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Design parameter (guessed from CAD files...)

Design Momentum pcent = 28 MeV/c

Bending Radius R = 300 mm

Bending Angle θ = 60 ◦

Entrance Angle θin = 30 ◦

Exit Angle θout = 30 ◦

Gap a = 40 mm

⇒ Magnetic Field |B|= p
0.29979R

Tm
MeV

= 0.311 T

Current n · I = aB
µ0

= 9910 A·Turn

Entrance Focal Length Fin =
R

tanθin
= 519.6 mm ← assumed target position
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CST Calculation
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Analytic Field Calculation (Fringe field: Rogowski-Profile)
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Magnetic Spectrometers: Resolution Estimate

Optical mapping (assuming x = 0):
(x′, θ

′) = f (p, θ)

Linearization (first order in p, θ)

(x′, θ
′) = (x′0, θ

′
0)+

(
∂px′ ∂θθ′

∂px′ ∂θθ′

)
︸ ︷︷ ︸

=: J

·
(

p
θ

)
+O(p2, pθ, θ

2)

Invert, choose coordinate system with x′0 = θ′0 = 0

(p, θ)≈ J−1 ·
(

x′
θ′

)
Error Propagation (at one point (p, θ))

V =

(
σ2

p σpθ

σθp σ2
θ

)
≈ J−1

(
σ2

x′ σx′θ′

σθ′x′ σ2
θ′

)
︸ ︷︷ ︸

V ′: detector resolution

(
J−1)T

Set σx′ =
√

σ2
x′ detector+M2σ2

x to account for magnification and beam spot size.

Tracking to calculate (x′,θ′) = f (p,θ)

Numerical derivatives, e.g. (∂px′,∂pθ′) = f (p+ε, θ)− f (p−ε, θ)
2ε

⇒ J ⇒ J−1

Resolutions as
√

diag(V ), covariances σpθ are negligible for focussing spectrometer

Numerical challenge: numerical derivative of a numerical track
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DarkLight Spectrometer Parameter

Magnification M =−0.66811

Imaging:

J =


∂zp ∂φp ∂θp ∂yp
∂zφ ∂φφ ∂θφ ∂yφ

∂zθ ∂φθ ∂θθ ∂yθ

∂zy ∂φy ∂θy ∂yy

=

 0.00122 −0.00385 0.00000 0.00000
0.03359 0.70254 0.00000 0.00000
0.00000 0.00000 0.83534 0.06338
0.00000 0.00000 15.03599 0.04806



Resolutions:

Assumed Detector Resolutions: beam size = 1.0000 mm
x(disp) = 0.10000 mm
y = 0.10000 mm
disp = 3.49066 mrad = 0.2◦

non-d = 3.49066 mrad = 0.2◦

Target Resolutions: dp/p = 0.00113
dφ = 2.48410 mrad = 0.14◦

dθ = 1.47463 mrad = 0.0844◦

dy = 1.50363 mm
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Numerical Optimization
Polynomials as entrance/exit shape:
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⇒ Numerical optimization for fine-tuning of optical properties
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Summary

What I can provide

Check of your FEM calculations, including tracking (easy!)

Check of resolutions/optics

Numerical optimization (really neccessary?)

...


