Interaction (QCD) Hyperon Matter?
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Matter Formation and Evolution in the Universe
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Pole Structure of the Lambda(1405) Region
PDG Reviews: Ulf-G. Meissner and T. Hyodo (since Nov. 2015)

Table 1: Comparison of the pole positions of
A(1405) in the complex energy plane from next-
to-leading order chiral unitary coupled-channel
approaches mcluding the SIDDHARTA con-
straint.
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Pole Structure of the Lambda(1405) Region
PDG Reviews: Ulf-6. Meissner' and T. Hyodo (since Nov. 2015)

Citation: R.L. Workman et al. (Particle Data Group), to be published (2022)
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Pole Structure of the Lambda(1405) Region
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P O. Morimatsu and K. Yamada, RPC100, 025201(2019)
TABLE II. Pole positions of the T-matrix in the KN and x X
single-channel scatterings and the KN-x  coupled channels without

on-shell factorization, A and B, and with on-shell factorization, C.

Single channel Coupled channels
KN Y KN-m X

432 MeV  1388-179 MeV  1434-7i MeV  1418-160i MeV
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Two-pole structure of A(1405) in Meson-Baryon dynamics

(theoretical analyses constraint by KN scat., Kaonic X-ray data, etc)
Recent Reviews: M.Mai, , Eur. Phys. J. S T.. (2021) 230:15931607, T.Hyodo, M.Niiyama, Prog. Part. Nucl. Phys. 120(2021)103868
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Recent two results on gamma-induced m°X° spectra

E,=1.5572.3 GeV E =6.5711.6 GeV

Hyperon Spectrum for yp to K + E9r°
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Experimental Setup for E31 at J-PARC K1.8BR

K- d A(1405) Neutron

® N ~0.25 Gev/c @ e ‘ S chr (NC)

1 GeV/c ~1.25 GeV/c
Proton

Counter (PC)

TOF~15m
Beam Sweeper

Cylindrical Detector System
(Solenoid Field 0.7T)

-
-
-
-
-
-
-
-
-

K- Beam Spectrometer

BPD
(K1.8BR-D5) CDH
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KN scattering below the KN mass threshold (J-PARC E31)
1 GeV/c K

S——— | & forward
‘N/d\ﬁ\ i
.( } & backward,
N ))

relative S-wave dominant

measuring an S-wave KN — 12X scattering below the KN
threshold in the d(K",n) 72 reactions at a forward angle of N.

ID’s all the final states to decompose the 1=0 and 1 ampl’s.

A(1405)
interference btw 1=0 and 1 ampl’s.

P-wave X*(1385) to be suppressed
A(1405)
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What we measured: missing X/ /A mass spectra

K
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Interference btw I’ = 0 and 1 is clearly observed. 14



Isospin relations seem to be satisfied well.
Izt — 7 291/2 vs 7201’ = 0) t Avsm’A (' = 1)
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Extracting Scattering Amplitude

g |
* 2-step process K — d4g—— N
Ny K 0
NZ Qi y+,0

do
dM, 5

. ~| <n7r2 TI' (KN, - n2)GoT (K~ Ny — I?n)‘K‘CDd> |2

; 2
~ TS (BN > 75| Fres(Mrs)

Factorization Approximation
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E31: Response Function, F.s (M, 5)

Fres(Mpy) = U Go(q2,q1)T1P4(q2) d3512

<\/P22+M \/P22+W(q’)2>

f(40,9") Ym :

‘2

N GO (CIZ; ql) —

qs q’2+ls

£(q0,q) " = [E1(qo) + E1(q")]™" + [E2(q0) + E2(@)] ™

Miyagawa and Haidenbauer, PRC85, 065201(2012)

—Ti:K n->Kn(=1),K p- Kn(I =0,1) amplitude,

Gopal et al., NPB119, 362(1977)
cTW(KKn->Kn)=f{U=1)
s L(K"p->K°n) =[fU=1) - f(I =0)]/2
Off-shell treatment :See eq.(17) in PRC94, 065205

— ®,4(qg,): deuteron wave function, PRC63, 024001(2001)
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E31: Response Function, F.es(M, 5 )
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Demonstration of the T} amplitude

* 1-step process TI
K —_ M ——— N
y \ KO

d
\ nnn

~|(nK°n|T{(K~p - KOn)|[K~®4)|?

2
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Demonstration for fitting data with the 1-step
K—d - nK°"n" reaction calculation

e Data: d(K~,n)K°n Ks/KL, BR(Ks->pi+-) corrected (K. Inoue)

Exp. Resolution
was convoluted

20



KN Scattering Amplitude

L. Lensniak, arXiv:0804.3479v1(2008)

TZI,(I?N_)I?N): . Al 2 I >
1—1,Akz+§ARk2 T4 = kZTZI (KN - KN),
Ty, = ki k,TY (KN - KN
;] 1 . \/ImA_llAlzlmRk% 12 ] klkz 22 ( - )’
TV (KN - nt2) = —e'%0 L T111% 4+ |T12|% = ImTyy,
VK1 1—iAk2+EARk§ S =1+ 2iT,

T! (% > 7%)

el60 (sin 50+i1m(e_180A)k2 —%Im(e_iaoAR)kg)

k1 1-iAk,+5ARK3
5 real number parameters (effective range expansion)
— A: scattering length, R: effective range, 6,: phase
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Fit the spectra to deduce KN scattering amplitude
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Best fit KN scattering amplitude
K T, =°(KN - KN)

Resol. Deconv. | | v2/NDF(24)=1.76
Resol. Conv.

N
o

=
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(KN - KN)[fm]
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A pole at (1417. 7+$2+% 5) + (—26. 1f?'8+%'(7,)i MeV/c?
i —O(KN - KN)| /|T4=° &N - nZ)‘ — 2.2110+03

A= = (=112 + 0.11+919) + j(0.84+0.127998) fm
R!'=0 = (—-0.18 + 0.31%9:98) + i(0.41 + 0.137399) fm

*best fit value + fitting error + systematic error

systematic errors assuming the K'p/K°n mass threshold 23



Two-pole structure of A(1405) in Meson-Baryon dynamics
(theoretical analyses constraint by KN scat., Kaonic X-ray data, etc.)
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Conclusion

 We measured the mX mass spectra in the K~ d — NmX reactions, knocked-out N
measured at ~ 0 degree.

— well described with the two-step reaction process, K”"N; - NK, KN, - nX

— S-wave KN, — mX scattering is dominant.
* No X*(1385) nor A(1520) is observed: P/D-wave contributions seem to be negligible.

— |sospin relations among the cross sections are well satisfied:

as (r_+vF _ _—50 _40 . 0y0y |
glm([n ) ndZ ]/2)-01Q (m*X"), I=0
o — o
d—Q(n_A)=2 X d—Q(nOA), I=1
e S-wave KN scattering amplitude (/=0) was deduced.

e We found a resonance pole at 1417.7 — 26.1i [MeV], which seems consistent to that
of the so-called higher pole of A(1405) suggested by the ChUM based calculations.

* The pole is likely to couple to the KN state.
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Comparison w/ Recent Theoretical Works

This
work

IHW

TW1
(NLO30)

MM#4
(#2)

GO Fit-ll

VE-dep
LGDM

LQCD

Anisovich

—1.12 £ 0.11%339 1417.7159+11
+i0.84 +0.1215:98 —i26.117:312.0;
—1.97 +i1.05 ¥ 142417, —i2673, 1381118 — jg1+1°
—1.61 +i1.02 9 1433 — i25 1371 — i54
(1418 — i44) (1355 — i86)
—1.8119:39 142918 — 122 1325112 — 90112
+0.92+029 ¥ (143415 — i10%) (1330+% — i56%1]
—1.797913 14213 — i19*8 138879 —i114+22
+ i1.361018
~1.89 +i1.11 ¥ 1429 —i15 1344 — {49

—1.2 +1.1i ™ 1425+ 1 —i(13+4) 1392+8 —i(102 + 15)

~1.77 + i1.08 1430 — i21 1338 — i89
1421+ 3 —i(23 +3)

ChPT full NLO, KN scatt., SIDDHARTA data constraint
ChPT LO(NLO), KN scatt., SIDDHARTA data constraint

ChPT NLO, KN, CLAS and SIDDHARTA data constraint

ChPT, KN scatt., SIDDHARTA data constraint

ChPT LO, KN scatt., SIDDHARTA data constraint
ChPT NNLO, =N, KN, SIDDHARTA, baryon resonances

Lattice QCD
BnGa PWA fitted w/ CLAS, CB, KN scatt. Data, ...

IHW: lkeda, Hyodo, Weise, NPA 881(2012)98, *value found in PRC 97(2019)055209

TW1: Cieply, Smejkal, NPA 881(2012)115, *lvalue found in PRC 97(2019)055209
GO Fit-ll: Guo, Oller, PRC 87(2013)035202
MM#4: Mai, Meissner, EPJA 51(2015)30, #’/NPA900(2013)51

VE-dep: Ohnishi, Ikeda, Hyodo, Weise, PRC 93(2016)025207, *value found in PRC 97(2019)055209

LGDM: Lu, Geng, Doering, Mai, Phys. Rev. Lett. 130(2023)071902, #)value in private communication

LQCD: Liu, Wu, Leinweber, Thomas, PLB 808(2020)135652, Liu, Hall, Leinweber, Thomas, Wu, PRD 95(2017)014506 27
Anisovich et al., EPJA56(2020)139
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