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Why is the Higgs 
so light ???

Why is the Higgs 
so heavy ?

new tree-level contributions:

F-terms / D-terms / Mixing

MSSM

mh |tree ! M Z

The Higgs 
weighs 125 GeV

Supersymmetry!

need large loop corrections

Beyond MSSM

Introduction
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Badziak, Olechowski, Pokorski Õ13

Add singlet to MSSM 
to solve mu-problem

Can mix with Higgs:  
if lighter mass push-up

Strongest constraints 
come from LEP

Contribution to Higgs mass can be sizable ~ 8 GeV

mh > m s

mhs != 0mhs = 0



The NMSSM and Gauge Mediation

Study mixing scenario in simple & 
predictive framework of SUSY breaking:

Minimal Gauge Mediation does not work: 
soft singlet mass too small (3-loop)

[ NMSSM also easiest solution for             problem! ]µ ! Bµ

Gauge Mediation

{

messengers  

WGM = X ø! i ! i



The DGS Model

Direct couplings singlet-messengers

{

messengers

Only 4 parameters: 

Delgado, Giudice, Slavich Õ07

Give new contribs to NMSSM soft terms

A! ∼ A" ∼ ξ2 ÷m

÷m ! 1/(16π2) F/M " mg̃/2

[correct EWSB fixes     and           ]κ tan β

!, ÷m, ", M

WDGS = !S ø! 1! 2

m2
S ! ! 4 ÷m2



Figure 1

excluded by perturbativity of ! , for which we use the condition ! 2 < 4" below the GUT scale.

Note that here is the main di! erence to DGS, which find that the dominant perturbativity

constraint comes from yt and therefore tan #. Indeed their excluded region follows the tan #
contours, while here it follows the ! (M GUT ) contours. This di! erence is probably due to

the fact that in contrast to them we use two-loop RGEs which is likely to make a sizeable

di! erence in this region of the parameter space where couplings are large. We found that for

di! erent values of " , M and mtop the perturbativity constraint forbidding large values of $
and %U comes either from yt or ! , i.e. it follows either a straight line as in Fig. 1 or a curved

tan # contour as in the original DGS plot.

The most interesting regions for phenomenology are the blue regions where the lightest

CP-even Higgs mass is sizable (although not consistent with 125 GeV for this value of " ). Let
us discuss these regions following DGS and using the approximate relations of the previous

section:

• Region I : small $, small %U :

In this region one has z ! " 16g2
3

225! 2
U

# " 1 and therefore w !
!

8g3
15! U

$ 1. This implies

that the second term in Eq. (5) dominates $2/ ! 2
, so that

"
# % tan # % 1!

8g3! U
$ 1.

Indeed one can see from the plot that in this region with very low %U , tan # is large and

depends only on %U . Although ! is very small, $ cannot be too large in order to prevent

the appearance of a vacuum with lower energy, see Eq. (7). This gives approximately

$ ! %U , again in good agreement with the exact numerical result. The Higgs spectrum

depends on the smallness of %U . Since it directly controls the A-terms, for %U & 0 one

has A" , A# & 0 (up to small running e! ects) and therefore the singlet like CP-odd and

CP-even states become very light. In this region the 125 GeV Higgs can therefore be

both SM-like (h) or singlet-like (S). We will discuss this interesting case in more details
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DGS Parameter Space

MSSM 
limit

NMSSM 
limit

MSSM 
- mix 

Only 3 regions with sizable Higgs mass

m2
h = M 2

Z cos2 2! + " 2v2 sin2 2! + m2
h, mix + m2

h, loop

bounded by         (perturbativity up            )M 2
Z MGUT



These approximate results are useful to understand the main features of the exact nu-
merical analysis. In Fig. 2 we show a zoom in the low! , "U region on a log-log scale. For
the red(blue) points the SM-like state is h2(h1) and ÷m = 3 .8 TeV. For this value we get
" 0

U = 0 .007, in good qualitative agreement with the border between blue and red points.
Moreover one can see that in theh = h2 region ! is much smaller than "U . Instead in the
blue region ! is closer to"U .

Figure 2

3.4 Particle Spectrum and Collider Phenomenology

We now discuss the typical particle spectra one Þnds in the di! erent regions. LetÕs start with
the case that the SM-like Higgs is the lightest CP-even scalar. In all regions one needs large
messenger scales and large ÷m to get sizable SUSY contribution to the tree-level Higgs mass.
Since this mass is lowest in region I and largest in region region III, the SUSY masses follow
this hierarchy. In all regions the SUSY particles are very heavy, for example the gluino is of
the order of 3 TeV in region III, of the the order of 4 TeV in region II and 5 TeV in region
III.

More interesting is the part of region I where the SM-like Higgs is the next-to-lightest
CP-even scalar, since in this case its tree-level mass can be enhanced. In this region! and
"U (and #) are very small, and one can choose ÷m to be as small as possible. The messenger
scale is quite free, and mainly determines the gravitino phenomenology. Both cases of very
large and very smallM are interesting, and we collect the spectra of these two cases in tables
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The Push-Up Region

Want positive mixing contrib: mh > m s

hSM ! h2 hSM ! h1 Need ! ! 1, " ! 1



Higgs Spectrum

Higgs sector fixes 3 from 4 parameters  
ms ! 90" 100 GeV
mh ! 122" 128 GeV

sin ! = max � 0.5

! ! 0.02

! ! 0.01

÷m ∼ 600 GeV

Pseudoscalar ma1 ! ms/ 3

m÷s ! ms Singlino NLSP 

Determines remaining spectrum

Only free parameter is messenger scale M
determines Gravitino=LSP couplings and NNLSP



Two Benchmarks

due to large mixing contrib to Higgs mass

2 and 3.

÷m (GeV) M (GeV) ! (MS) "U (MGUT ) #(MS) tan $
Point 1 592 8.8 ! 1014 9.1 ! 10! 3 3.2 ! 10! 2 5.7 ! 10! 4 16
Point 2 746 1.4 ! 106 1.0 ! 10! 2 1.2 ! 10! 2 7.0 ! 10! 4 25

Table 2

mh1 mh2 ma1 m ÷N1
m ÷N2

m÷! 1 m÷g m÷uR m÷t1
m ÷G

Point 1 94 122 40 104 251 433 1367 1364 1064 20
Point 2 92 122 26 101 321 283 1720 1787 1631 4! 10! 8

Table 3

In the Þrst point the gravitino is essentially decoupled, so that the lightest neutralino,
which is singlino-like, behaves as the LSP for collider purposes. Since also the singlino has
very small couplings to other sparticles, the typical decay chain passes always through the
bino-like ÷N2 which then decays to singlino and Higgs, the latter decaying in turn tobb. It
might be interesting to explore whether this additional decay at the end of the decay chain
can reduce the constraints on the colored sparticles, which are pretty light in this case. Indeed
the decay

÷N2 " ÷N1h2(69%)/ ÷N1h1(31%) " ÷N1bb (32)

reduces missing energy and replaces it by additionalbb in the Þnal state. The recent paper by
Ellwanger and Teixeira 1406.7221 is looking to this possibility, claiming that sparticle bounds
can be reduced to# 1 TeV. It might be interesting to see whether that is the case also in this
scenario which is pretty constrained.

In the second point the gravitino is very light and now opens a decay channel for the light-
est neutralino (the NLSP) that is again singlino-like. It can now decay into the pseudoscalar
and the gravitino

÷N1 " a1 ÷G " bb ÷G (33)

with decay length

L = 6 .8 cm

!

3.9
"

E ÷N1

200 GeV

# 2

$ 1 (34)

that is possibly inside the detector. The NNLSP is in this case a stau, with co-NNLSP ÷eR , ÷µR.
All these guys promptly decay into the singlino NLSP and are themselves the endpoint of
colored sparticle and ÷N2 (bino-like) decay chains. The possibility of singlino NLSP decay in
the detector is very interesting and pretty unique to this model, since there are not many
papers marrying the NMSSM and Gauge Mediation. The possibility was mentioned in the
DGS paper, but there one needed a very large messenger scale, so one gets a spectrum that
is rather like the Þrst point.
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2 and 3.

÷m (GeV) M (GeV) ! (M S) "U (M GUT ) #(M S) tan $
Point 1 592 8.8 ! 1014 9.1 ! 10! 3 3.2 ! 10! 2 5.7 ! 10! 4 16
Point 2 746 1.4 ! 106 1.0 ! 10! 2 1.2 ! 10! 2 7.0 ! 10! 4 25

Table 2

mh1 mh2 ma1 m ÷N1
m ÷N2

m÷! 1 m÷g m÷uR m÷t1
m ÷G

Point 1 94 122 40 104 251 433 1367 1364 1064 20
Point 2 92 122 26 101 321 283 1720 1787 1631 4! 10! 8

Table 3

In the Þrst point the gravitino is essentially decoupled, so that the lightest neutralino,
which is singlino-like, behaves as the LSP for collider purposes. Since also the singlino has
very small couplings to other sparticles, the typical decay chain passes always through the
bino-like ÷N2 which then decays to singlino and Higgs, the latter decaying in turn tobb. It
might be interesting to explore whether this additional decay at the end of the decay chain
can reduce the constraints on the colored sparticles, which are pretty light in this case. Indeed
the decay

÷N2 " ÷N1h2(69%)/ ÷N1h1(31%) " ÷N1bb (32)

reduces missing energy and replaces it by additionalbb in the Þnal state. The recent paper by
Ellwanger and Teixeira 1406.7221 is looking to this possibility, claiming that sparticle bounds
can be reduced to# 1 TeV. It might be interesting to see whether that is the case also in this
scenario which is pretty constrained.

In the second point the gravitino is very light and now opens a decay channel for the light-
est neutralino (the NLSP) that is again singlino-like. It can now decay into the pseudoscalar
and the gravitino

÷N1 " a1 ÷G " bb÷G (33)

with decay length

L = 6 .8 cm

!

3.9
"

E ÷N1

200 GeV

# 2

$ 1 (34)

that is possibly inside the detector. The NNLSP is in this case a stau, with co-NNLSP ÷eR, ÷µR.
All these guys promptly decay into the singlino NLSP and are themselves the endpoint of
colored sparticle and ÷N2 (bino-like) decay chains. The possibility of singlino NLSP decay in
the detector is very interesting and pretty unique to this model, since there are not many
papers marrying the NMSSM and Gauge Mediation. The possibility was mentioned in the
DGS paper, but there one needed a very large messenger scale, so one gets a spectrum that
is rather like the Þrst point.
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NNLSPNLSPHiggs colored sparticles LSP

In contrast to Minimal Gauge Mediation in MSSM 
colored sparticles in reach of LHC

[mGM: > 3 TeV]

! mh ! 6 GeV



Phenomenology

h1,2

÷N2 ÷! 1

÷N1

NNLSP

NLSP

....

LSP

large M small M

(÷eR , ÷µR )

÷N1

÷G ÷G

a1 a1bb bb

bb τ (e, µ)

 depends on M:   c! displaced/outside detector displaced/prompt

SUSY decay chains pass through NNLSP and NLSP



Summary

¥Re-analyzed DGS model for GMSB + NMSSM: 
New regions in parameter space with light singlet

¥Large mixing with SM-like Higgs gives large 
contribution to tree-level Higgs mass ~ 6 GeV

¥Allows for light colored SUSY spectrum ~ 1-2 TeV 
in LHC reach, in contrast to mGMSB + MSSM

¥Singlino NLSP & Gravitino LSP lead to interesting 
collider pheno with additional (displaced) final states
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2

W = WNMSSM + WGM + WDGS , where

WNMSSM = ! SHu Hd !
"
3

S3 , (1)

WGM = X
�

i =1 ,2

�
" D

i
ø! D

i ! D
i + " T

i
ø! T

i ! T
i

�
, (2)

WDGS = S
�
#D ø! D

1 ! D
2 + #T ø! T

1 ! T
2

�
. (3)

The new couplings in Eq. (3) are assumed to unify at
the GUT scale #D (M GUT ) = #T (M GUT ) " #. A similar
assumption can be made for" D,T

i , but these parameters
are largely irrelevant for the spectrum.

Through the superpotential in Eq. (2) the messengers
feel SUSY breaking at tree-level and communicate it to
the NMSSM Þelds via gauge interactions and the direct
couplings in Eq. (3). The contribution from gauge in-
teractions is given by the usual expressions of minimal
Gauge Mediation for one-loop gaugino masses and two-
loop sfermion masses at the messenger scaleM

M i = 2g2
i ÷m , (4)

m2
÷f (M ) = 4

3�

i =1

Ci (f ) g4
i ÷m2 , (5)

where ÷m " 1/ (16$2)F/M and Ci (f ) is the quadratic
Casimir of the representation of the Þeldf under SU(3)#
SU(2) # U(1). The contributions from direct singlet-
messenger couplings generate one-loop A-terms for the
NMSSM couplings

Aλ =
Aκ

3
= ! ÷m

�
2#2

D + 3#2
T

�
, (6)

and two-loop contributions to soft masses for the singlet
and the Higgs Þelds

÷m2
S = ÷m2 �8#4

D + 15#4
T + 12#2

D #2
T

�

! ÷m2
�
#2

D (
6
5

g2
1 + 6g2

2) + #2
T (

4
5

g2
1 + 16g2

3)
�

! ÷m2 �4" 2 �2#2
D + 3#2

T

��
, (7)

" ÷m2
H u

= " ÷m2
H d

= ! ÷m2! 2 �2#2
D + 3#2

T

�
. (8)

In addition there is a one-loop soft mass for the singlet
with an additional suppression by x! M " F 2/M 4

(" ÷m2
S)1! loop = ! ÷m2x! M h(x! M )

�
2#2

D + 3#2
T

�
, (9)

with the loop function

h(x) "
(x ! 2) log(1 ! x) ! (2 + x) log(1 + x)

x4

=
1
3

+
4
15

x2 + O(x4) . (10)

Here, we have set" D
1 = " T

1 = " D
2 = " T

2 = 1 for concrete-
ness, as in any case this contribution is relevant only for
very small messenger scales and amounts at most to a
correction of about 10% in the parameter region we are
considering. The model is thus determined by Þve param-
eters: ÷m, M , ! , " and #, where one parameter (following
DGS we choose" ) can be eliminated by requiring correct
electroweak symmetry breaking.

III. LOW-ENERGY SPECTRUM

There are several regions in the parameter space that
lead to a viable spectrum (with reasonably light spart-
cles) and are compatible with perturbative couplings up
to the GUT scale. They can be distinguished by the size
of the relative contributions to the SM-like Higgs mass,
which are given schematically by

m2
h = M 2

Z cos2 2%+ ! 2v2 sin2 2%+ m2
h, mix + m2

h, loop , (11)

where m2
h, mix is the contribution from mixing with the

two other CP-even states in the Higgs mass matrix. Per-
turbativity constraints imply that the sum of the Þrst
and second terms is bounded from above byM 2

Z . The
most interesting region of the parameter space is the
one with a sizable and positive contribution from mix-
ing, which requires the singlet state to be lighter than
the SM-like Higgs. In this region the e#ective tree-
level contribution to the Higgs mass is maximized, up
to m2

h ! m2
h, loop $ (98 GeV)2.

Since a larger tree-level mass implies lighter SUSY
spectrum, we now concentrate on this region, which is
characterized by # % 1, ! % 1, large tan%and a singlet
with a mass below 100 GeV. This scenario was not dis-
cussed in the DGS paper, since the authors had imposed
the LEP bound of 115 GeV on the mass of the lightest
Higgs state. But a singlet with mass of 90-100 GeV [13]
is not constrained by LEP data, provided that the mixing
angle with the SM-Higgs is small enough, sin& ! 0.5 [?
], which still allows for a substantial contribution to the
e#ective tree-level Higgs mass [? ]. Note that LHC con-
strains this scenario only through measurements of the
SM-like Higgs couplings (that are suppressed by the mix-
ing), which at present do not lead to bounds stronger
than the ones from LEP.

A very interesting feature of this scenario is its high
level of predictivity. This is because three out of four
free parameters of the model are Þxed by the Higgs sec-
tor, that is by the masses of the singlet and the SM-like
Higgs and the maximal possible value of their mixing.
An approximate relation between # and the mass of the
singlet-like scalar is given by

# &
ms

4
'

2g3 ÷m
, (12)

so that for TeV-scale superpartners and a singlet-like
scalar mass of around 100 GeV one Þnds# & 0.02. Sim-
ilarly, ! is determined by the requirement that singlet-
Higgs mixing is as large as possible, with the relation to
the mixing angle & approximately given by

! &
m2

h ! m2
s

4v ÷m
sin 2&. (13)

Using the rough LEP bound of sin&! 0.5 and the num-
bers for ÷m and ms above, one Þnds! & 0.01. An addi-
tional upper bound on ! comes from the requirement of
proper electroweak symmetry breaking (EWSB), which

The complete DGS model
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W = WNMSSM + WGM + WDGS , where

WNMSSM = ! SHu Hd !
"
3

S3 , (1)

WGM = X
!
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"
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i ΦD
i + " T
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i Φ
T
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#
, (2)

WDGS = S
"
#D øΦD

1 ΦD
2 + #T øΦT
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T
2

#
. (3)

The new couplings in Eq. (3) are assumed to unify at
the GUT scale #D (M GUT ) = #T (M GUT ) " #. A similar
assumption can be made for" D,T

i , but these parameters
are largely irrelevant for the spectrum.

Through the superpotential in Eq. (2) the messengers
feel SUSY breaking at tree-level and communicate it to
the NMSSM Þelds via gauge interactions and the direct
couplings in Eq. (3). The contribution from gauge in-
teractions is given by the usual expressions of minimal
Gauge Mediation for one-loop gaugino masses and two-
loop sfermion masses at the messenger scaleM

M i = 2g2
i ÷m , (4)

m2
÷f (M ) = 4

3!

i =1

Ci (f ) g4
i ÷m2 , (5)

where ÷m " 1/ (16$2)F/M and Ci (f ) is the quadratic
Casimir of the representation of the Þeldf under SU(3)#
SU(2) # U(1). The contributions from direct singlet-
messenger couplings generate one-loop A-terms for the
NMSSM couplings

Aλ =
Aκ

3
= ! ÷m

"
2#2

D + 3#2
T

#
, (6)

and two-loop contributions to soft masses for the singlet
and the Higgs Þelds

÷m2
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D #2

T

%

! ÷m2
&
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D (
6
5

g2
1 + 6g2
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T (

4
5

g2
1 + 16g2
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∆ ÷m2
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#
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In addition there is a one-loop soft mass for the singlet
with an additional suppression by x! M " F 2/M 4

(∆ ÷m2
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"
2#2
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=
1
3

+
4
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x2 + O(x4) . (10)
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2 = " T

2 = 1 for concrete-
ness, as in any case this contribution is relevant only for
very small messenger scales and amounts at most to a
correction of about 10% in the parameter region we are
considering. The model is thus determined by Þve param-
eters: ÷m, M , ! , " and #, where one parameter (following
DGS we choose" ) can be eliminated by requiring correct
electroweak symmetry breaking.

III. LOW-ENERGY SPECTRUM

There are several regions in the parameter space that
lead to a viable spectrum (with reasonably light spart-
cles) and are compatible with perturbative couplings up
to the GUT scale. They can be distinguished by the size
of the relative contributions to the SM-like Higgs mass,
which are given schematically by

m2
h = M 2

Z cos2 2%+ ! 2v2 sin2 2%+ m2
h, mix + m2

h, loop , (11)

where m2
h, mix is the contribution from mixing with the

two other CP-even states in the Higgs mass matrix. Per-
turbativity constraints imply that the sum of the Þrst
and second terms is bounded from above byM 2

Z . The
most interesting region of the parameter space is the
one with a sizable and positive contribution from mix-
ing, which requires the singlet state to be lighter than
the SM-like Higgs. In this region the effective tree-
level contribution to the Higgs mass is maximized, up
to m2

h ! m2
h, loop $ (98 GeV)2.

Since a larger tree-level mass implies lighter SUSY
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characterized by # % 1, ! % 1, large tan%and a singlet
with a mass below 100 GeV. This scenario was not dis-
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the LEP bound of 115 GeV on the mass of the lightest
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very small messenger scales and amounts at most to a
correction of about 10% in the parameter region we are
considering. The model is thus determined by Þve param-
eters: ÷m, M , ! , " and #, where one parameter (following
DGS we choose" ) can be eliminated by requiring correct
electroweak symmetry breaking.

III. LOW-ENERGY SPECTRUM

There are several regions in the parameter space that
lead to a viable spectrum (with reasonably light spart-
cles) and are compatible with perturbative couplings up
to the GUT scale. They can be distinguished by the size
of the relative contributions to the SM-like Higgs mass,
which are given schematically by

m2
h = M 2

Z cos2 2%+ ! 2v2 sin2 2%+ m2
h,mix+ m2

h, loop , (11)

where m2
h,mix is the contribution from mixing with the

two other CP-even states in the Higgs mass matrix. Per-
turbativity constraints imply that the sum of the Þrst
and second terms is bounded from above byM 2

Z . The
most interesting region of the parameter space is the
one with a sizable and positive contribution from mix-
ing, which requires the singlet state to be lighter than
the SM-like Higgs. In this region the e#ective tree-
level contribution to the Higgs mass is maximized, up
to m2

h ! m2
h, loop $ (98 GeV)2.

Since a larger tree-level mass implies lighter SUSY
spectrum, we now concentrate on this region, which is
characterized by # % 1, ! % 1, large tan%and a singlet
with a mass below 100 GeV. This scenario was not dis-
cussed in the DGS paper, since the authors had imposed
the LEP bound of 115 GeV on the mass of the lightest
Higgs state. But a singlet with mass of 90-100 GeV [13]
is not constrained by LEP data, provided that the mixing
angle with the SM-Higgs is small enough, sin& ! 0.5 [?
], which still allows for a substantial contribution to the
e#ective tree-level Higgs mass [? ]. Note that LHC con-
strains this scenario only through measurements of the
SM-like Higgs couplings (that are suppressed by the mix-
ing), which at present do not lead to bounds stronger
than the ones from LEP.

A very interesting feature of this scenario is its high
level of predictivity. This is because three out of four
free parameters of the model are Þxed by the Higgs sec-
tor, that is by the masses of the singlet and the SM-like
Higgs and the maximal possible value of their mixing.
An approximate relation between # and the mass of the
singlet-like scalar is given by
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, (12)

so that for TeV-scale superpartners and a singlet-like
scalar mass of around 100 GeV one Þnds# & 0.02. Sim-
ilarly, ! is determined by the requirement that singlet-
Higgs mixing is as large as possible, with the relation to
the mixing angle & approximately given by

! &
m2

h ! m2
s

4v ÷m
sin 2&. (13)

Using the rough LEP bound of sin&! 0.5 and the num-
bers for ÷m and ms above, one Þnds! & 0.01. An addi-
tional upper bound on ! comes from the requirement of
proper electroweak symmetry breaking (EWSB), which
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The new couplings in Eq. (3) are assumed to unify at
the GUT scale #D (M GUT ) = #T (M GUT ) " #. A similar
assumption can be made for" D,T

i , but these parameters
are largely irrelevant for the spectrum.

Through the superpotential in Eq. (2) the messengers
feel SUSY breaking at tree-level and communicate it to
the NMSSM Þelds via gauge interactions and the direct
couplings in Eq. (3). The contribution from gauge in-
teractions is given by the usual expressions of minimal
Gauge Mediation for one-loop gaugino masses and two-
loop sfermion masses at the messenger scaleM
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In addition there is a one-loop soft mass for the singlet
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2 = 1 for concrete-
ness, as in any case this contribution is relevant only for
very small messenger scales and amounts at most to a
correction of about 10% in the parameter region we are
considering. The model is thus determined by Þve param-
eters: ÷m, M , ! , " and #, where one parameter (following
DGS we choose" ) can be eliminated by requiring correct
electroweak symmetry breaking.

III. LOW-ENERGY SPECTRUM

There are several regions in the parameter space that
lead to a viable spectrum (with reasonably light spart-
cles) and are compatible with perturbative couplings up
to the GUT scale. They can be distinguished by the size
of the relative contributions to the SM-like Higgs mass,
which are given schematically by

m2
h = M 2

Z cos2 2%+ ! 2v2 sin2 2%+ m2
h, mix + m2

h, loop , (11)

where m2
h, mix is the contribution from mixing with the

two other CP-even states in the Higgs mass matrix. Per-
turbativity constraints imply that the sum of the Þrst
and second terms is bounded from above byM 2

Z . The
most interesting region of the parameter space is the
one with a sizable and positive contribution from mix-
ing, which requires the singlet state to be lighter than
the SM-like Higgs. In this region the e#ective tree-
level contribution to the Higgs mass is maximized, up
to m2

h ! m2
h, loop $ (98 GeV)2.

Since a larger tree-level mass implies lighter SUSY
spectrum, we now concentrate on this region, which is
characterized by # % 1, ! % 1, large tan%and a singlet
with a mass below 100 GeV. This scenario was not dis-
cussed in the DGS paper, since the authors had imposed
the LEP bound of 115 GeV on the mass of the lightest
Higgs state. But a singlet with mass of 90-100 GeV [13]
is not constrained by LEP data, provided that the mixing
angle with the SM-Higgs is small enough, sin& ! 0.5 [?
], which still allows for a substantial contribution to the
e#ective tree-level Higgs mass [? ]. Note that LHC con-
strains this scenario only through measurements of the
SM-like Higgs couplings (that are suppressed by the mix-
ing), which at present do not lead to bounds stronger
than the ones from LEP.

A very interesting feature of this scenario is its high
level of predictivity. This is because three out of four
free parameters of the model are Þxed by the Higgs sec-
tor, that is by the masses of the singlet and the SM-like
Higgs and the maximal possible value of their mixing.
An approximate relation between # and the mass of the
singlet-like scalar is given by
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so that for TeV-scale superpartners and a singlet-like
scalar mass of around 100 GeV one Þnds# & 0.02. Sim-
ilarly, ! is determined by the requirement that singlet-
Higgs mixing is as large as possible, with the relation to
the mixing angle & approximately given by
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Using the rough LEP bound of sin&! 0.5 and the num-
bers for ÷m and ms above, one Þnds! & 0.01. An addi-
tional upper bound on ! comes from the requirement of
proper electroweak symmetry breaking (EWSB), which
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The new couplings in Eq. (3) are assumed to unify at
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are largely irrelevant for the spectrum.
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ness, as in any case this contribution is relevant only for
very small messenger scales and amounts at most to a
correction of about 10% in the parameter region we are
considering. The model is thus determined by Þve param-
eters: ÷m, M , ! , " and #, where one parameter (following
DGS we choose" ) can be eliminated by requiring correct
electroweak symmetry breaking.

III. LOW-ENERGY SPECTRUM

There are several regions in the parameter space that
lead to a viable spectrum (with reasonably light spart-
cles) and are compatible with perturbative couplings up
to the GUT scale. They can be distinguished by the size
of the relative contributions to the SM-like Higgs mass,
which are given schematically by

m2
h = M 2

Z cos2 2%+ ! 2v2 sin2 2%+ m2
h, mix + m2

h, loop , (11)

where m2
h, mix is the contribution from mixing with the

two other CP-even states in the Higgs mass matrix. Per-
turbativity constraints imply that the sum of the Þrst
and second terms is bounded from above byM 2

Z . The
most interesting region of the parameter space is the
one with a sizable and positive contribution from mix-
ing, which requires the singlet state to be lighter than
the SM-like Higgs. In this region the e#ective tree-
level contribution to the Higgs mass is maximized, up
to m2

h ! m2
h, loop $ (98 GeV)2.

Since a larger tree-level mass implies lighter SUSY
spectrum, we now concentrate on this region, which is
characterized by # % 1, ! % 1, large tan%and a singlet
with a mass below 100 GeV. This scenario was not dis-
cussed in the DGS paper, since the authors had imposed
the LEP bound of 115 GeV on the mass of the lightest
Higgs state. But a singlet with mass of 90-100 GeV [13]
is not constrained by LEP data, provided that the mixing
angle with the SM-Higgs is small enough, sin&� 0.5 [?
], which still allows for a substantial contribution to the
e#ective tree-level Higgs mass [? ]. Note that LHC con-
strains this scenario only through measurements of the
SM-like Higgs couplings (that are suppressed by the mix-
ing), which at present do not lead to bounds stronger
than the ones from LEP.

A very interesting feature of this scenario is its high
level of predictivity. This is because three out of four
free parameters of the model are Þxed by the Higgs sec-
tor, that is by the masses of the singlet and the SM-like
Higgs and the maximal possible value of their mixing.
An approximate relation between # and the mass of the
singlet-like scalar is given by
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so that for TeV-scale superpartners and a singlet-like
scalar mass of around 100 GeV one Þnds# & 0.02. Sim-
ilarly, ! is determined by the requirement that singlet-
Higgs mixing is as large as possible, with the relation to
the mixing angle & approximately given by
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Using the rough LEP bound of sin&� 0.5 and the num-
bers for ÷m and ms above, one Þnds! & 0.01. An addi-
tional upper bound on ! comes from the requirement of
proper electroweak symmetry breaking (EWSB), which
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The new couplings in Eq. (3) are assumed to unify at
the GUT scale ξD (MGUT) = ξT (MGUT) " ξ. A similar
assumption can be made forκD,T

i , but these parameters
are largely irrelevant for the spectrum.

Through the superpotential in Eq. (2) the messengers
feel SUSY breaking at tree-level and communicate it to
the NMSSM Þelds via gauge interactions and the direct
couplings in Eq. (3). The contribution from gauge in-
teractions is given by the usual expressions of minimal
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ness, as in any case this contribution is relevant only for
very small messenger scales and amounts at most to a
correction of about 10% in the parameter region we are
considering. The model is thus determined by Þve param-
eters: ÷m, M , λ, κ and ξ, where one parameter (following
DGS we chooseκ) can be eliminated by requiring correct
electroweak symmetry breaking.

III. LOW-ENERGY SPECTRUM

There are several regions in the parameter space that
lead to a viable spectrum (with reasonably light spart-
cles) and are compatible with perturbative couplings up
to the GUT scale. They can be distinguished by the size
of the relative contributions to the SM-like Higgs mass,
which are given schematically by
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where m2
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two other CP-even states in the Higgs mass matrix. Per-
turbativity constraints imply that the sum of the Þrst
and second terms is bounded from above byM 2

Z . The
most interesting region of the parameter space is the
one with a sizable and positive contribution from mix-
ing, which requires the singlet state to be lighter than
the SM-like Higgs. In this region the e#ective tree-
level contribution to the Higgs mass is maximized, up
to m2

h ! m2
h, loop $ (98 GeV)2.

Since a larger tree-level mass implies lighter SUSY
spectrum, we now concentrate on this region, which is
characterized by ξ % 1,λ % 1, large tanβ and a singlet
with a mass below 100 GeV. This scenario was not dis-
cussed in the DGS paper, since the authors had imposed
the LEP bound of 115 GeV on the mass of the lightest
Higgs state. But a singlet with mass of 90-100 GeV [13]
is not constrained by LEP data, provided that the mixing
angle with the SM-Higgs is small enough, sinθ ! 0.5 [?
], which still allows for a substantial contribution to the
e#ective tree-level Higgs mass [? ]. Note that LHC con-
strains this scenario only through measurements of the
SM-like Higgs couplings (that are suppressed by the mix-
ing), which at present do not lead to bounds stronger
than the ones from LEP.

A very interesting feature of this scenario is its high
level of predictivity. This is because three out of four
free parameters of the model are Þxed by the Higgs sec-
tor, that is by the masses of the singlet and the SM-like
Higgs and the maximal possible value of their mixing.
An approximate relation between ξ and the mass of the
singlet-like scalar is given by
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so that for TeV-scale superpartners and a singlet-like
scalar mass of around 100 GeV one Þndsξ & 0.02. Sim-
ilarly, λ is determined by the requirement that singlet-
Higgs mixing is as large as possible, with the relation to
the mixing angle θ approximately given by
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Using the rough LEP bound of sinθ ! 0.5 and the num-
bers for ÷m and ms above, one Þndsλ & 0.01. An addi-
tional upper bound on λ comes from the requirement of
proper electroweak symmetry breaking (EWSB), which
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The new couplings in Eq. (3) are assumed to unify at
the GUT scale #D (MGUT) = #T (MGUT) " #. A similar
assumption can be made for" D,T

i , but these parameters
are largely irrelevant for the spectrum.

Through the superpotential in Eq. (2) the messengers
feel SUSY breaking at tree-level and communicate it to
the NMSSM Þelds via gauge interactions and the direct
couplings in Eq. (3). The contribution from gauge in-
teractions is given by the usual expressions of minimal
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ness, as in any case this contribution is relevant only for
very small messenger scales and amounts at most to a
correction of about 10% in the parameter region we are
considering. The model is thus determined by Þve param-
eters: ÷m, M , ! , " and #, where one parameter (following
DGS we choose" ) can be eliminated by requiring correct
electroweak symmetry breaking.

III. LOW-ENERGY SPECTRUM

There are several regions in the parameter space that
lead to a viable spectrum (with reasonably light spart-
cles) and are compatible with perturbative couplings up
to the GUT scale. They can be distinguished by the size
of the relative contributions to the SM-like Higgs mass,
which are given schematically by
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where m2
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two other CP-even states in the Higgs mass matrix. Per-
turbativity constraints imply that the sum of the Þrst
and second terms is bounded from above byM 2

Z . The
most interesting region of the parameter space is the
one with a sizable and positive contribution from mix-
ing, which requires the singlet state to be lighter than
the SM-like Higgs. In this region the e#ective tree-
level contribution to the Higgs mass is maximized, up
to m2

h ! m2
h, loop $ (98 GeV)2.

Since a larger tree-level mass implies lighter SUSY
spectrum, we now concentrate on this region, which is
characterized by # % 1, ! % 1, large tan%and a singlet
with a mass below 100 GeV. This scenario was not dis-
cussed in the DGS paper, since the authors had imposed
the LEP bound of 115 GeV on the mass of the lightest
Higgs state. But a singlet with mass of 90-100 GeV [13]
is not constrained by LEP data, provided that the mixing
angle with the SM-Higgs is small enough, sin& ! 0.5 [?
], which still allows for a substantial contribution to the
e#ective tree-level Higgs mass [? ]. Note that LHC con-
strains this scenario only through measurements of the
SM-like Higgs couplings (that are suppressed by the mix-
ing), which at present do not lead to bounds stronger
than the ones from LEP.

A very interesting feature of this scenario is its high
level of predictivity. This is because three out of four
free parameters of the model are Þxed by the Higgs sec-
tor, that is by the masses of the singlet and the SM-like
Higgs and the maximal possible value of their mixing.
An approximate relation between # and the mass of the
singlet-like scalar is given by
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so that for TeV-scale superpartners and a singlet-like
scalar mass of around 100 GeV one Þnds# & 0.02. Sim-
ilarly, ! is determined by the requirement that singlet-
Higgs mixing is as large as possible, with the relation to
the mixing angle & approximately given by
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Using the rough LEP bound of sin&! 0.5 and the num-
bers for ÷m and ms above, one Þnds! & 0.01. An addi-
tional upper bound on ! comes from the requirement of
proper electroweak symmetry breaking (EWSB), which
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The new couplings in Eq. (3) are assumed to unify at
the GUT scale ξD (M GUT ) = ξT (M GUT ) " ξ. A similar
assumption can be made forκD,T

i , but these parameters
are largely irrelevant for the spectrum.

Through the superpotential in Eq. (2) the messengers
feel SUSY breaking at tree-level and communicate it to
the NMSSM Þelds via gauge interactions and the direct
couplings in Eq. (3). The contribution from gauge in-
teractions is given by the usual expressions of minimal
Gauge Mediation for one-loop gaugino masses and two-
loop sfermion masses at the messenger scaleM

M i = 2g2
i ÷m , (4)
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÷f (M ) = 4
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Ci (f ) g4
i ÷m2 , (5)

where ÷m " 1/ (16π2)F/M and Ci (f ) is the quadratic
Casimir of the representation of the Þeldf under SU(3)#
SU(2) # U(1). The contributions from direct singlet-
messenger couplings generate one-loop A-terms for the
NMSSM couplings
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and two-loop contributions to soft masses for the singlet
and the Higgs Þelds
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In addition there is a one-loop soft mass for the singlet
with an additional suppression by x! M " F 2/M 4

(" ÷m2
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"
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with the loop function

h(x) "
(x ! 2) log(1 ! x) ! (2 + x) log(1 + x)
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=
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x2 + O(x4) . (10)

Here, we have setκD
1 = κT

1 = κD
2 = κT

2 = 1 for concrete-
ness, as in any case this contribution is relevant only for
very small messenger scales and amounts at most to a
correction of about 10% in the parameter region we are
considering. The model is thus determined by Þve param-
eters: ÷m, M , λ, κ and ξ, where one parameter (following
DGS we chooseκ) can be eliminated by requiring correct
electroweak symmetry breaking.

III. LOW-ENERGY SPECTRUM

There are several regions in the parameter space that
lead to a viable spectrum (with reasonably light spart-
cles) and are compatible with perturbative couplings up
to the GUT scale. They can be distinguished by the size
of the relative contributions to the SM-like Higgs mass,
which are given schematically by

m2
h = M 2

Z cos2 2β+ λ2v2 sin2 2β+ m2
h, mix + m2

h, loop , (11)

where m2
h, mix is the contribution from mixing with the

two other CP-even states in the Higgs mass matrix. Per-
turbativity constraints imply that the sum of the Þrst
and second terms is bounded from above byM 2

Z . The
most interesting region of the parameter space is the
one with a sizable and positive contribution from mix-
ing, which requires the singlet state to be lighter than
the SM-like Higgs. In this region the e#ective tree-
level contribution to the Higgs mass is maximized, up
to m2

h ! m2
h, loop $ (98 GeV)2.

Since a larger tree-level mass implies lighter SUSY
spectrum, we now concentrate on this region, which is
characterized by ξ % 1,λ % 1, large tanβ and a singlet
with a mass below 100 GeV. This scenario was not dis-
cussed in the DGS paper, since the authors had imposed
the LEP bound of 115 GeV on the mass of the lightest
Higgs state. But a singlet with mass of 90-100 GeV [13]
is not constrained by LEP data, provided that the mixing
angle with the SM-Higgs is small enough, sinθ � 0.5 [?
], which still allows for a substantial contribution to the
e#ective tree-level Higgs mass [? ]. Note that LHC con-
strains this scenario only through measurements of the
SM-like Higgs couplings (that are suppressed by the mix-
ing), which at present do not lead to bounds stronger
than the ones from LEP.

A very interesting feature of this scenario is its high
level of predictivity. This is because three out of four
free parameters of the model are Þxed by the Higgs sec-
tor, that is by the masses of the singlet and the SM-like
Higgs and the maximal possible value of their mixing.
An approximate relation between ξ and the mass of the
singlet-like scalar is given by

ξ &
ms

4
'

2g3 ÷m
, (12)

so that for TeV-scale superpartners and a singlet-like
scalar mass of around 100 GeV one Þndsξ & 0.02. Sim-
ilarly, λ is determined by the requirement that singlet-
Higgs mixing is as large as possible, with the relation to
the mixing angle θ approximately given by

λ &
m2

h ! m2
s

4v ÷m
sin 2θ . (13)

Using the rough LEP bound of sinθ � 0.5 and the num-
bers for ÷m and ms above, one Þndsλ & 0.01. An addi-
tional upper bound on λ comes from the requirement of
proper electroweak symmetry breaking (EWSB), which
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The new couplings in Eq. (3) are assumed to unify at
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ness, as in any case this contribution is relevant only for
very small messenger scales and amounts at most to a
correction of about 10% in the parameter region we are
considering. The model is thus determined by Þve param-
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electroweak symmetry breaking.
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with a mass below 100 GeV. This scenario was not dis-
cussed in the DGS paper, since the authors had imposed
the LEP bound of 115 GeV on the mass of the lightest
Higgs state. But a singlet with mass of 90-100 GeV [13]
is not constrained by LEP data, provided that the mixing
angle with the SM-Higgs is small enough, sin&� 0.5 [?
], which still allows for a substantial contribution to the
e#ective tree-level Higgs mass [? ]. Note that LHC con-
strains this scenario only through measurements of the
SM-like Higgs couplings (that are suppressed by the mix-
ing), which at present do not lead to bounds stronger
than the ones from LEP.

A very interesting feature of this scenario is its high
level of predictivity. This is because three out of four
free parameters of the model are Þxed by the Higgs sec-
tor, that is by the masses of the singlet and the SM-like
Higgs and the maximal possible value of their mixing.
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the GUT scale ξD (M GUT ) = ξT (M GUT ) " ξ. A similar
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are largely irrelevant for the spectrum.
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couplings in Eq. (3). The contribution from gauge in-
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ness, as in any case this contribution is relevant only for
very small messenger scales and amounts at most to a
correction of about 10% in the parameter region we are
considering. The model is thus determined by Þve param-
eters: ÷m, M , λ, κ and ξ, where one parameter (following
DGS we chooseκ) can be eliminated by requiring correct
electroweak symmetry breaking.
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There are several regions in the parameter space that
lead to a viable spectrum (with reasonably light spart-
cles) and are compatible with perturbative couplings up
to the GUT scale. They can be distinguished by the size
of the relative contributions to the SM-like Higgs mass,
which are given schematically by
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two other CP-even states in the Higgs mass matrix. Per-
turbativity constraints imply that the sum of the Þrst
and second terms is bounded from above byM 2

Z . The
most interesting region of the parameter space is the
one with a sizable and positive contribution from mix-
ing, which requires the singlet state to be lighter than
the SM-like Higgs. In this region the e#ective tree-
level contribution to the Higgs mass is maximized, up
to m2

h ! m2
h, loop $ (98 GeV)2.

Since a larger tree-level mass implies lighter SUSY
spectrum, we now concentrate on this region, which is
characterized by ξ % 1,λ % 1, large tanβ and a singlet
with a mass below 100 GeV. This scenario was not dis-
cussed in the DGS paper, since the authors had imposed
the LEP bound of 115 GeV on the mass of the lightest
Higgs state. But a singlet with mass of 90-100 GeV [13]
is not constrained by LEP data, provided that the mixing
angle with the SM-Higgs is small enough, sinθ ! 0.5 [?
], which still allows for a substantial contribution to the
e#ective tree-level Higgs mass [? ]. Note that LHC con-
strains this scenario only through measurements of the
SM-like Higgs couplings (that are suppressed by the mix-
ing), which at present do not lead to bounds stronger
than the ones from LEP.

A very interesting feature of this scenario is its high
level of predictivity. This is because three out of four
free parameters of the model are Þxed by the Higgs sec-
tor, that is by the masses of the singlet and the SM-like
Higgs and the maximal possible value of their mixing.
An approximate relation between ξ and the mass of the
singlet-like scalar is given by

ξ &
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so that for TeV-scale superpartners and a singlet-like
scalar mass of around 100 GeV one Þndsξ & 0.02. Sim-
ilarly, λ is determined by the requirement that singlet-
Higgs mixing is as large as possible, with the relation to
the mixing angle θ approximately given by
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Using the rough LEP bound of sinθ ! 0.5 and the num-
bers for ÷m and ms above, one Þndsλ & 0.01. An addi-
tional upper bound on λ comes from the requirement of
proper electroweak symmetry breaking (EWSB), which

3

gives ! ! " in this region of parameter space. This is
typically weaker than the bound from Eq. (13).

The smallness of" and ! has important consequences
for the low-energy spectrum. Small" implies small values
of |A! | and |A" | and imposing proper EWSB results in
# ! ! and the prediction of large tan$ " ! /#. In turn
the smallness ofA" and # results in a very light singlet-
like pseudoscalar, which is approximately related to the
CP-even singlet-like scalar mass as follows:

mas

ms
#

!
45

$
8"

32g3
, (14)

where g3 is the strong gauge coupling at the messenger
scaleM . For " " 0.02 the above formula impliesmas

to be smaller than ms by a factor of about 3. We Þnd
numerically[14] that the light pseudoscalar mass varies
from about 25 GeV (for low M ) to 40 GeV (for large
M ). These numbers should be conÞrmed

For the range of parameters the mass of the singlino
can be obtained from the following approximate sum rule
[5]:

m2
÷s # m2

s +
1
3
m2

as , (15)

which implies that the singlino mass is about 100 GeV.
Since in gauge mediation the lightest supersymmetric
particle (LSP) is the gravitino and the typical scale of
the next-to-lightest supersymmetric particle (NLSP) is
the bino mass given byM1 # 420 GeV ( ÷m/TeV), it is
clear that the singlino strongly dominates the composi-
tion of the NLSP. This is a distinguishing feature of this
model.

This is closely connected to the other peculiar fea-
ture of this scenario, the large contribution to the tree-
level Higgs mass from singlet-Higgs mixing. This requires
smaller radiative corrections from stop loops, and in turn
much lighter sparticle masses than in minimal gauge me-
diation in the MSSM. It is through these corrections that
the observed Higgs mass of 125 GeV essentially Þxes the
overall scale of the sparticle spectrum ÷m, notably up to
an estimated theoretical uncertainty of 3 GeV in the pre-
diction for the Higgs mass. We Þnd that a Higgs mass of
125 GeV is compatible with a sparticle scale of?? TeV
(590 GeV if the theoretical uncertainty of 3 GeV in the
prediction for the Higgs mass is taken into account). This
corresponds to stop masses as light as?? TeV (?? TeV),
which should be be compared with the lower bound on
stop masses of about 8 (3) TeV in minimal gauge media-
tion in the MSSM [6]. The gluino mass, which is roughly
degenerate with the Þrst-two generation squarks, can be
as light as ?? TeV(?? TeV). They should be within the
reach of the LHC Run II.

Here scatter plots ofmh vs lightest stop mass and vs
gluino mass would be useful. I donÕt know if there will
be a place left for them but at least they are needed put
in the numbers above.

Here or later we can give a plot on the production
cross-section of gluinos and squarks for some bench-
marks.

Having Þxed the Higgs sector described byms,%and
mh using " , ! and ÷m, the only free parameter left is the
messenger scaleM . Varying M has several important
consequences for the low-energy spectrum. First of all,
increasingM leads to larger values ofAt at the EW scale,
which (as in minimal gauge mediation) is purely radia-
tively generated and therefore grows with the length of
the RG running. In turn, this enhances the stop-mixing
contribution to the Higgs mass, and therefore largerM
leads to lighter stops and hence smaller ÷m in order to be
consistent with a 125 GeV Higgs. Also, the value ofM
determines the nature of the next-to-next-to lightest su-
persymmetric particle (NNLSP), analogously to the role
of the NLSP in minimal gauge mediation (recall that the
NLSP is always singlino-like). For smallM ! 106 GeV

(Maybe we should make it more precise by making the
plot of the ratio of stau and bino masses vsM )

the (mostly right-handed) stau is the NNLSP (with
selectron and smuon being co-NNLSP), because the soft
massm ÷E is smaller thanM1 at the messenger scale. This
hierarchy is preserved as long asM is small because then
RG gaugino contribution to mE is small. However, for
M " 106 GeV the RG e! ects are strong enough to raise
m ÷E aboveM1 and the bino-like neutralino becomes the
NNLSP. Third, the messenger scaleM controls the grav-
itino mass according to:

m3/ 2 = 38 eV
"

÷m
TeV

# "
M

106 GeV

#
. (16)

The simultaneous presence of gravitino LSP and singlino
NLPS leads to a novel phenomenology totally di! erent
both from gauge mediation models in the MSSM and
from typical NMSSM scenarios.

IV. LHC PHENOMENOLOGY

In our scenario decay chains of every supersymmetric
particle produced at the LHC end up with a singlino-
like neutralino which subsequently decays to the grav-
itino and the singlet-like pseudoscalar Higgs, which then
predominantly decays to b-quarks:

÷N1 % as ÷G % bb ÷G . (17)

The decay width of the singlino is
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Note that the messenger scale enters into the above for-
mula. For large M the singlino decays well outside the
detector so it is stable from the collider point of view
and contributes to the missing energy. However, for
M ! 106 GeV the singlino decays are prompt so there
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gives ! ! " in this region of parameter space. This is
typically weaker than the bound from Eq. (13).

The smallness of" and ! has important consequences
for the low-energy spectrum. Small" implies small values
of |A! | and |A" | and imposing proper EWSB results in
# ! ! and the prediction of large tan$ " ! / #. In turn
the smallness ofA" and # results in a very light singlet-
like pseudoscalar, which is approximately related to the
CP-even singlet-like scalar mass as follows:
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where g3 is the strong gauge coupling at the messenger
scale M . For " " 0.02 the above formula impliesmas

to be smaller than ms by a factor of about 3. We Þnd
numerically[14] that the light pseudoscalar mass varies
from about 25 GeV (for low M ) to 40 GeV (for large
M ). These numbers should be conÞrmed
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can be obtained from the following approximate sum rule
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which implies that the singlino mass is about 100 GeV.
Since in gauge mediation the lightest supersymmetric
particle (LSP) is the gravitino and the typical scale of
the next-to-lightest supersymmetric particle (NLSP) is
the bino mass given byM 1 # 420 GeV ( ÷m/ TeV), it is
clear that the singlino strongly dominates the composi-
tion of the NLSP. This is a distinguishing feature of this
model.

This is closely connected to the other peculiar fea-
ture of this scenario, the large contribution to the tree-
level Higgs mass from singlet-Higgs mixing. This requires
smaller radiative corrections from stop loops, and in turn
much lighter sparticle masses than in minimal gauge me-
diation in the MSSM. It is through these corrections that
the observed Higgs mass of 125 GeV essentially Þxes the
overall scale of the sparticle spectrum ÷m, notably up to
an estimated theoretical uncertainty of 3 GeV in the pre-
diction for the Higgs mass. We Þnd that a Higgs mass of
125 GeV is compatible with a sparticle scale of?? TeV
(590 GeV if the theoretical uncertainty of 3 GeV in the
prediction for the Higgs mass is taken into account). This
corresponds to stop masses as light as?? TeV (?? TeV),
which should be be compared with the lower bound on
stop masses of about 8 (3) TeV in minimal gauge media-
tion in the MSSM [6]. The gluino mass, which is roughly
degenerate with the Þrst-two generation squarks, can be
as light as ?? TeV(?? TeV). They should be within the
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be a place left for them but at least they are needed put
in the numbers above.

Here or later we can give a plot on the production
cross-section of gluinos and squarks for some bench-
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Having Þxed the Higgs sector described byms, %and
mh using " , ! and ÷m, the only free parameter left is the
messenger scaleM . Varying M has several important
consequences for the low-energy spectrum. First of all,
increasingM leads to larger values ofAt at the EW scale,
which (as in minimal gauge mediation) is purely radia-
tively generated and therefore grows with the length of
the RG running. In turn, this enhances the stop-mixing
contribution to the Higgs mass, and therefore largerM
leads to lighter stops and hence smaller ÷m in order to be
consistent with a 125 GeV Higgs. Also, the value ofM
determines the nature of the next-to-next-to lightest su-
persymmetric particle (NNLSP), analogously to the role
of the NLSP in minimal gauge mediation (recall that the
NLSP is always singlino-like). For small M ! 106 GeV

(Maybe we should make it more precise by making the
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the (mostly right-handed) stau is the NNLSP (with
selectron and smuon being co-NNLSP), because the soft
massm ÷E is smaller than M 1 at the messenger scale. This
hierarchy is preserved as long asM is small because then
RG gaugino contribution to mE is small. However, for
M " 106 GeV the RG e! ects are strong enough to raise
m ÷E above M 1 and the bino-like neutralino becomes the
NNLSP. Third, the messenger scaleM controls the grav-
itino mass according to:
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The simultaneous presence of gravitino LSP and singlino
NLPS leads to a novel phenomenology totally di! erent
both from gauge mediation models in the MSSM and
from typical NMSSM scenarios.

IV. LHC PHENOMENOLOGY

In our scenario decay chains of every supersymmetric
particle produced at the LHC end up with a singlino-
like neutralino which subsequently decays to the grav-
itino and the singlet-like pseudoscalar Higgs, which then
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Note that the messenger scale enters into the above for-
mula. For large M the singlino decays well outside the
detector so it is stable from the collider point of view
and contributes to the missing energy. However, for
M ! 106 GeV the singlino decays are prompt so there

3

gives ! ! " in this region of parameter space. This is
typically weaker than the bound from Eq. (13).

The smallness of" and ! has important consequences
for the low-energy spectrum. Small" implies small values
of |Aλ| and |Aκ| and imposing proper EWSB results in
# ! ! and the prediction of large tan$ " ! / #. In turn
the smallness ofAκ and # results in a very light singlet-
like pseudoscalar, which is approximately related to the
CP-even singlet-like scalar mass as follows:

mas

ms
#

!
45

$
8"

32g3
, (14)

where g3 is the strong gauge coupling at the messenger
scale M . For " " 0.02 the above formula impliesmas

to be smaller than ms by a factor of about 3. We Þnd
numerically[14] that the light pseudoscalar mass varies
from about 25 GeV (for low M ) to 40 GeV (for large
M ). These numbers should be conÞrmed

For the range of parameters the mass of the singlino
can be obtained from the following approximate sum rule
[5]:

m2
÷s # m2

s +
1
3

m2
as , (15)

which implies that the singlino mass is about 100 GeV.
Since in gauge mediation the lightest supersymmetric
particle (LSP) is the gravitino and the typical scale of
the next-to-lightest supersymmetric particle (NLSP) is
the bino mass given byM 1 # 420 GeV ( ÷m/ TeV), it is
clear that the singlino strongly dominates the composi-
tion of the NLSP. This is a distinguishing feature of this
model.

This is closely connected to the other peculiar fea-
ture of this scenario, the large contribution to the tree-
level Higgs mass from singlet-Higgs mixing. This requires
smaller radiative corrections from stop loops, and in turn
much lighter sparticle masses than in minimal gauge me-
diation in the MSSM. It is through these corrections that
the observed Higgs mass of 125 GeV essentially Þxes the
overall scale of the sparticle spectrum ÷m, notably up to
an estimated theoretical uncertainty of 3 GeV in the pre-
diction for the Higgs mass. We Þnd that a Higgs mass of
125 GeV is compatible with a sparticle scale of?? TeV
(590 GeV if the theoretical uncertainty of 3 GeV in the
prediction for the Higgs mass is taken into account). This
corresponds to stop masses as light as?? TeV (?? TeV),
which should be be compared with the lower bound on
stop masses of about 8 (3) TeV in minimal gauge media-
tion in the MSSM [6]. The gluino mass, which is roughly
degenerate with the Þrst-two generation squarks, can be
as light as ?? TeV(?? TeV). They should be within the
reach of the LHC Run II.

Here scatter plots of mh vs lightest stop mass and vs
gluino mass would be useful. I donÕt know if there will
be a place left for them but at least they are needed put
in the numbers above.

Here or later we can give a plot on the production
cross-section of gluinos and squarks for some bench-
marks.

Having Þxed the Higgs sector described byms, %and
mh using " , ! and ÷m, the only free parameter left is the
messenger scaleM . Varying M has several important
consequences for the low-energy spectrum. First of all,
increasingM leads to larger values ofAt at the EW scale,
which (as in minimal gauge mediation) is purely radia-
tively generated and therefore grows with the length of
the RG running. In turn, this enhances the stop-mixing
contribution to the Higgs mass, and therefore largerM
leads to lighter stops and hence smaller ÷m in order to be
consistent with a 125 GeV Higgs. Also, the value ofM
determines the nature of the next-to-next-to lightest su-
persymmetric particle (NNLSP), analogously to the role
of the NLSP in minimal gauge mediation (recall that the
NLSP is always singlino-like). For small M ! 106 GeV

(Maybe we should make it more precise by making the
plot of the ratio of stau and bino masses vsM )

the (mostly right-handed) stau is the NNLSP (with
selectron and smuon being co-NNLSP), because the soft
massm ÷E is smaller than M 1 at the messenger scale. This
hierarchy is preserved as long asM is small because then
RG gaugino contribution to mE is small. However, for
M " 106 GeV the RG e! ects are strong enough to raise
m ÷E above M 1 and the bino-like neutralino becomes the
NNLSP. Third, the messenger scaleM controls the grav-
itino mass according to:

m3/ 2 = 38 eV
"

÷m
TeV

# "
M

106 GeV

#
. (16)

The simultaneous presence of gravitino LSP and singlino
NLPS leads to a novel phenomenology totally di! erent
both from gauge mediation models in the MSSM and
from typical NMSSM scenarios.

IV. LHC PHENOMENOLOGY

In our scenario decay chains of every supersymmetric
particle produced at the LHC end up with a singlino-
like neutralino which subsequently decays to the grav-
itino and the singlet-like pseudoscalar Higgs, which then
predominantly decays to b-quarks:

÷N1 % as ÷G % bb÷G . (17)

The decay width of the singlino is
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(18)
Note that the messenger scale enters into the above for-
mula. For large M the singlino decays well outside the
detector so it is stable from the collider point of view
and contributes to the missing energy. However, for
M ! 106 GeV the singlino decays are prompt so there
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