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Talk outlinea

• Excess at 2.6σ in lljj 6ET

• Completely standard interpretation: MSSM

• Other 2.4-2.8σ excesses in lljj and ljj 6ET : RPV

Please ask questions while I’m talking

aBCA, Kvellestad, Raklev, arXiv:1409.3532, BCA, Biswas,

Mondal, Mitra, arXiv:1408.5439
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First Excess in lljj 6ET : Golden
Cascade
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Figure 1: Feynman diagram for the golden cascade de-

cay: opposite sign same flavour leptons (OSSF)

Simplified model: Decouple all sparticles not needed.
Important mass parameters: M1, M2, mq̃,

ml̃L
= 2ml̃R

. Fix tan β = 10 for now.
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A Sharp Invariant Feature
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Cascade Decay
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Work in l̃ rest frame.
The invariant mass of the l+l− pair is
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Neutralino Mass Matrix













M1 0 −mZcβsW mZsβsW

0 M2 mZcβcW −mZsβcW

−mZcβsW mZcβcW 0 −µ

mZsβsW −mZsβcW −µ 0













(1)
Fix M1,M2 to determine Mχ0

1
,Mχ0

2
and assume the

higgsinos are decoupled by large |µ|.

tan β = v2/v1
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Edge Interpretation

The signal rate
determines mq̃,
mmax

ll = 78.4 ± 1.4
GeV which we fit to
√

(m2

χ̃0
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)

m2

l̃

. We

choose ml̃, M2 then

vary M1 in order to pre-
dict the correct mmax

ll .
Sometimes, M1 > M2.
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LHC Constraints
We shall see squark masses around a TeV being
predictedATLAS (2014), arXiv:1405.7875; CMS JHEP 1406

(2014) 055, arXiv:1402.4770.
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Simulations
• SUSY spectrum SOFTSUSY3.5.1 modified to

iterate and hit the edge measurement

• Sparticle decays SUSYHIT1.4

• LHC signal events PYTHIA8.186

• Backgrounds CMS

• Dark matter and anomalous magnetic moment of
the muon micrOMEGAs3.6.9.2
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Example Point
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mll Distribution
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Viable Parameter Space
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(g − 2)µ and Dark Matter

δ
(g−2)µ

2 ∼ 13× 10−10
(

100 GeV
MSUSY

)2
tan β

(29.5± 8.8)× 10−10
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NLO Predictions for LHC13
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Other CMS Anomalies

All in ≈ 20 fb−1 at 8 TeV:

channel cuts

eejj(WR) 2.8σ Meejj = [1.8, 2.2] TeV

eejj(LQ) 2.4σ ST > 850 GeV, Mee > 155 GeV,

mmin
ej > 360 GeV

ejj 6ET (LQ) 2.6σ ST > 1.04 TeV, Mej > 555 GeV,

6ET > 145 GeV, MT (eν) > 270 GeV
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Event numbers

Channel S+B B Data

eejj(MLQ = 650 GeV) 41.5 20.5±3.3 36

e 6ET jj(MLQ = 650 GeV) 33.9 7.5±1.6 18

WR(1.6 < (Meejj) < 1.8) TeV 12.4 9.6±3.8 10

WR(1.8 < (Meejj) < 2.2) TeV 26.0 4.0±1.0 14

WR(2.2 < (Meejj)) TeV 2.6 2.2±1.8 4

Table 1: 19.6 fb−1 and 8 TeV center of mass energy.

S2 assuming λ′
111 = 0.18 and ml = 2 TeV.

CMS-PAS-EXO-12-041; CMS, arXiv:1407.3683
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Our Proposal W = λ′
111LQdc

m2
ẽL

= m2
ν̃L

+M 2
W cos 2β,
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0νββ

Currently,

T 0ν
1/2(Ge76) > 2.1× 1025

yr 90%CL. GERDA
Phase-II should reach
∼ 2× 1026 yr.
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Neutralino Scenarios
• S1: M2 = M1 + 200 < µ: B̃ LSP l̃ can decay to

χ0
2 or χ±

1 . Predicts R = OS/SS = 1.

• S2: M1 < µ < M2: B̃ LSP but increases BR for

l̃ → χ0
1l. Predicts R = 1.

• S3: M2 ≪ M1: W̃ LSP l̃L → χ±
1 , but χ±

1 decays

via λ′
111 too. Predicts R = 3.
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CMS Di-jet constraints

CMS, arXiv:1302.4794
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Branching Ratios
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Statistics

b̄± σb background events:

p(b|b̄, σb) =

{

Be−(b−b̄)2/(2σ2
b ) ∀b > 0

0 ∀b ≤ 0

Marginalise over b to take confidence limits:

P (n|nexp, b̄, σb) =

∫ ∞

0

db p(b|b̄, σb)
e−nexpnn

exp

n!
,

CL is then P (n < nobs|nexp, b̄, σb).
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Kinematical Distributions: WR

Backgrounds: tt̄, DY+jets

CMS measure 1SS and 13 OS ll in excess bin.
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Kinematical Distributions: LQ
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Constraints: S1

S1: M2 = M1 + 200 < µ: B̃ LSP l̃ can decay to χ0
2 or

χ±
1
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Constraints: S2

S2: M1 < µ < M2: B̃ LSP but increases BR for

l̃ → χ0
1l
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Constraints: S3

S3: M2 ≪ M1: W̃ LSP l̃L → χ±
1 , but χ±

1 decays via

λ′
111 too.
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Summary

• Standard SUSY with decoupled gluinos can
explain the lljj 6ET excess with 6ET .

• Another possibility to try is to bring the gluinos
lighter and decouple the squarks.

• To explain three other excesses in lljj and ljj 6ET ,
we invoke RPV. We can explain all three, and
there are possibilities for measuring 0νββ in the
next years.
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Pseudorapidity of Leptons
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UV Limit of Decoupled Gluinos
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