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section is evaluated in specifics by numerical integration over the kinematically allowed range. Three

values for the parameter tanf (5, 15, 35) have been used to study the production process with a
proposal mass parameter M (150, 300 GeV). It was found that the dominant production can reach about
107* pb in the allowed range of parameters. The maximum cross section achieved reaches the value
1.6853 x 107° pb for tanf = 5 and M2 = 300 GeV at a center of mass energy, Ecy = 880 GeV for the
diagram no. 2 which proceeds through the photon propagator, y. A maximum of 1.0836 x 10" pb was
obtained for tanf = 15 and M2 = 300 GeV at a center of mass energy, E¢y = 860 GeV for the diagram
no. 28 which proceeds through the exchange of the scalar neutrino propagator, v,. For tanf = 35 and
M2 =300 GeV at a center of mass energy, Ecy = 900 GeV, the cross section obtained, reached the value

1.8623x107* pb.

Keywords: MSSM model/ Higgs Boson/ Neutralino/ Charged Higgs.

Introduction

The phenomenological predictions of
supersymmetry (SUSY) may be divided into three
categories [1, 2, 3]:

1. Reflections of super symmetric lagrangian
in the Standard Model (SM) [4, 5, 6, 7]
phenomenology, including  relations
among the gauge coupling constants from
supersymmetric®®*°grand unification and
the presence of a heavy top quark and light
Higgs scalar;

2. The prediction of new particles with the
correct spin and quantum numbers
assignments to be super partners of the
standard model particles; and

3. Well-defined quantitative relations among
the couplings and masses of these new
particles.

While the predictions of (1) are of great interest,
their verification is clearly no substitute for direct
evidence. The discovery of a large number of
particles in category (2) would be a strong support

for supersymmetry. On the other hand, the most
compelling confirmation of supersymmetry would
likely be the precise verification of the relations of
category (3). This would be especially true if,
initially, only a small set of candidate
supersymmetric partners are observed.

Most discussions of supersymmetry at future high
energy colliders have concentrated on the question
of particle searches. From one point of view, this is
reasonable, because the existence of
supersymmetric partners is unproven and this is a
prerequisite for any further analysis. On the other
hand, the discovery of the first evidence for
supersymmetry, or for any other theoretical
extension of the standard model, will begin a
program of detailed experimental investigation of
the new sector of particles required by this
extension.

Supersymmetry provides a particularly interesting
subject for studies of the detailed analysis of
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physics beyond the standard model. Super
symmetry are weakly coupled, and so their
consequences can be worked out straightforward
using perturbative computations. At the same time,
supersymmetric models depend on a large number
of unknown parameters, and different choices for
these parameters yield qualitatively different
realizations of possible new physics. Thus the
phenomenology of supersymmetry is quite
complex. Eventually, if supersymmetry does give a
correct model of nature, the colliders of the next
generation will be expected to determine the
supersymmetric parameters, and their values will
become clues that take us a step closer to a
fundamental theory.

In the minimal supersymmetric extension of the
standard model, MSSM, among the lightest
supersymmetric particles there are four neutralinos
(the super symmetric partners of the neural
electroweak gauge and Higgs bosons). In most
scenarios, apart from the lightest supersymmetric
particle (LSP), which is in general assumed to be
the lightest neutralino () (stable and invisible),
the particles that could be first observed at future
colliders are the next-to-lightest neutralino (¥3)
and the light chargino (7;°)"***3. Therefore, any
reasonable large supersymmetric signal must
involve either the second lightest neutralino (%)
or the lighter charginos ()Zli). In general, we cannot
assume that the second lightest neutralino is
heavier than the lighter chargino, since, m)~(314 is

not independent of Mo and UCES In fact, in the

region of parameter space in which charginos
production is accessible to the future e~ et
colliders, ¥4 and Mg« are very roughly degenerate,

with the mass difference typically in the range
—10GeV < myg — Myt < 20GeV.

When mys < My, it is possible for the lighter

chargino to decay through cascade decays to a i3,
which in turn decays to an LSP.

The e~ e™ colliders have been playing
complementary roles to the hadron colliders in
supersymmetry searches. In general, e et
colliders have reasonable signal rates in a clean
environment with a definite center-of-mass energy,
enabling us to perform precision measurements of
particles’ masses, lifetimes, and various different
cross-sections, while hadron colliders provide
opportunities to quickly survey high energy
frontier. In particular, the production of ¥ ¥ pairs
at e~e*colliders could allow the study of a wide
region of the supersymmetry parameter space.

Owing to the relatively large cross-section of two
body final state reactions, they can be used to
search for supersymmetric particles with masses
up to the beam energy. In this study, the
production of certain three body final state
reactions are calculated to improve the sensitivity
in searching for supersymmetric particles.

The production of a charged higgs boson

The total cross section for the process
e~ (pre*(p2) » H (p3) X (077 (ps) for
different topologies and propagators are calculated
and represented graphically. There are 28 different
Feynman diagrams (tree level approximation) for
which we gave the matrix element corresponding
to each diagram these are printed in figure 1.
Diagrams with the same topology that can be
obtained by changing the indices are represented
once in these figures.

The following is the set of Feynman diagrams
which were used to calculate the cross section of
the associated production of a charged Higgs
boson with a chargino and a neutralino. Our
momentum notation e~ (p;), et (py), H (p3),

X1 (ps) and 37 (ps):

Matrix elements

The following is the set of matrix elements
corresponding to the Feynman diagrams in figures
1 used in our calculations:

M; = 7(p) Ay, u(P) P (1 + p2)] (3 + pa — Ps)y D+ (03 + p) U (pa) (Q5 P, + QF Pr)v(p3)

M, = v(py) Ay, u(p)B" (p + P2)u(p)Vy,Dyi (p3 + P4)(P3 t Py t+ myfr)(QiLj P, +Qf Pr)v(p3)
M; = 7(p)v, (B*P, + BRP)u(p) P}” (p1 + p) H(py + o) Dy+ (ps + P4)ﬁ(p4)(QiLj P+ Q{;PR)V(?%)

Mys = v(p)y, (B*P, + BRP)u(p)P;” (py + p2)u(P4)v, (WijLPL
(ps + Pa+mys ) (Qh P +Qf Pe)v(P3)
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wherek=1, 2

Me789 = 7(02)vu (B*P, + B P )u(p) " (01 + p)v(03)yu (S + S;¥5) Dy (P4 + ps)
(ps +ps +myp ) (QL R, + QF P )T(ps)

wherek=1,2,3,4

M10,16,17,18,19,24-,25,26 = 17(1’2) (N

+ NU YS)V(P3)Deh (p —

p3)u(P4)(Q P+ Q )

Do (ps +ps) (p3 + ps5 + myo )(Nh] + Nh, ¥s)u(py)
Mi11213,1420,21,22,23 = V(Pz)(Nhj + Nhj Vs) (P4 +ps + my;;) Do (ps + ps)u(ps)

(Qkp, +

wherek=1,2,3,4andh=L, R.

My 8 = 17(1’2)(7}LPL + TiRPR)V(p3)De'R (p2 —

Q¥ PR)Déh (1

p3)u(P4)(Q B+ Q

- P3)V(P3)(Nhj + N};j Vs)u(P1)

2) (Pa + s +myy )

Dy (ps + ps) (TP, + T P )u(p,)
wherek =1, 2
M5 = V() TR Prv(p3)Ds, (0, — P3)L(p1 + P2 — Pa — P3) Dy, (P1 — Pa)U(ps)
(THP, + TR P )u(py)

and
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Fig. (1): Feynman diagrams for the reaction: e~ (p,)e*(pz) = H (p3) 1 (p) ¥ (ps)
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Cross sections

In order to calculate the differential cross sections,
and hence, the total cross section, we need first to
obtain the squared matrix element for each
Feynman diagram, the use of the trace theorems
was made. Later, an average over the initial spin
polarizations of the electron and positron pair and
the sum over the final spin states of the outgoing
particles arising from each initial spin state is

carried out. The total cross section as a function of
the center of mass energy is then calculated.

Calculations [13, 25, 27] were done for the
following cases: tanf = 05, tanf = 15 and tanf
= 35 where M2 = 150 or M2 = 300 for each case
of tanf. All the results are given, but we choose, as
examples of our calculations, the first case, the
lowest case, the higher tow cases and finally the
total cross section in the following figures.
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Fig. (2): Cross sections for diagram no. 1 in figure 1
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Fig. (3): Cross sections for diagram no. 5 in figure 1 (the lowest)
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Fig. (4): Cross sections for diagram no. 7 in figure 1 (the 1° highest)
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Fig. (5): Cross sections for diagram no. 28 in figure 1 (the 2"® highest)
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F|g (6): Total cross section for the reaction e~e* — H %1%

Conclusion

Results of the previous section are summarized in
table 1 for M2 = 150 GeV, and table 2 for M2 =
300 GeV. From these results, it is clear that the
reaction is most probably to proceed through
diagram no. 5 through the exchange of a Z boson.
The maximum cross section achieved reaches the
value 3.4611 x 10™ pb for tanf =5 and M2 = 150
GeV at a center of mass energy, Ecy = 560 GeV.
A maximum of 3.0094 x 10 pb was also obtained
for tanf = 15 and M2 = 150 GeV at a center of
mass energy, Eqy = 560 GeV and again for the
diagram no. 5. For tanf = 35 and M2 = 150 GeV
at a center of mass energy, E-y =580 GeV, the
cross section obtained, reached the value 2.5145 x
10~ pb.

The maximum cross section achieved reaches the
value 1.6853 x 10 pb for tanB =5 and M2 = 300
GeV at a center of mass energy, Ecy = 880 GeV
for the diagram no. 2 which proceeds through the
photon propagator, y. A maximum of 1.0836 x 10
pb was obtained for tanf = 15 and M2 = 300 GeV
at a center of mass energy, E¢-); = 860 GeV for the
diagram no. 28 which proceeds through the
exchange of the scalar neutrino propagator, v,. For
tanf =35 and M2 = 300 GeV at a center of mass
energy, Ecy = 900 GeV, the cross section
obtained, reached the value 1.8623x10™* pb for
diagram no. 28, total cross section achieved the
following values:

1. For tanf = 5 and M2 = 150, 0,,,, = 7.8383 x 10* pb at E.,, = 720 GeV.
2. For tanpB = 15 and M2 = 150, 6,,,,, = 5.2422 x 10 * pb at E,, = 820 GeV.
3. For tanp = 35 and M2 = 150, g,,,, = 4.3095 x 10™* pb at E,,, = 800 GeV.
4. For tanf =5 and M2 = 300, g,,,, = 3.3550 x 10 * pb at E,, = 1080 GeV.
5. For tanB = 15 and M2 = 300, g,,,,, X = 8.8536 x 10" pb at E,, = 960 GeV.
6. For tanp = 35 and M2 = 300, 6,,,, = 1.3291 x 10 pb at E, = 940 GeV.
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Table (1): Summary of the results obtained for the reaction,
the reaction, e~ (py)e* (p2) » H™(p3)¥1 (04X (ps) for M2 = 150 GeV

for M2= 300 GeV

Table (2): Summary of the results obtained for
e~ (pye*(p2) > H (p3)X1 (p)X1(@s)

Fig Otan =5 Otan p=15 Otan =35 Otan p=5 Otan =15 Otan =35
" Eor o (Ph) En | o(PD) Eew | o(P) Ecm a(Pb) Ecm | o(Pb) | Ecm a(Pb)
: ~ ~ ~ 1460 2.842¢° | 1580 | 2.674e® | 1640 | 2.623¢®
1 | 1040 1.578e76 1140 1.591e’6 1160 1.642e76 880 Toas® | 880 | 222005 | 860 | 2.2816°
2 | 900 2'0299_7 880 2'6319_7 920 2‘7936_7 1560 | 4.106e” | 1560 | 3.856e7 | 1560 | 3.785¢”
3 | 1080 2.285e-6 1140 2'30%.6 1120 2.284e_6 860 853105 | 860 | 1130° | 840 | 152265
4 860 1.884e74 840 2.498e74 860 z.tsezer4 720 684365 | 720 | a63e° | 700 | 79715
5 | S60 3'461979 560 3'009979 580 2‘514879 1280 | 2.079¢° | 1300 | 2.293¢° | 1360 | 2.25¢°
6 | 1000 5'3219_10 1060 7'9599_10 1060 8‘5898_10 1280 | 8.528¢™° | 1300 | 9.619¢™ | 1260 | 9.378¢™
7 | 1000 z.zose_4 1060 | 5.132e - 1060 6.747e_5 980 somse” | 980 | 638" | 960 | 227087
8 | 50| 4% | 500 | e | 000 | 325 1060 | 2.082¢° | 1100 | 2.772¢® | 1120 | 2.789%°
O 720 | LS | 70 | S2le | MO | SI07e 1660 | 3.636e” | 1560 | 5.143¢7 | 1680 | 5585¢”
10 | 1480 8.854e76 1500 6.575e77 1480 5.211e77 1520 Toste” | 1260 | Lsose” | 520 | 102
11 | 1420 1.2849-7 1420 9.6559j7 1460 7.943e_7 1260 s7a56" | 1400 | L172° | 1200 | L3226
12 | 780 6'453e_5 80 | 207e - 940 | 1 1996_5 1220 | 4.413¢® | 1280 | 5.285¢° | 1280 | 5.393¢®
13 ] 800 2'65%78 800 2'125?10 780 1'604§10 1260 | 5.885¢° | 1280 | 8.087¢ | 1280 | 1.541¢™
14 | 1160 1.0009_9 1160 | 9.325e . 1160 1.491e_g 1620 93896 | 1220 | Loaae® | 1240 | 2.0876°
15 | 1200 | 3.526e 1020 | 3.486e 1040 | 3.04e 1200 18500® | 1120 | 21336 | 1120 | 2.061e®
16 | 1080 | 7.656e® | 1040 | 6.83%® | 1040 | 5.885¢° 3 5 5
1180 1.142¢®° | 1120 | 2.566e° | 1100 | 3.071le
17 760 6.112¢7 | 800 | 1.673¢7 | 820 | 8.377¢® 3 " v
1020 1.711e® | 1060 | 2.21e 1080 | 2.152e
18 800 2.614¢® | 780 | 2.092e-5 | 800 | 1.575¢° 5] 7 S
1640 3.025¢7 | 1240 | 4.192¢7 | 1200 | 5.023e
19 | 1180 | 1.320e® | 1060 | 3.037¢® | 1040 | 4.102¢° 3 5 5
- - - 1160 1.030e® | 1140 | 8.158¢° | 1140 | 7.037e
20 | 1060 1.126e-7 1060 1.357e-7 1020 1.364e_7 1160 1289° | 1120 | 25786 | 1160 | 2.991e°
2L | 70 | 086 | %00 | 4053 | 620 | 2527 1020 | 41847 | 1040 | 3.987¢” | 1060 | 3.703¢”
22 | 760 | 981 | 70 | 4295 | 780 | 40%% 1600 | 1.170e° | 1660 | 1319¢° | 1640 | 1.344e”
23 | 1440 3'303: 1420 5'71%.6 1460 7.043e_6 1520 93780° | 1500 | 5.7656° | 1580 | 2.795¢%
24 | 1440 1.885e76 1420 1'913e,7 1460 1.844e77 1480 —o120® | 1200 | 11800” | 1480 | L2sae”
25 | 780 | 1023 | 880 | 5010 | 960 | 3607 1300 | 1.078¢° | 1300 | 9.946e” | 1320 | 9.304e”
26 820 3.58¢ 820 | 4.361e® | 820 | 4.087¢® 3 " %
1040 3.965¢® | 1040 | 6.312¢® | 1060 | 6.788e
27 | 1120 | 4.403¢7 | 1040 | 7.352¢7 | 1080 | 8.531e¢” 3 ” v
880 1.599 860 | 1.084e 900 | 1.862
28 800 3.304¢* | 780 | 2.366e* | 800 | 1.849%™
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