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• GNO, a solar neutrino monitor
• Integration of LTDs in GNO
• 71Ge Detection in 4π geometry
• UGL Garching – test facility for ‚cryoGNO‘
• Summary



GNOGNO
(=Gallium Neutrino (=Gallium Neutrino ObservatoryObservatory))
• GNO continuation of GALLEX
• GALLEX 1991 - 1997 / seit April 1998 GNO
• Location: Hall A of Laboratori Nazionali del Gran 

Sasso / Italy (3600 m.w.e.)
• Longterm-solar-neutrino-monitor (~ 1 solar cycle)
• Key to low energy part of the solar neutrino 

spectrum (pp-Neutrinos !)
• Test for variation in time of the integral solar 

neutrino flux

GNO

Hall A

71Ga + νe → 71Ge + e-

(CC-Reaktion mit Ethr=233 keV)

Ge-extraction every ~4 weeks
71Ge + e- → 71Ga + νe

71Ge*: X-Ray and Auger-e-

160 eV to 10 keV

Radiochemical detection:‚A solar run‘

Goal: 
Reduction of systematic and statistical
uncertainties: CryoGNO

Detection with LTDs: 
Interface to GNO: 
GeH4   (Germane gas)



Motivation Motivation forfor ‚‚CryoGNOCryoGNO‘‘

GNO‘s potential for astrophysics:

• sub-MeV neutrinos only measurable with Gallium (SAGE/GNO)

• monitoring one solar cycle → upper limit for magnetic moment of νs

• seperate determination of pp- and 7Be-neutrino-flux together with
BOREXINO

• upper limit for CNO-contribution to integral neutrino flux

→ overall needed efficiency: ~5%

Systematic error
targetmass 0,8%
Extract.efficiency 2,0%
Energy cuts 2,9%
Pulseshape cuts 1,3%
other Cuts 0,6%
Sidereactions 2,0%
overall 4,3%

Statistical error
after 108 solar runs

with 30t of Ga and an
detection efficiency of

65-75 % for miniaturized
proportional counters

overall 6,4%

Uncertainties in GNO:

Neutrinos: a Neutrinos: a growinggrowing & & powerfulpowerful tooltool forfor astrophysicsastrophysics

→ increase in detection efficiency & energy resolution needed
→ precise evaluation of neutrino-capture-crossection on 71Ga
→ calibration with 51Cr-source (> 2.5 MCi)

Introduction of a highly efficient cryogenic detection system
looks promising !



7171Ge Ge detectiondetection in 4in 4ππ geometrygeometry

• Detection efficiency 98-100 %
• Low energy threshold ~100 eV
• Energy resolution ~6%
• 4ππππ-detector understood
• GeH4 interface to GNO copper

detector B
10mm x 20mm x 1mm

detector A
10mm x 20mm x 1mm

40 mm

Thermal deposition of Germane-gas
via CVD (= Chemical Vapour Deposition)

GeH4 Ge + 2H2 @ T   280°C

Al2O3 (20x10x1 mm3) Detector A 4π-geometry realised by second detector

Detector B

• Prefabricated & tested Ir/Au Thermometer 
on Silicon

• Decoupling of deposition & detection avoids
deterioration of Ir/Au bilayer due to high CVD 
Temperatures (~500°C)



DecouplingDecoupling CVD and CVD and detectordetector: : 
Si405_cSi405_c

FWHM 187eV @ 5.89 keV
(55Fe source)

55Mn Kα

55Mn Kβ

Energy-threshold: ~100 eV

Additional component: long
decay time ~ 8ms
→ probably due to glue-spot
(‚phonon-trap‘)

slow pulse
(Al2O3)

fast pulse
(Si)

• irradiation by external gamma source→ two different pulse shapes
• ratio: slow/fast pulses ~  ratio: Al2O3 absorber / TES Si-substrate
volumes

• absorption in different components of the detector leads to different  
pulseshapes

Low energy threshold allows detection
of 71Ge M-capture (160 eV)
→  previously not possible with MPCs !

EPO-TEK 301-2



Underground Laboratory in Underground Laboratory in 
Garching (Garching (15 15 m.w.em.w.e.).)
Development & test of cryogenic detectors for
GNO:
→ experiences in longterm-stability of 

cryostat & detector
→ investigating suitable low background

materials inside/outside cryostat, allowing
low-level counting

→ feasibility study for cryoGNO: 
measuring decay curve of artificially
activated 71Ge

Present cryostat setup/shielding:

• Cu-fluorescence, muon inducedCu Kα
(2570 
cts/d)

Pb-210
247 cts/d 100 bis 200keV:

~0,22 cts/keV/d

Background spectrum:

GNO 4π−detector

Mixing chamber (Cu)
first Pb-shielding < 6 Bq/kg
ultrapure Cu
secong Pb-shielding ~mBq/kg 

Inner shielding (in preparation):



SummarySummary
• 4π efficient detection geometry realized
• highly efficient Ge-deposition tested

successfully
(compatibility with GNO guaranteed, GeH4
as interface)

• Detailed understanding of detector spectra
• decoupling of Ge-deposition and detection

realized

• first steps towards longterm runs
successful, further work necessary

• Present activity: analysis and supression of 
background contributions

• Plan to prove feasibility of ‚cryoGNO‘:   
longterm run with artificially activated 71Ge


