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Left-Right Supersymmetry

* Supersymmetry is by far the most popular option
for beyond standard model physics.

* Neutrino mass generation in its minimal version
R-parity violation
Right-handed neutrinos (seesaw)

* Supersymmetric grand unified theories with left-
right symmetry can explain neutrino masses
without requiring the added conditions.



Left-Right Supersymmetry

* Supersymmetric left-right theories (LRSUSY) are
based on the product group:

SU(3): X SU(2), XSU(2)g X U(1)g,

* This product group is broken to SU(3). X U(1),,,
by giving vevs to fields in the Higgs sector.

SU@2)g XU(1)g, = U(1)y

* Neutrino masses are induced by the see-saw
mechanism through introduction of Higgs triplet
fields.



Higgs sector

% The left-right symmetry is broken at a scale <Ag’>=vy
% The bi-doublet Higgs fields break the SU(2), X U(1),
¥ Supersymmetry requires other Higgs multiplets to
cancel chiral anomalies among the fermionic partners

0 P} 0 @
o= " | ~(1,220, ®=| * " |~(1220)
o, @, ®,, @,

[ LA AY Lo ofT
AL= vk - N(1333 11—2)1 5L= \/QVL - ‘ N(15331=2)7-
\ AL —5AL 8 — 501

[ 1A, A 15t 5it
Ap=| V¥ " T~ (LL3,-2), = V2T T 1~ (1,1,3,2)(
\ A% — 8% 0 —730R

V2



¥ The matter fields:

% The most general superpotential one can write is

W = Y5QT®inQ° + YL ®irL° + i(hyL mér L + hu L7 myArL®)
+,&3 [TT(ALdL -+ ARCSR)] -+ ,U:ijTT'(Z-Tz(I)??;TZ(I)j) + WNR

and the soft terms as

‘Csoft = [AlQYg)QT(I)ZZTQQC + AILYEJ.E/TQLZTzf/C -+ iALRh” (.Z/TngL.Z/ -+ ECTTQAREC)
+me”*®]@;| + [(m})iilLdL; + (mR)iilhil;| — Mig [Tr(Arbr) + Tr(ALdL) + h.c)

- [B/.ngq)iq)j + h.C.]



% The vevs to the different scalar multiplets
contributing to the symmetry breaking down to

U),,,

K1 0 Kkoe™? 0 0 wa,
((I)1> - 3 ((I)2> - 3 (AL> - ‘ )
0 kie™ 0 kK 0 0
0 0 0 va, 0 0
<6L>= ) (AR)= ) <6R)= .
UO';. 0 0 0 'U(SH 0

* Due to the extended Higgs sector, the spectrum has
additional higgsinos, both neutral, singly charged
and doubly chargead.

AL++ , AR++ , 6L++ , 6R++

Mass term: Li=-Mz A; 6;" — Mz AR 04" + he,

where *Mi— - = H3.



Representative points

Sample point A :
Mpg_1 =25 GeV

= 1000 GeV

va, = 1.5 x 107 GeV
va, = 3000 GeV

tan 3 = 20
AML - J.MR - 250 GeV
w3z = 300 GeV

vs, = 1.0 x 107% GeV
vs, = 1000 GeV

My, = 91.8 GeV
My = 250.0 GeV

M+ = 249.0 GeV
My =911.7 GeV

M;, = 180.6 GeV

M;- = 300.0 GeV

Sample point B :
Mpg_;, =100 GeV
= 500 GeV

va, = 1.5 x 107% GeV
va, = 2500 GeV

tan 8 = 30
IML = Mp = 500 GeV
w3 = 500 GeV

vs, = 1.0 x 107% GeV
vs, = 1500 GeV

My = 447.8 GeV
JW;_: = 500 GeV

M;+ = 500.0 GeV

Table 1: Sample points of the particle spectrum. The left column contains the input values for
the parameters of the model, while the right column lists the masses of the lightest the neutralinos

and charginos corresponding to the choice of input parameters.



Single production mode at linear e e colliders

ideal for production of such doubly

e — AR .
charged exotics

e A
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Bounds on the Yukawa couplings

Rephee <32 x 107 GeV™2 - M2~ fromp — éee,
hephyy < 2x1079GeV ™2 M3z~ frompu — e,

h, <9.7x107°GeV~*- M5_- from Bhabhascattering,
he, <25x107°GeV™*- M5~ from (g-—2),,

hech,, <2.0x107"GeV™*- M5~ from muonium — antimuonium transition.

We choose h” = 0.1 which is consistent with the bounds.
Larger values allowed with a large mass for A~



Production cross-section of the left-chiral states
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Production cross-section of the different chiral states
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Decays of the doubly charged Higgsinos

o« Amm — f £,

2-body decays 4 A A g,
e AT — ¥ A

Assuming triplet Higgses to be heavier and degenerate in
mass makes them kinematically inaccessible for relatively
lighter doubly charged Higgsinos

 favored channel for decay which is A=~ — £~ £~ provided m; < My .

' A= = B4 — 0050,



Results

We focus on the 2-body (signal-1) and 3-body (signal-2)
decay modes of the doubly charged Higgsino and look at
the resulting signal events against the most dominant
SM background.

We consider the following final states
(i) eeE () ppf

We assume beam polarisation (-1,-1) for the left-chiral A

e +e —e +e 4+ vy
SM background:
e +e —u +p vy, Vel



V& = 500 GeV
Cuts Used SM signal-1 signal-2
E,. > 5 GeV el < 3.0 (--) 537.7 b {--) 1238 ib {--)19.9 fb
E> 10 GeV AR, >02 | (+,+) 151 b | (+,+) 4868 | (+,+) 781
E, > 5 GeV N < 1.5 (--) 2180 fb {--) 102.7 b {--) 16.5 fb
E= 100 GeV AR, >02| (+,4+)38™ | (+.+)40398 fb | (+,+) 65.1 7b
E, > 5 GeV 0. < 3.0 (--) 280.1 fb {--) 1238 b {--)19.9 b
E> J5/2GeV AR, >02 (+,+)33 (+,4)4688 b | (=, +) 7T8.1 b
E. > 5 GeV Ine| < 1.5 (--) 103.8 ib {--) 102.7 b {--) 16.5 b
E> J5/2GeV AR.. >02 | (+,4)0.103 ® | (4.+) 40398 fb | (+.+) 65.1 7b
VE=1TeV

E. > 5 GeV el < 3.0 {--) 1.13 pb (--) 10.5 T {--) 14.0 b
E> 10 GeV AR >02 | (+.,+) 126 | (+,4+) 15647 | (+,+) 539
E. =5 GeV Ine| < 1.5 (--) 2389 fb (--) 334 {--)11.7 fb
E= 100 GeV AR, >02 | (+,4)31f | (+,4)12902 | (+,+) 450D
E, > 5 GeV 0. < 3.0 (--) 605.9 fb (--) 10.5 T {--) 14.0 b
F>  J&8/2GeV AR, >02 (+,4+) 04 (+,4+) 1564 | (+.+)539D
E. > 5 GeV Ine| < 1.5 (--) 106.0 fb (--) 334 {--)11.7 fb
E>V5/2GeV AR, >02 | (+,4)0007T | (+,4)12025 | (+.+)45.0

Table 2: Signal and SM cross sections for the e ¢ F final states with different choice of kinematic
cuts for both signal and background at the ¢ e collider with center-of-mass energies /5 = 500
GeV and /& = 1 TeV. We also show the beam polarizations in parentheses. The AR is defined
as (AR = (A2)? + (An)? with An and A¢ respectively denoting the separation in rapidity and

azimuthal angle for the pair of particles under consideration.



We choose

My -- = 300 GeV and m;, = 150 GeV for signal-1, while for signal-2, m; = 400 GeV to

L el 1L

study the signal at the /s = 500 GeV machine. The corresponding choice for the analysis

at the /s = 1 TeV option is Mz-- = 500 GeV, m; = 250 GeV for signal-1, while for
L Y’

signal-2, m; = 550 GeV.,

Kinematic cuts are used which effectively suppress the SM
background without losing out much on the signal events.



Kinematic distributions
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Figure 5: Binwise distribution of missing energy for both signal-1 and signal-2 for the final states
e e E (y/s = 500 GeV). The broken (— - -—) brown lines correspond to the signal through 55_
production while the broken (—---—) green lines correspond to the signal events from €] -pair

production. Also shown in dashed and dotted dark lines are the 50 and 3o fluctuations in the SM
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Number of events/bin
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Figure 6: Binwise distribution of the invariant mass of the visible particles in the final state e e” E

for both signal-1 and signal-2 (\/s = 500 GeV). The broken (— - -—) brown lines correspond to

the signal through 55_ production while the broken (— - - —) green lines correspond to the signal

events from € -pair production. The background follows the notation of Fig 5. Each binsize is 10
GeV.(a) L =100fb1, (b) £ = 500fb~ 1.



If one considers

1 2
|AT’| = Ine“ o ne—|
the signal peaks at |An|=0, while for the SM background it
peaks beyond |An|>1.2
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Figure 7: Binwise distribution of the rapidity of the e~ in the final state e~ e~ F for both signal-1
and signal-2 (\/s = 1 TeV). The background follows the notation of Fig 5. Each binsize is 0.2
radians. (a) L= 100fb"1, (b) L =500fb"".



sgo[ T T 10000F
(a) signal-1 - '

signal-2 ——

1000 - =

| SU—

—
Ty

Number of events/bin
Number of events/bin

—
=TT T
S ——
=
Y

10111 PR T PR T S T 0 O N T |

A1 .é 10—
200 250
E_, (GeV)

Figure 9: Binwise distribution of the energy of e~ in the final state e e~ E for both signal-1
and signal-2 (/s = 500 GeV). The broken (— - -—) brown lines correspond to the signal through
52_ production while the broken (— - - - —) green lines correspond to the signal events from €; -pair
production. The background follows the notation of Fig 5. Each binsize is 10 GeV. (a) L = 100f bt
(b) L = 500fb".



The right-handed higgsino A R

% Cross section enhanced for right-polarised electron
beams.

% SM background dominated by W-boson exchange
is completely suppressed by this choice of beam
polarisation

% Signal is relatively background free.

¥ Allows to probe much lower AL=2 couplings.
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Figure 14: Binwise distribution of missing energy, invariant mass and energy of e~ for different
values of the AL = 2 coupling fee. The statistical fluctuations in the SM background is shown at

3¢ in black (dashed) lines. Each binsize is 10 GeV while the luminosity is taken as £ = 500fb~*
(final state e"e” E). The green (— - -—) line stands for the independent contribution from éy-pair

production for signal-1. Here /s = 500 GeV and M3 300 GeV. For signal-1 shown in red
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lines, m¢g, =150 GeV and for signal-2 shown in blue lines, mz,, =400 GeV.



Conclusions
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The presence of AL=2 processes in theories beyond the SM
can be probed directly at e e colliders

We show that production cross section for doubly charged
Higgsinos in LRSUSY framework is large with polarised initial
beams

The kinematic cuts can be effectively used to limit the SM
background and give clear signal for LRSUSY

The beam polarisation proves an essential tool to distinguish
the two chiral states giving the same final state

The doubly charged states can also become the NLSP which
can result into quite spectacular signals.

We are presently studying the possible signatures for these
exotics at hadron colliders.



