dapnia
e T

saclay
CAVITY BPM FOR CALIFES

(aLites

Claire Simon, Michel Luong,
D. Bogard, P. Contrepois, P. Girardot, J. Novo

CEA/Saclay/IRFU

CTF3 Meeting — 22" January 2008

CEA/ Saclay/ SACM CTF3 Meseting 1



dapnia Re-entrant Cavity BPM (acites

@ » Coaxial re-entrant cavity has been chosen for the beam orbit measurement because of
its mechanical simplicity and excellent resolution (concept from CERN).

saclay .

The re-entrant BPM is composed of a mechanical structure with four orthogonal
feedthroughs (or antennas).

+ 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

m from the centre axis of the monitor)
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dapnia

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

~125 mm length and 18 mm aperture

4 mm gap
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Re-entrant Part

Bent coaxial cylinder to separate the
main RF modes (monopole and dipole)
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dapnia Re-entrant Cavity BPM CALIFES (2) LGS
Ce] - BPM developed for the CTF3 probe beam CALIFES: o

saclay - designed with a large frequency separation between monopole and dipole
modes, as well as a low loop exposure to the electric fields

- operated in single and multi-bunches modes

* 6 BPMs will be installed on the CTF3 probe beam

Al,O,

SMA
receptacle

CF40 rotating connector
and flange to be welded
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dapnia RF Characteristics (acites
m RF characteristics measured on the 6 BPMs in laboratory.

« Standard deviation on the dipole frequency : ~12 MHz
* Monopole frequency ~ 3.99 GHz

saclay
Eigen modes F (GHz) Q R/Q,(Q) R/Q, (Q)
Measured Measured in Offset Offset
in lab lab 5 mm 10 mm
Monopole mode 3991 24 223 22.2
Dipole mode 5985 43 1.1 7

* With Matlab and the HFSS calculator, we computed R/Q Ratio.
R: the Shunt impedance and Q: the quality factor
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dapnia Cross Talk of the Cavity BPM (aLizes

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

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

This asymmetry is called cross talk.

Fle View Channel Sweep Calbvafion Trace Scale Maker System Window Help

Sinis St [60I0000GH: [ St | Cein | S |

.ng Mag | [l000 - ol A9N713GH: | 681846

5 000dB/ 2 Bt .

0B o ENE Monopole and dipole
n - = i ..

Por | o [ 2 \[f{transmission measured by the
Network 1510 Al t K 1
port2| analyzer i) network analyzer
500 [
0.00
.00
_________________ H0.00

Chl: Start 350000 GHz e

Stop £.50000 GHz
| |

2" Network
analyzer

The Wew Chanel Sweep Cabision Trace Gcsls Waker Gplem Widow Heln =la]
St stoa [Toommonotre (5] st (SN (Gt
Mia |00 T T T] SaTEi Gz [-de d
100008 = | .
D008

Hybrid

Transmission of 2 MavimiaN |\

antennas YAV
. 141 o Mmm | ! i ! | X
Representation of the cross-talk measurement positioned at 90 .

16010
Eh1: Shul 35000 GHy —

Saep REI000 G

I Siats CH 1 (521 | C 2P 50LT LCL
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dapnia Signal Processing (acites

@ » 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 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.
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dapnia Re-entrant Cavity BPM CALIFES (3)

Re-entrant cavity BPM installed on the

saclay 8
' CTF3 probe beam

Signal processing
electronics of the
re-entrant BPM
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dapnia Waveform processing (acites

m « As there is one electronics for 6 BPMs, a intermediate frequency is necessary o

saclay

Signals coming from 4 channels Ix, ly, Qx, Qy with a frequency ~ 100 MHz

« Sampling of signals with an Acqiris board.

Digital Down Conversion (DDC)

- raw waveform multiplied by a local oscillator of the same frequency to yield a
zero intermediate frequency

- Real and imaginary parts of each IF are then multiplied by a 60 coefficient,
symmetric, finite impulse response (FIR), low pass filter with 40MHz 3dB bandwidth

- Beam offset is given by Q

___________ N A=y T*+ Q

k

oole) L o)

Claire SMON 9



dapnia Mathcad Model (NJ TES

» To assess the system performance, a model (cavity+signal processing) is elaborated
@ with a Mathcad code based on Fourier transforms.

[ Ty =[S,y Sy JHe Haliff 1)+ (S, , +Sg JHe Hdifr2) ]

saclay ~
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dapnia Theoretical Noise (ALI TES

> Noise determined by the thermal noise and the noise from signal processing
sac|ay channel

Thermal noise: B, = kb *T*BW

kb = Boltzmann’s constant (1.38*10-23J/K), BW (Hz) = bandwidth of the signal
processing channel, and T (K) = room temperature.

Noise from the signal processing: P, =NF*G*P, .

NF= total noise figure of the signal processing channel, G = gain of the signal
processing and Pth = thermal noise.

Total noise introduced into the system by the electronics can be

evaluated by the noise figure in a cascaded system : E_1 F -]
NF=F +—2—+——+
Gl Gl *GZ

NF = total noise factor of the signal processing, Fi and Gi respectively the noise
factor and the gain of component i.
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dapnia Theoretical Resolution (NJ [

@ « Position resolution: RMS value related to the minimum position difference that
can be statistically resolved.

saclay

« Signal given by the model (cavity+signal processing) simulation with a gain
adjusted to get an RF signal level around 0 dBm on the A channel with 5 mm

beam offset.

System Signal A with 5 mm Noise
beam offset

Single bunch 590 mV 0.5mV

Multi-bunch 590 mV 0.5mV

Resolution ~ 3.2 ym with a measurement

dynamic range +/- 5 mm
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dapnia Time Resolution (AL(?ES

@ * Damping time is given by using the following formula

F, Fd: dipole mode frequency
= Q— Qd: loaded quality factor for the dipole mode
d

\\
[Damping time of the cavity : 2.8 ns]

* Rising time

1 1 |
, m]ax
15 B 90% max
Bef st aprndn | \ Relsortie apviden, | / N
— — — 10% max
0 I T —
T
1)

03

ool R e IV | NG/ [ N | IO V IR | I
Tell ;
1-Te-1(

Rising time: - single bunch mode ~ 2.8 ns
- multi bunches mode (32 bunches) ~ 4.5 ns
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dapnia Conclusion

ey

saclay

** Re-entrant cavity BPM features, designed for CALIFES:

» Good resolution simulated
( 3.2 ym a dynamic range around +/- 5 mm)

» Rising time single bunch mode = 2.8 ns
multi bunches mode (32 bunches) = 4.426 ns

s Software / Algorithms still under development.

% First beam tests === June 2008
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