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Tree-level ,  J = 0 partial wave amp l itudes for two-body processes are evaluated 
within a simp l e  supersynunetric extension o f  the s t andard mod e l .  Perturbat ive uni­
tarity is violated both in bosonic and in fermionic proce s ses . In the limit of 
very high energie s ,  this happens for a Higgs mass exceeding a critical value of 
about 7 7 0GeV. In the limit of a very large tree-level Higgs mass , this happens 
when the center o f  mass energy is greater than a critical energy around 1 TeV. 
The s e  values are rather smaller compared t o  the standard model case, where the 
critical Higgs mass and the crit ical energy are of the order of 1 TeV and 
1 . 7TeV, respective l y .  

* 
On leave of absence from D ipart imento di Fisica,  Padova , I taly . 
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1 .  INTRODUCTION 

The tree-level Higgs mass � or,  al ternatively, the coupl ing constant 

of t:he scalar sector , is a parameter of the s tandard model which has not yet been 

determined . Either � is small and the Higgs particle wil l be probably detec ted 

in a near future , or � is large , opening the possibility of observing s trong 

interaction phenomena [ 1 ] .  In fac t ,  in the l imit of very large energy, tree-level 

J = 0 partial wave amp l itudes a 0 for scattering processes among scalars and/or 

longitud inal ly polarized vector bosons are constants o f  the kind 

c0 (-· i )GF�/ (47f12) . If � exceeds a critical value � , then i a0 I > 1, which 

means that perturbat ive uni tarity is violated. One expects a new s t rong inter­

acting sector [ 2 ] . The same s ituation can be described in another fashion . S ince 

in the l arge � l imit and for sufficiently large energies rs .  ao grows l in­

earl y  with s ,  at a certain critical energy /SC, unitarity is violated . In the 

standard model with one Higgs doublet  one f inds � � l TeV [ 3 ]  and /SC � 1 .  7TeV. 

However , in models with a richer Higgs structure , uni tari ty can be violated even 

earlier ( 4 ] . This last observation s t imulated the analysis reported in this talk 

where the s ituation in a s imple supersymmetric extension of the s t andard model is 

inve s t igated [ 5 ] . 

2 .  A MINIMAL SUPERSYMMETRIC MODEL 

The s t arting point of the present analysis is a renorma l i z ab l e  model with 

SU ( 2\ x U ( l ) y as gauge group, spontaneously broken to U ( l )  em at tree-level and 

possessing an exact N = 1 ,  global supersymmetry [ 6 ] . At the end , this last  as­

sumption must be relaxed in order to make contact with the real world . For such 

minimal model we have chosen the superpotential 

f 

In ( 1 ) ,  

H 1 and 

( 1) 

A > 0, u2 < 0 and f depends on squarks , sleptons and , linearly,  on s 
H2 . The Higgs and gauge supermul t iplets are those of Tab le I. 
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The mass spectrum 

of the model is supe1 symme tric and contains two scales : � � MZ and �· I t  

cons ists of the following supermultiplets : 
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have become mass ive by the usual Higgs mechanism, 

and ± w ; and are the gauge coupl ing 

cons tants of U ( l ) y and SU ( Z )
L 

, respe c t ive l y .  The s t ates l is ted above are ap­

propriate l inear combinat ions of the s tates of Table 1 .  
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3 .  PARTIAL WAVE AMPLITUDE ANALYSIS 

In the context of the model sketched above , we have assumed � > >  � , M� 
and we have computed tree-level amp li tudes for a chosen set of two-body react i.:ms , 

obtaining a scattering matrix. For each reaction we have se lec ted the J = 0 

partial wave ampli tude 

2 s >> MH 

a ( s )  0 and we have taken the l imit 

G � 
c (-i) -F-o <\71/2 

2 s >> MB : 

( 7 )  

( c0 is  a numerical coefficient) .  I n  ( 7 ) , all  contributions depressed b y  power s  

of (�/�) with respect to the leading ones have been omitted . Final ly,  we have 

imposed perturbative unitarity by demanding that the maximum eigenvalue of the 

partial wave scattering matrix obtained in this limit is not larger than 1 ,  in 

absolute value . In this way we get a critical value � for �·  

W e  have also considered the l imit 2 ")j » s .  In this case 

a ( s )  

2 
MR » s 

0 

G s 
c ' (-i) -F-o 471/2 

(8) 

and, by imposing perturbat ive unitarity , a crit ical value /;}' for the energy is  

recovered . 

In performing the computation , the equivalence theorem [ 7 ] ,  which, in the 

l imit s >> � , relates amp l i tudes with external longitudinally polarized gauge 

bosons to ampli tudes wi th external Goldsone bosons , has revealed itself very useful . 

4 .  RESULTS AND CONCLUSIONS 

In the l imit 2 s >> ")j we have included a l l  possible two-particle neutral 

channels which one can form out of the supermultiplets (3) , (4) , (5) and ( 6) .  The 

scat tering matrix separates into a bosonic block tB (only boson-boson channels)  0 
and a fermionic block 

supersymmetry, tB and 0 
ities [ 8 ] .  We f ind 

tF (only fermion-fermion channels) . As a consequence of 0 
tF 

0 have the same eigenvalues with the same mu l t i p l ic-
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- 1 ( 2) , + 1 ( 1 1 ) ,  +2 ( 2 ) , l -;n( l ) ,  1 +;17 ( 1 )  ( 9)  

These are the non vanishing, conunon eigenvalues of t8 and tF when the expres-o 0 
sion ( - i ) GF�/ (4rr/2) is factorized out . The multiplicity is indicated in paren-

the s i s .  Since the largest eigenvalue is ( 1  + /17) / 2 ,  uni tarity is violated for 

l)i larger than 

Mc = ( 8rr /2 ) 1 /2 - 770GeV H ( 1 + < 1 7) GF 

which is rather smal ler than the standard model result (Mc ) - 1 TeV. -11 sm 

In the l imit � >> s we have included only the neutral , l ight channels 

related to the supermu l t iplets ( 3) and ( 4) .  Here again the scattering matrix 

separates into a bosonic block TB and a fermionic b lock TF having same eigen-o 0 
values and mul tiplicities [ 8 ) . We obtain : 

( 1 0) 

in units of iG�s / ( 4rr/2) . • 3 largest eigenvalue is 2 

The number in parenthesis is the mul tiplicity.  The 

and unitarity is violated at energies rs larger than 

ff = (8rr/2
) 1 /2 - l TeV 

3GF 

a smaller value than the standard mode l  one (is") 1 . 7TeV. sm 

It should perhaps be s tressed that unitarity is violated in both bosonic and 

fermionic processes . The latter are relevant when scattering processes among su­

persymmetric partners of the Higgs are considered . When supersymmetry breaking 

terms are included , the results of the present analysis are mod ified by terms of 
2 the order of (m/�) in the l imit s >> � (m is a supersymmetry breaking 

scale) . However , at l east in s imple cases , they are not modified when the l imit 
2 MR >> s is considered [ 8 ) . 
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