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[_Why Me for This Talk> [

Organizers wanted “non-aligned, but not diffident,” rapporteur.
(WWII billboards: “Switzerland: neutral but not cowardly”)

1 From Wendell Castle’s 10 Adopted Rules of Thumb:
1) If you are in love with an idea you are no judge of its beauty or value.
' -- I'm not in love, but want to see NLDBD experiments
succeed for the good of physics and NP, in particular.

§ 2) Itis difficult to see the whole picture when you are inside the frame.
-- Seeing the picture from well outside the frame, barely in
the same room.

3) After learning the tricks of the trade, don’t think you know the trade.
-- What | know of the tricks comes mostly from service on
NSAC subcommittee on NLDBD. Don’t think | know the trade, ;
but | do have experience in what it takes to get large NP projects &
funded, and helped to develop strategic advice for both the |
funding agencies and the proponents.

=~ NB: not all opinions expressed represent NSAC Subcommittee! i
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e Must-Do Sc:ence

A deflnltlve observatlon of Ovpp decay would achleve
| 1) Clear discovery of lepton number non-conservation =
15 e beyond Standard Model physics
&8 2) Clear demonstration of Majorana mass term

| contributions for neutrinos
| 3) Added plausibility for the seesaw mechanism to account

4 for the ultra-light neutrino masses

a8 4) Added plausibility for leptogenesis mechanisms to
' account for the universe’s matter-antimatter asymmetry

‘ | : 5) Possible sens:tlwty to physics near the GUT scale

= NSAC Subcommlttee assessment of the science:

= It is the assessment of this Subcommittee that the pursuit of
& neutrinoless double beta decay addresses urgent scientific
questions of the highest importance, and that sufficiently sensitive
second generation experiments would have excellent prospects for
a major discovery. Furthermore, we recommend that DOE and NSF
= support this subject at a level appropriate to ensure a leadership
= position for the US in this next phase of discovery-caliber research. [flif




Where Are We Now? b TR

Existing

lower .
limits from
earlier ]
exp’ts

$

Sensitivity goals of
current generation

Plot taken from Gomez-Cadenas, et
al., Riv. Nuovo Cim. 35, 29 (2012)

searches
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~70-year history of
searches, exploiting
extraordinary opportunity
offered by the nuclear
pairing force to search for
such rare processes,
bypassing normal f-decay §

Earlier report (Klapdor-
Kleingrothaus, et al.) of a
positive signal in "°Ge is
now effectively ruled out
by more recent results

The likely cost of next-generation searches ~n$100M = imperative
¢ to convince Office of Science and OMB of high discovery potential,
" not ust measurig zero bette! Also will require down-selection!
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Light Majorana v exchange mechanism =
itivi o . 2 _ 2 2
sensitivity (- « (1m5)° = | 37, Uz,
* My, = lightest m,,

| Klapdor-Kleingrothaus claim (2004) .

Current generation QD
I[H searches aim here

Uncertain mass
hierarchy, CPV
Majorana phases
& v mixing 6 =
complex picture
Next generation
should address
crisply posed le05 IH(I)I.(I)lom B} 0.|01 - .....6|.1 I
question: un eVl

B Is vlte t level consistent with IH Majorana v’s? |

[—




Candidate Isotopes with Q > 2 MeV & a

Phase space (TOV )-1 ~ G - IM™ 2 <m >2 Nuclear matrix
factor V27 . V' _~element (NME)

. # nuclel v v |2 2 isotope :
=> signal rate = In(2) - -G” - |M° <m /J,ﬁ> £ MG (tonnes)
tonne

10 -

? @$=0.1 x Phase space x nuclei/tonne  ®=l#®Abundance (%)
e Blue curve sets the scale for next
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gen: 100 on scale ~ 1 event/t-y @
15 meV and mid-range NME

Q - value (MeV)

v

48Ca -> 76Ge -> 82Se -> 96Zr -> 100Mo - 110Pd ->116Cd ->124Sn ->130Te ->136Xe ->150Nd ->
48Ti 76Se 82Kr 96Mo > 100Ru 110Cd 116Sn 124Te 130Xe 136Ba 150Sm




| Needed Half-Life Sensitivity =

. 2
sin“(0,,) = 0.318 (best-fit)
T1/2 (y 12
‘ : <Mgg> = 17.5 meV I

Figure source: A. Dueck, W. Rodejohann,

e L and K. Zuber, Phys. Rev. D83 (2011) 113010.

Additional range associated with g,

(here assumed = 1.25) and
experimental uncertainty on sin?(6,,)

SZSE gﬁzr mOMD 1 de 116cd 124Sn

13 136 150

Te Xe Nd
Factor ~2-3 range in NME (see next talk) = factor ~4-9 in T,,, sensitivity
Must design next gen. for at least ~ few x 10*” years, probably with staging

To maximize discovery potential, want eventual reach for lowest viable NVIE i
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" “ea” et-Gn Src / “A Go A It ets ’

 Low, flat background® in
ROI vs. signal size at o — 2vpp
half-life sensitivity goal; e — Ovpp (BR.=107)
Good Eg; resolution & E
calibration, to enhance
signal / backgrounds and
minimize 2vff tail;
Scalability to larger masses 2
at realizable cost, as needed 1E /‘\
to cover full IH region; — 0 I(S:ur(')::mtladIBEInglr%yl)/Ql o8 \Q
Tracking capability to ID »
OvppB decay event topology;
Favorable OvBf Q-value to enhance phase space and = ROI
above many radio-impurity y lines;
Ability to remove or replace enriched isotope w/o affecting
detector performance, to verify possible non-null signal.

Arbitrary Units

* If background non-negligible and scales with isotope
4 mass, would need ~1 0° x current mass to achieve
" needed factor >~30 improvement in T,,, sensitivity!
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What Experimental Searches Do Exist?

Currently
Current Isotope | Achieved Lower
Project Isotope Mass Limit

(kg fiducial) 1026 yr

CUORE
MAJORANA
GERDA
EXO200
NEXT-100
SuperNEMO
KamLAND-Zen
SNO+
LUCIFER

Primary goals of current projects:

 Demonstrate background reduction for next generation experiment
- Extend sensitivity to T,,,~102° years.



Notional Timeline of Current Projects | et

2013 2014 2015 2016 2017 2018 2019

GERDA || | s

EX0O200

! |
module 1 INII——
module 2 II——

MAJORANA
DEMONSTRATOR

T e NEXT NEwW
NEXT100 I—

SUPERNEMO
DEMONSTRATOR

KAMLAND ZEN

2013 2014 2015 2016 2017 2018 2019

Construction

BN Operation

Able to assess
future prospects of
different techniques
better 2-3 years
from now, allowing
more intelligent
discussion of
down-selection.

R&D on new
techniques with
promise to reduce
backgrounds
dramatically should
also be pursued!
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| 76Ge Searches: Current fhoa A

GERDA @ Gran Sasso:

« GERDA | = 21.6 kg-yr
exposure 2011-13
Enriched Ge array , e _
embedded in LAr shield T | Jp— 7T | nemal cusicd
GERDA Il upgrade: add new |iSeai="" , | , ‘ ! B =
dets., reduce bkgd., active ' N | [ ‘ l hﬂ
LAr veto; start late 2014 YR i P warer [’ l - HES

: : $ : : d r . A\__ - - p
Radon poly m e
,7 i A t‘ - ¥

Enclosure w

Majorana Demonstrator:

 Modular instrument
housed in 2 ultrapure
Cu cryostats @ SURF
30 kg enriched + 10 kg
nat’l Ge p-type point
contact dets. mid-2015
(15t 20 kg Fall 2014)

|
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Electroformed Cu

OFHC Cu shielding

Pb Shielding
Cables/connectors

Front Ends

Ge (U/Th)

Plastics + Other

68Ge, 60Co (enrGe) -li cosmogenic

60Co (Cu)

External gamma, (alpha,n)

>

GERDA | —
T, > 2.1x10285 y
90% C.L.)

rimordial contamination of the
rray

counts/keV
no

Majorana Demonstr.
assay results as of 2/14

LI | I LI I |

ental background

Rn, Surface alpha

=

Ge, Cu, Pb (n,n'gamma)
Ge(n,n") nduced

8

Ge(n,gamma)
Direct muon + other

v Background backgrou

Cts/dkeVA-y o 02 o4 o6 os 1
Advantages:
 Excellent EBB resolution ~3 keV FWHM

- ~ flat background near Qg
 MJD on track to desired 3 cts/ROl/tonne-yr 2100 mm mo

Event characteriz’n tools: PSD, hit pattern,

Challenges: Smaller "°Ge phase space => may need sensitivity to higher T,
« Some further reductions needed in backgrounds from surrounding materials
to achieve needed next-generation sensitivity

2039 keV
2204 keV

~
S
0
Y
ND
(1}
-
c
J
0
0

o
2148

~>
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Ma/orana & GERDA work toward umfled lnternatlonal collaboratlon
Down-select best technologies based on demonstrated results from
the two exp’ts

Propose staged approach: 250 — 500 — 1000 kg

Aim for <1 background count/ROI/tonne-year (self-shleldmg helps)

030
Comments ] Graph provided by John Wilkerson
2 large experienced for "°Ge 30 discovery sensitivity

groups §

Tech. options will be SM NME
thoroughly researched
Projected bkgd ~ flat,
but not negligible

High isotope cost
Lowest current NME
=> need to probe - gt vy Wt~
eventually to ~2 x 106 | g7 L Do camRomy - EF
significant further i0? 107 10" 1 10 10° 10° §
bkgd. reduction ,_ — Sposuelionvears]

TT Illllll

"Ge T,, 30 DL [years]

%

T 1T ll"ll

IH minimum m__.:
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Bolometer Searches: Current = =

T CUORE: nat. TeO, bolometers @ Gran Sasso
ANCILY N

300K| « 988 crystals = 206 kg "*°Te by mid-2015
« Operational experience from Cuoricino (=
T,,>2.8x10°** y, 90% C.L.) & CUORE-0 (1

-

Diluion tower = 52 crystals) demonstrate E resol’n
| 7 40K and o bkqd. goals for CUORE
300 Simulated [ NTe = 29 +/- 18
Pulse | 4K > ¢ CUORE 5-year
Aoone ~__F ®Co | sensitivity 205T1
—250— [
600mK g
Roman > 200—
Lead S w - T12>1.0x1026 years
~6 tons -8 C (90% CL)
50mK 150—
CUORE 100— ' / § & H
10mK bl A e Lidsled il P P T/
without load 50 SR R :
Advantages: cost-effective nat. Te - CUOREPwhmnay
° very gOOd E resolution ~5 kev 2%80 2500 2520 2540 2560 2580 2600 2620 2640 |

Energy (keV)
* Multi-site veto capability. - Scalability, adaptability to different isotopes
Challenges: slow response of thermal signal requires low background

« ~flat, but sizable bkgd. (~50 cts/ROIl/tonne-year, scaled from CUORE-0)

» U- and Th-chain contaminants on crystal and copper surfaces
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Detected light [keV]
l§|

= Slide#15 :
Bolometer Searches Next Generatlon

S|m|Iar conflguratlon to CUORE but
with combined light + heat readout of
bolometers, to provide o vs. g discrim.

Scintillating bolometers under develop-

ment by LUCIFER and others: Zn®’Se

(8.9kg isotope); Z

Zn'®MoO,; ""*CdwO,
TeO,: Cerenkov light only = poorer

discrimination; other isotopes cost more
bolometer o Jmportant R&D effort in progress

4 R. Artusa et al_, in preparation (2014)

S 8 3
T

18 :

TT LI L LN

8ll

5 3
FITTTH

LUCIFER: o-B

CUORE-IHE

Surface background

Surface background, with « rejection

dlscrlmlnatlon i ki

mZnSe
. 4’ E
.,’. ?

Rate [counts/keV/ton/year]

o ’.’\_ i
O R
. o °
3 .t
. ' -

IIIIIIII| IIIIII|T| IIIIIIII| TTT

ol

S50 a- se;%

= factor ~100
duction in

CUORE
surface

| bkgds. .

ovpp Energy [keVee]

CUORE Preliminary

1000 2000 3000 4000 5000 6000 7000 8000 9000 10000

Energy [keV]




136Xe TPC Searches: Current

HV FILTER AND
FEEDTHROUGH

=T
FRONT END kD T
ELECTRONICS o et :

- T " ] .
VACUUM PUMPS L T e P ; iR
4. ¢ L") Fy — ~ ‘|J“.A i

DOUBLE-WALLED
CRYOSTAT

™~ LXe VESSEL

. LEAD SHIELDING

\ JACK AND FOOT
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EXO-200: LXe TPC @ WIPP

_E7”E’°P““ELS « Simultaneous readout of

ionization and scintillation
200 kg enriched Xe on
hand; 79 kg fiducial '*°Xe
Moderate E resolution: 88
keV FWHM now— 58 keV
after electronics upgrade
Taking data since May
2011 = 2014 result: T,,, >
1.1 x 10%° y (90% CL)

NEXT-100: HPXe (15 bar) gas TPC @

Canfranc (Spain)
primary + secondary scint. = E
* R&D = < 20 keV FWHM
 SiPM tracking plane looks for
characteristic 3 signature

. 10 kg Xe (90%) 2014— 100 kg (~61

kg fiducial isotope mass) 2016

ENERGY PLANE (PMTs)

e

TPB coated surfaces
xenon g
e - gas %
o - — W
.e’,._:' %
scintillation (S1) — a
' jonzation g
.._..~-:{5"'e'l'ectroluninesceme(82) - |2
| CATHODE -~ . ANODE | | +




3¢ Xe TPC Searches: Current

SS

spectra

— o
C—¢
..J'r [

Simulated EXO-200 5-yr

Summed

> 35 e Ovpp for Nl spectrum
= 30 90% CL

8 Vessel onT..>

,\g 25 bkgds 19 1/2

S 20 L X

& 10%6 y

S S S (S— i . | —n
1600 1800 2000 2200 2400 2600 2800
Energy (keV)

3000 §

Advantages:

100

]

90
80
70
60
50
40
30
20

10 e

Strongly constrains
contaminant fits vs.
istance [l from

llllllIllllllllllllllllllllll

Events / 20 keV

—f—

Ju " N S W U S
0 2000 2200 2400 2600
Energy (keV)

1600 1800 2800

3000

Challenges: Radio-impurity peaks from *'*Bi and 2°¢T]
decay close to 0vS# ROI = structured bkgd.
* Rely on detailed detector + contaminant model to extract convincing signal

- Slide #17

* Relatively low isotope cost and
easy re-purification options
» Can replace enriched with nat. Xe
to verify a non-null signal
* 3D pos’n info = discrim. single-
(SS) from multi- (MS) site events
 NEXT adds topological ID of ~10 cm
pBp track with 2 end blobs =
suppress primary y bkgrds. >~ 100x |
@ 55% BB survival
rite) B |  a MCsimulated BBOv event

S .f NEXT

r simulated
*I ovpp track
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e 136Xe TPC Searches Next Generatlon R

3 LXe Mass = 4780 kg i LXe Mass = 3000 kg Wi
I nEXO @ i :

n Simulated nEXO 5-yr 5 ;
s C SS, inner 3 | [
10 - ’ 3
4 SNOLab spectra: tohnes :
i N SS, full det. | F :

] - 0v5590%,§

g 3 CL @ ;

8 T1/2 = 6.6 X ,5,

AF

—t—t— : pob . ;-: —r '+ i =
108 . ' i
MS, fulldet. | MS, inner 3 tonnes |

1°F Signal & bkgrd have very different pos n-dependence

i
10" I

Proposed 5-
tonne enriched
LXe TPC

—G—

: i 5103

Comments: £,
« Larger TPC = enhanced self- S 10* U,

shielding & Compt suppression 1

* Projected nEXO bkgd. ~ 100x ok L | L aTheray
below present EXO performance 1000 Eni?gg ko) T ey
needs to be demonstrated

- Bkgrd (*'*Bi) still strongly structured in ROI, but highly constrained by detailed
fits to single- vs. multi-site events as fcn. of pos’n through entire TPC volume

* Need non-trivial fraction of worldwide Xe production, but could reconfigure
from liquid to high-pressure gas

« Important R&D opportunities: daughter Ba tagging; Se-based TPC gas?




" Loaded Liquid Scintillator Searches: Current g =

/,/'/ ";;. \\
/ SHE N
/ /;: l d
Y S Fal : \\
/ %4 T \
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A \\lewxe loaded LS in /) |

A\ e loade ini/; b

1A % a mini-balloon Jf Vvl

\\: \\ m‘ '—-w' / 4//
5% :
{*\.»\.\-\ /(jv,y/
N e $5(

KamLAND-Zen started 9/2011

Loaded LS
in existing &
large under-
groundv g
detectors =
cost-
effective
opportunity
to study
large isotope
masses, but
with limited
energy
resolution

=

SNO+: 780 tones of S |

~320kg 90% enriched '3¢Xe installed so far

Add Xe in hand = 434 kg fiducial

loaded 0.3% with nat’l Te —
start data-taking late 2015
& = fiducial '*°Te mass = 160 kg |




oae Lqui Sitilltor Sarhe: Current :;.f

5 .
10 E @ DSTFDS? —— o source Advantages: _ B
- KZ measured un- « Cost-effectiveness, scalability
10° & k“°W" to quite large isotope masses
- “U +Th « Ease of repurifying, removing
2 10°E +2198j + 5Ky . p .
= N R or changing isotope loading
‘§ L~ . Spallation - Shielding of external bkgds. by
ZFE | large LS volume = low (~5 x
10 = | \ 10“) bkgd. counts/y/kg/keV
E \ /e T - Adaptability to other isotopes
= T1/20V[3l3 > F 3 N _E 10 = Simulated m—— Sum = === Sum, background
: 25 " H ‘ — xample datase me
TR L S TR SN SNO+ 5-yr e 4t
1 2 3 8 spectrum |[— 223keVy — 2P
Visible Energy (MeV) o 0 E — 1 L0
1) = — AC = ““BiPo
g — **BiPo Cosmogenics
Challenges: ° oL External
: » Limited FWHM E resol’n ~250 g mgg at 90% CL size
keV = significant 2vp3f feed- 1 Tiy>1x10%y
thru, complex bkgd. shape — 10 = T}ﬂh;}{; ff"d '-][‘TLJ-&J-A
ameliorate w/ asymmetric ROI . = J =
» Extraction of signal or limits - |
relies on detailed & accurate
modeling of detector, optics, _ | .
107! =——
2 2.2 24 2.6 2.8 3 32 34

bkgd. sources

Energy (MeV)J
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oadd Liuid cinillatr Sarchs: ext-en i

‘ B _
» 10 . .
< KamLAND2-Zen simulation:  ----Total =~ _208) I'}’eplac_e PM TS_’ LA
O 105 820 kg fiducial isotope mass oye 0v 15 light yield for improved

elv — .
o  Ee <150 keV FWHM ™ o resolution (~150 keV KZ,

1 10% > e Xe — C ~200 keV SNO+)

- (1] "
S —=2gi  —C « More mass (for SNO+ via
7 8 . .

& F —210g; Bv enriched or higher % nat.
§ 10°F a0, Te loading -- needs R&D)
L 105_  Improved bkgd. rejection

z = 100
1 :_ ">S = SNO+ Phase Il — 15311111 et gum, b;uS:kgr(;;md
= 3 simulation: 3% ___ 75" daset = PR G5 meY)
ok & 10t = nat. Te loading — 2223keVy —— 2"Pa
o F = 2.3tonne o, g
-2 % L fiducial - *Bipo Cosmogenics
1 O 1 @) 103 E \ mass External ¢
. Comments: - For 90% CL limit of

 Large mass capability may =
|  best near-term lower limits o —— s L
| » Bkgd. R&D options: loading VA g
Te (5% achieved), pressurized '
Xe, scint. mini-balloon film, ...

' « Limited E resolution limits

0 i 2 22 24 26 2.8 3 32 34
dlscovrytentlal - - T " Energy MeY)

[ T1>7.8x10% y

T M T
NP 0 P a2 1Y F d
mp

i
I
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Super-NEMO =

measured 2vpp half-lives for
8 of 11 candidate isotopes

Charged pzlrti('l(j [Pnrt icle in(li\_'i‘(lu;_llj ¢ Separates thin source foils
O)(,(.m. \'('rt('.\:) trajectory energy and TOF from tracking + Calorimetry
I [ .
| i ' detectors to measure full final
| " -
| | state kinematics
| ‘ : : * Predecessor NEMO3
|
: :
I
1

Calorimeter

i » Demonstrator module with 7 kg enriched
isotope (®2Se and/or *°Nd) to run at Modane
(Fréjus, 4800 mwe) 2015-17

« 20-module 100 kg full SuperNEMO would run
2017-23 if Demonstrator achieves low bkgd.

: » Modest E resolution ~ 120 keV FWHM, but

potentially very good bkgd. suppression tracker | module

U/




: ' SuperNEMO '

Advantages:

* Reconstruction of full
kinematics can suppress
bkgd. & measure angular
distr. if signal seen

» Allows focus on highest
Q-value isotopes, above
much of y background
Can remove/replace
enriched isotope to verify
any non-null observation

Challenges:
Background levels not yet verified. Large surface-to-volume ratio =

- Slide #23

Half-life
sensitivity,

(y)

<m,>
sensitivity
meV

Full SuperNEMO
(100kg)

825e 90 % (CL)

8266 50

>1.10%y
2.10%2Y

<40- 110
100 - 250

Demonstrator
(7 kg)

825e 90 % (CL) > 6 10% < 160 - 440

vulnerability to radon and other external bkgds.

High detector cost per unit isotope mass

Requirement of thin foils to limit electron energy loss and scattering =
challenging to scale to tonne-level apparatus




s Current PrOJects NSAC Recommendatlon

. Impress:ve suite of promlsmg complementary approaches
8§ * Each has significant advantages, but also daunting
= challenges to reach required next-generation sensitivity
== — NSAC Subcommittee Recommendations:

The Subcommittee recommends that the “current
generation” experiments continue to be supported

* and that the collaborations continue to work to
" resolve remaining R&D issues in preparation for
" consideration of a future “second generation”
= experiment. New techniques that offer promise for
"| dramatic reductions in background levels should also
be supported.




i NSAC Guidelines for the Future

The Subcommittee recommends the following guidelines be used in the

- development and consideration of future proposals for the next generation
o experiments:

¢ 1) Discovery potential: Favor approaches that have a credible path toward
reaching 30 sensitivity to the effective Majorana neutrino mass parameter
mg;=15 meV within 10 years of counting, assuming the lower matrix
element values among viable nuclear structure model calculations.

I 2) Staging: Given the risks and level of resources required, support for one or

more intermediate stages along the maximum discovery potential path may |
be the optimal approach.

| 3) Standard of proof: Each next-generation experiment worldwide must be

capable of providing, on its own, compelling evidence of the validity of a
possible non-null signal.




s .' A Guelies f th Fure ..

Continuing R&D: The demands on background reduction are so stringent
that modest scope demonstration projects for promising new approaches
to background suppression or sensitivity enhancement should be pursued

with high priority, in parallel with or in combination with ongoing NLDBD
searches.

International Collaboration: Given the desirability of establishing a signal
in multiple isotopes and the likely cost of these experiments, it is

important to coordinate with other countries and funding agencies to
develop an international approach.

6) Timeliness: It is desirable to push for results from at least the first stage of
' a next-generation effort on time scales competitive with other
international double beta decay efforts and with independent
experiments aiming to pin down the neutrino mass hierarchy.
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Possible 15t Stage of Next Generation g

=

S e

Fiducial Isotope Mass Needed for 90% C.L. Sensitivity

1Assumptions: = == = 76Ge (Majorana+GERDA)
1) sensitivity to m_betabeta = 20 meV

2.4--4.2 foreachiso
- 3) 5 years of continuous data-taking e 100Mo (Cuore)
14) statistical precision only (incl. 130Te (Cuore)
background subtraction) e 136Xe (NEXO)
15) experiment goals|in E
resolution & effic.

s
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=2,

g

= == = 37Se (Cuore)
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= == = 130Te (SNO+)
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Current Project Goals:
* EXO-200 (136Xe)

*
A .
N.B. plot must be updated 1 * Majorana (76Ge)
=
|

Cuore (130Te)
|
0.01 | as \NIV!IE f‘laflwll\ewsw EVOIvfe : T T T T T 1711 T T T T T 17T A SNO+ (130Te)

1 10 100 1000 @ KamLAND-Zen (136Xe)

] A NEXT-100 (136Xe)
Achieved Background Rate Under NLDBD Peak (x 107-5 events/yr/kg/keV) % GERDA-II

-
Ty

» 4

-

Some “current goals” (points) are still beyond demonstrated performance
Need typically ~2 orders of magnitude further improvement for this 1st stage
1st stage target = significant discovery pot’l + opportunity to demonstrate
bkgrd levels needed for definitive answer re inverted hierarchy Majorana v’s

—

——
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The Leap to the Next Generatlon R

QPY-

-

5-0

7 ISSTA L 7 ISSTA L N ( ISSTA L ISSTA L

|
Sllde #28 ¢
1

3

Fiducial Isotope Mass Needed for 3*sigma Sensitivity ;’E»-';
Assumptions: i
:1) bottom of inverted hierarchy = 15 me\i

2) Shell Model NME (lowest) for 4 isotopes
-3) 10 years of continuous data-taking
4) statistical precision only (incl.

| background subtraction) = == =76Ge (Majorana+GERDA)
-5) experiment goals in E
resolution & effic.
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N.B. plot must be updated as
NME values evolve !
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NSAC recommended next-generation target sensitivity is an additional
1-2 orders of magnitude beyond 15t stage target of previous slide! |
Long, long way to Tipperary...but a goal to be pursued aggressively! §&




— Why Not 50” e

: Requires “only” another factor of 3 in exposure to go 30 — 5o
10 years counting — 30 years ??
~$200M prolect — ~$600M ??

£ HEP communlty now debating “unlversallty” of 50 dlscovery
o\ criterion:
Seems arbitrary to require same precision level for
peak search at a priori unknown energy (e.g., Higgs)
as for 0vgp , where peak location is already precisely
known.

If 30 signals are found in two independent worldwide searches,
= can combine to = >40 discovery evidence.

~ Ifone finds 30 evidence, will want to design more sophisticated | -
2| next-to-next generation experiments to probe kinematics &
mechanism.

3 If one sees no evidence at 3o level and/or inverted hierarchy is
~ | otherwise ruled out = reset to consider normal hierarchy.




What Should LRP Recommend"

Very hlgh prlorlty for U. S Ieadershlp in a staged
next-generation neutrinoless double beta decay

— | experiment capable of discovering lepton number

non-conservation if the light neutrinos are
Majorana particles in an inverted mass hierarchy.

Requires support for R&D efforts to attain the extremely

low background rates necessary for such a search

Urge additional modest-level support for U.S. participation

in a second international OvBf search

Requires support for nuclear theory efforts to constrain
better the ranges of possible Ovﬁ,B nuclear matrix elements @&

= Which experlment’? From NSAC report

“However, it is unlikely that any one approach will achieve all of these
desirable features. It is best to support the approach that provides the
combination of these features most likely to reach the desired sensitivity
= ! at a cost that can be funded on a competitive time schedule.”




A Backup Slides




= Nuclear Matrix Elements from P. Vogel |

Nuclear matrix elements M% for various methods: IBM-2 is Interactiong Boson Model -2,

PHFB is Projected Hartree-Fock-Bogolyubov and EDF (or GCM) is Energy Density Functional

or Generator Coordinate Method and RQRPA is the renormalized quasiparticle RPA.

Note the relatively smooth dependence on A,Z in each method, but differences by the factor ~2
between the different methods. In particular, NSM is typically smaller and other methods agree

with each other a bit better.

RQRPA
NSM
IBM-2
PHFB
EDF
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- ~ nEXO Background Simulations i i

' b

This series of plots shows the energy spectra for different LXe masses. The background pdfs
have been normalized to their mean expected number of events for nEXO at 5 yrs exposure. The
number of OV counts has been normalized to its median 90% upper limit (=10 in 5 yr),
corresponding to T, ,=6.6-10%" yr. This plot displays the energy discrimination at different

positions in the detector without statistical fluctuations.
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LXe Mass = 4780 kg LXe Mass = 3000 kg

Simulated nEXO 5-yr
spectra:

SS, full det.

SS, inner 3
tonnes

|y
= I o

0vBB 90% M

Counts / 20keV

= i?? g nEXO Background Simulations ~§?3 |

214Bj on Cathode
TPC Backgrounds

External Backgrounds

Summed Backgrounds

LXe Backgrounds

H 2vpp J

- MS, full det. 451 L
405
> 10t} 2 2381 i
g > 35% TPC
N 10 X c
S o 30 o
§102 o PF 232
O = : Th ||
1 TR in TPC 1]
’ . ' .l 15;_ \ | |
105 T 222
| T B ; = . Rn
2000 3000 1 5F n LXe
Energy (keV) =
03

Energy (keV)

600 1800 2000 2200 2400 26

|

-

Simulated
nEXO 5-yr
spectrum
for full det.

Discovery
level peak
for Ovpp
@T,y, =
1.8 x 10?7 y

00 2800

3000




Left: The nEXO distributions of the 90% UL on the number of Ov3f3 counts in 5 yrs for the
energy-only (red), and energy + standoff-distance (blue) analyses. Right: The distributions of the
90% LL on the bb0On half-life attained using the energy-only (red), and energy + standoff-distance

(blue) analyses.
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Using standoff distance has an equivalent effect on sensitivity as a 4 times reduction in

background! (For a background-limited experiment). Improves half-life sensitivity by

more than a factor of 2.




90% C.L. Sensitivity vs. Background (’®Ge)

Inverted Hierarchy (m ;= 0 e\.
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