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Abstract

Synchrotron SOLEIL is currently preparing a machine
upgrade based on multibend achromat lattice with a drasti-
cally reduced horizontal electron beam emittance
(<100 pmerad). Foreseen quadrupole and sextupole
strengths will impose a small vacuum chamber diameter
and the future Beam Position Monitors (BPM) will have a
16 mm inner diameter (circular shape). To minimise the
BPM contribution to the longitudinal impedance, and in-
duced heating on their mechanics, the feedthrough and but-
ton shapes must be optimised. This paper summarises the
systematic electromagnetic simulations that have been car-
ried on in order to distinguish the effect of single dimension
changes (such as button thickness and shape, ceramic
thickness and diameter) on the amplitudes and frequency
position of the resonances. It also introduces the prelimi-
nary BPM design for the SOLEIL upgrade project.

INTRODUCTION

Synchrotron SOLEIL has recently published the Con-
ceptual Design Report (CDR) of the SOLEIL Upgrade [1].
The specifications are challenging for the new beam pa-
rameters especially the beam size and emittance below
100 pm rad (Fig. 1). The energy will remain the same as
today (2.75 GeV). The project includes considerable mod-
ification of the accelerator and especially the replacement
of the storage ring for a new multi bend achromat lattice.
Natural bunch length will be 9 ps RMS, lengthened to 30 ps
RMS by a harmonic cavity to preserve the transverse emit-
tance and beam lifetime.

The main parameters of the SOLEIL upgrade SR and the
existing SOLEIL SR are compared in Table 1.
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Figure 1: Comparison of the transverse beam profiles (x:
horizontal, z: vertical plane) of the present SOLEIL (left)
for 3 types of straight sections (short, medium and long /
plots shifted for convenience) with 1% coupling and SO-
LEIL upgrade CDR reference lattice (right) with 50 pm.rad
emittance.
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Table 1: Main Parameters of the Present and CDR
Reference Lattice
SOLEIL SOLEIL
Upgrade
Circumference (m) 354.097 353.74
Beam energy (GeV) 2.75 2.75
maximum beam current 500 500
(mA)
Natural emittance 3900 80
(pm.rad)
Bunch length rms (ps) 15 9
BPM vacuum chamber 70/25 16
(mm)
Number of BPM 122 ~200

The SOLEIL upgrade project pushes the vacuum system
conception to a new limit: the high gradient quadrupoles
and the large strength of the sextupoles require the mini-
mum size of the vacuum chamber inner diameter to be as
low as 12 mm.

BPM SPECIFICATION AND
CHALLENGING

The Beam Position Monitor (BPM) system is the largest
(and one of the most critical) diagnostic systems for a syn-
chrotron light source: about 200 position measurement
units are considered in the CDR reference lattice. The sys-
tem should deliver beam position measurement with a res-
olution of less than 50 nm RMS in closed orbit measure-
ment (used for feedback loops). The measurement stability
is also very important with a drift that must be below 1 um
over 24 hours. The BPM sensors for the SOLEIL upgrade
will be the usual RF button pickups installed at 45° on the
vacuum chamber. In order to protect the BPM from possi-
ble heating due to synchrotron radiation, its internal diam-
eter is enlarged to 16 mm. The challenge will be the man-
ufacturing of a small dimension pickup and its positioning
on the BPM body with respect to tight tolerances in order
to maintain an absolute position.

FIRST 2D SIMULATIONS

Preliminary studies have been carried out to design the
future BPM pickups. With the usual delta over sum equa-
tion used to compute the position, the response is linear on
a £ Ilmm range around the BPM center with an on-axis er-
ror below 3 % (Fig. 2). We can consider a polynomial re-
sponse to enlarge the linear range if needed for machine
physics studies at large amplitude.
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Figure 2: Linearity response for different button diameter
(orange=4 mm, yellow=5 mm, purple=6 mm) compared to
the current BPM in blue (left). Estimation of the error for
the three diameters(right). BPMLab simulations [2].

The voltage collected on the antenna is related to the
beam current by the Eq. (1) [3]:

Uin=Z+(@,B)* Iveam= (& %) 2% L2  heam €))

C 1+iwRC

where a is the distance to the beam, A is the button area, B
is the beam velocity and c is the speed of light.

The button capacitance to ground C and 50 € coaxial ca-
ble impedance R are equivalent to a high-pass filter with a
cutoff frequency fcut =1/(2rRC). Hence the interest of
maximising the value of the capacitance in order to have a
lower cut-off frequency. The capacity C can be approxi-
mated by formula Eq. (2):

C — n'é';«t +
ln(%) d

ey

2

where t is the button thickness, &, is the dielectric permit-
tivity, rp and r, the button and housing radius, and d is top
button gap. The envisioned gap value of 200 pm is a com-
promise between the capacity and the constraints of me-
chanical manufacturing. The 3D numerical simulation
computation with result using the CST electrostatic tool [4]
allowed us to estimate the capacity of the button with com-
plex design.

3D MODELISATION DESIGN AND
OPTIMISATION

The power loss in the BPM block is one of the main pa-
rameters to be considered during its design. The BPM con-
tribution to overall impedance budget has to be minimized
and as well as the power deposited by the beam on the me-
chanics.

The power deposited by beam is given by formula Eq. (3)

[5]:
Pioss = M * Ig*kloss (€))

where M is the number of bunches and I, the beam current.
The loss factor is given by Eq. (4):

kioss = 2M Y50 R, [Z”(pMa)r)] * power spectrum(pMw,)
4

where w, = 27f,, and R.[Z(pMw,)] is the real part of
the longitudinal impedance.
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The loss factor being the result of a convolution between
the beam spectrum and the longitudinal impedance (see
Fig. 3), it will be minimized by minimising amplitude of
the impedance peaks or shifting them to high frequencies.
Additional optimization can also be done avoiding that the
impedance peaks falls at the same frequencies as the beam
(discrete) spectrum.
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Figure 3: The longitudinal impedance (red) and beam spec-
trum (blue).

In this section we describe the main stages of optimisa-
tion of the different parts of the electrode to improve the
longitudinal impedance, while preserving a maximum of
signal transmitted by the button. Considered parameters for
optimisation are presented in (Fig. 4)

Figure 4: The parameters considered for optimisation: (a)
button diameter, (b) button thickness, (¢) dielectric thick-
ness, (d) dielectric diameter and (e) button angle.

Button Diameter

Three button diameters are studied in order to find the
best compromise between high signal collection (ie largest
button surface) (Fig. 5) and lowest contribution to the lon-
gitudinal impedance (i.e. smallest diameter) (Fig. 6).
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Figure 5: Voltage versus button diameter for bunch
charge=1.44 nC and sigma =30 ps.
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Figure 6: Real part of longitudinal impedance versus but-

) The thickness, the relative permittivity, the diameter and
ton diameter.

the pin radius of the dielectric influence directly the fre-

The first trapping mode, corresponding to the TE;, —quency of trapped modes dug to the ceramic (or .other die-
mode is given by the Eq. (5) [6, 7], it depends on the diam-  lectric). The frequency of this mode can be estimated by
eter of the button, and it’s housing. Eq. (6) [7].

Hmp _ 1 ¢ 1 1 c am )2 T
= — % — % 5 Hmip — ¢ TP~ 2
fc & T Tptrp ©) f Ver o (rp+rd) + (td) (6)

where &, is the dielectric permittivity, r, and ry the button  where &, is relative permittivity , rq dielectric radius, r, pin

and housing radius. This analytical evaluation of TEi1  radjus and tq the dielectric thickness m and p=1,2,3....

mode is compared to the CST simulation [2] in Table 2 for  In our case we consider ALO; alumina with £=9.4.

the three diameters considered. We simulated several thicknesses of the dielectric.
(Fig. 8) shows the longitudinal impedance for different

Table 2: Comparison Between Analytical Model and the  thicknesses.

TE11 Mode Frequency Computing by CST 3 ek e emen < en Pl

10 — cermic thickness=1.5mm |
¥ — cermic thickness=2.5mm |

Button diameter (mm) 4 5 6 2 — carmic thickness=2mm

Analytical value (GHz) 22,72 18,35 15,39

Numerical computing (GHz) 23.14 19.85 [4.24 M I f

Analytical value and numerical computing are in good
. . o 5 10 15 20 25 30 35 40 45
agreement. The difference may come from the numerical Fraquency / Gz
model that takes into account the complete feedthrough  Figure 8: real part of longitudinal impedance vs. ceramic
and not only the button geometry. thickness. Red 1.5 mm, green 2 mm and blue 2.5 mm.
The 5 mm diameter presents the good compromise be-
tween the signal amplitude and impedance contribution.
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We expected that the thickness of the ceramic does not
Button Thickness influence the first peak, which depends only on the geom-

We study the effect of the button thickness to reduce the etry of the button. We see that all the spectrum shifts in

heating induced by the beam on the BPM button. The ob- high freql}er.lcy when the thickness of the ceramic is re-
; . . duced. This is also probably due to the fact that the numer-
servation of the impedance spectrum shows that the thick-

ness of 2 mm presents a larger peak towards 15 GHz ical computing consider the whole feedthrough geometry
(Fig 7) and not only the part around the ceramic. The calculation

B of the beam power shows that a thickness of 2 mm is the

best compromise and will be chosen for our design (see
Table 4).

i Table 4: H111 Mode Frequency Versus Ceramic Thickness

H

Ceramic thickness (mm) 1.5 2 2.5
Analytical value (GHz) 33.69 2589 2133
Figure 7: Real part of longitudinal impedance versus but- Numerical computing (GHz) 21.55 19.86  18.99
ton thickness.

Power loss (W) 5,75 491 5,24

The dielectric diameter is usually adapted to the pin di-
ameter to respect the 50 QQ impedance of the feedthrough
and to optimise the signal transmission between button and
coaxial cable. Such constraint would impose a big dielec-
tric diameter, and a big feedthrough difficult to implement

»
0 5 n 15 n b
Freuency / Gz

According to Eq. (3), the minimum power is obtain for
4 mm button thickness, as summarized in Table 3.
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in the 16 mm BPM. Simulation on a mis adapted feed-
through (with smaller dielectric diameter) is possible and
even improves a little bit the amplitude of the collected sig-
nal (Fig. 9).

Voltage Time Signal

diameter=6mm : 6.739222 |--w--
i =7mm : 6.7361181 |-
: 6.6 I

\

1
\
\
\

"

\ /———

Veltage / v
Abhmcmrwauo~

0 0.1 0.2 0033443 0.4 0.5

Time | ns

0.6 0.7 0.8 0.9 1

Figure 9: Time signal induced by with 30 ps rms bunch
length and 1.44 pC bunch charge against ceramic diameter
red 6 mm, blue 7 mm and green 8§ mm.

Button Geometry Effect

Based on the work carried out on the optimisation of the
BPM impedance of Sirius [7], we compared three shapes
of buttons: with angles of 90°, 75°, and 65° (Fig. 10).

N

65° conical button. (¢) 75° conical button.

The conical shape of the button shifts the trapped mode
in the high frequencies (Fig. 11).
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Figure 11 The real part of longitudinal impedance for dif-
ferent button geometry: green 90° button angle, blue 75°
button angle, red 65° button angle.

As a consequence, the power deposed by the beam on
the BPM block is decreased. With bunch length equals 9 ps
rms, the power drops from 20% between the 90° button an-
gle and the 65°button angle (see Table 5).

Table 5: Power Loss Versus Button Angle

Button angle in degree 65 75 90
power loss (w) 3,93 4.25 491
PROTOTYPING

In order to validate the mechanical integration of such a
small design (initial internal diameter was even smaller at
10 mm) and BPM calibration procedure, we have realised
a first prototype with commercially available feedthroughs
(3 mm buttons) (see Fig. 12).
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Figure 12: BPM prototype (left) and electrode positioning
metrology (right).

Careful metrology has been carried on in order to opti-
mize the mechanical tolerances to be defined for the BPM
and feedthrough manufacturing.

PERSPECTIVES

A preliminary discussion with the button manufacturers
made it possible to raise and resolve several blocking
points such as the mechanical positioning of the buttons or
the mechanical tolerances.

A new button design is being validated, and a new pro-
totype is being manufactured. Thermal simulation has still
to be conducted to decide the materials for the BPM body
and button, and if a cooling system will be required.

CONCLUSION

Future BPMs for the SOLEIL upgrade are under design.
The main challenge is the drastic reduction of the vacuum
chamber circumference. Accurate electromagnetic simula-
tions are ongoing to minimise impedance. Deposited
power should also be estimated, and thermal simulation
will help us to decide whether to have a water-cooling cir-
cuit around the body of the BPM.
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