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SIS100

o Facility of Antiproton and lon vy and SIS300

Research (FAIR)
o Beam current measurement in “"/““

o High-Energy Beam Transport “W / _ AN
(HEBT)-section, /)

o Collector Ring (CR)
o CryRing

p- LINAC SIS18
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CCC for FAIR

Beamline Location Extraction Particle species Stage
type
T1S1 SIS18- slow, fast ions, protons
SIS100 —
= 2
T1X1 SIS100 slow, fast ions,protons § )
extraction 2 9
e 3
T1D1 SIS100 slow ions, protons i
- dump b @
~ O
TFF1 SFRS- slow ions >
Target
T3C1 SIS300 slow ions, protons -
extraction =
(7]
T3D1 SIS300 slow ions, protons g
- dump

For all 6 beam lines above:
minimal Intensity: 10* pps
maximal intensity: 102 pps

lon Maximum Beam Current
[slow extraction, 1 s]
p 160 nA
28+ 4.5 A

TSP1

THN2
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Challenge
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Beam current measurement

Detector requirements

Transport section,
Storage rings

On-line, non-destructive, absolute
measurements
easy, linear calibration

Maximum beam current:
160 nA for (anti-)protons
4.5 A for uranium ions U28+

goal:
Current resolution < 1nA

Current pulses with DC-part

| 4 V%
N /

v

5s

High bandwidth incl.DC
High slew rate

vy [
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CCC-principle
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Detection of the beam’s azimuthal
magnetic field
Superconducting Pick-up coils

DC-magnetic field measurements
due to flux conservation in closed

sc loops
Lower noise, because of no @
hysteresis losses

DC-Superconducting QUantum

Interference Device, (DC-SQUID)  charged
acting as current sensor particles

Highly sensitive, low intrinsic noise
contribution

Superconducting Shielding

Attenuation of all non-azimuthal
magnetic field components
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CCC-principle

SQUID-electronics
300K
charged \ SQUID-
particles B cartridge
— :
Meander-shaped | 4~ Pick-up coil
shielding 4 incl. core
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Presenter
Presentation Notes
Man sieht hier die Prinzipskizze des CCC für die Strahlstrommessung mit der
Supraleitende Pick-up-Spule 
supraleitenden Stromsensor (DC-Superconducting QUantum Interference Device, DC-SQUID) und der 
effektiven supraleitende Schirmung.
Die supraleitende Schirmung ist als koaxialer Zylinder mit einer inneren mäanderförmigen Struktur aufgebaut. Durch den Innern Zylinder kann der Strahlstrom den Detektor passieren. Die mäanderförmige Struktur sorgt dafür, dass nur die azimuthale Feldkomponente des Strahlstroms,hier durch diesen Schlitz in die Abschirmung eindringen kann und die Pick-up-Spule erreicht.
Alle anderen Feldkomponenten werden effektiv abgeschirmt. 


The CCC at GSI
Darmstadt
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Metal Bellow

| LHe-Contalner
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Phoography of the CCC assembled in the
beam line and some technical details.
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Beam measurement
28Nj26+ at 600 MeV/u

- Replacement of
SQUID-sensor
SQUID-electronics

o Secondary Electron

Emission Monitor (SEM)
for comparison

o Perfect agreement
between two
independent spill

monitors (CCC vs. SEM)
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CCC for FAIR

Improvements using new core materials and
concepts

®
=) @'HELMHGLTZ E E I

I GEMEINSCHAFT o
Helmholtz Institut Jona F@R IBIC 2014 R. Geithner ~ 9/17/2014




Improved pick-up coll

2\ Ry (U )
)=t O + R

Requirements to core
materials:

frequency independent
high real part of the
permeability (Lg).

low imaginary part over a
wide frequency range which
corresponds to a low losses
in the material (Rg).
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red: Vitrovac 6025F
blue: Nanoperm M764
100 — |
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Requirements to core
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red: Vitrovac 6025F
blue: Nanoperm M764
2
R (U) 10
I*)=4k,T S d
TR R X
10°

materials:

frequency independent
high real part of the
permeability (Lg). 107

low imaginary part over a
wide frequency range which |
corresponds to a low losses 105 11 ]

R, [Ohm]
)

in the material (Ry). 10’ 10° 10° 10°* 10° 10°
Frequenz [Hz]
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Setup FAIR-CCC
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- Nanocrystralline Nanoperm
M764 as core material

1 Electron beam welded
niobium parts

1 Commercial SQUID-sensor
Supracon CP2 blue. |

7 Commercial SQUID
elctronics
Magnicon XXF-1

280 mm
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Setup FAIR-CCC
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SQUID cartridge

- Nanocrystralline Nanoperm
M764 as core material

1 Electron beam welded
niobium parts __
1 8

o Commercial SQUID-sensor | @ it B\
Supracon CP2 blue. - .
o Commercial SQUID i e ) ronstormer

elctronics
Magnicon XXF-1

Niobium magnetic shield

(view in beam direction)
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Current noise density
Bandwidth estimation

White noise 3.5 pA/Hz'?
3 nA total noise

SQUID system bandwidth
fsyg @djusted by electronics
settings

Decrease at 200 kHz
estimated as CCC
bandwidth
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Presenter
Presentation Notes
Let‘s first have a look on the Current Noise density of the CCC. It starts at around 100 pA/Hz^1/2 and than you have an 1/f decrease caused by the core material ending in a white noise of 3.5 pA/Hz^1/2 at 2kHz. The total noise of the green curve is 3nA in the frequency range up to 10 MHz.
At the high frequency range you see the curves belonging to different SQUID system bandwidth f3dB adjusted by electronics settings .
Because we have no direct measurement of the CCC-bandwidth. The bandwitdh is estimated from the decrease of the curves at 200 kHz also couse by the core properties.



Current noise density
Bandwidth estimation

White noise 3.5 pA/Hz"2
3 nA total noise

SQUID system bandwidth
fsyg @djusted by electronics
settings

Decrease at 200 kHz
estimated as CCC
bandwidth

Current Noise Density (A/Hz"?)
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Step function response
CCC
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(a) 2 yA, (b) 1uA, (c) 200 nA, (d) 100 nA, (e) 20 nA, (f) 10 nA
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Current sensitivity
Linearity
_ 18
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Slew rate limitation
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(black) 14 nA test signal with low signal slew rate

(red) CCC response
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Slew rate limitation
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Future Investigations

Investigations on
microphonic effects

Development of cryostat
with local liquid helium
supply
Reducing microphonic
effects by damping of
mechanical vibrations,

pressure and temperature
stabilization
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Advantages of a SQUID
based CCC
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Non-destructive measurement method
Measurement of the absolute values of the current
Exact absolute calibration using an additional wire loop

Independency of charged particle trajectories and particle
energies

Demonstration of the suitability at GS| and HoBiCat
High resolution (< 100 pA/VHz), 3.5 pA/NHz white noise
High bandwidth of 200 kHz estimated

High linearity
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