
Vol. 32 (2001) ACTA PHYSICA POLONICA B No 7�8
TOWARD NEUTRINO TEXTURE DOMINATED BYMAJORANA LEFTHANDED MASS MATRIX�Wojieh KrólikowskiInstitute of Theoretial Physis, Warsaw UniversityHo»a 69, 00-681 Warszawa, Poland(Reeived April 25, 2001)A form of mixing matrix for three ative and three sterile, onventionalMajorana neutrinos is proposed. Its Majorana lefthanded part arises fromthe popular bimaximal mixing matrix for three ative neutrinos that workssatisfatorily in solar and atmospheri experiments if the LSND e�et is ig-nored. One of three sterile neutrinos, e�etive in the Majorana righthandedand Dira parts of the proposed mixing matrix, is responsible perturba-tively for the possible LSND e�et by induing one of three extra neutrinomass states to exist atively. The orresponding form of neutrino mass ma-trix is derived. If all three extra neutrino mass states get vanishing masses,the neutrino mass matrix is dominated by its spei� Majorana lefthandedpart. Then, the observed qualitative di�erene between mixings of neu-trinos and down quarks may be onneted with this Majorana lefthandeddominane realized for neutrinos. If m21 ' m22 for two of three basi neu-trino mass states, the sum rule sin2 2�sol+sin2 2�Chooz=2+sin2 2�LSND = 1holds in the two-�avor approximation (for eah of three ases). Thus, thesolar neutrino osillation amplitude, not fully maximal, leaves some roomfor the LSND e�et, depending on the magnitude of Chooz e�et (notobserved so far).PACS numbers: 12.15.Ff, 14.60.Pq, 12.15.Hh1. IntrodutionAlthough the reent experimental results for atmospheri ��'s as well assolar �e's are in favor of exluding the hypothetial sterile neutrinos fromneutrino osillations [1℄, the problem of the third neutrino mass di�erenemanifested in the possible LSND e�et for aelerator ��'s still exists [2℄, im-plying a further disussion on mixing of sterile neutrinos with three ative� Supported in part by the Polish State Committee for Sienti� Researh (KBN) Grant5 P03B 119 20 (2001�2002). (2129)



2130 W. Królikowski�avors �e ; �� ; �� . In the present note we ontribute to this disussion byonstruting a partiular 6� 6 texture involving three ative and three ster-ile, onventional Majorana neutrinos. The onstrution extends (or ratheradapts) the familiar bimaximal 3 � 3 texture [3℄ working in a satisfatoryway for three ative neutrinos in solar and atmospheri experiments if theLSND e�et is ignored. Then, one of three sterile neutrinos is responsibleperturbatively [4℄ for the possible LSND e�et by induing one of three extraneutrino mass states to exist atively.As is well known, three sterile Majorana neutrinos�(s)� = ��R + (��R) (� = e ; � ; �) (1)an be always onstruted in addition to three ative Majorana neutrinos�(a)� = ��L + (��L) (� = e ; � ; �) (2)if there are righthanded neutrino states ��R beside their familiar lefthandedpartners ��L partiipating in Standard Model gauge interations [of ourse,�(a)�L = ��L and �(s)�L = (��R)℄. Whether suh sterile neutrino states arephysially realized depends on the atual shape of the neutrino mass termwhose generi form is�Lmass = 12X�� (�(a)� ; �(s)� ) M (L)�� M (D)��M (D)��� M (R)�� ! �(a)��(s)� != 12X�� �M (D)�� +M (D)��� � (��L ��R + ��R ��L)+12X�� M (L)�� h��L (��L) + (��L) ��Li+12X�� M (R)�� h��R (��R) + (��R) ��Ri ; (3)whereM (L;R)��� = M (L;R)�� , but M (D)��� 6= M (D)�� in general. The 6� 6 neutrinomass matrix M = � M (L) M (D)M (D)y M (R) � (4)appearing in Eq. (3) is hermitian, M y = M . Here, M (D;L;R) = �M (D;L;R)�� �are 3�3 neutrino mass matries: Dira, Majorana lefthanded and Majorana



Toward Neutrino Texture Dominated : : : 2131righthanded, respetively. Further on, for six neutrino �avor states we willuse the notation �� � �(a)� and ��s � �(s)� with � = e ; � ; � and thenpass to �� = �e ; �� ; �� ; �es ; ��s ; ��s , where � = e ; � ; � ; es ; �s ; �s. Sixneutrino mass states will be denoted as �i = �1 ; �2; �3 ; �4 ; �5 ; �6, wherei = 1 ; 2 ; 3 ; 4 ; 5 ; 6.2. Proposal of a 6� 6 neutrino mixing matrixStarting from the phenomenologially useful bimaximal mixing matrixfor three ative neutrinos [3,5℄U (3) = 0B� 1p2 1p2 0�12 12 1p212 �12 1p2 1CA ; (5)we propose the following form of the 6� 6 neutrino mixing matrix:U = � U (3) 00 1(3) �� C S�S C � = � U (3)C U (3)S�S C � ; (6)whereC = 0� 1 0 00 2 00 0 3 1A ; S = 0� s1 0 00 s2 00 0 s3 1A ; 1(3) = 0� 1 0 00 1 00 0 1 1A(7)with i = os �i � 0 and si = sin �i � 0 (i = 1; 2; 3). One may also denotes1 � s14 ; s2 � s25 ; s3 � s36, while s12 = 1=p2 ; s23 = 1=p2 ; s13 = 0.Expliitly,U = (U�i) = 0BBBBBBB�
1p2 2p2 0 s1p2 s2p2 0� 12 22 3p2 � s12 s22 s3p212 � 22 3p2 s12 � s22 s3p2�s1 0 0 1 0 00 �s2 0 0 2 00 0 �s3 0 0 3

1CCCCCCCA ; (8)where � = e ; � ; � ; es ; �s ; �s and i = 1 ; 2; 3 ; 4 ; 5 ; 6. The relation�� =Xi U�i�i (9)desribes the mixing of six neutrinos.



2132 W. KrólikowskiIn the representation where the mass matrix of three harged leptonse� ; �� ; �� is diagonal, the 6� 6 neutrino mixing matrix U is at the sametime the diagonalizing matrix for the 6�6 neutrino mass matrixM = (M��):U yMU = diag(m1 ; m2 ; m3 ; m4 ; m5 ; m6) ; (10)where we put m21 � m22 � m23 and either m23 � m24 or m24 � m21. Then,evidently, M�� =Pi U�imiU�i�. From this formula, we obtain with the useof proposal (8) the following partiular form of 6� 6 neutrino mass matrix(4):M = � M (L) M (D)M (D)y M (R) � = (M��)
= 0BBBBBBBB�

Mee Me� �Me� Mees Me�s 0Me� Mee +M�� M�� �Meesp2 Me�sp2 M��s�Me� M�� Mee +M�� Meesp2 �Me�sp2 M��sMees �Meesp2 Meesp2 Meses 0 0Me�s Me�sp2 �Me�sp2 0 M�s�s 00 M��s M��s 0 0 M�s�s
1CCCCCCCCA ;(11)where Mee = 12 �21m1 + 22m2 + s21m4 + s22m5� ;M�� = M�� =Mee +M��= 14 �21m1 + 22m2 + 223m3 + s21m4 + s22m5 + 2s23m6� ;Me� = �Me� = 12p2 ��21m1 + 22m2 � s21m4 + s22m5� ;M�� = 14 ��21m1�22m2 + 223m3�s21m4�s22m5 + 2s23m6� (12)and1p2Mees = �M�es =M�es = 1s12 (�m1 +m4) ; Meses = s21m1 + 21m4 ;1p2Me�s = M��s = �M��s = 2s22 (�m2 +m5) ; M�s�s = s22m2 + 22m5;M��s = M��s = 3s3p2 (�m3 +m6) ; M�s�s = s23m3 + 23m6 ; (13)while Me�s = 0 ; Mes�s =Mes�s =M�s�s = 0 (14)



Toward Neutrino Texture Dominated : : : 2133(of ourse, M�� =M�� for all � and �). Hene,Mee �Me�p2�Meses = � m1 +m4(21 � s21)(m1 �m4) ;Mee +Me�p2�M�s�s = � m2 +m5(22 � s22)(m2 �m5) ;M�� +M�� �M�s�s = � m3 +m6(23 � s23)(m3 �m6) ; (15)where M�� =Mee +M�� . After a simple alulation we get from Eqs. (15)m1;4 = Mee �Me�p2 +Meses2 �vuut Mee �Me�p2�Meses2 !2 + 2M2ees(16)and analogial formulae for m2;5 and m3;6 (note that m1 > m4, but notalways m4 > 0, and similarly for m2;5 and m3;6).In the 6 � 6 matrix (11) there are generally nine independent nonzeromatrix elements. If s2 = 0 and s3 = 0 (what implies omplete deoupling oftwo sterile neutrinos ��s and ��s), this number is redued to seven. In thisase, Eqs. (13) and (15) giveMe�s =M��s =M��s = 0 ; M��s =M��s = 0 ; M�s�s = m5 ; M�s�s = m6(17)and Mee +Me�p2 = m2 ; M�� +M�� = m3 ; (18)but the formulae (16) form1 andm4 are not muh simpli�ed (unlessMees=0i.e., 1s1 = 0). Then, from Eq. (11)M (D) = 0� � 1s1p2 (m1 �m4) 0 01s12 (m1 �m4) 0 0� 1s12 (m1 �m4) 0 0 1A ;M (R) = 0� s21m1 + 21m4 0 00 m5 00 0 m6 1A (19)and M (L)ee = Mee = 12(21m1 + s21m4 +m2), et. If 1 > s1p2 and s21m1 �21jm4j (i.e., m1 � jm4j) and, in addition, m5 and m6 are vanishing, thetexture is in a way of a type opposite to the see�saw (now, symbolially(L) > (D) > (R) or even (L)� (D)� (R) if 21 � s21 and m4 = 0).



2134 W. KrólikowskiAt any rate, the ative existene of extra massive neutrino �4 (in additionto the massive �1 ; �2 ; �3) is indued by the sterile neutrino �es mixing withthe ative �e ; �� ; �� . Of ourse, two ompletely deoupled sterile neutrinos��s and ��s (with s2 = 0 and s3 = 0) indue trivially the passive existeneof two massive neutrinos �5 = ��s and �6 = ��s with masses m5 nad m6whih, most naturally, ought to be put zero. However, another point of viewis not exluded that there is still a tiny mixing of ��s and ��s with the restof six neutrino �avors, aused by spontaneously breaking a GUT symmetryat a high mass sale and so, aompanied by large masses jm5j and jm6j. Ifinstead of jm4j � m1 there is m1 � jm4j, suh an inequality may be notso impressive as in the familiar see-saw referring to the GUT mass sale: itmay happen, for instane, that jm4j � 1 eV and m1 � 10�4 eV; f. Eq. (33)as an alternative to the more natural Eq. (35).3. E�etive four-neutrino osillationsDue to mixing of six neutrino �elds desribed by Eq. (9), neutrino statesmix aording to the relationj��i =Xi U��ij�ii: (20)This implies the following familiar formulae for probabilities of neutrinoosillations �� ! �� on the energy shell:P (�� ! ��) = jh�jeiPLj�ij2 = Æ�� � 4Xj>i U��jU�iU�jU��i sin2 xji ; (21)being valid if the quarti produt U��jU�iU�jU��i is real, what is ertainlytrue when the tiny CP violation is ignored. Here,xji = 1:27�m2jiLE ; �m2ji = m2j �m2i (22)with �m2ji, L and E measured in eV2, km and GeV, respetively (L and Edenote the experimental baseline and neutrino energy, whilepi =qE2 �m2i ' E � m2i2Eare eigenvalues of the neutrino momentum P ).With the use of proposal (8) for the 6 � 6 neutrino mixing matrix andunder the assumption that s2 = 0 and s3 = 0 the osillation formulae (21)



Toward Neutrino Texture Dominated : : : 2135giveP (�e ! �e) = 1� 21 sin2 x21 � (1s1)2 sin2 x41 � s21 sin2 x42 ;P (�� ! ��) = 1� 214 sin2 x21 � 212 sin2 x31 � (1s1)24 sin2 x41�12 sin2 x32 � s214 sin2 x42 � s212 sin2 x43= P (�� ! �� ) ;P (�� ! �e) = 212 sin2 x21 � (1s1)22 sin2 x41 + s212 sin2 x42 = P (�� ! �e) ;P (�� ! �� ) = �214 sin2 x21 + 212 sin2 x31 � (1s1)24 sin2 x41+12 sin2 x32 � s214 sin2 x42 + s212 sin2 x43 ;P (�� ! �es) = (1s1)2 sin2 x41 = P (�� ! �es) ;P (�e ! �es) = 2(1s1)2 sin2 x41 ;P (�es ! �es) = 1� 4(1s1)2 sin2 x41 : (23)Hene, the probability summation rulesP (�e ! �e) + P (�e ! ��) + P (�e ! �� ) + P (�e ! �es) = 1 ;P (�� ! �e) + P (�� ! ��) + P (�� ! �� ) + P (�� ! �es) = 1 ;P (�� ! �e) + P (�� ! ��) + P (�� ! �� ) + P (�� ! �es) = 1 ;P (�es ! �e) + P (�es ! ��) + P (�es ! �� ) + P (�es ! �es) = 1 (24)hold, as it should be, for two sterile neutrinos ��s and ��s are ompletelydeoupled due to s2 = 0 and s3 = 0.With the onjeture that m21 ' m22, implying �m241 ' �m242 and�m231 ' �m232, the �rst three Eqs. (23) an be rewritten approximatelyas P (�e ! �e) ' 1� 21 sin2 x21 � (1 + 21)s21 sin2 x42 ;P (�� ! ��) ' 1� 1 + 212 sin2 x32 � 214 sin2 x21�(1 + 21)s214 sin2 x42 � s212 sin2 x43 ;P (�� ! �e) ' 212 sin2 x21 + s412 sin2 x42 : (25)If j�m221j � j�m242j and [1,6℄j�m221j = �m2sol � (10�5 or 10�7 or 10�10) eV2 (26)



2136 W. Królikowski(for LMA or LOW or VAC solar solution, respetively), then under theonditions of solar experiments the �rst Eq. (25) givesP (�e ! �e)sol ' 1� 21 sin2(x21)sol � (1 + 21)s212 ; 21 = sin2 2�sol <� 1 : (27)If j�m221j � j�m232j � j�m242j ; j�m243j and [1℄j�m232j = �m2atm � 3� 10�3 eV2 ; (28)then for atmospheri experiments the seond Eq. (25) leads toP (�� ! ��)atm ' 1� 1 + 212 sin2(x32)atm � (3 + 21)s218 ;1 + 212 = sin2 2�atm <� 1 : (29)Eventually, if j�m221j � j�m242j and [2℄j�m242j = �m2LSND > 0:1 eV2 ; e:g : � 1 eV2 ; (30)then in the LSND experiment the third Eq. (25) impliesP (�� ! �e)LSND ' s412 sin2(x42)LSND ;s412 = sin2 2�LSND > 8� 10�4 ; e:g: � 5� 10�3 : (31)Thus, s21 � 0:1 ; 21 � 0:9 ; 1 + 212 � 0:95 ;(1 + 21)s212 � 0:095 ; (3 + 21)s218 � 0:049 ; (32)if the LNSD e�et really exists and gets the amplitude s41=2 � 5� 10�3.If the value 21 = sin2 2�sol � 0:66 or 0.97 or 0.80 (orresponding to thereent estimation [6℄ for LMA or LOW or VAC solar solution, respetively)is aepted, then the amplitudes sin2 2�atm = (1 + 21)=2 � 0:83 or 0.99 or0.90 and sin2 2�LSND = s41=2 � (5:8 or 0.045 or 2.0)�10�2 are preditedfor atmospheri and LSND experiments. The value sin2 2�LSND = s41=2 �5�10�3 , written in Eq. (31) as an example, orresponds to older estimationsfor LOW solar solution: 21 = sin2 2�sol � 0:9 [1℄.Conluding, we an say that Eqs. (27), (29) and (31) are not inonsistentwith solar, atmospheri and LSND experiments, respetively. Note that in



Toward Neutrino Texture Dominated : : : 2137Eqs. (27) and (29) there are onstant terms that modify moderately the usualtwo-�avor formulae (of ourse, the larger 21, the smaller these terms are; inpartiular, for the LOW solution the onstant terms (1+21)s21=2 � 0:030 and(3 + 21)s21=8 � 0:015 are minimal of those for three solar neutrino solutionsonsidered here [6℄). The above equations, valid for s2 = 0 and s3 = 0,follow from the �rst three osillation formulae (23), if eitherm21 ' m22 � m23 � m24 (33)with m23 � 1 eV2 ; m24 � 1 eV2 ;�m221 � (10�5 � 10�10) eV2 � �m232 � 10�3 eV2 (34)or m24 � m21 ' m22 ' m23 (35)with m23 � 1 eV2 ; m24 � 1 eV2 ;�m221 � (10�5 � 10�10) eV2 � �m232 � 10�3 eV2 : (36)Here, we must have m22 � m23 � m24 � 1 eV2 or m24 � m22 ' m23 � 1 eV2,sine �m232 � 10�3 eV2 � j�m242j � 1 eV2. The seond ase m24 � m21 'm22 ' m23 � 1 eV2, where the neutrino mass state �4 indued by the sterileneutrino �es gets a vanishing mass, seems to be more natural than the �rstase m21 ' m22 � m23 � m24 � 1 eV2, where suh a state gains a onsiderableamount of Majorana righthanded mass �for nothing�. (This is so, unless onebelieves in the liberal maxim �whatever is not forbidden is allowed�: the Ma-jorana righthanded mass is not forbidden by the eletroweak SU(2)�U(1)symmetry, in ontrast to Majorana lefthanded and Dira masses requiringthis symmetry to be broken, say, by a ombined Higgs mehanism that be-omes then the origin of these masses.) In the seond ase if, in addition, themasses m5 and m6 onneted with two deoupled sterile neutrinos are van-ishing, the spei� Majorana lefthanded mass matrix M (L) dominates overthe whole neutrino mass matrix M . Suh a Majorana lefthanded dominanemay be the reason, why neutrino mixing appears to be qualitatively di�erentfrom the more familiar down-quark mixing implied by the interplay of up-and down-quark Dira mass matries. Note also that, when looking for toolose analogies between textures of neutrinos and harged leptons, one failsto desribe adequately the observed neutrino osillation e�ets (inludingthe possible LSND e�et) [7℄.



2138 W. KrólikowskiIf s2 = s3 = 0 and m4 = m5 = m6 = 0, then writing m1 = m; m2 =m+ Æm21 ; m3 = m+ Æm21+ Æm32 we an present the neutrino mass matrix(11) in the form M =M (0) + ÆM , where
M (0) = m0BBBBBBBB�

12(1 + 21) 12p2 s21 � 12p2 s21 � 1p2 1s1 0 012p2 s21 14(3 + 21) 14s21 121s1 0 0� 12p2 s21 14s21 14(3 + 21) �121s1 0 0� 1p2 1s1 121s1 �121s1 s21 0 00 0 0 0 0 00 0 0 0 0 0
1CCCCCCCCA (37)

is slightly modi�ed by
ÆM = 0BBBBBBB�

12 Æm21 12p2 Æm21 � 12p2 Æm21 0 0 012p2 Æm21 14(3 Æm21 + 2 Æm32) 14( Æm21 + 2 Æm32) 0 0 0� 12p2 Æm21 14( Æm21 + 2 Æm32) 14 (3 Æm21 + 2 Æm32) 0 0 00 0 0 0 0 00 0 0 0 0 00 0 0 0 0 0
1CCCCCCCA :(38)In fat, Æm21 � mÆm21=eV ' �m221=2eV � 0:5 � (10�5 or 10�7 or 10�10)eV and Æm32 �mÆm32=eV ' �m232=2eV � 1:5� 10�3 eV, while m � 1 eV.In the formal limit of s1 ! 0, we obtain M (0) diagonal and degenerated inative and sterile neutrinos separately,M (0) ! diag (m; m ; m ; 0 ; 0 ; 0) ; (39)and so, from Eqs. (10) and (8) we infer thatU y ÆMU ! diag (0 ; Æm21 ; Æm21 + Æm32 ; 0 ; 0 ; 0) (40)as U yM (0)U ! diag(m; m ; m ; 0 ; 0 ; 0). Note from Eq. (8) that (withs2 = s3 = 0) in this limit we get bimaximal mixing matrix U in spite of thefat that in a good approximation the mass matrix M ' M (0) is diagonal(here, of ourse, the degeneray of lims1!0M (0) in ative neutrinos works).In the approximation used before to derive Eqs. (27), (29) and (31) thereare true also the relationsP (�e!�e)sol ' 1�P (�e!��)sol�P (�e!�� )sol�(1s1)2; (1s1)2�0:09 ;P (��!��)atm ' 1�P (��!�� )atm� (1+21)s214 ; (1+21)s214 �0:048 ; (41)



Toward Neutrino Texture Dominated : : : 2139as well asP (�� ! �e)LSND ' 12 �s11�2 P (�� ! �es)LSND ; 12 �s11�2 � 0:056 : (42)Here, s41=2 � 5�10�3 as given in Eq. (31). The seond relation (41) demon-strates a leading role of the appearane mode �� ! �� in the disappearaneproess of atmospheri ��'s, while the relation (42) indiates a diret in-terplay of the appearane modes �� ! �e and �� ! �es . In the ase ofthe �rst relation (41), both appearane modes �e ! �� and �e ! �� on-tribute equally to the disappearane proess of solar �e's, and the role ofthe appearane mode �e ! �es (responsible for the onstant term) is alsoonsiderable.Finally, for the Chooz experiment [8℄, where (xji)Chooz ' (xji)atm forany �m2ji, the �rst Eq. (25) preditsP (��e ! ��e)Chooz ' P (��e ! ��e)atm ' 1� (1 + 21)s212 ; (1 + 21)s212 � 0:095 ;(43)if there is the LSND e�et with the amplitude s41=2 � 5 � 10�3 as writtenin Eq. (31). Here, sin2(x42)Chooz = 1=2 sine j(x42)Choozj ' j(x42)atmj �(x32)atm � 1 with j�m242j � �m232. In terms of the usual two��avorformula, the negative result of Chooz experiment exludes the disappear-ane proess of reator ��e's for moving (1 + 21)s21 � sin2 2�Chooz >� 0:1,when the range of moving j�m242j � �m2Chooz >� 0:1 eV2 is onsidered(�m2Chooz � �m2atm � 3�10�3 eV2, implying sin2(x42)Chooz = 1=2). Thus,the nonobservation of Chooz e�et for reator ��e's in the above parameterranges leads to (1+21)s21 <� 0:1 and hene, to the upper bound sin2 2�LSND �s41=2 <� 1:3�10�3, when�m2LSND � j�m242j � �m2Chooz >� 0:1 eV2. It meansthat sin2 2�LSND, onstrained by Chooz (in our four-neutrino texture), liesoutside the parameter region suggested at 90% CL by the existing LSNDdata [2℄, if the KARMEN2 results [2℄ exluding a large part of this region aretaken into aount (in fat, in the orreted region sin2 2�LSND >� 2� 10�3).But, at 99% CL, this may be not true, allowing for �m2LSND >� 1 eV2(as, then, in the existing LSND parameter region sin2 2�LSND >� 8 � 10�4).At any rate, among three solar neutrino solutions onsidered here [6℄, onlythe LOW solution is onsistent with the Chooz bound [f. the paragraphfollowing Eq. (32)℄. Also the value sin2 2�LSND � 5 � 10�3, written inEq. (31) as an example, is eliminated by this bound. Unfortunately, theChooz-allowed, LOW-indued value sin2 2�LSND � 4:5 � 10�4 (in ontrastto sin2 2�LSND � 5 � 10�3) is situated outside the parameter range impliedby the existing LSND data [2℄ (even at 99% CL).



2140 W. KrólikowskiOf ourse, the existene of Chooz bound for the LSND e�et and of therelation of this bound to solar neutrino solutions is aused by the orre-lations between di�erent neutrino osillation modes onneted through theparameter s21 appearing in our four-neutrino texture [f. Eqs. (25)℄. In fat,the identitiess412 = (1� 21)22 ; (1 + 21)s21 = 1� 41 and 21 + (1 + 21)s212 + s412 = 1an be translated into the orrelationssin2 2�LSND = (1� sin2 2�sol)22 ; sin2 2�Chooz = 1� sin4 2�sol (44)and the sum rulesin2 2�sol + sin2 2�Chooz2 + sin2 2�LSND = 1 (45)for three neutrino osillation amplitudes (eah in the reasonable two-�avorapproximation). The sum rule (45) follows also from the �rst probabilitysummation relation (24) onsidered with the assumption of m21 ' m22 forsolar �e's (when j(x42)solj � (x21)sol ' �=2).We an see that, when aepting the present Chooz results, we stand withour four-neutrino texture before the alternative: either there is no LSNDe�et at all (then sin2 2�LSND � s41=2 = 0 and we are left with the three-neutrino bimaximal texture [3,5℄), or this e�et exists all right, but at a pointin parameter spae, where the osillation amplitude sin2 2�LSND is shifted(versus the existing LSND data) towards a smaller value sin2 2�LSND �s41=2 <� 1:3 � 10�3 (though >0). Note that, if sin2 2�LSND = s41=2 wasat the Chooz bound value 1:3 � 10�3, then sin2 2�sol = 21 would be at 0.95and s21 at 0.051. If, rather, sin2 2�LSND = s41=2 was at the value 8 � 10�4equal to its existing LSND lower limit at 99% CL, then sin2 2�sol = 21 wouldbe at 0.96 and s21 at 0.04. Of ourse, we should keep in mind the fat thatthe present estimations for sin2 2�sol (and even more for sin2 2�LSND) arepreliminary and, in fat, very fragile.REFERENCES[1℄ For a review f. E. Kearns, Plenary talk at ICHEP 2000 at Osaka; C. Gonzales-Garia, Talk at ICHEP 2000 at Osaka; and referenes therein.[2℄ G. Mills, Nul. Phys. Pro. Suppl. 91, 198 (2001); R.L. Imlay, Talk at ICHEP2000 at Osaka; and referenes therein; for reent results of the KARMEN2experiment f. K. Eitel, Nul. Phys. Pro. Suppl. 91, 191 (2001).
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