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1 Introduction16

Here are some loose thoughts, especially the 3th and 4th item would need some feed-17

back.18

• When there is a lot of angular jitter, this will affect the energy resolution. We19

take the Bdl to be constant normally in the calculation, but due to the angle of20

incidence the particles take a different path through the magnets. Hence we will21

need to study this effect and learn how to correct for this : maybe calculate the22

change in
∫

dl as a function of the angle in incidence.23

• When calculating the energy one needs to subtract the projected beam position24

at the center of the chicane, ie to subtract the orbit in front of the chicane. I think25

it’s best done just using a linear extrapolation since something SVD’ish doesn’t26

really work I think. With the SVD method, one assumes that the BPM reading27

at center of the chicane is linearly dependant on the beam positions, but that is28

just where it is not, since it depends in addition on 1/Eb. The SVD method will29

therefore try to compensate for the dispersion at center of chicane by chaning the30

coefficients from the BPM readings with no dispersion. It therefore doesn’t work31

very well. Works better to fit a line and extrapolate...32

• Formula to calculate the energy in a 4 magnet chicane... From figure 1 it follows:
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Figure 1: Diagram showing the calculation of the energy from the displacement at center of chi-
cane. Note that the sketch is a bit misleading as in reality Lm > Lb...
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Where θ1 is the bending angle after the first dipole, Lm the distance between the34

first to bending magnets, B1 the magnetic field of the first dipole and Eb the beam35

energy. R is the translation that the beam would have if the particles saw exactly36

the opposite Bdl through both of the magnets. The approximation arctan x ≈ x is37

valid since we are dealing with very small angles, of the order of mrad. We note38

the integral
∫

B1

as the path integral of the particle through magnet B1. Further-39

more we have40

tan(θ1 + θ2) ≈ θ1 + θ2 =
x − R

Lb

(2)
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θ2 is the deflection of the beam through the second bending magnet and x the41

x offset measured in the BPMs at the center of the chicane. Lb is the distance42

between the second bending magnet and the BPM at centre chicane. Note that θ143

and θ2 have opposite sign due to the reverse polarisation of the first and second44

bending magnets. We can further write equation 2 as45
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Or, alternatively46
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x
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)

(4)

• To estimate the absolute uncertainty, we can simply use standard error propaga-47

tion. In the following, we will abbreviate
∫

Bidl to Bi,48
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An important remark to make here is that we consider σx to be the total uncer-49

tainty on the offset determination at center of chicane. This includes both con-50

tributions from the BPM system, so implicitly, the number of BPMs and their51

individual resolutions as well as the mechanical stability of the mover system on52

which the center of chicane BPM system is mounted. At a later point we should53

make a detailed study of the total uncertainty on x as a function of BPM sys-54

tem configuration. I believe this can only be done with a full chicane simulation55

as the orbit determination is probably quite sensitive to alignment errors of the56

individual BPMs. We will tackle this in the simulation chapter.57

Also the incoming orbit here is assumed to have no incident angle or offset. Aswe58

should determine the incident orbit with the BPM system in front of the chicane59

and extrapolate on track level to the center of the chicane, this should not matter60

in first other. However, as pointed out in the items above, when the incident61

angle and offset changes, the particles will follow different paths through the62

magnets due to small inhomogeneities. Therefore we need to again have a full63

spectrometer simulation to address this.64

I have taken equation 5 and produced a couple of plots starting with the ESA65

chicane parameters. These are shown in table 1. For the errors on the distances66

between the magnets and the second magnet and the BPM we have assumed an67

uncertainty of 0.5 mm. The
∫

Bdl values are obtained by integrating the magnetic68

fieldmaps as measured in the SLACMMF by Sergey and Michele.69

The plot showing the uncertainty calculation result is in figure 2 in the next sec-70

tion.71
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Energy Eb 28.5 GeV
Distance between two first magnets Lm 4.014 m
Distance between second magnet and BPM station Lb 2.263 m
Alignment error along the beam line (z) σL 0.5 mm
Integrated field in first magnet B1 -0.118214 T.m
Integrated field in second magnet B2 0.125249 T.m
Relative uncertainty on the integrated field ∆B

B
5.0e-5

Table 1: The ESA parameters for the chicane

2 Energy resolution estimates72

In this section we discuss some results based upon equation 5.73

3 For the ESA setup74

Figure 2 shows a very rough estimation of the total uncertainty on the energy. The val-75

ues for the parameters that are kept constant in each plot are shown in their respective76

plots by the dash-dotted vertical lines. They correspond to the numbers in table 1.77

I’ll try to simulate this system with the spectrometer chicane simulation and study78

these relations with real fieldmaps and alignment errors...79

4 Extrapolation for the ILC80

5 The spectrometer simulation81

In this section we describe the full spectrometer simulation program which we have82

used to perform these studies.83

5.1 Description of the Geant 4 simulation program84

PUT IN SOME STUFF ON THE SPECTROMETER SIMULATION PROGRAM85

5.2 System simulation results for ESA86

5.3 Extrapolation for the ILC87



5.3 Extrapolation for the ILC 5

B/B∆
-510 -410

E
/E

∆

-410

-310

Line style for this panel

First Dipole

Second Dipole

Alignment error in z [m]
-410 -310

E
/E

∆
-410

-310

Colours for all plots
mµ = 1 xσ

 = 500 nmxσ
 = 100 nmxσ
 = 50 nmxσ

mL
5 10 15 20 25

E
/E

∆

-410

-310
Start from ESA Chicane

E = 28.5 GeV

 dl = -0.118214 T.m1B
 dl = 0.125249 T.m2B

 contains entire BPM systemxσ

bL
1 2 3 4 5 6 7 8 9 10

E
/E

∆

-410

-310
Vertical line indicates

default in other panels

Figure 2: Estimation of the uncertainty of the energy measurement with a 4 magnet chicane starting
from the ESA layout parameters.


