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F-\lR Low intensities at FAIR =5 1

FAIR - Facility for Antiproton and lon Research Proton Linac £
Darmstadt, Germany UNIL ACW 2 / sis18 |
S e
sl <p
1) Slow extracted beam from SIS100 synchrotron ' __‘_J’#\' y
G

Extraction time upto 10 s

lon species Energy No. of Extraction \EVE
particles time Current

RIB! u2e* 2.7 GeV/u 5E11 2s 1.12 pA
CBM? VS 10.6 GeV/u 1.5E10 10s 22 nA

2) Circulating beam in the Collector Ring (CR) storage ring

Mode Species Energy Intensity Revolution \EVE
Frequency Current

pBar pBar 3 GeV < 1E8 1.37 MHz 22 A

RIB? u2e+ 740 MeV/u < 1E9 1.17 MHz 5 mA

1RIB ... Radioactive lon Beams experiments
2 CBM ... Compressed Baryonic Matter experiments
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F-\lR Beam Current Transformer = Si

Torus to guide the magnetic field

i Features ) Detection
—  Non-destructive threshold:
— Intrinsic absolute calibration U-A
— Independent of energy, position and particle

species
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F-\lR Cryogenic Current Comparator = S I

[FLL Electronics]

Calibration Currcml

SC Magnetic Shield
High-n Ring Core

Feed huck. Coil
Matching Transformer

» Particle Beam P

eam

Calibration wireloop
SC Pickup Coil

@4.2K

Featu res Detection
—  Non-destructive threshold:

— Intrinsic absolute calibration @

— Independent of energy, position and particle
species
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F-\lR Low intensities at FAIR =5 1

FAIR - Facility for Antiproton and lon Research Proton Linac
Darmstadt, Germany UNIL AC‘F‘ 2 / SIS18 t SIS100 )

1) Slow extracted beam from SIS100 synchrotron ' *g*‘" //,, ‘m. FAIR
Extraction time upto 10 s CBM
Super FRS
lon species Energy No. of Extraction
particles time [
RIBL y2sr 2.7 GeV/u 5E11 2s 1.12 pA CR * NuSTAR

CBM? VS 10.6 GeV/u 1.5E10 10s 22 nA

2) Circulating beam in the Collector Ring (CR) storage ring

% Cryogenic Current Comparator

Species Energy Intensity Revolution \EVE

Frequency Current (planned)
pBar pBar 3 GeV < 1E8 1.37 MHz 22 A
RIB? u2e+ 740 MeV/u < 1E9 1.17 MHz 5 mA

1RIB ... Radioactive lon Beams experiments
2 CBM ... Compressed Baryonic Matter experiments
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FAIR

Low intensity diagnostics
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Longitudinal Schottky monitor

— Limited accuracy at low currents .
— Very difficult absolute calibration
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F-\lR Outline IS

 Working principle
* Performance

* Challenges
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F-\'R Working principle IS

Superconducting shielding
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F-\lR Working principle IS

High-u ring core
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F-\lR Working principle IS

Superconducting pick-up coil

IFLL ElOCtrOniCSI |Calibration Currcn!l
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@4.2K

(B) High-u ring core (inside)
(C) Pick-up coil
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F-\lR Working principle

|FLL Elv(‘.tronit‘.sl ICalibration (.‘urrem]

SC Magnetic Shield
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Feedhack‘ Coil
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Matching transformer

Magnetic field
sensor (SQUID)

Feedback Coil
(signal)

L ... inductance
A® ... magnetic flux variation
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FAIR

Working principle

|FLL Elv(‘.tronit‘.sl ICalibration (.‘urrem]

SC Magnetic Shield
High-p Ring Core

Feedback Coil
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* Calibration wireloop
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@4d.2K

Low temperature DC-SQUID

(Superconducting QUantum Interference Device)
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F-\lR Performance — Calibration =51

Calibration current

SC Magnetic Shield
High-p Ring Core
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current (nA)

Particle Beam
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1.65 nA calibration pulse, 1 kHz low pass filter

!“ 'l | —— CCC-XD balanced |

| \ | 1.65 nA input pulse |

balanced

| v | N I N 1 N 1
200 400 600 800 1000
time (us)

Threshold: < 1.3 nA (@ 10 kHz bandwidth)
Slew rates: better than 0.16 A/s (@ 200 kHz bandwidth)
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F-\lR Challenges — Perturbations (lab) I == M

Magnetically shielded laboratory for CCC testing.
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F-\lR Challenges — Perturbations (lab) I == M

Magnetically shielded laboratory for CCC testing.

n E
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Noise: Frequency (Hz)
3 -30 pA/VHz Constitutents of noise:
(between 7 Hz — 200 kHz)
Measured in a clean lab environment < 1Hz: Mechanical vibrations (building, ...) Microphony/
1 Hz - 10 kHz: Mechanical vibrations, electromagnetic noise, } enhanced
magnetization noise of ring core by ring core
> 10 kHz: System noise (minor external influence)
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FAIR

Application - GSI =

SIS18 extraction line
2014

- Slow extraction (64 ms —5s)

- Beam: 600 MeV/u Ni26+

Noise: 3.5 — 35 pA/NHz
(7 Hz — 10 kHz)

Spill measurement with CCC and SEM (Secondary Electron Monitors)
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F-\lR Applications IS

Noise: 3 —30 pA/VHz (between 7 Hz — 200 kHz)
Threshold: <1.3 nA (@ 10 kHz bandwidth)
Slew rates: better than 0.16 A/s (@ 200 kHz bandwidth)

Measured in a clean lab environment

7~

— Transfer lines (S1S18 extraction line at GSI)

— Storage rings (Antiproton Decelerator at CERN, TARN I
at KEK)

— Dark currents of superconducting cavities (DESY)

A
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F-\'R Challenges - Cryostat IS

FAIR cryostat
Cryostat design 850 mm

Vacuum chamber

Suspension rods (Ti)
- Temperature of 4.2 K He lines / enthalpy cooling

- Closed refrigeration cycle Thermal shield (Cu) & MLI (green)

€
€
- Accelerator environment § Liquid helium container
—
- Magnet ramps, vibrations CCC
150 mm UHV beam tube
(ceramic gap)

ANSYS€ simulations for analysis

of mechanical resonances
He container inner tube
(ceramic gap)

Connection to
cryocooler (Cu strips)
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F-\lR Challenges - Temperature IS
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Stable equilibrium with
closed helium reliquefaction.

Histogramm of total drift -
during one AD cycle (about 85 s)
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F-“R Challenges - Shield design IS

Coreless shielding design

shield

)

7

!
Properties of coreless shielding:
‘classic’ ) —
no / reduced thermal drift reduced sensitivity (?)
no fluctuations from core position dependence (?)
simplified construction (costs)
no matching transformer (noise)
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