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Gauginos (gluinos/winos/binos) are Majorana particles 

at least in the MSSM

not the only option... could be Dirac fermions

M3 g̃A g̃A

M3 g̃A λ̃A
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Gauginos (gluinos/winos/binos) are Majorana particles 

at least in the MSSM

not the only option... could be Dirac fermions

M3 g̃A g̃A

M3 g̃A λ̃A

requires adding new matter

invariant under U(1) symmetry (R-symmetry)

λ̃A → e−iθλ̃Ag̃A → eiθ g̃A ,

i.e. new color adjoint
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How do you get Dirac?

usually (Majorana gaugino masses):

F

Λmess
g̃A g̃A

�
d2θ

XWα
AWA

α

Λmess

M3 g̃A g̃A

instead, use D-term spurionW �
α = θαD

�
d2θ

W �
α Wα

A ΦA

Λmess

D

Λmess
g̃A λ̃A MD g̃A λ̃A

+ ...
have to give up minimality

Fayet (1978)
Polchinski, Susskind (1982)
Hall, Randall (1991)
Fox, Nelson, Weiner (2002)

...
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in order for all gauginos to be Dirac, we must add: 

Φi, i = 1..3

ΦA, A = 1..8

Φ

color octet

weak triplet

singlet

the Φ are chiral superfields = (complex scalar, fermion) not
                                                               just fermions

mix and match: could have Dirac gluino, Majorana wino, etc...
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ΦA = ( AA, λA) contain new adjoint scalars    

�
d2θ

√
2
W �

α Wα
a Φa

Mmess
⊃ MD (Aa +A∗a)Da

new adjoint scalars
D-term for SM gauge groups

eliminating Da ...

−M2
D

2
(Aa +A∗a)2 −MD (Aa +A∗a)

��

i

gaφ
∗
i τaφi

�

�
d2θ

W �
αW �

αΦ
aΦa

M2
mess

could also add

+h.c.
opposite sign mass terms for 

Re[Aa], Im[Aa]

new trilinear interactions
mass for Re[Aa]

= i.e. ‘sgluons’ 
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generated at 1-loop level:

squark/slepton masses

m2
f̃
=

�

i

αiCi(f)M2
D,i

π
log

m2
adj,i

M2
D,i

Aa

from new trilinear interactions
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generated at 1-loop level:

squark/slepton masses

Im[Aa] mass as well!

m2
f̃
=

�

i

αiCi(f)M2
D,i

π
log

m2
adj,i

M2
D,i

Aa

from new trilinear interactions
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generated at 1-loop level:

squark/slepton masses

insensitive to Λmess ! 
integral cut off by madj

“Supersoft”

Fox, Nelson, Weiner (2002)

Im[Aa] mass as well!

m2
f̃
=

�

i

αiCi(f)M2
D,i

π
log

m2
adj,i

M2
D,i

Aa

from new trilinear interactions
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squark/slepton masses

plug in some numbers

m2
f̃
=

�

i

αiCi(f)M2
D,i

π
log

m2
adj,i

M2
D,i

m2
Q̃
� (700GeV)2

� M3

5TeV

�2 log r3
log 1.5

m2
Q̃
� (760GeV)2

� M3

3TeV

�2 log r3
log 4

or

Dirac gluino ≈ (5-7) x  squark  mass for madj ≳ MD
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Dirac inos and naturalness
δm²H : compare the MSSM and Dirac

MSSM Dirac (Supersoft)

δm2
Hu

= −3λ2
t

8π2
M2

t̃
log

Λ2

M2
t̃

∼ αsM
2
3 log

Λ2

M2
3

∼ αsM
2
D log

m2
adj

M2
D

δm2
Hu

= −3λ2
t

8π2
M2

t̃
log

M2
D

M2
t̃

M3 = 900 GeV
Λmess= 20  TeV

MD = 5 TeV
madj = 2 MD

same tuning as
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Dirac inos and naturalness
δm²H : compare the MSSM and Dirac

MSSM Dirac (Supersoft)

δm2
Hu

= −3λ2
t

8π2
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M2
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2
3 log
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M2
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∼ αsM
2
D log

m2
adj

M2
D

δm2
Hu

= −3λ2
t

8π2
M2

t̃
log

M2
D

M2
t̃

M3 = 900 GeV
Λmess= 20  TeV

MD = 5 TeV
madj = 2 MD

same tuning as

substantially heavier gluino quite natural in supersoft
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Dirac inos and naturalness
no free lunch: can be hidden tuning (= non-Higgs related ) in madj

recall:
�

d2θ
W �

αW �
αΦ

aΦa

M2
mess+h.c.

κ = κM2
D (Re(Aa)

2 − Im(Aa)
2)

if this term ≫ original Dirac term, can lead to:
• tachyonic Aa pieces
• big madj/MD hierarchy → mq ̃too big or too small

UV model dependent: simple counterexamples

nice features in Higgs tuning motivate more model-building

[Kribs, Okui, Roy ’10, Csaki et al ’13]

[Benakli & Goodsell ’08, Arvanitaki et al ’13]
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Dirac EW-inos?
for naturalness and LHC pheno, gluino is by far the most 

important gaugino. If wino, bino are Dirac as well:  

• finiteness of mq,̃ smaller tuning also from EW stuff
• nice flavor properties, interesting DM, baryogenesis possibilities 

[Kribs, Poppitz, Weiner ’07], [Harnik, Kribs ’08], [Fok, Kribs, AM, Tsai ’12]
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Dirac EW-inos?
for naturalness and LHC pheno, gluino is by far the most 

important gaugino. If wino, bino are Dirac as well:  

• finiteness of mq,̃ smaller tuning also from EW stuff
• nice flavor properties, interesting DM, baryogenesis possibilities 

BUT:
�

d2θ
√
2
W �

α Wα
a Φa

Mmess
⊃ MD (Aa +A∗a)Da

integrate out heavy Re[Ai] → Di = 0

SU(2), U(1) D-term

tree-level Higgs quartic vanishes

new contributions needed to get mH = 126 GeV: 
nMSSM-ology, “λ” couplings of KPW

[Kribs, Poppitz, Weiner ’07], [Harnik, Kribs ’08], [Fok, Kribs, AM, Tsai ’12]
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Dirac vs. Majorana gluinos at LHC

other work on Dirac gauginos @ LHC:

Benakli, Goodsell ’08, ’09, ’11
Frugiuele, Gregoire et al ’11,’12

Choi, Drees et al ’08
differ in treatment of EW sector
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heavy Dirac gluino means several colored sparticle 
production channels are suppressed by kinematics alone
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suppression goes beyond kinematics:

SUSY kinetic terms contain a U(1)R symmetry

R[λ] = 1, R[q] = R[q ̃]-1
preserved by Dirac masses, R[ψ] = -1

x
Q̃

Q̃

violate R-symmetry

Q̃∗

Q̃

Q̃

Q̃∗

preserve R-symmetry

restricts processes
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suppression goes beyond kinematics:

SUSY kinetic terms contain a U(1)R symmetry

R[λ] = 1, R[q] = R[q ̃]-1
preserved by Dirac masses, R[ψ] = -1

x
Q̃

Q̃

violate R-symmetry

Q̃∗

Q̃

Q̃

Q̃∗

preserve R-symmetry

restricts processes

no q̃q̃, q̃*q̃*, only q̃q̃*
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increasing M3

fewer processes 
allowed

colored sparticle cross section

recall: PDFs make qq → q̃q̃ the dominant 
subprocess at large mq ̃ 

[Kribs, AM ’12]

Dirac, M3 = 5 TeV
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production of colored superstuff with Dirac gluino ≪ 
traditional MSSM
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to get same σSUSY, squarks 
need to be much lighter

σMSSM (mq ̃= 1.2 TeV) = 
σDirac (mq ̃= 750 GeV) 

lighter squarks → 
less energy 

dumped in detector

cuts designed to capture ∼ TeV squarks may 
miss/be inefficient for lighter q ̃ !
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B Excluded regions in supersymmetry parameter space showing the chan-
nel with the best expected exclusion at each point
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Figure 38: 95% CLs exclusion limits obtained by using the signal region with the best expected sensi-
tivity at each point in a simplified MSSM scenario with only strong production of gluinos and first- and
second-generation squarks, and direct decays to jets and neutralinos (left); and in the (m0 ; m1/2) plane
of MSUGRA/CMSSM for tan β = 10, A0 = 0 and µ > 0 (right). The red lines show the observed limits,
the dashed-blue lines the median expected limits, and the dotted blue lines the ±1σ variation on the ex-
pected limits. The labels A-E refer to the channel with the best expected exclusion at each point, while
the suffixes l, m and t refer to the loose, medium and tight selections for each signal region. ATLAS EPS
2011 limits are from [17] and LEP results from [59].
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Requirement
Channel

A A’ B C D E

Emiss

T
[GeV] > 160

pT( j1) [GeV] > 130

pT( j2) [GeV] > 60

pT( j3) [GeV] > – – 60 60 60 60

pT( j4) [GeV] > – – – 60 60 60

pT( j5) [GeV] > – – – – 40 40

pT( j6) [GeV] > – – – – – 40

∆φ(jet, Emiss

T
)min > 0.4 (i = {1, 2, (3)}) 0.4 (i = {1, 2, 3}), 0.2 (pT > 40 GeV jets)

Emiss

T
/meff(N j) > 0.3 (2j) 0.4 (2j) 0.25 (3j) 0.25 (4j) 0.2 (5j) 0.15 (6j)

meff(incl.) [GeV] > 1900/1400/– –/1200/– 1900/–/– 1500/1200/900 1500/–/– 1400/1200/900

Table 1: Cuts used to define each of the channels in the analysis. The Emiss

T
/meff cut in any N jet channel

uses a value of meff constructed from only the leading N jets (indicated in parentheses). However, the

final meff(incl.) selection, which is used to define the signal regions, includes all jets with pT > 40 GeV.

The three meff(incl.) selections listed in the final row denote the ‘tight’, ‘medium’ and ‘loose’ selections

respectively. Not all channels include all three SRs.

In Table 1, ∆φ(jet, Emiss

T
)min is the smallest of the azimuthal separations between �P miss

T
and the re-

constructed jets. For channels A, A’ and B, the selection requires ∆φ(jet, Emiss

T
)min > 0.4 using up to

three leading jets. For the other channels an additional requirement ∆φ(jet, Emiss

T
)min > 0.2 is placed on

all jets with pT > 40 GeV. Requirements on ∆φ(jet, Emiss

T
)min and Emiss

T
/meff are designed to reduce the

background from multi-jet processes.

Standard Model background processes contribute to the event counts in the signal regions. The

dominant sources are: W+jets, Z+jets, top quark pair, single top quark, and multi-jet production, with

a smaller contribution from diboson production. The majority of the W+jets background is composed

of W → τν events, or W → eν, µν events in which no electron or muon candidate is reconstructed.

The largest part of the Z+jets background comes from the irreducible component in which Z → νν̄
decays generate large Emiss

T
. Top quark pair production followed by semileptonic decays, in particular

tt̄ → bb̄τνqq with the τ-lepton decaying hadronically, as well as single top quark events, can also generate

large Emiss

T
and pass the jet and lepton requirements at a non-negligible rate. The multi-jet background in

the signal regions is caused by misreconstruction of jet energies in the calorimeters leading to apparent

missing transverse momentum, as well as by neutrino production in semileptonic decays of heavy quarks.

Extensive validation of the MC simulation against data has been performed for each of these background

sources and for a wide variety of control regions (CRs).

Each of the six channels is used to construct between one and three signal regions with ‘tight’,

‘medium’ and/or ‘loose’ meff(incl.) selections. In order to estimate the backgrounds in a consistent and

robust fashion, five control regions are defined for each of the eleven signal regions, giving 55 CRs in

total. The orthogonal CR event selections are designed to provide uncorrelated data samples enriched in

particular background sources. Each ensemble of one SR and five CRs constitutes a different ‘stream’ of

the analysis. The CR selections are optimised to maintain adequate statistical weight, while minimising

as far as possible the systematic uncertainties arising from extrapolation to the SR.

The control regions are chosen to be as close kinematically as possible to the corresponding SR in

order to minimise theoretical uncertainties arising from extrapolation between them. The CRs are listed
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ATLAS-CONF-2012-033

Dirac gluinos in action: old ATLAS jet + MET search 

0 leptons; all jets pT > 40 GeV

for mq ̃≲ Mgluino, sensitivity from 
SR with high HT cuts
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[Kribs, AM ’12]
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ATLAS Search Bounds

• degenerate 1st, 2nd gen squarks, massless LSP
•PYTHIA (+PROSPINO) → DELPHES
• limits derived using quoted BR, uncertainty

all setups: 
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Figure 38: 95% CLs exclusion limits obtained by using the signal region with the best expected sensi-
tivity at each point in a simplified MSSM scenario with only strong production of gluinos and first- and
second-generation squarks, and direct decays to jets and neutralinos (left); and in the (m0 ; m1/2) plane
of MSUGRA/CMSSM for tan β = 10, A0 = 0 and µ > 0 (right). The red lines show the observed limits,
the dashed-blue lines the median expected limits, and the dotted blue lines the ±1σ variation on the ex-
pected limits. The labels A-E refer to the channel with the best expected exclusion at each point, while
the suffixes l, m and t refer to the loose, medium and tight selections for each signal region. ATLAS EPS
2011 limits are from [17] and LEP results from [59].
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• degenerate 1st, 2nd gen squarks, massless LSP
•PYTHIA (+PROSPINO) → DELPHES
• limits derived using quoted BR, uncertainty

all setups: 
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neutralinos, such as same-sign lepton final states, may
not yield strong bounds if the model is approximately R-
symmetric, and so again we are left to model-dependent
investigations to make quantitative statements.

IV. RECASTING LHC LIMITS

To recast LHC limits on colored superparticle produc-
tion into the SSSM, we follow the analyses searching for
supersymmetry through nj + /ET signals performed by
ATLAS [61] and CMS [62–64]. Of the existing supersym-
metry searches, jets plus missing energy is the simplest,
and involves the fewest assumptions about the spectrum.

To simulate the supersymmetric signal, we use
PYTHIA6.4 [65]; the first and second generation squarks
are set to have equal mass, the gravitino is chosen to be
the LSP, and all other superpartners are decoupled (set
to 5 TeV). We use CTEQ6L1 parton distribution func-
tions, generating a sufficient number of events such that
statistical fluctuations have negligible effect on our re-
sults. To incorporate detector effects into our signal sim-
ulations, all events are passed through the Delphes [66]
program using ATLAS or CMS detector options and
adopting the corresponding experiment’s jet definitions:
anti-kT , R = 0.4 for the ATLAS search [61], and anti-
kT , R = 0.5 for the CMS searches [62–64]. We repeat the
same steps for the three simplified models of the MSSM
(c.f. Fig. 1) allowing all combinations of q̃q̃, q̃∗q̃∗, q̃q̃∗ as
well as gluino pair production and associated squark plus
gluino production. Note that our “heavy MSSM” simpli-
fied model is an existing CMS simplified model, “T2”
[67].

Colored superpartner production cross sections receive
sizable next-to-leading order (NLO) corrections. To in-
corporate these corrections, we feed the spectra into
PROSPINO [68], restricting the processes appropriately
for each simplified model (i.e., just pp → q̃q̃∗ for the
SSSM). The cross sections are shown in Fig. 3 for each of
the simplified models as a function of squark mass. De-
pending on the scale choice and the squark mass, we find
the K-factor ranges from 1.7-2.1. This takes into account
the increased rate at NLO, through not the kinematic
distribution of events.

The analyses we are interested in [61–64], are broken
up into several channels. For some analyses the channels
are orthogonal, while in other analyses one event can
fall into multiple channels. To set limits we begin by
counting the number of supersymmetry events in each
analysis channel for several squark masses. The number
of supersymmetric events passing cuts is translated into
a mass-dependent acceptance for each channel. We then
form the 95% CL limit, using the likelihood ratio test
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FIG. 3. Cross sections at the 7 TeV LHC for colored super-
partner production. The four lines correspond to the four
simplified models shown in Fig. 1, where the first and second
generation squarks are degenerate with mass Mq̃. The solid
line shows the cross section for the SSSM where the cross
section is dominated by q̃q̃∗ final states, while the dashed
lines show cross sections for the three simplified models of the
MSSM. All cross sections are calculated to next-to-leading or-
der using PROSPINOv2.1 [68], CTEQ6L1 parton distribution
functions, and default scale choices. For event generation, we
use PYTHIA6.4 [65] and rescale the cross section to match
those shown here.

statistic [69]:

0.05 =

�∞
0 db�

�Ni,obs

0
(µi,b+µi,s)

Ni,obse−(µi,b+µi,s)

(Ni,obs)!
G(µb, b�)

�∞
0 db�

�Ni,obs

0
µ
Ni,obs
b e−µb

(Ni,obs)!
G(µb, b�)

.

(6)

Here µi,b ≡ Ni,exp is the number of expected SM back-
ground events and µi,s ≡ Ni,SUSY is the number of signal
events. To estimate the effects of systematic errors, the
number of SM events is modulated by a Gaussian weight-
ing factor [70]. Specifically, we shift µb → µb(1 + fb),
where fb is drawn from a Gaussian distribution centered
at zero and with standard deviation σf = σi,SM/Ni,exp,
where σi,SM is the quoted systematic uncertainty (taken
directly from [61–64]). Whenever the systematic error is
asymmetric, we use the larger (in absolute value) num-
ber. To combine channels (when appropriate), we simply
replace the right-hand side of Eq. (6) with the product
over all channels.
The number of supersymmetry events in a particular

channel is the product of the cross section, luminosity,
acceptance and efficiency,

Ni,SUSY = L ·K(Mq̃)σ(Mq̃) ·A(Mq̃) · �, (7)

where K(Mq̃) is the mass-dependent K-factor to account
for the larger rate at NLO. Within our simplified setup,
the only parameter the cross section and acceptance de-
pend upon is the mass of the squark – thus Eq. (6) is
simply a limit on the squark mass.
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Searches with broader HT range are better

ATLAS-CONF-2013-047

Current Status:  ATLAS (20 fb-1)ATLAS ‘decoupled gluino’ search: 20 fb-1, 8 TeV
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Searches with broader HT range are better
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Comments

Dirac gluino setup naturally realizes ‘decoupled gluino’ 
simplified model 

current limits:  mq ̃ ≳ 850 GeV for massless LSP,
 ̃zero limit if mLSP > 300 GeV

 limits ̃unchanged from 5 fb-1, 7TeV

background (W/Z + jets) uncertainties dominated by   
  systematics...

opportunity for new strategies?
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Comments
pseudo-Dirac gluino (both Dirac and Majorana mass): 

roughly same conclusions 
effect on σSUSY depends on whether we add

Mm g̃Ag̃A M �
m λ̃Aλ̃Aor [Kribs, Raj ’13]
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(f) Mq̃ = 1200 GeV: cross sections
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FIG. 3: LEFT: Contours of the ratio of the total production cross section of the first two generations of squarks at

LHC with
√
s = 8 TeV in our model to the cross sections in MSSM. RIGHT: Contours of the cross sections

themselves, in pb, at LHC with
√
s = 8 TeV. In these plots, we show the variation as the lightest gaugino mass

(Mg̃1) is varied simultaneous with varying the relative size of the Mm and Md, parameterized by x = Mm/Md. The

details of the critical features are explained in the text.
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Case 1 Case 3
Contours of σ(mixed)/σ(Majorana) 

for 1st,2nd squark production at LHC (8 TeV) with m(sq) = 800 GeV
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(d) Mq̃ = 800 GeV: cross sections
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(f) Mq̃ = 1200 GeV: cross sections
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FIG. 7: LEFT: Contours of the ratio of the total production cross section of the first two generations of squarks at

LHC with
√
s = 8 TeV in our model to the cross sections in MSSM. RIGHT: Contours of the cross sections

themselves, in pb, at LHC with
√
s = 8 TeV. We show the variation as the lightest gaugino mass (Mg̃1) is varied

simultaneous with varying M �
m and Md, parameterized by x�

= M �
m/Md. The critical features are explained in the

text.
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 Kribs & Raj σ(mixed)/σ(Majorana), 800 GeV squarks (1st, 2nd gen), 8 TeV
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is there a ‘smoking - gun’ signal for the dirac setup?

YES: extra states, the scalars in Φa = Aa

Re[Aa] are heavy, mass ̃ 2MD, but Im[Aa] can be light (̃mq ̃)

Aᵢ are R-parity even → they can be singly produced, though only 
tree-level interactions involve gauge fields.. 

Dirac ino friends?
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is there a ‘smoking - gun’ signal for the dirac setup?

YES: extra states, the scalars in Φa = Aa

Re[Aa] are heavy, mass ̃ 2MD, but Im[Aa] can be light (̃mq ̃)

Aᵢ are R-parity even → they can be singly produced, though only 
tree-level interactions involve gauge fields.. 

Aᵢ

single production 
looks hopeless Aᵢ

Aᵢ

pair production better: 

pp → equal mass di-jet resonances

see Plehn, Tait ’08, also CMS-EXO-11-016, ATLAS 1110.2693

Aᵢ (SU(2)w triplet scalars) unexplored

Dirac ino friends?
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future signals
Dirac setup: looks like ‘decoupled gluino’ but 

gluino is there in spectrum at ̃few TeV 

so, if signal seen in ‘decoupled gluino’... 

Dirac gluinos are a target for future high-energy/
high-luminosity machines

Q̃

g̃q

g

allowed combinations of the first two generations of squarks are summed together. In all results we
used MadGraph4 [60] at leading order, for LHC operating at

√
s = 14 and 33 TeV1. The figures

clearly show the suppression in cross sections persist at LHC collider energies of 14 and 33 TeV.
Notice that q̃q̃ production is always subdominant to q̃q̃∗ production for a scenario with a 5 TeV
Dirac gluino, throughout the squark mass range shown, Mq̃ < 2 TeV. By contrast, q̃q̃ production
is comparable or dominates the production cross section of squarks for either scenario involving a
Majorana gluino.

3.1 Storyboard: Discovery of suppressed Mq̃ = 1 TeV at LHC with
√
s = 14 TeV

and � 100 fb
−1
.

In the spirit of the Irvine “storyboards” [61] for discovery of new physics in the next run of the
LHC, we consider the possibility that the LHC has discovered a jets plus missing energy signal
consistent with first and second generation squark production with squark mass Mq̃ = 1 TeV, but
with a highly suppressed cross section relative to the expectations from MSSM.

There are several investigations one would like to apply to the signal. The first obvious one is
to try to pin down the mass scale of the squarks and obtain an upper bound on the LSP mass.
This requires careful examination of the signal kinematic distributions, e.g. [62]. Searching for
accompanying signals, namely in the n ≥ 3-jet categories could uncover evidence for, or absence of,
an accompanying gluino production signal. Even if there is no accompanying signals consistent with
a kinematically accessible gluino, we saw above that the squark production rates are nevertheless
sensitive to a kinematically inaccessible Majorana gluino. This can be seen by contrasting the
squark production rates for the MSSM5 scenario against the Dirac5 scenario. If the experimental
data on the the squark production rate appears to be consistent with just q̃q̃∗ production, the
signal can be probed for consistency with this hypothesis. For example, by measuring the angular
distributions of the final state decay products should allow the experiments to verify the signal is
consistent with s-channel gluon production of q̃q̃∗ (versus a t-channel gluino-mediated production
of q̃q̃ with a rate that happened to match the “observed” squark–anti-squark rate).

If the rate is slightly larger than what is expected from just q̃q̃∗ production, there are several
possible culprits. One is that the gluino is not completely decoupled, and its effects on t-channel
exchange are being (slightly) felt. Another is that the first and second generation squarks are not
precisely degenerate in mass, but these kinematic differences are not readily observable.

The central goal in this scenario would be to discover the heavy gluino state. This is where
a Dirac gluino becomes much more advantageous compared with a Majorana gluino (holding the
squark production cross sections roughly the same). Because the Dirac gluino can be much lighter
without affecting squark production channels, this suggests associated g̃ + q̃ production can be
probed by 33 TeV LHC. The leading order rates for g̃ + q̃ production in Dirac5 scenario, with
Mq̃ = 1 TeV and Mg̃ = 5 TeV, are

σ(q̃ + g̃) ∼ 0.015 fb
√
s = 14 TeV

σ(q̃ + g̃) ∼ 12 fb
√
s = 33 TeV .

1We use CTEQ6L1 parton distribution functions and default factorization and renormalization scales for all
simulations

4

for 5 TeV gluino, 1 TeV squark:
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Conclusions

• Dirac gauginos (supersoft SUSY): naturally very heavy, 
U(1)R preserved

• significantly reduced colored sparticle production
 limits: ̃ 800–850 GeV, systematics dominated

degenerate 1st, 2nd gen. squarks, massless LSP

- analysis optimized for high HT do poorly

many interesting directions to go in from here!

• pseudo-Dirac gluinos, treatment of EW sector doesn’t 
change result

• additional distinct signals (scalar adjoints, squark + 
Dirac gluino) at LHC14 & beyond  
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