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Contribution of W*H *Z; vertices to anomalous magnetic dipole
and electric quadrupole moments of thew boson
in the extra U(1) superstring-inspired model
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W=H*Z; (i=1,2) vertices available exclusively in the extrd1l) superstring-inspired model have been
utilized to evaluate th&V-W-y vertex contribution at the one loop level. The expressions so obtained have
been used to estimate the anomalous magnetic dipole momdxro&;@) and electric quadrupole moment
(AQW;H) of theW* boson. The contribution of thg,WW vertex is also added to these values. The resulting
values in the unit of ¢ a/7) when theZ, mass varies from 555 to 620 GeV have the following ranges: for
My cop=175.6 GeV, Akpyyy), from 25.402 to 41.559AQqyy;, from 6.886 to 10.858; formyy
=169 GeV, Akpy(1y;, from 20.821 to 34.121AQqy(1);, from 5.738 to 9.033. These are larger than the
standard model radiative correction contributions but an order of magnitude smaller than those predicted by the
composite model of Abbott and Farfi§0556-282197)03619-9

PACS numbdps): 12.60.Fr, 14.70.Fm

In recent years precision electroweak measurements havpiark by Couture and NpL6] who also examined the con-
started acquiring a sensitivity at which they are capable ofribution to (Ak) and (AQ) in the E¢ vector lepton model,
testing the standard modéM) having the gauge symmetry Where extra leptons—both neutral and charged types—form
SU(3)cX SU(2), X U(1)y at the level of its electroweak ra- doublets with the corresponding known leptons but there is
diative corrections and exploring the small “new physics” N0 extraZ’. In the extra U1) model coming fromEg group
effects [1-3]. Already the precision measurements of theil Superstring theory there is an exita boson and extended
weak interaction parameters have reached the level of 194199S structure involving at least two doublets and one sin-
accuracy of the determination of thé mass and the param- glet fo+r egch f_am|ly[1_3,1ﬂ. This prow_des additional verti-
eters of thez® resonance. As such, any deviation from stan-CeSW H"Z; (i=1,2) in the ”_‘Od_e'- Itis, therefore,_ of some
dard model expectations could be a hint for additional tree!nterest to explore the contribution of these vertices to the
level interactions involving physics beyond the SM, or a sig-

static quantities, e.g., the anomalous magnetic momdnt
nal for further loop corrections. The prevailing framework and the electric quadrupole momexi of theW boson. We
for physics beyond the SM includes technicolor theories in

report on the contribution of this work at one loop level.
. , i i
cluding composite mode[g€l-7], supersymmetry, and super- Since a copious supply of th&% "W~ beam is expected from

string theorieg8].

the CERNe*e™ collider LEP II, we hope that this work
An interesting outcome of the precision measurement OFPUId be used to measure these parameters with high preci-
various electroweak parameters has been the prediction th

sien and thereby new predictions may possibly be tested.
the parameterf9] S (and possiblyT) should have negative

values[1,9,10. In fact the result has been used to constrain
[1] the technicolor models which by and large give positive
S values, with the exception of a recent observation by Luty
and Sundrunj11]. On the other hand, Marciano and Rosner
[1] and Holdom[12] have shown that models having an
extra U1) with an additionalZz’ do give a negative contri-
bution to S. Recently we have been exploring the phenom-
enology of the extra (1) models emanating from thEg T2q)
group in superstring theofyl 3]. The fact that the extra (2)

model may provide a viable alternative as a model for phys-

ics beyond the SM has further motivated us to explore some .

, N
. - . HY (ke@) # SR H(k-Q)
new aspects related to this model, in particular, our recent . A

calculations for theS, T, U parameters in the extra(l) ) Zi(p+k)

model do give reasonable negative val{ig4]. W‘P'M(pm
The static properties of the/ boson, such as the anoma- ©

lous magnetic dipole momenik) and electric quadrupole

moment AQ) are two important quantities and may provide  FiG. 1. (a) The W-W-y vertex in general(b) The W* H* Z,

a crucial test for the SM. Bardeet al. and other§15], have  vertex of the extra (1) model.(c) Two one loop diagrams involv-

calculated these quantities in the SM in the massless fermigiag theW*H*z; (i=1,2) vertices contribution to thé/-W-y ver-

limits. These have been modified recently for the massive tex. (d) The one loop diagram involving th&,WW vertex.
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When the particles involved are on the mass shell, the 5 _
most generalC P-invariant W W™y vertex may be written C1=5 € SingB sindeMz,, (29)
as[15-1§
5
rreB=je! A[2p*g*F+ 4(QPg™* — Qghr) ]+ 2(k—1) C.=g e sin2B cosveMyz (2b)

Bran  anBi A_Q L@ B where 8 and 6 are the mixing angles, respectively, in the
X(QPg™*-Q )+4M\2/v PHQQ”). (D charged Higgs sector and tEeZ’ boson sector. In the latter
caseZ,,Z, define the mass eigenstates corresponding to the
This is shown schematically in Fig.(d. In addition, the flavor statesZ-Z’, respectively.
W=H*Z; (i=1,2) vertices of the extra (1) model[13] are Using the couplings given in Eq$2) for the W*H*Z,
shown in Fig. 1b), the one loop diagram for th&/-W-y  vertices and the usual coupling feH " H ™, we get for the
vertex in Fig. 1c), and for theZ,WW vertex in Fig. 1d). triple W-W- y vertex of Fig. 1c), the following expression in

The W=H *Z; couplings €;) are given by[13,17 the Landau gauge:
|
dk {g*#~ (p*pP+ kP +k*pP+ pkP)IMZ 1 Kk#
—irPh= 292 f 7 G VY, VY, . 3
iZ12J) (2m) [(p+K)*=MZI[(k—Q)*=MyI[(k+Q)*—M§]

In order to simplify right-hand sidéRHS), we follow the usual procedurel8]: namely, (i) change the variable th' =k
+p(1l—x—y)—Q(x—Yy), (i) introduce an arbitrary masg for regularizing the couplings and make use of dimensional
regularization.

After lengthy but straightforward algebra, we get

dk'c? (1 [1-x
—irtPr=de > — f de dy[k’ *k" Pk’ #+ AL(X,y;p, QK “K “+ AS(X,y; p, QK #Kk' A+ A4 (x,y;p,Q)k’ *k'#
i=12 Mz (2m)" Jo 0
1
+ALP(X,Y; P, QK A+ ABH(X,y;p, QK “+ ALY (X,y;p,Q)K A+ ATP(x,y;p,Q) ] TR @)
I

Since in the denominatd® =0, the contribution fromA§Pk’#, APk’ AZk'# will vanish [18]. Also

M{Z=MZ —p?(1—Xx—y)(x+y)+Q%(x=y)?=2pQ(1—X~y) (X—y) — (M5 —=M{ ) (X+Y). (5)

After very lengthy and tedious algebira8] and with the use of the Bogolubov-Parasiuk-Hepp-Zimmerm@&@iHZz) [19]
regularization scheme, we get an expression of the type

a B anBOM
TPr= E ieF;| 2prg*P+4(QPg**—Q*gP*)11(Z)) + (QPg*+Q*gPH)l 2(Z)+% 3(Z)+% o(Zy) |,
(6)
where
2
Fl:(logﬂ )sinZZ,BMil sinzGE(%>,
10072
F2=( 5 )sinzz/al\/@l cos’-@E(%), (7
and
(1- X) 1-3x—3
11(Zy)= 2 (6472N5) )fdxf [( Y {In(Ciy?+biy+a;)— (Ciy?+bjy+a;—1)}
—(1/4){y3+(3x—1)y2+(3x2—2x—4/Ci)y+x3—x2+(1—x)(1/Ci)}}
X 2 ’ (8)
(y“+piy+a)
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2

1 1 (1-x)
|2(Zi):_i:21 m fo dxfo dy[(l_?’x_gy){ln(ciyz_"biy+ai)_(ciy2+biy+ai)}

—(1/2 {y3+(3x—1)y?+ (3x2—2x—4/C;)y + x3— x?+ (1—x)(1/IC))}

(y*+piy+a) ’
2
1 1 (a0 {3y3+(3x—1)y?+ (x2=2x)y + (3x3—x?)}
15(Z)=— —z—f dxf d )
3(2) ;1 (32172|V|zi) 0 0 y (Y +piy+ai)
2 1 (1-x—y)3
14(Z))=— :
(Z0==2 (64m°M2) (y*+piy+ai)
with
M
CI:V%:’
2xMZ,—d,
bi: - Mz ’
Z

A comparison of Egs(1) and(6) gives

1
Ak(WZiH):;l 5 Fil2(Z),

2
1
AQ(Wz‘-H)ziZ:l 1 Fils(Z),

whereAk=(k—1).

(C)

(10

(113

(11b

(12

(13

The integrald ,(Z;) andl;(Z;) have been evaluated analytically by the standard procedure. We obtain finally the expres-

sions

2 sing
E
COe 12|v|§i 20 4 Mz My,

2 (44

o
7 5 d2

> Mw t3 M4 arcta

d
X [ arctar( + arctar(
M w

3 2 3+19 d 54 23o|2 1d3)
5 - IV n
2 HYC 8 CMZ, 2MZ, 8 MW 2 M§,

25
Ak(WZ‘H):IZI mSII’IZZ M2

(15 71 d 9 1d d?

d.
+ \/_ + arctar( —

2MGA

1| A +f2 1| a7 A,
_5”( i+i)_2 M3v+

2
M2,

Mw

M2

.\ 1 7 d 1d?
Ci 4CM3 4 My,

I M,

(14)
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. B 22: % M2, | singe 2<a> 151 d 2847) (1 & 130
Quwzrn =~ 2, 788" BM; coe/ \7/|| "6 4cC TemZ " 2ami) T\ CT ME T 12 MG,
13 d |1 (MA) [ d? d?+ 3, |1 MZ L1 sd 2 7 d?
2 cmz) 2™ Mz ) TimE T me, T emz,) 2 M Mg, C/ CMZ, " 2MmE~ 12M5,
><1|3di2+1+\/A—3+Oli i tr(fi + tr( d )
sInl-—5+= i| =+ —>— —7|{ arctan —= | +arcta ——=
2 \4aMmy G NCi My My 2\A; 2M2/A;
1 16+ 16 d, +13 d? . 67 df 2 d? t :
o T I CP VI ARSI VET oY Ak SN
1 [ d 17 d? d? L 15 df t d; 15
A\ Tac? oMy, B oMy 2mg, 192y M vz U | (153
with
P
i~ WV )
A2 il 15h
=\ amE) (15b)

Further, in order to evaluate the contribution of ZyVW vertex of Fig. 1d) we make use of the paper by Bardestral.[15]

(Figs. 1 and 2and write directly the following expressions by incorporating appropriate modifications coming from the extra

U(1) model under discussion:

Ak [ sirfoe 1 s, 19,0 97
(EWW T ] 2 sirfowR’ [ |2 4 3
3
3 R'5—BR/'4—18R/3+52R'2—16R’
+ (Rr2_4Rr)1/2
and
o SiﬂZGE ,
AQazww=| 7] 125, B+ R
(R'“~5R'3+5R’?)
(R/2_4Rl)l/2
with
R’ Mz,
=z

The total values oAk andAQ coming exclusively from the
extra U1) model, over and above the SM valyd$,16 are
then given by

(173

(170

Akruay = Akwzn) +AKz,ww »

AQ[U(l)]:AQ(WZiH)+AQ(ZZW\AI) .

L SRy
6 2

R’ (R"=2)
( arctanh(FZTR,)m— arctanhm] } ,

+20 ’4+2R’3 23R'2+8R'| R’
3] |4 2 n

) R’ (R'-2)
[arctanhw - arctanhm] (163

(R'®*-3R'?+R')

5 n R’

(16b)

In order to find the values d¥1,,+, B8, and 6z, we solve the
relevant renormalization group equatiaf®GE'’s) [20,2]] at

the one loop level and ascertain the Yukawa couplings
Ap. Ay, andA, at the weak interaction scalg/$=M).

The final values oh;,\p,\ are then chosen to be consis-
tent with the unitarity bound22], and A, is ascertained by
making use of the no scale scenario in the relevant RGE's.
The values ofr=(0|H|0), »=(0|H|0), are then adjusted in
accordance with the presently known values of the top quark
mass[23,24] by adjustingB. The values ok=(0|N|0) are
estimated by making use of Collider Detector at Fermilab
(CDP limits [25] on Mz, which is varied from 555 to 620
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TABLE I. The calculated values of anomalous magnetic momArln@VZiH), Ak(zzww)y AKry(1y;, and electric quadrupole moments
AQ(WZiH) , AQ(ZZWW) » AQqy(y) of the W* boson as contributions of th&*H* Z; andZ,WW vertices and their sums as a functionZxf
mass for the top quark CDF valum,=175.6 GeV(central valug

Ak AQ

My, « e Moo in units of (—a/ ) in units of (—a/m)

(GeV) (GeVv) (rad) (GeVv) AkwzHy  Akzww Ak AQwzhy AQzuww  AQuay

555 1315.714 —-0.0101 991.886 23.952 1.450 25.402 6.810 0.076 6.886
565 1339.603 —0.0097 1010.172 25.993 1.516 27.509 7.330 0.079 7.409
575 1363.488 —0.0094 1028.468 28.162 1.583 29.745 7.880 0.083 7.963
585 1387.370  —0.0090 1046.758 30.465 1.651 32.116 8.462 0.086 8.548
595 1411.247 —0.0087 1065.039 32.906 1.721 34.627 9.075 0.089 9.164
605 1435.125 —0.0084 1083.316 35.493 1.793 37.286 9.723 0.093 9.816
615 1458.998 —0.0081 1101.586 38.229 1.866 40.095 10.405 0.096 10.501
620 1470.934 —0.0080 1110.718 39.656 1.903 41.559 10.760 0.098 10.858

GeV. The set of values of, v, x, Ay, and\ so obtained Rizzo[26] there is no simple answer to this question for two

are then used to evaludt2l] M+ and6g . The procedure is reasons(i) The value ofgg depends upon the precise values

described in the Appendix. taken for the top quark and Higgs boson masses used for
Calculated values of\kwzy, AQwzHy: AKzww) doing radiative correction calculations in the SM diidl the

AQ(z,ww and also the total valueskiyy, AQuuuy are  E(6) model one picks up, & has a coupling which de-
shown in Tables | and Il for the top quark mass val[23] _pends on th&-Z'’ mixing angle which ha_ls different Versions
Mycon=175.6 GeV (central valug [24] and myp in d|ﬁerer_1tE(6) models[Z?]. As such, just comparing our
—169 GeV (central valug respectively, as a function of values with those predicted by some experimental group

P _without considering the aforesaid factors appropriately will
Mz, CDF limits [25]. Therefore, the values reported are con not be correct. Howevei26], there appears to be a general

sistept with the presently known mass of the top quark aggonsensus that independently of the factdysand (i), one
predicted by the CDIF23] and DO group$24] and with the 5y ake the value ofis to be around<0.005 radians.
stringent CDF mass limits on the mass &f. But are the In fact, Riemann28] has recently informed us that for the

values of theZ-Z" mixing angledg as reported in Tables | ¢ (6) model that we are considering, the ALEPH, CERN
and Il consistent with the presently known experimental "m'PIgE/97-10 limits orgg are[29]

its on its value provided by, e.g., the CERNe™ collider
LEP or SLAC Large DetectofSLD) etc.? According to —0.21<Z-Z' mix angle <0.12,

TABLE II. The values of anomalous magnetic momemls(waH), Ak(zzwva Akry(1y; and electric quadrupole momerm(WZiH),
AQz,ww) » AQqu1y; of theW* boson as contributions of th&*H™Z; andZ,WW vertices and their sums as a functionZgfmass for the
top quark DO value ofm,= 169 GeV/(central valug

Ak AQ

My, « o Mo in units of (—a/) in units of (—a/)

(GeVv) (GeVv) (rad) (GeVv) Akwzh) Akz,ww AKry(ny AQwz) AQ(z,ww) AQqu)]
555 1316.110 —0.0090 965.727 19.664 1.157 20.821 5.677 0.061 5.738
565 1339.993 —0.0087 983.556 21.345 1.209 22.554 6.109 0.063 6.172
575 1363.873 —0.0084 1001.377 23.132 1.262 24.394 6.565 0.065 6.630
585 1387.749 —0.0081 1019.190 25.029 1.317 26.346 7.048 0.069 7.117
595 1411.623 —0.0078 1036.997 27.040 1.373 28.413 7.557 0.071 7.628
605 1435.495 —0.0075 1054.797 29.172 1.430 30.602 8.094 0.074 8.168
615 1459.364 —0.0073 1072.592 31.427 1.489 32.916 8.660 0.077 8.737

620 1470.297 —0.0072 1081.486 32.603 1.518 34.121 8.955 0.078 9.033
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FIG. 2. (a) The variation ofA
angle 6g . (b) The variation ofAQ

We may, therefore, remark thptima facieour values of
fe as given in Tables | and Il are not very much different
from these limits. However, a precise comparison is possiblé
only when the experimental limits ol are obtained by

K(CDR

—0.00<Z-Z'" mix angle <0.009.

wzi against theZ-Z’ mixing
(CD% againsté
wzH againstoe .

consideringdg values in the range-0.006 to +0.008 rad
pertaining to the second of the aforesaid ALEPH, etc., limits.
The graphs are for the CDF top quark mass value. Identical
conclusions follow for the DO top quark mass value.

We notice that the values cxfsk(WZiH) and AQ(WZiH)

given in Tables | and Il are larger than the corresponding
Ak(zzwvw andAQ(ZZW\M values as they are also larger than

the SM radiative correction contributions which are usually
of the order of @/) only. The latter aspect may raise the
possibility of questioning the validity of a perturbative cal-
culation for this problem. We, however, notice tieityz )

andAQ(W;H) do not directly appear as coupling parameters

in the matrix elemenfEgs. (2) and(3)] and, as such, their
values cannot be used to ascertain the validity of the pertur-
bative calculations. The coupling parameter used wghich

is a weak parameter, and therefore a perturbative calculation
for the problem is perfectly valid. In a loop diagram calcu-
lation the physical requirement is the finiteness of the ampli-
tude, irrespective of the value, which it is.

The problem of strong coupling comes in the case of com-
posite models. In fact, in a recent calculatif80] of this
problem using the composite model of Abbott and Farhi
[31], the values oAk andAQ for the W boson are shown to
be two to three orders of magnitude greater than the SM
radiative corrections, and they are therefore larger than our
values.

Further, a comparison of our values with those from the
E(6) vector lepton model32] reported in Ref[16] shows
that the latter are some what smaller than our values. But
these are constrained by limits on the masses of heavy lepton

doublet
‘IE R

and also by a much smaller value of the top quark mass.
Here again a precise comparison is not possible.

Finally, it may be emphasized that the increase in the
magnitude ofA k(WZiH) andAQ(WziH) with an increase in the
Mz, value appears to be in contravention of the decoupling
theorem[33]. But a closer examination of the numerical val-

ues of various terms comprising Eg€l4) and (15) for
Ak(WZiH) and AQ(WZiH)a respectively, reveals that whereas

the decoupling term (CSGE/Miz) reduces the amplitude by a

factor of about 0.8 for Table I, the other terms arising out of
the renormalization procedure— both BPHZ and dimen-

ional regularization,—enhance the amplitude by a factor
=2, as one varie$l, from 555 to 620 GeV. As a conse-

making use of the top quark and Higgs masses that we havence, the overall increase of the amplitude becomes of the
used. To our knowledge, no such experimental limits arerder of 1.6. Identical conclusions are applicable for Table Il.
available. Under the circumstances, a precise statement ihe enhancement in the values &K z,ww andAQz,ww

this regard is not possible.

It may, however, be pointed out that a slight variation in

come from dimensional regularization.
In any case, it does not appear to be very remote from the

the value of¢g in this range of values hardly has any notice- experimental reach to discern the extréllumodel from the

able contribution t(ﬁk(wziH) andAQ(WZiH). As an illustra-
tion, we demonstrate this fact in Figgapand 2b) by show-

SM on the basis 0fV=H ™ Z; vertex contributions in terms of
Ak(WZiH) , AQ(WZiH) . The reported results decidedly encour-

ing Ak(WZiH) vs 6 and AQ(WZiH) vs 6g, respectively, by age a search for the static properties of Weboson in ex-
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periments probing three boson vertices—in particular, the d\; A 3
W-W-y vertex at LEP Il and 500 GeV Next-Linear Collider T ANZ- Y Cyig? (A7)
(NLC) [34]. =t

N.K.S. expresses his sincere gratitude to the Council oyvherei=(t,D,H), andj=1,2,3. These will have solutions
Scientific and Industrial Resear¢BSIR), New Delhi, India ~ ©f the form
for providing him financial assistance through a research 2(0) b
project as an Emeritus Scientist. The entire financial support)\z(t) [1_ _a gz(O)t
for this work has come from this project. The authors also ' [1—(A/2m)N{(0)Gi(1)] 4m 72
wish to thank Professors K. V. L. Sarma, D. P. Roy, and A. (A8)
Gurtu of TIFR, Bombay, and to Professors T. G. Rizzo of .
SLAC and S. Riemann of DESY for providing limits af with
along with useful comments.

2Ciy /by

’

2Cia /by
dt’,  (A9)

Gi(t)= H [1—b— g3(0)t
APPENDIX 0a=1

In order to ascertain the evolution of the superpotential
couplings\;’s (i=t,D,H) of the extra Y1) model, we make Ai=
use of the procedure outlined by Durand and Lo[@&] in
their paper on the “flipped S()xU(1) model.”

Beginning with the superpotentif20,21] and

N dvio W

3
2

W=\ t°qH+ X\ pN DD + A\ ybSqH+AyNHH + X\ 7°IH,
t (A1)

Wl  wlo
olon olu

Cia= 0 (A10)
we proceed by solving the relevant one loop

renormalization-group equation®RGE) of the extra U1)
model [35,36. The RGE's for the gauge couplings are fere ). /(0) denotes the values of; at t=0, i.e., atys

o
[N

3
2

(36,37 =M,y . As pointed out earliek;(t) WI|| diverge at the grand
3 unification scale ('s=Mg) if
dga _ Paga
: (A2) > 12
dt 8w ™
N(0)=N\ .= m ) (A11)
1~
with a=3,2,1E, b,=(0,3,9,9), t=(1/27)In(y/s/M,,).
These have the solutions where the\; ;s are called critical couplings. The divergence
of the couplings at a high-mass scale is closely related to the
gﬁ(O) triviality of the scalar field theorieg38]. The condition that
9a(t)= b, : (A3 the couplings diverge afs=Mg, defines a critical surface
1—— ga(0)t in the space of the\;'s at 's=M,y, and the extra (1)

model is inconsistent for couplings outside this surface.

Further, for the Yukawa couplingé\;'s), the RGE’s are Using 27,37 sirPfy=0.2314, a3(0)=as(My) =0.11,

[20,21] and making use qf thr—; fact thgb(tg) =gs(tg), we obtain

for the grand unifications scalM ;=5.36x 10"°M, GeV

dhe A , 1., 8, 3,5, andtz=5.77. The values of the critical couplings .(0)
rT [3)& TS MT397 5% 91}, (Ad)  =1.265p ((0)=1.266, and\y (0)=0.953 are then used

with the corresponding T;(0) values T, .(0)=0.127,

Tp (0)=0.128, andT .=0.072, where
di\p _ Ao 5 AE 4 22— 8 gz— § . (A5) D.c H.c
dt 4m |2 bt 3 671 A2
Ti=—. (A12)
4
d\y Ay (3 3 2 3 5 5
at 4n |2 )\t+2)\ +3 2 Ab 2 92—91 . (A6) It is interesting to point out that these values are very

close to the upper bound on th¢'s at (\/s=M,,), obtained
We do not consider RGE’s fox, and\ ,, treating them by applying unitarity requiremerf22]. These latter values
as negligible[zo].2 Further, the contributions af=1FE, are  are[22]
combined @,=g5/47) asa;= ag at the one loop levdR0]. _ _ _
It is interesting t0 note that if any of the Eq#\4)—(A6) are M(My)=1.263, Ap(Mw)=1.264, )\H(MW)_O'?:?'?,)
solved for a specifia with all others\’s being put to zero,
one obtains a singular point in the solution beyond which the This closeness of unitarity limits on the’s and\; s is
corresponding coupling diverges ds=Mg. For this case easily understoofi35] by rewriting Eq.(A8) as an equation
equationgA4)—(A6) are then reduced to the forf5] for \jpas
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G A2
i,Cc 2 i,C

1 —,2' %)\i c 1——,2 y (A14)
A ’ A/

2 Z: ZlcoﬁE_ ZZSiI’WE y
N2g=A?

ZI = lein05+ ZzCOﬁE y
where .
with tan29g = (2a/1—Db). From a knowledge of the values of
v, v, andx, the corresponding values 6 are evaluated for
; (A15)  the aforesaid ranges @, mass limits[25].
In order to evaluatet,+, we make use of the following
formula of Elliset al. [21]:

=\ (t)Hl {1——9 (0)tg|;

obviouslyAZ /N[ 2<1.

The unitarity limits on\;, at Js=M,, are therefore »
slightly smaller than the critical couplmm ¢- Itis obvious Mﬁ+= M\z,\,—)\HAHx -
that\; o's correspond to the values af at \/5 M, i.e., at v
the weak interaction scale.

In order to be on the safe side we choose these couplin
to be slightly smaller than the unitarity limiting values, i.e.,

+%>—>\H(y2+7). (A20)

For ascertainingA,(t), we solve the relevant one loop
%2normalization group equatid0,21]

dA;(t
A(My)=1.250, Ap(My)=1.250, Apy(My)=0.940, AWM MK TA;, (A21)
(A16) dt iTif
with T,(M,)=0.124,Tp(M,)=0.124,T4(M,)=0.70. For  with M ,=my,a,(t)/a(0), andwheremy,, is the gaugino
the top quark massng;) we use the relatiofi20,21] mass at the grand unified theqi@UT) scale. A solution for
A(t) for the no scale scenario [21]
thXtVZXtVOCOSB, (Al?)
. . . agbyt
which givesmya=M1p=217.5 GeV, withvy=174 GeV, Ai(t)zz CiaMyp| ———— |- (A22)
-7 a 1+ aabat

and tagB=v/v. This value is in agreement with the upper
limits arrived at by some authoff0,35 and is somewhat
higher than those recently quoted by the C[28] and DO
[24] Collaborations:

This gives fori=H, the expression

At 3@ 2 e
(i) CDF [23]: HO =My o2 000 T 8 (1 9ay(0))
=175.6=5.7(sta)=7.1(sysh GeV, (A18) ~0.67My(1). (A23)
(i) DO [24]: This value ofAy(t) is in agreement with the limits given in
Ref.[39]. In order to evaluaten,,,, we make use of the no
=169+ 8(stah =8(sysh GeV. scale scenario elaborated in Rdf21,39—41 and write
Making use of the central values given in E#4.18) and 1 112 >
the relation.(A17), we get, corresponding t@cpf), v m1,2=—Z bgz(—3) AH —x+—x+ ‘j
=140.5 GeV and»=102.6 GeV, and corresponding to 165k TR X A4
Mypoy, v=135.2 GeV and=109.5 GeV. (A24)

The corresponding values gfare calculated by using the with [21] b=27/1672, Sy=1/g2, andTr=0(g?), whereSg

mass formula oMz, [13,21] andTg are established dynamicallg1,40,41. For a numeri-
1 cal evaluation ofm,,,, we take the multiplying numerical
M2 == (1+b)+((1-b)2+4a%)¥2M2 , (A19) factor in Eq.(24) as the proportionality number ¢21] Tg
2 2 1 and use the simplified equation

with v v vy
m1/2: b)\H(;—X'f';X'f' ;j (A25)

Further, in order to ascertaimy;(t) we use the no scale
prescription of Refs[21,4(0 as follows. We choose the
renormalization poin@ and takeQ=0(m, ;). The effective
potential neaQ=Q, defined byV«(Qy)=0, then has the
form

with

o 1 2 252+ 16v°+ 12
S SMow| T

— a4t
We use the receril;, mass limits quoted by the CDF group Ver=e “P(U), (A26)

[25] for evaluatingx correspondlng to the aforesaid values of with t=InQ, where the functiorP(t) depends upon radiative
vandv. It may be pointed out thaf; andZ, correspond to  corrections. We take conjecturally

the mass eigenstate @ and Z’, respectively, through the

relation[13] P=(t—ty)"+---, (A27)
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with to=InQy, being the scale where symmetry breaking

starts to appear. The minimum of E@\26) is given byP
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My Q) =My Qo) e

=% P’=dP/dt. This gives, on retaining only the first term or

in the expansion, the expression

1

7 (A28)

One then gets fon=1, the expressio/Q,=e'* which
gives[41,42

My(t) =mMy(to)(1.28 =1.28My;. (A29)
Thusmy,(t) is obtained by multiplying the expression of Eq.
(A25) by 1.28. The values of,,,(t) so obtained are then
used inAy(t) by using Eq.(A23). Finally M+ is evaluated
by using Eq.(A20).
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