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Sfermion pair production in polarized and unpolarized yy collisions
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We calculate total and differential cross sections for the production of sfermion pairs in photon-photon
collisions, including contributions from resolved photons and arbitrary photon polarization. Sfermion produc-
tion in photon collisions depends only on the sfermion mass and charge. It is thus independent of the details of
the SUSY breaking mechanism, but highly sensitive to the sfermion charge. We compare the total cross
sections for bremsstrahlung, beamstrahlung, and laser backscattering photons to #itse annihilation.

We find that the total cross section at a polarized photon collider is larger thas' the annihilation cross
section up to the kinematic limit of the photon collider.
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I. INTRODUCTION LEP2 it is well known that photons will be ubiquitous at

Among the possible extensions of the standard modefuture lepton colliders due to bremsstrahlung and beam-
(SM), supersymmetri€SUSY) theories have a variety of at- strahlung effects. Furthermore, it has been proposed to back-
tractive features: They can solve the Higgs hierarchy puzzlescatter laser photons from the lepton beams in order to build
break electroweak symmetry radiatively at low energies, an@ collider with high-energetic and almost monochromatic
explain the unification of gauge couplings at a high energyphoton beam$2]. Photon colliders have similar advantages
scale. A necessary condition for these arguments to be valids lepton colliders: In energy scans the initial photon energy
is that SUSY s realized in the region of the electroweakis known, although only ta- 15%, and the final state can be
scale. This makes the search for supersymmetry one of tieompletely reconstructed.
most important tasks at future high-energy collider experi- Sfermion production in photon collisions has been consid-
ments. ered previously either with bremsstrahlung photfd] or

If SUSY is realized at the electroweak scale, most of thewith laser photons, where the center-of-mass energy depen-
SUSY partners of the SM particles will be discovered at thedence for fixed sfermion mass was analyzef5i] and the
high center-of-mass energies available at the next generatigiiermion mass dependence for a fixed collider energy of 1
of hadron colliders, i.e., at run Il of the Fermilab Tevatron or TeV in [7,8]. The production of bound squarkonium states
at the CERN Large Hadron CollidétHC). After this dis- was considered if9] for bremsstrahlung photons and[it0]
covery stage it will be important to analyze the properties offor photon colliders.
these sparticles and to check whether they have the correct In this paper we present the first complete analysis of
quantum numbers to be partners of the SM particles. sfermion production in photon-photon collisions from

While hadron colliders have the advantage of large availbremsstrahlung, beamstrahlung, and laser backscattering, in-
able center-of-mass energy, they also have serious disadvagiuding resolved photon processes and polarization effects.
tages: First, they produce enormous backgrounds from SMVe compare the total cross sections directly to those in
processes making it difficult to distinguish the signal frome*e~ annihilation and also present differential cross sec-
the background. Second, the remnants of the initial hadrongons. A FORTRAN program to generate total or differential
make it impossible to reconstruct the full final state. Third,cross sections for any sfermion type in polarized or unpolar-
the energies of the partons initiating the hard scattering arized photon-photon collisions or ie*e™ annihilation is
unknown so that an energgnas$ scan becomes impossible. available from the authors upon request.

In e*e” annihilation, the full center-of-mass energy par- In Sec. Il we review for completeness the unpolarized
ticipates in the hard scattering and is precisely known, angthoton spectra coming from bremsstrahlung, beamstrahlung,
the final state consists of a small number of high-energeti@nd laser backscattering and update them using the latest
particles. The precision studies following upon the SUSYlinear collider design parameters. In Sec. Il we present our
discovery stage are therefore the natural domain of highanalytical and numerical results for sfermion production in
energy lepton colliders. Important information on the SUSYunpolarized photon-photon collisions and compare them to
parameters can be gained from the SUSY mass spectrum:those ine” e~ annihilation. Section IV contains a discussion
will be important to know whether all sfermions, squarks andof polarized photon spectra. In Sec. V we calculate analyti-
sleptons, or those of the same generation, have identicgglly and numerically total and differential cross sections for
mass parameters and/or gauge couplings, how large the digfermion production in polarized photon-photon collisions.
ferences and ratios among them are, or how much the lef@ur conclusions are given in Sec. VI.
and right-handed squarks or sleptons are mixdd

Currently several lineae"e™ colliders in the 500—3000
GeV center-of-mass energy range are under design in various
international collaborations. From previous experience with High energy electron-positron colliders are abundant
existing lepton colliders such as the CERNe™ collider  sources of photons due to the presence of three photon pro-

II. UNPOLARIZED PHOTON SPECTRA
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duction mechanisms: bremsstrahlung, beamstrahlung, and la- TABLE I. Current design parameters for possible future linear
ser backscattering. While the first two radiation processesolliders.
occur at any circular or linea™ e collider, albeit at differ-

ent levels, laser backscattering requires additional laser Collider TESLA JLC NLC CLIC
beams and focusing mirrors, which may also interfere with Last update 8/98  9/99 12/98  9/99
the design of the detectors. These modifications still POSE-~cnter-of-mass energBeV) 500 500 500 500
technical difficulties, and they will also increase the cost of
Particles per bunch (16) 2 111 095 0.4
such a “photon collider.” (m) 553 318 330 202
Bremsstrahlung can be conveniently described through an Ix 5 43 49 25
approximation of the complete two-photon processe™ ay (nm) 400 2'00 1'20 :;,0
—e"e X. The outgoing photon spectrum is given by the 7z (mm)
Weizszker-Williams formula[11] Y 0038 0.074 0.101 0.280
Center-of-mass energyseV) 800 1000 1000 1000
cbremg )_ 1+(1-x)2 Qma>é(1 X) Particles per bunch (1) 13;1]:-L :13:’[%: g;—)j flg
yle o ” n m v oy (Nm)
ay (nm) 2 3.14 3.9 1.75
1 1-x o, (um) 300 200 120 30
+2m2x (1) Y 0.082 0.186 0.285 0.979
Qhax  Mex?

It has been integrated over the photon virtuality up to arparticles in a bunciN. Current design parameters for future
upper boundeaX—4E2(1 x) for untagged outgoing elec- linear colliders are listed in Table[1L3].

trons, which depends on the electrigrositron) beam energy For not too largeY <5 the spectrum for multiple photon
E.=+/S/2. This leads to a logarithmic dependence of theemission can be written in the approximate forid]
spectrum orS§, the squared center-of-mass energy of the col-

lider. a=e?/(47)=\2Ggmasi/m is the electromagnetic foea ) )1/3 “231 _y) -1
coupling constant in th&g scheme, wher&g is the Fermi ie \X) = F( )\ 3Y X7 1=x)
coupling constantsy=1—(my/m;)? is the sine of the

electroweak mixing angle, anch,=91.188 GeV andmy, 2%

=80.419 GeV are the masses of the electroweak gauge Xexp{—m

bosons.m, is the electron mass, andis the fractional en-
ergy of the photon in the electron. 1-VY/24
At existing electron-positron or electron-proton colliders g(x)
such as LEP2 and the DES2f collider HERA, bremsstrah-
lung is the only relevant source of photons. Future circular \/74[ 1 _N H
- : _ +\55 - (1—e M|, 0)
electron-positron colliders abowgS=500 GeV would suf-
fer from very high synchrotron radiation. They must there-
fore have a linear design with large luminosities and densevhere
particle bunches. Inside the opposite bunch, electrons and

1
— _ 7g(x)N7
{1 g(x)Ny(l e )

positrons experience transverse acceleration and radiate 1 3
beamstrahlung. The corresponding spectfag] 90) =1~ 5[(1+X)V1+YTH+1=x](1-X) ®)
bea”(x)— f duAi(v) 20 1+(1_X)2 and the average number of photons radiated per electron
Fe 2(1—x) throughout the collision is
X 5a°0,m Y
2w @ Ny=——— . 6)
7 2rEe \/1+Y2/3

where the Airy function Ai¢) falls off exponentially at large

v andu={5x/[4\3Y (1—x)]}%3 is controlled by the beam- SinceY = /S, the exponential suppression of beamstrahlung

strahlung parameter decreases with rising/S and from up to down in Table I.

Beamstrahlung is most important for the CERN Compact
5r2E.N Linear Collider (CLIC) design and less important for the

©) Next Linear Collider(NLC), Japan Linear CollidetJLC), or
DESY TeV Energy Superconducting Linear Accelerator

This parameter is proportional to the effective electromag{TESLA) designs.

netic field of the bunches and depends on the classical elec- The photon spectra for thgS=1 TeV e*e™ colliders

tron radiusr .= a/m,=2.818< 10 *® m, on the rms sizes of listed in Table | are shown in Fig. 1, where we have used the

the Gaussian beam,, o, o,, and on the total number of beamstrahlung spectrum of E@). It is obvious that the

"~ Bao, oyt oy)me’

035003-2



SFERMION PAIR PRODUCTION IN POLARIZED AND. .. PHYSICAL REVIEW [B3 035003

npolarized Photon Spectra at VS = 1 TeV o F f
0 g T T e e e e Y\N\Nvlr» Y\/vvvvqlt\ P Y 7
:\:r“ ] : : *\ I’ ,/(
i A A X g
1 } b
! 2N v,
Laser Backscattering 1 ; 1,/ N 3 Y F
1 m T NN ——€——— REVAVAVAVAV, | . b4 ~

FIG. 2. Leading order Feynman diagrams for direct sfermion
production in photon-photon collisions.
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FIG. 1. Photon spectra fo/S=1 TeV e"e” colliders. For  with the photon energy spectfg,(x) discussed in the pre-
TESLA, the 1998 beam size parameters of {f8=0.8 TeV de-  vious section. We denote the momenta of the massless in-
sign have been used. coming photons b¥; , and those of the outgoing sfermions

with massni; by py,. Heres=(k;+kz)?=x1%,S, ti=(k,
bremsstrahlung and beamstrahlung mechanisms producep2)2_n}$, and u~f=(k1—p2)2—m;2 are the Mandelstam

mostly soft photons. However, it is ir_1teresting to note that,griaples of the hard photon-photon  scattering process.
beamstrahlung at a 3 TeV CLIC collidgét5] produces al- mz is the partonic matrix element squared, sum
ij ’ I(md

ready 3 times more high-energetic photdasx=0.8) than eraged over final (initial) state spins and calculated th

bremsstrahlung alone. =4—2¢ dimensions.u is an arbitrary scale parameter. In
The situation is much better if laser photons are backscat- ...~ ° DTS TS @l @ y scale p '
ddition to the direct contributions withj =y, one or two

tered off the incident lepton beams. The laser backscatterin : .
the photons can also resolve into a hadronic structure be-

spectrumi2] fore they interact. For these single- and double-resolved con-
) tributions, the photon spectrfa,(x) have to be convolved
flasery) 1 1wt M n ax with the parton density function§ j,(y) of quarks or glu-
/e , . )
Y N, 1-x X(1-x)  X2%(1-x)? ons in the photons:
(7)
1dy X
where fi,j/e(x):Jx ny/e(y)fi,j/y(y)- (11)
1 8 1 The parton densities in the photon cannot be calculated in
Ne=|1-oc——|In(1+X)+ =+ ———— (8 perturbation theory but have to be fitted to experimental data,
¢ X 2 2 X 9 2 . :
X (1+X) e.g., on the photon structure functi&i(x) or on jet photo-
production.

is related to the total Compton cross section, depends on the | contrast, the partonic matrix elements can be calculated
center-of-mass energy of the electron-laser photon collisiofy perturbation theory. Direct sfermion production in leading
X=4EE,/m. The optimal value oK is determined by the order proceeds through the three diagrams shown in Fig. 2.
threshold for the procesyy—ete™ and is X=2+.8  The corresponding matrix element is given by

=4.83[16]. If this value is kept fixed, the laser backscatter-
ing spectrum becomes independent\@®. A large fraction

of the photons is then produced close to the kinematic limit |M 3y|2=
X<Xmax=X/(1+X)=0.828, so that one obtains an almost
monochromatic “photon collider.”

4 2 2 2 4
4e*eiNc[ (1-&)tus — 2metyups+2m;s?]

2.2 2
(1—-¢) 595

(12

Here, summing over left- and right-handed squarks and slep-
I1l. UNPOLARIZED CROSS SECTIONS tons has led to an additional factor of 2, but we do not sum
The inclusive cross section for photoproduction of sfermi-2c" different sfermion generations. The color factdg
ons in electron-positron collisions =3 for squarks antllo=1 for sleptons. Beca_use of the large
’ mass of the top quark, the supersymmetric partners of the

#o®(s) left- and right-handed toff; g, can mix tot, , as can those
US*e’(S):f oy Fie(Xq) Ao o o) dltdluy = of the bottom quark. It is }mpqrtant to n.ote that the direct
dtzduy photon-photon cross section is proportional to the fourth
9 power of the sfermion chargee; (e;=2/3, eg=—1/3, €
=—1). The cross section is independent of the details of the
can be obtained by convolving the hard photonic cross secSUSY breaking mechanism, since it depends only on the
tion physical sfermion masses; .
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FIG. 3. Total cross sections for up-type squatk € dg) pro- FIG. 4. Total cross sections for the production of up-type

duction in photon-photon scattering andefie annihilation at a  Sduarks §.+dg) of mass 250 GeV in photon-photon scattering and
1 TeV collider as a function of the squark mass. in e*e” annihilation as a function of the center-of-mass energy.

This is different in electron-positron annihilation, where annihilation at/S=1 TeV as a function of the squark mass.

the squared matrix elemef22] Only the annihilation cross section differs for left- and right-
2 5 handed squarks. It extends out hoy< JS/2. With laser
—g——, 26" eiNc(tjui—m;s) backscattering, the mass range is reducedijs:0.8/S/2.
[(Megre-I"= 2 However, the photoproduction cross section exceeds the an-
nihilation cross section fomg=<250 GeV by up to an order
ai2j e*Nc(1—4s2,+ 833v)(t‘f‘u’f—m%5) of magnlltude, and even above 250 GeV it is of comparable
VTSI > size. While up-type squarks below 250 GeV are already ex-
64syCwls”+mz+mz(—2s+1'7)] cluded by current Tevatron data, a light top squark and slep-

tons withnw;, 7>100 GeV are still allowed17-19. These

sparticles can therefore better be studied at a photon collider.
4s5,ca,s[ S+ ma+m3(—2s+T2)] Note that the photon cross section for light leftight-)
handed sfermions has to be divided by 2 and compared to the
13 left- (right-) handed annihilation cross section. Slepton cross
r.ﬁections are larger than up-type squark cross sections by a
factor 1/(393) =27/16, while down-squark cross sections are

smaller by a factor €;/e;)*=1/16. In addition, selectron
production ine* e annihilation has an additional contribu-

. @0y e"eiNc(s—m3) (1 dsy)(tur - mes)

depends on the details of the SUSY breaking mechanis
through the sfermion mixing anglg in the Zafifj coupling
el (4sycw)ajj with

4013 co2 6 — es2) — 213 sin 26; tion from thet-channel exchange of a neutralino. In Fig. 3
a;j= AL L. s | we also show the cross sections for photons produced with
—2137sin 26¢ 4(17"sir? 67 — e7syy) bremsstrahlung and beamstrahlung without additional laser

(14 tacilities. We find that the bremsstrahlung cross section is of
- . . . similar size ag*e ™ annihilation only for very light squarks,
and it is possible to produce off-diagonal sfermion mass . )
. ~ = . s m;<100 GeV, which are already excluded experimentally.
eigenstated;f; . In this paper we restrict ourselves to the The premsstrahlung cross section is always lower than the
case of no squark mixing(Cw) |s§[1e sine(cosing of the  |aser cross section by one to three orders of magnitude.
electroweak mixing anglé and I7~=1/2(-1/2) for up-  Beamstrahlung, which is most important for the CLI€D)
type (down-type fermionsf. The first term in Eq(13) cor-  design, behaves similarly to bremsstrahlung and enhances
responds to the exchange of a photon in shehannel, the  the bremsstrahlung cross section by a factor bf 2.
second one to the exchange oZ&boson, and the third one  |n Fig. 4 we show the cross sections for the production of
to the interference between the two. The cross section for thgp-type squarks of mass 250 GeV as a function of the center-
production of sfermions in electron-positron annihilation,  of-mass energy of the collider. The annihilation cross section
5 B has a maximum at/§~3ma. At the kinematic limit of the
B d°0 g (S) collider, sfermions can only be produced through the annihi-
Ue*e’(s):f dt'fdu?W' 19 |ation process, but the laser backscattering cross section also
[ shows a very steep threshold behavior. At higher energies,

does of course not depend on the photon spectra or parton

densities.
In Fig. 3 we show the total cross section for up-type Our results agree witfd] for e*e~ annihilation, but differ for
squark production in photon-photon scattering ane e~ the bremsstrahlung cross sections by approximately a factor of 3.
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_ FIG. 5. Total cross sections for the production of Up-type can he gbtained from the direct contribution by the replace-
(g.+qg) squarks of mass 100 GeV in photon-photon scattering an%entS e2e$—>g§ and Ne— Cr /(2N<Cr), where gg/(4ﬂ_)

in e*e” annihilation as a function of the center-of-mass energy. . ) 5
=ag(u) is the strong coupling constant andg=(Ng

the laser backscattering cross section stays constant, while1)/(2Nc) is the color factor of S(B). The matrix element
the annihilation cross section falls off likeSL/At 1 TeV or ~ squared for the procespy—qq is identical. Obviously re-
higher center-of-mass energy a photon collider is thereforgolved contributions arise only for squarks, since sleptons do
favorable. At a very large energy CLIC collider even thenot couple strongly. The single-resolved matrix elements
bremsstrahlung and beamstrahlung cross sections becorfigve to be convolved with the gluon density in the photon,
comparable to the annihilation cross section. For the beanwhich constitutes a higher ordé€¥(a/asX a) contribution
strahlung cross section it is necessary to interpolate betwedd the photon structure and is not well constrained from
JS=500, 1000, and 3000 GeV, since the CL(®D) design  deep-inelastiey scattering. The gluon density is expected to
parameters are only known for these fixed center-of-maske small at largex=2mg/ Vs.
energies. If both photons resolve into a hadronic structure, we ob-
For a light top squark and sleptons of masg, =100 tain the contributions in Fig. 7. The matrix elements squared

GeV a photon collider is already favorable at the threshold ofor the processes;q;—qq andgg—qq are
the sfermion pair production process in photon-photon colli-
sions[2X 100 GeV/0.8=250 Ge\l, and the cross section B,
falls off very slowly at large energies. This can be seen from | qiEj| =
Fig. 5 where we show total cross sections for the production
of up-type squarks of mass 100 GeV. Even the bremsstrah- 2 2
lung and beamstrahlung cross sections for these light spar- +4G°NcCr 9 9
ticles become interesting arour=1 TeV.

As mentioned at the beginning of this section, photons 5
can produce sfermions not only by direct coupling, but also taua—ms]

i

N2 89§NCCF
c

after resolving into a hadronic structure. The direct, single, —89§9§CF 2
and double-resolved hard scattering matrix elements are for- (t= ”5)
mally of O(a?), O(aay), andO(ag), wherea and ag are

the electromagnetic and strong coupling constants. However, + 1~ 3
the resolved processes have to be convolved with parton den- 4ANg
sities in the photon, which are @¥(«/«s) at asymptotically

large factorization scalgs=my. Therefore all three catego- (17)
ries end up being of the same ord@¢«?) in the perturba- 4

tive expansion. In resolved processes, only part of the initial sz 49
photon energy participates in the hard scattering. Therefore 99 16(1—8)2’\'%(:'2:
one expects them to be important only at low masses, where

not the full center-of-mass energy is needed. smg Smg
If one of the two photons still couples directly, we obtain X|1l-e=2—{1-—1]|, (18
the contributions shown in Fig. 6. The matrix element tqug tqug
squared for the procesgy—qd, where Co=Ng(NZ—1), Cx=(N2—1)/Nc, andg; is the
2 2 2 2 4 quark-squark-gluino Yukawa coupling, which is equal to the
WZ_ezeagch[(l_S)taua_zmatquqs“LZ”GSZ] quark-quark-gluon gauge couplings in leading order of
79 2(1_8)2NCCFtZZ4UZZ4 ’ SUSY-QCD. Thet-channel contribution ing;q;—qq de-

(16 pends on the gluino massy and does not contribute far
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production due to the negligible top quark density in thelarization will be transferred to the produced photons. The
photon. Furthermore, the gluino-exchangehannel term polarization state of the photon is determined by the Stokes
«1—§j; is the only term through which off-diagonal squarks parameterst;, i=1,2,3[21], where \/512+ gg is the degree
can be produced. Note that this is impossibleire™ anni-  of linear polarization and

hilation. The quark-initiated matrix elements have to be con-

volved with the leading orde®(a/ «s) quark densities in the E,=AF () e(X), A e()=F() = e(X)

photon. These are fairly well constrained from deep-inelastic

ey scattering and peak at=1. . - .
If we include all direct, single-resolved, and double- IS the mean helicity. Sincg andé; generally depend on the

resolved contributions to up-type squark production in@zimuthal gng_le, we will be mainly concerned with the cir-
photon-photon scattering, we obtain the results shown iffular polarization paramete.

Fig. 8. The circularly polarized bremsstrahlung spectrum
Here we have used the GkrReya-Vogt(GRV) [leading 5 2

order (LO)] partonfdensities in the photon with a leading I 2hea| 1—(1—X) | IQmax(l_X)

order value ofal' °(u=mg) and A)=200 MeV [20]. vie 27 X m2x2

Resolved processémostly photon-gluon fusioncontribute

substantially only at small squark masgbslow 100 GeV, +2m2x2(i— 1—X> (20)

which are experimentally excluded. While tge t channel N szax mgx2

varies by an order of magnitude with the gluino mass, this

dependence does not show up in the total cross section. Wes been derived ifiL1]. As in the unpolarized case a non-
have chosen gluino masses between the current experimentagarithmic term is present which is, however, not singular
limit of 200 GeV[17] and 1 TeV, where weak-scale super- for x—0.

symmetry starts to become unnatural. The total cross section The x dependence of the circularly polarized beamstrah-
is clearly dominated by the direct channel and has very littldung spectrum,

dependence on resolved contributions or assumptions on the

hoton structure. Bhe [ 2v 1-(1-x)?
P AFEMX) = —= f dvAi(v) (—— )—( )
23y Ju u 2(1—x)
IV. POLARIZED PHOTON SPECTRA )
X
Future lepton colliders are very likely to have a high de- + 200=x)" (21)

gree of longitudinal polarizatiom\¢/<1/2. Part of this po-
is very similar, as can be seen in Fig. 9.4t 1 the photons
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FIG. 8. Total, direct, and resolved cross sections for up-type *
squark §,_+qg) production 4a 1 TeV photon collider as a func- FIG. 9. Degree of circular polarization for bremsstrahlung and
tion of the squark mass. beamstrahlung photons.
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p Polarized Laser Backscattering Spectra L Degree of Circular Polarization for Laser-Backscattered Photons
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FIG. 10. Laser backscattering spectra for different combinations FIG. 11. Degree of circular polarization for laser-backscattered
of electron and laser photon polarization P, . photons.

1 o X
Nc+2N PN, €1-—x
2

are completely polarized parallel to the incoming electron
helicity, but atx=0, where most of the bremsstrahlung and
beamstrahlung photons are produced, they are completely
unpolarized. This can be understood from the fact that the
electron polarization is lost in the Lorentz transformation
from the Breit frame of the electron-photon vertex to the
center-of-mass frame of the photon-target vertex. The depen-
dence ofé, on S andY is very weak. AsY —100, the
beamstrahlung polarization coincides with the bremsstrah-
lung polarization. This discussion pertains strictly speakingq, |aser-backscattered photof. If only the electrons are
only to single photon emission, but we expect a similar bey g arized P.=0), the result coincides again with that for
havior also for multiple photon emission. -~ bremsstrahlung and beamstrahlung. HoweverPjf= + 1,
While the photon polarization at & e~ collider is thus a1 the backscattered photons have heligity: — P, at x
rather limited, a photon collider offers the additional possi—:Xm . Therefore the choice \%P,=—1 guarantees not
bility to control the helicity of the laser photon|®[<1. g ag)](ood monochromaticity, but also a high degree of cir-
This also affects the unpolarized photon spectfain cular polarization of the produced photons. By switching the
signs of\, and P simultaneously, one can switch the helic-
ity &, of the outgoing photons without changing the photon

Af Iasetx) —

yle

1+(1—x)

2x)
1

x T 1-xX

1

Taoox) [P

X

1
1—x+ EH (29

laser 1 4x spectrum or spoiling its monochromaticity.
PR = 57 | 1 X 7 — g
Nc+2NPcN{ 1-x X(1-x)
A2 X(2—X)[X(X+2)—X] V. POLARIZED CROSS SECTIONS
t 2 _2 “hete )2 ' The cross section for sfermion production in polarized
X(1=x) X(1=x) e ;
photon-photon collisions can again be calculated from Eqgs.
(22 (9) and (10). However, the unpolarized matrix element
squared has to be replaced with
where
T 4e*eiNg ,
M =—{(l-¢)tzu;
7y (1—8)2t$u${ o
N’—(l+2I 1+X 5+ ! !
= RN S R T X[1+ RN~ HED + )
(23 2 ~ ~
—2miturs{ €8 - Ve
. . . %(1) %(2) 4.2 (1)
is related to the polarized total Compton cross section. As T(I+E7)(1+ &) ] +2myso(1+£57)
can be seen in Fig. 10, the monochromaticity of the outgoing ~(2)
photons can be improved considerably by choosingP2 X(1+&h (25)
=—1.
Figure 11 shows the degree of circular polarizati&yn  which has been calculated using the covariant density matrix
with for polarized photon§21]:
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(1,2)
(1,

1 % e > qGatVS=1TeV
2)_ * _ (XX VoY X AY Y AX j !
Pur —sMsV—2(eMe,,+eHe,,)i—2 (eﬂey+eﬂev)

4
We————————7 7 17— —

Laser Balicscatterihg
....... ¢'e” Annihilation, §; +j, ]
vvvvvvvvvvvvv e*e” Annihilation, only §; |
....... ¢'e” Annihilation, only g 3

(1,2 1,2 F
_|§(2 )(ex &)+ g )(ex el 02l I gmm:ngfcuc@m__
+ 2 wev wev 2 wev A7 — E
26 Ewr
The gi(l'z), i=1,2,3, are the Stokes parameters discussed ir ' f

the previous section. They describe the polarizatb,(ﬁﬁ of af
the photons with momentk; ,= Js/2(1,0,01). Heree*
and e’ denote unit vectors in th& andy directions. The 02l . . . . ‘ X . ‘
momenta of the outgoing sfermions are given py, ° 5
= (my cosly, = pycose, = pysing,=mysinhy), and pt, VY,

and ¢ are the transverse momentum, rapidity and azimuthal FIG. 12. Total cross sections for up-type squagk{gg) pro-
angle of the produced sfermioms;= w/rr€+ p% is the trans-  duction in polarized photon-photon scattering aneire™ annihi-
verse sfermion mass. The azimuthal dependence of the crolion & a 1 TeV collider as a function of the squark mass.
section has been included in the rotated Stokes parameters:

Figure 12 demonstrates that the unpolarized photon-
"é(ll)zg(ll) cos(2¢)—§(31) sin(26), (27)  photon cross section can be enhanced in the regmpn
€[100;250 GeV by about 40% if one chooses opposite

D= gD laser photon helicities€ — or — +). Form;>250 GeV the

2 2 effect is even more dramatic: The cross section can be im-

~(1)_ A1) o (1) proved by almost an order of magnitude at largeif one

3 =&77siN2¢)+ 37 cod24), chooses identical laser photon helicities. The cross section at

a polarized photon collider stays larger than &fee™ anni-

D=2 cog2¢) + P sin(2¢), hilation cross section almost up to the kinematic limit of the
photon collider. It is interesting to note that one has to switch

”5(22)25(22)’ from opposite to identical helicities at;=250 GeV, where

the unpolarized photon-photon cross section drops below the
H2)_ _ H2) 2) annihilation cross section. In Fig. 12 we also show polariza-
& §17siN(2¢) +£57 cod2¢). tion effects for sfermions produced via bremsstrahlung and

For sfermion production in polarized photon-photon col-Peamstrahlung. The cross sections remain small and are only
.- . . : lightly enhanced by preferring identical over opposite lep-
lisions we consider only direct processes. Our analysis of thf

unpolarized cross section has clearly demonstrated that r on helicities.

solved processes are only important at very small, experi- Itn Fégé 13;:{?;;?53{2égegs\r/nZscgofs‘usniﬁgtr'logfst;%r?em(gg
mentally excluded, squark masses. Furthermore, almo ype 54

nothing is known experimentally about polarized parton den-Of'maSS energy of th? collideyS. The unpolarized photon .
sities in the photon. Predictions for polarized resolved pho-CrOSS sgctlc_m can again be ef'ha”Ped by an appropna{e 'c'h0|ce
toproduction would thus be very speculative of polarization. In particular, identical laser photon helicities
Because of the azimuthal dependence, cross sections with
linear photon polarization are difficult to disentangle and re- 12—
main small if averaged over the azimuthal angle. Therefore '
we restrict ourselves to circularly polarized photons and set
£,=£;=0. Since| M5 |* depends then only the product

EVE? | we expect identical cross sections for incoming

e'e” — {f for m; =250 GeV
FTo=—& : I " T

photons with identical or opposite helicities. % C i :

In Fig. 12 we compare the™e™ annihilation cross sec- I i ; ) ¢'c” Annihilation, §:+3p ]
tion against the polarized photon-photon cross section for 1 = i 4 =TT 3
up-type squark productionta 1 TeV photon collider for F f ‘,,»/f/‘,’-/'/,,;;(fiirrr ¢'e” Aunihlation, only g
different squark masses. The labeist, ——, +—, and i { G e e
—+ denote the helicitie®. of the incoming laser photons. ol LA LT Beamstralilung, CLIC (39)
The helicities of the incoming leptons, have always been ° 500 1000 1500 2000 2500 3000

chosen to ensure the condition for optimal monochromatic-

ity, 2\oP.=—1. The backscattered photons are therefore FIG. 13. Total cross sections for the production of up-type
highly polarized in the direction opposite to the laser photorsquarks §, +qg) of mass 250 GeV in polarized photon-photon
(see Fig. 11 The unpolarized curve is the same as in Fig. 3,scattering and ire"e~ annihilation as a function of the center-of-

i.e., Ae=P.=0. mass energy.
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e'e” — §§ for m; = 100 GeV e > giatVS=1TeV
; : . T . — 77— T
25 L .

ol i - N — e'e” Annihilation, §; +
‘ N e e e'¢” Annihilation, only q;
Tseio- e’ Annihilation, only gy

& [fb]
doldpy [fb/GeV]

- - - Bremsstrahlung
—-—-— Beamstrahlung, CLIC (99)
L 1 L

7

1 , . | | .
0 500 1000 1500 2000 2500 3000
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FIG. 14. Total cross sections for the production of up-type F|G. 16. Differential cross sections for the production of up-

squarks @, +qg) of mass 100 GeV in polarized photon-photon type SquarkSaL+aR) of mass 100 GeV at a 1 TeV polarized
scattering and ire" e~ annihilation as a function of the center-of- photon collider as a function of the transverse momenp4m
mass energy.

i o up-type squarks of mass 250 GeV, producédcaal TeV
lead to a photon cross section which is larger than the annipqian collider. The spectra have been integrated over the
hilation cross section already at the threshold of the phOtorr‘apidity y and extend out to the kinematic limipy
collider, i.e., below 1 TeV, while the cross section for oppo- _ . .

) T 4 2 \2 <0.828/S—2m;=328 GeV. While the unpolarized spec-
site helicities is smaller by a factgs =(1—4ma/s) - Po- wum peaks ap;=100 GeV, or roughly atn/2, the mean
larization for bremsstrahlung and beamstrahlung is again ob_ of sfermions produced with backscattered laser photons
little interest. At largey'S, where the cross sections become of identical helicity is almost twice as big. If the laser pho-
large, the radiated photons are completely unpolarized.  tons have opposite helicity, one gets a distinct twin-peak

For up-type squarks of mass 100 GeV we show theyehavior with a local minimum. This is due to the absence of
center-of-mass energy dependence in Fig. 14. Again thghe four-point interaction diagram in Fig. 2 which contributes
cross section at threshold can be optimized by choosing idemmly for identical helicities at intermediate;. These fea-
tical photon helicities. o . tures should be very helpful in experimental analyses. Simi-

For experimental analyses it is also important to studyar results for up-type squarks of mass 100 GeV are shown in
differential cross sections, e.g., in the transverse momentumjg. 16.
pr or the rapidityy of the produced supersymmetric par-  Finally we show in Fig. 17 rapidity distributions for up-

ticles, type squarks of mass 100 GeV produced at a 1 TeV photon
5 > B collider. The rapidity spectra are symmetricyat 0 and ex-

dog:e-(S) _, SJ e | et doj(s) tend out to|y|<2. This range should be covered by the
dpdy  PT XiXafije(X1) XX jre(X2) dtzduy detector at a photon collider to provide optimal analyzing

(28) conditions for sfermions of massr=100 GeV. Formyg
=250 GeV the rapidity spectrum is narrower and extends
since cuts orpy andy can help to eliminate backgrounds. out to|y|<1.1(see Fig. 1& The spectrum for laser photons
For this reason we show in Fig. 15 differenti®! spectra for ~ with identical helicities is again very similar to the unpolar-

e > atVS=1TeV
T

'e > fatVS=1Tev
. T T T

03 r T —T T T r T . 7 200 T T T T
s ] 180 E unpolarized ]
0B /::Y‘i/ \\“x ...... . 7 w e SN, T == j
b w b T N e et ]
02 — 1
s ] 120 mﬁ=100GeV
$ £
So1s [ . = 100
@ 3 80
3
01 —
unpolarized 60
A +4+=—= Yl B 40
005 -/ i pmm Vi
m; = 250 GeV Vi 0
0 L | L 1 L | ' | ' | ' 1 S 0‘(‘.ww\.ww\\\\\\I\\\u\\\uw\\\uw\\uww\uwwf
0 50 100 150 200 250 300 350 -2 -15 -1 0.5 0 0.5 1 15 2
pr [GeV] ¥y

FIG. 15. Differential cross sections for the production of up-  FIG. 17. Differential cross sections for the production of up-

type squarks §_+qg) of mass 250 GeV at a 1 TeV polarized type squarks _ +0g) of mass 100 GeV at a 1 TeV polarized
photon collider as a function of the transverse momengpym photon collider as a function of the rapidiyy
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60 e RS Y of additional laser facilities at some extra cost. However, we
i e » ] have demonstrated that a photon collider may be advanta-
s0 [ 1 geous for the analysis of sfermions for several reasons:
; ] (i) In leading order of perturbation theory, photon-photon
w0 [ 3 collisions are pure SUSY-QED processes, which depend
= ] only on the physical sfermion mass and not on the details of
% 0 ey N ] the SUSY breaking mechanism. Any model dependence can
A , T el . ] therefore be analyzed cleanly in the decay of the sfermions.
e s T :f: o] (i) The photon cross section is very sensitive to the sfer-
3 250 GeV ] mion charge so that sleptons, up-type, and down-type
° ! squarks can be clearly distinguished.
. C N (iii) A photon collider can produce almost monochromatic
e 65 025 0 025 05 075 ! photons, i.e., photons which have about 83% of the electron

beam energy, and they can be highly polarized. As a conse-
FIG. 18. Differential cross sections for the production of up- quence we find that the production cross sections are larger
type squarks @, +qg) of mass 250 GeV at a 1 TeV polarized than those irete™ annihilation for a large range of sfermion
photon collider as a function of the rapidigy masses. If the incoming laser photons and leptons are polar-
ized and the photons have identical helicities, this is even
ized spectrum. The spectrum for opposite helicities has intrue up to the kinematic limit of the photon collider. For
teresting shoulders aty==+1.5 in the case ofny lower sfermion masses or higher center-of-mass energies the
=100 GeV. The dips ay=+1 are again due to the ab- Cross section can be improved by about 40% by choosing
sence of the four-point interaction diagram in Fig. 2 for op-0pposite laser photon helicities.
posite helicities. Resolved photon processes are only important for
squarks, since sleptons do not couple strongly. Furthermore,
VI. CONCLUSION resolved photons contribute significantly only at very small
squark masses, which are experimentally already excluded.
In this paper we have presented a detailed analysis diVhile there is thus no enhancement of the production cross
sfermion production in photon-photon collisions. We havesection, there is also no uncertainty due to the photon struc-
reviewed the unpolarized and polarized photon spectra conture or the scale of the strong coupling constant.
ing from bremsstrahlung, beamstrahlung, and laser back- Differential cross sections are important for experimental
scattering and updated them using the latest linear collidesinalyses to distinguish signal from background events. We
design parameters. We have calculated for the first time totdind that thep; spectrum for sfermion production in photon
and differential cross sections for sfermion production incollisions peaks roughly atw/2 as expected. The rapidity
photon-photon collisions, including contributions from re- spectrum for sfermions of mass;=100 GeV at a 1 TeV
solved photons and arbitrary photon polarization. Our nuphoton collider extends out t&2. We conclude that this
merical results have been compared directly to the compeghould be the minimum coverage a detector at a photon col-
ing e"e” annihilation cross section. We have chosen tolider should have to ensure full analyzing power. The polar-
present our results for the typical case of up-type squarkzed p; and y spectra have very distinct features which
production. The cross sections for down-type squarks anghould be helpful in the experimental analysis.
sleptons can easily be obtained by rescaling our results ac-
cording to the sfermion charge and color factor. . ACKNOWLEDGMENTS
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