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The original four fermion interaction for beta decay of neutron
n—pt+e +rv

is of the of form
Up ()70t ()1 ()7 e () + he.c.

Now consider other processes given below. Which of these processes (real or virtual) are

permitted and which ones are not permitted by the above interaction in the first order?
e p—nt+e +U,
e p—n+e +v;
en—pt+et +u;
e p—n-+ et + v,
en—ptet +u;
e —pt+et +u.

Give brief reason in each case.

DRAFT : To be checked for typographical errors

® Solution: The action of different field operators is as follows.

e 1,: Destroys a neutron or creates an anti-neutron.

1p: Destroys a proton or creates an anti-proton.

1e: Destroys an electron or creates an positron.

1, :Destroys a neutrino or creates an anti-neutrino.

Un Destroys an anti-neutron or creates an neutron

° 151, Destroys an anti-proton or creates a proton
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e ). Destroys an positron or creates an electron

e 1), Destroys an anti-neutrino or creates a neutrino

Writing the hermitian conjugate of the term explicitly written we get a sum of two

terms.

Dp(@)Vun (@)1 ()7 Pe(2) + Pn (@)1 tp (@) e ()7 0 ().

Process Fields required Allowed or Not?
(a) p—h+e +7 Uy, n,Ye,thy,  Allowed
b) p—n+e +v Uy n, Ve, Py Not Allowed
P
c) n—pt+et+v U, e, b,  Not Allowed
(c) D
d) p—n+et+0 U, Un e,  Not Allowed
P
() n—Dpt+et+v Py, Yp, Ve, by Allowed
(f) n—p+et+v Yp,Yn, e,y Not Allowed

We are looking for answer in lowest order only. So we can complete the
above table by looking at the creation and annihilation operators in the field
operators.

In fact that the Hamiltonian is hermtian means you can take particle from initial state
and put it as anti particle in the final state and vice versa. So under this transformation
an allowed process will remain allowed; a process, obtained from a process that is not
allowed, will also not be permitted.

Assuming that the form of the Hamiltonian for beta decay has been written correctly,
you can also use charge conservation and lepton number conservation to cross check the

answers.

KAPOOR File:qft-que-15004-sol.pdf

- http://Ospace.org/node/1175

Created:Jul 2016 Ver 16.x No Warranty, implied or otherwise

Printed November 28, 2016

License: Creative Commons



http://0space.org/node/1175
http://creativecommons.org/licenses/by-nc/4.0/

