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At 2011, still two paradigm for EWSB:

• Strongly-coupled “Higgs”  ➠ Composite Higgs or
                                           Higgsless (e.g. Technicolor)

At present, no serious hints for one or the other!

• Weakly coupled (Elementary) Higgs = SM 
                            Naturalness ➠ Supersymmetric SM
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Why blending?

• Cure problems of both MSSM and composite Higgs:
  Try to have a heavier Higgs by making it more 
  composite without conflicts with EWPT

• In the MSSM approach a strong sector is always needed
  for Susy-Breaking (we usually hide it → “hidden sector”)
  Why not being visible?



Simplest blended model for EWSB:

MSSM + Strong sector
SUSY 

We will assume linear MSSM couplings to the strong sector:

MSSM field
Operator of the
 strong sector 

Lint = giΦiOi

Gherghetta, AP
arXiv:1107.4697

 (also Azatov, Galloway, Luty)

Λ ~TeV

Vectors:
�

d4θ giViJi

Currents of the strong sector
Chiral:

�
d2θ giΦiOi in GMSB: current made of messenger superfields



The Higgs will be elementary but will exhibit 
properties of compositeness due to their mixing 

with the strong sector 

• Higgs heavier that 130 GeV:  
• MSSM with only one Higgs
• EWSB broken from the susy-breaking sector itself

Possibility of...

Obvious problems:

• EWPT + FCNC (as in TC!)
• Generating realistic soft masses



Assumptions on the Susy-breaking sector (SBS)

 Strongly coupled theory generically defined by:

• Energy scale (mass gap):    Λ ~TeV

• Susy breaking of order one: 
     ➥ Susy-breaking splittings also of order ~ Λ  
     ➥ hard and soft Susy-breaking terms of the 
         same order

• “Number of colors”:   N

To get predictions, beyond NDA estimates, 
we will use the AdS/CFT correspondence:

Strong sector  ➠  Warped Extra-dimension

(number of messengers in GMSB)



5D 
Prototype:

Stringy constructions on the way...
F.Benini1, A.Dymarsky, S.Franco, 
S.Kachru, D. Simic, H.Verlinde 09

Susy broken 
at the end 

of an AdS throat
(hard-wall or RS setup)

AdS5 Susy
breaking

TeV(MSSM)

MSSM +
Strong
SUSY 
Λ ~TeV➠



Higgs potential terms:
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EWPT
As the Higgs couples stronger to the (strong) sector that breaks 
susy, modifications of EW observables become sizable.
Main contributions: 

W-masses

Kin. mixing

W W

W3 B

When γi = 0, as it happens for the MSSM gauge fields, the coupling gi decrease logarithmically

with the energy scale:
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For N � 1, we have gi � 4π√
ciN ln(ΛUV /Λ)

and then �i ∼ 1/ ln(ΛUV /Λ).

Let us start considering the Higgs sector that, in order to avoid anomalies, will consist in two

Higgs doublet superfields H1 and H2. Apart from the supersymmetric D-term the Higgs potential

will contain supersymmetric-breaking masses of order ∼ �Hi�HjΛ
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where v � 246 GeV. The cij and c̃ij coefficients will be proportional to the degree of supersymmetry

breaking on the strong sector, FΛ/Λ2
, that we assume to be of order one. We will be interested

in the limit �H1 � �H2 where we have that H1 couples stronger than H2 to the supersymmetry-

breaking sector and gets a larger mass. In this limit we have m
2
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where a ≡ c12/
√

c11c22 and h2 plays the role of the SM Higgs. In Eq. (9) the coefficient c̃22 gets

also order one corrections that we reabsorb them by a redefinition of c̃22. For a > 1 or m
2
22 < 0

we have EWSB with �h2� � v and the Higgs mass given by

mh =

�
2λ22 v . (10)

To have an interesting impact in the Higgs sector one must consider values of �H2 > 0.1. Never-

theless, one must be aware that the stronger the Higgs couples to the supersymmetry-breaking

sector, the larger will be the tree-level contribution to the S and T parameters arising from the

strong sector. Parametrically, they are given by
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The estimate goes as follows. At large-N the strong sector can be described by a theory of resonances with

quartic couplings ∼ 16π2/N . Assuming a mixing between this resonances and the Higgs of order �Hi , we obtain

quartic couplings for the Higgs of order ∼ �2
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where cT,S are parameters of order one. We follow the notation for �S and �T of Ref. [2]. As we will

see in the next section AdS5 models gives precise predictions for the coefficients cT,S [3, 4], that
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where �H2 ≡
√−γH2 is related with the 5D mass of the Higgsino MH2 (in units of the AdS

curvature) according to the usual AdS/CFT rule
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5 where g5 is the gauge coupling of the 5-dimensional model

in units of the AdS curvature.

An analysis of the contributions to �S and �T is given in Figure 1 for N = 6. The solid red line

is for Λ = 1 TeV and different values of �H2 . As expected, as we increase �H2 , we have that H2

couples stronger to the supersymmetry-breaking sector and the contribution to �S and �T increase.

Nevertheless, it is interesting to realize that both contributions are positive, allowing to stay inside

the 99% CL ellipse up to values as large as �H2 ∼ 0.3. The Higgs mass, given by Eq. (10), for

these values of �H2 can be quite large. This is shown in Figure 2 where we plot the tree-level Higgs

mass for N = 6 and c̃22 � 1. For �H2 ∼ 0.3, we find a tree-level Higgs mass of order 180 GeV.

Therefore a Higgs mass well above the tree-level MSSM value mZ is possible without affecting the

EWPT of the SM
3
. As we increase Λ, the contributions to �S and �T becomes smaller, as is clear

from the expressions Eq. (12). This can allow for a Higgs with a larger values of �H2 and therefore

with a larger Higgs mass. For Λ = 2 TeV (4 TeV) the dashed blue (dotted green) line in Fig. 1

show the contribution to �S and �T for several values of �H2 . For �H2 � 0.5 the Higgs mass, given

in Figure 2, can reach a very large value mh � 450 GeV.

Although increasing the values of Λ and/or �H2 can lead, as we have seen, to large values of

the Higgs mass while still keeping in accordance with EWPT, it is clear that the larger Λ and �H2 ,

also the larger m22, and therefore the larger the value of the Higgs VEV. In order to keep v � 246

GeV, we could then need a certain degree of fine-tuning in the parameters of the model. This

degree of tuning can be estimated by the ratio between the needed v
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and can be used to measure the degree of tuning of the model. In Fig. 3 we plot Eq. (14) (multiplied

by 100 to define a percentage) as a function of �H2 . For Λ = 1 TeV we see that no tuning is really

needed, while for Λ = 2 TeV the tuning stays around the 10%. The tuning is very sensitive to the

coefficients cij and is reduced when these coefficients take smaller values than one. Th Since they

are very model dependent the tuning of the model Notice that the tuning does not increase as the

Higgs becomes more strongly coupled to the supersymmetry-breaking sector. This is definitely

better than other supersymmetric models.

2For MH2 → 1/2 (γH2 → 0) this formula changes to �2
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→ 1/ ln2(ΛUV/Λ).

3Of course, to these values of the Higgs mass the one-loop MSSM corrections have to added that will further
increase them.
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EWPT
As the Higgs couples stronger to the (strong) sector that breaks 
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: �2
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= 1/2−MH2 . Furthermore, Λ is the mass

of the first vector KK and N = 16π2
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5 where g5 is the gauge coupling of the 5-dimensional model

in units of the AdS curvature.

An analysis of the contributions to �S and �T is given in Figure 1 for N = 6. The solid red line

is for Λ = 1 TeV and different values of �H2 . As expected, as we increase �H2 , we have that H2

couples stronger to the supersymmetry-breaking sector and the contribution to �S and �T increase.

Nevertheless, it is interesting to realize that both contributions are positive, allowing to stay inside

the 99% CL ellipse up to values as large as �H2 ∼ 0.3. The Higgs mass, given by Eq. (10), for

these values of �H2 can be quite large. This is shown in Figure 2 where we plot the tree-level Higgs

mass for N = 6 and c̃22 � 1. For �H2 ∼ 0.3, we find a tree-level Higgs mass of order 180 GeV.

Therefore a Higgs mass well above the tree-level MSSM value mZ is possible without affecting the

EWPT of the SM
3
. As we increase Λ, the contributions to �S and �T becomes smaller, as is clear

from the expressions Eq. (12). This can allow for a Higgs with a larger values of �H2 and therefore

with a larger Higgs mass. For Λ = 2 TeV (4 TeV) the dashed blue (dotted green) line in Fig. 1

show the contribution to �S and �T for several values of �H2 . For �H2 � 0.5 the Higgs mass, given

in Figure 2, can reach a very large value mh � 450 GeV.

Although increasing the values of Λ and/or �H2 can lead, as we have seen, to large values of

the Higgs mass while still keeping in accordance with EWPT, it is clear that the larger Λ and �H2 ,

also the larger m22, and therefore the larger the value of the Higgs VEV. In order to keep v � 246
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and can be used to measure the degree of tuning of the model. In Fig. 3 we plot Eq. (14) (multiplied
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3Of course, to these values of the Higgs mass the one-loop MSSM corrections have to added that will further
increase them.
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N will be needed 
to be large  ~ 6!
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2) SBS assume to break also the EW symmetry 
(one Higgs belongs to the SBS)

V = m
2
Hu

|Hu|2 + λHu |Hu|4 − (m2
HuΣH

†
u
Σ + h.c.) + · · ·

Σ =
1√
2
fveiσi

πi
fv

�
0
1

�

�Hu� ∼
fvm

2
HuΣ

m
2
Hu

∼ fv

�Hu

� fv

Elementary Higgs VEV from a tadpole:

Physical Higgs mass:

m2
h

= 3λHuv2
u

+ m2
Hu

extra Higgs mass term

Higgs potential:

similarities 
with Bosonic TC 

(S. Samuel 90, see also 
C.D.Carone, J.Erlich, J.A.Tan 06)

 



EWPT

Modifications of EW observables from from <Σ> ~ fv  
become sizable:

W-masses

Kin. mixing

W W

W3 B

coefficents cT, cS ~ 1.  From  AdS/CFT:

The second term, that here can be positive, gives a contribution to the Higgs mass beyond the

one in Eq. (10) and can make the Higgs to be very heavy. Therefore in this case we do not need

to increase the values of �H2 to obtain sizable contributions to the Higgs mass, so we will fix its

value to

�H2 �
√

N

4π
. (21)

The main contribution to �T and �S is not anymore coming from the VEV of H2 but from the

breaking of the EW symmetry in the strong sector, Σ, and are therefore proportional to fv. These

contributions are given by

�T = cT tan
2 θW

16π2
f

4
v

NΛ2v2
, (22)

�S = cS

m
2
W

Λ2

f
2
v

v2
, (23)

where cT,S are parameters of order one that in the case of AdS5 are given in Eq. (13) with the

replacement �2
H2
→ Dim[Ov]−1 where Ov is the operator of the strong sector that breaks the EW

symmetry. Taking Dim[Ov]= 2, we have

cT �
1

9
cS �

3π2

128
. (24)

If fv ∼ v, the contributions to �S and �T of Eq. (23) are the same as those of TC models without a

custodial symmetry that are clearly ruled out mostly due to the �T parameter. This is telling us

that we either need fv � v or fv �
√

NΛ/(4π). The first option can be naturally implemented

since parametrically v2 ∼ fv/�H2 � fv. Nevertheless this implies N ∼ 1 and Λ � TeV.

In particular, for Nsimeq2, we

and therefore the supersymmetry-breaking scale becomes too small to generate proper masses

for the superpartners. We will then need to rely also on having fv �
√

NΛ/(4π); this will not

represent a severe fine tuning of the parameters of the model since supersymmetry could mildly

protect fv to make it slightly smaller than its NDA value.

In Figure 4 we show the contributions to �T and �S using Eq. (24), N � 4, and different values

of fv that we take as a free parameter. The solid red line is for Λ = 1.5 TeV and the corresponding

dots are for fv = (100, 120) GeV, while the dashed blue line is for Λ = 3 TeV and the corresponding

dots are for fv = (100, 120, 140, 160, 180) GeV. We can see that the model can be consistent with

the �S − �T constraints for values of fv slightly smaller than its NDA value ∼
√

NΛ/4π.

In this scenarios the mass of the lightest Higgs h2 is dominated by the second term of Eq. (19),

that using Eq. (21), gives

mh � m22 ∼
4πΛ√

N
∼ 160 GeV

�
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4

N
. (25)

The three scalars in Σ, πi, that corresponds to a neutral and a charged one, get a common mass

given by

m
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π =

m
2
12v
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fvv2
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h
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f 2
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, (26)
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Figure 4: The contribution to �S and �T for N = 6 and different values of fΣ. The solid red line is for Λ = 1 TeV

and the corresponding dots are for fΣ = (80, 90, 100, 110) GeV. The dashed blue line is for Λ = 2 TeV and the

corresponding dots are for fΣ = (80, 100, 120, 140, 160) GeV.

Π�

h2

Π�

h2

80 100 120 140 160
100

200

300

400

500

f�

m

Figure 5: The masses (in GeV) of the lightest Higgs h2 and πi scalars for N = 6 and �H2 = 0.1. The solid red

(dashed blue) line is for Λ = 1 TeV (2 TeV).
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Higgs spectrum (in GeV):
�H2 ∼ 0.1
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and the corresponding dots are for fΣ = (80, 90, 100, 110) GeV. The dashed blue line is for Λ = 2 TeV and the

corresponding dots are for fΣ = (80, 100, 120, 140, 160) GeV.
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Sparticle Spectrum

λ λ

Ordinary gauge-mediated soft-mass contributions too small as 
compared to the Higgs soft-mass 

<<

Q Q~ ~

Hu Hu
�HuΛ∼ g2

i N

16π2
Λ



Dirac gauge-mediated contributions needed
Marriage of MSSM gauginos with composite ones: 8+3+(1)

Gaugino masses:

λ λ´ mλi ∼
giN

4π
Λ � 200 GeV

�
N

6

�
Λ

TeV

�
gi

An approximate R-symmetry must be present to avoid    
Majorana masses for λ´ of order ~ Λ



Squark masses:
A) Matter not directly coupled to the SBS

Only possible origin of soft-masses from D-terms of an extra 
U(1) that communicate from the SBS to the MSSM:

m2
i ∼ qi

N

16π2
Λ2 ∼ m2

λ

U(1) must be broken by the SBS

B) Matter directly coupled to the SBS a the Higgs�
d2θ giΦiOi

m2
i ∼ g2

i
N

16π2
Λ2

No FCNC if charges family universal

SBS must preserve
a flavor symmetry

SU(3)Q x SU(3)D x SU(3)U

gi ≡ g = O(1)



W = YuHuQU + YdHdQDYukawas as in the MSSM: 

No FCNC !
R[Hi] = 0

Yukawa sector:

A) Two Higgs Doublet Model:

R[Q, U,D] = 1



B) One Higgs Doublet Model:

Yu

�
d
2θHuQU + Yd

�
d
4θ H

†
uQD

η†

Λ2

see also 
R.Davies,J.March-Russell,

M.McCullough

η = Fθ2

R[η] = 2

Flavor violating Higgs interactions:

Y
�
d

�
d
4θ H

†
uQD

HuH
†
uη†

Λ4

Contribution around 
the exp. value

Y �
d ∼ Yd

H

• • Q

D

C2(s̄RdL)2 : C2 ∼
�

YsVus

�2
Hu

g2
st

v2

Λ2

�2
1

m2
h

Higgs mediated FCNC. Main impact on εK  :



H̃
�

Higssino masses: (no μ/Bμ problem as in GMSB)

In the 1HDM an extra fermion doublet       must be present 
in the SBS for anomaly cancellation.

If it has opposite R-charge than        :                      

H̃
�

In 2HDM two extra fermions  with opposite R-charges needed:

H̃u

H̃u

m
H̃i
∼ �HiΛ

m
H̃u
∼ �HuΛ



As in GMSB, the LSP is the Gravitino:

Much lighter than in GMSB!

m3/2 �
F

MP
∼
√

NΛ2

4πMP
∼ 10−4 eV

�
N

6

�
Λ

1 TeV

�2



Pheno Implications



Higgs physics

1HDM:  One Higgs SM-like with mass a  > 130 GeV

• Possible decay to WW/ZZ 

• Due to its coupling to the SBS, deviations from the SM  
   couplings     

• Tevatron and LHC Higgs bounds do not apply if the Higgs 
couplings to the WW/ZZ and SM fermions are smaller

in progress...



PRESENT CONSTRAINTS ON HIGGS COUPLINGS

[  work in progress with A. Azatov,  J. Galloway ] 

For          a = c

pre-EPS curves drawn using:

HiggsBounds v3.2.0

P. Bechtle et al. 
Comput.Phys.Commun.

181:138 (2010) Allowed by EWPT

SM Higgs

Exclusion Regions:

Blue = LEP

Red = Tevatron

Green = LHC

After EPS 

ATLAS combined�
L dt = 1.0−1.2 fb−1

100 200 300 400 500
0.0

0.5

1.0

1.5

2.0

2.5

3.0

mHiggs�GeV�

aghWW

gSM
hWW

Contino 
at “Higgs hunting”

Paris 2011

PRESENT CONSTRAINTS ON HIGGS COUPLINGS
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• New decay to Gravitino+Neutralino sizable: 

N = 6

110 120 130 140 150 160

0.02

0.05
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0.20

0.50
1.00

mh

BR

Λ = 1 TeV

4 Signatures

The main difference of this model with the ordinary MSSM is the the Higgs sector. The lightest

scalar h is a SM-like Higgs with a mass that can be as large as 500 GeV. The other Higgs doublet

H1 is even heavier with a mass of order �H1Λ for the case of section 1 and 4πfv/
√

N if this is

identified with Σ.

Higgs decay to Goldstino:

Γ(h→ G̃χ̃) � 1

16π

m
5
h

F 2

�
1−

�
mχ̃

mh

�2
�4

(36)

Higgs production from gluino decay!
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Signal: photon+Missing ET
m

H̃
∼ 100 GeV

The Smoking Gun !



Higgs physics

2HDM:  Extra  H⁺, A, H Higgses

• Important deviations to                              :m2
H+ = m2

A
+ m2

W

(H⁺- A  splitting needs breaking of SU(2)L   and custodial sym.)

➥ gives the possibility of  H⁺→WA

For a splitting of 30%:
tb

ΤΥ

WA WA
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tanβ = 10

m2
H+ −m2

A

m2
A

∼ v2

Λ2
g2

st
�2
H2



A. Djouadi

The partial decay widths of the MSSM Higgs bosons Hk = h, H, A, H± into gravitinos

and neutralinos or charginos χi are given by [260]

Γ(Hk → χiG̃) =
|gG̃χiHk

|2

48π

M5
Hk

m2
G̃
M2

P

(
1 −

m2
χi

M2
Hk

)4

(2.59)

where the coupling factors |gG̃χiHk
| have been given in eq. (1.114) and are sizable only when

the charginos and neutralinos have large higgsino components.

It would appear from the previous equation that the partial widths for Higgs to gravitino

decays could be made arbitrarily large by making mG̃ very small if MHk
> mχi . However,

a very small gravitino mass corresponds to a small SUSY–breaking scale and present lower

bounds on sparticle masses imply that MS should be of the order of several hundred GeV at

least, which corresponds to a gravitino mass of a few times 10−4 eV. In fact, mG̃ ∼ 10−4 eV

corresponds to MS = 650 GeV, which is already quite close to its lower bound in realistic

models. We thus adopt the value mG̃ = 2 · 10−4 eV in the numerical illustration below.

Figure 2.36: The branching ratios for the decays of the A, H, H± bosons into gravitinos and
all possible chargino and/or neutralino states as a function of their masses. mG̃ = 2 · 10−4

eV and the other relevant SUSY parameters are tanβ = 3 and M2 = −µ = 150 GeV.

The branching ratios of the H, A and H± boson decays into light gravitinos and all

possible combinations of χ0
i and χ±

i states are shown in Fig. 2.36 as a function of the Higgs

masses. Besides mG̃ = 2·10−4 eV, we have used the value tanβ = 3 and fixed the parameters

in the ino sector to M2 = −µ = 150 GeV. As can be seen, the decays of the three heavy

MSSM Higgs bosons into light gravitinos and inos could be larger than the decays into

standard particles and into chargino/neutralino pairs for large Higgs masses, MA >∼ 700

GeV in this case. For Higgs bosons with masses in the intermediate range, MA = 300–600
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• Sizable decay of  A, H (H⁺) to Gravitino+Neutralino (chargino)



S.Y.Choi, M.Drees,A. Freitas,P.Zerwas

Sparticles at the LHC

in progress...

Main implications on the spectrum:

• Compressed Spectrum: m ∼
√

N

4π
Λ

• Only Bino allowed to be lighter than EW scale 
    (being a singlet no important pheno constraints)

Here could be the case if there is no singlet fermion to marry with.
It will get Majorana mass from explicit R-breaking

LHC signals similar to GMSB, but:
Γ(ψNLSP → G̃) ∼

m5
ψ

F 2
∼ MeV• No displaced vertex signatures: 

• Dirac nature of gauginos change cross-section and decays

• Double Gravitino production: pp →GGg or pp →GGγ  
Monojet+Missing ET or Photon+Missing ET

σ(qq → q̃q̃) = σ(qq� → q̃q̃�) = 0

A.Brignole, F.Feruglio,
M.Mangano, F.ZwirnerTevatron bound                       .  LHC?

√
F � 200 GeV



~u L ! u~!0
2 ! ulþl" ~!0

1; (5.2)

lead to predominantly opposite-sign and same-flavor lep-
tons in the final state. (They give only a small contamina-
tion to the like-sign dilepton signal when mixed lepton-
hadron decays of neutralinos to tau pairs are observed, or,
for experimental reasons, when one of the leptons is missed
in the detector.) An overview of like-sign and unlike-sign
dilepton ratios is presented in Table II.

For specifying the decay branching ratios, the reference
scenario SPS1a0 [36] will be adopted. In this scenario,
BR½~qL ! q0 ~!$

1 % & 2=3, BR½~qL ! q~!0
2% & 1=3, and

BR½~qR ! q~!0
1% & 1, which is typical for scenarios with

winolike ~!0
2 and binolike ~!0

1. The charginos ~!$
1 and the

neutralino ~!0
2 decay preferentially to taus with branching

ratios & 3=4.
(a) Squark pair production:

In the Majorana theory, the most prominent squark
production channels are the subprocesses uu ! ~u ~u ,
dd ! ~d ~d and ud ! ~u ~d , initiated by valence quarks
and mediated by gluino exchange. In the Majorana
theory, the ~uL~uL and ~dL ~dL pair-production pro-
cesses lead to same-sign leptons, whereas
opposite-sign dileptons are generated in ~uL ~dL
events, if both squarks decay into charginos. In
both the Dirac and Majorana theory, opposite-sign
dileptons can originate from ~qL~qR final states via
~!0
2 ! ‘þ‘" and hadronic decays of ~qL and ~qR

squarks, respectively. The following event fractions
and ratios

Nð‘þ‘þÞ=Nð‘"‘"Þ ) 3 ðMajoranaÞ
Nð‘$‘$Þ=Nð‘þ‘"Þ ) 1=4

(5.3)

and

Nð‘$‘$Þ=Nð‘þ‘"Þ ¼ 0 ðDiracÞ (5.4)

are obtained for (2uþ d) valence partons in the
proton.
In both the Majorana and the Dirac theory, squark
pairs can also be produced from quark-antiquark
scattering and gluon annihilation. The dominant
contributions for dileptons come from the processes
uLuL ! ~uL~u

+
L, dLdL ! ~dL ~d

+
L, uLdL ! ~uL ~d

+
L, and

dLuL ! ~dL~u
+
L. These channels have one valence

quark and one sea antiquark in the initial state, so
that the cross sections are smaller than the quark-
quark cross sections. The channels predict a ratio
Nð‘þ‘þÞ=Nð‘"‘"Þ ) 2, for an approximate frac-
tion 1=4 of like-sign events within the total dilepton

FIG. 8 (color online). Sketch of allowed decay chains for L-type and R-type u squarks, ~uL;R, for SPS1a
0 masses. Here, h stands for

fully hadronic decay channels without charged leptons, while ‘ stands for an electron or muon. The numbers in light green/gray denote
approximate branching ratios for the associated decay channels. The decay patterns for the other (anti)squarks can be derived by the
replacements given on the right side.

TABLE II. Approximate relative probabilities of like-sign lep-
ton pairs ‘þ‘þ and ‘"‘", and unlike-sign lepton pairs ‘þ‘",
separately for characteristic channels (q ¼ u or d); the proper
normalization of the probabilities requires dividing all entries by
the common denominator N n ¼ 324. Probabilities for ~d pro-
cesses that can be derived by isospin rotation of ~u processes are
not noted explicitly. Parton processes forbidden in the Dirac
theory are marked by the symbol ,.

Process Majorana Dirac
‘þ‘þ ‘"‘" ‘þ‘" ‘þ‘þ ‘"‘" ‘þ‘"

uLuL ! ~uL~uL 49 1 46 , , ,
dLdL ! ~dL ~dL 1 49 46 , , ,
uLdL ! ~uL ~dL 7 7 82 , , ,
uLqR ! ~uL~qR 0 0 36 0 0 36
qL !qL ! ~qL~q

+
L 7 7 82 7 7 82

uL !dL ! ~uL ~d
+
L 49 1 46 49 1 46

uL !qR ! ~uL~q
+
R 0 0 36 , , ,

guL ! ~gðDÞ~uL 14 2 50 14 2 50

g !uL ! ~gðcÞðDÞ~u
+
L 2 14 50 2 14 50

gqR ! ~gðcÞðDÞ~qR 0 0 18 0 0 18

g !qR ! ~gðDÞ~q
+
R 0 0 18 0 0 18

gg ! ~gðDÞ~g
ðcÞ
ðDÞ 4 4 34 4 4 34

TESTING THE MAJORANA NATURE OF GLUINOS AND . . . PHYSICAL REVIEW D 78, 095007 (2008)

095007-17

S.Y.Choi,M.Drees,A. Freitas,P.Zerwas

Majorana-Dirac discrimination by like-sign lepton pairs



Other Blended models

Partly supersymmetric models:

Gherghetta,AP
Sundrum,

Redi,Gripaios
Gherghetta,Harling,Setzer

SM +
Supersymmetric

Strong sector
H, Q3, U3

Sparticles:  Higgsino and Stops

Signal:  gg→ t t → (t H) (t H)~~ ~ ~



Conclusions

• Example presented here: 
     MSSM with Susy-broken by a strong sector at the TeV scale

• Important impact in MSSM Higgs physics: 
     • Lightest MSSM Higgs can be heavier
     • Different Higgs mass splittings  
      • Possibility of a MSSM with only one Higgs doublet 
      • EW breaking from the SBS
• Implications on the Sparticles:
       • Dirac Gauginos and Higgsinos (approx. R-symmetry):  
           “Marriage” with composite states
       • Squark masses from extra D-terms or 
           by (flavor universal) direct coupling to SBS 

• Supersymetry and strong dynamics could both 
have an important role at ~TeV

➥ favored by (the absence) 
of present data


