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Fermilab - Soudan: 732 km

Mass Far Detector: 5.4 ktons

Distance

To Near
Detector
300 meters

"Decay’ -
Enclosure

Mass
080 tons

3 possible beams
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Far Detector

25,800 m *Active Detector Planes
4 cm wide solid scintillator strips

WLS fiber readout

V7 486 Layers x 2.54 cm Fe
5.4 kT Total Mass

Magnet coil
<B>=15T



GG encrqy distributions — Ph2le, 10 kt.yr., sin®(749)-0.9
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Ph2le, 10 kt. yr., Am*=0.0035 eV
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CERN to Gran Sasso Neutrino Beam
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Ya—7p appesrance

The detector at Gran Sasso

(modular structure, configuration with three “supermodules”)
e L spectrometer

B Magnetised Iron Dipoles
Drift tubes and RPCs

brick
(56 POVEm. “cells™)

v target and T mmau%_m&mﬁoq

L4

Each “supermodule” is

brick wall \

- mnh_sﬁ._:msm\ /

a sequence of 24 “*modules™ consisting of

- a “wall” of Pb/emulsion “bricks” P
. L. : strips
- planes of orthogonal scintillator strips . \\

-
. I



Expected events

v, events
T decay Am? (102 ¢V?) b.g.
1.5 3.2 5.0
¢ 17 77 185 | 0q9 | ~Fulimiine
1l 1.3 5.7 13.8 0.13 * 5 years with shared SPS operation
h | 10 49 118 0.25 | (225x10%pon)
Total | 4.1 183  4d.l 0.57 | “Average targetmass = 1.8 kton

(accounting for mass reduction with
time, due to brick removal for analysis)

* Uncertainties on background and

efficiencies accounted for in the

following

S years
(log scale)

events
eXpected in




Determination of Am?

(mixing constrained by SuperK)

90 % CL himits * Am? ( 103 eV?)
1.5 |3.2 5.0
Upper limit 2.1 |38 | 5.6
Lower limut 0.8 | 26 | 43
(U-L)7 True 3T*% 9% 12%

* assuming the observation of a number of
events corresponding to those expected for

the given Am?

2 eV

Am"

10k

OPERA

[ 90 % CL in 5 years

10
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ICARUS T600

A Ratm, ETHEDNC, 1V Vewes

" Proposed setup ICARUS Skiin LNGS Hall

Two possible options:
A) =8 x T600
B) 4 x T1400 (better fo

r v:ﬁmomv




Looking for rare events:

Esomu_azn neutrinos

" \oo

v Background free searches | o
v Sensitivity 1033 years "

~ Uery low a__ma__ m_mna__m

André Rubbia, ETHZbrich, 21/6/00, Neutring 2000
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Q. Nwma rance,

| OPERA|

-2
10

(MINOS high energy beam (PH2high) 10 L
configuration, NUMI-L228 & TDR) C
(OPERA, CERN/SPSC 99-20) C
(ICANOE, tau appearance, electron channel only, S S S—
optimized for low Am?) 10 10 10

sin® 20

André Rubbia, ETHZarich, 21/6/00, Neutring 2000



oscillations

__Two-family v, v

e

Exploit the small intrinsic v, contamination of the beam (0.8% of v, CC)
Exploit the unique e/n® separation

Excess at low ener 2 -3 2, Q12 —
gy Am - =3X10"eV*; sin“ 260 =0.02
Am?=3x 107 eV’ sin?29¥ = 0.02
< SRR .
2z ® v, CC + oscillated vy
Am:c . Exposure: R v, cC
" 20 kton x year .
Y Oscillated vy
1F C
3
10 3 -
2| X
10 3 4
i \OA%O C
-3 ¢ (5 15 ”I
10 1 v, < v, C
. 90% C.L. *ror) -
o . 10 F
Jo n 2 2 aaaaal L PETSTEET | sl e | i A b iaaid ”
10° 107 107° 107 10" sin? 26 T 2R
5
c i !aﬁLrl.br. i .— T B N — L -._ IS — 1 v.. P .-:.“.tﬂjual.—-lu-v‘trad\.h‘t..na-.ul
0 5 10 15 20 25 30 35 40

E,isibie (GEV)

André Rubbia, ETHZrich, 21/6/00, Neutrino 2000
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~_ Search for 6,320

Am?;,=3.5x10-3 eV?; sin?20,; =1

Cuts: Fiducial, E, > 1 GeV, E,;s < 20 GeV
Am2, = 3.5 x 1077 eV?, g3 = 45°
013 sin® 2045 | v, CC v, = Vr | v, — U, || Total | Statistical
(degrees) T —e€ significance
9 0.095 79 74 84 - 6.80
0.076 79 75 67 |22L | Hdo
0.058 79 76 51 || 206 | 4lo
0.030 79 7 26 82 210
0.011 79 77 10 0.80

L Ot g 0o

André Rubbia, ETHZarich, 21/6/00, Neutrino 2000
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___ICANOE atmospheric event rates

« Complete data set: Events/vea
= 5.6 kton LAr sensitive mass 1150 1650
= 3.2 kton calorimeter mass 500
Process : Exposure
5 ktonx year | 20 ktonxyear | 50 ktonx year
v, CC 535 2140 5350 Flux: 3D calculation,
v, CC 135 545 1350 Battistoni et.al., hep-
ve CC 300 1200 3000 ph/9907408
v, CC 99 235 585
v NC 325 1300 3250
v NC 150 990 1500

Data for L/E analysis:

Events/year

Vi CC
v, CC
v NC

André Rubbia, ETH/Zorich, 21/6/00, Neutring 2000




-~ 1F v, <> V. oscillations in matter
w mmc u...._ 00 MeV -, Exposure v, CC v, CC v, CC excess
L (kton x year) no oscillations oscillations (%)
& F N\ 5 111 131 18+ 10
! . 3 20 442 523 18+ 5
0a b /NN 50 1104 1308 18+ 3
! v/ v, > v, oscillations in vacuum
0.2 4 ,_ .. 4~ Exposure v, CC v, CC v, CC excess
0 /. /_,, G S WA A4 NAZL  (kton x year) no oscillations oscillations (%)
0 2000 4000 6000 8000 10000 12000 5 111 134 21+ 10
Distance (km) 20 442 535 2145
S 50 1104 1338 2143
107 F v, <> U, oscillations in matter
2206 F Exposure v, CC v, CC 7, CC excess
o 05 E (kton x year). no oscillations oscillations (%)
E ) 14 15 7T+20
04 20 58 62 T£13
03 F 50 145 155 79
0.2 1 ....................... v, ¢ P, oscillations in vacuum
01 F , T Exposure 7, CC v, CC v, CC excess
0 E el P T WP i 0 WP (kton x year) no oscillations oscillations (%)
0 2000 4000 6000 8000 10000 12000 5 14 19 34 + 30
Red: v, anti-v osc vacuum  Distance (km) 20 58 78 34415
Black: v osc matter 50 145 195 34+ 10

Blue: anti-v osc matter

André Rubbia, ETHZrich, 21/6/00, Neutrino 2000

Cuts: mc-.m <1 Qm/\, cos %um:-.:—- < —-0.2 e

Oscillation parameters: Am? =9 x 10~® eV?, sin® 26 = 0.7

Lot E
upgeind



The MONOLITH Detector

Large mass ~ 35 kton
Magnetized Fe spectrometer B = 1.3 Tesla
Space resolution ~ 1 em (Fms on X-Y coordinates)

Time resolution ~ 1ns (for up/dewn discrimination)
Momentum resolution  o,/p ~ 20% from track eurvature for outgoing m

~ 6% from __éﬂmm for stopping muons
Hadron € resolution o, /E, ~ 90%/VE,® 30

8.0 x 3000 x 1450 cm® x 7.87 g/cm? = 285 ton/plane 130 planes

— _ ~54000 m? of detector : Glass Spark Counters
145m Lk | ~1500 m? of external veto: Scintillator Counters

13.1m

M
"4]

2.2 cm

T —r—

8 cm

30m
TTF, Roma, 20 giugno 2001
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10 - T T3
> : ]
.u.m.w 4 90% C.L. allowed regions MM
E |
< L
10 T
-3
10
H 0.007 eV?
MONOLITH 0.003 eVe
0.002 eV?
2
10 L1 L _o_.on_vuw<_ L
06 065 07 075 08 085 09 095 1

sin®(20)

TTF, Roma, 20 giugno 2001

0.14

0.12

0.1

_l_'_\'_"'l"'l""r' T 1

T

0.08

0.06

o

By
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precision on w_i»@- -

precision on Am’
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10
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Sensitivity to sin*(26;;)

vV, /v, -90%C.L. expected limit

.— I ﬁ—___:“ I _-__u:_ I UL

A - : ]
“E - m i
< “
nl 1)1 CHOOZ
10 L MNOSME “: mxo_:n_mal.
N ;B
10 -
m m
pemm
s ®
©E |
- MONOLITH 200 kty 3
L MONOLITH* 400 kty -
Ao lh L 1 L1111 _ 1 1 L 111 _—_ 1 1 L L1l
107 107 107

1
sinf(20y3)

TTF, Roma, 20 giugno 2001

Sensitivity curves computed assuming
15% uncertainty on flux predictions and
perfect knowledge of the resolution
function

Exclusion regions if no effect
observed for positive (continuous
line) and negative (dashed line) sign
of Am?

Test statistics:
LA, Am? sin2(20,,), sin(2043)=0)
LA ,Am? sin?(20,3), sin?(20y3))

-2In

1) A. Para, hep-ph/0005012
2) T. Kobayashi, talk in La Thuile, 2001
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Sensitivity to the sign of Am?

sign of Am®- expected sensitivity at 90% C.L.

g _"
E :
| m CHoOZ
10" MINOS ME : excluded |
' 1
2 __ m
; =
[ - :
HM. c.m _
L] J
3
* MONOLITH 200 kty .
MONOLITH 400 kty
-4 _. . |
Ao L lu s T W W I | ln | TN - »..m.Ll.-L\y”A|1!..ir._||..i.r.. Ao b 10 1]
10 10 10 1

sin’(20,,)

TTF, Roma, 20 giugno 2001

Region over which the sign
of Am?2 can be determined

assuming that sin?(20,,) be
known with a relative error

of
20% (dotted)
*1000% (dashed)
*Infinite (continuous)

(Measurement difficult for mixing
below 0.01: the optimal baseline
exceeds the Earth diameter)

NB: MINOS and JHF cannot
measure the sign of Am?l
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1. Overview of the experiment

< _ :ﬁﬁﬂm.aw_a\_ummav
{c) 2000 SEN[ENE ., 20 B 'pal 2 BIE 8 ks Berana
e Precision measurement of v oscillation
parameters by VU= Vx (5in¢2023, Amz3?).
e Discovery of vu— Ve (Sin22613)
e Confirmation of vyu— vg with % in Neutral Current (NC).
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013 measurement

P (Vu—Ve) =5in22013 5in2023 Sin2(1.27 Am232 L/E)

A mixing angle between 15t and 3" generation in
MNS.

® 013 may be just below the CHOOZ limit, and vy—Veis
waiting to be discovered. |
sin?2013 = 0.014 (SU(5)-GUT, hep-ph/0007254)
=(.01-0.09 if LMA (PRL84, 3535 (2000))
~0

* A discovery of vy—V, can open the new window
to study CP violation in this mode.

may be a source of baryogenesis in the universe.
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Non standard v oscillation

ldizoppeaooce

Large Extra Dimension !
08 hep-pH 0002199

> ol Ml dandard
I Zaa} | :
=" | @ﬂ_
> o2y 1
. L

° rE e, e CPREES

10~ 10% 10" 10 .__i_ o* _n.u
LIE 1 eV* L/E
A sterile neutrino (LSND result? 3 or 4 v’s)

non standard CP violation of vy—v-
* (see Yasuda-san’s talk at PAO8d (neutrino), ICHEP 2000)

Any other unexpected phenomena



4. Physics Sensitivity

® First 1 year WBB

= pin down Am23? to +=10% level
® Syear NBB or OAB

-> precise measurement of 023 and O13.

Sensitivity (goal):
0SinN22023 ~ 0.01
Sin?2613 ~ 5% 1073 (90% CL)
0AM232 ~ 1.5X 104eV?
at (sin?206=1.0, Am2=3.2 X 10-3eV?)
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vz confirmation

® NC 7Y interaction
»V+N— v+N+nx0

> Vu> Ve CC+NC(~0.5CC) ~0 (sin226)¢~0)

Vup CC+NC(~0.5CC) ~0 (maximum oscillation)
\Z NC

#m0 is sensitive to v; flux.

\

Limit on the existence of sterile v.



Additional Options

o JHF with 1 Mton Water Cherenkov detector

(for proton decay)

— Ifvy— V. is discovered in JHF-v, the study of CP
violation becomes realistic.

e #(vy— Ve )~O(100) = Asymmetry ~ 10%.
— sensitivity to & ~ 10 degree.
. Very LBL experiment between Japan and China

(or Korea).

— With a 100kt detector and a new beam line, a matter
cffect is measurable in vy=— Ve mode.

—  sign of Am23?
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