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THE SNO-EXPERIMENT AND NEUTRINOOSCILLATIONS�Amand FaesslerInstitut für Theoretis
he Physik, Universität TübingenAuf der Morgenstelle 14, 72076 Tübingen, Germany(Re
eived De
ember 3, 2001)Using the pre-SNO neutrino os
illation data of the solar and the at-mospheri
 neutrino os
illations in
luding and ex
luding the LSND (LosAlamos) measurements �ts for the three mixing angle of the unitary trans-formation between the three neutrino mass eigenstates and the weak eigen-states are given. At the same time the di�eren
es of the squared massesare �tted to the data. Using an averaged upper value of hm�ei = 0:62 eVfrom the neutrino double beta de
ay, one 
an limit the sum of the threeneutrino masses to be less than 2.53 eV. The new data from the Sud-bury Neutrino Observatory allow for the �rst time with the help of theSuperKamiokande data to determine the solar e and (�+�) neutrino �uxesseparately. The sum is within errors identi
al to the theoreti
al ele
tronneutrino �ux from the sun. We thus see all expe
ted solar neutrinos. Theyonly os
illated partially from ele
tron to �+ � neutrinos. In the last partwe report 
al
ulations of neutrino masses in the R-parity violating Mini-mal Supersymmetri
 Standard Model (R= MSSM). The R-parity violatingintera
tion mixes the three neutrino �avors by R-parity violation with thefour neutralinos (photino, zino and the two higgsinos). One �nds neutrinomasses for the �rst two neutrinos between 0.001 and 0.04 eV and for thethird one between 0.03 and 1 eV.PACS numbers: 14.60.Pq 1. Introdu
tionUntil now the only indi
ation for �nite masses of the neutrinos are theneutrino os
illations. Dire
t measurements of the neutrino masses gave thefollowing upper limits [1, 2℄:m�e < 2:3 ; m�� < 160 keV ; m�� < 23 MeV : (1)� Presented at the XXVII Mazurian Lakes S
hool of Physi
s, Krzy»e, Poland,September 2�9, 2001. (157)



158 A. FaesslerIn the standard model neutrinos are massless and left-handed. If theywould be massive, a boost 
an make out of a left-handed neutrino a right-handed one.In the supersymmetri
 model we add to the left-handed doublet of aneutrino and a lepton its SUSY partners.0BB� �e �� ��e� �� ��~�e ~�� ~��~e� ~�� ~�� 1CCAleft : (2)If one now assumes that the neutrinos are massive with the mass eigen-states (�1; �2; �3) (3)whi
h are di�erent form the weak or the produ
tion eigenstates(�e; ��; �� ) (4)one obtains automati
ally neutrino os
illations. The mass eigenstates (3)and the weak or �avour eigenstates (4) are 
onne
ted by a unitary matrix.0� �e���� 1A = 0� Ue1 Ue2 Ue3U�1 U�2 U�3U�1 U�2 U�3 1A 0� v1v2v3 1A : (5)The unitary matrix 
onne
ting the mass (3) and the �avour eigenstates(4) 
an be 
hara
terized by three angles and in the 
ase of Dira
 neutrinosby one CP phase and in the 
ase of Majorana neutrinos by two CP phases.U (#12; #13; #23; '12; '23) : (6)In this work we assume that CP symmetry is not violated and thus the CPviolating phases 
an take only two values �CP = ei' = �1.Neutrino os
illations give no information about the CP phases, but the
harmed II results 
onstrain the CP -phases so that they 
annot be all thesame for all three neutrinos [11℄. This means the 
hoi
e�CP12 = ei'12 = +1 ; �CP23 = ei'23 = +1 (7)is not allowed.



The SNO-Experiment and Neutrino Os
illations 159The neutrino os
illations are often analyzed in a pairwise mixing of onlytwo neutrinos with the orthogonal transformation between the two massstates and the two �avour states.� �e�� � = � 
os# � sin#sin# 
os# �� �1�2 � : (8)In this type of analysis one 
an 
onstru
t a 
ontradi
tion of the LSNDresult, des
ribing os
illations from ��� to ��e and the solar neutrino os
illa-tions, if one assumes that the ele
tron neutrinos �e os
illate to ��. The�rst one requests a di�eren
e of the masses squared of the order of 0:3 to1:0 eV2 and the se
ond a di�eren
e of the masses squared between 10�5 and7�10�5 eV2, depending if one takes a Small (SMA) or a Large (LMA) Mix-ing Angle solution of os
illations in matter (MSW e�e
t). But an analysisa

ording to equation (9) with the mixing of only two neutrinos is too re-stri
tive. This is similar as when you want to �y from Muen
hen to Milanoin a two dimensional plane in a straight line. The Alps make this impossible.But as soon as you go in a spa
e of three dimensions, you have no di�
ultyhaving a straight line in the �rst two dimensions, but going up in altitudeand 
rossing the Alps with the help of the third dimension.The results whi
h we have about neutrino os
illations indi
ate that themass eigenstates are strongly mixed in the �avour or produ
tion eigenstates.So we expe
t that an os
illation analysis in two dimensions in
luding onlythe di�eren
e of the masses squared of two neutrinos and their mixing angle �will be not su�
ient and leads to totally wrong 
on
lusions. We therefore usein this work always a three neutrino analysis of the solar, the atmospheri
and the LSND neutrino experiments. Due to the large mixing angles itseems that mostly all three neutrinos are involved in the os
illations.2. Neutrino os
illations and neutrino massesThe unitary matrix whi
h transforms from the neutrino mass eigenstatesto the �avour eigenstates (5) 
an be parametrized by three angles and twophases (6), if one assumes Majorana neutrinos. The CP violating phases
an be redu
ed to one in the 
ase of Dira
 neutrinos. In the literature one�nds several �ts to the solar and the atmospheri
 neutrino os
illation data,where the SNO data from June 17, 2001 are not yet in
luded. These threeneutrino analyses of the solar and the atmospheri
 neutrino data in
lude orex
lude the LSND data from Los Alamos. Below it will always be indi
atedif the LSND data are in
luded or if they are ex
luded.The �avour neutrino mass matrix has the formm�� = 3Xi=1 U�i mi U+�i (#12; #13; #23) ; (9)



160 A. Faesslerwhere we assumed that the CP phase fa
tors are real and assume the values�CP12 = �1 and �CP13 = �1 (7).The three neutrino analysis of the os
illation data [4�8℄ yield the threemixing angles and two di�eren
es of the squares of neutrino masses.#12; #13; #23�m221 = m22 �m21 ;�m223 = m23 �m22 ;m1 = m1 (assumption) ;m2 = �m21 +�m221�1=2 ;m3 = �m21 +�m221 +�m232�1=2 : (10)Under the assumption that the phases are real (6), one 
an 
al
ulate thetransformation U of equation (5), whi
h is under these assumptions an or-thogonal transformation. It is not determined uniquely, sin
e the phases 
anstill have the values (+1;�1) and (�1;�1) (7). The 
ombination (+1;+1) isex
luded by CHARME II [3℄ and the 
ombination (�1;+1) 
an be redu
edto the 
ombination (+1;�1) by relabelling. Table I gives the results of these�ts from the literature. TABLE IFits for�m221;�m232 and #12; #23; #13 as de�ned in Eqs. (6) and (11) from referen
es4 to 8 without or with the in
lusion of LSND.�m221 �m232 #012 #023 #013 Ref.�eV2� �eV2�no LSND no LSND(3� 70)� 10�6 0.01 53�62 28�37 � 13 [8℄(4� 70)� 10�6 1 51�72 27�32 < 4 [8℄(4� 70)� 10�6 0.1 51�72 28�33 < 4 [8℄10�4 8� 10�4 39 45 27 [6℄with LSND with LSND(1� 10)� 10�4 0.3 35 27 13 [4℄(1� 10)� 10�4 0.3 54 27 13 [4℄3� 10�4 1 45 29 4 [7℄(1� 10)� 10�4 0.4 38 26 10 [5℄(4� 70)� 10�6 1 51�72 27�32 3�4 [8℄



The SNO-Experiment and Neutrino Os
illations 161From Eq. (10) one 
an now 
al
ulate the neutrino mass matrix in �avouror weak intera
tion spa
e, if one makes an assumption about the value ofone neutrino mass, for example m1. Sin
e the phases (6) do not depend onthe neutrino os
illations, they 
annot be determined. In the following weare 
hoosing all possible di�erent neutrino phases for Majorana neutrinosand give for the neutrino mass matrix (9) element by element always thelargest value. So the neutrino mass matri
es given in Table II are elementby element upper limits for the di�erent assumptions of the mass m1 of thelowest mass eigenstate. TABLE IINeutrino mass matrix in �avour spa
e (�e; ��; �� ) de�ned in Eq. (10) 
al
ulated forthe di�erent �ts to the os
illations given in Table I. The CP phases �CP12=13 = �1are assumed to be real and are varied to all possible 
ombinations. Always thelargest value, element by element, is given. The four matri
es are therefore upperlimits for the assumptions m1 = 0 eV and m1 = 0:1 eV without and with thein
lusion of LSND. no LSND in
ludedm1 = 0 eV m1 = 0:1 eV0� 0:00 0:01 0:000:01 0:11 0:100:01 0:10 0:11 1A 0� 0:10 0:01 0:010:01 0:18 0:080:01 0:08 0:19 1Awith LSND in
ludedm1 = 0 eV m1 = 0:1 eV0� 0:03 0:06 0:070:06 0:29 0:340:07 0:34 0:46 1A 0� 0:11 0:05 0:070:05 0:35 0:300:07 0:30 0:50 1AOne sees 
learly, that the in
lusion of LSND is in
reasing the upperlimits of the matrix elements of the neutrino mass matrix in �avor spa
e.This means that the masses of the neutrinos get appre
iably larger withthe in
lusion of LSND. Without LSND the average neutrino mass for m1 =0:1 eV has an average value of 0.16 eV and with the in
lusion of LSND anaverage mass of 0.32 eV. In table two we have in
luded an absolute masss
ale by assuming without further justi�
ation a mass for the lowest masseigenstate. One 
an also obtain an absolute mass s
ale also from experiment:The triton de
ay and the neutrinoless double beta de
ay give both su
hlimits. The more restri
ted limit one obtains from the neutrinoless doublebeta de
ay.
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j hm�ei j = ����� 3Xi=1 mi�i(CP )�����Ueij2j � 0:62 [eV℄ ;�1 = 1 ; �2 = �CP12 ; �3 = �CP13 : (11)In Eq. (11) we have used the double beta de
ay matrix elements of theTuebingen group [9,10℄ and the 76Ge neutrinoless double beta de
ay exper-iment of Baudis et al. We build the transformation U in Eq. (5) from themixing angles of Table I and 
hoose all possible phase 
ombinations (6) andin
rease the mass of the lightest neutrino m1 in Eq. (10), so that we rea
hthe maximal allowed averaged neutrino mass of 0.62 eV (11). This yieldsnow element for element an other limit of the neutrino mass matrix in �avorspa
e. jm�� j [eV℄ � 0� 0:60 0:97 0:850:97 0:76 0:800:85 0:80 1:17 1A3Xi=1 mi � tra
efjm�� jmaxg= 0:60 + 0:86 + 1:17 = 2:53 [eV℄ : (12)One obtains therefore for the sum of all three neutrino masses an upper limitof 2.53 eV.From the measurement of the triton de
ay, where the Minsk and theTroisk group give values of 2.8 to 2.3 eV one 
an extra
t also an upper limitfor the sum of the three neutrino masses. But this limit lies higher.3. New results from SNOThe Sudbury Neutrino Observatory announ
ed on June 17, 2001 resultswhi
h make it now highly probable, that one sees all the neutrinos [20℄whi
h are produ
ed by the sun [21℄. The results indi
ate that about 2/3 ofthe 8B ele
tron neutrinos were os
illating into muon or tauon neutrinos. TheSudbury Neutrino Observatory (SNO) is lo
ated in Canada in the Creightonmine in Ontario, 2000 m under ground. The dete
tor 
onsists of 1 000 tons ofheavy water D2O in an a
ryli
 spheri
al vessel with the diameter of 12 m and9 456 photomultipliers on an outer sphere of a diameter of 17 m. Everythingis inside a vessel of about a 
ylindri
al form with a diameter of 22 m. In
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illations 163prin
iple the following rea
tions are possible:�e + d �! p+ p+ e� (CC),�x + e� �! �x + e� (ES),�x + d �! p+ n+ �x (NC). (13)
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Fig. 1. Charge 
urrent (CC), ele
tron s
attering (EC) and neutral 
urrent (NC)diagrams for neutrino s
attering and rea
tions in SNO.Figure 1 shows the diagrams of the Charge Current (CC) the elasti
ele
tron s
attering (ES) and the Neutral Current (NC) diagrams whi
h 
anbe measured in prin
iple by SNO. Presently only (CC) and (ES) have beenmeasured. The 
harge 
urrent (CC) 
an only be measured be
ause they areusing heavy water with deuterium repla
ing the hydrogen. The 8B solarneutrinos go up to an energy of 14.6 MeV. They would have a too smallenergy to 
hange a neutron in 16O into a proton. But this is possible forthe deuteron whi
h is only bound by 2.2 MeV. The lower threshold of theSNO dete
tor for the 8B ele
tron neutrinos from the sun is 6.5 MeV. The
harge 
urrent rea
tion (CC) is measured by looking to the Cherenkov radi-ation from the ele
tron. But at the same time one gets also the Cherenkovradiation from the ele
tron, whi
h is elasti
ally s
attered by the in
omingsolar neutrinos (ES). One 
an now separate the two by studying the angular
orrelations. In the elasti
 neutrino�ele
tron s
attering (ES) a neutrino ofabout 10 MeV is hitting an ele
tron, whi
h has a rest mass of about 0.5 MeVand thus its angular distribution is peaked forward. In the 
harge 
urrentrea
tion (CC) one is hitting with the ele
tron neutrino the deuteron andone obtains roughly an isotropi
 distribution. The 
harged 
urrent mea-sures only the ele
tron neutrino �ux from the sun. It is with the help of theangular distribution determined to be:



164 A. Faessler�CCSNO(�e) = (1:75 � 0:23) � 106 [
m�2s�1℄ ;�ECSNO(�x) = (2:39 � 0:49) � 106 [
m�2s�1℄ ;�ESSK(�x) = (2:32 � 0:10) � 106 [
m�2s�1℄ ;�(�ee�) � 6 � �(��e�; ��e�) : (14)In prin
iple one 
ould determine from the two SNO measurements of theneutrino �uxes for the 
harge 
urrent and the elasti
 s
attering rea
tion withthe relation between the ele
tron�neutrino ele
tron and the muon�neutrinoele
tron 
ross se
tion the �ux of muon and tauon neutrinos rea
hing the SNOdete
tor. But the errors of the SNO measurement for the elasti
 ele
tronneutrino�ele
tron s
attering is too large. One 
an here use the more a

urateresult of SuperKamiokande (14). The values given in (15) are neutrino �uxesfrom the sun, 
al
ulated without neutrino os
illations. From the elasti
ele
tron�neutrino ele
tron s
attering data from SK (SuperKamiokande) andthe ele
tron neutrino �ux determined by the 
harged 
urrent in SNO, onesees that one must have muon� and tauon�neutrinos, whi
h are dete
ted inthe elasti
 ele
tron�neutrino ele
tron s
attering (ES) in SuperKamiokande(SK). If one now takes into a

ount the di�erent values for the 
ross se
tionsof the neutrino ele
tron s
attering one obtains a muon� and tauon�neutrino�ux from the sun of:�(�� + �� ) = (3:69 � 1:13) � 106 [
m�2s�1℄ ;�total (�e + �� + �� ) = (5:44 � 0:99) � 106 [
m�2s�1℄ ;�SUN (�e) � 5:1 � 106 [
m�2s�1℄ : (15)The sum of the muon� and tauon�neutrino �uxes and the ele
tron�neutrino �ux determined by the 
harge 
urrent rea
tion (15) agrees veryni
ely with the theoreti
al result of Bah
all and Pinsonneault [21℄, whopredi
t a total ele
tron neutrino 
urrent produ
ed by the sun of about5:1 � 106 
m�2s�1 thus we seem to see all ele
tron neutrinos from the sun.But two third of the ele
tron neutrinos have been os
illating into other neu-trinos.The analysis using the 
harge 
urrent ele
tron neutrino �ux measure-ment from SNO and the elasti
 s
attering neutrino �ux measurement fromSuperKamiokande is shown in �gure 2.The results seem to indi
ate within the error bars that there is nowos
illation of the ele
tron neutrinos from the sun to sterile neutrinos.The next step is the measurement of the neutral 
urrent rea
tion (NC)(14). Figure 1 shows that for the neutral 
urrent rea
tion one has onlyneutrinos, neutrons and protons in the �nal state. All three do not produ
e
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Fig. 2. The �gure shows the 
harge 
urrent (CC) measurement of SNO �CCSNO(�e) =(1:75�0:23)� 106 
m�2s�1 on the abs
issa and the muon and tauon neutrino �uxderived with help of the SuperKamiokande (SK) elasti
 neutrino�ele
tron measure-ment at the ordinate (from Ref. [20℄).Cherenkov radiation in water. To dete
t this Neutral Current rea
tion (NC)(14) the SNO 
ollaboration has given salt NaCl into the heavy water of thedete
tor. This now allows to see the 
apture 
-rays of the neutrons 
as
adingdown in Na or Cl. The neutral 
urrent rea
tion (NC) (14) will measure thetotal neutrino �ux from the sun without distinguishing between ele
tron,muon and tauon neutrinos. If everything is 
onsistent and 
orre
t, it shouldgive within error bars the same number of the total �ux already given inEq. (16). 4. Neutrino masses and supersymmetryIn the minimal supersymmetri
 model (MSSM) one has for every bosonand for every fermion an supersymmetri
 partner. Ea
h fermion has a SUSYboson and ea
h boson has a SUSY fermion. In the standard model (SM) thefermions are the matter parti
les like the quarks and the leptons, while thebosons are the 
arrier of the for
es like the photon 
, the 
harged W� andthe neutral Z0 ve
tor bosons and the gluons. To ea
h multiplet of parti
lesin the SM we add in the MSSM the 
orresponding super�elds.
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Le = 0BB� �ee�~�e~e� 1CCAleft ; Lu = 0BB� ����~��~�� 1CCAleft ; L� = 0BB� ����~��~�� 1CCAleft ;Qu = 0BB� ud~u~d 1CCAleft ; Q
 = 0BB� 
s~
~s 1CCAleft ; Qt = 0BB� tb~t~b 1CCAleft ;H1 = 0BB� hÆ1h�1~hÆ1~h+1 1CCAY=1 ; H2 = 0BB� h+2hÆ2~h+2~hÆ2 1CCAY=�1 : (16)The intera
tions in the MSM are the same as in the SM, one only repla
esthe �elds by the super�elds. Figure 1 shows that one has to repla
e alwayszero or an even number of �elds from the standard model (SM) by SUSYparti
les. If one repla
es and odd number of SM �elds by SUSY parti
les, one
annot 
onserve the total angular momentum. Thus this minimal extensionof the SM to the Minimal Supersymmetri
 Standard Model (MSSM) onehas a new quantum number whi
h one 
alls R parity. It is R = +1 for aneven number of SUSY parti
les and R = �1 for an odd number of SUSYparti
les.The mass of the three neutrinos in supersymmetry is zero originally andtheir a
quire mass by mixing with the four neutralinos: The photino e
, thezino eZ0, the Higgsino eH01 and a se
ond Higgsino eH02 . But in the MSSM one
annot mix standard parti
les like the three neutrinos �e; �� and �� withSUSY parti
les. This violates R parity.One now argues that R parity is until now not a quantity whi
h is 
on-served by a symmetry prin
iple. Thus one expe
ts to have also terms in theLagrangian whi
h violate R parity 
onservation.WR= = �ijkLiLjE
k + �0ijkLiQjD
k+�jLjHz + �00ijkU 
D
j+fsoft R= termsg: (17)Here Li are the left-handed lepton super�elds of the three families de�nedin Eq. (13) and Qj are the left-handed super quark �elds, where j runs over
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Fig. 3. The left diagram is showing in the standard model (SM) the mi
ros
opi
pro
ess of the weak beta de
ay 
hanging a �down� into an �up�-quark and theemission of a W� ve
tor boson with the 
oupling 
onstant g. The right side showsa diagram in the minimal supersymmetri
 model (MMSM) whi
h 
hanges a �down�-quark into a SUSY-�up�-quark and into a SUSY-ve
tor boson fW� with the same
oupling 
onstant g.the three families (13). The super�elds Ek and Dk 
orrespond to the right-handed lepton and quark super �elds.Ek=1 = � e�~e� �right ; Dk=1 = � d~d �right : (18)The index k 
an run over the three families k = 1; 2; 3. The upper index �
� inEq. (17) indi
ates the 
harge 
onjugate state. The soft SUSY breaking terms
ontain only super�elds. The 
oupling 
onstant �00ijk and the 
orrespondingterm in the soft R-parity breaking terms are put to zero to prevent a fastde
ay of the protons.The R-parity breaking terms allow for a va
uum expe
tation value ofthe SUSY neutrinos. These and the �j terms yield tree diagrams for themixing of the neutrinos with the neutralinos (photinos, zinos, higgsinos) byeliminating the four neutralinos (one has two neutral higgsinos) one obtainsa separable mass matrix.3X�=1m�� 
i� = mi 
i� with : m�� = a� � a� ;a�X� a� 
i� = mi 
i� with : a�e ; a�� ; a�� : (19)



168 A. FaesslerFor su
h a separable mass matrix of rank 1, one has two mass eigenvalues,whi
h are zero. This 
an be easily seen from the lines three and four fromEq. (16). The ve
tor in �avour spa
e (a�e; a��; a�� ) allows in this threedimensional spa
e two ve
tors f
ig whi
h are orthogonal to fag and thusone has two mass eigenvalues whi
h are zero. The hierar
hi
al neutrinomass spe
trum must have the form as shown in �gure 2.
m

m

m 1

2

3

Fig. 4. On the tree level two eigenvalues of the neutrino mass matrix are zero andone is only di�erent from zero. The in
lusion of loop diagrams (see Fig. 3) yieldfor all masses values di�erent from zero. But one expe
ts, that the hierar
hi
alstru
ture of the neutrino masses remain. Two masses very small and the thirdneutrino mass larger.On the tree level we have therefore m1 = m2 = 0 and m3 6= 0. Fromthe atmospheri
 neutrino measurement of SuperKamiokande, one thereforeobtains immediately for the third neutrino mass:2� 10�2 eV � m3 � 10�1 [eV℄: (20)This naturally 
annot be the �nal truth. So we have to 
al
ulate also loopdiagrams.The lepton�slepton and the quark�squark loops yield again a separable
ontribution to the neutrino mass matrix in the three dimensional neutrino�avour spa
e. One has therefore now a rank tree spearable matrix of whi
hthe mass eigenvalues are all di�erent from zero.m�� = 3Xk=1 ak� ak�: (21)The upper index k runs over the tree diagrams, the lepton loop andthe quark loop diagrams sin
e we are assuming CP 
onservation the matrixm�;� is symmetri
 and the separable rank three mass matrix (18) has alto-gether nine parameters. On the other side we have only �ve experimentalquantities: the three mixing angles �12; �13; �23 and the di�eren
es of themasses squared �m221;�m232. We therefore must redu
e the nine parame-ters in the 3� 3 neutrino mass matrix (18) from 9 to a maximum of 5. This
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Fig. 5. The quark�squark (a) and the lepton�slepton (b) 1-loop 
ontributions tothe neutrino masses. The 
rosses on the lines denote the left-right mixing by amass term.is possible with a horizontal �avour symmetry. Su
h a horizontal �avoursymmetry [12�16℄ of U(1) type has been used to explain the quark masses.The U(1) �eld, whi
h we want to 
all � has a new type of 
harge C� = �1,whi
h is not 
onserved in R-parity violating pro
esses. Thus this horizon-tal U(1) �eld forbids R-parity violation. The anomaly of the U(1) �eld is
an
eled by the Green�S
hwarz me
hanism.The U(1) 
harge 
onservation is broken by a va
uum expe
tation valueof this �eld h�i 6= 0. The R-parity violating terms in the Lagrangian (14)have in form of an e�e
tive Lagrangian for example for the term involvingone lepton and two quark super�elds the following form:L(R=) = : : : gLiQjD
k#nijk + : : :=) : : : �0ijkLiQjD
k + : : :with : �0ijk / gh#inijk : (22)The power nijk of the # �eld in the e�e
tive R-parity violating La-grangian 
onserves the 
harge C�. This determines the exponent nijk. Hereautomati
ally a sum over all three families over the indi
es i; j and k is in-
luded. As long as the va
uum expe
tation value of the U(1) �eld # is zeroR-parity is 
onserved. But if the va
uum expe
tation value of � is di�er-ent from zero h�i 6= 0 one obtains terms with R-parity violation. It is nowpossible to redu
e the six 
oupling 
onstants whi
h are needed for the loopdiagrams to only one. �0i33 = �03330� "4"1 1A ;



170 A. Faessler�i33 = �03330� ("4 � 1)"4("� 1)"0 1A : (23)Sin
e the loop diagrams in �gure 3 are proportional to the mass of theintermediate parti
les squared, one needs only to in
lude in the loops theparti
les of the third family.The quantity " " = h#iMU(1) � 0:23 (24)has been determined in [12�16℄ by explaining with the same horizontal sym-metry the masses of the quarks and the masses of the leptons e�; ��and ��.The zero in Eq. (20) 
omes from the Pauli prin
iple sin
e one has twoidenti
al lepton �elds in the third family. The powers of " = 0:23 
an bederived from the 
harges C� of the parti
les in the �rst family C� = �3, these
ond family C� = 2 and the third family C� = 1.Sin
e we repla
e in this way six di�erent 
oupling 
onstants �0i33 and�i33 (with i = 1; 2; 3) by one �0333, one redu
es the nine free parametersto four. Now one is able with the �ve experimental quantities of the threemixing angles and the two squares of the di�eren
es of the neutrino massesto determine 
ompletely neutrino mass matrix and diagonalize it. In
ludingthe un
ertainties whi
h show up in the di�erent �ts and in
luding also theun
ertainties in the CP phases (6) one 
an now diagonalize the �avourneutrino mass matrix (9) and obtains:jm�1j = 0:000 � 0:02 [eV℄;jm�2j = 0:002 � 0:04 [eV℄;jm�3j = 0:03 � 1:05 [eV℄;jhm�eij = 0:009 � 0:045 [eV℄ : (25)Sin
e supersymmetry yields only a Majorana mass term, the three massesare given here as absolute values. They 
an be positive or negative and even
omplex if CP violation is allowed. With the in
lusion of LSND one is moreat the upper end of the interval given in the �rst three masses and withoutLNSD one would more prefer the lower values of the intervals. The lastvalue in Eq. (22) is the averaged ele
tron neutrino mass for the neutrinolessdouble beta de
ay.One 
an now answer the question how large the 
oupling parameter �0333
an be, so that the masses get not larger than the upper limits given in (22).This is shown in Table III.
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illations 171TABLE IIIUpper limits for the 
oupling 
onstants �0i33 and �i33 of the R parity violating termsin the Lagrangian (14). The previous values are taken from Rakshit et al. [17℄.This work Previous� Improvement�133 1:7� 10�3 3� 10�3 1.8�233 1:9� 10�3 6� 10�2 32�0133 3:8� 10�4 7� 10�4 1.8�0233 4:3� 10�4 0.36 950�0333 5:3� 10�4 0.48 9005. Con
lusionFrom the pre-SNO solar, atmospheri
 and LSND neutrino os
illationdata we took the three mixing angles and the two di�eren
es of the massessquared to determine the neutrino masses. Hereby we in
luded and ex
ludedthe LSND result to see how it is in�uen
ing the �nal neutrino masses. Wefound that the Majorana neutrino masses have without in
lusion of LSNDan average value whi
h is smaller than 0.06 eV and with the in
lusion ofLSND an average value of around 0.2 eV [18, 19℄.On the theoreti
al side we used the minimal supersymmetri
 model(MSSM) with R-parity violation. The mass of the neutrino originates inthis model by mixing the three neutrinos whi
h are originally massless withthe four neutralinos: üphotino e
, zino eZ0, higgsino 1 ~h0 and higgsino 2 ~h02.This yields, if one requests CP 
onservation, a real neutrino mass matrixwhi
h is separable of rank 3. Thus we have nine parameters, but only �veexperimental quantities, the three mixing angles and the two squares of thedi�eren
es of the masses, to whi
h we 
ould �t these nine parameters.By using a horizontal U(1) �avour symmetry, one 
an redu
e sixR-parity violating 
oupling 
onstants to one value. This redu
es the ninefree parameters to four and allows now to 
al
ulate the masses of the threeneutrinos whi
h varies roughly from 0 to 1.0 eV. The hierar
hi
al stru
tureis so that the �rst two masses are quite small, while the third mass 
an beup to 1 eV. If one omits LSND, one �nds an averaged neutrino mass (theparameter hm�ei, whi
h 
an be determined in the neutrinoless double betade
ay) to be smaller than 0.06 eV, while the in
lusion of LNSD gives anaveraged neutrino mass of the order of 0.2 eV. The supersymmetri
 modelwith R-parity violation yields a Majorana neutrino.
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