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Abstract

In this paper, we consider the chargino sector detleft-right supersymmetric
model was investigated in the CP-violating phasés.this paper we consider the
analysis of masses in the chargino sector of thig-tegght supersymmetric model in the
CP conserving scenario. Chargino are the mixturé charged gauginos and the
higgsinosfields . In the LRSUSY the Lagrangian is/gn by:

Lehargino = _% (T ) (131 “;’)T) (gt) + H.C . Using the characteristic
equations (M3)% — a(M3)3 + b(M3)% + c(M3); + d = 0 the masses of the
Chargino atu= O,Mﬁis equal to 311Gew7lx3¢: 65.17Gevﬂ7lx2¢: 18.63Gev and

Mxli: 0.
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1.0 Introduction

Supersymmetry is a quantum field theory which pasts a symmetry between fermions and bosons §t]e&ch fermionic
state there should exist a bosonic partner, whichthe same mass, couplings, and internal quantunbers except for the
spin, which differs by 1/2 unit, and vice versa.wdwer, since no such states have been observedy WSt be abroken
symmetry Even though there is no experimental evidence saeaer for any supersymmetric particles, supersymyme
remains popular because it provides potential mwistto several problems in particle physics [2heTbasic idea of
supersymmetry is that each elementary fermion hesrgesponding supersymmetric boson partner, aotl elementary
boson has a corresponding supersymmetric fermiomngra The supersymmetric partners must be hedvér their known
particle partners since they have not been obseovddte. Thus supersymmetry must be a broken sympme
Supersymmetry (SUSY) predicts the existence ofp@iparnterfor all known particles.

One of the most serious problems of the SM whicimherited in the L-R model is the so called gahigearchy problem
(GHP) [3]. It manifests itself when we try to cdite the masses of the Higgs particles. By doingusing perturbation
series beyond tree level, we get quadratic divergerwhich would push the masses to the order atkPéaale(My~
10"GeV) unless the perturbation terms cancel to 26nucplaces [4,5].Supersymmetry reduces the sizéh@fquantum
corrections by having automatic cancellations betwéermionic and bosonic Higgs interactions. If enggmmetry is
restored at the weak scale, then the Higgs mastaied to supersymmetry breaking which can bedaddrom small non-
perturbative effects explaining the vastly diffearenales in the weak interactions and gravitatiomakactions.

Cancellation of theHiggs boson quadratic mass renormalization betweenfermionictop gquark loop and scalar stop
squarktadpole is as shown below in theeynman diagrams in a supersymmetric extension of tis&andard Model.
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FIGURE 1:Feynman diagrams in a supersymmetric extension of the Sandard Model.

In the Standard Mael, the interactions (approximately) conservedamnd barya
number, which are defined by:

L=N,-N;, B =§ (Ng- Ng) (1.0)
with the N denoting the number of leptons, -leptons, quarks and anti-quarks respectively.
These conservation laws, for example, forbid theagl®f the proton. When adding supersymmetry taribdel, B and L ar
not conserved anymore, which would allow the pratdecay rapidly. However, measurements indidaethe lifetime o
the proton is at leagt1 x 102°years [6], consistent with the approximate cond@maf B and L in the Standard Moc
All particles in a supersymmetric theory obey attomousglobal symmetry called Rymmetry. Certain conditioncan
break the continuity but neverthelessliacreteR-symmetry almost always appli@hich in tum givesrise a conserved
guantum number calle@parity, defined a:
RE(-l)zj +3B +L (1.1}
All 'ordinary ' particles have R =1 and allsupersymmetric partners have R = - 1. R mudtiplicative quantum numbe
which, combine with the above observation,girise to two fundamental consequences onsaumgrsymmetric modi
Firstly, all supersymmetric particles must be produced in mirse at any present experimental situation ming states
consist only of ordinary particles, therefore final state has to contain an evaimber of supersymmetparticles.
Secondly, there must be a lightestd stable SUSY particle since any decaying «particle would not beable to decay
only to nonsupersymmetric particles dueR-parity conservation.
Also a unification of the strong, weak and electagmetic forces could be facilitated by supersymyn@}. The energy sca
dependence of these interactions is such thataingliog constats seem to approach each other at some higheryeseate.
However, the coupling constants do not convergesimgle point. It is argued that the almost cogeace is unlikely to t a
coincidence, therefore something is needed to iwgthe convergele. The extra particles introduced by supersymn
can provide this improvement.

2.0 Left-Right Symmetry

According to the standard model étiteractions except thweak, respect all spadiene symmetries. Iwould appear
therefore natural to try and extetite SMto make it leftright symmetric. But symmetry, although intuitive,not the only
concern. Thereare three main reason$[%) fortrying to incorporate right handed thdublets in order to extend the SM
theSU(2), x SU(2)g x U(1) group;theso-called_eft-RightModel (L-R).

The firstreason is trying to understand parity violatione @pproaclhwould be to assumiat nature is intrinsically le-right
symmetric and the observed asymmetkesplace after some breakdown at low energy fkat is the vacuum is n-
invariant under parity. This is why lefight symmetriegnvolve some sort of parity breakdown mechanisn thkeseffect
at some energy scali.

Another reason, closely associateith thefirst, is the neutrino mass which has initiated yneantroversial experimen[8]
and debates in the last decade. Agingsical probleminvolving 'the missing massf the universegalaxy formation, etc.,
would be easily resolved if the neutrimuleed haa mass in the eV range [9].1f, # 0 then the le-right symmetric model
is the most natural framework to incorporate ihas been shown [10] that such a patrticle in arigftt symmetric model is
Majorana' particle with mass:
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Lastly, another reason is the lack of any physitarpretation of thé/ (1), symmetry

[11] ,mainly due to the multiplicity of values of Y inghSM:Y(v,) —1,Y(eg) = =2,Y(u,) = 1/3,etc. In the left-right
modelJ( | ) becomes th8&-L generator which is theonly anorndy-free quantum lmemieft ungauged. With this inclusion
the weak gaugegroup becont#s(2); x SU(2)g X U(1)g_,and a similar to the Gell-Mann-Nishijimaformula tsi

Q=B+ +== (2.0)
ThenYz_, = —1 for all leptons and- 1/31‘or guarks of al | generations and helicities.

Description of the Model
In the Left-Right symmetric model the right-handed left-handed fermion components both transfasrdaublets under a
right-handed grouU (2)y orSU(2),. For one generation we have:

Qur = (Z)L/R, Lyr = (V:)L/R (2.1)
With quantum numbers
_(1 0 1) -(O 1 1)
QL' 2' :3 IQR' 12;3

1 1
LL: (E, 0, _1) ,LR: (0,5, _1>
The third number in parenthesis is (B - L) andwassaw above, corresponds to the U(1) generator.
The fermion-gauge boson interaction part of therdagian is given by:

gy =~ -
Ly = [QuvuoQu + LivuoLi W)
+ LQTR[QRVMUQR + ZRVMO-LR]WRH (2.2)

!

ig 1_ -
+ =5 0.0 - LyLB"
Similarly, the fermion kinetic energy terms are:
_ i ig'
Liin = ~Quhy (a“ - SLow - %3#) L, +R.h.p

(2.3)

2
Notice that if we want the Lagragian to be invariander a left-right interchange, it immediatelidws that:g; = gz
One of the possible minimal Higgs sets requirebreak the symmetry ‘down to’'
U(1),n,is the following: two triplets

_ i ig’
—Lyy, (aﬂ - ﬂawg‘ - %B”) L,+R.hp

Il
Q

S5t ++

_ (e ?

ALr= 06 = 50 _5* (2.4)
I\

With the quantum number (1, 0, 2) and (0, 1, 2peetvely and bi-doublet

_ (#7 of )
P = 25

(qb; b3 =

with(1/2, 1/2, 0). Using the above fields we caedk the symmetry in the following three stages:
SU2), x SUR)g X UD)g_, X P
M
—SUQ), X SUR)g X U(D)p-y
M
B SU2), x U(L)y
MWL
. . . . . — UM)em
With our particular choice of Higgs multiplets tparity P andSU(2) symmetry can be broken at the same energy scale:
MP = MWR
The vev's of the Higgs fields are chosen to be:
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(AL,R) = ( 0 8)

VLR
and
k 0 )

. <¢) - (0 k/eia
where2'¢ is the CP violating phase.
With this background information we can go on aedw the charged and neutral gauge boson massesimilar way as
we did for the SM. Also, certain arguments [12]clow that isc < vi and v, < kwhich is essential in understanding
why certain physical parameters like, for examgile,mass of the neutrino are small compared tasithe

3.0  Theory of the Left-Right Supersymmetric Model (Lrsusy)
The left-right supersymmetric model is describedt®/group SU(2)x SU(2k x U(1)s.. where B — L is a quantum number
(bayron number minus lepton number) [13, 14]. Tiyelet vector bosonW*, W°) g and the superpartnerd®(1°) are
assigned the gauge groups SUR2Xhe singlet gauge boson V and its superpatfigrassigned to the gauge group Y(3)
; gL, gr andg, are the gauge coupling constant correspondinget@toupssU(2),, SU(2)r andU (1), _, repectively.
Chargino are the mixture of charged gauginos aadhifigsinos fields [15]. In the LRSUSY the Lagrangis given by:
T +

Lchargino = _% (¢+T lp_T) (181 IV(I) ) (i—) +H.C, (3-0)
with the chargino states given by
Yt = (—id) —id ¢y dia KR ) (3.1)
Y~ = (—id] —idg by 70 6T (3:2)
Whereilz—r,R are theSU(2), r gauginos fielddy, ¢3¢, and ¢3, are the charged higgsinos field associated wigmai d-
quarks respectively.
The mass matrix is read directly off the Lagrangiad is given by

M, 0 0 grka

0 My 0 grky
ngu ngp. 0 —H

0 0 —wu 0
M is asymmetric matrix we require two unitary mets U and V to diagonalized M. That can be exprkase

M = (3.3)

UMvV—' = M, (3.4)
The diagonalizing procedures results in the physicargino states given by
xi= Vgl xo = Uy (Lj=1,..4) (3.5)
Whose masses are the positive square root

ME =VM*MV~'= U"MM*(U*)"* (3.6)
Since the matrix V is unitary/(= V1), it is not difficult to from Eq.(3.6) that the folving relation holds
V(M*M) — M3V = 0 (3.7)

Equating the elements of tith row of Eq. (3.7), it yields
[My1 — (MB)i]Viz + My Vip + M3, Vi3 + My, Vi = 0,
My,Vig + [Myy — (MB)]Vip + Ms,Vis + My,Viy = 0,
M3V + MysVip + [M33 - (Mzz))ii]vm + My3Vi =0,
M,V + Mp,Vip + M3, Vis + [M44 - (Mg)ii]vm =0. (3.8)
Theith system of homogeneous liner equations containg thielith row of V and one of the masses. The chargino rsasse
can be determined by solving the eigenvalue equatio

My — (Mp)y Mj, M3y My
M, My, — (M3); 1\2/[32 My, -0 (3.9)
Myz My M3z — (Mp)u M3
My Mz M3, Mys — (MB)y
Substituting the corresponding expressions foiMfjewe get
(MP)E; — a(Mp); + b(MB)F; + c(M§); +d =0 (3.10)

For our specific problem we have that,
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a= (Myy + Mz + My + Myy),
p = (M33M44 + M33Myy + MyMyy — MMy, — M14M41)
—MypuMyy + Moy [Mz3 + Myy + My ’
M;4M33 My, + M14[M22M41 + M33Myy — M21M42] -

C = MypMygMyy+ My [~MyuMyy + My [Myg + M| = |,

My M33Myq + MygMypMyy — MppMyaMyy — M33MyyMyy ( )
3.11

d = (M [M14-[_M22M41 + M21M42] + M12[M24M4-1 - M21M4-4-] + ])
33 Mll[ M24M4-2 + M22M44]
Solving Eq. (3.10), the charginos exact masseyan&brmulas are given by
M)(Ir < M + < MX;- < MX} (3.12)
WhereR represents the value of the real value of thetfanand
1
_ — — (@)
a=JBrv+o), ,8_[——?,6_(6+\/—)3 n=(-43+06%)v= &

2= (a® —4ab —8c),y = (b? + 3ac + 12d),8 = (2b* + 9abe + 27¢? + 27a%d — 72bd), £ = [% —
o ,s=(-o-2o=5

323

4.0 Results

The results of this work are based on the CP-coimggscenarios. The masses of charigino were piesiid 3] numerically.
Appling the same scenario and using the analytihateresults were gotten. The scenario is as shmlow:

TABLE 1: Input parameters for scenari€c, andScpc,

Scenario Mpg M, My, targ,,
Scpey 300 50 50.271 1.6
Scpe, 200 150 80.456 3

All mass quantities are given in Gev. Whafg, denoted the mass of the left-handed gauge boswnniathematical tool
used is MATLAB.
TABLE 2: Chargino masses as a functionudbr scenario input parameter of scendtipc,

uw(Gev) M)hi (Gev) szi (Gev) 1\7%% (Gev) 1\7%} (Gev)
- 200 48.97 110.40 311.15 311.15
- 150 49.17 84.95 277.20 277.20
- 100 51.95 51.95 184.81 300.48
- 50 33.05 33.05 107.45 307.70
0 0 18.63 65.17 308.45
50 33.23 33.23 107.70 307.65
100 52.08 52.08 185.14 300.32
150 49.56 84.88 277.23 277.23
200 49.23 110.41 311.18 311.18

TABLE 3: Chargino masses as a functionudbr scenario input parameter of scenSicjc,

1(Gev) 1\71)(% (Gev) 1\71)(21 (Gev) 1\71)(31 (Gev) 1\71)& (Gev)
- 400 135.13 135.13 465.51 465.51
- 300 119.46 119.46 377.76 377.76
- 200 98.04 98.04 296.74 296.74
0 0 27.40 146.29 237.13
200 98.13 98.13 269.77 269.77
300 119.54 119.54 377.79 377.79
400 135.20 135.20 465.53 465.53
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Figure 3: Numerical result fdifcpc,
Source: Nibaldo AlvarezMoraga (Determining fundamental parameters from the chargino sector in Left-Right
Supersymmetric models (2013))
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Figure 4: chargino massﬁ%xi,i =1,...,4, as functions ofi for scenario input parameters of scenddpc,.
L

The numerical result f6epc,:
Source: Nibaldo AlvarezMoraga (Determining fundamental parameters from the chargino sector in Left-Right
Supersymmetric models (2013))
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Figure 5: Numerical result fdtcpc,
The result of this work was compare with the oneedim [13].

5.0 Discussions

The result of this work follow the same trend witle one done numerical. The graph of this work égarparabolic and
symmetric about the original which is what is expddrom the characteristic equation.

At u= 0, fois equal to 311Gev in Figure 2 and equal to 325@evigure 3, the result Figure 2 is 4.3% lowerntliae

result in Figure 3. Also at = 0,1\71)(% = 0 in Figure 2 but it shifted toward the left asdhbout zero in Figure ﬁx%and'\/?xzi
intercept atw = -100 at the left and = 100 at the right in figure 2 while from Figureﬂ;{% andMXI; intercept afL = - 20 at
the left andu = 60 at the right in Figure 3.

6.0  Conclusion

This work is concerned with the analysis of massdhe left-right supersymmetric model (LRSUSY) tie CP conserving
phase in the chargino sector.

In this work, we have obtained the chargino magsésrms of the analytic expressions. We provedatiieement between
our result with the numerical solution previouslybpshed.

The non-symmetric chargino mass matrix was diagoe@lby constructing two digonalizing unitary medés. The masses
obtained by solving the associated characteristign@mial and plotted as a function of the Higgspavamete.

The graph of this work is more parabolic and symimetbout the original which is what is expecteahirthe characteristic
equation.
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