Neutrinos in thﬁ

Land of the Rising Sun

Oscillation Results from
Super—Kamiokande—lI

Dr. Mark Vagins

University of California, Irvine

NuCosmo0?2
Fermilab October 17, 2002



WM HS
AMSIBATUN [RUOIE N Moes ‘snsdyg Jo jusmgredag
Funog 3y SEIIAL LU RLRRS TV Peg D8
TWOSUISEAY JO L}ISIBATIN)
RASAALOR[00) *[] "EESLAIZIRIM T
MESTEAL JO LJIEIBATUT)
emesiEeTes ) fwaary, i LIRS CH CMBINA D
aeRnwly ) fP[ER P SUSKET 3 S 3D WH T
yoorq LUols "HIox Mmenl J0 AJSIsAlUr) aelg
CiL): Y
IO BJOSSUWIIY] JO ApLiaanif)
WRAITE AL Ey ‘Ua(Ing) Oy "WRLIPoOS) Y[ WD T
pueriiey jo Ljgiaau
Tpoaoag Y fpaojurg Y W] M ssnpnerg g
AJBI9ATU) BIB)S BFUHISIO]
SUTEH [0
AIOJEIONETT JEMOIJEA] SB[ S07]
LI H], (] “OUn=Iep] 2 "palmsT "o TYSBARTY
easf] jo LISISAlI)
THOMET " A
AjisInaTu) uosely afioes)
Fay] HA IRZRUTE) (57N
SIIH ZanFuruo(] “AISISATU[] MBS BITIG[ED
sutdeA "I “RQOS “ACH AW Ty feattd YT Bl g
fdedoasy 3 sasleg 4y (Tadse] (g eEZEIRg L
ITUTAI] “BILIONED JO AJsiaaii)
: ARQETPIOD "W
AI0YEIOQET JEWOTIEN WDARTOOLE]
TATEA " AT RG] euosg T
Faaouag 3 Iesse QT sureR)] "H ERH T
ApsIaaTur) UOYS0E

PARUEITAY "4 THOR Ty “omYs] "H mseillng "H
ATBopouyaay, Jo smrsay odyo], *sosdyg Jo jumaujredagy
BUIITYSIR "3 010N T "BARIO] TR CTHIRARRIEH T
Ay1sTaATU) TEHOT,
e L B
oANOT, Jo £31sa8amur) ST,
uzng Y ‘realyg ‘[ “eureiniep L,
preyTyel *y ‘enouy 3 ‘eseBosel I, opuesy A o W
Aprraatur) oo Alojeloqe saAY g JaqUIeg) [qqng
ENMEE] "L,
Apsrasnin) eonengg
EPIYS0A, TN "BYR{EL, TN “BINN "3 “UWTSERTN A
Amsaasaup) ees) ‘sorsdyg jo juswmpaedag
wyRiayR] W TsRRRL, (T TS D
"BMBEE) ‘Y COURATIY M CEPNSIN ) "ROUUT G RMTELTY T
Apsraanay eyedp]
TMEIYETN M ey T,
Angraana o304 fearedyg Jo joaurpredasey
NENG LY SRurengoy] R
Aysrasiun) aqoy] ‘sa1sdqg jo juasurjreda(y
[{eseg "Q "BPUES I TORS Y
Ay T A eImumRp Y ‘npsedwqoy o sy L torede A
{(yMay) snsdyg Afseuy ydiy 10§ diojeloqe] [RUOTIEN
TESEL, S
AylsTaAmUf) YL
._ﬂ_.u.m___.mu._w....r -m
'(uvusayods ) BYIERL A ‘OGS0, L 'TA0@RT, A ‘WONaEY, 'H
THOENG * & "RMBEOITG "] “TRINHESG A "CINWNNC 3 Cpe0 "y
‘npsedeqy A fvaredenwp g wreguyen] | euredliop g
“RINUTY Ty TS0 A ‘TyseARqoy] T Cryndsmey] i fepournesf cp
LI B M B e L L ) L LTS R L LT S
OAYOT, JOo AMEIBATO) ‘foIeassl] Av} JIWIS0) JI0J IMII)SU]

UO1JRIOQR[[0N) apuryorues[-1odng






= mmvnﬁmnﬂqm T

o

(T

e

SLIPERRALD






ot "

R e

o T
,..,.n..n.....n...v.mv."?...n“&.

" o - -
SR

o
o

O o 0

it o

~

--
.&. ...n.
.“..n.,....v.a.ou...v...
+x+&+&+?+?.+&.w.ﬂ.+ S




Properties of
neutrino oscillations

e The mathematics of neutrino

oscillations gives us:

Oscillation distance ~ E

If AMZ=0 NO Oscillations

AM2

(m,*-m,?)

— This means small AM? == long

oscillation distance.

— Can search for oscillations by
doing experiments at different
distances from the source.

Source



Atmospheric Neutrinos

Primary Cosmic-ray interaction
in the atmosphere,

Cascade of secondaries
K

Decay of secondaries

Detailed flux calculations:
Gaisser, Stanev,...
Honda
Volkova
Butkevich




Studz v, and V. asa function of

distance traveled
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r :a . N\
I R \
! |
i i
i i
1 ]
A ' i
| 'f*
Y \7 > ——about 13,000 km
‘ > * - - il .
B

Neutrinos produced in the atmosphere at
~15 km altitude...

travel through the earth and interact in the
detector.
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A 603 MeV Muon From An

Atmospheric Neutrino Interaction



A 12.5 MeV Solar Neutrino Event
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Number of Events

Flux(10""em™s™'sr™)
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Results of Oscillation Analysis
(FC + PC + Upmu )

¢ Assuming vV, &V, Oscillation
Best Fit:
¥°min = 162.7 / 170 d.o.f
at (sin®20 , Am?) = ( 1.03, 2.5x10™ eV?)
(including unphysical region)

y°min = 163.2 / 170 d.o.f
at (sin®26 , Am?) = ( 1.00, 2.5x10” eV?)
(physical region)

90% confidence level allowed region:
sin“(20) > 0.92
1.6 x 10° eV? < Am® < 3.9 x 107 eV?

e Assuming Null Oscillation
¥°min = 456.5 / 172 d.o.f
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excluded region from combined analysis(multi+PC+up}) (1289days)

== allowed(FC single ring)
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Allowed Region - Total Number + Shape
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Summary of Nucleon Decay Searches

mode exposure
{kte yr)
p—oe’+ 92
pou + 92
p—e + n 45
P— U+ 45
n—=v+1 45
p—e +p 61
p—oe +o 61
p— e"' +Y 70
p— ].1, + T 70
p—=V+ I{ 92
K*'—wp® {Epentrum]
prompt v+ 1*
K'—n'n
n—>v+K° 79
Kﬂr—munn
Kn—}ﬂ T
poe + K 70
Ko
Kn%]'t T
2-ring
3- rmg
p-u+K 70
K %]’Eﬂﬂﬂ
K'—-n'n
2-ring

3-ring

observed B.G.
(%iﬂ event
43 0 0.2
32 0 0.4
17 0 0.3
12 0 0
21 5 9
6.8 0 0.6
3.3 0 0.3
71 0 0.1
60 0 0.2
33 - -
8.7 0 0.3
6.5 0 0.9
9.6 25 33.8
4.6 10 6.7
11.8 1 1.4
6.2 5 1.0
1.4 0 0.2
6.1 0 1.1
5.3 0 1.5
2.8 1 0.2

/B limit
(10°2 yrs)
57
43
11
7.8
5.6
6.1
2.9

73

61

20
5.5

12
B.6

3.0
3.2
1.1

5.4
8.8

1.5
1.4

10
6.2

5.4
1.8
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High Energy Summary

So, where do we stand with Super—K's atmo-
spheric neutrinos?

— T he zenith angle dependence of the number
of v,'s provides clear evidence for neutrino os-
cillations and therefore for massive neutrinos.

— Oscillations into a sterile neutrino are com-
pletely ruled out at better than the 99% level,
while oscillations into v+ are fully allowed.

—» Tau appearance? Maybe, but two sigma
will be tough to beat.

— No evidence of proton decay so far.

— K2K has collected 50% of its planned data
and already disfavors the null-oscillation solu-
tion at the two sigma level. Data-taking will
continue at the end of 2002.



 Solar Peak >5 MeV

SK-1 1496 Day 5.0-20 MeV 22.5 kt
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SK 200 Day 6.5-20 MeV (cos B, SK 400 Day 5-20 cos B, =0

e

SK 1000 Day 5-20 MeV (cos &, 20) SK 1259 Day 5-20 MaV (cos 9,20}
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\ Neutrino Rate

1496 Day Final Sample:
e 287,000 events

e 22 400 solar neutrino events

Expect:

e 48,200 solar neutrino events (from SSM)

e 16,700 e—type solar neutrino events
(from SNO)

e about 5,700 i/ 7— type solar neutrino
events!

Flux:

e fluxis
2.35 £ 0.02(stat.)£0.08(sys.) X 106/&]?19-5

e or 0.465 & 0.005(stat.) T2 91%(sys.) x SSM

Mirhael B, Smy, UL [rvine



Flux in 10%cm s
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Data/SSM
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AmM? in eV?
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AMZ in eV?
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Am? in eV?
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AMZ in eV?
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AM? in eV?

10 ) B L BRI B U AL L L L T Ill-lll:'_ T T T T T

Al ;

10

10 °; :

10 72 -

10 ¢ =

10 °L _ .

1070}
1011 -
EGa+Cl+SK+SNO Rates

‘and SK Zenith Sp v—v,,(95%C.L.)
L1111 PN T] B SR R T TT] B WA T TTL B ST I RTT] MR R AR AT

il Ll

-12
10 10

10 1 3
2 0% 07 1 10 10

tan“(®)



Summary and Qutlook

So, where do we stand with Super—K’'s solar
neutrinos?

— For active species, we have entirely excluded
both the Small Mixing Angle MSW oscillation
region and the “Just—So” wvacuum oscillation
regions at the 95% confidence level.

— We've uniquely selected large mixing, and it
appears that the LMA region is where to look
for oscillations. KamLAND will do this within

the next two vears.

— Oscillations into a purely sterile neutrino are
completely ruled out at the 95% level every-
where in phase space.



What's Next?

Within the next year or so, we will be publish-
ing new results on:

— Supernova Relic Neutrinos
— Tz's from the Sun

— Neutrino Magnetic Moment
— Galactic Supernova Rate

Super—K will be back online by January 1st,
2003. We look forward to continuing our high-
statistics solar observations, with a number of
enchancements, through an entire solar cycle.



