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We consider the addition of soft breaking terms to the N = 4 supersymmetric Yang-Mills lagrangian. N = 1 supersym- 
metric mass terms and mass terms of the form (A 2 - B 2) do not give rise to any new divergence, which implies that in a 
gauge in which the massless theory is completely finite, this finiteness is preserved. All other soft terms give rise to at most 
logarithmic divergences. 

1. Introduction. The N = 4 extended supersymme- 
tric Yang-Mil ls  theory [ 1 ] may be the first example 
of  a completely ?mite theory in four dimensions. It 
has recently been shown [2] in the light cone gauge 
superfield formalism that there is no renormalization 
of  the coupling constant in this theory.  Because the 
wave function renormalization is gauge dependent ,  
this has gone most of  the way in establishing the 
complete Finiteness of  the theory in some gauge. Ac- 
tually,  calculations have been performed up to three 
loops [3], in a corrected supersymmetric F e r m i -  
Feynman gauge, and verified that the wave function 
renormalization is also finite. 

Now, it is known that adding soft interaction terms 
(with mass dimension ~< 3) to a lagrangian often does 
not change the divergence structure of  a theory [4]. 
(In particular,  the divergences of  the wave function 
and dimensionless coupling constant renormalizations 
are not affected by these terms.) Therefore, we have 
made a systematic investigation of  the effects o f  soft 
breaking on the theory.  

In section 2 o f  this paper,  we consider the basic 
lagrangian and discuss the effects of  adding terms 
which will preserve (N = 1) supersymmetry.  In sec- 
tion 3, we consider the effects of  adding non-super- 
symmetric soft terms. A simple SU(2) model  is given 
in section 4 to illustrate the possible mass spectra. 

2. Breaking by a N --- 1 supersymmetric mass term. 
The N = 4 supersymmetric Yang-Mil ls  lagrangian de- 

scribes one Yang-Mil ls  field, four Weyl spinors and 
six scalars, all in the adjoint representation o f  a gauge 
group and having zero mass. The lagrangian density 
can be found in ref. [ 1 ]. We just want to mention the 
existence of  an SU(4) "family"  invariance. One can 
also describe the theory in terms o f N  = 1 superfields. 
It then consists o f  one gauge mult iplet  and three 
scalar multiplets,  whereby the lagrangian is 

Z?= tr ( f d4O e-gV ~iegV cb i 

+ 6fgz fd20 

+  *,jk f d20 t 'i, %1+  *,jk fd20 ~i[}], }k]) 
i , j , k = l , 2 , 3 ,  (1) 

where 

cb i = ~ara/x/~, Wa = D2(e-gVDaegV), V = Vara/X/~ 

(trrar b = 26ab ). 
This lagrangian is invariant under the set of  gauge 

transformations 

egV ~ eigF.egVe-igA, e-gV ~ eigAe-gVe- igA,  

dpi~ e i g A ~ i e - i g A ,  Ebj-+ eigX~ie-igK ' (2) 

Dc~A =/S&A = 0 .  
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In this formulation, it is simple to see that adding 
a term 

.t?br~ak = f d 2 0  a a mi/C~ C ~ +h.c .  (3) 

to the superpotential does not give rise to new diver- 
gences. This follows, because the superpotential does 
not get renormalized [5] and because the divergences 
of  the wave function and the dimensionless coupling 
constant renormalizations are mass independent [4], 
for example in the minimal subtraction scheme. 

/T>__ 
(a) (b) 

(c) (d) 

Fig. 1. Mass insertions due to eq. (4) and footnote one. Solid 
and wavy tines are scalar and vector propagators, respectively. 

3. Soft  supersymmetry breaking terms. In this 
section, we make an analysis of  soft supersymmetric 
breaking terms. Clearly, any term added should not 
break the local gauge symmetry o feq .  (2), otherwise 
the theory will not even be renormalizable. We follow 
the analysis of  Girardello and Grisam [6], where 
supersymmetry is broken through the coupling to 
fixed spurion fields. The possible divergences can in 
this way be found by superfield power counting. We 
have the following cases: 

Case a: 

break = f d40 -a a _  , 2:--a--a B a B : )  ( 4 )  Ui/Ci C 7 - -~ lai/tAi A ] + 

where Ui] =/.t2.0202 . This expression has been written 
in the Wess-Zumino gauge. This may have a logarith- 
mically divergent renormalization of  the term itself. 
An explicit calculation in the supersymmetric F e r m i -  
Feynman gauge * x shows that at least at the one-loop 
level the effects are finite if Zig2ii = 0. The diagrams 
which contribute are shown in figs. l a - l d .  

In a general supersymmetric model, therewil l  also 
be a logarithmically divergent term linear in C a. This 
is forbidden by gauge invariance, because we have no 
singlets. 

Case b : 

= f  _ - 2  a a _ B a B : )  22brea k 420 xiIca c7 + h . c . -  t.qj(AiA / 
(s) 

where Xi/= 32.02. In a general supersymmetric model, 

:FI The breaking term is 

d~brea k = t r fd40  ubO2~2egVa, i • e-gV~. 

in a general gauge. 

this generates a new logarithmic divergence 

a ~ -  f d40 2i:q +h.c. 

~ F~ (6) 

But this is impossible because of  gauge invariance. 
Therefore the addition o f  such a term keeps the 
theory finite, even though supersymmetry is broken. 

Case c 1 : 

-~ break = f d4 0 rl lv~ w~ + h.c., 

,7 = u o  2 , (7) 

corresponding to giving the gauge fermions an explicit 
mass. This causes logarithmic divergences in 

A . 2 ~ f d 4 0  - a r?~/C i + h.c. , 

a~?_ f d40 - - a  a . nnCi Ci (8) 

Case c 2 : 

/2brea k = f d 4 0  - a a a , UijO Ci O~Cy + h.c. 

(Jij = ~i/02~2 (9) 

(again, this is written in the Wess-Zumino gauge.) 
This corresponds to fermion mass terms of  the scalar 
multiplets.  Because of  the SU(4) invariance, this is 
equivalent to case c 1 and so gives rise to only logarith- 
mic divergences. This is in contrast to the general 
supersymmetric case where a quadratically divergent 
term linear in A may be generated. 
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Table 1 
Various possibilities of eq. (12). 
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Parameters and solutions Gauge invariance Conformal invariance 

m i = 0 s i = 0 SU(2) unbroken 
(this is the original theory) s 1 v~ 0, s 2 = s 3 = 0 SU(2) --, U(1) spontaneously broken 

rn I :~0; m2 =m3 =0 si = 0 SU(2) explicitly broken 
81 = 0; 82/183 SU(2) -" U(1) explicitly and 

spontaneously broken 

m 1 = 0; m 2, m 3 :~ 0 s i = 0 SU(2) explicitly broken 
sl :~ 0; s2 =s3 = 0 SU(2) ~ U(1) explicitly and 

spontaneously broken 

ml ,  rn 2 , m 3 :~ 0 gi = 0 SU(2) explicitly broken 
s 1 = - (m2 m 3) 1/2 ~ completely broken explicitly and 

spontaneously broken 
s2 = - ( m  l m3) l/2 ]. 
$3 = - ( m l m 2 )  1/2 k 

Case d: 

.Obrea k = f d20 ~bc a b c +  ni/k e ¢~ ~) ~k h.c.  

~ U(A3 - 3 A ~ 2 ) ,  

where 

r~ij k = Idijk 02 , (1 O) 

gives rise to only logari thmic divergences.  

Case e : 

"~break ~ t r f  d40 U( ' I '  + ,$)3 ~ 7A 3 , 

u ~ .ro2O 2 (11)  

(again wri t ten in W e s s - Z u m i n o  gauge) can cause 

only logari thmic divergences.  
In summary ,all soft breaking terms are indeed soft,  

in the sense that they do no t  cause quadrat ic  diver- 

gences. 

4. A model .  We consider  a simple SU(2)  mode l  

with an N = 1 supersymmetr ic  mass term 

- f d 2 o  + h c 

Then,  there are always supersymmetr ic  vacua deter- 

mined  by the condi t ions  

el/kS j X s  k + m i j s  j = 0 ,  s~. X s  i = O ,  (12) 

where 

mi j  = 4 m i j / x / 2 g  , (13) 

s i =-- (si) = 2 - 1 / 2 ( A i +  i B i ) ,  

are the vacuum expec ta t ion  values o f  the spin zero 

componen t s  o f ~ i .  By a ro ta t ion in the " f a m i l y "  

space, we can make mi /d iagona l  with  eigenvalues m l ,  

m2,  and m 3 . N o w ,  there are a number  o f  inequivalent  

possibilities which are listed in table 1. 

We find that  the last case is part icularly interesting.  

All particles are massive here and therefore  there is no 

infrared problem.  Besides, the theory  is f inite and 

should serve as a useful mode l  to s tudy explici t  and 

spontaneous  breaking o f  conformal  invariance. The 

existence o f  conformal  invariance may  be o f  use in 

the cons t ruc t ion  o f  Green 's  funct ions.  

We wish to thank Dr.  S. Raby and Dr.  D.R.T.  Jones  

for discussion. During the writ ing up o f  our  results,  
S. Raby brought  to our  a t ten t ion  a prepr int  by Parker 

and West [7] in which they studied the effects  o f  N =  1 

supersymmetr ic  mass terms on N =  4 Yang-Mi l l s  
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supersymmetry .  This work  has been partially support-  

ed by the US Depar tmen t  o f  Energy.  
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