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WHY NEUTRINOS?

*+ Neutrinos have already given foundamental contributions
to the assesment of Standard Maodel m NC discovery, first
determination of sin® 6y etc. ).

+ ERIGHT SIDE

Neutrinos produce very clean interactions, which can be
potentially used for precision physics:

o switch off all but weak interaction;
o fully polarized:;
s sensitivity to GUT and new physics.

— excellent laboratory probe.

+ DARK SIDE

Neutrinos are largely unknown particles:

+ mass (if any)?
s+ properties (Fermi, Majorana etc.)?

s tiny cross-section with matter.

— stilf many things to learn.

Roberta Parttl
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EXPERIMENTAL ISSUES

4+ The main difficulty to overcome for neutrino experiments is

STATISTICS

interaction with matter. Two options are possible:

due to the small probability of

e massive detectors

s large fluxes
Experiment | Target | Exposure | Statistics Technique
mass p.o.t. v, CC

CDHS 750 t | 5.2x 108 107 massive calo
CHARM Il | 547t | 9.0x10'F 107 massive calo
EEC various various b 7= 10? bubble ch.
Eb51 91 kg | 2.0x10% | s5&5<10° emulsions
CCFR 690 t 0.6 10%| | massive calo
NuTeV 600 t | 1.3x10%8 | | 1.3<10%| | massive calo
Super-K 225 kt - 6.8x10° | water Ceren.
SNO 1.0 kt - 1.1x10° D=0

+ So far, the word "precision” for neutrinos means the %
level in the best cases.
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NEUTRINO OSCILLATIONS

*+ In general it i, = [, neutrinos can have different

El

weak (v.,v,,v. ) and mass (11,14,1/2 ) eigenstates, which are

then wm___m Hmn. in analogy to D:m quarks, by the relationship:

e Hmm; H\mmw Hmm.m I’y
__x_.t = ﬁ...tu H»...tm H,._.__._”m /2
L H\.q.._..._. H\_q.__.w H\.q.._...w L3

where U is a unitary matrix: complex phase = C\P

The oscillation 11, — 173 has a FREOEAEILITY

3 3 R L
._.ﬁuﬁ_.x_u — H\._rwu = _nm_._urw — 4 M M H\mﬁmﬁwhmﬁm_“h.ﬁm_mq sin” A__ v

i=1 j>i Aose
where L 1s the distance from the neutrino source _w R:,..\u
and the oscillation length A .. is defined as:
J\ det 243 F
= Am w.

with Am?; =| m; —m7 | (eV?) and E v energy (GeV).

Jr_

Only TWO Am wu are independent. Thus if there are

three different mass scales from experiments there must be:
- 8 massive sterile neutrino;
- at least one mass scale not correctly determined:

o superposition of oscillation patterns;

o wrong interpretation.

CERH



+ [f different mass scales, oscillations will decouple and can be

approximated by a

L

/a3

TWO-NEUTRINO

oscillation:

cosd sind
—sint# cost

__...._.._.
Lim

and the probability of oscillation becomes:

P(v, — va)

* Results are presented in the

. ) u 2
sin” 26 sin” hﬂ

L
...w_:.u.mn

)

PLANE (sin® 26, Am?) ?

the TWO independent parameters which define the mixing:

o
Z o4 — sin® 21,.=2eF
5
0%
Q0% CL
in Excluded
|
1w Fallawed
s
a[+] P._-ﬂl_ SN I-I.w
7N ¥P
107 FN.MF... Z
1w 167 T 1w
minTd

- Low Am?®: larce

Apse, Poc L2/ E®;

D50

- High Am?: small A,.., P =1/2sin"24.

* The actual osciflation pattern is a function of the two
parameters L and E, which can be adjusted experimentally:

— strongest evidence signal showing L/

Roberta Parth
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MO TIVATIONS FOR WANF

+ From a cosmological point of view, massive neutrinos could be one of

the contributions to the missing| "DARK MATTER’ provided:

m mei = a few eV

(K]

+ Within the SEE-5AW framework it is possible to obtain an
gstimate for neutrino masses, based on the M5SW solar interpretation:

2 2 2 2 2 2
N2 i) e (u) e 15 2
Amy,, = - o e 1077 eV
M Fity M
where M s a Majorana mass term = standard electroweak scale.

The abowe expression taking into account flavour hierarchy leads tor

_h my,, ~ 3% 1073 eV m,_ ~ 09 eV (leptons)

my,, ~3x 1073 eV m, ~3LeV  (quarks)

+ MAXIMAL SENSITIVITY to a possible v, — 1 oscillation

signal from the above m,_ values is reached in the range:

02 = = < 1Km/GeV

= B ——
F NDMA -
FCHORUS |
102 ETTRD T RA T |
L ——— m - ! i
1..u|lr 3 =1 b . he._v_ve.n...h_ Lo, LT .h
T | Pl Dt Bl i Thoiins
e 10 E
u...uu ._u.n_.u..__r.._.n_...u.n_.._u...ﬂnn..-p......... =
N T MO T : = .mm.__U-__... 1997 _L__ﬁ..__ﬁ."_._..._.n..._\...nu_..__
Local I1994-199%  Full detectors
EUTUALLOM 114 1581
ol il Ll L0 il H@EIH@E Dhﬂ..ﬂ.m Whu_:_._m._.._.._..lm.
1o0-" 1077 Fl 1o 1
= aa” 26
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* The ideal evidence for v, — v, oscillations is the direct
appearance of 12.'s 1n a pure v, beam.

—= SBL experiments to probe the large Am® region.

* Severe constraints are imposed on the experimental

program in order to achieve the DETECTION OF

s high resclution detectors for a precise measurement of
v, charged current (CC) interactions;

s large statistics for a sensitivity down to P, 10—

— optimal compromise for SBL designs with

high resolution light (few tons) targets

& large overall neutrino fluence (p.o.t.).

* The result is an unprecedent neutrino data sample
(Vyy Vey Upiy P ), which can match both the statistics
of previous massive calorimeters AND the precision
of previous bubble chamber/emulsion experiments.

Roberta Partt
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THE WANF NEUTRINO BEAM

-
i
—_

-
T

rere S 3 G M Deadl pon

n®

4 Mean distance from v source (7, K decay): NOMAD ~ G20m, CHORLS ~ A00Om.
BCT1 SEME m Collimator Reflector Mucn Pits CHORLS
-
"I’BCT'!' Hetn ] Tunnil ] Eaith ¢
[ Be Ta.vgct .E
450 GeVic protons TDOX collimator Lron Shield NOMAD
4+ Wide Band Beam (WBB): broad energy spectra.
=} rem 2 8m e 2.8m
Flux CC interactions
Flavour (E,)[GeV] abund. (Ey ) [GeV] abund.
vy 235 10 43 8 10
Ve 371 00094 58.3 [0.015]
T J1.3 0.002 54.5 0.0016
Lo 35 ~|5 % 109
4+ Short Baseline Experlments (5BL): (L)/(E) ~ 2% 1072 Km/GeV
== Am? sansitivity in the rar el < 3 = 100 &1 "2

CERN



THE . SEARCH AT CERN

4 | APPEARANCE

experiments.

v is detected by CC interactions:

identified by its decay properties:

v+ N —

=1

4+ X

Decay mode BR
ta JTIT TS 17.4%
elalrr 17.8% ﬁ}_@
h(nm)v,  49.5% -HOMAD:
h(nml)y,  15.2% -HOMAD:

2

R

L= ] |

v

L =

=

T lifetime
kink, secondary vertex

VR

v o oo T

- I
%@
B
I}

nuclear emulsions

)

direct T search

b .1 QMADH

(IR TR g ERSSEERR S R

T mass & final neutrino(s)

high F| and missing P|

I

W
‘ra kg
missing '
B il
/oy

I}

tracking & calorimetry

)

indirect T search

VISUAL SCANNING

KINEMATIC ANALYSIS
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THE DETECTORS AT CERN

oy

CHORUS

4+ Hybrid detector:
| electronic detector
= predict tracks BACK into emulsions;
Il active emulsion target
= LOCALIZE interactions into emulisions.

"y

o e o,
g [EmEEL B - DR AR
EE D WME TNE NN N W OES
"
'\ | T e

is
d

4
J’ -5
L —F

T
|||||

[EIETEa P Y AR Y

4+ Electronic detector:

| high resolution tracking
= mom. resolution ~3.5% (p<10GeV /c);
Il fine-grained calorimeter
— o(E)/E = 23.2%/, / E|GeV] & 1%.

Flautring

m

1 mzo=

[ Dirift Chambers

Calorimeter

Calorimeter
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+ Detectors at CERN (1994-1998)

NOMAD

I Neutrino beam

Roberto Petti CERN



DATA SAMPLES COLLECTED

small background

U -r- -
selection efficiency 1 ~v 1 + 8%
I}
nominal target mass 0.8t
5x 10 po.t
I}

DATA 94-97 713k v, CC

Phase | completed:
75% of 1u anal"}fzed

El? ;"JIII]' Uf L'.LL afla |' zvf'u
Phase Il started

AOMAD.-

E e Y e B ] A D

large background
selection efficiency ¢

nominal target mass 2.7t
5x 10% pot

I}

Tak ] = J_'-"I'I

DATA 95-98 1354k v, CC

100% of data analyzed

CERN
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THE NOMAD v, SEARCH

4 The signal . CC has intermediate
properties between two background sources:

| CC INTERACTIONS

Backzground Siznal r_,. - = Background = &
N v vy M Ve, CC
' J..,x..
ﬁ._. FE! | T
- h .— ...._.. 1h ..—. .\.... 1h
_ub_ur,.rl o i
Jet Jet Jet
i
IMBALANCE

11 NC INTERACTIONS

Backzround
v MC

ISOLATION

Difficult to reject efficently both background sources with

—ERH



4 Definition of probability density functions, pdf £ |

describing the probability, for an event with the given set of
N variables X;, to be signal (Ls) or background (Lg ):

s the global pdf C is subdivided into n-dimensional partial
pdf's with n = N and n = 1,2, 2,4, chasen among the most
discriminating internal correlations of of the set of variables X,

e partial pdf's can be included in the set of variables X;, as well

4 Event classification based on LIKELIHOOD RATIO
between the signal S and background(s) E hypotheses:

4 The optimal treatement is to compare the SHAFPE of
signal & background(s) in a likelihood fit to in A:

e limited by available statistics; A
e therelevant information froma SR
fit is the |S /B RATIO | along
the in A distribution;

& define different SIGNAL BINS ——n i
in the tail of In A, characterized "

by different 5/E ratios;

e different bins are considered  ———— —
statistically independent. BINI BINII BINIn IR A

4 Independent measurements from different decay modes &
signal bins are combined within the UNIFIED AFFROACH,
(G.F. Feldman & R.D. Cousins, Phys. Rev. D57 (1998) 3873).

Folzarta Peii CERHN



4 The large kinematical suppression and the use of multi-dimensional correlations require

a precise knowledge of bar:kgmund( 5_) down to a ~ 1077 level. The final estimate of

backgrounds & efficiencies is obtained from the

& Lse

IDENTIFIED »,CC

in both Data (D5) and

Monte Carlo (MCS) and replace the | pu™ | by:

o U l’J.'..u_:-. nothing )
e~ from MC

A~

o T — X MC

e compute all efficiencies as

4 In order to obtain reliable background predictions a

def (o) x =(DS)
= £(MCS)

e define a signal region,

THE "BOX"

DATA SIMULATOR

technigue:

Frarim G o Gat e

— ¥, 00 NODSNCS
... ¥, OO ND

-
vy CODATA

‘ELIND ANALYSIS

. by optimizing the overall sensitivity to oscillations;

¢ data events falling insice the EOX CANNOT be analyzed until the bkgnd predictions are finalized;

s the -t saarch and the =~

search outside the "ECOX" are used as control samples for backgrounds.

15 used:

CERN



T — U+ | € 1,

T — -+

hadrons

Candidate selection

ONE candidate
defined by particle 1D

MANY candidates
choice based on topology

Rejection of CC

MAINLY v, CC

kinematics

UNIDENTIFIED v, & v, CC
Il'.-'r_:-' |r..+|'-".- |'I'9 |'I E-.I
kinematics

Rejection of NC

7 — yete”, 7/K MISID.
.|'.-'¢._'-' IrlLl; C |'I'f' |'I ."__,.'

.
—_

kinematics

hadrons inside jet

kinematics

Selection efficiency

3.6%

1+-2%

Sensitivity range

] - f
o058 150 |'r__'-'..+|"l_-'|'?

‘-T,""‘:HIII | 'I-i_-‘l.ll'|ll & Fos iy I.-'—I..-—"l
sSmaill VisiDiée @l E|5-I_. {1 CL)

|

fl';_i'.rl;-l' ..+ |'._"_“\1_-J |'Ir_-'-‘I ..+ |'--l_--'|I 1

CERN



4 Three types of| TOPOLOGICAL CONSTRAINTS

are used for the kinematic selection of the 1. CC signal:

Candidate structure
p, 3T

Global kinematics

| |Candidate structure|:
The internal structure of the p (37 ) candidate is exploited both
for the selection procedure and for the rejection of the

v +1e CC backgrounds through a a likelihood function | L1 |

Il |Jet structure |:
In the — hadronic decays a control of the jet structure is needed since
for background(s) the candidate is mostly extracted from the jet.

I11 |Global kinematics |:

The rejection of each of the two main background contributions is
..u..Hﬂﬁu

achieved by constructing TWO appropriate likelihood ratios
A cC

and . exploiting the full event kinematics:

Ve CC vCC vNC

In ASC

In ANC

Folzarts Peii CERHN



4+ Definition of the signal region:

8
[:]
4
2
I:E:JE“]
| |8
U |g e
'55
8
!
S
|T :
F‘ a
2
-4
cee 3%
L=)
J.':Ifcz

=

Lag. likelihaod mtio (/NC)

[[F’m,ﬂz, Qirp]: PT: —'”T:Ens]
[[[&D’T! BD’H]: IEJ.'J:I.i.l.n t?]"], _"-Ll!r]", _EE]

10

8 Eégéﬁ v NC
N
2 | s
= |2 | *HoEEEs: y,cc
2 o [ o ¢
E DO = [ e .
+ 3 er e
<
T 4
I i A
k- 0 w
EaLATIN
=
e a 2 4 ] ] 1Iu
Log. likelihoad ratio (Z/NC)
co et :
’Eh = [[IG:RPT:HVI]:-'?T:-'-”T:EL'#]
def
£I;IC — [[[EVT:EVH]:Emim'QT]:-FT:P]{I]
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1ons

NO EVIDENCE for oscillat

4+ Final results
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THE CHORUS v SEARCH

4+ Location of primary vertex (Phase I):

| FEEDICTIONS from the electronic detector

& loose preselection to reduce the scanning load:

e identification of primary MUONS;
e automatic scanming in the interface emulsion sheets
& track extrapolation at the emulsion target.

| EULK EMULSION automatic scanning procedure:

e frack disappearance defines the vertex plate;

e the vertex location efficiency is evaluated from Monte Carlo
simulations and is cross-checked with real data.

T um
= = VERTEX PLATE

i
|
|
I

i

< not fonrd w» found track segment

Roberta Partt
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4+ Procedure of 7 decay search (Phase 1):

| SHORT DECAY

path search

when the kink 1s within the vertex plate

— require LARGE

LONG DECAY

impact parameter w.r.t. any track

path search

when the kink i1s downstream of the vertex plate

o kink angle larger than the scan-back angular tolerance
o kink angle smaller than the scan-back angufar tolerance

— reguire a transverse momentum Fr

L ‘ierbea plob=

Irmpeact
paamater ||_I|.r_
¥
. |l.|

._.n_ulnﬂu. a.

Video Image Analyas

tradk not fourd

Topdogy b.

Roberta Partt

- 250 MeV

:

Dala

_arbitrary units
B H

:

o =yescan

. vMO

B

S
O S TE S I = a5 e a6
Impac par. ==._._”_

Y

B

a ity uriis
B

—_
LB s b

O 0 G2 G2 04 05 68 OT7 G8 0% 1
P8, [GeVic]
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T — U+ | By

T — U+

Ope

Kink search

search along a
SINGLE track ()

search along

MANY tracks (h's )

Charm bkgnd.

i CC with missed primary lepton
v CC with ut ff ht wrong charge assignement
e in NC with DV /D" missed

kink constraints

kink constraints

f
—_

kinematics (D5 cut)

“White kink” bkgnd.

nuclear 1-prong interactions
without heavily ionizing tracks

kink constraints

+

kinematics (D5 cut)

Acceptance (vertex)

Kink efficiency

Selection efficiency

7.6%

0.8%

CERN



+ NETSCAN location (Phase II):

® Pick up all track segments (g < 0.4 rad) ‘ I
In the scanning volume |

(1.5 x 1.5 mm?”~ 8 plates)

® Offline analysis of emulsion data

At least 2-segment | | Reconstruct full
connected tracks e I S vertex topology

Track segments from ] : 7L N Eliminate passing-
8 plates overlapped i through tracks

Roberto Petti CERN



+ Automatic microscope at CERN:

z
High Perﬂ)rmance
GEHES

Roberto Petti CERN



RESULTS OF THE v, SEARCH

+ NO EVIDENCE | for oscillations from the analysis of data:
o NUMEER of observed events consistent with bkgnd.; {-@ HOMAN.
o SHAPE of relevant distributions in good agreement with bkgnd. ~HOMAD.
( A ;
1::!:?[:‘&5 1
\J/ ~HOMADD -
Tot. bkg 1.21 +0.33 Tot. bkg 80.5 £+ 4.1
NT_, 7018 NI_, 15226
Data 0 Data bz
Syst - 17% NZ_,, 30% bkg. Syst.. 5+ 10% Ni_,, 5=+ 20% bkg.
£ L e 2 | %
E E @ ® SEMSITVITY
E_ ] @ LIWT g_ 8 LuT
S10° =10° .
: : :
g . PHASE| é "
=] o
a B
e DESIGH | a
o
DESIGH . . FINAL
o 1997 1998 1999 2000 2001 R 1998 1985 00 o1
Year Year

CERN



4 Both approaches allow the definition of regions with a

SMALL EACKGROUND

| ST [ IR AR 4 .

cHOoORUS
\\ 4
Ana lysis Tot. bkg NE_q Data
" 0114003 5014 0
v O L10 £ 033 2004 0
1.217558 7018 0
Svp—w, = 3.7 X% 10~* 90%CL

Loy o 3.4 % 107 90%CL
P(<L) = 28%
(T. Junk, NIM A434 (1999) 435).

Syow. = 3.4x107* 90%CL
L, .. = 21x107* 90%CL
P(<L) = 29%

(Feldman & Cousins, Phys. Rev. D57 (1998) 3873).

Robeto Ptk

Analysis Bin  Tot bkg Ni_, Data
Vr Dge DIS Hr 0.28%030 948 0
Vr ee DIS VI 0.254+0.00 1780 0
v-h(Dy) DIS 1 0.ostill 2ag 0
v-h(Dy)  DIS Iv 012f588 1345 0
v-hily) DIS 1 0.o7hRRY 223 0
v-h(ly) DIS v 0o7HRED 1113 0
veh(2y)  DIS v 0alfpe o 21 0
veh(1/2y) DIS 11 0.20% 00 707 1
v h(0/19) DIS v 04T 1456 0
vr 3h piIs  voo0.a2t3 675 0
1.617; 5, 8746 1
Sy, = 25x 107 90%CL
L™, = 16x107" 90%CL

P(£L) = 3%

CERN



+ v, — Uy
-r': !
e
- i
u i
-.-I“. ,l'
i |
HOMAD . CCFR
o H .
"\M
10 S \
.\"‘1“.' e .o s -"\.\--
NOMADHCHORUS ™ =
(FEC — uncdl.| HM"‘;\;
H""-.-k
N V=V
9% L. S
COHS ™o
o™ o o~ o™ 1

.
sin” 28

Combined result with F&C (unoff.):

Slﬂ"p: — L =

Luﬂ—u,_
P<L) =

1.7 % 10~* 90%CL
0.5 % 10~ 90%CL
15%,

+ V. — s

-r; .! }

ri 8

e gt i CHDF{]LIS
2 : (F&CT (T.Junki
ri q

g1 f

.
NOMADHHORUS
iF&C— unfLi "--\._‘H
l‘..'\"-\.“
10 Ve We )
a0 % C.L. e
CHODZ e,

] P
1= w™ 1
sin~ 28

Combined result with F&C (unoff.):

SIJ'E—*I!J’.—
Lu,—-:-r,_
P(<L)

0.0 % 10™2 20%CL
0.4 % 1072 20%CL
25%

CERN



THE NOMAD v, — v. SEARCH

Motivated by the LSND result:

+ Relative abundance in the beam:

v, | i, ; |V | ; I
[1] : o072 : [0.010] : 0.0025

different energy spectra & radial profiles for 1. and v,

SEARCH FOR DISTORSIONS IN THE v SPECTRUM

— osciflation effect enhanced at fow 1. energies.

[ =

* [Different approaches to evaluate 7w, I contributions:

a) MONTE CARLO |simulations (FLUKA+GEANT);

b) Measured spectra of| 1,7, & 0. |(notw.! )

to extract K" content;

c) Cross-check with NAKG-SPY measurement of K /.

—> compare flux calculations with data taken with reversed

._.... o __.,.un.._ _-._.. rd_..._..... o “_r L' ._..._.,..nl.. ST a1 _...h.. W __.r+ __.._. _..._..,.r.._ s r ..,..n..“__.._._.,..nl.__ [ r.__..,r. 5l ......_.. rd_...n _..._..,..n.. _U.. [ ._r._m.

Roberta Parth
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Neutrino parent composition:

167

i ‘

._Mm _n.-_._._/ __._. .“__.ﬂ

e 1

- hy

E 103
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constrained by v, at low E,
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Systematic uncertainties reduced with ratio:

# . CC Events

CL
i)
L
1

i
Il

(E.)

# 1, CC FEvents

[ 2

4+ The analysis relies upon the excellent electron identification

capability of NOMAD. Search for the AFFEARANCE

P

of . CC events with the energy distribution of v, CC;

+ A |BLIND | oscillation search is performed
— compare the R, distributions in MC and data

ONLY after robust beam predictions;

T e
Iy aina e Ll

* Systematics on predictions from the 1,
comparison with beam profiles (~ 2% norm., ~ 5%shape );

+ NO EVIDENCE 7 for oscillations from the analysis of
the full data set: P,. < 6.0 x 10=* at 90%CL (Preliminary)

BEIF -

m k2
015 e NOMAD dote " e
X3 - Expected ratio ; .m

(IS umceriainiy) f -

[l Tl g n o

5 1@
ams
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o i
Visible energy (GeV)
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The Long Baseline
experiments at Gran Sasso

Roberta Parth



MOTIVATIONS FOR CNGS

+ n_disappearance in Super-K: T
m PP P ¥ | BestFitiory, to, Superk
B [1.0 7.0 99% oo
= ' 12a=132.4/137 d.of. L 98% CL
S UBestfit Dm?2=24x 103 eV? S omeL
Serilen disfavoured at ~ 99% “Best Fil
+ n.,disappearance in K2K: o
Expected (no osc.) 80.6+7.3-8.0 : |2 F.C.22.5k
—_ L o K 2 1-ring p-like
DeteCted 56 ( 28 effeCt) a ® ohbsarvation
Oscillation dip in the E, spectrumat Dn? ~3x 103 eV2? 1o [ " Prabminany)
+ n, appearance in Super-K + + + uf
T 11
Poor SB ratio ~ 0.7%, statistical significance~ 2s S N S

nenergy (Gev)

Roberto Petti CERN



Roberta Partt

+ A direct detection of the appearance of |11, CC | events in
the parameter region indicated by the measurements with
the atmospheric neutrinos by Super-Kamiokande requires:

¢ L/E in the range > 40;

s energy thresold for T production E,. = 1 GeV

— artificial 11, beam from CERN to Gran 5asso

i L

with L = 732 km and (E,) ~ 17 GeV.

+ The resulting Long Baseline design i1s very challenzing for
ANY 1 CC appearance experiment:

¢ high resolution for T detection;
s limited fluence available at large distance from the
neutrino source (~ 1/L%).

—> need unprecedent high resolution massive detectors

.
f=

of kton scale (SBL x 107 ).

4 Practical construction and costs require the use of different
technologies to fulfill the T detection principles developed in
the SBL experiments.

_ Note: | 5/B increases with L since the background is reduced at

large distances [~ 1/L?), whereas the signal rate from oscillations is

. . - Lk M 2 . s
approximately independent from L for hm_mw_”. - L

CERH



THE CNGS NEUTRINO BEAM

4 Mean distance from v source (7, K decay): OFERA [CARUS ~ T22km
_ Hadron ELEDP detectors
Horn Reflector ~ Decay pipe derector
Target
Proton = Hetube T He= tube= 1T
beam “J | =
FIm 434m) -

- - lﬂ'?Em'lEm' 'Eﬂ"m

4+ Wide Band Beam (WBB): spectra optimized to maximize |- CC rate from oscillations |

E T T T T T T T
Q.45 |- E
E s P+l orbitrory units) .
Er A= 107 eVt v, t'm_: [ pot) 745 % 1077
E'm I:‘_'C events/ pot/kton Badd o 1017
£~ , (GeV) 17
T oz w
a2 E'-\-\.
.15 o T H _ . ’
a1 # fluence Ve[V 0.8 %
0.05 Ve by 0.07 %
o L e v prompt negligible
9075 1o 15 20 2 30 35 40 a5

Ed
E(GeV)

4+ Long Baseline Experlments (LE!L] (L)/(E) ~ 40 Km/GeV
= An 12 sansitivity in the .-:'r...-'-_'w., ]_Il_-"
CERH



+ CNGS status: civil engineering

Roberto Petti CERN



+ CNGS status: schedule

g 9 99

2000 2001 2002 2003 2004 2005

vil engineering [

Install hadron stop,

decay tube sleeves, [ [ ]

general services

Equipment installation [T
Commissioning L]
First beam to Gran Sasso: May 2005

Roberto Petti CERN



THE . SEARCH AT GRAN 5A550

APPEARANCE |experiments. heavy passive material ( Pb_) large sensitive TPC
U is detected by CC interactions: interleaved with emulsions filled with liquid Argon
T - Ll lL
LN -1y target mass ~~ 1800 ¢ target mass ~~ 2000 £
v+ N — 7 :

Pb E5S Pb/ ES Pb

identified by its decay properties:

Decay mode ER

ﬁ rmas!

ﬁ [Tz 17.4% Il I

e I-'T'-"’.N%:‘

s . 17.8%

] e high space resolution precision calorimetry

% hinm")u. 49.5% - g < lum ag/E ~ 3%(12%) /VE em.(had.)
VISUAL SCANNING KINEMATIC ANALYSIS

CERN



THE OPERA DETECTOR

mspectrometer

Magnetised Iron Dipoles
Drift tubes and RPCs

brick
(56 Pb/Em. “cdlls’)

it
i
il
i
8cm
(10X,)
n target and t decay detector a
Each “ supermodule’ is - .
—|—1— brick wall
a sequence of 24 “modules’ consisting of = o
——',_ scintillator
-a“wall” of Pb/emulsion “bricks’ strips
T : 235,000
- two planes of orthogonal scintillator strips Bricks



+ Status of the experiment

® Approved as CNGS1 in 2000
® Construction & test of full-scale prototypes completed

Target tracker module

Starting final
construction

Roberto Petti



THE DONUT BENCHMARK

F.L.=280um
I, has been detected in the DONUT ECC | 6yuw=0.096ra0
P=414'“MoVic
U ® hadron P=4.6"3GaVic

neutrino beam

<4+“—>

Imm Emulsion film
|Feplate]| il

closeup view near the neutrino interaction

Material : Lead 1! Iron
Better performance for physics analysis

Test for the OPERA technology

Roberto Petti CERN



THE OPERA v, SEARCH

4+ [The electronic detector is used to find the

BERICK

where the neutrino interaction occurred.

— the brick is extracted and developed for scanning.

* Tracks are followed back in the brick to locate the primary

VERTEX

with a NETSCAN procedure (global scan)

already used by DONUT & CHORUS Fhase Il

4+ The| DECAY

s long decay topology — kink

s short decay topology — imp

+ [he full event is reconstructed

KINEMATIC ANALYSIS

T

E
track momenta by Multiple
Coulomb Scattering (MS);

e &, m. shower energy from
total track length;
reconstructior

for T — p search.

e specific "

Roberta Parttl

search 1s performed in two topologies:

act parameter

in order to perform a

of the saelected events:

meam pion & |
mEerEskinn peenl

. _T #— mlwctrom por
=0 \ muf._
_____ ’

20

1
00
g

1000

CERH



+ Long decay topology:

L ong decays

A
A

® Search for akink with an kink | || In~
angleq,,..> 20 mrad v Oir
= In
leptonic channels t® e m > TN
hadronic channels t® h, r | [T o] P
............ T

® RequirelargeP;=P*q,, at 2ry vtx.

leptonic channels > 100, 250 Mev/c
hadronic channels > 600, 300 Mev/c

® Additional kinematic cutsat 1ry vtx.
for the hadronic channels
Fin > p/2
P.miss < 1GeV/c

P,miss (GeV/c)

CERN

Roberto Petti



+ Short decay topology: emulsion film plastic base

® At least two additional 1ry tracks
for vertex reconstruction

P> 1.0 GeV/c

® Requirealargeimpact parameter
|.P.> 5t020 mm

leptonic channels t® e m

® Additional kinematic cuts on minimal
mass/'P; for n,CC/charm rejection
(Pt )min > 50Mevic t® e
(M. Jmin > 3GeVic t® m

Background
r 0.2%_ .,

5= 20

(] 1
M ass (GeV/c?)
Roberto Petti CERN



4 Number of signal and background events expected within the
90% CL Super-K allowed region (5 year run, 1800 t):

Decay mode Bkgnd
T — € long 015
T — u long 0.2

T — h long 023
T — e short 003
T — u short 0.04
Total 4.9 | 11.8 30.0 0.74

4 Lead/emulsion sandwitch = better momentum measurement MS) than CHORUS

Passive material (Pb) = lower overall efficiency (short/long)

CERN



+ Experimental sensitivity (5 years, 1.8kt):

-V, Y,

[ 90% C.L.

1al

SK allowed LP-2001 1

—  90%CL
--------- 99%CL

10

Roberto Petti

1
sin” 20

90 % CL upper [imit obtained
on average by alarge
ensemble of experiments,

In the absence of signal events

Dm? < 1.2x103 eV?
at full mixing

sin?(2q) <5.7x103
at large Dm?

Uncertainties on background (x33%) and on efficiencies (£15%) included

CERN



+ Probability of @

Schematic view of the
Super-K allowed region

Dm?

ns significance:

® Simulate a large number of experiments

with oscillation parameters generated
according to the Super-K probability distribution

®* N eventsarerequired for ans significance

® Evaluate the fraction P ¢ of experiments

observing 3 N, . events

sin?2q 1
E Ny =6 = ~un Pgs (%) |:)4S (%)
i j 3y 88 82
, V////% M /////;;// ) oYy 96 90
1 100

Distribution of events observed

Roberto Petti

CERN




THE ICARUSDETECTOR

+ Basic element T600 LAr modules (TPC)
+ Proposed baseline T600 + 2 * T1200 (3000 t)

electronics, _— . P
cooling, etc. ANBIIRSCRRNIEN [ ERRERR




THE T60OO DETECTOR

_— -

Electronic Racks

*-zlﬁ-(\lnnllu 1 ViR
= = Signal Flanges |8

' and Teed-throughs
a [, 1y 'j._;_l_ﬂ |
L T = s
Hfmu\ s L‘{ :.j
i i\& e

'I--L__

| Wire Chamber
Structure —

I|:||r Il.lf|' f
P /
'-'r,l'.

AR RTY n | il I TRENEY e ' .. b , -..__-:,_:'.
/ : ¢ Jiliig 7 ’) ”
/' View of the inner deté.Ctg»,Gr

lIIlIHI.JH

Vil S Drift Length (15m). — ——

| ——
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+ Data from T600

Aant coord. (m) FuII 2D View from the Collection Wire Plane

2= - . —
s L e . : I RS I SR IR 1 | _ | e
I | I
| e TIoT-----d3 i
| AL TR = i
I I I ' >
2 4 6 Wire coord. (m) 12 18
: ' | . 1 _li r
1 :;," R {8 l ; E-.
| 1 El.m. shower: |
4t I :

Zoom views 1 8 TN
VIew mstop and decay in e \

. Run 201 - Evt 12
. Detail Of along (14 m) mtrack ..

e : .
i
|

with d- ray spots

® = .—A...-¢ -im “-hr'

C e 8% e 3 .ma.:" _
3 s i EI m Shower |




A Full 2D view from the Collection Wire Plane

2 6 Wire coord. (m) 12 18

Zoom View

Run 308 - Evt 7

Large el.m. shower




THE ICARUS . SEARCH

4+ Signal /background discrimination based
upon kinematic criteria similar to NOMAD:

| ELECTRON CHANNEL

¢ m___m..ﬂﬂ._...ﬁ_a can _H_____ _H___.m M...m__ w..r.._.__ﬁqmw < 40 SxTaD modules, 5 pears CNGS(225x Hn_uun_._..._.n I
P = 0.5 GeV/c 2
: =485 ® y, CCuy CC
o Main bkgnd from . CC re- £ -
v, EC
jected with a multi-dimen- g
._.,I._..r.__.._.._.lu_. _._.__"n..m.___.._._..,r.._.r _L. ._—__L _.._....l._r__.,r.__.._. Mbm —_— W, [ e e

ha
o

_n_m.m
h_ﬂﬂ Tur ._WHHU ﬂL

—
n

10

e Residual 11, CC bkend re-
jected by muon 1D in LAr

_ﬁ__jr on veto )

1 HADRONIC CHANNELS

The m — p channel 1s exploited in the two independent
Deep-inelastic (DIS) and Quasi-elastic (QE) samples.

¢ Momentum F, = 5.0 GeV'/c

] ______._.h.,.uu_v__..nu__._,r__. rass _|..r.:_|.ﬂr__.__..|...___.._..__.m

o Largest bkgnd from NC rejected by isolation (D) in DIS

e Residual v, CC bkgnd rejected by muon veto.

Roberta Parth



4 Number of signal and background events expected within the
90% CL Super-K allowed region (5 year run, 3000 t):

Decay mode Bkgnd
T — ¢ 0.7

T — p DIS < 0.1
T — p QE < 0.1
Total 4.9 11.9 30.5 0.7]

4 Lower background & fully sensitive detector = larger efficiencies than NOMAD
No charge measurement —> the 7 control sample is not available

Robwrto Pelli CERH



THE ICARUS v, — ». SEARCH

Exploit the good electron identification

*+ Main goal to constrain the mixing| ANGLE 645

r

accessible via a sub-leading oscillation (three-i mixing):

.9, .2, o2 1.2TAmE L
Py, — 1vy) rm~=in” fas)dn f13 [sin ﬂ|hlh u
L8 _“._
, , 3, , 3 1.274Am L f 2 1 el
.ﬁ__mft — "cq.”_ ro cost B3 SinT Hag Sin ﬁ|ru|q = u _ Amits _nw,_ Ay _

+ AFFEARANCE

1, — 1/r followed by the decay T — e as a background.

of v. CC events, with

”.-._.u. _“.h..__.n..,l..m._.._.,..__._ru._ f ._.Hb....._._.m. L T I ...n. , 1 ...h.. — I T a _.._._U.. _..__._.r.__._...__._.._.n._.,l. _.._.| I Yo
W _..r.__._..._. ___.n. __._. 123 .,..__._.....n _...h_. _..|.r|. H......... _...._ ¥ .,..__. _...,.r... s _”.. .._“._.l vis.

.—-.‘. .r_

- |
1 -

+ Simultanecus fit to extract v, — Ve and v, — v rates in

the region E. > 1 GeV and E ;. < 20 GeV.

Lom 712 8m fow m 350 10 0T @, m 4570 - 77
ﬂ-—u -

W ICARUS at CNGS m.
m &0 & v CC + oscileed ¥y _:mm ey, |
= 90 allowsd
— [y iy
g e . .
'] === Oucalkied v, in CHOOZ
50
m Daaibrted Vy v
- v CC + Oscallemsed ..__._._ ==V,
40
CECTLL. AMALYES =
1a
-
-
N . -
- ‘s
-
_ -
- 1a
m. R ) §, — 4, Included, G_ = x4
L T H“ PR
. n
.- —+
i 3 2 <
1a 1a 1 1




CONCLUSIONS

* The short baseline program recently completed at CERN
produced an unprecedent neutrino data sample, allowing
at the same time large statistics (> 10° ) and high

resolution measurements.

—> large potential for neutrino physics.

+ The short baseline neutrino experiments at CERN have
demonstrated that two different approaches are

possible for a 1. appearance search:

¢ The automatic emulsion scanning (CHORUS) is efficient thanks to
the continuous advancements in the microscope technology;

¢ The kinematic method (NOMAD) is reliable and can be controlled
up to the extreme tails of the distributions.

— valid techniques for L BL experiments

* The long baseline neutrino beam from CERN to Gran 5asso
is currently under construction (to be completed by 2005).
Two different detectors are foreseen at Gran Sasso for the

detection of the appearance of 1. CC events:

o OPERA is a hybrid emulsion-based experiment, approved as CNGS51
in 2000 (in preparation ).

o ICARUS is an electronic detector based upon a LAr TPC (proposal).

Folzarta Peti CERHN



