Homework 1 (MAT 1711, CFT I)

Consider the free field theory in 0-dimension with n real commuting variables X1, ..., X,

and action
1 n

ij=1
Define ¥ef*ix by
ieﬂXii def  —3B%(XiX;) oBX;
(1) Going back to Gaussian integral, show that

( ieﬁlXili ieﬂinsi ) = H eBabo(Xia Xiy) (1)

1<a<b<s

(2) Show that *e’Xi% agrees with :e?Xi: where :0: is defined in the class. Show the

operator product identity

1
-eP1Tiy. . o B2Tiy. . o F1P2 X Xiy . o P1 Xy +02 Xy, (2)

—
This reproduces (1) for the case s = 2. (Notation: (X;X;) = X;X;.)

For those who were not in the class, :0: are recursively defined by :1:= 1 and

X, = X,
—
Xin = IXin: +Xin,
1 1 1
XinXk = IXinXk: + ZXZ'XijZ + IXinXk: + :XinXkZ,
X X;Xp X, = XiX;XpX:

1 1 1

+ ZXinXlet + ZXinXleZ + ZXZ'X]'X]CX[:
1 1 1

+ :XinXle: + :XinXle: + :Xz'XijXl:

+XinXle + XZXJX]CXI + XzX]Xle

It has the property that
(X X4y - Xi,:) =0 if s> 1.

It avoids self-contraction in operator product. For example,

XX Xp Xy = XXX X+ X XX Xy + + XX X X + X X X X
1 1

+ :XinXle: + :XinXle: + :Xz'XijXl: .



