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Milano p-calorimeters for '*’Re B deca

Neutrino mass measurement with arrays * lower pile-up
of 10 AgReO, p-calorimeters. > . higher statistics

Electro-thermal link: Al bonding wires
Bonding pad/heat sink

Absorbers
AgReQ, single crystals

187Re fraction ~0.32
As® 5.4x10"*Hz/pg

Mass 250 ~ 300 pg

Silicon Implanted thermistor
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Experimental set-ug
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Dilution refrigzrator set-up for
10 dztector experiment

et Inner vacuum chamber
Mixing chamber 12mK
E} Low noise bias network
|- Detector holders 256mK | "y .

— «7n N\ B.detectors holder

Thermometer and
heater for temperature
stabilization at 25mK
Signal leads

X-ray fluorescence

sources with shutter 2K

]

“—20cm —— *»

Preamp front-end
120K(inside) 2K(outside

Liquid He 4K
front view Liquid N shield 77K

' side view
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X-rcz fluorescence source for Eriodic calibration |

= remotely controlled for continuous stability control
= 1 cycle: 25 minutes open, 2 hours closed

" primary sources: 2x°°Fe 5 mCi » U1l

" roman lead to shield °°Fe Inner-Bremsstrahlung

= fluorescence target:
Al K, = 15 keV Cl K= 2.6 keV » UO9

Ca K, 2 3.7 keV Ti K, 4.5 keV
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Measurement statistics and Detector performance I

B Measurement started on June 21 2002 and ended on April 29™ 2003
B 313 days of measurement (including daily service to cryostat, test calibrations, ...)

m Total acquired AgReO, mass: 2.174 mg = 187Re activity: 1.17 Hz
® total statistics of B decay acquisition: 168 days = “"beta acquisition efficiency”: 54%
8751 hoursxmg (AgReO :
“ O:rls g (AgReO,) » U12 for data analysis
> 16.8x10° 187Re decays
m total statistics of calibration (X-ray source open): 42 days » 2168 hoursxmg (AgReO,)

m Total effective measuring time: 210 days ® “measurement efficiency": 67%
AgReOy4 Rop shutter shutter Beta AEpwHm AEpwHm  AEFwhm

mass Top MQ] ON OFF threshold baseline at 1.5 keV at 2.6 keV H’;f

[ug]l [mK] [h] [h] [eV] [eV] [eV] [eV]
. 272.0+3.0 104.0 1.3 996.7 4037.2 350 20.1 23.7 26.3 440
2 259.0+6.0 91.3 1.9 991.7 4069.2 350 19.4 23.2 26.6 340
. 280.3+6.5 104.0 1.3 1005.9 4105.2 350 25.8 28.7 30.5 670
4 227.7+3.2 bad perfomances 375
. 249.7+2.0 107.1 1.2 996.3 3803.2 470 21.0 25.4 28.9 590
6 284.0+3.0 86.9 2.2 1006.7 4075.2 350 22.5 25.7 29.2 500
. 281.0+3.7 broken crystal 370
8 282.0+3.4 72.2 4.0 1013.9 4106.4 400 24.6 29.3 33.4 510
. 268.7+5.9 96.7 1.6 981.5 4017.1 400 18.4 21.3 24.9 430
10 278.3+1.5 101.3 1.4 981.9 3967.1 700 23.9 29.2 345 445

TOT: 7974.65 32180.7 21.9 25.5 29.1

Array summed spectrum
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Summed X-ray spectrum I

m 7975 hoursxdetector with fluorescence source open

" many extra peaks due to fluorescence of surrounding materials
m Cl K, nominal position (Ec, (,=2.6217 keV) missed by 0.5 eV

® X-ray peaks have non-gaussian shape
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Detector response function

> are the response functions for X-rays and for Bs from 187Re decay the same?
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counts
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> Energy resolution depends on energy

3
AEFWHM =285eV '-5

100

10}

» U12

at E = 2.466 keV
(187Re B end-point)

*A(6 keV) ~ 3 um

¢*Absorber dimension ~ 300 um

» UO9

Ti K, line: E = 4.511 keV
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187Re B sgectrum - summed Kurie Elot |

> 6.2x10° 187Re decays collected above 700 eV
» Fit with the function: F = (1"ﬂ‘+1"p p+fbck) ® f _ under various assumptions for:

u

P U12

50 T 3 «f = theoretical spectrum
405 ] pup th th P p p

i «f,_, = background spectrum
1 «f,, = detector response function

Free fit parameters:
* 3 end-point
[ m2

* 3 spectrum normalization
* pile-up spectrum normalization

s 2o wwwwi e hackground level
energy [keV]
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187Re end-goin‘t energy |
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™ evaluation of systematics in different energy intervals
IS in progress ...
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187Re half lifetime |

= /l _ o
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®From distribution of time intervals At between 87Re g decays

Y most precise pubhshed value; especmlly relevant for geochronology
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Neutrino mass |
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is in pr'ogr'ess
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Beta Environmental Fine Structure (BEFS) |

m Theoretical prediction for AEgy,m = 30eV

" Experimental data:
* threshold: 470 eV

* statistics: 32157 h xdet (added old meas.)

= analysis still in progress ...
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Outlook and Future |

¢ High statistic measurement of '*’Re spectrum run uninterruptedly
for more than 10 months with big reproducibility

¢ A preliminary limit  m < 15 eV (90% €.L.) has been set on
the electron antineutrino mass

® A measurement for the “internal” calibration of the detectors to
investigate the energy response function is foreseen this fall LAVIY

> A new Milano calorimetric neutrino mass search has been
proposed with improved sensitivity on m = goal: m ~ 2-3 eV

before KATRIN experiment starts = |20
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“Internal” calibration of AgReO, detectors I

® Escape peaks allow internal calibration
> A(6 keV) ~ 3 um » U1l
> A(70 keV) ~ 400 pm

® Escape peaks following incident X-rays are intrinsically broad = seen in
previous high statistic measurement with Pb-Re K-K escapes

> Fescape KK = FPbK * rReK ~ 602eV+421eV =102 eV » UO9

150

Internal calibration with **Ti | Montecarlo sk

= yrays @ 78.4 keV - 1 Re K8 escape
= no intrinsic broadening :
2 Re Ko escape
50—5
y-X escape peaks have only 1oy
ReK intrinsic width (~42 eV) A P D | SRSV PO AU IOt
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