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dapnia Re-entrant Cavity BPM

m * It is arranged around the beam tube and forms a coaxial line which is short circuited at

one end.

 The cavity is fabricated with stainless steel as compact as possible :

saclay

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

78 mm aperture.

\( Feedthroughs are positioned in the

re-entrant part to reduce the magnetic
loop coupling and separate the main
RF modes (monopole and dipole)

Cu-Be RF contacts welded in
the inner cylinder of the cavity \
to ensure electrical conduction.

—

Twelve holes of 5 mm diameter

| I =
| ';1 H‘HWMW*‘ . "IC \ drilled at the end of the re-entrant

part for a more effective cleaning
(Tests performed at DESY).
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Re-entrant Cavity BPM

Re-entrant cavity BPM located at
cryogenic temperature inside the
cryomodule (ACCL).

o

Re-entrant cavity BPM installed in a warm section
on the FLASH linac
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dapnia RF Characteristics of the BPM

m * RF characteristics of the cavity: frequency, coupling and R/Q
Eigen F (MHz) Q (R/Q), (Q) at5 | (R/Q),(Q) at
| modes mm 10 mm
sacla
y 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
E Field
Monopole mode
Dipole mode

* With Matlab and the HFSS calculator, we computed R/Q Ratio.
R: the Shunt impedance and Q: the quality factor

R___V° V:UE(Z)*ejkzdz\ and - k=wi
Q 2 72 f*W
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dapnia Cross Talk of the Cavity BPM

@ * Due to tolerances in machining, welding and mounting, some small distortions
of the cavity symmetry are generated.

saclay A beam displacement in the ‘X’ direction gives not only a reading in that direction but
also a non zero reading in the orthogonal direction ‘y’.

This asymmetry is called cross talk.
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- | Monopole and dipole

Port 1 /ANIEEVARE transmission measured by the
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From those measurements, the cross-talk isolation value is estimated around 33 dB.
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dapnia Signal Processing
@ » The rejection of the monopole mode, on the A channel, proceeds in three steps :

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

saclay

- 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 unnel : :_ _________________ RF electronics intne hat :
1
11 |
1
| i '
i ol LO Signal l
i 11 Phase shifter 1724 MHz |
I
t s e, I :
! [ o 1 —— P~ |
j Phase shifter Al ‘# o S | =T | |
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| | ] 1 110 MHz BW |
i W/ [comwi] !! ~_ o | ADC | | : ;
/AN e N = o | soara | | 1F signal behind
L i h:;t‘ (i ' : : Attenuator Band pass Video Amplifier I LOWpﬂSS Filter on
1 ase shifter ’
I by 11 Filter 1250 Mhz | channcl A

) I 110 MHz BW |
: Hybrid 11 RE I
| s A 2 —
; Phase shifter I ' |
I J Isolator Band pass Attenuator | - Low pass
! A Filter 1724 MHz Filter 60 MHz
1 110 MHz BW
1 -
I Ehase: siler Phase shifter

RF signal
s T T T T T T T
e 1 1 1 1 | i : 40 ns
o0 &0 T T 10 8s0 2w
Time(ns)
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dapnia Beam tests on the BPM (1)

m % To calibrate the BPM:

 Beam is moved with one steerer.

saclay - Calculate for each steerer setting, the relative beam position in using a transfer matrix

di & dy (calibrated)

; i | i i |
-15 -10 A 0 8 10 15

between steerer and BPM (magnets switched off to reduce errors and simplify calculation).
* Average of 500 points for each steerer setting.

Horizantal steering
T

Yerical steering

gL | == dx (mmj in linac frame :

——dy (mm) in linac frame | G

S ) as e ..........................................
——dy (mm) in linac frame |

: Calibration results from
_____________________________________________________________________________ horizontal (left) and
| vertical (right) steering

di & dy (calibrated)
(o]

dy steerer (mm)
dx steerer (mm)

‘ Good linearity in a range £ 5 mm

‘ RMS resolution: ~4 pm on the Y channel

~8 pm on the X channel

with 1 nC
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dapnia

Beam tests on the BPM (2)

With an attenuator 6 dB on each channel

L] Warleal sleet iy -
S&Cl ay --- dx re-entrant BPM 0.8 nC/# |
"l - dy re-entrant BPM _/,,.f’
5 /
// J
E o 2 !
= /_," f
L ’//
t‘(ff
-0 L --- dx Button BPM e
--- dy Button BPM
1_520 5 =10 -5 o L] -] s e _%
oy sl fmmi)

--- dx re-entrant BPM
--- dy re-entrant BPM

0.45nC

--- dx Button BPM
--- dy Button BPM

i ey ey |

5 L] 14 e

EEE) Good linearity : + 10 mm @ 0.8 nC
+15mm @ 0.45 nC

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).

Charge Resolution Resolution
Re-entrant Re-entrant+
6 dB attenuator
1.0 nC ~4 um
0.8 nC ~12 ym
0.5nC ~11.8 ym ~21 pm
0.2nC ~30.1 ym ~ 55 um
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dapnia Time Resolution

@ » Damping time is given by using the following formula : 7= L
7 *BW
f
saclay 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
AT =lps | Time resolution for re-entrant BPM
” | . Cram ] BPM 12ACCY %
2.5
2'7 NP YR S i
100 bunchesread by -3
there-entrant BPM 1.}
RF signal measured at one pickup .
0. P O S RO
. ags G680 . 700. 720 740 760 _ 780 B00.
Possibility bunch to bunch measurements R— [ ss]
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dapnia Last beam measurements

(H] s Measurements carried out with an amplifier added in the electronics box.

- Should have reduced the dynamic range to have a better resolution

Yertical steering
T :

——dx (mm) in linac frame | :

| ——dy () in linac frame

Calibration results from
horizontal (left) and
vertical (right) steerings
with the “ new” electronics

di & dy (mea
di & dy (measured)

1 i 1 i i I i - i 1 1 i I i 1
2 -1.5 -1 05 o 05 1 15 2 2 -1.5 -1 -0.5 0 0s 1 15 2
it soll {rarn) dy steerer (mm)

‘ Good linearity in a range £ 1.5 mm

E==) RMS resolution: ~8 ym on the Y channel with 0.9 nC

~5 um on the X channel

% Resolution with this amplifier is similar to the resolution without amplifier
m=) Need to analyze the problem
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dapnia Last beam measurements

(H] ¢ Adjustment of the RF phase because the 9 MHz reference signal was changed

% Checking of the measurements carried out in last August.

Horizontal steering i Wertical steering
15 . T
———dx (mm]} in linac frame ——dx (mm] in linac frame
o b [ dy (mrm) in linac frame : : : 10 | —==—dy {mrm) in linac frame

Calibration results
from horizontal (left)
and vertical (right)
steering

dx & dy (measured)
dx & dy (measured)

i i i i
-10 5 0 b 10 15
dy steerer (mm)

: i i i i i
a5 A0 5 0 5 1 16 15
di soll {mm)

‘ Good linearity in arange £ 12 mm

‘ RMS resolution: ~7 pm on the Y channel

~8 pm on the X channel

with 0.9 nC
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BPMIZACCT (nC)

Last beam measurements

¢ Calibration of the charge

Charge (horizontal steering)

0.97

0.96

0.95

0.84

L i L 1 1
0.93 0.54 0.95 0.96 0.97 0.9
Toroid SDBC3 (nC)
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BPM12ACCT (nC)

0.64

Charge [vertical steering)

063

062

061k

0EF

059

0.558
0.59
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0.595

06

1
0.605

i 1
061 0615
Toroid SDBCS (nC)

0.62

I
0.625

0.63

0.635
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dapnia Summary

IWE IWALWIE W

»> Effective in clean environment
» Operation at room and cryogenic temperature
» Large aperture of the beam pipe (78 mm)

> Position resolution around 4 ym measured with a measurement
dynamic range around * 5 mm

» Time resolution around 40 ns
» A new prototype will be produced in 2008 with modified mechanics

» ~ 30 BPMs will be installed in the XFEL cryomodules.

+ This BPM appears as a good candidate for being installed in the ILC
cryomodules.

*» More work is needed to obtain < 1um resolution
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