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Abstract

Using current models of synchrotron radiation produc-
tion and propagation, work is being done on a realistic
photoelectron model from Retarding Field Analyzer (RFA)
data. This proposed photoelectron production model will
be better able to predict the level of electron cloud density
in the vacuum chamber. In this paper SYNRAD3D is used
to simulate the production and propagation of photon ra-
diation in in International Linear Collider(ILC) Damping
Rings. Analysis of this radiation with photon reflections
off the chamber wall has been completed. This data will
be used in the future to study photoelectron production as a
function of parameters such as minimum absorbed photon
energy and lattice element type. The results show that wig-
glers are regions which create the most photons and there-
fore have the ability to produce the most photoelectrons.

INTRODUCTION

SYNRAD3D provides a 3-dimensional model of syn-
chrotron radiation, allowing a study of radiation reflection
around the perimeter of the chamber as a function of the
longitudinal position, s [1]. This program will allow us to
study various antechamber designs and other photon ab-
sorbers. The final goal is to have a photoelectron model
which includes photoelectron emission energy. Compari-
son will be made to the photoemission in various lattice
elements such as dipoles and wigglers to RFA data.

SYNRAD3D

SYNRAD3D is an extension of SYNRAD, a 2-
dimensional program which calculates the radiation on
the inner and outer most point of the chamber wall.
SYNRAD3D uses the Better Methodical Accelerator De-
sign(BMAD) library [1]. SYNRAD3D is a photon produc-
tion and propagation code, which tracks photons. It uses
radiation integrals to determine the probable initial posi-
tion and energy of a specified number of photons around
the ring. It then tracks the photons as they move and reflect
in the chamber. SYNRAD3D uses data from the Berke-
ley’s Center for X-Ray Optics to determine the probability
of reflection and absorption of each photon as a function
of energy and grazing angle (seen in Figure 1 [2]) As seen
in the figure the chamber wall is assumed to have an 8 nm
Al2O3 (aluminum oxide) layer on an Al substrate with 2nm
surface roughness. Currently all scatters are specular and
elastic.

Figure 1: An example of the reflectivity of photons on a
specified surface. The reflectivity is based on the photon
energy and grazing angle. Data was taken from the Berke-
ley Center for X-Ray Optics [2] [1].

INTERNATIONAL LINEAR COLLIDER
(ILC)

To decrease the cost of the ILC damping rings (DR) it
has been proposed to decrease the circumference of the
damping rings from 6.4 km to 3.2 km [4]. One of the con-
cerns with a smaller ring is the build up of the electron
cloud from photoemission and other effects.

A general schematic of the DR can be seen in fig-
ure 2 [4]. The main source of synchrotron radiation are
wigglers (to cool the beam) and sector bends in the arcs.
To make a better comparison of the photon flux between
the current and proposed damping ring the first cut in data
ignored all photons with energy less then 4 eV. 4eV was
chosen because it is the work function for the chamber
wall, which is Al. In addition to the energy cut all wig-
gler magnets are modeled as alternating dipoles and drifts.
Normalization was done using equation 1.

photons/m/beam particle =
NL ∗ I
L

(1)

L is the length of the section to average over, and NL is
the number of photons incident on the wall in length L [1]

Analysis for the 3.2 km proposed ring (DSB3)
For the analysis of the 3.2 km ring 101,000 photons were

generated. Figure 3 a&b show the normalized photon flux
along the inside and outside wall of the damping ring, re-
spectively, where s = 0 is between the injection and extrac-
tion points as seen in Figure 2. The main feature of the
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Figure 2: A schematic of the ILC damping ring. [4]

photon flux is a sharp spike at s = 2100. This heightened
flux is created by the radiation in the wigglers that is ra-
diated in the direction of the beam, this radiation is then
absorbed directly downstream in the first dipole. Besides
the photon spike at s = 2100m the inner and outer chamber
walls receive similar amounts of photon radiation without
antechambers present as seen in figure 4; a graph of the
normalized photon radiation through the wigglers. Com-
paring Figure 4(a) and Figure 4(b) it can be seen that the
photon flux for the wigglers on both the inside and outside
wall of the chamber is the same when no antechamber is
present.

The opening angle of the wiggler radiation with respect
to the beam is defined by the equation:

Ψ =





1/γ
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ωc

ω

)1/3
ω << ωc

1/γ ω = ωc

1/γ
(
ωc

ω

)1/2
ω >> ωc

(2)

where Ψ is the opening angle, ωc is the critical photon
energy, ω is the energy of the photon, and γ is the relativis-
tic gamma. For the ILC ωc is —keV. Figures 5 & 6 compare
the photon absorption distribution around the perimeter of
the chamber wall in the wiggler(figure 5) and — after the
wiggler(Figure 6). Zero has been defined as on the positive
x-axis, with positive values above the axis x-axis and neg-
ative values below the x-axis. The narrow distribution seen
in figure 5 corresponds to a smaller opening angle. Be-
cause photons are absorbed closer to the wiggler radiation
source. Figure 6 is the distribution around the chamber at
the high photon flux in the first dipole after the wigglers, at
s = 2100m. The distribution around the zero point is wider
here. This spread is consistent with the opening angle.

Analysis of the current 6.4 km ring(DCO4)
A similar analysis was completed of the 6.4 km ring so

that a comparison between the two could be made. To keep
the photons normalized with those of the smaller 3.2 km
ring 560,000 photons were produced in the simulation.

The initial graphs of the entire ring show similar fea-
tures as seen in the 3.2 km ring, with just a few differences
in magnitude, compare figures 7 and 3. The main differ-
ence is in the photon spike after the wigglers. In the 3.2

(a) Inside chamber wall

(b) Outside chamber wall

Figure 3: A graph of the photon flux along the inside and
outside of the 3.2 km damping ring chamber wall, the indi-
vidual photons have been normalized by equation 1

km ring the maximum value of photon flux reached is 72
photons/m/beam particle, while in the 6.4 km ring the flux
is about half that at 37 photons/m/beam particle. The dif-
ference in photon flux is due to the shape of the ring, the
smaller ring has a sharper turn in each of the dipoles so
there are more photons incident on a shorter section of the
ring then there are in the larger 6.4 km ring.

An analysis of the photon flux as a function of the
perimeter yields the same results as the 3.2 km ring with re-
spect to the opening angle of the generated photons. How-
ever similar the shape of the flux there is a higher flux of
photons with higher energies than seen in the 3.2 km ring
in both the wiggler and spike sections of the chamber wall.
(not shown)

RETARDING FIELD ANALYZERS (RFA)

Retarding Field Analyzers [3] are detectors placed in the
Advanced Photon Source (APS) and Cornell’s CesrTA that
measure the energy of free electrons in the chamber. In
APS there were 10 detectors in one of the straight sections
of the storage ring, the placement is seen in Figure 8. A
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(a) Inside chamber wall

(b) Outside chamber wall

Figure 4: Zoomed in view of the photon flux in the wiggler
for the inside and outside of the chamber wall. Both sides
have the same photon flux when no antechamber is present.

schematic of the detector can be seen in Figure 9. It has
a grounded plate to shield the beam, and a retarding volt-
age to allow only free electrons with a given energy to be
detected.

Data was taken at APS in 1998 and 1999 for both
positron and electron beams. The data is believed to fit
a lorentzian function (Figure 10)

L =
C1Γ

2

(Γ
2 )2 + (E − 〈E〉)2

. (3)

However for detectors close to the end absorber (EA)
such as detector 1, there appears to be a tail after the main
peak which decreases more slowly than for data from de-
tectors farther away from the EA. This can be seen in Fig-
ure 11. This extra shape is believed to be an exponential
and currently an analysis program is being written to calcu-
late the best fit for the sum of a lorentzian and exponential
decay.

L =
C1Γ

2

(Γ
2 )2 + (E − 〈E〉)2

+ C2e
− E

C3 (4)

Once this is complete the archived data from APS will be
used to study the production of photoelectrons over time,

Figure 5: Photon flux along the chamber wall as a func-
tion of the perimeter in the wiggler, the tight peak indicates
a small opening angle consistent with the photons being
generated close to the location they were absorbed.

Figure 6: Photon flux along the chamber wall as a function
of the perimeter in the photon flux spike near s = 2100m,
the wide peak indicates a large opening angle consistent
with the photons being generated far from the location they
were absorbed.

and location relative to the EA. The fitted data will be used
as input to a photoelectron model to be incorporated into
SYNRAD3D. The RFA’s near the EA most resemble the
no-antechamber design analyzed earlier in this paper.

CONCLUSION/SUMMARY

Using SYNRAD3D synchrotron radiation models have
been studied of both the current and proposed ILC DR.
These models show that with the smaller ring there will
be more photon flux in the wigglers and in the first dipole
downstream from the wigglers. This can be reduced with
the use of antechambers, but these simulations have not yet
been done. The simulations presented here are consistent
with theory. High energy photons are produced in the wig-
glers and have a small opening angle. The effect of the
high photon flux will be studied further with the proposed
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(a) Inside

(b) outside

Figure 7: A graph of the photon flux along the inside and
outside of the 6.4 km damping ring chamber wall, the indi-
vidual photons have been normalized by equation 1

Figure 8: Location of the RFA detectors labeled 1-10 in the
APS ring. [3] EA is an end absorber.

photoemission model being created.
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Figure 9: A schematic of the RFA detector. [3]

Figure 10: Demonstrates the lorentzian fit used to deter-
mine the peak electron energy generated by photons in de-
tector 6.

Figure 11: A plot of the readout from detector 1 (near
the end absorber); notice need to add a second function
to fit the data, this second function is an exponential decay.
These added electrons are produced by the proximity to the
EA.
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