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The ELBE radiation source
The ELBE “Electron Linac for beams with high Brilliance and low Emittance”
delivers multiple secondary beams.

- Ee ≤ 40 MeV; Ie ≤ 1 mA; Micropulse duration 10 ps < ∆t < 1 µs
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The ELBE radiation source
The ELBE “Electron Linac for beams with high Brilliance and low Emittance”
delivers multiple secondary beams.

- Ee ≤ 40 MeV; Ie ≤ 1 mA; Micropulse duration 10 ps < ∆t < 1 µs

gELBE

EPOS

gELBE: Gamma beam facility
EPOS: Positron (+ Photoneutron) source
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The EPOS positron source at ELBE

Positron extraction beamline:
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The EPOS positron source at ELBE

Positron extraction beamline:

e− beam

SiPM position

Only interested in production part (electron beam on water-cooled
tungsten target inside lead castle)
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EPOS beamtimes for MUSE
FLUKA simulations for EPOS neutron irradiation beamtimes:

- 30 MeV pencil beam (σx,y=0.3cm) of electrons

Neutron fluence (neutrons/cm2/s) at 100uA e- beam
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Photon fluence (photons/cm2/s) at 100uA e- beam
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Neutron Dose (mSv/h) at 100uA e- beam
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Photon Dose (mSv/h) at 100uA e- beam
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Neutron fluence (neutr/cm2/s) at 100 µA e- beam

Photon fluence (neutr/cm2/s) at 100 µA e- beam

Neutron dose (mSv/h) at 100 µA e- beam

Photon dose (mSv/h) at 100 µA e- beam
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EPOS beamtimes for MUSE
FLUKA simulations for EPOS neutron irradiation beamtimes:

- 1 MeV-equiv.-neutron spectrum at SiPM position with peak around 1 MeV

→ this matches the expected radiation conditions at Mu2e

Total 1-MeV-eqiv. neutron rate at SiPM position: ∼70 000 neutr/s/µA
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EPOS beamtimes for MUSE

(1) First irradiation in April 2016 (one SiPM tested)

S. Baccaro et al.

JINST 12 (2017) no.02 C02022

(2) Next step: Irradiation in March 2017 (three different SiPMs tested)

M. Cordelli et al.

JINST 13 (2018)

T03005

(3) Since then: Routinely parasitic irradiation of SiPMs

- batches 1-4 done (each ∼ 1012 1MeV-equiv. neutrons accumulated)

- batches 5-7 currently under irradiation
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The gELBE gamma source
Bremsstrahlung production from electron beam impinging on niobium
radiator foils

Nb foil

Gam
m

a beam
Dipole magnet

Time structure defined by
electron beam (micropulses)

Diff. photon fluence rate@1µA
electron beam:

Gamma rates up to 2.5 107 γ/cm2/s per 1µA of electron beam at sam-
ple position
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The gELBE gamma source
Photon fluence of gELBE with a 15 MeV electron beam simulated with
the FLUKA code:
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Studying HPGe detector response at gELBE
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Studying HPGe detector response at gELBE
Up to 125kHz of gamma rates expected for Mu2e Stopping-Target Monitor
HPGe detector during beam pulse

- high average γ energy (∼ 5 MeV)
- high beam pulse occupancy (∼ 20%)

gELBE pulse separation of 2.4µs close to Mu2e’s 1.7µs proton pulse
separation

Goals of the beamtime:
- Measure HPGe detector performance in the gELBE beam (energy resolution, radiation

damage,...)
- Understand best beam and detector geometry and position (including absorbers)
- test signal-processing algorithms (DMA vs. MWD)

Two HPGe detectors brought to ELBE by Purdue group, additional DAQ
system from Liverpool group

Using Cesium and Cobalt sources to study resolution in the presence of
Bremsstrahlung tail

- 137Cs source right behind lead collimator (gamma beam passes source)
- 60Co source fixed to HPGe detector housing

HZDR provided radiation transport simulations using the FLUKA code to
estimate γ energy spectrum, energy deposit in crystal etc.
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Studying HPGe detector response at gELBE

Setup during the gELBE beamtime:

HPGe detector behind lead wall with 1cm2 collimator hole and cop-
per/aluminum absorber plates to shield from lead fluorescence.
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Studying HPGe detector response at gELBE

Simulated spectra for Mu2e photon flash and for gELBE are similar:
- Using proper absorbers, the mean energy of the spectrum becomes

similar to the expected one for Mu2e (despite the fact that the Mu2e
spectrum endpoint reaches 75 MeV compared to the gELBE one at 15
MeV)

511 keV

gELBE mean energy: 4.5 MeV
Mu2e mean energy:
4.3-5 MeV
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Studying HPGe detector response at gELBE
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Studying HPGe detector response at gELBE
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Studying HPGe detector response at gELBE

S. E. Müller | HZDR | http//www.hzdr.de

Mitglied der Helmholtz-Gemeinschaft11/18



Studying HPGe detector response at gELBE

Runlist during beamtime:
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Studying HPGe detector response at gELBE

FLUKA studies on energy deposition for different detector positions:

Average energy deposition
(508.68±0.11) keV

per primary γ

Average energy deposition
(1846.3±0.16) keV

per primary γ

Average energy deposition
(1759.4±0.08) keV

per primary γ
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Studying HPGe detector response at gELBE

Analyzed spectra by applying Moving Window Deconvolution Algorithm:

Energy resolution from spectrum analysis between 3 KeV (Liverpool)
and 6 KeV (Purdue).
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Irradiation of DIRAC digitizer board at gELBE
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Irradiation of DIRAC digitizer board at gELBE
5 shifts (12h each) at the gELBE facility granted for June 2018 (“Open Lab-day” falls in
between shifts - no beam possible!)

Digitizer board placed after PE collimator (16mm diameter)

Estimated dose from FLUKA simulatons: 3krad/h for 100µA electron beam

15 MeV electronbeam with 600µA on 12.4um niobium radiator foil (later increased to 700µA)

Working plan:

No significant degradation of performance found (in contrast to CALLIOPE irradiation
results!)

suspicion that delivered dose was lower than predicted (factor 5 - 10)
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Beamtime application via GATE
Dedicated beamtime is asked via the HZDR GATE page:
https://gate.hzdr.de/cgi-bin/gate
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Beamtime application via GATE
Dedicated beamtime is asked via the HZDR GATE page:
https://gate.hzdr.de/cgi-bin/gate

Deadline tomorrow!

We intend to submit another proposal for the irradiation of the DIRAC
board at gELBE
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Summary
Several beamtimes have been carried out at the ELBE facility to test detector
components for the Mu2e experiment

Beamtimes at the EPOS positron beam facility to understand effect of neutron
radiation on SiPMs

- Dark current tested as function of the absorbed neutron dose
- Parasitic beamtimes for passive SiPM irradiation

Beamtime at the gELBE gamma beam facility to study the behavior of a HPGe
detector in an intensive gamma beam

- It could be proven that a HPGe detector is suitable as a Stopping Target monitor for
the Mu2e experiment

- Detector managed to handle the gamma rates
- No radiation damage on detector found after beamtime - energy resolution and

calibration constants did not change.
- Studies on reconstruction algorithms (MWD vs. DMA)
- STM HPGe detectors have in the meantime been ordered by Liverpool

Beamtime at the gELBE gamma beam facility to estimate radiation hardness of
DIRAC digitizer board

- Collimated gamma beam allows irradiation of individual components on the board
- No significant degradation of components measured - suspicion that delivered dose

was smaller than predicted
- New proposal will be submitted to repeat beamtime
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