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il Cavity BPM Principle
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Beam Pipe
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ir  Example: KEK C-Band IP-BPM

o

MOdeI P main cavity piece fﬁ'%".?”’i/_, :;E%;g. Electron ICS o
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. .. Results
haracteristics .
» Narrow gap to be insensitive to the beam angle. 22F- 8.7 nm position resdjution! |Entries 489
cgs 20 Mean 5.305e=-12
* Small aperture (beam tube) to keep the sensitivity. | & RMS  22.02
» Separation of x and y signal. (Rectangular cavity) e
14—
* Double stage homodyne down converter. 126
: 10F-
Design parameters s —_—
E =10nm region
Pot  f(GHz) B Q, Qe 3 ’
4
X 5.712 1.4 5300 3901 2F- I
_0126 L Iﬂlsol Im_glolﬂ I_|40I 1 I_Izul L Iul L1 I2|0I 1 I4|0I L Ispl Isgl L I100
Y 6.426 2 4900 2442
Residual (ADC ch)
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ilr Example: KNU-KEK Low-Q BPM=

Model | Electronics
. | lq ,‘-L IF Output
LOlInput 1. f
£ . g: e
- Pf!_l[aseTuShiﬂerl "‘.T'

Characteristics Results

- Sam basic idea as the KEK IP-BPM.

* Short decay time, 20 ns for x and y signals.

» Short decay time (30 ns) for the reference signal.
 Single stage homodyne down-converter.

» LO-signal from reference cavity.
_ =0 1°.0rbit feed back test  mracaom... |
Design parameters ;
Port f (GHz) B Q, Q. R A
X 571 2 8 5900 730 0ozr sfgezrigrégAZ\,’i
Y 6.426 9 6020 670 e —
Reference 6.426 0.0117 1170 100250 008 0 52'08 15.07 1.66-07 25-07 2.60-07 35.07 3 .66.07 45.07 4 66-07 65.07 5.6e-07

time [sec]

»
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dr  |LC Cryomodule Cavity BPM =@~

o

« SLAC approach:
— S-Band design with reduced aperture (35 mm)

— Waveguide is open towards the beam pipe for
better cleaning

— Successful beam measurements at SLAC-ESA,
~0.8 ym resolution

— No cryogenic tests or installation
— Reference signal from a dedicated cavity or source
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:IrCold BPM for an ILC Cryomodule=@-

o

 ILC beam parameters, e.g.
— Macro pulse length t ;. = 800 us
— Bunch-to-bunch spacing Aty = 370 ns
— Nominal bunch charge = 3.2 nC

« Beam dynamic requirements

— <1 ym resolution, single bunch
(emittance preservation, beam jitter sources)

— Absolute accuracy < 200 ym

— Sufficient dynamic range (intensity & position)
« Cryomodule quad/BPM package

— Limited real estate, 78 mm beam pipe diameter!

— Operation at cryogenic temperatures (2-10 K)

— Clean-room class 100 and UHV certification
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dr  SLAC BPM Scaled to L-Band =@~

o

Mode Frequency 3 | Dosle “ o
1 1.017 — Parasitic E,,-like y

2 1.023 — Parasitic E,,-like T

3 1.121 — Monopole E,,

4 1.198 - Waveguide

5 1.465 - Dipole E,, e
6 1.627 e Rl

Parasitic mode
E, distribution

Component =z

Parasitic mode. Coupling through
horizontal slots is clearly seen e

Mi-43.8191 / @
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1o

Size: 51x4x3

Frequency, GHz, dipole

monopole 1.125
Loaded Q (both monopole and dipole) | ~ 600
Beam pipe radius, mm 39
Cell radius, mm 113
Cell gap, mm 15
Waveguide, mm 122x110x25
Coupling slot, mm 51x4x3

N type receptacles,
50 Ohm
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iIr HFSS Simulations: Dipole Mode =@~

o

. oo § Frequency, [GHz] 1.480
S Q, External 500
- e Q, Surface (Cu) 22000
s e o | Q, Ceramic(AL,O3) 5600
l _ _ | - Test charge, [coulomb] 1E-9
: ' (X=0, Y=1mm)
Stored energy, [joule] 5.9.0E-11
Output Voltage at T=0%, [V] 0.24

0.2

e
—_—

Voltage, [V]
o

=7

* Normalized to 50 Ohm, ) 610 " 810
The total signal combines with two ports Time, [sec]
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dr  Simulations: Monopole Mode =@&5-

E Field[¥/m]
1. AAAD &+ABA
. 3. 6517e-001
1, 3335e-001
4. 8697e-AB2
1.7783e-A82
6. 4938003
2, 3714e-003
8. 6596e-004
3. 1623e-004
1. 1543e-A84
4. 2170e-005
1, 5399e-005
5. 6234e-0@6
2, @535e-008
7. 4959e-007
2. 7384e-007
1. 0080 e-00 7

* Normalized to 50 Ohm,
The total signal combines with four ports

Frequency, [GHZz] 1.120
Q, External 550
Q, Surface (Cu) 19500
Q, Ceramic(AL,0;) 7.9E6
Test charge, [coulomb] 1E-9
(X=0, Y=1mm)
Stored energy, [joule] 6.1E-8
Output Voltage at T=0%, [V] 6.1
li ith T™M
Coupling wit 11 port, 5 6E-5
Output Voltage at T=0%, [V]
|
—7

e [sec]
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ilr Cold L-Band ILC BPM R&D =@y-

o

Status:
— EM simulations & construction finalized
— Brazing and low temperature UHV tests
— All parts manufactured, ready for brazing
— Prototype has “warm” dimensions
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il Cold ILC L-Band Cavity BPM =@~

JI P
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iIn ILC Cavity BPM Summary

o

Cold L-Band cavity BPM, fits in an ILC cryostat, 78 mm aperture.
Waveguide-loaded pillbox with slot coupling.

Dimensioning for f,,, and f,,, symmetric to fg,
for = 1.3 GHz, f, = 1.125 GHz, T,,, = 1.468 GHz

(R /Q)110 = 14 Q (1 mm beam displ.), providing < 1 ym resolution.

Dipole- and monopole ports, no reference cavity for intensity signal
normalization and signal phase (sign).

Qioaq = 600 (~10 % cross-talk at 300 ns bunch-to-bunch spacing).
Minimization of the X-Y cross-talk (dimple tuning).

Simple (cleanable) mechanics.

R~ s ENA ilatinane (LICEQ NMMWAIQC) an inny Aimanciane and
|'|a||y I_I'I'DIIIIUIGEIUIID lll 1 U, I'I"U’ al | ||| U| IIGIIDIUIIO ailiui

tolerances (see A. Lunm et.al, DIPAC 200 ).

Successful tests of the ceramic slot windows, i.e. four thermal
cycles 300 K-> 77 K-> 300 K

Next Steps:

— Warm prototype finalization (brazing), RF measurements, tuning, beam tests at
the AO-Photoinjector.
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iIrn SCRF Test Accelerator (“NML”)

o

ILC Module 1 ILC Module 2 _ _
(DESY “kit") (Madein USA) high energy beam-lines

Injector

Q 0
.......
LA

~
>,
<>
7

...........

 ILC & Project X like e-beam operations,
~400 MeV, 1 ms beam pulse, 5 Hz repetition-rate
— ILC: single bunch (bunch-by-bunch), Aty = 370 ns, 3.2 nC
— Project X: multi-bunch, f, = 1300 / 325 MHz, ~11 / 44 pC
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dr 1.3 GHz Cavity BPM Design

o

« All previous requirements apply:
— Cryogenics, dimensions, resolution, etc.

— f410 = 1.3 GHz, to operate with Project X (multi-bunch)
and ILC (single bunch) like beams

« Cavity diameter ~230 mm (to fit into the cryomodule),
aperture: 78 mm.

« Rectangular cavities (waveguides) for CM suppression.

« Intensity and phase reference signals from HOM coupler
(2" monopole mode pass-band TM,,, ~2.6 GHz)
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ir  Eigenmode Characterization @

o

Frequency (GHz) Frequency (GHz)

AN AN
Quadrupole[ 2.1 > 2.1 | Quadrupole

1.724 Quadrupole-like
1.7 | Dipole-like
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Dipole [ 15 — T
Ta 1.471 Quadrupole
""" > 1.3 7 Dipole
Monopole I 1.1 > 1.1 1 Monopole
Q 3,0 60 R Rectangular cavity
~ length (mm)

+ Rectangular cavities, open to the beam pipe (for cleaning)
generate additional unwanted modes.

« Dipole mode leakage to the beam pipe causes a higher

sensitivity to a beam trajectory angle or BPM tiit

(R/Q)angle =(R/Q) position X(% 255 Sin(cjlc_))ZX'z
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....... IrEigenmodes of coupled Cavities= -

" L
Monopole mode Dipole mode Quadrupole mode
1.1GHz 1.3 GHz 1.4 GHz

Dipole-like Quadrupole-like Quadrupole mode
1.70 GHz 1.72 GHz 2.07 GHz
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Analog down-mixer(s) (single or dual
stage, IF = 30-50 MHz)

Digitizer & FPGA-based down-converter,

digital signal processing in base-band.
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,-',lg Conclusions

« Resonant BPMs with waveguide-based CM suppression
achieved <10 nm resolution (C-Band, Q,,.4 = 3000).

A cold L-Band cavity BPM prototype with 78 mm
aperture, Q,,.4 = 600, resolution <1 pm, is in fabrication.

A cold 1.3 GHz cavity BPM for operation at the NML test
accelerator is in an early design stage.

« A personal remark to the CLIC BPM requirements:

~ . VVI il IGARL | Wikl

— Large quantities require an as simple as possible approach!

— A cavity BPM solution is in reach, when relaxing on the time
resolution (i.e. averaging over the entire macropulse).

— Read-out and calibration electronics need to be pushed towards
digital signal processing to reduce costs and simplify DAQ.
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