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SPARC@FAIR: Storage and Trapping
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Spare

Sophisticated & Versatile Instrumentation

Observables: Photons, electrons, positrons, ions

Targets Position sensitive solid state detectors
Bi-F UCAL




SPARC Working Groups

TOPIC

High Energy Single Pass Experiments
Ring Physics and Performance

Laser Spectroscopy

Laser Cooling

Electron Targets/Cooler

Target Developments

Electron and Electron/Positron Spectrometers
Photon and X-ray Spectrometers

Photon Detector Development

Intense Laser/lon Interaction (intense laser)
Reaction Microscope

Slow lon/ Surface-Experiments
HITRAP/Traps

Theory: Atomic Structure/Collision Dynamic

Technical Support for:
Data Analysis and Simulations

SPARC DAQ/Slow Controls
SPARC Infrastructure

Group/Leaders

Alexandre Gumberidze / Angela Brauning-Demian
Michael Lestinsky / Yuri Litvinov

Wilfried Nortershauser / Rodolfo Sanchez
Michael Bussmann / Danyal Winters
Carsten Brandau / Stephan Schippers
Robert Grisenti / Alfons Khoukaz
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Daniel Fischer /Siegbert Hagmann

Ronie Hoeckstra / Angela Brauning-Demian
Frank Herfurth / Wolfgang Quint

Stephan Fritzsche / Andrey Surzhykov

Harald Bréauning
Harald Brauning, Uwe Spillmann
Angela Brauning-Demian

http://www.gsi.de/en/start/fair/fair _experimente_und_kollaborationen/sparc/working_groups.htm

Coordination provided by the Atomic Physics Division at GSI



2D- Si(Li) and 2D-Ge(i) detector systems

* high resolution crystal spectrometer: FOCAL

« Compton polarimetry

Metallic magnetic calorimeter maXs




Precision test of QED:

The 1s Lamb shift in hydrogenlike Uranium (U%%)
has a value of about 500 eV.

Goal: Lamb shift determination with a precision
of 1 eV by means of crystal spectroscopy.

FOcussing Compendated @

Assymetric Laue spectrometer:

* transmission crystal spectrometer
» Bragg-Laue relation
* Si-crystal, 220 orientation, bended
» energy range: 30 keV to 80 keV
* resolution: ~50 eV
g~ 108
= 3-4 counts/h in the line of interest
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Planar structured semiconductor detectors
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x-ray interacts with the detector bulk Si(Li)-strip-detector in a test holder




Planar structured semiconductor detectors

Detector Lab of th IKP FZ Jiilich,
now Semikon GmbH

2D Ge(i)-p-strip-detector

Vorverstarker
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Crystal size (sensitive area)

height: 32 mm

width: 56 mm

thickness: 11 mm

absorption (photons): ~100% for 60 keV
~80% for 122 keV

front: 128 strips, 250um pictch
back: 48 strips, 1167um pictch

=> 6144 Pseudopixel
resolution: ~2.1 keV @ 60 keV
weight: ca 50 kg
LN2 - consumption: 2 kg per day
crystal-temperature: -160°C

Energy, Timing, Position
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2D-HPGe crystal holder ¢
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""a: calibration source hOIder b: crystél holder birhsitts
c: slit system, d: 2d-HpGe-detector
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Test experiment with Pb8* at ESR
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Compton Polarimetry

Scattered photon:

hw'(hw, 0)
k'(9, 9)
Incident photon: ' y
Energy: hw
Wave vector: k || z
Electric field: E || x y 32(
TA:-

Planar Si(Li) Detector

Compton Event reconstruction for
recoil electron and scattered
photon

32 strips per contact
pitch 2 mm

detector thickness 7 mm
=1024 stripsel XY Position - Energy — Time
active area: 4100 mm?




Compton Polarimetry

Compton scattered photon
xy-distribution

Strip {Y-side)
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scattering angle ¢

Modulation ~ Degree of
linear polarization P,

Horizontal shift ~ direction
of electric field vector x
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maXs @ ESR (2014)

Metallic Magnetic Calorimeter maXs

SQUID loop

thermal link

themmal bath

C. Enss, A. Fleischmann, et.al
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World record together with TES-
sensors of NASA-GSFC!




Diamond Detectors

Schottky - Resonator

Cryogenic Current Comparator




Diamond Detectors

Single crystal Poly crystal
*Transmission detector *Transmission detector
«Absorption/Stop detector *Excellent timing (sub-ns)
*Excelent timing (sub-ns)
*Energy resolution comparable *Several cm”2 size

to silicon at room temperature
*Only small areas




Diamond in beam: bunch probe at HITRAP

Bunched
beam
detected with
phase probe
in front of IH-
structure
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Diamond detector: beam is bunched!
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Non-Destructive In-Ring Particle Detection

Resonant Schottky Pickups

Foto: P. Petri 2009
To SIS18

The ESR resonant pickup
R/Q~42 Q @ 245 MHz
Qi ~ 500
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SPare

Non-Destructive In-Ring Particle Detection

Two-body decay spectroscopy with single ion sensitivity
using time resolved frequency analysis
P. Kienle, F. Bosch, et al. PLB, V. 726, No. 4-5, Nov 2013, pp.

Af=-3.5kHz

Vv« 2mitted forward

J“Pm“* ‘
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124" harmonic of the revolution frequency (MHz)




Cryogenic Current Comparator

SQUID-electronics
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Smoothed response of the FAIR-CCC
to a rectangular
current signal of 1.438 pA (black),
185 nA (blue), and
42.5 nA (red).

280 mm !

Determination of the absolute
Vodel et al. current value




Electron spectrometer

Experimental Storage Ring ESR at GSI

U88+
injection

90 MeV/u

electron cooler

ESR circumference: 108 m

jonization

detector electron-
7 jees spectrometer
/. . a~ s
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5 - X-ray detectors
capture

detector

gasjet target
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Electron spectrometer
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S. Hagmann et al.

ESR:
E up to 800 keV
electrons

HESR:

E up to 5 MeV
electrons and
positrons




DAQ for Strip-Detectors: VME to Febex3a-based

reduction in size and costs by factors, higher event rates

Si(Li)-Polarimeter Exploder PC (PCle, GBit-LAN, LYNX, MBS)

Trigger to PCI-Express modul, TRIXOR

Front Panel Logic Board

Connectors Level Adapters Power Supply

Febex3a

€

Ch. Input
onnector

PCl-Express Optical Receiver, PEXOR3

Logic Analyzer Ancillary Display

JTAG Connectors  Connector Connector
ox

Twisted pair cables

p— PEXDR3 ’-";E“'

-

Analog Buffers 2xADC FPGA Diagnostic Connectors

optical fibre

Oscillator 3.3V, 1.8V, 1.2V 2.5V.5V

S - Supply Voltages
PCl-Express, 1- 4 lanes Optional Power Supply Connector

BKT2: PCle — optical fibre interface

| 1.6Gbit

CSEE(GSI)
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Laser systems and optical detection




SPARC@FAIR: atomic physics experiments
from eV/u to GeV/u beam energies

Observables: x-rays, ions (projectiles/recoils),
electrons and light (IR to VUV)

X-rays high resolution spectroscopy
Compton polarimetry

lons diamond detectors
Schottky resonator
Cryogenic Current Comparator

electrons electron spectrometer

Spare




The SPARC collaboration
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