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Wideband beam position monitor is necessary for

Observing various instability

Sensor of feedback
as well as other components:

kicker, amplifier, processor, cable



Stripline
(rectanguler)

 

k(z) = k0

F(ω) = j  k0 e− jωℓ/csin(ωℓ / c)

coupling constant

Frequency response

θ = ωc
ℓ

θ = ωc
ℓ

Beam (v ~ c)

ℓ



Several wideband pickups has been proposed 
and used . . . 

We concentrate on the stripline pickups here

L. Faltin, NIMA241 (1985) 416-428.

Slot-type structure . . . 

slotted wave guide slow wave arrays
McGinnis, PAC1999, 1713



One of the promising detector 
is the "tapered-coupler"

First introduced in the CERN SPS by Linnecar
back to 1970's

Linnecar, CERN-SPS-ARF-SPS/78/17



Principle of the stripline pickup / directional coupler
One of the reference in the Linnecar's paper



f(t) = 1
c
k(z) ′δ (t − 2z / c)dz

0

ℓ



Differential of 
the delta function

Coupling 
constant

Inverse Fourier
transform



How is it possible to eliminate the notches
and to improve the response?
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At first
signal is positive

positive and negative part
of successive pulses
cancel out

At the end
negative part
dominates
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How is it possible to eliminate the notches
and to improve the response?
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(exponential)






At first
signal is positive

positive and negative part
of successive pulses
cancel out
but slightly negative

At the end
almost zero



Stripline
(exponential)

coupling constant

Frequency response θ = ωc
ℓ

θ = ωc
ℓ



Exponetial tapered coupler
developed for SPS by T. Linnecar in 1970's
Reference: CERN-SPS-ARF-SPS/78/17



Figure 5: Pickup normalized displacement response in time
domain

Figure 6: Pickup displacement response in frequency do-
main

Exponential electrode

CST Model

R. de Maria, IPAC2010, WEPEB054



T. Linnecar wrote in CERN-SPS-ARF-SPS/78/17



Theoretical best solution was surveyed
Y. Shobuda, Y.H. Chin, PRST-AB 17, 092801 (2014) 

σ = 2.63
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Practically
difficult



One exponential coupler BPM was installed for
the horizontal and vertical intra-bunch feedback systems
In J-PARC MR

Taper electrodes should be bent down toward its tips
to keep Zc constant

Electrodes should be tailored toward its tips
to decrease the coupling

keep mechanical strength and stability

gap ~1.7mm

width ~5 mmwidth ~30 mm

gap ~ 7.0 mm

thickness = 1.0 mm

Δgap/gap ≈ 1 %

ΔZC ≈ 0.5 Ω
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Are there
more accurate, easier, efficient methods?

(1) Simpler electrode shape

Y. Shobuda et al., PRAB, 19, 021003 (2016) 
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Stripline
(linear/triangle)

coupling constant

Frequency response θ = ωc
ℓ

θ = ωc
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Stripline
(Concave pentagon)

Optimum parameter

coupling constant

θ = ωc
ℓ
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ℓ



CST simulation

Triangle electrode

(pipe I.D. = 130 mm)

TM modes



Conventional connection

With "apron"



The "Apron" improves the frequency response up yo 4 GHz

The characteristic impedance along the electrode is
significantly improved (triangle electrode)

Simulation

Triangle

Concave
Pentagon

(pipe I.D. = 130 mm)



Triangle
w/o "aplon"

Pentagon
w/o "aplon"

Triangle
with "aplon"

Pentagon
with "aplon"

Prototype



Triangle
Red: w/o "apron"
Blue: with "apron"

Concave pentagon
Red: w/o "apron"
Blue: with "apron"

Measurement

Not as good as the simulation
Concave pentagon is better in frequency response

Using taper pipe to keep 50 Ω impedance of the transmission line
Measure S21 with the network analyzer



Are there
more accurate, easier, efficient methods?

(2) 3D shape: not plate but more solid



straight line

K. Nakamura et al., Proceedings of IPAC2015, Richmond, VA, USA MOPTY001, p.937.

Gap size between the electrode and the pipe wall
exponentially decreasing!



Using taper pipe to keep 50 Ω impedance of the transmission line
Measure S21 with the network analyzer



Intra-bunch feedback in the J-PARC MR 

Exponential tapered coupler



Sensor for the intra-bunch feedback in the J-PAC MR



Position sensitivity

Longitudinal response

Present system covers f = 100k – 110 MHz

Numerical integration 
is done

on a bunch-by-bunch basis
in the processing circuit

(iGp12)

For wider feedback, gain & phase variation of the BPM should be compensated
as well as the cable attenuation and delay.
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Preliminary

Bench measurement
by 50 Ω taper
coaxial pipe 

Bench measurement
with thin stretched wire 
with resistors
at both ends

HOMs

Position sensitivity

Longitudinal response

Y. Nakanishi et al., WECL03
using this device



Conclusion

• The several shape of the stripline electrodes 
have been studied

Triangle, Convex pentagon, 3D exponential
Convex pentagon looks promising

• Counter measure against HOMs are important
present work:  "apron"
Linnecar: ferrite beads

• Precise fabrication is still necessary



Thank you for your attention!
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