1 Problem 37

Consider the scattering process 7 + e — U + e (antineutrino-electron scattering) in a theory with interaction
Lagrangian

f]@ea@eﬂﬂm@u) = _gay’%u(l - ’YS)dJe@e’Y“)(l - ’75)1#1/5 (1)

where v, is a Dirac fermion field describing neutrino with zero mass, and . is a Dirac fermion field describing
electron with mass m. In order gl, calculate the (spin summed) transition probability Z |sz-|2 in the C.M. frame.
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The following spinors are used:
e u(pe): Incoming electron

(
(pw,): Incoming antineutrino

.
<l

u(ge): Outgoing electron

» v(gp,): Outgoing antineutrino

First, we’ll write Ty; (from the Lagrangian):

Ty = —(i9)0(ppe )71 — v5)u(pe)u(ge) v (1 — v5)v(gw.) (2)

To express iji, let’s first compute the first half:

{Bpr (L = 15)upe)} = ul(pe) (1 = 75) ] 05) = {7070 = 1 A00 =3 A (0.5) =705} =

= ul (pe)(1 = ¥5)70707 10005, ) = {’YO’YL’YO =9 A (L=75)7 =71+ 75)} = 3
= uf(pe)r0(1 + 35) 0 (rm,) = {ufro =7} =
= (pe) (1 +75) 70 (Pp.) = W(pe) (1 —75)v(Pp,)
If we do the second part of T;z' similarly, we get
T7; = (i9)u(pe)va(l — v5)0(Pw, J0(gp )7 (1 = v5)u(ge) (4)
We can now compute the transition probability:
5% = g° (00w )1 (1 = 5)u(pe)(ge)r™ (1 — v5)0(gm )] [E(Pe)va(l = 75)0(pp, Vo(dm, )y (1 = v5)u(ge)] =
= *[0(pr. )7 (1 — v5)u(pe)u(pe)Va (1 — ¥5)v(pr )] [@(ge) 7™ (1 — 75)v(4, ) 0(gm, )7 (1 — ¥5)ulge)] = (5)
= ¢’1J
If we use the trace identity on the first square bracket, we get:
I = (g, J7(1 = 75)u(pe)A(pe) a1 = 735)0(pr,) = {@(...)u = Trfum(..)] } = o

= Tr[v(pp, )0(pre ) Y6 (1 = ¥5)u(Pe)U(Pe)va (1 — 75)]

S 1= 3 Dlolpp,o(pr (1 15)u(pe)Tpe)va(l = 15)] = { D v =p+m} =
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= Tr[pr, (1 = 75) (Pe + m)va(l —75)] =
= Trlps. 7 (1 — ¥5)peva(l — v5)] + mTr[pp, vu(l — v5)va(l — ¥5)] = {sze = p?%} =
= Tr[pz. Yupe (1 +75)7a(1 = ¥5)] + mTr[pg, Yuva(l +75)(1 = 75)] = {(1 +75)(1 —5) = 0} = (M

= Tr[ps, Yupera(l — 75) (1 — 75)] = Tr[ps, Yupeta(l — 75)%] = Tr[pp. Yupera(l — 75)] =
= 2p7 pe Tr[vovurrva (1 — v5)] = 2%, pe (Tr[YovpurrYal — Tr[YovuvrYas]) =

=207 Pl [4(Jougra — JorGua + Joadur) + 4i€opral =

= 8(Pre,uPe,a = Pre,rPedpa + Poe,aPeu + D3, Decopra)



If we compute J similarly, we get (imaginary terms cancel out):

2 . .
> | Tyi|” = 64(p5, wpe.ar — Poe,rDeGpar + Poe.aPe + P9, Deopra) (@465, — G are 9" + 42 dh, + iGevp, g ") =
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= 64(We,upe,anQge - We,,upe,aqg%eﬁgua + W/e,,upe,aQéquge -
— Pve P Guadt 45, + Do 7 Dedpade @e.r 9" — Poe rPeIuade dy, +

+ Do ,aPepdl 45, — Poe.aPepde @e,r 9" + Poe,aPepde dy, — D5, Preourale iy, g H0Y) =
= 64[(pp. 9e) (Pedz.) — (P7.Pe)(Ced7.) + (P75, ) (Pede)—
— (p7epe)(@etme) + 4(Ppepe) (Getp.) — (PrePe) (Gedp. )+
+ (Predm. ) (Pede) — (Prepe) (Gets,) + (Prode) (Pedi,) — DS, Dede i, pEoprac” )
(8)
Generally, the product of Levi-Civita symbols looks like this:
5,‘} 0y 6,? 0
§8 8 58 P
Eaﬁw“fuvwz_% Z '3 % )
5# o, 6p o
6Z oy 6;; o5
Therefore (by using determinant rules) we get
6y O, 07 dg s 5 s
Eoprac’ B % O O Oa oh ot o 2|% O 2(6%85 — 6557 (10)
oUTO = - B B = - = - = - -
AR I B A B
DR R L T g

Plugging the result in, we get

2
> | Tgi|* = 6412(p5,06) (Pedze) + 2(P5. G50 ) (Pete) + DG, DL de e, 52(3508 — 6567)] =
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= 64(2(pp, ge) (Pets,) + 2(P5, @) (Pete) + 205, D1 Ge v @7e,5 — 2p§eque,nge,g] = (11)
= 64[2(pp, e) (Petw.) + 2(P5. @5, ) (Pete) + 2(Pp. Ge) (Petw.) — 2(Pp. 5. ) (Pege)] =
= 2569° Py, 4e) (Pedp.)

We express the solution in the Mandelstam variable wu:

u = (pp, — 4e)* = G2 + 15, — 2pe - Py, = M* — 2pe - Py, (12)
1 2
Pre - ge = —5(u—m") = pe -y, (13)
2 2 2\2
D 1Tl = 6497 (w = m?) (14)
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