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Hyperon nonleptonic decays in yPT, revisited
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Nonleptonic decays NAV VA Ng &@3 NCE

Transition amplitude
M(Bi — Bf 7T) = Gpmer,ﬁf (A(S) + A(P>y5)ul-
Dimensionless [-wave amplitudes

parity-violating: A =g
psl

arity-conserving: AF) =
P ¥ g Ef + my

Decay observables
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Baryon polarization NAV VA NE g‘-)} NCBJ
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E7 > A(— pn7)n~ decay [Nature 606, 6469 (2022)]
Produced B(B) at e*e™ colliders (e.g. BESIII) are inherently polarized.
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Motivation: new data landscape N AVWVA NE @3 NCBJ
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Subject of study NAV VA Ng @3 NEBY

Y
T n p
1
@ AS =1 transitions:
> Z+ g n7r+ 0 >~ >+
» YT > nn
» A — pn~
» BT > An”
1 - "
>
-1 -1/2 0 12 1 I

V2A(E* = pr®) —A(E > )+ A(E > nn) =0
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Measurable parameters NAV VA N § Qa‘ NCBJ

Summary of nonleptonic hyperon decays properties [PRD105, 116022 (2022)]

B a ¢ [rad] T [GLm? GeV]
St —art 48%  0.068(13)  2.91(35) 0.0769(02)
St —pr®  52%  -0.994(04)  0.63(59) 0.0821(02)
%" —ar~ 100% -0.068(08)  0.17(26) 0.0861(01)

A—pr~  64%  0.755(03) —0.113(61)  0.0310(02)

A — nn° 36% 0.692(17) — 0.0174(01)
E-—> An~ 100% —0.379(04) —0.042(16) 0.0778(01)
20— Ar%  100% —0.345(08) 0.36(21) 0.0438(01)
Next step
Use a, v, I data to extrapolate updated experimental L-wave amplitude values. J
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Extrapolate data points NAV VA Ng Qa‘ NCE

L-wave amplitude extraction: assuming CP conservation, Al = 1/2

L= Ljexp(ish). j € {201,21)
J

and final-interaction phase shifts [PRD105, 116022 (2022)]

lql [MeV/ic] 67 [°] 55 [°] N 5% [°]
A — Nr 103 6.52(9)  —4.60(7)  -0.79(8)  —-0.75(4)
> - Nr 190 9.98(23) -10.70(13) —0.04(33) —3.27(15)

Relative sign between amplitudes fixed by Lee-Sugawara relation

3
%A(S)(Z‘ —>nr )+ AS(A 5 pr) 4240 (E 5 ArT) =0
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Extrapolate data points NAV VA Ng Qa) NCBJ

New reference values extracted from data compared to [NPB 375 (1992)]:

S aF=

Scomp Sreal | STenkins Peomp Prea | Prenkins
¥ >nant | 0.09+024¢ | 0.06 0.06 1.70+0.00 | 1.81 1.81
z* —>pHO —-137+008¢|-138|-143 | 1.25-0.00¢ 1.24 1.17
X -t | 1.85-035¢ | 1.88 1.88 [-0.06+0.00{ | -0.06 | —0.06
A - pr 1.36 +0.1614 1.38 1.42 063-001¢ | 0.63 0.52
A-nr® |-1.02-0.124|-1.03| -1.04 |-0.42+0.01; | -0.41 | —-0.39
= - Ar -1.99 -199 | -1.98 0.39 0.39 0.48
=0 5 Ax° 1.52 1.52 1.52 -0.27 —-0.27 1 -0.33

Previous values extracted on the assumption of real-valued amplitudes: comparison
with complex-valued /-waves on most recent data. J
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Framework NAV VA N § R@} NCE

o At low-energy regime, @, too large for a perturbative description of hadron
interactions from QCD.

o yPT: EFT with hadrons as DF parametrizes meson-baryon interactions [Physica A
96 (1979) 1-2, 327-340], [Annals Phys. 158 (1984) 142].

Weak nonleptonic hyperon decays previously studied in

Nuclear Physics B261 (1985) 185-198
© North-Holland Publishing Company
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Starting point NAWA [\ &@3 NoB

Computing 1-loop corrections using Heavy-Baryon xPT (nonrelativistic approach):
@ [Nucl.Phys.B 261 (1985) 185-198]:
> baryon decuplet not included as internal states; terms up to 0(M12< log Mk).
© [Nucl.Phys.B 375 (1992) 561-581]:
> inclusion of decuplet, 3-meson vertex / ; terms up to O(MIZ{ log Mk ).
© [EurPhys.J.C 6 (1999) 85-107]
> decuplet not included, 3-meson vertex /i ; terms up to MIZ{ (a+blogMg).
© [Phys. Rev. D 61, 114014 (2000)]:

> same as 2, contradicting results in s, terms.

General conclusions
@ LO chiral corrections to S-waves are in good agreement with experiment;
@ P-waves are not well-described;

@ Results from simultaneous fitting are unsatisfactory.
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N SR NeBY
Procedure NAV VA m c &)) NCBJ
Compute 1-loop corrections from relativistic LO Lagrangian

L;B+£23

e = hp wB{E hE, B} + hp wB[£he, B] + he v TH(EThE)T,,

E.g. S-wave contributions:
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Procedure NAWA [N¢ <Bhee

H

Inclusion of lower-lying % resonances [Phys. Rev. D 59, 094025 (1999)]

LY o< d* [r(RH&he, BY) + te(B{The, R* Y| + f* [tw(R* [£7hé, B]) + tr(B[£Thé, RY))|
+iwg [(R™{€7hE, BY) — w(B{&he, R™})| +iwy (R [£7hé, B]) — tr(B[£The, R7])]

The resulting amplitudes:

Stheorya Ptheory = l.c-(hD,F,C7 Wd.,f d’, f*)

Goal

To fit Lineory 10 Lexpt using least squares method to obtain LEC’s values. J
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Previous work result

TABLE 2
Predicted S-wave amplitudes for parameter values s, =

NAWA IN§ S tees

~0.35, hp = 0.86, and he = —0.36

Decay Soxnt Stheary Strec ASio0p ASpere Asgerip
It snrt 0.06 -0.09 0.00 -0.09 0.13 -0.22
3* - pr® —1.43 -1.41 —0.85 -0.55 —-0.04 -0.351
3" snm” 1.88 1.90 121 0.69 0.18 0.51

A—pr” 1.42 1.44 0.91 0.53 0.16 0.37
A—-nx® ~1.04 - 1.02 —0.64 —0.37 —0.11 -0.27
E- o An~ —1.98 —2.04 ~1.19 —0.84 -0.14 -071
E%> Ax® 1.52 1.44 0.84 0.60 0.10 0.50

[Nucl.Phys.B 375 (1992) 561-581]

@ Good agreement with experiment.

@ K¢ not well determined by 1-loop fit (k¢ = —0.36(65)). 3-meson &, terms are

negligible. Quark model prediction hp/hp = —1/3 is favored.

@ Octet correction is small, while decuplet contribution is sizable.

@ P-waves are poorly reproduced when using S-wave fit LEC’s.

v
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Preliminary results NAV VA Ng Qa) NEBY

Resonance saturation S-wave fit (hp = —1/3 hp)

LEC [GFmZ \/Ef ] Sexpt Stheory Stree ASloop ASres
n V.4
+ +
hp  0.994 +0.012 Zoomm s 0090 = = -
e 1101 £0.11 St o pn® -137 -137 -094 -044 -2.15
100201 > Sar 185 1.85 132 052 3.23
vs 00011 A—pr 136 137 108 029 242
2277 +0.13 ~ ~ - - :
W;’ A—-nr® 102 -1.00 -076 -023 —1.70
X 123.5 B A -199 202 -135 -0.66 -10.79
X 61.77 20 A7 152 127 096 031 7.40

S-waves

@ Corrections to LO yPT are large, for most channels coming from the resonances
(also tree-level): confirmed importance of resonances.

@ Good agreement with experiment and convergent behavior recovered.

@ hc is large, hF is even close to Jenkins’. Large cancellation between resonance
and loops.

vy




Preliminary results

NAWA IN§ S tees

Resonance saturation P-wave fit (hp = —1/3 hp)

LEC [G F m%, \/Efn] Pexpt Ptheory Ptree Aploop Apres
+ + _
By 069650008 oo 125 122 070 1o 14
he  0.527 £0.007 P : : . . .
7 0,65 = 0.04 > Soar -0.06 -0.10 097 -1.06 031
. PP A—pr~ 063 063 -033 095 076
~4.190 + 0.031
! - A—nr®  —042 -046 024 -070 -0.56
X 68.66 B - At 039 039 012 027 131
X 22.89 2 5 A —027 -029 -0.09 -020 0.89
P-waves

@ Tree level is not dominant. “True” loops dominate in some decay channels: not a
coherent picture.
@ Good agreement with experiment, loss of convergent behavior.

o LEC’s size is closer to previous works.
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Preliminary results NAV VA Ng Qa) NCBJ

Resonance saturation combined s- and p-wave fit

LEC  [Grm2V2f,]
hp 0.3362 + 0.0022

hr 0.8887 + 0.0028 @expt @heory  Texpt  Uiheory  Sexpt  Stheory  Pexpt Ptheory
he 2.260 + 0.006 >t — nnt 0.07 0 0.08 0.07 0.09 0 1.70 -1.78
wa 17.60 + 0.09 St pa® -098 -1.00 0.08 009 -1.37 134 125  -1.35
wy ~1.022 +0.011 X" —-nar- -0.07 0.07 009 005 1.85 -1.37 -0.06 -0.05
d* —12.480 + 0.027 A — pn~ 0.76 0.74 0.03 0.03 1.36 1.43 0.63 0.63

f* ~5.553 +0.016 A — nr® 0.69 075 0.02 002 -1.02 -1.00 -042 -0.46

E"—> An~ -038 -040 008 008 -1.99 043 039 -2.07

2

X 4971 B - Ar® -036 -042 004 004 152 -032 -027 143
¥ 828.5

hp /by 0.378

Combined fit

@ Poor agreement with data, loss of convergent behavior for S-waves.
o LEC’s size is inconsistent with other results.

@ Quadratic relation in @ and I" disregards relative signs between amplitudes: too
much freedom. Switch to fit separately to L-waves together (future).




Relativistic chiral LO Lagrangian NAVVA [\¢ &@3 NCBJ
Meson-baryon LO Lagrangian
Lyp=itr BDB —mg tr BB+ D tr By!ys{A,, B} + F tr By*ys[A,, B] —i T" DT,
+my TFT, + C (T*AuB + BA,TH) + H Ty, ysA T, + f; tr 9, Zo*x’
Inclusion of %x resonances [PRDS59, 094025 (1999)]

Lyp =25q [tr(Ry{Au, B}) — tr(By,{Au R})|
+2s5 [tr(Ryu[Au, B]) — e(Byu[Au. R])]

D* . _
L;?*B = 5 [tr(B*VMVS{Au’ B}) + tr(BVMVS{Au’B*})]

*

+ 5 [tr(B_*'yu')’S [A/n B]) + tr(g')’MVS [A;u B*])]
1 ] N
V”=§(§G”§*+§*6”§), Aﬂzé(é:aﬂg_fva#ér)

in 2in
E=exp—, T=&=exp—
! f
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S-wave diagrams NAV VA NE @3 NCBJ

S-wave 1-loop corrections [Nucl. Phys. B 375 (1992)]
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P-wave diagrams NAV VA NE @3 NCBJ

P-wave 1-loop corrections, [Nucl. Phys. B 375 (1992)]
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Preliminary results

Resonance saturation s-wave fit

NAWA [\ &5

LEC [Grm?2 V2] Sexpt  Stheory Stree ASigop  ASres
hp 7.5+09 St onnt 0.09 __ __ __ __
hr -2.7+04 - pr® 137 -137 720 857 -7.39
he —38.5+3.2 > >nar-  1.85  1.85 -10.18 12.03  9.18
Wy 257+ 1.7 A—pr 136 135 023 157  7.49
Wa —91+8 A—-nr® -1.02 -105 016 =121 =526

=i 82.86 E- > Ar~ -199 -201 635 -836 -27.72
205 A0 152 133 —449 582 19.08

hp/hr -2.792
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Preliminary results

NAWA I\NE B

Resonance saturation p-wave fit

NCBJ

SWIERK

Pexpt  Ptheory Ptree Ap loop Apres
>t - nat 1.70 1.70 -0.25 1.95 1.78
>t — pﬂ'o 1.25 1.25 -0.29 1.54 1.30
X" —>nn- -0.06 -0.06 0.15 -0.21 -0.02
A — prn~ 0.63 0.63 0.11 0.52 0.31
A — nrd -042 -046 -0.08 -0.39 -0.23
B — An” 0.39 0.39 -0.20 0.59 -0.48
2> Ar® -027 -028 0.15 -043 033

LEC  [GrmiV2fs]
hp  —0.286 +0.008
hp 0.10 £ 0.08
he -0.79 +0.18
d* 3.6+0.4
f* -1.93+0.32
x> 16.76
2 8.38

hp/hp -2.91
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Preliminary results NAV VA Ng Qa) NCBJ

Resonance saturation combined s- and p-wave fit

Sexpt Stheory Stree As loop Asres Pexpt Ptheory Ptree

>t — nnt

>t - pr

T —>nn”
A — pn~

A — nr
E > An
B0 — An°

0.09 —— —— —— — 1.70 -1.78  0.58
-137 134 =039 1.73 1.18 1.25 -135 =042
1.85 -1.37 055 -192 -098 -0.06 -0.05 1.20
1.36 1.43 1.23 020 -0.99 0.63 0.63 -0.80
-1.02 -1.00 -0.87 -0.14 069 -042 -046 0.59
-1.99 043 -095 1.38 2.05 039 -2.07 0.70
1.52 -032 067 -099 -143 -0.27 143 -0.5I1
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