A New Fit to Solar Neutrinos Using Extra Dimensions
David O. Caldwell
Universi*?g of California Santa Barbam

Relevance of a new analysis of LSND darta

Likely 4-2 mass-mixing scheme (adding a )
Support for the scheme from the r process
Need for extra dimensions for solar YUY,

Some im p|ir:m+ions of having 2 inextra dimensions



New LSND Am]ysis

Likelihood based on light amplitudes and arrival +imes
Fit fo position, energy, direction, +rack length 7C .
:n»rn‘uerly used inpui' information separu‘hefg
Improved position resclution=better acciderral ¢ rejection
Od R30 vs. new RO (2>, oo s¥el)

Correlated ¥ etticiency: from 237% +o 407
Accidental background drops from 0.67 +o Q237%
Results for R>I0

36 beam-on events, 36.9 beam-of 1, 6.9 2 backgrownd
Excess=32.219.4

Prnbabili’ry 36.9+16.9-53.8 fluctuates to 8o is<xJ0™*




Implica'l'i'ans
| SND results reguire 4 neutrinos(ie. one sterile %)
v~ for the atmospheric 7/, anomaly (Ani~0%V)

1,~1¢ for the solar 2z deficit (Am™< 107eV?)
v, with Q.2¢4mP<10eV? from LSND
ocheme suggested ~3 years ago, prior 1o LSND DAC Mocien
For solar, a+mnspFerfc, hot dark matter (y+14,)
Given theoretical basis: D 0.C*Mohapatra: Rettoniemi+alle



4-1 Scheme

S.nppor‘ted by Supemcwa Nuclwsgn’r}m's

Problems with r-process heavy-element production

Models give

too few neutrons (need ~107 Fe"seed)

Fatal o prc:dudion inside r reginn(g ., yneep, ete.)

Solved by two neutrine level crossings DOC, Fuller Qian

Inner: 1, . (maximally mixed)»2 (near \,70)
Outer: VU (LSND MSw densi'fg)j not 24, ~14
Result in r region: 1/4%, V4-z.zﬂ ‘z@ﬂs, and no 14

Despite needed huge 2 Flux ot smaller radius
7, unatfected, so #p~>e'n enriches r region

Neutrino pro

At least one

perties required

igh'l' sterile neutrino

Yoy, V4 MAXIMO ll:, mixed (as a‘rmﬂspheric data shows)
Te

Y, mixing >[04

Aws, P"‘"IEVE (keeps level crossings in correct order)



Atmospheric  6m2_. ~10~3eV?2
P 7

il-"'l‘!_lr T Vr
LSND Em‘guuble ts
MOW L imrsne e l g ST e V)
6m2, <107 %eV2Z  6mi_g~ 10710eV?2



Relevance of the Solar Neutrino Deficit
Measurements +o test MSW or vacuum oscillations (V)
Rates: GALLEX+SAGE Q.23 Mel/) CIE0.81), Super-KE5.5)

Energg spectrum in Super-K (ﬂﬂ%‘r‘alﬂ? tits well)
Day-night (MSW only, but a 1o effect)

Seasonal (V0. only, but slight or none]
Nothing tits well for 14>2/,,and 24+24 is worse
MSW (sinall-Zonly) +air for rates, can't fit spectrum
V.. fair for spectrum, can't fit rates



Irwol-cing Extra Dimensions

Sterile neutrinos

Prejudice against: hard to make light, mix with other s
Models with large extra dimensions solve the problems
For 5imp|ici+3, take one lurge extra dimension of size K

% is a bulk state with active v's on a brane

v has Kaluza-Klein (KK) higher mass states (mtﬁ-}
Required phenomenology

Lero mode of # split lightly from 2; to give V.0
Spacing of KK states (gravity limits) give 25 MOW ﬁ
Model from R.N.Mohapartra

Atter EW symmetry breaking z; is a Dirac v ot ~|0”"eV
Add Z Higgs singlets to get v masses radiatively (loops)

P

Divac 24 splits giving quorm:l 1, 1 (doubles KKl and VO
Radiative effects give Majorana mass to 3,4, latmos, LSND)



Con'FrorrI'ing the Data
Mixing: cosB= VN‘, where N+’ (m,,E’)%[’%}E
V.O. (n=0): mORH |J NE"-‘-"ZJ cosf= V\FZF] 9’% (maximal mixing)
MSW (n2D): Ne=l4(ER)" cosB="a=107%n (very small)
Fitting to 3 rates neglecting errors influxes (5.J. Yellin)
SAGE+GALLEX+*GNO:2¢ survival probability=0.579:0.059
CHHomestake): 0.33220,030
Super-Kamiokande: 0.465+0.015
Results: 0,533 0.386,0.460

Some cmnsequences
Ant, 2053407V’ sir 26, =354107" mgem, =30V

MSW,
All very small: no BB, little seasonal or day-night effects
Avoids superova, BB nudleosynthesis bounds (1 1K fower; low '.EQ

K=58um, so gravity experiments can test it



~ Predicted Spectrum
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Implications of Bulk Sterile Neutrinos

Cosmic rays beyond the G-ZK cut-off

v with large o ot high E would do, but see low-E effects
114 KK states avoid this limit by density of states
Dark matter (Abazajien, Fuller, Fatel......)

K=K states from rehecd’fng atter inflation

Single K-K tower based on a very small mass (107V)
Not in thermal equilibrium—avoids nucleosynthesis limit
Solar parameters give £2,~0.5-1 (depends on reheatT)
Dark matter: little hO‘IjHE/ﬁ warm;% cold

Supernovae

wo-level-crossing r process still OK

Not such a limit on extro-U models as some c:luimed
Behavior of 2's in core move complex

Reconversion behind +he shock may aid blnw-up



Conclusions

LSND's new andlysis strengthens Z,~ positive result
4-v scheme satisties all -oscillation, r-process input

Large extra dimension needed for solar 3,424

If s0, many implic:a-l'ians: dark matter; cosmic rays, supernoa
SNO will soon show if +his correct!



