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We examine the reaction e ' e .  ,'t'+ missing momentum in various majoron models that predict the existence of very light 
scalars coupled to the Z. The relevant features for neutrino counting experiments are obtained. 

1. Introduct ion 

In trying to extend the standard model one has to 
introduce cxtra parameters (such as couplings and 
masses) lhat are allowed to vary in a more or less 
broad range. However, in some cases, there exists 
enough experimental in lbrmat ion  to restrict severely 
the parameters '  bounds or even to rule out a particu- 
lar model. In the known Gelmini -Roncade l l i  [ I ]  
( G R )  model, where a l-liggs triplet (carrying lepton 
number )  is introduced in order to provide Majorana 
masses for the neutrinos, the triplet vacuum expec- 
tation value is restricted to be much smaller than the 
doublet VEV: this is due to the known limits on thep 
paranacter and to the stellar production of majorons 
[2 ]. This si tuation leads to the existence of a mass- 
less Goldstone boson (the majoron J) and a light 
Higgs boson 9t_ (with a mass several orders of mag- 
nitude below the electroweak scale) which have a 
gauge coupling with the Z boson; this coupling in- 
creases the Z width by the same anaount that two ex- 
tra massless neutr ino generations would. 

The other model [3] is inspired by the minimal  
supcrgravily model and has spontaneous R-parity vi- 
olation, achieved through a nonzero VEV for the sca- 
lar tau nculrino.  This model also predicts similar 
neutral scalars J and Pl., although it is more difficult 
Io rule out (or confirm ) because the contr ibut ion to 
the Z width is now one halt" of that of an extra neu- 
trino; but sincc LEP is expected to provide a resolu- 
tion of about 0.2 families, both these models may be 
(dis)proved in a short lime. 

Though thc effect on the Z width has long been 
known, the same is nol true for scattering processes: 
a priori, one expects an intricate interference of dia- 
grams. Also, the single photon process has certainly 
advantages over the simple knowledge of the Z width, 
because one may test for energy dependent  effects or, 
even more important,  for polarization effects which 

are a possible key to thc identification of invisible 
neutrals [4]. 

The problem (or maybe virtue) of these models is 
expected to be rather common among the class of 
models in which an cnlarged Higgs structure pro- 
vides massive neutrinos. We have recently learnt of a 
model [ 5 ] where the coupling ZJoL iS avoided by a 
careful choice of the scalar fields quantum numbers,  
although it requires some additional tunings in the 
Higgs potential. 

Here we analyse ( for these models) the single pho- 
ton production in e+e - colliders, and compare with 
the standard model results. 

2. e+e  - - , y +  X in the G e l m i n i - R o n c a d e l l i  model  

The cross section for e+e ' ,7vv. computed in the 
standard model context [ 6.7 ], will be taken as a basis 
for the following discussion. In that case there are five 
relevant diagrams, which arc drawn in fig. 1: for la 
and "c neutr inos one has only the diagrams with neu- 
tral currents. We will often express the cross section 
for e+e - - , y +  X in terms of the number  of extra neu- 
trinos A:Y,. = N v -  3 ( not necessarily integer ) required 
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Fig. 1. Tree level diagrams for e+c - -.,yv9 in the standard model. 
Only for the electron neutrino one has charged currenl diagrams. 

to reproduce that quanti ty,  that is. one compares  a 
given result with the s tandard  model  result (with 
three generat ions)  and computes  the " n u m b e r "  of  
neutr inos one would have to add to the s tandard  
model  to get the same value. 

We have to consider  the contr ibut ion  of  new par- 
ticles both to 7v9 and 7JpL product ion.  An impor tan t  
cr i tcr ium is that the d iagrams which have a scalar to 
lepton coupling are highly suppressed relatively to 
other d iagrams which have only gauge couplings. The 
reason is the following: the scalar to lepton couplings 
are ei ther propor t ional  to m~/:A4w or to nl,,/z,, (where 
t' is the triplet  VEV, m~ a charged lepton mass and m,, 
a neutr ino mass) .  The ratio mv/L' is given an upper  
bound by looking at charged rt and K leptonic decays, 
where the majoron coupling to neutr inos would give 
rise to a three body decay with a single charged lep- 
ton being detected.  Compared  with the f e rmion-  
gaugc-boson couplings, the first ratio is r idiculously 
small and the second is small enough (it  is less than 
10 -2, according to ref. [8] .  at least for electron and 
muon neutr inos ) to be ncglccted in this discussion (a 
detai led list of  Fcynman rules can be tbund in rcf. 
[ 9 ] ). Since the GR model  has no extra gauge bosons, 
only extra scalars, we conclude that no relevant con- 

Fig. 2. Schematic diagram structure for e +e- -*~'Jp,. Solid lines 
denote charged fermions while dotted lines stand for neutral 
bosons. 

t r ibut ions  should bc expected for the s tandard  
c+e - --,7v9. For  the case e+e - . '7JpL we show in fig. 
2 the possible diagram structures: the solid lines stand 
for charged fermions (the input  particles arc e + and 
e -  ) while the dot ted  lines denote neutral bosons. It 
is clear that structure 1 must have Yukawa couplings, 
and so it is discarded;  structure 3 does not lead to any 
diagram since quart ic  vertices with photon legs are 
propor t ional  to electric charge: and structure 2 gives 
two possible diagrams (shown in fig. 3 together with 
some examples of  suppressed diagrams) .  Now it turns 
out that the structure of  these d iagrams leads to a dif- 
ferential cross section for "YJPt. which is exactly twice 
the one for "yvL,9 . (the factor 2 is exactly the same as 
that which comes from the Z wid th) .  Let us denote  
by q, p, and P2 the photon,  majoron and light Higgs 
(or  the photon,  neutr ino and an t ineut r ino)  4-too- 
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Fig. 3. Dominant diagrams for c+c - -"[JPL ( 1 and 2). together 
with some suppressed diagrams for single photon production (3 

and 4 ). 
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n|enta,  respectively: since the Z"Jpc vertex rule is 

2t, 
sin 2T)~- ( P 2 - P ,  ) " .  (1} 

we may ,,,,'rite the relevant ampli tudes as 

7~,,,.= . l ' , , t i(p2 )'/'~'/L u ( p l  ) . 

"l~,jo= 2i)(,~(Pl --P2 )" , ( 2 )  

where A',, is thc same quanti ty in both cases and does 
not depend at all on the invisible neutrals. In our no- 
tation 7~,,v refers only to the ampli tude for the neutral 
current diagrams shown in fig. 1 and l'~h , to the same 
type of diagrams shown in fig. 3. Since the differen- 
tial cross section is 

d,7( 0.. 1:'~,. -Q;) 

1:~1 TI 2 . 0, ) dEv d-Q;. { 3 ) 
- 12~-(-~j4., " d tcos 

performing an integration over the angular coordi- 
nates of these two particles in the rest frame of 

P . = P ~ , +  P2. gives the result 

2 f d'(2~' [ TB'"I:= I d'Q'*' I TYh'I 2 

16 2 (~ , '/3 = 3  r r ( p , p / ~ - - p  g,;~).¥ )t . (4) 

This proves the above claim. For more details on the 
evaluation of the neutr ino cross section and tbr an 
explicit expression for X,, we refer to ref. [ 7 ] where 
the cross section for e+c - --, ~,vV was evaluated for the 
first time without approximations.  

scalar to lepton couplings eliminate a large number  

of diagrams. 
These considerations leave us the same two dia- 

grams of the previous section, and the only difference 
is a factor ½ in the ZJpt_ coupling since in this casc the 
scalars belong to doublcts; consequently, the cross 
section is now four times smaller. 

4. Results  and conclus ions  

There arc several candidates for a possible frac- 
tional contr ibution to AN~. We have studied these 

models in order to identify the characteristic majo- 
ton cffects"'.  We have shown that the ratio 

a(e  + e -  * ]'JPL) 
R =  (5) 

or( e+e-  --' ~%';'r, ) 

is always 2 (1) in the GR (supcrsymmetric majo- 
ron) model, regardless of the cuts imposed on the 
photon or of the beam energy. This also has the con- 
sequence that if one uses polarized beams the majo- 
ton effects on the asymmetries arc not diffcrcnt from 

the neutr ino ones [4]. Of  course, in the actual exper- 
iment, one does not distinguish among the different 
ncutr ino species and the factor 2 (or ~ ) only appears 
after a careful comparison with the standard model. 
To see this wc shown in table 1, for the case of the 
GR model, the values of both cross sections, as well 
as their ratio Q, for a particular cut in the photon en- 
ergy and scattering angle. Notice that the pole in the 

"~ Recent results from SLC [ 101 already rule out the Gelmini- 
Roncadelli model. 

3. e ' e -  ~ , +  X in the supersymmetr ic  majoron model  

Let us deal with supersymmetric particles first: in 
case of R-parity conservation, it is clear that s-parti- 
cles cannot be present in the trce level diagrams for 
the majoron production; now if R-parity is broken 
spontaneously by a nonzero VEV for the scalar tau 
neutr ino [ 3 ], there is a mixing of the z with the chat'- 
ginos, and of the v, with the neutralinos. Since none 
of these particles was contr ibut ing before the R-par- 
ity breaking, it is clear that they also cannot do it a f  
terwards. Thus, only " 'ordinary" particles remain. 
,And similarly to the GR model, constraints on the 

lablc I 
Typical values of the integrated cross section (picobarn) both 
for~,v production in the standard model and ]'JPt. production in 
the GR model, for different ,/'2' (GeV); Q is thc ratio ofthc given 
cross sections. The photon cuts are l£, t >~ 0.1 )< V's" and cos 0,, < 0.94. 
For the s-model Q is four times smaller. 

v 's cr(c ÷c- *yJpt.) o(c+e - ,yv~, Q 

50 2.37x 10 -2 5.15x 10 -2 
75 7.93)< 10 : 1.61 x 10-i 
90 4.31 × 10 -t 5.43x 10 -~ 

100 3.21 × 10 ° 4.33x 10 ° 
110 1.53× I0' 2.33× 10 ) 
115 1.16)< 10 ) 1.81 x 10 j 

0.46 
0.49 
0.80 
0.74 
0.66 
0.64 
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Z p ropaga to r  is d i sp laced  duc  to the pho ton  energy. 

For  the cut  we have  chosen,  the pole occurs  for 

x/~.s' ~ 1 10 GeV.  It is only  near  to this va lue  that  the W 

exchange  d i ag rams  are negligible and the rat io Q gets 

close to ~. Wc should  stress that  away f rom the pole  

an exact  ca lcu la t ion  o f  the W exchange  d i ag rams  is 

nccessar3. [ 7 }. In the super symmct r i c  ma jo ron  mode l  

there  are o ther  processes  that  can con t r ibu te  to 

e+e  - - , Y + X  (l ike e+e  - ,yZ°Z ° or  yg~).  but  that  

could  only r ender  the process  more  visible,  increas-  

ing AN,,: and one  should  note  that  this i nc remen t  is 

largely d e p e n d e n t  on the s-part ic le  masses {4,10].  

Perhaps one  should  remark  that  the con t r i bu t ion  

o f  scalar par t ic les  does  not  need to be always very 

suppressed" tbr example ,  i f  there  are scalar  n-piers 

with no neutral  field then the b o u n d  q u o t e d  before  

does  not  apply to all scalar  to f c rmion  coupl ings ,  one  

such example  is g iven in ref. [ 5 ]. O f  course,  that  k ind 

o f  mode l  canno t  be cons ide red  to bc min ima l ,  and 

even if there arc o the r  d i ag rams  to bc taken into ac- 

count  this does  not  necessari ly m e a n  that  the cross 

sect ion tbr this process  may  be lowered s ignif icant ly  

( it might  very well increase) ,  

Final ly,  one  should  m e n t i o n  the doub le t  m a j o r o n  

model  [ 11 ], in which one  expects  a cont r ibu t ion  one-  

ha l f  o f  that  o f  a new neu t r ino  pair,  jus t  like in the 

S U S Y  model .  Th i s  is duc  to the fact that  the ZJpt. 

ver tex is p ropor t iona l  to the scalar  mul t ip le t  hyper-  

charge, and in this one  has double t s  instead o f  a 

triplet.  
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