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Introduction

@ SUSY: The best framework to protect EW scale from quadratic

divergence caused by Planck scale physics,

@ Provides a candidate for dark matter if R-parity conserved,

@ Otherwise provides a mechanism of generating tiny neutrino

masses,

@ Allowing lepton number violation, the R-parity conserving Wy and

violating W parts are following;
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Neutrino Mass

@ Here we focus on Bilinear term of the superpotential,

@ Under BRpV, Neutralinos-neutrino sector forms a 7 X 7 mass

matrix,

MSSM
neutralino (chargino) 7, terms
mass matrix

neutrino
, terms charged lepton)
7 g P
mass matrix

o After seesaw diagonalization, Mf} is rotated away giving rise to

"tree-level” neutrino mass matrix

MY = —(MP MY T MPTY, = —Ffjfi@c%

@ This mechanism provides mass to v3 while other two masses are

generated radiatively at one-loop
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Proton Decay

@ RpV induces decay of protons into pions and leptons,

Requires both L and B number violation,

Can be avoided by switching off either of them,

Or impose Baryon parity instead of R-parity on superpotential,

If both L and B are present, the bounds are on product of L and B

couplings

[E.J. Chun, J. S. Lee]

Coupling Constraint
N 6X 107 x
N 3% 107 %
N 7X 107
N 2% 1078y
N 3% 107Mz
N I1x 1071’
N3 35X 10710y
N 2% 107y’

I1x 1071’
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LHC Bounds
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+ The LHC bounds can be evaded due to the almost degenerate

chargino and neutralino mass

+ The bounds also get weaker due the suppression of the direct
leptonic decay mode of the neutralino
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R-parity violating Higgsino decays

The LSP, %9, is not stable,

We consider the decay of LSP for the following decay processes:
~0 ~0 =0
X1 — Zve, X1 — (W, X1 — hue

We assume p < My, M> leading to the Higgsino LSP,
= The lightest states )2(1)72 and )Zf are Higgsino-like;
= With M; < Ms, X3 is bino-like while Y3 and X9 are wino-like;

= For Ms < My, X3 is bino-like while )Zzi and X3 are wino-like.
We fix M1 = 1.0 TeV, tan 8 = 10 and vary both p and My,

Masses of inos are determined from My, My and p.
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Di-Higgs signatures

Branching ratios of yg decays e

SuUsy
11=200 GeV, Mp=1000 GeV ' T1=200 GeV, M=2000 GeV ' 1i=200GeV, Mp=3000 GeV | .
x| Pankaj
08 I)( N 1 F 1 F ] S h
B ! e e X ] //.-o—«\\ arma
3 * X
gosp\ # oy — [ 05y ——] 0 sy ——]
I ) Br(x;° > vh) X Br(x;°->vh) Br(x;° > vh)
2 Br(x,*-> W) = % = Br(x;® > W) = %~ Br(x;® > W) = % = o =
2
5 o4l Br(x;® > vz) =% Brix,®>v2) = *-] [ Br(x;® > v2) =% ] The University of
g Adelaide
@ e w2 ]
L o 2e e % ]
0 L L% -l " - ) e 3 L " L e
Neutrino Mass
1 T T T T T T T T T T T T T T T
14=350 GeV, M=1000 GeV/ 11=350 GeV, M,=2000 GeV
08l 1 r ] =350 GeV, Mp=3000 GeV P ;
< >roton decay
kel .
g os B L . ] LHC Bounds
£ Br(x;® -> vh) —— Br(x;® > vh) ——
E Erm: ->vh) __;__ Br(x,0 > W) = % = Br(x;0 > W) = % =
5 o4 Broag>MW) "2 1 [ Brxi®>v2) * 10 Br(® > v2) -]
g “x. E"X‘ > vZ) "o o s
a X% x—x x ] - Branching ratios
02 _[ 4 b ex 4 F p
X
. £ «
IS TR, ST X i P el i ot M TA Product
Production
1 T T T T T T T T T T T T T T T -
H=500 GeV, Mp=1000 GeV H=500 GeV, M»=2000 GeV Signal
0.8 8 4 ] Backgrounds
. =500 GeV, Mp=3000 GeV/ Cuts
H c
§ 0.6 4 F 4 F i o
£ Br(x,-> vh) —+— Br(x;° -> vh) —+— Br(x;® -> vh) —+— cut-flow
2 Brix;® > W) = % = Br(x;% > W) = % = Brix;? > W) = % =
€ 04 Br(x;®->vz) %] [ Br(,®->vz) ~*] [ Br(x,0 > v2) % ] Exclusio
5
@
02F TR e, 1 F 1 F 1
X X =
TN K e o X e XX l:
IS - K s E Xt 24 o
5 10 15 20 25 30 5 10 15 20 25 30 5 10 15 20 25 30

tanp np g



Branching ratios of xo — vh decays in g — M plane
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@ Spectrum and decay rates are obtained by using SARAH and SPheno,
@ Decays xo — vh is significant in large part of parameter space,

o BR is larger at small tan 8 and large pu.
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. . . Di-Higgs signatures
Di-Higgs Signal at the LHC

from R-parity violating

SUSsY
@ Neutralino pair production: pp — X3%?, SP}?nkaj
. . . e arma
@ Chargino pair production : pp — X1 X1,
@ Associated neutralino and chargino production : pp — X X7, The everse of
Production

@ The RpV decays of )Zit (Ch,vW,£Z) are suppressed due to tiny RpV couplings.

o )Zli mainly decays via RPC couplings i.e., )Zli — )Z?Wi* almost 90% of time
= Ends up with a pair of LSP’s decaying to )2? — vh via RpV interactions.

@ Leads to di-Higgs +H.. final state.



Di-Higgs signatures

DI—H iggs decays from R—psaiji;vaiolating
Pankaj
Channel ‘ BR(%) ‘ Sharma
bbbb 36 The University of
Adelaide
bbWW 24.7
bbrT 7.3
WWWW 43
bbyy 0.27
bbZZ(— ete utu™) 0.015
YYYY 0.00052

Table : Branching ratios for different di-Higgs channels. St

@ Among all channels, we consider yybb decays of di-Higgs in this

work,

o Thus the final signal at LHC is yybbE. + X.



Di-Higgs signatures
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o b Sharma
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Multijet QCD backgrounds resulting from jets faking either as b-jets or
photons

@ jjvyvy with two fake b jets;
@ bbjvy with j faking photon;

bbjj with two fake photons;
Backgrounds

@ jjjv with two fake b jets and one fake photon;

@ jjjj with two fake b-jets and two photons;

jjh(— ~7) with either two fake b jets or two fake photons;

jyh(— ~7) with one fake photon.



Cutl: Acceptance cuts

€y €p P P Pj—»b Pj—w
90% 70% 1/8 1/26 1/440 1/1000

@ Accept events with two photons, 2 b-jets and missing energy,

@ Photons must have transverse momentum pJ. > 10 GeV and
rapidity |n‘| < 2.5,

@ All b-jets must have following pr and 7 requirements:
Py > 20 GeV, 0’| < 2.5

@ All pairs of jets, photons and photon plus jets should be well
separated with each other by:

ARjj,jbbbjvbyy = 0.4 where AR =+/(A¢)? + (An)?
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Di-Higgs signatures

Cut2: pp distribution of photons o e B
SusY
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o To get rid of soft photons coming from the decay of mesons or Branching ratios

radiations, we further put the following pr cuts on the two
Production
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Di-Higgs signatures

Cut3: Invariant mass distribution of vy and bb pair from Re-parity violating
SUSY
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Cut3: Invariant mass distribution of v and bb pair

0.6

Sighal L

g
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o Study bb pair invariant mass
distribution,

@ The mass resolution is poor in
this mode,

@ Needs a large window at

around my

Look for diphoton invariant
mass distribution,

The mass resolution is very
high in this mode,

Backgrounds containing Higgs

also peaks at mu

H + 2jets
v + 3jets
djets wmmnn

0 50 100 150 200 250 300 350 400 450 500

Myg(GeV)
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@ Study bb pair invariant mass
distribution,

@ The mass resolution is poor in

this mode,

@ Needs a large window at

around my

CUT3: |Myy — My| < 2.5 GeV,

. Invariant mass distribution of v and bb pair

Look for diphoton invariant
mass distribution,

The mass resolution is very
high in this mode,

Backgrounds containing Higgs
also peaks at mu

H + 2jets
v + 3jets
djets wmmnn
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My;(GeV)

|My; — M| < 15 GeV
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Di-Higgs signatures

Cuté4: Missing transverse energy distribution from Reparity violating
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Di-Higgs signatures

Cut4: Missing transverse energy distribution from Reparity viclating
SUsYy
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Di-Higgs signatures

Cut5: AR separation of vy and bb pair from Reparity violating
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Cutb:

AR separation of 4y and bb pair

Normalised Events
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Cutb:

AR separation of 4y and bb pair
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Cut-flow of the signal and backgrounds

u (GeV) Cutl(fb) Cut2(fb) Cut3(fb) Cut4 (fb) Cut5 (fb)
300 9.6x1072 9.0x107% 53x107? 3.8x1072 1.9x1072
400 35x1072  33x1072 2.0x107? 1.6x1072 1.1x1072
500 15x1072  1.4x1072 85x107% 7.6x107% 59x107°3
600 71x107%  6.6x1072  4.0x107% 3.7x107% 3.2x1073

Table : Effects of the cut flow on the signal events.

Cut1(fb) Cut2(fb) Cut3(fb) Cut4 (fb) Cut5 (fb)
bbyy 4.3x10! 1.3x10* 45%x1072  21x107* 1.0x107*
Hbb 95x107%  0.0x107% 15x107% 1.0x107°% 4.8x1077
Hjj 20x107°  28x107° 55x107%  1.1x107% 1.0x1078
tiyy 12x10°  6.1x107' 22x107% 25x107%  4.7x107°
ttH 11x107Y  1.0x107' 2.0x1072 19x107% 5.0x107%
bbjj 4.2x10! 3.5x10! 15x107Y  1.6x107%  4.0x107*
597y 9.3x1072 26x107% 89x107° — —
jiji 1.8x1072 15x1072 5.6x107° — —

¥ (bckg.) 1.1x1073

Table : Effects of the cut flow on the background events.
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Reach in parameter space

p (GeV) || Sig. (1ab™!) Sig. (2ab™') Sig. (3ab™Y)
300 10.3 14.6 17.2
400 6.6 9.3 113
500 41 5.7 7.1
600 2.4 4.2 5.7

tanB

Figure :

p =300 GeV, £ = lab~? (left) and 500 GeV, £ = 3ab~! (right).

Ma/My
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Conclusions

The LHC has discovered a 125 GeV Higgs-like resonance,
Measurement of its properties are in good agreement with the SM,
Di-Higgs cross section is next important measurement in this step,

Di-Higgs can also be used as a tool to study new physics with

enhanced cross section/event kinematics,

Resonant byyH.. can be a clean signature to probe BSM physics
like RpV SUSY.
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