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The sign of the supersymmetric Higgs boson mass usually taken as an independent input parameter in
analyses of the supersymmetric standard model. | study the role of theories of supersymmetry breaking in
determining the sign ofx as an output. Models with vanishing soft scalar couplings at the apparent gauge
coupling unification scale are known to predict a positivel investigate more general results for the sign of
w as a function of the holomorphic soft scalar couplings, and compare to predictions of models with gaugino
mass dominance at higher scales. In a significant region oBgfien,,, versusA,/my, plane includingA,
=By=0, w must be positive. In another region,is definitely negative. Only in a smaller intermediate region
does knowledge of the supersymmetry breaking mechanism not permit a definite prediction of thesign of
The last region will shrink considerably as the top quark mass becomes more accurately known.
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In the minimal supersymmetric standard mo@diSSM) circumstances such a prediction can be made unambiguously.
[1,2], the Higgs boson mass terma is the only coupling In this paper, it is assumed that the gaugino mass param-
which does not explicitly break supersymmetry that has noetersM,, M,, andMj3 indeed have the same phase, so that
already been directly measured by experiment. Neverthelesg)ey can be taken real and positive without loss of
in phenomenological treatments of supersymmetric modelsggenerality! To fix conventions explicitly, the tree-level neu-
it is usual to treatu| as an output rather than an input tral Higgs potential is given by
parameter, because it can be fixed in terms of the other pa-
rameters from our knowledge of the electroweak scale. How- — o2 s 5 02 0110
ever, this condition alone does not address the phage, of V= (" Mg )IHy[*+ ([ul[*+m{ )|Hgl*~ (bHH+c.c)
which is left unfixed by the conditions of electroweak sym-
metry breakingEWSB). The lack of observe@ P violation + E(gz+g’2)(|Ho|2—|Ho|2)2. 1)
in the electric dipole moments of the neutron and electron 8 ! d
requires that large relative phases in the minimal supersym-
metric standard moddMSSM) Lagrangian must either be . . .
absent or aligned to rather particular values. Barring the Iat|—|::.ere bb is the holorgorphm soft smgehrsymmetry-breakmg
ter possibility, it follows that all gaugino masses should be.. 199s DosON squared mass parame@ther cozmmon nzota-
(at least nearlyrelatively real, and that with appropriately tions in the literature fo_r this term ay and M, a_ndm3 )
chosen phase conventiopsis real and the phases of scalar Without loss of ge’.“?fa"ty’ a swtably.renprmahzm}s taken
cubic couplings are equal to their Yukawa coupling counter© be real and positive at a renormahzaﬂon g_rQRp;) scale
parts. near or below 1 TeV, to satisfy the condition that at the

The remaining discrete phase freedom ggnis therefore minimum  of t.h'e effective potentialz the Higgs figlds will
usually regarded as an independent input parameter. Hov!;'—ave real positive vacuum expectation val(egVs):
ever, if the mechanism of supersymmetry breaking is known,
the phase ofx including its sign is often determined purely <H°>=v . <H°)=v .
from the theory and knowledge of already-measured dimen- . v d ¢
sionless supersymmetry-preserving couplings. This has been
noted before in the contexts of flippedlU(5)X U(1) no- v2+03~(175 GeVZ v,lvg=tanp. )
scale supergravity model8] and in gauge-mediated super-
symmetry breaking modelgt—7]. More generally, a com-
plete model of supersymmetry breaking should predictThe tree-level top, bottom and tau masses and Yukawa cou-
boundary conditions for all soft parameters in terms of suplings m;=v,y;, My=vqy, and m_=vgy, are simulta-
persymmetric parameters. This implies that, under mthoy  neously real and positivgLighter fermion masses are ne-
not all!) circumstances, the sign @i should properly be glected, so Cabibbo-Kobayashi-Maskaw@CKM) CP
regarded as an output prediction rather than an input assumpiolation is not an issu¢ Neutralino and chargino mass ma-
tion. Conversely, an experimental determination of the signrices are given by
of w will provide a non-trivial test of different models of
supersymmetry breaking. In this paper | will study the ability
of flavor-preserving high-scale theories of supersymmetry This would follow, for example, in grand unified theof@UT)
breaking to predict the sign qi, and consider under what models in which all gaugino masses are unified.
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The relevant soft supersymmetry-breaking terms include d
gi(PIw)=—20[B(w)/u] 8
— Leow= —bHIHS+at, T5HO+a,b b HY
. where
+aTTLT§Hg+C.C., 4
0=2 3 Mgerr 3 2 ©
= — - a;—
so that the stop and sbottom squared mass matrices are 2 4 Malagg T4 iy,

2 22, is a differential operator on the space of gauge and holomor-
2 M TYiut Dy awy—pmywe ) phic couplings. The indew labels the gauge groups with

T awy— WYy m{Z +yt203+DT gauge couplingsga1 and gaugino massed,, and t
R R =In(Q/IQy) with Q the RG scale. Ib/u, a,/y;, ay/y,, and

a,ly, are negligible at the input scale and are generated by

mgLergvng Db, ayg— YUy radiative corrections, they will be real at all other scales,
mgz 5 6) sinceQ is linear inM, anda; and the quantitieB(y;)/y;

apvg— UYpUy mBR+ y§v§+ Db, and B(u)/u are sums of real superfield anomalous dimen-

sions. Sincey, y;, Yy, Y,, and oneM, are real by conven-
tion, and the otheM , are real by assumption, it follows that

where D ,=(g?T¢—g'2Y?) (v~ v2)/2. These phase con- M,T?]t, fabf tr?Ttatrr? real within the same sl_et of cfo;}verlz/tlicsngf\)l
ventions agree with those [1,2]. € 1act that the running gauge couplings or the

6 .
Within the framework of supersymmetry breaking com-&'€ found to nearly meet at a scale neat I0'° GeV is
municated by arbitrary Planck-suppressed operators, the aSJ99estive that a perturbative RG analysis can be applied for
sumption thatw is real is a strong and seemingly unnatural aIL C?]UPI_'ngs 3”? p?rametz_rs up to that scale. Inge\(/jer,
one, requiring justification in terms of some organizing prin-WN€ther in models of extra dimensions, or “no-scale” mod-

ciple. One way of addressing this is to require that gaugind'S: Of supergravity-inspired models which happen to have

masses are the dominant source of all supersymmetry breaggugino mass domination, it is likely that the true input scale

ing at some RG input scaldy . Other soft supersymmetry- 'S hlgaher, perhaps at the reduced Planck sddle=2.4
breaking parameters can then be thought of as radiative efs 10" GeV. It s difficult to say with any confidence what
fects due to large logarithms which can be resummed usinghe RG running should be like abowé,, except that the
the renormalization group. Older versions of this idea fol-Evolution of soft parameters is significant and dominated by
lowed from the ideas of “no-scale” supergravity models gaugino mass.gffects. Thereforg, it is useful to work with
[8,3], and it has found a different justification recently in Poundary conditions for the gaugino masses,M,,M3 and
terms of models with supersymmetry breaking displaced©ft Scalar interactions:
along compactified extra dimensiof®-15]. A crucial ben- b/ u=B
efit of these models is that they naturally avoid the most #=bo
dangerous types of supersymmetric flavor violation, since
the gaugino interactions which communicate supersymmetry
br_eaking to the sfermion masses are automatically ﬂa"orl‘mposed atM ;=2 1016 GeV (except as noted belgwlf
bllr;;j.gaugino masses have a common phase and are tgaugino mass domination is input &t;, then one would
. X S ve Ayi=App=Ay,=Bp=0 at that scale. However, if the
ﬁr?gnv:/rr]wamaizucr:gen ck))LS'(l;ka;S)t/(;ng:ae:;yalb\:\ﬁ?hk(;Tj?,Ictzgnoétgir:l(\;?ﬁe input scale is higher, then an examination of the pertur-
; T . “bative form of the beta functions Eq¥)—(9) shows thaB
ality. One way to understand this is to consider the form o andAg,, Aoy, Ao, will each be negative a¥l, due to IooSs
the RG equations for the holomorphic scalar supersymmetryl—nvohling gauginos.
breaking interaction®, a;, a,, anda,. At all orders in

(10

alyi=Aot;  alYp=Aop; ;¥ =Ao, (11

. ; ; In general one expects that, ,Aq,,Aq, Obtain different
perturbation theory, these can be written in the fré] corrections from physics abovtzﬂtu,ogepgnding on how the

MSSM superfields fit into whatever gauge group may reign
in that regime. Similarly, the non-holomorphic scalar squared
masses will not be universal M if they occupy different

d
a(af/yf): —20[B(yp)lysl, (7)
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FIG. 1. Running of the dimensionless ratio of parameb#ysm,;, with the boundary condition8,=B,=m,=0 andm;,,,=400 GeV

imposed afa) M =2x 10 GeV and(b) Mp=2.4x 10'® GeV. The solid lines are obtained for the central values, and the dashed lines for
the maximum deviation, implied by Eq&l7)—(19). Sinceb/um;,,, is positive at the weak scalg, must be positive.

representations of the gauge group. In a study of the sparticleotential corrections, namely those proportionalg%a[Zl]
spectrum, it would be crucial to assume knowledge of thesand those quartic ity, andy, [22]. The effective potential
particulars. However, the results below regarding the sign ofninimization is performed at an RG scale equal to the geo-
w depend only weakly on the effects of non-universal non-metric mean of the stop masses. In this paper, values gf tan
holomorphic scalar masses, which do not enter directly in theire always quoted as the ratio of running VEV$vat in the

RG equations that can affect the running of the crucial quannon-decouplingDR’ scheme in Landau gauge, determined

tity b/u. Also, the dependence of the running lofi on by running according to the one-loop RG equatfoi2s]
scalar cubic couplings beloM  is mostly due(at least at

small or moderate tg8) to the single quantity,, which in d 1 3 3

many models is not very different frod,, anyway. Results ginw= W[ —3yf+ Zg§+ %94; (19
for the case that the gaugino masses do not unifyl gtare
beyond the scope of this paper, but | expect them to behave

in a similar way to the results below as long as the ratios _ L a2 \2 § 2 i 2
amongM,, M, and M, are moderate. Therefore, for con- dtln(vd) 16772{ BomYet 190 500 (18
creteness and simplicity | will use the traditional boundary
conditions from the scale at which the effective potential is minimized.
The largest uncertainties in the following come from not
Myp=M;=M;=M3; (12 knowing the precise values of the top and bottom quark
masses and the QCD coupling. | take central values and al-
Ao=Aor=Aop="Ao-; (13)  lowed ranges as follows:
mg=mj  (forall ¢) @4 a¥SM,)=0.118-0.003; (17)
as a convenient parametrization of our ignorance regarding __
the true boundary conditions &,,. Each model is then ~ my>(M,)=2.88+16(0.118- a3) =0.10 GeV; (18)
characterized by an overall gaugino mass soajg and ra-
tios Bo/My, Ag/My,, andma/m2,,. In gaugino mass domi- mP°€=174.3-8.0 GeV. (19

nated models, one generally expects the effedByém,,,
Aq/my, atM to be negative and not too large in magnitude.Here ag/IS and mg"s are running parameters in the standard

. In practice, the relation _betV\_/een the si_gn mfand the ._model with 5 quark flavors. The range in the top quark mass
high-scale boundary conditions is accomplished by choosm% larger than that quoted i{f24], because of the theoretical

w# and b near the electroweak scale to_prod_uce Correcbncertainty in relating the top-quark Yukawa coupling to the
EWSB, running them up té, and then iterating to the gole mass in supersymmetry.

desired boundary conditions. | use 2-loop RQ equations Tha RG evolution of the dimensionless rabibpum, , is
[17,18 for all MSSM parameters. The conversion of stan-giyen in Fig. 1a) for an example gaugino-mass-dominated
dard model modified minimal subtraction scheméS)
guantities to MSSM dimensional reductio®R’) [19,18
ones, and the relation between pole masses and running pa2\ote that the quantities on the right-hand sides of these equations
rameters is accomplished using ReX0]. The C_0nd|t|0n5 for  are the negative of the anomalous dimensions of the Higgs fields in
EWSB, the values of, andvg, and the physical masses of the component field formalisifin which auxiliary fields have been
Higgs scalar bosons are calculated using the full one-loopntegrated oytand in Landau gauge, and are not equal to the su-
self-energy corrections plus the leading two-loop effectiveperfield anomalous dimensions.
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model with A;=By=0 at My=My. (The graphs shown
also usem,;,=400 GeV, andn?):o, but they depend only
weakly on those choicgsWith these boundary conditions,
tang is uniquely determined by the requirements of correct
electroweak symmetry breaking, so there is only one pos-
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sible RG trajectory for the parameters of the model onge

mp and m; are fixed. As shownb/um;,;, is negative along
most of its evolution towards the infrared, but turns positive
at a scale about two or three orders of magnitude above the
electroweak scale. This can be explained as follows. The
one-loop RG equations for the holomorphic soft couplings
following from Egs.(7), (8) are:

BO/m1/2

——— m,<1125GeV
— m,>112.5GeV

0.5 1

-05 0
Al)/'n1/2

FIG. 2. The region of thd,/my,, vs Ag/m,,, plane which al-

,d 32 , . 26,
167 a(at/Y1):§93M3+692M2+ 1—591M1

+12a,y,+ 2apyy ; (20 lows u>0 is unshaded. Boundary conditions are imposeigt
=2x10% GeV, with gaugino masses restricted by,
,d 32, 5 14 <400 GeV and scalar masses in the rangen@§/m3,<1. All val-
16w a(ab lyp) = 393M3+692M2+ 1_591M1 ues of targ leading to correct EWSB, perturbative couplings up to
My, and charged superpartners heavier than 100 GeV are allowed.
+12a,y,+2a,y:+2a.y,; (21 Example models lines are shown for {&s 3,6,10,20,30,40,50
(from top to botton), with m;,,=350 GeV, m3/m?,=0.5.
16w2£(a7/y7) =6g5M,+ ngfM 1+8ay, thresholds are introduced at the apparent unification scale. As
dt > before, the running ob/u renders it positive at the elec-
+6aLyp; (22)  troweak scale, implying again thatmust be positive. In this
ultraconservative version of the MSSM with no new par-
d 6 ticles and gaugino mass domination at the Planck scale, a
16772d—(b/,u) =603M,+ =g2M, +6ayy, b-ino-like neutralino is the LSP.
t 5 More generally, for given RG trajectories of the dimen-
+6apy,+2a,y,. (23)  sionless supersymmetric parameters, the running of the di-

mensionless quantity/ wmy,, is determined uniquely by its

At high RG scales, gaugino masses are dominant, quicklfpoundary conditiorB,/m,,, and that of the scalar cubic cou-
driving each ofa;/y; and b/u to negative values in the Pplings,Aq/my;, atMy. This can be checked from the form
infrared. Continuing to lower RG scales, the dominant con-0f Egs.(7),(8). The effect on the sign of. can be roughly
tributions to the beta function fds/u are the negative ones stated as follows. Lowering,/m;, tends to make the beta
proportional toa,y;, a,y, anda,y,. This forcesb/u posi-  function forb/x more negative, makinl/m,,, more posi-
tive before the electroweak scale is reached. There is a sidive at the weak scale, thus increasing the parameter space in
nificant dependence on the top mass and a smaller depe@ither variables for whichu must be positive. Lowering
dence on the bottom mass ang, shown by the envelope of Bo/my, will have the opposite effect, since for very negative
dashed lines. Sinck is positive near the electroweak scale By, only negativeu can rescué/u to make it positive near
by convention, the sign of is the same as the sign of the the electroweak scale. Therefore, one can map out regions of
dimensionless quantitp/ um,,,. Because there is a unique theBg/my, versusA,/m;, which predict thaj is definitely
solution for tarB, the conclusion is that is inevitably posi- ~ positive, definitely negative, or can have either sign.
tive. Figure 2 shows the region for which can be positive,

The model shown in Fig. (&) predicts tang should be for m;,<400 GeV and &<mj/mi,<1. In making this
between about 1(for largermy,,, corresponding to the up- graph, all values of ta@ which maintain perturbative cou-
per dashed lineand 24(for smallermy,,, corresponding to plings up toMy, are allowed, and the top and bottom quark
the lower dashed line It also predicts that a stau is the masses and; are allowed to vary over the full ranges indi-
lightest supersymmetric particle SP), abandoning the pos- cated in Eqs.(17)—(19). All charged sparticle masses are
sibility of a supersymmetric source for the cold dark matterrequired to be heavier than 100 GeV. The shaded region in-
This is easily corrected if the true input scale is higher thardicates where no solution with>0 can be found. Smaller
My, since the resulting RG effects are positive on stawalues of tar83 correspond to points with largdsy/m,,,
masses and negative on the bino mass, for a fixed value efhile the largest allowed tgh values occur near the bound-
my,. An example of the effect of this o/ um;,, is shown ary of the unshaded region. Several example model lines
in Fig. 1(b), for which the scale at which the boundary con- with fixed tang=3,6,10,20,30,40,50 are also shown; these
ditions (10)—(14) with my=A,=B,=0 is moved up to the were computed wittm,,,=350 GeV,m3/m?,=0.5 and cen-
reduced Planck scal®p. For simplicity, no new particle tral values for the top and bottom masses agdl have also
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u<0

tanf =3
—-—- tanf=6
tanp = 10

05 | T mmpiz
tanp = 30

A/m,, By/m,,

FIG. 3. The region of thd,/my,, vs Ay/my,, plane which al- FIG. 4. Solutions for ta as a function ofBy/m,,, for u
lows #<0 is unshaded. Universal gaugino masses are restricted by 0 (solid black and u<0 (dashed In each case, the boundary
m,,<400 GeV and universal scalar masses lie in the range @onditions imposed dfl,=2x 10'° GeV areAq=—0.75my,, with
<m2/m2,,< 1. All values of tang leading to correct EWSB, pertur- Miz=400 GeV andmg/mi,,=0.5. This illustrates that for a range
bative couplings up td, , and charged superpartners heavier than®f Bo/mu (here, —0.7 to —0.5), there are sometimes simulta-
100 GeV are allowed. Example model lines are shown for varioud'®0usly distinct solutions with positive. and negativew. For
values of tang, usingm,,= 350 GeV, mé/mf,fO.S. Iargequ/ml,z, uis Qeflnltely positive, while for smalleBy/my,,

w is definitely negative.
indicated by dashed lines those models for which the lightest ) . ]
CP-even Higgs boson mass, calculated as indicated choice affecting the running df/ w. qu that range, the sign
above comes out lighter than 112.5 GeV, for rough compari®f # cannot be unambiguously predicted. _ _
son with CERNe* e~ collider (LEP2) limits. (Even with full The regions found above can be correlate(_j with particular
one-loop and leading two-loop calculations, it can be estinodels of gaugino mass dominance, depending on the gauge
mated from scale-dependence considerations that there is @oup aboveMy, how the MSSM sparticles fit into repre-
leag a 2 GeV uncertainty in the calculatex, .) sentations of that group, and wh_at_other particles are present.

In contrast, Fig. 3 shows the region which allows negativet One loop order in the larg#, limit, the RG equations for
w under the same assumptions. As suggested by Fiy, 1 the soft parameters are
there is a significant neighborhood of the poisg/my, q
=By/my,,=0 which cannot support negatiye Here, this is 2 - 2 .
shown to be true for any values ofi,;,<400 GeV and 0 1om g (B w) 42 9aMal Ca(HW+ Ca(Ha)]: (29
<m3/m3,<1 and with top and bottom quark masses and g
allowed to vary over the entire ranges indicated in E§jg)— 2 . 2
(19). Models which approach the border of the allowed re- 16m ﬁ(at/y‘)_“; 9aMal CalHu) +CaltL)
gion with <0 turn out to have intermediate values of fan
(typically between 10 and 25while smaller or larger tag +Ca(tr); (25)
models have larger negatiB,/m,,.

The regions in Figs. 2 and 3 allowed for positive and
negativex have a significant overlap. This represents a true
ambiguity in the sign ofu, even in models for which the
boundary conditions for the soft supersymmetry breaking +Ca(br)]; (26)
couplings are fully specified, and even if the QCD coupling g
and physical top and bottom masses were known with arbi- 2
trary accuracy. To illustrate this, Fig. 4 shows solutions for 167725(37/)’7):42 95Ma[Ca(Hg) + Cal7)
tanp as a function of a single varying paramey/my,,
with fixed Ag=—0.75m;),, m,,=400 GeV andmi/m3, +Ca(mR)]; (27)
=0.5 andajz, m, and m, taking there central values. For g
Bo/my = —0.5, there is always only one solution for t@n 29 o 2 2
corresponding to positive. ForBy/my ;< —0.7, u must be 16m dt e 8; 9a/Ma"Ca( ). 28)
negative, with two distinct solutions for tgh if —1.1
<Bg/my;»<—0.7. For the range-0.7<B,/m;,,<0.5, there  Here the indexa runs over gauge groups with Casimir in-
are three distinct solutions for t#h one corresponding to variantsC, for the representations of the indicated fields.
positive u, and two corresponding to negatiye. This is  Now, in principle these equations could be run down from
because different sets of Yukawa couplingsy, andy,can  the input scale to the scaM to get boundary conditions.
be chosen consistently with the known masses, with thdhe resulting one-loop contributions twx andas/y; are

d
1671 (an/yp) =42, g3Mal Co(Hg) + Ca(by)
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negative, implying that at the scalé, we should be in the 1
lower left quadrant of Figs. 2 and 3. However, to evaluate — A
these in detail would require a clairvoyant knowledge of the —-—- SU(E)-like
theory above the apparent unification scale. Furthermore, in 05[] 2o otin-Na
grand unified theory(GUT) models, large representations :
generally render perturbation theory invalid belddy. For
example, the minimal missing partn&U(5) model gauge
coupling appears to have a Landau pole if extrapolated at o2
two-loop order, and appears to have an ultraviolet-stable _05 km
fixed point at three- and four-loop orde?5]. The same state- o4
ment holds forSO(10) models with large representations.

The true UV behavior of such theories is unknown. Even in -1
models which do not have non-perturbative or Landau-pole

behavior in the gauge couplings, it doast follow that per- Adm e

turbation theory for non-holomorphic scalar squared masses g 5 The Bo /My, VS Ag/Myy, plane is divided into three

is reliable. In fact it is cqmmonplace for two-loop contribu- regions, according to whethgr must be positivéupper unshaded
tions to non-holomorphic scalar squared masses to OVel; myst be negativélower unshaded or x can have either sign
whelm the one-loop contributions even if the gauge cou{shadegt The top and bottom quark masses angdare allowed to
plings remain perturbative. Another complication is thatvary over the entire ranges indicated in E¢7)—(19). Universal
higher loop corrections are not linear in quadratic Casimirgaugino masses are restrictedrhy,<400 GeV and universal sca-
invariants forb/w or as/ys . lar masses lie in the range<im3/m?,< 1. All values of tan3 lead-
However, one can still use Eg&4) and (27) to get a ing to correct EWSB, perturbative couplings up k,, and
rough idea of what to expect for the ratiosaf/y; tob/u at  charged superpartners heavier than 100 GeV are allowed. For com-
My, at least in the limit of perturbative couplings and small parison, the approximate boundary condition ratio predictions of
particle content. For example, if the GUT gauge groufds various model frameworks as described in the text are indicated by
with all MSSM chiral superfields i27 representations, then lines.
one finds thaf\y/By= 3/2 if one neglects higher loop effects. _ _ )
If the GUT group isSO(10) with H, andH in a10and top, These 90n§|derat|ons ar.e.compared to the preceding general
bottom and tau in 46, then[26,11) Ay/By=7/4. In the case '€Sults in Fig. 5, which divides thgy/m,; vs Ag/my; plane

of SU(5) with H, andH, in 545 and standard assignments into three regions. In the upper unshaded region including

: . - Ao=By=0, the sign ofu is definitely positive. In the lower
for MSSM quarks and leptons, there is a differert,” for 0.0 . ; . - .
top and bottom and tau, wit§26.11 Ag/By=2 and unshaded region, the sign pf is definitely negative. In the

intermediate shaded region, the signuotan be either posi-
Aoy /Bo=Ay,/By=T7/4. The model dependence tends to can-; . : ,
cel out of those ratios even beyond leading order. For oth {lve or negative, depending on the values of supersymmetric

o ' O imensionless couplings. The extent of this region was maxi-
non-unified gauge groups, one can make the approximati

that the gauge couplings and gaugino masses abhyare fhized by scanning over the full allowed range of top and
nearly the same. Fd8U(4)X SU(2), X U(1)g, that would bottom masses and QCD coupling, as in H43)—~(19), as

; A : well as including allm,,<400 GeV and & m3/m3,<1.
imply Ag/Bgy=23/8. Similarly, with the MSSM gauge group . . .
SU(3)eX SU(2), X U(1)y, with all gauge couplings and (The region will grow very slowly as the maximum allowed

augino masses taken as equal abblg, one would find my, is increased.Also shown are lines corresponding to the
%Ot /?30:23/9 andAOb/Bo=22q/9. This na,ive estimate from boundary conditions of the different types of models as de-

counting Casimir invariants actually agrees reasonably we cribed above. In the MSSM-like an8U(5)-like cases,

: 9 ) 1y agre naby ot/Bo andAq, /By andAg, /By are slightly different, so the
with values obtained a#l ; for the slightly different situation more imoortant factoA /m. is used. We learn the follow-
depicted in Fig. (), in which all couplings were assumed to P o2 '

run up toMp independently according to their MSSM RG ![2?3 gljaerneera:r!eessoEl.Jsl?rs(te, 'fctgﬁﬁ/:muaﬁoézcet'sonéeacrgn%()tin
equations; there | found numerically at two loops that g€, m P ' '

A /Bae A~ [B-~2.6. Although these ratios can be modi- models with larger corrections, gauge groups in which the
figa 8 r‘(r)llf';m 0 model-de egldent offocts one can takdOP and bottom quarks are in larger representations than the
them i/is suggestive scgnarios respec’éively';,s-like ? ?Hggs fields require positives, W.h”e the highly uni_fied
“SO(10)-like,” etc. Summarizing: groupsEg and SO(10) can sometimes allow either sign of

M

Someday, the top-quark mass will be better known, and its
relation to the top Yukawa coupling in supersymmetry more
( accurately computed. Furthermore, measurements of the
(1.75,1.73 SQO(10)-like sparticle spectrum will enable determination wf,,,m,.
_ _li Figure 6 depicts how the situation will improve, now assum-
(Aor/Bo,Agy/Bo) = (20,175 SU(S) I|!<e 29 ing as fixedpthe present central value forpthe top quark mass
(2.56,2.44 MSSM-like with the one-loop supersymmetric corrections, mfyiequal
(2.88,2.88 SU(4)-like. to 0.5n§,2. As shown, the region in which the sign pf is

1515  Eglike
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1 . T plings are given by adding a terma\ to each of Egs.
e SU(4)like (20—(22), and replacing Eq(23) by
— MSSM—_Iike
05 ||~~~ Sotbrike ] ,d , 6,
--——- Eglike 167 &(ax/)\)IGQZMZ-F 591M1+ 6a.y;+ 6auy,

+2a,y,+8a,\ (33

where the effects of other couplings 8fon its anomalous
dimension are omitted. The last term is just a damping term
and cannot change the sign @f/\. In the limit of weakly
coupledS, the additional terms are inconsequential and the
-1 1 0 0'5 1 preceding analysis goes through without change. Of course,
AJm,, one must still Io_ok at the Qetalls of the particular model to
decide whether it can be viable.

FIG. 6. As in Fig. 5, but now taking the top quark mass fixed at  The above results were obtained assuming that gaugino
its central value, andh,,=400 GeV withm3=0.5m3,,. The upper ~masses are unified to a common valag, and that scalar
unshaded region requirgs>0; the lower unshaded region requires squared masses are unified mg The dependence on the
1<0; the lighter shaded region allows of either sign; and the |atter assumption is not very strong, as the non-holomorphic
black region at the right allows no solutions. This shows the im-scalar squared masses mainly enter into the determination of
provement that could follow from knowing the top quark mass ac-the sign ofu through their influence on tg®, and all values
curately and the sfermion masses with reasonable precision. of tanB were considered. The assumption of gaugino mass

) ) o unification is stronger, since non-unified gaugino masses will
not determined byA,/m,, andB,/my, shrinks significantly  affect the running ob/ anda; /y; in different ways. How-
in thIS. case compared' to Fig. 5. It will shrink even more if ever, gaugino masses can be reconstructed with good accu-
tanp is measured. This represents a concrete benefit of_ acy from future measurements of gluino, neutralino and
accurate measurement of the top-quark mass and couplingsargino masses, so a similar analysis can be repeated for the
in testing our ideas of high-scale physics. case that gaugino mass unification is badly violated. The top

The fact that theu-term is apparently of the same order of 5nq pottom Yukawa couplings may well be modified from
magnitude as the supersymmetry-breaking soft terms is gejr extrapolated behavior at high mass scales, but the de-
major puzzle within the MSSM. Therefore one should quespendence of Yukawa couplings on the RG evolution comes
tion whether the origin of thé-term might be qualitatively mainly from lower scales anyway in models of gaugino mass
different from that of the other soft terms, so that the boundygominance.
ary conditionBo=0 should not be applied. However, the  After the discovery of supersymmetry, it will be an im-
origin of the b-term cannot be completely arbitrary, or else portant challenge to connect measured properties of the su-
one would expecC P-violating couplings in the neutralino perpartners to candidate theories of supersymmetry breaking.
and chargino sector. In any case, with a theory for the origing fact, there are already a couple of weak indirect hints from
of the b-term one can simply look at the plots above with experiment which may suggest that if superpartners are not
Bo/m,, displaced by the appropriate amount. _ too heavy and gaugino masses have a common phaseythen

One general strategy for solving theproblem relies on - should be positive in the standard convention. First, it is
replacing it by the VEV of an additional gauge singlet field gften easier to accommodate constraintsben sy within
[27]. This allows all dimensionful parameters to be bannedsimme model frameworks if.>0 [28]. Second, the recent
from the superpotential, which now includes instead of themeasuremer[lzg] of the muon magnetic dipole moment also
p-term: favors this sign 30,31 if tan B8 is not too small and super-

_ 01,0 partners are not too heavy. While caution is certainly called
W==ASHHg+ - B0 for before hailing the muog—2 discrepancy as evidence in
favor of supersymmetry, it should be remembered that many
models withu <0 are ruled out by the data at a far higher
confidence level. In any case, these considerations highlight
the importance of understanding the signiofas a conse-
— Logi=—a,SHHI+m3 g%+ - - .. (31)  quence of theory, rather than merely an input parameter. As |
have emphasized in this paper, the theory of the mechanism
Consider the limit of small\, so that the resulting theory of supersymmetry breaking can predict the sigruoin ad-
describes a nearly unmixed singlino and MSSM neutralinosdition to the more obvious mass hierarchies in the sparticle
Then whenS gets its VEV, one has effectively spectrum.

where the ellipses may refer to a self-couplingSénd/or
couplings ofSto other non-MSSM fields. The corresponding
supersymmetry-breaking Lagrangian is

w=X\(S); b=a,(S). (32 This work was supported in part by the National Science

Foundation grant number PHY-9970691. | thank Graham

So all of the above analysis can be repeated Wwith re-  Kribs, Martin Schmaltz and James Wells for helpful conver-
placed bya, /N. The RG equations for the scalar cubic cou- sations.
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