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Alm In sensitivity — baseline, detector

From J.Conrad, ICHEP98
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Experiments.

Disappear ance: observed / expected CC

(possibly with help of “near detector”)

Appear ance: from anomalous“NC”/CC
ability to discriminate NC and CC

Direct appearance: present trend , to pinpoint
oscillation channels

n.@® N, :eldentification, asfor n ;e scattering

n.@ N, : anew generation of t detectors



Which atmospheric neutrinos oscillate?

CHOOZ:
N, do not disappear in the “atmospheric n region”

Super Kamiokande:
No evidence of n, disappearance

Evidence for n., disappearance

K2K:

Check n,,, disappearance and no n, appearance

]

signal isfrom n,,® n, oscillation ?

Theissue: “see” n,® n, direct appearance
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Atmospheric n issues and next steps

“measure’ Dm?

see’
oscillation pattern

|

| /E resolution

feasible with atmospheric n

M ~ 30 kton

target

n,® n; ?
I

see
n,® N, appearance

|

t detection

high energy, long baseline beam
( Ecy >>m, L ~ 1000 km)
M

wge> 1kton U b.g. rejection



Oscillation pattern and L/E,, spectra
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“High energy” long baseline projects

(Eqy >> m, , detector at ~ 730 km from n_ source)

CERN - Gran Sasso: NGS beam
FNAL - Soudan mine; NuM | beam

very appealing for n,® n; appearance
M > 1 kton and low background required
signal p (Dm?2)?



Conflicting requirements.....

dueto thet threshold s,/s increases with the energy
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Reduce |osses due to material in the beam line...

Fluka, mé materals
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The NGS beam line

Target Hocn Reflector Decay tube Hadron stop p - detectors
Coll. L Coll.2 Coll.3 Coll4
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Features of the NGS beam

400 GeV proton beam:

4 x 10%° protons/year (x2 in dedicated running mode)
200 days/year, e=55%

t yield: 2.84/(10%° pot x kton)

n/(10°pot/m?) 6.7 x 10™ 25x10° | 3.8x10° | 5.9x 10’
Relative 1 0.02 0.008 | 6.0x10*
interaction rate

Mean neutrino 20.4 21.0 315 26.3
energy (GeV)

DIS events 540 104 4.7 0.3
/(10"pot/kton)

QE events 50 1.3 0.3

/(10" pot/kton)




Possible performance improvements
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Beam spectrafor the NuM| beam

first run: low energy —  disappearance
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Detection of t from ny CC

oscillation CC m Nt Nm BR 18 %
AN h nt npe 50 %

S nt ne 18 %

prp p m nNpe  14%

Toolsfor background reection

Kinematics:

Requires good particle identification and resolution in momentum unbalance (unseen n)
(NOMAD)

direct observation of decay topology “ signature”:
oct =0.5-1 mm
Requiresemulsion : ~ 1nmm granularity
(CHORUS)



L ong baseline experimentsfor t appearance

E erenkov
ACQUARICH 125kton H,O + focusing mirror  n; by
Kin
Tracking
MINOS 10 Magnetised Fe/ Scint Kin A
NOFE’ /-8 Finegrain calorimeter  kin
+ TRD
ICARUS 0.6..30 Liquid Argon TPC kin ’ .;c%‘
= g
OPERA 0.8 Pb-emulsion decay oy
(+kin) ‘ l

4— N |dent — 1



FNAL - Soudan beam

Title:

Itmp/xfig-fig029091

Creator:

fig2dev

Preview:

This EPS picture was not saved
with a preview included in it.
Comment:

This EPS picture will print to a
PostScript printer, but not to
other types of printers.

N, disappearance with Near Detector for “reference”

(beam divergence gives very different beams near and far)

NN, from “NC”/ n,CC



MINQOS : best for n ,disappearance

A “technologically revisited”
conventional detector with mass x O(10)
(HPWF, CDHS, CHARM, CCFR, ... MINOS)

CC Muon Neutrino Disappearance Test

e e e I
PHZ(low) beam ]
a1 — 10 Kton-years —
B K 2,0% MNu Flux unct,
Y
I."JE E
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Coarse event reconstruction -
mtracking, e/h from shower features 107 =
n disappearance search (at low E,) S I I R AN B
0.0 L] T.d 0.5 0.8 1.0
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appearance from “NC”/ n,,CC
no n.:n, direct appearance



The Noe detector

elD by TRD and CAL combination.
clean t e-channdl.

E., Ep, measurement in CAL.
Emby multiple dE/dx in the TRD prop. tubes.

2.4 ktons TRD

5.6 ktons Calorimeter L )
8.0 ktons Total mass .11‘
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MNeutrino Oscillation

evt. 116
Particle type ele TRD+CAL event
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The ACQUARICH detector (125 kton)



ACQUARICH rings
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Fig. 3. Images of a 40 GeV neutrino interaction vyp—u~p+n’A+n®, p*—x+n0,

A*—=r*tr0, n'9yp%—yrta—in 25 m of an Argon gas radiator with y,=10. The three
above thresold tracks are labeled 1, 2, 3 with their identity and energy.



...compare with a SuperK amiokande event
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Theliquid Ar Image TPC Chamber of ICARUS: an
electronic Bubble Chamber (BC)

* Large sensitive volume (asBC)
o Detector = Target (asBC)
 High spatial granularity (asBC)
* Energy measurement (asBC)

 High energy resolution

» Specific ionisation (dE/dx) measurement
 dE/dx vs. range for particle identification
 Continuous sensitivity

* Self triggering capability

New detector ® new physics capabilities
Under construction : 600 ton module

A ninteraction in the 50 literstest TPC

Collection
wires :
Longitudinal :
plane Ty

(46x32 cm?)

Induction )
wires '-

Trar|15verse
ane
p b

(46x32 cm?) }‘

400
Drift time (ns)

: proton decay
For physics: 2.4, ....tons atmospheric n

long baseline n oscillation

solar n



The ICARUS 600 ton module

Inner Vessel

Outer skin

Passive Insulation

# ™ Read-out Chambers

H.¥. Cathode

Race Tracks



A 30 kton Super-ICARUS

for long baseline and atm. n experiments
(to be situated at shallow depth)

CATHODES ——  ACTVE VOLUME = 4 x {D=5m x H=14m x L=76.5m) = 21420 m3
ACTIVE MASS = 30 XTON
4 CHAMBERS WITH 3 WIRE PLANES
WIRE ORIENTATIONS = 0", 60"
WRE PITCH = 5 mm
N OF WIRES = 128400
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Only kinematics or decay “signature’ ?

Only kinematics

NOMAD (Migrge ~ 1 tON) 104105 } required b.g. rejection
Long baseline (M,, .~ 10 kton!) 102-108

target

Massive (long baseline) AND sophisticated electronic detector

Non gaussian tails: ways-in for background

L osses of final state particles (acceptance, inefficiencies, neutrons, ...)
Tails of Fermi momentum of target nucleons
Nuclear effects (rescattering, absorption, ... )

Emulsion: topology as decay “signature”

Decay “kink” n(ns)

Modest rg ection by kinematicsis adequate | <\
Ny

(e.g. against charm decays, with similar lifetime)
Very low background




Automatic emulsion scanning

Pioneered by Nagoya: Track Selector
® gpeed x 100 w.r.t. semi-automatic systems

New Track Selector ® speed x 10
routine scanning in Nagoya and other |aboratories

| mportant investments in old and new scanning laboratories : Nagoya, Toho,
Utsunomiya, Korea, Ankara, Bari, CERN/NIKHEF, MUnster, Napoli, Roma, Salerno, USA

R& D ® ...evenfaster systems, general scanning: UTS, SSUTS

\/

Automatic scanning of large number of events
Semi-automatic scanning only for candidate events
Event pre-selection by kinematics cutsnot required ® higher e
arevolution :

Rebirth of the emulsion technique



New tools always made a difference...

From B.Kurtén, Our earliest ancestors, Columbia University Press (1993)



Microscope event view
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Alm, target mass and experimental technique

e Atmospheric neutrino signal Dm? = 102 -103 eV?

e On planned long baseline beams M iarget = O (1000) ton

e Impossible with pure emulsion target (CHORUS~ 0.8ton)

e Different approach required passive target material - emulsion
sandwich

(emulsion only for tracking)

e Starting point : the Emulsion Cloud Chamber (ECC)

used in cosmic rays (charmed “ X-particle” observed in 1971!) and accelerator experiments
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The OPERA n, appearance experiment
In the CERN-Gran Sasso NGS beam
‘f KK odama,

4
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ok smen The greR:aY concept

e Pb ® large M

 Emulsion sheets (ES)
® trackingin space

* Each of the two (double-sided) ES

- 50 mm emulsion layers on both sides of
100 (200) mm plastic base
- mm detection granularity

® two high quality track segments

tar get

e t decaysin the spacer

- NO reinteractions or charm decaysin Pb
-gct>1mmPb ® -~04

Po ES low density spacer ES
< 1mm 3mm > <> Decay topology directly observed

50 i 50 200 mm L ow backaground



Event reconstruction

Study all t decay channels® e, m, h, (possibly into 3p)
Event localization by electronic detectors

Start scanning from ES upstream of event in electronic detector
General scanning

Find vertex plate (Pb) and neutrino vertex

Follow down tracks from vertex Stert scanning fhere
Kink search (in gaps between Pb)

Kinematics of candidate events
(few % of total)




The detector

e Lead-emulsion target
-cell: 1mmPo, ES, 3mmgap, ES

- brick: stack of 30 elements (~ 13 cm thick, 15 x 15 cm? X-sect.)
- module: matrix of bricks (~5x5m?)

- electronic detector planes following each module

- total mass: ~ 800 ton, subdivided into supermodules
- maximum detector length ~40 m

- detector mass is scalable (number of supermodules)

Muon detection
- tracking in the target (electronic detectors)

- magnetised iron mspectrometer downstream: sign of charge (momentum)
Calorimetry

- in the target: Pb (each module ~5 X,) + electronic det. (Scintillator strips)
M omentum measur ement from multiple scattering in emulsion

Electron I D from emulsion measurements (EM interactions in lead plates)



“Harp’ support

| PE300

HE140B

+~5.1m

|PE300 | - L







564 bricks/plane
(26x26 - 4x28)

18 planes
(10152 bricks)

Supermodule (front view)
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The apparatus (perspective)




Emulsion

No target (“bulk”) emulsion, but still:
~ 13 m3 of emulsion layers

Diluted emulsion: AgBr content 1/2-1/3 w.r.t.

short baseline experiments. cost scales down
(lower grain density allowed by automatic scanning and b.g. level)

Industrial production: time schedule, lower cost

Thinemulsion layers. allow special development and good
sensitivity (# of grains)

Recent achievement: industrially produced ES in Japan
European companies could also be involved



{ detection efficiency

Detection efficiency depends on Dm?: below assume 2.5 x103 eV2

e Decaysoutside Pb (1 mm) =g €, ~ 042
(€4ep depends on beam features)
e . 088 (t®
 Kink finding efficiency e, e 0.83 & ® 2))
091 (t® h)

determined by the angular cuts:
(5mrad resolution) =2 20 < Qi < 500 mrad <e= (scanning & bg rejection)

e BRt®me h — 0.174, 0178, 05

 Fiducial volume cut = e~ 0.90




Charmb.g.to t- ® h,m, e

(before vertex kinematics of candidate events)

Npo(h) = 0.05 charm/ CC
x 0.5 D production probability
x 0.22 BR (D ® h+ neutrals)
x 0.45 D decay outside Pb
x 0.91 € kink
x 0.90 fiducial volume cuts
x 0.04 m CC not identified
x 6900 DISevents === ~ 0.55 events (h")

BR (charged D ® | + neutrals) ~ 0.065
mcharge measured by the downstream —
spectrometer (1-e ~ 0.3)

~ 0.05 events (m)
~0.15 events (e)

Total: 0.75 events from single charm (“realistic” running scheme)




Other backgrounds

Prompt n; in the beam:

Reinteractions (spacer) :

P, K decays
(CCand NC) :

CC+NC associated
charm production :

negligible ( <0.02 events)
negligible ( <0.07 events)

0.2 events (eliminated by momentum cut)

double decay topology: 0.15 events
before the vertex kinematics



Sengitivity and discovery potential

sin? 29, (largeDm?) < 3.8x 103

DM?2 (full mixing) <11x103ey2 4
(90% CL)

f oscillation occurs @:

DM?2 =2.5x 103 eV? ~ 10 detected t

DM2 =3.5x 103 eV?2 ~20 “

DM?2 =8 x 103 eV2 ~90 “

NO OBSERVED
EVENTS
(0.41 expected BG)

events

4 s discovery potential: 1.8 x 102 eV?2 (full mixing)
(5 detected events)




Sengitivity and discovery potential
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ES1 ES2
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OPERA test beam resultson :
o Beam
the ES anqular resolution r Particle
b
e
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140 Entries 752 i Entries 752
L X:/ndf 11.48 / 15 140 - x'/ndf 8785 / 13
L Constant 124.6 L Constant 139.2
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...al the Gran Sasso

Present design: ~800 ton , 1.6 x 1020 pot (4 years)
=i ~]10000 n,, CC+NC events
Discovery potential:  small bg, afew events are meaningful:
@ Dm2=3.5x 103 eV?2 =i  ~ 20t events(~0.4 b.g.)
Negative search: Dm2~103eV2; sin22q,, < ~4x 103
==  COVErS Ny, (Super Kamiokande)
Modular structure: scalable detector mass

4
High sensitivity n_-n, search
¥
explore the atmospheric neutrino signal



n, appearance experiments at the Gran Sasso
(expected performance in 4 years running)

102 DmM?
discovery
limit (4 s)
ICARUS 25 13 40 85 340 1.8x10°°
(2.4 kton)
SUPER 3.7 70 200 420 1700 0.9x10°3
ICARUS
(30 kton)
NOE 3.7 2 7 15 60 4.7x107°
(8 kton)
OPERA 0.4 6 20 40 150 1.8x10°3
(0.8 kton)

Number of BG and detected t events as a function of Dm?
The 4-sigma discovery limit is also shown.
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Item7: Repart from the Joint SPSCILNGSC Meeting
(K. KBnigsman - Orsl)

Al its Septamber meeting, the SPC heard first prosentations and had fiest
discussions on the possible CERM contribution to a broad international v
programme which had been stimulated by the recent evidence of atmospheric v
oscillation presented by the SuperkKamiokande experiment.

The SPC heard, at this present meeting, a further report on the proposed
programme, as discussed at the SPSC-LNGS Committee meeting, and st the
CERN Research Board.

The SPC wished to stress the importance of the programme of v oscillation,
which had an impact of two of the most important questions in our field: the

existence and origin of neutnno masses and the relations between lepton
families.

The SPC recognized the important contribution that a CERN-Gran Sasso v
appearance experiment could make. Such an experiment could explore, in a
large fraction of the Am” region indicated by the SuperKamiokande experiment,
the most favored explanation for the observed Wy disappearance (ie a vp—vt
oscillation)

The SPC therefore urged CERN to proceed in the coming year ta all
necessary studies and work preparation on the v beam so as to be able to start its
Comsiruction as so0n a8 possible when a decision can be taken

The SPC supports the Management in its request for pledges of special
financial contributions, from Member and non-Member States, which are
riecessary to make such a programme possible

The SPC wished to be informed throughout the coming year on
progress on the first two above peints, and on further clarification of the
capabilities of a proposed detectar. The existing expressions of interest on the
construction of such a detector, had to be transformed through the year in a

proposal for a W appearance apparatus with a precise assessment of its level of
background and Am® reach,

The SPC also wished tw be informed during the year on the development of

strategy of the CERN Management on how to reach a final decision at the earliest
possible date, hopefully before the end of 1999,




Concluding remarks

long baseline beams

! ]

|dentify the source of the atmospheric neutrino deficit
Strong interest of the international community

K2K, NuMI and NGS beams. complete programme,
complementary explorations

t appearance: NGS s an excellent tool

Detectors. several approaches exist. Aim at high sensitivity,
ow background: discovery potential

mportant results expected: very exciting time!




