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Overview

Physical motivation

. Detector simulation

. The Beam

Signal and backgrounds

Kinematical analysis

Study of the muon-beam momentum
. Study of both polarities

ence on the smearing
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Wrong sign muons
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wrong sign muon

Having a very pure neutrino beam
50 % vy, 50 % ve

the neutrino oscillation search is very clear
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The detector

e We need large mass = 40 Kton

e Reasonable muon identification

e Good charge identification == 1 tesla magnetic field
e Reasonable hadronic shower resolution

e Reasonable angular resolution = Reasonable granularity

Scintillator
Iron

Exploded view
of structure

Superconducting coil

Dimension: radius 10 m, length 20 m
Mass: 40 kt iron, 500 t scintillator
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Geant Simulation L
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o S:mula.l'c_ v inlerachions with LEPTO | nonpp d_.d}-g
e Let Geant handle propagation of particles

— Multiple scattering

— Decays

— Nuclear interactions

e Stop particles when they undergo a nuclear interaction.
Then add they energy to a total hadronic momentum (

Elmda Qh(m’. )

e Follow a track (m, K) until it interacts or decays. Then
follow decay product if it 1s a muon

e Record a hit every time a muon croses a scientillator plane
(N hz'ts)

Smearing

Smearing of muon momentum resolution and hadronic
resolutions following MINOS proposal
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Update
). Goldam meanurvmavd
e We have mupdated the previous analysis |  of o Mt Bt
e With more statistics 2. A Joms i
- efectn o bt
1.10" 7,CC Mool
2.10" 7,NC Koot 99 rrmmlwy) |

3. 107 v.CC
e With different smearing

1. Previous anal'jsis (MINOS fine grain)

9.0 25.0

VE' E

2. This ana]s}sis (MINOS proposal, more conservative!!)
16.67 12.15

VE ' E

(Sghad =

(59had -

e With both polarities (stored 2™ and 1)
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Physical variables

The detector provides information about:
P,uaEh.ada and Qhad-

The most simple analisys we can think on is based in two vari-
ables:

e The momentum of the muon 7,

e ()
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The Beam

e Intensity: 102! useful u* (5 years x 2 x 10% p*)
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Potencial Backgrounds

Charged currents (v;+ v.CC)

e ,CC : We assume the worst case in which there is not
electron identification. Then 7=, K—, D~ — u~ decay.

¢ 7,CC : The p* is not recontructed. Then some particle of
the hadronic jet decays into a ™.

Not identified
H-
mK D ///
Hadronic Jet
Neutral currents (7,+ v.NC)
o7, K, D™ — p~ decay
Vi.t (ve’) -
_"”’ u‘;_,/r
VulVe) o mKD -

Hadronic Jet
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Muon identification

e We have to ensure that the distance traveled by the muon
is sufficient to know its charge

e We have to be outside the region of hadronic activity

hadronic
activity

Mean 19.41
| RMS 20.76
N
N .
BNy \ 3 AN, T ,L . i 1 L L | il
o} 20 40 80 100 120 140

= 60
n-k path length (cm)

Ry,q = 75 cm — 3 % of hadronic activity
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v,,CC background

e Study based in 10" 7,CC events (50 Gev stored muons )
e m and K decays momentum spectra is very soft

e In the case of lost muon charm is quite hard (leading par-
ticle)
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e (), is a good help for charm background rejection

e However a combined cut P, — Q; gives better efficiency

e Less than 10~ ¢ seems achievable at 30% efficiency

v-Fact’00
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v.CC background

e Study based in 107 v,CC events
e Assuming no electron identification !!

e 7 and K decays momentum spectra is even softer than for
v,CC

e Charm is soft because it is not leading

v-Fact’00 Monterey, 22-26 May 2000
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e Charm production has the oposite sign!! (D~ is marginal)

e 7 and K can be easely controled with momentum and Q)
cuts

e 10" is achievable with more than 40% efficiency

e This is not a serious background
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Neutral current backgrounds

e Study based in 10" 77,NC events
e The v, NC analysis is completely equivalent

e 7 and K decays momentum spectra is much softer than the
signal spectrum but they have a long tail in Q;

e D~ — p~ spectrum is soft because charm is not leading

v-Fact’00 Monterey, 22-26 May 2000
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e Pion decays is the most serious background in NC

e A combined cut P, — Q; gives us 2 x 107° bg rejection
power at 307 efficiency
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All backgrounds
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Expected background and signal

e Beam intensity: 10%! useful u* (2 x 10?"x 5 years )
e Beam energy: 50 GeV

e Detector mass: 40 Kton

e Oscillation parameters:

B3 = 13°
— O3 = 45°

- Ami; =4 x 1073 eV?

Baseline (Km)| 7,CC v.CC |7,+ 1, NC|v,CC (signal)
732 3.5 x 10759 x107]3.1 x 107 | 1.1 x 10°
3500 1.2 x 109124 x 105/1.2 x 105 | 1.0 x 10°
7332 1.2 x10° /5.1 x 10°|2.1 x 10° | 3.8 x 10*

o bg~1/L°

e signal ~ /5 sin’( A”’}';L ) ~ constant

(below 3500 Km. For higher distances the sinus is no linear and matter effects be-

came important)

v-Fact’00
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Analysis results

e The optimal cuts are I, > 7.5GeV and (), > 1 GeV

e Signal efficiency and background rejection power

v, CC v,CC v,+ v.NC | v,CC (signal)
30x1077 [1.0x 1077 [1.8 x 1076 0.3

e Events surviving the cuts

Baseline (Km) | 7,CC | v,CC 7,+ v.NC|v,CC (signal)
732 10.5 6 56 33000
3500 ~ 03 |~0.2 2.2 30000
7332 <0.1 |<0.1 ~ 0.4 13000

e At 732 Km backgrounds are important, limiting sensitivity.
e Backgrounds become negligible for distances > 3500 km
e The optimal distance is 3500 km (see talk of S. Rigolin)
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Dependence of the backgrounds on the
muon-beam momentum

Muon-beam momentum | Signal 7, NC S/N
(GeV/c) ~E ~E |~1/VE
10 18x10° | 0.1 x 105 | 57
20 4.2 % 101 0.8 x 10° 47
50 11 x 10% [11.7 x 10° 32
S/N = signal

error in the background subtraction

e N=,/bg bg>10events
e N = poisson bg < 10 events
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Efficiency and bg-reject for 7, NC
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Study of both polarities

e CP violation effects

e Matter effects

We considder now stored negative muons
w—=e + @ +
SG

W)+ N—= I + X SIGNAL
wrong sign muon
Baseline (Km)| »,CC r.CC |v,+7.NC|7,CC (signal)
732 6.8 x 107]3.0 x 107]3.1 x 10° 5 x 10%
3500 2.3 % 10811.3 x 10%|1.2 x 10° 1.6 x 10%
7332 26 % 10°/3.0 x 10°2.1 x 10° | 0.2 x 10*
v-Fact’00 Monterey, 22-26 May 2000
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Sensitivity to 63

e Muon-beam momentum dependence

=T R M by P
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Dependence of the backgrounds on the smearing

e We consideer the ramaining dominant background (7,NC)
after the cuts (P > 7.5GeV, @Q; > 1 GeV')

e Depends strongly on the tails of the (); distributions
— dominated by hadronic angular resolution

A B
(Sghml - —/—E + “E_
e The nominal values A=16.67, B=12.15
\se
- . NI
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i . 3
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© 0 110 li5 ZIO 2I5 ‘“““30
A (Gev'?)
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g o
,g’ 20 [LT_" _________________ @ e .
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0 0 WtO 15 ZJO . 2l5 30
B (GeV)
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Charge Identification (preliminary !!

-—-"—-___—

Events in whose the charge of the@ from a 7,CC is misiden-
tified are a potential background

We have done the following simulation

e We generate a parabolic track with momentum following
the 7,CC distributions after the cuts (P, > 7.5 GeV and
Q) > 1GeV)

y=A+ Bz +Cz

_q 0.3 Binag

¢ 2P

e Calculate the intersection with the meassurement planes
(hits)

e Remove some hits randomly as poor approach to pattern
recognition

e Smear the transverse cordenate of the hits taking into ac-
count multiple scattering and transverse resolution (¢ =
omm )

oy = 0yl + 0y,
* L. l’l.lt-s l'o o Fq,ralaoltx

v-Fact’00 Monterey, 22-26 May 2000
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THE  PARABOLIC APROXIMATION /S O.K.
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o Bipirirclomrpmebety
e e i pasit

This study 1s very conservative

e We have simulate tracks with angle of 20 degrees which is
the highest angle for P, > 7.5 GeV and (); > 1GeV

e For smaller angles things will be better

e The pattern recognition approach 1s very Jused /m/w/’tfz
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C distributions for ;. in 7,CC

o
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e 10" events
e below 300 cm the charge is misidentified

e we have to study the tails for C' < 0 with much more statis-
tics
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C separation for 1" in 7,CC and p~ in v, CC

4000 F
3000 | I
g ‘300 cm
2000 [ o
E - ]7.-’, i
1000 -
o
O :l L 1 1 J 1 L 1 1 J 1 L 1 1 l 1 1 1 1 L,_L_\ 1 1 ‘ J, s I_l-\—_JU_
-2 -1.75 -1.5 -1.25 -1 -0.75 -0.5 -0.25 0
Cc(10%2m™)
4000 [
3000 [ e
g 400 cm |
2000 |- e |
1000 F o 1 N
0 Eoovv o e o b oo b b v b i ‘QE§§§§§§
-2 —1.7% —15  —1.25 —1 ~0.75 -05 -0.25 0
C (107 m™)
4000 [F H
3000 [ LT
g 500cm ’T
2000 | T | denti )
g por! . mis
1000 £ T /'L [ L /7 '“A
0 b Lo b v b e e by v by E | IL.JMV@@
-2 -1.75%  —-15  -1.25 -1 -0.75 , -0.5 -0.25 0
c(10?m™)
10" events

v-Fact’00

Monterey, 22-26 May 2000



Anselmo Cervera Villanueva - University of Valencia

Signal efficiency and background rejection
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e for L, = 5m, is achievable atefﬁciency

e After the cuts P, > 7.5GeV and Q; > 1GeV, 99%of the
signal fulfils the condition L, > 5m
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Conclusions

e We have presented the conceptual design of a
Large Magnetic Detector suitable for physics at
the Neutrino Factory

e All sources of backgound has been studied with
GEANT simulations

e For 50 GeV/c stored ;1" bg rejection power bet-
ter than 10~ at 30% efficiency

e For stored .~ things are very similar (in eff and
bg-reject) but the signal (v, CC) is much less
abundant

e The sensitivity improves considerabily with the
muon-beam momentum

e For 50 GeV/c stored muons, the optimal baseline
is about 3500 Km (See talk of Stefano Rigolin)

e A realistic change in the smearing is not relevant
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