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Introduction

e solar neutrinos: Ve = vp,vr AmZ, < 107% eV?
e atmospheric neutrinos: v, — vr Am2,  ~3x 1073 eV?
. - - 2 2
not possible with 3 neutrinos — sterile neutrino
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(3+1): include 3-active neutrino scenario
(2+4-2): sterile neutrino is important for solar and/or atmospheric2




4-neutrino oscillation parameters

3 mass-squared differences

we define:

Na= Z |UO”;|2 with ¢ € solar mass states
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do=1-) U.;|° with i € atmospheric mass states
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note that in (242): noe = da

; 2 2 2
Amsoh Amatm> Am|_5|\|D> Osol, Batms OLSND, 7s5 7e; d,u

approximations:

2 2 2
* Amgy K AMmyym < AMignp
e . &~ 1 for solar and atmospheric oscillations (reactor data)




Coupling of the data sets:
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Solar data

M. Maltoni, T.S., M.A. Tértola, J.W.F. Valle, hep-ph/0207227, PRD
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atmospheric data:

SK sub/multi-GeV e/u, upwd. stopp/thr u (55 dof) + MACRQO through u (10 dof)

X2 (ns) depends on the mass scheme:
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A bit of statistics: Two measuremts of the same parameter:

e Parameter goodness-of-fit (PG)



The parameter goodness-of-fit

K data sets: X%(xk) = (X%)min—i—AX%(azk) , k=1...K

K K

global x?:  x&t(@) = > OD)mint+ S Axz ()

K
define: x%(z) =Y Axi(z") = 32, +AX?(x)
k=1

(XiDmin+Ximin  for N — P dof

K
usuall GOF: min [X%OJ =

k=1
not very usefull for large N

— we use only 2. : | X35 = X2, for Y& . P, — P dof




Why not use standard GOF 7 [R. Foot, hep-ph/0210393]

Consider (242) with ng =0

(pure active—sterile atmospheric oscillations)

thm

XESND + thm

Xgol + XESND T thm

X%HOOZ + Xgol + XESND + thm

2 2 2 2 2
XBugey T XCHOOZ T Xsol T X{sND T Xatm

= 222
= 226
= 291
= 296
= 344

190 dof
198 dof
276 dof
290 dof
350 dof

GOF: 5%
GOF: 8%
GOF: 26%
GOF: 39%
GOF: 58%
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(242): ruled out by solar and atmospheric

SSM 8B flux free 8B flux
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SBL data

e LSND:

— LSND global: LSND Coll., A. Aguilar et al., PRD 64 (2001) 112007
20 MeV < E. < 200 MeV, DAR (7, — 7¢) + DIF (v, — ve)

— LSND DAR: E.D. Church et al., PRD 66 (2002) 013001
20 MeV < E. < 60 MeV, R, > 107>, DAR (v, — ve)

e NEV:

— disappearance: W. Grimus, T.S., Eur. Phys. J. C 20 (2001) 1
Bugey, CHOOZ (v.), CDHS (vu)

— KARMEN: KARMEN Coll., B. Armbruster et al., PRD 65 (2002) 112001
Uy, — Ue appearance
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(341): strongly disfavoured by SBL data

M. Maltoni, T.S., J.W.F. Valle, PLB 518 (2001) 252
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Bilenky, Giunti, Grimus, 96, 98
Okada, Yasuda, 1997

Barger et al., 1998, 2000
Bilenky, Giunti, Grimus, T.S., 99
Giunti, Laveder, 2001
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1-CL

parameter GOF

V1

LSND vs sol4+atm+NEV data
in (341) schemes
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Global analysis

_D 2 2 2 2 2
X“(Ms, du, O sNnD, Amignp) = AXso + Axatm + AXxNEYV + AXTsnD

number of dof: 355 + 4atm + 4nEV + 2LSND — Ytotal = 4

LSND global LSND DAR

(3+1) 24+2) (Q2+2)gr | (3+1) (2+2) (2+2)gfr
SOL 0.0 14.8 8.7 0.0 14.8 8.7
ATM 0.4 6.7 8.0 0.2 6.7 8.0
NEV 7.0 0.7 0.7 17.1 12.2 12.2
LSND 7.2 1.2 1.2 6.8 1.9 1.9
X3 G 14.6 32.4 27.6 24.1 35.6 30.8
PG 56 x 103 16x10°% 15x10° |7.6x10° 35x107 3.4x10°°
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relative comparison of (3+1), (242) and (340)

. . 17.8  (99.87% CL /4 dof) LSND global
X — X =

2+2) 2B+ ™) 115 (97.9% CL/4 dof) LSND DAR
12.0 (98.3% CL/4 dof) LSND global

2 2
X — X —
24+2)gs (3+1) { 6.7 (84.7% CL/4 dof) LSND DAR

20.0 (99.95% CL/4 dof) LSND global

2 2
X{(340) ~ X(34+1) =
(3+0) — *(+1) { 28.5 (99.999% CL/4 dof) LSND DAR
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Can four neutrinos explain global oscillation data
iIncluding LSND?

e careful answer:

Not very well.

e stronger statement:
No! Ruled out at the 99.4% CL!

PG of 0.6% for (34+1) and LSND global data
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Outlook

MiniBooNE will check LSND E.D.Zimmerman, hep-ex/0211039
started data taking Aug. 2002, results maybe this year

(242) schemes are ruled out by solar and atmospheric data, inde-

pendently of LSND

Iif LSND should be confirmed we need more data on
SBL ve/v, disappearance to decide about (3+1)

alternative explanations

— CPT violation — disfavoured by KamLAND
however: Barenboim et al., hep-ph/0213116

— explain LSND by anomalous muon decay (KARMEN 7)
Babu, Pakvasa, hep-ph/0204236
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