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SO(10) Yukawa Unification : SUSY on the Edge S. Raby

1. Introduction

SO(10) grand unification is clearly suggested by low energy data. Considering that one family
of quarks and leptons naturally fit into one spinor representation of SO(10), Fig. 1.

Grand Unification — SO(10)
State X Color | Weak
= —:}Z(C) +X(W)|C spins|W spins
[v_] 0 = =
§ 2 —=—| F%
ur 1/3 b= W
d; 1/3 e e
up 1/3 =
dp 1/3 =g S
uy 1/3 =
dy 1/3 | =
iy —4/3 el e
iip —4/3 e e L I
iy —4/3 ++—] ——
dr 243 —++| ++
dy 2/3 e i
(_I)- 2;"3 +4— ++
v —1 +++| —=F
¢ —1 g mitd o B o

Figure 1: One family of quarks and leptons naturally fit into one spinor representation of SO(10).

We use the following soft SUSY breaking parameters at the GUT scale.
1. m%6 - Universal scalar masses;
2. m}, £ Am32; or NUHM2;

3. Ap - Universal A parameter; u, tanf3;

2 b,
4. M;, i=1,2,3 with M; = (1 t b log(@)> M; />, where o = 0- Universal or o # 0-

1672 mi6

“Mirage"
Thus we assume the following soft SUSY breaking parameters
mie, m%OiAm%h A07 M1/27 ((X), u, tanB' (11)

Note, also we will only consider one particular value of & which has been shown to be consistent
with a well-tempered dark matter candidate [1].

We assume that the only renormalizable term in the superpotential, W, is A 163 10 163 which
gives Yukawa coupling unification

A:k[:lb:)w;:lvr (12)

at Mgyr. Note, one CANNOT predict the top mass due to large SUSY threshold corrections to the
bottom and tau masses, as shown in [2, 3, 4]. These corrections are of the form

o L Mg tanf8 A% u A, tanf3
2 + 2

m}; mf

omy/my, o< + log corrections. (1.3)
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So instead we use Yukawa unification to predict the soft SUSY breaking masses!! In order to fit
the data, we need

Smy/my ~ —2%. (1.4)

For a short list of references on this subject, see [5, 6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19,
20, 21].

2. Gauge and Yukawa Unification with Universal Gaugino Masses

We take pu M3z > 0, thus we need pu A; < 0 [17, 19]. We have performed a global x? analysis
fitting the 11 observables as a function of the 11 (12 with ¢) arbitrary parameters, Fig. 2. For a
good fit we require y> < 1. We find that fitting the top, bottom and tau mass forces us into the

Observable Exp. Value Program Th. Error
g (M) 0.1184 4+ 0.0007 maton 0.5%
Cem 1/137.035990074(44) maton 0.5%

G 1.16637876(T) x 10~ GeV—? | maton 1%
Mw 80.385 £ 0.015 GeV maton 0.5%
My 91.1876 + 0.0021 Input 0.0%
M; 173.5 + 1.0 GeV maton 0.5%
my () 4.18 £ 0.03 GeV maton 0.5%
M. 1776.82 + 0.16 MeV maton 0.5%
My, 1253+ 0.4 £0.5 GeV 3 GeV
BR(b — s7) (343 £ 214+ 7) x 1076 SuperIso (181 — 505) % 10-°
BR(B, = ptp) | 3.2 x 1079 susy_flavor 1.5 % 1072

Figure 2: (Left) The 11 low energy observables which enter the x? function are fit with either 11 or 12 (with
) parameters at the GUT scale. We require ) < 1.

region of SUSY breaking parameter space with
Ag & —2myg, mig~ V2 ms, mig> few TeV, .My < mie; 2.1)

and, finally,
tan 3 = 50. 2.2)

In addition, radiative electroweak symmetry breaking requires A,%m ~ 13%, with roughly half of
this coming naturally from the renormalization group running of neutrino Yukawa couplings from
Mg to My, ~ 10'3 GeV [5, 6].

It is very interesting that the above region in SUSY parameter space results in an inverted
scalar mass hierarchy at the weak scale with the third family scalars significantly lighter than the
first two families [22]. This has the nice property of suppressing flavor changing neutral current
and CP violating processes.

2.1 Heavy squarks and sleptons

Considering the theoretical and experimental results for the branching ratio BR(B — X;y), we
argue that m ¢ > 8 TeV. The experimental value BR(B — Xy¥)exp = (3.5540.26) x 10—, while the
NNLO Standard Model theoretical value is BR(B — X¥)m = (3.1540.23) x 10~*. The amplitude
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for the process B — X;7 is proportional to the Wilson coefficient, C;. C7 = C§M + C§USY and, in
order to fit the data, we see that C7 ~ iC;W . Thus C;gUSY ~ —2C§M or C§U Y ~ 0. The dominant

B
SUSY contribution to the branching ratio comes from a stop - chargino loop with C3VSY ~ C¥  ~

£ ﬂ;‘f tan B x sign(C;qM ) (see Fig. 3). Hence, in the former case (which allows for light scalars)

Ci~ —C;W , while in the latter case (with heavy scalars) C; =~ C;W .

Figure 3: Dominant contribution to the process b — s ¥ in the MSSM.

Recent LHCD data on the BR(B — K* 1™ u™) now favors C; ~ +C5™ [23] (see Fig. 4). This
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Figure 4: The forward-backward asymmetry for the process B — K* 4™ u~ measured by LHCb.

tension between the processes b — sy and b — s ¢+ £~ was already discussed by Albrecht et al.
[24]. In order to be consistent with this data one requires C;‘+ ~0Qor(Cy =~ C;W + C§USY ~ +C§M
and therefore m ;¢ > 8 TeV.

In 2007, Albrecht et al. [24] performed a global x? analysis of this theory (including the
Yukawa structure for all three families). Two of the tables from their paper are exhibited in Fig. 5.
This analysis included 27 low energy observables and a reasonable fit to the data was only found
for mig = 10 TeV. Note, the Higgs mass was predicted to be 129 GeV.

2.2 Light Higgs mass

An approximate formula for the light Higgs mass is given by [25]

3 2.4 M2 XZ X2
m2 ~ M2 cos>2f + gzmé [ln ( SUZSY) + <1 — 5 )] (2.3)
8=y, my Mg gy 12Mg; 6y

where X; = A, — it/ tan 3. The light Higgs mass is maximized as a function of X; for X, /Msysy =
+4/6, referred to as maximal mixing. Hence we see that for large values of A; and My sy it is quite
easy to obtain a light Higgs mass of order 125 GeV.
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| Ohservahble Exp. value | Fit value | Pull (o

My 80,403 R0.6 0.5

M 011876 90.7 1.1

Gy % 10° 1.16637 116 0.3

1/ 137.036 136.8 0.4

a,(M; 0.1176 0.117 0.2

M, 170.9 170.6 0.2 mie 10000
mg(my) 1.2 1.22 0.3 1] 1200
m(mg 1.25 114 [ 3

N A8 :

m, (2 GeV) 0.085 0.107 0.5 BR{BS — ) x 10 21
mga(2GeV) 0.005 0.00741 1.2 Sg 0.14
my (2GeV) D.00225 D.00461 3.1 P

s e iw & BR(u — ey) x 103 0.0026
M, 010566 |o106 | o e L +0.52
M. 0.000511 0.000511 | 0.0 A i )

Vs 0.2258 0.225 0.6 'Uh” 129 I

Vsl x 107 $1 3.26 2.1 My 842

Val D.0416 0.0416 0.1 m; 1903
sin 2 0.675 0.630 1.4 s

Am3, x 107 26 2.6 0.0 ﬂléj 2366
Amj; x 107 7.9 7.9 0.0 mz, 3033
sin® e 0.852 0,852 0.0

sin? 20y 0.006 1.0 0.2 g9 60

ex x 108 2,229 233 0.4 Ty 120
BR(B— X,7) x 10° | 355 2.86 13 X1 P
BR(B — X,F*£-) x 10° | 16 162 0.0 m; 206
AM,/AM, 35.05 31.1 1.1 ) SM

BR(B — v+v) x 10* | 131 0.517 L7 Requn*ed C, =45

total y¥: 27.4 : '

Figure 5: The results obtained by Albrecht et al. for m ;s = 10 TeV.

23 By —utu-

In this section we argue that the light Higgs boson must be Standard Model-like. To do this we
show that the CP odd Higgs boson, A, must have mass greater than ~ 1 TeV and as a consequence
this is also true for the CP even Higgs boson, H, and the charged Higgs bosons, H*, as well. This
is the well-known decoupling limit in which the light Higgs boson couples to matter just like the
Standard Model Higgs.

Consider the branching ratio BR(B; — u* p~) which in the Standard Model is ~ 3 x 1072,
In the MSSM this receives a contribution proportional to ~ ta;f ° Recent experimental results give
[26]

+1.5
LHCh : = (3.2 -12+0.2) x 10~° with 1 fb~!(7TeV)and 1.1 fb" ' (8 TeV).  (2.4)

Since we have tan 8 ~ 50, our only choice is to take the CP odd Higgs mass to be large with ms > 1
TeV. This is the decoupling limit; hence the light Higgs is SM-like.

2.4 Gluino Mass

We find an upper bound on the gluino mass (constrained by fitting both the bottom quark and
light Higgs masses). For m;s = 20 TeV the upper bound at 90% CL is m; < 2 TeV (see Fig. 6).
For m6 = 30 TeV the upper bound at 90% CL increases to m; < 2.8 TeV. Note, a gluino with mass
mgz < 1.9 TeV should be discovered at LHC 14 with 300 fb~! of data at 5 ¢ [27]!
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Figure 6: x as a function of the gluino mass obtained by varying M, /2 for fixed myg = 20 TeV or 2 degrees
of freedom.

3. 3 Family Model

The previous results depended solely on SO(10) Yukawa unification for the third family. We
now consider a complete three family SO(10) model for fermion masses and mixing, including
neutrinos [28, 29, 24, 17, 21]. The model also includes a D3 x [U(1) x Z; x Z3] family symmetry
which is necessary to obtain a predictive theory of fermion masses by reducing the number of arbi-
trary parameters in the Yukawa matrices. In the rest of this talk we will consider the new results due
to the three family analysis. We shall consider the superpotential generating the effective fermion
Yukawa couplings. We then perform a global x? analysis, including precision electroweak data
which now includes both neutral and charged fermion masses and mixing angles. Note, we are not
concerned with physics at the GUT scale, in particular, proton decay or GUT symmetry breaking.
We know that this analysis can be performed in either a 4 or 5 dimensional GUT (or orbifold GUT)
field theory with completely different mechanism for GUT symmetry breaking and completely dif-
ferent results for proton decay. Nevertheless, one can retain gauge coupling unification and the
theory of fermion masses outlined here (see for example, [30].)

The superspace potential for the charged fermion sector of this model is given by:

Wch.fermions = 163 10 165 + 16, 10 Xa (3.1)
+2a (My Yo+ 45 % 165 + 45 % 16,4+ A 16,)

where 45 is an SO(10) adjoint field which is assumed to obtain a VEV in the B — L direction; and
M is a linear combination of an SO(10) singlet and adjoint. Its VEV My (14 aX + BY) gives mass
to Froggatt-Nielsen states. Here X and Y are elements of the Lie algebra of SO(10) with X in the
direction of the U (1) which commutes with SU(5) and Y the standard weak hypercharge; and o ,
B are arbitrary constants which are fit to the data.

Oay Par A, (3.2)
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are SO(10) singlet *flavon’ fields, and
Xas  Xa (3.3)

are a pair of Froggatt-Nielsen states transforming as a 16 and 16 under SO(10). The *flavon’ fields
are assumed to obtain VEVs of the form

(] v (O

After integrating out the Froggatt-Nielsen states one obtains the effective fermion mass operators
in Fig. 7. We then obtain the Yukawa matrices for up and down quarks, charged leptons and neu-

Effective ml
higher (3.3)
. ? 16z 16z
dimension
operators
5\ s e, 10
\/ - ¥ - l - (3.2) (2,3)
16; X Xa 16, (3,1) (1!3)
H oy s de M, 10
i‘f’ ' } (2’2)
16, X, Xa 16,
A f M, 10 }
X {1,2) (2,1)
16, T Xa 16,

Figure 7: The effective fermion mass operators obtained after integrating out the Froggatt-Nielsen massive
states.

trinos given in Fig. 8. These matrices contain 7 real parameters and 4 arbitrary phases. Note, the
0 e€p —e€f
—p E€p —¢ A
(X3 € 1
0 ¢ —€éo
Yy = — € -—eo A
el € 1

0 —  3et
Y. = € 3 € 3e A
—3efo -3eo 1

0 —€' w %Efu
Y, = e w JEw %eu P

—3efoc —3e€ec 1

Yy

m

Figure 8: The Yukawa matrices obtained from the effective fermion mass operators after taking into account
the flavon VEVs.

superpotential (Eqn. 3.1) has many arbitrary parameters. However, at the end of the day the effec-
tive Yukawa matrices have many fewer parameters. This is good, because we then obtain a very
predictive theory. Also, the quark mass matrices accommodate the Georgi-Jarlskog mechanism,
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such that my /m, ~ 9mg/mg. And the small SU(S) breaking parameter p o< B ¥ accommodates
my/mg < 1 when my /mp > 1.

We then add 3 real Majorana mass parameters for the neutrino see-saw mechanism. The
anti-neutrinos get GUT scale masses by mixing with three SO(10) singlets {N,, a = 1,2; N3}
transforming as a D3 doublet and singlet respectively. The full superpotential is given by W =
Wen. fermions + Weutrino with

Wneutrino - 176(12 Na 1611 + 13 N3 163) (35)
+ 1(SaNsN, + S3N3N3).

We assume 16 obtains a VEV, vy, in the right-handed neutrino direction, and (Sq) =M, fora=1,2
and (S3) = M3. The effective neutrino mass terms are given by

1
WZva\_/—I—\_/VN—l-ENMNN (3.6)
with
04 O
V=vig | 22 0 0 |, My=diag(M,, M2, M3) 3.7
0 0 A5

all assumed to be real. Finally, upon integrating out the heavy Majorana neutrinos we obtain the
3 x 3 Majorana mass matrix for the light neutrinos in the lepton flavor basis given by

M =UI my Mz' m? U,, (3.8)
where the effective right-handed neutrino Majorana mass matrix is given by:
Mg =V My' V! = diag(Mg,,Mg,,Mg,), (3.9)
with

Mg, = (A vi6)?/Ma, Mg, = (A2 vig)* /M1, Mg, = (A3 vi6)*/M;. (3.10)

4. Global y? analysis

Just in the fermion mass sector we can see that the theory is very predictive. We have 15
charged fermion and 5 neutrino low energy observables given in terms of 11 arbitrary Yukawa
parameters, tan 3 and 3 Majorana mass parameters. Hence there are 5 degrees of freedom in this
sector of the theory. However in order to include the complete MSSM sector we perform the global
x? analysis with 24 arbitrary parameters at the GUT scale given in Table 1 plus « for “Mirage"
mediation (which gives a well-tempered dark matter candidate [1]).

In this work [21], we have decided to extend the analysis of Albrecht et al. to values of m ¢ up
to 30 TeV, including more low energy observables such as the light Higgs mass, the neutrino mixing
angle 63, lower bounds on the gluino and squark masses coming from recent data and additional
B physics observables. We perform a three family global )2 analysis. We are using the code,
maton, developed by Radovan Dermisek (and modified for heavy first and second family scalars
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Table 1: Parameters entering the global y? analysis.

Sector # Parameters
gauge 3 ag, Mg, &
SUSY (GUTscale) | 5 | mig, My, Ao, my,, my,
textures 11 Ae €, p,0,E &
neutrino 3 Mg,, Mg,, Mg,
SUSY (EWscale) 2 U, tanf

by Archana Anandakrishnan and Akin Wingerter) to renormalize the parameters in the theory from
the GUT scale to the weak scale, perform electroweak symmetry breaking and calculate squark,
slepton, gaugino masses, as well as quark and lepton masses and mixing angles. We also use the
Higgs code of Pietro Slavich (suitably revised for our particular scalar spectrum) to calculate the
light Higgs mass and SUSY_Flavor_v2.0 [31] to evaluate flavor violating B decays.

There are 24 arbitrary parameters (Tab. 1) defined mostly at the GUT scale and run down to
the weak scale where the )(2 function is evaluated. However the value of m ¢ has been kept fixed
in our analysis, so that we can see the dependence of x> on this input parameter. Thus with 23
arbitrary parameters we fit 45 observables, giving 22 degrees of freedom. The y? function has
been minimized using the CERN package, MINUIT.

5. Results

In Fig. 9 we either use the inclusive or exclusive measurements of V,,;, V.. It is clear from the
figure that we prefer the exclusive values. In Fig. 10 we show six low energy observables and their

x2/d.o.f vs mi(TeV) with My &~ 1.2TeV

Inclusive: e =0
Inclusive: & = 1.5

e
45N —  Exclusive: a =0
o -~ Exclusive: a =15
N
%o —  Average: a =0

401 s T

= -— Average: a =1.5

20
ms(TeV)

Figure 9: xz as a function of mg where either V,;,, V., (exclusive or inclusive) is fit. Clearly the fit with
exclusive data is preferred.

contribution to 2. As one can see SUSY contributions to these observables do not decouple.
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e In particular, My receives contributions to p from stop and sbottom loops, since mj, (mz,l) ~
5 (6) TeV for mje = 25 TeV.

e The Higgs mass contribution increases, since M?Gsy increases as m¢ increases.

e Finally for the process B— K* ™t u™, the observables F; and P receive small corrections in
the right direction. The term proportional to C¥ * adds constructively, which is good; while

st
the term proportional to C;C adds destructively, which is bad, but decreases as 14 increases.

In Fig. 11 we plot the contribution of these six observables to 2. Note the result looks very much
like the total x? plot, Fig. 9.

Pull
Mg 10 15 20 25 30
My 0.2110 | 0.1878 | 0.1851 | 0.2320 | 0.3981
M, 2.5474 | 1.1795 | 0.3454 | 0.1882 | 0.6582
BR(B — 1v) 1.1978 | 1.3952 | 1.3557 | 1.3588 | 1.3771

FrL(B—= K 11 )1=g2<ecev? | 0-2696 | 0.2488 | 0.2219 | 0.2101 | 0.2057
Py(B = K*p*p)1cp2c6cev> | 1.7066 | 1.7066 | 1.7066 | 1.7066 | 1.7066
PiB = K*u'p )i pesceve | 24110 | 23432 | 2.2746 | 2.2451 | 2.2339

x> 14,1511 | 8.9744 | 7.2154 | 7.0206 | 7.5220

Fit Value Exp.
Mg 10 15 20 25 30 Value
My £0.4699 80.4606 20.4595 20.4784 #0.5454 %0.3850
M;, 117.9901 | 122.1303 | 124.6547 | 126.2697 | 127.6920 | 125.7000
BR(B — 1) x 10° 6.6329 6.1340 6.2299 6.2223 6.1778 11.4000
Fr(B— K *u*Tu~ ]liqgsﬁgc\-e 0.7434 0.7353 0.7251 0.7207 0.7191 0.6500
Py(B — K*ptp ), 2 <ocev? 08174 | 06711 | 05021 | 05717 | 05657 | 0.5800
Py(B — K*p i )1s1s<qr<ioceve | 12190 | 12190 | 12190 | 1.2190 | 1.2190 | -0.1800
PYB = K* 1™ )1<p1<6Gev? 07301 | -0.5520 | -0.4625 | -04335 | -04235 | 0.2100

Figure 10: Six observables which demonstrate that SUSY does not decouple from the low energy theory,
due to relatively light third generation squarks.

In Figs. 12 and 13 we give the fit for our best fit point. The x2/dof is not that great. We find
013 = 7°. Finally, we obtain some additional predictions (see Fig. 14).

5.1 Gluino mass

Using the three family analysis, we see again that gluinos want to be light. In Figs. 15 we
show the x2 contours in the Mj3, my¢ plane. Note the gluino prefers to be lighter than about 2 TeV
for values of ¢ =0, or 1.5. Note, in a previous paper [20] we analyze LHC data and show that
gluinos in our SO(10) model must have mass mz > 1.2 TeV.

5.2 Fine-tuning

We have also analyzed our model with respect to the Barbieri-Giudice fine-tuning parameter,

831%;&%12 with & = {u, M, )5, mig, my,, my,, Ao} [21]. In general, we find fine-tuning of order one

part in 10° (see Fig. 16). However if we keep the ratios, Ag/mye and (my, +mp,)/me fixed, the
amount of fine-tuning is reduced to less than one part in 1000. This is possibly an indication of the

10
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i x* vs myg(TeV) with M; ~ 1.2TeV

—  Average: a =10

I
10 15 20 25 30
mye(TeV)

Figure 11: The plot of 2 just due to the six observables in Fig. 10.

| Ohservable | Fit | Exp. | Pull | o |
Mz 01.1876 [ 01.1876 | 0.0000 | 0.4535
Mw 804507 | 80.3850 | 0.1633 | 0.4025
1/0em 137.7125 | 0.0073 | 0.9825 | 0.6886
Gy % 10° 1.1732 1.1664 | 0.5708 | 0.0117
aa(Mz) 0.1188 | 0.1185 | 0.4140 | 0.0008
M, 174.1882 | 173.2100 | 0.7927 | 1.2340
(i) 41054 | 4.1800 | 0.4220 | 0.0366
mr 1.7781 1.7768 | 0.1417 | 0.0089
M, — M. 3.1568 3.4500 | 0.9175 | 0.3196
Me(me) 1.2595 1.2750 0.5993 0.0258
ms(2GeV) 0.093 0.0050 | 0.2147 | 0.0050
ms /g (2GeV) 0.0701 0.0513 | 2.8052 | 0.0067
1/02 0.0018 |  0.0019 | 0.5130 | 0.0001
M, 0.1056 | 0.1057 | 0.1818 | 0.0005
M, x 104 5.1145 51100 | 0.1749 | 0.0256
[Vaus| 02244 | 02253 | 06763 | 0.0014
[Vas| 0.0404 |  0.0408 | 0.1729 | 0.0021
[Via| x 103 3.1033 3.8500 | 0.8681 | 0.8601
|Vig| x 10° 8.8101 24000 | 0.6817 | 0.6016
[Vis 0.0396 |  0.0400 | 0.1531 | 0.0027
sin 23 0.6270 | 0.6820 | 2.8562 | 0.0193
€K 0.0022 | 0.0022 | 0.2052 | 0.0002
AMg, [AMg, 353730 | 35.0345 | 0.0479 | 7.0854
AMpg, x 1013 3.0433 3.3370 | 0.7681 | 0.7804

Figure 12: The fit for the best fit point.

properties of some GUT scale physics. For example, in the appendix of our paper we discussed a
heterotic orbifold model which comes close to having the correct boundary conditions at the GUT
scale.

6. Conclusion

In this talk we have presented an analysis of SO(10) Yukawa unification with boundary con-

11
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| Ohbservable | Fit | Exp | Pull | T ‘

my; x 107 7.6562 7.5550 | 0.188G [ 0.5364
m3; x 103 2.4631 24620 | 0.0077 | 0.1455
sin? 5 0.3170 | 0.3070 | 0.2680 | 0.0370
sin? A4 0.6264 0.5125 | 0.8722 | 0.1305
sin? fya 0.0140 | 0.0218 | 2.1658 | 0.0032
M, 1245054 | 125.7000 | 0.3947 | 3.0265
BR(B — sv) x 107 2.6840 | 3.4300 | 0.5789 | 1.2887
BR(Bs — ptp~) x 107 3.0247 | 2.8000 | 0.2429 | 0.9252
BR(By — ptp—) = 101 1.1022 3.0000 | 1.7323 | 1.6151
BR(B — 1v) x 10° 6.1884 | 11.4000 | 1.3727 | 3.7066
BR(B = K* ™™ ) i cqgeve X 100 47640 | 34000 [ 0.2707 | 5.0381
BR(B — K* ™ p )14 15<2<i66ev2 % 10° 75110 |  5.6000 | 0.1336 | 14.3059
Qi (Arp(B = K" p™)) 3.6600 | 4.9000 | 0.9579 | 1.2850
Fr(B = K p™ i ) 1< pcpoon? 0.7225 | 0.6500 | 0.2149 | 0.3374
Fi(B— K p'p )ig1s< 0.3108 | 0.3300 | 0.0726 | 0.2644
Po(B = K* i )y 2e, 0.0228 | 0.3300 | 2.5196 | 0.1219
Py(B — K*utp )y -0.4336 | -0.5000 | 0.3364 | 0.1974
PY(B — K*p i ) 1< 2<p0ev? 0.5820 | 0.5800 | 0.0050 | 0.4001
Pi(B = K*i 17 ) 14 (s<g2<1606V" 1.2190 | -0.1800 | 1.7066 | 0.8198
PYB = K*pt ) i pepaey? -0.4455 | 02100 | 2.2578 | 0.2003
PYB = K 17 )y 1z p<ioaev? -0.7116 | -0.7000 | 0.1552 | 0.5052
Total 2 48.8413

Figure 13: The fit for the best fit point cont’d.

Mg 25 25 25 25
o 0 1.5 0 1.5
?/dof 2158 | 2275 | 2.220 | 2.505
mg, 4.903 | 5.011 | 4.909 | 5.249
mg, 6.021 | 6.120 | 6.033 | 6.301
mj, 5989 | 6.088 | 6.455 | 6.606
mj, 6.454 | 6.541 | 6.445 | 6.267
7n+: 9.880 | 9.931 | 9.912 | 10.040
ms, 15.369 | 15.365 | 15.393 | 15.516
M; 1.202 | 1.187 | 1.613| 1.690
mgg 0.203 | 0551 | 0.279 | 0.900
mgo 0.404 | 0.665 | 0538 | 1.018
m{(:- 0.404 | 0.665 | 0.538 | 1.018
Myt 1.128 | 1.243 | 1.232| 1.537
My 2194 | 2082 | 2477 | 3.352
sind -0.289 | -0.482 | -0.520 | -0.576
BR(u—ey) x 1071|1108 | 1.430 | 1.239 | 1.340
edm, x 107%(e em) | -1.403 | -3.305 | -1.763 | -5.886

Figure 14: In this table we present some benchmark point with additional predictions of the theory.

ditions at the GUT scale having either universal or “mirage" gaugino masses. We find that the light
Higgs boson is Standard Model-like. The gluino mass is most likely in the range 1.2 TeV <mz <2
TeV. In addition, the three family model fits low energy data reasonably well. Hence we expect to
observe SUSY at Run II of the LHC.

As a final note, the model we discussed is not “Natural" SUSY, since the fine-tuning is sig-

nificant. But SUSY still does not decouple from low energy observables due to the inverted scalar

mass hierarchy. It is also not “Split" SUSY, since the heaviest scalars have mass of order 25 TeV.

Nevertheless the gravitino (and possibly the moduli) are sufficiently heavy, so that there is no cos-

mological gravitino or moduli problems. We call this “SUSY on the Edge."
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x*/d.o.f Contour Plot with o = 1.5

1.6

M;(TeV)
M;(TeV)

14

10 15 20 25 30 10 15 20 25 30
mys(TeV) mye(TeV)

Figure 15: 2 contours in the Mg, mys plane. Note the gluino prefers to be lighter than about 2 TeV for
values of o = 0, or 1.5. The 40 bound is the dashed (red) line.

Fine-Tuning of Benchmark Points with o = 0 and M ~ 1.2TeV

Mg
Varying Parameters 10TeV | 15TeV | 20TeV | 25TeV | 30TeV
o 140 190 210 360 490
M,y 260 340 400 430 450
mig 12000 | 27000 | 47000 | 74000 | 110000
M, 760 1500 | 3900 6100 8700
mu, 10000 | 23000 | 40000 | 62000 | 89000
Ao 9300 | 21000 | 39000 | 61000 | 85000
myg with Ag/myg fixed 22000 | 49000 | 87000 | 130000 | 190000
myg With mpy, g/mye fixed 9500 | 22000 | 40000 | 62000 | 86000

Mg with NI'HH‘J/m"le ‘40/7”16 fixed | 240 | 400 | 630 | 740 | 850

Figure 16: In this table we present an analysis of BG fine-tuning for our model. Note if we keep the ratios,
Ao/mie and (mp, +mpy,)/me fixed, the amount of fine-tuning is reduced to less than one part in 1000.
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