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where
� � is determinedby requiring� ����� � 	� � diagonal� (7)

Thetrilinear leptonnumberviolatingcouplingsgetthefollowing form in thenew basis:���! #"%$'&�(�)*,+.-0/21 �3� 	� � ) 
4�5
7698�: �; � ; � �;2< :>=�@? �3A ��CB � (8)

Thesoft potentialof thesemodelsalsocontainsbilinear leptonnumberviolating terms
( D � � . But, thesetermscannotbe removed by the redefinitionof the fields due to the
inequalityof the leptonicandthe Higgs masstermsaswell as the correspondingD pa-
rametersat the weakscale. In general,the D parameterscanbe typically of

�#� ��EGFHECI �
leadingto unacceptablylargeneutrinomass.A naturalwayof suppressingthis largemass
is to consideruniversalsoft massesand D termsat thehigh scale.Exploiting theuniver-
sality, the scalarpotentialin the basiswherethe bilinear J � termsarerotatedaway from
thesuperpotentialcanbewrittenasK����L:>MN�O <�P M �0Q +SR- Q M < �L:>MNUT <�P M �0Q +SRM Q M < :VM WXZY Q�[\ ) Q M < :>M WXG]T Q^[\ M Q M < :>M WX O ] Q_[\ - Q M a` P +SRM 8 D +SR- <cb )edf) [\ ) ��g D N  d MM g D � �  b M d M df) [\ M g D � B <ch � i^� j< `  b M d M gk: � � d ) + R- <lb ) [\ ) ��[\�mM < d ) b ) [\ ) + R m- �3g2: N  d MM gk: � � <nh � i'� j<poq �srtM < r7u M � � Q +SR- Q M < Q,[\ - Q M < QL[\ M Q M < Q,[\ ) Q Mv Q +SRM Q M � M'� (9)

where :VMN�Ow�x:VMN ]O < d M) gk: N  d MM d M) g2: � �: M WX Y �x: M WX0]Y  d M) g2: N  d MM b M) gk: � �:>M WX T@�x:VM WX0]T < d MM g2: � �D � Dzy < d M) g D N  d MM d M) g D � � (10)

and gk: ��{ N}| �L: WXG] TY  ~:>M WXG]T { N ]O � � g D ��{ N}| � D )  D M { y � � (11)

In writing the above, we have neglectedthe contributionscoming from the first two
generationYukawa couplings. The parameters

g2: ��{ N and
g D ��{ N areequalto zeroat

thehigh scale,dueto theuniversalitycondition,but arenonzeroat theweakscaledueto
the differencesin RG scalingof the soft termsof the Higgs andthe leptonsandwithin
theleptonicgenerations.TherelevantRGequationsfor theseparametersgivenin [8,9,11]
show that theseparametersareproportionalto thedown quarkandthetauleptonYukawa
couplings.

Thetermslinearin thesneutrinofieldsin thesoftpotentialwouldnow generatevacuum
expectationvaluesfor the sneutrinos.Since,theseVEVs are found to be muchsmaller
thantheHiggsvacuumexpectationvalues,we candeterminethemanalyticallyas
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As wehaveneglectedthefirst two generationYukawacouplings,only two of thesneutrinos
attainvevs. Dueto thesevevs,neutrinosnow mix with theneutralinosgiving riseto a tree
level massto oneof theneutrinos.In thelimit wherethesneutrinovevs aremuchsmaller
thantheHiggsvevs,onecanusetheseesaw approximation[7] to determinethetreelevel
neutrinomassmatrix. In thechargedleptonmassbasisthismatrix is givenas

� R ��: R � � ����� � �� d M � d � b �� d � b � b M �
�0�� � 	� � (13)

where
� � hasbeendefinedaboveand"%$'&v� � * [\ M /* [\ ) / (14)

and : R � P � b r M < r u M � � * [\ M / M < * [\ ) / M �� �� bCP � < � � M� b ; d ; � b�< "�$^& M ( � �Z� � (15)

As notedearlier, thetreelevel massmatrixeq.(13)givesmassto only oneof theneutri-
nos.Theothertwo massesaregeneratedat theoneloop level throughtheloopsinvolving
leptonnumberviolating Yukawa couplingsof eq. (8). Thesemassestake the following
form in thechargedleptonmassbasiswherewehaveretainedonly thedominantcontribu-
tion [9,16]: � � -Z� � 
 ; �x: -Z� ��� � � 
 ) �3� � � ; ) � (16)

� -�� ��: -�� ��� � M� O Y � � O Y � � T Y �� � O Y � � T Y � M� T Y �� � �
� �� �

(17)

where : -Z� { -�� �}� � : ) � { �of�'� M � M- "%$'&v( M)��Z� &�� � { � iG� � � � { ��� &~� � M� T { � T� M� O { � O � � (18)

and
� � �a¡¢� o for the [£ and [¤ . We seethat the 1-loop contribution alsodependson the

down quarkandthetauleptonYukawacouplings.Thus,in thelimit wherethedown quark
andthetauleptonYukawa couplingstendto zero,therewill beno neutrinomassesin the
model.Thetotalmassmatrix includingthe1-loopcorrectionsis givenby
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The above massmatrix is written in the massbasisof the charged leptons. It hasthe
following simpleform in thebasis:� 	� ¥ X � � � ��� � � �� : R d M � < : -�� �§¦9¨M b MMed MM b M) : R d � b � < : -�� �§¦9¨M b M d )M b ))� : R d � b � < : -�� �§¦9¨M b M d )M b )) : R b M � < : -Z� < : -�� ��¦4¨M d ¨ M b ¨ )

� �� � (20)

Fromtheabove,weseethatoneof theneutrinosremainsmasslessin thelimit of vanishing
first two generationYukawacouplings.Theeigenvaluesof thelower

��©z�
blockof eq.(20)

give the two neutrinomassesin this approximation.Oneof theeigenvaluesis essentially
thetreelevel contributionwhereastheotheris essentiallytheloopinducedcontribution. In
general,thetreelevel contribution dominatesover the loop contribution giving riseto the
hierarchicalpatternin the neutrinomasses.Addition of the first two generationYukawa
couplingswouldgive riseto a muchsmallermasscomparedto thesetwo masses[8,9,11].

Thetotalmixing is determinedby theproductof thematrices,ª«�«� � � 	X � (21)

where
� X is thematrixdiagonalizingtheRHSof eq.(20).

� � is basicallydependentonthe
ratiosof the ¬ -parityviolatingparameterswhereas,

� X dependsbothon ¬ -parityviolating
parametersandthesoft supersymmetrybreakingparameters.Thecontribution to themix-
ing from

� X is smallunlesstheloop level massis comparableto thetreelevel mass.Thus,
if all the ¬ -parityviolatingparametersareof similarmagnitude,largemixing is naturalin
thesemodels.Fromtheabove we seethat, theneutrinomassspectrumdependscrucially
on thesoft sectorof thetheoryandhenceon theway supersymmetryis broken. We con-
siderheretwo popularmodelsof supersymmetrybreakingnamely, minimal supergravity
andminimal messengermodel(MMM) of gaugemediatedsupersymmetrybreakingand
studytheneutrinomassspectrumin thesescenarios.

2.2 ConstrainedMSSM

As mentionedearlier, universalityat thehigh scalefor thesoft parametersleadsnaturally
to smallneutrinomassesat theweakscale.ConstrainedMSSM i.e, minimal supergravity
with universalboundaryconditionsat ��­�F9® providesanappropriateframework from this
point of view. Thetotal parametersof theabovemodelin theCMSSMframework arethe
standardCMSSM parameters

:
, � M , "%$'&v¯ , ° andthe sign(P ) alongwith the ¬ -parity

violatingparameters± � or thethreeanglesd - � d M � d ) .
It is foundthattheloopmass

: -��
contributesnegligibly to theneutrinomassspectrum,

throughouttheCMSSMparameterspace[8,9]. In thelimit
: -��³² : -�� ��: R approximate

expressionsfor theneutrinomassescanbegivenas[9]: X Yv´ : R < : -Z� �: X T ´ : R : -Z� d M �: R < : -Z� � (22)
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wheretheapproximationd M � ² o is usedin obtainingthe secondline of the above. One
of theneutrinosremainsmasslessin thisapproximation.Themainfeaturesof theneutrino
massspectrumin this framework canbesummarizedasfollows:µ For mostof theCMSSMparameterspace,thetreelevel contributiondominatesover

the loop contribution giving rise to the hierarchicalpatternin the massspectrum
[8,9].µ But, therealsoexist regionsin theCMSSMparameterspace,wherethetwo contri-
butionsto thesneutrino

�7�f�
s, (eq.(12)) canceleachotherfor oneparticularsignofP . In theseregions,the loop contribution,

: -Z�
canbecomecomparableto the tree

level mass,
: R andcancellationsamong

: R and
: -��

cantake place.Here,thetwo
neutrinosform apseudo-Diracpairwith acommonmass

: R d � relevantfor solutions
of theneutrinoanomalies[9].µ Themixing matrix is givenby theproduct

� � � 	X . Evenin thecasewhere
� X allows

only small mixing, largemixing canbe generatedfrom
� � , asit dependsonly on

theratiosof the ¬ -parity violatingparameters[9].µ Eventhoughtheneutrinomassesaresuppressedin thesescenarios,they aretypically
of the

�#�'¶S·0¸ � . Thus,the ¬ -parity violating parametershave to be chosento be
muchsuppressedcomparedto thetypicalorderof thesupersymmetricbreakingscale
if neutrinomassesareto beof theright orderto solve theneutrinoanomalies[8,9].µ Numerical resultsfrom Hempfling [8] show that solutionsfor solar (either with
MSW conversionor vacuumoscillations)andthe atmosphericneutrinoanomalies
canbeaccommodatednaturallywithin thesemodels.

2.3 MMM or minimalmessenger model

The minimal messengermodelof gaugemediatedsupersymmetrybreaking[17] is char-
acterizedby the vanishingof D and ° parametersat the high scale ¹ ´ few hundred
TeV. Themasstermsfor theleptonsandoneof theHiggs(

+.-
) areequalat thehighscale,

whereasthe D � termsareassumedto vanish,thusgiving rise to universality in the soft
termsrelevant for the neutrinomassspectrum.The framework is moreconstrainedthan
the CMSSM, as the neutrinomassspectrumis now essentiallycontrolledby only four
parametersnamelyº andthethree ¬ -parity violatingcouplings,± � .

Theparameterd M � ² o overmostof theparameterspace.Theapproximateeigenvalues
for theneutrinosaregivenas[11]:: X Y�´ : R < : -Z� �: X T: XZY ´ b MM d MM : -��: R < : -�� � (23)

Themixing is essentiallydictatedby
� � asthemixing from

� X is very small. Thus,we
seethat the featuresof the neutrinomassspectrumlike hierarchicalstructureand large
mixing continueto stayin this framework also.But, dueto thevery constrainednatureof
this framework, it hasthefollowing consequenceswhenonetriesto find solutionsfor the
neutrinoanomalies[11]:
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or vacuumoscillations)andatmosphericneutrinoproblemscanbe accommodated
in this modelseparately.µ Unlike in thecaseof CMSSM,thereexistsnoregionsin theMMM parameterspace
wherethe loop massbecomescomparableto the tree level mass. This givesrise
to a stronghierarchywithin the masseigenvalues. Consequently, thereis no pa-
rameterspacewheresimultaneoussolutionsfor solar(with MSW conversion)and
atmosphericneutrinoproblemscanberealized.µ Thoughthelargehierarchybetweenthemasseigenvaluessuitsmorefor simultane-
oussolutionsof solar(vacuumoscillations)andatmosphericneutrinoproblems,two
largemixingsaredifficult to realizewithin theallowedparameterspace.

It hasbeenpointedout in [11] that a non-minimalversionof this model,which allows
for a negative P parametercan reducethe large hierarchywithin the masseigenvalues
andin factonecanhave regionsin theparameterspacewheresimultaneoussolutionsfor
theatmosphericandthesolar(with MSW conversion)neutrinoproblemscanberealized.
Theseversionsof the modelsare intricately relatedto modelswhich try to solve the P
problemin gaugemediatedsupersymmetrybreakingscenarios[11].

3. Trilinear »³¼ violation

Let usnow studythestructureof neutrinomassesin thepresenceof trilinearleptonnumber
violatingcouplingsin thesuperpotential.Here,weconsideronly ½ u couplingsto bepresent
in thesuperpotential.We will commenton thepresenceof ½ couplingslater. Thus,the ¬ -
parityviolatingpartof thesuperpotentialis givenas�¿¾�9À � ½ u�ÂÁ%Ã �5� ? Á0A �Ã � (24)

The ½ u couplingsare27 in numberanda priori it appearsthatthereis a lot of arbitrariness
in themodel.It waspointedoutby Dreesetal [18] thatthisis notthecaseandameaningful
studyof theneutrinomassesin thesemodelscanbemadeif oneassumesall the ½ u to be
of thesameorder. Thoughthis modelhasmuchlargernumberof parameters,theneutrino
massspectrumhasseveralsimilar featuresto thebilinear ¬ -parityviolatingmodels.

3.1 Theframework

The trilinear ¬ -parity violating couplingsalso give rise to neutrinomassesboth at the
treelevel aswell asat the loop level similar to thatof bilinear ¬ -parity violating models.
This is becauseeven in the presenceof only trilinear leptonnumberviolating couplings
in thesuperpotential,bilinearsoft leptonnumberviolating termsaregeneratedin thesoft
potentialdue to RG scalingat the weak scale[12,19]. Thus, at the weak scale,these
couplingsarepresentin thescalarpotentialgivenasK���:>M WXZÄ Q�[\ � Q M < :>MN�O Q +SR- Q M < :VMNUT Q +ÅRM Q M < `Æ:VMXZÄ N�O [\7Ç� +ÅR- P Dzy +ÅR- +SRM  D � [\ � +SRM <Èh � i j <Éoq �srtM- < rtMM � � Q +ÅR- Q MÊ Q +SRM Q M � M <xË0Ë0Ë � (25)
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TherelevantRGequationswhichdeterminethebilinearsoft leptonnumberviolatingterms
at theweakscaleare[12,19,20]:Ì D �ÌtÍ � D
Î Ä�Ï  o�HÐ �  ¡ ��ÐÊÑ < ¡ � [Ò M < ¡o � [Ò -GÓ ¡oe�^� M P�Ô =Ã ½ u�ÕÃGÃ Ï o� DÖy < °z× ]��ÃGÃ Ó �A': M XZÄ N�OÌtÍ ��: MXZÄ N�O Ï  � Ð �  ¡ �HÐ � Ó  ¡¡ � � M Ô =½ u��ÃGÃ2Ø :VMN O < :>M� Ä < � :>M0ÙÃ0Ã < � ° × ]��ÃGÃ ° = ÃGÃ < � :VM =�ÚÃGÃUÛ � (26)

Sincethesetermsareabsentat the �l­HF�® scaleandonly generatedat theweakscale,the
solutionsof theseequationscanberepresentedasD � � ½ u�ÂÜ�Ü Ô4Ý�ÂÜßÞ �ÂÜ �: M X Ä N Ov� ½ u�ÂÜ�Ü Ô Ý�ÂÜ Þ u�ÂÜ � (27)

whereà is summedover thegenerationsandtheparameters
Þ � Þ u

representtherunningof
the standardparameters[5] presentin the RGE’s from the high scaleto the weakscale.
Theabovesoft potentialeq.(25)wouldnow giveriseto sneutrino

�7�e�
sgivenas* [\ � / � D �,� M  ~: MXZÄ N�O � -: M� Ä < -M : M á i0� � � ¯ � (28)

As notedearlier, the sneutrino
� �e�

s so generatedwill now mix the neutrinoswith the
neutralinosthusgiving riseto a treelevel neutrinomassmatrixgivenas¥ R �ÆÁ � P � b r M < r u M � * [\ � /�* [\ Á /� �� bCP � M < � � Mâ b ; d ; � b�< "�$^&v( Mâ �Z� � (29)

We canfactorizethe ½ u couplingsin theaboveusingeq.(27)andrewrite it as¥ R �ÆÁ � ½ u��ÃGÃ Ô ÝÃGÃ ½ uÁãÜ�Ü Ô ÝÜ�Ü : R � (30)

In the above,
: R containsall the rest of the parameterswhich aredependentsolely on

the soft SUSY breakingparameters[21]. The loop inducedmassdueto the presenceof
trilinear couplingsin thesuperpotential[16] is givenas¥åä æCæ%ç�ÆÁ � ¡oe�^� M ½ u� � Ã ½ uÁ%Ã � Ô Ý� �Z� &�� Ã i0� � � Ã � & � MM Ã� M- Ã �� ½ u� � Ã ½ uÁ%Ã � Ô Ý�Â� Ô ÝÃGÃ : � � (31)

where
: � now parameterizesall the quantitieswhich are dependenton the soft SUSY

breakingparameters.We seefrom theeqs(30), (31) thatboth the treelevel andthe loop
level neutrinomassesareproportionalto the down quarkYukawa couplings. Moreover,
they almosthave a similar structure. The only differencebeing that the tree level mass
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matrix dependsonly on diagonal( ½ u�ÕÃ0Ã ) couplings,whereas loop massmatrix contains
contributionsfrom both diagonalandnon-diagonal( ½ u�ÆÁ%Ã , è«J�êé

) couplings. Exploiting
this fact,thetotalmassmatrix canbewrittenas¥pX �!�L: R < : � � ½ u��ÃGÃ Ô ÝÃ0Ã ½ uÁãÜ%Ü Ô ÝÜ�Ü < : � Ô ÝM%M Ô Ý)Z) ° �ÂÁß� (32)

where ° �ÂÁ�� ½ u� M ) ½ uÁ ) M < ½ u� ) M ½ uÁ M )  ½ u� MZM ½ uÁ )%)  ½ u� )%) ½ uÁ M%M � (33)

In writing theabove,we have neglectedcontributionscomingfrom
�#� Ô Ý - � Ô ÝM ) terms.The

first matrix in eq. (32) hasonly oneeigenvaluewhich is basicallyequivalentto the tree
level contribution. Thetotal massmatrixhasthefollowing eigenvalues:: X O � : � Ô ÝMZM Ô Ý)%)eë - �: X T � : � Ô9ÝMZM Ô4Ý)%) ë M �: X Y � �L: R < : � � ��ì7M- < ì7MM < ì7M) � � (34)

where ì � � ½ u��ÃGÃ Ô ÝÃGÃ �ë - ��� b M - ° u -%-  � b - d - ° u - M < d M - ° uM%M � �ë M ��� b M - ° u -%-  � b - d - ° u - M < d M - ° uM%M � � (35)

The ° u�ÂÁ are functionsof ½ u given in [19]. From eq. (34) we seethat oneof the mass
eigenvaluesis basicallythe tree level massand the other two aregovernedby the loop
level contributions.Theratioof thetwo eigenvaluesis givenby: X T: XZY ´ : � Ô ÝMZM: R Ô Ý)Z) Ï ë Mí � ½ ]îM� )%) Ó� : �: R :Sï: � � (36)

Thesecondline in theaboveis undertheassumptionthatall the ½ u ’sareof thesameorder.
In this limit, weseethattheratioof themasseigenvaluesis completelyindependentof the¬ -parity violating parametersandonly dependson the soft SUSY breakingparameters.
Thetotalmixing is governedbyðp�«ªxª u � ��� b - b M  d - d M b ) d - b M <cb - d M b )ñd M de) d M b -  d - b M b )  d - d M <cb - b M b ) b M de)d - df)  de) b - b )

� �� �
(37)

where d M � ì -ò ì M - < ì MM �de) � ��ì M - < ì MM � OTò ì M - < ì MM < ì M) � (38)

and "�$^& � ( - ��� � ° u - M_ó ° u -Z-  ° uM%M � .
Fromtheabove,we seethat themixing is determinedby theratiosof the ½ u couplings.

In thelimit, whereall the ½ u couplingsareof thesameorderlargemixing is naturalin these
models.
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3.2 NeutrinoanomaliesandconstrainedMSSM

Within the CMSSMframework, the treelevel contribution dominatesover the loop level
contribution for large regionsof the parameterspaceleadingto hierarchicalpatternfor
the neutrinomassspectrum.However, similar to the caseof bilinear ¬ -parity violating
scenarios,for oneparticularsignof P , thereexistsregionsin theCMSSMparameterspace
wherethe two contributions to the tree level masscanceleachother. In theseregions,
the loop massbecomescomparableto the tree level massreducingthe hierarchyof the
massspectrum.Thus,largehierarchyandlargemixing continueto bethemainfeaturesof
thesemodelsjustasin thecaseof modelswith bilinearleptonnumberviolation. Themain
implicationsfor solutionsof thesolarandatmosphericneutrinoanomaliesaresummarized
asbelow:µ Theratio

: � ó : R whichis typically of
�#� o � ¦ ) � [19] togetherwith

:Sï ó : � produces
theright hierarchyin masseigenvalues(eq.(36)) for simultaneoussolutionsfor at-
mosphericandsolarneutrinoproblems(vacuumoscillations).Though,the mixing
betweenall thestatesis naturallylargeconstraintsfrom theCHOOZexperimentcan
be accommodatedwithout fine tuning of the parameters[19]. The ½ u is typically
requiredto beof theorder o � ¦9¨ .µ Solutionsfor the solarneutrinoproblemwith MSW conversion(large mixing an-
gle)andatmosphericneutrinoproblemcanbesimultaneouslyaccommodatedin this
model for regions of the CMSSM parameterspacewhere,

: � � : R . As noted
above, this is possiblein the parameterspacewherethe two contributions to the
sneutrino

�7�e�
canceleachother[19].

It shouldbe notedthatattemptshave beenmadeto understandthe neutrinoanomalies
in thesemodelswithout including the tree level contribution [18]. In sucha case,the
hierarchyof the masseigenvalues(eq. (36)) is dependentonly on

: ï ó : � , which is in
the right rangefor simultaneoussolutionsof thesolar \ problem(MSW conversion)and
the atmosphericneutrinoproblem. Addition of the tree level contribution increasesthis
hierarchymakingit morenaturalto find regionsin parameterspacewheresimultaneous
solutionsfor thesolarneutrino(with vacuumoscillations)andatmospheric\ problemscan
befound.Moreover, sincelargemixing is naturalin thesemodels,additionalassumptions
on thestructureof ½ u couplingsviz., discretesymmetries[18] or hierarchical[22] patterns
arerequiredif onelooks for solutionsfor solarneutrinoproblemwith small angleMSW
conversion.An analysisof theappropriatevaluesfor theproductsof thetrilinearcouplings
requiredto explain the existing neutrinoanomaliesand a comparisonwith the existing
boundsfrom otherexperimentshasbeenreportedin [23].

Wehavesofarconcentratedon ½ u couplingsalone.Thesamediscussionwill go through
if oneconsiders½ couplingsin thesuperpotential.Thetreelevel masswould continueto
dominateover the loop mass,but the structureof mixing matrix would be differentfrom
heredueto theantisymmetryof the ½ couplings.

4. Discussion

We have consideredheresupersymmetrictheorieswith both bilinear andtrilinear lepton
numberviolation separatelyandstudiedthe structureof neutrinomassesandmixing in
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thesemodels. Natural large mixing andhierarchicalmassesarethe main featuresof the
neutrinomassspectrumin thesemodels.Themainresultsare:µ Thebilinearsoft J � termsplay an importantrole in determiningthe neutrinomass

spectrumin boththebilinearandtrilinear leptonnumberviolation scenarios.They
giveriseto sneutrino

�7�e�
swhich thenleadto thegenerationof treelevel massto the

neutrino. Sincethis massdominatesover the loop massfor mostof the parameter
space,thesetermsplayakey role in determiningthehierarchyof themassspectrum.µ Themixing is essentiallycontrolledby ratiosof the ¬ -parity violating parameters.
Large mixing canbe typically achieved in both trilinear and the bilinear ¬ -parity
violatingscenarios,by choosingthe ¬ -parity violatingparametersto beof thesame
orderin magnitude.µ Assuminguniversalboundaryconditionsat the SUSY breakingscalegivesrise to
smallneutrinomasses.In thesecases,theneutrinomassesareproportionalto bottom
andthe tau Yukawa couplings. In the limit wheretheseYukawa couplingstendto
zero,neutrinomassesvanishin thesemodels. Additional suppressionis required
through ¬ -parity violating parameters,if the massesarerequiredto be in the right
rangeto explain theneutrinoanomalies.µ In the CMSSM framework, thereexists regions in the parameterspacewherethe
two contributionsto thesneutrino

�7�e�
canceleachother. In theseregions,the loop

level contributionbecomescomparableto thetreelevel contribution. In thebilinear¬ Ü violatingscenario,this leadsto theformationof a pseudo-Diracpair, whereasin
the trilinear ¬ Ü violating scenario,this reducesthe hierarchybetweenthe masses,
makingit possibleto incorporatesimultaneoussolutionsfor MSW andatmospheric\ problems.µ TheCMSSM framework with bilinear ¬ -parity violation providesa naturalmodel
wheresolutionsfor solarandatmosphericneutrinoproblemscanbe realized. Si-
multaneoussolutionsfor solarandatmosphericneutrinoproblemsaredifficult to
realizein muchmoreconstrainedframework of MMM of gaugemediatedmodels
with bilinear ¬ -parity violation, thoughonecansolve themseparately.µ In the CMSSM framework with trilinear leptonnumberviolation, it is morenatu-
ral to find parameterspacewheresimultaneoussolutionsfor thesolar(with vacuum
oscillations)andatmosphericneutrinoproblemscanberealized.Simultaneousso-
lutions for solar(MSW, large angle)andatmospheric\ problemscanbe found in
regionswherethetreelevel massis comparableto theloop level mass.To incorpo-
rateMSW conversion(smallangle) onehasto resortto additionalconditionsonthe½ u couplingssuchasdiscretesymmetriesor hierarchicalpatterns.
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