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Smivnov - Dighe : hep-ph/ﬁﬁowzg

“NormaQ - “Taverted ”

€ . e e e
(a) o {b) 8
Resonance (h antinedrino chaneel

(0 ' (d)

Figure 5: The level crossing diagrams for (a) the normal mass hierarchy and small
6o, (b) the inverted mass hierarchy and small 8, (¢) the normal mass hierarchy
and large fp, (d) the inverted mass hierarchy and large 6s. Solid lines show the
eigenvalues of the effective Hamiltonian as functions of the electron number density.
The dashed lines correspond to energies of flavor levels v., v, and v The part of
the plot with n. < 0 corresponds to the antineutrino channel.
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<HM, & H N(mokaum?; to qppean.>

E, [10 erg]

Likelihood Contours for Inverted Mass Heirachy

15:0 LI ] ) L l L] I ¥ I I ] ¥ T ] ' ] ¥ L} I l 1 1 ¥ LB
- — n=1.0 -
L e n=0.7 i
- T n=13 |
10.0 |- .

Figure 1: Contours of constant likelihood which correspond to 95.4 % con-
fidence regions. Best-fit points for T;, and E; are also shown by the open
circles. From left to right, r = T3, /T3, = 1., /75, = 2,1.8,1.6,1.4,1.2 and
1.0 where @ = u,r. This plot corresponds to Fig. 5 in Raffelt’s paper
in PRD 54, 1194 (1996) but inverted mass hierarchy and complete con-
version of 7, ¢ ¥, at the first resonance is assumed (so this result does
not depend on which solution we assume for the solar neutrino problem as
discussed in the Dighe-Smirnov paper [hep-ph/9907423]). The dotted lines
(open squares) and dashed lines (stars) correspond to the cases where energy
equipartition between electron type neutrinos and other neutrinos is violated,
as L,, = Ly, =nL,, =nls (z=p,7) with p = 0.7 and 1.3, respectively.

T= T\'fg ' (,].— L—‘V)—c
TV, |

156

an




How f’f@ Observe MSW
Efect n SN '?

D Erbanconeet of fagh energy
Ve € P,QSJCIQ Scaftfer-[hj
(Mt MW@,;,;OD}
@ Steep rise of 0Xxygen ‘ndecced
eveals © Ve 0 — e F
| ( Quian-Folley 3%)

PP ~ 0.5 —-0.4 Cos(”b ot 'Tv=5(\.’le\/

157




du1isiiess (10T,

(§S) (8¢) 4% (607)
9 9% Le €81 - - S3A
(SS) (99) (v¥) (091) L919 ‘ L4
9y LS LT 811 . ON
(6%} (1¢) (€€) (co1) .
6¢ LE L1 091 i S9A
(967%) |
(6%) (09) (€£€) (EED) 14024 €
6t 6v L1 68 ON
.M.m +"A o L7 e (o . LU d°% Suxrw ( &DEV
$IUAAD SIUIAD _ ‘I
SJUaA9 JUlI0)IBIS a4 pUB j uonndiosqy OULIINAN

‘sosoyjuared ul pajussaid aIe SI[NSII I9)R[ Y3 PUE ‘A9 § PUB ¢/, 100QE JO

A319U5 UOI}O3[0 18 P[OYSSIY] JAIIOALS YIIM (JX9) 93S) SIIOUDOLYD UOHIISP JUSIAYIP Om] AQ PSIBNOJED 2IB SISQUINY JUIAD UL, "Sulxiu

OULIINAY JO 3992 3UI INOYIIM PUB UM OB ‘AN ¥ PUB = s 1= g [ 1 9SEBO 91} 9pn[oul 9[qe1 9, "ody Q] JO 90UBISIP 1B BAOU
-1adns 2In3n} B WOI} ISING OULIINSU Y] WOIJ 1019939p dpueorwey-1adns pasodoxd ay3 ur sjuaas Jo sxaquunu podadxy ‘I I9V.L

-[SaIY) Tamo] Yum uoneindwod ay3 Jo s)nseI Yy "pojels
SSIAIOYIO ssofun sisA[eue jusnbesqns 1mo noySnoiy; pasn
9q [[IM SUO I913e] oYL ‘A9 $°L~ O} SPuodsaiiod (p) u
991019 _ [RIDLIO,, INO SBAISYM ‘AN §~ ASI0Ud UOI3I3]3
Je AJUQIOIPY UOIND9189P 9%QS ©1 SPuodsariod anfea SIUL
"ASI L'T="H yum uorjenofes sures a1y} pajeadar oaey
SM PIOYSSIY} UOII0315D 9] 03 AJIAIIISUIS Y] [BSAdI O],
‘$UOT}09sqNS 0M] Surmorjo] oy} Jo sordoy a1 218 Yorgm
$jusAd oY} Jo 9goid owi} 9y} PUB SHOLNGLUSIP AFI10U9
971 epnout ASY] "SIUSAI OULIINSU JY] JO sssA[eue po[Ielop
aiow op 03 9[qissod aq PIAOYS 11 SIUAAS JO SIAqUINU 9F1e]
yons Yl -OULINAU Y3 Jo 2injessdue; sy uo Suipuad

AT ‘YIIBAD  ONNAA == NA N Ou.m TPY AVATIATAIIING O YTATIR AT TIATA

aMpoun)\ - VYO OMY

sornjeiadurel 4 pue ‘4 oy
Ul ooﬂuhmﬁ% 7 1010B] PIWINSSE 9Y) 0] 9NP ‘I9AdMOY ‘o1
SOTJIAIIISUSS 959U SuIXII OULIINAU 3Y) YA I95Ie] ¢ ~
JO 10308} ® SI SWOIB IV, JO Iaquinu p23oedxs S ‘jusul
-woid 2I0W UIAS SI 1010919P [D,. Y} U] 2INJBUIIS oY,
‘Buixtn 10ARY 93 JO 30usaId 9yl 01 SATISUSS ST I9QUINU
JUOA9 QU] SB YONS ISINQ 92U} JO Inies] [BqO[8 2Y1 1By}
smou pood St 3] “SUIXIW OULIINSU IROYIA PUB YIIM SOSED
oy} ysmupsip 01 2[qissod 2q PIOOYS I $IULAD 00 =00T
A SOIISIIE]S 19119Q O SYUBYJ "ASIA $ PUB ¢ Usamiaqg
seInjeisdwia) °A 9] UIYHM SIUSA3 SUIIIIBOS mo‘ jquinu
9Y) Ul SJQUSISPIP % £€—TT ® Ul synsal Hy pue %4 o seiny

I.O.l.h.llll.. —eir —mm — —— = m

158



{ NO!’V\QQ MQSS HiQYQYd\Y:’ Shirnov - Dtghe

hep-ph/1907423

Convevsim Pmbabilitu’@s ahe
v Fluxes at the Eavih

H Ve
3 VH
Pu
b
2 ' Vet
i\ L - N 3

Puy Pus Jump  probabiLitres 7\
o

kﬂ "~ e “\O\,

. 1\ \/O\g\b 10“04’" ’ ..’MJ‘:/}
( mas s eifjensmte 1 | \of[ e 0;/ - |
LV oy at the earth & g

,4 | -OZVe, g\/H yﬂ(
B = PyPLFe + U-P)PL F+ (1= P)F

= PyP Fe + (1= PP Ry

X
Y, $lux at Yy ‘S"W
SN vspere | | SNV




= Pl-R) Fe e (=T m\: . PE

{P 4

= Py (1= L) F§ + {l= PuCep) 3 Fy

FB::' ( PH)FQ + PH Fx v ';s':h\;l/ﬁ

Ve U 1
They .ﬁave, common. ~fovm £
Fi = Oy Fe + (- Fy
A= PubPr, Qy= Py(-PL), Q3= |- Py
=y Ve at e Eonth :
Fe = ZLJIUeL‘?’ s
- F2<% [Qe.t\"‘QLB +— Ff(% \Ueﬂl(l-—qc)J

( FQ = P F + (l P) F
p= Z [ a; ( P=Ve sunvival pmbab;ﬂcﬁy
= e

= er(l Py Pl + 1Uee| P (1-PL) t |Uesl| (1~ PH)

160




To CDm?qu, '\)V, and Vo \wl X s theve 15 o (:Qewa 'a
- Uy 4

original tohl Al = Py oR
D b T eonth

B g
p—

Fo ¥ Fue Fe ‘

FV'+ Fo = Fea*' 2F£ - E‘:%
\\'P F;—t U""F) Ec::é;(
= (I-P)Fe + (L+pdYF
Fe

_ 73 Can bhe Oxiffen onlly by p #
FVL N hc f‘\ '
% e ) 'Lnrl,evs,zu\_-f%.@mf Q.e (/Q/Q.. Cr$ a\n;j
L ® \}V and Ve s s st Vl.au. shable

| | in SN
Q vealin :’:W.?.Q.M 'bﬂ' ﬂfmeud,_ ’j‘by -37 . .
epeating - =i | 9 < 5= U, kz)
| ! . - 3 0 7 E
R p 0 |~ b Fe ;
= — _ . | ;
Féj 0 P l-' P ‘Féj 99
U‘%FX, L= P {-—F QJ‘P*F J1 F)(O, .ao

= Ol (=P + [0l P ) &

161




[Ihveﬁe& Mass Hierarcky]

8.

| P= IU@;[Z PL + [Uez[lo" PL>

Vv 1s Qike VU 4n nomall Terarchy case

P= el Py (1-P0) + | Uea|* P P

+ [UeleO“ Pa)

162

<t

.
) 0y & Ga
S Qﬂh&mﬁ& [
v (ase
]! M

-

A




Earth M&ﬁ”@w Effect on Ve

- % of
[ \KW Pkoba{u,o,t'ty T -'H1 mass

o,c(o)ens’fa'fe, nach at D as Ve
= F Za Py v FJ(I-TabF)
= PR+ (=) ES
D

vs z A; P\TE
0

Diﬁgrenc@ between Ff and t_ 2 earth matter
effect

FY-Fe = (P=P(FS-F2)

P_p = Py (l—~7_PL,) @f@— erzl'L)
+ (f= Pu= bR (Pm" (Vesl*)

e St aonn

y(o‘“?’

- Fe = Py (1-200) 05, (R "“'F«;U

163 -




D‘x’fﬁemw e bdiu)%va v ddedors :
D1 (,)7_ |
Fo - PH (1-2b.) (Pye - P )(FE-F )

@ | Fs ~ F%b Z 0 at; ( o f_) ’d.

 figh €

~LB

@ ¥ Pu=0 (a&mba,tfc H resonance )

ov&\/ \/'e;r\/ sma il ei;fedc (\We%
-

| | - 0
w ) . N " ’
P -V & Pin ’2992 foin (7—967,“-299?- ™ Em

2t 2T
(o (5 - me(5) |

- ~, ) (=)
Cl;,/d\.m,- % E\?,E > P?.JE.

{ Pigh B 7 maller suppression of" Vo Alax
2% Dew B! wmatter enhoncement of iy

164

©




