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Electron Capture and electron neutrino mass
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Atomic de-excitation:

*X-ray emission
*Auger electrons
*Coster-Kronig transitions

A non- zero neutrino mass affects
the de-excitation energy spectrum

Calorimetric measurement
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The case of 183Ho
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Present limit for the electron neutrino mass:
m(v,)< 225 eV (95% C.L.) P.T. Springer et al., Phys. Rev. A 35, 679 (1987)



The case of 183Ho

163 163 T *
o HO—=> ¢ Dy +v,

Counts [a.u.]
S

2} -2
10 | | | | | 10
05 10 15 20 25730 2550 2555 2560 2565 2570 2575
Energy [keV] Energy [keV]

Present limit for the electron neutrino mass:
m(v,)< 225 eV (95% C.L.) P.T. Springer et al., Phys. Rev. A 35, 679 (1987)



ECHo experiment: First detector prototype

* Low temperature metallic magnetic calorimters

* Absorber for calorimetric measurement 2> | , ‘. \
ion implantation @ ISOLDE-CERN

* Two pixels have been simultaneusly measured

* About 0.01 Bg per pixel
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ECHo experiment: Calorimetric spectrum

* AFpyum=7-6eV @6 keV |

Rise Time ~ 130 ns ’

* Non-Linearity <1% @6keV ’ E
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ECHo experiment: Calorimetric spectrum

* AFpyum=7-6eV @6 keV |

Rise Time ~ 130 ns ’

600

400

200

0

Ol

NI

w

by

144pm

I B

Ml

163HO_

M

0.0

0.5

1.0

1.5

Energy E [keV]

0.34 Next step=> acquire more statistics with MMC arrays

* Non-Linearity <1% @6keV ’ E

o Most precise %3*Ho spectrum ’ EJ_
E,, lit. E,exp. [I,lit. I, exp

Ml | 2.047 2.040 13.2 13.7

MIl | 1.845 1.836 6.0 7.2

NI | 0.420 0.411 5.4 5.3

NI

Ol | 0.05

reduced radioactive contaminats

2.0



ECHo experiment: 64-pixel chip
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ECHo experiment: 64-pixel chip

15.5 mm
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ECHo experiment: 64-pixel chip
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ECHo experiment: 64-pixel chip

Requests:

e Off-line implantation at GLM
 About 1 Bq per pixel

* For 2 chips with 64 pixels = 8 shifts

Source to Target:

e About 10*® %3Ho ions in 8M HCI at Uni-Mainz
* Drying the source on Mo backing

* lonization efficiency = 10% (VADIS)

Goals:
e Study the shape of the 1*3Ho EC spectrum
* Reaching neutrino mass sensitivity ~10 eV



ECHo experiment: 1**™Ho Background

Requests:
e Off-line implantation at GLM
e About 1 Bq **™Ho implanted onto 4 absorbers = 1 shift

Source to Target:

e About 10 '%*MHo jons in HCI /

* Drying the source on Mo backing N m/
* lonization efficiency = 10% (VADIS) = / / Z
Goal:

 Study the background due to ¢*™Ho [3 decay
in micro-calorimeter measurements



Summary

9 off-line shifts for implantation of ®3Ho and 1%*™Ho

e 8 shifts for implanting 13Ho
onto two micro-structured chips with 64 pixels

e 1 shift for implanting **™Ho
onto a chip with 4 pixels



Summary

9 off-line shifts for implantation of ®3Ho and 1%*™Ho

e 8 shifts for implanting 13Ho
onto two micro-structured chips with 64 pixels

e 1 shift for implanting **™Ho
onto a chip with 4 pixels

Thank you !
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Neutrino mass sensitivity

N, > 104

AEcyum < 10 eV

7.~ 0.1 ps

Ag~10s 1 —— >10° detectors

Low temperature
Metallic Magnetic Calorimeter



MMCs: Concept
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MMCs: 1d-array for soft x-rays (7=20 mK)

on-chip thermal bath
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ECHo experiment: Calorimetric spectrum

* Rise Time ~ 130 ns ' ' ' 163'
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ECHo experiment: Calorimetric spectrum

Cryogenic detector
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(a) F. Gatti et al., Physics Letters B 398 (1997) 415-419

(b) E. Laesgaard et al., Proceeding of 7th International Conference on Atomic
Masses and Fundamental Constants (AMCO-7), (1984).

(c) F.X. Hartmann and R.A. Naumann, Nucl. Instr. Meth. A 3 13 (1992) 237.



	Embedding of 163Ho and 166mHo in  energy absorbers of low temperature metallic magnetic calorimeters
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21

