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SOLAR NEUTRINO:FLiIX,COSMIC RAYS AND THE 11 YEAR SOLAR CYCLE

Prothes Raychaudhuri
Department of Applied Mathematics
Calcutta University,Calcutta-700009,INDIA

ABSTRACT
It is ghown that the results of maximum likelihood treatment of Monte
Carlo simulation with constant production rate of 7.6 SNU and 148 SNU
are ccnsgistent with the constant production rate when the tests of hypo-
- theses(esge t-test,X'=test,ilcoxon-Man-Whitney test,run test etce)hes
been applied to the two groups of data formed fram sunspot minimum range
and sunspot meximum range whereas the reel date pulsates with the solar
activity cycleeIt is shown that SN flux-change is in opposite phase to
the solar activity cycle and lags behind the latter ty about one yeareh
correlation between SN flux and the coamic rays hes also been suggestede

Reychaudhuri( 1,2,3,4,5,6)and Gavrin et al(7)showed that the solar neu-
trino( SN;ﬂ.ux data is varying with the sclar activity cyclesReychaudhuri
(3,445,6)showed that the fluxes will be higher in the sunspot minimum
range than in the sungppbtmaximum rangeeThis is supported by the data
presented by Rowley et al(8)at the solar neutrino and neutrino astronomy
conference held at Lead,South DakotasApart fran the above variation Rey-
chaudhwuri(5,6 )showed that there is also a quasibienniel variation from -
1V70~1975 and 1979-1984+This type of veriation is already observed by
Gnevyshev(9)and Filisetti(10)in the coemic ray intensity(proton flare)s

In this paper an estimste of the moving average(5 successive run mumben)
data is congidered to find the statistical significant variation of SN
flux with the scler activity cycle of 11 years by t-test,X’-test,Wilcoxon
»Mann-Whitney test and run testeTo search variabion in a convincing man-
ner the above tests of hypotheses have been applied to the data that hed
_been generated by Monte Carlo simulation and background parameters are
‘typicel of those in the actual experiment.

SOLAR AGTIVITY GYCLE AND(a)MOVING AVERAGE DATA,(b)MONTE GA
DATA WITH CONSTANT PRODUCTION RATE(3)7+6 SNU AND(ii)1s8. ¢
~ Here we apply the same proceedure as in Raychaudhuri(5,
1)student t-test:-a(i)Moving average deta

We form the two groups,the first group camprises sunspot minimum range
(about 4+6 years)and the secand group ise+,the rest camprises sunspot
maximun rangeelet us now collect the data fram the run number 36 to 58
from August 1974 to February 1979(about 4+6 years)for the first groupeIf
we now set up the mull hypothesis H : m, = m,against the alternatives m,>
m, +The statistics t is given by(here the difference of variance ks not

P

significant)e , NN, _X—3 .

: t={7 NtNa JN ST+ Nass
where € = N, ol;~2 In the above case N,=23,N,=R7,% =48 which gives t=4s 54,
Thus we can conclude that 99¢5% of the data pulsates with the solar acti
‘vity cycleeThe standard errar of the difference of means is 4e 54€s Hence
the date are inconsiaignt ith the assumptdon that the two means are

e ]
(it ;Yearly average of the moving average data:-Here one group comprises
the yearly average data from 1975 to 1978 and the other gridup comprises
. rest of tke moving average dataele get for 9 defe t=le76:The stamdard
error of the difference of the means is 3+1€ which suggests that the
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t = Ty,

f5l7~,+'3¢-/;~(,_ 2.
For defe 47,t=1¢19+The stand=
1 :[ iard error of the difference

; ' J ) : iof two means is 1+1 € Hence

' 0.0 Lo.o ‘the twe means are equal i-es,

’ ' Lthe steady flux is acceptam

N J ‘hlesIn the case of 18 SNU

e o - - - . the difference of varisnce

ST T "o g not significanteHence t=

1084,(1 ofe 45+The gtandard er-

Ls.o  (Yor is found to be 18 & o
' fHence the data are consist- -
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£the steady flux is acceptab-
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'the standard error is found to be (i)O 53 € é.n&(ii) 1 € respectivelyslien-

ce the date are consistent with tho assumption that the steady v s
ceptablee

IIS')Q--testo-(i)hb form the group as in the t-tegte Bor moving avera e

date 6*=0002 avd for dsfe49,X* =73¢19+Thus the hypothesis of &

flux is not acceptah]e-For the case of 7.6 SNU, 0°=00291, X =ul{7+84 d.f.4,7.

again for 1+8 SNU, 6 =00 10, X’%46+83 defe 45¢Hence the differerce of two

samples are not sagm.f;cant for the case of 7+6 SNU and 18 SNUs
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(ii)if we take the yeerly average of the moving average data and Monte !
Carlo simulated datasWe form the groups as in t-test.We get G%01 y K=
18¢,55,ds fo, 10 for moving average dataeln this case steady SN flux is not
acceptableshgain (i) G =09, X" 9¢39,d+f+ 9 for 7e6 SNU and (ii)o =05,
%%=10¢48,d0 £+ 9 for 1+6 SNl Hence the steady SN flux is acceptable im
Monte Carlo simulated datas :
(III)Wilcoxon-Mann~Whitney test:-Here we take the yearly average data of
moving average date and Monte Cerlo simulated data 7«6 SNU and 18 SNU
and form the two groups as in t-test and X'-testeIf we get up the mill hy-
potheais H, sthe distribution of x and y are identicalelf a two sided test
at 5% is degired for m=4,n=7 we uge 3LUZ25 as the accepted regioneFor
thieg test A =Pu, (U <3 6r U 7/25):'0425
o )Moving average data:- we write the two sets of data as y: 3552,°4740,
03546, 94007503089 0 2460, « 4707 end x:e5305,¢ 4437, 7482y 5421« Putting these
numbers in order and keep traclé of which numbers came from x and which
from yqu_mere are 2 inversions of the y's and the rank of y&s
18 14243 445% 148 =30 =24+ E48 Since the mmber of inversion of the y'?is
not within 3 and 26 ,we reject’the null hypothesis,i-e+ the constant SN
flux is not acceptablee
B)(1)7+6 SNU 5=y 10408,00993, 10430,1286,1¢277,14528 and x31600, 1396,
10320, 10098¢ Putting these numbers in order and keep track of which num=
bers came from x and which came fram y: yXyyxxyyxyyeThere are 16 inversi-
cns of the y's and the rank of y's is 143 44+7+8+10417 =44s
(i1)1e8 SNUs=y:1e 545,00001,0165,0805,0 537,307,378 and x;e3755,+4900,%¥
¢ 518,581+ There are 8 inversion of the y's and the rank of y's is 36e
gince the number of inversion of the y is within 3 and 25,we accept the
null hypothesis isee,steady SN flux is acceptable in both the Monte Carlo
cagess, _
(IV)Run test:-In the case of run up and down the total mwmber of runs is
approximately normally distributed under the assumption of randamness
with mean and variance is given by E(r) =V3(2p=1) and V(r)=7/(90)(6n=29 )
For moving average datas- n:SO,%;kBB, V(r)=8s 57+ 1In this case there are
21 runs either pogitive or negativesIf we take the critical region to be
of =0e20 would yield a K of 33=0+64 V8¢ 57 =30e%5/3+Thus we cannot accept
the randomness gince 21 (30._‘543.,mus we can suggest that the eonstemt SN
flux is not acceptablesFor case 76 SNU,nz/9,E(r)=32¢33 end V(r)=8+389¢ L,
this case there are 31 runs either positive or negative.For the case 1«8
SNU,n=47,E(r)=0¢31 and V(r)=8¢03<In this case there are 29 runs is either
positive or negativesIf ew take the critical region to be r {K,a choice
of Ok <0020 would yield & K of (i)32¢33=0e84 {80389 =29+93(id )31-0+841/803
=28¢62+Thus we accept the randamness in both the case since(1)31% 299
and (1i)29°) 28+62+50 we can conclude that the Monte Cerlo gimulated date
de not pul’sete with the solar activity cycle.
Sungpot cycle and SN flux:- We have taken the yeerly average smooth suns-
pot fram solar geophysical deta,yearly average of the moving average data
from figeleend yearly avesage of the cosmic rey date I with E =0¢1=508
Gov(11)s,le have displayed the data in Table I. -
The correlation coefficient between sunspot cycle and 3% Ar production
data are r(S,Qy )= =0s61,whend To=1,(S,Q 4 )==049 when AT=0,r(S5,8 y )= -
Q¢35 when AT==2 where AT = Tg » Tg, (in years)sThus the 3¥Ar production
rate anticorrelates with the” sunspot cyclesThe correletion coefficient
between the galactic cosmic ray intensity and *fAr production datae r(I,,
QM )=0+58 when AT=0,r(I, ,qpy )=0¢31 whenA T==1,r(I,,Qy)=0+39 when/
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Table 1sYearly averages of smooth sunspot mmber(S), A4r prcduction data
(Q,4 )syeerly average of cosmic ray data I,with E=(e =58 Geve
1971 1972 1973 1974 1975 1976 1987 1978 1975 1980 1981

Y -
s;‘iilyf,‘iiﬁiwé 680G 38e5 3hek 1565 12:6 275 92+7 15503 155 140

(s
Hovi g .
ogwtﬁg ;Z:;;fre €36 c4h 935 o0 <53 w4k oT5 54 31 25 47
Ar production
data( QH)

1(10°n s st )
Falactic cosmic
ray intensity

207 2086 2:80 2.7 3‘9,11 3020 3029 2079 1489 1424 1413

8I=1e khere AT= T; =Tqy (in years)sT™hus there is an important correlation
between the SN flux in Davis! data and galactic cosmic rayseThie shows
that the galactic cosmic rays and SN flux undergo the essential changes
in the solar acivity cycle from 1970~1982.

From the SN flux data we see that SN flux is higher during the ascend-
ing phase(about 2.3 years)and descending phase(about 2-3 yemrs)of the
solar cycle avoiding the sunspot maximum timesWe call the time 2-3 years
before the sunspot meximun as the second minimum timee Thus SN flux is I~
higher in both second minimum time and second meximum time and SN flux is
lower in both first minimumand first sunspot maximum stageeIn addition to
two prominent meximum in the year 1957 and 196G they(9,10)hayve found thiw
rd meximum of smaller amplitude in the cosmie ray intemsity veru clear
in 1963 +From fige1 we see that run number 37 is connected with third max-
imumeThis may have some comnection with the quasibienriel variation of SN
flux found from 1970=1975 and 1979-1984s Fram the moving averege data in
fige 1 it appears that SN flux varies with & period of about 2¢4 to 25
years from 1G7C-1075¢

In conclusion it may be remarked that the present SN data exhibits a
high level of statistically significant variation of SN flux with the
solar activity cyclee.The above results strongly suggests that the sglar
activity cycle i# due to the pulsating character of the nuclear energy
generation ingide the core of the suneWe suggest that the chlorine SN
experiment should be continued to get the data like the sunspot data etce
and this data could be of great impobtance to our understamding of the
sun and cosmic rgyse
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