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Adjoint messengers and perturbative unification at the string scale
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We consider states in the adjoint representation of the standard model gauge group as messengers for
mediation of supersymmetfgUSY) breaking. These new messengers can shift the gauge coupling unification
to the string scale aP(5x 1017 GeV) if their masses are &(10** GeV). The predicted SUSY mass spectrum
at the electroweak scale is significantly different from those in other gauge-mediated or supergravity models,
resulting in robust mass relations. The gravitino mass is predicted to be about 1-10 GeV. The heavy messenger
sector could provide a superheavy dark matter candifi@@556-282198)04021-1

PACS numbgs): 12.60.Jv, 12.10.Dm, 12.60.Cn, 14.80.Ly

INTRODUCTION In this paper, we propose a “marriage” of these two
ideas: we introduce some states beyond the MSSM below
Weak scale supersymmetf@USY) is arguably the stron- Mgyt (incomplete representations of the GUT grpap new
gest candidate for physics beyond the standard m@M).  messengers to mediate the SUSY breaking effects, and the
One of the most attractive features is that the supersymmetrigcale of gauge coupling unification is lifted Mg,. This
SU(5) theory provides a nontrivial coupling unification for scenario may have profound theoretical implication: the
the SM gauge group SB)XSU, (2)xUy(1), consistent dauge coupling unifipation at the string'sc':ale may be inti-
with the experimental determination for the coupling con-Mately connected with the gauge mediation of the SUSY
stants at the electroweak scal £) [1]. In the minimal su- breaking. It is important to note _that the introduction of the
persymmetric extension of the standard ma@&SSM) with new messengers predicts a different mass spectrum for

a SUSY mass scale near 1 TeV, the gauge coupling unificatS-USY particlegsparticle$ from those in the GMSB models

tion occurs at a scal g ~2Xx10'® GeV. On the other 5] and in the supergravity mode{SUGRA [6]. Thus, we

hand, heterotic string theories generically predict a perturbaShOUId be able to test this idea once the SUSY mass param-
. L . eters are measured at future collider experiments. There are
tive string unification at a scalMy~5X 10 GeV. These P

. . . i also interesting cosmological consequences in this scenario
two scales are mysteriously cloéa relative valug, yet sig-

nificantly different (in absolute valug It is therefore ex- that we will discuss in the later sections.
tremely tempting to contemplate on physics scenarios to rec-
oncile these two scaldg]. ADJOINT MESSENGERS AND GAUGE COUPLING

One of the possibilities to fulfill this idea is to introduce UNIFICATION
some states beyond the MSSM below the unification scale. Fo”owing the proposa| in Re'[g] to resolve the String
The additional states modify the behavior of the gauge cougnification problem, we first introduce a pair of new messen-

pling evolution and may lift the unification scale fragyr  ger fieldsSg and 35 with the following SU(3)X SU,(2)

to Mg;. An explicit example has been constructed by con-x U, (1) quantum number assignment

sidering adjoint representations for an $8) octet &3)

plus an SY(2) triplet (X3) [3]. This scenario is particularly 25:(8,1,Y=0); 23:(1,3Y=0). 1)

interesting since the new states could naturally arise from the ) o )

non-Goldstone remnants of the Higgs multiplats,. Thgy are in adjoint representations and thus anomaly free,
In spite of our ignorance about the SUSY breakingWh'Ch will be referred as “adjoint messengers.” We con-

mechanism at high-energy scale, one would like to at leastider a general model which includeg pairs of ®5+ dg
explore how the SUSY breaking effects have been transmitand ny pairs of g+ 5 states. The renormalization group
ted to the observable sector at the electroweak scale. Aquations(RGES at one-loop level for the SM gauge cou-
model with gauge mediation of SUSY breakit@MSB) [4]  plings, a;=g/4m (i=1,2,3), up toM, are given by

is a simple and predictive version of the MSSM. In addition

to the observable sector and a SUSY breaking hidden sector, do; MSSM of

the model also possesses messenger fields which mediate the dt =(bj +Ni) on’ @
SUSY breaking to the observable fields via the SM gauge

interactions. Theminimal model has a pair of messengers where t=In Q and theb coefficients in the MSSM are

- MSSM_ ;
5+ Dy transforming under the SB) representationss  Pi23 — +33/5+1,—3 respectively, andN; the new state
+5. By assumption, this minimal model of gauge—mediatedcountlng

SUSY breaking (MGMSB)_ contains messengers as complete Ni=ng, Ny=ng+2ny, Nz=ng+3nyg
SU(5) representations. This construction automatically pre-
serves the gauge coupling unificationMg . (above @5, X5 and X5 threshold M). 3
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G L I B L L L too heavy sparticle spectrum, especially for the gravitino
[ s ] mass (ns,) as we will discuss latemy=1 is strongly fa-
s - vored. For concreteness, we also choage= 1 in the rest of
i -1 sof ] h our studies, which can be easily generalized to other values
80 - a5 - . Of nq) .
- i gy A j ] PREDICTED SUSY MASS SPECTRUM
| 1012 1014 1016 1918
S 40— i — AND PHYSICAL CONSEQUENCES
- . In GMSB models, the messengers couple to gauge singlet
i -] fields S; through a superpotential
20— -1 _
B A3 1 W:)\555(I)5<D5+ )\8582828+ )\3532323. (6)
I PRI P R P P For simplicity, we take the singlets to be the safie=Sg

3 108 109 1012 1015 1018 : ; ;
10% 107 10 10°% 10° 10 =S;, which acquires nonzero vacuum expectation values for

Scale [GeV] both its scalar componeng) and auxiliary componentHs).
One of the important features for this model is that all
FIG. 1. Evolution of the SM gauge couplings from the elec- gparticle masses are determined by two dimensionful param-
troweak scaleM , to the string unification scalkl g, with a generic eters: the messenger scle=\S and the effective SUSY
messenger scaIM ~10' GeV. The solid curves show the gauge breaking scaleA=Fs/S. The gaugino and scalar soft

coupling unification aM with the help of the adjoint messengers. 1, »cqoq”are given, at one- and two-loop level, respectively,
The dashes give the unification g, without the adjoint mes- v [4]

sengers, but witld;+ dg at M. The inner panel shows the blowup
in the unification region. We have taken t8r2,u<0 and a;(M) )
ag(M5)=0.118+0.003. Mi(M)=~N;——A, =123, (7)
Since &5+ ®5 form complete S(b) representations, they a;i(M)

preserve the unification at the GUT scale and their masses m2(M)~ 22 N;C; ( ) A2, (8)
can be arbitrary between the MSSM threshold Bhgl,7. In 4m

contrast, the adjoint messengers can change the running be;
havior of the couplings and shift the unification scale aroun
depending upon the number of states and their masses.
find that as long as we take the same number of statesgor
and_Eg, a un_ification can be ac_;hieved. This jL_Jstifies our My(M) Ma(M) Mg(M)
choice for a singlens . The evolution of the couplings from : :

M to M, is illustrated in Fig. 1, where we have evolved the a1 (M)~ az(M) * ag(M)
couplings at two-loop level, including SUSY threshold cor-
rections at the electroweak scale. The solid curves demo
strate the string scale unification with,=ns=1, and the
dashes show the unification witf,=1 only. To reach a Mo(M)  My(M)
successful unification a4, ~5x 10 GeV and accommo- Y (M
date the strong coupling constanri((M;)=0.118, the a(M)  ay(M)
masses of the adjoint messengers need tirbe

hereC;’s are 4/3,3/4 for the fundamental representations of
5Ue(3), SU(2), and 3r?/5 for Uy(1).
Equation(7) implies a gaugino mass relation

:Nl:NZ:N3' (9)

Alternatively, we can rewrite the mass ratio relation, inde-
'Bendent ofng andns, as

_(MB(M>_M1(M>
az(M) a (M)

=2:3. (10

At the M scale, the gauge couplings an&@_é’3%30.7, 25.6,
Mg~2.5x 101 GeV, My~1.2x 101 GeV, (4) 22.9. Equati_on$9) and(10) are one-loop RGE invariant so
they approximately hold at the electroweak scale as well.

for which the gauge couplings unify tagyt(Mg) =~ 1/20. From the boundary condition E¢7) and the RGE evolu-

Following Eq. (4), we will generically identify the messen- tion, we obtain a gaugino mass relation at tig scale,
ger scale {1 scald for d+dg andSg+3 5 as compared with those in the MGMSB or MSUGRA models,

~ 104 _ 22:6:1 for ng=ny=1,
M=~10" Gev. © Mg-M3xi"MI~]6:2:1 for MGMSB or MSUGRA.

Perturbativity requirement for the gauge couplings up to

Mg, leads to a bound on the numbers of the messenger statds, our scenarlo,s(l is basicallyB, anXm 1X2 areW*,Z°.
Ng ,Ns <O(10), for their masseM < O(10* GeV). Such a The additional contribution from the adjoint messengers
loose bound is due to the smaller running effects between thi® scalar masses generally yields heavier scalars in this
rather close scale® and Mg,. On the other hand, many model. However, the masses of the right-handed sleptons do
pairs of the adjoint messengers would push their mass scat®t receive any correction from them. Equati@) gives a
too close toM g, for the unification. Furthermore, to avoid a mass relation for the sfermion soft masses athhecale
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FIG. 2. Predicted sparticle mass spectra at the electroweak scale vergigorate) A =30 TeV and(b) A=100 TeV, whereu
<0,M=10" GeV andngy=nsy=1 are assumed.

mé : m% :m% :m%’Hu Hy" m3E~(15.G12+ 5.819):(12ny +4.5ng):(12ns +4ng): (3.60s +2Ng) :Ng, - 11

Squark masses receive a large contribution from the gluin@ortant. In particular, the lightest tau-slepteg could be

soft massM; via the RGE evolution. At théV; scale, we  significantly lighter than other scalar particles, as also known
obtain a very simple relation among the masses for the firsfom the MGMSB models. The gluino happens to be the
two generation squarks and sleptons, also compared with thgkaviest, and next come the squarks. There are three curves

in the MGMSB, for the squarks right below the gluino mass. The lower two
m 5 s M are for the lighter top squarks », and the upper one is for
u rd R e R :
RL the other nearly degenerate squarks.
9:3:1 for ng=ns=1, From Eqg. (5, we estimate that Fe~AM
%{6:2:1 for MGMSB with M~100 TeV. ;:(())18—1019 (GeV)2. This implies a relatively heavy grav-
In the caseng=ny=1, the ratios of theM;,M,,M; to
mg turn out to be 4.7:3.2:0.9:1 at thé scale. Evolving to Fs
the M, scale, we find the mass ratio m3/2:\/§M* ~1-10 GeV, (12)
Pl

2.4 for ng=ns=1,
R:m}2~[1_4 for MGMSB with M~100 TeV. whereM = 2.4x 10'® GeV is the reduced Planck scale. This
rather heavy stable gravitino may form significant amount of
Since the adjoint messengers carry ngl) charge, they do dark matter. As long as the reheating temperature after the
not contribute tomyo andmy_. The above mass difference inflation does not exceed abolik~ 1% GeV, their relic

comes entirely from the RGE evolution at the two differentdensity would not be too high to overclose the Univeige
messenger scales, namely, 518eV for MGMSB and It has been argued that in realistic string theories, the light
10“ GeV for our model. This mass ratio thus provides amoduli remnantgsuch as the gravitino herenay distort the
direct measure in extracting the underlying messenger magserved x-ray spectrum by radiative decay through gravita-
scale. tional effects[9]. It turns out that it would not destroy the

If A~ (30-100 TeV), the sparticles can have a desir-OPserved spectrum ifi;,=O (1 GeV). On the other hand, if
able mass spectrum @ (100 GeV. The predicted sparticle Ma2>10 GeV, the scalar mass universality might be vio-
mass spectra at thé , scale are presented in Fig. 2, with lated by the large gravitational contribution and the un-
for A=30 TeV and(b) for A=100 TeV, where we have yvanted flavor-changing neutrallcurrer@ECNC.:) may be. re-
implemented the two-loop evolution for the RGEs, and havdntroduced[4]. Although our estimate omg, is essentially
properly taken the radiative electroweak symmetry breakin@n the safe side for the FCNC problem, this consideration
into account. The mass spectrum exhibits apparent hierarcH@y Serve as a criterion for favorimg =1, as noted earlier.
relations as noted in the previous discussions. The exceptions TYPically, the next-to-lightest SUSY partickNLSP) in
happen for the third generation squarks and sleptons, whef@MSB models is eithex’ or 7 (for large tan3 and higher
the Yukawa contributions in the RGE evolution are also im-ng). With such a heavy gravitino, the NLSP would be very

Me
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long-lived, with a decay length much larger than the size ofar line, an attempt10] has been made in which the messen-
the detectors. The NLSP would appear to be stable in thger sector consists solely of color triplets, arising from the
collider environment. This would imply that the standard Wilson-line breaking of unifying non-Abelian gauge symme-

missing-energy technique should be applicable for thedries in string models. However, this model predicted a very
searches iy is the NLSP, while a heavy charged track in light s_particle spectrum that has been excluded by the LEP-II
the detector would be the signal feg as the NLSP. experiments. .

The mass spectrum scalegs Iine;}ly with the paraméter . Although typical GMSB model_s are generally lacking sat-
For A=30 TeV, we have a relatively light mass spectrum |sfac;tory coId_dark ”.‘a“er candidatgsl], a stable heavy
which can be accessed by next genera}ion collider expergsgécrlﬁegiioggsdmvg&l? Lé;nmdﬁzg?: gvazms:egczrlgnl‘la)ég%wde a
ments, while forA =100 TeV, most sparticles are probably

~0 ~ [12]. More investigation in this regard is needed before
not easy to be produced except for y; and/g. One can

¢ - drawing a conclusion.
also interpolate the mass spectrum for theparameter in

between. CONCLUSION

FURTHER REMARKS We have introduced the adjoint messenggssand?, ; for
: . . . gauge mediation of SUSY breaking. These new messengers
Concerning the schemes in preserving the gauge couplin

unification beyond the MSSM particle contents at a high-ré the gauge coupling unification to the string scaleat

energy scale, we would like to reemphasize that adding i
more states in complete representations of the GUT grou

5% 10 GeV) if their masses are a@ (10'* GeV). This
roposed “marriage” may have a profound implication:
ome remnant states in certain realistic string models may

would automatically keep the unification without changing L
A . . L serve as the messengers for gauge mediation of SUSY break-
the GUT scale; while introducing thienatching pair adjoint ing. The model is highly predictive and restrictive. The pre-

representations of the SM gauge group would also ke_zep th&‘icted SUSY mass spectrum at the electroweak scale is sig-
unification, but generally shift the GUT scale, depending Orhificantly different from those in other GMSB and
the mass threshold of the adjoint states. This is applicabl

even beyond the specific model under discussion, namel SUGRA models, resulting in experimentally testable ro-
S y P oo on, NAMElY st mass relations. The gravitino mass is predicted to be
aiming only atM;,. In principle, the gauge coupling unifi-

cation could occur at a different scale, regardless of the he bpﬁgoélgsitszglavle% iﬁglwco%?gegnulir:jtgégceomtaz %%ngts
e(rjc_m_c tst;mtg pkr)edlctlgrglr\]/lst;\./l Sl—isol\\//lvever, our idea Wlttgl\;?eh tector in the collider environment. The very heavy stable
adjont states beyond the as Messengers a 19N particle associated with the messenger sector may also pro-
scale, which help preserve the unification, can be teste ide a superheavy dark matter candidate
against the distinctive sparticle spectrum prediction by future '
collider experiments.
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