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This addendum discusnes :further 

considerations on the Higgs boson mass, in­

cluding a lower limit due to S. Weinberg. It 

also containu a l!alculation of Higgs product­

ion in neutrino collisions, and some remarks 

on the model dependence o:f Higgs phenomenolo­

gy. 
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Since writing our paper we have :Learnt of some more considera-

tions 55)-57) about the mass of the Higgs boson. Also, we have been encou-

raged 
58) 

to ca1cu1ate its production in neutrino coll:i.sions. We a1so make 

here some furthel' remarks about the model dependence of our prev:i.ous results. 

55) 56) 
In two papers ' , K. Sato and H. Sato have given astrophysical 

arguments against very light Higgs bosons. ~J.1hey argue that present under-

standing of the cosmic background radiation excludes 0.1 eV < mH 

and that stellar evolution wouJ.d be drastically affectc.;d if mH < 

< 100 eV 

0.1 x m 
e 

57) 
Most recently, S. Weinberg has derived an approximate lower 

56) 

bound on 
59) 

mii from an analysis of' Coleman and E. Weinberg These authors 

pointed out that a simple Higgs potential 

(A. I ) 

acquires radiative correctj"ons in perturbat:i.on theory. ~rhe one-loop graphs 

of Fig. 20 yield 

v; (H) "' (A. 2) 

where M is a mass parameter chosen to abDorb all H
11 

terms, and 

B- (A,)) 

where 
2 

v 1/J2 Gp 
X ) 

aD before • 'Ehen by requiring that the vaJ.ue H ~-~ v 

be a gJ.obal rninimwn of the potential (A. 2), 
c•7) 

Weinberg ) showed that if 

mvv,z >> mf 

X ) 

(A.4) 

The potent:i.al is actuaJ.l~_~auee dependent, the original calculations of 
Coleman and E. Weinberg 7CJ) being performed in the Landau gauge rc;o that 
no ghoGt loops appear in .!!1:Lg. 20. However, the conclusions of phyDical 
intere;.:;t arc g;auge independent to aLl.. orders in perturbation theory 60). 
Tl1ere is also a lliggs contribution to (A43) which is negligible for the 
comparatively J.:i.ght lTi.ggD bor:1ons we are intereGted in. 
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which is O(f! .• 9) GeV if GW"" :35° us currently favoured by ex.peri.ment. 

Higher order loops introduce n4 [.£.n(H 2/M 2 [Jn tormf3 into the effective 

potential, but the limit (A.4) is not greatly affected thereby. Is there 

any other way of evading the lower Li.mit (A.4-) ? 

One might entertain the idea of relaxing the condition that V(v) 

be a global minimum, and just demand that it be a local 
X) 

minimum, w:L th the 

global rninirnwn at the origin H ,, 0 AcconlJ.np; to stanUard 
·x -~ 

li.l'f_;umen t u .J 

the minimum at J-I o:: v would not then be .stable, but the theory with no 

ld l t b df . d61) upontaneous breakdown wou. be probably so singu ar as ·-o e un e ·lne • 

1rhe only way i:'or the local min:Lmurn at J-I o:-c v to be relevant might be if, 

as suggested in Sec·tion 2.4 for other reasons, the world Lagrangian has 

another spontaneous breakdown which cannot occur independently of the one 

re1evant to the weak and e1ectromagnetic interacti.on.fJ. 

The bound (A.4) ic cignificant1y altered if there is at least 

one fundamental fermion field with mass ~rn. w There are no theoretical 

argu.ments for or against such an object. Experiment has so far revealed 

only ~:;mall :f:'ermj_on masses, but our .smnpling techniques are clear1y biased 

in favour of low masses. It would be an act of bravado to suggest that the 

discovery of a Higgs boson with a mass appreciably below the Hmit (A.~) 

would be an argument for the existence of ultra-high mass fermions. 

We now turn to Higgs boson production in neutrino collisions. 

~~hree relevant E'eyrunan diagrams are shown in 1h.g. 21. 11he Higgs boson may 

be emitted either from the muon line (Fig. 21a), or the hadronic system 
H) 

(Ji'ig. 21 b) or :from the virtual exchanged W boson (:B'ig. 21 c). 111he 

first two graphs will give a cross-section rising linearly with E v like 

the total neutrino cross-section, and we expect them to contribute a cross­

section ratio resembling that in purely hadronic processes : 

') 

") 

CJ(21-rN_, f + \h><)\ ... +lr 

o-(V;- N _, t-- +X) 

Note that in deriving the bound (A.4) it is not necessary that 
If >' 2 > 0 CO':'_ld be excluded, then the bound on mH would be 
by a factor '{2. 

(A.5) 

2 
" < o. 

improved 

11his diagram has been :qtentioned as a poosibJ.e source of' Higgs bosons 
by Hoss and Veltman 18). 
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On the other hand, 

] ,2 w as ~, • e asswne 
v 

the diagram of ll1ig. ~~1 c can give a contribution rising 

scalj_ng for the deep inelastic structure functions as in 

the quark parton 

and asswne 

model with 

m~ << mNEv 

negligible antiquark distribution:::;, we ignore 
2 << mw• Introducing the v, N, 1-L-, W and H ml-I' 

momenta as in Pig. 21c, and defining 

).1-:::. 1-tf>~v }/ - 2q'· \\1 

_.t::_ I __ J::::_'_ 
~:. 2~'~<tE ) ~~ - 2ovd:::., ,. 

then we have the standard result 

_d ~ ( Y+ tJ _, fZ -1· )( J 
&x~~ 

' 
)(. - -ct: 

~ 

-q';. I 
I 

X -· /}/ 

for the total cross-section with no H production, and 

d.""o- (Vt~ _, t---+H+ X )lc. 
dx~clx'~ 

(A. 6) 

(A. 7) 

(A. B) 

for the inclusive H production from Fig. 21 c. 1rhe Higgs boson would 

emerge at an angle QH to the neutrino beam, where QH "'~1/Ev is 

largest when y;::; 0 or y ~ y 1 , Integrating (A,8) w:lth the kinematical 

restrictions 

x'? x: 

we find 

e>(Y+~ ., r--+ If+ x )\c. 

CY (Y-+-N -~fA-o~X) 

' 

(A. 9) 
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where r 3 f,J1.)J.<; __ o _______ _ 
~ 0·2 

J~~(~)J.~ 

Putting numbers :i.nto (A.9), we get 

(A.10) 

. h 2 2 ln t e range mi-l << mNEv << mW. 

over the other diagrams (A.5) if 

p:eoduction rate is not enormous. 

1rhus the diagram of Fig. 21 c dominates 

Ev'" 0(100 GeV), but the Higgs boson 

We should c-tdd some remarks about the sensi ti vi ty of some resul Ls 

of our paper to specifics of the simplest We:Lnberg-Sala.m model we discussed. 

Generally our production estimates might apply to any semi-weakly coupled 

particle of similar mass. Possible differences occur when we consider cou-

plings to the electron, which 

Weinberg-Salam model. If the 

is a m and hence very small in the simplest 
e 

He+e- coupling were characteristic of other 

masses and hence much larger, as in some gauge theories, then our estimates 

of r(H •e-1 o-) and r(H-•yy) would be altered, decreasing the lifetimes 

and changing the decay branching ratios of low mass Higgs bosons. Also, 

direct product:i.on in e+e- collisions 49 ) might no longer be neglig·ible. 

Another sensitive area is the asswnption in the model that the Higgs quark 

couplings J.-Iliu and Hdd are essentially equal. If they wc;re 1..:1-nequaJ., 

giving the JI:iggr.:; couplingc a large r
3 

component a u
3 

in the 

(5,3) ·I· (3,3) representation of SU(3)xSU(3), then the es·timates in 
I· • "7.. ·- J. 0 0 j Sec\.lOH :Jo3o1 on "Ghe decays 'rl -)n + H, L: ----)!\ + l 

branch:Lng ratios becoming much larger 61 ). We 

:i.n a model. with phyDical charged Higgn bor:JOns 

could be modified, the 

should alDo obgerve thn.:t 
j H .. tl."le production rrttcs in 

related reactions should be Gimilar to thoce for the neutra1 Higgu bo::::on 
j 

d:Lscussed here. On the other hand, the leptonic decay modes o:f rr- into 
+ + 

final states e··v, 11-'V would be less distinctive ·than the + - -1- -
e e , 1-L ll. 

decays of the neu·tral Higgs boson. 

J?inalJ.y, since our paper was published, the author.s o:f:' Hef. 23) 

have studied. the e+e- :i.nvar:i.ant mass distribution in K+ >rr+e+e-. With 

a mrtr3;J reuo1ut:Lon of ~ MeV, they are :_'tb1e to cet a 1:i.mit G
2

) (at 90% confi­

dence level) : 



\ (K~"...::, 'U+ 'X o \ 
I.-:!. ~+ €" ) 

---------------------
1 { \('" -''> o...l() 

< 
-t­

OA- >tlO 

for 1 40 MeV< JVJyo < :540 MeV. ~[1 h:L.<3 level is still compatible with the 
" ') of Sect1on 5, and therefore, unfortunately, inconclusive 
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x) 
llecall that the Higgs 

+ -ing ratio into e e 
boson 
when 

is not expected 

mH > 2m,,. 
to have a significant branch-
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v'IQ:UHE C~P'l'IONS 

~~~:;::::__~~ Diagrams which contribute 59 ) to the effective Higgs potential 

in the Landau gauge and in the one-loop approximation. (Diagrams 

- th . t l II. l ·1 t . b t b t · . · J t 5 '7) w:L·· an ln··erna .. ·lggs . oop a. so con rJ. u e, u are J.Ire .. evan 

in bounding the Higgs mass.) 

]~~~::::£_~~ Diagrams for Higgs production in neutrino-proton scattering via 

emission by 

a) the muon line, 

b) the hadron:Lc system, and 

c) the virtual w boson. 
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