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An exciting experimental program

« Experimental techniques
» General requirements

surements and their precision
urements pertinent t@33
out matrix elements

If we S e gualitative physics results are profound,
Il want to quantify the underlying physics.
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The Heidelberg-Moscow Experiment

~10 kg of 6Ge
1*
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An ldeal Experiment

Maximize Rate/Minimize Background

bAE |4

ue, fast BE(0v)
source radiopurity
emonstrated technology
Ease of operation
Natural isotope
Small volume, source = detector
Good energy resolution
Slow BB(2v) rate
|dentify daughter in real time
Event reconstruction
Nuclear theory
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Great Number of Proposed Experiments

3

o Calorimeter
— Semi-conductors
— Bolometers
— Crystals/nanoparticles immersed in scintillator

e Tracking
— Liquid or gas TPCs
— Thin source with wire chamber or scintillator
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Past Results «»

Elliott & Vogel
Annu. Rev. Part. Sci. 2002 52:115

8Ca | >1.4x102y | <(7.2-44.7) eV
761 E_
76 emoeava 0.33-1.35) eV In
5Ge =1.2x10%°y =0.44.4 - IR
82Se >2.1x1Q2 ) § 10° = T < -
100 2 . \, I
= ‘\;( 1
11604 eV il \exo-200 [
QerDA ||
128Te | >7.7x18 (1.1-1.5) eV 2 \
10 /y \ J-lZC;:r
130Te | >3.0x1024 <(0.41-0.98) eV . CUORE i
136Xe | >4.5x1023 yil| <(1.8-5.2) eV =| | | T uil
150Nd | >1.2x10% <3.0eV 1 0 0 0 20220
' Y ' Year
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A Recent Claim

has become a litmus
test for future efforts

J)Cc et LU [1U UL
of backgroups

Jdata

at 2039 keV
y present.

The “feat
IS argua
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Future Data Requirements

Why wasn't this clal 0 avoid

ed signal - hard to

ICS @

[ ).
-

JVV

repeat

ent
odel uncertainty
e U 'd lines
e Insufig@@nt auxiliary handles
Result §eeds confirmation or repudiation
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Various Levels of Confidence

e A preponderance of the evidence : acomki
— Correct peak energy
— Single-site energy deposj

cmporal)

cS WITh 1Isotopé

e Open and shy
— Obsai

ude the following

ron nature of the event

ftic dist. (energy sharing, opening angle
— e laughter
— Obsé€ > excited state decay

 Beyond Jggasonable doubt :the smoking gun
— See the @rocess in several isotopes

JUIITC L1, £UVU/ QLEVE CHIVWwUSana VWUIRDI VY VUV T

1l



Discovery vs. Measurement

a future decision point

Did 100 to 200-kg expts. find
double beta decay

Yes No
Is it a precision result Scale up to 1 ton

| I E These two goals
may require
Mo s different

Scale up as needed to Design new expts to technical
do precision measurement measure statistical dist. approaches.

As yet, tf@ere is no viable proposal for an experiment
sensitive to the solar scale.

1
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Signal:Background ~ 1:1

Its all about the background

Half life

5x1027

>1029

To reach
atmospheric
scale need BG
on order 1/t-y.

§ <005

40

<10
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Solar Scale: showstoppers

 Need 100 tons of isotope

— Enrichment costs and productio
sufficient yet

Iment with 10 ° solid state is

or will need to be greatly reduced
lti-element detector electronics are improving

— Metal IQ@fled liquid scintillator or Xe techniques

scale m@re easily and cost effectively, but
resolutioh requires R&D
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Background Considerations

* neutrons
' ogenics



The usual suspects

* BB(2v)

— For the current generation of experimenis

sufficient to prevent tail from ig
ONCEL) o ALC O

ol are
. becomes a

e Ll priant issue for ghal-to-noise

we Materials

pOd, but hard to implement

B been made understanding matergabnd the U/Th
purification

A/QC requirements

evels greatly challenge assay capabiies

Aterials require levels of 1Bg/kg or less for ton scale expts.
ty improvements required for ICPMS, direct counting, NAA

 Natural Occurring
— Solution

— Futt
e SO
e Sen
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As we approach 1 cnt/ton-year,
a complicated mix emerges.

* Long-lived cosmogenics

oblematic materials

ctrum and hence difficult at these low rateto discern
rocess, e.g. (n,;§) reactions - which isotope/level

o Si tion codes not entirely accurate wrt low-energ nuclear
S

nergy nuclear physics is tedious to implemerand verify
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Pb(n,n'y) and ’°Ge: an example

| AmBe activation, 6.1 h with 6" poly, 3.6 h with 4" poly |

206pPh 207pPp 2
®©
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v
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Observation of B3(0v) implies
massive Majorana neutrinos, but:

 Relative rates b
change as the BB

» Relative rates b
discern |j

ound and excited states might
ange and right handed curren t

Isons require experimental uncertainti es to
small wrt theoretical uncertainties.
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So: how many experiments?

 Compare theories
— Even thou

etween twa S representative

e ISt preferred set of iIsotopes?
— Per@bs, but this a dangerous stretch
for thg theory.
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Underlying B3(0v) Mechanisms

ov — ~O0v 2 _ ~0v 2
M =G"|Mg, /1" = G™|Mg, | (Mg)

There are m s models that lead

lolation ( n), [M| can
model

Nno exchange
utrino exchange
— R-pal¥ violating supersymmetry
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And: why a precision measurement?

If <m 8p> IS near th Scale:

several
rstand the

cay rate measurement
ffective comparisons
Isotopes, when the matrix
uncertainty nears ~20%.
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BB(0v) as a probe of new physics

If BB(Ov) observed in 3-4 isotopes, might
underlying physics

< [ e QRPA(SP)
.&:"‘30— mareap) | J- Phys. G: Nucl. Part. Phys. 34 (2007) 667
© | |4asM
‘; _ | ¥ Heavy v
| ¥ sUsY ‘
225 ILERG .
> — | X a2
c —
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Comparison assumes
a single dominate
mechanism

Requires results from
3-4 isotopes and
calculation of NME to
~20%

Also: PR D70 033012;
hep-ph/0405237,

hep-ph/061265
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Systematic Uncertainties

Only recently has this become a critical

issue for [3.
Statistics set the scale.

NEMO
PANIC 05
Mo-100

0 05 1 15 2 25 3

1025 y, lOO kg |SOtO ayF=la¥- /ton-yeal’ Eze (MeV)
| o pound: ~10% res  ult

oL ive-TFime-Oleto—atiok ¥S)

erate scale, 20%
‘Numbheks hrichment, flc'id: IvoI]y
ents shou aS|bIe

sANdlV
few to o’ ?gfrﬁﬁ ? gctgphlstlcatlon o?cu ts.
*Bagkgroundl)

@ rful as theory IMProves.

> AluUvT T/ C J AUIT UU

peaks have@@omparable strength to the BB peak. Especially
problematic if the peaks are unidentified.
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Total uncertainty vs. difference
In [M,,| estimates

Statistical uncertal

e 10%
: maybe 50%
(better for the phase)

Theoretical

factor of 2 or more between

Hoping Yor an improvement in the theory.
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G are calcul

m, IS whe

JUIITC L1, £UVU/

BB Decay Rates
el

_ 2 2
rOv_ OV‘MOV‘ mv

ace factors.

ysics matrix elements.
alculate.

he interesting physics lies.
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What about mixing, m, & BB(0v)?
™

No mixii!' (Mg)=m, =m

m virtual v
< ﬁﬂ> ‘U ‘ & exchange

e==1, CP cons.

Compare to [@ecay result: Compare to cosmology:

real v
o =) M
emission 2 =2m;
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What about the Majorana Phases?

* If 0,5=0, and

able to stu the Majorana

tal uncertainty Is
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The phase (if U,; = 0)

For 3-d generalization including  Z, see
J. Phys. G: Nucl. Part. Phys. 30 (2004) R183

| | | | I |

1200 H — 400_| | | | -
B B decay
1000 — —
800 - = 300 - =
S
()
E 600:-. - ;
3 e
400~ - = 2007 [ +10%
E@ band

200
100 - B

0 200 400 600 800 1 ogo
m, (meV)
| example . L 5 3 a4t &
= 300 megom? = (9 meV)?2 Phase (radians)
_0866 , = 0.5, 0,,=2.5

= 300 meV, m =171 meV
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Matrix Elements - Where are we?

e Most “good” calculations give.ds >sult to

within a factg

Sl Sing many-body
effects are abse alculations - this

range refle ty

o Shog geful to quantify uncertainties in
rrent, short-range correlations,
guenching etc.

- Best hope is better Shell Model

U
e Mediu
calculathas

 Long teri@ - coupled cluster approximation
applied to higher A nuclei.
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Input Needed from Auxiliary Measurements
See nucl-ex/0511009

« Atomic masses (Cd, Te & radiative ECql
candidates - better Q values

ntermediate-

Charge exchang o

(p,n), (n,p

on parent & daughter
F,-He), etc. - charge-changing

all multipoles populated

e P3 on studies, e.g. pair removal reactio
(p.t)

* Pion doe-charge exchange

» Electrom@ignetic transitions to isobaric analogue
states
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Conclusions

We can do it!
— The technology is ready for atmospheric scale sensi

We need to do it!!!

— Even null results will be intere

to v physics

h a total uncertainty (experime  nt & theory) of
entually even better.

different ways.

ranch point” in the technological foc us of
n the horizon: Will process be observe d at degenerate

— There
experime
scale?

How do we do l? This workshop is packed with excit iIng suggestions
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Discerning Models .o pouses

For similar work

Key ingredient: several isotopes

0.9 |gmes

0.2 ‘ 0.1 |0.04 Slj)gi_r;h?tm.
_Probably want at least 3 measurements!

- - - - — INFAo4, 973C
150 @ ’
100 l Faessler et al.
e @ 0.2 | 0.2 |0.08 |z,

2
m
Fig: Vic Gehman . = A
m, 1 0.4 Gy,
Te — 22 2
GOV “ha - MOva -or- = me”SUSYM SR
[ ]

M,=200 meV, n =1.5x107°
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Teach the Controversy




BB In the context of v physics
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hypothetical set of
measurements

For 3-d generalization, see
J. Phys. G: Nucl. Part. Phys. 30 (2004) R183

cal values”
500 meV

<Mgs> = 300 meV
<mg> = 171 meV
oa=2.5rad

Known values

dnfz =+(8.4 meV)2

&5 = 33°

o0



