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The ICANOE detector

skMerging of two technologies:

— Low densityiquid target: ICARUS liquid argon
Imaging (bubble chamber quality)

— High densitysolid target magnetized fine grained
NOE calorimeter

#Capable of detecting and measure final
state e, y,u and hadrons, also provides u

charge discrimination

sk |sotropic detector suitable to study
atmospheric as well as v beam from

accelerators
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Proposed experiment at CNGS
LNGS-P21/99 CERN/SPSC 99-40 SPSC/P314




The ICANOE detector at CNGS

Liquid Target module : 1.4 (1.9) kton active (total) mass
Solid Target module: 0.8 kton mass
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ICANOE: typical beam v events
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Second generation LBL
experiments: the NuFact

% By the time this facility becomes operational we
presume that v oscillations experimentally

established beyond any doubt

*Main goals:
— Accurate determination éfm?,, , ©,;and especiall¥, ,

!
A possible
l layout for a
neutrino factory.

— Matter effects

— CP violation
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Long and Very Long Baseline

Experiments

NuFact | Distance| Mean
location | to Gran | density
Sasso
CERN | 732 km| 25,

g/cm

Canary 5900 km 3.23
Islands g/cm
FNAL |7400 km| >/,
g/cm

KEK [8815 km| 9,

g/cm
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R> 3500 km & R< 4500 km

= p(g/en?) = 7.25-5*10* R
R> 4500 km & R< 6360 km

= p(glen?) = 7.74-7 *10%* R
R> 6360 km

- p= 2.8¢g/cr




Neutrino Event Rates

sk Assume for this study:

— 10 kton detector (fiducial) — No polarization

—E, =30 GeV — No beam divergence
Rates (no oscillations)
L=732 km | L=2900 km | L=7400 km

v, CC | 226000 14400 2270
- v, NC 67300 4120 630
10%° decays | 7, CC 87100 5530 875
v, NC 30200 1990 300
v, CC 101000 6380 1000
ut v, NC 35300 2240 350
10%° decays | v. CC | 197000 12900 1980
v, NC 57900 3670 580

A. Bueno, M.Campanii & A. Rubbia, ETH Zirich




Event Classes

sk Electron (no charge discrimination)
*Right sign muons
*Wrong sign muons
#NC-like events (no prompt lepton identified)
L —-€ _eVu
Vu—>Ve—>e" dappearance
Vv, disappearance
U

Therefore,we\ ‘v~ V=1 ’-iljppearance
can study / Y isappearance

Ve— V- U+ appearance
Vo V. - T+ appearance
Plus their charge conjugates with pu* beam
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Oscillation probabilities

P(v, - v,)=1-sin"20,.A_° VI

P(v, - v,)=sin"20,,sin" 6,,A% parametrization

P(v, — v,) =sin®*20,, cos’ 0,,\

P(v, - v,)=1-4c0s’0,;Sin° B,,(1 —cos’ B,,sin° B,,) N3 =
1-sin’ 26,3 for 6,, <<1

P(v, - v,) =cos"8,;sin° 26,,\*s =sin® 26,,\° for 9, <<

with A% =sin’(1.27Am, 2L/ E)

T~ 2
Z@D sin“ 26! [0,1] |
SirF ©,,=0.5

6,0 g)
- . 2 : .
6, g)’ggm sn“6y [0 maximal mixing
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Example of event classes

L=7400 km, 10°* u* decays
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2000 E Electrons [ Right sign u
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1000 £ ! 200 b
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L=7400 km, 10°* p” decays
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ICANOE fast simulation

% Proper neutrino cross section
used

% Momentum and angular

Am? = 3.5[1103 e\?

E, = 30 GeV, L = 7400 km, 2 x 10%° |1 decays

resolution parameterized s Right Sign x
from fully simulated events  : vt v OC+ badgraund 4
: ey L | = Vv
used for CNGS studies =0 r Ve 2
- Eu=30GeV,L=7400km,?x102[iudecays 8 - Background 1
e zwf
;f-so % 4
S
%40 (;)130 -
i 10:— R
%% 5 10 15 20 25 30 Ewsms:(ee\go E--'- | 1 o o 2
% Charged meson decays to 0 Frmite s L s s L
study backgrounds for wrong E s (GEV)

and right sign muons
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Parameter fit

%k Fit visible energy distributions (25 bins) for all
event classes and the two 1 polarities

sk Beam systematics: 2% uncorrelated bin to bin
#%Background reduction: p, > 2 GeV cut

sk Fit procedure:
— Poisson distributed dathirf with less than 40 events

Maximize -In L
— Gaussian distributed datair( with more than 40 events

Minimize X2




Background contamination

-3
2 LF T10 F
4F 3
s °f v CC g v, CC
Ec) - ol10 E I7
[S] 5[ B 4 E
3 10 F 8 sf
E mio ¢
< 6r Cut e Cut
si0 c C
° E Olo 6 -
S, 7L 3 f
F Li0 F
' } } l } ; ; l ; * * l * * t l t t . l ! ! ! F 1 1 1 l 1 1 1 l 1 1 1 l 1 1 1 l 1 1 1 l 1 1 1
0 2 4 6 8 10 12 0 > 4 6 8 10 12
P, (GeV) P (Gev)
-3
-8 10 E © :
> E c -3
0 F o v, NC
[3) E X
© C 0l0 F
o ST © E
50 F 2 sf o
c o ] - L
S 6f 810 ut
*g 10 3 2 " -
— o (®] |
w -7r © 10
10 F LL E
0 12 10 ! 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1
0 2 4 6 8 10 12
P, (GeV)
A. Bueno, M.Campanii & A. Rubbia, ETH Zirich



The “data”

¥ Reference values used for fits

—|SiIP 20,5 =

—1Am2,;,=3.5,5, 7103 eV

=05 O,,=45°
0.05 913 6.5°

% And as already pointed out:
— Three different baselineg32, 2900, 7400 km
—E, =30 GeV
— 2 0109 u decays of each polarity
— 10 kton detector (fiducial)

Three family mixing

V., V,

V

T




Precise measurement of Am?2,; and sin0,,

E, = 30 GeV, 2x 10’ p decays

%D'Sappearance ngsooo _L—732 n 1600 £ —=2900 km
. < L= 1400 F
dlp allows to S 20000 T " 1200 £
measure e oo |
> 800 F
_ §1oooo 600 E
— Am?#y;= dip locations wo
c 200 T
— SinO,,= dip depth § , L= J T R LT
S 0 1 2 30(66\;;0 010 2 30(66\;;0
%VISIbIe at Iar e :1 VISIble VISIble
: J o 20 [L=7400 km U~ decays
distances =B — Nooscilations
e S FATO I R AmM2=3.5 103 eV2
Lo AL Am?=5 103 eV?
100 o Am2=7 103 eV2
0 Sirt,,= 0.5
Sirf20,,= 0.

0 10 20 30 40
Evsie (G&V) Two family mixing
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Two family mixing

. L = 732 km . E,= 30 GeV, L = 2900 km, 2 x 10%° |1 decays
< 0.000 F £0.009 T
o [ ) AmZs = 3.5 x 107 (eV?) T [ a) Am?; = 3.5 x 107° eV?
oM [ b) Am?; =5 x 107 (eV?) NmE [ b) Am?; =5 x 107° eV?
J 0008 = oy Am?s = 7 x 107 (eV?) F0008 = oy Am?Z, = 7 x 107° eV?
L C) L
0.007 - @ 0.007 [ -y ©)
0.006 0.006
b) L
0.005 | s:j 0.005 |- "
0.004 = 2 0.004 [
: _ o)
—
0.003 |- 0003 [
90% C.L 90% C.L
ocoo2 o . ooy ] F
0 0.2 0.4 0.6 0.8 1 0002 ||||||||||||||||||||
I 0 0.4 0.6 0.8 , 1
23 s 623

sin? B3 measurement

Ams, (eV?)

L=7400 km

L=2900 km

7% 1073
5% 1073
3.5 x 1073

0.50 = 0.11
0.50 = 0.06
0.50 = 0.05

0.50 £ 0.04
0.50 = 0.06
0.50 = 0.09

Error on Am?,,= 1%
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Large distances required

E,= 30GeV, L = 7400 km, 2 x 107 pi decays

<2 0.009
2 [ Q) Am?; = 3.5x 1077 eV?
Nf“; [ b) Am?; =5 x 107 eV?
J0.008 B Yy AmZ,; = 7 x 107 eV?
L c)
0.007 - [
0.006 [
[ b
0.005 - E
0.004 [
C o)
——
0.003 |
90% C.L
0002 L oo
0 0.2 0.4 0.6 0.8
sin

Measurements consistent with
Barger et al.

hep-ph/9911524

for precise measurements




Improved statistics

xlO_

0.4

0.38

Am?23 (eVZ)

0.36

% Two family mixing ..

#*Black contour:

— 10 u decays

#* Red contour
— 10 u decays
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Three neutrino mixing

*¥One mass scale
apprOXImathn Am223 and E, = 30 GeV, L = 7400 km, 10°" " decays

Am?,, effects decouple |

*Matter effects included in
our calculations
o AmZZB >0-> Ve (ve)
oscillation enhanced
(suppressed) by MSW

— Striking appearance of wrong-"

Wrong Sign u
—— v, + v, CC+ background 4

v,CC 92
-~ Background 1

CC events/1.6GeV per 10 kton

dN/dE, (v,
(o))
o

sign muons fop* decays  »p, ot
since = e i
* VoV, Vo VoT |
allowed for©,# 0 Am? 5= 3.5[1L0° eV?2
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0,3 Sensitivity

E,= 30 GeV, L = 7400 km, 2 x 10%° U decays
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Ioglo(sin2 20,,)

Two orders of
magnitude
Improvement
with respect to
ICANOE at
CNGS

If background
disregarded and 1Qu
decays considered,
results consistent with

A. Cervera et al.
hep-ph/0002108



Oscillation parameters measurement (I)

— — 20
o _E,=30GeV L=7400km 2x10” i decays o _E,=30CeV L=7400km 2x 107 pdecays 4o  Fu=30GEV L=7400km 2x 107 p decays
< : : N ' oS : /
: di sin’@
; 23
8 8 | -‘
7 2 S
6 6 b }_“‘ 1
5 5 |
L s f .I 20
3 3 -_ ."\_
) 5 :_ A‘,‘.‘. :: '.',,.
0 ' - 0 T ........ \l,/ - .....
3 31 32 33 34 35 3 6 37 38 39 4 0.2 0.3 0.4 0.5 0.6 0.7 0.8
Am? 23 (X 107 eV?) sin? 0,,

L=7400 km,Am?,,= 3.5[103 e\?
Disappearance dip visible

Use of all event classes
----- Fit with electrons only improves ©,; measuremen

Fit with wrong and
right sign muons only

Fit with all event classes
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Oscillation parameters measurement (I1)

E, = 30GeV L=7400 km 2x 10°° i1 decays

=
o

o [ N w N (&3} (2] ~ o] ©
LI L L [

6 62 64 66 6.8 7 72 74 76 78 8
Am?,, (x 10° eV?)

o [ N w » al [} ~ e} ©
h LS S B L L

., _E,=30GeV L=7400km 2x 10 u decays L, E=30 GeV L=7400km 2 X 1020 1 decays

Disappearance dip not visibl

[ L=7400 km,Am?2,,= 7C1102 e\? J
e

_____ Fit with electrons only
Fit with wrong and Improved determination of
right sign muons only mixing angles if all classes us
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Fit with all event classes




Parameter measurement summary

L.=2900 km | L=7400 km
Am2, (1073 eV?) | 3.50 £ 0.05 [ 3.50 & 0.03
sin? fys 0.50 + 0.07 | 0.50 4+ 0.04
sin® 26,5 0.05073-0% | 0.050 4 0.005
Am2, (1072 eV?) | 7.004£0.03 | 7.00 £ 0.05
sin? Boq 0.50 +£0.03 | 0.5040.04
sin? 26,4 0.05079-092 | 0.050 & 0.003

% Very long baselines required to measure
oscillation parameters at the per cent level

% ICANOE ability to measure all events classes

minimizes the impact of
— The selected baseline

— The primary muon energy chosen

to achieve a very precise measurement of mixing
angles and mass differences
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O,3improved

measurement

#¥Measurement

— Use wrong and
right sign muons

— Include all classes
— Take advantage of __
tau kinematics
= Temn P> 0.5 GeV °‘°“5:
Pu,.<1GeV  °%
J[t- hadron QT > (0.5 GeV 0.03f

L=7400 km 2[102° u decays

Preliminary

Only muons

All event classes

| ! | ! +IT kllnelmla.ths ! | ! | ! | ! |
0.4 0.425 0.45 0.475 0.5 0.525 055 0.575 0.6
sin? 623

~ Improves sensitivity by 30%
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Neutrino propagation in matter

% Maximal oscillation

amplitude at resonant ¢
energy :
resl 32 x10" c0526,,Am,,* (eV?) 2
p(g/ cm?’)

% Am?,, accurately 3

>

measured thanks to right-«
sign U disappearance :

# ©,5 known to be small

3% For fixed Am?,,,

resonance peak location
Is a function of Earth’s

dN/d

density :>
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80

60

E = 30GeV, L = 7400 km, 10% p* decays, An¥ = 3.5x 107 eV?

180

o=237g9/cm’

%0

Wrong Sign u

Measurement o
mean Earth density
feasible




Earth’s density measurement

*%Fit leaving all -
parameters free but p

¥Precise determination -

p=3.70+007g/cm’> .|

~2% accuracy

#%10% accuracy when .|

only electrons are 1
used
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Density influence on fits

*All event classes used L=7400 km 2x1&° |1 decays

|

#Fit with fixed density
0(sir?26,9=0.0071 &2
0(sirtd,,)=0.044
*Fit with density as freecam_%_'_ L=7400 km 2x16° 1 decays " %=
parameter
0(sint20,)=0.0074 2=
o(sin8,=0.050 o

0.4 0.425 0.45 0.475 0.5 0.525 0.55 0.575 0.6
. 2
sin @23
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Conclusions

¥ |ICANOE-like detector identifies all event
classes

3% Oscillation measurements not so crucially
dependent on Yy energy and baseline

(provided it is very large)

*%Measure mixing angle and mass
differences with accuracy at the level of the
per cent

#*Matter effects can be detected and Earth’s
density precisely measured

% CP violation studies in progress



