Computation of conformal anomalies: Loop calculations

A free massless scalar field in two dimensions:
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We define h® by
gab — 5ab + hab‘
We also set a rule that the indices of h® are lowered by dgs.
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o’ can be absorbed by the rescaling
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where h = h,*. The one-loop effective action of ¢ is

I = —log / [dele™®

= —log/[dgb]e_fd2”5¢(_m)¢ exp —/d2a %(—h“b—l— %hé“b)ﬁagbab(;ﬁ

————
=—hat

#5000+ )|

= —log / [do)e™ [ P720(-0)9 {1+ / d%%ﬁ“baaqﬁabgb— / d%%Hzab&aqbabqﬁ

+11
214

1

/ o / &0 (—h(0)0,6(0)Dp(0)) (— U (0")D.p(0")Dud(0")) + - -

- (8)



The propagator :
(b(0)(0)) = -0 (o —0)
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Note that the tadpole
d*k —kqk
(0.0(0)0p0(0)) = /W 12 : (10)

does not contain any dimensionful parameter so is treated as zero in the dimensional regu-
larization. Therefore
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where we have kept tems up to quadratic in h.

Some integration formulas
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Therefore, to obtain

d*k 1 A2k k.
/(27T)2/f2(p+k:)2’ /(27r)2 Rp+ k)2 (13)

we first compute
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set
m? = (1—a)p?, p'=Q1-a)p (15)

and then perform z integration fol dx. In this way we find

/ Atk kekbrekd _ pz <2papbpcpd B 2(S(ctbpffpd) n 15(“50@) 4 (16)
2m)" k2(p + k)2 4me p! p? 4
/ 'k kRRE Pt (_229“29”190 N §5(“5PC)) L (17)
(2m)" k2(p + k)2 dme p* 2 p? 7
'k koK N o A
/(27r)"k2(p+k:)2 e <+2 Iz _p_Q) T "
(19)

where n = 2 + €.

Using these formulas, we find
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Combining the (¢ <+ d) contribution together, we obtain
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Comparing this with the expansion of R, we find
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’ The trace anomaly




