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CONSTRAINING THE SELECTRON MASSIN THE PROCESS e� + 
 �! ~�01 + ~e�L=R �! e� ~�01 ~�01 �Claus Blö
hinger and Hans FraasInstitut für Theoretis
he Physik, Universität WürzburgAm Hubland, D-97074 Würzburg, Germanye-mail:bloe
hi�physik.uni-wuerzburg.dee-mail:fraas�physik.uni-wuerzburg.de(Re
eived O
tober 25, 1999)With the pro
ess e�
 ! ~�01~e�L=R ! e� ~�01 ~�01 it is possible to 
onstrainsele
tron masses above the kinemati
al limit of the pair produ
tion pro-
ess in e+e� 
olliders. We investigate these mass ranges and dis
uss thepossibility to test the renormalization group equations for the sele
tronmasses.PACS numbers: 11.30.Pb, 13.88.+e, 14.80.Ly1. Introdu
tionThe ele
tron-photon 
ollision mode of an e+e� linear 
ollider [1℄ providesus with the possibility to produ
e single sele
trons in asso
iation with thelightest supersymmetri
 parti
le (LSP), whi
h is assumed to be the light-est neutralino ~�01. Thus sele
trons 
an be produ
ed with masses beyondthe kinemati
al range for pair produ
tion at an e+e� linear 
ollider. Alsothe produ
tion me
hanism (ele
tron ex
hange in the s-
hannel and sele
tronex
hange in the t-
hannel) for asso
iated sele
tron-neutralino produ
tion issimpler than that for sele
tron pair produ
tion in e+e� 
ollisions. Assuminga 
ommon s
alar mass m0 at the uni�
ation point the masses of the sele
-trons are related to the MSSM parameters tan� and M2, the SU(2) gauginomass parameter, by renormalization group equations [2℄. In the MSSM quitegenerally the right sele
tron ~eR is lighter than the left sele
tron ~eL. In ex-tended SUSY models, however, ~eR 
ould be heavier than ~eL [3℄. We study inthis paper the pro
ess e�
 �! ~�01~eL=R �! e� ~�01 ~�01 with polarized beams.� Presented by C. Blö
hinger at the XXIII International S
hool of Theoreti
al Physi
s�Re
ent Developments in Theory of Fundamental Intera
tions�, Ustro«, Poland,September 15�22, 1999. (3417)
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e the 
ross se
tion and the forward-ba
kward asymmetry of the de
ayele
tron depend sensitively on the sele
tron masses this pro
ess is suitablefor testing the renormalization group relation between m~eR and m~eL .2. Cross se
tion and forward�ba
kward asymmetryThe asso
iated produ
tion of sele
trons and the LSP pro
eeds via e�ex
hange in the s-
hannel and ~eL=R ex
hange in the t-
hannel. In the narrowwidth approximation the total 
ross se
tion �L=Re
 for the 
ombined pro
essof ~e�L=R ~�01 produ
tion and the subsequent de
ay ~e�L=R �! e� ~�01 fa
torizesinto the produ
tion 
ross se
tion �P and the leptoni
 bran
hing ratio:�L=Re
 = �P (se
) � BR�~e�L=R �! e� ~�01� : (1)The measured 
ross se
tion �L=Ree in the e+e� 
ms is obtained by folding�L=Re
 with the energy spe
trum P (y) of the Compton ba
ks
attered laserbeam taking into a

ount the mean heli
ity of the photon beam [4℄:�L=Ree = Z dyP (y) d�̂L=Re
 (se
 = ysee) ; (2)�̂L=Re
 = �L=Re
 (1 + � (y)A
) : (3)A
 is the 
ir
ular photon asymmetry and y = E
=Ee is the ratio of thephoton energy and the energy of the 
onverted ele
tron beam. The energyspe
trum P (y) and the mean heli
ity � (y) of the high energy photon beamsensitively depend on the polarizations �L of the laser beam and �k of the
onverted ele
tron beam. Beyond the 
ross se
tion �ee = �Lee+�Ree, we studythe forward-ba
kward asymmetry of the de
ay ele
trons:AFB = �Fee � �Bee�Fee + �Bee : (4)The forward dire
tion is de�ned by the ele
tron beam.Apart from the kinemati
s the sele
tron masses enter the 
ross se
tionsand the forward-ba
kward asymmetries expli
itly via the sele
tron propaga-tor in the t-
hannel. Assuming a 
ommon s
alar mass m0 at the uni�
ationpoint the masses of the sele
trons are related to the MSSM parameters tan�and the gaugino mass parameter M2 by renormalization group equations [2℄:m2~eR = m2e +m20 + 0:23M22 �m2Z 
os 2� sin2 �W ; (5)m2~eL = m2e +m20 + 0:79M22 +m2Z 
os 2� ��0:5 + sin2 �W � : (6)
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ess... 3419In the MSSM quite generally the right sele
tron ~eR is lighter than the leftsele
tron ~eL. In extended SUSY models these relations are 
hanged as a 
on-sequen
e of additional D-terms in the s
alar potential and the right sele
tronmay be heavier than the left sele
tron.In Chapter 3 we study the dependen
e of the 
ross se
tion �ee and theforward-ba
kward asymmetry AFB on m~eR and m~eL. We shall see that thispro
ess is useful for testing the GUT-relations Eqs. (5), (6).3. Numeri
al resultsWe present numeri
al results for the MSSM parameters M2 = 152 GeV,M1 = 78:7 GeV, � = 316 GeV and tan � = 3 for the 
ms-energy psee = 500GeV. The LSP is gaugino-like with m~�01 = 71:9 GeV. For m~eR = 127 GeVand m~eL = 171 GeV this 
orresponds to one ECFA/DESY referen
e s
enariofor the linear 
ollider [5℄. Fig. 1 shows the total 
ross se
tion �ee and theforward-ba
kward asymmetry AFB for �k = +1 and �L = �1. This 
hoi
eof �k and �L leads to a strongly marked high energeti
 peak in the energyspe
trum P (y) [4℄ and therefore to maximal 
ross se
tions. For the ele
tronbeam in the e
 
ollision we 
hoose in Fig. 1(a), (b) the polarization Pe = 0:9.Then due to �L=Ree / (1� Pe) the 
ross se
tion for ~eR is enhan
ed whereasthat for ~eL is strongly suppressed so that �ee is nearly independent of m~eL.The 
ross se
tion for this polarization 
on�guration (Fig. 1(a)) allows to
onstrain m~eR up to 344 GeV. In a region around 200 GeV the dependen
eof �ee on m~eR is rather weak. In this 
ase AFB (Fig. 1(b)) gives additionalinformations on the mass m~eR . For m~eR > 344 GeV the produ
tion of rightsele
trons be
omes impossible and due to the suppression by the polarizationfa
tor (1� Pe) the 
ross se
tion is rather small: �ee = �Lee � 2:5 fb form~eL = 100 GeV. Then AFB only depends on �Lee and is independent of m~eR(see Fig. 1(b)).For Figs. 1(
) and 1(d) we 
hoose Pe = �0:9. Now the produ
tion andde
ay of left sele
trons is no longer negle
tible. Fig. 1(
) gives the 
rossse
tions for three di�erent masses m~eR = 100 GeV, 127 GeV, 200 GeV. Inall three 
ases it should be possible to 
onstrain m~eL up to 170 GeV. Formasses larger than 170 GeV the dependen
e of �ee on m~eL is too weak sothat one obtains only a lower limit on m~eL. For large values of m~eR themeasurement of the asymmetry AFB (Fig. 1(d)) 
ould be helpful to extendthis mass range to somewhat higher values.If the renormalization group relations Eqs. (5), (6) are satis�ed then m~eLis larger than m~eR , m2~eL �m2~eR � 0:56M22 . This relation 
an be tested withthe total 
ross se
tions in �gures 1a and 1
 up to m~eL = 170 GeV, 
omple-mentary to the measurements at an e+e�-
ollider. Fig. 1d shows that forhigher masses of ~eR the asymmetry 
ould allow a test of the renormalizationgroup relations, Eqs. (5),(6).
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m~eL /GeVAFB b (d)Fig. 1. Cross se
tions and forward-ba
kward asymmetries for psee = 500 GeV,�k = +1, �L = �1 (the values of the ECFA/DESY referen
e s
enario are marked bysmall 
ir
les); (a) dependen
e of the total 
ross se
tion �ee on m~eR for Pe = 0:9 andm~eL = 100 GeV (nearly independetnt of m~eL); (b) dependen
e of the asymmetryAFB on m~eR for Pe = 0:9 (m~eL = 100 GeV ���, m~eL = 171 GeV - - - -, m~eL = 200GeV � � �); (
) dependen
e of the total 
ross se
tion �ee on m~eL for Pe = �0:9(m~eR = 100 GeV ���, m~eR = 127 GeV - - - -, m~eR = 200 GeV � � �); (d)dependen
e of the asymmetry AFB on m~eL for Pe = �0:9 (m~eR = 100 GeV ���,m~eR = 127 GeV����, m~eR = 200 GeV � � �)4. Con
lusionWith a suitable 
hoi
e of beam polarizations it is possible to 
onstrainm~eR up to 344 GeV and m~eL up to 170 GeV in the pro
ess e�
 ! ~�01~eL=R !e� ~�01 ~�01 from a measurement of the total 
ross se
tions. The forward-ba
kward asymmetry AFB gives additional information on these masses.Espe
ially one 
ould measure masses m~eL > 170 GeV if m~eR is high enough.The 
ross se
tions and the forward-ba
kward asymmetries allow to test theequations for the sele
tron masses 
omplementary to an e+e�-
ollider.
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