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Introduction: The Cavity BPM "E,'?v",':'?,

m Devices able to determine the X and Y position of the electron
beam in the beam pipe

m Based on a resonant cavity
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‘ Waveguides

Resonant Cavity

m Good resolution (~1p target for FERMI@Elettra),
m High signal level in single shot
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The dipole mode: TM,, “?y

m ]t is the position sensing mode
m [ts intensity is proportional to the beam offset
m There are two different polarizations: vertical and horizontal

‘ L. . Working Frequency:
- ~6.5 GHz

Electron Beam

m The separation of the monopole and of the two polarizations is

achieved with the cavity-waveguide coupling
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Separation of the two dipole polarizations FE?&“PV

m The magnetic coupling is described by “Hy” (radial component of H)
m Allows the separation of the two polarizations

ﬁ output ] port 1 no signal
port 1] y Propagatlon (no Hr component)
port 2 ~J .\ port4 P2 St port:2
I a‘\ | -8 — =~ e )
/ ) \\ output \. .. —— I output
/ : _ no signal signal s signal
no signal : (no Hr component) i
(no Hr component)
electron )
Liaai no signal
port 3 (] port 3 (no Hr component)
output
signal
3 X polarization = port 1, 3 Y polarization = port 2, 4
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. . MI
Signal processing ‘55597

m The signal of port 1, 3 is proportional to the X position

m The signal of port 2, 4 is proportional to the Y position

Electronics

Ref. Cavity

m An additional signal is used as “reference signal”, to:
72 Obtain a bipolar output signal (for +X, 1Y),
7 Separate the offset from the tilt component
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Beam offset and tilt effects on the output signals FE?:”/“p'

m  Only offset - :
Voo oton = | E, -€™dz=C 1T, |
J 2R

acc, offset

'\ 112 0 2

Purely real

m Only tilt

Vacc tilt — _.‘Ez'ejkzdz J Jllt# Sin(ﬂj—HCO{Hj 12 ’(J
’ e k“a 2 2 2 R [

Purely immaginary

—> The electronics must even separate the offset from the tilt
component in quadrature (IQ demodulation or our approach)
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HFSS Simulations i 2

m  Aim: Simulating the RF parameters of the cavities with 90°, 180° and no
symmetry planes:

BPM
cavity

Reference cavity

m  Aim: Estimating the output signal levels with 1 nC of bunch charge, the voltage

is given by the following relation:
]
Vour = \/220 — Ko1001
_QEXT
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HFSS Simulations results FE'?CP'

reference cavify BPM cavity
fres (MHz) (6457 frEs (MHz) 6485
o : o 7900

Qe xT 423%! QExT | 150000
koio (V/nC) 731\ k1o (V/nCy/ mm”) 0.4
Vour@I1nC (V) 8.4 \ Vour@1nC (V) 0.5

B Workbench measured freguencies:

BPM cavity
frEs (MHz) 6474

reference cavy
freEs (MHz)

The simulation result is 19 MHz
different from the measured value
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: - FERMI
CST Simulations dvm;r
m  Aim: Simulating the output signal levels with 1 nC of bunch charge

he sigal levels:

: Ref. Cavity | BPM Cavity
| Vour[V](ez = 6mm) 7 0.40

| Vour[V](ez < lmm)* 0 0.56

*: Values calculated with the form factor
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The new electronic system "E'F"y

m  Aim: designing a new electronic system that avoids the IQ demodulation

BPM

First type of circuit

V., = (B._ cos(at) +Xsin( wt))e ™"
2
Ve = Acos(at)e™'™

(> = (Ae '™ +B_e ") cos(t) +§e“fs sin wt)
2

(A= (Ae™'™" —B_e™'"™)cos(wt) — B sin wt)

ZD :\/(Ae—t/rR +Bo_e—t/rB)2+(Xe—t/rB)2

180° hybrid

-t/r ~t/7g\2 —t/7g\2
Ref. Cavity Phase shifter \AD = \/(Ae "-B,e )+ (Xe )

2 (for 1pm, the tilt must be < 0.1 mrad)

The tilt component must be negligible with respect to the offset
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The new electronic system “':'7"39'

Advantages:

m Beam in the centre < High output signal level () =A)
m Calibration system

r

Vg =0 BPM
3
Voe = Acos(at)e™'™

(> = Ae V'™ cos(awt) = O )

~t/r Ver b Ay cal
A= Ae HeR cos(mt) Calibration —2
” - Yor Ll 1A Matrix  |—
Z — A t/TR a
<D ‘ ‘e 180° hybrid Apcal
AD — ‘A‘e—t/TR

Ref. Cavity Phase shifter
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The new electronic system “':'7"39'

Second type of circuit

The tilt component is
rejected:

Z D

2
.M[-
@ @ 180° hybrid

Ref. Cavity Phase shifter

d=3% AL =4AB_e '"e '™

A, <4AB_

Anologous result to the
coherent demodulation

Ad
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The in-tunnel test ‘5'3397

m The prototype has been installed in tunnel during the last commissioning
m Aim: determining the output voltage with 1 nC of bunch charge

Signal levels:

m Reference cavity: 2.52 V

m Cavity BPM, X offset: 0.33 V/mm
m Cavity BPM, Y offset: 0.30 V/mm




The in-tunnel test "E'F"y

m Spectrum (FFT) of the BPM output signal

Dipole mode
f=6.476 GHz

"

Quadrupole mode
f=9.046 GHz

1"

10

107 |

Rectangular waveguide
f=7.7 GHz

1w*

Dipole of the reference
f =8.47 GHz
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Outlook of the future work "Ee'?f'?r

m 10 cavity BPMs have been installed in the undulator hall
m Fach one has a mover (Encoder resolution: 1 pm)
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TGS
a elerntra

Thank you for your attention

Questions?
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The resonant modes of the cavity “53'9'

m The electron beam excites the resonant modes of the cavity
m The first four resonant modes are the following:

TM,,, TM;4 TMyy TM g
4.63 GHz 6.5 GHz 9.04 GHz 10.5 GHz

(Frequencies of the FERMI@Elettra BPM)
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MI
The monopole mode: TM,,, FE'?&p,

m [tis an unwanted mode

m Its signal voltage is only proportional to the beam intensity
and does not depend on the beam position.

Working Frequency:
4.63 GHz

m Rejection achieved with:
2 Cut-off frequency of the rectangular waveguide
2 Cavity-Waveguide Coupling ’
72 Band pass filter centred on the dipole frequency
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Rejection of the TM,, mode: reu;\'ﬁp,
Cut-off frequency of the waveguide

m Waveguides behave as high-pass filter

m Cut-off frequency for the fundamental mode (TE10):
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Rejection of the TM;, mode: reu;\'y
Cavity-Waveguide Coupling

m Magnetic coupling: only the magnetic field (Hr) of the dipole

will couple with the waveguide

to coaxial
. B
The dipole (TMy4) has: aLs [ magnetic flu lines of
- — the TE10 mode in
. = = waveguide
E. = CJy (&) cos(¢) T R ]
. 3..F1:iu:.' . f o 1/ 1 j
H, = —zn:_’-“’??_,R '*rﬂ ) sin(q) ﬁ/\%
11 L] t 1)
H, = —:'-‘L"‘”'*.*'—':'HJI’ ﬂ] cos(g) N \
J11 K i : Beam pipe

magnetic flux lines of
the TM110 mode

zuen iy Radial component of H (Hr)

@%bf 14th ESLS RF Workshop el
ELETTRA / Trieste, Italy / 2010 September 29 30




Rejection of the TM,,;, mode:
Cavity-Waveguide Coupling

TGS
a elerntra

m The monopole does not couple with the waveguide

The monopole (TMg1a) has:

B, = Co (%)
Hy = —iCesoR Jg (L0r

port 1

- ho signal
(no Hr component)

magnetic field flux lines

(H = Hgonly)

port 4

Y

4

/ ¥R
no signal \
(no Hr component) ﬂ

no signal
(no Hr component)

p—

port 3

~—no signal
{(no Hr component)

—e e
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Cavity-Waveguide Coupling: "E'?Cpr
Separation of the two dipole polarizations

m However, due to the mechanical tolerances, the two
polarizations are not perfectly orthogonal

m The orthogonal ports are not isolated between them
m This phenomena is called “Cross-Talking”
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Rejection of the TM,,;, mode: "E'?Cp'
Cavity-Waveguide Coupling

Consequences of the cavity-waveguide coupling

m The monopole does not couple with the
waveguide

m [t separates the vertical and the horizontal
polarizations

An additional band-pass filter is placed to have

only the dipole signal and to reject the higher
modes
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FERMI
m Vout '\";'

Energy

U=k-g°

Pext = 2y = -’ qu
Qext  Qext

) Z (R
Vout—\/Z-ZoPext—\/Z-Z-Qext-k-q ﬂ_a)\/Qext(Q)q]
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Vacc, Energy, Bessel, Linearity
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m Offset,
m Tilt
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