CALCULATION of the
ATMOSPHERIC » RATES.

(2) Uncertainties in the prediction.

(3) Impact of these uncertainties in the study

of the relevant ‘NEW PHYSICS’.

(4) Possible directions of work to reduce the
systematic uncertainties.
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The Need for ‘NEW PHYSICS’ to describe
the data of atmospheric neutrinos from Super—
Kamiokande (and other detectors: IMB, MACRO,
Soudan-2) 1s close to be established.

The presence of z);—oscillationsl 1s the sim-
plest, most natural and most successful ex-
tension of the standard model capable of de-
scribing the experimental results.

The prediction (within the Standard Model)
of the atmospheric neutrino event rates does

have sigiificant nnceriainiies, but these
cannot ‘explain’ the experimental results.

-

These uncertainties can have a significant

impact in the ‘extraction’ of the NEW PHYSICS
from the data. For example in the determina-
tion of the oscillation parameters Am?2, sin® 26

VB defadn of el
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Up-Down asymmetry

—

\A:U"D
U+ D |

—-ﬁ_

Ay = —0.150 + 0.038 + 0.01 |

Audli = —0.311 4 0.043 & 0.01

Double Ratios

—— ~

R = (u/€)data | (B/€)MC

Ryupcey = 0.668 TE328 +0.007 + 0.052

R, usicev = 0.663 13041 & 0.013 & 0.078



The experimental studies on atmospheric neu-

trinos are entering a new phase of

measurements.

|
i

|

1. Determine the functiongl form for the prob-

ablhty PULL%UFL(EV:' L) E

New goals:

2 2
2. Measure the parameters Am?*, sin- 26.

3. Verity if standard v—oscillations are uniquely
determined as the origin of the effects dis-
covered.

4. Oscillatics:s, even it & single Am? is rele-

vant, necessarily involve at the same time
transitions between all flavors:

Vy, S Vg, Ve <> Uy, Ve <3 Ur

Measure (or put limits on) all transitions.

5. Study the Large Mixing angle solution of

the solar neutrino problem with atmospheric
neutrinos.
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To perform these studies, it will always be
important to consider combinations of quanti-

ties where the systematic uncertainties cancel
(as in the ratios u/e, U/D).

But uncertainties in the predictions of the

. fluxes can be an important limiting factor in

the sensitivity.

The reguirements on the estimate of the

neutrino fluxes and cross sections are becom-

ng more _stringent. There is a need for

more accurate calculations.
L aamana, SN RS




Main Elements in the calculation of the at-
mospheric neutrino rates.

1. Primary Cosmic Ray flux (protons ~ 80%,
Helium, ~ 15%)

2. Data on hadronic interactions
 p+Air > pon, T KT

3. Description of the ‘target region’ (atmospheric
density, mountain profiles).

4. Compute Geomagnetic effects.

5. A computer code for the generation of hadronic
showers,  [D Vs 3D

6. Description of the Neutrino cross sections.







The fluxes of atmospheric neutrinos have two
fundamental properties that are

Self—calibrating:

® [he Neutrino Fluxes are |

UP-DOWN symmetric |

QbuQ(EVa 9) = be/a(EVa T — 9)

e [lher, and v, fluxes :Doulpg Rq'ho

e related to each other:

-~

¢uM(Ea9) — T(Ew 9) ‘ ‘Jbue(E,‘g)

h

2 -y (E,0)

2
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SPHERICAL SYMMETRY ==> UP-DOWN SYMMETRY

A GEOMETRY THEOREM

+ (‘Vo osu.”a‘}ieu:) of the neutrino fluxes
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ke Absence of Osalifions

KAMIOKA :  |UP > DOWN |

Soudan : [ UP < DOWN__X

Soudan

close to magnetic pole Apqq ~ 55°
Down—going flux: small suppression
Up—going flux ~ average suppression.
(sees entire earth):

Kamioka

close to magnetic equator Apgq ~ 29°
Down—going flux: large suppression
Up—going flux: ~ average suppression

-
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Balloon Measurements of Cosmic Ray Muons in the Atmosphere
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Ratio (Old-Montecarlo) /(New—Montecarlo)

sub—-GeV e-like 1.041
g +l(>7 sub—GeV u—like 1.045
sub—GeV multi-ring 1.209
. N ——
[ multi-GeV e—like 1.084
b ._ o .
1Y f multi-GeV p—like 1.030
multi-GeV ~multi-ring  1.214

partially contained 1.070
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The most important known limitation of the
current calculations of the atmospheric neu-
trino fluxes is the fact that they are

1-Dimensional.

~ The Angle between v and primary particle
is not negligible:

(0,) = (5°-10°)/ B, (GeV).

epy — Qpﬂ” + 97”/

— 9p7r +’97r1u, + Q)U,,B _l_ 9#1/
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T'wo dominant sources of 6,

(i) the p, of the parent meson

= B T um, T BGev)
(Other deviations are smaller
<p_|_>7r ~ 350 MeV
P (1 — pv) = 30 MeV
(u — evv) = 50 MeV)

max

Pl

(i1) @ deviation in the geomagetic field:

L; (3% +10°)
0 ~ H o~
( ‘U”B> Toyro  Pu(GeV)

e Thkm ( 0.45 )
e pu(GeV) \B | (Gauss)



A 3-D calculation of the Neutrino Ruxes is “expensive”
in computer time. “Brute Force" is Very Expensive.

y( "‘-ﬂ::d%-\ )

detector

primary

- BQ-H" Slon; +¢,(fd\.r{ c,-l’o! )

A Test Calculation has been performed with FLUKAYu-nder the assumption of :

SPHERICAL SYMMETRY ( Switdh of f all Ha-JnJ}:c.TJJs)

The entire surface of the earth can be considered asthe "detector".
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For large primary-neutrino angle

the Angular distribution of the neutrinos is modified
in a 3-D calculation: the horizontal flux is enhanced

L

Isotropic flux
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