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Conventional Wisdom Today
3 |i9h+ active neutrinos onlg—no sterile neutrinos
Large-mixing-angle (LMA) solar neutrino solution
Total neutrino mass<0.69eV or largest m,<0.23¢/
From WMAP, 2df GG'Ole Redshif+ Surveg, Lljmano(,efc.

All inputs have some problems (Abazajian, Dodelson)

David O. Caldwell
Universi‘rg of California Santa Barbara

LSND and Other Sterile Neutrine Phgsics
Solar neutrino connection (not conventional wisdom)

Conven'*;ional wisdom vs. sterile neutrinos
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Experimen+a| Situation
LSND
New anolysis removed problems; excess -7 8(9t224:60
Unfor tunately %% dataadded +o 747,
Yoy, very difficult (1 signa' instead of Z;no calibration)
Ana?gsis op+imized for Yo,
Do not use their Amfvs.sir’26; use LSND-KARMEN plot
MiniBoolNE.
Hove 40K v events (7 Z of their goal)
Beam was !/jo of expected, now up, will be 12 in Spring
Guess: results in~2 years
Need for sterile neutrino for supernova r-process

D.O.C., Fuller, Qian and McLaughlin, Fetter, Balantekin, Fullev

Joint LSND-KARMEN Amlgsis
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Cose Agm'nsf 2427
Negative view of LSND, 2, and especially 2+2

Peres, Smirnov sum rule: Mo+ 4,1 (1=fraction of 22

€ =0.874; LW =1; o, =1; Cy =1; eb‘=0.7771: € =0.85; Narm =0.23612
T T T T L T

Gonzalez-Garcia, Malton Peﬁa—Garay os}
Maltoni, Schwetz, Tértola, Valle ::
P-S put & zeros in mixing matix;ie, 3 angles are zero Fos
S ‘ s> ™ =
Consequence: 1/, only in atmospheric pair; 1, only in O pair Natnd ! C=Ciy= 7]

Limits show 4 terms small, but LSND needs 21 nonzero

Timj terms desfroH sum rule DOC, Mohapatra, Yellin -

Done much more completely by Pés, Son_q and Weiler
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0, =0B874 ¢ )5 =1 ¢, =Ni¢, =i gy, =0.7771; e,,=0.85; ng ,  =0.76388
T T T

T

e

Sum-rule condition: ¢ ;=¢ ,=C,=1
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The sum rule (small ongleS set=0)

0.5 - 1.5 Gev (A+mosrpheric v Energaj

0.6 Al '.;

e~ \oried values of small angles

0.2 0.4 0.6 c.8 1 Yo

Solar v energies: 5-15MeV

Exclusion boxes no longer valid
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1.5 - 30 GeV

30 - 500 GeV

The Puzzle

LLMA solar neutrino solution

Impor-tant for preceding anti-(2+2) arguments
SNO/Super-Karickande->LMA>3 2 only
Widely believed, but is it right ?
Solar neutrino flux variability
P Sturrock, M. Weber, G.Walther, J. Scargle, M. Wheatland
Flux variation implies Resonant-Spin-Flavor Precession
KomLAND requires oscillation with Am?~|0™eV?
RSFP requires Am*~|0"® &V? and small mixing

Please view the dota with an open mind.}
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The Rescnant =Spin=F lavor-Frecession Solution
Invented (88) for now-discredited solor-cycle dependence
ROFF needs neutrine magnetic moment for 2R (=)
Transition mement (!i?ﬁdj: foy ;“"'.qisfsrflv a, }c::zfil*v.':.%v Dimc)
Models can give /u~10"”-| -liue (Standlard var’lf;'f/wgf}lo'm)
Like MSW, resonance is a densi'ly effect: AmzyE=ZQGFN e
NeffNe-Nn (quft:r'rv al or No=Np/2 (Dirac) here NezGNn
Resonance adiabaﬁci“ry:%sla (24B)[ I\Lff(g"j.ﬁ)ﬁ >
CF MW N, =N, oos 26, it s cose butat larcer )

KSEFP $its 4o data require Majorana neutrinos

1 Survival Robabities for 3 B, Fields vs. E_ /Am?
< | =y

Mirandaetal

A

R AT

10 16 10 t b d
E/m® (eV)

Choosing +he dip at 0.86MeV ("Ba) makes Am-10"%Y/2
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Work of Sturrock and Collaborators

Homestake

X ’." . ' } r p 1
b 1 \ 7 - 1% ) 4 atla’ — N T Y
uper-nomicKkanae cpecTtrum
'

BN i Ave Cl data compaﬁHe with a cons’ran’r%ﬂux?
: Compared |07 [08-vun simulated data sequences

p

. Z 7171 0 ° I
Constant Flux rejected at 29997 confidence

MA

Time-—power spectrum analgsis-—-whm‘ frequencies?

|7.88 y (28.%d) frequer cy cdominant ot Y7ACL
1038, 11.28,13.88 14:88 siclebands dhue to S 4ilt adds cond,
: ; € 7 8 9 10 11 12 13 14 20 . modk ﬂfri':'ng field localized in latitude; seen r'!iv‘a‘::‘.“!f! a+950
- SAGE and GALLEX-GNO

Also 12.88, but 13.59y(26.9d) dominont and equatorial

Joint omall:,sis with Homestake: stronger 1359 evidence

Same Frequencies seen in X-rays (SXTon Yohkoh spacecref
12,86+ 0,02 1:’" at high latitudes

13.55t0,02 3" at the equator
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GNO spectrum and SOHO-MDI rotation profiles

* Rotational Modulation Statistic formed from GALLEX-
* Probable location of modulating region shown in red

S0205A07
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Why Two Frequencies?
PP Ve
Othery,\  Solar uis T ——
0 O'SJRO Solar Equator C‘?RO
0.ZRq
SAGE/GALLEX-GNO

Mainly PP % ("Be SuPPrassed) Produced at~0.2R
Most v, modulated by equatorial field rotation (13647
Homestake

1, made near Sun’s center at ~0.05 Ky

7 °axis tilt makes most ¥, MiSS equa+cv"ia! field

Higher laﬁ‘rud_e field modulates most 1, as it rofates

Get mainlg 129 y" rate

Locating the 13,6 9"' Modulation in+he Sun

Use GALLEX data with SOHO-MDI rotation Pro*ltiies

270

Resonance (red) in =(rA)= S:b St Pllr, Ay gies location
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Location of the Resonance
. SOHO/MDI helioseismology convoluted with GALLEXGNOdda
SOHO/MDIGA) matching Ga(v) - .
Neor equator at r=0.8R¢ -
Loca’rlngw |36y determines %“"? o N vs. r/Rg
B 76, NN =b0™ e e
Recall v, survival probobilityfor RSFP fit
Exoctly the Am%E needed
Exponential (NN, vs. r could give very dif ferent Ait/E
RSFP resononce for 12.9y™ must beat r>Q8R,

Higher latitudes

Either radiative-zone field or latitudinal wove

Recall 12.9,13.6 y" frequencies seen out fo corona

Some Evidence for Rieger Frequencies
Known for 20 years in solar flares, sunspots,etc.
[56-day period long known
8-and 52-day periods also seen
ldentify with r modes (latitudinal motion) seen on earth
V(I,m)%(mlff“ , for y=sidereal frequency=synodic+!
Rotating f luid sphere has 1>2
For 1=3, expect to see -1 1,/6, v4/3, 3/2 (periods dbow)
For 24,=12.88\j"+1, get Rieger periods
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Understanding a Bimodal » Flux Distribution
- |
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Expec‘red Convection-Zone Field Variation

Radiative-zone $ield can have spaﬁal but not time variation
hep-ph/0202095

Convection-zone field should change at solar max.and min.

SAGE: Cumulative Neutrino Flux

SAGE data,cumulative sum, Neu02T30.m, 020/17
B800 T - i T T T

How would neutrinos show this field change with time?

If transitions stay adiabatic, field magnitude change unseen
Shape of tield can affect pp neutrino rate (Ga)

7000 -

6000 -

Most sensitive: resonance-pit edge (rate; 1364 amount)

Change of azimuthal symmetry of B'L clnanges modulation P |

1989.6 solar maximum to the 1996.8 solar minimum - f

When (3.6 ™ is observed in GALLEX ot SdarMax. F' Solor Min

Also when main buildup of 12.9 9“in Homestake Va0t &

And when those frequencies were seen in SKT X-raye b e wm e e wE me mm

Year
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GALLEX-GNO: Cumdlative Power of 2=13.59 9"

GALLEX-GNO, tanh, Rayleigh power va time, nu = 13.58, Neu02U10.m, 020711
T v Ad Ll L T L] T

—_—

3ot
3-
2-
1!
ol " A L L n i ks ks L
OoT iesz 1983 1994 1995 1998 1997 198 1999 2000 2001
Year
Solar Max.

.Predicﬁng the result

Super-Kamiokande Time Darta

OK started at about the [996.8 solar minimum
Homestoke (like SK, sow mainig 8B1) sfopped then
SK ran from 5/96 o / OL just begond solar maximum

No way from other data to predict SK time result
SK data

18k bins of 10 days each

Regular binning gives Timing peok at 3548 9'1 (10.15d)
Power spectrum big peak ot 26.57\{‘, next u.’r q.LH y"
26.57+041=35.98 so 0l isanalias 0 o

Tested by spectrum subtraction
2657y frequency
Some seen in Ga, Cl data

2 circumferentially weak B-field regions
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Conclusions

Sterile neutrinos can exist in 3+| and even 2+2

Evidence for solar neutrino tlux variabﬂi‘ry very strong

Observations can be understood in KSFP model

How o reconcile flux variability with KamLAND
SFP subdominant to LMA (Akhmedov, Pulido)

Possibilities for RSFP
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Tokyo residents face threat

of summer power shortage
SAFETY COVERUP CLOSES 13 OF 17 NUCLEAR PLANTS

Mercury News Tokyo Burcau

r TOKYO — Tokyo's leading
| utility is pleading for custom-
| ers to conserve electricity af-
| ter the discovery of a safety
coverup last year forced it to
shut 13 of the company's 17
nuclear power plants for man-
datory inspections.
Officials of Tokyo Electric
Power Co. worry that a severe
cold snap in March, when
snowstorms frequently buffet
metropolitan Tokyo, could
leave the utility with no sur-
plus generating capacity. The
utility serves 17 million cus-
tomers in the Tokyo metro-
politan region, with 40 per-
cent of its generating capacity
relying on nuclear energy.

e utility's last four oper-
ating nuclear power reactors
will%e shut down in April for
similar inspections. If none of
the 17 nuclear plants can be
reopened before the start of
summer, city residents might
be forced to suffer brownouts
and go without air condition-
ing for long stretches, be-
cause of the shortage of elec-
tricity.

“It could be a very severe
situation,” said Kazuyoshi Ta-

—

kahara, a representative for
Tokyo Electric Power.

Tokyo's major utility has
been forced to close its reac-
tors, one by one, after it was
discovered that the operator
had manipulated data and
faked safety inspections to
conceal cracks in core equip-
ment at its nuclear reactors.

In one case, TEPCO offi-
cials fabricated the readings
for the airtight seals of one of
its containment buildings, de-
signed as a last-resort to pre-
vent dangerous radiation
from leaking from a nuclear
power plant into the sur-
rounding environment. In an-
other, officials failed to dis-
close eracks in pipes that car-
ry coolant to prevent the
nuclear core from overheat-

[L“%‘he utility was also accused
of keeping two sets of inspec-
tion reports — an internal
version, containing accurate
data, and a doctored version
for government regulators.

In a series of newspaper
and TV advertisements, TEP-
CO has repeatedly apologized
for endangering its own credi-
bility, while also pleading for
understanding from Japanese

consumers as it requests con-
servation.

“We cannot make any ex-
cuse,” one of the ads said. "We
sincerely apologize. Because
we Lhought we should never
stop generating power, we
couldn't foresee the most im-
portant thing. We did not re-
alize the real responsibility to
which you have entrusted us.”

Utility executives say that
during the summer peak sea-
son, consumers demand
about 64,300 megawatts of
power, but that if none of the
nuclear facilities come back
online they'll be about 10,000
megawatts short.

fficials say it is impossible
to know when, or if, the reac-
tors will restart, since t
must win approval of local of-
ficials who are now angry
about the safety coverups.
Uniformed utility executives
have visited more than
30,000 households in Niigata
prefecture, where gome of the
plants are located, to apolo-
ize for the coverups and beg
orgiveness.

Contact Michael Zielenziger at
mzielenziger@krwashington.
com.
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