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Reentrant Cavity BPM

Ce:j * The reentrant BPM is composed of a mechanical structure with four orthogonal
feedthroughs (or antennas).
saclay

+ It is arranged around the beam tube and forms a coaxial line which is short circuited at
one end (concept from R. Bossart).

+ Passing through the cavity, the beam excites some electromagnetic fields (resonant
modes)

o two main modes : - monopole mode (proportional to beam intensity and
does not depend on the beam position : normalization)

- dipole mode (proportional to the distance of the beam
from the centre axis of the monitor)
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—_— |

E-Field Th 110

signal level

Reentrant Cavity :

E-Field TM 010 - beam pipe (l)a I : e

fo10 fi10 frequency
- gap (1),
Antenna 2

- coaxial cylinder (ILI)
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Reentrant Cavity BPM at CALIFES (1) o

Cea  Cavity BPM is designed for the CTF3 probe beam (CALIFES)

saclay .tis operated in single and multi-bunches modes

* The cavity is fabricated with titanium and is as compact as possible :

~125 mm length and 18 mm aperture

4 mm gap
‘H:?_—‘wl__. | A\ — __r:fEH'
\\ 1 - 135 mm
-+ 1 da’—%mm 18 'm ]
SRR L
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Reentrant Part
Bent coaxial cylinder designed to have:

- a large frequency separation between monopole and dipole modes

- a low loop exposure to the electric fields
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Due to tolerances in machining, welding and mounting, some small distortions of the

RF Characteristics

* RF characteristics of the cavity: frequency, coupling and R/Q

Eigen F (MHz) Q (R/Q) (Q) (R/Q) (Q)
modes
Calculated Measured in Calculated Measured Calculated Calculated
with HFSS the CLEX with HFSS in the CLEX Offset 5 mm | Offset 10 mm
in eigen in eigen
mode mode
Monopole 3991 3988 24 26.76 22.3 22.2
mode
Dipole 5985 5983 43 50.21 1.1 7
mode
E field
r T - —
H field

cavity symmetry are generated.

This asymmetry is called cross talk and the isolation is evaluated > 26 dB.
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Signal Processing - CALIFES BPM

C@ » The rejection of the monopole mode, on the A channel, proceeds in three steps :

cacla y - a rejection based on a hybrid coupler having isolation higher than 18 dB in
the range of 2 to 8 GHz.

- a frequency domain rejection with a band pass filter centered at the dipole
mode frequency. Its bandwidth of 600 MHz also provides a noise reduction.

- a synchronous detection carried out with an I/Q demodulator.

BPMs in the probe beam linac tunnel RF electronics in the hall .
p DAQ in the hall
6dB 18 dBm leak. 0to 70 dB
1 s A
5 g0 Ax food 3 = /o RF | H - Ix
hybrid ] L
X2 I Filter 5997 MHz demodulator
3dB
C bi 600 MHz BW — LO Q | —Qx
combiner s ~
v % 180° = 0to 70.dB 18 dBm leak. 8 4
. ~_ ~] | . channel channel
o hybrid A = [ = Lowpass Filter video 10 bits
y ﬁﬁf Ay _ ~_|  200MHz 2 Gs/
beam position phgse Filter 3990 MHZ ~Z amp s/s
monitor 1 shifter 400 MHz BW Lowpass Filter Gv=10 ADC
: 6dB 18 dBm leak. 0to 70 dB 120 MHz —ly
e ol T
- demodulator
Filter 5997 MHz Lo QLA
6to1 600 MHz BW el
x1 ‘éﬁi 180° A multiport Digitizers
hybl’id switch ’—‘
x2 T — >
o2 C)— e [0 -
bi splitter
y1 ‘4%7 > combiner reference channel
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ybri 14 dBm 2 Gsls
y2 ‘éﬁ— A
ADC
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monitor 6 shifter
L signals for switches .
and variable control unit
attenuators control
VME Crate
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Control Command of BPMs

1/Sampling with acqiris boards

: 3/Results sent on graphic
and readout signals on OASIS

saclay windows under JAVA
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Reentrant Cavity BPM at CALIFES (2) o

Ce:j 6 BPMs are installed on the CTF3 probe beam

Signal processing
electronics of the
re-entrant BPM
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|rfu Simulations - CALIFES BPM (1) G

Ce:_j + Signal voltage determined by the beam’s energy loss to the dipole mode.
Dipole mode signal depends on frequency fi and external coupling Qi of this mode

2 (R/Q).9%R,
S =t \/-exp%cq—'t co t—M single bunch e 4O1i2 Y =\/“4 (Rfi(-gQ)iq :
P11 20

saclay

®(t) = heaviside function, g = bunch charge, RO = 50 Q,
(R/Q)i = coupling to the beam and i = 2 (dipole mode)

T
32 2. Fdl—— R
Rd := Z Phi(n-Te)-| Vod-e 2Qdl. cos(adl-n-Te) — 2-n-Fdl-M 32 bunches
n 2-Qdl-adl
1=0
200 T T T T T T
i
Dipole mode Dipolemode | |
signal in s 0 signal in32 . o
single o bunchesmode _,| ]
bunch mode
-0 \ | | | | | | 200 | L | | I !
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Simulations - CALIFES BPM (2) o
Cea % Noise is determined by :
saclay Thermal Noise : P, =k_*T*BW

b
kb = Boltzmann constant, BW (Hz) = Bandwidth, T (K) = Room Temperature.

Noise from signal processing channel : P, =NF*G*B,.
with -1 K1
NF =F 42—+ >
Gl Gl GZ

Pth = Thermal noise, NF=Total noise figure of the signal processing, Fi and Gi respectively the noise factor
and the gain of component i.

/ Re-entrant Cavity at CALIFES \
Environment Noise RMS: 66 pV (measured at FLASH)

A signal (gain adjusted to get an RF signal ~ 0 dBm, simulated in single bunch)

with 5 mm offset : 590 mV (simulated), Noise: 0.5 mV (calculated) D> Resolution : 3.2 um (simulated)
with 0.1 mm offset : 555 mV (simulated), Noise: 0.1 mV (calculated) ‘Resolution : 100 nm (simulated)
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Reentrant Cavity BPM at FLASH (1)

Ce’_j * The cavity is fabricated with stainless steel as compact as possible :

sacla y 170 mm length (minimized to satisfy the constraints imposed by the cryomodule)

78 mm aperture.

 For the XFEL, mechanical design improved to respect tolerances of the BPM : Roll Angle 3 mrad,
Transverse displacement 0.2 mm

Cryogenics tests at 4 K on
feedthroughs is OK

Twelve holes of 5 mm diameter

o = drilled at the end of the re-entrant
Cu-Be RF contacts welded in o e— part for a more effective cleaning
the inner cylinder of the cavity | ~— (Tests performed at DESY).
. . e~ =
to ensure electrical conduction. L

Copper coating (depth: 12 pm) to
reduce losses. Heat treatment at
400°C to test: OK
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Re-entrant cavity BPM located at
cryogenic temperature inside the
cryomodule (ACCL).

Re-entrant cavity BPM installed in a warm section
on the FLASH linac
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| r f u RF characteristics of the reentrant BPM
at FL. ASH
Ce:) * RF characteristics of the cavity: frequency, coupling and R/Q
saclay Eigen F (MHz) ) (RIQ), (Q) at5 | (R/Q)(Q)at
modes mm 10 mm
Calculated Measured in Calculated Measured Calculated Calculated
with HFSS the tunnel with HFSS in the tunnel
in eigen in eigen
mode mode
Monopole 1250 1255 22.95 23.8 12.9 12.9
mode
Dipole 1719 1724 50.96 59 0.27 1.15
mode
E Field

Monopole mode

15/10/08

The cross talk isolation is evaluated around 33 dB.
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rfu Common mode rejection AFEL Zus:

C:e:j » The rejection of the monopole mode, on the A channel, proceeds in three steps :

sacla y - a rejection based on a hybrid coupler having isolation higher than 20 dB in
the range of 1 to 2 GHz.

- a frequency domain rejection with a band pass filter centered at the dipole
mode frequency. Its bandwidth of 110 MHz also provides a noise reduction.

- a synchronous detection.

I Passive components in the tunnel : :_ _________________ RF electronics intne hat :
1
k| |
1
11 |
11 LO Signal |
: 11 Phase shifter 1724 MHz |
I 11 I
T 11
! P | pm — — (2] l
: Phase shifter Al [ ~= | S— | =T %[ I
1 — Hybrid : Isolator Band pass Limiter Attenuator Low pass |
! T Ll Filter 1724 MHz Filter 60 MHz :
: ] £ 110 MHz BW |
I | . .
LA | T e Y @ I ADC | | [F signal behind
T = | .
- i ) ’ : : Attenuator Band pass Video Amplifier I Lowpass Filter on
: by 11 Fllter 1250 Mhz | Arhannal A
y 11 110 MHz BW | Ciiaiiici A
: Hybrid 11 RE I
! Y D S - () -
| Phase shifter I <> |
I J Isolator Band pass Attenualor | - Low pass
! £ | Filter 1724 MHz Filter 60 MHz
! I 110 MHz BW
- i
1
| EXiaee: Sllar | Phase shifter
RF signal
{153 T T T T T T T
e 1 1 i 1 | i 40 ns
[10] =0 100 120 L4 160 120 a0
Time{(ns)
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Beam tests at FLASH
(=) + To calibrate the BPM:

— » Calculate for each steerer setting, the relative beam position in using a transfer matrix
saclay between steerer and BPM (magnets switched off to reduce errors and simplify calculation).

+ Resolution measurement:

correlation of the reading of one BPM in one plane against the readings of all other BPMs in
the same plane (using linear regression).

15 70 T
————dx (mm) in linac frame x Xy direction
———dy (mm) in linac frame 4y direction
10+ - 80 -
— 5[ - 5ok J
g x
g
3 0 - a0} .
3 3 +
3 5L _ g
- q
: + X
F _ +
-10 208 x + + 4
x +o x
n x ¥
-15 | | | | | ] x x + £ + %
-15 -10 -5 0 5 10 15 10 % =
dx steerer (mm) + *‘ * % X X 7
E==) Good linearity in arange + 12 mm R +
o L 1 1 1 L = !
BPMs slong the FLASH inac %
Z
‘ RMS resolution: ~4 pm on the Y channel g

with 1 nC and dynamic
~8 uym on the X channel | range +/- 5 mm
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Simulation of the Resolution XFEL e,

» Simulation of the Resolution of the reentrant cavity BPM installed at FLASH

/ Re-entrant Cavity installed at FLASH with cable length=75m :

A signal with 10 mm offset (dynamic range +/-10 mm) : 181 mV
A signal with 1 mm offset : 181 mV

Noise: 6 pV (calculated)

Environment Noise RMS: 66 puV (measured)

Resolution : 3.64 pm (simulated)

Offset due to monopole mode : -0.624 mV (simulated)

\ Measured Resolution ~ simulated resolution /

@-entrant Cavity with cable length =75 m and an amplifier (G =18 dB and NF = 3.8 ch

A signal with 1 mm offset (dynamic range +/-1 mm ): 149 mV

Noise: 6 pV (calculated)

Environment Noise RMS: 66 pV (measured)

Resolution : 0.45 pm (simulated)

Offset due to monopole mode : -4.37 mV (simulated)

\ More work is needed to obtain < 1um resolution j
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eS® 1

» Damping time is given by using the following formula : 7=

e *
saclay 7" BW
f
With BW =_d_ fd: dipole mode frequency
Qld Q,d: loaded quality factor for the dipole mode

» Considering the system (cavity + signal processing), the time resolution is determined, since the
rising time to 95% of a cavity response corresponds to 3T.

Damping Time Time resolution
cavity only cavity + electronics
BPM 9.4 ns 40 ns

CAT=lps |

Time resolution for re-entrant BPM

Lran] BPM 12ACC7 x
2.5

2.1

me

100 bunchesread by -3t
there-entrant BPM 1.}

RF signal measured at one pickup

0. 1 ! 1 1 1 ! 1 ! 1 ! 1
GBO. 700. 720 . 740 . 760. 780. 800
[ 5s]

Res= 1.Buf=255

Possibility bunch to bunch measurements
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S Summary

C:e:j % Reentrant cavity BPM at CALIFES:
sm « Operated in single and multi-bunches
« Single bunch resolution potential <1 pm
+ Beam test soon
% Reentrant cavity BPM at FLASH:
« Operation at room and cryogenic temperature, effective in clean environment
« Large aperture of the beam pipe (78 mm)

 Position resolution ~4 pym measured with a measurement dynamic range
around = 5 mm

*  Bunch to bunch measurements (time resolution ~40 ns)
» 30 reentrant cavity BPMs will be installed in the XFEL cryomodules
- Prototype installed in an XFEL cryomodule in January 2009

- PCB of the RF front-end Electronics designed to reduce the electronics cost
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