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We have constructed a8U(3), X U(1)y gauge model utilizing dJ(1), . symmetry, wherd.'=L.—L,
—L,, which accommodates tiny neutrino masses generatdd fmpnserving one-loop and’ -breaking two-
loop radiative mechanisms. The generic smallness of two-loop radiative effects compared with one-loop
radiative effects describes the observed hierarchgmf,, >Am2 . A key ingredient for radiative mecha-
nisms is a charged scaldn{) that couples to charged lepton-neutrino pairs afidogether with the standard
Higgs scalar ¢) can be unified into a Higgs triplet aghf,¢~,h™)T. This assignment in turn requires lepton
triplets (4}) with heavy charged leptonsc{') as the third memberg! = (v! 1| ,4,;")7, wherei (=1,2,3)
denotes three families. It is found that our model is relevant to yield quasivacuum oscillations for solar
neutrinos.
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I. INTRODUCTION maximal mixing scheme for neutring$1,12 can “algebra-
ically” describe the hierarchy. One of the underlying bits of
The Super-Kamiokande experiments on atmospheric neyhysics behind bimaximal mixing is the presence of a new
trino oscillations provide evidence for neutrino masses andymmetry based on a lepton numberlgf-L ,—L . (=L")
mixings [1,2], which require new interactions beyond the [13].1 A finite and very smalhmé is induce by a tiny break-
standard modé€l3]. Solar neutrinos are also observed to being of L’ conservation. When this symmetry is combined
oscillating [4]. These neutrino oscillations are governed bywith radiative mechanisms, the hierarchy can be “dynami-
two mass scales, which are characterized hynZ, cally” ascribed to the generic smallness of two-loop radia-
=0(10%) eV? and Am3<0O(10"°) eV?, respectively, tive effects compared with one-loop radiative effddts,16].
suggested by atmospheric and solar neutrino oscillation datdlamely, one-loop radiative effects ensure the generation of
Furthermore, the recent analysis on atmospheric neutrino o&m2,,, while the finite but small amount afm2 is induced
cillations done by the K2K Collaboratid®] has shown that by two-loop radiative effects, which should involve
Am?,~3x10"% eV? well reproduces their data. The atmo- L'-breaking interaction§16].? In general, one-loop effects
spheric neutrino data, thus, imply %30 2 eV as neutrino  are much greater than two-loop effects, so the observed mass
masses. To generate such tiny neutrino masses, two makterarchy betweemAm2,, and Am2 is understood to be
theoretical mechanisms have been proposed: one is the sdmsed on this difference.
saw mechanisr6] and the other is the radiative mechanism In this paper, along this line of thought on the realization
[7-9]. Recently, there have been various studies on impleef the hierarchy betweethm?,, and Am2, we focus on
mentation of radiative mechanisms in extended electroweaktudying neutrino physics characterized by radiative mecha-
theories[10]. In the radiative mechanism proposed by Zeenisms. In the one-loop radiative mechanism, interactions of
[7], a new singly charge®U(2), -singlet Higgs scalah™  h* provide breakdown of the lepton number conservation,
was introduced into the standard model and neutrino massgghich is an essential source for generating Majorana neu-
were generated as one-loop radiative corrections vidithe i masses. Now we can ask, what are the candidates of the

coupling tol, » . After this work, Zee and Babu studied @ p+ geaiar2 There seems to be many possibilities to answer
two-loop radiative mechanisf8]. One more doubly charged this question. For examplé,” can be identified with{1) the

SU(2),-singlet Higgs scalak™* was added to the standard Zor . .
model and tiny neutrino masses arose from two-loop radiaScalar@ntileptons () in supersymmetri¢cSUSY) theories,

tive effects initiated bytglgk ™ . h*=T¢ [18] or (2) the third member of enlarge8U(2),
To account for the hierarchy afm2,>Am2 suggested
by the experimental data, it has been pointed out that a bi-
For earlier attempts of using such modified lepton numbers, see,
for example, Ref[14].
*Email: teruyuki@post.kek.jp 2For two-loop radiative mechanism based®t(2), x U(1)y uti-
TEmail: yasue@keyaki.cc.u-tokai.ac.jp lizing the U(1),_, symmetry, see Refl7].
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Higgs scalar in SU(3), models [19,20, (¢0’¢—) TABLE I. L'- andL-quantum numbers.
—(¢% ¢ ,h™") [21]. Here, we will examine phenomena of = .1 1 23 123 23
neutrino oscillations based on the second idea. One of thg€!ds 7.P:X IR KR YUIRT KR ko
authors(M.Y.) has discussed the theoretical framework for | 0 1 -1 2
the radiative neutrino mass generation based on one-loop | 0 1 1 2

effects in variousSU(3), X U(1)y models[21]. We further
seek possible mechanisms for the radiative neutrino mass

generation based on both one-loop and two-loop effects ifor quarks, and
the SU(3), X U(1)y framework. Among various versions of
models? the present discussions concern the implementation
of one- and two-loop radiative mechanisms in a model with
heavy charged leptons('),* namely, with @} 1| , ") for

7°
7= 7 13,0, p=| p° |:(31),
77+

i=1,2,3, which is consistent with the choice op{ ¢, p"t
h*).
e
Il. MODEL x=| x |:«(3-1), k"":(12), 3)
The SU(3), X U(1)y model with heavy charged leptons X°

in the third member of lepton triplets is specified by the ) . —_— ih
U(1)y charge. LetN/2 be theU (1), quantum number, then for Higgs scalars, wherg™ is Zee'sh™. Denoted byk™ ™ is

the hyperchargd' is given byY= — \/§)\8+ N and the elec- & add|t_|onal doubly chargesq(3)L-S|nglet .nggs scala}r
tric chargeQ,n is given byQu= (\3+Y)/2, wherex? is the responsible for two-loop radlatlve mechanism. The Higgs
SU(3) generator with Tma)\b):25ab (a,b=1,...,8). The scalars have the following vacuum expectation values

pureSU(3), anomaly is canceled in a vectorial manner. The(VEV S):
anomalies from triplets of the three families of leptons and of 0 0
the three colors of the first family of quarks are canceled by Uy
those from antitriplets of three colors of the second and third(0| »|0)={ O |, (0|p|0)=| v, |, (O|x|0)=| O |,
families of quarks[19]. Other anomalies including) (1) 0 0
are also canceled.

Summarized as follows is the particle content in our )
model, where the quantum numbers for tB8&J(3), and
U(1)y symmetry are placed in the parentheses:

Uy

and quarks and leptons will acquire masses via these VEV’s,
where the orthogonal choice of these VEV’s is ensured by
the interaction of theypy type to be introduced in Ed5).
¢L:1’213: |}_ :(3,0), |#2’3;(1,_1), Ké’zﬁ;(l, 0), The conventional two-loop radiative mechanism in

i SU(2),xU(1)y is onset by h*h"k™*' together with

"

L & ILv{h™. Since bothw| andl| are contained in a lepton trip-
let gy, I v1h™ is replaced byy | 7. Andh*h*k**T can

for leptons, where we have denoted’ by «', be replaced by;" »"k**T in our notations. By a possible
k**-p™* mixing induced aftelSU(3), X U(1)y is sponta-

ul d neously broken tdJ(1)ey, the 777 k™1 can be further

2 o . 1 rewritten asy 7 p" T and is finally converted into the

1_ dl . I72,3_ ! . % . . -r T

Qu=| L [:33), QU= U )33/ SU(3) X U(1)y-invariant form of «'#7)(p'7), where

Jt ! (0]x°|0)#0 recoversp® »*p* 1. A similar argument also

reveals that0|p°|0)#0 recoversy™ 5~ x~ ', which turns
2 1 5 out to be » 7 k™" via a possiblek®*-y~ T mixing,
u§’2'3:<1, 5)’ dé’z’s:(l,— 5), J,ﬁ:( 1, 5), wherex'v] 7~ is used instead df, ! . It is further ob-
vious that an SU(3), X U(1)y-invariant p'yk™ " yields
the necessary mixings witlk™*. Therefore, we employ
Jgf:(l,— f) @) (x"7)(p"7) andpTyk™ " as our new Higgs interactions.
3 We impose thel’ conservation on our interactions to
reproduce the observed atmospheric neutrino oscillations.
This new lepton numbelk’ is assigned to the participating
3For a model with heavy neutral leptons corresponding to thParticles as shown in Table | together with the assignment of
choice of @+, ¢%h"), see Ref[22]. the lepton numbek. There should be tiny breakdown of the
“This charge assignment is identical to thatlf However, the L andL’ conservations, which, respectively, induce Majo-
one-loop radiative mechanism cannot work in this case. See detail@na neutrino masses and the observed solar neutrino oscil-
in Ref.[21]. lations. In the present case, the interactions/pé | » and
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FIG. 1. One-loop diagrams fow!—1 (i=2,3) via (a),(b)

charged lepton and via(c),(d) heavy charged leptons. where f’s are Yukawa couplings with the relatiofy;,
=—f[;; demanded by the Fermi statistics. Their explicit

pTxk™ T ® respectively, provide tiny breakings of theand  form is given by
L' conservations. Other interactions are assumed to satisfy
theL andL’ conservations. . —

The H|ggs mteractlons are given by self-Hermitian terms >, fraij[ (k& KL =18 L) 0+ (v kL — ki VD) ™+ (18]
Nall PaPlyr XaXy, andk} ki ™" and by two types of =23
non-self-Hermitian Higgs otenUaIB' -conserving potential — e — — :
(Vo) involving the g?n)p(an) term, and L’?vi%lating — Rk’ ]+| ;23[ﬂ(VILP++|ILPO+KILP++)|IR
potential ;) for the pTyk** term:

L (vix I+ kX0 k] Tk Tk

V=) Eaﬁy +\ t T + H.C.,
0=MNo NaPpXyT N (X M (P 7)+( ) +(H.c.). @

Vp=ppp Xk * +(H.c), (5) R
The possible interactions &f; j_, of ¢ (1) °k ™ "I are forbid-
where \q; are the coupling constants and, denotes the den by thel conservation.
L'-breaking mass scale. These three terms in(Bogexhaust

all possible SU(S)LX_U(l)N-invariant _non-_self-Hermi_tian 1. NEUTRINO MASSES AND OSCILLATIONS
terms. ThelL'-conserving Higgs potential is responsible
for the bimaximal mixing and thé&'-violating potentialV,, Now, we can discuss how radiative corrections induce

is responsible for tiny breaking of the bimaximal mixing neutrino masses in our model. The combined use of Yukawa
structure. Experimental data suggest that neutrinos exhibinteractions with the’-conserving Higgs potentiad, yields
bimaximal mixing and this feature is ascribed to the exis-one-loop diagrams for Majorana neutrino mass terms as
tence of thelL’ conservationg13]. If there is only the shown in Fig. 1. These one-loop diagrams correspond to the
L’-conserving Higgs potential, the eigenvalues of neutrindollowing interactions:

mass matrix are given by 0 andm, (m,: neutrino mass

and, from these eigenvalues, we can describe only atmo- (Tt )Eaﬁ‘ypaxﬁ¢ 34 (7 ¢L3)Eaﬁypaxﬁ¢]7.|__ (8)
spheric neutrino oscillations. However, if the -violating

Higgs potential also exists, we can realize two-loop radiative

mechanism and we successfully obtain both atmospheric anf{€ &/S0 obtain two-loop diagrams involving thé-violating
solar neutrino oscillations. Higgs potentialVy, as shown in Fig. 2, which correspond to

The Yukawa interactions, which involve thyg i, » term, an effective coupling of
relevant for the neutrino mass generation are given by the

following Lagrangian: €PYECY. pax W iipex: 9)
B with i,j=2,3.
®Since there are quark mass terms suc®ggu},, thel charge of From one-loop diagrams, we calculate the following Ma-
7 should be set to zero. jorana masses to:
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7+ 'mp+)

m(l})zf[li])\l

F(m

i M 177

2 2 2 2
S ) =i P, ,my

2

Up

where

1
1672

x logx
(X=y)(x=2)

ylogy
(y—x)(y—2)

F(x,y,z)=

zlogz

= a1

and, from two-loop diagrams, we find
mi(jz): _Zklf[li]fﬁlf[lj]ﬂbmilvil pe (12

wherel ,,
leptons i |n Fig. 2a). From the Appendix, one observes that
is calculated to be

1 2 2
|K=m[3(mx)—3(mk)],

J(m?)=—G2(mZ,m5,m?),

1 XxIn(x/z)—yIn(y/z)

1672 X—y

G(x,y,2)= , (13

where the explicit form of] is subject to the condition of

>X, y |n G. This condition is fulfilled becausem ,m?

>m m can be safely chosen in the present case
Now we obtain the following neutrino mass matrix:

1 1
0 mf mf

1 2 2
m(lz) m(zz) m(za)

1 2 2
m(ls) m(zs) m(33)

M:

14

: (14

from which we find
TABLE II.

tromagnetic coupling.

2 UpUpUyx»
X

Model parameters, where masses are given in the
unit of vyea= (242G) “Y¥2=174 GeV ande stands for the elec-

2 _ 1)2 1)2
Amatm_ m(lz) + m(13)

(=m3),
AmZ =2(m2) cof 9 gt 2ME3) COS D 4imSIN T aim

M) S 9 gmm, , (15

where ¥4y IS @ mixing angle forv, and u, with cosdym,
=m{/m, and sindym=m{Y/m, . This form of mass matrix
shows that solar neutrino oscnlatlons exhibit almost maximal
mixing while atmospheric neutrino oscillations are character-
ized by the mixing angle o} ,,,. The bimaximal mixin |s
reproduced by requiring that sidg,~1, namely, m

m{Y. It is realized bym,,~m,; or by m,,, mK3<mK1
smce the contributions from the charged-lepton exchanges

denotes the two-loop integral via heavy chargedbecome more suppressed than those from the heavy-charged-

lepton exchanges. Here, we us®m,{~)m,,~m,3 to repro-
duce bimaximal mixing structure but witm,,#m,; (i
=2,3) to have nonvanishing contributions from the heavy-
lepton exchanges.

In order to see whether our model gives the compatible
description of neutrino oscillations with the observed data,
we must specify various parameters in our model. We make
the following assumptions on relevant free parameters to
computeAm2,, andAm3 in Eq. (15).

(1) Sincev, , are related to masses of weak bosons

proportional to\/v2 +02, we requireyv?, Z vZ Uweaks from

which (v, v,)= (uwealjzo Uwead) are takeri3 where v eax
=(2\2Gg) " Y?=174 GeV.

(2) Sincewv, is a source of masses for heavy charged
leptons and also of masses for exotic quarks and exotic
gauge bosons, we usg, >veak, from whichv =100 eax
is taken.

(3) The masses of the Higgs bosongandp, are set to be
m,=M,=Vyeak-

(4) The masses of the Higgs bosoks™ and y, and of
the heavy charged leptond (i=1,2,3), are assigned to be
larger values agy=m, =v, andm,, .;=¢ev, supplemented
by 10% mass difference betweert and «>3 i.e., m,
=0.9m,, .3, Where e stands for the electromagnetic cou-
pling.

(5) TheL- V|olat|ng couplings off(qj; |( 2,3) are deter-
mined byAmZ,, wheref;;;=1.8X 10* is to be taken.

(6) The L'-violating scale ofuy, is suppressed a
(7) The L- and L'-conserving couplings accompany no

.
U, U, Uy Mg, M, Mg Meos uy Ay f fij

10e 10e 1

n

1/20 1 10 10 1 e

p

1 1.8x10°7

8Since the third family of quarks belongs to the antitriplet as in
Eg. (2), thet-quark massn, is controlled by, , i.e.,m;~v, while
b-quark massn, is controlled byv ,, i.e., my~v /2.
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suppression factor and are set to be of order I'i@s Ny interactions. If there WereEi,j:Zg,fikj(_I'R?k“IJR,8 the
=1, 1,y entry of M, of Eg. (14 would be
These .val_ues are tabulated in Table Il. —2)\12i,j:2,3f[1i]fi<1f[1j]ﬂbm|im|jv)2(|(mﬁ ,mﬁ-) (=m{@)y.
One WI|! find that t2h|s parameter set2 r_eproduies thg COrHowever, because ofjv,<m,,v, in the present casey(?
rect magnitude ofAm, and yieldsAmg =0(10 °) eV"  tyrns out to be more suppressed thaff’. In fact, the nu-

relevant to describe quasivacuum oscillatio@/O) for so- 1 arical computation givem(lr‘i)=2.4>< 1071° eV which is
lar neutrinos, which are similar to vacuum oscillations much smaller tharmi(jz)=4.1>< 10 %V (i,j=2,3). So the

(VOs) but with small matter corrections taken into account
[24-26. Let us first see the order of magnitude fgf;; (i
=2,3), which is about 10, determined so as to reproduce
the observedAmZ,,. The one-loop neutrino mass of} is
roughly approximated to be

inclusion of the two-loop effects via charged leptons does
not alter our result.

IV. SUMMARY

We have constructed a8U(3) X U(1)y gauge model,
1 Uylp (16) which provides the radiatively generated neutrino masses
1672m2 Uy and the observed neutrino oscillations. The third member of
X each lepton triplety is the heavy charged leptons; '

where F~1/167m? has been used from the dimensional Placed asjj = (v .l .« ). Similarly, the third member of
ground. By inserting numerical values tabulated in Table 11,the Higgs scalarm is Zee'sh™:n=(¢4",¢",h™)" and the

1
m{P~ Ef[li]M(mii —mz,)

it is readily found that I.epton-r?umb(.ar-violating term is controlled_by the intgrac-
tions with this 7 as ¢, ¢/{ ». One-loop radiative neutrino
m(l})~1o5f[li] ev, (170  masses are, then, induced #lyys{ 7 together with the Higgs

interactions of p"7)(x"7). Two-loop radiative mechanism
which should reproducgAmg,,/2~4x 102 eV. Therefore, ~ calls 1f°Tr the doubly _Charged+:+. which has CouQI[nTgs to
fl1i)~4X 1077 is obtained. Next, through the similar argu- (KrKg)'- After the mixings ofk™ " with p™ " andx "' by
ment on the estimation of the two-loop neutrino masses op’yk™ ", two-loop radiative neutrino masses are induced.

m{? by usingl .~ 1/(16m2)?mg , one observes that To account for the observed hierarchy betweem?,,
>Am3,, we have utilized both the,—L ,—L, (=L') num-
mi(jz)~4>< 104f[1i]f[1” ev. (18 ber conservation and more suppressed two-loop radiative

corrections than one-loop radiative corrections. The bimaxi-

This rough estimate yie|dmi(j2)~6>< 109 eV, which corre- mal mixing structure ifM, is enhanced by the approximate
sponds taAm? ~1.4x10"° eV2. In fact, a numerical analy- degeneracy in masses of and <°, i.e., m,~m,s. Thel’
sis using the Gaussian integral method givigg;=1.8  conservation ensuresmz,>Amg (=0) with the maximal
X 1077, which reproduces\mZ,,=2.6x 10 3eV2 The bi-  solar neutrino mixing. Since\ms,, is given by one-loop
maximal structure is characterized by @#,,—0.93, radiative corrections anim? is given by two-loop radiative
where the deviation from unity arises from the charged-correctionsAm3,,>Am> (#0) is realized. The interactions
lepton contributions tan,. The solar neutrino oscillations involving »* respect theJ(1),, symmetry while the inter-
are calculated to b&dm2=8.1x10"* eV?, which lies in  actions ofk* * contain aL’-breaking term, which is supplied
the allowed region relevant to the QVO solution with almostby p'xk®*. The numerical estimate certainly provides
maximal mixing. AmZ,=2.6x10"° eV? with sir?29,,=0.93 and Am3

Two comments are in order. The first one concernsithe =8.1x 1071 eV2. Our model is thus relevant to yield the
andL’ charges ok**. There are three other choices &f,( QVO solution to the solar neutrino problem.
L') ofk**, i.e., (2-2), (—2,2, and (—2,—2). The simi-
lar conclusion can be obtained for tfs—2) case. The mass
matrix of M, has the(1,1) entry instead of thei(j) entry
(i,j=2,3), which is induced byZ%%%%**T. Other cases ~ The work of M.Y. is supported by the Grant-in-Aid for
yield too small Am2~(m?/m?)x10° eV?. The Scientific Research No. 12047223 from the Ministry of Edu-
second one is about the inclusion of the chargedcation, Science, Sports and Culture, Japan.
lepton-exchange effects in two-loop diagrams, which
would arise without theL conservation for thek** APPENDIX

ACKNOWLEDGMENTS

In this Appendix, we describe the outline of obtaining Eq.
(13) from the two-loop integral corresponding to Figbp

7 ; ; 2 _ -1 2 i
The VO solution withAm5,,=O(10"1% eV? can be supplied which takes the form of

by usingv ,= v yead10 andf[li]=10’7. The recent report from the

Super-Kamiokande Collaboration has presented the statement that

the VO solution seems to be disfavored at the 95% confidence level

[2]. However, the VO solution may be still favored. See, for ex- 80f course, one has to worry abdut* contributions to the well-
ample, Ref[23]. established low-energy physics suchras—»u~y andu u ut.
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I(m? m2)—f d d'q 1 ! I (m? mz)—fldxj’lydy !
T ] 2m® (2m)* K- mE K2—m? B e e T —y(1-y)mE - M(m?)]
1 1 1
X | ,(m?,m2,m2)
q%—mg g?—mj [(k—q)?—m3] 2 AT
1 1
1 =f dXJ ydy
X— (A1) 0 0
_ 2_ A2
[(k=q)*—mi] ) M (m2)In M(m?)
The integral ofl . in Eq. (12) is defined byl ,=1(m?,m?). (1 2 MM T2 — M(mA)
By using the identity y(=y)lma (M) JImg ()]
1 1 ,. M= (m?—mf)y—(mi—mi)xy
2 2 2 2 M(m ): 1— (A8)
(k=q)*=m3 (k—q)=—mj y(1-y)
— 1 1 _ 1 ' The integrall ; is calculated to be
m3—mg | (k—=q)®~m3  (k—q)>~m{
(A2) 1
Iy(m?,m3) = ——— Y(m?m3), (A9)
we can rewritd (m?,m3) to me—my
1 after the integration ovex, where
= = [3(m) = a(mf)], (A3) 9
2 Mg
1 may2—(m2+m2—m?)y +m?
where Y(mz,mi)EJ dyln 2y2 ( 2 5 ;y 2’.
0 may“—(Mmy+m—miy+m ‘
, d*k  d%q 1
sy [ S S
(2m)" (2m)" (g°—mg)(g°—mj3) (A10)

1
=MD (kR — D) (k—q)2— ]

(A4)  This functionY(mz,mi) can be converted into

By using the Feynman formula 5 2 Jl (y—a)(y—a )
Y(m*,mz)= [ dyln , All
(mm) = | Yy =g =g A
1 fl fl 1
——= | dx|[| 2ydy ,
abc Jo Jo [c+(b—c)y+(a—b)xy]® where
(A5)
and by performing the four-dimensional integrations oker —a*+a’—4b —c+c’—4d
andq with the aid of = Pem——— (A12)
j d* ! L2 (AB) Th ters of, b dd defined b
=— =, e parameters d, b, ¢, andd are define
2m* (1-4)° 3272 A P Y
we reach may? = (m3+m?—m?)y +m?=mj(y*+ay+b),
2[ 2 2
1 mgInm
J(m?)= —( ) i ;’Il(mz,mﬁ) may?—(ma+m?—m?)y+m?=ma(y?+cy+d).
1672/ | m5—m; (A13)
m3 Inm3 2 .
——— (M mj) +1,(m?,m3, mj) |, Therefo_re,Y(mz,mA) is completely determined. _
Mz — My The integrall, cannot be solved analytically. However, if
(A7)  the approximation ofn’>mZ,mj,mi,m3 is safely taken,
the analytical expression df, can be obtained. With the
where approximation, where IM?~Inn? in |,, we obtain
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I ,(m?,ma ,m3) from which Y(m?,m3) is calculated to be

1 1
~j de ydy
0 0
M(m?)In m? (A17)

X 1
—y(1-y)[mi—M(m?)[mz—M(m?)]

1
Y(m?,ma)~— F[mﬁ In(m2/m?)—m3 In(m2/m?)],

which becomes independentmf, . Finally, from Egs.(A3),

Inm? (A7), (A9), (A14), and(A17), we get

_ 2 2 2 2 2 2

== ——— [Mal(m*,mz) —mgl (Mm%, mg)]
mA_mB 5 5

_ 23 (.2 M M) = 5 2

- 2 2 2 2 [mA (m 1mA) X k

(mg—m37)(my—mg)

2 2 M2
—m3Y(m?,m3)]. (A14) 1

° ° J(m?)= = G(m2,mg, m?)G(m2,m?,m?),
Furthermore.. and 8. can be approximated to be m
2

2 2

m Me Me 1 xIn(x/z)—yIn(y/
i~ —|1-—|, a.~1+— (A15) _ xIn(x/z) ~yIn(y/z)
Tmi\T om m? GOxy.)= =y , (A18)
m? m? m?
Bi~—| 1- — B_~1+ _; (A16)  which are the expressions in Ed.3) with the dominance of
M m m contributions fromm? andmg in the integral.
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