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We discuss the production of gluino-squark in recently proposed vp colliders taking into con-
. sideration the polarizations of the colliding beams. The discovery mass limits for the squarks and
-~ gluinos are presented and the results are compared with the literature.
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Supersymmetry seeins to be one of the most promising candidates for TeV scale physics beyoud the SM due to
liaving interesting motivations, such as providing the solution of the fine-tunning problem and of the hierarcliy problem
of grand unification [1]. The minimal supersymmetric extension of the standart model leads urcessarily to doubling
of the usual particle spectrum; every particle has a superpartner differing in spin by a half unit and needs two Higgs
doublets to give mass to both up and down quarks. It also predicts that the SUSY partners of the known particles
have masses of not more than | TeV. The production and the detection of SUSY particles have been exteusively
studied in hadron-hadron colliders, ep-machines and ete™ accelerators, but the experimental evidence has not been
found yet. These machines indicate that the masses of squarks and gluinos are mg ; > 130GeV. Ou the other hand,
the experiments at all possible types-of colliding beams should be considered to explore the new physics at the TeV
scale. Consequently higher energy scale should be probed and it is desirable to reach the TeV scale at a constituent.
level. Although HERA, LEP, FERMILAB and LHC should be sufficient to check the idea of low energy SUSY, namely
the scale between 100 GeV and 1 TeV, future ¥p colliders can have promising capasities to search SUSY too.

Recently, in addition to the well known TeV scale colliders such as pp (pp), ep and et e~ machines, the possibilities of
the realization of ye, 4 and yp colliders have been proposed and discussed in detail [2]. The collisions of protons from
a large hadron machine with electrons from a linac is the most eflicient way of achieving TeV scale at a constituent level
in ep collisions [3]. A further interesting feature is the possibility of constructing yp colliders on the base of linac-ring
ep-inachines. This can be realized by using the beam of high energy photons produced by the Compton backscattering
of laser photons off a beam of linac electrons. Actually this method was originally proposed to construct ye and ¥y
colliders on the bases of ete™ linacs [Ginzburg et.al ref.2]. For the physics program at ve and v+ machines see [4,5].
Recently different physics phenomena which can be investigated at yp colliders have been considered in a number of
papers [6-8]. 1t seems that these machines may open new possibilities for the investigations of the Standard Model
and beyond it. For a review see [9].

In the following section we discuss the cross-section for gluino-squark production process al TeV scale polarized
4p colliders and indicate the discovery mass limits for this sparticles under consideration. We also present the
polarization asyminetries as a function of squark or gluino masses. Several SUSY production processes such as
Tp = G X, yp — X, yp — §4X, 7p — §7X (or §%) and yp — §gX have already been discussed [7]. Also scalar
leptoquark productions at TeV energy 4p colliders have been investigated {8].
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II. GLUINO-SQUARK PRODUCTION

In this section, the subprocess ¥ ¢ — § ¢ is considered taking into account the direct interaction of the pliotons
with partons in the proton. The invariant amplitude for this subprocess is the sum of the terms corresponding to
the s-channel quark exchange and u-channel squark exchange interactions. In order to take into consideration the
polarization in the calculation of the differential cross-section we use the density matrices of the colliding beams. For
polarized and unpolarized cases the density matrices of photon is given as follows:

PE:;.)' = "%gm“ unpolurized case (y
l .
PE:Qf = :5(1 + ? : ?)abeg")cﬁ) polarized case ®)

where @ = (0,02, 03) are the usual Pauli matrices and ? = (€1, £2,€3) are Stokes parameters of the backscattered
laser photon. In our calculations we take into consideration only circular polarizations thal is defined by £;. For the
right (left) circular polarization, €2 take the value of +1(—1). e§,°) (a = 1,2) are the polarization unit 4-vectors which
are orthogonal to each other and to the momenta of the colliding particles. Density matrix for the quarks can be
taken in the form of the massless spin 1/2 particles since the mass of quark has been ighored in the calculation of the
invariant amplitude.

I . .
P = Zrp(L£207%) (3)
Here A, refers to the helicities of the quarks inside the proton and takes the values of +1/2(—1/2) for the positive
(or negative) helicity corresponding to the spin direction to the paralel (or antiparallel) of its momentum, T'he
calculation of differential cross-section has been performed in the center of mass frame. One can easily obtain the
total cross-section & for the subprocess under consideration by integrating over ¢:

' 1
G(mg,mg,5,82,Ag) = C;z(l + 2A,) [A(mz,mg, 8) + £2B(my, my, §)] H

liere C is a coeflicient which includes coupling constants and color factor, £ is the helicity for the backscattered laser
photon. For the subprocess cross-section ¢(mj, mgz,3,£2,A;) we can use the following short notations:

N 1 A
o€ =+L A = +5) =04y

1

F(Ea=—1A\g=+5)=6_4

2
I .
&({2 = +l,/\q = —§) =204-.=0
&(Eg:—l,/\qz-—%):—:&-- =0 {5)
From Eq.(4) it can be easily seen that the last two relations in Eq.(5) vanish for Ay, = —1/2. In order to oblain

the total cross-section for the process yp — § § X one should perform the integration over the quark and photon
distributions. After making the change of the variables (8 = z1x25, 2, = z, 22 = y, 2123 = T) to pass to s = s,
from § = s, we can take the limiting values as Zmin = 7/0.83, Zinax = 1, Tmin = (m; + mg)%/s, Tmax = 0.83. Then
one can write the total cross-section for the right circular polarized laser and spin-parallel proton beam polarized
longitudinally as follows:

0.83 1 d i )
om=[ Car [ PO @+ RO ]

+ (=P[O, @4 + 11D )54+ } (6)

where P is the polarization percetage of spin-parallel protons in the beam and f1(y) is the energy spectrum of the
laser photons which is given as follows [Ginzburg et al. in ref.2]:



1 27a? [ 1 4y 4y?
I—y+ - + ;
LW = 570 =y -9 T Ea=y?
y(2-y) ( 2y )] -
— oAy -1 7
(I-y) \¢(1-y) ‘ )
where ( = le,wu/m,,, F" Here A, A, are the linac electron and backscattered laser plioton helicities respectively
and o 1s the total Compton cross section:
o =0+ A\ 0! (8)
2
o T 8 16 1 ]
= — (2 - { 1 1 —— Y
d cms[( c @I+ 1+ C+D7| W
2 g '
y el 2 1 ]
b (24 ) 1)-5 - — 10
’ cmz[( +‘c)"(“’ )T e (1o

In the numerical integration the helicity of the backscattered laser photon, A, is giving by the folowing expresion
[Borden et al. in ref.2]:

Mo(L= 201 =y + LA = )] + Aer¢[L+ (1 = y)(1 = 20)?] o
(I—y+1/(1-y)—4r(l = r) = doder((2r ~ 1)(2 = y)]

lere Ay, A, are the helicities of the first laser plioton and the linac electron, » = y/{(1 —y) and ¢ = 4.8 corresponding

to the optinmum value of yq. = 0.83.

The total cross-section expression in Equ.(6) can be rearranged by considering the distribution of the valance quark
(u-type) inside the proton and written in the form of:

am-':/foudffr dz (= )u+("3)"++} (12)

min /0.83 ra

’E?.(AO; Aer y) =

where w}, u-type valance quark distribution with the positive helicity is defined by the suin of the nonpolarized and
difference polarized quark distributions :

1
u;;’.(x) - Ij(unp + Aupol)- (i';]

After inserting this expression into the Eq.(12) then it can be written as

OR} = /f...;, dr/ﬂ“a " {f+( -3 (u,.p+Aupo,)a++} ()

For the polarized and unpolarized valance quark distributions in the above expression, the following relations have
been used taking from [10].

Unp(z) = 2.75127041%(1 - £)*° (15)
Dpai(2) = 2.139203(1 — 2)24, (16)

After the numerical calculations we get the production cross sections for the gluino-squark process and show the
dependence of the total cross sections on the masses of the SUSY particles for various proposed ~p colliders in
Figs.1(a-c}) and Figs.2(a-c). The upper mass limits for SUSY particle can easily be found from the figures by usiug
the hnmninosities given in Table 1. These values are calculated by taking 100 events per running year as observation
limit, for SUSY particle and tabulated in the same table.

Furthermore it is possible to look for the polarization asymmetries as a function of the sparticle mass which can be
useful for determination of the mass parameter. Asymmetry with respect to the polarization cases of the laser beam
is defined by the following relation

App=B1"9L1 (17)
ORy+ 0Ly
Oune can also consider the another asyminetry defined by using the results of the up and down polarized proton heains
as follow:
OR| — OR|
TRt + ORI

A11'= (ih)

In Figs.3(a-c) we have presented the results of the polarization asymmetry with respect to the lefi-right polarized
laser heams.



II1. SIGNATURE AND CONCLUSION

One characteristic feature of the R-parity conserving supersymmetric processes is the large missing energy. Usually
the photino and sneutrino are taken as the lightest SUSY particles and will not be observed. The possible decay
modes of squarks and gluinos depend on the mass spectrum and on the coupling constants. The gliino will decay into
asquark and antiquark. ‘The squark will mainly decay into a quark and a photino. There are also possible decays of
the squark into a wino or a zino with the less branching ratios. One possibility of the decay of zino ix the decay into a
neutrino and a sneutrino. According to the results of decay channels, the signature for the process yp — 4.\ miglt
be in general multijets + large missing energy and missing ppr. The definite polarization asymimnetries associated with
the missing energy and mormentum may help in separating these events from the hackgrounds.

In conclusion, our analysis shows that the future yp colliders can have considerable capacities in addition to the
well known pp and e*e™ colliders in the investigation of supersymmetric particles.
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FIG. 1. (a-c) Production cross sections for gluino-squark as a function of their masses for various colliders. Each figure
corresponds to right circular polarized laser and spin-parallel proton beam polarized longitudinally.
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FIG. 2. (a-c) Production cross sections for gluino and squarks as a function of their masses for various colliders. Each figure
corresponds to right circular polarized laser and spin-parallel proton beam polarized longitudinally.
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FIG. 3. (a-c) Left-right asymmetry versus sparticle masses for different vp colliders

TABLE 1. Parameters of different qp colliders and discovery mass limits for scalar quarks and glainos. (Note:

\/‘:;:;;:"“”; b ".9‘1/3”1)

. Se Ly ma=1ug| - mg = (.10 s = 0,10
Machines (4:‘;/) (1(;mcm'23"') (TeV) ’ my (TeV) mi {(IeV)
HERA+LC 1.28 25 0.17 0.32 021
LHC4+TESLA 5.55 500 0.77 1.90 1.05
LHC+e-Linac 3.04 500 0.53 1.22 i 075

4

10



