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Long-baseline neutrino experiments in Europe

» The CNGS beam directed towards LNGS (L=730 km) has
been approved by the CERN council in December 1999

*+ Two experiments have been proposed:

*LNGS-P21/99, CERN /SPSC 99-25; SPSCF314 *LNGS-LOI 897
*CERN/SPSLC 96-58 SPSC/P 304 «CERN /SPSC98-15 SPSC/M612; LNGS-LOI 8/97 Addendum |
CERN/SPSC 98-33  SPSC/M620 <CERN/SPSC99-20 SPSC/M635: LNGS-LDI 1999

http://pcnomethd .cern.ch http: / /www.cern.ch/opera

* The two experiments, while technologically challenging
compared to “traditional” massive neutrino detectors, are
both based on many years of R&D.

» Natural follow-ups of CHORUS and NOMAD at CERN.

Araied Pt ETHTUssh, 14000, Heutdns 2000




CERN 98-02 - INFN-AE/98-05
CERN-S5L/99-034(Di) - NFN/AE-89/05

The CNGS beam design rs the outcbme of many years of experience

at CERN

Arded Pubbia, ETHZleich, 14800, Meutsno 2000
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CNGS event rates

» Primary protons: 400 GeV; 4x2.3x10" p/cycle; 26.4 s/cycle
» Pots per year: 4.5x10'° pots “shar%l“; 200x0.75 days/year
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OPERA ECC elementary cell

Baseline
option:
“compact
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Basic ECC (Emulsion Cloud Chamber) concept:

Passive target material and  emulsion tracking
large mass high space resolution
Prototype: Measured angular and position resolution with 100 um
segments: ~2 mrad in angle and ~0.6 pm in position

Arcird Pruttss, ETHIisch, 14800, Mestring 2000
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+ Modular detector structure:
cells —p bricks —pwalls —p modules —p

!

electronic trackers L spectr.

Walls

Arced Fubbia, ETHZidch, 14800, Neubino 2000 i I 3

supermodules

Electronic tracker
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OPERA baseline design (July 2000 proposal)

T OPERA

Supporting
“roof”

RPC-+drift tubes

Modules
y spectrometer dipoles

OPERA design is “LNGS Hall independent”

Aeted Pusdus, £ THQusoh, 144800, Meuting H00
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Scanning speed is important
for OPERA:

* ~20 bricks/day
* ~50 cm? general scanning/brick
¢ ~1000 cm?day

|

aim: ~10 cm%hour/system
(UTS ~ 1 cm?/hour)

|

R&D efforts underway
in Japan and in Europe

Marwird Futis ETH ok, 14800, Neulssno 5000
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| | Industrial Emulsion films: OPERA: ~200000 m? ES !

* joint R&D project between Fuji Co. and the Nagoya group

| » diluted (x2) emulsion gel, good sensitivity ( ~30 grains/100 pm)
» excellent mechanical properties and uniformity

* large production capability (photographic films production lines)

it Fiubibaa, ETHisch, 10800, Rewldne 3000
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OPERA expected signal sensitivity

Expected signal (1999 Progr.Report)

~ 6 tevents @ 2x 107 eV? and full mixing
~ 18 @ 3.5x 107 eV

~53 @ 6 x 10 eV?

...work is in progress to increase efficiency = forthcoming Proposal

1) cosmics and radioactivity

2) hadronic decays and re-interactions
3) muon scattering

4) charm decay

Background sources:

other sources expected to be negligible

At Fiubbia, £ TH T Uroh, 148700, Meulsien 2000

L - Biggny



PROPOSAL
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LNGS-P21299; CERN /SPSC 99-25: SPSC/P314

*Detect and measure final state ¢, %t and hadrons
*Provide i charge discrimination
*Isotropic detector

An appropriate combination of a
liquid argon imaging detector (liquid target)
and of
a fine grain magnetized calorimeter (solid target)

Ancrd Pubbes, ETHTivch, 14800, Neulbno 3000
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ICANOE proposed layout @ LNGS Hall B

Liquid Argon Imaging (= liquid target)

Fine grain magnetized calorimeter (= solid target)
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ICANOE event rates

* One liquid target module:
-» Total mass: 1900 tons e Rt
-» Imaging mass: 1400 tons (8x8x16 m3) } 20 kt year ~
-+ Fiducial mass: 1245 tons (7.45x7.45x16 m3)

+ One solid target module:

-» Instrumented mass: 800 tons

{l Process | liguid target solid
v, CC 54300 27150
B, CC 1090 545
ve CC 437 219
ve CC 29 15
v NC 17750 8875
v NC 410 205
vy CC, Am~* (eV~?) |
1 x 10— 3 52 26
2 > 1072 208 104
3.5 x 103 620 310
5 x 103 1250 625
7.5 % 10°° 2850 1425
15 102 4330 2165
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Features of the ICANOE detector

 Fully homogeneous, continuous, precise tracking device with high resolution dE/dx

measurement and full sampling electromagnetic and hadronic calorimetry
(Xo=14cm, A,=84cm)

for pure Amgon, comection for guenching & compensation

Excellent imaging capabi ies( ubble-cham! e"}
Excellent electron id and e/n separation: >1/500 from dE/dx measurement & imaging
Calorimetry allows full kinematics reconstruction of contained events

dE/dx provides particle id (with range) and precise momentum measurement for soft particles;
rejection of conversions and Dalitz decays

Large kilotons with high granularity feasible

W
®
%*
*
*

9x9m? 5mm thick Fe slabs; magnetic field 1(outer)-2(inner) Tesla
200 Fe layers/module

200 layers of 9m-long fibers, readout both ends, 5x5cm? grouped to PMT
20 layers of drift tubes (for p bending measurement)

Performance matched to catching tail of hadronic shower from LAr e

i
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ICANOE muon acceptance

dLAr+ 1 CAL

| &
08
4LAr+ 2 CAL

4LAr + 4 CAL .

s, , Rac iy 04 | .
s e e :
| | U |
| | |
The spectrometer is instrumented to el 1
allow the hadron energy of showers that
leak into the spectrometer to be " J| SN — R

0 16 7] 48 64 80
correctly measured= extend LAr LAr length (m)

fiducial volume

Aruird bt ETHT0ech, 14800, Moo 2000
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ICANOE “transition event”

S 3N

drﬁ i &

Shower leakage recovered
in CAL

Arwded Pbbis, ETH T Usich, 14800, Meulsino 3000



NOE calorimeter prototype

Prototype at CERN/PS beam (Dec 98)
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ICARUS liquid argon imaging TPC (1)

%« The LAr TPC technique is based on the fact that ionization electrons can drift
over large distances (meters) in a volume of purified liquid Argon under a strong
electric field. If a proper readout system is realized (i.e. a set of fine pitch wire
grids) it is possible to realize a massive "electronic bubble chamber®, with superb
3-D imaging. :

A
4 “Bubble® size
S =3x3x0.2mmd
E
Q
3 Energy deposition
measured for each
point

A, P, ETHZnich, 148400, Meutine 2000 40 cm Drift
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ICARUS liquid argon imaging TPC (11)

ZZ - Blogng

druted Futbie, ETHTUsch, 14800, Msusrine 2000




Neutrino event in 50 liter LAr TPC (1998)

ICARUS-CERN-Milano
P

CERN v-beam

(Chamber located in front of NOMAD detector)

drded P, ETHZiwich, 14800, Nautirs 2000
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ICARUS state of the art

» After several years of R&D and prototyping, the ICARUS
collaboration is now realizing the first 600 ton module,
which will be installed at Gran Sasso in the year 2001.

Sma"'scale ‘.---n}.
prototypes 1400 ton

At P, ETHZ MR, 14800, Neutine 2000
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ICARUS 15 ton (10m?°) prototype (1999-2000)

* A recent major step of the R&D
program has been the construction and
operation of a 10m? prototype

@ Test of the cryostat technology

@ Test of the ‘“variable-geometry” wire
chamber

@ Test of the liquid phase purification
system

@ Test of trigger via scintillation light

® Large scale test of final readout

electronics

=» First operation of a 15 ton LAr mass
as an actual “detector”

ik Foutbia, | THZisech, 14600, Meulring J000
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Cryogenic circui

LAy recirculali

——— -

Recirc ulali or

LN2 pump

Areird Prtsias ETHDUsicn 14800, Meutdee JO00
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ICARUS 15 ton prototype - internal detectors

Photomultipliers

Purity Monitors

Cathode

Two wire planes (induction + collection)
928 wires/plane, all connected for readout

hredrd Padobis, ETHZimch, 14800, Neulrne 2000
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% Confirmation of the
functionality of the variable

geometry mechanics

Ao P, ETHTlnen, 14000, Mastng 2000
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External view of the ICARUST600 ™~
half-module




ICARUS T600
assembly
progress

Wire Factor

ek Pubbia, ETHZisich, 14800, Neubire 2000

2nd half module

Wire Chamber Construction
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ICANOE physics program

Looking for rare events:

" Atmospheric neutrinos

Aruied Putbie, ETHZ (sich, 14600, Meutins 2000
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cillations

» Search for distortions in the visible energy spectrum of leading

electron sample

= Exploit the small intrinsic v, contamination of the beam (0.8% of v, CC)

-» Exploit the unique e/n° separation
- Excess at low energy

Am? =3.5x107%eV?

+ EXxcess visible also without cuts

+  Kinematical selection in order
to enhance S/B ratio

- Will be tuned “a posteriori”
depending on the actual Am?

Aewird Poibbia. ETHZGnGH., 14800, Neutine 2000

:

Am? = 35x 107 eV

& v, +V, CcC
et vC’C
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Tau appearance - kinematic selection

!. E Am'=3.5x 107 &V
: 1 [ ] v'-lr\r‘CC
B3R V'CC

v, CC

At = 3.5 107 &V
» v'-l-v‘CC
Bl v, CC
v, CC

= 3
Missing P, (GeV)

B> 08 O aup

£ - Blgany




OOZ uaanen DOATE WPIITHLY WO MRy

: Aaf) 9.0 < BRI
01 6% | 6F A2 60 > 4d
Z1 1 19 A99) 81 > *q
el 6 79 | A?D T < wnjuawour
}IM 9jepIpued JU()
91 29 6L QUIM[OA [eIONPL]
17 08 | ool [eryuy
A2 01 xCe=,wy | DO | (%)
) in 1 | "B *a s
T £2 Tl 4 BT A?D 90 < sonitd
L6E 9¢ o Ly z | 6t1 I8 A3 €0 < 4%
%44 09 8¢ 0°¢ ¢ l1e] » A9 60 > £ |
444 ¢l oF z'9 ¢ | ¥9 | 29 A9D 81 > 7 |
19¢ 08 0¢ L9 6t | 998 | oL | A®D 1 < wmjuowow |
Ip}!& Mﬂp!pllﬂ:) BHO [
989 L6 P9 Z'8 ‘
&L I[I 1L E'ﬁ emremerrr s s e b s g
zA? 70T | A2 ¢-01 X G'E | 2A? ¢-0T X 8T | 2A? ¢-01T
= Y = Y = ;WY = [y
oy 00 ‘a DD *a 0 ‘a

56 - Blgany



Kinematics simula

Apeied Phtsbis, ETHT0sch, 14800, Matsns 2000
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Two-family v, —v_oscillations: sensitivity

. B .
- i 3
- ICANOE : ‘
“'E i ; (’T—?’B) . MINOS 1
OPERA | kr =% n)|
-1 : :
10
-2
10 |
v, €9,
90% C.L.
(MINOS high energy beam (PHzhigh) 10 2L
configuration, NUMI-L228 & TDR) :
(OPERA, CERN/SPSC 99-20) :
(ICAMOE,hHW"m.MWﬂﬂmm.‘MW, s-l-s i Ak n.-.;;l_z i i .....l-1 i S T T T T
optimized for low Am’) 10 10 10

dewied Pudbin, ETHZimich, 14800, Mewlring J00C
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Two-family v, —v_ oscillations

Exploit the small intrinsic v, contamination of the beam (0.8% of v, CO)
Exploit the unique e/n° separation
Excess at low energy

AmP=3x 107 eV sin’ 29 =0.02
® v, CC + oscillated v,
B v, CC
Oscillated Yy

as 40
E e (GOV)

Aruied Pisbie, ETWTsch, 1UB00, Heutins 2000
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*(eV?)

10

S0 ¢

Exposure.
20 kton x yeor

MINQ§ (1% syst error)
aa
Wos~..

sin’ 20

10°

.........................

t — 1% :y:j error 4.5x 10” p.o.1. per year
~ 1% syst error, 7.6 x I:OI,p.o.l. per year

(MINOS high energy beam (FHZhigh) configuration, NUMI-L228 & TDR)

(OPERA, CERN/SPSC 99-20)

Arcied Fubbis, £ THZ0nch, 14800, Meutsin 2000
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LSND signal

00 -
!m . Am' = 0.4 8V sin" 24 = 0.03\&% .
[ ] v,Cc‘-mev_ .
180 = + = V,CC 1F :
! Oscillated v,
o r
120 - + h il |
100 ; e
; "
w0 f
| w0 v, v,
. [ 90% C.L
: “ o
- g P 0™
o M
20 kton x year exposure
v, + P, Oscillated v, | Total v, events | Oscillated », | Total v, events
e Am?=08eVI|Am?=08eV? | Am? =04eV? | Am? = 0.4 eV?
gin? 28 = 0.007 | sin® 28 = 0.007 || sin? 20 = 0.025 | sin® 26 = 0.025
I No cut 4664+22423 18841449 6541+26+33 681126134 114634157
I Eivine < 20 GeV | 9411045 851944 179+13+9 309+17+15 4034+20+20

Arted Pritein, ETHZOdeh, 14050, Meutane. 2000
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Search for 0,

Cuts: Fiducial, E, > 1 GeV, E,;; < 20 GeV
AmZs = 3.5 x 1073 eV?, fy3 = 45°

013 sin® 26,3 | ve CC | v, = v | v, — v || Total | Statistical
(degrees) T e significance
8 0.076 79 75 67
7 0.058 79 76 5] |
5 0.030 79 7 26
3 0.011 79

Areted Putis, ETHT (e, 14800, Meuties 2000




3 ® v, CC + oscillated v,
& B v, CC

---- Oscillated v,— v,
----- Oscillated v, — v,

<
o
e
P
S
8,
g
2
<<
<

+
SR
s
+
e
+
+|
+

......

Ared Pubbia. ETHZUnck, 148000, Meutine 2000
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ICANOE at CNGS
® v, CC + oscillated v,
a2 9
e Oscillated VoV,
----- Oscillated g
— v, CC + Oscillated v, — v,

E,, <20 GeV and E, > 1 GeV




Sensitivity to 6,5 in three family-mixing

Combining atmospheric and beam data
100 . T
«4; |
< =V, >V, not included -
<] /
~ iy
5 10 |- — v, > v, included, | - . .
923 = 1A, ﬁ.Itd
— V, =V, included, /
1+ Opfee |/ 1 . .
10"}
107}
10°F Ve Osclilations
90% C.L. ALLOWED
X mint 4.6
-4 i 1
o 10° 10° 10" 1

Avtrd Putstts, ETHZOsar, 14800, Meutare 2000

% - * Limit slightly degraded

by inclusion of tau
events and leaving
contribution as free
parameter

Improved if 0,4 fixed
(e.g. to 45° or from
other experiments)

Almost two-orders of
magnitude
improvement over
existing limit

e e




Parameter determination from beam only

.gu.m
3
$0.009
-
< 0.008
0.007
0.006
0.005
0.004 '
0.003 8F
6
0.002 T
) : = ] A
0.001 xdmm-" :4' H'ﬁ' +".’,3 ) 2:
1;;;1,.14...1...|...|: F
) 0.2 04 0.6 0.8 1 0 itttk
sin” 20,, .

Systematic errors: uncorrelated bin-to-bin: sin” 20,
v CC. £+10% v. CC
+10% v ,CC, £10% v, CC But o5 trained by at herlc data ! |I

dedrd Fuibbia, ETHDinch, § 4800, Neutlno 3000
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Determination parameters

Fit of simulated

ICANOE data enly
CNGS+amm data combined CNGS+atm data combined
o.01 e L G AR LB s —
g £ ':_l T T T T -
§0.009 — (68% C.L.) o | |
sesss (90% C.L.) 'i r ]
< 0.008 e (99% C.L.) ! & -
0.007 '
0.008 06} -
0.005
0.004 04F — (68% C.L) E
----- (90% C.L)
i e (99% C.L.)
. uLL -
0001 X 'mint 2.4, +4.6, 49.2 [ 22+ 24, +4.6, 9.2
I | P ok N !
u u M “ u'. 1 ; U ..IJ- i ‘..l.‘. " ..:.- A -'.l.. P :
sin’ 20,,
sin® 20,

5in?20, .= 0.10+0.04
§in220,, = 0.900.12
Am?5,=(3.5+0.4)x10- e V2

0

P Y2309y
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Reconstructed L/E resolution

» Smearing in L/E is introduced by finite resolution
-» Fermi motion: applyacuton E, ., > 1 GeV (40% of all events!)
-» Measurement resolution

@ 400 [ - ——— "g 800 ]
S aso [ Fully E«> 16V § o0 E Portiolly Ea> 1 GeV
E’ 300 [ Contoined 600 Contained
£ 250 |- 500
L o0 - E o
ol § =
w 100 W 200
50 100
o ]llll!lli'llllll o IIllIIlllllilill
-1 0.5 0 05 1 -1 0.5 0 0s 1
(VE)yc(VE) noas)/(LE)ye (VE)juc(VE) g0e) (VE) e

Mretet Puttan, ETHTUstet, 14800, Meutrine 2000
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L/E distribution: electrons and muons

+ Oscillation parameters:
= Am?,, = 3.5 x 103 eV?
- sin? 20,, = 0.9
- sin? 20,, = 0.1

+ Electron sample can be

used as a reference for
no oscillation case

Aruird Pubbis, ETHZsch, 14800, Mewting 2000

Events for 25 kton x year

8 8 5 8 8
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v, disappearance - L/E distribution

+ Compare expected 2 W
distribution with observed & | il
+ Extremely simple selection: Sl 1 Y NeyudOroa ”, .,.,,-m
= Keep all events with = 12 b O Neutrino Onciliotion (si'28 = 1, &m' = 0.6 x 10 oV
E .ne>1GeV: £ ~40% of all g‘

events!
*» The characteristic
modulation of a given Am? is
clearly visible.

* “DIP” visible
* Can precisely measure the
oscillation parameter and

resolution can be improved
(items under study)

Aruivd Prutstin, ETHTUneh, 14800, Meutwne X000




ICANOE low energy electron events

+ Study low energy region (below 1 GeV) of electron CC sample

v“ g s oscillations in matter

Am'= 9x 107" eV ;
* Oscillated v, + ¥, CC’.
. Unoscillatedv,CC |
+ Test matter affected

oscillations in TR ;
neutrinos W
coming from below. QSRR

T
E
4
E
g
o+
e
R
4
-4
E
e
-4
E
4
4
e
4
g
F
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F
E
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E
E
E
F
e
E
E

+ Assume electron-muon
oscillation at Am?
relevant for LMA solar
neutrino deficit

g
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Oscillations in mat

- v, 4 v, oscillations in matter
? EEV ?"\‘.! 00 MeV [\1 /\\ ™\ Exposure v, CC v, CC v, CC excess
ol S A f X ;’ \ !-; \‘H (kton x year) no oscillations oscillations (%)
a_ | 1 1 L i 9 111 131 18+ 10
1 20 442 523 18+5
50 1104 1308 18+3
v, & v, oscillations in vacuum
Exposure v, CC v, CC v, CC excess
(kton x year) no oscillations oscillations (%)
5 111 134 21+ 10
20 442 535 21+5
> 50 1104 1338 2143
1 il Py ++ b, oscillations in matter
o2 Exposure 7, CC v, CC 7, CC excess
a (kton x year) mno oscillations oscillations (%)
5 14 15 T+£20
20 58 62 T+13
50 145 1556 T+9
¥, +» P, oscillations in vacuum
Exposure 7. CC 7% CC 7 CC excess
(kton x year) mno oscillations oscillations (%)
2000 m 6000 8000 10000 12000 5 14 19 34+30
Red: v, anti-v osc vacuum Distance (km) 20 58 78 34+ 15
Black: v osc matter 50 —r 145 v 195 34+ 10
Blue: anti-v osc matter S Bvis < 2 AY, Elfuny < 02

Aeuirs Pusitda, ETHZUnen, 14800, Meussnc 2000

o8

Oscillation parameters: Am® =9 x 107% eV?, 5in 20 = 0.7
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Example: p — VK
Exposure: 1000 kton x year !

- Background free searches

| Total Energy < 0.65 GeV

= Cuts K+ v|v NC|wv NC
Initial 100% | 64705 | 29612
No primary 7 99.4% |55481 | 26033
No primary 7° 98.7% | 4839723265
Only one kaon 98.5% | 108 | 22
8% | <1 | <1

€5 - 0mYy




Cuts

Oxygen

Initial 100% | 100% | 59861 | 11707 | 106884 | 27273 | 64705 | 29612 |

One 7° 54% | 0% | 5277 | 1696 | 11160 | 4388 2278

One e 54% | 0% | 5217 | 1696 | 7T <1 | <1<l

T, < 100 MeV 53% | 68% | 2506 | 1256 | <1 | <1 | <1 | <1
0.8 < Inv Mass <1.05GeV | 38% | 53% | 306 | 24 | <1 | <1 | <1 | <1 .
Total Momentum < 0.25GeV | 19% | 24% | 1 | <1 | <1 | <1 | <1 | <1 gf/

et P Tt 14816 s 500 Exposure: 1000 kton x year 5




Conclusion

+ The combined ICANOE & OPERA program coupled to the
CNGS beam will provide unique opportunities to further detect
and study the atmospheric neutrino oscillation phenomenon.

- Sensitive v,—v, and v —v_ appearance at accelerator
-» Continued observation of atmospheric neutrinos

+ The complementarity of this program relative to the
disappearance LBL programs (K2K & MINOS) is obvious.

* After many years of R&D and gained experience, ICANOE and
OPERA are ready to enter into a phase of realization.

~ The CNGS program will hopefully contribute to the
comprehensive elucidation of neutrino masses and mixings.
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