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neutron p decay at tree level

At tree level, taking neutron and proton as an
effective parncles
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one can extract V., from the lift time of neutron
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radiative corrections in neutron pdecay

RCs in life time of neutron
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Among all the EW RCs, YW -exchange contribution
plays special role.
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YW -exchange contributions

These contributions

(1) change the angle dependence, not only ratios.
(2) non-zero imaginary part.

(3) deependent on hadronic structure
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YyW-exchange in literatures

Theoretical calculations in literatures
(1) current algebra
(2) model form factors (FFs) as input
(3) low energy effective theory (HBxPT)
(4) dispersion relations (DRs)
(5) Lattice QCD

used approximations or limits:
(1) forward limit
(2) current conserve
(3) only correction on lifetime




Coorn'YW with elastic infermediate state

We use hadronic model as example (which goes back
to low energy effective interactions, also obeys
some special DRs)

When only consider the elastic intermediate state,
the following quantities are used
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Co,n in literatures

1st approximation: neglect some interactions
J1=g9v,f2=9m, 3 =95 =0,
Jo=ga, s =97 =0, fs = gp.
2" approximation: forward limit (FWL) before loop
U(pe, me) LT (De, pus k)u(py, my) =~ u(0,0)I'77(0,0, k)u(0,0),
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Cg,n in literatures

3rd inner contributions and outer contributions,
leptonic part
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Co,n in literatures

4th FCC approximation for hadronic parts:
after applying the Dirac equation etc., only keep €
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And also some other similar relations.
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beyond FW limit and at amplitude level

our aim: yW-exchange contributions beyond FW at
amplitude level -- 16 helicity amplitudes
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YyW-exchange at amplitude level

In the practical calculation, when choosing the covariant
form for O,, it is very difficult to calculate the
corresponding c¢;, so we choose Pauli spinor form for O, as
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YyW-exchange at amplitude level

To compare the results in literature, we separate the
amplitude as
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coefficients c; at tree level beyond FWL

Beyond FW limit, but taking E.,E..m.,Eo as samll

quantities comparing with 7. .

Finally one has
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YyW-exchange at amplitude level

To calculate ¢,YW, the following parameters are needed:
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assumed form factors

For EM FFs, we take a very general form as

FY(?) = Fiy ) a; G, AT, nay),  F3 (1) Fg’oz% G(I%, A5, n2;),

N3
FP(P) = Fly Y a3;G(1°, A3, ns;),  F3 (%) = FgoZ% G (1%, A%;,m45),
j=1
o 2 A2 — (
with G(I%, A% n) (12 — A2)n

For weak FFs, we take

= fio Z%G (1%, A3, 7uig), [12(Q%) = F{5(Q%) — FT',(Q%),
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YyW-exchange in the FW limit

For tree diagram, one has
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For YW, one has
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vW-exchange in the FW limit
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CBor‘n

then one has
%%
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For comparison, we separate the corrections as
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FFs used in the practical numerical results

For f,, we take the simple form as

Ny =1,741 = 1,by; = Ajyy, Ajy = Ay = 1.09 £0.05 GeV

For EM FFs, we take three forms as examples

(I)

Ny =2,n1; = 2,a11 = 0.152, A1y = 0.726,a10 = 1.270, A15 = 1.294,

Ny = 2,n9; = 3, a1 = 0.359, Aoy = 1.000, azs = 0.656, Aoy = 1.004,

N3 =2,n3; = 2,a31 = A3y, Az; = 1.288,a30 = —A3y, Az = 1.378, F]}) = 1,
Ny =2,n4; = 3,a41 = 0.041, Ag; = 0.699, aso = 2.087, Ago = 1.214, (typel)
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FFs used in the practical numerical results

(IT)
N1 =1,n11 = 2,a11 = A}y, A1 = 0.960,
No =1,n91 = 3,a201 = Agl,Azl = 1.003,
N3 =2,n3; = 1,a3; = A3y, A3; = 0.847, a3 = —A3,, Azo = 0.914, FJ}) = 1,

Ny =1,n41 = 3,as1 = AS;, Ayx = 1.038, (typell)
(III)
Ni = 1, n;1 — 2, ;1 — A?l;Ail = Afy — 084, {6 = (typeHI)

other used parameters

m, = 939.56542 MeV,m,, = 938.27209 MeV, m, = 0.51100 MeV,
Fi, =1,F}, =1.793, F3;, = —1.913,
gv = 1,94 = —1.26, g5 = F3y — F5 = 3.706
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EM FFs vs.

Ex-data

3.0 — T T T T 1 T 1
S g = Ref2018 |
= = type I
===+ type II
. = =+ type III }
o Ex data

4B — Ref2018 i
- = type I
-2.0 =+ type II .
i — = type III
2.5 ° Ex data 7
3.0 A B TR - S NN | N SN R R |
0.0 05 1.0 15 20 25 30 35

0 [GeV’]

4.0

0.6

T T T

Ref2018
type I

type II
type III
Ex data

Ref2018
type 1
type II
type III
Ex data

Zhihong Ye, etc. PLB777(2018)8




EM FFs vs. Ex-data
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F,P vs. Ex-data
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Numerical results with different FFs

type I : <

( F
C JA

Born

CGTaQV

Born

type II : <

CGT)QM

. ~ Born

( F
C ' gA

Born

GTﬂgV
CBorn

CGTagM

type III : <

\ —~ Born

( F,
C ga

Born

GTJgV
C1Born

CGT79M

. —~ Born

= 1.048FE + 0.967F%, — 0.027F7) + 0.968F3, = 0.906,
= 0.465F7 + 0.231F% — 0.013F7, + 0.231F}, = 0.423,
= [0.226 FF) — 0.004F%, — 0.0058F], — 0.005E5]gar = 0.825

= 1.062FF, + 0.968F%, — 0.028F, + 0.985F% = 0.887,
= 0.478FF + 0.235F% — 0.014F + 0.239F% = 0.428,
— [0.232F%) — 0.004F%, — 0.005F7 — 0.005F3]gas = 0.844

— 0.999FF, + 0.999F% 4 0.999F%, = 0.882,
— 0.414F%) + 0.223F% 4 0.223F% = 0.388,
— [0.223F%, — 0.007F%, — 0.007F3]ga = 0.832
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comparison with results in literatures

A sa aa

Chamn Chors” Chors "
Ref. [Towner1992] 0.881 +0.014 not calculated not calculated
Ref. [Hayen2021] 0.91(5) 0.39(1) 0.78(2)
type I 0.951 0.442 0.835
type TI 1.009 0.475 0.876
type 111 0.882 0.388 0.832

The results for ngfl with type L II,III are consistent with those given in
Refs within the error.
Different from the case Cj9%, our results (type I) for C5 9V and Cg 9%

are about 8% and 6% larger than those given by Ref, respectively.

[10]NPAA 540 (1992) 478, [11]PRD103 (2021) 113001 26



contributions from different parts

contributions/All  Ch9%(fy) Col9v (1) Cg LI (£
P 115% 110% 102%
Fpn ~13% —7% 1%

Fr —3% —3% —3%
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YyW-exchange beyond the FW limit

when go beyond FW limit, our numerical calculations
show that only the contribution from proton F, and g,,
give significant E, dependent contribution as
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O, 06} _— (.47 -
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03} I e ]
02 -02 L Yo i
i F f— =6 RN i
Ak - . a -
0 i 04 = - - |_11 - . .
0.0 Bk i

B 0.0006 0.0007 0.0008 0.0009 0.0010 0.0 0.2 0.4 0.6 0.8 1.0

Ee (GEV) ne- I"Iv
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YyW-exchange beyond the FW limit

corresponding contributions to Cg_.,

Crirm Chory Chory Chony”
Ref.[Hayen2021| 0.91(5) 0.39(1) 0.78(2) not calculated
Ref.[Seng2023| 0.91(5) Total 1.22(1) not calculated
Ref.[Ca02025] FWL before loop 0.951 0.442 0.835 0
FWL after loop 0.984 0.452 0.841 0
beyond FWL 1.007 0.436 0.807 0.191

a hew non-zero contribution appears when beyong FWL
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Next step

1. dispersion relations beyond the forward limit

2. other processes such as weak decay of meson
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Short Summary

1.The inner yW-exchange contributions with Born
intermediate in the forward limit are calculated at the

amplitude level.

. F, . . .
2.The numerical result for Cg.;: is consistent with the
previous results, while the results for C5,.*Vand Cg, 2"

are about 8% and 6% larger than the precious results.

3. Beyond FWL, new contribution is found for c 5.




Thanks!

any comments, suggestions, and discussions are
Welcomel
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Expressions for some functions

2 2 2
m m x

X (x, y)_zc log N yQIOgy—éV+6m?\]10gy_27
m?\, m2 x?

Xo(z,y) = 2% log —X — y* log —¥ N — 6m3; log —

2 2

m m
Xs(z,y) = 2? log N — y?log yN
m?\, 2 72

X, (z,y) = 227 log — — 2y% log m_é\, + m3 log 2
Yy

Y(z) = log| Sy l,

Zy(z) = (—4m% + 2%)*?Y (),

Zy(x) = (—4m3F, + )2 (8m3 + 2°)Y (),
Zs(x) = (—4m%, + )2 (2m}, + 2*)Y (z),
Zi(x) = (—4m? + 22)22Y (2).
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