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Outline

Cylindrical and toroidal BPMs — Rogowski colls
*Test stand for BPMs

*Analytical description of BPMs

Integration of BPMs with COSY and new findings
Future developments
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Beam Position Monitor (BPM) A )0LICH
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BPM measures transverse beam positon (xg, vo)

Conventional method: New development:

Y Electrode 3

Electrode 1

Electrode 4
X
Beam
Electrode 2
Length = 20 cm Length = 1 cm

Easy to manufacture Excellent response to RF signal
2 Accuracy of the existing COSY BPM More precise position measurement with
: system= 0.1 mm Rogowski BPM system and a first step to
: Not enough for an EDM measurement a SQUID-based BPM development
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Data acquisition A J0LICH
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* Bunched deuterons

. — 1010
Nparticles =10

Preamplifier Preamplifier
(13.5 dB) COSY RF (13.5 dB)

(Ref. signal) * Sampling rate: 4.45 ms

* Energy: E =970 MeV/c

|

1
’ v * Each interval consists of
HFZLI 1000 data points

Zurich Instruments

HFL2I Lock-in amplifier
Data Acquisition (PC)

Mitglied der Helmholtz-Gemeinschaft
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FORSCHUNGSZENTRUM
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Calculation of flux through Rogowski coil ~ fwe

Vector potential A, of a rotationally symmetric particle beam

4}? 7 - F'\ VN
VAN
7N |
Az(p!q)) — 2 :
2}3' o, Yo
. R =40
Difference voltage over sum voltage q = 5_0?énmm
N = 365
2Mm+1) X omaaok Y2k k
D) (VM) (D)
Z k=0 A(m,a/R)
D, a = (2m +1)°

O, R 7% (1-1-(a/R)?)



Linear model A )0LICH
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asa BEM simulation

— first-order approximation
—— third-order approximation
—— fifth-order approximation

analytical formula

0.5

0.4

0.3

0.2

difference over sum of the voltages

0.1

0 5 10 15 20 25 30 35

distance from the centre of the coil [mm)]

Uind 1/1 :%Nﬂo [R — \/R2 — a?} (1.6 mV for our parameters)

dly N — 2
Umdl/Q_dt 9 [ \/R _a] (1—7T\/R2—a2x0)

AU, 1, 2
Ui/1  mwVR? — a?

X0
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distance from the centre of the coil [mm]

Deviations from linear model #) JULICH
FORSCHUNGSZENTRUM
0 Displacement of a pencil beam
: | |

=== BEM simulation

— first-order approximation

—— third-order approximation

931'|— fifth-order approximation ~
?ﬂ analytical formula /
o]
E 0.4 -
b]
=
[
S
g 0.3
3,
-
]
2
> 0.2
=
S
) 0.1 -
$ 0 5 10 15 20 25 30 35
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Horizontal Rogowski coil BPM in COSY  #) jiLICcH
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Voltage ratio for horizontal displacement #) jiLicH
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A -
;S - 1st Interval
< 003 f— >
~0.031 :—
- | | | i | 0
-0.032 %’NWHH“W-ﬁ“"%fﬁwﬂ"“\yﬂ*ﬂ'w“%ﬂﬁ**M‘Hﬁ WWWMWW Ww FM / ™ M M N W ‘Wm Ty i "11 ||>, J w MM ,)ﬁ i MW’ W 'M<JW"*II%WWW
~0.033 :—
—0.034:—
- 0 0‘5‘11|5£:2|5:L3‘5J1
3 Time (s)

Observation of sinusoidal disturbance

Mitglied der Helmholtz-Gemeinsc

13. Marz 2017 10



Mitglied der Helmholtz-Gemeinschaft

Result of the voltage ratio measurement

guring vertical movement

U L1/2 sin . 2
7 (4) = ! 9 _
i () S0 sin ( ﬂft—l—go)J—l— é)(t tO)J

hor. beam oscillation hor. displacement caused
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%107 by changing ver. orbit bump
R 04—
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Analysis of the oscillating signal A) JULICH
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0.5

AU 1/2,0szi /XU

0.4

0.3

0.2

0.1

AT

4.5 5 55 6 6.5 7 7.5 8
Frequency (Hz)

Possible causes for occurrence of 6 Hz oscillation:
« Vibration of the setup with this frequency

haft
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 Periodic excursions of the beam
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Fourier spectra of sum voltage #))0LICH
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_6
= 10 0 —
- "H Cooling time
z -
| 10s
‘ [ 12s
S il [ 15s

s

2 4 6 8 10 12 14 16 18
Frequency (Hz)

No 6 Hz disturbance in sum spectrum — beam current is constant
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haft
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Fourier spectra of difference voltage #))0LICH
Different electron cooling durations

—3
5 08 x10
A | Cooling time
S - [ | 0s
= 07— 105
— [ 12 s
| [ ] I5s
0.6 —
05F—
04 = By increasing the cooling time the amplitudes for 6
= and 14 Hz increase and other frequencies appear
03
024
0.1
0 s L ' b
2 4 6 8 10 12 14 16 18
Frequency (Hz)
‘The source of the oscillation is due to the electron cooler and not the Rogowski coil
setup
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Development #1.: #) )OLICH
Linearization by omission of coil turns

* Third-order terms are cancelled,
if coil turns around 45 degree

positions are omitted

T

0.6

I I
=2 BEM simulation

— first-order approximation
—— third-order approximation

03" |— fifth-order approximation
?n analytical formula /
E
T 0 :
% =
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Z 03 )
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\\\\\\\\\mmu

distance from the centre of the coil [mm]
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Development #2: #) JULICH
Rogowski coil at low temperature:
SQUID integration

* Cryostat for the Rogowski coil to test
the setup at low temperatures in the
laboratory

V-V Buyos

genauen Mafe der
Spulel STEP-Datei?

DN200CF drehbar

019

e SQUID-based Rogowski coil BPM to Flgietn tmo

measure the position of clockwise ey
* |nstallation at COSY m%

{2 Bleche)

[EEERNED

age
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Summary and outlook #) )OLICH
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e Theory of Rogowski coil BPM well understood
* Good agreement with the prediction and the measurement
* New finding about beam oscillation induced by electron cooler

* Further developments: Cryogenics and optimization of winding structure,
application on both sides of rf Wien filter

Mitglied der Helmholtz-Gemeinschaft

E- and B- Field region
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Thank you for your attention.
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Position determination and sensitivities  #) joLICH

Uz (Utmod — U2,mod) 3 2 5 o3 4

Coil parameters for sensitivities: a = 5.075 mm R = 40 mm

9 1
— ~ 0.01604——
“ ™ R?2 — a? min
a’R 1
Ca = ~ 3.4353 - 107°
3 31(R2 — a2)5/2(R — VRZ — a?) mm?
cq = a’R(AR® + 3a7) ~1.3451 - 10~° —
20m(R2 — a2)%2(R — VR? — a2) mmb

aft
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Local orbit bump A )0LICH
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c
()
% A Rogowski coil BPM
‘?;; _
2
e ] I
>
a) § [] ] Beam
s Corrector Magnet 1 Corrector Magnet 2
T
=
()]
£
o 4 ..
© Rogowski coil BPM
a =
2
s
c
b) Q Rl Beam
2 Corrector Magnet 1 Corrector Magnet 2

x = const - Icorrector
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Result of the horizontal voltage ratio #) JULICH
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* Only linear term is fitted; the fluctuations from run to run are in the order of 2 - 10™*
* Higher order terms are smaller than the estimated errors on each measurement
* The uncertainties on the applied corrector magnet current is a systematic effect
* Model and measurementare in good agreement
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Vertical voltage ratio measurement
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S Assumption:

g T ; Horizontal orbit stays the same

3 I

TS Initial beam Continuous vertical

Fa position _beam dispacement

Q’ T~ 7

> Local vertical orbit bump .

Time (s)
AU, /5 A
lej/z Model prediction:
i i AUl/ = const 4+ const 2
- I — 2"
T YU J

g AU Calculate:
3 ImUaIE A AU AU
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