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Job List

Actions from referees at CM50 (X)
Actions from referees on Monday 25th June (In Progress)
Requested boost to MC statistics (X)
All plots shown use MC v3.1.2

I Geometry issues resolved - thanks Durga
All plots shown use data v3.1.2-V2

I Myself and Durga indepedantly found bug in v3.1.2 field off data
Misalignment/Impact parameter plot (X)
Systematic error due to angle definition, pion contamination and
tracker acceptance added (X)
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Scattering Data
Field off data sets were
collected in ISIS run periods
2015/03 and 2015/04
A momentum dependent
multiple scattering
measurement is made

I Measure empty channel
scattering

I Convolved with physics model
of scattering in absorber -
prediction.

I Measure absorber scattering
I A Bayesian deconvolution

algorithm unfolds absorber
scattering distribution

I χ2 comparison between data
and prediction

I Width of scattering distribution:
Θ as a function of P
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Selection

Only minor changes to selection
Require a US track. If a DS track not extant, statistics are set to
overflow values.
Analysis done in 200 ps bins, as shown in TOF plot
Require projection of US tracks to appear, when 12 mrad radial angle
is added, within central 140 mm radius of DS trkr plane 5
Tracks are projected to the upstream face of the diffuser, if track
crosses the diffuser it is rejected
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Cut plot
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Cut plot
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Cut plot
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MC Data comparison
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MC Data comparison
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Transverse Distance at Absorber
Request to understand distance between projected tracks at absorber
centre
Project tracks to centre of absorber and calculate angle difference
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Asymmetry plot
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Misalignment Correction

Rotation angle for upstream tracks in dXdz (mrad)
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The correction angle applied to tracks is varied and the point where the
misalignment is resolve change be clearly seen when the data crosses the
x -axis. At this point the scattering distribution is symmetric as expected.
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Forward convolution
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Geometry fix gives much improved agreement
After rotation determined from misalignment study asymmetry
appears to be resolved/negligibly small effect
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Deconvolution of Raw Scattering Data

Use a iterative algorithm that
uses the conditional probability
to characterize the response of
the reconstructed scattering
angle to the true scattering
angle
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Bayes Theorem

P(Ci |Ej) = P(Ej |Ci )P0(Ci )∑nc
l=1 P(Ej |Cl )P0(Cl )

We want Ci = ∆θabs
Y the deflection angle in the absorber material.

We measure Ej = ∆θtracker
Y the deflection angle measured at the first

tracker plane.
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MC Data comparison
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Convergence
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Systematic Errors

Several sources have been considered
I Material thickness uncertainties
I Alignment uncertainties
I TOF uncertainties
I Fiducial volume uncertainties

F pion contamation - studied in MC
F Angle defintion
F Tracker acceptance - also studied in MC

TOF systematic affects the momentum scale and is the dominant
systematic
All systematics are combined and included in final result
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Acceptance Systematic

Lithium Hydride disk

Scintillating-fibre
trackers

13962.4 mm 19948.8 mm

Measurement made with reference planes for empty + LiH
Repeat measurement at reference plane for LiH

I Measure empty at virtual planes at absorber
Difference is systematic error due to acceptance
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Results - deconvolution

p Angle Θmeas
Mol. (mrad) Θtrue

G4 (mrad) χ2 Θtrue
CC (mrad) χ2

172.08±0.03 θX 22.68±0.39±3.36 19.89±0.07 1245.1 / 34 19.79±0.13 568.9 / 34
172.08±0.03 θY 24.94±0.53±3.09 19.72±0.07 3138.2 / 34 19.67±0.13 1192.4 / 34
200.01±0.03 θX 18.85±0.2±1.86 16.9±0.04 4341.4 / 34 16.7±0.07 1606.8 / 34
200.01±0.03 θY 19.48±0.21±2.02 16.8±0.04 3707.5 / 34 16.52±0.07 1432.9 / 34
239.72±0.04 θX 15.23±0.13±1.66 13.76±0.03 4953.6 / 34 13.62±0.05 1546.7 / 34
239.72±0.04 θY 15.3±0.13±1.72 13.71±0.03 1993.6 / 34 13.54±0.05 908.7 / 34

p
√
〈θ2

Scatt〉
meas
CC (mrad)

√
〈θ2

Scatt〉
true
G4 χ2

√
〈θ2

Scatt〉
true
CC χ2

172.08±0.03 θ2
Scatt 30.51±0.89±1.11 27.91±0.17 14448.2 / 46 27.85±0.3 9526.9 / 46

200.01±0.03 θ2
Scatt 25.75±0.41±1.85 23.77±0.1 7584.7 / 46 23.48±0.16 5678.1 / 46

239.72±0.04 θ2
Scatt 21.02±0.23±2.02 19.38±0.07 4771.8 / 46 19.19±0.11 3114.9 / 46
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Θ as a Function of Momentum
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Scan across the entire momentum range and measure scattering in
both projections in each bin
Comparison with PDG formula is made and the fit is made for
a =

√
z

X0
(1 + 0.038ln z

X0
)
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Job List

Updated version of Note circulated 18/06/2018
Referees meeting on 25/06/2018 - number of comments and revisions
suggested

I Main item, deconvolution performance needs to be understood
I alternative methods will be considered, Gold’s algorithim
I No deconvolution, compare full simulation to measured data
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Selection

µ Beams, LiH abs.
Selection Description 172 200 240
TOF1 trigger At least two raw TOF slab hits exist

and at least one in each TOF plane.
1. 1. 1.

Upstream
track selection

There is one US track and at most
one track in the DS tracker (If there
is no DS track θX = θY = 45◦).

66.84 % 68.05 % 74.15%

TOF timing
selection

Select muons from run at the target
momentum.

4.1 % 5.42 % 7.77 %

Fiducial selec-
tion

For projected US tracks√
x2 + y2 < r0 at plane

5 of DS tracker, where
x = x0 + ( dx

dz + a0 cosφ)∆z,
y = y0 + ( dy

dz + a0 sinφ)∆z, and
φ = tan−1 dy/dz

dx/dz . r0 = 150 mm and
a0 = 0.012 assumed.

0.09 % 0.19 % 0.41 %

Diffuser cut US tracks are projected to the dif-
fuser position any track within the
radius of the diffuser annulus is re-
jected

0.07 % 0.16 % 0.36 %
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Scattering Data

Scattering Angle Definitions
In the top diagram both the solid
vectors are in the plane of the square
i.e. the plain of the board. The y-axis
is coming out of the board
If both the up- and downstream
vector were in the same plane then
the subtraction of the simple
projected angle would be sufficient
The bottom figure is a side on view
of the top figure. If the up- and
downstream vectors are in two
different planes then a more consider
apporach is required as detailed in
http://www.ppe.gla.ac.uk/
˜jnugent/Projected-angles.pdf
by John Cobb

y

y
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