Low T: TES for a Cuore Upgrade with Particle Identification (CUPID)

R. Hennings-Yeomans™ ¢, C.L. Chang> 4 >, J. Ding®, A. Drobizhev' 7, B.K. Fujikawa’ 7, S. Han’, G. Karapetrov®, Y.G. Kolomensky’ ’,
V. Novosad®, T.O'Donnell’ 7, J.L. Ouellet’?, J. Pearson® T. Polakovic® 319 D. Reggio’, B. Schmidt’, B. Sheff', V. Singh?’, R.J.
Smith’?, S. Wagaarachchi’, G. Wang?3, B. Welliver’, and V.G. Yefremenko?

1)Department of Physics, University of California, Berkeley, CA 94720 USA 2)Nuclear Science Division, Lawrence Berkeley NationalLaboratory, Berkeley, CA 94720 USA 3)High Energy Physics
Division, Argonne National Laboratory, Argonne, IL 60439 USA 4)Kavii Institute for Cosmological Physics, University of Chicago, Chicago, IL 60637 USA 5)Department of Astronomy and
Astrophysics, University of Chicago, Chicago, IL 60637 USA 6)Materials Science Division, Argonne National Laboratory, Argonne, IL 60439 USA 7)Nuclear Science Division, Lawrence Berkeley
National Laboratory, Berkeley CA 94720 USA 8)Physics Department, Drexel University, Philadelphia, PA 19104 USA 9)Massachusetts Institute of Technology, Cambridge, MA 02139 USA
10)Physics Department, Drexel University, Philadelphia, PA 19104 USA

f Neutrinoless Double Beta Decay w f Development of Transition Edge Sensors w

» Hypothetical B3 decay mode allowed if neutrinos are Majorana particles,
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- Grow W-alpha phase for Low Tc

» Observation of OvBB would mean - Utilize superconducting bilayers as TES (proximity effect)
- Lepton number violation K J
- Neutrinos are Majorana particles
- Rate measures (effective) electron

K neutrino mass J Gabrication and Tc measurements

» For mpgg = 15 meV estimated half lives
1047 - 10?8 years, depending on the
nuclear system

* We fabricated superconducting multilayers by
sputtering deposition on high-resistivity silicon
wafers at Argonne National Laboratory.

f Bolometers as a tool for discovery

* Sputter depositions were made at room
temperature for Au/Ir/Au trilayers and Ir/Pt
bilayers.

e The Cryogenic Underground Observatory for
Rare Events (CUORE) is a Ovpp decay search
experiment of 13%Te utilizing TeO2 bolometers as

a detector and source. Observation of Ovp[ * Deposition rates of about 2.6 A/ SeC for I, 2.9 A/ S (b)
decay implies that neutrinos are their own anti- sec for Au and 2.1 A/ S€C for Pt films were used. In ;é; ol (
particles, i.e. Majorana neutrinos. the case of Au/Ir/Au trilayers, a 3 nm thick 8T
| iridium layer was deposited prior to the trilayer 0.6
e TeO2 crystals were produced by Shanghai Institute 1«  After all film layers were deposited, the wafers A
of Ceramics, Chinese Academy of Sciences (SICCAS) were diced into squares of 3 mm per side. 0.2f
in Shanghai, China. A crystal is shown on Figure Subsequently, the chips were attached to a copper R j L e—
1(a) top right. plate using GE-varnish and wire bonded in 4-wire POEOm RO L mperature [mK]
measurement configuration for a resistance Figure 2 (a) Sputtering chamber at ANL. (b)
o measurement. Resistance vs temperature data and fit for an

e A tower is made of 52 TeOz crystals. The
assembly is performed inside a globe box with
a nitrogen gas flow to prevent radioactive
contamination from radon decays. Figure 1(a).

=S

-

b ! ,

Ir/Pt bilayer (Ir=100 nm and Pt=60 nm). j

G)emonstration of Tc suppression between 18-100 mK
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e The detector assembly of CUORE is made of 19

towers (988 TeO: crystals) and is currently taking . & N e We found two room temperature multilayer systems, fabricated by sputtering deposition,
data at the LNGS underground lab. Egt‘;;; i(r‘?)CIT%‘;Er assembly. (b) 19 towers that could be utilized as materials for low-T. superconducting TES fabrication: Ir/Pt bilayers
: and Au/Ir/Au trilayers.

* The superconducting thin film multilayer systems presented here could be applied in next
generation Dark Matter searches and in next generation experiments searching for
neutrinoless double beta decay in which both a secondary light detector of either Cherenkov
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or scintillation light may be required.
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