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NEUTRINO STUDIES IN NUCLEI ANDNUCLEAR RESPONSES FOR NEUTRINOS�Hiroyasu EjiriIIAS(International Institute for Advaned Studies)Kizukawadai, Kizuhou, Kyoto, 619-02, JapanRCNP, Osaka University, Ibaraki, Osaka, 567-0047, Japanand JASRI, SPring-8, Mikazuki-ho, Sayo-gun, Hyogo, 675-5918, Japan(Reeived Deember 17, 2001)Fundamental properties of neutrinos(�) are studies in nulei as miro-laboratories. Here nulear responses for �'s are ruial. The present reportreviews brie�y reent studies of nulear responses for �'s and � studies bydouble beta deays(��) and inverse � deays indued by solar and super-nova �'s. Nulear responses for harged-urrent neutrino interations aremostly given by nulear isospin�spin responses. They are well studied byharge-exhange reations with medium energy projetiles. It has beenfound that 100Mo has large spin isospin response for �'s. Thus 100Mo iso-topes are used as exellent miro-laboratories for spetrosopi studies of�� deays with a sensitivity on hm�i � 0:03 eV and realtime studies of lowenergy solar �'s.PACS numbers: 23.40.�s, 14.60.Pq, 26.65.+t, 95.55.Vj1. Neutrino studies in nulear miro-laboratoriesNulei are quantum systems of nuleons in good quantum states of en-ergies, spins, parities, isospins, baryon numbers, and so on. Then nulei areused as exellent miro-laboratories for studying low energy neutrinos andfundamental weak interations. Here nulei are used to selet and even en-hane partiular weak proesses relevant to neutrino properties beyond thestandard theory and to redue other bakground ones.Neutrinos (�) and weak interations are of great interest for new physisbeyond the standard eletroweak theory of SU(2)L� U(1). Fundamentalproperties of �'s and weak interations studied in nulei as miro-laboratoriesare Majorana � masses, Mojoron-� and SUSY-� ouplings, right-handed �'s� Presented at the XXVII Mazurian Lakes Shool of Physis, Krzy»e, Poland,September 2�9, 2001. (173)



174 H. Ejiriand weak bosons, � osillations and others. They are well studied in nu-lear miro-laboratories by investigating double beta (��) deays in nulei,solar- and supernova-� interations(inverse � deays) in nulei, supernova-�interations in nulei, and other low energy � proesses in nulei.The present report is a summary of the leture on neutrino studies innulei and nulear responses with emphasis on the reent works of � massstudies by �� deays in nulei and solar and supernova � studies in nu-lei. MOON for spetrosopi studies of �� deays and solar �'s is alsodisussed. Some parts of the present work have been partially presented atreent symposia/onferenes [2, 3℄.2. Nulear responses for low energy neutrinosNulear weak responses for �'s are ruial for � studies in nulei. Nulearisospin and spin�isospin responses are relevant to vetor and axial-vetorweak interations [1℄. The nulear response is given asR(�) = (2Ji + 1)�1jM(�)j2 ; (1)where M(�) is the nulear matrix element, and Ji is the initial state spin.The nulear matrix element is expressed in terms of the spin (�), isospin(�) and spherial harmoni operator (YL),M(TSLJ) = G(�)� [�S � YLfL(r)℄J ; (2)where � = TSLJ stands for isospin (T ), spin (S), orbital angular momentum(L), and total angular momentum (J). G(�) is the oupling onstant for �mode.Nulear spin�isospin interations give rise to spin�isospin giant reso-nanes at the high exitation region of Eex = 10 � 40 MeV, and spin isospinore polarizations at the low exitation region of Eex = 0 � 5 MeV. Conse-quently nulear spin isospin responses for weak, eletro-magneti and strongproesses are modi�ed muh in nulei.Fundamental properties of �'s and astronulear proesses of � produ-tions are studied urrently by investigating solar-�, supernova-�, and ��-�in nulear miro-laboratories. Energies of solar-�'s are mostly in the regionof 0.1�1 MeV, and extend up to around 14 MeV. Supernova-�'s are in theregion of 5�50 MeV. On the other hand neutrino-less double beta deays(0���) are mostly due to a virtual � exhange between two nuleons in anuleus. Then the momentum of the virtual � is neessarily of the order ofq = ~=R � 50 MeV/.



Neutrino Studies in Nulei and Nulear Responses for Neutrinos 175Nulear responses for these low energy �'s are spin isospin responses inthe low exitation region of 1-50 MeV, where the nulear responses are muhmodi�ed by the nulear spin isospin orrelation. It is of great interest for� nulear responses to study the nulear spin isospin responses in a wideexitation region of Eex = 0 � 50 MeV [1℄.3. Nulear probes for spin�isospin responsesNulear spin isospin responses for low energy �'s in the region of0�50 MeV are studied mainly by using nulear reations with weak, eletro-magneti and strong probes.Weak probes are straightforward to give diretly nulear responses for�'s. Beta deay rates, however, give nulear responses only for ground statetransitions in � unstable nulei. Medium energy lepton probes suh as �, �,and e are in priniple used for studying nulear responses in a wide exitationregion.Nulear reation ross setions with these weak probes, however, areextremely small. They are of the order of 10�16��20b. Thus studies withweak probes require high intensity lepton beams and large detetors. Oneexeption is the �� apture proess with a large ross setion.In general, eletro-magneti interations have similar spin�isospin oper-ators as weak interations. Therefore eletro-magneti probes are used forgetting nulear spin�isospin responses relevant to nulear � responses. Nu-lear reations with eletro-magneti probes are (e; e0), (,X), and Coulombexitation.Nulear responses studied by using these eletro-magneti probes areneutral-urrent (�3) responses. Eletro-magneti interations inlude iso-salar and orbital-magneti omponents in addition to the isovetor spinterm relevant to � responses. They have to be orreted for in order toextrat the isovetor spin term.The orbital-magneti term is e�etively inluded in the spin term in aseof spin-strethed transitions with Ji = L � Jf . The spin matrix element isexpressed by the orresponding M1  one ash�ii = (gM )�1hM1i ; (3)where the e�etive g fator is given bygM = e~2M � 34��1=2 (gs � gl) : (4)



176 H. EjiriHadrons suh as nuleons, light nulei and mesons are used for study-ing nulear spin�isospin responses in a wide exitation region. The reationross-setion is large beause of the strong interation. The strong inter-ation, however, inludes not only entral spin�isospin interations relevantto weak interations, but also other types of interations suh as tensor in-terations, isosalar interations and others. Charged-urrent responses arestudied by harge-exhange reations, while neutral-urrent ones by inelastisatterings.4. Isospin spin responses and harge-exhange spin-�ipnulear reationsNulear reations are used to study nulear spin�isospin responses ina wide exitation region. Charge-exhange spin-�ip reations by mediumenergy nulear probes have been shown to be quite powerful for studyingspin�isospin responses for harged-urrent weak interations. Spin�isospinmodes are preferentially exited by medium energy light ions with EA=A �100�300 MeV, sine the entral spin�isospin interation of V�� is relativelylarge in the medium energy region and the volume-type interation of V0 issmall there. Charge-exhange reations used extensively are (p; n), (n; p),(d;2He), (3He,t), (t;3He), (6Li, 6He) (7Li, 7Be) and other light ion rea-tions. It is noted that (3He, t) and (t;3He) reations are very useful sinethe projetile and outgoing nulei are simple nulei with A = 3 and highenergy-resolution studies for these harged partiles an be made by meansof magneti spetrometers.Extensive studies of (3He, t) reations at E(3He) = 450 MeV have beenmade to investigate spin�isospin responses relevant to solar-�, supernova-�,and ��-� [4�6℄. Tritons have been analyzed by means of the high energy-resolution spetrograph. Reently a lateral and angular dispersion math-ing system between a new WS beam line and the spetrograph has beenompleted at RCNP. The system gives an extremely high resolution of�E=E = 4 � 10�5 for inelasti proton satterings at Ep = 300 MeV. Thenthe (3He,t) reation with the new system is very powerful for studying axialharged-urrent responses in the �� mode for individual low-lying states.Axial harged-urrent responses in the �+ mode have been studied by(t;3He) reations at MSU. Medium energy tritons with E(t) = 380 MeVhave been obtained by fragmentation of � partiles from the MSU ylotron,and 3He partiles have been analyzed by the A1200 beam line and K800spetrograph [7℄.Cross setions of the harge-exhange reations at forward angles areproportional to B(GT) values (GT responses) derived from � deay ratesfor strong GT states with B(GT) � 0:1.



Neutrino Studies in Nulei and Nulear Responses for Neutrinos 177The ross setion of the harge-exhange reation with low momentumtransfer is related to the isospin spin response on the basis of the majorentral isospin spin interation. In the framework of the diret reationproess with the distorted Born approximation (DWBA), the ross setionat low momentum and low energy transfers is expressed as [8℄,��(q; !) = K(Ei; !)(exp(�13q2r2))ND� (q; !)jJ�j2B(�) ; (5)K(Ei; !) = kiEiEfki(~22�)2 ; (6)where � = � and �� denote Fermi isospin and GT isospin spin hannels, andq and ! are the momentum and energy transfers. K(Ei; !) is the kinematialfator, and ND� (q; !) is the distortion fator. The distortion fator is givenby the ratio of the DWBA ross setion to the PWBA ross setion at� = 0 deg. The nulear responses B(�) with � = � and �� are B(F) andB(GT), respetively. They are derived from the ross setions at forwardangles with low momentum transfers.It is important to �nd how one an extrat GT (spin�isospin) responsesfrom harge-exhange reations for weak GT states, and spin dipole re-sponses of jM(111J)j2 = jG(111J)� [� � Y1f1(r)℄J j2 (7)from harge-exhange reations for spin dipole states with S=1, L = 1 andJ = 0,1,2.GT and spin dipole giant resonanes produed by harged- and neutral-urrent interations of 8B solar-� and supernova-� deay by emitting  rays,protons and neutrons. These  rays and partiles are used to measure thespin isospin strength distribution, whih re�ets the � energies. Charged-urrent (�, e) reations populate primarily one proton-partile one neutron-hole states, whih deay partly by diret proton emission and partly bystatistial neutron evaporation through spreading proess. The exitationenergy of the GT and spin dipole states an be determined by measuringthese deay partiles. Then the � energy may be evaluated from the exita-tion energy. 5. Solar-�'s and spin�isospin responsesSolar �'s provide one with unique opportunities to study � osillation invauum and matter and � prodution rates in the Sun [9℄. Solar-�'s onsistmainly of very low energy omponents of pp-�, 7Be-� and other CNO �'s.They inlude a small omponent of 8B-� with energy up to 14 MeV.



178 H. EjiriThe low energy solar �'s have been studied by inlusive measurementsof harged-urrent interations (harge-exhange reations) of (�; e) in nu-lei [10℄. The 8B �'s are studied by neutral- and harged-urrent interationsin light and heavy water Cerenkov detetors [11, 12℄.Nulear spin�isospin responses for solar-�'s were studied for 71Ga 100Moand 176Yb by means of the (3He, t) reations at RCNP [4�6℄. The GTstrengths were obtained from the forward angle ross-setions. The harge-exhange � reation rates for individual solar � soures [9℄ are derived fromthe measured B(GT) values, as shown in Table I. Here reation rates forother nulei are also shown. TABLE ISolar-� apture rates in units of SNU [1,9℄.Nuleus �Q(MeV) pp 7Be 13N pep 15O 8B Total2H 1.442 0 0 0 0 � 6 637Cl 0.814 0 1.1 0.1 0.2 0.3 6.1 7.940Ar >1.505 0 0 0 0 0 7.2 7.271Ge 0.236 70.8 35 3.7 2.9 5.8 12.9 132100Mo 0.168 639 206 22 13 32 27 965115In 0.120 468 116 13.6 8.1 18.5 14.4 639127I 0.789 0 9.4 � � � 13 24.6
37Cl and 71Ga have been used to measure mainly 7Be-� and 8B-�, andpp-� and 7Be-�, respetively [10℄. The measurements are non-realtime andinlusive ones, and thus do not identify individual solar-� soures.It is interesting to �nd that 100Mo has very large reation rates for allsolar-� soures. This is due to the low threshold energy and the large GTstrength of B(GT) = 0.33 for the ground state in 100T. Thus 100Mo isused for real-time spetrosopi studies of the individual solar-� soures [13℄.This nuleus is used also for studying supernova-�'s and ��-�, as disussedin Setions 6 and 7. Neutrino studies in 100Mo are disussed in detail inSetions 8 and 9.176Yb has two low-lying 1+ states at 195 keV and 339 keV with B(GT)= 0.11 and 0.20, respetively, and thus this nuleus is used to study pp and7Be �'s by � delayed oinidene [6℄.



Neutrino Studies in Nulei and Nulear Responses for Neutrinos 1796. Supernova-�'s and spin�isospin responsesThe gravitational energy released by the supernova ore ollapse is ar-ried away by all kinds of �'s. The energy spetrum is given byS(E�) = k T�1� (E�=T�)2exp(E�=T� � a) + 1 ; (8)where T� and a are the temperature of the � sphere and the degenerayparameter, respetively. The temperature and the average � energy areT� � 3.5MeV, hE�i � 11MeV for �e,T� � 5 MeV, hE�i � 16MeV for ��e,T� � 8 MeV, hE�i � 25MeV for �x = ��; ���; �� ; ��� .The supernova-� spetrum provides important information on supernovamehanisms, � masses, and � osillations. The supernova-�'s are studied innulei through harged-urrent and neutral-urrent reations, i.e. harge-exhange and inelasti reations. Here GT and spin dipole giant resonanesin the 5 � 40 MeV region play important roles for supernova-� nulearresponses. They are well studied by harge-exhange spin-�ip reations suhas (3He, t) and (t, 3He) [4, 5, 7℄. It is noted that the (3He, t) reation at 00shows the IAS (�) and GT (��) giant resonanes, while the reation at 10shows the spin dipole (��Y1) giant resonanes as well as IAS and GT ones.The supernova-� spetra overlap with the IAS, GT and spin dipole giantresonanes. Thus the high energy omponent of �e exites the IAS and GTresonanes via harge-exhange (�e; e) reations, and �x's exite the IAS,GT and spin dipole giant resonanes by harge-exhange (�e; e) reationsvia �x ! �e osillation.7. Neutrino studies by �� deays in nulei and nulear responsesDouble beta deays, whih are seond order weak proesses in nulei,have been extensively used to study fundamental properties of neutrinos.Double beta deays with two �'s are within the standard eletroweak model(SM), while those without � are beyond SM. They are denoted as 2��� and0���, respetively. The transition rates are given as [14, 15℄T 2� = G2� jM2� j2 ; (9)T 0� = G0� jM0� j2 [hm�i+ �h�i+ �h�i℄2 ; (10)where G2� and M2� are the phase spae fator and the nulear matrix ele-ment for 2���, and G0� and M0� are those for 0���. hm�i is the e�etive



180 H. EjiriMajorana � mass term, and h�i and h�i are the right-handed urrent terms.They are written as [14, 15℄hm�i = ���XmjU2ej��� ; (11)h�i = � ���XUejVej��� ; � = �MWLMWR�2 ; (12)h�i = � ���XUejVej��� ; � = � tan Æ ; (13)where Uej and Vej are oe�ients for left-handed and right-handed neutri-nos and MWL and MWR are masses of left-handed and right-handed weakbosons, and Æ is the mixing angle. M2� is given mostly by the double GT(��)matrix element, M2� =XM(��)iM(��)i�i ; (14)where the summation is over all intermediate 1+ states.M0� is given by the double GT matrix elements with neutrino potentialterms and the ratio of the Fermi to GT matrix element. The matrix elementis expressed as M0� =Xhh+(r;Ei)����i(1 � fF) ; (15)where h+ is the neutrino potential term and fF is the ratio of the Fermi toGT matrix elements.The �'s emitted in 2��� are low-energy s-wave real �'s. The 0���proess is mainly a virtual � exhange between two nuleons in a nuleus,and thus inludes large angular momenta L up to 5 � 6.The value for jM2� j2 is obtained experimentally from the 2��� transitionrate. The 0��� transition rate is very sensitive to the � Majorana mass andthe right-handed urrent. The 0��� proess is aused also by the �-Majoronoupling, �-SUSY oupling, and others. Then the nulear response jM0� j2are ruial for getting the Majorana � mass and other � interations andouplings, whih are beyond SM. Here M2� obtained experimentally an beused to evaluate nulear interation parameters to be used for estimatingM0� .It is found theoretially and experimentally that the 2��� proess isexpressed as the suessive single � proesses through a few low-lying singlepartile-hole state jSi in the intermediate nuleus [16℄. Thus M2� is writtenas M2� =XS M�SM�S0�S ; (16)



Neutrino Studies in Nulei and Nulear Responses for Neutrinos 181where M�S and M�S0 are the GT matrix elements for the single � deays ofjii ! jSi and jSi ! jfi, respetively, and �S is the energy denominator.The GT giant resonane in the intermediate nuleus dose not ontribute tothe 2��� proess. Experimental values for M2� are shown to be onsistentwith the theoretial predition [16℄.It is important to note that the single � matrix elements of M�S and M�S0are obtained by using harge-exhange reations and/or single � deay rates.Thus the M2� matrix element an be evaluated from Eq. (16). In fat, M�Sand M�S0 are redued by a fator ge�A =gA � 0.3 with respet to the singlepartile value, and aordingly M2� is redued by a fator (ge�A =gA)2 � 0.01.Theoretial alulations of M2� are di�ult. Thus experimental evaluationby using Eq. (16) is very useful.Nulear matrix elements M0� inlude the � potential term for a virtual� exhange. Then M0� for the �-mass term is written asM0� = M0�GT +M0�F : (17)The GT and F matrix elements areM0�GT = gAhf jh+(rnm; E)�n�n�m�mjii,andM0�F = gAhf jh+(rnm; E)�n�mjii, where the � potential term h+(rnm; E)is approximately given by the Coulomb term of R=jrn � rmj. Here rn andrm are radii for nuleons assoiated with 0���. They are on�ned betweenthe nuleon and nulear radii of r0 and R. The Coulomb term for the on-�ned rn and rm is found to be given by a separable form [1℄. Then M0� maybe expressed as a separable form asM0� �XJ �MS(J)MS0(J)�SJ + MG(J)MG0(J)�GJ � : (18)Here MS(J) and MS0(J) are single � matrix elements through the interme-diate single partile-hole states jSJi with spin J and MG(J) and MG0(J)are those through the giant resonane jGJi. �Sj and �GJ are the denomina-tors for the single partile�hole state and the giant resonanes, respetively.Sine the seond (giant resonane) term is onsidered to be small, M0� isexpressed as M0� �XJ �MS(J)MS0(J)�SJ � : (19)ThenMS(J) andMS0(J) are obtained empirially from the harge-exhangereations and/or single � deay rates, and M0� are evaluated from MS(J)and MS0(J) by using Eq. (19), as in ase of 2���.Double harge-exhange reations are very interesting to study the ��responses. They provide one with double isospin and double spin�isospinresponses relevant to �� deays. A double harge-exhange reation of



182 H. Ejiri(11B, 11Li) at medium energy of E=A � 100 MeV may populate double IAS,double GT and double spin-dipole giant resonanes, and low-lying doublespin-isospin states. The experimental studies are in progress at RCNP OsakaUniversity.8. Spetrosopy of �� and inverse-� deays from100Mo for � studies in nuleiNeutrino mass and �avor mixing are key issues of urrent neutrino physis.Reent � osillation experiments strongly suggest � osillations due to non-zero �-mass di�erenes and �avor mixings [11, 12℄. The experimental datasuggest that �'s have mass, and that some mass eigenvalues are approxi-mately of the order of 0.01� 0:1 eV.The relationship between the � osillation and 0��� has been studiedin several artiles [17℄. Reently detailed disussions have been made byombining di�erent osillation solutions for the solar � data with a futuresignal from a 0��� experiment [18℄.Thus it is of great importane to study � mass with sensitivity in the0.01 eV � 0:1 eV range. Double beta deay may be the only probe presentlyable to aess suh small � masses.The osillation survival probability of solar �'s shows a strong hangewith energy below 1 MeV for all the solutions of LMA, SMA, and LOW [9℄.It has reently been found that 100Mo with large neutrino responses areused for both spetrosopi study of �� deays with the sensitivity of theorder of hm�i � 0:03 eV, and realtime exlusive study of low energy solar� [13℄. The isotope 100Mo is just the one that satis�es the onditions for the��-� and solar-� studies as shown in Fig. 1. The unique features of 100Moare as follows:1. The Q value for the �� deays is as large as 3.034 MeV. Thus thelarge phase spae fator G0� enhanes the 0��� rate and the largeenergy sum of E1 + E2 = Q�� plaes the 0��� energy signal wellabove most BG. The transition rate for the possible �-mass of hm�i =0:02 � 0:03 eV is of the order of 50 � 10�36/se with nulear matrixelements [19℄. This is of the same order as the solar-� apture rate.2. The threshold energy for the solar-� absorption into 100Mo is as lowas 0.168 MeV. Thus it is possible to observe low energy soures suhas pp-� and 7Be-�. The strong GT strength to the 1+ ground state of100T is measured by harge-exhange reation. The strength an alsobe experimentally measured by eletron apture preisely [20℄. Thelarge apture rates are also ompared with the other target nulei inTable I.



Neutrino Studies in Nulei and Nulear Responses for Neutrinos 1833. The measurement of two �-rays (harged partiles) enables one toloalize in spae and in time the deay-vertex points for both the 0���and solar-� studies. Neutrino aptures are tagged by the subsequent �deay of the 100T with 16 s hal�ife to redue orrelated and aidentalBG by fators 10�5 � 10�6. The energy and angular orrelations forthe two �-rays identify the �-mass term in the 0���.4. It is noted that supernova (SN) �'s are studied also in 100Mo by mea-suring inverse � deays [21℄. SN-�e with the average energy of 11 MeVexites the GT giant resonane. If SN-�� and SN-�� with the averageenergy of 25 MeV osillate into eletron neutrinos (SN-�ex), they exitethe GT giant resonane and the isospin and spin�isospin dipole reso-nane's. Sine SN-�ex is higher in energy than SN-�e, the ross setionand the inverse � energy for SN-�ex are muh larger than those forSN-�e. Thus, they are very sensitive to the possible osillation fromSN-�ex to SN-�e.
8B

7Be
pep

pp

E
N

E
R

G
Y

(M
eV

)

100Mo
100 Tc

100Ru

Solar

GR

1

2 0

1

1

1

0

+

+

+

+

+

Q   =3.034

Qec=0.168
0

1

2

3

8

ν

β

β

β
,

β γ

ββFig. 1. Level and transition shemes of 100Mo for double beta deays (�1�2) andtwo beta deays (��0 ) indued by solar-� absorption. GR is the Gamow�Tellergiant resonane. Q�� and Qe are given in units of MeV.9. Molybdenum Observatory Of Neutrinos (MOON)MOON is a �hybrid� �� and solar � detetor with sensitivity to Majoranamass of the order of hm�i � 0:03 eV as well as apability of harged-urrentneutrino spetrosopy of low energy solar �'s down to 168 keV. The �neloalization in time and in spae is ruial for reduing BG rates in realistidetetors.



184 H. EjiriSeveral options are under investigation for the MOON detetor, (a) supermodules of Mo and sintillators with WaveLength-Shifter (WLS) �ber read-out, (b) sintillator-�ber detetion and readout, () liquid sintillators, and,(d) ryogeni alorimetri readout. Simulation spetra of �� deays andinverse � deays indued by low energy solar-�'s are shown for a possiblesintillator/Mo detetor in Fig. 2.

Fig. 2. Shemati energy spetra for a possible detetor with 3.3 tons of 100Mo (seetext). Right-hand side: Sum energy spetra for 3 year measurement of 2��� and0��� for hm�i = 0:1 eV with M0� in [15℄. The inset shows the 0��� spetrumwith hm�i=0.05 eV after orretion for 2��� with statistial errors. Left-hand side:Inverse � spetra for 7Be � and pp � on the basis of SSM [9℄, and possible 2���bakgrounds. The detetor threshold is set at 50 keV.A test of prototype detetor for (a) is in progress at RCNP/OULNS,Osaka. It is omposed of 8 layers of plasti and WLS-�ber ensembles; eah4-layer group is overed by a di�erent type of re�etor for omparison. Onelayer has the dimension of 20 � 20 � 0.25 m. Light outputs are olletedby a 16-anode PMT through 64 WLS �bers with 2.5 m interval for the xdiretion at the front side of the plane and the same for y at the bak side,eah with 1 mm square size.An attrative approah o�ering higher energy resolution to redue theintrinsi 2��� oming into the 0��� window is low temperature bolome-try [22℄.A molybdenum-loaded liquid sintillator with WLS or multi-PM read-out is also an promising approah having a lot of advantages.



Neutrino Studies in Nulei and Nulear Responses for Neutrinos 185The osmogeni isotopes to be onsidered are the long lived 93Mo, andthe short lived 99Nb and 100Nb. Although 93Mo isotopes are not removedhemially, they deay by emitting very low energy X-rays and onversioneletrons. Their energies an be lower than the detetor threshold. 99Nband 100Nb are produed by fast neutrons at underground laboratories anddeay within tens of seonds by emitting beta rays. They are estimatedto give negligible ontributions to the present energy and time windows.Bakgrounds from U and Th hain ativities must be ontrolled at the levelof approximately b � 10�2 Bq/ton. The same type of puri�ation throughthe arbonyl that has been used for Ni for the SNO, and the purity levelthat has been ahieved for Ni and other materials, an be used [23℄.10. Conluding remarksFundamental properties of neutrinos and weak interations are studiedin nulei as miro-laboratories. Here nulei are used to selet and enhaneneutrino signals and to redue other bakgrounds. Nulear responses forneutrinos are ruial for neutrino studies in nulei.Nulear responses for neutrinos are given by vetor and axial-vetor typeweak responses. They are expressed in general by nulear spin�isospin re-sponses as R�(TSLJ) with isospin T = 1, spin S = 0,1, orbital angularmomentum L, total spin J and the initial state spin Ji.Nulear spin�isospin responses R�(TSLJ) are modi�ed in nulei by nu-lear spin�isospin orrelations. Atually the responses are muh enhanedby spin�isospin giant resonanes of Q+(TSLJ) at high exitation regions,and are redued by the spin�isospin ore polarizations due to the destrutiveinterferene with giant resonanes.Nulear reations with weak, eletro-magneti and hadron probes areused for obtaining R� in a wide exitation region. Eletro-magneti probesare used for neutral-urrent responses.Nulear weak reations with neutrino probes are diret ways to get nu-lear responses for neutrinos. Sine reation ross setions are extremelysmall, one needs intense � beams and large � detetors. High intensity pro-ton beams from the 3 GeV synhrotron of JHF planned at Tokai Japan, andthose from SNS at ORNL may provide intense �'s with intensity of the orderof 1014 in the low energy region of 5 � 100 MeV. These �'s are just adequatefor nulear response studies for solar-�, supernova-� and ��-�. Large � de-tetors suh as ORLaND [24℄ and MOON [13℄ are very interesting . The lowenergy � fatory ombined with the large � detetor is a promising projetfor new nulear physis in the 21st entury. Muon aptures are very e�etivefor studying spin�isospin responses in the �+ mode sine the apture rosssetions are large.



186 H. EjiriCharge-exhange nulear reations with medium energy hadron beamshave been used extensively for studying harged-urrent responses in a wideexitation region. Light projetiles with energies of E=A = 100 � 300MeV are used beause of the relatively large spin-isospin interation of V��and the small distortion potential of V0. High energy-resolution studies of(3He, t) reations at RCNP and (t;3He) reations at MSU are powerful forstudying nulear spin�isospin responses in �� and �+ modes, respetively.Solar-� apture reations in nulei by harge-exhange (�, e) reationsand inelasti (�; � 0) reations are used to study weak and strong proessesassoiated with solar-� produtions in the sun and � osillations. Nulearspin�isospin responses for pp-�, 7Be-� and other CNO �'s with energiesE� < 2 MeV are redued by the spin�isospin ore polarization, and thosefor 8B-� and hep-� with E� = 5 � 19 MeV are enhaned by the GT giantresonanes. The harged-urrent responses for 71Ga, 100Mo, and 176Yb havebeen studied by harge-exhange (3He, t) reations and others [4�6℄.Supernova-� apture reations in nulei are studied by (�; e) , (�x; � 0x)and (�x ! �e; e) reations with �x ! �e standing for the neutrino �a-vor osillation. Energy spetra of supernova-�'s show broad peaks withmean energies around hE�i �11 MeV for �e, hE�i �16 MeV for ��e, andhE�i �25 MeV for other �x's, They are loated in the same exitation regionof the GT and spin dipole giant resonanes. Consequently nulear responsesfor supernova-� are dominated by these spin�isospin giant resonanes withT = 1, S = 0; 1, L = 0; 1, and J = 0; 1; 2. They are studied by measuringharge exhange and inelasti reations with medium energy hadrons at 0Æfor L = 0, and 1Æ � 2Æ for L = 1; 2. Diret proton deays and statistial neu-tron deays from these giant resonanes are used for evaluating supernova-�energies, whih are important for � osillation and supernova studies.Neutrino-less double beta deays (0���), whih violate the lepton num-ber onservation law by �L = 2, are used to study the Majorana � mass, theright-handed weak urrent, and other neutrino properties beyond SM. Theneutrino-less deay is mainly due to a virtual � exhange between two nule-ons in a nuleus, where the neutrino momentum involved is 1 � 50 MeV/,and aordingly intermediate states with Eex up to �50 MeV, and L up to �5 ~ are involved in the 0��� proess. Thus multi-pole spin�isospin responseswith J = 0 � 5 ontribute ��-� responses. The nulear matrix element iswritten by a separable form as M0� =PJ MS(TSLJ)MS0(TSLJ)=�S(J).ThenMS(TSLJ) andMS0(TSLJ) for single partile�hole states in the inter-mediate nuleus are obtained from harge-exhange hadron reations and/orsingle � deay rates. Double harge-exhange reations are interesting forobtaining diretly double spin�isospin responses relevant to �� deays.
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