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Target Mass: 1 kt
Muon Energy: 2 GeV

Number of Muons: 2.00E+17
Baseline: 800 m

Detector efficiency (90 +/- 2)%
NC Background Probability 1e-4 +/- 20%

Charge Mis-ID 1e-5 +/- 20%

Length of accelerator straight: 50 m
Twiss parameters in straight α=0, β=25m

Energy spread 20%
Gaussian emittance 15 mm

The VLENF Parameterization
Review

can
we
do

this?
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Methodology

• MCs are the oracles of our time, but take 
longer to get results from

• What's the physics behind the numbers?

• What can we learn quickly to guide what 
we simulate?

• (There is a rough write-up of the work)

Wednesday, 11 January 12



Momentum kicks
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CHARGE ID AT A VLENF 3

Figure 1. Ratio of bending p? kicks to multiple scattering p? kicks. The
error bars are from the Gluckstern formula.

interpret the ratio in Eq. 5 as a number of Gaussian standard deviations. Interpreting this
as a p-value this is 1.5⇥ 10�6. We want a charge ID e�ciency of 10�5 which corresponds
to, for a Gaussian, a 4.26� e↵ect (i.e. CDF�1

Gaus.(10
�5) ' 4.26). The crossing point where

the charge identification is past 4.26 can be seen in Fig. 1 and is around 850 MeV for this
optimistic case.

Table 3. Momentum kicks and ranges for pessimistic cuts.

Momentum [MeV/c] Range [cm] p

B
? p

MS
? p

B
?/p

MS
?

500.0 39.0 117.0 46.3 2.5
1000.0 110.0 330.0 76.4 4.3
2000.0 242.0 726.0 112.9 6.4
5000.0 607.0 1821.0 178.6 10.2
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scintillator so the X0 for the composite material can be found by taking the average of
the reciprocals. The values used in the analysis for the composite material are shown in
Table 1. This can be rewritten in the small angle approximation as:

p
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p
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Now we can move on to the e↵ects of bending in the field. Opening up a E&M book1

we find:

p

B
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where B is the magnetic field and x is the distance travelled.
We can take the ratio of these values to find:
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where we have learned roughly how this quantity scales: linearly with B and to the half-
power in both x and X0. We want to maximise this quantity. Increasing the magnetic field
makes the ratio grow the quickest, but steel saturates at around 2 T. There is not much
freedom in x and X0 because they are set by the energy and materials, respectively.

The only unknown at the moment is the distance the muon travels in the composite
medium. Let us determine x. We must use the continually slowing down approximation
(CSDA). Say a muon starts with kinetic energy T in the composite material. We know the
thicknesses t and < dE/dx > for the material so we can apply an energy loss < dE/dx >

⇥t per plane. We iterate this between the iron and scintillator planes until the energy
falls below 15 MeV. This gives the range. As a sanity check, for a muon with 500 MeV
momentum, if there is only Iron then the distance is 32 cm and if there is only scintillator
then the distance is 175 cm.

The range for a momentum 500 MeV muon in this composite material is 55 cm. The
range for a 1 GeV momentum muon is 126 cm. All of this can be seen in TABLE 2. Now
remember that the MS is assumed to be Gaussian and this assumes the 1� width. One can

1e.g. Jackson third edition, section 12.2, pg. 586, eq. 12.42

Table 2. Momentum kicks and ranges for pessimistic cuts.

Momentum [MeV/c] Range [cm] p

B
? p

MS
? p

B
?/p

MS
?

500.0 55.0 165.0 54.9 3.0
1000.0 126.0 378.0 81.8 4.6
2000.0 258.0 774.0 116.6 6.6
5000.0 623.0 1869.0 181.0 10.3

optimist pessimist, beta > 0.9
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C.D. TUNNELL & J.H. COBB
UNIVERSITY OF OXFORD

This note addresses the charge misidentification background to the appearance channel
⌫e ! ⌫µ.

We assume a detector with stacked layers that is similar to the detector used by the
MINOS collaboration. Each layer contains a plane of 1 cm of pure Iron follow by one plane
of 1 cm of scintillator. These planes and layers are perpendicular to the beam axis.

Ine�ciencies of charge ID in a magnetized iron detector mainly arise from the e↵ects of
multiple scattering (MS). One must ensure that the detector design allows the muons of a
certain energy to curve more than they scatter. We can treat both MS and curving in a
magnetic field as transverse momentum kicks.

Let pMS
? be the momentum kick for MS. From the PDG, we know that multiple scattering

can be represented by a Gaussian with width:

✓0 =
13.6 MeV

�cp

p
x/X0(1)

where p, �c, and x/X0 are, respectively, the momentum, velocity, and the distance in
units of multiple scattering length. Let’s use a muon mass of m = 105.65839 MeV to be
in accordance with the muon range tables. The value of X0 is known for both Iron and

Table 1. Parameters used for work.

Region Parameter Value

Pure Iron

X0 1.76 cm
Thickness 1 cm
Density 7.874 g cm�3

Magnetic Field 2 Tesla
Range 576 g cm�2

Polystyrene ([C6H5CHCH2]n)

X0 43 cm
Thickness 1 cm
Density 1.06 g cm�3

Magnetic Field 0 Tesla

E↵ective

X0 3.52 cm
Thickness 2 cm
Density 4.437 g cm�3

Magnetic Field 1 Tesla

1

Ranges and Values
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CID Result
Before you 
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New plot:
MIND comparison

From IDR, the 
MIND material 

ratio is 3 cm Iron 
to 2 cm Scint
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CID Summary

• I think this says: we get roughly the CID we 
want by just seeing where the muon lands

• Using information from the saggita helps a 
little

• Certainly can be improved, but certainly is 
optimistic

• Waiting for real fieldmap
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Comment on NC

• If it was just iron, 4 x 10^-3 of charged-
pions decay before interacting, faking a 
wrong-sign muon.

• Scint. has longer pion interaction length

• Alan: "Need kinematic cuts, kink detection, 
etc."

• Need to MC to do better.
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The future

• Non-MC exercises like this are running out 
of steam

• Genie work in progress

• Got a handle on what is easy v.s. hard, now 
the real work begins...
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Idea
• For LBNE, if WC then can we shoot at 

uBooNe? CD3, right?

• For LBNE, if LAr, can we shoot at their 1 
kT prototype?  Then 'upgrade' and build 
our detector?

• Golden channel is good and all...

• but we're better than a conventional beam 
even if magnetization is hard. 
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