New Ewuancemenr MECKANISM OF THE [RANSITIONS

OF SOLAR AND ArmMospERric AEUTRINGS

CROSSING THE EARTH

S.T. Pevecov

SISSA[INEN - SezioNe o1 TRIESTE, IRIESTE  JTALY. A
INRNE, BULGARIAN ACADEMY OF SclencES, SOFIA, BULGARIA

V- Tetescores
2%-26.2.'99




Based ore ©  S.T.P, Purs.Lerr. RY3Y ('28Y324 .
| - .,
hepepR 19303531 oo,

E/Lf- rﬁ (4814205

S155A 171/98/(F P
M.Cwiznov, M.MaRIS, TP
SISSA 83/98 [EP, 34.7.493
RILP-ER{%iOS'Oi .

See also: M. Maris, ST.P. PR D56 (198 794y
PR D58 (\a3)
QY. Lew, M. Majs, 2T, 0., PR DS6( )53,

(D -AJ erreet)



_:7@_- Osc;€2a.£dons cn Vacwwm

(Postecorvo 195 8 ; 1967~
Relevance bo 0 - eXfGZtM

\7 Oscc.fla_foous LM. Jicua@ alee (cc:(caoy{?-o.ﬁ
(possle) of  2's with m(,?)*o Potecon;s
(£ 4« Maé.efatfa,

andl %Ohéhl/ca.( Zeptom (J'- manuq

(Caist e Vacicevwr ™

ECOWLS{a{(_'L éﬁ& :SLM/:fLs/; case :

Ve > =19, 7 ¢c0s8 + 17,>35m6,
LN VOLieum
.a_.f\7x > =-l\?4>si-n@+l\7 > cos 8, |

Bk &,
\2,5 ?&/a :7 - actioe @ 3_‘9:4%-
V\&: \7@/- Stﬁlgl.e. .

gﬁve =% Fj | possible im(Yatun),

9 %&LL“;"&.M;O ‘WL:..K;.M-& J(L M Valuu

3 nel 6'24.'%05 wbﬂ? #:/h.,ée Mass Ci vatuus
(vacuwum Ma.ss-e‘émséaéa 2's )



Mantle




is.

$ 3w = (32-595):

14

-~
-
-—

(10 - 13) Yoo

(M Maws

oseR. a distarce

oJern oo Lsta.u.c_e_

X 238¢S Q«n}

Density (1000 kg m=? we.gm cm=?)

Mantle

Outer core Inner core
1= -
Radius (km)
6000 ' 5000 ‘ l 3000 . | 2000 : 1000 ;
L L 1 1 1
1000 2000 3000 4000 5000 6000 6371
Depth (km)

Figura 5.1: Distribuzione di densita della Terra (Stacey, 1977).
e —————

:



g P(J,ucer"’ \73({4 2
!"A/ew -Qfe" o;(/?EsouAuce W B, = 2P(s- % )\¢

(@ : accoumts {a'z. tle Eantl E//u—ﬁ im
P@ (\7 — \7 ‘ e t& case oF Z-J 4«.4:4&.
- Msw _salu.ﬁ'z.on. the 7 /Dlz.ol&cu)

‘Not the MSW zasomw@ E,; &,&g

— Toke< place &Of.c.u- IBuzas
@é , Lse oﬁe.(;( cezfam

> . .
lu:.uc.c, vt is a

(' " ol osuldaf‘.an é’c?ﬂ? zesmam

— Silmelor to 'l:ﬁ.«‘_
‘/—\
@otwn, Palama.cmeﬁic.usomuz

__ | - L. WoLrensrems
B : Boy=0. @usd;

El t By = B:q 0, @ssuwes

-s»_e Qvalues : C_ﬁ_,_g,‘g._qeh.’ﬁ:ss%-

(B00s20-B,50, t<t,

5;5 = 4/ bas€ety
L Bocosl- B|<0 q<t<t




(H.C”/EHOV, M MAM(S.T.R Q“) I

2 (MeV/ev?)

E/Am
v

10

Sin2 2 Ov =0.0

Nadir Angle (deg.)




2 =3
6.56x {0
E =
L /Aw 0.58,[% ,

0.3
0.2

0.1

Pez(pr)
0.2

0.1

Pez (pr)
0.06
- 0.04

0.02

—~
O
~—

I'Ill[]'lll]llll]lll]

AN

__LJ_I_I_|_1

P
o
o

10 20 30

pdgr/cm?)

PeZ(pf)

IIIIIFIIIIIII

0.15

0.1

0.05

[ | I__I._L_.ll

—~
D
h—

10 20 X
pgr/em?)

Il'lllll]l'llrlii

¢
3
o
:
1\-._/

30
pgr/cm?)

lﬁ~
&7 [

|

1
i

T!IIIIIIII_Iliflil

JI\J_/—\_I_I_‘J._I_-J-‘-—-L_I

(Sin*(20,) = o.@

10 20 30

pgr/cm?)

/*\A—-..l_-l—-.._l S

10 20 3
pdar/em’)

(a) h = 0° Center Crossig

(b) h = 13° SK Winter Solstice

(c) h =23 Half Core

(d) h =33° Core/Mantle Boundary,

(e) h = 51° Half Mantle




(o= (~>2)(M Hanes, SV.P. '38)

r‘-

¢
E 2 = 6.56«/0 Me\ 2
/,;m 0.25 Q. [2/c,2] /‘-‘*U |

2

0.15 F
0.1 F

0.05 E

Pez(for)

0.1

0.05 F

e/ 0o N~ T J
20 30 10 20 %
p{gr/cm’) pgr/cm’)

P.(po.) Ee) . m

0.03 | (a) h = Q; Center Crossig

(b) h =13’ SK Winter Solstice

(c) h =35 Half Core

(d) h =33 Core/Mantle Boundary
(e) h =81’ Half Mantle

0.02 F

0.01 F




(Ciznov, Maars, 570, 98)

i(vs)L o o
.{_...___1.._

/-

o O ¢«
m o N o ©
-

VA

&
i-Y
/.

i(v. ) — Ant

P(Ant
o
w
!

- 2
Nadir Angle (deg.) E /A m? (MeV/eV?)



d(Pe2)/d(NA)

0.5
0.4
o 0.3
0.2
0.1

-0.01

-0.02

(M. Hutis, S TP, M. Teszov '98)

p&(?ﬂ

{ Active, SATVS = 0.01, RhoR = 1_0%

L | ' S ' Cr0 0
i L i IR
- Lo | IR
m i i | oo T
| L ! N
[ S T
L Lo | DN
| L i TN ’
C [ ] 1 ‘.I[ =|_’_ 1I_ﬂ-|_H .
0 40 50 60 70 80 90
i Lo
L | b
i | o i | ]

i i Lo | TR
L i Lo | Lo -
| | Lo | IR
i | L | EERE
- | o i T
I | o i R
i [ 1 li 1 1 Ii l] I li illl
0 10 20 30 40 50 60 70 80 90

Nadir Angle (deg), 1 deg step



gTR,c, newtreno osecllakon (
resonance i Py | P(V,Lca-*e@,u)

- e.x,lm@d:s stonc m& emce on E
Rom £ile SMA so&#ougw«.

{:a.(c.e.sp w E*'(S 12) MeV
= leads cn tRe case of tHEe SMA (MSW)

Je \_7/4_(5) solwution to a

@—@ e D-A asammd"jﬁf cu
éﬁ(, Ca'?.e_ sa.»ua/:lc opf event in tiee SK
lﬂ—éu,éo?_ thore tRe a,:gmamzt'a Cu
the wlole ). (?ﬁe samfle,

- (S S W%@(c csa}w&t\?ﬁ}a&

AE/me - (03‘0{:5% MSA/MSOMM&)
—and (s Scn 29 cndl thaf szgzaaz
TRe tesononce tokes \ﬂ;\.ce, e B

2/,_ — O (7 —--vf/,,.) transctlions o&
aim,osrﬁvuc, neuwteinos as well:

e. .. ‘.o-:, - OO e,\l s»wl@er'» 0.01-0.40)

,-..—-"'—-‘-

W X P (Or,. iy ’76\ OCcCUZ S a_é{/‘E"._g,_ 14 GGV

L



Table II. D - N Asymmetries for the Super - Kamiokande Detector.

(M. Maris, S.TP. ‘4%)
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1 0.0008 9.0e-6 0.4 -0.09 -0.54 -001 6024 -0.12 -0.75  -0.01 6.25
2 0.0008 7.0e-6 0.4 | -0.21 -1.26 -0.04 6.00 -0.22 -1.35 -0.04 6.14
3 0.0008 5.0e6 04 -0.37 -1.29 -023 344 -0.35 -1.14 -0.23  3.26
4 0.0010 9.0e-5 04| 3e3 4e3 3e-3  1.25 3e-3  4e-3 3e-3  1.33
5 0.0010 7.0e-6 04| -025 -1.50 -0.04 6.01 -0.26 -1.539  -0.04 6.12
6 0.0010 5.0e-6 0.4 || -045 -1.52 -0.27 3.39 -0.43 -1.35  -0.27  3.14
7 0.0020 1.0e-5 0.5 -0.07 -0.41 -0.01 _ 6.00 -0.10 -0.62  -0.01  6.20
8 0.0020 7.0e-6 0.5 -0.35 -2.10 -0.07 5.98 -0.36 -2.18  -0.07 6.06
9 0.0020 5.0e-6 0.5 -0.71 -2.30 -0.45 3.23 -0.67 -2.02  -0.45 3.01
10 0.0040 1.0e-5 1.0 0.15 0.79 0.04  5.42 0.22 1.28 0.04 5.82
11°0.0040  7.0e-6 0.7 | -0.04 -0.12 -0.02 348 [ 001 021 -0.02 21.00
12 0.0040 5.0e-6 0.7 || -0.59 -1.36  -0.46 231 || -0.56 -1.12  -0.47  2.00
13 0.0060 1.0e-5 1.5 0.72 3.08 0.17  f5.56) 1.05  6.20 0.17  5.90
14 0.0060 7.0e-6 1.0 1.06 6.46 0.17 ] 6.13 1.26  7.60 0.17  6.03
15 0.0060 5.0e-6 0.7 0.47 2.93 0.06 | 6.19 0.46 2.82 0.06 6.13
16 0.0080 1.0e-5 1.5 1.63 3.93 0.37 \|5.47 2.36 13.59 0.37 5.76
17 0.0080 7.0e-6 1.5 3.04 17.00 0.53 ]5.59 3.39 19.10 0.53  5.63
18 0.0080 5.0e-6 1.0 2.55 10.26 1.22 J4.02 244 9.54 1.22 391
19 0.0100 7.0e-6 15| 5.72 29.85 1.05 | 5.22 6.28 32.85 1.05 5.23
20 0.0100 5.0e-6 1.0 560 19.84 3.03 §3.54 5.36 18.38  3.03  3.43
21 0.0130 5.0e-6 1.5 || 11.69 36.33 6.89 11 11.21 33.72 6.89  3.01
22 03000 1.5e-5 2.0 [ 10.73 13.25 1031 1.24 | 1103 1529 10.30  1.39
23 03000 2.0e-5 2.0 7.64 9.60 7.31 126 7.79 10.66 7.31  1.37
24 0.3000 3.0e-5 2.0 4.74 554 4.61  1.17 4.78  5.85 461 1.22
25 0.3000 4.0e-5 2.0 329 3.03 3.18  1.20 3.31  4.07 3.19 123
26 0.4800 3.0e-5 1.5 595 6.81 581 1.15 5.99  7.08 5.81  1.18
27 0.4800 5.0e-5 1.5 298 3.50 2.89  1.17 2.99 3.57 2.89  1.19
28 0.5000 2.0e-5 1.5 9.48 10.97 9.24 1.16 9.60 11.79 9.23  1.23
29 0.5600 1.0e-5 1.5 23.65 349 21.64 148 | 27.50 40.77  25.11  1.48
30 0.6000 8.0e-5 1.0 1.42 1.64 1.38  1.15 142 1.65 138 1.16
31 0.7000 3.0e-5 1.0 6.54 7.26 6.41 1.11 6.56 7.43 6.41 1.13
32 0.7000 5.0e-5 1.0 3.37 3.90 3.29 1.16 3.38 3.95 3.29 1.17
33 0.7700 2.0e-5 1.0 9.89 1027 9.83 1.04 9.94 10.59 9.83  1.07
34 0.8000 1.3e-4 0.7f 057 069 055 121 0.57 0.69 0.55 1.21
35 0.9000 4.0e-5 0.7 | 4.53 512 442 113 4.53 5.17 442 1.14
36 0.9000 1.0e-4 07§ 1.15 1.33 1.13 115 1.15 1.33 1.13  1.16
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FIG. 1. Measured day/night solar neutrino fluxes as a function of the nadir of the Sun. Error
bars represent statistical errors only. Night data is divided into 5 bins. Dotted histogram is the
expected variation of a typical large angle solution and dashed histogram is that of a typical small
angle solution. : '
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FIG. 2. Flux independent exclusion region by SK day/night variation for v, — v, , oscillations.
Exclusion probabilities larger than 99% are shown in the shaded area. Regions inside of the dotted
lines are allowed at the 99% C.L. from the combined rate analysis of Homestake, SAGE, Gallex and
SK-flux in comparison with the BP98 SSM [6]. Regions inside of the thick solid lines are allowed
at the 99% C.L. from the combined rate analysis of the rates and the SK D/N variation.
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