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ATH.+ SOLAR 3V OSCILLATIONS
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PARAMETER SPACE (REDUCTION)
In gemeral, the 3y-osaUlabon parameler spaa
¥ 5P‘M b“,! (5,»,,1) mzi w, Lfl*/ é)
. _ — v

L&

Y

Two Am' 3 mixiud wglv.s t»i QP/PMSL

Luckilg ) for dm*«m? He parameter space can
be vedumced considerably ot erobr order in mym*
(one mass scale dowvivamer) . Physical mmokivakion :

FOR TERRESTRIAL V EXPERIMENTS,

(acelerator, reactor, atwmogohoric) , Em? is
too swall to be ?robed - com take Smt~0

1 0
o (Mhrresh'fal ~ ( Oiwl) 4/44?‘4-

FOR SOLAR ¥ EXPERIMENTS

V\Az-‘-'AAW\zfm 1$ S0 \Arae_ Hhat ts oscllahous
com be takeun as avemgzd ( aciw'vatmf' ko fake.

:hw‘l‘m)) Mgotar ~ (OZmz ) weod. 4

o0

FOR BOTH SOLAR AND TERRESTRIAL EXPTs. )

Swt/m* >0 implies that CF effects (if ony)
vouush =p cou fale |J real
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® TERRESTRIAL EXPTS : 4~ (Ooiw\z) & (W)V2)

~degeverale
=> omy rotahion in (% Y2) subspace
umobserveble. in ‘tmzstnal wpen wmeuls

B L) DR
Yt "5‘('0-}' -Sf Cgr

<> terrestrial exberiments Probe ouly the
uuxluﬂ angles L{'- 623 oud = 943

T

° SOLAR expTs:  Caunot distiaquish Yu frow ¥z
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TERRESTRIAL V 2
PARAM. SPACE (

SOLAR VY Sm? o
PARAM. SPALE <m ‘*’/‘\f‘f).")

‘-f=913 fro\oed
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\ U;;3 / \ < C4
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SUMMARY ©F 3y PARAMETRIZATION
AT ZEROTH ORDER IN dmy/m?:

TERRESTRIAL V O

Proge M? ( largest am?),
AND THE FLAVOR COMPOSITION OF V3 :

V3= HesVe + Uuz Yu + U3y
= Co(cpYp+SpWu)+ SeVe
Wity g3 + Uky+Uks=|

Reduces o 2v (_ynéwf) —‘@r Lles = Sy=C

M

brogE  dM? (smoallest Am?)
AND THE MASS COMPOSITION OF Ve :

Ve = Ue, V4 + Uez Vo + UesV,
= Co (CwVyt Sw¥2 )+ Se V3

with L§+ L& +U%; =

Reduws to pure 2v (viov,) jor S¢=0

s d




Relevant uwilarity consiraints:

U?é\—\- L-"éz ‘\‘U%g-‘-"
uagf L)},(;“' U%;; = |

Coustraints of Hw geuenc {opm
/e\/.l + &Z“. /gs = ,
Com be emmbeolded [m ’M‘awz«QL 8*@1414

‘B‘I‘\‘Btz“' %33 4.
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EXAMPLES .

Dalitz , 41953
K-> umn decay
Ef+E2+Ej = Evor

“Dalitz plot " e

N. Bahcall, Ostriker,
Perimuter, Steinhardt, 1999

£); bounds
ﬂm+ QK-\- —O-/\ = ’1

“ Cosmic triangle"




> UYl'l"’m‘”B suggests the
afollowinﬁ representations :

SOLAR ¥ TERRESTRIAL »
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(USi ’ 1:03\/2, Mowtaniuwo, 55&‘0;&0:}
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TERRESTRIAL
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ATMOSPHERIL 3V OSCILLATIONS

pre-3SK situakion:

Coubd mol diskuguish
pure. % Ve and

pure )’44—)\’1 , 08 Well
as wlermediate casey

= ALLOWED

Sk*"SWWOW
ve | post- Sk -
- >1998: We expect Yy ove
” L o be Sowiddun.
- Vox
1): < "7/)5

Coufirwed lad olumh‘hkva dalo. am.%%s
—
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SITUATION NOW (2001)

m? (eV®) Sub-GeV  Multi-GeV

Up-going SK Combined

3.0x1073
Best fit:
Ues <O
Uks = Us

2.5X107°

2.0X107°

1.5X107°

1.0X107°

90% C.L. == 99% C.L.

Foql,
E.C.,

Marrone,
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SLIGHT PREFERENCE FOR
Uzg >0 at'Hign”" m? O"E‘j

m? (eV?) Sub-GeV Multi-GeV Up-going | SK Combined

7.0X107°

6.0X107°

5.0X107

4.0X107°

3.5X107°

90% C.L.

In gweml, AWJFL\m‘c v ?re{w _
Wwall or 2ero values for D¢, = 3= s
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Impact of CHooZ

| , ?_
267 = A -4l (1-UG) s (25 ) ¢ tuon. (3v)
2 d for Am*2 03x10° oA < expt

T\nu‘e‘lore ) 4Ll§; (4~U%;) >0

A Aliowep

Quonhiahve mbm —>
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%ﬁ\i , E.L. ; Movvane.

m? (eV?) - SK CHOOZ SK+CH00Z

6.0X107°

4x107

3.0Xx107°

2.0X107°

1.5X107?

. :
Q0% C.L. e 99% C.L.

M

Y 4
® SK +¢Hooz: Ues £ fow %
® CHALLENGE FOR FUTURE EXP. TO PROVE
Ugs #0 (no +heofeh‘w\\ mokivakon for L¢; 20)
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Alterno Rve (epres.c.\nh\-ion
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Swall Lig, are
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m? (eV?)

3] 3v oscillations
_ _ SK data only/(55 bin)
] 90 % C.L.
. : : 4 99 7 C.L.
] d.of.=3
3 1F  upper bowwd ]

10 10%210"' 1 10 10

tan®¢

“hohice oclamt
Asjwmefrﬁ



tan®e

m? (ev?

102 ¢

T A oscillations
10 | 3 /SK data &5 bin)
1 1 \ + CHOOZA 14 bin)
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10 L . 4 99 7 C.L.
o f m d.of. =3
10 S-S S R L
"'ll T T T T T Ty T T
10—2 - I - 2 _
| ] +M‘r ]
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10 — | 4 ]
‘ i
Lo N B T T | I d
1 10 10210 1 10 10°

tan’y

K ochwmt agymmetey
éﬁ‘am% reduced

tan’g

(vrould vasmsh -me* ¢= ¢)
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Remark on wass spectrum:

Prevous lboumds i 2
doxived -fof‘

Spectruam of Hu biud. i
<“c\ired' hl‘a;rwc\fy ') —— Y2

grwf‘wwm (wot s leM)
( "W wverse \m‘@mmlﬁg "_)

Bouwds ~ ideubical Vi,
.gior alternaivve [
-wmt

- Pregut Pwmmweo” does wot
dascrimawade.  Ha Two &}udiag
(as far as  solary ferredmal osc.
extmi/vmmfs e cherwu()
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- Sortar 3V 0SCILLATIONS

T (solor) = casty (f’e:,v) _+ sin‘y

NQ_" NQC&f

C\wew'c \fwhkre,: energy dﬂfwdmc&
(ewlbedded 1m PV)
SUPPRESSED

ad‘l,ow,?,c.r

Alir\/wuﬂl/\ emdamie -g\w vy d.@!;w,o(.w&
s weak m polan mintime dah,
Y0 prefored — rewarkable
oouverjwce.,
wike ATM + CHO0%
Aoy !
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6m* (eV?)

sm? (eV?)

3v oscillations.
Rates(Cl+Ga+SK) + SP(D) + SP(N)

p210*10%10%2167" 1 10 11010t 10310210 1 10 10%10% 10t 102 102 107"

tan®w tan®w tan®w

AT RELATIVELY LARGE VALUES OF 0,
USUAL MSW SoLUTIoNS PROFOUNDLY
MODIFIED |, BUT.--.
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3v solar oscillations
Rates(Cl+Ga+SK) + SP(D) + SP(N)
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om? (eV?)

em? (eV?)

F tan’p=0.04 - -

N.B.: CHOOZ also cuts Upper Farl‘ 0f LMA region

3v oscillations:
= +1.5x107% eV?)

CHOOZ excluded regions (m?

W LERRALLL | T H

o

oo sy,
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om? (eV?)

om? (eV?)

Flual combimakon :

3v oscillations:
SOLAR + CHOOZ (m?*= 1.5x107° eV?)

10>
107
E
-5 1
10 -
6 ] 1
10 J
10 Z -

E E
F e ]
Il i
i
E \VR
s Wi
s Vo
[
E [
g P
L :z =‘
3 U
: - ——TE

tanw - tan'w
won-neghiglle Qﬂéc(’
omlﬂ at Hag Lav;gesi‘ ?oss:kle,
Values of L? (mm
lﬁ C,Hooz/)



3V : GRAND TOTAL

| N\ MUST RE
y | 2 2 2
< Leani ©
Debeud o chosen U?.z\
Selar Y solmhoum: M | must be
9
LMA : U;'léuéi 2 U/A‘;:" U%3
wi o
| A Uk~ S/
decr. Low \ 1 /_____T :
VAC Hei e m — wsk be
~Bx10 2t
Wikwu
-fadvar of two
SOLAR TERRESTRYIAL.
Liga
Y4 AW, e Yy oo 2 )’«/
SMA  LMA T
1 isth T |
2ero ! ~ Wawmol

"Y"Wlﬁf ﬁled' M‘
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SoLar

4y oscillations [+o

tLenNge

2 1 [A
DMWggor << AM ko, K AWMcnp

) r

3 gt -
< o eV ~3X10 eV" ~O(1ev?)

—> TWO PosSSIBLE FAMILIES

OF SPECTRA:
— # WLAR.
AMienp AW

( + skd‘m wia AW'I.“J' - --Avwz.:}‘ ei‘c-)

U 1
\\3.‘_4 ] ] “Z*Z"
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3+l Schemes

— '/4 & The “one " shale 'Y_A_
T must be very close fo a
Llavor eigoustake  becouse:

e
AMisis () LSNP oscllabion Pue
, (s small
—zi a_u\d (.'.') all oPur acc /Y!M- Ly l‘
—— 3, {iud Fup>0 at Ang,
Scale

v4 = Y ? N—o  Otherwise Tee(solar) 4
| = ~owd W explana biou of jolan

% o%iu":

‘94 ~ 'Y,_,,__ ? NO , oHerwise Dup (atm) 24

il wo explowation of atm. v

7 > Ye®Vs W sf‘vwg
(\/{/:nloSwveo[) matker eflects

Vq = Ve ? NO | otherwise. ‘fov‘ afm.y :-

v4 k vshr,k, ? o—k ) Since Hhm (')ﬁ,vz,va)
are ~ lwear combing hous
of (Ve,vu,¥<) =~ 3y osc!

qw&/ BUT o0
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o iE Vg ~Ve  then :

o L% 4

o Uic omd U}y,‘ both swall

($i\dc£. L\?‘;‘@, + L?’;VA + Ui(t + UEL-S = '\

]
—> Pae (5N0)¥ 4 Lige Uy, sint ,Amm-L)
dw'%;'" |
Suppressed ; oo swakl.

Guantitahve ovalyses show Hhat;
incbuding v disappearamee results (veactors)
ot Y cisappesuromas. searthaes (accelerabors)
+Hhe Valme of Ligo U},/M 1S 4oo small
to Jit the LMD dlak. (“ar ~ 36 ed)

=> “TeEnsion” betweem LSND (QW%M&)
omd,  reador & acelerabor ( cu'sappearamce)
@Y\awf/wnw'l's ot ~36

m  3+4 SCHEMES



ATMOSPHERIC ¥ :

o Rest gxr reached {or ¢~0 (~ pure )’u-—W;)
° Usiu@ ouly et distinb. ImSk ) large gaﬂowu(

4V awvalysis

V, <PV, + v, mixing + v, mixing
T T T T T -r'rnmq—ﬂmnr-fﬂﬂmr—ﬁ-rmr‘rrrmn
2 2v Sv 4y
10 ¢ — 1 F - — 11Ir - 7
N i e et i I 1 FORROUUURors S N |
[y ] X . hd [} ] - oren, |
> i : "; 1 1L = ,::'-:"':
o : 3 e’
~ [ : i 11 ]
& Ene R I ey m——
10_3 - SK 4 | Sk+CHOO 11k =
107 1 10 102107 1 10 102107 1 10
2 2 2
tan*y tan“ g tan“§

W/’u—> S0% Y +50% Ve
alowed (’muzgzl)

However |, Hhire are wore dak. AGAINST
addiHowal Wu->Vs (ou top of Yu->Ve)

o NC- amriched Aosuaples m Sk

® “T-Uke" el appeoarsme

o MACRO dal
—> TOTAL (OMBINATION LIKELY To givE  SinE < 0.3
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SOMr v bull m opposﬂ'b. dweclwu...

10°
DURE ACTIVE

10° - Yo Vg - .
104L.S . L ] . Y
20 [ Sim¢ _ — i
Io-fﬁ_ (pr é"”‘d) - 7=0. P
107 C.2C,2=0.0 L | Cu2C2=0.3 .
1042—+Hm¢4+umL+Hm44+HmL+Hm#;HHmL+Hm¢4+mm—Hﬂm@;;m&
> 107l b - .
—~ 107 P ’ P
106 - - ' -+ — -
— A B
107 L .
0% S -
10? = T -
1077 SI'W)% =05 = T= 1  sim’ ‘ff =0.3 - ™=
- ‘ S o P
1077 Cy? C,2=0.5 L G CE=07 o
1072yt s
10°] —_; —i
10°L Pl A
10°1 - | T e PURE STERWE
107 — - -5V -
sF x E
10_9 — ':E_ 42'4‘4'?& -0 ]
IGNT Siw'e 20, I R .
10 - : —+ Global -

107 C,2C,2=0.8 L =10 |
1072 il il v ol v sl vl s i )

107 10° 102 107 1 10. 10° 1007 107 1 10
(L‘“ ki) Qomtals -Gy, Feain - Q,‘Wﬁi?) ta 02‘1912



2+2 Schemes

It was Og—fgm amuwed :

gitner (A) - or (8)
Y -)VL %" Vs
-
ATHos (ackve) (shevile) | ATHOS
SO SOLAR.
_—-r_.ﬂ—L Yo Vg Vo2V —
(skerile) (achive)

+ berfurbakions (nezded o pef Pue (Lono) #0)

HOWEVER, THE AGOYVE CASES ARE SUB-(AJF5
OF A MORE GEMERAL SITUATIOM:

ATMOS.: VY = V) {)’4.] ] [casg siwg] [%]
%

SAR : Ve = V. v SSing Cosc

> mixed achve +sterile ogcillat.

get (A) Hor Simg =0
3@[" <B> fF?Y‘ SJM%:.,
WHAT HAPPENS TFoR GENERIC & ¢

33



ATMOS, V

e
|
: g |
o Smlg
ey
Solar V

“TENSION" BETWEEN ATMOSPHERIC
MND SOLAR YV DATA IN 242 SCHEMes

(?uu.% IN DIFFERENT DIREXT ONS)

MAYBE Too €ARLY TO RULE our 2+2,
BUT CBRTAINLY NOT 4 Goad FTEATURE-...
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4y Jumwary :

o Sterile v introduced o accommodate
LSND  (wilts Selar +alm)

® Two possible mass S‘ze(,‘l‘m « 3t & 242

® Howewver, im 3t!:
accelevator + reackor dal do wet couverse
with LSND datu

@ .- omal (m 2t
Solar omd aftwm. ¥ dale do wol converye

¢ Moreover, [wdipewdlemt BBN dala
(Sm_ Talk ‘95 k. Oh've) ;Fre,{gp Ny ~» 3
tather tham Ny~ g

Magbe oo early for a olefiwhve
“wo-go Htovem ", but hie is
qutiug hard for the Slerile weukiuo. . .
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| ABSOWTE V MassES

Preseur P-dewg) oud osallabou dako.
alreodﬁ put- Sowme ufper/ lower boumds
ou M suwm an Y masses 2‘,.ﬂmv; :

® 2wy tannot be swaller Huam
‘lAmh—m ~ 0.05 N

® S\'nce all A‘MZ'JS 4&!/7'} o synce.
“Wl;é" < _fvw eV ,from ‘S-OQCGA_'],A'SO
>omy $ (My - fow) ev

| v

!

0.05ev.g 2Zmy £ (9(4°)€V}

!

i
i
H
i
i

fo(‘ Ny ~ 3, 4

Still , teo mawy bossible shectia
allowed m Hus V‘rfnga.-. F(
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One would hke T tiskmguish, 2.4,

A
Ty -p M ot [004] + Correchous
0l == (Fvierarchica) )
”?Y‘OWL:
A L ]
v > M ot [441] + Corvrechous
__ (O\ngjm,l'e)
ol |
Eq., -gor bimaximmol, ,owlxw.ﬁ:
J L
L) (‘ﬂwz‘{’)-’ ,U(olgtg)= 2 f
1Y% %
| Ve -z vz )
N ‘U + Jo o o]
J@af\emv‘c%w«.l — JM U™ = 6 42402 N _wr
1; 0 /2 /1 o res
. 4 ”
dquore. — = |7 4 |
_ 1.

TEXTURES —> UNBERLYING  SYMMETRIES (4, Rass luchre: )
» heed bo rebine imfe on absenfe. masses
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CONSTRAINTS FROM ovZF
o Presaut boumds:  <Mee> X {w x10"' eV

o Cownsider, eyq., 3y deﬁwtmft 3Feci’v~um
with bicovaxtmal  omaximg ; Thew:

{Mee > = l 2. o, i U l

| zat
LJ?‘%C‘;'O .
) ~wm , L_I; +U%, et @t’a“h)‘
I{» m assumed (o be Y‘QJAHVQ,(,ﬂ 'A’BQ’
(NOU)Q\/), Haa WFQN’anlnI. bouwuds
Com be qusf{eoI ouly \'f e‘@l"b')m_»j_
(destruckive ‘\MTQ:‘W& of 7 oud Y, coufiib.
m OVZP dacay ) —> get coustrasuts ow

NAJOV‘&UA phases

® However, {.f ™ large but solukon is
SMA (@P solar v crroblwa) ‘en Ug, ~ |
ol Mee> 2W UMAVO‘("(A%
—> axcluded f m 2 fow x 107 v
Wwdepoud . om M\)Ofm F\AASe;
(iuferasHM\L] !)
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Siw\,{lmf ou@umwts O‘F\"lﬂ Yo the cose
of 2+2 spectrum Im 4V Scauamos :

— SOLO l.‘» S'O(DLV‘ dﬂlﬂl)‘e*'
“\/)e,qv:j" , then Solar
CETEEE——— Y S'OWHOV\ CQ.VW\O‘— LQ'
ofmos. "
CEEEEEESEE—— SMA, OHﬂQrWSC

douwmunomt coutrbuKon
fo {Mee> cannor be

Comceled

CLEARLY, \[F <Wee) UPPER LIMIT caN
BE REDUCED @Y AN ORDER OF MAGNITUDE

(GENWS PROPISAL) , THEN ONE wiLL

PROBE CONTRIBUT(ONS To <Weed OF
S\Zg ~v {iAm'gfm ,AND CANCELLATION S
WILL BE MUCH MORE CONSTRAINED

—> WILL THEN LEARN AQ (oT
ABOUT TPOSSIBLE MASs SPECTRA
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Y mass & cosmology

e Oldest Coswmological boumdl :
Sm; £ 92 R ev?
'.

+o oveid overabumdamce gl relic y
(Qy=1 \'{- boumd s satrdated )

® Howover, well before e above boumd
6 satwnted | wufrimo amamenr com
aler Hhe ?m'nerh'es of~
o DARK MATIER
® STRUCTVRE TFORMATION

® Mawy effect comtribuke 1o dank watter
amd s-§. properhies , so (wddcabious ane
somewhot twdirect aund commu v-f-'mWL
an'FamAMzh‘fc, -fﬁ”s to cosvwreog:'cal /
ashoptuysical dak, wow wmaoe Po%-'UL
\"3 “%(fbos(w" of odoservahiouat ok
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Wawg, Teawmark, Zaldarrisga

63 , 44-pa g‘pamehr _?.'f resultz

e

- " Lackion of hot D.M."
fy= X = “ackiou of

> =35% CL. Yauge for {,
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. Uit z=oad by 035
* No Sisw'f'ml‘ urodnce «91‘ £, %0
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but 034 = 008

1 N l LS l TFT I_
08 .
o - .
0.4 [ 0 ]
0z [ k1
e A —
] D _1IAIA‘AA ' AAALAJJ
0 02 04 06 08 1 -1 -05 0 05
I‘AIllﬁ'[‘IlT'er 1_T[|| l I‘I4
08 | 4 o8l 3
08 [ 4 o6l 1
r 1 C ;
04| 1 oaf 3
- T 1 C QAj
0.2 - 02 —_
o P 'y o:llellji A'llj_l: o:ll_A__L-A-lﬁr eralisg a4l
0 002 004 006 0 02 04 06 0B 0 0204 06 0B 1

> M oMy Cane, «Yy 1>v~es.umol bo be swmall

> Swmy £ 44 oV

~Nv

(. imi‘emsh‘wglﬂ close.
to LO\‘OOY‘aJ'oB HMMB
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RECAP

@ Solar + atm+ oz dala :’:{l— wicely
o. 3V osallahoun schowme ( Convergemce.
of all dok fowards Ues swmall )

Main umknowns: e Is D%y #0 7
* Solukou o solar v }mlalw\f
o Spectrum Wierrday 7

® Ay Scheme do wot acomwmodale eam‘%:j |
solon xotim+ LSND dolm ; elwer im 3+l
o i 212 schemmes - Ned o wowbor
Mlrousion” between dal with ‘J[:»hm olosemr

@ Prosmt  absolmb. v mass {wdica hous
olready tell us & fow inkreskiug fack ;
however, deusive wacs 0]( e sPeCf‘m
structure require. sensthirihy as lour as

M. A S5XxX10° eV

- 3oal o{ -(:u/mre, zx\-amn'mm‘(‘s
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