
2026.03.28  河北师范大学

γW-exchange contributions 
in neutron β decay

Hai-Qing Zhou (周海清，东南大学)
Hui-Yun Cao (曹慧云，湖北师范大学)

1

第五届强子与重味物理理论与实验联合研讨会

based on  PRC109(2024)025204, PRC111(2025) 065202 and incoming…. 



Outline

1. neutron β decay and radiative corrections

2. γW-exchange in forward limit

3. γW-exchange beyond forward limit

4. a short summary

2



3

neutron β decay at tree level

one can extract     from the lift time of neutron

At tree level, taking neutron and proton as an 
effective particles
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radiative corrections in neutron βdecay
RCs in life time of neutron

Among all the EW RCs, γW-exchange contribution 
plays special role.

A. Sirlin, PR164 (1967) 1767, RMP50 (1978) 573 , W. J. Marciano and A. Sirlin, PRL 96 (2006) 032002
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γW-exchange contributions
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These contributions 
(1) change the angle dependence, not only ratios.
(2) non-zero imaginary part.
(3) deependent on hadronic structure
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Theoretical calculations in literatures

(1) current algebra

(2) model form factors (FFs) as input

(3) low energy effective theory (HBχPT)

(4) dispersion relations (DRs)

(5) Lattice QCD

γW-exchange in literatures

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

CBorn:γW with elastic intermediate state
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CBorn in literatures
1st approximation： neglect some interactions 

2nd approximation：forward limit (FWL) before loop

which means



3rd inner contributions and outer contributions,
leptonic part

CBorn in literatures
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4th FCC approximation for hadronic parts:
after applying the Dirac equation etc., only keep εμνρσ

And also some other similar relations. 

CBorn in literatures
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beyond FW limit and at amplitude level
our aim: γW-exchange contributions beyond FW at 
amplitude level -- 16 helicity amplitudes
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γW-exchange at amplitude level
In the practical calculation, when choosing the covariant 
form for Oi, it is very difficult to calculate the 
corresponding ci, so we choose Pauli spinor form for Oi as
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To compare the results in literature, we separate the
amplitude as  

γW-exchange at amplitude level
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coefficients ci at tree level beyond FWL
Beyond FW limit, but taking              as samll
quantities comparing with     .  Finally one has

When recoil contributions are neglected, one has 
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γW-exchange at amplitude level
To calculate ci

γW, the following parameters are needed:
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assumed form factors
For EM FFs, we take a very general form as 

with

For weak FFs, we take
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γW-exchange in the FW limit
For tree diagram, one has

For γW, one has
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γW-exchange in the FW limit
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CBorn

then one has

For comparison, we separate the corrections as
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FFs used in the practical numerical results
For f4, we take the simple form as

For EM FFs, we take three forms as examples
(I)
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FFs used in the practical numerical results

other used parameters

(II)

(III)
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EM FFs vs. Ex-data

Zhihong Ye, etc.  PLB777(2018)8
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EM FFs vs. Ex-data
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F1
p vs. Ex-data
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Numerical results with different FFs
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comparison with results in literatures

[10]NPAA 540 (1992) 478,  [11]PRD103 (2021) 113001
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contributions from different parts
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γW-exchange beyond the FW limit
when go beyond FW limit, our numerical calculations 
show that only the contribution from proton F1 and gA,
give significant Ee dependent contribution as
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γW-exchange beyond the FW limit
corresponding contributions to CBorn

a new 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 γW-exchange contributions with Born

intermediate in the forward limit are calculated at the 

amplitude level.

2.The numerical result for      is consistent with the

previous results, while the results for       and 

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

3. Beyond FWL, new contribution is found for       .  



any comments, suggestions, and discussions are 
Welcome!

请大家批评指正！
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Expressions for some functions


