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Diphoton excess and perturbative SUSY with Dirac Gauginos

L Introduction

New physics at last ?

Hint of excess in the diphoton channel around 750 GeV. For
narrow width spin-0, best fit cross-section O( few fb)

The simplest model is a scalar spin-0 particle decaying — we
stick to this idea (double peaks possible)
We want:

B A supersymmetric model

B Perturbativity up to the GUT scale

B No ad-hoc fields (fit the excess with the content of the model)
B Various experimental and theoretical constraints

Explain the excess from an already existing model: MDGSSM
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Diphoton excess and perturbative SUSY with Dirac Gauginos

LDirac Gauginos and diphoton excess

Introducing Dirac gauginos

» The idea — replace Majorana gauginos masses by Dirac
masses

B Add chiral multiplets S, T? and O% in adjoint representations
of the gauge groups
B Dirac masses given by e.g.:

LD / d%0+/20%my ptrSWy |

» The above operator gives £ D —mipAy xs but also D-term
contribution

D, = —\/imw(S%— S*) + D%P) with D§9) = —gyZngo;r-QOj
J

» We have new trilinears £ > —v/2gymip(S + S*) Zj szp;.gpj
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MDGSSM

LDirac Gauginos and diphoton excess

» Minimal setup: (SU(3))® GUT with states
B 2x (1,1,+1) : two pairs of “right-handed electron-like” fields,
E/LQ and ]:]LQ
B (1,2,4+1/2) : two Higgs-like doublets R,, and R4
» In this talk — they will be light (between 375 GeV and TeV)

» Overall : MSSM + Dirac Gauginos + Unification fields —
MDGSSM
» Many new possible couplings
B Charge the unification field under lepton number
B Limit the R-symmetry breaking to the Higgs sector
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MDGSSM - Lagrangian

LDirac Gauginos and diphoton excess

» Superpotential - Dirac adjoints
Wpe =(u+ AsS)HaH, + V2ArHg TH,,
» Superpotential - unification fields

Waunif =(ur + AsrS)RuRda + 2A7rRy TRy
+ (MEz’j + ASEijS)EiE;'
+ (couplings to SM leptons) ,

» Among many other soft terms, possible new trilinears
—Agseatar soft 517 SE B! + TspSRaRu + TsoStr(0?) + h.e .

» R-symmetry forbids simultaneous Agg and Tgg terms
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LDirac Gauginos and diphoton excess

Dirac Gauginos - summary plot
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L Selected constraints

Overview of the constraints

» Detection scalar octet: Pseudo-scalar close to TeV, scalar
unconstrained for msp 2 3 TeV.

» Mixing and Higgs mass: “tuning” of Ag, large Ar preferred.

» Naturalness and Ap: light mp, relatively heavy map
» Vacuum stability: Tsg < 1 TeV, either T'so small or
R-symmetry violation

» Perturbativity: Agp < 0.7, and large Agg implies
Ar 09,05 <04
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L Selected constraints
LMi>(ing between S and SM Higgs

Mixing between SM Higgs and S

» Typically the singlet S will mix with SM Higgs, at tree level

JAVRS :U[\/ﬁ)\sﬂ - glmlDCQB] >

» Leads to modification of the Higgs couplings and tree-level
decay to other channels

B Need to avoid LHC8 constraints
B Reduce the cross-section to v

> Issue correlated with the Higgs mass

B Increased tree-level contribution (decoupling limit):

2
mi = M% cos® B + %(A% + M) sin? 28

B Reduced because of S/h mixing
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L Selected constraints

LMixing between S and SM Higgs MiXing between SM Higgs and S

130

110

tanf

Higgs mass and mixing between h and S as a function of Ag and tan 3. The black lines represent the 2% and
4% mixing contour lines.

[m] = -
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L Selected constraints

L Landau poles Constraining the Yukawas

0.9 T T T T T T T T

0.2 g

0.1f g

0.0 L L L L L L L L
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

As
Perturbativity bounds on our model, around the first benchmark point from Table 37, obtained from the requirement

that no couplings overtake /47 before the GUT scale. We consider A\ggp = Agfg at the SUSY scale. Bounds for

(from left to right) Az = 0.9,0.7,0.4,0.1 in the Ag /A g g plane, all points above the curves are excluded.
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L Results

LScenario R-conserving

Scenario Ry,

O +——— | §
Tso

AS)('U ni

Xu'ni,}'

Summary of participating particles >

R-symmetric
Gluons coupling through
scalar octet loops

Photons coupling
through loops of
fermionic unification
fields.

msp ~ 3 TeV, large
negative By.
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[ Results s . R
|—Scenario R-conserving cenario b

(Using a modified SARAH-generated Spheno code, cf M. Krauss'
talk)
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As

S — ~~ cross section in fb as a function of the 11 ; and Ag for scenario Ry, . Black lines are the I' z z /T
ratio. Red lines the pole masses for unification leptons.
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L Results

LScenario R-conserving

auginos

Scenario R,
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Summary of participating particles

>
>

R-symmetric

Gluons coupling through
squark loops

Photons coupling
through loops of
unification fields and
sleptons.

mip ~ 1 TeV, large
negative Bg for 750 GeV
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L Results

|—Scenario R-conserving CI’OSS-Sectlon

4.0
3.3
2.6
> _
[ Qo
S =)
= b
=
1.9
1.2

. . . . . . . 05
0.270 0.275 0.280 0.285 0.290 0.295 0.300 0.305 0.310
As

S — 77y cross section in fb as a function of the 1 and A g. The black contour shows the ratio Ls=>22)

T(55) ~ O
while the red contours shows the pole mass for the fake leptons.
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L Resul o epess
. Other possibilities

L Other interesting setups

There are numerous other possible setups which relax some of the
previous assumptions:

» Tolerate Landau poles before the GUT scale (larger Asg)

» More R-symmetry violation — better vacuum stability and
increased production for the scalar octet with Agp

» The singlet can get a large VEV — NMSSM-like scenario?

» Additional gluinos Majorana masses — production of the
pseudo-scalar singlet through gluinos loops boosting to the
diphoton cross-section and allowing a “double-peaks”

resonance.
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L Results

|—Other interesting setups

Scenario R-violating - Double peaks
Adding also Majorana masses, both scalar and pseudo-scalar
participate.
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S — ~y7y cross section in fb as a function of the i and Ag forDR-violagfg scenario 2.
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L Conclusion

Conclusion

» Dirac Gauginos framework — well-suited to explain the excess
with no need for new fields.

» The MDGSSM has: diphoton excess, SUSY, perturbativity up
to the GUT scale, vacuum stability, compatibility with other
LHC searches and Higgs mass.

» Many possible scenarios with distinct phenomenology — new
data to discriminate between them.
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\—Backup slides .
Implementation

We use the Spheno-generated code from SARAH, which includes
» Two-loops RGEs

» One-loop masses for all particles, two loops for Higgses and S
and T

» One-loop decays to gluons and photons - Tree-level for the
rest

» One-loop Ap

Also additional modifications to improve stability with large
one-loop corrections.
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LBa\ckup slides .ge . .
Unification fields

» Dirac masses have many interesting properties: R-symmetry,
supersoftness, ...

» One particularly nice feature of the MSSM, unification, is not
preserved

B Add unification fields
B Since already many new fields, one should be careful of Landau

poles

Gauge coupling

04

2 4 6 8 10 12 14 16
log1o(Q (GeV))

26 /23



Diphoton excess and perturbative SUSY with Dirac Gauginos ‘

L Backup slid i
ackup stides What does the diphoton excess want?

» A singlet scalar at 750 GeV < Avoid dangerous mixing with
SM Higgs
» Couplings to the scalar singlet (sBino) large
B Large trilinears <— Vacuum stability constraints
B Large Dirac mass mip < Harder to have a 750 GeV scalar
singlet (m%, =m% + Bs +4m?,))
B Large Agp,... < Limits from perturbativity
» Particles participating in the loop close to the resonant 750/2
GeV (especially for scalars) <— Experimental searches
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LBa\ckup slides .
Naturalness and triplets

» Dirac Gauginos model relax fine-tuning issue from MSSM
(supersoft scalar masses)
» However, also introduce extra sources, e.g

B Radiative corrections induced by the adjoint triplet scalars T

1 A
5m?qu,d D - 1672 (2A2m%)log { To V}

where mp soft masses for the adjoint triplets
B Corresponds to a 10% tuning for

mr < )\—450 GeV .

» Light triplet can have an influence on Ap, with
41;%
Ap(triplet) ~ 2
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LBackup slides
Electroweak constraint - result
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One-loop 10% (A p) obtained from the benchmark point (37) by varying A and mo . We have taken mp = 500
GeV.
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L Backup slid
ackup slides (Pseudo)-Scalar Octet

» The scalar part of the adjoint multiplet O contains both a
scalar octet (sgluons) and pseudo-scalar octet.

» Decays to gluons (squarks mediated) and tops (squarks and
gluinos mediated)

» For heavy gluinos but TeV squarks, the gluons one is the
dominant contribution

» But for the pseudo-scalar octet — no direct coupling to
squarks (D-term trilinears only for scalar part), only decay to
tops.
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LBa\ckup slides .
Four tops channels constraints

» Biggest constraints from 13 TeV four-tops searches
(ATLAS-CONF-2016-013 — 140 fb)

a (pb)

400 500 600 700 800
mg (GeV)
Pair production cross-section of octets at tree-level, at 8 TeV (blue, lower curves) and 13 TeV (red, upper

curves). The bands indicate a variation of a factor of 2 each way relative to the values obtained in MadGraph.

» For the pseudo-scalar octet which can only decay to tops (no
CPV couplings) — heavier than 830 GeV
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I—Backup slides
Constraints of scalar octet

100
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g
& 10
X [ ]
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1_ 4
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mo (GeV)

Four-top production times branching ratio at 13 TeV from scalar colour octets as a function of the octet mass, for
gluino masses of 2.5 TeV (upper curve, blue), 3 TeV (middle curve, orange) and 3.5 TeV (lower curve, purple).

[m] = = =

QR
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L Backup slid ivi
ackup slides Perturbativity - 1

» Gauge couplings remains perturbative at two-loops.

» Limit on the new Yukawas

1

Brg = W)\SH)\% + 3/\% + 4)\%E + gauge and Yukawas + ...
7r
1

By = m)\T[Q/\?g + 4)\% 4 gauge and Yukawas. . .|
™
1

Brsp = @)\SE 203 + 6)%; + gauge and Yukawas + . . .|

(simplifying assumption Agg ~ Asg)

» We want large Agp and Ar, Ag fixed from mixing constraints.
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LBa\ckup slides e
Vaccum stability - 1

Charge breaking vacuua
» Destabilising trilinears TSE(SEE’ + h.c.)
» Stabilising quartics D A2 | E'E|? + 22 (|E|2 — |E'|2)?
» In the D-flat direction |E| = |E’|, a charge-breaking vacuua
exists lower than the charge-perserving one if

TS E

with m%R = m?g + Bg + 4m?, and m2ER = m2E + Bg + p% .

34/23



Diphoton excess and perturbative SUSY with Dirac Gauginos

LBa\ckup slides e
Vaccum stability - 2

Color breaking vacuua
» Destabilising trilinears Tso (Str(OO) + h.c.)
2
» Stabilising quartics D % [(OZ(T“)Z’COC)(Og(Ta)bCOC)] +
V2g3m3p (0 + 0N O} (T,)*0, + ...
» No quartic in a given O% = (Og, 0,0, ...) direction
» For instance suppose additional quartics are loop-generated
A 202 4 Ao )4
=305 O~ + ?OO
B For )\50, )\O ~ 0(001) — Tso S 200 — 300 GeV
B Better calculation needed !

» Notice in R-violating scenario, W D AgpS tr OO is allowed
— stabilising quartic.

35/23



Diphoton excess and perturbative SUSY with Dirac Gauginos

L Backup slides

Scale 4

~2-3TeV -

~ 800 GeV —
~ 750 GeV -

~ 375 GeV -

Focus on R,

Dirac Gluinos

(LH scalars, ...)

RH-squarks and/or
scalar octet

Scalar singlet

Unification fields,
RH-sleptons

Higgs and singlet masses and

mixing: mip,mg,tan 3, u, Ag and

AT.
Singlet coupling to gg : octet
Tso, mo, Bo, squark mg, mip.

» Singlet coupling to v :

Unification fields Aggr, Asg and
masses, sleptons, m;,m1p

36
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L Backup slides

» R-symmetric, no
trilinears TSE/TSH

» Gluons coupling through
squark loops

» Photons coupling
through loops of
unification fields (both
fermions and scalars) and

sleptons.

» Large negative Bg for

750 GeV

A benchmark point -R,

Parameter
Higgs mass o 925 GeV
tang 3
AT 0.65
mrp 500 GeV
Singlet mass mip 1250 GeV
and mixing mg 500 GeV
Bg — 2.442 TeV?
As 0.29
Singlet Tso 200 GeV
coupling mo 1300 GeV
to gg mg, 500 GeV
Singlet ASR = ASE 0.7
coupling m% = m? ., 102 GeV?2
to vy BE = HR, /1.4 325 GeV
mip 250 GeV
Outputs o(S = v7v) 3.22 fb
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L Backup slides

A benchmark point -R,

R-symmetric, no
trilinears Tsg/Tsr

Gluons coupling through
squark loops

Photons coupling
through loops of
unification fields (both
fermions and scalars) and
sleptons.

Large negative Bg for
750 GeV

Parameter
Higgs mass m 925 GeV
tang 3
AT 0.65
mrp 500 GeV
Singlet mass mip 1250 GeV
and mixing mg 500 GeV
Bg — 2.442 TeV?
As 0.29
Singlet Tso 200 GeV
coupling mo 1300 GeV
to gg mi, 500 GeV
Singlet ASR = ASE 0.7
coupling m% = m? ., 102 GeV?2
to vy BE = HR, /1.4 325 GeV
mip 250 GeV
Outputs o(S = v7v) 3.22 fb
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L Backup slides

A benchmark point -R,

R-symmetric, no
trilinears Tsg/Tsr
Gluons coupling through
squark loops

Photons coupling
through loops of
unification fields (both
fermions and scalars) and

sleptons.

Large negative Bg for
750 GeV

Parameter
Higgs mass m 925 GeV
tang 3
AT 0.65
mrp 500 GeV
Singlet mass mip 1250 GeV
and mixing mg 500 GeV
Bg — 2.442 TeV?
As 0.29
Singlet Tso 200 GeV
coupling mo 1300 GeV
to gg mg, 500 GeV
Singlet ASR = ASE 0.7
coupling mi, = mi’, . 102 GeV?2
to vy KE = pR, z/1.4 325 GeV
mip 250 GeV
Outputs o(S = v7v) 3.22 fb
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L Backup slides

A benchmark point -R,

R-symmetric, no
trilinears Tsg/Tsr
Gluons coupling through
squark loops

Photons coupling
through loops of
unification fields (both
fermions and scalars) and
sleptons.

Large negative Bg for
750 GeV

Parameter
Higgs mass o 925 GeV
tang 3
AT 0.65
mrp 500 GeV
Singlet mass mip 1250 GeV
and mixing mg 500 GeV
Bs —2.442 TeV?
As 0.29
Singlet Tso 200 GeV
coupling mo 1300 GeV
to gg mg, 500 GeV
Singlet ASR = ASE 0.7
coupling m% = m? ., 102 GeV?2
to vy BE = HR, /1.4 325 GeV
mip 250 GeV
Outputs o(S = v7v) 3.22 fb
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L Backup slides

The key issue of stops masses

In this scenario, gluons fusion proceeds through stops loops

FS*}gg

y

FS~>~«

o5 oy [fb]

35
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S — ~y~y cross section in fb as a function of the one-loop mass for the right-handed squarks.
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L Backup slides
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Scenario R-violating
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Summary of participating particles R-violating scenario
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[ Backup slides

Scenario R-violating
A generic scenario without R-symmetry
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S — ~yy cross section in fb as a function of the ; and Ag for R-violating scenario 1

[m]
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