INTERPRETATION
of the Atmospheric 1 data

- : 1
What is the role of

systematic uncertainties
in the PREDICTION of the fluxes 7

e

f 1 o 1
Compare, {and(_ [TON]

to study the existence of NIJW PHYSICS
bevond the STANDARD MODEL.

What are the “theorctical” uncertainties on
the prediction of the atmospheric v fluxes 7
Are they a significant limitation in the inter-
pretation of the data 7
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Plan of this talk

(A) Sources of Uncertainties:

~ Primary flux
-~ Hadronic interactions
~ Method of Calculations

(B) Effect on v fluxes

Energy spectrum
— Angular distributions

—e/u ratio

(C') Effects on Interpretation.
— New Physics 77
— Qscillations or other mechanisms
Yy = Vg O Vy =2 Vyerile

— Oscillation parameters.
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Oscillation Probability| (i, < l’f)(

1 Am? L
Fy,sp, = 1= sin® 28 sin® i E,
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DEPENDENCE on Am?
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SOURCES of UNCERTAINTIES

1. Primary Flux

2. Hadronic interactions
3. Description of the Earth

Atmosphere
— Mountains

Magnetic field

1. Calculation Method
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The Shape of the zenith angle distribution
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o The ratio K/ ratio
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Energy Iraclion

HADRONIC INTERACTIONS

|[ENERGY BALANCE]

in one p Air interaction.
Kinetic energy of projectile channel:
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Frnerpgy fraction

Comparison FLUKA, BARTOL
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Comparison FLUKA-BARTOL
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The HARP experiment at CERN

Physics Motivations:

e Detailed study of 7t production for the develop
ment of the first stage of a 1-Factory,

e Study of hadronic interactions for the
calculation of the Atmospheric v Fluxes.

LAYOU'D' of » Factory

A possible [

layout for & ol

neutrine factory.
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e Praton and Pion beams in the range p = 215 GeV,

» Several THIN targets spanning the full range Be, W.
(include Oxygen and Nitrogen). Also thick targets.

o Particle ldentification.
e Large phase space coverage

e Aim at a ~ 2% accuracy in the measurement of
inclusive cross—sections.
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UP/DOWN asymmetry
An elementary| GEOMETRY THEOREM]| If:
|F.| L The Earth is spherieally symmetric

2. The Cosmic Ray fluxes are isotropic

Then: The spheri !
rpy, L nen I'ne atmospheric neutrino fluxes ar

== [/p-Down symmetric. 17
_ J, =D,
q}u“[Emﬂ_} — ¢u,:,|:Eu: n— E:‘
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The Algorithin used for the primary cosmic ray flux in
the atmospheric neutrino calculations:

1. Assume that the primary cosmic ray flux at 1 A U.
from the sun. in the absence of the Farth

is{ISOTROPIC: ¢°(E; tml
ith “solar modulation”

stall time varmbildity connected w

b

The flux reaching the atmosphere in the position T

e Depends on &
e Depends on both zenith and azimuth angle ©, o

and 1s:

uﬁ;',“fE] for *allowed” trajectories,
i tor “forbidden” trajectories.

op(F; #,80) =

This Algarithm is based o0 the Liouville theorem acd is rigorously valid

for: (1) A primary Hux isotropic at large distance from the Eartk;

1) Propagation in a purely static magnetic field
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Up/Down
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Size of effect much smaller for HKKM.
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\DOUBLE RATIO [;:;‘“f'.Tf"iw_ff'ﬁ'.}J
measurc of the average suppression
of the j-like events:

o mle

o Mo/eg

The value of (e/p)g in the “Standard Model”
is a robust prediction.

The NORMALIZATION

and

of e-like and pi—like event rates
are very strongly correlated
reflecting the parent distributions.

Sources of uncertainty:

@The ™ /7~ ratio.

@Production of Kaons

@Muon Bending in the Geomagnetic field.




“Standard Argument”
r+—}upu+——}@lﬁﬂuﬂﬁ+
T =Dyl S VyVylVe€

Each 7= after chain decay results into

TWO (v, 7y) and ONE (v, 7¢).

and a crucial kinematical “cancellat 1011

all 3 v's in a chain decay have ~ (17,

2)
1 m
; = |1 ——£1~0.2
?\
1 7 .
{Eﬂ+_}#+}=§ 1+é ~ (.787 E‘;‘T

Taking into account u polarization ellects:

(Bt oyt op,) = 0.265 Ex
<EF|'+—.'*‘I'.¢+—:'FF) i [}.257 Eﬂ-



Schematically:

L |
e=mn fl_rr"‘—hp"'-—!-yfjl T,

+ 7 f{?r‘—:-;r—}FLﬁ] O,

— [T | ot 4
= [m f[_?r+_wﬂ; + T f{j:r '—-“u"—?”u]] Ou,

- e
[ﬂ fl:?l'_—]'ﬂ”:l T f(':':""—},u"'%ﬂ.u:l] Ty,

For Py..(p) ~ 1:

‘ f{w—}y“] = f(fr—m—wﬂj = f:_ﬁ_}ﬂ‘_}yrﬂ

) k-f\mq'}fc {“j Gri“ QTT’D?'J """;"_“%,
eﬁ!wﬁ -




| Efteel o] T/ Rallo |
Estimate of the stadard model prediction

[,u] (7t +77) (oy + op)
/0 at o, + 7 op

L atm ) L+ (ow/ap)]
= T 1+ (at/r) (oufoy)

Approximating o, /op ~ 2

,ﬂ__l_-

]

A [EJU ~—=03A ;

e \TT

Difference between existing MC models

is of order A(nt/77) ~ 0.1

Corresponding to A{u/e)y ~ 1.5% 0.03/5
Major source of difference. "

(i) Accelerator data
(i1) Atmospheric u™/p~ data



\ Contribution of Kaons (~ 5%) ol v rate
@' Kinematical suppression of [K — p — every, )]
(B, sy = 3 (1 +m2/mb) Ex ~ 0.523 Eg
@ Direct channels into v, (K — meve)
"Dpfua:'fﬂ- Siom tﬁwﬂ'
Different channels:
| KE =yt +u, (63.5%) |
Kt 50+ u*+ vy (3.2%)
Kt 5 +e’ + e (4.8%)

K;— = +ut+uv, (27.2%)
Kp—»nt+et +v.  (38.8%)

{E.}I{,U = K~ f}{i—m—wﬂ BH sy pie TV
bR fﬁ'i YRy HH—:I:-—}-:T,‘JH“ 0w
+ K fﬁ'i—m—wﬁ Bﬁi—*;wf.- Ov

+ K™ fH'Jr—Hr,u—}u” Bf{i—}rﬂuﬂ Oy
+ K7, IH’L T v BffL——HTEHH(JU + o)



(Cancellation effect:

[For only the channel K* o Py = eVel/ 1/
[#

o3
€

ok
Including the direct channels K — v, :

1
.ﬁ]m 9.3

Need to include uncertainties in K/7 ratio,

and KT/K~, K7 /K7 ratios

Order of umguitudej&(ﬁ je) ~ 1%.
OE kG.Dﬂ Cﬂrﬁd’lam:

Umm-ﬁa ex comcion - 7%
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Shape of the spectra
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because of x¢ decay suppression at high energy.
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MODEL dependence of ENERGY spectrum
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ZENITH ANGLE DISTRIBUTIONS

UP= [ dcosé; ¢y(costy)

HORI = / dcosf; ¢u(cost:)
T3

1
DOWN = fl deosf, ¢p(cosby)

3
Fp /Down Ra;i;“ - ” _j‘
: UP |
| ~ DOWN f

—

—

'Shape of the distribution

HORIZONTAL
VERTICAL
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Horizental/ Vertical

SHAPE of the Hmmth distributions !
>0 . ISR | _

BARTOL
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1 D calculation
Horizontal /Vertical ratio: controled by p—decay:

e BR80T K
H T”',U- ﬁ (.-:l(".'.‘b Hl

e ['nergy dependence

e Effect larger for v, ve (~ 100% u — v)
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Horizontal /Vertical
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'3 DIMENSIONAL EFFECTS |

“First generation” One Dimensional:
v's collinear with primary,

Neglect:
e Tranverse momentum p |
e Multiple scattering

e Bending in geomagnetic field B

WHY this approximation 77

CPU time ! More efficient MC calculation

New 3-Dimensional calculations:
New cffect seen:

'GEOMETRIC ENHANCEMENT
'On the HORIZONTAL PLANE |

r.
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Geometry of Neutrino Production

Source Volume of atmospheric neutrinos |
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“Gauss theorem” implies Up-Down svimetry.
but NOT isotropyv.

O = Sene(1) S (1)
Toew i 2 (1)




Sources of Neutrino-Primary angle P
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<Py = 230 MeV

Homzontal /Vertical
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[Thﬂ EAST-WEST effect in Super-Kamiokande J

Pew = 043 GeV; cos 68, = [-0.5, -0.5]

Hint of a discrepancy with the data

E-W
Apw =
T ErwW
ATK =0.21 £0.04, AT =008 £0.04 \

AT 0132004,  AJF™M =011 £0.04

AP = 0174004, AP =015+ 0.04
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Suppression of East-West effect for neutrinos from
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CONCLUSIONS

EXISTENCE
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NEW
PHYSICS
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@Uscillaniﬂnﬁ are an excellent Iit.

@Signiﬁtff-mt discrimination
against alternative mechanisms.
Some model dependence
(analysis of up-going muons).

@ Sone n@d&pendenm in the determina-
‘ m

(expect small eflect).

i1

|

i ) ) :
@) “Second generation calculations’
are 1 progress.

Thme scale of few months.

Expect small differences
for important quantities

Systematic errors will be smaller.




