Momentum resolution

For a particle with charge z of momentum p in a uniform magnetic field B
with a pitch angle (dip angle) A

pcos A = (0.3)zBR

pin GeV/c, B in Tesla, R in meters. The curvature
1
k=—
R
The error in k is
(k)? = (Okues)’ + (Fkims)?

€ 720
5kres = 75\ T A
L2\ N+4

where ¢ is the position resolution in meters, L’ is the projected length of
the track onto the bending plane in meters and N is the number of
measurements.
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0.016 GeV/c)z
Lpf3 cos? \
where N, is the number of radiation lengths in the detector and L is the

total track length in the detector.

(Skms = ( er
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Error on Slope and y-intercept of a Straight-Line Fit,
Equally Spaced Measurements

=) [%(YI —a-— in)z}

i

X2 is minimized for a and b where
1 2 i i iYi
= a(ZHEETETF)
1 1 iYi i i
-5 (CaTH-XaT))

where

1 2 i\
=Xl (X3)
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The variance of the parameters a and b are, for equal errors

2
2 0 2
O-aN_/ Xi

n02

AI

o2 ~

where
A = an,2 — (Zx,-)2

For n equally spaced measurements spanning the interval [0, L],

L(i—1)
A
This gives

g2 202(2n — 1)
? n(n+1)

2 120%(n — 1)
b7 12n(n+1)

M. lto (JLab) Resolution Estimation March 14, 2008

4/10



Angular Uncertainty Due to Multiple Coulomb Scattering

Define
1

o = glgile - Teggrgsce
The central angular distribution is approximately Gaussian with a width

given by
(13‘;1\46\/2\/%[1 +0.0381n(x/Xo)] .

The angle W . is the angle between an unscattered trajectory and a line
drawn from the entrance point of the detector to the exit point. We use

this as an approximation to the contribution of multiple scattering to both
the azimuthal and polar angles.

O =

rms ieo

plane \/g
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Contribution to Azimuthal Angle Resolution from
Curvature Resolution
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Curvature k = 1/R and direction in plane is measured at some position
rotated from the vertex by an angle 6 about the center of curvature, not
at the vertex. To infer the azimuthal angle ¢ at the vertex, track must be
swum backward through angle 6. Determination of 6 depends on R and
thus on k. An error in 6 translates directly into an error in ¢.

0 ~ Imiddle

R = Imiddle K

08 = rmidadiedk

for now take middle = (router - rinner)/z-
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Geometry of the CDC

@ as you go out of the end of the cdc:

@ number of measurements gets reduced
@ transverse length gets reduced
© reduction is different for axial layers and stereo layers
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Geometry of the FDC

@ as you go out the side of the fdc
@ number of measurements gets reduced
@ length of detector gets reduced
© below a certain momentum you don't go out the side of the fdc
(ignored for now)
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Combining the CDC and the FDC

For each quantity, the measurements in the CDC and FDC are statistically
independent. They are therefore combined using:

1

1 1
2 2
9¢pe 9FDC

Ototal —

to get the overall resolution.

M. lto (JLab) Resolution Estimation March 14, 2008 10 / 10



