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PHENOMENOLOGY:

CoOMPARISON OF MODELS WITH DATA
IS NOT STRAIUHTFORWARD
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ATMOSPHERIC y

Atmospheric ({’; ond “\-/';4 are
generated as decay products”in
showers induced by cosmic rays

They con be detected through,
CC interachons in undergmumo\

defectors ( Superkamiokande, Macro,
Soudan?,...)
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e Must distinguish electrons: e

Particle ldentification

® From muons: A
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~ MODEL -INDEPENDENT RESULTS:
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® € (observed) o~ e (expected)
o M (observed) < /u(expec,tp_d)
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V>V
(Aw? sin“20) ~fi|’ robust because :

@ DIFFERENT Sk DATA CONSISTENT WITH EACH OTHER,
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| At best il :
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A “MIRACLE" :
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ch = o sin? (F;LE“) n=-{ » L/E
Fit with (&, B, ) free

Bounds on nonstandard dynamics
60 1 I ¥ 4 T l T 1 1 T I T 1 i L I T I I H [ T

S5 -

50 -

45 | -

40 | -
! FIT: ]

35 | n=—1.03 % 0.31 i
[ 90 % C.L. (3 dof) |
_ L/E

30 SO R S SN T T NN SN VNS SN SN (N ST RN ST YN SOV T U SR W SN

—2 ~1.5 ~1 ~0.5 0

energy exponent n

(It was w=-09x04 with 45kTy dafa)

19



')ﬁ(—-)vt EXPLANATION : o Theorehically SIMPLE
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o ... but INDIRECT !
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... ROOM FOR SKEPTICISM :
SCENARIOS WITH NON PERIODIC /E/*(L/E)

* WA et MR

0.4 :— ----- Decoay
03 F e Decoherence S e,
02 [ e Extra Dimensions
01 [

o:lllLlllI(IlllllllUlJIl‘ll

-1 0 1 2 3 ‘L e S

log(L/km / E/GeV) /C

FIGURE 1. Survival probality for v, versus logo (L/E) for the decay model, decoherence, extra
dimensions and oscillation.

STILL ~ COMPATIBLE WITH DATA
BUT PARAMETERS RATHER “AD Moc”

11
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ATMOSPHER\IC V'

. BUT:

OSCILLATION PATTERN
NOT YET ORSERVED

WE'LL SHow Now THAT

’);‘ Vs disfavored

® HERE, MATTER EFRFECTS |MPORTANT
(Va0 - GG #0) Bur Not oBs€RrVED !
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Remewber :
For o+ M= Hopuy (wdd)
H=9

AV o
Por uovs + ( W )
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echve J" \ 2
ﬁﬁu@ﬁwﬂl@ . Sin2g, = M2
1 K4
AT ( 24VE _ wsZO) + S0
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T

® MSW eﬁ-[-ed’ wosty kvioww —Sor He PO”'UQ'
| enhomcemant o+ Swall Yacuuwn MAXAVA °

Sin*26 small —> sW?26,,~4  JordV~ AwY/2g
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FACL:

Sint20 oo 4 —>siu'20y, & A . <1
A+ (200E
Ame

ESPECIALLY AT
HIGH £
> wmatter effects hibit Wudo s horic

Yo disoppearauce i{~ Yu->Vs
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BuT: Sk DATA DO NoT
SUPPORT Sim?20,, <1

> Aligh- gy wmams in Sk
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Ty —ken
- CorP 4]
—> no wndemen
0L V&SV
Upward ‘ :\%;Q :: S
-¥Mw1k~3mu} | %
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}
! crd o

SK claim: Yu?Vs DISFVORED @®R>3%% C.L.
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Ratio vertical/horizontal

N ] | &
Montecarlo Optimized
MACRO UPMU
25
VY “Ys
& 9 (oscill. suppressed)
Ll & 2
V] o y
© § : .
§ 3’ : PATA ]
ey |}
o0 .
- «@=~=DATA MAR 2000
10° 0.0001 0.001 0.04 0.1
A m® (V)
P _best Tau/ P best Sterlle =

70 {5% systematic in each bin
413 ‘(fm systematic error) )

 The plot is for Maximum mixing,.
» Sterile neutrino disfavored respect to tan at
>98% for any mixing (5% systematic in each bin)

25



SEVERAL \NDEPENDENT DATA METS
& ANALYSES DO NOT SUPPORT

Y -> Vs AND THE AS$0CIATED
(MATTER) EFFECTS

E.a, © no cbservahon 0{ veduced,
NC entuts (shahshiwal) dae
Yo Vs — Wou imf@,mc!-f!fﬂ

RECENTLY, SK CLAIMS ISOLATION OF
\\ft_ &ke N \\R'Nqsu AT THE 26~
lEVEL — TURTHER INDICaTION AGAINST

()/'(A“VS
\’

S data “dow't Uke " ¥ |
ot > 99% ¢c.L. |

(a%um‘mg PURE V> Vs )
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€ SUN
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SOLAR NEUTRINOS

EXPER\MENT REACTION
o HomestaKe VYot 7L — PAr+e
SAGE * o
¢ QAELEX'* GNO Ve + 4'C|o. — ;'Ge +e

o Kamiokamde Y
Superkamiokonde. Yeur +€ > Yeur+€

‘doueg.
.® SNO [cc] Yed - ppe (l'wess)

° SNO [Nc] ye,u d - pn Yeut (near {uture)

e COn Pi‘obz Yo dl'sappeo\mce over
wany orders o{ vvaagwimde,

o watter effects importomt in a lage,
,SlmcHo&A of parameter space
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l0gye(N,/mol cm™)

Electron density in the Sun
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standard solar model -
exponential fit (y = 2.39 — 4.58 x) B
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Total Rates: Standard Model vs. Experiment

Bahcall-Pinsonneault 2000
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SuperK/SSM
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Foal, €L,
MOUM\A&, Falozzo

2v oscillations
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fiveraged
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W daflerent” fegimes

> BREAKk DOWN 7O sINGLE EXPERIMENTS
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em? (eV?)

21 oscillations
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6m?* (eV?)

2v oscillations
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Cl (SNU)

SuperK/SSM
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oscillations, SMA solution
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99% C.L. contours
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® SMA provides perfect fif fo rates
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® |ow overestimates CE
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However, bulk of Sk/ssM spectrum is {lat
(05 predicted by Low and LMA solutions)
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SuperK/SSM

MSW oscillations, LMA solution
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SuperK/SSM

oscillations, LOW solution
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AVERAGE DEFRICIT <> Y“GREY SCREEN"
HOW TO GET MORE WFORMATION ?

ANNN LN MR R R S AR RNNNRNNN

-
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> HOPE TO “ENHANCE" INTERFERENCE PATTERN
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2y oscillations 72— Y,z
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As for atim.v's, oscillafion pattern
is “hidden" in the dak. Here,
however, range of possibilily is Qven larger
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Am2 (eV?)
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TYPICALLY:
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CHo02

REACTOR EXPERIMENT
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CHOOZ  all data
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Schematic View of
v-beam and LSND

Figure 2: The LSND target/detector geometry.

Detector: 1220 8-inch PMTs
167 tons of Mineral Oil

Veto Shield: 292 5-inch PMTs
Active + Passive Shielding

Duty Ratio: ~6%

2
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EXPERIMENTAL EVIDENCE
1S CONTROVERSIAL

BUT IMPLICATIONS ARE
INTERESTING  ( My ~ O(UeN))
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RECAP. ()

® ATMOSPHERIC V Ya>Ye  NO
AMt ~ 310N "//u'é 7L oK
Vu> Y  Slro
M W x
Amt < \o‘SQVL Yoo ¥ Toxible

but worse fit

® (Hooz : NO Ve JA'Gdeeo.rM(;Q_
for Am* 2, 4072 eV*

® [SND = > Ve (7)
Am' A~ 01 UY)

NEXT: o COMBINATIONS
IN 3V, 4V SCHENES
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