The GALLEX result 83 ± 19 (stat.) ± 8 (syst.) SNU is two standard deviations below the predictions of stellar model calculations ( 124 -13 2 SNU). To fit this result together with those of the chlorine and Kamiokande experiments requires severe stretching of solar models but does not rule out such a procedure, leaving the possibility of massless neutrinos. It clearly implies that the pp neutrinos have been detected. The Mikheyev-Smirnov-Wolfenstein (MSW) mechanism provides a good fit, and the GA LLEX result fixes the !im2 and sin2 20 parameters in two very confined ranges (around !im2 = 6 x 10 -6eV2 and sin2 20 = 7 x 10 -3 and around !im2 = 8 x 10 -6eV2 and sin2 20 = 0.6 ). Explanations of the solar neutrino problem based on the decay or magnetic interactions of neutrinos are disfavoured.

Introduction

The GALLEX Collaboration reported in the pre ceding Letter a measurement with a gallium detector of the solar neutrino capture rate of 83 ± 19 (stat.) ± 8 (syst.) solar neutrino units (SNU) (I SNU corre sponds to 10-36 captures per target atom per second) [ l ] . This result has stringent implications either for astrophysics (solar models) or for particle physics (neutrino properties) for many of the theoretical and phenomenological models that have been developed to explain the so-called "solar neutrino problem". We comment on these in this Letter, after having sum marized the experimental results.

The pioneering radiochemical chlorine (37 Cl ) ex periment, which is sensitive mainly to 7Be and sB so lar neutrinos, has observed since 1968 a neutrino flux about three to four times smaller [START_REF] Davis | Inside the Sun, Proc. IAU Colloq. 121[END_REF] than the predic tions of standard solar models. This deficit is at the origin of the solar neutrino problem. Since 1988, the real-time Kamiokande experiment (K-II), which is sensitive mainly to sB neutrinos, has observed about half the expected rate [START_REF] Hirata | [END_REF], and confirms, at least qual itatively, the existence of a problem. The gallium ex periments (SAGE and GALLEX) are sensitive to all solar neutrino sources, particularly to neutrinos com ing from the primary proton-proton fusion reaction in the Sun. These pp and pep-neutrinos represent about 58% ( 7 4 SNU) of the predictions of standard solar models for gallium detectors (124-132 SNU). The SAGE experiment in Baksan, which uses gallium metal as a target, presented a result, 20 ±16 (stat.) ± 32 (syst. ), SNU [ 4], largely incompatible with stan dard solar models. Their value is based on the non observation of a clear signal and they quote also an up per value of 79 SNU at 90% CL. The GALLEX result is based on the clear observation of a signal [ l ] . The quoted value is not statistically in agreement with the SAGE result, but could be reconciled if one takes into account systematic errors. However the conclusions that can be drawn from GALLEX look significantly different: (a) there is a clear neutrino signal; (b) tak ing into account the statistical error which is still large (23%), the GALLEX result is about 2a below the predictions of standard models and very close to the predictions of minimal solar models (about 78 SNU) [START_REF] Bahcall | Neutrino astrophysics[END_REF][START_REF] Spiro | [END_REF] which highly restrict the non-pp neutrino flux but slightly increase the pp neutrino flux. In this Let ter, we use the GALLEX value as representative of the gallium result.

Problems with solar models?

Several standard solar models are now available which provide predictions for neutrino detectors [7][8][9][10][START_REF] Sackmann | [END_REF][12]. Improvements came from new physics inputs First off all, as already stated above, the GALLEX result, considered on its own does not imply a "prob lem" with the standard model values. Stated most simply, the GALLEX experiment has observed a so lar neutrino flux of about the amount expected from nuclear production of solar luminosity within 2a.

A glance at table 1 suffices to establish the basic differences between the 71 Ga based experiments and the 37Cl or K-II experiments. The response of71Ga is heavily weighted by the PPI cycle, by far the dom inant contributor to the total solar electromagnetic luminosity. In fact, this characteristic difference was the basis of the choice of the gallium experiments. Be cause of this close tie between the dominant pp (and Kamiokande II [START_REF] Hirata | [END_REF] (relative to respective model) pep) cycle and the very well measured solar luminos ity, the 71 Ga response to the solar neutrino flux is very much less model dependent; this, in turn, implies that it might be possible to produce concordance with the 3 7 Cl and K-II results without requiring neutrino alter ation properties, but by allowing variation of the con tributions of the various cycles. This possibility has been explored (see for example refs. [START_REF] Spiro | [END_REF]14] ), with the necessary demand that the overall energy production in the Sun be held at the observed value. Spiro and Vignaud [START_REF] Spiro | [END_REF] find that variation of the 7Be , 8B and pp fluxes so as to keep within the 2a uncertainties of the 3 7 Cl and K-II results, but constrained to constant solar energy production, leads to a 71 Ga result that varies from about 85 to about 125 SNU (largely dom inated by pp neutrinos), which is compatible with the announced GALLEX finding.

However, such variation, constrained only by the overall energy production, is not the equivalent of a consistent calculation, since, by choice, it omits all of the necessary couplings of the competing and feeding nuclear reactions, the boundary conditions of solar age, composition and surface parameters, and solar To be more quantitative, we have attempted to fit the central temperature to the observed fluxes by a phenomenological mock-up. It is assumed that the neutrino flux of each branch can be characterized by just a simple temperature dependence (Tc )n;, where Tc represents the central temperature of the Sun. The exponents n, are taken from the "1000-model" calcu lation of ref. [ 8] : npp = -1.2,nBe = 8andnB=l8; the exponents for the CNO neutrinos are arbitrarily chosen as 18, equal to that for the 88 neutrinos -an arbitrariness that is acceptable because of the minor role the CNO neutrinos play in the argument. Then Tc is varied so as to minimize the x2 of the a-weighted combination of the 37 Cl , K-II and GALLEX results, relative to the different models of refs. [7,9,[START_REF] Sackmann | [END_REF]12] . The results are simply summarized: the Tc values range from a lowering of 4.4 to 6.1 % and x 2 that cor respond to confidence levels that are all below 5%. The main constraint comes about fmom the 37Cl and K-II values, with a GALLEX value that is at the high end of its la range (about l lOSNU). (Similar conclusions were reached recently by Bludman et al. ( 15] from a fit using only the 37 Cl and K-II results.)

The decrease relative to models produced by lowering the temperature is bounded for GALLEX because the negative npp exponent (a consequence of a constant luminosity) forces a small increase in this pp flux to which 7 1 Ga is sensitive.

We come away from this exercise with three points: ( 1) There is no conflict with the claim that the pp neutrinos have been detected. (2) A change in central temperature Tc of the order of 5% is a large amount in terms of changes in astrophysical parameters. Fur thermore, the fits to helioseismological data can be obtained only by accompanying the temperature de crease with the proper change of chemical composi tion near the solar center. ( 3) If taken at face values, the confidence levels associated with such a fit (less than 5%) make it a very poor bet. It indicates the extent of the stretch that is needed and shows that a simple temperature variation is incompatible with our understanding of the physical processes which govern stellar evolution.

We turn to the other ideas that have been put for ward to deal with the solar neutrino problem.

Neutrino oscillations and the MSW effect

Solar neutrino oscillations have long ago been sug gested as an explanation of the unexpectedly low result of the 3 7 Cl experiment [ 16). With the discovery of matter enhanced neutrino oscillations (the so-called MSW effect [ 17) ), this hypothesis has even become more popular. If we accept the solar model as given, we can analyze all discrepancies between solar model calculations and the results of the solar neutrino ex periments in terms of alteration of the properties of solar neutrinos during their passage from the solar core to the detector.

The MSW mechanism requires that neutrinos have masses and that there be differences in the masses of neutrinos of different flavors. It also requires that the emitted neutrino be a mixture of mass eigenstates, with mixing angles 8;. Furthermore, there is a weak interaction between neutrinos and solar matter that tends to balance out the mass difference.

A frequently used picture, the two-neutrino version, assumes that the important mixing is between the ve and one other, usually assumed to be the vµ . The parameter space is defined by :3.m2, which enters the The calculation uses the neutrino production rates given by the Bahcall and Ulrich model [ 8].

formula as :3.m2 /2Ev, and sin2 28 . Because the flavor changing probabilities depend on the neutrino energy and because the various branches of the solar energy cycle (table 1) differ sharply in neutrino energies, the MSW effect has distinguishable effects, depending on the energy weightings, between the different solar neutrino experiments.

A plot of the effects produced by the MSW mech anism appears in fig. 1. This familiar construction shows iso-SNU contours for the gallium detectors in the (:3.m2 , sin2 28) plane (i.e. curves corresponding to a given reduction of the Ve response). The calcu lations for these plots are based on the procedures given in refs. [ 18,19], using the most recent inputs from solar models when necessary. They include the effect due to the neutrino transmission through the Earth [ 19,20]. The neutrino fluxes are those given as the standard solar model of ref. [ 8]. The areas be tween the dashed and dotted lines define the param-eter range allowed by the 37 Cl and K-11 experiments respectively, within their 2a error range; the K-11 a is taken to be the quadratic addition of their statis tical and systematic errors. These two experiments have a large overlap (grey+ black area) because they are weighted importantly toward the high end of the neutrino spectrum, from 8 to 11 MeV.

The GALLEX result (2a range after adding quadratically the statistical and systematic error) can now be placed on the plot, between the correspond ing iso-SNU curves. This shows two black regions of accepted parameters in the (Ll.m2 , sin2 28) plane . One of these lies at !l.m2 equal to 3 x 10-6 to 10-5 eV2 and sin2 28 in the 4 x 10-3 to 10-2 region. The second is for a wide range of !l.m2 at a sin2 28 close to the maximal value. We note that the firmness of our choice would be diffused if we included mixing of all three known flavors of neutrinos with arbitrary masses and mixing angles. We do not do so, mainly because theoretical conjectures make simplicity a reasonable hypothesis here.

To rely more on the statistical significance of the analysis, the three experimental results have been fit ted, using ax 2 method, to the flux reduction predicted by the MSW mechanism in the (!l.m2 , sin2 28) plane . Fig. 2 shows the two black areas selected at 90% confi dence level. The two solutions identified by the over lap in fig. l are clearly found. On the same plot, the area inside the full line represents the region excluded by the GALLEX result ( 90% confidence level) almost independently of solar models. Within this zone, a Ga rate of smaller than 40 SNU is predicted by solar models ranging from the standard models to "mini mal" models with only pp neutrinos. Searches for day night (produced by the effect of the Earth) and semi annual variations of the 8B solar neutrino flux were carried out by the Kamiokande collaboration [21 ]. No such short-time variation was observed, within statistical error, which requires the exclusion of the region around !l.m2 of l. 5 x l o-6 to 8 x 1 o-6 e V2 and sin2 28 between 2.5 x 10-2 and l. This exclusion area is plotted also on fig. 2 (between the dotted lines) .

The results shown in figs. l and 2 are not signifi cantly dependent on the choice of either a given stan dard solar model or of different inputs. Similar cal culations done using the Turck-Chieze model [9] for example give very similar results (not shown) , with just a small drift towards smaller !l.m2 values for the low sin2 28 solution and toward higher sin2 28 values for the high sin2 28 solution.

Neutrino decay

The idea that neutrino decay into some sterile form might provide an explanation of the solar neutrino problem [ 22] died in its most straightforward form along with the supernova SN 198 7 A, since the obser vation of (anti) neutrinos from that stellar explosion clearly requires survival times much longer than the Sun to Earth transit.

It was however recast [23] by taking the physi cally active neutrino as a mix of mass states ( ve = cos() v1 + sin() v2 ) with the heavier v2 decaying into v1 or v1 or both. Then, either the component that remains after decay or the decay products are suf ficiently interactive to provide the observed signal. Because a neutrino's mean lifetime would be propor tional to its energy, this model can naturally explain the fact that the observed suppression is greater for the 37 Cl than for the K-11 experiment. A detailed cal culation based on ref. [24] predicts a value from 0.15 to 0.36 times the solar model for the 71 Ga (la), i.e. a value below 45 SNU. Given the GALLEX result, this decay mechanism seems also to be a poor bet.

The 71Ga result and models of time variations in

37CJ

The 37 Cl results could show a variation with time which correlates with the I I-year solar sunspot cycle [START_REF] Davis | Inside the Sun, Proc. IAU Colloq. 121[END_REF]. Even though GALLEX has been operating only over a one-year period, its result has crucial bear ing on this question of temporal variation. The phe nomenon of time variation is so indicative of the na ture of the neutrino transformation mechanism that it has excited great interest and ingenious hypotheses. Since there is good reason to believe that the sunspot cycle mechanism is based on the changes in the solar magnetic field, it has been natural to explore a mag netic field interaction for the neutrino: either a spin flip magnetic moment interaction (Dirac neutrino), or a spin-flip plus flavor-change magnetic dipole in teraction (Majorana neutrino). These hypotheses are much constrained in order to stay in agreement with the K-11 experiment's non observation [21] of a sta tistically significant time variation.

As with the neutrino decay explanation of the time averaged suppression, successful explanations of the 37 Cl and K-11 time variation predict an even larger effect for GALLEX. In this general style but with more detailed and closely figured calculations, the two scenarios described in refs. [25,26] project 71Ga to swing between 75-80 SNU at the minimum and about 25 SNU at the present near maximum of the sunspot cycle. This last value is in sharp contradiction to the reported GALLEX value. Either the basic input data are wrong, or a new set of ideas is required for the explanation of the time variation.

Summary

The physics community has looked forward to the definite detection of the primary, pp neutrinos, and so to confirmation of the basic hypothesis of stellar energy generation. This is now in hand. There had also been hope that the 71Ga experiments would pro vide a result that places beyond all doubt either the neutrino alteration hypothesis or a failure of the stel lar models as a correct explanation of the "solar neu trino problem". Taken by itself, the GALLEX result is within two standard deviations of the stellar model calculations. Yet, within the overall constraints of the chlorine and Kamiokande experiments, the agreement with these models, even with severe modifications, is marginal. However, they are not completely ruled out and massless neutrinos are still possible. Nor are neu trino alteration hypotheses ruled out: the chlorine, Kamiokande and GALLEX experiments are all ex plained within the Mikheyev-Smirnov-Wolfenstein mechanism by consistent choices of the mass and mixing angle parameters. Two small regions are iden tified in the (Llm2, sin2 28) plane . In any case the range around Llm2 =2 x 10-7 -2 x 10-6 eV2 and sin2 28 between 6 x 10-3 and 0.6 is excluded. Scenar ios for the neutrino decay hypothesis and explanations of the possible time-variation of the 37 Cl experiment based on a neutrino magnetic field interaction are disfavoured by the GALLEX result.
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Fig. 1 .

 1 Fig. 1. Diagram of !im2 versus sin2 28 for neutrino oscil lation parameters. The full curves are iso-SNU lines for the 71 Ga detectors. The area between dashed lines corre sponds to the accepted zone (211) for the 3 7 Cl result. The area between dotted lines corresponds to the accepted zone for the Kamiokande result ( 211). The grey + black area is the overlap zone between the 3 7 Cl and Kamiokande re sults. The black area is the region accepted simultaneously by the 3 7 Cl , Kamiokande and GALLEX results (211). The calculation uses the neutrino production rates given by the Bahcall and Ulrich model [ 8].

Fig. 2 .

 2 Fig. 2. Diagram of 11m2 versus sin2 20 for neutrino oscil lation parameters. For parameters within the black areas, the MSW effect successfully (90% CL) reconciles the 37CI, Kamiokande and GALLEX experiments with standard so lar models. The area inside the dotted line is excluded at 90% CL by the Kamiokande Collaboration from a study of day-night effects [ 21 ] . The area inside the full line is excluded at 90% CL by the GALLEX result.

Table I

 I Predictions of several standard solar models for the different solar neutrino experiments. The experimental results are listed

	Cycle	Nuclear reaction	Neutrino energy
	PP I	pp--> de+v pe -p ->d v 3He3H e _, 4 He 2p dp->3 Hey	0-0.42 MeV 1 . 44 MeV
	PP II	3He4 He _ , 7 Bey 7 Be e -_,7 Liv 7L ip __, 24He	0. 86 MeV (90%) 0. 38 MeV (1 0%)
	PP III	7 Be p _,s By 8B _,s Bee+ v 8B e __, 2 4H e	0-14 MeV
	CNO	1 3N _,1 3 Ce+ v	0-1. 2 MeV
		1 5 Q _, 1 5 Ne+ v	0 -1.73 MeV
	total		
	experimental results		
	such as opacities, nuclear cross sections, iron abun
	dance, helium diffusion, and equations of state. More
	over, the confrontation with helioseismology (see for
	example refs. [ 8, 13] ) severely constrains new or ex
	otic ideas. Table 1 summarizes recent predictions for
	solar neutrino fluxes together with the experimental
	results. This allows us to quantify better the discrep
	ancy between the standard model calculations and the
	data.		

Table 2 at

 2 the bottom.

	Rate 37 Cl (SNU)					
	Bah call [8]	Turck-Chieze [9 ,10]	CESAM [12 ]	Bah call [8]	Turck-Chieze [9 , 10]	CESAM [ 12 ]
	0	0	0	70.8 (53.8%)	70 .6 (57%)	70.0 (54.8%)
	0.2 (2.5%)	0.2 (3.4%)	0. 22 (3.0%)	3. 1 (2 .4%)	2.8 (2.3%)	3.0 (2.3%)
	1.2 (1 5.0%)	1.0 (1 7. 0%)	1.06 (1 4.0%)	35.8 (2 7.2%)	30.6 (2 4.6%)	32 .5 (25.5%)
	6.2 (77 .5%)	4. 1 (7 1 . 0%)	5.73 (77 .0%)	13.8 (1 0.6%)	9.3 (7 .5%)	13. 1 (1 0. 3%)
	0.1 (!%)	0.1 (!%)	0.1 (!%)	3.0 (2.3%)	3.9 (3. 1%)	3.53 (2.8%)
	0. 3 (4%)	0.4 (6%)	0.3 18 (4%)	4.9 (3.7%)	6.5 (5. 2%)	5.58 (4.4%)
	8.0 transport mechanisms. Nevertheless, it points clearly	13 1.5� � (la) GALLEX : 83 124 ± 5 (la)	127.7
	to the possible directions in which to steer alterations			
	in the underlying assumptions of the solar model.			
	A cut-back of the highly temperature-dependent			
	88 branch, a less drastic cut-back of the less sensitive			
	78e branch, balanced by an increase in the pp branch,			
	might lead to a successful meeting with the 37 Cl and			
	K-II results as well as the GALLEX 71Ga result. An			
	example of a "successfnl" adjustment would be a			
	reduction of the 88 and CNO neutrino flux to 0.3 of			
	the SSM value (of refs. (7,8]), 78e neutrino flux to			
	0.35 of the SSM value and pp and pep increased by			
	only about 5% to 1.05 times the SSM value, the solar			
	luminosity being maintained at its nominal value:			
	it would put K-II at 0.3 of the SSM value, within			
	2a of the published measured value; 37 Cl at 2.6			
	SNU, within la [2]; and 71Ga at 97 SNU (of which			
	about 15 SNU only are due to other sources than			
	pp and pep neutrinos), within la of the GALLEX			
	value. Similar calculations based on the neutrino			

± 1.0 (la) 5.8 ± 1.0 (la)

7.43

37 Cl: 2. 10 ± 0.30

[START_REF] Davis | Inside the Sun, Proc. IAU Colloq. 121[END_REF] 

fluxes of ref.

[ 9] 

lead to results that are much the same qualitatively. GALLEX can truly claim to have finally "seen" primary pp neutrinos. Rate 7 1 Ga (SNU) ± 19 ± 8 [ 1]

SAGE: 20� i6 ± 32

[ 4] 
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