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SM: Higgs mass is quadratically sensitive to UV scale

Motivation

Softly broken SUSY  (e.g. MSSM) reduces UV sensitivity  
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Figure 10: Exclusion contours for gluino one-step x = 1/2 (top left), gluino one-step variable-x (top right), squark
one-step x = 1/2 (middle left) and squark one-step variable-x (middle right), gluino two-step (bottom left), and
the pMSSM scenario (bottom right). The red solid line corresponds to the observed limit with the red dotted lines
indicating the ±1� variation of this limit due to the e↵ect of theoretical scale and PDF uncertainties in the signal
cross-section. The dark gray dashed line indicates the expected limit with the yellow band representing the ± 1 �
variation of the median expected limit due to the experimental and theoretical uncertainties. For reference, exclusion
bounds from previous searches with 20.3 fb�1at 8 TeV center-of-mass energy [28] and 3.2 fb�1at 13 TeV center-of-
mass energy [22, 30] are overlaid where applicable by the gray area (the observed limit is shown by the solid line,
while the dashed line shows the expected limit) .
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Other problematic issues: FCNS, Additional CP violating Phases.….
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Generalised Suspersoft SUSY
SUSY breaking is D-type

1. No Majorana Gaguino masses: 
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What do we gain ?

1. Supersoft: Ref: Fox, Nelson, Weiner, JHEP 0208 (2002) 035

(i) M⌃3 � MD3 : Gluinos are mostly Majorana.

(ii) M⌃3 ⌧ MD3 : Gluinos are mostly pure Dirac.

(iii) M⌃3 ⇠ MD3 : Gluinos are mixed Majorana-Dirac type.

The gluino mass matrix can acquire all the three types of textures even if M⌃3 and MD3 start out
being equal at the messenger scale (depending on whether ⌃3 self interactions are present or not).
It is, therefore, instructive to properly diagonalize the mass matrix and write the e↵ective theory in
terms of mass eigenstates
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In the above, g̃l and g̃h represent the light and heavy gluino spinors with masses Mgl and Mgh respec-
tively.
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This decomposition is valid even if gluinos are purely Dirac. In this case M⌃3 = 0; in that case,
Mgl = �Mgh , and sin ✓g = cos ✓g = 1/

p
2.

One of the important features of the generalized supersoft susy spectrum is that regardless of the
Majorana/Dirac composition of the gluino in all these three cases, squark masses remain supersoft –
i.e. the gaugino mediated squarks masses do not pick any log ⇤int sensitivity. Below, we verify this
statement diagrammatically from fig. 4.
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Figure 4: Gaugino mediated masses of the squark fields.
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Here mq’s are the µIR masses generated due to the finite correction and C2(r) is the quadratic casimir.
The first integral is due to gl and gh running in the loop, and the second integral is due to the real
part of the scalar octet of mass m�R . The log ⇤2

int term is cancelled between the two integrals because
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UV insensitive, finite 

2. Supersafe: Ref: Kribs and Martin, PRD85, 115014 

Introduction to the U(1)R lepton number model.

Interesting features.

! Relaxed bound on squarks.

q

q

q̃L/R

q̃L/R

g̃

Absent

cross-section

! ‘µ’ and ‘A’ terms are absent, flavor and CP violating effects are suppressed.

! Sneutrino VEV is not constrained.

! Subset of trilinear R-parity violating operators (λ,λ′) are consistent with
such an R-symmetry.

Sabyasachi Chakraborty (TIFR) U(1)R -lepton number model: Some Interesting phenomenology and Collider studiesFebruary 18, 2016 11 / 48

cross-section

! Squark production cross section

Introduction to the U(1)R lepton number model. Kribs and Martin, arXiv:1203.4821
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Generalised Supersoft SUSY

4. “Mu-term”: Ref: Nelson, Roy, PRL. 114 (2015) 201802  

L � 1

2
(µu + µd) H̃uH̃d + |µu|2 |hu|2 + |µd|2 |hd|2 + ....

3. Lemon-twist operator: Ref: Fox, Nelson, Weiner, JHEP 0208 (2002) 035
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Spectrum
Gluino

Weak Gauginos

Squarks

LH-sleptons

RH-sleptons
Charged LSP ! 

Cosmological Problems

⇠ 10 TeV

⇠ 1 TeV

⇠ 500 GeV

⇠ 100 GeV

Goal is to solve this issue



Solution

NR operator:

After eliminating the auxiliary fields
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SUSY terms,

Different from A-
terms

Known Structure: µu = µd = µ

Effects of Non-standard terms: Talk by U. Chattopadhyay and Abhishek Day
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UV inputs

1. Dirac Gaugino Masses MDi

2. “Mu” parameter µ0

3. Scalar Masses m̃2
� = 0

4. Higgs soft mass m̃2
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RGE’s 
Scalar Masses Ex: Right handed sleptons

Figure 1: The diagrams which contribute to the running of the scalar masses. Top left

(C1), top right (C2), bottom left (C3) and bottom right (C4).

C1, top right is C2, bottom left is C3 and finally the bottom right corresponds to C4.
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The complete terms are

C = C1 + C2 + C3 + C4. (1.9)
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Running of trilinear Terms

Figure 2: Diagrams which contribute to the running of trilinear terms.
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The terms ⇠ and ⌘ are essentially trilinear scalar couplings which induces a mixing in

the etL � etR sector which are otherwise absent in such frameworks. However, the question

remains if such a term is su�cient enough to push the Higgs mass close to 125 GeV. Also
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Figure 2: Diagrams which contribute to the running of trilinear terms.
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16⇡2� [⇠u] = 3y2t ⇠u + y2b [4µ� 2⇠d + ⇠u] + (⇠u � 2µ)
�
3g2 + g02

�

Again consistency check

⇠u = ⇠d = µ

Reduces to the running of the Mu-term



Story so far

1. Dominant contribution for squark and left-slepton masses are 
through finite corrections

2. Right handed sleptons get mass through RGEs (hypercharge-D term mainly),
Controlled by the parameter S (⇤) = |µu|2 � |µd|2

3. Higgsino masses at UV µ =
1

2
(µu + µd)

4. Higgs mass parameter:

MSSM case:
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DM issue
�
b̃ S̃
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◆
.

Dirac mass operator

Nelson-Roy operator
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Constraints:

1. DM direct detection fixes Higgsino Mass at IR and thus  

2. LEP and LHC limits fixes IR slepton mass and thus 

µ =
1

2
(µu + µd)

µu � µd



Gluino
Weak Gauginos
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Spectrum: Past and Present



DM & Higgs mass
Bino DM suffers from 

overabundance

Bino-right slepton coannihilation 
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Conclusion
The non-zero Hypercharge D-terms turn out to be a feature

Generates right slepton masses through RGEs

All the other scalar masses are due to finite corrections from gauginos

Lightest bino-like neutralino from Seesaw effect

Bino-slepton coannihilation makes it viable from DM constraints

Validity from Higgs mass and collider data has been checked

1.

2.

3.

4.

5.

6.

Thanks!



Issues with singlet coupling

1. Large coupling increases Higgsino-bino mixing, Constraints from direct detection

Heavy Higgsinos ~ 1 TeV

Landau Pole and constraints from Higgs?
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Issues with Tadpoles as non-standard SUSY breaking terms are present
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How many SUSY
5

mg̃ [GeV] mq̃ [GeV]
nj = 2

nl = 0

nj = 2

nl � 1

nj � 4

nl = 0
nl�1
nl=0

nj=2

nj=4

N = 1

1500 1250 0.57 0.11 0.48 0.19 1.19

1800 700 15.5 2.34 12.5 0.15 1.24

N = 2

1500 1250 0.043 0.028 0.13 0.65 0.34

1800 700 1.39 0.41 1.61 0.29 0.86

TABLE II: The relevant observables used for the identification
of the Dirac nature of the gluino: the number of events with
two jets versus the number of event with four or more jets,
and the number of events with one or more leptons and two
jets versus two jets and no leptons, in the N = 1 and N = 2
cases for two points in the (mg̃,mq̃) plane.

identify if the gluino is a Dirac- or a Majorana-particle.
The above picture is less clear if the gluino is lighter

than the light squarks, because then all the squarks de-
cay dominantly to a quark and a gluino, which leads to
higher jet multiplicities also in the N = 1 case. The lep-
ton vs no-lepton discriminant is still a good discriminant
between the two scenarios, but the ratio of two jets finals
states and four or more jets final states is very small in
both models in this region of the parameter space, and
one would have to look into observables with two more
jets, namely the ratio of four to six jets versus the ratio
of lepton and no lepton in the four jet final state.

Let us finish by mentioning the option of pseudo-Dirac
gluinos, i.e., Dirac gluinos with a small Majorana admix-
ture. A small splitting between the two Majorana states
in the Dirac gluino would not a↵ect the results in this
section, as they are based on multijet final states with
high-pT requirements.

VII. CONCLUSIONS

In this paper we have shown that the current bounds
on Supersymmetry are drastically altered when one con-
siders the possibility that Supersymmetry could be re-
alized as an N = 2 version in the gauge sector. This
is a key question nowadays, as the LHC is pushing the
bounds on Supersymmetry to uncomfortable areas for
natural solutions of the hierarchy problem.

We have taken the best current limits from ATLAS
and redone their analysis –within the tools available to
theorists– to estimate the limit on N = 2 Supersymme-
try. We find that, in N = 2 supersymmetry, squarks
as light as few hundreds of GeVs are still allowed. This
study illustrates the following important point, that ex-
perimental studies of Supersymmetry are remarkably de-
pendent on the assumption about the number of super-
symmetries.

We have gone a step ahead, and found a suitable com-
bination of observables which, provided an excess in mul-
tijet events is found, can be used as a discriminant be-

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4
0.0

0.2

0.4

0.6

0.8 Dirac

Majorana

N2 j/N4 j

N��1

N�=0
mg̃ � mq̃

FIG. 3: A schematic illustration of the two observables used
for distinguishing between the Dirac model and the MSSM.
On the x-axis is the ratio of the number of events with two
jets and the number of events with four or more jets. On the
y-axis is the ratio of events with or without leptons in the two
jets bin. The two areas shown are obtained by varying the
squark and gluino masses in the two models. When the gluino
is much heavier than the squark, both N = 1 and N = 2 cases
become indistinguishable.

tween N = 1 and N = 2 supersymmetry. Since nat-
ural models of supersymmetry are realizations of either
N = 1 or N = 2 in the gauge sector, this discriminant
is e↵ectively counting the number of supersymmetries in
Nature.
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Appendix

Here we will show in detail how the N = 2 gluino sec-
tor can be expressed in terms of one gluino which has a
Dirac mass term. We will start by defining some nota-
tion and conventions, then we show how the Lagrangian
is transformend from the flavor basis to the mass basis,
expressed in terms of the two Majorana mass eigenstates.
Finally we show that this is equivalent to the Lagrangian
of one Dirac particle.
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