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fDimensional regularization [1] is at present the only T
regularization which is suitable for practical multi-loop
calculations in the Standard SU(3) x SU(2) x U(1) Model of
strong and electroweak interactions, see e.g. [2]. Hence to
study its features is of importance. In the present paper we
consider a dimensionally regularized two-loop integral
which value depends on the order of calculation’s steps.

The integral is

o L
(p+ k)?@(p + q)*Pp>7’

a+B+v=D, a#D/2,
Lwhere D is the dimension of the momentum space. J
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fLet us first perform integration over the momentum k. One
can use the known property of dimensional regularization to
nullify massless vacuum integrals (massless tadpoles)

dPk
— D/2.
(2) / (p+ k)2 0, a#D/

Hence one obtains the value I = 0.
One can change the order of integrations in (1) and
iIntegrate first over p.
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fHere we use the so called uniqueness relation for the
triangle diagram [3]

dPp B

) / (p+ k)2%(p + q)2Pp>r
oL (D/2 = a)T(D/2 — BT (a + 5 = D/2)

(D —a—3)T(a)l(B)

1
(k — )2t 3= D2) 2D /3-B) ZD—a)

a+08+v=D.
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fThis relation is obtained by the inversion of momenta
pu = p,,/p” (and the same for k and ¢) after which the

integrand has only two propagators and integration is easily
performed. If a + 5 + v # D then the expression for the
triangle diagram (3) is much more complicated [4].
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fNow we can perform integration of the expression (3) over &
to obtain the second value for the integral (1)

[(D/2 — a)T(a — D/2)
) =77 Nal(D—a)

The dependence of the value of I on the order of
iIntegrations over momenta £ and p appears on the surface
a+pB+~v=D.Fora+ 8+~ # D oneobtains I =0 in both
cases.
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fLet us show this. We apply the Feynman reprezentation to
obtain

Ma+B8+7) [ » 1 =L (1 — 1B (1 gy~
F(@)F(ﬁ)F(W)/o : /0 dy (zy)™ " [x(l —y)]" " (1-2)

/ dPpdPk
2y(p+ k)2 + 2(1 = y)(p+q)® + (1 — 2)p?] 7

[ =
()
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B 1 1
= WD/QF(O&FL?FTQ)F(S/Q) /0 dm’/o dy (zy)* e (L —y))"
(6)

/ dPk
a+p[+v—D/2°
(o +2(1 =)o)’ —wyh? —o(1 —y)¢2]

erforming integration over p one gets

A singularity in dimensional regularization —p.



N

_WDF(onrﬂer—D) L D1 \D-a—p1
M =" R, e )

=

ntegration over k gives

1
q2(a+ﬁ+'y—D) '

1
/ dy ya—l—D/2(1_y)D—a—fy—1 (1_xy)oz—|—ﬁ—|—’y—3D/2
0
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erforming now integrations over y and = we obtain

plla+8+~v—D)T'(aa—D/2)I'(D — o — ) 1

= T T Brm) FD/2—7)  ferfa D)

(8)

1
/ dr xD/Z—W—l(l . x)D—a—ﬂ—l
0

2Fi(3D/2 —a— 03 —v,a—D/2;D/2 — ;1) =

plla+8+~v—D)T'(D—a—~)I'(D—a— () 1
F@(AI()  T(ED/2—a—f—7) £@smD

©.@)

(o = D/2+n)
yoe—Et
N A -
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he sum IS known

@ Y PO PEEY po (e - DJ2)
n=0 '

where §x is the Kronecker delta-function:

Or(r) =0,z # 0;0K(0) = 1.

Thus one obtains I=0 for a £ D/2,a+ 3+~ # D
independently on the order of integrations.
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