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If the magnetic moment of the neutrino is to provide a resolution of the solar neutrino puzzle without violating the constraints 
implied by SN 1987A observations, there must exist non-standard interactions of the right-handed neutrinos, which are able to 
trap them in the supernova core. We study one class of such interactions mediated by a singly charged Higgs boson, already 
proposed to yield a large magnetic moment of the neutrino, and suggest how the same interaction could provide a detectable signal 
in future neutrino counting experiments, e+e ~vgy. 

1. Recently, Voloshin, Vysotskii and Okun [ 1 ] have 
suggested that  a non-vanishing magnet ic  momen t  o f  
the neutr ino may be responsible for the deficit  of  so- 
lar neutr inos observed in the Davis  exper iment  [ 2 ]. 
For  s tandard  values o f  the solar magnet ic  field, 
Bo = 1-10 kG, the value of  the magnet ic  momen t  of  
the ve required to explain the observed deficit  is 
~v,. ~ ( 0 . 1 -1 )  × 10 -L°/tB, where/~B denotes  the Bohr 
magneton.  The interest  in this suggestion pr imar i ly  
resides in the fact that  it can neatly explain a possible 
t ime correlat ion between the solar neutr ino flux, as 
observed by Davis  and co-workers and  the solar 
activity. 

There is, however,  a problem associated with this 
value of  the magnet ic  moment  [ 3 ] "1. In the absence 
of  exotic interact ions of  the neutrinos,  such a large 
value of/iv,, is ruled out  by SN1987A observat ions  
[ 5,6 ] pr imari ly  because the left-handed neutrinos can 
flip their  helicity via their  magnet ic  momen t  inter- 
act ions with electrons and protons in the supernova  
core; then the high energy ve~ (Ev > 100 MeV)  pro- 
duced in this process have a large mean free path and 
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~ For a qualitative discussion, see ref. [4]. 

will escape leading to rapid  cooling of  the core. Since 
the observed neutr ino signal at the IMB and 
Kamiokande  detectors account for a lmost  all of  the 
b inding  energy of  the stellar core ( E ~  4 × 1053 ergs),  
any addi t ional  cooling mechanism must  be re- 
stricted. This leads to an upper  bound  /~v~<3X 
10-~2/zB. If  one further notes that  the emi t ted  high 
energy VR'S can undergo a further spin flip in the gal- 
actic magnetic field in transit  to earth, they could give 
rise to high energy VL-SCattering events in the IMB 
and Kamiokande  detectors.  The fact that  none has 
been observed implies  a more stringent bound  o f  
/ tv~ < 10 -13 /zB. This  would, then, appear  to rule out 
the neutr ino magnetic  moment  as a solution to the 
solar neutr ino problem. 

Exceptions to the above argument  can arise i f  the 
VR has exotic interact ions,  in which case, as we show 
below, one can reconcile both  the SN1987A obser- 
vat ion and a large/zv~ for a very narrow range of  pa- 
rameters.  This can arise ifvR has an interact ion with 
electrons that  can cause t rapping of  the emi t ted  VR'S 
in the supernova core. An interaction that couples the 
VR'S exclusively to electrons is one media ted  by an 
SU (2)  singlet, singly charged Higgs boson, denoted  
by q +, as suggested in a recent paper  [ 7 ]. In ref. [ 7 ], 
it has a l ready been shown that  the singlet charged 
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Higgs boson can lead to a large magnetic moment  of  
the neutrino. The neutrino mass, however, remains 
arbitrary in this scheme ~2 and a fine-tuning has to be 
invoked in order for the mass not to exceed the ex- 
perimental bound. 

In this letter, we show that contraints of  low energy 
physics allow the rl +-interactions to be strong enough 
to avoid the supernova bound on/Zv. At the same time 
these interactions must be close to giving rise to a de- 
tectable signal in e + e- -~vg7 experiments. 

2. The model we discuss is an extension of  the stan- 
dard S U ( 2 ) L × U ( 1 ) v × S U ( 3 ) c  (=G~td) model 
which includes the right-handed neutrino VR (one per 
generation) and a charged singlet Higgs boson, rl + 
with quantum numbers (0, 2, 1 ) under G~ta. In ad- 
dition to the interactions present in the standard 
model, this model allows for the following new 
interactions: 

~,> ..... :~  j 

+ f / e ~ c  'v~rl+ +h.c.  (1) 

In eq. ( 1 ), VL denotes the left-handed leptonic doub- 
let, 9 -  (**g) (and ~=iz2~* ) denotes the Higgs doub- 
let of  the standard model. First, we note that g,j= -g:; 
andfq is an arbitrary matrix. By redefinition of  fields, 
we can write f:/in the following form without any loss 
of  generality: 

0°0) 
A2 (2) 

AI A~ A~ 
The dominant  contribution to the magnetic moment  
in this model arises from the g andf in te rac t ions  and 
is given by [ 7 ] 

e 
(/~,,)~/- 327r2M~ • [ ( f*mgV) ,  + (g*mfX);/] 

× [ l n ( M ~ / r n ( ) -  1 ] , (3) 

where Mq denotes the mass of  the q +-boson, m de- 
notes the diagonal charged lepton mass matrix; rn = 
Diag(m~, m , ,  m 0 .  It is clear from eq. (3),  that the 

~2 For left-right symmetric extensions of this model that also yield 
finite one-loop neutrino mass [8]. In this case, there is a rela- 
tion between neutrino mass and magnetic moment matrix, 
which suppresses the value of~t,.~ [9 ]. 

dominant  contribution to ( ~ / v )  1 1 will come from the 
z-lepton intermediate state and can, therefore, a priori 
be quite large. 

There exist a variety of  other constraints [ 11,12 ] 
on the couplings f a n d  g implied by the low energy 
data, coming from g - 2 ,  ~t-~e7 and muon decay, 
which can all be satisfied by the following specific 
forms for g a n d f  (o 0g) (00:) 
g =  0 0 0 , f =  0 0 

- - g , 3  0 0 f3! 0 f33 

(4) 

The first point to note about this form is that it im- 
plies that only l~v,3 receives contributions from the 
new interactions. We define V3R to be the right-handed 
partner of  vcL. We further assume that all neutrino 
masses are vanishingly small. In order to obtain a large 
~ ,  needed to solve the solar neutrino puzzle, we must 
have 

g,3f33 -~ (0.02-0.2)  GFM 2 . (5) 

Furthermore, the g and f in teract ions  will contribute 
to z-decay, so near g -e  universality observed in z-de- 
cay as well as the Michel parameter will imply con- 
straints on g ,  andf j .  These constraints are: 

(i) from g-e  universality [13] (using two stan- 
dard deviations) 

g2 3 40 .25  GF M2 (6) 

(ii) from the Michel-parameter in z-decay (using 
one standard deviation) 

gl 3f33 ~ 6GyM 2 , (7)  

all consistent with eq. ( 5 ). 
Let us now see if in this model, the supernova con- 

straints on Pv~ can be avoided. 

3. As briefly mentioned in the introduction, in the 
absence ofq+-interactions,  the mean free path of  the 
vR produced due to the magnetic moment  is larger 
than the core radius, leading to rapid core cooling via 
vR-emission, in conflict with observation. In the pres- 
ence of  q+-interactions, on the contrary, VR can get 
trapped, if its interactions are strong enough. To dis- 
cuss these questions, we need the strength o f  VRe in- 
teractions, which arise via q+-exchange (note that 
V3R ~ VeR ) 
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Hofr = ( f  ~, / M~ ) r - ,  "e*R * VcRC eR C V e R  

+ (f3, g, 3 /M~)  vTRc - '  eR "e~ CV*L + h.c. (8) 

The only constraints  on VcRe interact ions depic ted  
above comes from neutr ino counting exper iments  
e+e ---*v97. In the same way as it is used to contra in  
the mass o f  the supersymmetr ic  scalar  electron via 
the process e+e - - , ~ y  [ 14], this exper iment  also in 
view of  eq. (6)  requires, 

f 3, < 6 G r M ~ .  (9 )  

Let us now turn to the t rapping condi t ions  for VR 
in the supernova.  The discussion here is very s imilar  
to that  in ref. [ 15 ]. Let us denote  the VRe thermal ly  
averaged scattering cross section by (Ee -~ Ev) 

av,~-A'GFE~. ,  A = ( 1 / 1  4 2 4 6 ~ ) f 3 ~ / G F M  n. (10)  

As noted in ref. [ 15 ], for A < 10 - 6, the mean free path 
of  VR exceeds the radius  of  the supernova core. For  
A > 10 6, VR gets t r apped  and we have to consider  the 
radius,  Rv~ of  the VR-sphere. The tempera ture  of  the 
emi t ted  VR'S is governed by the tempera ture  at the 
surface of  the VR-sphere. Assuming that  

T ( R ) = T , . ( R c / R )  '''/3 , m = 3 - 7  (11)  

and using the fact that  R,,R ocA 3/~5 .... 3), we can take 

the rat io o f  the VL and VR luminosi t ies  as follows: 

Qv,,/Q,,L = (  T,, , /T,,~)4(R,,,/R,,I~) 2 (12)  

and find 

Q,,,~ =Q,,~A - - ( 4  . . . .  6 ) / ( 5  . . . .  3)  (13)  

A point  worth emphasiz ing here is that  according 
to eq. (13) ,  the weaker  the strength of  VR interac- 
tions, the greater the v~ luminosity. I f  we demand  that  
the vr~ luminosi ty  does not exceed 1053 ergs /s  or that  
Q~, < 20Q ..... we get A > 10-  2_ 10-  3 for m = 3-7.  For  
the strength of  VR interact ions,  eq. (10)  implies  that,  

f_~l > (0 .2 -1 )  GFM~.  (14)  

As a mat ter  of  fact the lower bound  (14)  is close 
enough to the upper  bound  (9) ,  to make conceivable 
the search for the anomalous  e l ec t ron-neu t r ino  in- 
teraction,  eq. (8) ,  in p lanned  neut r ino  counting ex- 
per iments ,  for example  at TRISTAN.  Not ice  that  the 
elastic v~ scattering exper iments  are not  sensit ive to 
the in teract ion (8 )  because o f  the lef t -handed helic- 

ity of  the neutr inos in avai lable "neu t r ino-beams" .  
Notice  also that  the e+e - - , v g , / e x p e r i m e n t s  should 
be done at a CMS energy not  too close to the Z-boson 
mass, in order  to avoid  dominance  of  the z-pole in 
the cross section. 

A further reason to th ink that  the bound  (9)  could 
actually be sa turated is p rov ided  by the following 
considerat ions.  As discussed in refs. [3,4 ], the right- 
handed neutrinos and antineutr inos ¢~3 emit ted by the 
supernova might  undergo a helicity flip in the galac- 
tic magnet ic  field of  about  a microgauss.  This flip- 
ping is actually bound  to occur, except that  a small 
but  non-vanishing chance exists that  the oscil latory 
function describing the neutr ino helicity along the 
path between the Magellan cloud and the earth, could 
find i tself  in a node when reaching the earth. Bearing 
this possibil i ty,  one would have on earth a large 
amount  of  f l ipped VL and 9L, generally more  ener- 
getic than the s tandard  rE, 9L direct ly produced  in 
the supernova core. This is because the tempera ture  
Tv, of  the va-sphere, relative to the s tandard  Tv~ 
scales as 

TvJT , ,  1 =A .... /(s,,,-3) 

Therefore,  in order  not to conflict with the IM and 
Kamiokande  observations, i f  flipping occurs when the 
VR'S and 9R'S reach the earth, we must  require A not 
to be too small. Not ice  that  A_~ 1, from eq. (10) ,  
means that  the bound  (14)  gets saturated.  We think 
that  one further effective neutr ino unit, as would re- 
sult f rom A being close to 1 does not conflict  with the 
s tandard  nucleosynthesis  picture. On the other  hand,  
this calls for a detectable  signal in future neutr ino 
counting experiments .  

One o f  us (T .Y.)  would like to thank the Univer-  
sity of  Michigan high energy theory group for 
hospitali ty.  

~3 Notice that the reactions producing right-handed antineutri- 
nos via rl+-exehange, e + e - ~ V R V R  or  vke---~VRe , have a char- 
acteristic time much smaller than 1 s. This means that also the 
VR'S will be in equilibrium inside the VR-sphere. 
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