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Lets consider the e™,e™ — ~ at one loop. The diagram we want to build is:

- )\ )‘ od ; )\ A 5,?.
~ &M’z ap [557? (8 + mc:ng) 4 eaZe (5 = xb”) (1)

where we've glued the three-point vertices according to the two possible helicity config-
urations in the internal photon lines. Now the piece which is independent of As will be
present for a scalar particle, and thus corresponds to the minimal coupling. The magnetic
moment piece is then given by:

e2m2x,(zp — 2 )MA) = —mz,q’ (P (2)
This gives us the following integrand:

die §  gaB e2 g . aB - e
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The loop amplitude will be constructed by gluing the 2—2 amplitude involving the scalar
probe particle exchanging a photon with X. Assuming that the mass of X is identical
with that of the scalar probe, the relevant tree amplitudes can be easily constructed:!

2 &
m T T Vg o
X € scalar— (_“ x b) o EBTER
2 Tp Lg 5

X € fermion— |—(e—xp— )apt+—ECas
s |z m’"

m? [xﬂ AX Tp :|

a

2py - p3 P1aaP? p)
= Eﬂ'.ﬁ_
s 2s

m? |z, AA AA Ty
X € vector— | — [ e—zp— E—Tp— +—E€(azas€Ba)ha
A m (s m B83)B4 L

_weps o pawPs o pasPs) o Plaeg P
— E(azas®B3)Bs —E(azay 95 &(azay e (B384 2

pldQ4Pda3)+l (pléra4pd a3p13a4pﬁ g

= (Babu 2s 4! sm?

+ perm(as, ay, Fs, 54))
(9)



We can now glue the tree amplitudes into the one-loop integrand. The beta function
can be readily read off by picking out the divergent piece that is proportional to the
2(p1-p3)

5t

tree-amplitude Let us use the scalar correction as an example. The one-loop

amplitude is now

2 2y 3
. : : A(py - £ £
>‘L\(!>f\/\,< — Ajfﬂiar(_‘p1;El)Aica!ar(EQ,'pg) = (pl J'.S)Q(p3 ‘2) ) (10)
|
1 €al 4

The one-loop integrand is then simply:

i[ d*—><¢ (p1 - £1)(p3 - £2) e B AR (11)
52 (2m)1 (€2 — m2)((€ — P)? —m?) (47)2%e 6 s
where - - represent terms terms that are purely functions of s, or finite. For fermions,

there are now two pieces that are relevant, the square of the scalar piece, and the square
of the p; P piece. All other contributions cannot generate the py - p3 tensor structure. We

find:

e i 8(p1-£1)(ps - £ -
fiiermwn(pl?fl)‘/_liermwn(ég?ps) o (Pl 1)2(})3 2) _ 2(p1 p3) Sy (12)
s s
The relevant part of the one-loop integrand is then:
1 [d*72U8(p1-i)(pa-b2)/s —2(p1-pa) 1 4(2pi-pa) B (13)
s (2m)% (2 —m2)((¢ — P)2 —m2) =~ (4m)2e3 s
Finally, similar analysis for vectors yield:
rector vector 12(p1 - £ il )
A; £ (P1; £1)144 ct (gg..'pg) £ (pl ;2)(;03 2) 5 8(p1 SPB) (1_1)
which leads to
1 fd'72€12(ps-€1)(pa-£€2)/s+8(p1-p3) 1  T7(2p1-pa) W (15)
s=J (2m)4 (£2 —m2)((£ — P)2 —m?) T (4m)2e 2 s |
Thus we've found that the beta function for a scalar is é a Dirac fermion % and a massless
vector being —% -+ —é = —%, where we've subtracted the scalar “eaten” by the massive

vector.
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