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Fig. 1. (a) Graph for baryon octet wave function renormal-

ization; (b) graph for pion wave function renormalization.
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Fig. 2. Tree graph for s-wave hyperon non-leptonic decays decay amplitudes (the solid square denotes weak interac-
(the dotted line denotes meson, and the solid line repres- tion vertices, while solid dot represents strong interaction
ents baryon). vertices).

241301-3


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 % 3R Acta Phys. Sin. Vol. 74, No. 24 (2025) 241301

—h° (P2 — I+ Mpy) (P — )+ Mp1) p°
@0 [ 0% M3 | [0 0~ Mg (12— m2)

i85 / pPalt

(S)e
Zi . =
J f]2

con_ 185" /u4Dle ~(— By~ 1+ M)l (L~ B

VR (2m)” :(p1 e Mg} [(z k) mgﬂ} (12 _ mgl) ’

—(I = F)°(#r — I+ M)l - k]y° 7
(pr = 1) = M3| [0 = k) = m3,] (12 = m3,)

- a(S)f2
FO2 _ i) / p'Pd"l

o f (2m)”

(J=F)° P = J+ M)k - (1 = B)]H° ’
(pr = 1) = M3| [0 = k)* = m3,] (12 = m3,)

- A(S)f3
som _ i85 / ptPdvl

g ff (2m)"

(10)

(11)

A p FORYERE IE ML I AAREE; D = 4 — 2¢ (e
FRAKT 0 HAR/NYED; 1, pr, po, k5PN
Wit FSEH T ORSETHRE s TRy S,
I Hag A 6 2 gl | RERESTAE, W & = py — po;
% }’517 ]527 k%*ﬁ@%méﬁﬁjé, Mg, Mep1, Mp2 %EP

(B M, Mgy, Mpy FR TS E i,
B (k=a, b, -, £) & A AL R 55 A R
SR G IES ¢

K, FLIERIE (18] 4) MR (K 5) # p %
PRI DTHRAE DS HESE T 3R

KPS AteE T s PR, Kbk =a, b, -

1 1 k
APE (BZ — Bj”[r) = \/ij {ag) [1 + 5((52’31 + (52’3]. + (5Z¢):| + EZ(jP) } ;

agln = —(Mnx+Msy) {D(hD —hg)  D(hp + 3hF))]

Ms — My | 3(My — My

Y
)

o), = —(My+Ms) {F(hD —hr)  Dlho 4 3th]

Ms, — My ' 3(My — My

(12)

, 3R p PR ERERIBI RS, W (18] 4) B STEkATT

o) _ My + My [ (hp +3hp)(D + F) | 2D(hp — hr)
Ap \/6 MA - MN ME — MN ’
o) Ma+ Mz [(hp — 3he)(D — F)  2D(he + hp) (13)
= \/6 ME - MA = — ME '
(a) Sm
e o=

Bl 4 8 p e Bk

Fig. 4. Tree graphs for p-wave hyperon non-leptonic decays.
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Fig. 5. One-loop graphs for p-wave hyperon non-leptonic decay amplitudes.
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0.61, F=0.4, hx=3.2 x 1077, MifHERKREA T
Bohp, it 5 2t snnt, 8- =, A = pr,
2T = An SR EAR G N, B V2Gem2, f
SRR g AN T A 5T 43 ) RO S
B 23 B My = 0.94, My =1.116, Ms, = 1.193,
M==1.318,m,=0.139, mg =0.495 £ 4 # & GeV,
n TR E N H Gell-Mann-Okubo ¢ R A 2429,
1 HE A, S B p? = 1/(47) GeV? Hll 12 =
1 GeV? PIFPE I HEA TR E LG54

53k [1,2,8,9] —HF, ASCHRH S — ant
YT —nm, A= prn, B7 — An AR s PWRIR
SLEEARIA T2 ho, he IS BUER TR 2T
TAEFAER T AR s UL p RIS, DLEE 1A
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R sHEEEN s, p ARG (ERAMAS: 4 = 1)

Table 1.  Fitting s-wave to predicts s and p wave amplitude (renormalization point: 4wu® = 1).

R HB(Jenkins) s P M8 (741 SLYG
Xt — nnf(s) 0.00 0.02 0.11 0.05 0.06 0.06 &+ 0.01
Xt — prl(s) -1.37 -1.39 -1.60 -0.18 -1.42 -1.38 £ 0.02
Y —onw (s) 1.94 1.98 2.16 0.36 1.80 1.88 4 0.01
A — pm (s) 1.43 1.49 1.58 0.11 1.47 1.38 + 0.01
A — nr'(s) -1.01 -1.05 -1.19 -0.12 -1.07 -1.03 4 0.01
= —nw(s) -1.90 -1.76 -1.28 -0.23 -1.05 -1.99 + 0.01
=0 — nrl(s) 1.34 1.25 1.03 0.18 0.85 1.51 £ 0.01
It — nnt(p) 0.12 0.14 1.03 0.14 0.89 1.81 4+ 0.01
=+ — pr’(p) 0.21 0.23 0.72 0.08 0.64 1.24 £ 0.03
Y —aw (p) -0.18 -0.19 0.02 0.03 -0.01 -0.06 + 0.01
A — pr (p) 0.43 1.31 0.38 0.05 0.33 0.63 £+ 0.01
A — nn’(p) -0.31 -0.93 -0.27 -0.04 -0.23 -0.41 £ 0.01
= — o7 (p) 0.10 -0.21 0.19 0.00 0.19 0.39 + 0.01
=0 — nn'(p) -0.07 0.15 -0.14 -0.00 -0.14 -0.27 £ 0.01

hp -0.58 + 0.09 -0.60 + 0.12 -0.53 £+ 0.35 — — —
hy 1.36 + 0.05 1.00 £ 0.07 0.92 + 0.20 — — —
X3dos 415 5.23 1.96 — — —
X%d_of 2676.96 3602.73 1403.43 — — —
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K2 s PHUBTI s, p PARIF (FREMLA: 4m? = 4m)

Table 2.  Fitting s-wave to predicts s and p wave amplitude (renormalization point: 4wu® = 47).

Wl HB(Jenkins) 7% P PE (r4h) FI

2+ — nmt(s) 0.00 0.05 0.06 0.25 0.19 0.06 & 0.01
=+ — prd(s) -1.37 -1.39 -1.73 -0.31 ~1.42 ~1.38 £ 0.02
¥ — nmw (s) 1.94 2.02 2.13 0.76 1.37 1.88 4 0.01
A — pr(s) 1.43 1.58 1.71 0.08 1.63 1.38 + 0.01
A — nm'(s) 1.01 1.12 1.28 0.06 1.22 1.03 £ 0.01
E — nw(s) ~1.90 -1.61 -0.99 -0.35 -0.64 ~1.99 £ 0.01
=0 — na'(s) 1.34 1.14 0.92 0.25 0.67 1.51 £ 0.01
= nwt(p) 0.12 0.13 1.51 0.18 1.33 1.81 £+ 0.01
>t — prd(p) 0.21 0.25 1.09 0.10 0.99 1.24 4 0.03
¥ — nr (p) -0.18 —0.22 -0.03 0.05 -0.08 ~0.06 + 0.01
A — pr(p) 0.43 0.98 0.33 0.09 0.24 0.63 & 0.01
A — nr(p) -0.31 —0.70 -0.23 ~0.06 -0.17 ~0.41 £ 0.01
= —an (p) 0.10 0.36 0.56 0.05 0.51 0.39 £ 0.01
=0 — nr’(p) -0.07 0.26 -0.40 -0.03 -0.37 ~0.27 £ 0.01

Iy ~0.58 £ 0.09 ~0.49 + 0.12 ~0.47 + 0.31 — —

hp 1.36 4 0.05 0.71 4+ 0.07 0.71 + 0.19 — —

2ot 4.15 5.21 1.98 — —

X3 dor 2676.96 3620.78 1556.18 — — —

# 3 pBHIETI s, p WARIE (EEMAL: 4r = 1)

Table 3.  Fitting p-wave to predicts s and p wave amplitude (renormalization point: 4mu? = 1).

& HB(Jenkins) s 7% B (m4h) S

St — nmt(s) 0.00 0.02 0.22 0.16 0.06 0.06 £ 0.01
£F — prl(s) 5.57 3.31 2.69 0.31 2.38 1.38 4+ 0.02
S — nw(s) 7.89 4.70 3.81 0.61 3.20 1.88 £ 0.01
A= pr(s) 4.01 1.83 2.76 0.24 2.52 1.38 £ 0.01
A — nm'(s) -2.83 -1.29 -2.02 -0.19 -1.83 -1.03 4 0.01
E — a7 (s) 6.83 3.27 2.28 0.41 1.87 1.99 &+ 0.01
B0 — nmd(s) 4.83 2.31 1.73 0.30 1.43 1.51 £ 0.01
S+ — nwt(p) 1.45 1.29 1.81 0.25 1.56 1.81 £ 0.01
S = pr'(p) 0.87 0.54 1.29 0.14 1.15 1.24 + 0.03
 — o (p) 0.21 0.53 0.02 0.05 0.07 0.06 & 0.01
A — pr(p) 0.74 0.82 0.65 0.09 0.56 0.63 £ 0.01
A = nn(p) 0.52 0.58 0.46 0.07 0.39 0.41 & 0.01
E — a7 (p) 0.84 0.69 0.37 0.00 0.37 0.39 £ 0.01
2% — n7'(p) 0.60 0.49 0.26 0.00 0.26 0.27 & 0.01

hp ~3.46 + 0.87 ~1.95 £ 0.67 ~0.93 £ 0.02 — —

hp 4.43 4 1.34 1.67 + 0.62 1.58 £ 0.04 — —

X3 dor 98.97 15.57 8.51 — —

X3 o 71376.35 10276.18 6026.18 — —

N T = 0He s B p PEIRIE ] rh 2 A1, ) PG, R b T A P AR
B p PG A R BUERCR . & 3k 4 P i i p A HHRIRY s RIS S B | BT
N p BARIE B PR TS R AR AR 5 SR E L VAR DA B R S i A W R 22 51, AL
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F4 pPILETN s, p PeIRIE (FEEAL: 4 = 47)

Table 4.  Fitting p-wave to predicts s and p wave amplitude (renormalization point: 4mu? = 4).

Wl HB(Jenkins) 7% P PE (r4h) FI
Xt — nmf(s) 0.00 0.05 0.11 0.35 0.24 0.06 &+ 0.01
Xt — prl(s) —5.57 -3.45 -2.07 -0.38 -1.69 -1.38 + 0.02
Y —nw(s) 7.89 4.93 2.66 0.97 1.69 1.88 + 0.01
A — prw(s) 4.01 1.99 2.45 0.13 2.32 1.38 4 0.01
A — nn'(s) 2.83 1.41 1.80 0.09 1.71 1.03 £ 0.01
= —oaw(s) —6.83 -2.93 -1.37 -0.44 -0.93 -1.99 + 0.01
=0 — nnl(s) 4.83 2.07 1.19 0.31 0.88 1.51 4+ 0.01
St — nnt(p) 1.45 1.43 1.76 0.22 1.54 1.81 4 0.01
X+ — pn’(p) 0.87 0.60 1.38 0.12 1.26 1.24 + 0.03
Y —aw (p) 0.21 0.59 -0.19 0.05 -0.24 -0.06 + 0.01
A — pr (p) 0.74 0.83 0.59 0.12 0.47 0.63 + 0.01
A — n1'(p) —0.52 -0.58 —-0.42 -0.08 -0.34 —-0.41 £ 0.01
= — o7 (p) 0.84 0.38 0.55 0.05 0.50 0.39 + 0.01
=0 — nn'(p) —0.60 -0.27 -0.39 -0.03 -0.36 -0.27 + 0.01

hp -3.46 £ 0.87 —~1.46 £ 0.46 -0.51 + 0.05 — — —
hp 443 + 1.34 1.22 + 0.45 0.96 4+ 0.10 — — —
Xigor 98.97 16.37 341 — — —
X3 dof 71376.35 10.647.20 2529.84 — — —

R USSR S SR A 2= BOR. & 3
4 BRI R — 4518,

R1—RAWH T VRGP © B TTRR
/N e PSR AR DR AR R (5T — ant
sWAS™ — nm~ p i), © R TTHREE AS L
AR R © (TS © DLAM STERAR HE
FBIRBUIMABAT BB 58 T I L EL. BRI Z AP,
MM SE RN, X HR I DTkt A AT 200

5 &% #

B AR IR, RSO BR T FIEar 741
)59 e RE DR TTRRA L, 1675 T8 T PV = A
() 25 A TR, 33X 79 s 7 DA 1) SCHR rh i 2 e, 6
A XA S A5 R 5 DU SCRRGS R 22 53 (1 R
. LA R 1I—R 4 MBESR, TR
TURRANT] (AR I%) 20, PhAEHESR T Bris 21 (Y
T (B AMOR BERE 58 2 R T T AR R 8 s U
p PP JE R, HSE 3 B PSSR 45 b AR e
PEAEIERR > B AUA B TS A% ).

DRI TRI 2k, ASSCBAT B IE A L HORERT , 2%
JTHIIVEHESL S 5955+ EE A LA Bl DTk, kst
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Baryonic non-leptonic decays in covariant chiral
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Abstract

An unresolved issue in the study of baryon non-leptonic decays is that the theoretical values describing the
s- and p-wave amplitudes of such decays cannot simultaneously accord well with experimental values.
Compared with previous literature, this paper adopts the covariant chiral effective theory framework and
calculates the one-loop corrections to the s- and p-wave amplitudes by using the extended minimal subtraction
(EMS) scheme, and also takes into account the contributions from intermediate pion states that are neglected in
previous studies (the contributions from intermediate decuplet states are not considered here). Unlike infrared
regularization and the extended on-shell subtraction scheme, EMS is easier to implement and also avoids over-
subtraction. Apart from the typical chiral logarithmic term mJnm, obtained in heavy-baryon formalism, the
covariant calculation retains many non-local contributions that are not negligible. These non-local contributions
vary with loop diagrams and intermediate states, making the complete covariant results significantly different
from those from the simple chiral logarithmic structures in heavy-baryon formalism, which may alleviate the
tension between the s- and p-wave components of the decay amplitudes. Subsequent numerical analysis confirms
this conjecture. Two approaches are adopted to obtain covariant theoretical predictions: s-wave fitting and
p-wave fitting. According to the fitted predictions and chi-squares of fitness, the s-wave fitting yields s-wave
predictions slightly inferior to those under heavy-baryon formalism, but the resulting p-wave predictions are
considerably improved compared with the heavy-baryon formalism predictions. The p-wave fitting produces
p-wave predictions closer to experimental values, while the heavy-baryon predictions differ significantly from
the experimental values. The resulting s-wave predictions from p-wave fitting show noticeable discrepancies
with experimental data, but the heavy-baryon predictions are even worse. Therefore, working in the covariant
framework, the tension between s- and p-wave amplitudes for baryon non-leptonic decays is significantly
alleviated in comparison with that in heavy-baryon formalism. In addition, it is found that the contributions
from intermediate pion states may be neglected in many cases, but are important and must be kept for decays

with smaller experimental values.
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