KFKI1-1987-37/A

T. NAGY
P. VECSERNYES

LEPTON + LEPTON + PHOTON DECAYS

AND LEPTON 6-2 FACTORS IN GAUGE THEORIES

“Hungarian Academy of “Sciences

CENTRAL
RESEARCH

INSTITUTE FOR
PHYSICS

BUDAPEST



KFKI-1987-37/A
PREPRINT

LEPTON » LEPTON + PHOTON DECAYS
AND LEPTON 6-2 FACTORS IN GAUGE THEORIES

T. NAGY* and P. VECSERNYES

»
Institnte &6f Theoretical Physics, Edtvds University
H~-1088 Budapest, VIII., Puskin u. 5-7.

Central Research Institute for Physics
H-1525 Budapest 114, P.0.B.49, Hungary

HU ISSN 0368 5330



ABSTPACT

The one loop fermion-fermion-veztor three-poht functions, the amplitude
for the lepton-»leptontphoton decays and the anomalous lepton magnetic moments
are given in general gauge theories. The results can be used to get restric-
tions on fermion mix:ings d the masses of the intermedjate bosons. We/dis-
cuss briefly, the-case-of gome superstring inspired E6 grand unified theoriesﬂ

v o2

AHHOTAUMA

B xanuGpopOYHOR TeopHu obuero puaa HaaneHnw ¢epMHOH-epMHOH-BEeKTOpHNE
TPEXTOYEUHNE GYHKIIHM, aMIIJMTYIHN pacrnagoB JIeNTOH -* NenToH + $OTOH H AHOMAJILHRE
MarHuT ;He MOMEHTH JIenTOHOB. 3TH Pe3ynbTaTH NO3POMAADT MOMAYUHTHL OrPAHHUYCHHA HA
napamMeTps cMeumBaHNA POPMHOHOB U MAaCCH MPOMEXYTOUHHX BO30HOB,., KpaTko o6cywxna-
TCA HEeKOTOopHC E6-Monenu BENHKOI'o OGbLENHHEHHA, CBA3AaHHWE C TeOpHeR CynepcTpy-
HM,

K1VONAT

Egy 4ltalinos mértékelméletben megadjuk az egyhurok fermion-fermion-vek-
tor harompontfiggvényt, a leptonrlepton+foton boml&s amplitudé6jat és a lepto-
nok anomalis magneses momentumit., Ezen eredményeket fdlhaszndlva, lehetdség
nyilik arra, hogy megszoritasokat tegylink a fermionkeveredésre és a kdzveti-
té bozonok témegére. Réviden targyaljuk a szuperhur &ltal inspiralt B nagy
eyyesitést is.



1. Introduction

The success of spontaneously broken gauge theories
(SBRGT) in the form of the standara model [1] has initiated
many ambitious attempts at unifying the basic forces of
nature. These attempts (e.g. technicolor ideas [2}, grand
unification {3), family unification, superstring theories
[4]) generally lead to hitherto unknown interactions, with
possible violation of the baryon and lepton numbers. By
estimating the race of such exotic preccesses one can get
important restrictions on the various models.

Cur objective in this paper 1s to give the amplituide
and width of the lepton-p lepton + photon decays 1n a
general SBGT where the gauge group is an arbitrary compact
semisimple group with a possible Abelian factor. We do not
consider supersymmetries. The structure of a generzal gauge
itheory 18 described briefly in Chapter 1II. where we alrco
discuss the one loop correction to the fermion-ferm.on-
vector one-particle irreducible (FFV 1PI) vertex. The
detailed expression for the latte: is given in the Appendix.

iJsing our FFV vertex, in Chapter III. we write down the
ampiitude and the decay width for the | =% 10+ € process. As
a by-product of the calculations the anomalous magnetic
moments of leptons are also given in Chapter IV, Figures
show the dependence of these gquantities on the ratio nof the
masses 0f the i1nternal leptons and the exchanged boson, the

flgures can be used to get lower bounds on the mas= of the



boson, leading to the exotic process, if the decay rate of
the lepton is Known (Chapter V). (More precisely, one gets
bounds for the boson mass divided by the product of its
couplings.) Finally, in Chapter VI. a class of Eg models

suggested by superstring theories 18 discussed.

I1I. The FrV 1Pl Green-function in a general gauge theory

The siructure of generaj spontaneously broken gauge
theories and several aspects related to their applications
were investigated in {S5). Here we give only a short review.
The gauge group is G:=K8#8N; X is an arbitrary compa{t.
semisimple group and N is a possible Abelian facter. The

generaiors of G satisfy the commutation relations

e ,e = i e i

[“. ') 8“_‘ - (1)
with completely antisymmetric structure constants gdbt' Fo:r
the adjoint representation e, - '1"l with (T‘)sz-ig‘“‘, for

fermions /\k/ we use the notation ey * t‘ , for scalars /(?/

e, - 3‘ . The Lagrangian has the form

L - -&r‘\w Pl s 2 (9,@); (W@ +i kAT ¥ m, -
- APk - ey, (2)

where
F : O A -0, A (3.a)

-l‘w v dv v ““+ gd@% A&rA‘Gv'



a .
(V‘_+ ) = ’brs\aa-n"g A"\"\""' ‘ (3.b)

the rz-s are the Yukawa couplings and P(q ) is the most
general G-invariant quartic polynomial in the real scalar
components (¢: . Spontaneous breaking is introduced by
postulating that the vacuum expectation value of the scalar
fieid be different from zero and the exact mass be positive
semidefinite. Then writing < @:> =-N; and ¢= A; +&; (where
< ¢%> = 0) we obtain the Lagrargian of the SBGT [6].

The expression for the one loop contribution to the FFV
1P1 Green function was given in {7]. A more explicit form
(which is given in the Appendix with the regularization
removed and some of the integrals performed) is decomposed

as follows:

JPIK) swid o opak) + Lo (pak) ) W (%)
with
i w n
_,l|" N ‘s_r.

Q:(qu) = “‘ {pgk) ‘P.'-‘ (pgk) s \ o {pak), (S)

L)

for 1:=1,2. They are given in detail in the Appendix.
’ ana Pz are the contributions of the diagrams (1) and

4
W
(2) respectively, in Fig.1.(

~— _wvanish if al]l momenta are on
1,2)

contribute to the lepton-lepton

\
the mass shell and only r;.;)

transitions to be discussed later on.



In these expressions the fermion gauge and Yukawa

coupling constants are 1n the diagonal, Is~free fermion mass

representation:

m - mw', (M diagonal, ww: 1, s YY) (6.

:‘:wt‘w' . f‘sl'{:W’= oWt (6.

V.ot w? (6.
The calculation was p-r-formed in a "renormalizable™ gauge
where the gauge fixing term 1s given by

S(A s 20D, Al ?,;".( o Ay ), (7.

ET:E:tT,‘.iwo i7.

a)

b)

c)

a;

b)

but the expressions for the 1Pl FFV Green function are given

only in generajized Landau gauge where 2

II1. The lepton —»lepton +

JP: 0.

photon decay

The decay 1s described by the following S-matrix

element:

S(l‘-—) l’l“ ) =

[+ 9

W -
12wy §(kep-a) e (ki) u(e N8, 8

" X
“A ‘l;(p;-qvk) gl'U(Q-’)‘.).

ol o
where | g4 1s the 1PI FFV three-point function, the §

factors are finite renormalization censtants. They are

present because we use the counterterms of the symmetric

theory [(B}. ;(p,?z) and u(q,’») are the spinors of the

“l
a »

(8)
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outgoing and incoming particle; respectively, with the mass
shell momenta p2= nz. qzz H2 and er(k.g) is the photon
polarization vector with kiz 0.

The Lorentz-structure of the physical three-point

function 1is:

~ ¢
- - v - r
bp = AT s 1850“ ky + C K+ Dp N Xg +

i | | o
+ IEAU ]‘, Itv + FAR Xg. (9)

The wavy line refers to the vertex inclurliing the finite
renormalization constants; the subscript A stands for the
photon.

In consequence of the transversality of the photon, the
c“ and the FA formfactors do not give any contribution to

the decay amplitude. We can get further restrictions using

the Ward identity

-~

r
k O ,~q,K) = O 10
r A‘P q. k) (10)

which gives AA B DA = 0. Thus only the formfacters B“ ’ BA
centribute to the decay. The decay width can be written as
follows:
a 3
(w_w')
Bu M M w?

P : SN
(1,-1,%) [lnhl*\zkll- (11)
not r
Since |¢ .in zeroth order is of the form Y L, only
its one-loop correction gives non-vanishing result. Thus we
need the finite renormalization constants only in zeroth

order to get the first order contributions.



Frem the generat form (A1-A6) of the 1Pl FFV function

we getl:

B =R + B . (12.a)

1 ‘ i Pl ‘-S -'
16' BA— Qppﬁtids TP(S) _:_
L . ] 2

¥ < YW
- (‘GPP a,ﬂ as im{~s+P(s) _‘f_‘..(___'_f.)
[~

x %

I +H[s-F(s)-

Fpg (w',s) 1
xs

~e

4
+ t Qn(dls
.ku(t-s';z
[ <] | 4

M 'I-s\"
¢ ES.‘)(39 h—‘—’z (—"‘ 1
3 M

t

. e (M)
“';k!ul L - )]

das :~12m[—54P(s)(lo
* xS

Q i

Teelm's) { 2 2
¥ z (MM -m )s »
xS ¢

«

P T ,.2
. [(1-s)(m=- -zM%)s "‘5‘“ z
s L v

+2M{s+P(s)(1-

"1
kl( » ST ¢

2 2 (<) z 1 z

*HHm( m)s ¢+ — ((1-s)(m sm)*1‘“(m.5)-
4 1

LT 11, . (12.b)
A 4

~ ~‘ A
2 2 Y
= - J _"
TLHR s op @ oo ids t R(s) »

ot ’ { R(s) 1

* i pp' app-&as T Mms s S e oz (M s) -

S
- M 2 m,Ss +
(P( ))

s 1
¢ . RS Tow (M8)
t#‘k' QKK. Sd» -; f2m[-s+ -—s—- (1~-s+ ....__x.._____)]O

2(s) 3eu(m?s)

.",M 34 — i"Sf ettt
eM( < ! )

] 4 1 ] 2 2
b [ m[(M —mz )Is+R(g)(sm. - — (M -m
t t xg

2
2 m,2))) ¢
‘\“l ¢ )L‘(( ]
4



+ M{ 1-1s+ns. 1+ 1(l"lz z st }
Mi(m ~m )s+R(s)(sm  + —= ¢ M5l

4
~t 5 2G6) 3(4-8), swmM
* Seee Y™ gd” Mg 2x t=—"* “\:“

(12.¢)

In the above expressions we distinguished the contributions

of the diagrams (1) and (2), the contributions of the vector

bosons (with masses M_) and the physical scalars (with
masses up). and the handedness changing and preserving

processes, because:

:.( A al ;Q . ;2 al 3
T4p 7 e t“‘t'- Pitte = T4t tf|u'!' (13-3)
L 1 AL Ay AR AR

t E - t t + t t ' 13.b
edp 5 2t Yaee P ta tpa’ (13-b)

~ | LA -‘\L a A
P,_‘.iz 7 T ‘;‘u.?- pi.t,t oy ), (13.¢)
t s :‘ | 8 LY 2 .3 a A 'y
r:\'g =2 ‘i‘t‘t Fg‘u. 2 P".U (‘i.th & (13.4)
sl AR aL "R

where t , t, , P are the projections of the fermion

gauge and Yukawa couplings bdy "i“ t’S,). respectively. We

note that the electric charges of the internal particles

are:
A
]‘ t“ z ’O'. LA (14.a)
Thup = "Qup 7 Apu
Mg - -0 s A ‘ (18.¢)

(18.Db)

¥ = M ~-nm (15.a)



2 2.)

P(s) = In _Eiiﬂ:;i. (15.b)
3g¢ (M%8)
Zeg (wis)

R(s) = In —2 : (15.¢)
2'.‘ (“2.5)

where B refers to a boson index and 2z is the same expression
as 1n (Aat13).

The expressions for the E formfactor can be given by
the substitutions t _—» t_, P, -~r'_ and M — -M in the
corresponding expressions of B, .

1f we want to examine the decay of the known charged
leptons we can reduce these expressions, because the mass of
the internal vector boson is supposed to be much higher
(sz 80 GeV) than the masses of the external! fermions (mM <
2 GeV). We assume that this is true for the masses of the
internal Higgs bosons as well [8]). By taking the lowest
approximation in m(H)/HK(uP) for the above expressions and

integrating over s we get

2 ‘ Q A~ ‘ M.N 4
32 B =z — { f (R) -t —f (R)} +
A My WK ZMgV
~{ ~ % ¢
Q"l PH, £.(r) Qpp*ﬂ—'—‘f (r)i , (16.a)
Mo P 2pe *
2 .2 Q' ~t T2 t wel 2
- ——- —-—'f
32n BA M {- t+K|L V(R) + t*““'znv (R)} +
' ~2 t
- Qe fp E (r) +YLPP".‘_2-’—’—4- ;(rn . (16.b)
te “te
where -
~ 4 (v} 2 62
f (R) = ———— (4+4R+R + — |NR) (17.a)
v 4- Q) 1-Q
1
b § (R) = ! 1(8'30R+9R -5R3- 13"‘g'll'll!) (17.b)

v 3(1-r) A-R



1
F 3
3 (R) = E—' ( 4+11R-R +-6—E inRk)
v (4-a)? -
2 4 > Sﬂ
£ () = - (10~ 33R*453 -&R 4 — InNR
v ' 3 (t-R) 3 1-R ’
and
~t
fS (r) =—{-f—( 3+P'-‘Z-lnl")
G-v* A-x
|
f; (r) = —_— (2+5r- rz+-§-—lnr\
3 (r-vy) : A-v
'f\'zﬂ‘) z W (1+r+2.!. inr)
Q-f)‘ A-v
2
£o(r) = A (1-sp-2rt- .‘;‘-lnr)
3(U-v)? A-v
2 m,t
with R = :!i and r = —%3
My e

Our decay amplitude is in agreement with that of

where it was given (somewhat less explici

approximation.

1V. Anomalous magnetic moments of leptons

tly) in this

(17.

(17.

(17.

(17

(17.

(17.

[9]

c)

d)

e)

-£)

g)

h)

latter

The g-2 factor of a particle of mass m and electric

charge Q@ is defined as

2. b . (e ;
42 2R 0B, (82) 0 (e2)y,

where BA is the corresponding form factor in (9) for

~

(18)

second part of the sum represent the contributions of the

massless vectors and the massive bosons,

respectively.

2
PA(p q -m K -.-0), diagonal in fermion space. The first and
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~
By using the one-loo; expressions (Ai-A6) for P:\ BA
can pe evaluated in the same manner az in the previous

paragraph. For the first part of (18) we simply get

A
(g-2), = —7 L (t ) (19)

Wn?z o L,
where the sum extends over the conserved generators; for

2
& 2 A one has the usual electromagnetic expression Q /4n1

The contribution of the massive vectors and physical scalars

can actually be obtained from (12.a-c) by putting 14: 1 =1
and taking the limit g-5p, M-sm. Thus, using the same
notations (with the trivial modification that in (13) both

the initial and the final lcpton become l,), we have

B :=B B 21.a
A + { )
2 ~ ! I-s 2 2
160°B " - mt“t‘wuﬁ“" 5) (4s+ :}[mt+(l-2s)m )1
) 2
2 (m,s8) -
Kt
¢ A-g + 2
-m Qetbzu l de(1-8) (2s(1+8)+ ;rz [(2-l)mt-sm IR
w
- 3
z t(m ,8) + (21.b)
A ~t “ '
+ Qtsd’“")INLQpp”mr’pp]szm"’
7.7 ~L i-¢ 2 2
16n'B = 'mgaxu Y vy &ds s{4s+ -;;i[mt+(i-2:)m 11

14

~1 (S
L 2 (m,s8) +
Kt
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4

( : | Y _ 1 2
+ W Quu't+ku' ds s{2s(1+8)+ ;:;((e S)m‘ -sm Ji-
. o “
] 2
' c1.
zut(m ,»y 8) 4 . (¢1.¢c)
A [}
t ~t -
+ Qp‘,'(ds s(s-1)[sm qpp‘ﬂntqpv-] zp'_(mz.s).

o

Similarly, the lowest order approximation in m/MK(”P’ can be
'
given by the expressions (16.a-b) with the substitutions B, —

B, (meM)/2M, dm/M, .

V. Mass bounds

In sections I11. and 1IV. we gave the amplitude of the
lepton-slepton + photon decay and the anomalous magnetic
moment of a lepton in one-loop order. When the masses of the
external leptons are much lighter than the mass of the
internal boson we got the simple expressions (16.a-b). Thus
we can easily investigate - in a model independent way - the
contributions of one concrete process to the amplitude we
are interested in. If there are no significant canceilations
between the different processes the total decay width,ﬁr the
g-2 factor correction can be estimated by the main concrete
contribution. By comparing these computed vajues with the
?xperimental limits we can obtain some lower bounds for the
masses of the th;ory. The present experimental limits of the

processes are [10]:

29

r‘(u-qe‘) s A4S .10 CeN : (22.a)

-1

LP.N
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: -as
M wmep 4,340 " Gy (22.c)
s
Ag-2), ¢ A, L% 10 (23.a)
Bg-2)p s 1,69 <107 (23.Dp)

The first three quantities are the corresponding partial
decay widths. They are given in 90% confidence 1imit. The
quantity O (g-2) 1s the absolute value of the difference
between the experimental and QED g-2 values including the
errors.

Applying these inequaiities to a concrete process ve
get the bounds for the internal boson mass dividea Ly 1its

couplings [11}:
i 1
| X

£ ] M £+1 3 t %
Myl —7 a 2 ¢ 4 <
‘{Q!il*:ll *I‘Elr} [Fui""sk) Jan™ LT s

-3
= N (L, 1K) t50g BT, (24.
i i
My . 2 m- - (f( n%-
Yllaralell” 7 L aggeay, [ 0F
= N, (LK) tt(g N T, (24.

Here MB 18 the internal boson mass, G {S equal to the
electric charge (in elementary units) of the particle

coupled to the pnoton. and hwm.afg 1s one of the

a)

b)

combinations ¢f the couplings defined in equations (i3.a-d):

tltKK" tl!KK” l"ltpp:, FltPPI. « 18 the fine structure

constant. For handedness changing processes K:=2, for the
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.preservmc ones k=4. The funcilon f 18 given DYy one ot the
expressions of (17.;-&) so thatgstands for R or r.

Since the § dependence of the right hand sides of
(24.a2-D) are the same we piot only the functions f‘n' in
Fig. 2.-5.. The nornallut;lon factors N,( 1,,1,iK) and
N, (l,; k) are given in Table I., And by using them one can
easily reau oif from the Fig. 2.-5. the allowed region for
the left hand sides of (24.a-b).

In the case of the processes with internal vector boson
(17.a-d) it appears that the Appelquist-Carazzone decoupling
theorem is violated: we get nonzero or divergent

kS
contribution as R: (:ﬁ"\ =»® ., since the masses come from
the spontaneous breaking (m = gA ), we have to distinguish
[12) two possible situations: 1) g-»e, 11)A-"w», our
perturbative calculation can be valid only in the second
case., It 1is easy to see that for this latter possibility the
atorementioned theorem is valid. Indeed, 1f there is a mass
hierarchy: M § My, m,>> Mg, we know (12) that the gauge
coupling of a vector boson with mass M, between fermions
With masses M, m, 15 of the order ;_3 = ~. Thus from
tlygxr we get an extra 5-1 tfactor and the contributions

(17.a-d) will be zero in the limit g o,
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V1. Discussion of Eé models

The possibility that superstring theory [4] could lead
to unifying models of the electroweak, strong and
gravitational interactions has revived the interest in GUTs
based on the grbup ﬁﬁ. The reason for this is that the
anomaly-free EgxE'g heterotic string theory (1{3) reduces to
a four dimensional EgXE’g mddel with N=1 supersymmetry after
compactification on a manifold with SU(3) holonomy {i4]). The
group E'g describes a "shadow world"”, which interacts with
ordinary matter'only gravitationally; it may generate the
gsupersymmetry breaking. Here we shall be concerned only with
the E¢ gauge group considered as an effective GUT.

Investigations into the symmetry breakdown »of such
theories {{4), [15] in the context of superstrings, imply
that the low energy gauge group will be necassarily larger
than the standard one at least by an extra U(i). This U(1)g
can be chosen in different ways [i6] but from the view of
the exotic leptons in the 27-plets of Eg there are only two
possibilities: either they have U(i), invariant masses or
they become massive when the U(i), symmetry is broken, in
the latter case their masses will presumably be considerably
lower,

A possibie'mechanism for the r-’c)/ decay is the
following: one can have a mixing betveen the exotic charged

leptone kE,M) and the usual ones (e, p) and the process goes
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through the diagram (1) given in Fig. {. with the mediation
of the Z and X bosons. The generation mixing is
uncontroilable within the Eg theory while the E-e, M-p
mixings come from the breaking of the (extended) low energy
group. Their order of magﬁitude will partly be determined by
the ratioc of two breaking scales.

The flavour changing papt of the Z-boson exchange is
chiral [17) therefore only the handedness preserving
amplitude is different from zero; -this however is suppressed’
by a factor of -;%; (see the term in (16.a.) which is
proportional to tl+xx). The handedness changing process,
proportional to the internal lepton mass, is possible only
with the mediation of the X boson, whose.FC couplings are

generally not chiral. From the equations (17. a-b) (as well

as from the Fig. 2-3.) one can see that the approximations

~
)= (®

LY

-—& 25'
My (25.a)
4

fv(R)%l (25.Db)

are roughly valid. Thus the main contribution to the
decay comes from the handedness changing process with
internal exotic leptons, mediated by the X-boson.

In order to get some mass‘bounds we have to estimate
the mixings between the ordinary and the exotic leptons.
Because the left handed e, p,E,M have the same standard group

quantum'numbers they can mix at the level of the U(1l)y
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breaking 2 x» their right partners mix only at the level of
the breaking of the standard weak group.7‘w. Thus when the
exotic leptons have U(il)y invariant masses (~ A), the teft

and the right handed mixinés are of the order of 23 and :s';
A ’

regpectively. If the exotic leptons get their masses from
the U(1)y breaking the mixings are in the order of 1
v

My

When the mixings are given by the ratio of two

and

different breaking scales, the unitary matrices, which
diagonalize the left and the right handed mass matices, have

unitary submatrices in the subspaces of the ordinary leptons

»
up to f£irst order in -X .’13 and ¥ , respectively.
A N Ax

Because in these subspaces the U(i)y charges are the same we
have'the folloving estimates:

~ E(m) Ay \2 A \ 2 2
texx = ((Tx\ *(Tw) Vq4x o we v ah (26.2)

~E(M\ -~ A 4 w 1“ t ' “‘“! "M ~')Y
£ %X ~ | wx) 19x ) ! (26.b)

where gy is the gauge compling of the X-boson. Supposing
that M > >, ts valid and the possibie mixings are not

prohibited, from the equation (24.a) we get:

(N2 ‘ we
M —amy — ’ < [
X T, (7"\ 2N, (p,e k=2) vl (27.a)
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od s '
M =z N, (‘;‘Q.‘ v=2) _F (27.b).
X My

Using My & 8x 4 and mgz N in the first and mgx | A, in the

second inequality we get:

n L
A z :;'d (\6 . (O CIQ.\" (28.2)
M, =%t D oqeeteey, (28.4)
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Appendix

In this paragraph we give the 1Pl FFV three point
function in Jdetail. We use the decomposition indicated in
equations (4-5).

I‘- — A
1 A A oA A o
3ens U, (pak) = -ataPt ity - Bideinms Yot arfy +

A
»
+ E) ds tuo.( elin zM(pz.s) + In z“(qt.s) -
r/\ .
- 1n z‘A(o.s)]’\ ty ¢+

9 A P
4 e [In zM(pt.s) - In zo_“(pz.l)](a*m)P\ C,{ +

Nt -wg
A A
+ Af_ia_[ln 2,095 8) - In z,,(a%, )]Vt Q(E-m)) ).
-uct‘ . (Al)
2 7_(0-‘!* . ~ ~ _ 4 A-A A A A
32n - (Pgk) = tbwa[zuasc A:z:—u-:(m P)ch""‘q”"c.tg’
[ A
+ 8¢p P"R“U“‘ll‘ Co (A2)
i -
3?-"1‘—'—"( k) = A [ tom (ﬁ-”) -{ I’I.HA) +
{ o P9 - hz-‘: 6 a P Qﬁ‘ [ 6 9
+(p-m)t.n U | { a-at (A3
(p-m)t v U W (t m-mt, ) )
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2 PIP ~ ) ra L
32w lgg (pak) = b [2+3(inwe B IV . T, ¢ T (nme Yg ).
o\rrl)' \9J i\t +
_ \
N 2 A a
vt my g dst Vin Z,o (k ,s)+ k,L-_‘“z[(l("l(-lt-LY")(:’!z’.1-53+1)-
[ ]

QCA(‘}.;\ 1 1. \» F,rA ‘ *é,h (Q."";\
edn RV 4 ((K -m )Y -2k’ (p-m))s Ilp ————~
2.4 (L36) ¢ P 2co (5)
A A 1
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Here LI is a projection into the fermion subspace with mass

m, . 3,p means that the scalar index runs over physical

scalars only. is a vector-vector-scalar coupling

B vz

generated by spontaneous breaking:

B

wxi ® Tugws I5 20w v

where the')i-s are the tree level scalar vacuum expectation
2 .

values, N s an infrared cut-off to avoid infrared

divergencies at an intermediate level of the calculations,

The further notations are:
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Nj(r e ;K)

1.6-108 Gev

2.9-103 Gev

Ny(%,p k) 1.2.103 GeVv 33 GeV
Ng(%¢.,e ; k) 1.2-103 Gev 32 Gev
Hp (e; k) 48 MeV 5.0 MeV
Nz (i k) 7.3.-10¢ GeV 8.9 GeV

Table I. The values of the Ny and M, quantities which are

the normalizat.on factors in the

inequalities (24.a-b).

Ny(l4,1p;k;, comes from the 1;-¥1,¥ decay; Hp(lp;K) from the

(g-2) factor of the lepton ly. k=2 and K:=4 mean the

handedness changing and preserving processes, respectively.
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Pig. 1

The two types of diagrams which contribute to the 1PI FFV three
point functions. The straight and the wavy lines denote fermions
and bosons, respectively
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lotted here the funetions in pairs: fs, /fé; ?g, /fs; fé,
/1 ~2

f The superscripts 1 or 2 denote which diagram in
th 1 Khey gome from, the eubseript lettere S, V refer to the
internal scalar and vector particle, rcepectively. There i8 a
tilde for the funetione which deseribe the mase dependence of .
a handedness changing procees. For econvenience we have a square
root of the handedness preserving functione because these are
the quanttttea which oceur in the inequalities (24.a-b)
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