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Reviving the energy independent suppression of the solar neutrino flux
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We explore the possibility of an energy independent suppression of the solar neutrino flux in the context of
the recent SuperKamiokande data. From a global analysis of the rate and spectrum data, this scenario is
allowed at only 14% probability with the observed Cl rate. If we allow for a 20% upward renormalization of
the Cl rate along with a downward renormalization of Biaeutrino flux then the fit improves considerably to
a probability of~50%. We compare the quality of these fits with those of the MSW solutions. These renor-
malizations are also found to improve the quality of the fits with MSW solutions and enlarge the allowed
region of their validity in the parameter space substantially. Over much of this enlarged region the matter
effects on the suppression of the solar neutrino flux are found to be very weak, so that the solutions become
practically energy independent.
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The results from the SuperKamiokantf&K) continue to We present here fits to the above data, first with an energy
confirm the suppression of the solar neutrino flux as comindependent solution and then with two-flavor oscillation in-
pared to the standard solar model predicfith The result cluding matter effects. We shall see that with reasonable al-
from the GNO experimenit2] is consistent with the earlier lowance for the renormalizations of the Cl rate and Bhe
Ga experiment results from GALLEX and SAGB]. The neutrino flux the data are described well by the energy inde-
most popular explanation for this suppression is neutrino ospendent solution. These renormalizations shall also be seen
cillation either in vacuum or in matter. Table | shows theto improve the quality of fits with the oscillation solutions
suppression rate or survival probability of the solar neutrincand enlarge the region of their validity in the parameter space
(P,,,) from the combined G§2,3], Cl [4] and SK[1] ex-  substantially. Moreover we shall see that most of this en-
periments along with their energy thresholds. The correlarged region of parameter space shows weak matter effect
sponding compositions of the solar neutrino flux are alsdn P, implying practically energy independent suppres-
indicated. The SK suppression rate shown in brackets is agsion of the solar neutrino flux. Thus the energy independent
propriate for the oscillation of, into another active neutrino solution can be looked upon as an effective parametrization
(v,,,). Itis obtained by subtracting the neutral current con-of the oscillation solutions over this region.
tribution of v, , from the SK rate. The definition ofy? used in our fits is

The observed energy dependence in the suppression rates
in Ga, Cl and SK experiments can be explained by the 5 h ex o th —ex
vacuum oscillation(VO), small and large mixing angle X2=2 (FI"=FP) (o ) (Fi"=F5P) (1)
(SMA and LMA) Mikheyev-Smirnov-WolfensteilMSW) as =
well as the low probability, low masd. OW) solutions[5]. . . .
The apparent energy dependence comes from assuming €€ i runs over the number of experimental data points.
Sun-Earth distance to coincide with the oscillation node of d1€"€Fi'=T{"/T{ ™" wherea is the theoretical prediction or
MeV range neutrino in the VO solution, while it comes from the experimental value of the event rate, normalized by the
matter effects in the sun for the MSW solutions and in theStandard solar model prediction of Bahcall, Pinsonneault,
Earth for the LOW solution. The VO and SMA solutions and BasuBPBOO [7]. F*" is taken from Table | for total
show a strong and nonmonotonic energy dependence. Bites and froni8] for day-night spectrum. The error matrix
the LMA and LOW solutions show a monotonic decreasecij contains the experimental errors, the theoretical errors
from Ga to SK energies in contrast with the apparent risétnd their correlations. For evaluating the error matrix we use
between the Cl and SK rates. the procedure described j8]. The details of the solar neu-

The recent SK data on the energy spectra at day and nighino code used is described [&0,11. As in [12] we vary
show no evidence of any energy dependence nor any day]e normalization of the SpeCtrUm as a free parameter which
n|ght asymmetry in the Suppression ré]_é_ This rules out a avoids the OverCOUnting of the rates and spectrum data for
large part of the parameter space. In particular it practicallySK. Hence for the day-night spectrum analysis we h@ée-
rules out the VO solution and disfavors the SMA along with1) degrees of freedoniDOF) while for the total rates we
a part of the LMA solutior{1,6]. The remaining part of the have 3, which makes a total of 38 DOF for the rates
LMA solution and the low solution show re|ative|y weak +SpeCtrUm analySiS. In addition to the best-fit parameter val-
energy dependence and cover two small patches in the p#€s andyg,, we shall present the goodness of(@OF) of a
rameter space. Thus it is possible to explain the above mersolution where by GOF we mean the probability that ffe
tioned rates and the energy spectra only for very limitedwill exceed theyZ;, for a correct model. Finally for the
ranges of neutrino massm? and mixing anglef. general oscillation solution with matter effects, we shall also
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TABLE I. The suppression rates of solar neutriPlpe,,e shown for Ga, Cl and SK experimerits—6] along with their threshold energies
and compositions. The effective suppression rate of the SK experiment, approprigte-foj, . oscillation, is shown in parentheses. All the
suppression rates are shown relative to the standard solar model prediction of BRB0OO

Experiment Gallium Chlorine SuperKamiokande

Suppr. Rate 0.5760.04 0.3270.029 0.46%0.015
(0.36+.015)

Ey (MeV) 0.2 0.8 6.5

Composition pp(55%), Be (25%), B (10%) B (75%), Be (15%) B (100%)

delineate the 90%, 95% and 99% allowed regions in the twdavored by the spectrum data. Therefore we have considered
parameterAm?—tarf @ plane. These regions are defined asan upward renormalization of the Cl data by 20%, which is a
XP=<xZ..+Ax? where Ay? is 4.61,5.99,9.21 respectively 2o effect.

for two parameters and thg,;, corresponds to the globg? (B) Boron Neutrino Flux: TheB neutrino flux is very
minimum [13]. sensitive to the solar core temperature and hence to the un-
derlying solar model. Even within the standard solar model
ENERGY INDEPENDENT SOLUTION estimate of BPBOO it has a large error bar, i.e.
We shall explore first the possibility of explaining these +.20

data in terms of a simple energy independent solution b _ _
assuming modest changes in th%yCI rat% andBmesutrino g fe=5.15<10° cm? sec*| 1.0 ’ )
flux. Energy independent solutions to the solar neutrino —.16

anomaly have been considered by several authors in the past

[14]. Traditionally it is associated with the vacuum oscilla- Therefore we have considered a variation of this flux within
tion solution at a distance much larger than the oscillatiorg corridor of aboutt 20 of the above central value.

wavelength, so that the average survival probability Table 1l shows that taking the experimental rates at their
face value results in a poor fit to the energy independent

solution, corresponding to a probability of 14.@75% for

the active(sterile case. But assuming a 20% renormalization
of the CI rate and floating the normalization Bfflux im-

We shall see below however that this survival probabilityproves the probability to 46.626.4%. Let us comment on
remains approximately valid over a wide range of parameterswvo related features of this fit, which may appear counterin-
even after including the matter effects in the Sun and theuitive. The theoretical survival rate from E¢R) is =0.5
Earth, since the matter effects over this range are too small twhile the experimental rates from Cl and SK with the BPB0O
be measurable at the present level of experimental accuradg. neutrino flux are significantly lower than 0&able ).

In particular the so called bimaximal mixing solution, corre-

sponding to nearly maximal mixing of solar neutrino,), TABLE II. The best-fit value of the parameter, thé,, and the
implies such an energy independent solution over a venOF from a combined analysis of rate and spectrum with the en-
wide range ofAm? [15]. Moreover an energy independent ergy independent solutiof2).

solution to the solar neutrino anomaly seems to offer the

1
Prwe=1-3 Sirf26. 2)

possibility of explaining the atmospheric and the LSND neu- Nature of Xg tarff\ Xmin GoOdness
trino anomalies as well without assuming any sterile neutrino solution sit2ol or of fit
[16].

We present the results of our fit to the combined data on cot'd
rates and the SK day-night spectrum with the energy inde- 1.0 0.950.63  46.15 14.39%
pendent solutiorf2) in Table Il for bothv, oscillations into  chiorine Active 077 0.9®.69 4586 12.25%
active and sterile neutrinos. In order to reconcile the energy
independence of the spectrum with the apparent energy débserved 1.0 0.89.52 53.66 3.75%
pendence in the rates of Table I, we have considered the Sterle  0.83  0.90.57) 54.63 2.55%

following changes in the ClI rate ar®lneutrino flux.

0,
(A) Chlorine Rate: Since the Cl experimgr] has not 10 084057  37.65 43.13%

) . 0
been calibrated, there are several fits in the literature disre(:’hlorlne Actve 073 08850 36.05 46.63%
garding this rat¢6,17,18. In any case the apparent rise be- renormalized 1.0 0.85.44  40.89 30.35%
tween the Cl and SK rates is in direct conflict with the pre- Sterile  0.79 0.8®.44  40.09 26.4%

dicted fall for the LMA and LOW solutions, which are
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Thus one would naively expect the fit with the BPB0OO neu- 1073 I
trino flux, denoted byXg=1, to result in silke=1 and a
much largery?2,. . than the freeg fit. We have checked these
to be true if we drop the theoretical error in Ef), reducing

it to the standard expression fgf. However including the 1074 |
large uncertainty in thé neutrino flux of Eq.(3) via the
theoretical error matrix implies that the best fit with the
BPBO0O flux (Xg=1 solution corresponds actually to axg
significantly lower than 1. Hence the correspondirig,, and 10-% |-
sir26 values are close to those of the fég fit. The x 2, is
found to be quite flat in s#26 (and even more so in t&f) =
in the region around the best-fit values. It may be noted here“g
that using &r lower limits of the appropriate nuclear reaction <1 107° |- .
rates Brun, Truck-Chieze and Morgl9] have obtained a
relatively low value ofB neutrino flux,
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and found it to give better agreement to the helioseismic date
than Eq.(3). This corresponds to a low value #&=0.63,
which is about 2 below the central value of E¢3). More
recently aXg=0.75 has been obtained from the helioseismic | |
model using standard values of the nuclear reaction rate: 10-1 10-3 10-2 10!
[20].
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OSCILLATION SOLUTION WITH MATTER EEEECTS FIG. 1. The quasi-energy-independent allowed regior in®
—tar? 9 parameter space where the solar neutrino survival probabil-

We shall first analyze the two-flavor oscillation solution, ity agrees with Eq(2) to within 10% over the Ga and SK energies.
including the matter effects in the sun and the earth, to de-
termine the region of th&m?—tarf¢ plane in which it ef-  maximal-mixing strip that is relevant for the energy indepen-
fectively reduces to the energy independent soluti@h  dent solution of Table Il and the oscillation solutions pre-
Since the normalization uncertainty of Ga and Cl experi-sented below.
ments are>10% each, one cannot experimentally distin- We shall now present the fits of the oscillation solutions
guish the solutions showing energy dependence<dD% including matter effects to the combined data on rates and
over the energy range of Ga to SK experimeriments from thehe SK day-night spectrum. As in the previous case we have
energy independent solutid@). \We have therefore assumed done these fits with the rates shown in Table | as well as
that a matter effect 010% onP, , over the range of Ga those with renormalized Cl rate amineutrino flux.
to SK neutrino energies is a good working definition for an  Table Il summarizes the results of fitting the oscillation
effectively energy independent solutio®). Figure 1 shows solutions to the combined data with the observed and renor-
the region in theAm?—tarf6 plane, where the oscillation malized Cl rates assuming tH& neutrino flux of BPBOO
solution including matter effects effectively reduces to the(Xg=1). We see from the upper part of this table that one
energy independent solutig®). We have restricted the plot can get acceptable fits to the data taken at its face value in
to Am2< 102 eV2 in view of the severe constraint from the terms of v, oscillation into active flavor in the LMA and
CHOOZ experiment above this ran§21]. One sees from LOW regions, while the SMA region gives a marginal fit at
Fig. 1 two distinct regions of validity of the energy indepen- 19% probability. The corresponding oscillation solutions into
dent solution(2). Firstly the solar matter effect is negligible sterile neutrino give poor fits. Renormalizing the Cl rate up-
in the shaded region above the MSW rang] wards by 20% improves the quality of oscillation solutions
into active flavor remarkably in the LMA and LOW regions
but not in the SMA region. The quality of the sterile solu-
tions also improves to acceptable levels of probability; but
they remain inferior to the oscillation solutions into active
with 4E~1- 50 MeV, along with the triangular region be- neytrino.
low. Moreover a narrow strip around &= 1 represents the A clear pedagogical discussion of the LMA and LOW
region of near maximal-mixing, where the MSW solution for sgjutions can be found ifL7]. We shall only point out here
P, reduces to the vacuum soluti¢®). However the re-  some essential features, focussing on the oscillation into ac-
generation effect in earth makes a significant contribution tdive neutrino. TheAm? of the LMA solutions of Table Il lie
the maximal-mixing region oveAm?=10 °—10 ' eV?,  at the upper edgéadiabatic edgeof the MSW range(5).
which accounts for the gap in this strip. It is this nearThey lie outside this range for Ga energy, so that the corre-

107 1% eV=AmM?4E=<10 ! eV, (5)
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TABLE IIl. The best-fit values of the parameters, th;, and the GOF from a combined analysis of rate and spectrum in terms of
oscillation into an active-sterile neutrino, including the matter effects.

Type of Nature of Am? tarfg Xmin GOF
neutrino solution in e¥
SMA 5.48x10°© 5.79x 1074 43.22 19.01%
Active LMA 4.18x10°° 0.36 37.33 40.78%
cl LOW 1.51x 107 0.64 39.54 31.48%
obsvd. SMA 3.7410°° 5.2x10°4 44.85 14.79%
Sterile LMA 1.03x 104 0.58 52.18 3.96%
LOW 3.47x10°8 0.82 50.57 5.43%
SMA 4.97x10°° 3.15x10° 4 42.43 21.37%
Cl Active LMA 6.68x10°° 0.39 30.32 73.53%
renorm. LOW 1.6%X10°7 0.76 32.43 63.9%
SMA 3.44x10°© 3.59x 1074 41.98 22.76%
Sterile LMA 1.04x<10°* 0.53 37.9 38.27%
LOW 4.08x10°8 0.84 36.8 42.98%
ispotlnding survival rate is approximated by E2), or equiva- AM2/E (g/cm?’)
i 7e=089 101 oyl oYL | 12
1 2
P~ 5 (15 €), (6)

Here p is the matter density in earth and, the average
1—tarko number of electrons per nucleon. The maximal contribution
1T tare" (7)  comes fromAm?~3Ex10 2 ev-10" eV? for Ga en-

ergy. The mixing angle of the LOW solutions;-0.2, corre-

On the other hand, they lie inside the MSW range at Sksponds to a maximdley~0.3, which can account for the Ga
energy. Here the solar, gets adiabatically converted into rate of Table I. While this description of the matter effects in

€=C0S 20=

the heavier one of the two neutrino mass states, the Sun and the Earth is admittedly simplistic we have
] treated them rigorously in our calculation at all energies.
v2=SIN0- v+ COSO- v, .. ®) Figure 2 shows the 90%, 95% and 99% C.L. allowed

regions in theAm?—tarf @ plane for the oscillation solutions
into active neutrino. We find that SMA solution is disallowed
_ 1 at 95%(99%) C.L. with the observedrenormalized Cl rate.
Pyeyemsm20=§(1—e). ) The allowed regions of the LMA and LOW solutions in-
crease mildly with the upward renormalization of the Cl rate.
With the LMA mixing angles of Table Ill, corresponding to Comparison of Figs. 1 and 2 shows that modest parts of the
€=0.4, Eqs(6) and(9) can be seen to roughly reproduce the allowed regions for both the LMA and LOW solutions cor-
Ga and SK rates of Table I. In the LOW solutions the energyrespond to the effectively energy independent solut®n
dependence arises from thg regeneration in earth during Table IV summarizes the effects of changing Ba&eu-
the night. This is known to be small for the SK energy fromtrino flux (Xg) on the oscillations solutions into active neu-
the absence of day-night asymmetry, so that the correspondkino. It lists the best solutions foKg=0.75, favored by
ing rate(9) is valid for the LOW solution as well. However helioseismic moddl20], as well as for freég . In each case
the regeneration contribution can be significant for the LOWthe solutions are shown for both observed and renormalized
solution at Ga energy, which has moved into the MSW rangeC| rates. It may be noted that thég=0.75 lies within
(5). The corresponding rate after averaging over day and-1.5¢ of the BPBOO flux(3). In combination with the 20%
night is[17] renormalization of the Cl rate it would imply that all the
1 suppression rates of Table | agree with one another within
P, , =>(1—e+feg). (10) 1.50. Therefore this combination is expected to favor an
e 2 effectively energy independent solution.
As we see from the top part of Table IV, with observed CI
rate andXg=0.75 the SMA gives a better fit than the LMA
7e(1—€?) and LOW solutions. This is because reduciXg to 0.75
regzz(l_zﬂlEJr )’ (D) accentuates the rise between the Cl and the SK rates of Table
| as it enhances the latter by a larger amount. Hence it favors
Thus the earth regeneration contribution is always positivédhe nonmonotonic energy dependence of SMA over the
and can be significant fopz~1, where monotonically decreasing energy dependence of LMA and

The resulting survival probability on earth is

For a constant density Earth,
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5 5 analysis of the total rates from Qbbserved and 20% renormal-
tan'© tan'6 ized), Ga and SK detectors and the 1117 days SK recoil electron

FIG. 2. The 90, 95 and 99% C.L. allowed area from the globalspectrum at day and night, assuming MSW conversions to active
analysis of the total rates from @bbserved and 20% renormal- neutrinos. The B normalization is floated as a free parameter.
ized, Ga and SK detectors and the 1117 days SK recoil electron

spectrum at day and night, assuming MSW conversions to activg,q)jer mixing angle for the LMA solutions than in Table IIl.
neutrinos. But the shift is small for the renormalized Cl rate. The LOW
solution gives the worst fit for the observed Cl rate, since its
LOW solutions. However this anomaly disappears with theweak energy dependene favdtg<<1 which accentuates the
upward renormalization of the Cl rate, so that the LMA andrise between the Cl and SK rates. But with renormalized ClI
LOW solutions become much better than the SMA. Notethe LMA and LOW solutions become much better than the
also that reducing(g to 0.75 results in reducing the energy SMA.
dependence between the Ga and SK rates, resulting in larger Figure 3 shows the 90%, 95% and 99% C.L. allowed
mixing angle for the LMA solutions than in Table IlI. regions in theAm?—tar?# plane for the freeXg fits. With
The free Xp fits yield Xg=0.5-0.6 for the SMA and the observed Cl rate the LMA region covers relatively small
Xg>1 for the LMA solutions. This is becaus¥z=0.5 mixing angles while the LOW region is marginal. Conse-
—0.6 enhances the SK rate more than Cl as favored by SMAquently there is little overlap with the energy independent
while Xg>1 suppresses the SK rate more than Cl as favoredegion of Fig. 1. However for the renormalized CI rate the
by the LMA solutions. Note however thatg>1 magnifies LMA region expands to larger mixing angles and masses.
the decrease between the Ga and SK rates, resulting in Tehe LOW region also covers a large range of mass. Conse-

TABLE IV. Best fits to the combined rates and spectrum data in termg o$cillation into active neutrino witXg=0.75 and freeg .

Nature of Am? tarf o Xmin GOF
Solution in eV

SMA 5.43< 106 5.09<10 4 39.50 31.64%
Xg=0.75 LMA 4.39<10°° 0.54 43.18 19.13%
cl LOW 1.41x10°7 0.69 41.88 23.08%
obsvd. 0.57 SMA 5.3510°° 4.35x 1074 37.98 37.92%
Xg 1.34 LMA 4.21x10°° 0.25 34.22 55.34%
0.93 LOW 1.5x 1077 0.63 39.59 31.28%
SMA 4.95x10°® 3.11x10°* 38.15 37.19%
Cl Xg=0.75 LMA 6.92<10°° 0.57 34.06 56.11%
renorm. LOW 1.5%10°7 0.82 32.76 62.35%
0.53 SMA 4.90x10°® 2.92<10 4 35.57 48.89%
Xg 1.14 LMA 6.57x 10 ° 0.35 29.94 75.14%
0.88 LOW 1.64<10°7 0.76 31.95 66.17%
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IR RLLL S e i e TABLE V. The R;./R,. at SNO at the best-fit values for the
| LMA, LOW and energy independent solution for the renormalized
chlorine andXg fixed cases of Table Il and Table IlI.

Cl observed

E3 E Nature of solution Am? tarfd  Rec/Ryc

I ] LMA 6.68x10°° 0.39 0.32
10° = < LOW 1.63<10°’ 0.76 0.45

EE% ] energy independent - 0.52 0.55

Am? (eV?)

For oscillation into active neutrino this ratio is predicted to
be larger than 0.5 for the energy independent soluftieon
(2)] and smaller than 0.5 for the LMA and LOW solutions
[Eqg. (9)]. We have calculated the best fit values of this ratio
Xp=0.75 - for the energy independent solution of Table Il and the LMA
- 0 el ol ) and LOW solutions of Table Il with renormalized CI rate.
10" 10" 1 10" 1 1 0 10 The predicted ratios are shown in Table V. With a sample of
tan’0 tan’0 5000 CC and 2000 NC events the totat &rror for this ratio
FIG. 4. The 90, 95 and 99% C.L. allowed area from the globalat SNO is expected to be about 4%]. This will be able to
analysis of the total rates from @bbserved and 20% renormal- distinguish the energy idependent solution clearly from the
ized, Ga and SK detectors and the 1117 days SK recoil electrod MA and to a lesser extent from the LOW solution. On the
spectrum at day and night, assuming MSW conversions to activether hand, the LOW solution predicts a large day-night
neutrinos. The B normalization is held fixed at 0.75 of SSM value.agsymmetry of>10% for the Be neutring17,18 at the Bor-
exino[23] and the KamLAND 24] experiments. This will be
quently there is a significant overlap with the energy inde-2ble to distingusish the LOW from the LMA and the energy
pendent region of Fig. 1. mdepender_n solutions. Lastly it should be noted that the re-
Finally Fig. 4 shows the corresponding allowed regionsaCtor neutrino data at KamLAN[_) is expec@ed to show oscil-
for Xg=0.75 fits with observed and renormalized Cl rates. Inlatory behavior for the LMA solutiofi25], which will help to
the former case there is a large allowed region at 90% c.Ldistinguish it from the LOW or a generic energy independent
for the SMA solution. However in the latter case the 90%Selution.
C.L. region disappears from the SMA solution, while cover-
ing a very large range of masses and mixing angles for the
LMA and LOW solutions. Comparing this contour with Fig. SUMMARY
1 _shows that the bulk of the_ expanded 90% CL region in summary the recent SK data on day-night spectrum is
this case corresponds effectively to the energy independent . . . :
) . X . . in potential conflict with the apparent energy dependence in
suppresion raté€2), as anticipated earlier. Note in particular

. . the suppression rates observed in Ga, Cl and SK experi-
0,
the expansion of the 90% C.L. allowed region of the .LMA ments. Including matter effects one can get acceptable oscil-

tarf>1 (e<0). In this region the MSW prediction of en- Yation solutions to both rates and spectrum data only over

. RN : limited regions of mass and mixing parameters. However an
e:)geysiegeirl:;jtetrr;zed\i/rlzclfigﬁ)g? t)hcehgggeleésnglrheeclggg ’thWeh g:r:]eru ward renormalization of the Cl rate by 20%d(Rresults
gependgence becomes so mild leg.—O 75 that the 90% substantial improvement of the quality of fit. Moreover a

=0. e ) 0
C.L. region extends upto t3a>2, which is beyond the downward renormalization of thB neutrino flux by 25%

range shown in Fig. 1. In other words the region of eﬁ‘ec-(l'sa) as suggested by the helioseismic model enlarges the

tively energy independent solution shown in Fig. 1 is a COn_allowed region of the parameter space substantially. Over

servative one. The expansion of the 90% C.L. region of th most of this enlarged region the energy dependence resulting

LOW solution also shows remarkable overlap with the Ioweﬁ rom the matter effects is too weak to be discernible at the
P resent level of experimental accuracy. Hence with these

energy independent strip of Fig. 1. It may be added here th normalizations of the Cl rate and tiBeneutrino flux the

; 2 _10-9 2 ;

both these_str!p_s go down tm*~10"" eV*, below which data can be described very well by an energy independent
one gets significant energy dependence from vacuum osci olution

lation. '

. . : Note addedAfter this work was completed the 1258 days
Let us conclude by briefly discussing whether some of theSK data has appeared on the [8]. We have checked that

forthcoming neutrino experiments will be able to discrimi- the results of our analysis do ﬁot show any significant
nate between the energy independent and the MSW SO'%’hanges with the new data
tions. In particular the SNO experimef2] is expected to '
provide both the charged current and neutral current scatter- We thank Professor H. M. Antia, Professor G. Bhatta-
ing rates over roughly the same energy range as SK. Thus tledarya, Professor S. M. Chitre, Professor K. Kar, and Profes-
B neutrino flux can be factored out from their ratio, CC/NC. sor A. Raychaudhuri for discussions.
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