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We discuss the production of gluillo-squark ill recently proposed 'YP colliders takiug into con\D. 
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. ~ , 

I. INTRODUCTION*, I 
SuperSYllllnetry seems to be oue of the most promising candidates for TeV scale physics Iwyolld 1.1)(' SM due (.0 

... having interesting motivations, such as providing the solution of the fine-tunlling problem and of t.he hit'l'a.l'clty prohlelll 
_roll or grand unification (1]. The minimal supersymmetric extension of the standart nlodelleads lwt'f'ssarily t.o doubling 
=~ of the usual particle spectrum; every particle has a superpartller differing in spin by a half unit. and needs t.wo Higgs 

• ~ doublets to give mass to both up and down quarks. It also predicts that the SUSY partners of the known particles 
~!!!!!r- have masses of not more than 1 TeV. The production and the detection of SUSY particles haVt~ been ext"llsively 
j-g studied ill hadron-hadron colliders, ep-machines and e+ e- accelerators, but the experimental eviciellce Ita." not beell 
~!!!!!!o found yet. These machines indicate that the masses of squarks and gluinos are mi.i ~ l:JOf:cV. 011 the ot.her haud, 
-;: the experiments at all possible types 'of colliding beams should be considered to explore the new physi('s at t.IH~ TeV 
i!!!M scale. Consequently higher energy scale should be probed and it is de.sirable to reach the Tt~V sralt, al. a. ('onstit.t1enl.=0 level. Although HERA, LEP, FERMILAB and LHC should be sufficient to check the idea oflow ew'rgy SUSY, nanlt'ly 
-- the scale between 100 GeV and 1 TeV, future "YP colliders can have promising capasities to search SlJSY t.oo. 

------~-~ Recently, ill addition to the well known TeV scale colliders such as pp(pp), ep and e+c- machines, the possibilit,ips of 
the realiza.tion of "Ye, "Y"Y and "YP colliders have been proposed and discussed in detail [2]. The collisions or protons fWIll 

a large hadron machine with electrons from a linac is the most efficient 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 t.he hase of linac-ring 
cp-machille.s. This can be realized by using the beam of high energy photons produced by the Compton backscatt.eriug 
of laser photons off a beam of linac electrons. Actually this method was originally proposed to construct. "Ye and "Y1' 
colliders on the bases of e+e- linacs [Ginzburg et.al ref.2]. For the physics program at "YC and "Y1' 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], it seems that these machines may open new possibilities for the investigations of Ule Standard Model 
aud beyond it. For a review see [9]. 

III the following section we discuss the' cross-section for gillino-squark production process at. 'feV scale polarized 
11' collitlers and indicate the discovery mass limits for this spartides under consideration. We a.lso presput. t.Iw 
polarizat.ion asymmetries as a func.tion of squark or gluino masses. Several SUSY production pl'ocesst$ such H...'i 

"Yl' - qwX, "Y1' -+ wwX, "YP -+ ijqX, 1'P -+ iFiX (or ijz) and "YP -+ qgX have already bt>en disCllSSI."d [71. Also scalaI' 
Ipptoquark productions at TeV energy "YP colliders have been invest.igated [8]. 
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II. 'GLUINO-SQUARK PRODUCTION 


In this st~cLion, the subprocess 'Y q --+ ij 9 is considered taking into account the dirf'!r.t. illl.era,dioll of t.he phot.olls 
with partoHs ill the proton. The invariant amplitude for this subprocess is the sum of Ule terms correspondillg 1,0 

thf'! s-channel quark exchange and u-channel squark exchange interactions. In order to take into considera.tion t.he 
polarizat,ion in the calculation of the differential cross-sect.ion we use the density matrices of the colliding hearus. For 
polarized and unpolarized cases the density matrices of photon is given as follows: 

( 1) 

Ph) = !(1 +7 .7/) be(a)e(b) polarized case (2)1'1" 2 '- a I' 1" 

where 71 = (0"1,0"2,0'3) are the usual Pauli matrices and e= (6, ~2' e3) are Stokes parameters of the backscatt.ered 
laser photon. In our calculations we take into consideration only circular polarizations that is defined by 6. for the 
right (left) circular polarization, {2 take the value of +1(-I). e~a) (a =1,2) are the polarization unit 4-vedors which 
are orthogonal to each other and to the momenta of the colliding particles. Density matrix for the quarks call be 
taken in the fornl of the ma.ssless spin 1/2 particles since the mass of quark has been ignored in the calcula',iun of the 
invariant amplitude. 

Bere Aq refp.rs to the helicities of the quarks inside the proton and takes the values of +1/2(-1/2) for t.lw positive 
(or negative) helicity corresponding to the spin direction t.o the paralel (or antiparalld) of its IUOllleuLUlll. Till' 
calculation of differential cross-section has been performed in t.he center of ma.'3S franif'. OUt' (',all t>a::-:ily oht.aill tit" 
t.otal cross-section & for the subprocess under consideration by integrating over i: 

a(III;. III •• 8.6. A~) = C4(J +2'x.)[A(m;. III •• s) +68(111;. III •• s)] (,1 ) 

lwre C is a coefficient which includes coupling COllstallts and color factor, {2 is the helicit,y for the backscat.t.ered laser 
photon. For the subprocess cross-section &(mq, mg, S'~2' Aq) we can use the following short, notations: 

&({2 =+1, Aq =+4) == &++ 

&(~2 =-1,Aq = +~) == &_+ 

d(~2 = +I,Aq =-~) == u+_ =0 

&({2 =-I, Aq =-~) == u__ =0 (5) 

From Eq.( 4) it can be easily seen that the last two relations in Eq.(5) vanish for Aq = -1/2. III oflh~r to obt.ain 
the total cross-section for the process "tP -+ q g X one should perform the integration over the quark a.nd photon 
distributions. After making the change of the variables (8 = XIX2S, Xl = X, X2 = Y, XIX2 = T) t,o pass to .Ii = '''~p 
from S =s-yq we can take the limiting values as Xmin = TIO.83, Xmax = 1, Tmin = (n1g + rn9)2/5 , Tml.\X =0.8:1. Theil 
one can write the total cross-section for the right circula.r polarized laser and spill-parallel proton beam polariz(~d 
longitudina.lly as follows: 

(G) 

where P is the polarization percetage of spin-parallel protons in the beam and n(y) is the energy spectrum of the 
laser photons which is given as follows [Ginzburg et al. ill ref.2]: 
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'"'( ( I 21r02 [ I 4y 4y2
f ± y) = --- I - y + -- + ~-----,,-

0' (m~ 1 - y «1 - y) (2{ 1 _ y)2 

y(2 - y) (2Y )]
7'" ..\e A'"'( (1 _ y) «(1 _ y) - 1 (7) 

wlwre ( =4E/!,wu/m;, y =r. Here Ae,..\'"'( are the linac electron and backscattered lasN phot.on hl>li('.it.it~S rl'slwdivl'ly 
and ('f is tht:' tota.l Compton cross section: 

0' = 0'0 + ..\e..\'"'(O'I (X) 

° 1r02 [ • 8 16 16 1] 
0' = (m~ (2 - (' - (2 )/71« + 1) + 1 + - « + 1)2 

1r0'2 [. 4 2 1]
0'1 = (m; (2~(')/u«+I)-5+«+1) «+1)2 ( 10) 

III t.Iw IIIlItH'rical int,cgratioll tlte helicity of the hacks(',attered Jaser photon, A'"'( is giviug hy t.Ilt' folll/willl!; l'xpr(~Sillll 
[BordE.'1l p{. al. in ref.:l]: 

e. (A A ) _ Ao(l- 2r)[l- y + 1/(1- y)] + ..\e1·([1 + (I - y)(l - 21·)2] 
( I I ) 

20, tt,Y - [1-y+l/(I-y)-4r(I-")-Ao..\e r«2r-l)(2 y)]' 

Here Au. A" are the helicities of the first laser photon and the lillac electron, " =y/« I -]I) alit! ( = 'i.X ('ol'l'('spondiu,.; 
(,0 the optimulll value of yma~ =0.83. 

The ..ot.al cross-section expression in Equ.(6) can be rearranged by (',onsidering the dist.ribut,ioll or tilt' valanCf' qu;trk 
(II-t.ype) inside t.he proton and written in the form of: 

dz {T
O'Rt = 10.83 

dT 
11 

- n(- )ut(x)ir++
} ( ] :l) 

TmiD T 10.83 X Z 

where ttt, u-type valance quark distribution with the positive belicity is defined by the SUlB of tIte llollpulari~f'd alld 

difference polarized quark distributions 

ut (x) = ~ (unp +6.Upol ). ( l:~ ) 

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

( (1) 
TmiD TIO.1Io3 X Z N 

O'Rt =1°·83 dTl1 ~x {n('!:.)A(unp + 6.UP(1)ir++} . 

For the polarized and unpolarized valance quark distributions in the above expression, lhe fulluwiJl~ n'latiou:o; havp 
been used taking from [10]. 

unp(Z) =2.751x-0.412(1 -: z)2.69 ( I f») 

6.upol(Z) = 2.1:J9z-o.2 (1 - ;c)2.4. ( I ()) 

After t.he numerical calculations we get the production cross sections for the gluino-squark process and show tilt' 
dependence of the total cross sections on the masses of the SUSY particle.s for various proposed 11' ('ollidt'rs ill 

Figs.l(a-c) aud Figs.2(a-c). The upper mass limits for SUSY particle can easily be found from t,he:> figures by using 
thpluminosit.ies given in Table 1. These values are calculated by taking 100 events per running yea.r as ohsprvatioil 
Iilllit. for SUSY particle ami tabulated in the same tab,le. 

Furt.hermore it is possible to look for the polarization asymmet.ries as a function of the spartide mass which can tH' 
useful for detennination of the mass parameter. Asymmetry with respect to the polarization ('ases of t.llf' la.,!pr \Watl! 

i:-; df'fined hy the following relation 

( 17) 

(}IH~ can also consider the another asymmetry defined by using the results of the up and down polarizPd prot.on heallls 
as follow: 

A - O'RI - O'RI ( I X)
H - 0'RI' + 0'III . 

III Figs.;~(a-(',) we have presented the results of the polarization asYlnmetry with resped to tilE:' left-right polariz('d 
Ia.ser beams. 



III. SIGNATURE AND CONCLUSION 

OIW cilaract.Nistic feature of the R-parity conserving supersymmetric processes is t.he large rnissill~ ('lIf'l'gy. 11~lIally 
t.lw photino a.nd snt~utrino are taken as the lightest, S USY particles and will not. he observed. Tltl' possi hit" dt'cay 
modes of sqllarks and gluinos depend on the mass spedrum and on the coupling constants. Thf' gillinn will d('cay illto 
it sqllark alld alltiqllark. The sqllark will mainly decay int.o a quark and a photino. Then' aw also possihll' <it'cays of 
tlH~ squark int.o a. wino or a zino with the less branching ratios. One possibility of the decay of l.illl) is 1.111' di'cay into a 
neutrino and a sneutrino. According to the results of decay channels, the signat.ure for the process 11' -. (i!/X I1li~ht 
he ill gPllerallllult.ijet.s + large missing energy and missing PT. The definite polarization asYIHmetrit's associatl'd wit.h 
the missing tmergy and momentum may help in separating these events from the backgrounds. 

In conelusioll, our analysis shows that the future 11) colliders can have considerable capacit.ic's ill ..ddit.ioB t.o t.lat· 
well known pp and t'+ P,- colliders in the investigation of snpersymmet.ric particles. 
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FIG. 1. (a.-c) Production cross sectioll~ for gluillo-squark as a fuuction of their masses for various colliders. Ea.ch fiJ;IIH' 

corresponds to right circular polarized laser and spiu-parallel proton beam polarized longitudinally. 
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Fig.2c 

FIG. 2. (a-c) Production cross sections for gluino and squarks as a function of their masses for various colliders. Each fi~llre 

corresponds to right circular polarized laser and spin-parallel proton heam polarized Ipngitlldinally. 
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FIG. 3. (a-c) Left-right asymmetry versus sparticle masses for different "'(1) colliders 

TABI,IE I. Parameters of different 'YP colliders a.nd discovery mass limits for scalar quarks and glllinos. (Note: 
~'frICl:1; = n.91 vs.:;) 

I--

Machines 

-
V;;;
(TeV) 

C"YP 

(1030 cm,-2 .,,-1) 
mu = 'I"g 
(Te.V) 

m" lUll 

my (TeF) 
IIIg = 11.111 
mj, (1't'\/) 

HERA+LC 1.28 25 0.17 n.32 Il.:!l 
LHC+TESLA S.SS 500 0.77 1.90 1.0!'i 

LHC+c~-Lillac 3.04 500 0.53 1.22 11.7:' 
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