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Introduction

The aim of the Near detector of the Neutrino factory is to measure precisely
the absolute neutrino flux, the neutrino cross sections and to estimate the
background to the far detector. Results presented here continue our efforts
on Near detector simulation performed for the ISS [1]
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Muon decay matrix element

The probability for having a neutrino with a given energy and polar angle in
the rest system of the muon is given by the following matrix elements :
f or νµ :

d2 N
∼ ((3 − 2x) + cosθPµ (1 − 2x))x2 ,
dxdΩ

(1)

d2 N
∼ ((1 − x) + cosθPµ (1 − x))x2 ,
(2)
dxdΩ
where x = 2Eν /mµ , Pµ is the polarization of the muon and θ is the angle
between the polarization vector and the neutrino direction [2].
f or ν¯e :
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Quasielastic scattering off electrons in the
near detector

The quasielastic scattering off electrons is suitable for measurement of the
neutrino flux, because its absolute cross-section can be calculated theoret1

ically with enough confidence. The two processes of interest for neutrinos
from µ− decays are:
νµ + e− → νe + µ−

(3)

ν¯e + e− → ν¯µ + µ−

(4)

and

For the process (3) the cross section is isotropic in the c.m. system and
is given by :
G2F (s − m2µ )2
(5)
π
s
For the process (4) the differential cross section in the c.m. system is
given by :
σ=

dσ
G2F (s − m2µ )2
=
×
dcosθ
π
s
(1 +

s − m2µ
s − m2e
cosθ)(1
+
cosθ)
s + m2µ
s + m2e

(6)

and the total cross section is:
G2F (s − m2µ )2
1
σ=
(Ee Eµ + Eν1 Eν2 ),
(7)
2
π
s
3
where Eν1 and Eν2 are the energies of the neutrinos. They depend, in
turn, only on s.
For neutrinos coming form decays of unpolarized muons the cross-section
of (4) is an order of magnitude smaller than that of (3).
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Simulation of the neutrino flux in the Near
detector and its measurement

The input parameters of the simulation of the beam are:
• length of the straight section of the muon storage ring: 600 m;
• muon beam energy: 25 GeV ;
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Figure 1: Visualization of a leptonic event (left) and νN CC event (right)
from a GEANT4 simulation.
• muon energy distribution: Gaussian (σ = 80 M eV );
• muon angular distribution: Gaussian (σ = 0.5 mrad).
Results below are based on 6.24 × 1016 simulated muon decays (approx.
1 hour of work of Neutrino factory), while event rates on some of the plots
are scaled to the nominal number of 5 × 1020 muon decays per year.
If we want to measure the neutrino flux by using the quasielastic scattering off electrons (3, 4) (for earlier measurements of these processes see, e.g.
[3, 4]), the detector has to be able to distinguish between the two types of
events shown in Fig.‘1.
The neutrino event generator GENIE [5, 6] has been used to simulate the
interactions of the neutrinos with a cylindrical detector, 5 m long and with
radius of 2 m, made of polystyrene (ρ = 1.032 g/cm3 ). The nominal detector
position has been chosen at 100 m after the decay ring straight section.
Fig. 2 demonstrates the dependence of the event rate on the distance from
the straight section end and Fig. 3 represents the variation with the distance
from the beam axis.
Kinematical distributions of the events are demonstrated on Figs. 4, 5, 6, 7.
It is considered that the detector will be able to measure the angle between
the beam axis and the direction of the outgoing muon θµ , the momentum of
the outgoing muon p, thus its energy Eµ and transverse momentum p⊥ , and
the total recoil (hadronic) energy Ehad with certain resolution.
Several scenarios for the resolutions have been adopted:
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Figure 2: Number of pure leptonic neutrino interactions from the process
(3) in the near detector at three different distances from the straight section
end. The scale on the ordinate axis is normalized to 5 × 1020 muon decays.

Figure 3: The event rates form inclusive νN scattering (blue histogram, right
scale) and leptonic scattering (3) (black histogram, left scale) at 100 m after
the end of the straight section versus the distance from the beam axis.
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Figure 4: Energy of the scattered muon versus its scattering angle for the
process (3). The shape of the distribution is determined entirely from the
muon decay kinematics and muon beam spread.

Figure 5: Energy of the scattered muon versus its scattering angle for inclusive νN process.
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Figure 6: Recoil (hadron) energy versus muon scattering angle for inclusive
νN process.

Figure 7: Distribution of the recoil (hadronic) energy below 1 GeV for inclusive νN process. Cuts at 100, 200 and 300 M eV are shown with vertical
lines.
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• poor resolutions:
σ(θ) = 1.0 mrad;

σ(Eµ )
= 10% :
Eµ

σ(Ehad )
= 10%;
Ehad

(8)

• medium resolutions:
σ(θ) = 0.5 mrad;

σ(Ehad )
σ(Eµ )
= 5%;
= 5%;
Eµ
Ehad

(9)

σ(Eµ )
σ(Ehad )
= 1%;
= 1%.
E⊥
Ehad

(10)

• best resolutions:
σ(θ) = 0.1 mrad;

Different variables for suppression of the background from inclusive νN
CC reactions have been examined:
• muon scattering angle;
• transverse momentum;
• Eµ ∗ θµ2 ;
• recoil (hadronic) energy.
Spectra of the events over smeared θµ and Eµ ∗ θµ2 for the poor and best
resolutions scenario and for cuts on the recoil energy depicted on Fig. 7 are
shown on Figs. 9, 10.
It is seen that by imposing suitable cut on the recoil energy and subtracting the fitted inclusive background under the peak it is possible to determine
statistically the number of events due to pure leptonic scattering with a precision of a few percent. Both variables θµ and Eµ ∗ θµ2 may be used for this
task. For a decisive choice more detailed simulation of the background with
θµ → 0 is needed. It was shown earlier (see Y. Karadzhov’s contribution to
NUFACT09) that p⊥ is less efficient than θµ for signal extraction.
In Fig. 8 we present a table with our numerical results.
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Conclusions

The quasielastic scattering off electrons can be used to measure the neutrino
flux coming from the Neutrino factory storage ring.
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Figure 8: Numerical results of the procedure for background subtraction.
Purity is defined as the true number of leptonic events divided by the total
number of events below the cut value of the respective variable. v1 stands
for poor resolutions, v2 - for medium and v3 - for the best one.

Figure 9: “Measured” distributions of the outgoing muons in the so called
poor scenario (see the text). The leptonic events are in red, the hadronic
events are in black and the total spectrum is filled with gray. The cut value
is denoted by black inverted triangle.
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Figure 10: “Measured” distributions of the outgoing muons in the so called
best scenario (see the text). The leptonic events are in red, the hadronic
events are in black and the total spectrum is filled with gray. The cut value
is denoted by black inverted triangle.
For chosen resolutions on θµ , Eµ and Ehad , the angle θµ and the composite
variable Eµ ∗ θµ2 have similar discriminating power. The last one seems to
have flater distribution when θµ → 0.
The confidence on the measurement of Ehad down to few tens of M eV is
critical for the selection.
Our plans for the next year include:
• specification of detector design and size;
• full GEANT4 simulation to obtain “true” values of the measurables;
• implementation of some reconstruction and obtaining of “measured”
values;
• definition of a procedure for flux determination based on statistical
subtraction of the inclusive background and estimation of expected
uncertainties.
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