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Introduction

The radiochemical GALLEX detector at Gran Sasso monitors the solar neutnno flux with energies above 233 keV. Recording started on 14 May 1991 and is ongoing. The first evidence for neutrino detection m gallium and the claim for the observation of pp-neutn nos was based on 15 solar neutrino runs, (SR 1-SR 15), performed m tank ''B' ' of the GALLEX mstrumenta t10n ( GALLEX I). The data were published [ 1] together with the basic description of the experimental procedures and conditions.

The GALLEX II series of runs started on 19 August 1992, after the gallium chloride target solution had been transferred into tank ''A'' . Preliminary data on the first 6 GALLEX II runs were given together with the final results for GALLEX I and with the combined result for the fi rst 21 solar neutrino runs m [2] . In summary, this updated result of 87± 16 SNU was (66-71)%± 13%

( 1 er) of the Standard Solar Model predictions that range from 123 SNU [START_REF] Turck-Ch | 1eze and I Lopes[END_REF] to 132 SNU [4] . Ref. [2] also contains further details on data and error evaluation and the description of various significance tests which corroborated the nature of the signal observed.

The GALLEX II exposure period will last until June 1994, with counting continuing until the end of 1994. Because of the large interest m the timely release of our data, we present this condensed update at a stage where data are available from GALLEX II for 15 solar runs, a number equal to the total number of runs m GALLEX I. These GALLEX II solar runs (SR 16-SR30) cover the exposure period 19 August 1992-13 October 1993. Our reqmred six months' counting penod for each of these runs has been completed, except for the last four runs, SR27-SR30, for which> 2.5 months' of countmg data have been accu mulated, sufficient to have them included m the present analysis.

We report the results here without repeating the detailed descriptions of expenmental procedures and of data evaluation methods that were given in [ 1,2,5] , but we do discuss additions and refinements. This applies, m particular, to the presentation of the results of the short exposure runs (quasi-"blanks") where virtually no solar neutrmo signal is expected.

So far, 19 blanks have been evaluated in GALLEX I+ II, compared to the 30 solar runs. Even though the experimental effort in doing these blanks 1s large, they are worthwhile since they further assure us that we are interpreting the solar runs correctly.

GALLEX II runs and results

The characteristics of the 15 solar runs, SR l 6-SR30, and of the 14 blank runs, BL6-BL19, are given in Table 1. The standard exposure time was 27 days for solar runs and 1 day for the short exposure blanks. The total GALLEX II solar exposure time covered in this letter is 406 days, compared to a total of 324 days for GALLEX I.

The level of cosmogenic 68 Ge released from the gal- lium target [ 1,2] and included in our counting samples has contmued to decrease. Previously measured levels were (3.6±1.2) atoms / day on 4 June 1991 and a pre limmary estimate of (0.5 ±0.5) atoms / day on 16 Sep tember 1992 [2]. As of October 1993, the counting data indicate that any 68 Ge is below our detection limit; with an upper limit of <0.6 68 Ge atoms / day. All GALLEX II data have thus been fitted with zero con tribution of 68 Ge. In considermg the systematic error, we have assigned the upper limit of 0.6 atoms / day to run SR 16 and taken mto account the decay of 68 Ge m the subsequent runs. The results for the net solar pro duction rates of 71 Ge (based on the counts m the K + L energy and rise-time windows [ 1,2]) for runs SR16-SR30 are given in Table 2, after 8 SNU have been subtracted to account for side reactions (mainly from fast muons) and for background effects (see table 3 m Ref. [ 2] for additional details).

The result for the 15 GALLEX II runs is [78±13 (stat.) ± 5 ( syst.)] SNU (1 a). The systematic error is lower than given m [2] mainly because the mfiuence of 68 Ge has further decreased, as noted, and because part of the systematic error is proportional to the mag nitude of the SNU value (see table 4 in [ 2]), which has decreased from that reported as a preliminary value for GALLEX II m [ 2] The types of errors that we quote and their evaluation were discussed m [ 2] and, The results of the individual runs in GALLEX II, as well as those from GALLEX I [ 2], are plotted m Fig. 1. The observed fl uctuations are fully compatible with those due only to statistics. Because typically only 4-5 71 Ge decays are observed per run, there is little mean ing to the SNU-value of any particular individual run. However, the combmed SNU-value from all runs in GALLEX II is statistically signifi cant, being based on ""74 observed decays due to solar neutrinos.

In Table 3, we list the resulting SNU-values (L+ K wmdows combmed) from GALLEX I and from GALLEX II, as well as the combined result for all 30 available solar neutrino runs ( GALLEX I+ GALLEX II). These production rates have remamed rather con stant as more data have been accumulated and the sta tistical errors have decreased. We also list the results obtained for the Kand L-windows separately. We recall that the apparent asymmetry in the ratio of L and K SNU-values from GALLEX I was shown to be fully compatible with statistical expectations [ 2]. Neverthe less, it is reassurmg to note that with twice as much data available now from GALLEX I+ II, this asym metry has disappeared; the ratio of Land K SNU-values is close to 1.

Because the SNU-values are measured at different times of the year, they mherently include the effect of the variation m the Sun-Earth distance. The semiannual mean for the product10n rate during the period Octo ber-March must be 4% above that for the period April September, with monthly changes of order 1 %. How ever, if we consider this variation over a full one-year period, its effect on the mean is neghgible; thus the md1vidual values m Table 2 have not been corrected for this effect. The results of a separate data analysis are [82±15 (stat.)] SNU (la) for October-March and [ 78 ± 14 (stat.)] SNU ( 1 a) for April-September.

In Fig. 2 we compare the combined energy spectra for all events which fall m the acceptable rise-time wmdows (as defined in [ 1,2] ) from all 30 solar neu peaks for time penod (1) m Fig. 2 agree in energy and relative intensity with the known K (10.37 keV) and L (l.17 keV) peaks of 71 Ge. The decay curve (not shown here) of the counts in the K + L peaks from the 30 solar runs is very similar to that given by us m Ref. [2]. The present decay data can best be fitted with a mean lifetime of 17 ± 3 days (plus a constant back-ground) , in good agreement with the known value for 71 Ge.

The total number of observed 71 Ge decays ( K + L)

in GALLEX is now up to ""'148; ""136 of them are attributed to solar neutrinos. The overall rate due to solar neutrinos with statistical and systematic errors added m quadrature is (79± 12) SNU. 

Blank run results

The purpose of the blank runs is to reveal any pos s1 ble effects which are associated with any experimen tal steps involved m performmg a run as opposed to those effects which are related to exposure time. The m1mmum time needed to perform a blank run is ::= 1 day; hence to determine any unknown contributions we need to subtract the production of 71 Ge due both to solar neutrmos and to side reactions from the total pro duction rate measured for this period. In Table 4, we present the experimental results for all 19 blank runs performed so far. We only quote overall values m Table 4, not those from individual blank runs because they would be even less meaningful than individual solar run results, as discussed. We then list the known cor rect10ns, includmg the neutrino signal from a 1-day solar exposure, that must be subtracted from the meas ured rates (see [START_REF] T K1rsten | Status of the GALLEX solar neutnno expenment with emphasis on error treatment and on blank runs[END_REF] for more details). The last line of Table 4 gives the ''net blank'' result, the maximum contribution of any unknown sources that could cause a systematic error m the 71 Ge production rate. This net blank result for all 19 runs combmed1s (-1 ±7) SNU, consistent with zero. This result demonstrates that noth ing is added to or subtracted from the solar signal while performing a run. This is the first time that data from such blank experiments have been reported for a radio chemical solar neutrino detector.

Discussion and outlook

GALLEX has been observmg solar neutrinos for about 2.5 years; over that time period, the results obtained have been qmte stable, as shown m Fig. 3. The results reported by the SAGE gallium experiment are also shown m Fig. 3, only the recent SAGE re sults are seen to agree at the la-level with those of GALLEX.

The GALLEX result of (79 ±12) SNU 1s signifi cantly different from either of the Standard Solar Model ( SSM) predictions, 123 ± 7 SNU [START_REF] Turck-Ch | 1eze and I Lopes[END_REF] and 132 ± 7 SNU [ 4] , yet is at the rate expected in a ''minimal solar model" which accounts for the solar lummosity but otherwise is not constrained by the branchmg or even the nature of solar sub-cycles. Taken by itself, the GALLEX result does not provide a characteristic test to allow us to decide whether the solar neutrino deficit is attributable to some aspects of solar dynamics and/ or the associated input data (see Ref.

[ 13] for a review of the solar models) , or to interesting new properties of the emitted neutrinos.

In the absence of drastic solar remodelling, it is expected that the rate m gallmm associated with the pp+ pep neutrino flux from the mmimal model should not be less than 78-80 SNU [START_REF] Jn Bahcall | Neutnno Astrophysics[END_REF]15] , slightly more than the SSM value (74 SNU) , as discussed m [ 16] . This is indeed the case for GALLEX, as shown in Fig. 3. A measured value from GALLEX that was signifi cantly below this bound would have mandated new neutrino physics, but such is not the case.

Including the results from the 37 Cl [START_REF] Davis | m Proc Int Symp on Neutnno Astrophysics ''Fronliers of Neutnno Astrophysics[END_REF] and Kamio kande [START_REF] Ks | Proc Int Symp. on Neutnno Astrophysics •'Frontiers of Neutrino Astrophysics[END_REF] detectors with the gallium result does point to new neutrino properties. The main pomts here are that without a distortion of the energy spectrum of the 8 B-neutrinos (and / or of the ratio of the 8 B / 7 Be-neu trino fluxes) , the relatively smaller result from 37 Cl is not compatible with the Kam1okande measurement [START_REF] Hampel | [END_REF][START_REF] Berezmsky | On the exclus10n of an astrophysical solution to the solar neutnno problem[END_REF] and such a distortion is unlikely to arise from alterat10ns in the solar models or the associated input variables [START_REF] Sa Bludman | Astrophysical solutions are mcompatlble with the solar neutnno data[END_REF][START_REF] Turck-Ch1eze | Are there astrophysical solut10ns to the solar neutnno puzzle?[END_REF][START_REF] Castellani | rentm1, M L1ssia and B R1cc1[END_REF]. Davis has recently pointed out [START_REF] Davis | m Proc Int Symp on Neutnno Astrophysics ''Fronliers of Neutnno Astrophysics[END_REF] that this mcompatib1lity between 37 Cl and Kam1okande 1s markedly reduced 1f only data acqmred contempo raneously by the two detectors are used in the compar ison; we offer no reasons for selectmg the data m this way.

The theoretically well-founded possibility of neu trino flavour osc11lations provides an alternative based on the existence of neutrino masses, mass differences, and mixmg among mass states. The matter-mediated version of the oscillation mechamsm, the MSW theory [START_REF] M1kheyev | Nuovo Cimento 9C[END_REF], offers two solutions that fit all 3 existmg neutrino expenments without discardmg any data, as pointed out by us m [ 16] and by many others (see e.g. [25] and the most recent papers [26][27][START_REF] Pi Krastev | [END_REF][29][30][START_REF] F10rentm1 | Solar neutnno expenments and deternunation of the neutnno oscillation parameters[END_REF]). The so called small angle solution ( l:lm 2 :::: 7 X 10-6 e V 2 and sin 2 (20) :::: 5 X 10-3 ) has a convmcmgly low x 2 , centred at about 0.25, and several proposed theoretical particle-unification schemes, like SO( 10) [32][33][34] ,

have found these values of mterest. The x 2 of the large angle solut10n (sin 2 (20) around 0.6-0.8) is discour agingly large (see for example [ 27 ,31]) and becomes worse as the error of the GALLEX result decreases; x 2 is about 7.1 for the current GALLEX results, making this solution less attractive, though still possible at an extreme confidence level.

Operation of GALLEX II 1s planned to contmue until the summer of 1994. Then, we will start the neutnno exposure experiment with a h1gh-mtens1ty 51 Cr-source (2). Afterwards, solar neutrmo recording will resume, late in 1994. With contmued data-taking, we anticipate being able to reduce the ultimate statistical error in our result to :::: 8%, as discussed in [START_REF] T K1rsten | Status of the GALLEX solar neutnno expenment with emphasis on error treatment and on blank runs[END_REF].

trino runs recorded during ( 1 )

 1 0 < t< 2T= 33 days after start of counting (open bars), and (ii) during the last 2T of counting (typically 97< t< 117) (closed bars); ( T denotes the mean hfe of 71 Ge, 16.5 days). The two
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  Fig I Results for the first 15 solar neutrino runs ofGALLEX II (labels 16--30) together with the results for the 15 GALLEX I solar runs [2](labels 1-15) The left hand scale 1s the measured 71Ge production rate, the nght hand scale, the net solar neutnno production rate ( SNU) after �ubtractlon of side reaction contnbutions. Error bars are ± I u The bar labelled ''combmed'' apphes to the mean global value of the maximum hkehhood output for the total of all 30 runs Honzontal bars represent run duration, thetr asymmetry reflects the "mean age" of the 71Ge produced. The GALLEX II result 1s labelled "prehmmary" smce the senes of GALLEX II runs 1s continumg
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 2 Fig. 2 The energy spectrum for all counts of the solar neutnno runs from GAL LEX I and GAL LEX II which are eligible to be assigned to 71Ge decay accordmg to thetr nse times, plotted for two different ttme periods of s1m1lar durat10n (1) dunng the first 33 days after start of countmg (open bars) (n) dunng the last 33 days of countmg (closed bars) (33 days equals two mean hves of71Ge, the total counting ttme 1s not less than 180 days)

Fig 3

 3 Fig 3 Chronology of GALLEX and SAGE results The labelled pomts have been reported m conference proceedmgs and m open-literature publications Errors shown are statistical and systematic errors added quadratically In the upper nght we display the predictions of Standard Solar Models as a range of values (closed bar) with their "ICT"-error extens10ns (open bars) The honzontal !me 1s drawn at 78-80 SNU, which 1s the "m1mmal Solar Model". See text for d1scuss10n In the figure, label 1 =Ref (9], 2 =Ref [!OJ, 3 =Ref [ l], 4=Ref [ 11] , 5=Ref. [2],6=Ref (12], 7=th1s work

  Integral tank-to-counter yield of Ge-earners, errors are ±I 7% The effective 71Ge yields are about I% smaller for the SR runs, before cons1denng the decay between end of desorption and start of countmg The causes for the high yields of SR27 and SR29 will be further mvestlgated, awaltlng mass spectrometnc analysis ct a= active (Nal) countmg pos1t10n, p =passive countmg pos1t10n [ 2J

	Table 1								
	Charactenstlcs of GALLEX II runs A59-A88					
	Type • Run number	Time penod	Duration [days]	Carrier b Ge yield c [%)	Position d Counter		End of countmg hve time Counting
								label HD2'	[%] efficiency e	(days]
									L	K
	SR16 BL 6 SR 17 BL 7 SR l8 BL 8 SR 19 BL 9 SR20 BLIO SR2 1 BLl l SR22 BLl2 SR23 BLl3 SR24 SR25 BLl4 SR26 BL15 SR27 BL16	A59 A60 A6 1 A62 A63 A64 A65 A66 A67 A68 A69 A70 A71 A72 A73 A74 A75 A76 A77 A78 A79 A80 A8 1 A82	19.08.92-16 09.92 28.0 16 09 92-17 09 92 I 0 17 09 92-14 !0 92 27 0 14 10 92-15 lO 92 I 0 15 10 92-11 11 92 27 0 11 11 92-12 11 92 I 0 12 11 92-09 12.92 27 0 09 12 92-IO 12 92 I 0 10 12 92-06 01 93 27 0 06 01 93-07 01 93 I 0 07 01 93-03 02 93 27 0 03 02 93--04 02 93 I 0 04 02 93--03 03 93 27 0 03 03 93-04 03 93 I 0 04 03 93-02 04 93 29 0 02 04 93--03 04 93 I 0 03 04 93-28 04 93 25 0 28 04. 93-29 04 93 I 0 29 04 93-26 05 93 27 0 26 05 93-27.05 93 I 0 27 05.93-23 06 93 27 0 23 06 93-24 06 93 I 0 24 06 93-2 1 07 93 27 0 2107 93-22 07.93 I 0	74 72 76 74 72 76 74 72 76 74 72 70 76 74 72 76 70 74 72 70 76 72 74 70	95 6 97 0 93 5 91 1 95 9 97 1 96 1 97 4 97 0 949 96 3 98 8 97 6 95 2 98 8 99 0 99 2 97 3 99 I 96 0 95 3 941 !03 3 96 6	a a a a a a p p p p p p p p a a a a a p p p p	(S1) 114 (Fe) !03 (Fe) 115 (Fe) !07 (S1) 102 (S1) 119 (Fe) 43 (S1)l06 (Fe) 39 (Fe)l l8 (Fe)l 12 (S1) 113 (S1) 108 (Fe) 99 (Fe) 103 (S1) 114 (Fe)l07 (Fe) 115 (S1) 119 (S1) 102 (S1)106 (Fe) 43 (Fe)l18 (Fe) 39	29 2 31 23 03 93 168 29 0 23 03 93 167 28 7 23 04 93 127 28 6 33 23 04 93 174 29.4 31 21 05 93 177 28 9 30 21 05 93 175 28 5 33 18 06 93 171 29 9 32 18 06.93 177 28 9 19 07 93 177 28 0 33 16 07 93 177 29. 1 344 13 08 93 179 30 3 32 13 0893 178 30 2 32 13 09 93 182 26 7 315 13 09 93 176 29 0 07 I 0 93 173 29 2 31 07 10 93 176 28 6 33 08 11 93 179 27 7 28 9 30 03 12 93 178 29 4 31 03 12 93 177 29 9 32 03 01 94 181 28 5 33 03 01 94 175 28 0 33 ctd 156 28 9 ctd 157
	SR28 BLl7 SR29 BL18 SR30 BL19	A83 A84 A85 A86 A87 A88	22 07 93-18 08 93 27 0 18 08 93-19 08 93 I 0 19 08 93-15.09 93 27 0 15 09.93-16 09 93 I 0 16 09 93-13 lO 93 27 0 13 10 93-14.10.93 I 0	72 74 70 72 74 70	96 8 93 8 101 7 97 9 95 3 99 3	p p p p a a	( S1)1 13 (Fe)112 (Fe) 115 (S1)l08 (Sc)l40 (Sc)139	30 3 32 ctd 29 1 344 ctd 28 7 ctd 30 2 32 ctd 33 5 38 ctd 32 5 37 ctd	131 120 103 103 78 76
	• SR = solar neutnno run, BL= short exposure, blank run " 70, 72, 74, 76 indicate the use of earner solut10ns ennched m 70Ge, 72Ge, 74Ge , 76Ge, respectively	
	'								

e Values mclude nse time cut where apphcable r Counters have either iron or s1hcon cathode Sc = s1hcon counter with shaped cathode 8 Malfunct10n durmg countmg (no useful data can be extracted)

  We also note that [ 6] refuted the claim made byKopylov [7] that a maximum-like lihood treatment of approximately the same number of events as are in the GALLEX data gives a result that is overestimated by up to 40%.

		more recently, m [ 6] .
	Table2	
	Results for md1v1dual solar neutnno runs m GALLEX II
	Run number	K + L result [SNU]
	SR16	95:':��
	SR17 SR18 SR 19	1 IS:':�i 143 :':�i 31 :':i�
	SR20	99:':1i
	SR21	75:':li
	SR22 SR23	69:':li I 14:': l�
	SR24	137:':��
	SR25	32:':;�
	SR26 SR27	62:':�i 46 :':;g
	SR28 SR29	54:':i� 85 :':!!
	SR30	34:':1�
	All SNU-values shown are net solar product10n rates of 71Ge after
	subtract10n of 8 SNU (see text) The errors shown are statistical
	only	

Table 3
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	Results from solar exposure penods			
		GALLEXJ	GALLEX II	Comb med
	time penod exposure days l d]	14 05 91-29 04 92 324	19 08 92-13 IO 93 40 6	1405 9 1±13 10 93 730
	runs result, L only [SNU]	15 105 ±28	15 66± 19	30 80 ± 16
	(stat error only) result, K only [ SNU]	64±21	87± 17	78± 13
	(stat error only) result, L + K [ SNU]	81 ±17±9	78± 13±5	79± 10±6
	(stat and syst error)			79 ± 12 a
	GALLEX IJ 1s ongomg Its status 1s shown for exposures through 13 October 1993, with countmg through 4 January 1994. Errors quoted are
	Ju-errors			

• Stat1st1cal and systematic errors combmed m quadrature

Table 4
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	Results of blank runs			
	Source	GALLEXI	GALLEX II	GALLEX I+ GALLEX II
		5 runs [SNU]	14 runs [SNUJ	19 runs [SNU]
	measured (mean) production rate			
	known contnbutions			
	one day solar exposure			
	residual 71 Ge from prev10us solar run			
	69Ge			
	meffic1ency of Rn-cut			
	'um of known contnbuttons			
	maximum contnbutlon from unknown sources			
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