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SUSY and SUSY breaking

• Supersymmetry is one of the most attractive possibilities beyond SM

• It predicts new particles with different statistic with respect to SM

• Stabilizes the EW scale

• Provides candidates for Dark Matter

• Predicts gauge coupling unification

• Provides a scenario for radiative EWSB

These particles should have 
the same mass of SM ones

Partners of SM particles 
never observed

SUSY must be broken in the 
vacuum state chosen by Nature



Hidden sector Visible sectorMessengers

Gravity
Gauge 

ED/Anomaly
SUSY breaking takes place MSSM fields

• The situation is quite involved. The correct statement on masses of the 
particles is in Str formula

It holds in spontaneously 
broken SUSY theories 

@ tree level for 
renormalizable theories

• Many hints that a separate sector for SUSY breaking is needed
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The messenger sector is made of chiral superfields:

[Giudice, Rattazzi (1998) 
and refs. therein]

• Interact with observable sector through gauge interactions

• Interact with hidden sector through superpotential interactions   

The hidden sector provides SUSY breaking.

Loop Gauge Mediation (standard approach)

Gaugino masses

Arise from 1-loop graph

Sfermion masses

Arise from 2-loop graphs

Trilinear soft terms

Arise from RG evolution from SUSY 
breaking scale down to EW one.



• Why usually loop gauge mediation is used? 

• What about going tree level?

The Supertrace formula (valid at 
tree level for renormalizable theories 
with spontaneous SUSY breaking) 
seems to prevent Tree Level Gauge 
Mediation
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Figure 1: Tree level gauge mediation supergraph generating the sfermion masses when inte-
grating out the heavy vector superfield messengers.

that contribution to be different from zero the sfermion field and the F-term one must belong
to the same multiplet of the E6 theory as one can notice considering the origin of such a term
(Appendix A of TGM2).

In the following I compute the masses for the sfermions that come from F-term VEV taken
by 127 (Fχ) or 11627 (Fψ). The contribution coming from the t-channel will be written in
parenthesis. If one wants to compute the contribution coming from F-term VEV taken from a
27 representation the only change needed in the following formulae will be to reverse the signs
of the s-channel terms (t-channel ones stay there unchanged). While the s-channel contribution
will always exchange a gauge boson taking mass at the Mψ or Mχ level, the t-channel one in
some cases is triggered only by a gauge boson with mass also dependent on MY . Such a
contribution (subleading in the case of neutrinos with a Dirac mass) should be computed if
one is interested in the case in which MSSM fields belong to the same multiplet of the F-term
VEV. leading to a subleading contribution. Finally if more than one field take F-term VEV
one simply has to sum the different contributions.
First of all we consider the case in which the VEV is taken by 127.
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Easy to obtain with 
SUSY GUTs

• What are the key ingredients is quite clear now...

Extend the gauge group:           suitable�DX�

Add extra matter fields: StrM2|MSSM + StrM2|extra = 0

• The simplest way: a SO(10) model

SO(10) ⊃ SU(5)× U(1)X

16 = 101 + 5−3 + 15 10 = 52 + 5−2

SU(5) irrepX charge

• GUT breaking SO(10) to SU(5)...

�116� = �116� = M



• Model building...

For observable MSSM fields we want XQXZ > 0

• SUSY breaking...

�116�
� = θ2F
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101 = (q, uc, ec)

52 = (dc, l)



• The other superfields (                 ) get an heavy mass from SO(10) 
breaking through superpotential yukawa interactions

5−3 , 5−2

W =
yij

2
16i16j10 + hij16i10j16 + h�

ij16i10j16�

• Nice prediction for soft masses (@ GUT scale)...
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TESTABLE

16 = 101 + 5−3 + 15 10 = 52 + 5−2

Light MSSM superfields



• Moreover                   become chiral messengers responsible for 1-loop 
gaugino masses and trilinears...

5−3 , 5−2

• If one breaks SU(5) to SM extra peculiarities arise!!!

M1 =
3
5
M2 +

2
5
M3

Non universal gaugino masses, but a sum rule @ GUT scale!!!

• Summing up the relevant parameters are...
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[MM, Pierini, Romanino, 
Spinrath]

5

Q′

Q Q†
5

Z

Z

Z†

V

Q

Q†

+

Z

Z†

V

Q

Q†

Figure 1: Tree level gauge mediation supergraph generating the sfermion masses when inte-
grating out the heavy vector superfield messengers.

that contribution to be different from zero the sfermion field and the F-term one must belong
to the same multiplet of the E6 theory as one can notice considering the origin of such a term
(Appendix A of TGM2).

In the following I compute the masses for the sfermions that come from F-term VEV taken
by 127 (Fχ) or 11627 (Fψ). The contribution coming from the t-channel will be written in
parenthesis. If one wants to compute the contribution coming from F-term VEV taken from a
27 representation the only change needed in the following formulae will be to reverse the signs
of the s-channel terms (t-channel ones stay there unchanged). While the s-channel contribution
will always exchange a gauge boson taking mass at the Mψ or Mχ level, the t-channel one in
some cases is triggered only by a gauge boson with mass also dependent on MY . Such a
contribution (subleading in the case of neutrinos with a Dirac mass) should be computed if
one is interested in the case in which MSSM fields belong to the same multiplet of the F-term
VEV. leading to a subleading contribution. Finally if more than one field take F-term VEV
one simply has to sum the different contributions.
First of all we consider the case in which the VEV is taken by 127.

Q ∈ 127 m̃2
Q =

8F 2
χ

16M2
χ + M2

ψ

Q ∈ 1627 m̃2
Q =

2F 2
χ

16M2
χ + M2

ψ

+
(
O(

F 2
χ

M2
Y

)
)

Q ∈ 1027 m̃2
Q =

−4F 2
χ

16M2
χ + M2

ψ

Now we consider the case in which the VEV is taken by 11627.

Q ∈ 127 m̃2
Q =

2F 2
ψ

16M2
χ + M2

ψ

+
(
O(

F 2
χ

M2
Y

)
)

3

5

5

Vg Vg
5

5

Z

Z

Z †

V

Q

Q†

+

Z

Z †

V

Q

Q†

F igure 1: Tree level gauge mediation sup ergraph generating the sfermion masses when inte-
grating ou t the heav y vector sup erfield messengers.
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Parameters

For r
 < 0.3     

 

Wino <
 Bino

m0 = 1TeV , tanβ = 10

cos2θu, cos2θd = 0.8

Gaugino masses and non universalities



Parameters

NLSP? • For r < 0.3 is the Wino

• Otherwise.... blue = Stau, purple = Bino

The NLSP

cos2θd = 0.8 r = 1 , tanβ = 10



Discovering TGM... the Razor approach
1.  Discover SUSY...

2.  Find the TGM smoking gun... the nice 1/2 ratio of sfermion masses

• The Razor variables

massless, seen

massive, unseen
pp→ G1G2 → Q1χ1 + Q2χ2

M∆ =
M2

G −M2
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• Very useful for discriminating SUSY events!!!

• MR peaks at M!

• MR
T has edge at M!

• R peaks at 0.5

• For signal events

• TGM can be spot from the shape (the peaks) of MR !!!



• Higgs in !2
0 cascade decays 

(80/90%)

Bino NLSP

• Can be seen from Razor analysis...

• ...but better to be seen from exclusive 
searches

• DISCLAIMER: multijet b-enriched 
final state still not very considered 

!
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• Largish spectrum and very small X-
sections, whole 2012 run probably 
necessary for getting relevant results

• Perfect for Razor analysis
!

Wino NLSP



• Limit on stau mass > 180 GeV 
from EXOTICA analyses

[Lindert, Steffen, 
Trenkel (2011)]

Stau NLSP



• TGM is a simple and testable scenario at the LHC...

• Can have very different phenomenologies depending on the NLSP

• In SO(10) realization has a peculiar relation for the ratio of soft masses

....with nice predictions!!!

• Can be tested through inclusive (Razor) or exclusive analyses...

...need for multi-b oriented searches (still not on the market)

CONCLUSIONS


