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THE WZWN model at two loops.

B. de Wit, M. Grisary, P. van Nieuwenhuizen

wes. 4od (1”3)

We compute loops in the WZWN model with ordinary quant.

field theory and background field formaldsm
(Witten, Bos: g — ¢7g, 7 = Ty, Ji = 0,99 1)

Convent. pert. !

QFT ]

conformal
field theory
Dimens. reg. of UV and IR divs (R*), e tensors,

“evanescent counter terms”

We extend the usual background field action to a gauge-inv.

action with .J,. Then no UV divs. (chiral truncation yields
back action of Witten, Bos).

A

1

5

The 1PI current corr.fs. are an effective
action, equal to WZWN with k — k + A,
modulo infrared divs. ( vo nlocditj)

In the connected corr.fs. all loops cancel.

General Remarks

b — pat
1P1 diagrams: “& ;CD— 2 =ng, (but...)

. . : Pulv
gauge invariance : o, — ‘Erp

b
BPHZ : divs local if lower '“":‘ is finite!
(UV and IR) divs subtracted.

O and Q, not finite = ——
1. But 'ch Q-J‘““g'
rﬂf

2. If e n— dim: ey, = fe)(6h8Y — 6467) then no AL
because: |
N s (background gauge inv., n-dim. rot. inv.},
so only renorm. of quantum fields, Jﬁ J-. o sdy o 0o Ched

3. If ¢4 2-dimen.: €*e,, = (846, — 656;)
N
Then AL = —32—?;;;5 Buw’,,'fr:

evanescent counter terms for —{— + __Q__

4. No AL for —( or % ’

only for —if—

o onal.
because J,, is 2-dimension

9
Bdd s kan 4%? Stemdsnd wiode]



1. Siy/[hg] with h = exp 7T, as quantum fields and
The WZWN Model g as background fields, has the Kac-Moody sym-
metry
+ +y-1. +
Swlg) = k(I1g) +<T(g)) h— UlMhU@ET)™5 g = Ul

(and, of course, conformal symmetry).

Ifg] = 167rx o &’z Trugg7'0*gg ™ Hgdt”
——1 —_ by
[[g] = 247rx [ 32 Tr8,9g 18,99~ 8,99"" | 2. V:S'V;j[l U(h] ) Sw[h'g) has same symmetry but
Fod fo = —hgas, TrT.Ty = —XGap 3. Siiy[h] explicitly frdhm 6dt§f8ﬁ/[h(t)]
[d3$6;wpa P [dng eyl = (41,41) with h(t) = exptm, using
= f(f tiz?), Oy = /\f(al F i0a)
St (hg] = Sk [R] + Sik|g] % (0,h(2)) (B = e gme T

2 ~1p-1
+ ?X/d tTrdigg  h™ Ogh i

(Polyakov-Wiegmann 1983)



The two-point function

A gauge-invariant action S(7, J)

- 7 (BT — 8T+ J. % J.
We take as action the GAUGED WZWN model L= T 7 - (0 y Bdu+ Jux )
—5(1),,7‘?)2 ~ g7 (D, D,#)
+ 1 +- 1 +l(D 7 x #)° + O(n%)
—— - i
Siylg thal — Siyla'g] = SI?, J] 2
. —O0— +&
h— U@hUz) g —Ulz)g: § » Uz} ; : .
Q. ] 4 p
i i Ni Tryt, )=+-9 b(‘s,uu - #f )(2 —In ""'2')
(For g = 1 or § = 1 the action of Witten, Bos. Noether method ; 4m P \ 1
extends action with J, = 8,99  to J, and J_ = 8_33!). +_}_’_gab(5 , — pﬂp”)(lﬁlrﬁ P_)
] k)‘zjd’ 4 VH O p? 12k p?
S[7, J) = Splh) — — [ d*x
4y —-8_ + _Qo_ __& ne
Tr(@, hh~"J_ — Jyh™'0_h+ Joh~Y[J_, A)) 8 €- Bansons
T VoJo — o_n+ I Y
+ + + + C O___

k w7 AT T T
= —gfd2$[ﬁ€# m- (ap.J.v - BUJ - JP x Jy)

‘-@—*—9—*@—“-@— e
+_§_*_Q+__©_+_Q_ e tomsns

¥ = evanegcent counter term.

+LO + L) + L9+ ]

E(Q):%(buﬁ—ﬂxﬁ?:-—o—*.——(*.x
e

L9 =5 +—€ +>€



Example: the 1-loop case.
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D0 —€); o A" kuk = kup—k)y 8

a.b [l 2y —¢
@ e wE—gr ) "
_ hg® T'(1 — €)’0(1 + e)( ) (b — _p_&)
4 el'(2 — 2¢) e pl x_ "
UV finite by gauge inv., so e—pole is IR div. L '
IR divs. subtracted by
1 1 =
Then 4
h oy o280k —D)kuky o hg® p.py
AN k _ - -
4,”9 fd [ k2 6 (k)‘s}w] 47T€( pz 6#”)
(- ( ) -t )<6uy—?i;’—;f)

(For fermions, no IR dlvsérlmary ﬁelds) 80 NO ?pz / [ﬁ)
on

Co wnecbed %,upl,,.

— o .

NI g, W l; A a,-(f ) Pu (l') Sumn

b O . ‘o

— } | 1"‘!

{Pr He

- cut. ¢
ty _ L 2 U

4(F) = 49 Zw(tr) 5 Tap=ET (e p”

P
F’LWL 1\4\-‘”"\&0‘\. 2-[;-.,.;.{: o ol 3~ ro\;i

AT“““‘VMS e ’wo‘ wave - tmd‘im ARA 0
o A (t“-w‘-uf rou‘l) Coup(hk] %M
wonmeali 20 khm .

N wart- lwachim Asmotne. o mnelon Loz
Ao wob comh Lty ab l-—eoor Qv

The commctad qurrbs  df- cribioal ot
TR div.

hv «fs'w\'b. ( swell mMJ&)

ane !



2-loop example:

q#qP(p — Q)p’ko(p - k)o:(zk - p)v 2y 1
/ a2(p — )%k (p — k)2 (k — q)? d*kd“q

d?k . UV finite
d%q : UV finite
d’kd?q : UV finite

IR: none (if replace g, by (g — k), )

30 here we may use

€p€g0' = OpyOse' — Spo0ps

[ 1k%(q - p)? + 3¢’ (k —p)* — {(g — k)"
+(k — 9 + Kk — ¢ + {(k — p)*(k - g)?
—§p*(q — k) — }k*(k — p)* — 1¢*(q - p)?

| +3(e - )ik —q)?

qu(2k — p)y X

O+~ i1 00~

+5 .. — 0 =00~ + ...
Q

° ()

= q,(2k — P

Tadpoles vanish (no IR subtraction)

qu(2k — p)y
) SeEe=ge—mr "



p)v + k(20— p)u
Hk — q)¥(p - k)?

] q,‘(2k

Qu _ 1
f 2(k — q)z - Ekﬂj q’(k _ q)z

_ Uk, —
(k- k —q)

- h (1 + e)[(—¢)?

(4m)e (k3)1+<D( 26)

200

Then W u

—S(

2k, k., — gk,‘p,,
f (k — p)z(k2)1+ed2k

IR subtraction for other cases:

1 T 2
i e o
kuk, Syu i
(k2)2+re © 2(147) €(1—¢)
Ck(Ll\'l kl:ﬂ ;
T ka oz\ov’"
Swu‘.'? wol

Wataev

d2q)d°k

§*(k)

1

with € = %(2 - d)

()

[ 4.2k — p)v + ku(2q — p)o
¢*(k — g)*(p — k)?
iz = ) e oy

2k,k, — JLLpl, 1 2 \ 2
= [ (k - p (f 2k _j)zd q)d’k

T(1—€) 7 <D(1 +.)[(—¢)?
(m)e (k%)M (-2e)

Then

P(— ) | 2kuk, — 2kupy o
| G5 - otk

IR subtraction for other cases:

1

(k2)1+‘rc (1 + 7-) 62(k)
k. k., buu 7
et aa T di=a W

— q)‘Z

with € = %(2 —d)
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3) S(hq) = 5 T(hq) + Rk T(29)
(U:t\‘;.,l‘:,l’ ru-wi-\-v'uo wob P Wi/,

B s(37h)= L(574) tkP (TR
Two canmunt, 1u+¢n~o
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