
Vol. 30 (1999) ACTA PHYSICA POLONICA B No 11
SELECTRON MASS EFFECTS IN NEUTRALINOPRODUCTION�S. Hesselba
h and H. FraasInstitut für Theoretis
he Physik, Universität WürzburgAm Hubland, D-97074 Würzburg, Germany(Re
eived O
tober 26, 1999)We study the possibility to measure the masses of the sele
trons inneutralino produ
tion at an e+e� linear 
ollider with polarized beams. The
ross se
tions and polarization asymmetries of neutralinos with gaugino
hara
ter strongly depend on the masses of the ex
hanged sele
trons. Ifthe usual GUT relations of the sele
tron masses in the MSSM are relaxedlarge e�e
ts are possible espe
ially in the polarization asymmetries. These
an be used to determine the masses of both sele
trons.PACS numbers: 14.80.Ly, 13.88.+e, 12.60.Jv1. Introdu
tionThe sear
h for supersymmetri
 parti
les and the determination of theirmasses is one of the main goals of a future e+e� linear 
ollider. Espe
iallythe use of polarized beams plays an important role for the measurement ofthe parameters of the underlying supersymmetri
 model.In our 
ontribution we study the e�e
ts of the sele
tron masses on the
ross se
tions, polarization asymmetries and de
ay angular distributions ofneutralino produ
tion in e+e� annihilation. We fo
us on the produ
tion oflight neutralinos e+e� ! ~�01 ~�02 in the Minimal Supersymmetri
 StandardModel (MSSM) [1℄ with GUT relation for the gaugino mass parametersM1=M2 = 5=3 tan2 �W . We assume that the masses of the left sele
tronm~eL and of the right sele
tron m~eR are both independent parameters of themodel. The motivation for this is that in models with new U(1) fa
tors inthe gauge group also additional D-terms appear in the mass terms of thesele
trons [2℄. These D-terms are of the order of the massesmZ0 = O(1 TeV)� Presented by S. Hesselba
h 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. (3423)



3424 S. Hesselba
h, H. Fraasof the 
orresponding new gauge bosons whi
h results in larger di�eren
esbetween m~eL and m~eR and even m~eR > m~eL is possible. The 
hara
terof the light neutralinos in these extended supersymmetri
 models whi
h
an be motivated by superstring theory [3℄ is in most 
ases very similar tothe MSSM [4, 5℄. Therefore in the following the sele
tron mass e�e
ts inneutralino produ
tion will be dis
ussed in the MSSM.2. Produ
tion of neutralinosIn e+e� annihilation the higgsino 
omponents of the neutralinos areprodu
ed only via s 
hannel ex
hange of Z bosons whereas the gaugino
omponents are produ
ed only via t and u 
hannel ex
hange of sele
trons [6℄.So we 
hoose a s
enarioM2 = 200 GeV; � = 350 GeV; tan� = 3 (1)of the neutralino parameters where ~�01 (m~�01 = 93 GeV) and ~�02 (m~�02 = 175GeV) have both a large gaugino 
omponent (96:5 % and 87:9 % respe
-tively) to analyze the sele
tron mass e�e
ts. Then the 
ontribution of the Zex
hange 
an be negle
ted and for longitudinally polarized beams the total
ross se
tion [6, 7℄ 
onsists of two terms des
ribing the ex
hange of left andright sele
trons, respe
tively � � �~e = �~eL + � ~eR . The stru
ture of �~eL=R is�~eL=R = (fL=Re1 fL=Re2 )2 [(1� P�P+)� (P� � P+)℄ f(s;m~eL=R) (2)with the ~�0i ~eL=ReL=R 
oupling fL=Rei [6℄ and the polarization P�=+ of theele
tron and positron beam, respe
tively. Thus the sele
tron mass e�e
tsin the 
ross se
tion � and in the polarization asymmetry for ele
tron beampolarization of 90 %ALR = �(P� = �0:9) � �(P� = +0:9)�(P� = �0:9) + �(P� = +0:9) (3)depend on the ratio rf = (fRe1fRe2)2=(fLe1fLe2)2 : (4)In s
enario (1) with rf = 0:19 the ex
hange of ~eL dominates.Figs. 1(a), (b) show ALR and � for di�erent values of m~eL and a �xedvalue of m~eR . Be
ause of the dominating ~eL ex
hange � drops signi�
antlywith in
reasing m~eL . Espe
ially near threshold also ALR strongly dependson m~eL . For m~eL = m~eR it is approximately independent of energy ALR �0:9(1� rf )=(1 + rf ) � +60 %. For m~eL � m~eR it tends to the value �90 %at threshold, whereas for in
reasing energy it runs asymptoti
ally to the
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Fig. 1. (a) Polarization asymmetries ALR and (b) 
ross se
tions � of the pro
esse+e� ! ~�01 ~�02 for m~eR = 200 GeV, m~eL = 200, 400, 600, 800 and 1000 GeV andP+ = 0.
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Fig. 2. Polarization asymmetries ALR of the pro
ess e+e� ! ~�01 ~�02 for m~eL = 200GeV, m~eR = 200, 400, 600, 800 and 1000 GeV and (a) P+ = 0, (b) P+ = �50%.value for equal masses. So ALR has di�erent sign near threshold dependingon m~eL . In Fig. 2(a) ALR is depi
ted for �xed m~eL and di�erent m~eR. Form~eR � m~eL it tends to the value +90 % at threshold. Sin
e the dominating
ontribution 
omes from ~eL ex
hange the dependen
e on m~eR is weaker thanthat on m~eL in Fig. 1(a). For �xed m~eL and in
reasing m~eR also � drops lessthan in Fig. 1(b) (e.g. � = 52 fb for m~eL = 200 GeV, m~eR = 1000 GeV andps = 500 GeV). The dependen
e on m~eR 
an be enlarged if additionally thepositron beam is polarized (Fig. 2(b)).Fig. 3 shows the 
ontours of ALR and � in the m~eL-m~eR parameter spa
e.These two observables form a network whi
h in prin
iple allows to deter-mine the two sele
tron masses, if the parameters of the neutralino se
tor areknown. In Fig. 4 the 
ontours of rf are plotted in theM2-� parameter spa
e.Above the lines rf = 20 the higgsino 
hara
ter of the neutralinos dominates,
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h, H. Fraasso the sele
tron mass e�e
ts are not visible. In the lower left 
orner (largenegative �) rf is very small. Then only the left sele
trons 
ontribute to the
ross se
tion and therefore ALR � +90 % independently of m~eR . But inlarge regions of the parameter spa
e not too far below the lines rf = 0:05both sele
trons 
ontribute and the sele
tron mass e�e
ts in the neutralinoprodu
tion are measurable.
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ross se
tion (in fb) for P+ = P� = 0 (dashed) of the pro
ess e+e� ! ~�01 ~�02 forps = 500 GeV.
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Fig. 4. Contours of the ratio rf (4) for tan� = 3. Also shown are the experimentallyex
luded parameter spa
e (shaded) and the s
enario (1).
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Fig. 5. De
ay angular distributions of the de
ay leptons d~�d 
os �� =~� for P� = �90 %,P+ = 0, ps = 500 GeV, m~eR = 200 GeV and m~eL = 200 GeV (solid) or m~eL = 400GeV (dashed).
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kward asymmetries AFB of the de
ay leptons for P� = �90 %,P+ = 0, m~eR = 200 GeV and ps = 500 GeV (solid) or ps = 300 GeV (dashed).In Fig. 5 the de
ay angular distributions d~�d 
os �� for the leptoni
 de
ay ofthe ~�02 are shown for two values of m~eL . They are 
omputed with full spin
orrelations between produ
tion and de
ay [8, 9℄ and are normalized on thetotal 
ross se
tion ~� of the 
ombined pro
ess e+e� ! ~�01 ~�02 ! ~�01 ~�01e+e�,where �� is the angle between the ingoing e� and the outgoing e�. Theangular distributions also show a strong dependen
e on the sele
tron masses
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hosen beam polarization. The forward-ba
kward asymmetries AFB[8℄ 
hange sign with in
reasing m~eL (Fig. 6). The dependen
e of AFB onm~eL is larger for ps 
loser to threshold.3. Con
lusions and outlookThe 
ross se
tion, polarization asymmetry and forward-ba
kward asym-metry of neutralino produ
tion strongly depend on the sele
tron masses forsuitable beam polarization espe
ially near threshold. A simultaneous mea-surement of � and ALR allows in prin
iple the determination of the sele
tronmasses. This also provides a possibility to dis
riminate between the MSSMand extended models. Thus beam polarization is an important feature of afuture linear 
ollider to determine the parameters of the underlying model.We are grateful to G. Moortgat-Pi
k for many valuable dis
ussions andfor providing the program to 
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