Szesans/KEK
Feb. 23, 2004

Tue Open Neurring Questzons

Poris Kazyser



04 .
A Evideree Sor Flavor Chanqa

Neubcinos Euidences o Flavor Ch-ame

Solac C om;udkmg
C?Eiaégoi‘; 3 \/Eﬁ‘l\.ﬁ) 5‘t\"0 ﬁg
Ameosq\naw: CDW\»PELUDS
Aecsleralon Tstecstw 9
(L=250 k) |

Stoepst A Decs Unco niiemed
(35»(@ -
.~ 20m,



ol
The obsscred Havor c\wa.ncses ave hel

d\k'é To ?\amc-ckan%;m% Lnta.fac't LONS uolﬂ\
malee, byt to —

neEWlcLns MASSES ‘anA m'\%'\,ng.

Peob IATmos@na“ic, v Havor c)wngfs]
dE(EJ‘&-ﬂC\_*,S on—

L (D istancs v Teassls) :
EC v ENETGY )

T(Jﬂ'\?; E\'&QSEA 'Uﬁ N TESJC 'ETBW\E. C\Uki‘ll.ﬁg
Smmaﬁ
= e[ 0 ke

&



“What Would We Like To Kinous?
Whsl @'\356(:5 LS raseons'tbte dor

neulcing” massss o ml'x,'mg?

Hour m’&rg nzuleino SPECLES ace Thece /
Ace, Thecs ecile neubeinos 7

Whal (s the neilrine mass s?schal Ya’f&rn?
What (s The scsle of neleins mass?
Ace nealctnos Ma,&ocam ?aﬁccks ($=y)?
What (s the Lﬁ@tondc mifxing matei ?
Do nzalcins  intesadions violste CP¢
Is [.a?'tonic, 174 czs??nsi\a(a for The

Eaﬁjon asgmmﬁi"ﬁ (N JE\‘\E. wfw-ecsa ?




AL
Ace thece Su\vPvtsas 2

. (R&Qiﬂl W 43@37
. Non— Standacd - Model

vy intesactions?
. 227

Le ?Jfonéc, Mixina
— =

Q’;‘i< b (feme, fy=go o=
%= Z uz:\?a
U A

N‘Euttir\o ox faver &-I L Mass zigsniate
(\*)e..)))&} B \71: )
Unitac LEPT'O"’EL
Mcxfﬂ;\&smm

tlavor—oL Fesdion ol 9;-—:\&@\2.



o 7 WS TV TR Alcssdy_Leacned 2

We do el know houwr many nsalcuino
MISS Etganiat&,‘s Y, There ave,

Psssumtn%n_@?_ﬂ contiemalion of LSND Ej
NontBooNE would imEa\% thece are more than 3.

_H\E'I CEQSON, "

Neulcinss (R% oiesd A (V)

O OLB("‘ 10D —(45)
Atmosﬁ;havit i B2
LIND ~

Sﬂ‘ljg neuloines = (M&SS)Q\T;

- RO, 2
= AW = Amg, t A,



R
‘j)ﬂ: LIND is net contismed , aaluse may
conlain (:m\% d newlcines.

.H'\Eﬂ ﬂ’\‘c‘, SPaEtcuﬁ\ LO(:;\(S Lﬁk‘a :_ O - .

—

———

e like

—

' Bounded by CHOOZ
N \)\L v § From Max. Aztm mir.fngj 731:_?4\;%’1:

Erom %(UF) aﬁd/[ﬂ)fe
but %,(Dwn) don'#

A {In IMA-MSW, B~
=Y, Fraclion of Y,
- K

2 ;
m ol ZL ch'?)? F Y (sole
j)l EEERE 7N & ﬁ 5:&” 7—{!_-{(5,.93:1-;,-) .?Pecyz"ra« ?
I ’ {From Max. Atm. mfxinﬂ_j Y+,
(nelvdes (%,—%)/VZ
Qe [Mam 9,& Du@;\ 1 v{:“uﬁﬁ]

Am";tme




A ,
= Tha Fulure — OPsn RuesLions

¥ Houps mang nEubcno sgaaciss ar&ﬂw&?
Do stexile neulcinos exist ¢

Ml:'ﬁ LE@QN E.

% Whal ace the masses ot the mass
Efﬂaﬂst sles 3, 7

) )
b &
5 A\ij\’it“‘v } m.‘BU"Q‘{" C,lf\‘aﬁ C\E”
(Mass) o >AMy | h
99 Ti‘tmﬂ'vkﬁb bﬁﬁaj
0 Double Bit&‘b"@j
oO-—-- J’ ______ s CC‘BW\.OlOSj

GUTS:

Is the s?zc’tval. Pafttzm ; or - ?

g

- 1 Sﬂmmicg

(ﬁl\ovig\wt) N Eaabu‘&m\wapa'fra)



"ML\ Is _ us _ In‘tacastﬁnq?
'\'O\‘ 9 3(.-\)‘ £n Ciﬁh&? o¥ 3?&0‘Lt3;

e

Lnuo\ue:s MORE Aaiamracﬂ t\n'an B

Ds;&ne:aegs could be cavssd \3«.3 3T
WNAEY L3m3 S\jmmétf\ts

In ﬂ\& si,m?u?rt Lmtt or wtﬂ\ —
-Aam, =0 & wm,= O
. 9& m& @'@ M’xﬂm&lﬂ 913: G

- Onl\j Majoram masses )
T = | —L —=L. (s cons srved .
- & (Babu &, Ha\\aﬁa afra)

t 0 onSECUILLON E;'QCELAS N vol—> N\AQU-%QQT_

But dont W orey: B ts 1ol maximal.



——

- Hoor —_ us. N&ﬂ%arb%tsrmimé
We c&é}axm'marl That m(K,) > W\(Kg\ \03 —

. (Pass'mg kaons t\\rougk maﬁﬁr(‘ﬂagsnaratoﬂ

’ biﬂttng the unknown Stgr\[.m(KL\~m(Ksﬂ
aﬁai”@ Tne knowrn §u3n L(RESEH&‘BHM P\m{o}

We will détecming

Signfm (=) — W (=)] =3
Whae

'(Pass 'Uns natﬁx LNOS t\'\rows\\ mwtt&r (Earﬂ«)

. ’E?EE'UI% ﬂw& wnknousn 56,3\'\,3 %qir\st
ﬂn& \(novd ngll%'r\, H‘o&' watcl Ve?_ -wee AmM

AL Su?a\oaam Enerqles F<d GeV,
26, [ s sic 20, [15, S E
sindO,, Inkacth] = sin 28, ) AEER

S —



B.g) | |
A Cosmic Connection

W MAP + Grthec Cosmo LOgocaLtDa'ta
: Cosml.cgdc,al, p«ssumptlions

— Zm,;<0.71 e\ .
b

Mass (931 ( 957 CL )
S{:@gel, ebal.

e

15 there ace O“\S i ngu']_'n',ms)
0.04 & < Mass [Heavest 39[:] < 0.3V

T— \/5 n%alm Cosmologtj —]\




SK.If
X W\’\«j ATE Y Massss <L %uar\!\ anﬂ
é\acaacl Lig'tom MASSES §

An @@stan&tng ANSLrEr—
Ths See-Saw mechanism

v (__{Lc%ht

nm’tﬁ‘ ino’
Very

mv“\ N e “\.Zwtof c\na,uie& Li?'ton
(6~ Mann, Ramond, Slandsy; Yanagida)
’F&‘\'\B@S,@/ ln \\( észaxjs LZA To t\na \9@50‘\

asYm mﬂ',rxj of The wiverss-

(Fukmgiatg\fanaﬁi,@




%2)
T"\E S -S3Iwr ma&\anbm Scows out c-?

Y\ﬁﬁma\\j s_xg?z:taé,
Ma&orana, (D «=>D) mass Terms.

M&Sos‘ana, mass Leems violale L the
Lie‘ban aumber that &Estinguis\nas antélipjfons
;'mrm (,‘E.Ktohs,

Then there is no conseroed L 1o &istb\guisk

3 MIsS iiganétata V; feom T}, or

S

Ni From N;. Hence —

NL' = N¢
H&Sm ana Nedenos

With this in mind —



3 -

s eadn Ug%t MASS zi,ga\ét&"fs ——

. Pi_ Majorana t;\:va?tcb\g
(yf, ¥ No conserual L)

- A Dicac (\)aftf,c\,a
G-?:%V,{ ) L(V';\‘-’—"‘L(Pb) r?

Oy % [Nudh—=> Nuell + 2€ ]
":"7"% N 7{; =¥: 1 3 M&j'ora,n'a MIS ta‘m)

Q“ﬁf\ds an& CS\'\U%EA ‘.ﬁétom cannot \'\30’6

M‘asoran-a mass Tesms, SINCE %4.—»?% would
ndt consscue  glechie c)na¢3a_

R&[Ov@ 2£0 = The ghusecs oF
9 wasses s uolike the @\35&5 o Jﬂr\i

massss of all other Sscmions.



ﬂ‘—'ﬂ\i (Sbmix\g(\t,“\gg\\ s LS E'Y‘Q el Ec& -to \J'E.""
N
Uei < %\“ ﬂﬁg

S&;ﬁ:ﬁa\x e :!“ -

o , :

teteradion UQL Y. > = Ml
Wi

Nuel — {NNL- Deocsss F—— Nuc,\f
,E-_'Hass(vﬂ
3. is ewmifted R+ O (5 LK)
Am@ {\)5 com't-r‘i\mtﬂonl oC M
:A\mg[OQQ@ S ‘ ; WLU;:L\ = m%

Oy % siokates L. Standacd Moddl inbevadions
CONSESUE s, TLE,/K i kai:comss From

N\&H\gbng Maéoran‘a MASS LECHUS.

Amg [Ov??] ol Y MBss




%])ssk Able sansi,tﬂo'itl\-g ’- m@”‘o me).
I§ the S?Efj]'o\m Looks Like —

Sfia-—::-—- .é__mu?_ Am‘l '
- Jan,

then—
m%{? m, cosd O .

At 307 CL,
. >%2 meV ( SLLFET‘K, L/E analljsds)
c0s26,5028  (SNO) |

20

WQQ> ‘g. 'm?.-V .




Iy
I$ the sQa{\x‘W\, (ocks Like —

F N
sol <
Tthen
O< m%§<$rasm’t Round [(03-10) &\] .

(?stcw st al.)

Analysss o Mg US. Neulcine Paramelers

Bacger) ’%da\\éﬁ, ‘%ara:m, Giun'tf,, G‘mhc’“’}
Grimus, BK, Kiw, Kt«aeclor-wiingroﬂ\aus,
Lavga,c,karj Mac¥ stia y Monteno, 'P&scolb,?&,
'Pgrgsl Peleow, ?oclejotwahn, Smérnw}
\fLssanLJ Whisnanl, WolSkensteun Mufa‘jﬂ“‘%

Pewa— Gars

Review or (&jbmg Elistt & Vo 3&\.



¥ What ¢sthe (agtonic mi,xin3 n\atri'xU?
'Fov 3 nsdt:i,nos'--

_ Atmas?‘aaic,_ C{“cﬁ-Héxinj
I o o Cy O s5,6°
u:‘ 0O Cu S, X | O 1 O
O =Sy G| |5, 4 Co
Ca S 0] [e¢x O 0
* Olg
X S Cin2 O X O e™ 0
o o0 1] (o o 1
Sela f\&jdi‘ana ,@/'H\QSE‘S
C{,j"—_'- Cas 9"-:} ; Sij = SLI‘LeLJ

ezg,ﬂ atm ) etzm e'@

Sﬁd«ijc(z_ are %?\'\&S%

@n\j > con Qfect naitcine oscllstion.
Al ¥ ects & S depend on sin B4




Al The 907 CL mixtng—-angi.a fangss —

S{,n:l &Batm> OC) (Suear —K)

| nd®, <092
HRashe 3 (SN0

S8, < 0.9
- (CHOGE)

Cleacly, Oty and 6, 3w (amg, anlike
3Ny iwark vnim',ﬂs aq&‘s-

Bk whi is ©,,2 fhous small is L7?

Bsth £ (n oscillation and ‘Hwa
pestlity of telling . from =
C[iE)‘anA« O Oy » |



%.5)
Hous Bt% Do We. Expsit On lo Bs

Sosty —
Ttﬂi SL2E OQ 9@, (s an

Exeawmant al %umtto .,




M Howr S \\‘\33 Be Measused

.2 2
sin O, = \ues\ (s The smau.ve Ptace
o Ve Pa is al one end of Aﬂb;tm.

- We need an axgati,mant with L/E sensilive
To A’y | and ouololng Ye .

Possibililiss
Reaclor Vs Atsawaavancs il ‘traweuﬁj
]_ ~ 1 \Lm,,

:AKQQ.?l&f&-tOT » —":-\)e O Y, —> Y UO'\GLE
{c aU'EanS L>®38¢i¢3( \mwilri&qém, L




Lol .
*>Do neulcine inlesadions violste CP?

Trob (‘:—5{%3%) = Peob (vpv? di-» u*)

> leads To —
Prob(5,53,) # Pob (D9,
[

:>zmons't\- é.tm 't\n‘é;t ,@F\g tn O'Sl':b (,a'tLOV\;
(S Nonzeco wou A.t a:%tahhsh ﬂna-tﬂ

5 hot ?ic.u\\,a\‘fbxj o?— %uarks

LEQtonfc, ,@F{ mig\f\t have been the /@/
ﬂﬂi n\acl,i ‘o&rjogsnzsds POSS'LLLE.




K1
= N@TLU.‘E, M&q 5\,\1'()?(,55 s

MiniBooNE. (s E‘K(JLO(LF\ ) 'H'\a number oF
neulring sgad,es-

MintRooNE s 3 Shert Baseline (3BL)
V>V, osei((Stion seardh sengitive To
avc > O(1eN?), Tt seeks to conim
or cefule LOSND.

Most t\f\aor (<t tocloﬂt
MintBeoNE will cefdbe LSND

Mo ﬂrvaort}sts Yive UEAFS 3ap:
Lae‘tm&: M oy %«ﬁg(LS will
prove to be small.



i
SLL?(? C5E Ménﬂ%oo\\“& Sees 2 \D&—»ve_gi,qna\.‘

(RL.% S Parke)
.n'\i.va will bz g_uiétf,on:) to ANSWEY

SUxCL'L As —

% 1s the v =) sign'al consiLent wijdx
the LS 17&—-3.56 Si,snal,?

* ]rl@of m'ahij kafsa crs:iu.'a'tim x&‘s%uatiss
Am-f' iy Lnuoltrea\? Just one. (4‘\»’;)}
o< mor&<>4v;)?

—ﬂna-a oill be Lmekdcitdons Yor the
LGHS.BE\SERH?_ (LBL) and ceactor

ixei: Lmtn‘ts .



]

| Rl M Ve expeciments may see
osc U\ ghion comEmS Ycom beth

%
AYYC_atJ’V’L. E‘-YL&, AmLSNb .

Reator >, cli,sa,wzafaﬁca anearims,nts
-

Sen S(Z-tl:U'E. tO Ama,tm' EWE(IS W'L’a,j SEL.

disapprarance due To An g,y as well.

IS;. t\ﬂ%&‘& avre N mass Ef%Snétﬁ N —
- Uis NxN

 There ae N-| indepandeit

. IR ¥
Amfﬁ- = m "'W\J'



Il -
- Lmplications for CP

LP n v oscillation reguires at leas?
3 von a/egenemz‘e .

When there are only 3 7, £P o Am

When there are 4 78 there are new
jo effecte thal vremain even when
AMG—> O,

Where are these new effects most
sigm'a‘kanl‘ 2



Sk.10f
Suppos: there are 4 v,

—E' WE T\Egkidt W\ m — Am an&
SNE\L matlec E-wects

(P(l;} t—i) 4 {{U ‘fu€'+| S(n A‘H T ‘ut3u€'5 Sin ‘0‘31

+D\ u&q%u@ueslSLﬂ.ﬁql SLﬂAgl 005A43 Cos Sp_’p
) glu@Uﬁu&?,Uﬁ\sinAq‘ sinly, Sinfys SNy }

Here,
Da= Mﬂ Jf—- Q(\A» %tp“‘“ ai'%( e’-lue.q.u Q

\



S :

E"Xamdi: 3 ""1 By=Bisnp

o

&31:“3&#&1

12

The CP-odd Term (s maximal, and
Pc'fiv\'tt'auﬁ %ui,te S(Sn‘v;(ﬁamt 4 where

A‘atm= Asl =%' :

_:‘)\< SLWA:_‘., SLWABI 5bﬂA43>’E sin SCP

o ‘i_< SUn kA, +sindA,, —sin 9A4.>E sindep

P
—

sindp a0 Ay =%

|
X g

(Pﬂ‘ B.CtLC&L C,OV\E:('A‘E,S‘ aﬂOV\S SU&CJN adS -B’\E, N"l}_'i

'Fatuﬂcﬁ o:' \Di&m 3;(&'2(55 ma\ﬁ' m&‘é& an@'t\aet‘
point’a beller place 1o work.



/sdeApnis/310 UONE|[I0SOOULIINAU MMM 1B UOTBULIOJUT punoigyoey

SONIMLOAN 40 SIISAHJ AHL 410 AANLS

3UO[-1eaA B SuLIOSuOds ore
sweag JO SOISAyd ¢
soisAydonsy e
SOISAU Iea[onN ¢
SPl=l] pue se[ollled <
— JO SUOISIAI(] AJ9100S [BOISAUJ UBOLIQWY JY],
‘armnj a1} 10 uepd JUSIAYOO B IOJ Pasu Y] JO areme A[uady ing

‘so1sAyd OULIINAU UT SALIDA0ISIP Funioxe ay) Aq pasdsug



UIQISUJ[OA\ U[OOUI ]
O10lo A\ UBIS ‘U0SLIDqOY YSTeH
‘1[e138Y 31090 ‘1wed qoy
‘QATIO YUY “1oyoe3ueT [ned
‘eiifey] IeRYR], ‘B[eARD) U[R{
‘UIXaI(] opInn) ‘peIuo)) jauef

9NTWIWIO)) 3UTZIUB3BI()

J9sARY SLIOY ‘UeWIPIAL] 1rens
usurey)

Apnig 8y} Jo 8injoniis 8yl



<npa yosaeo-doym [aryd1w> [SBYIIA] Sno(] ‘<A0F' [Uq@OURIDIBUL> OURIDIRIA [[IH

judwdoreaa( pue syuawirdxy weaqradng

<npa-odeoiyon-doymtoyonq> 1oyon|g p ‘<A0S [euj@e[oLIqES> WIoqualeg vlaLIqen)

sjuaWLIdd X OULINAN] 10108y

<npa-sexan-sorsAyd myal> uia)y ysor ‘<npasergqul> [[eoyeg uyof

sjuawniadxyg ouLnnapN duydsow)y pue Jejos

— slapes)| sy pue sdnoib ay|

‘yoeoidde eiuswiradxe ue Aq paurjep st dnois8 Sunjiom yoeyg

Juswia|g [esluan ay| — sdnolr) BuOA



<A08 'Teuj®WOodBq> WOodedyg uyo[ ‘<npa’on'sd'dgH @ AoImIeq> YoImiey 94215

B=PYIO
ory YoBa ], ud SOISAYJ OULINAN pue $o1sAydonsy/A30[owso)) 1eym

<nparyoaed@Axd> [250A 1194 ‘<AOZ [UR[@ SNOI[[2> NOI[[H 2A]S

SSBJA] OULIINQN] JOJ SAYIIRAG J0AII(] puk A8d9(] BI9E 2[qNO( SSIOULINAN]

<A03'[q[ @ URWSIZSW> UBLWISIZ [JBYDIA ‘<AOSF'[RUJ®)1933s> 192r) uaydag
uawidopaaa(g pue sjuowndxyg weay elog pue A10108] OULINAN



<npa'pun’sd1sAyd @edeyouwrr> enedeyojp 1qey
:SUOISSNOSIP [BI119103Y] JO IOJBUIPIOO))

'S[SPOW [BO112103Y) SUOWE JJRUTWILIOSIP 0] SJUAUSINSBAW
2ININJ 2SN 0} 159q MOY I SINSST SSNOSIP OS[E [[Im Ay,

'sdno13 Sunyiom [re ur ayedroned sjsoay],



1dd - ZApnISOULNAON/SLIOQ~/A0S R UJ dWOY

— B UOTJRUWLIOJUI J0BIUO))

'sIope9[ ST 10e3u09 Isnl ‘dnosd Suryrom Aue urol O,

| PR3RINOJUD
Ajurem s1 Apmis ay) ur uonedionied [euoneurau]



)
Summar/y
Tl’)e clfs"f:over)/ of v mass and

mixing has raised very inferesﬁ'nﬁ
czuesfzions.

NI go answer them |




