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US participation in many OVBP searches

EXO
e &

CUORE collaboration, but concentrating on -’ |
these today g

Majorana
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NEXT

KamLAND ZEN

NEMO
COBRA
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EXO, CUORE, MAJORANA

EXO (Enriched Xenon Observatory)

EXO-200: ~150 kg liquid '*¢Xe TPC, operational spring 201 |, located at
WIPP (1600 mwe), 4e-3 c/keV/kg/yr demonstrated, recently observed 2vp[3
(PRL 107,212501,2011)

Full-EXO: 2-10 ton liquid or gas '3¢Xe TPC with final state nucleus tag for
radioactive background reduction/elimination

CUORE

CUORICINO: 11.3 kg '3°Te bolometric measurement, located at LNGS
(3050 mwe), 0.17 c/keV/kg/yr demonstrated, 2003-2008

CUOREQ: I | kg '%Te, new cryostat, 2012-2014
CUORE: 206 kg '39Te, goal le-2 c/keV/kgl/yr, 2014-?

MAJORANA

DEMONSTRATOR: 30 kg ¢""Ge (86%) + 10 kg Ge PPCs, goal 2.5e-4 c/keV/
kg/yr = | c/keV/tonnelyr, 2013-? underground at SURF (4850’, 4300 mwe)

Future ton-scale effort in collaboration with GERDA, depending on
performance of GERDA and DEMONSTRATOR
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Reach of current and next generation OVB experiments
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Figure courtesy PDG 2010
Discovery potential bands added by hand from survey of latest projections, and not meant to be exact.

KKDC claim, MPLA 21 (2006)
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~100 kg class OVBfB
experiments

(~ 100 meV sensitivity)

Ton-class OVBP

experiments
(~ 5 meV sensitivity)
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CUORE: A bolometric search for Ovf33
Successor to Cuoricino

The basic detector unit is a TeO, crystal (13°Te natural abundance 34.167%). A decay
deposits energy in the crystal, causing a temperature rise:
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Cuoricino =& CUORE-0 @ CUORE

Cuoricino (2003-2008):
44 5x5x5 cm? and 18 3x3x6 cm?® TeO, crystals
detector mass 40.7 kg

130Te mass 11.3 kg

standard dilution refrigerator

Cuoricino set a limit of
T,,>2.8x10%y(90% C.L.)
on the OvB8 of 13°Te

(mpp) < 300-710 meV *

19.75 kg-yr exposure

19.75 kg-yr 139Te exposure (2003—2008)
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* E.Andreotti et al. (CUORICINO collaboration),
Astropart. Phys. 34: 822-831 (201 1)
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CUORE-0 (2012-2014):
the first CUORE-like tower
52 5x5x5 cm?3 TeO, crystals
detector mass 39 kg
130Te mass 11 kg
refurbished Cuoricino cryostat

CUORE (2014-):

988 5x5x5 cm? TeO, crystals
detector mass 741 kg

130Te mass 206 kg

cryogen-free dilution refrigerator

CUORE goals

5 keV FWHM resolution
0.0l c/keV/kg/yr bkgnd
5 yr livetime

-
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Tin%('3%Te) > 1.6e26 y (68% CL)
mpp < 41-95 meV

T12%('3%Te) > 9.5e25 y (90% CL)
mpp < 52-120 meV
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CUORE hardware status (LNGS)
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R&D of CUORE collaborators for future bolometric searches

® Je enrichment methods

® Active background discrimination methods (current
thermal signal collection time ~ sec)

® Cerenkov light (cone, fast ~ ps) emission from
2VRP, discriminate between «, B/Y, PP

® Scintillating bolometers (other crystal types)
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Majorana Demonstrator: First phase of the Majorana experiment

fused silica substrate
R (aGe)

e Phase |:above-ground test, "*Ge, mechanical and MC .

testing, summer 2012

e Phase 2:underground electroformed Cu, 3 strings
*""Ge, 4 strings "*Ge, spring 2013

Pulser capacitively -

Contact pad
coupled

e Phase 3:7 strings *"Ge, 2 crysotats, ‘conventional”

shielding, active p-veto, Rn box, test KKDC ~ | yr data (T2
> 4.5e25 y), starting fall 2014

® Will also test:

® |ow background components & electronics

® Cu electroforming underground at SURF and PNNL
® Pulse shape analysis (PSA) for gamma background \ |

rejection

° Monte Carlo
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Majorana Demonstrator: PPCs

PPCs (P-type point contact HPGe), ~ 0.6 kg/diode

Small capacitance (0.5-1.5 pF) = low noise

Excellent energy resolution (goal 4 keV FWHM at

Q =2039 keV, or ~ 0.2%)

Pulse shape discrimination for discriminating multi/

single site interactions (demonstrated 98%

retainment of DEP. 1% contamination of SEP, see

spectrum in last slide)

Most backgrounds at ~2 MeV are multi-site

Developed and improved in US by multiple
groups, incorporated by GERDA
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Point contact detector (PPC)

*P. N. Luke, F. S. Goulding, N. W. Madden, R. H. Pehl,
IEEE T. Nucl. Sci. 36 (1989) 926

*P. S. Barbeau, J. I. Collar, O. Tench, J. Cosmol.
Astropart. Phys. 0709 (2007) 009.

*E. Aguayo et al. [The Majorana Collaboration],
http://arxiv.org/abs/1109.6913 (2011)

5 10 15 20
energy (keVee)

511332 keV _
2 F multi-site i — Charge
- event from C
C By e urrent
- PPC
— detector
PRL 101 251301 (2008) =
"""""""t'ypicg;u'kg_é — ; _
coaxial HPGe : T A T L T T T
E 6500 TO00 7500 2000 8500 9000 9500 10000 10500
t [ns]
[ O.SkgPPCHPGc—; Welghtlng
; 15l potential
] pt P |/ .:p B/
; N\

Intensity Frontier workshop 201 | 10



Ton-scale €""Ge detector outlook

® Technology will be based on outcome
of R&D and results from Majorana

Demonstrator and GERDA

® Backgrounds
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------ 1 count/ROIftly _
— . — 4 counts/ROlitly |

® 4 c/ton/yr/ROl Demonstrator
goal (4 keV ROI)

139,

KKDC claim

Mod. Phys. Lett. A" _(2006), p. 1547 (3c): (1.30-3.55) x 10°° years
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® Pulse shape analysis with PPCs 00 102 10° : 10

Exposure [tonne years]

® Shielding (active LAr vs. active water Source:arXiv::1109.6913v!
vs. Pb)

® ~ 20I[6 est.convergence of
Demonstrator and GERDA phase |l
results (~ 100 kg yr)*

*Taken from slide by R. Martin, DBD 201 |, Osaka
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EXO-200 i
e ~|50 kg liquid '3¢Xe (81%) TPC, low background construction |
® Detect ionization + scintillation
® Full 3D event reconstruction, 3D single/multi site discrimination

® Low activity Pb, ultra-clean liquid shielding

® Active U-veto

® Taking data, Spring 201 |

® First observation of 2VPp in '3¢Xe, 31d data, PRL 107,
212501,2011

® 4e-3 c/kev/kg/yr demonstrated

® |0 ms e- lifetime (110 ps drift time — charge losses
negligible)

Cryostats

HFE
(liquid

shielding) TPC

N
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Recent observation of 2VBP in 3¢Xe with EXO-200

350r single - cluster 350, m_ultlple - cluster
: T Daua : i zoomed in
, B 40
0 B 2vBB signal | 30
250 Signal + bknd. 250:_ 230;— }
. PDFs > | %25,
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* 31 live-days of data
* 63 kg active mass
* Signal / Background ratio 10:1

-as good as 40:1 for some extreme fiducial volume cuts

T,/ =2.11-10% yr (+ 0.04 stat) yr (+ 0.21 sys) PRL 107,212501 (2011)

Jesse Wodin
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“Ba tagging’

Identify OVBP via final state

nucleus spectroscopy (M. Moe,
PRC44, 1991,931)

136X e — 136Ba** +2e-

~ 2% efficiency obtained in lab
with setup shown here

More R&D required to assess
viability
DOE timeframe ~ 3 yrs
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Full-EXO (2-10 ton)

® Conceptual design phase

®  Current emphasis on Monte Carlo for background
estimation and shielding planning

®  Water or Pb shielding considered

®  General '3¢Ba tagging system interface

® Modular TPC design, max drift distance 25 cm

® 2-ton, 5-yr sensitivity 2.8e27 yr (90% CL)

® [0-ton, 10-yr sensitivity 3.4e28 yr (90%
CL)

Assumptions:

1) 80% enrichment in 136

2) 68% overall efficiency:

95% energy cut * 80% tracking effic * 90% lifetime fraction

from EXO-200 analysis

3) Intrinsic low background + Ba tagging eliminate all radioactive background
4) Energy res only used to separate the Ov from 2v modes:

Select Ov events in a +20 interval centered around the 2457.8 keV endpoint
5) Use for 2vpp T,,,=2.11-10%'yr (Ackerman et al. arXiv:1108.4193, 21 Aug 11)

Case | Mass | Eff. | Run | ¢./E @ 2vpp T,,,% | Majorana mass v
(ton) | (%) | Time | 2.5MeV | Background | (yr, (meV)
(yr) | (%) (events) | 90%CL) | QRPA* NSM#*
el 2 les i n 1 o ol 2hastozd BT Rl BE20
2a s o eal o BT 3.4 |3.4*10%| 47 | 5.8

* o(E)/E = 1.4% obtained in EXO R&D, Conti et al Phys Rev B 68 (2003) 054201
T o(E)/E = 1.0% considered as an aggressive but realistic guess with large light

¥ F.Simkovic et al., Phys. Rev. C79, 055501 (2009)
# Menendez et al., Nucl. Phys. A818, 139 (2009)

collection area

Jesse Wodin
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A OVBP roadmap

Does one of the 100kg-scale
experiments see Ovpp decay?

No Yesl!
»

y
/ ‘i’;

Do others
see it too?

No Yesl!
Build ton-scale

Build low density

tracking detectors

to investigate
mechanism

experiments

e Multiple isotopes and detector technologies required
* Innovative techniques needed to improve our
discovery potential

* We have to be flexible with our future roadmap

Jesse Wodin Intensity Frontier workshop 201 | |6



The MAJORANACOIIaboratlon Bl 0o pm =

Duke O m?.;\l ‘LosAlamos B o\ ks Nsriov Lasoson & ALBERTA Y

Tt W 'ﬁ?‘ AGO B souiiGiioinis M W, AR Mosiincion
Black Hills State University, Spearfish, SD Pacific Northwest National Laboratory, Richland, Washington
Kara Keeter Craig Aalseth, Estanislao Aguayo, Jim Fast, Eric Hoppe,
Todd Hossbach, Richard T. Kouzes, Brian LaFerriere, Jason Merriman, Harry Miley,
Duke University, Durham, North Carolina , and TUNL John Orrell, Nicole Overman, Doug Reid

Matthew Busch, James Esterline, Gary Swift, Werner Tornow
Queen’s University, Kingston, Ontario

Institute for Theoretical and Experimental Physics, Moscow, Russia Art McDonald
Alexander Barabash, Sergey Konovalov,
Igor Vanushin, Vladimir Yumatov South Dakota School of Mines and Technology, Rapid City, South Dakota

Cabot-Ann Christofferson, Mark Horton, Stanley Howard
Joint Institute for Nuclear Research, Dubna, Russia -
Viktor Brudanin, Slava Egorov, K. Gusey, University of Alberta, Edmonton, Alberta

Oleg Kochetov, M. Shirchenko, V. Timkin, E. Yakushev Aksel Hallin

University of Chicago, Chicago, Illinois

L Berkeley National L Berkel liforni
awrence Berkeley National Laboratory, Berkeley, California and iz @allerr, 1 el el

the University of California - Berkeley

VIS 0 n;an, Mla e E clrgaly Yue_n-DaIt Chan, Jason Detwiler ! University of North Carolina, Chapel Hil|, North Carolina and TUNL
James Loach, Paul Luke, Ryan Martml, Alan Poon, Gersende Prior, Padraic Finnerty, Florian Fraenkle, Graham Giovanetti, Matthew Green,
Kai Vetter, Harold Yaver Reyco Henning, Mark Howe, Sean MacMullin, David G. Phillips II,

) ) Jacqueline Strain, Kris Vorren, John F. Wilkerson
Los Alamos National Laboratory, Los Alamos, New Mexico

Melissa Boswell, Steven Elliott, Victor M. Gehman,
Andrew Hime, Mary Kidd, Ben LaRoque, Keith Rielage, Larry
Rodriguez, Michael Ronquest, Harry Salazar, David Steele

University of South Carolina, Columbia, South Carolina
Frank Avignone, Leila Mizouni

University of South Dakota, Vermillion, South Dakota

North Carolina State Un/VGfSIt}/, Ra/e/'gh, North Carolina and TUNL Vince Guiseppe, Tina Ke”er, Keenan Thomas, Dongming Mei,
Dustin Combs, Lance Leviner, Albert Young Gopakumar Perumpilly, Chao Zhang
Oak Ridge National Laboratory, Oak Ridge, Tennessee University of Tennessee, Knoxville, Tennessee
Jim Beene, Fred Bertrand, Greg Capps, Ren Cooper, Kim Jeskie, Yuri Efremenko, Sergey Vasiliev

David Radford, Robert Varner, Chang-Hong Yu
University of Washington, Seattle, Washington

Osaka University, Osaka, Japan Tom Burritt, Peter J. Doe, Greg Harper, Robert Johnson,
Hiroyasu Ejiri, Ryuta Hazama, Masaharu Nomachi, Shima Tatsuji Andreas Knecht, Jonathan Leon, Michael Marino, Mike Miller, David Peterson
R. G. Hamish Robertson, Alexis Schubert, Tim Van Wechel

Students in red
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CUORE Collaboration
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The EXO Collaboration

University of Alabama, Tuscaloosa AL, USA - D. Auty, M. Hughes, R. MacLellan, A. Piepke, K. Pushkin, M. Volk
University of Bern, Switzerland - M. Auger, D. Franco, G. Giroux, R. Gornea, M. Weber, J-L. Vuilleumier
California Institute of Technology, Pasadena CA, USA - P. Vogel

Carleton University, Ottawa ON, Canada - A. Coppens, M. Dunford, K. Graham, C. Hagemann, C. Hargrove, F. Leonard, C. Oullet, E. Rollin,
D. Sinclair, V. Strickland

Colorado State University, Fort Collins CO, USA - C. Benitez-Medina, S. Cook, W. Fairbank, Jr., K. Hall, N. Kaufold, B. Mong, T. Walton
Indiana University, Bloomington IN, USA - L.J. Kaufman
University of California, Irvine, Irvine CA, USA - M. Moe

ITEP Moscow, Russia - D. Akimov, I. Alexandrov, V. Belov, A. Burenkov, M. Danilov, A. Dolgolenko, A. Karelin, A. Kovalenko, A. Kuchenkov, V. Stekhanov,
O. Zeldovich

Laurentian University, Sudbury ON, Canada - E. Beauchamp, D. Chauhan, B. Cleveland, J. Farine, J. Johnson, U. Wichoski, M. Wilson
University of Maryland, College Park MD, USA - C. Davis, A. Dobi, C. Hall, S. Slutsky, Y-R. Yen

University of Massachusetts, Amherst MA, USA - J. Cook, T. Daniels, K. Kumar, P. Morgan, A. Pocar, J.D. Wright

University of Seoul, South Korea - D. Leonard

Stanford Linear Accelerator Center (SLAC), Menlo Park CA, USA - N. Ackerman, M. Breidenbach, R. Conley, W. Craddock, D. Freytag, G. Haller, R. Herbst,
S. Herrin, J. Hodgson, A. Johnson, D. Mackay, A. Odian, C.Y. Prescott, P.C. Rowson, J.J. Russell, K. Skarpaas, M. Swift, A. Waite, M. Wittgen, J. Wodin, L. Yang

Stanford University, Stanford CA, USA - P.S. Barbeau, J. Davis, R. DeVoe, M.J. Dolinski, G. Gratta, M. Montero-Diez, A.R. Miiller, R. Neilson, K. O’Sullivan,
A. Rivas, A. Sabourov, D. Tosi, K. Twelker

Technical University of Munich, Garching, Germany - W. Feldmeier, P. Fierlinger, M. Marino
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Tonne-scale schedule

- 1TGe pre-conceptual design (CD-0)

_ 1TGe conceptual & preliminary designs (CD-2, 3A
- GERDA Phase Il (~100 kg » v)

|| MJD (~100 kg * v)
Q 1TGe Technology Down Select (at CD-2)

- 1TGe Final design (CD-3)
1TGe Cunstructio-

| | | |
2012 ‘2014 | 2016 | 2018 ‘ 2020 | 2022

*Technology selection will be based on outcome of R&D
and results from MJD and GERDA iide courtesy Tom

Banks, DBD 2011,
Osaka

Ryan Martin, The Majorana Demonstrator 47



MJD Background Model

* Detailed background
model produced

 Based on previous
assays and
reasonable
expectations

« Expect 4c/t/y/ROIl in
MJD

 Translates to
1¢/t/y/ROI for tonne-
scale experiment:

— More self-shielding

— Longer cooldown
for 68Ge

— Deeper (or
Improved
shielding)

Jesse Wodin

Slide courtesy R.

Martin, DBD 201 I,

Osaka

MJD OvBB ROI backgrounds [c/ROI/t/y]
0.5 0.6 0.7 0.8 09 1

0 0.1 0.2 0.3 0.4

Electroformed Cu
Lead shielding
OFHC shielding
Ge (U/Th)

Front ends, cables
Structural plastics |
68Ge, 60Co (enrGe)
60Co (Cu) |
External y, (a,n)
Rn, surface a
Direct Rn
Ge,Cu,Pb(n, n'y)
Ge(n,n)

direct u + other L

v backgrounds

Radioactivity

Environmental

u-induced

Ryan Martin, The Majorana Demonstrator
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Q values, abundances, and matrix elements
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Calculation differ by about a factor of two,

but not all calculations are equally valid
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LSSM: nuclear shell model
QRPA: quasi-particle random phase approximation

From F. SimKkovic, Neutrino 2010
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BPROv discovery claim - 2004

214B1

Fit model:
6 gaussians + linear background.

Mean, width and intensity of
cach gaussian floats 1n the fit.

Total of 20 free parameters.
Fit intensity @ Qpg = 28.75  6.86.
Authors claim significance of 4.2 G.

Mean value of BB0v candidate line
displaced from Qg by 2.1 ©.

214B1 intensity from fitis 2 -2.5 ¢
larger than MC prediction.

Q value
25+ 8
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