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Puzzling relation in A decay!

A - pn~ /nn°:

1 . I'(A-»pm™) _ .
® '50sR, = T ——— 0.624 + 0.03[1] - Brexp (A - DT ) ,
] 1 F(A—H'IT[O) . . ex O ~
o 60s R) = ey w——— 0.35 + 0.05[2]; 0.291 + 0.034[3] Br p(A - N1 )
; . [(A-pm™) _
® '/OsR,= T w— 0.646 + 0.008[4]
A - pm” A - nn®
- td L™ o ; g
PH‘F&SC{ —>_//.1u?r ﬁ—/'111% | z1ﬁ1r
53 —> >— 3'u d1 '4445.«1 wl d\réﬁd 53 5d
Ad2—> >—2dPp A s 3—> >— 3'up A 53 —> >— 3'un Ad2—> >—2dmn
U] — = 1 u U D — = 2 u 2 — — 2d U ] ——— ] u
(a)DPE (b)CS-1 (¢)CS-1 (d)CS-2
i BrPPE+CS (A - pr7) i .
. > 2 |:'> to find new Mechanism!
dominant BrCS(A - nn9) 4
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>t > nrt and =t - pr®:

BESIII, arXiv: 2512. 09628

DPE/CSS
Brex‘t(ZJ’ — nn+)L .

® '70sR r(z*-nm?) 0.488 + 0.008[5]
+ = = U. .
Z rEt-nnt)+r(E+t-pno) - :> Brexp (Z+ - pT[O)
® '80s BR(Z* - pn®) =0.5172 + 0.0036[6]
X > nm >t > pr?
4G ) 1 d l u 0 :if 1 “—”
Jrlé 5d J 4 u " +_/ 4 u . 1 u
5 3 —> )_3!“ d 1 I\P]éﬁd ] 'J\féﬂd .-;.i%——ﬁ:; 2 5 d
Y d 2 —> >—24n 515 3 —> >— 3'u n »ts 3 —> >— 3'up s 2 —> >— 2 u P
dl—> > 1d d 2 —> >— 2 d 2 — >— 2 u U | — > 1 u
(a)DPE (b)CS-1 (¢)CS-1 (d)CS-2

DPEFICSIHIEX>t - nnTigBmmk, ABAAITA ] ]
to find new Mechanism!
Br(Z* > nn*):Br(Zt - pn®) ~ 1:17?

HBFRERRRERNEESEEE(FANAERINEDFZNEX!
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P T f! Ll / T‘-'n fﬁ" "
"", /'f /, <
A —>—8—r—Z5>»— P A —p—o—>—8—>— 7 A —>—B—p—fy— 1 A —>—l>—p—— 7
N »t N »0
(a)type-A (b)type-B (c)type (d)type-B
+ p—
// // // “ /, - /,
X_Q—H—é)—p 2“—.—)—'—-)—- P }:'t—)-—.—)-é)—n L+——>—-’—)—.—)—- n N ——a———— 1!
N s+ N =0 /A 9 /A
(a)type-A (b)type-B (c)type-A (d)type-B (e)type-B
P o nnt RSN YT > nn- RAtype-B

BERE— NI, SRR EE A SRS ES Jotype-Afltype-BEGHSLAL,
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The weak “2 — 2” internal conversion (PC) process

o 1t 17 . .
FIRTE 5 o5 , .
2 7 ’ 7 7
>~ > > ——
(PC) (+) p (=) ~\ ~
29 N Nt . ALAY LS
96.28.0.07. - )= —(d"'Y" + & 1) -
9 ) \/E( X X ) ﬂ'ﬂ'ﬂ(p.f p«’i) )> n
TABLE X: The flavor-spin matrix elements|C ‘(flﬂ—:();;; )) for the ground-state baryon conversions.

(n|O; ) 1A) (plOF-J ) (nOF~) %)
~1/V6 1 1/v/2 .
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Pion emission process 7 g
° ° e
in the chiral quark model (CQM) ga -~ ga .
R o e
> BN FHRRNAELRRLF,
> REHEBERAS RSB FREEXRESER, g g ~ g
-~ 1 - . > >— > >
Hin = Zwmfrsa”@mr;“wj?
™o
HNE — ! i " p — o k| M3 (p; — Pl — k),  |56,28,0,0" £+) = — (X" + XM Vs00 (P> PA)
" @Ry, S 2my T T 2my T T D R R v" prEA
TABLE XIII: Axial-vector couplings for the pion emission. Xj?%g Bi[%_} y B‘f{%+} -
Processes ga Processes ga Processes ga Processes gA
napr- —5/3 It oa¥ta® —4/3vV2) T 3= 7° 4/(8v2) As > Ttn~ 2/v/6 (By| Z g}, B;)
nonr® 5/(3v2) Tt 5%t 4/(3v2) £ = %7 —4/(3v2) As — Z°7° —2//6 ga(B;Bsm) = B, f""|]B )
p — nwt 5/3 >t s Agmt —2/vV6 T s Agmm —2/vV6 Ag—> Xt 2//6 f19z :
p—pr°’ —5/(3V2) 8
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Amplitude of pole terms (PT)

PC PC PC)
M%’()l()A — ‘F( )(k) g( )

PC) PC) PC)
M;ol( B — ]:l(? (k) g( .

s T JRe “-
XA - pr= 798 o ,
A A - pr~ 7941, R , A , o
N R
O G o? 0
FEC ey e A (a)type-A (b)type-B
a (k) V2 i \/_(l(y2+(y/\+$(y
| wp 2
El(—1- :
Ix \/(27r)"‘2w0| I ()'m,q)(xl) [ ()(r]
3/2
]:-(l C )( k) = Gy by o '18( (.x2(.y,,u',\ ) / .
V2 VT (4a? + a3 + 3a2)
1 ' k2 3m?
( Wy )pr __( msg el L)) .
fx/(27)3 2w, /l'm.q + 2m 8 *(2my +m,)?a5 o3
5 6 2
3 V6 V6 1
npr i~ f—s(PC) At o f—s(PC)
Ggre) = gi"™" ) | Q'“ = GPO(A - pr~) = CMaga Piasm | CMelga " Lot
- M2 — M2 " M2 — M 9
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PC (PC) (PC)
GV =Gy + G
A B
‘ npw Wf—s(PC) ) N/ Axta J—s(PC)
H(PC)ep s o) = (2Mn)ga™ Ciasm) (2My)ga Clztim)
)= My — M2 * M2 — M ' (PC) 0
My - M My~ M3 GPO(A — nn0) 1
‘ nnx" —s(PC N, 0,0 ~f—s(PC PC . — -
Q GPO (A — nz®) = (M) Cia " (2Mz)g4™ ™ Cly GO (A — pr) V2
/ nw') = - - -
M3? — M2 M2 — M2
, =330~ ~f—3s(PC) : N 32— Ax— o —s(PC)
3 (2Ms0)9% ™ Ciyo (2My)g° C
PC) (v — . —\ _ (PC)y— o aB . (X°—>n) AJTA (A—n)
GPO(E™ 5 ) = G (N )= [ MZ 2, YERSYE )
A - ‘ s
(2M )qppﬁ”(-,f~.~;(l’(}) (2Ms:+ ) syt a® f—s(PC) il
o (PC) s+ 0y _ HpldA M (n+op) x+)9JA ’(X+—p) »=—p——of—g—r-n
g (T =2 pr) = = - + T : .0
Mg, — M M2 — Ms,, LU/A
nat ~f—s(PC) s‘]fsw + ~f—3s(PC) \-+B\-+ J—s(PC) (e)type-B
g(l,(.)(2+ s ]1’1"*') - (2*‘11))(11)\ Cv()_j#.,,)p) (2]\12”)(,: st C'(L‘u‘%,,) " (2‘\[\)(1-; R, (T'(A;,,)
A MZ, — M2 M2 — M2, M2 - M3 :

> XWF 27 - nn”, REB-BRRINERHL .
> eI RENE R EARNEZEFEAER,
> XL AR Z (B SR EE S AR B, 10
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> BA T ERREIANIZ T EETFFEEH - 1NESEF/\ES, FTHIE(IfzE8M=E3ZE.
> BATIAFIZ *BINTIVR M T — N IAa Pth, EES S REEIERETRERITE T8 MNaFnS AN Z T
DPEiZ1E. AESICSIHIEMRSIRAIRER.

> KT EABIMEIIA > nrORdAsE, ‘P

TABLE XIX: The amplitudes of DPE, CS and pole terms with J}?’ = J? = —1/2 for A — N7 and the unit is 107" GeV /2, The parity-

violating intermediate states $(1620) and $(1750) are the first orbital excited states |70,2 8) and |70, 8),respectively. The parity-violating
intermediate states N(1535) and N(1650) also are the first orbital excited states considering the mixing of |70,28) and |70,% 8) with the
mixing angle 6 = 26°.

DPE-dominant
PC:FFRSFIE ~ (PC) DPE €SI €S2 A[n(939)]  A[N(1440)]  A[N(1710)]  B[2(1193)] B[Z(1660)]  B[X(1880)]

A — pr |10.11 | 0.61 - 25.75 0.95 4 0.584 0 ~32.39  —1.39—0.24i 0.014 + 0.003i
A—nr® - —044 —246  —1889  —0.69 — 0.42 0 23.59 1.02+0.18 —0.010 — 0.002i
PV:ZEFREEER  (PV)  DPE CS1 (€S2 A[N|70,28)]  A[N|70,*8)]  A[N(1535)]  A[N(1650)] B[X(1620)]  B[(1750)]
A— pﬂ_|—40.14|—4.39 - 24104 3.95 —1852—2.02 28.36+4.65i —21.97 —2.39¢ 10.92+ 0.41i —32.46 — 1.23
A—nr® - 310 946 —16.92—2.77i 13.00+ 1.42i —19.91 —3.26i 1542+ 1.68i —7.71 — 0.29i 22.91 + 0.87i

> BT A - pn BIXAKAIDPESTER, FAWESIEMER T Mpr EEEIE Inn AIFSISHLE,
> EERTHPAFAEXMRB T ESHNERAGNIIERIFSIsTIHR. 11
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p1, M1 n

(b)s-channel

[t, (P), M1, M3, (M2)] [s, (P), M1, M3, (M2)]

t,(PC),m~,p,(p7)]

| s, (PC),p,m™, (n)]
&, (PC),p, ™, (p)]

|

|

s,(PC),p,m~,(N(1440))]
s,(PV),p,mt~,(N(1535))]
s,(PV),p,nt~,(N(1650))]

t,(PV),n~,p, (p7)]
t,(PV),p, ™, (p)]

— e — —

dipy WPn) (Vo — aafgs D5105) (P, + ma) v ysP\ u(Pa) (P1 + ) (97 — P25) Fo?).
(2m)* (pT — mi +ie)(p3 — m3 +ie)(p3 — m3 + ie)

iM = QIQZQE[
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TABLE XIX: The loop amplitudes with .lfz = Jf =—1/2 for A = nn® and the unit is 1079 GeV—1/2,
? O &
A_)NT[ M= = a=:1 &=72 a=125
[t, (PC), 7 ,p,(p )] —0.46 — 0.182(—0.13 — 0.28z2| —1.64 — 0.31z2 I
= HErdZs
[t,(PC),p.7,(p)] |—0.03—0.04i| 0.01 —0.05i | 0.08 — 0.05i > BHEEIIERR TERER.

| [s, (PC),p, 7, (n)] —2.25 + 0.581| —8.76 + 0.582| —13.56 + 0.581 more > ?—1:&““ Z@ﬁ&g_ﬂg

[s, (PC),p, 7, (IN(1440))]|—0.15 — 0.05i| —0.53 — 0.27| —0.80 — 0.44i
H 11 n sje
[t,(PV), 7 ,p,(p )] | 167+ 1.66i | 3.63+2.52i | 4.51 + 2.80i Important fine-tuned” tHiE#NEl,
L, (PV),p.7 ,(p)] 0.26 + 0.20i | 0.60 + 0.25i | 0.77 + 0.27
[s, (PV),p, 7, (N(1535))]| 0.42 4 0.56i | 0.74 + 0.63i | 0.86 + 0.65i
[s, (PV),p, 7, (N(1650))]| 0.36 +0.42i | 0.61+0.45i | 0.71 + 0.47i

TABLE XIX: The amplitudes of DPE, CS and pole terms with J; =J? = —1/2 for A — N7 and the unit is 107" GeV~1/2. The parity-

violating intermediate states ¥(1620) and X(1750) are the first orbital excited states |70,2 8) and |70, 8),respectively. The parity-violating
intermediate states N(1535) and N(1650) also are the first orbital excited states considering the mixing of 70,2 8) and |70,% 8) with the

mixing angle 6 = 26°.

(PC) DPE CS1 CS2  A[n(939)]  A[N(1440)]  A[N(1710)]  B[X(1193)]  B[Z(1660)]  B[%(1880)]
A—pr— 1011 061 - 0.95 + 0.58i 0 —3239  —1.39 —0.24i 0.014 4+ 0.003i

IA—nr® - —044 —246  —18.89 —0.69 — 0.42i 0 23.59 1.02 4 0.18; —0.010 — 0.002i
(PV) DPE (CS1 (CS2 A[N[70,28)] A[N|70,8)]  A[N(1535)]  A[N(1650)] B[X(1620)]  B[X(1750)]
A—pr- —40.14 —4.39 - [24.10+3.95; —18.52 —2.02i 28.36 + 4.65: —21.97 — 2.397 10.92 + 0.415  —32.46 — 1.23i

A — nr” - 3.10 946 -16.92 —-2.77¢ 13.00+1.422 —19.91 —3.267 15.4241.68: —7.71 —0.29¢ 22.914 0.8

B A BRSO



| 2026FRBEFETHNTS |
YEFAFIZ AR FEs = ZAIHFR

TABLE XVIII: The calculated BR and AP containing DPE, CS and pole terms contributions for the decays A — Nw. For n7" channel,
the results with FSIs are given in the brackets in the last column ot the table: the value in the round brackets corresponds to the cutoff

parameterja = 2,Jwhile the value in the square brackets corresponds tolcu = 2.5 a¢ is the asymmetry parameter of the charge conjugate
decay of A — nw".

Yo = —0.692 + 0.016 + 0.
Expt. |a = 0.757 + 0.011 + 0.008fg] | ¥ = ~0:692 +0.016 4 0.006[10)

ao = (1.000 4 0.068)or
AP | Ours 0.702 0.068(0.737)§[0.701]

> B2DPE, CSHITRAINTTHAYBRIAPSA - pr~ FYSCIREWER—E, {BX A - nr’RUREIARKMHAY.
> KBpn~ RIFSISTTEAYIA —» nn®RIBRE—EANEEIER.
> ZEFSIsfa, BAIRMAEEH—MEMICEBRARIEN SR, A - nrRIBRAIAPEIGEINFIASLINE.

10
18]PDG, PRD, 110 (3): 030001, 2024
20]PRL, 24: 843-847, 1970

A > NTT Ao pr 1;51‘;“0 [4]PR, 131: 2208, 1963
Expt. 64.1 + 0.5[I8] 15) [5]PR, 130: 769-775, 1963
Qlwiﬂ_l [9]Nature, 606 (7912): 64-69, 2022
BR(in%) | Ours 62.85 5.23](18.95)1[30.41] [10]Nature phys, 15: 631-634, 2019
[
[

14
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>* 5 Nir

TABLE XVI: The amplitudes of DPE, CS and pole terms with J)% = J7? = —1/2 for Y%+ — N7 and the unit is 1079 GeV~1/2, Using
the quark model classification, the first orbital excited states N(1535)/%(1620)/A(1670) and N (1650)/2(1750)/A(1800) are octet baryons
70,2 8) and |70,% 8), respectively. A(1405) is classified as a singlet baryon [70,%1).

(PC)  DPE CS-1 CS-2  A[n(939)]  A[N(1440)]  A[N(1710)] B[2(1193)] B[A(1116)]  B[X(1660)]  B[A(1600)]  B[X(1880)] B[A(1810)]

¥ —nr” —518 —0.94 - - - - 23.98 29.85 1.52+0.26i —1.54 —0.31i —0.04 — 0.014 0.32 + 0.03i

t—pr® - —0.65 —1.20 —49.46 ~3.59 — 2.75i  0.70 + 0.114 33.83 - 2.07 4 0.36i - —0.05 — 0.014 -

>t s nrt - - - 68.59 4.99+3.82i —0.98—0.150  —23.31 —29.02 —1.43 - 0.25¢ —1.45—0.29¢ 0.20 + 0.04i 0.31 + 0.03i
(PV) DPE (CS-1 (CS-2 N (1535 N (1650 B[X(1620)] B[A(1670)] B[X(1750 B[A(1800 1405

YT o nr —3218 —10.65 - - - —15.12 — 0.567 4.10 + 0.11i —8.99 — 0.34i —19.20 — 2.20if—42.61 — 2.74i

ot pr® - —7.53 —7.59 —49.59 —9.58; 39.32 + 4.82; —21.08 — (.78i - —12.53 — 0.48i - -

>t s nrt - - - | 70.33 +13.58i —55.77 — 6.84i 14.89 4+ 0.55i 4.04 + 0.11i 8.84 +0.34i —18.90 — 2.17ij—41.94 — 2.70i

> RAIASREIE NSRRI T RRIERN, FAEIRRERIIREEREES MEFEEAERY.

> IR EEAEA ZESEY, TTEHEXWSY > nn™
> BAZSA(1405)%Tt — nniﬁﬂﬁﬁ\iEEEK/J\H’\Jﬁﬁiko
15
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N [12]BESII, PRL, 125 (5): 052004, 2020
2+~ > Nm [13]BESIII, PRL, 131 (19): 191802, 2023
[18]PDG, PRD, 110 (3): 030001, 2024

TABLE XV: The calculated BR and AP containing DPE, CS and pole terms contributions for the decays ¥+ — N7

YT = nm >t — prt ¥t > nrt
Expt. 99.849 + 0.005[18] 51.57 + 0.3[18] 48.31 + 0.3[18]
BR(in%) | Ours (without A(1405)) 62.102 51.43 30.28
Ours (with A(1405)) 99.834 51.43 48.56

o = —0.998 £ 0.037 £ 0.009[1Z]

Expt. a_ = —0.068 £ 0.008 o+ = 0.0481 £ 0.0031 £ 0.0019
AP b M8 — /(0,049 + 00032 + 0.0021) 3] | ** =
Ours (without A(1405)) —0.256 —0.711 —0.960
Ours (with A(1405)) —0.057 —0.711 0.0758

> SFDPE, CSHMRRIMREGE—EBEAR, BNTEERIND S IAXIFR S iS55
ER—HL

> ol RKINMT AR SR ER—E, BInr~fne 8&T0, Mpr’E{mwET1. 6
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IV

> BATEF AT IRIRE 735 T 7 GRahJE

APHEEITEER.

> Bl IRIE(REE
{EFE.

X, AR SIIE

SR

FTCHIATK

EHLHIERR

A RIEEE

R, FHAH TBRA

ﬁ.uﬂl:i
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O~ RE—ETISHEFRR TRENTESE S,

BR[O~ — =% ] = (25.03 +0.44 £+ 0.53)%,
BR[Q™ — Z 7% = (8.43 £ 0.52 £ 0.28)%, BESIII, PRD, 108(9): L091101, 2023
BR[Q™ — AK | = (66.3 + 0.8 +2.0)%,

a[Q” — Z%77] = 0.09 + 0.14,
2Re(P*D)

Q- — =7 =0.05+0.21, o=
ol ' PP+ |DP

a[Q~ — AK ] = 0.0154 = 0.0020.

a]lFAE, RIAETHFIRTIE (P wave) SFFREIA (D wave) E£5,

18
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|
T ESEF ORI EF=REHAR

(d) PT

N RIEEE(ER.

(a) DPE
(MR RIEQIFR R AR
(25.03 + 0.44 + 0.53)%,

o Seotor(CS) _ 1
fcotor(DPE) 3
(n~|du) = 1 and (7°[ua) = BRIO- - =0n ] —
Mcs(Q~ —E7 7% | 1 BR[Q™ — = 7] = (8.43 +0.52 4+ 0.28)%,
| 3v2 BR[O~ — AK ] = (66.3 + 0.8 + 2.0)%,
19

= Mppe(Q2— — Z077)
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[11

A =T = K- =
0 K*t 50 0 50
K~ x° =0 A 70

Q™ - E7n?: FERBETHIENIREE "~ MAK ~HRSHEEIER (FSIs) Tk,

?:Mt —

/ dip, Pru(P1+pm)u(g™ — p;?) u(pss Af)(Ya — 2,,,{;93 e ’m )(Z}’ + ma)ut(p;, A )}_( 2)
19295 (QW)4 (P% ml + ’55) (p2 mz + ie)(Pg m3 + 3‘5) b

ITEEREFE: KIENFSISITEEEAE (RREXESFERVAFITQCDRN)

20
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PC: FFR<FIE PV: EFREEIR

TABLE VII: The tree-level amplitudes with J7 = J# = —1 /2 for
different channels and the unit is 10~7 GeV.

Mﬁ_%;%‘ﬁ DPE(PC) CS-1(PC) CS-2(PC) PT(PC) PT(PV)
QO > =% 9.70 - - - -

Q- - =7 - —2.24 - - -

Q" 5 AK™ - - 1.43  —18.69 —0.114 — 0.002:

TABLE VIII: The loop amplitudes with J7 = J? = —1/2 for

O~ — 2%~ at two different values of A and the unit is 108
GeV.
Mz 222 (o 2 (ph)] KT A (K] 2,77, (BY)] [A K, (2°)]

A=15GeV 925—-6.14: —5.32—11.89z 0.008 — 0.03z 0.026 — 0.382
A =20 GeV 10.68 — 18927 —6.74 — 16.842 0.006 — 0.147 0.020 — 1.00z

B A BRSO
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1MF
= 10f 2y _ A7 —m?
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5 o

x|

2 't

5 of ® 7EA = 1.9 GeVHHFRT, E'n BINSILLS
aj; SCEEREIRIT—E

1.5 1.6 1.7 1.8 1.9 2.0 2.1 2-.2 ® FSIsEIIZ'n"iYBREXEE
o KIEWHITE(KREXAIEFIERZTA ] 2

FIG. 3: The obtained branching ratio of Q= — = 7" as a
function of the cut-off parameter A, comparing with the
experimental data (horizontal blue bands). The vertical dark
yellow band indicates the range where our results overlap with the
experimental data.
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TABLE IX: Our results of branching ratio (BR) and asymmetry parameter (AP) for the decays 2~ — Zm and AK~ compared with the
=~ m", the values listed in the

experimental data [3, 4] (labeled with Expt.) and the other theory predictions [6, 8, 10, 11]. For 2~ —» =
fourth column are the results with the contribution of FSIs corresponding to the cut-off parameter A = 1.9 GeV.

Q- — =% Q- =7 0" — AK™
Ours 94.52 8.23 65.83
Expt. [4]|25.03 & 0.44 + 0.53|8.43 & 0.52 4 0.28[66.3 + 0.8 & 2.0
BR%)| R [6] 17.18 8.59 78.94
Ref. [8] 20.21 9.48 60.98
Ref. [10] 34.67 5.36 67.98
Ref. [11]|  23.6+0.7 8.6+0.4 67.8+0.7
Ours 0 0 0.0121
AP |Expt. [3]|  0.00+0.14 0.05+£0.21 | 0.0154 £ 0.002
Ref. [8] 0 0 —0.015
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