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Motivations
®00

Motivations & Status of SUSY searches

» SUSY most appealing features:
e Stabilization of the hierarchy between the Planck and the
Electroweak scale
e Gauge coupling unification
o Possible candidate for dark matter with the LSP

» After 3 years of LHC running...
e No experimental evidences for SUSY particles
e Mass exclusion limits for SUSY particles have been pushed
higher and higher in energy
e The Higgs boson is looking more and more SM-like
e Significant portions of the parameter space of constrained
models like the CMSSM have been excluded
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Summary of CMS SUSY Results* in SMS framework
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Motivations
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Motivations for beyond Minimal SUSY searches

» Non-observations of SUSY particles @ the LHC:
> Rekindled the interest for non-minimal SUSY models

» Idea behind non-minimal SUSY models
> It could be that we are missing an additional ingredient

e R-Parity Violating (RPV) MSSM
o NMSSM, Left-Right MSSM, MRSSM, Vector-like MSSM

» Price to pay for non-minimal SUSY

> More interactions = New free parameters
> Phenomenological analyses = More complicated

» Attractive feature of non-minimal SUSY
> May solve problems that minimal SUSY does not

e Baryon Asymmetry in the Universe (BAU)
o Neutrino mass generation
o u problem
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Motivations
°

Motivations for R-Parity Violating SUSY

@ Forbids both BNV and LNV interactions in the MSSM
o Imposed to avoid fast proton decay: 7, > 10%® years
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» Proton decay requires both BNV and LNV interactions
> R-parity conservation is too restrictive
> Either BNV or LNV are allowed = No proton decay

» RPV-MSSM with BNV model features
e BNV + lepton number conservation compatible with a GUT
e Provides the third Sakharov condition = BAU

» Price to pay: Extremely difficult to accomodate DM
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Framework
.

The model

» BNV superpotential:
1 o
Weny = 5/\%19 U'D'D* + Wssm

> At BNV couplings = 9 new free independent parameters
> U, D: Superfields
> ¢, j and k : Flavor indices

» BNV Lagrangian:

1. n o~ — C
Ly, UiD, = _§>‘ijk5616203 (UZOCTB R?(;wrg)‘l’%icl PL\I/%jcz
~ d T dc T u ¢ pd ~
B Rifkrny Uie, P¥brey + Wie, Pu¥bye, Rl di ) + hc.
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Framework
.

Constraints on BNV couplings

Present experimental constraints on )\”L couplings:

@ Neutron dipole moment
@ Antinucleon oscillations, double nucleon decays
@ Rare hadronic decays of B-mesons, K-K systems

@ Observed flux of cosmic rays antiprotons :

N <1071 =107

> Yet... Not applicable to )} 3k if the top quark is heavier
than the Lightest Supersymmetrlc Particle (LSP)

> )3 is left almost unconstrained
> Enforce MFV =- Only )}, is sizable ~ O(0.1)
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Monotop signature
o

Monotop production in the Standard model

o Final state signature : t + B — bjj + Ep
@ Production mode — subdominant contribution

e CKM suppressed: Vs >~ 0.23, Vs ~0.04
o Loop-suppressed
o Branching ratio: BR(Z — vv) ~ 0.2

Z9 (— vv)
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Monotop signature
o

Monotop production within the RPV-MSSM

» Production @ tree-level through squark exchange
pp—q— X1+t

> 6 diagrams in the flavor conserving case
> [ associated to the lightest neutralino

w Kinematic condition: m; > myo = Long-lived neutralino
w Decay far outside of the detector due to its long lifetime
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Results

Analytical results

» Cross section

Full 2 — 2 process

6
6,1, a (Qf“" QL Qo
2 = il = ) (1l = fip) ([ 22 4= o o Zo 4 Mo
dt 125%‘/0%[,52 lz12 [( ) b) S0 * tito + U U + sito
,0=1,

QY Q e Q““r
+= )+(1—ha>(1+hb) Pt (1t ha) (1= f) — }

S| Uo tluo tito Uo

> Compactified expression of the cross section
> h, and hy = helicities of incoming particles

Q%% interferences between diagrams in the s-channel
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Results
°

Tool chain

» SLHA2 input file:
> Model and parameters specification
U
» SUSY-spectrum: SPheno-3.2.1:
> Compute RGEs at the two loop level

U
» Decay Width an Branching Ratios: SUSY-HIT-1.3

> Width and BRs of the MSSM Higgs bosons: HDECAY
> Width and BRs of the SUSY particles: SDECAY

» Cross section & scans: XSUSY-1.9.23 (Private code)
> OQOriginal C++ code developped by B. Fuks & B. Herrmann
> Numerical integration performed using VEGAS
> Extended with new PDF sets

@ MRST2002, DSSV.2008, NNPDFpol1l.0, BB10, NNPDF2.1
> Extended with new features
@ Scans for polarized cross section automated
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Results
°

Numerical results

t710, 4>0, A = 0GeV, Ay, = 0.2

pp — t+ X

[ad] o

my, (GeV)
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Results
®0

The Narrow Width Approximation

» The Narrow Width Approximation (NWA):
> Reduction of the complexity of scattering amplitudes
> Assumes peaked resonance with a Breit-Wigner lineshape
> For small T, off-shell effects are suppressed

= |ntermediate resonance can be approximated to be on-shell

> Production and decay of unstable particles = factorized
> Non-resonant contributions are neglected
> Introduction of an error of O(I'/M) for each Breit-Wigner

Requirements for the NWA

@ Total width of the particle way smaller than its mass: I' < M

@ Propagator separable from the matrix element
© No significant interferences from non-resonnant processes

Q Scattering energy larger than mass of the resonance: /3 > M

© Mass of resonance larger than masses of the daughter particles

v
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Results
oe

Narrow Width Approximation & New Physics

» Narrow Width Approximation features:
> Drastically simplifies calculations = ¢, x BR
> Reduce CPU time required for computations
> Works pretty well in the case of the SM
> Extensively used for BSM searches
» Is the NWA reliable in the context of BSM searches?
> NWA assumes Breit-Wigner resonance

@ In the vicinity of kinematical bounds like Vi~e M
o For near-degenerate parent-daughter masses m ~ M

> Breit-Wigner lineshape is distorted by threshold factors
@ phase space factors 8 = /1 — (m/M)?
» Preliminary results for monotop RPV-production

> [ndicate substantial discrepancies between NWA and 2—2
> Stay tuned...
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Conclusions & Perspectives

Conclusions & Perspectives

Conclusions

> Monotop production in the SM subdominant

> QObservation of monotop signature means New physics

> RPV-MSSM with BNV allows for monotop production @ LO
> Strictly speaking ruled-out by LHC constraints
» Meaning in the case of RPV-CMSSM

> Not excluded for more general models like the pMSSM
o NWA is not always reliable

e Comparison naive NWA /off-shell effects

o Compute spin asymmetries

o Compare with ratios of parton-luminosities
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Conclusions & Perspectives

Thanks for your attention
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Back-up slides
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Matter-Antimatter Asymmetry

Sakharov’s conditions :
© Baryon number is violated
@ CP and C symmetries are violated

© Departure from thermal equilibrium

» Standard Model:
> Baryon number is violated = Sphalerons
» Non-perturbative processes
o Violates B + L but preserve B — L
> Departure from thermal equilibrium
o ELECTROWEAK PHASE TRANSITION

» Standard electroweak baryogenesis = RULED OUT
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Full expressions of the charges

sS * 2
= S ~ ~ S—m
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Full expressions of the charges

uU— * 2 2 *
= C ~C° ~lu—m, u—m~, | (R ~~ R ~~
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Full expressions for the couplings

Lyjuxo = {(eq — T3) sw N + T§ cw Ni2:| e+ muk;zgi:ifézﬁ)
Rasy = —eaow Vi Ry + " NI
Lajdkf(? - {(eq a Tg) sw Nin + Tf? cw N12:| R_;'i; + mdk;ZIfVVi:ifj(ngrS)
Rigso = —essw N Rifiys) %
Coaiy = iRy and €, 5 = NRify )
With

Xi = Nyy? with i=1,2,34 (1)
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