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What we 3re looldng for

Assume Dm?,; and q,; are well measured
e Measure sin’q,; to ~ 0.001

¢ See n,<->n,

e Measure sign of DM?

 Measure CP violation?

o All of these need a measurement of
ne<'>nx

* A complete check of 3-flavor requires
I n,s<->n, n,<->n,
I n,<->n, N, <->n, and anti-particles
I n,<->n. n,<->n,
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Properties of neutrino beams from muon decay
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Why not use conventional
beam

Conventional beam is
great for measuring
n.related
parameters to ~1%.

Limitations are
electron detection in
hadron showers
limits n>n,
To go beyond 1% on
n,<->n, or get mass
effects and CP
violation, need:
long baseline,
higher energy,
way to see n,<->n,
transitions with
better accuracy.
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Liquid Argon with drift
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THERRAL BELIL & TN

TiOE CALDHIMETRIE STHIPS

i LD SLECTROOEE

a LA
CH A PARES

AR R L

WETTEM CALCISA RTINS

ICANOE

LEELIE TAMSET WUR-SACCILLE

chrd i diina{ g5

A cdnEr] rease 0V e & ifk

5/1/00 11



The Neutrino Source

Muon Storage Ring as a Neutrino Source

50 GeV Muons in many bunches

1y

i}
Medium baseline experiment eg Fermi -= SLAC/LBNL 2900 km

Parameters for the Muon Storage Ring

Energy GeV 50
decay ratio % >40
Designed for inv. Emittance m* rad 0.0032
Cooling designed for inv. Emitt. m*rad 0.0016
b in straight m 160
Nn{pulse 10% 6
typical decay angle of m = 1/g mrad 2.0
Beam angle (Ce/b,) = (Ce g) mrad 0.2
Lifetime c*gtt m 3x10°
- 2
s/1fbo (L2 )/



Footprint for 3 50 GeV Neutrino

Source

Target Station
50 m long drift

100 m long Induct. Linac
60 m long bunching

140 m long cooling
1.6 GeV, 200 MHz linac

=3 Ge¥ linac
2 GeV of acceleration

RLAL 8 GeV max, 7.5 MeV/m avelflin

=]

Turns =4

p = 25 m, C-800-900

Are =150 m !
Matching = 200 m (heam separator:;

Icombiner)
Linac =21x13%m

Storage ring, 50 GeV max,

Turns =180 { =1/e})
p =50 m, C~1800 m
Arc =150 m

hIatching = 100 m
Production Straight

West
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Target and production
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Why bother with muon
decay’?

e (Goal Is maximum neutrino/proton
Decay pions/kaons at low energy
More decay in decay volume
(~3% at FNAL high energy n beam)
Then accelerate
40% of muons decay in the right
direction
e Very well understood source
Only one decay process
Parent particles ~ monochromatic
Around long enough to monitor
See n,->n.inthen,~>n_->m+X
channel Wrong sign muons

n,~>n._->n+X is the conventional
muon source

5/1/00
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In lab frame distribution is same but energy scale is different
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Mario Campanelli
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Experiments can be described by their E/L coverage

E/L —> 0.02 GeV/ikm

5/1/00 18



Numbers of muon neutrino interactions for
fixed number of muon decays
AmM2=0.0035 eV2
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Numbers of electron neutrino interactions for
fixed number of muon decays
Am2=0.0035 eV2

e ey F i
= i
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Oscillation Probability
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Neutrino Event rates vs angle

B typical is ~1/y

28km at 2800km

50 GeV
Rate per unit area

q 2 0 2 4
angle in mr

Spread of beam scales as 1/EZ
Event rate/neutrino scalesas k&
For same L event rate/unit area scales as E°

Spread of beam scales as L~
For fixed £E/L, event rate/unit area scalesas kE
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Detectors

“Protons are cheaper than muons

Tau detection
Emulsion/msgc ~ 1-20 kTons
Tau id, electron id

Liquid argon drift
10-20 kTons
Electron id!

Magnetized Iron Scintillator

20-100 kTons
Good muon id!

Water Cerenkov with magnet talil
50-500 kTons
Electron id, limited muon charge

5/1/00 22



Disappearance Experiment v ->Vv_

E =30GeV, 2x 107 1 decays
L=2900 km
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What determines the
machine energy!

« We're interested in ne->nm

Need to tag wrong sign muons with very
low backgrounds

there are also anti- nmin the beam

Wrong sign muons from
Hadron decay
Charm decay
Non-interacting hadrons
Charge confusion

How do you tell a 2 GeV pion from a 2
GeV muon at the 0.01% level?

5/1/00 24
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Wrong sign muon signal
10 kt Iron-scintillator detector
20 GeV muon decay
1020 decays

Background
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Can measure sin’2q,, to 0.005 with 2 x102° m
'Wrong Sign' Muons v_->v ->u-

E, =30 GeV, L = 7400 km, 10°' 1" decays
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Am?,; (eV?)
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10kT ICANOE

limits on v—>v,
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o all v can interact with matter
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di/dE, (v, CC Evenis/GeV per 10 ki)

dh/dE, (v, OO Events/GeY per 10 ki)
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ThreeFlavor Mixing
Am2,,=5x 105 eV?%c?
8in°20,3=1 §=0
sin?26,, = 0.8

sin? 2034 = 0.04

Sign of Am? can be
determined thanks to
matter effects

Barger Geer Raja Whisnant
FermilabPub 99341
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CP violation?

b, = 20 GeV
= 4 GeV
Relﬂtwe wrong-— sagn muon rates w cf w
_8mh, =5 x 1070 e/ ‘ﬁT 32
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Z e
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0.1 +0.0020.
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events/gr/cm2/year

100,000,000

harged current event rates at near detectors

10,000,000 -
1,000,000 -
100,000 -
10,000 -

1,000 -

100

— — Passing cuts

—— Charm

—all DIS events

10

100

Muon Energy

At 50 GeV, 7.9M events/gr/cm?/year
But only 22% are within 20 cm radius
(82% pass loose kinematic cuts)

1000 times current experiments!
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Deep Inelastic Scattering Experiments

|| CDF/DO - jets

Q’ (GeV)

10

ai
10
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Detector like NOMAD

10 kg targets in front of tracking/calorimetry
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140 Si wafer target
17 M CC events
-> 5-1M charm

1 ton target

120 M charm
Heaovy Flavor Production vs E,
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onclusions

Muon Decays per Year
o
.:]

Campromised by muon
detection threshold = 4 GeY

g 70 30 R pry 30
Muon Energy (GeV)

Machine energies were considered.

Baselines of ~3000-7000 are very
Interesting

Large detectors are needed

Intensities > 10°/year open allow
very accurate measure of Dm?,; and 0,
Measure sin’g,, and sign of D,

May be sensitive to CP violation at
very high intensities

Near detector physics factor of 1000
better than present or foreseen expts.
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Steel Scintillator
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Water detector followed by analyzing magnet

Dave Kasper,
Kevin McFarland, Debbie Harris
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Deep Inelastic Scattering Experiments

|| CDF/DO - jets

Q’ (GeV)
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The eartof the ooling hannel for a
Neutrino Factory

Need to reduce transverse beam by
afactor of 10.
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Am2 (eV2)
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Neutrino Factories
from muon beams

 What they are

 How you make them (Norbert Holtkamp)
 Why you want them

 Some experimental detalls

* Prospects

5/1/00
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