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What are weak radiative hyperon decays

O Weak radiative hyperon decays (WRHDs) are interesting physical
processes involving the electromagnetic, weak, and strong
interactions

O s — d y transitions at the quark level [ \‘t‘ ol

s W d S uct 9
> S\gddyn| e A .
W 5- N |
e SR
4 Y sdJ’_ su
s 0 s

O Six WRHDs channels of the ground-state octet baryons

A — ny ¥ — ny =) — Xy

Xt — py =0 — Ay = - Xy




Weak decays of hyperons: related to various processes

Weak radiative
hyperon decays
(WRHDs): (B; — B;y)

v WRHDs puzzle

Inputs Inputs
Rare semi-leptonic
decays of hyperons: Non-leptonic decays
® B, - Bsy' > Bfll of hyperons: (B; — B, m)
and B; > B;vv v S/P puzzle
New physics (NP) v CP violation

NP and v,



What are weak radiative hyperon decays

O The effective Lagrangian describing the B; — B, y WRHDs

EGF ~
~£ = TBf(a -+ b’)/s)O"UVBgFﬂv,
a: partity-conserving amplitude b: partity-violating amplitude .
O Only two observables for the WRHDs o <
dr Gy 2Re(ab*) S “ I :
- + P + = cos 6] - KP,
Toosd (lal” + 16191 a? + 1op < |- |kl ,
_ 2Re(ab’) PG o o s memd
AN S B

a,: asymmetry parameter

0: angle between spin of the initial baryon B; and 3-momentum k of the final baryon By




Why study WRHDs: the WRHDs puzzle

Hara’s theorem Y. Hara, PRL12, 378 (1964)

O Based on gauge invariance, CP conservation, and U-spin symmetry

O Hara' stheorem dictates that the WRHDs B - B’y and B’ - By must
be identical under the U-spin transformation s & d

€GF
2 >
_ eG
L. = b(poysE* Fuy — E5 0" yspFpy) —

Lyc. =a(po”L*F,, + £*0""pF,,)

?

leads to

2Re(ab*) 0
. 0~ = s
b=—b, i.e., b=0 i |a.|2—|-|b|2




Why study WRHDs: the WRHDs puzzle

PHYSICAL REVIEW VOLUME 188, NUMBER 35 25 DECEMBER 19269

Asymmetry Parameter and Branching Ratio of =+ — py*

LAWRENCE K. GERSHWIN,} MARGARET ALSTON-GARNJOST, ROGER O. BANGERTER, ANGELA BARBARO-GALTIERI,
TeErrY S. MasT, Frank T. Sornmitz, ANp RoserT D. TrIPP

Lawrence Radiation Laboralory, University of California, Berkeley, California 94720
(Received 25 August 1969)

An experiment to study the decay Zt — py was performed in the Berkeley 25-in. hydrogen bubble
chamber. An analysis was made of 48 000 events of the type K~ p—->E ~, &t — p+neutral w1th K-
momenta near 400 MeV/c. The 2’s produced in this momentum region are polarized becausg
ference of the ¥¢* (1520) amplitude with the background amplitudes. We have measuregefl
metry parameter o for 61 2+ — py events with an average polarization of 0.4. We foundig
SU (3) predlcts a value @ =0. A more restricted sample of events was used to determine the™s i
ing ratio. From 31 Z*— py events and 11 670 =+ — px® events, we found (Zt— py)/ (T — jm“)
= (2.76+0.51) <1073, The result is in agreement with the previous measurements.




Why study WRHDs: the WRHDs puzzle

O The X* - py asymmetry parameter remains large and negative:
-0.652+0.056stat+0.020syst.

10!t ' Data: BES/II, PRL130 (2023) 21, 211901
[ e BY P'T HB YPT: E. E. Jenkins et al NPB 397, 84 (1993)
= 05 - :_D:tBa BYPT: H. Neufeld, Nucl. Phys. B 402, 166 (1993)
o + NRCQM NRCQM: Qiang Zhao et al, CPC45, 013101 (2021)
+T 00 PMI PM1: M. B. Gavela et al PLB 101, 417 (1981)
A 5?;“:' PM2: G. Nardulli PLB 190, 187 (1987)
& -05 xPT VDM: P, Zenczykowski, PRD 44, 1485 (1991)
. g-:’Um) XPT: B. Borasoy et al, PRD 59, 054019 (1999)
-1.0¢} BSU(3): B Zenczykowski, PRD 73, 076005 (2006)
0 — L1 .0 = 2b = .SIOI - L4]0‘ = 5I0 = LGO QM: £. N. Dubovik et al, Phys. Atom. Nucl. 71, 136 (2008)

lal* + |b|* (MeV)

O Although some predictions agree with the measured large asymmetry of the
2* - py decay, they explain poorly the data of other WRHDs (as shown later)



Why study WRHDs: experimentally challenging

O Significant changes in the asymmetry parameters of 2° - 2 yand 2% - Ay

Fermilab (1990) NA48 (2004) NA48/1 (2010)
f 1 f
—0
@y (E" — Ay) : g i :
0.43 + 0.44 —-0.78 + 0.18 £ 0.06 —0.704 £ 0.019 + 0.064
Fermilab (1989) KTeV (2000) NA48/1 (2010)
o o o
Q}'(EO N Z(}‘}’) | i | |
0.20 £ 0.32 = 0.05 -0.63 + 0.09 -0.729 £0.030 +£0.076



Why study WRHDs--A - ny

O New BESIII measurement for the 4 - ny decay (PRL129(2022)21,212002)

Decay Mode A — ny A = Ay
Nst (x107) 6853.2 + 2.6 7036.2 + 2.7
est (%) 51.1340.01 52.53+0.01
PDG2022
Npt 72340 498-+41 - o
epr (%) 6.58£0.04 4.32+0.03 WU sy as pocusevio ek comueur
BF (x 10—3) 0'820i0'045i0066 USGZ:I:O' UTl:I:O' 084 :J-E:tg;itsdo not use the f::?l];:'ing datl;lﬁ'zrsao\fl:rages. f?tgs. I|:1F|:;Eceth-_f it -
,832:1:0‘038:1:0,@ 1.78+0.24+ 014 287 NOBLE 92 SPEC See LARSON 93
o —=0.13+0.13+0.03 0.214+0.15+0.06
! —0.16+0.10+0.05 >

» The branching fraction is only about one half of the current PDG average

» The asymmetry parameter «, is determined for the first time
11



Why study WRHDs—A — ny

O None of the existing predictions can describe the new BESIII

measurement for the A - ny decay

Data: BES/Nl, PRL129(2022)21 212002

1.0f | ' ' ] HB yPT: E. E. Jenkins et al, NPB 397, 84 (1993)
L BYPT: H. Neufeld, Nucl, Phys. B 402. 166 (1993)
= 9-5: NRCQM: Qiang Zhao et al, CPC45, 013101 (2021)
? 0.0 ! PM1: M. B. Gavela et al, PLB 101, 417 (1981)
< [ PM2: G. Nardulli PLB 190, 187 (1987)
H -05} VDM: B Zenczykowski, PRD 44, 1485 (19917)
: XPT: B. Borasoy et al. PRD 59, 054018 (1999)
-1.0 } BSU(3): P Zenczykowski PRD 73, 076005 (2008)
0 . QM: £ N. Dubovik et al Phys. Atom. Nucl, 71, 136 (2008)

Vlal? + |b® (MeV)

12



3ESII

O New BESIII and CLAS data for hyperon non-leptonic decays

Why study WRHDs

BESIII: Nature Phys. 15, 631 (2019)  CLAS: PRL123,182301 (2019)
BESIII: PRL129,131801 (2022)
e rrreeerrre » Definition of decay parameter for the 4 - pn~ decay
BES3 1.3 billion J/y(Z/Z) —— M(B; — Bym) = fGFmrer’f (As — Apys) B;
2Re (s -
BES3 10 billion J/y(A/R) - Qy = f“ fi) S = AS P = APlé‘lf{(Ef + m.f)
IsI” + 1pI”
CLASIY § » Featured by a larger statistics and a small
uncertainty and very different from previous PDG
BES3 1.3 billion J}W[AIX} =0 average
¢ ¢ » A significant change for the baryon decay parameter
o .PI.J(llz.m?. P I R |P?(.’2.uz|2. Ll of A - pr~ may greatly affect the values of LECs hD,

hF and hyperon non-leptonic decay amplitudes as

0.62 0.64 0.66 0.68 0.7 0.72 0.74 0.76 h
inputs to WRHDs

o (A — pm)



Why study WRHDs—theoretical tools

O Theoretically, two phenomenological models are able to explain the
current experimental data of WRHDs at least qualitatively except for the

A - ny decay

» E N. Dubovik et al, Phys. Atom. Nucl. 71, 136 (2008)—QM
» P Zenczykowski, PRD 73, 076005 (2006)—BSU(3)

O Chiral perturbation theory (xPT) studies on the WRHDs

B. Borasoy et al, PRD 59, 054079 (1999)

» E. E Jenkins et al NPB397, 84 (1993) (Tree or loop level in the

» J W. Bos et al, PRD 51, 6308 (1995) heavy baryon formulation)
» J W Bos et al PRD 54, 33217 (1996)

» J W Bos, etal PRD 57 4707 (1998)

» H. Neufeld, NPB 402, 166 (1993) (Loop level in the covariant formulation)

14



Our purpose

Our goal is to study the WRHDs in covariant baryon chiral
perturbation theory (BxPT) with the extended-on-mass-shell
(EOMS) renormalization scheme

» The work in the BxPT H. Neufeld, NPB 402, 166 (1993)

v The used low energy constants (LECs) and hyperon non-
leptonic decay amplitudes are out of date
v" No efforts were taken to ensure a consistent power counting

Calculating the branching Comparing our predictions
fractions and asymmetry with those from other
approaches/experimental
data

Updating the relevant

LECs and hyperon non- parameters, i.e.,, amplitudes a

leptonic decay amplitudes and b, of the WRHDs order by
order
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Chiral perturbation theory : a bottom-up EFT approach

A=
i.':
= New physics models or EFT
Anp Integrate out heavy NP particles Matching
E SU(3)¢ x 51'(2),_, x U(1)y
&2 dim-5, dim-6, - -- & dim-7 : Oy 1p: -
> QO
0 o
Agw Integrate outh, Z, W, t x Matching
E SU@); ¢ U(1)em v
m  dim-3, dim-4, - - 5 | dim-9 : (@l d)(al2s)(IT51€)
-l ~
A, Chiral symmetry breaking v Matching
SU(3)r x SU(3)r
e O(p®), O(p").--- v a
. - K- ==t~
L 06*). 06°), il
Kaon/Hyperon s - d/u decays

» Effective theory: the physics in
low energy regions does not
depend on the details of the
higher energy physics, which has
been integrated out

» Chiral perturbation theory is a

powerful tool

WRHDs

to study the



Chiral perturbation theory

Because of quark confinement and asymptotic freedom,
low energy QCD can not be solved perturbatively

O Chiral perturbation theory—low energy EFT of QCD

v Maps quark (u, d, s) dof’ s to those of the asymptotic states, hadrons

v Allows a perturbative formulation of low energy QCD in powers of

external momenta and light quark masses, by utilizing chiral .
. . . Power counting:
symmetry and its breaking pattern (the third feature of QCD) J
O The effective Lagrangian of the general form
0(Q/N)"
L= c(Q N O0:({y}) =Y
F Steven Weinberg

Nobel Prize in Physics in 1979

Q is the soft scale, A is the hard scale, C; are LECs, 0; refer to operators containing field .

O Power counting rule
Chiralorder: N =4L— 2Ny — Ng+XkV,



Power-Counting-Breaking in the baryon sector

O ChPT very successful in the study of Nanbu-Goldstone boson self-interactions, at
least in SU(2)

O In the baryon sector, things become problematic because of the nonzero (large)
baryon mass in the chiral limit, which leads to the fact that high-order loops

contribute to lower-order results, i.e., a systematic power counting is lost!

Mesons Baryons
- e e e red dots denote possible

N 2 i ’ N g i : : . PCB terms (pion-nucleon

al . 4l . o o scattering)

3t 3F [ e o

2r ® 2t o e o

N 1l J. Gasser et al,

0 0 NPB 307, 779(1988)

o 1 2 3 o 1 2 3

Loops Loops



HB vs. Infrared vs. EOMS

LSG,
Front.Phys.(Beijjing) 8 (2013) 328

Extended-on-mass-shell (EOMS) BChPT
-satisfies all symmetry and analyticity constraints

4

-converges relatively faster--an appealing feature

Heavy baryon (HB) ChPT Infrared BChPT

- non-relativistic -relativistic

- breaks analyticity of loop amplitudes -breaks analyticity of loop amplitudes

- converges slowly (particularly in three-flavor -converges slowly (particularly in three-
sector) flavor sector)

- strict PC and simple nonanalytical results -analytical terms the same as HB ChPT

N
U



Three applications of covariant ChPT L5G, Front.Phys.(Bejing) 8 (2013) 328

week ending

PRL 101, 222002 (2008) PHYSICAL REVIEW LETTERS 28 NOVEMBER 2008

Leading SU(3)-Breaking Corrections to the Baryon Magnetic Moments
in Chiral Perturbation Theory

L.S. Geng,' J. Martin Camalich,' L. Alvarez-Ruso,'* and M. J. Vicente Vacas'

'Departamento de Fisica Tedrica and IFIC, Universidad de Valencia-CSIC, E-46071 Valencia, Spain
*Departamento de Fisica, Universidad de Murcia, E-30071 Murcia, Spain
(Received 9 May 2008; published 26 November 2008)

We calculate the baryon magnetic moments using covariant chiral perturbation theory (yPT) within the
extended-on-mass-shell renormalization scheme. By fitting the two available low-energy constants, we
improve the Coleman-Glashow description of the data when we include the leading SU(3)-breaking
effects coming from the lowest-order loops. This success is in dramatic contrast with previous attempts at
the same order using heavy-baryon yPT and covariant infrared yPT. We also analyze the source of this
improvement with particular attention to the comparison between the covariant results.

PHYSICAL REV ERS 130, 071902 (2023)

PHYSICAL REVIEW LETTERS 128, 142002 (2022)
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WRHDs in the EOMS BxPT

(1,tree) (2,tree)

_ p.(2,tree) (2,loop)
bB"B" - bBrBJ' + bB,B_r

app, = aBJB;- +a8r3.r_ + a

(2.loop)
BB

Feynman diagrams

(a)

Lagrangians

Order contributions

(b)

L33 = V2Grm Fs(hpB{u' Au, B} + hyB[u' Au, BY),
b bF
L[Z) — 6 (BO_JH{Fiv i B}) + _6(30_.1:}'[F+ ,B]),
ME - 8mp H 8mp Hv

(1,tree)
BBy
LECs b2 and bf :
the experimental data of Octet
baryon magnetic moment

Leading order LECs hD & hF
NLO LECs: five C' s

(c)

(4

_[fs} = C!r(ffo"”Fm.ABQ},
LY = Co ((E‘TWTSFWQ){B’[) - {EIT‘""}’SFH"/{)(BQ))

(2,tree)
BBy

(2,tree)
BBy

(0) _
* LAS‘:I =

V2G pm2F y(hp Blu' Au, B} + hyBlu' Au, B))
P/ S

LY = (Biy"D,B - myBB),

-

(2) F; 4 +
LJ“ = T{H;,h" +X )-.

D _ F
Ly = E(Baf‘ysluwﬂ}}r + E{B}‘”}'s[u#, B]).

LECs D and F have been
determined in Ref. LSG et al,
PRD 90, 054502 (2014)

b(Z,lnop)

(2,loop)
a B;B;

BBy




Contents

= Brief introduction: motivation and purpose
=Theoretical framework: covariant ChEFT

+Results & discussions
> Conventional ChPT results

> Contribution of negative parity heavy resonances (preliminary)

=Summary and outlook



LECs hD, hF and hyperon non-leptonic decay amplitudes

O The hyperon non-leptonic decay amplitudes for the octet-to-octet transitions
have the following form

M(B; — Bgn) = iGrmz By (As — Apys) B;
Hyperon non-leptonic decay amplitudes: S-wave amplitude Ag and P-wave amplitude Ap

O Decay width and baryon decay parameters «a,, g, and y, for B, - B, m decays

Grmy : Es+my) |*
0. B = D L g + [ — gyt ] B
gmrm; 17|
~ 2Re(s-p) ~ 2Im(s- p) B |3|2 — |p|?

a?l' - 2 s MT T 2 ‘!T‘JT - 2 H
ls|” + |p/? s + [p|* [s|* + |p|*

with
s = Ag p = Aplg|/(Ef + my) o’ + 4+ =1

where E and ¢ are the energy and 3-momentum of the final baryon



LECs hD, hF and hyperon non-leptonic decay amplitudes

Table: By means of isospin symmetry, the Lee-Sugawara relations and the criterion that A¢(A - pn™) is
conventionally positive, S - and P-wave hyperon non-leptonic decay amplitudes are uniquely determined by
fitting to the recent data [3,51-53] of branching fraction B, baryon decay parameters «a, and y,

Decay modes B3] @y [3,51-53] ¢, (°) [3,52] 5= Ay P= ’_qa"Ew"W (Ey+my)
This work [49] This work [49]
Xt > art 04831(30)  0.068(13) 167(20) 0.06(1)  0.06(1) 181(1)  1.81(1)
X" —ar 0.99848(5)  —0.068(8) 10(15) 1.88(1)  1.88(1) —0.06(1)  —0.06(1)
A= pr 0.639(5)  0.7462(88) -6.5(35) 1.38(1)  1.42(1) 0.62(1)  0.52(2)
= — Ar- 099887(35)  —0.376(8) 0.6(12) ~1.99(1)  —1.98(1) 0.39(1)  0.48(2)
* o pr®  05157(30) —0.982(14) 36(34) ~1.50(3)  -1.43(5) 1.294)  1.17(7)
A = nn 0.358(5) 0.74(5) ~1.092) —1.04(1) -048(4) -0.39(4)
=05 Ar® 0.99524(12)  —0.356(11) 21(12) 1.62(10)  1.52(2) ~0.30(10)  —0.33(2)
O Comparing our results with those of Ref. [49]: Ye = J1 - a2 cos (¢y)

v P-wave amplitudes, especially for A,(A - pr~)and A,(2~ - An™), differ a lot, which would
affect the imaginary parts of the parity-conserving amplitude a
v" Experimental S -wave amplitudes remain almost unchanged

[3] B A. Zyla et al. PDG, PTEP 2020, 083C01(2020) [49] E. E. Jenkins, NPB 375, 561 (1992) [51] M. Ablikim et al, BESII|, 2204.11058 (2022)
[52] M. Ablikim et al. (BESII), Nature 606, 64, 2105.11155 (2022) [53] D. G. Ireland et al, PRL 123,182301 (2019) 25



Non-leptonic decay amplitudes—S/P puzzle

OAmplitudes of hyperon non-leptonic decays

M(B; — Bsr) = iGpm.Bf (As — Apys) B;

Here, both S-wave amplitude A; and P-wave amplitude A, are functions of LECs hD and hF

O The so-called S/P puzzle: if the two LECs hD and hF can describe well
the experimental S-wave amplitudes, they reproduce very poorly the P-
wave amplitudes

As a result, we only updated the values of hD and hF by fitting to the experimental
S -wave amplitudes for hyperon non-leptonic decays



LECs hD, hF and hyperon non-leptonic decay amplitudes

Table: LECs hD and hF determined by fitting to the S —wave hyperon non-leptonic decay amplitudes.

Decay modes Al AExp:
It =t 0 0.06(1)
" —nr —hp + hr 1.88(1)

A — pr (o +3he)  1.38(1)
E > Ar =(hp-3hp)  —1.99(1)
It - pr’ J=(hp—hr)  =1.50(3)
A — nn' —s7m(ho +3hp)  —1.09(2)
2> A’ =iy -3hp)  1.62(10)
x?/d.of. =024 |hp = -0.61(24) hr = 1.42(14)

» In our least-squares fit, an absolute uncertainty of 0.3 is added to each S -wave amplitude in order
to match the theoretical predictions with the experimental data at 1o confidence level

%,

Lg];:, o \/L_’G;-miﬂ,(hgﬂluu.te, B} + hgBlu' Au, B))

» The tree-level formulae for the S -wave amplitudes derived from the following Lagrangian



Real part of amplitude a at 0(p!)—tree

(a) (b)
2 (2) (2)
oy M F 1 _
:;"L"]' = =9 _(hD+3h_p)u — (hp — hy)
r 2mp \{5 mpy — my
2 (2)
m:; F, N
agﬁt:cc]' =2 V2 (hp — hp) 2— H ;JI
! 2mpg mss —m,
2 (2 _ (2
(1,tree) mﬂF¢- Hy :uzn |
= ——— |(hp — hf) ———— — —= (hp + 3h
Z0n 2mpg (i ) mso — Ny 1.,"5 (hp F)
2 (2)
(1.tree) m;-rFG) 1 J Ju [
= =——|—=(hp—3h +(hp +h
=0 s | V3 (hp F) P —— (hp + hr)
m2Fy Hyo —Hg 1
(1.tree) mhg 0 =0
= = hp + hgp) ———— + — (hp — 3h
=0%0 2m3 { o F) m=o — Mxo \,"5 ( b F)
2 (2) (2)
= M= —
(ree) - 28 N2 (hpy + ) ==

ZH’IB

m=- — ms-

L

bt
Liin = g (B (F;

(0)
AS=1 —

= V2Grm>F y(hpB{u’ Au, B} + hpBlu' Au, B]),

D

pv?

bF

B)) + g (B[}, BY)

mzﬁ - m”

(2)
"uE[:f\.
ma — My

(2)
#E"ﬂ.

M=o — Mxo

(2)
"uAZ”

M=o — My

(2)
.\UAIU ‘

¥

> hD and hF are LECs

3 lu‘()

are the experimental
baryon magnetic moments

_ | (Ltree)
aB"Bf - B;Bf

_ 1.(2,tree)
bpp, = bﬂ,—B_,-

{" tree)

b{‘ loop}

(2.loop)
tdpp,

28



Amplitude b and imaginary part of amplitude a at 0(p*)—loop

,,is ,§ L) = N2Grm2F 4(hpBlu' Au, B} + hyBlu' Au, B))
! \ ! \ L)) = (Biy"D,B — mBB),

=7

LEE]_E{ fp +
m = S +X M

T~ T~ D - F -
’ * /’ R Ly = 5 BY'yslu. B) + = (By"yslu,. B)).
— = ) L -
(0 (9)
Real part of amplitu_de a in the I_oop _ (ltree) (2tree) ' (2,loop)
level cannot be reliably determined ap, = dpp, *dpp,  Hpp,

due to S/P puzzle in hyperon non- (2.tree) (2.loop)
leptonic decays. bB;B;- = bB,B_,— + bB,B;




Real part of amplitude a and b at 0(p?)—tree

Table: Contributions to the real parts of amplitudes a and b at tree-level
0(p)%. The normalization 2(eG;)~! has been factored out.

A = ny - py 20 - ny =0 - Ay =0 - 30 E Xy

a(z‘"—ce) ZC;r_C’H_C}-"'zC:r 2C;‘j_C? Cﬁ"'f}- _ Cﬂ_zc’ﬂ'_zc-y"'c':r C:J'+C{T ZC"_—C‘!_
3V6 3 3V2 3vV6 3V2 3
. Cp C C C
b(z.m:q _Le 0 _p 0 —£ 0
V6 V2 V6 V2

(2,tree) __ (2.tree) (2,tree) __ (2,tree)
b = V35, b = —p5e),

(2,tree) _ (2,tree) (2,tree) _ (2,tree) __
Bt = —V3bG N, b =0, bETY = 0.

E0A

45:2: = CalBo™" iy A0B), » CPS is CP followed by the SU(3)

L;" = Cp(o*" Fy BOBA), transformation of u »—u, d > s and

£ = c(Bo"F,nBaQ), COUNter-terms s - d which exchanges s and d quarks.

L2 = C,(Br"F,,ABQ), » CPS symmetry dictates the existence
= L0 = C, (B ysF,0 QXBA) ~ (Bo*ysF,, AXBO)) of five unknown LECs
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Determining the contributions of counter-terms

O Total amplitudes a and b are a sum of the tree and loop contributions and read:

(1.tree) (2.tree) 1 _(2,loop) (2.loop)
app, =dgp, [Fdgp, Tidgp, :: Re agp, +|Im dgp,

_ p(2,tree) (2.loop)
bps, = by~ +|Pg,

(2.tree) _

Ou sing bznzn

= V3b35\™ and fitting to B and a, for 2% - 2%y and £° - Ay decays, we

determine for the first time the contributions of counter-terms

» The x2/d.o.f of Solution | much smaller than that of Solution II.

» Contributions of counter-terms for other WRHDs obtained by the

Solution I} Solution II followi lati
b5 | 5.6263) | -83448) OTOWING TERATIONS oo - o200 s = - VEBZE™, b2 = 0. b24™ =0
Re azo, |-9.56(34) 3.89(45) —
Re azopo |-32.22(64] 32.50(61) aps, Jayy g Hagy " = Re agp, +[majy
5 ! t -_—— !
x~/d.o.f. 0.04 1.22 bfﬁ',-B.,- _ bﬁ.jt;;cc} N bﬁ'};?]m

Therefore, we take the Re a for each WRHD as a free parameter due
to the unknown real parts of amplitudes a at 0(p?) order 31



a, of 2% - 2%y and £° - Ay as a function of /|a|? + |b|?

14

a(E°->Ay)

1.5 - ; - 1.5
e EOMS
1.0F e - == HB
0.5t i e Data
! * NRCQM
0.0F H PMI
E PMII
-0.5F VDM
i YPT
-1.0p + BSU(3)
M
-1.5 : ' ' -1.5 ' ' ‘ Q
0 10 20 30 40 0 20 40 60 80

v laf? + b (MeV) \ a2 + b2 (MeV)
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a, of the A - ny decay as a function of \/|a|? + |b|?2

10f
~ 0.5F —coms
S [ oo e
= [ OD;I:
T oo b
< T
5—0_5_— gi‘um
-1.0f
0

A~

\/ lal® + |b|* (MeV)

40

Data: BES/I, PRL129(2022)21,212002

HB XPT : £ E. Jenkins et al, NPB 397, 84 (1993)

NRCQM: Qiang Zhao et al, CPC45, 013101 (2021)

PM1: M. B. Gavela et al, PLB 101, 417 (1981)

PM2: G. Nardulli PLB 190, 187 (1987)

VDM: B Zenczykowski, PRD 44, 1485 (1991)

XPT: B. Borasoy et al, PRD 59, 054079 (1999)

BSU(3): P Zenczykowski, PRD 73, 076005 (2006)

QM: E. N. Dubovik et al, Phys. Atom. Nucl, 71, 136 (2008)

» Interestingly, only EOMS BxPT agrees with the latest BESII| measurement

» The prediction in the HB xPT with counter-term contributions is very close to the BESIII data
» The vector dominance model (VDM) and the pole model (PM Il) are disfavored by the BESIII data
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a, of the other WRHDs as a function of \/|a|? + |b|?

@, (L -py)
=]
(=]

-0.5 -
of _ | | . . ' -1.0f
0 o0 0w 0 20 30 40 0 10 20 30 40 50
v lal* + |b]* (MeV) laf + |bP (MeV) F—Ialz+lblz -
e EOMS 0 i .
= HB » For the £° - ny decay, not yet measured, our result contradicts the predictions of PM |
« Data and NRCQM
» NRCQM » For the == - 7y decay, our prediction agrees better with the experimental
PMI measurement, and the current PDG data disfavor the results of PM Il and tree-level xPT
:’FB‘# » For the £* - p y decay, the results predicted in all the xPT deviate from the PDG
vPT average but our prediction is closer
BSU(3)
QM Hara" s theorem: a, for 2~ = 7y and Z* — p ¥ should not be too large.




What happed to 2" — p y ? What is still missing?

oFor the X+ - p y decay, the results predicted in all the XxPT deviate from
the PDG average but our prediction is closer

o Could this be somehow rescued?

> How about contributions of heavier resonances? Have been tried previously, but
the results do not look good, e.g., B. Borasoy et al, PRD 59, 054019(1999)

+ - - A(1405) DECAY MODES N(1535) DECAY MODES
aP* =—049| o = =084 o | |
Mode Fraction {F“'T} The following branching fractions are our estimates, not fits or averages
0 nh = 100 % Mode Fraction (I';/T)
"™ =012 a"=-0.19 ER s
M3 179 , Ny 30-55 %
< ()= [) —0) ls NK N WNrx 4-31 %
a = =015 aP* =046 s A(1232)7, D-wave 1-4.%
. . ‘ r5 N;J 2-17 %
s Np, 5=1/2 , S-wave 2-16 %
. . . M7 Np, 5=3/2 , D-wave <1%
Uncertainties of the relevant LECs are important o Mo 210 %
H - u I 5-12 %
but remain unstudied Mo p7. helicity=1/2 015030 %

M1 n7, helicity=1/2 0.01-0.25 %
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Contributions of heavier resonances

O Consider only additional contributions of heavier resonances at tree-level

ﬁii].} = (;F.rnfr\/‘EFG - (iwy (tr (R{hy,B}) —tr (B{h_,_.f?})) + iwy (tr (R[hy, B]) — tr (B[hy, R])))

Lrp =irq [l r (Ro,,7s {fiu- B}) + tr (Bﬂl“,",;—) {fj;”. R})]
+ iry [1 r (f?gwq,_,} [ g B]) + tr (ng;:,] [ ' RD] Following B. Borasoy et al, PRD 59, 054019(1999)

| _ (l,tree) (2,tree) (2,loop) _ (2,lo0p)
app, =dAgp tapy tagp = Re app, + Im s,

__ 1. (res) (2,tree) (2,lo0p)
| bBr'Bf = bH:‘H; +bB;B_;- +bB,-B; .

> At tree level, only é_ states contributing to Re b can affect the EOMS results because

+ : :
- states contribute to Re a which are taken as free parameters

2
> Due to charge conservation, contributions of b\ to ¥+ - py and 5~ - X~y are
iBy
- (res) :
dominated by N(1535). For other channels, b;f;f are mainly from A(1405).



Contributions of heavier resonances

(res) .
O by, at leading order A(1405) DECAY MODES
L
Maode Fraction (I';/T)
WA = n) = SrraF.;._mi(u‘.f+ Jwy) _ 8raFym?(wg — 3wy) r, 100 %
33 (my — mpg) Sﬂ{mn —my,) M Ay
rs %
B+ ) 4\/517@!::;';(1';3 + 3rg)(wa —wy) N 4\/§F¢mi(m + 3rp)(wa —wy) r, NK
L' —p)l=
( I 3(mp — my) 3(mz, — mpg)
N(1535) DECAY MODES
: (‘_\“ ] s.i",jf",_;.i‘nil[!i.',_{ - 'ﬂ';} Hr‘.;f“én}i( wy + ;_:‘J-:] The following branching fractions are our estimates, not fits or averages
(L = n) = —
3(mx, —mg) 3(mr —m,) Mode Fraction (I;/T)
i o N fr  N=x 32-52 %
BE — A) BraFamy(wy — 3wy)  SryFym(wy + 3wy) fa Ny 30-55 %
= n)= - - I Naw 4-31 %
I3 (mp —my) 3v3(mg —mz,) l_i A(1232) 7. Dwave e
g Np 2-17 %
8roFom?(wy —wy)  SrgFam?(wy + wy) M Np, 5=1/2 , Swave 2-16 %
(= -2 = 3 r e 4 3 e 7 7 Np, 5=3/2 , D-wave <1%
3(mp —mz,) 3(mp — mx,) Mg Na 2-10 %
g N(1440)= 5-12 %
- 2(p. — Ay . | - 2ip, — 3 s Mo pv. helicity=1/2 0.15-0.30 %
- ) = 4\5r¢,md_(r,1 Irg)(wa +wy) ~1\f"§r¢mé{m b )(wa +wy) Fyy no. helicity=1/2 0.01-0.25 %
3mz_ —mg) 3(mr —mx_)

» rq and r, can be determined by fitting to electromagnetic decays of the resonances
» wy and w, can be determined by fitting to the nonleptonic hyperon decays
B. Borasoy et al, PRD 59, 054019(1999), PRD 59, 094025(1999)




Contributions of heavier resonances

O Determination of LECs r; and Ty (SRIN(1535) - py & N(1535) - n y255t

Ly =irg [tr (Rouys {F1%. B}) + tr (Boy, s { £, R} )] SCIGEURESRIBE r F0 T's
+iry [tr (Rouuys [£17, B]) + tr (Bows [f17, R]) ] N(1535) BREIT-WIGNER WIDTH
VALUE (MeV) DOCUMENT 1D TECN COMMENT
125 to 175 (= 150) OUR ESTIMATE
147 + 5 6 HUNT 19 DPWA Multichannel
163 +25 KASHEVAROV 17 DPWA ~vp — np, o p
L k|7 AD) 120 +10 SOKHOYAN 154 DPWA Multichannel
8 wM; https://pdg.Ibl.gov Page 3 Created: 5/30/2025 Q7:46
with
T U EIERRT1909FE ZBINEER, EITH
UL AT TP e PRD(1999) 59, 094025 F/r ,fr T A EFT,

being the three-momentum of the photon in the rest frame of “ g i

the resonance and M} and My being the masses of the reso- ﬁ{ | ]ﬁi?]}_{’i\g‘fﬁn

nance and the ground state baryon, respectively. For the

resonance mass My we use the mass of N(1535), The mis-

'I_,Bke"W-.E make I.n the case of the ml‘wr resonance octet states Citation: 5. Navas et al (Particle Data Group), Phys. Rev. D 110, 030001 (2024) and 2025 update
15 of higher chiral order and, therefore, beyond the accuracy
of our calculation. For the transition matrix, one obtains

) ) o 131 +12 6SHKLYAR 13 DPWA Multichannel

|7|* = 128e*(p;- k)*(C'')* (A6) 188.4+ 3.8 6 ARNDT 06 DPWA =N — xN, nN
with p; the momentum of the decaying baryon and the coef- 240 80 CUTKOSKY 80 IPWA -V = =N
b ying 120 +20 HOEHLER 79 IPWA =N — =N

1535) = ] wal1535) = _ 2
cPH '—E"d*‘-“p ol 33!__3’;‘:. (AT) .



Contributions of heavier resonances

O Determination of LECs w; and wy

M (B,‘ — Bfﬂ') = fGr?HiBI (AS - AP’)'s,) B;, . ()

’f' k S/ k
P » S o=k P o=k p—k
As(S* = nrt) IVE sqlwa + Jwy) n 3sf(—wa+wy) Isa+ sf)(wa —wy) (m n:) my . my iy . my
A8 = = — o — —
3 My — My My — Mo my+ — My+ F, / (b) (c)
‘43(2_ -5 n;r_} = % . rl + %Vfi(sd (f(‘d +;‘];!'_f) + 3-‘51 [:‘.!.l.-f ;{!{J"J) ) Fi . (-”-!I _ Tn‘.)
PR iy, — Ay Mty — Mxo @
_ = 4 1_1
As(sH o _d=f) 1 2sp L Satsy 1 B M;’ — MR IE%{IE*&BEEE
s(EY = prn') = — F_‘._a, (wy — wy) T — Moy | s — My - F,j - (my = m;)
My = my, Mgo = Mg- = Ms+, m= =m=-, mx = Mg- = mMx+
) o, _d+3f 1 1 2sd(—wy +wys)  (8a+ s5) (wa + 3wy) 1
As(A = pr™) = Wi . A + 7 ( iy — Mer + mia — Moo . F (myp—my)
d+3f 1 1 (8q+ s5) (wyg+ 3wy) | 2s,(wy —wy) 1
f 0 — e — . — — _ b — —_ .
Aslh=on)=-—2 E+t 7% ( T Mo T m, i )T ™)
B ERIERR
As(E- — Ax-) = d-3f i.+ 1 [ 2s4(wq+ wy) + (84 = 85) (wy = 3wy) \ L - ((my —my)) As(A = pr=) + V2As(A = n7”) =0
Q\f':-_'; I'ﬁl, 1 M=- — .'"-.!rz- my = J"‘Iz“ i'g 0 o
As(2 — AsY) d-3f 1 1 ( (84 — s) (wa —Bwy) = 2s4 (u.'d+-u,'_;]) 1 (my —m) As(Z™ = An7) + V245(2 - Ar°) =0
s(= T =——7 "7 +t7= |- o (my —my
2v6  Fa G my — M=o mz, — Mxe Fy \/Eil£(2+ — prY) + As(E~ = nr~) — As(Bt s nnrt) =0
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Contributions of heavier resonances

O Determination of LECs s; and s;

Y = isy [tr( Ry, {u”, B}) — tr(B~,[u", R])] +is; [tr(Ry,[u*, B]) — tr(B,[u", R])]

BT BIEpptHERIAIN (1535 EEEAR R F 19995
ZRIRVEER, A(1405)EEEER1999FZRItEA
£TIMY, BUMSTELPRD(1999) 59, 094025 FHY
safls rimeet Ear, AN TIXPMEISE,
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APPENDIX: DETERMINATION OF THE ;—“-REH(]N:\N(.‘E
COUPLINGS 5, AND 5,

The decays histed in the particle data book, which deter-
mine the coupling constants 5; and 5., are N(1535)—Nm,
N(1535)—=Nn and A{1405)—Z 7. The width follows via

— |k ]| T
s«.u;l 47|

r=

(Al)
with

1 3 2 3 p .l
[kgl= m[{ﬂﬁ'h—(-'”H"'m'e-]')(-”i—ia"-’n_"f.ﬂ')]m
(A2)

2 2 2 2 2
|T|“=F_:[.ﬂnfp_ ;‘-fﬂ‘i'l(.“-fﬂ"' ."!'.FFJ' —m;].'lw, (1‘\3)

w
with the coefficienis

a

3
Axpisis==5 (84+357)7,

]. - >
Ay |.<35|=;-=g(d:.r— 3sp)°, A.q'(mus};ﬁhﬁ. (Ad)

Using the experimental values for the decay widths we arnve
at the central values

54=017, s5~=-0.12 (AS)

N 1 L L N i L

A(1405) WIDTH

PRODUCTION EXPERIMENTS

VALUE [MeV) EVTS DOCUMENT ID
50.5%+ 2.0 OUR AVERAGE

62 +10 HASSANVAND 13 SPEC pp — pA{1405) K™
50 + 2 lpaurz 91 M-matrix fit
& » » We do not use the following data for averages, fits, limits, etc. & » »

TECN  COMMENT

2 * ESMAILI 10 RVUE “%He K~ — Tt =F X at rest
32 &+ 1 700 1 HEMINGWAY 85 HBC K~ p4.2 GeV/c

45 to 55 400 2 THOMAS 73 HBC = p 169 GeV/c

35 120 BARBARO-.. 688 DBC K d 2.1-2.7 GeV/c

50 =10 67 BIRMINGHAM 66 HBC K p 3.5 GeV/c

89 +20 ENGLER 65 HDBC

60 +20 MUSGRAVE 65 HBC

35 + 5 ALEXANDER 62 HBC

50 ALSTON 62 HBC

20 ALSTON 618 HBC
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Contributions of heavier resonances

O Determination of LECs w; and wy

MIGRAD MINIMIZATION HAS CONVERGED.

MIGRAD WILL VERIFY CONVERGENCE AND ERROR MATRIX.
COVARIANCE MATRIX CALCULATED BIESESSFULLY

FCN= ©0.3033017 FROM HESSE STATUS=0K
EDM= ©.77E-03 STRATEGY=

EXT PARAMETER

NO. NAME VALUE ERROR
1 wd -0.11597 0.38385E-01 0
2 wf 0.11603 0.40858E-01 0
3 hd -0.58620 0.36891 0
4 hf 1.3173 0.21756 e
5 sd 0.34302 0.13601E-02 e
6 sf -0.23805 0.33415E-02 0

52 CALLS 200260 TOTAL

1 ERROR MATRIX ACCURATE

STEP FIRST

S5IZE DERIVATIVE
.37513E-06 -4,.8885
.3739BE-06 -3.3510
.19484E-03 -0.20482E-03
.10394E-03 -0.34094E-02
.75576E-06 -0.53674
.18135E-05 0.11039E-01

My € [1.26,1.36 |GeV
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Contributions of heavier resonances

O Predictions of amplitudes bjr_;iBJc

TABLE IX. Decomposition of the contributions to the parity-violating amplitudes b (in units of MeV).

This work EOMS ByPT (2022)

Decay modes  b7¥ | e p2oon) B2 pee) b2oop) B2
A—ny 67745 | ~0.03(17) [ 7.24(112) + 9.26(122)i 0.44 +926i -5.62(53) 7.87(73) + 10.04(81)i 2.25(90) + 10.04(81)i
Lt — py 0 -2.18 -1.82(17) - 1.67(18y —-4.0-1.6T7i 0 =196(11) - 1.75(12) —1.96(11) - L.75(12)i
X sny  —117378) 15136) | 131(17) + 9.46(117)i -8.91+9.46i -9.73(92) 1.41(11) + 10.09(78)i ~8.32(93) + 10.09(78)i
= Ay 6.77(45) |-238(114) ~1.43(76) 2.96 5.62(53) ~1.60(48) 4.02(72)
2% 11.73(78) | 2.61(82) 2.62(99) 16.96 9.73(92) 291(67) 12.64(114)

= oYy 0 0.032) | ~2.75(47) - 8.05(79)i -275-805i 0  -3.00(29) - 8.64(54)i —3.00(29) — 8.64(54)i

OUsing b = V3bS, “ﬂ*’and fittingto B and a,, for Z 50 - X%y and £° — A y decays,
we determme the contrlbutlons of counter-terms

MIGRAD MINIMIZATION HAS CONVERGED.
MIGRAD WILL VERIFY CONVERGENCE AND ERROR MATRIX.
COVARIANCE MATRIX CALCULATED ENESESSFULLY
_(1,tree) (2,tree) (2,Joop) _ R I (2.loop)
aB B aB B + aB B + aB B —_ e aBB + 1m aB B FCN= ©.2258674 FROM HESSE STATUS=0K 61 CALLS 462331 TOTAL
! r O f i i2f iDf EDM= ©.T1E-03 STRATEGY= 1 ERROR MATRIX ACCURATE
res 2.tr 2.loo EXT PARAMETER STEP FIRST
bB-B = b (xes) + b( tee) + b( P). NO.  NAME VALUE ERROR SIZE DERIVATIVE
iDf BBy 1 Real -18.133 8.38774 ©.19915E-03 -0.5B650E-02
: 2 Rebi 6.7724 8.49384 ©.24555E-83  ©.16039E-02 43
3 Rea? -32.964 1.3257 8.69679E-03  -0.25160E-83




Contributions of heavier resonances

a,(A-ny)
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BESIII data (black)
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Contributions of heavier resonances
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Contributions of heavier resonances
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0

Zhi-Peng Xing, Ruilin Zhu et al, arXiv:2608.03248

Observable Exp Our work
Br(xt — py) 0.996(28)[16] 0.996(28)
a, (2T = py) —0.69(5)[2] —0.685(35)
Br(A = nv) 0.832(66)[15] 0.831(66)
a~(A = nv) —0.16(11)[15] —0.17(11)
Br(2° = ny) - 3.7(3.0) x 1077
aL (2" = ny) - —0.685(35)
Br(Z" — Av) 1.24(7)[2] 1.241(70)
a, (2% = Av) —0.72(5)[2] —0.746(36)
Br(Z° = £%) 3.69(24)[18] 3.68(24)
a~(Z° = £%) —0.807(96)[18] —0.716(33)
Br(Z= = £77) 0.127(23)[2] 0.127(23)
a,(E7 = X79) 1.0(1.3)[30] —0.716(33)
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Summary

o Motivated by the latest BESIII results and the success of the covariant baryon chiral
perturbation theory, we revisited the long-standing WRHDs.

» LECs hD, hF and hyperon non-leptonic decay amplitudes are determined by fitting to the latest

experimental data on the B; - B; m decays

» O(p?) counter-term contributions are determined by fitting to =% - 2%y and 2° - Ay for the first time

o We showed that the latest measurement of A — ny by the BESIII Collaboration can

be well explained. The contributions of heavier %_ states are important to explain
the X' — py asymetry, and finally bring an overall solution to the WRHDs puzzle.

o This work provides essential SM inputs for studying new physics in the rare

hyperon semi-leptonic decay B; —» B;y" - Bl
LHCb: JHEP 05 (2019) 048 and CERN Yellow Rep.Monogr. 7 (2019) 867-1158




outlook

OA more precise measurement of @, (£~ — XZ7y) is highly desirable in order to
test Hara’s theorem and confirm the present experimental result.

Zhou XR, PoSCHARM2020(2021)007
AY.Barnyakov, JPhysConfSer1561(1)(2020)012004

Super tau-charm factory:




outlook

O Revisiting the S/P puzzle of hyperon O Revisiting CP violation (CPV) of hyperon
non-leptonic decays (B; - B, ) non-leptonic decays (B; — B, m)

CPV observables SM predictions BESIII data
'U'/ —
Latest BESIII study shows that A7 = 1/2 rule & (33X 10 (25146212 %107
may be violated ;
AL, (05~6) x 10~ (6+134+56)x 107
(ano)/{ax_) = 0.870 £ 0.0127791 B (-38~-03)x 10" (12434 +08)x 107

Jusak Tandean et al , PRD 67 (2003) 056001
Salone N et al , PRD 105 (2022) 11, 116022
Xiao-Gang He et al, Sci.Bull. 67 (2022) 1840-1843
Wang XFarXiv:2312.17486

BESIII: PRL 132 (2024) 10, 101801

Inp

L L L -

v" Previous theoretical studies in HBxPT
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Results for |AI = 1/2| non-leptonic hyperon decays is coming soon !






