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Brief review of evidence from radiochemicdl experiments

New evidence from Super -Kamiokande



Framework

Solar neutrino +lux variations

Quick Sﬂmpling of evidence here

R S’rurmck, M. Weber, G. Walther J Scurglej M. Wheatland
Need v transition magnetic momernt: I/é"—!-*pliﬂ = ' S!

£ KamLAND is correct, +his-must be subdominant

Spin -Flavor-Precession (SFP)-Akhmedwj Plide (how Fulido.
Te nearrLMA add SFP transitions to 2 (sterile mass state
Like de Holanda, Smirnov for better data fit (nixing~SHF
Reannnn-f—Spin—F lavor -Precession (RSFP)—fits beat LM/
Sterile state has Am7E=242 GFNE 2 107V for datn fit
In series with near-LMA MSW but farther out i the Sun
Favored over SFP by flux variability data

In either case, subdominance requires a sterile neutrino



Locating the [3.6 9" Modulation inthe Sun

Use GALLEX data with SOHO-MDI rotation PF{}JFiiE

Resonance (red) in = {rA)= 5:’ S Pl lr,Ady ges loce



Wark of Sturrock and Collaborators
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Also 12.88 but 13.59 y (26.8d) dominant and equatoric
Joint anolysis with Homestake: stronger 1359 evidene
Saw. tveous ice seer, i Aoran i X Ten Yorzon spacer,
2.86%0), OZH ot nrar atitudes
13.55t0,02 Y 'at the e equator
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Location of the Resonance

SOHO/MDI helioseismology convoluted with GAL =/ -\kd

SOHO/MDI&,A) matching Galv) . S

Near equator at r=0.8Rg :\\\

Loca’rmgw 136y determines %"F f Novsr/og,
8226, NN DO e i

Recu” Y survival pn:}babthrH for KOFP +it

L_mfﬂq the Am%/E needed

ExpunFnﬂaJ (N‘% N ) vs. r could give very dif ferent A
SFE e IR R (VIR [ QoK.

H 'rgher |-:1+| tudes

Lither radiative-zone tield or latitudina wave

Recall 129, 13.6 g" 'Frequencies seen out to corona



Whg Two Frequenc ies?

SAGE JGALLEA-AND /

Mainly PP % ("Ee 5uPPres:££:ﬂ Produced at~0.2K
Most v, modulated by equatorial field rotation (126
lomestake

¢, made near Sun’s center at ~0,05 K,

7 ®axis tilt makes most %, miss equatorial field

Higher latitude field modulates most 1, as it rotate
Get mainly 12.9 4 rate



GALLEX Event Distribution
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Undersfmding a Bimodal 2 Flux Distribution

14" Survival Probabilities for 3 B, Fields vs. £ /Am?
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Dip chosen near 0.86 MeV ("Be) for data fit (pitat Aw?/E-C
GALLEX flux dominated by pp 2% ("Be suppressed)
Rate determined bg SPECfrum-pi'l' nva'l@
B, change can give factor of 2 dvop in rate (lower pedk~
Upper peak~|00 (down from 128 bg EB,'FO, etc.)



Some Evidence for Rfeger Frequencies

Y " { n
Known for 20 years in -olav Flave: cpopar ot

[56':105 Peric:d |ﬂﬂg known

[8-and 52-dcuj Periods also seen

Aertit wize oo, bl latitudingl motion) s, v <arth
v m) =%fmT:l}gﬂ ; for Zﬁ:*sidereuf 'Frequerx:dj = sgnodicﬂ
Rn+a'1'in9 tluid Sphere has 1»Z

For 1=3, expect to see %-1 4,/6,4/3, 14/2 (periods db

For 24 {230 uill ot ~.!: F-‘f



Expec’red Convection-Zone Field Variation

*:ad lative-zone -'r'se'd carn hmve spa’r q[ but not time varia

hep-ph/020209¢
Convection=zone Tield should chorge at solar mxy, and m
How wouldd e tines show this field f:hanqﬁ, Wit Fime

L -i'

It transitions stay mdmbaﬂc tield magnitude change un:
Shape of tield can affect pp neutrino rate o

Most sensitive: resonance-pit Edge rirte: f?.ﬁu"-mn A
Change of azimuthal ﬁymrneﬂrnj ot B chﬂnges moduloti

ri "j *.u'.'s IR L e i 68’ QY YUY
Wheh 3. oy™is obserued in GALLEX
Also when main buildup of |2.<'-lg in Homestake

And when those 'Frequencies were seen in SXT X-val



SAGE: Cumulative Neutrino Flux

SAGE dafa,cumulative sum, Meul2T30.m, 020717
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GALLEX: Cumulative Power of 2=13.59 ‘:f_f
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Super-—l(ﬂm iokande Time Data
Predicﬁng the result
SK started at about the 1996.8 solar minimum
Homestoke (like SK, saw mainly 88 ») stopped +her
SK ran from 5/96 +o T/01, just past solar maximu

No way trom other data to predict SKtime vesu
SK data

Too reqular binning
0-day data original ly; now S-day data also



hep-ex/0307070
Super -Kamiokande Anulysis (10d)
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ReaHg npplies to irregulur|5—spuc:ed data
Places data as delta ‘FUHCTIOHS in time
Also used bj Mllszﬁ::Jn

Does not include measurement errors




Likelihood Anuigsis
Super—KuminkﬂndE 10-day Data
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lncludes measurent errors

Assumes data taken over whole interval
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Later: used start, stop, and mean +ime =
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Super—KumiﬂkﬂndE 5"G|CIH Data
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Frequeﬂcy
26.5( " disappeared, so it was the dlias
Timing peok at 72.0ly™ (5.07 days) soexpect (201-94

Alias expected=62.583: peak at¥ 62.56’50.08-9_! seen



Solar ngneﬂr; Field in the Super*K Time Interval
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13.200.14 lf rotation rate (peaks 3-7) gives 39607042y

Peak C of power 8.9] in that band ot 9957 CL
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Cumulative Power of =39.58 H"'
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Origin of Peaks A and B

RE'rmgrade waves (r-modes) move B regions infout of neutrino p
Jscillation: combination of r-mode frequency, B-field rotatic
/= I"l"l(‘bﬁ* ﬂl"‘iﬂg Im '.U ] I W”E’YE m= ﬂEIMUfhﬂ[ Inde’: D'F B'FEH

For m-m *sign gives v({m)= H+IJ ¥ (used prewous[y)

Alias-like Frequency tor - Sign: Al )2'"(1"*1 ,'!%fl)ﬁ

-rom magnetic field: 7=[(13.20:014)+1] g

This 1 and k=m=2 gives 9.47:0.09 and 43.33:0.47 "
Peak Az 9.43 with power 11.5] matches at 99.98 % CL
Peak B: 43.72 with power 9.83 matchesat 99.7% CL




Cumulative Rﬂgleigh Powers

Peak B43.7247)
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Note difference +rom Peak C/B Field (different origin/



Conclusions

VEFL:! strong evidence for neutrino flux variotions
Variations match known solar -Frequerwc}es
Prudur:ing tlux variations if KamLAND is correct
SFP with sterile 27 (AmP10™eV?) could improve data f
RSFP with 34 of A0V inprovefit, faored by date
SNO: provide check; possible identification of Majorana
New Physics: large transition moment, sterile 2,

More details: hep-ph/0309]9|v2



