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text

ave non-zZero mass

cale is crucial over 2 fronts:
rticles physics & astroparticle physics

WE NEED TO KNOW:

> absolute v mass scale L
Cosmology » nature of v mass Ov-88 decay\gv
B O my-osew
>m ;< 0.7 -2eVic? Direct search (to be confirmed)

through 3 decay

s planned sensitivity
** very sensitive Potential sensitivity 0.05 eV
¢ spread in recent results m(v.) ~ 0.2 eV/c? < works only if neutrino
< model dependent ° is a Majorana particle
s completely model free

% in the game if m, quasi-
degenerate
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f decay

) (AZ) =M (A Z+1) =E_ +E,

ergy in proximity of the end-point

N5(Z. Eg.my,.) = psEs(Eo — Ep)y/ (Eo — Ep)? —(n2, (2, E5)S(Es)[1 + 0r(Z, Ep)]

nearization of the beta spectrum

effect of:

» background

= energy resolution
= excited final states

/ zerom, = pile-up

Effect of a finite m,

PEF(E)S(E)

\\ Fraction of decays below endpoint:

Kurie plot near E, RS~ F(3E)= j N(Eg, m,=0) dE =2 [&]

| EO
Eo-mv Eo EO'B E
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nts

y spectral distortion must be observed

n of sensitivity to m,

oM = 4[1-6 E AE-
. A T,, — live time

High energy resolution

High statistics
total source activity

mall & well known systematic effects = they could distort the spectral shape
- unaccounted background gives negative m(v,)?

- response of the detector (i.e. energy resolution)

- problem of excited final state

- pile-up effects ||‘ At least two different & complementary
approaches required!
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ental approaches

calorimeter
source = detector

Determines all the visible energy:
—> v energy as a missing energy

.4_, “ Al 'V\ . .
- Electron \@ excitation
counter )

: electron ENErgies

187
2> SHet+e +v, E
eV —> high statistics at the end-point Ey,=2.47 keV - the lowest in nature!
.3 ¥ =2 high specific activity B—source T4 =43.2 Gy = 1 Ba/mg, ideal for bolometers
rallowed transition = no problem for analytical Unique 15t forbidden transition = computable
determination of B—spectrum nuclear matrix element

Many sources of systematics:
» deconvolve detector response function
* self-absorption in the source

* inelastic scattered electrons m _ W
« problem of final excited states y different tics!

]

# Main advantage: excited final states
# Main problem: pile-up

90’s MAINZ-TROITZK = m, < 2.2 eV MIBETA, MANU = m < 15.0 eV
KATRIN will start in 2010 = m ~ 0.2 eV Future: MARE = m,~ 0.2 eV
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eters

nough statistic close to E,

07 «— vs. 3x10°"% for T beta spectrum

RRER=ISIOs + e + v,

nce: 62.8% | — | No need of isotopic separation

# Main problem: pile-up
Bolometers intrinsically slow +
whole gspectrum acquired

. 5

8’'Re - T,, = 43.2 Gy
- 1Bg/mg: ideal!

N

. excited final states

no energy is measured
a “missing energy”

L =

When in presence of decays to
excited states, the calorimeter
measures the de-excitation energy

E, (keV) E, (2|‘25e\75‘>
pile-up fraction ~ A x 1,

High reproducibility requi
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SIC concepts

basic parameter: G (thermal conc Energy absorber
G=0.02pW/m crystal containing Re

M~0.25m
Sensor-absorber 9
joint (epoxy) basic parameter:

T~80mK S / C (heat capacity)

dilution refrigerator > absorbed particle with E
» production of phonons,
quasiparticles

. > temperature signal: AT=E/C
Thermometer or l
phonon sensor Low C for a better
Converts AT to an electrical signal 1 sensitivity

Low temperature &
Advantages over conventional techniques: small dimentions!

= high energy resolution
< energy for a single exitation ~ 10 meV (6p)
= wide choice for absorber material

Two possibilities:

* crystal of dielectric material

— AgReO, (C(T)o(T/6,))

* superconductor —» metallic Re
C.ocT exp(-bT, /T)
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S experiments

MIBETA MANU
Milan/Como 2000-03 Genoa 1995-99
AgReO, Metallic Re

(M) < 15 eV (90% C.L.)

(M) <19 eV (90% C.L.)

ermometer:
2lement with heavy dependence of \
resistance on the temperature
AL PARAMETERS: 1, and Signal/Noise Y,

Specific know-how Specific know-how
developed on _ _ developed on transition
semiconductor 6\\ Wle:onsm-NASA edge sensors (TES)

thermistor technology ucalorimeter arrays for
application to X-ray astronomy | g, erconducting  film  (~102

ange Hopping (VRH) nm) deposited on the absorber
ion regime: exponential kept at the transition edge T, 2>

case of R with decreasing T resistivity changes rapidly with

temperature fluctuation
R
R
MQ

>
100mK T
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(Genoa 1995-99)

Ge NTD thermistor

-

/'"_ .Il mm

Re single crystal

450007
400004
3 i

above 420 eV : "
- i

Eg 25000}

+ 4sys ev 3 20000_-
15000

£1.1,,Gyr

5000F

stat

210.2
=—-462+579

: stat

stat

0k | . ! A
] 1000 1500

i6793y3 (EV)Z/C4 T Energy (V)

|
2000 2500

=19, 0eV /c*(90%c.l.) .
Future improvements based on new
“‘ technology thermistors:
transition edge sensors (TES)
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= AgReO, single crystals = 8’Re activity = 0.54 Hz/mg

= Mass = QAB;0.13 Hz

= Array of 10 detectors

» Phonon sensor: istors (ITC-irst)

Technologies available for simultaneous
fabrication of a large number, small
dimension  thermistors  with  fully
integrated electrical connections

— Reduced microphonism and
problems of assembly

Moscow, August 2007

Al bonding wires

heat sink Al bonding wires & 17um

T

<+— thermistor

epoxy joint -——'- 600x600 um?
™~

AgReO, crystal

X-ray calibration source

I! Useful for future
' expansion of arrays

Erica Andreotti
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thermistors

Semiconductor thermistors: sutron Transmutation Doping (NTD)

applied to Ge
* lon Implantation
—> applied to Si } MIBETA
: : C must not exceed the
WErlElol® [(REg e Azaieling R(T) = Ryexp (T /T)P absorber heat capacity

conduction regime: T<1K p=1/2
phonon assisted tunneling of e- TO & RO depends on doping level
Low T: thermal decoupling between phonons and e-
- HEM: Hot Electron Model Goal: optimize S/N & 7,
Conduction electrons with T, coupled to phonon i

bath through G, which:
-increases with Volume (G,,cV) OPTIMUM values for
Volume & T,

-decreases with T,
Determined through an

accurate characterization

Principle of operation of a ubolometer
coupled to a Si-thermistor:

» Temperature signal in the absorber: AT = E/C 21 mK for E = 2.5 keV

= Constant current Biased thermistor: | = 0.5 nA = Joule power dissipated = 0.4 pW
=Temperature rise = 20 mK

= Voltage signal due to AT: AV = | x dR/dT x AT = AV =30 pV for E = 2.5 keV
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Total live time = 0.6 yr
Average AEryum =

Average t, =

Total Kurie — plot
6.2 x 10° 187Re
decays above 700 eV

T e T T IS Y Y N . [
1.0 15 2.0 25 3.0 35 4.0

E (keV)
E, =2465.3+0.5,, +1.6, eV
7, =43.2+0.2,, +0.1 Gyr
mZ =-112+207, +90,, (eV)?/c*

energy [keV]
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"~ m, <15.0eV /c?(90%cl.)
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MANU
atic errors

MANUZ2

(Genoa)

Goal 2:
to understand all the
possible sources of
systematics

NZ-TROITZK)

MARE II

eneral requirements:

¢ increase the number of events
* decrease pile-up, by decreasing r,
¢ improve energy resolution
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aboration

MARE: Microcalorimeter Arrays for a Rhenium Experiment
Universita di Genova, and.INFN-Genova, Italy
Goddard Space Flight Cen 2 _M-ryland; USA
Kirkhhof-Institute Physik, Un’ _«clberg, Germany
Univetsita dell'insubri __ _lilane-Bicocca, ftaly
B Y- = NEN-Milano-Bicocca,, ltaly
NN A USA
a, ltaly

| omal, ltaly
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understanding on
ics

oretical spectral shape of decay
)etector response function

» Unidentified pile-up

 Data reduction

D for MARE I

bata taking for MARE | is starting now (summer 2007)

ulations MARE |
Montecarlo input Possible separimental
parameters conflglraiions

Ney,  Biew AE m, N W Ay (4D
[x10° [x10°] [eV] = eVl ' [yl [degs] [ps]
14 2.0 10 3.5 100 2 0.20 100
3.2 25 10 30 200 2 025 100

4.7 2.5 10 45 200 3 025 1005

Moscow, August 2007
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ITC-irst micromachined array.
Si-implanted  produced by
improving the technology
developed for MIBETA.

Status:
results.

encouraging
Coupling
electronics to be optimized.

NASA/GSFC 6x6 silicon array.

SLOI'S

g AE and 1. > Detectors require
r

some improvements!

Nb electrical contact

NTD
300%x200%25 pum?3
SiN thermal link
first

and

Status: ongoing production &
tests

MANU2:

Transition Edge Sensor (TES)
Instead of NTD thermistors
» faster risetime and better S/N

Moscow, August 2007
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LBL+Bonn NTD Ge array.
Status: excess noise
observed; reproducibility
to be demostrated.

Superconductive film
thickness ~100 nm

17



OuUs tests

rough a gradual approach

ermistor
mg <> Ay~ 0.3 Hz

anted array
single pixel

links 3um

— B Already tested at # temperatures
noppeR_ et with glued crystals (in Milan)

Si-thermistor )
300x300x1.5 ym?  Single channel best performances:

00 AE=25eV @ 2.6 keV -
Further improvements T, =260 ps B :
attainable thanks to 2 T=90 mK :
the new developed g !
cold electronics * 500 :
(JFETS) :
0000 R 30 a0 500 o5 2 5

4
time [ms] energy [keV]
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=
Rl
L
-

Time resolution [s]

ormance & sensitivity

B et wm n e r e ey

Superimposed curves

- Actual time & energy
tested a2 30 35 49 45 30 0

resolutions  of
detectors

G

Energy resolution [eV]

Tested detectors are an acceptable baseline design for MIBETA 2

Moscow, August 2007 Erica Andreotti

m, statistical sensitivity [eV] predicted by MonteCarlo
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Ivity

Gradual deployment of the whole 288 elements array:

year 1 2 3 4 5
new detectors 72 72 144 0 0
total detectors 72 144 288 288 288

statistics [det*y] 792 1080
different
S 8.0 : -4
evaluate the |2 ¢ A-AAE=40eV, £, =10
%‘ Y &1 -ty - -
.‘%’
!u:} GD _______________________________________________________________
/e. » "
T 5 - 10*° events
eV&Tr~4OO MS T | - kA -
& 4
proved: j T
AE=15eV & 1,~ 50 ps ST To—
oD 3 [J .................................................................. = {)u-;—-__________
m —
E} 20 |
Year 1 Year 2 Year 3 Year 4
measuring year

Moscow, August 2007 Erica Andreotti
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imulations)

vents 7, ~1-10pus
1'10 HZ AEFWHM i 5 eV

should start not later than 2011!

» safe reduction of known sources of systematics; « sensors: TES or MMC or MKID
- verification that no new sources appear, = electronics: multiplexed SQUID
- complete understanding of the '8’Re decay = methods: modularity

spectrum;

« demonstration that the estimated sensitivity can

be maintained through the experiment
segmentation & expansion Technologies already under study in

k‘ several other experiments

The full MARE phase | dataset is required to drawn a definitive conclusion.

—> scaling up to thousands devices!

Moscow, August 2007 Erica Andreotti

Kick-off of MARE Il subordinated to: Substancial improvements are needed:
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— 10 ps Is required
ower pile-up

\

Magnetic MicroCalorimeters (MMC)
(Heidelberg)
Paramagnetic material in a small magnetic
field with temperature dipendent
magnetization

- Whose surface
ce Z are changed
articles; the signal is
tion when the strip is part
resonant circuit

Transition Edge Sensors (TES)
(MANU 2)

Already mensioned
Temperature sensitivity ~ 60 times larger than for doped semiconductor thermistors
Metallic = e-ph coupling time shorter than for doped semiconductors

Electronics: front-end multiplexed SQUID

Very good noise performance allows construction of multiplexers that read out a number
of sensors on a single channel; couples very well to TES, MMC, MKIDs

(NIST, PTB)
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Simulations MARE Il

= | | | | | | | | |
o, i i
> > AE=5¢eV, T = Tus, A=10c/s
S 0.6 N U ACAAE=b5eV,t =5ps, A=20cls |
> - 4 < AE=25eV,1,=2ps A=5cls
cC
0 0.5\ B AE=25eV 1 =10 s, A=10¢/s
:*5 O R N
T | _
_i R
@) B - i
= 02 —
» .
g 10000 detectors 50000 channelsin 5y |
£ deployed per year
oq—L o T A N R T B
1 2 3 4 5 6 7 8 9 10
measuring year
Moscow, August 2007 Erica Andreotti

f which can be

10000 detectors
deployed per
year
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b-eV sensitivity on m, being

eveloped into 2 phases:

understand all sources of systematics by
ific know-how developed by the involved groups
hnology thermistors & read-out are needed to achieve
| requirements

the modularity of the calorimetric approach a further expansion

experiment will simply consist in the repeated replication of the first
trix (unlike spectrometers)

Thanks!
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