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Direct neutrino mass measurement

neutrino oscillations evidence — m #0
BUT oscillation experiments give only Am?!

direct neutrino mass measurement
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The calorimetric approach

o Calorimeters: source tletector

187Re source

Excitation energies

B calorimeter

ideally measures all the energy E
released in the decay except for

the v_energy

General experimental requirements:
* High statistics at the beta spectrum end-point

* high energy resolution AE
* high Signal to Noise ratio
* small systematic effects

Calorimeters measure the entire spectrum
at once:

. low E_ B decaying isotopes for more

statistics near the end-point
* best choice '*’Re:
-E, = 2.5keV, 1% = 4x10%y

e other option ***Ho EC:
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Cryogenic detectors as calorimeters

heat capacity, C 1.0— ' ' ' ' '
/ 0.8 =
absorber I 4 ]
0.6 ]
AT T 1=C/G 1
0.4 .
thermal link ————= \ -E/C -
thermal conductance, G? thermistor 0.2 _

0.0 :
heat sink . | . | . | . | . | .
-2 0 2 4 6 8 10
time/T

Detection Principle:

 AT=E/C where C is the total thermal capacity
« low C: C~(T/0,)%in superconductors below T, & dieletric

e lowT (10 = 100 mK)

 ultimate limit to energy resolution:
« statistical fluctuation of internal energy AE=(k;T?C)/

* detect all deposited energy, including short-lived excited states (100 us)
* achieve very good energy resolution in the keV range
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MARE - A project for a new Re/Ho experiment

Goal: a sub-eV direct neutrino mass measurement complementary to the
KATRIN experiment

MARE 1

* activities aiming at isotope/technique selection (*8’Re or 1%3Ho options)
* activities using medium sized arrays to improve 87Re measurement
understanding and possibly calorimetric m, limit

* detector and absorber coupling R&D activities

2-4 eV

m

\Y

sensitivity

~ 100
detectors

MARE 2

» very large experiment with a m, statistical sensitivity close to KATRIN but still
improvable

* requires new improved detector technologies
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MARE for sub-eV calorimetric m, measurement

MARE: Microcalorimeter Arrays for a Rhenium
Experiment

Universita di Genova e INFN Sez. di Genova, ltaly
Univ. di Milano-Bicocca, Univ. dell'Insubria e INFN Sez. di Milano-Bicocca, Italy
Kirkhhof-Institute Physik, Universitat Heidelberg, Germany
University of Miami, Florida, USA
Wisconsin University, Madison, Wisconsin, USA
Universidade de Lisboa and ITN, Portugal
UniversitA di Roma “La Sapienza” e INFN Sez. di Romal, Italy
Goddard Space Flight Center, NASA, Maryland, USA
PTB, Berlin, Germany
FBK, Trento e INFN Sez. di Padova, Italy
NIST, Boulder, Colorado, USA
SISSA - Trieste, GSI Darmstad, JPL/Caltech, CNRS Grenoble, ...
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MARE 1

MARE-1: collection of activities aiming at isotope/technique selection

o 187Re - high statistics measurement
o asses systematics
o test large arrays
o lower limit to few eV
o %3Ho - high statistics measurement - R&D for 63Ho production
o0 Mmeasure Q..
o study spectrum shape
0 asses systematics

Different techniques:

* TES - Transition Edge Sensor
- MMC - Magnetic MicroCalorimeter
- MKID - Microwave Kinetic Inductance Detector

Ly multiplexed readout
° large arrays
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MARE-1 in Milan / Re option

MARE-1 in Milan: Milano/FBK/Wisconsin/NASA

em,, < 2 eV/c?

* 101% events - 300 sensors
« 8 arrays of Si:P thermistors with AgReO, absorbers

* energy resolution 25 eV @ 2.6 keV
The first phase is needed:

* because it's the only possible one with present technology
* To investigate systematics in thermal calorimeters

vary lmportant to cross-cneci spacirormeter results
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MARE-1 detectors

«187Re B-decay

« 18'Re - 1%70s + e-+v, E,;=2.47 keV
* i.a.63% and 1=42.3 Gy

« Single crystal of silver perrhenate (AgReQ,)

« mass ~ 500 pg per pixel (A;~ 0.3 decay/sec)
* reqgular shape (600x600x250 um?3)
* low heat capacity due to Debye law

.‘I'

__.__,__,1__,1

* 6Xx6 array of Si:P semiconductors (NASA-GSFC) l //;:;?EL’::

IlIII‘
* pixel: 300x300x1.5 um?3
* high energy resolution

* developed for X-ray spectroscopy with HgTe
absorber (ASTRO-E2)

Si
support

BLV2013, 15-18 April E. Ferri
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Cryogenic set-up of MARE 1 @ Milano Bicocca
e Kevlarcrosses

Load
Resistence
50 MQ

Detector
holder

Calibration
source

""" espel rods

[HISEE, O

Calibration
targets

Pb shield fo
calibration
source

JFET box _
FET Al wires
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MARE 1 @ Milano-Bicocca

All the problems concerning the
cryogenic set-up have been

solved.

Thanks to the improvements

added to the cryogenic set-up the
detector target performances
have been achieved.

1 1

 First spectra acquired

« Completed assembly of the first
array

BLV2013, 15-18 April

E. Ferri
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MARE 1 @ Milano-Bicocca

first spectrum, acquired after the improvements added to MARE-1

cryogenic set-up

300 —
250
- * Working temperature T = 85mK
200 - *AE = 40 eV @ 1.5 keV
n
= m « 1.~ 900 ps
3 —
o 150 —
— Mn Ka
1001 Al Ka
0 Mn K@
u :I 1 1 1 1 1 ll 1 diLI 1 I. 1 1 1 1
0 1000 2000 3000 4000 5000 6000 7000 8000

Energy[eV]
Measured 7 pixels: AE, _~30eV @ 1,5keV
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First array of MARE-1

Thermal coupling

- Araldit or ST1266: thermistor/spacer
- ST2850: spacer/AgReO,

absorber

SU8

Si spacer

epoxy resin

> 6 silicon spacers are attached with
Araldite Normal

> 10 with Araldite Rapid

> 15 with ST1266
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First array of MARE-1

A run aimed to test the performance of this setup is ongoing, after which the
absorbers will be glued also on the second array. With two arrays, a sensitivity of
4.5 eV at 90% C.L. is expected in three years running time.

| Average Pulses |

1.2 O 450 —
1= 400 Mn Ka
B B -
N i 350 —
0.8— i = Al Ka
FE 300
=, — " =
g " B i £ 250
2 F 3 F
a 04— - : © 200
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- P, i L T 100 —
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time [ms) 0 1000 2000 3000 4000 5000 6000 7000

Energy[eV]

* Working temperature T = 88mK
‘AE = 24 eV @ 1.5 keV
« T~1ms
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MARE 1 in Milano: sensitivity

(=}

MonteCarlo approach

wn

oy

L2

statistical sensitivity 90% C.L [eV]

=2 AE=30 eV

== AE=50 eV

[ AE=15ev] |

total statistics [events]

Detectors

AE.,umw ~50eVandti; ~ 5

1 year and 72 channels -» Z(m ) ~7eV
3 years and 288 channels -» X(m ) ~ 4.2eV

00 ps

AE.,um ~ 30 eV and t; ~ 300 ps

1 year and 72 channels -» 2(m,) ~6eV
3 years and 288 channels - ¥(m ) ~ 3.8eV ’

BLV2013, 15-18 April

* setup designed to host up to 8 arrays
« 288 AgReO, crystals

 start with 2 arrays (72 ch.)
* gradual deployment

:

Since only two arrays are available up to
now, it is useful to estimate the
sensitivity on neutrino mass over the
years by increasing the detectors
number from year to year.

Analytic approach (1st order)

72 det —a— A Eppun=30 eV, fpp=3.1x1u“‘

—m— AEpyuy=40 eV, f_=1.1x10"

- - -4
+ .& EFWHM_EH EV, fpp—1.4x1ﬂ

288 det

288 det

2 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 |

¥ {m ) at 90% CL
W
on
IIII|IIII|IIII|IIII|IIII|IIII

288

3 4 ] 6

det

[=]
=
[t

t,, [years]

E. Ferri 16



MARE extensions: ***Ho EC measurement

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

0 € ' G [ L e
O IN1 — Q.=2.20keV : - it
10"E — - ;| B - _
= 10™ M2 E :ﬁ:" | my =102y
) i Seer ) 5
2l ] s _
a2 " F P
= af Eaxo’ Q.. =2.555keV -
S 10°F 3 _ pile-up .
10?:? 1x10° I
= |N,=10" f =10% AE_  =2eV i \ |
_”]E- 1 | L | L | I | I -I---I---J----I---l---l---l L |l\h‘—|‘1-‘_h|-_| (===
0 0.5 1 1.5 2 2.5 2.53 2.54 2.55 2.
energy [keV] energy [keV]

eCalorimetric measurement of non-radiative Dy atomic de-excitations
eBreit Wigner M,N,O lines have an end-point at the Q value
erate at end-point may be as high as for **’Re but depends on Q__

o QEC? Measured: QEC = 2.3+-2.8 keV. Recommended: QEC = 2.555 keV
ot~ 4570 years: few active nuclei are needed

1/
ecan be implanted in any suitable microcalorimeter absorber
¢!%3Ho production by neutron irradiation of **°Er enriched Er

BLV2013, 15-18 April E. Ferri 17



| fondazione
sicariplo

MKIDs R&D @ Milano-Bicocca

o [ * resonator exploiting the T dependence of
inductance in a superconducting film

= * detectors suitable for large absorbers
- Good time resolution (low pile-up f )

. * high energy resolution
* multiplexing for very large number of pixel

Sensitivity
; \\ AE = 5 eV
0 o Tt t, = 36000 detectors x 3 years

A, = 20 c/s/det
T..=1ps> m<0.2eV

rise

1. =100 pus = m<0.4 eV

rise

application to bulky absorber still
requires further efforts

BLV2013, 15-18 April E. Ferri 18



MKIDs for **Ho EC decay end point measurement

4-12 GHz
cryo amp

So far tested stoichiometric TiN (T _=4,6K)

films and Ti/TiN multilayer (produced by
FBK), which behaves like a sub-
stoichiometric TiN film (T =1,6K)

Gap parameter:
- TiN 0.8 meV
- Ti/TiN 0.26 meV

The devices were tested with *°Fe (6keV)
and Al X-ray (1,5keV) and the first pulses
were acquired

Not resolving yet because of events
interacting in the Si substrate under the
superconductor

BLV2013, 15-18 April

. Ferri
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MKIDs for **Ho EC decay end point
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Conclusion

First array of MARE-1 has been assembled
— 31 thermistors are equipped with AgReO4 absorbers

The goal performances of the detectors have been achieved

— first spectra were acquired obtaining a resolution of ~28eV @
1,5keV

The next step will be to assemble the detectors on the second array
— start of data taking in the next months

In the meanwhile new detector technology under investigation
— Ho EC measurement with MKDs
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