BHABHA SCATTERING

Tony Menzo



1 BHABHA SCATTERING

1 Bhabha Scattering

Here we compute the differential cross section do/dS2 for Bhabha scattering (ete™ —
ete”) in the center-of-mass frame.

Figure 1: [A] Shows the t-channel Feynman diagram and [B] shows the s-channel
Feynman diagram

The corresponding matrix elements are given by

d* — 1w .
M= | (2 [0(P2, 02107 0 Ba, o0l = (s, 03 )iger u(r, 02))(2m) '8 (1 —a—ps)

2 0
—Ye

= m[ﬁ(Pz, 02)7"0(Pa, 04)][U(P3, ag)fyﬂu(pl’ o1)] (2)

d* . g o
Ms = / (27:54 [ﬂ<p3, U3>de’}/”1)<p47 0'4)] qg2“ [U<p27 O'Q)de’y u<p17 0-1)](27.‘,)454(1)1_'_292_(])
2 (3)
— g2 ) )
= m[u(p3a 0’3)7“1}(1)47 04)] [U(pg, 02)’}/#“(1)17 0-1)] (4)
The total amplitude is then given by

Mtot - Mt - Ms (5)



1 BHABHA SCATTERING

And thus,
Miot| = [M[* + [M]* = MM — MM (6)

We also want to average over initial spins and sum over final spins. Making a straight-
forward switch of notation and computing each of the terms in Eq.(6) separately

4
1 )
M) = %= 37 oyt oillasyulon vallmyus) - fori=1,2,3,4  (7)

124 g
. 4% ;ZIW% = meelubnlpy + el 3 el 3 [l (9
% Z (B, + meey” (B + medlalu(p, + mech g +medle (9
_ j_té‘;rw% +mec)y” (P, = MO ey, + me) (g, +mee)]  (10)

In the limit where p; > m, we can neglect the mass of the electron. Using the identity
Tr(yAyYy*y7) = 4(g" g — g**g"? + g*°¢**) and doing a very similar calculation to
the one we did in problem set three (see Eqs.[126]-[130] in PS3) we find

8g¢

= [(p1 - p2)(Pa - p3) + (pa - p1)(P2 - P3)] (11)

The second term in Eq.(6) gives

4
1
(IM]?) = %4_1 Z [usyHva)|[vayua ][0y  us) [ yve)  fori=1,2,3,4  (12)
o;=1,2
8g¢
= 8—2[(171 “p3)(pa - p2) + (pa - p1)(ps - p2)] (13)

Now for the last two terms in Eq.(6),

(MM;) = %i > [y val [ yua) [047" us) [Ty, 0] (14)
— %Tr[w(m — mec)w(pg + mec)%(p1 + mec)%(p2 — mec)] (15)
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Again, following problem set three (Eqgs.[141]-[145])

—8 ;1

= stg (p3 - p2)(pa - p1) (16)
Likewise,
4
1

(MM;) = 2223 [y val [Py o0y val s (17)

o;=1,2

—8qg4
Stge (p3 - p2)(pa - p1) (18)

Putting it all together

(M) = 802 5 101 2o -0 + 0 ) - )

(19)
+ S% [(p1 - p3)(Pa - P2) + (pa - p1)(ps - p2)] + i(p:% - p2)(ps - p1)
If the electron/positron’s mass is neglected we have

t=(p1—ps)® =pi+p5—2p1-ps=—2p1-ps (20)
s=(p1+p2)’=pi+p5+2p1-p2=2p1po (21)

From energy-momentum conservation p; + ps = ps + p4
(1 +p2)® =Pl + D3 + 21 - p2 = 2p1 - P (22)
(3 +pa)® = 3 + D5 + 2ps3 - pa = 2ps - pa (23)

Implying that p; - po = ps - ps. It also implies p; - p3 = p2 - p4 and py - ps = ps - ps.
This gives

(Mual®) = 86| g (01 + (o1 0]
1 (o pe)? + (on - po)?] + 9 o )2} (24)
4(]91 -p2)2 props b 4(191 -pg)(p1 -p2) b
_ o [rop2)? | (pr-ps)? 2 [[(pr-p2) + (p1-p3)]
= % [(Pl - p3)? - (p1 - p2)? *(prpa) (p1 - p2)?(p1 - p3)? H (25

The last term can be rewritten as
2 2 2
(p1 - (p2 +p3)) = (pl - (; +p4)) = (P% + (71 'P4)) = (p1 - ps)® (26)
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— o .p2)229(epl pa)? [(pl -p2)4 + (p1 'p3)4 + (m -p4)4} (27)

In the center-of-mass frame

E2
P1=-P»  Ps=—Pi P1-Ps= 5 cosl (28)
EQ
— =PI =D =D =D (29)
E? E?
Pl'pzzc—Q—i‘pl'pz:?? (30)
E2 E2
pl'pszc—Q—pl'Pazg(l_COSe) (31)
E? E?
p1~p4zc—2+p1-p4zc—2(1+0089) (32)
Plugging back into Eq.[27]
2g*c8 E?
= ¢ =116 + (1 — cos 0)* + (1 — cos 0)* 33
E3(1 —cos0)?(1 + cos)? B [16+ (1 — cos§)% + (1 — cos)’] (33)

(cos(20) + 7)1 _ {93(008(29) + 7)}2 (34)

2sin? 6 sin® 6

The differential cross section in the center-of-mass frame is given by (see problem set

(Muel?) = 247 [

two Eq.[54])
do _ (h_) (IMP) [y (35)
aQ 81 ) (E,+ Ep)? |pi
Thus,
do ( he [93(605(29) + 7)})2 (36)
ds2 167 E sin? 6

For electron-muon scattering the calculation is essentially the same with on an s-
channel diagram to analyze, thus, I quote my derived result in the limit where the
masses of the muon and electron are ignored
do | (hcg? 1 (1+cos*6/2 (37)
dQ  |\8rE) 2 sin /2

They are not the same!



