16 Jul 1999

hep-ph/9907399

FISIST/11-99/CFIF
hep-ph,/9807303

Resonance Spin Flavour Precession and Solar
Neutrinos

Joiao Pulido * and E. Kh, Akhmedov '
(Cenilro de Fision das .Fr:*-'rnr'['ﬁr.-'- Fundementais {CFIF;
Depertamente de Fencs, Instituto Sxperior 1'éemeen
Ae. Bowesco Pois, P-li5-W Lizboo, Portugsl

Abstract

N examune Lhe prospoects for the cosoonance spia Bevoyr proosssion as & salolion tn
rae solar neniving problem. We stady seven different reafstic solar magnetie Sed pro
hies and, by numerically integrating the svolution ayeatiors, perform & fit of the cvent
rates for the three iypes of solar peulneo experinents [Ga, (1 aad SsperKamiokande
and & it of the energy spectrum of the mecnil dectrons in Seperhamioiandes. A 3
anal sis shows that the quality of the rate fitz s excellent for Lwe of the ficld prodies

and mood for all others with y*/de [ always well bedow enity. Reganding Lhe fils

for the aneTEY RBperivam ther goalily = beller thas thal [or the small ETXINE AN 5'..
MSW solutioa of the solar newtrine problem, 2t the same level as that for the laree
mining anglc MSW solwtion bat worse than that for the vacsom molistioes voe. The
expesimental dala on the spectrum are bowever larpely ascertain especially in the
|‘|||E|'r #aETEY sEClar, sn thai 1l = loo sarly wvel Lo draw any chear conreTans o8 the

likeliest type of particde physics salution to the solar sentrino problom.
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Resonant SPi‘H Flaveur |
Pru._',ssign and O Neuvtrinod

Mechanigsw Te selve +he solay neuTrine
Prnbl,evn as an alftermnative to oscillations

(both MIW and vacuum ). Prnlnn.:td in
198 % bk& Livw + Mareciane and baAdew

Based on The prtr.ttrinh of Spin (1-,'.:?11

for Divrac ht-uffinui) oy Slliﬂ Flavour

(v,l_—r Ff‘l , Majeramna nevtrinos) by meams

of inTeraction of mn;ht'h'r. moment _am, wiTlh
The @ magnetic Field. This is resonantly
evhanced in matlTer in nnnlﬁ,y with, MSw.

wk\a has it met beenw mmuch invn'l'ignftd
and become popular 7

Pns:iblqa because iT requires a Ln.r?t
vﬂt\?he‘l'ic. rrowment (}_4_“ : 1 f.f,}-'f,u.n); g1
ordeyy of mnahirudi or vore above The
SM valwe (witl, one tinglef right- ha ded
nevtrine) and the @ magnetic field

¥ jearcely kviown.



Nevertheless RIFP 1t quiTe possible nnd]&
aTtractive ag wt shall see.
[/4,:0[!9-")'.') Lies Tweo orders of vna -

gni Tude below Tt Lab Limit and does wmot
conf liet witl, wmostT na‘l'rnphg.;iml, bovnds.

Also it is connsTent ~itl e tvallmess of
v H'Inix] :

S‘l’ﬂrfhﬁ PniuT' is the neyTrinoe propaga-
tTiow qul'l'inn ‘H-nrnuah lnlnr rmalTTer

(Mﬂj* ws , for Dirac juﬂ‘ Take b:O).

#5200
WV uB amg, -
s z; =l \ g

V. - Gﬁ N - L Nm) electvie meutraly
e ( ‘-Lz } condition nssum?d
Yf“ Gﬁ (' 2 Nm)

N¢= NP
Resonance (vnaxiwal miuiua) pecurt when

diagenal elements are equal

2
Gl (o= 57




O magnetic field is wet t.u'f't‘r'e.(.ﬂ free : 3

selar Phalic.’. arguments sujgest it s

maximal aveund the bettowrn of comvective

ione Pouibtg r:uhuna a peak of approx.
3x10°G

Alse: ifh eoasts , then

solay ¥ dafta imdicate that the Reld posy-

bly vndergees @ shavp rise over a relofive

b, shory disTance HLGH, The vadial di-

rection (7-9%4 of R¢)

This is To account for a sTrong suppression
of intermediate energy » '3 (mainly
7Be , E7B= e 0.86 Mev) Togethey with an

almest full survival of pp omes (Eﬁso.#i
Mev)
Hig)\ eneryy (.B) enesl are rﬂndtuhl’

suppressed , so the solar Aeld vmust gra.
dvally decvease past the imTevmediate en
resonance dewnsifiel,

Therefore explore field profiles with a
%‘EHETEL Ihnp:.



=07 HE L3
The ,lhlrll I'hl-.rl. ﬁf +he F'rlblb{u?,

i3 such Hhat for larse emergies iT alwayy
becomes close to V2.

Y —
We iﬂf::?ﬂ‘td numerically the evoluthiow

equation and exploved 7 profiles, per-
ﬁarmiug for all of thew ATs of 4he ToTal
uptriwtnfnl. rates (Ga, CL. 5uptr|() onm el
of He recoil elechron enerpy spectrum

7-2 f”’l ﬂ.r +he 'rn"'l.t
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2’-1 -F"l'a for 'l"l“._ rates 5

iu Ji" :

whtft c.
R"=3 R, -z[  (E)PE)F(E)IE
/
“L““H} E'm:n uéulﬂ‘:d frowm
'J"'-" G'ﬁ C-L evolutiow l.qun'h'ih

For J = JuperK,
R+h J 'F(EIB) JT... [P(E)deE +(1- PlE))-ITdE}I JdE

j ™ d%s
w dTdE
L...F(E'G)L dTdE
R im SNU for Ga, CC

)
« « data/S5M for Superk



Evror mwaTyvices

2
G'th('l'u'l')=6" Ja.‘“P)+ fnp)-r JJt(“)
\-.._____V__._..-—-'
ed
Whare J'h{H‘)
. up exp
(c. p)= J-Jz A
+h 2
H:(u) = Ji-iazi Ri.; (a3 Cij)
ff‘:-u:ll)
'y
3.3;(“"]',:, hi ';J; Hin ln (“‘3)‘-.)
/ ‘ (-FLuxu) /
ﬂ.fr'rnrh\lli“l 3 qﬂrt?hallt‘l
variables

S s“ ’ 534 ’ sl.li 1 sl"l' ) Lumlz/xaﬁjh OP&L

and @ _ dla¥
; a[l,xk
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10a
Ex]:e.c.-"l" awm vpward 'Fnuﬁg unuvif, of the

field along the comveclive zone.

Becavse lew enevyy sector of B vt is
wnuch :urrrtssed: tHieir energies (critical

densities) le close T 'Be amd CNO ones

iv a zone wheve © Ffield s suppnud(.g
maxiwmal. Jo im order To eviure a woderate

Tuppression (Euw c0.4-0.5) of B v%
the Yewmainder of them (E 2 1.8 MeV)
nhovld be havdly suppressed.

Comsequently the feld is To decrease

fast :hu'r‘ﬂ.a after ifTs maximum and
becomme thallow towards the turface.



R:mntnluuvnﬁlt; ('rq'l‘;I) I

Eﬁu q U

4ﬂl= 3x10 l‘-V E'i““_"L . T nﬁth
B s | 51’-!0 G I /
x'_‘ /‘.;=0035 ‘

Vquite umstable

§ -8 2 E::____ Nen ~egu. L.
-ﬂ"ﬂ“ = |2 x 10 sﬁv T‘J";ﬂH?Li’-
Bn = 1.23 /10 G -
xi;- /dﬁ'{ - 0 ,oo 1' :"Hr ' - -

0.65 0o to 1.0 r

“more stable

Y

By = 122100 oW AP s
| lI‘l.

B - 5 54! 'O G I'.'Ir

,‘;“ /du" s 0.036 'lL : t\“‘x-_.,.
} 065 076 ‘,11} .

deep avd MaAYYow WVaiviney s

(umnstable n;n{n 3T swmall variatiowms

ﬁ‘F B#)- ﬁB“fskG*gi:
x
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Comelusions (rates) 12
. Aw hvﬁ-rnu smﬁnﬂ:r dt.ﬂ'.lh'f' than vife

is pv:ﬁ.?rld.
L. Upwqrd f-:in, cowWm cﬂvl'f\j 18 F*lftr.
'I"Gd, ﬂlnhg :nhvur.'ﬂvﬂ 2one.

Spectrum f£its
18

= ex

=3 (RO-RNe ()] (R -R )

T )l j. J j )I JI
da 142

Intludl now :utvgg ‘Ptlltuf'lﬁ'n funtflau

n Hhe defmition of 'R“(impor'f'nu? Gy
s.pu.‘l’ruu-)-

Profile %y, (70Bdags) X (326 dog)
I 22.5 24.3
2 -9 23 9
3 22.5 24.8
4 25.9 295
*5 2.6 23.5
+ 6 217 23.6
7 22.3 24 5
16 do f +* Best twoe:

rates and T
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Figure 18: Spectrum fits: for profiles 5 (top) and 6 [batioem) we show the predicted
electron recoil spectrum a5 & fonction of total eleciron enengy superimposed on data set
IT}, ref. [30], with Am3, and By given by their vaiues cormsponding 0 the rates best
its (see figs 15, 16). For bath, x5 /d.o.f. = 23.0/16, the same & l'i..,.._ jd.o [ up to three
digits. Profiles 5 amd 6 (§gs. 5 and 6) are those providing the best hits for both the rates
and spactTum




These X weve silevlated By &5 8, P
at the vates best fits (for each case)

X 223.2 for P5 and P6 with

SPmiH

3.2« HJ-.Q,Vz PS5 21 .Jo'telfl
5 }.Spt.d' rates 5
.14 =10 G L45%=10 (

1.112 x10°G 9.6x10%G
cOMPARIIONS (M3W, VO)
Rnft: ('x:‘“)

2.4-!0";1}1 Pe '-Gﬂlﬂ-ivl
}spuf rnfu{

Bahaall (1.7 (MIW, SMA)
0.036-0.59 Krastev 2d.e.f.

(RSFP) 14 o f. iy % [ﬁlﬂsw, LMA)

for all 7 profiles MCcC (0 gq (MSW, SMA)
invﬂi*ianttd PCH

PG 1.4:0.¥
. Valle '27 (MIW, LMA)
Jpectrum (Zmin) Vo
23.2 (R3FP) SK  25.0 (Miw, SMA)
(PS and P6) BKS 23.5 (M3w,LMA)

K 17.¢ (vyo)



Final wetes 14

1. peetrom €13 seewm To comfive indica-
+ioms frowm rate 'ty

2. Cealevlations were dome with A-!O}.";..
Givew The expectation of o 3-!056

peak Reld awd since the ovdey pave-

meler 15, B, our vesults indicale
pv =3 =5 )w 107 g

for the solution to the o v problewm.



