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Experimental approaches for direct m, measurements

Spectrometers: source # detector

°H source — L

’/ B counter
_>

B analyzer
differential or integral spectrometer: s from the *H
spectrum 6E are magnetically and/or electrostatically
selected and transported to the counter

Calorimeters: source = detector

&Ye
T B calorimeter
B source ideally measures all the energy E released in
excitation the decay except for the v, energy: E=E,—E
energies
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Calorimetry of beta sources

® calorimeters measure the entire spectrum at once
» low E, B decaying isotopes for more statistics near the end-point

> best choice 187’Re: Ey= 2.5 keV, t,,=4x100y = FAE=10eV)~(AE/E))3=7x10"8
» other option 1%3Ho electron capture: E, ~ 2.6 keV, t,, =~ 4600 y

3.0— . ———r—————r————
-m,=0 -- m,=20eV ]
= Calorimetry advantages 55| T |
A no back-scattering _ AE=0 | AE=30eV
A no energy losses in the source I Foile-up= 2X 104

A no atomic/molecular final
state effects
A no solid state excitation
= Calorimetry drawbacks
¥ limited statistics
¥ pile-up background
Y spectrum related systematics

AE
E

3 0.0 24 245 25 24 245 25

F(AE) ~ energy [keV] energy [keV]

0

pile-up fraction:f p”e_up:TRAg
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Cryogenic detectors as calorimeters

electro-thermal t

W link G GSJ O
- | W
thermometer 21l =~
AT— AV £ <

particle absorber _

ES AT time
= 1 mg of Re @ 100 mK — 1 g decay/s
C~T3 = C~ 108 J/K

= AE, .~ 1eV

6 keVx-ray = AT~ 10 mK
G~10"WK=t = C/G ~ 10 ms

B complete energy thermalization
(ionization, excitation — heat)

2 calorimetry
B AT= E/C with Ctotal thermal capacity (phonons, electrons, spins...)
> phonons: C~ T3 (Debye law) in dielectrics or superconductors below T.
>low T (i.e. T<1K)
mAE = (kB T2 O)Y due statistical fluctuations of internal energy E

B AT() = E/C eY" with r = C/G and G thermal conductance
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““Re calorimetric experiment statistical sensitivity /1 _

resolving time Ty analysis interval AE
source activity A, number of detectors N,
pile-up fraction f.,,=TrAg
experimental exposure ,=TX Ny,
EO
Fae(Mm,)=ANy | N E,m,)E
: E,—AE
10 ' ]
Em,)
Fie-upNp(E,0)® N,(E,0)
a 1 | 1 | 1 | 1 i' 1 | 1 | 1 | I | 1
pJJe—up 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
3000 — I
S 2000 -
s,
2
o
g 1000

signal = Il\/bIE,mV:O) N, (E,m =15 V)|

| | 1 | 1 | | | | | |
2400 2410 2420 2430 2440 2450 2460 2470 2480 2490 2500
energy [eV]
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"Re calorimetric experiment statistical sensitivity /2

AE® 3m?
signal  |F .e(M,)=F (0)t,, Ao E. 2AE’
bkg - J op Nm - =1.7 for 90% C.L.
F (0)t,+F "t
Ae(0)ty +F ety AﬁNdetAE3 +O-3TRA§Ndet£
Es E,

Optimal energy interval AE
AE = max(0.55E 1A, AE

FWHM)

AE?

— = pile-up is negligible

f pile—up:TRAB <

experimental challenges
» energy resolution AE

» time resolution
» exposure t, =N, X T
» single channel activity A,

FWHM
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Sub-eV m, sensitivity with '*’ Re: Montecarlo results

—

statistical sensitivity 90% CL [eV]
=
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10"

187Re present status
e total statistics N_ ~10” events

e« MIBETA@MIiB with AgReO,

» m <15 eV 90% C.L.

e MANU @ Ge with metallic Re
» m<26eV95% C.L.

A.Nucciotti et al., accepted for publication
on Astropart. Phys. (arXiv:0912.4638v1)

/

Systematic uncertainties Montecarlo analysis

e those related to the g spectrum shape require further investigation
> Beta Environmental Fine Structure (BEFS)
> 18’/Re B decay spectrum shape
> pile-up, background, ...

* instrumental uncertainties seem under control
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MARE statistical sensitivity: 1’ Re option
exposure required for 0.2 eV m, sensitivity

A, Ta AE N,  exposure bkg =0

[Hz] [us] [eV] [counts] [detxyear]

1 1 1 0.2x10%* 7.6x10° 5000 pixels/array
10 1 1 0.7x10¥* 2.1x10° 8 arrays
10 3 3 1.3x10% 4.1x10° 10 years
10 5 5 1.9x10% 6.1x10° 400 g "Re
10 10 10 3.3x10* 10.5x10°
exposure required for 0.1 eV m, sensitivity
A, Ta AE N, exposure
[Hz] [us] [eV] [counts] [detxyear]
1 0.1 0.1 1.7x10% 5.4x10°
10 0.1 0.1 5.3x10%* 1.7x10° 20000 pixels/array
10 1 1 10.3x10% 3.3x10° ~ 16 arrays
10 3 3 21.4x10* 6.8x10° 10 years
10 5 5  43.6x10* 13.9x10° 3.2 kg "'Re
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MARE extensions: °*Ho electron capture measurement

electron capture from shell = M1
A. De Rujula and M. Lusignoli, Phys. Lett. B 118 (1982) 429

® calorimetric measurement of Dy atomic de-excitations (mostly non-radiative)
e rate at end-point may be as high as for '*’Re but depends on Q__

» Q.. ? Measured: Q. = 2.3+2.8 keV. Recommended: Q.. = 2.555 keV
e T, ~ 4570 years: few active nuclei are needed

» can be implanted in any suitable microcalorimeter absorber

® 163‘Ho productlon by neutron irradiation of 162Er enriched Er
10" AN

163Ho + e o 163Dy=': 1 Ve

T T T T [ E 5X10
NI — QEC—Z 20 keV -
11 _ _
10 — QEC 255 kEV M]. ? 4)(104
210" M2 {1
™ N 3x10*
2 10°E 4 2
@ U E = I
5 f € 2«10
-
8 10°¢ E §
1 07;_ . . ] 1x10*
e N,=10% f =10%; AE,,,,,=2eV
106— ] | ] | 1 | 1 | ] ! L1 1 [ ] ! ! 1
0 0.5 1 1.5 2 2.5 2.53 2.54 2.55 2.56
energy [keV] energy [keV]
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counts / 0.26 eV

*Ho spectrum simulation

10"

10

10

* no high statistics and clean calorimetric measurement so far
» see for example F. Gatti et al., Phys. Lett. B, 398 (1997) 415 and P. Porst poster C26

e Q_. and atomic de-excitation spectrum poorly known
e complex pile-up spectrum

N, =10

o f

’ pp

=10°¢, AE_,,,=2eV

0F

8F

%IIIIIIIIIIII
2:

0 pile-up spectrum

0 1 2 3 4
energy [keV]
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MARE statistical sensitivity: 1°*Ho option

exposure required for 0.2 eV m, sensitivity

A, To AE N, exposure I?IE(Cg_:ZOZOO eV
[Hz] [us] [eV] [counts] [detxyear]
1 1 1 2.8x108  9.0x10° 5000 pixels/array
1 0.1 1 1.3x10B3 4.3x10° 3 arrays
100 0.1 1 4.6x10% 1.5x10* 1 year
10 0.1 1 2.8x108 9.0x10* ~2x10%" ***Ho nuclei
10 1 1 4.6x108 1.5x10°
exposure required for 0.1 eV m, sensitivity
A, Ta AE N,  exposure
[Hz] [us] [eV] [counts] [detxyear]
1 0.1 0.3 1.2x10%* 3.9x10° 5000 pixels/array
100 0.1 03  6.4x10% 2.0x10° ~§ 4 arrays
100 0.1 1 7.4x10“ 2.4x10° 10 years
10 0.1 1  4.5x10* 1.5x10¢ ~3x10% 1%3Ho nuclei
10 1 1 7.4x10% 2.4x10°
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Two phases: MARE-1 and MARE-2

= MARE-2 full scale experiment aiming at 0.2+0.1 eV m, statistical sensitivity
= MARE-1 collection of activities aiming at isotope/ftechnique selection

* high statistics measurement

> assess systematics TES
~ test large arrays Transition Edge
| > lower limit to few eV Sensors
\  absorber-sensor coupling :
> resolution (AE) e multiplexed
- speed (Tg) Magnetic Micro- read-out
. -Calorimeters e large arrays
l - size (Ap)

\ * R&D for %*Ho production MKID

* high statistics measurement Microwave Kinetic
» measure QEC Inductance Detectors
> estimate potential

isotope > study spectrum shape technique

> assess systematics
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MARE-1 activities summary

e |sotope physics investigation and systematics assessment
» 163Ho + Si-impl/TES (U Genova - U Milano-Bicocca - U Lisbon/ITN)
» AgReO, + Si-impl (U Milano-Bicocca - U Como - NASA/GSFC - UW Madison)

e Sensor-Absorber coupling (**’Re/*®*Ho) and single pixel design
» 87Re + TES (U Genova - U Miami - U Lisbon/ITN)
» 8’Re + MMC (U Heidelberg) — P. Porst poster C26
» 163Ho + TES (U Genova)
» 135Ho + MMC (U Heidelberg) — P. Porst poster C26
» 163Ho/8’Re + MKID (U Milano-Bicocca - JPL/Caltech - U Roma - FBK)
¢ Multiplexed sensor read-out
» SQUID multiplexing (U Genova - PTB)
» SQUID microwave multiplexing (u Heidelberg) — P. Porst poster C26
¢ Software tools
» Data Analysis (U Miami)
» Montecarlo simulations (U Miami - U Milano-Bicocca)
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MARE-1 @ M:Iano-B:cocca with Si implanted thermistors

o NASA/GSFC XRS2-2 arrays
| > 6x6 Si-implanted pixels

! o flat AgReQ, single crystals
> m~ 0.5 mg
o experiment designed for 8 arrays
> up to 10° events in 4 years
> eV sensitivity to test spectrometers

> high statistics to assess systematics
f o starting with 72 crystals

o, = 60

sl - AEN 30 eV TRN 2§0 us o, HAE 156V, f_=10"
>

: = 7 T AAAE =40 eV ;"f"'";"TO ............

. AI K(X Mn KO( % Say Vo Top |
600:_ _: § ...............................................................................................

: 1 8
400:— Ti K — '%

" Ca Kx 12
200 : v

187Re Cl Kex 530

. E> | l

OO < 4 6 zygar 1 year 2 year 3 year 4

energy [keV]
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MARE-1 @ M:Iano-Blcocca / 2

cryogenic and 300K
experimental
set-up completed

_ detector array

fluorescence calibration
source with lead shield

80 channel JFET box
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MARE-1 @ Genova with TES

e Single TES-Re pixel R&D
> improve pulse rise time to ~us
> improve energy resolution from 10 eV to few eV
e Large arrays (~103 pixels) for 10* -10° detector experiment
e Array design large scale experiment oriented Re
> high reproducibility, stability, fully energy calibrated...  T&s
e Multiplexed SQUID read-out with large bandwidth
e 163Ho |loaded absorbers preparation Metal cdhntact
e 163Ho spectrum high statistics measurement

m ~ 0.2 mg with SQUID
e | AE=11¢eV
= 160 us
Re crystal e
E 60 |-
Ir TES on SiN
- l. 20
TES Al leads, . oL e

5.860 5.880 5.9100 5.920 5.9140
Energy [eV]
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MARE-1 @ Heidelberg with Magnetic Micro Calorimeters

e Planar sensors on meander shaped pickup coils
e Optimization of MMCs with superconducting rhenium absorber
> minimization of the rise-time
> investigation of energy down-conversion in superconducting absorbers
> investigating the energy resolution achievable with superconducting absorber
e Calorimetric investigation of new candidates for the neutrino mass direct
measurements by electron capture decay
> 163Hg, 157Th, 194Hg, 202H9
» Development of micro-structured MMCs for ion implantation at ISOLDE
e Microwave SQUID multiplexing for MMCs

w00} DBy =2.8€Y @ GkeV - BE-yu =44 6V @ 6 keV
| MMC+Au | 1sof MMC+ReVﬁ

250

N
(=]
o

100 |-

Counts /0.2 eV
o
(=]

[

S AV R L
TP WO L N

Counts /3.0 eV

(8))]
o

] 1 1 | 0 [N |
586 587 588 589 590 591 592 593 5.7 5.8 5.9 6.0 6.1
Energy E, (keV) Energy EY (keV)
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MKIDs R&D

® microwave (1-10 GHz) resonating
superconducting devices

® exploit the temperature dependence of
inductance in a superconducting film
> qp detectors suitable for large absorbers
> fast devices for high single pixel activity A,
and low pile-up fpp
> high energy resolution
> easy multiplexing for large number of pixel

A I
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Conclusions

o thermal calorimetry of **’Re decay can give sub-eV sensitivity on m,

o calorimetry of **Ho electron capture decay is an interesting alternative
o MARE-1 activities are in progress to

>improve the understanding of *’"Re experiment systematics

>investigate **Ho production and decay spectrum

> develop the single MARE pixel

>implement read-out multiplexing schemes

o jsotope and detection technique selection for MARE-2 is in progress

A. Nucciotti, Neutrino 2010 | June 14-19 | Athens, Greece 21



	Slide 1
	Slide 2
	MARE collaboration
	exp approach
	beta calorimetry
	cryodet
	Slide 7
	stat sens no pp
	MC sens 1
	sensitivity 0.1 0.2
	Holmium
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	MKID
	Slide 21

