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MOTIVATION THE EXPERIMENT CURRENT WORK EXO - TON SCALE

DOUBLE BETA DECAY

STANDARD MODEL 2-ν

[T 2νββ
1/2 ]−1 = G2νββ|M2νββ|2

NEUTRINOLESS

[T 0νββ
1/2 ]−1 = G0νββ|M0νββ|2|〈m〉|2

MASS MEASUREMENT

〈mββ〉 = |
3∑

i=1

U2
eimieiαi | ∝ [T 0νββ

1/2 ]−1/2
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MOTIVATION THE EXPERIMENT CURRENT WORK EXO - TON SCALE

136XE

XE ISOTOPES
CURRENT LIMITS

T 0νββ
1/2 > 1.2× 1024 year

T 2νββ
1/2 > 1× 1022 year

XE ADVANTAGES

High Q: 2.48 MeV
Scintillation and Ionization
Purification, reusability
Easy to enrich
Background rejection with
Ba++ identification
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MOTIVATION THE EXPERIMENT CURRENT WORK EXO - TON SCALE

CRYOSTAT DESIGN

Massive Effort on Materials Qualification - Database of ∼330 Entries

D. S. Leonard et al., NIM A Volume 591, Issue 3, July 2008, Pages 490-509
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TIME PROJECTION CHAMBER

DESIGN CONSIDERATIONS

• Low Background • Large Mass • Resolution

WHAT WE SEE
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MOTIVATION THE EXPERIMENT CURRENT WORK EXO - TON SCALE

MEASUREMENT STRATEGY

∑
E(e−) MEASUREMENT ANTICORRELATION

Shown in 2003 (Phys. Rev. B 68)
Spatial information identifies:

Multi-site events (background)
Surface contamination (if needed)
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MOTIVATION THE EXPERIMENT CURRENT WORK EXO - TON SCALE

EXO-200 MEASUREMENT POSSIBILITIES

EXO-200 SENSITIVITIES

Case Mass
(ton)

Eff.
(%)

Run
Time
(yr)

σE/E
@2.5
MeV (%)

Radioactive
BG
(events)

T 0ν
1/2 (yr)

90%CL

Majorana
Mass (meV)

QRPA1 NSM2

EXO200 0.2 70 2 1.6 40 6.4×1025 133 186

1) Rodin, et. al., Nucl. Phys. A 793 (2007) 213-215 2) Caurier, et. al., arXiv:0709.2137v1

TESTING KLAPDOR-KLEINGROTHAUS’S OBSERVATION

T1/2(Ge) = 2.23+0.44
−0.31 × 1025 years (±3σ)

Mod.Phys.Lett.A21 2006

2 years of EXO-200:
Worst case (QRPA, upper limit): 46 events, 40 background→ 5.0σ
Best case (NSM, lower limit) :170 events, 40 background→11.7σ

N. ACKERMAN EXO-200
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TPC CONSTRUCTION

N. ACKERMAN EXO-200
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INSTALLATION AT WIPP
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MOTIVATION THE EXPERIMENT CURRENT WORK EXO - TON SCALE

EXO SENSITIVITIES

EXO SENSITIVITIES

Case Mass
(ton)

Eff.
(%)

Run
Time
(yr)

σE/E
@2.5MeV
(%)

2νββ BG
(events)

T 0ν
1/2 (yr)

90%CL

Majorana
Mass (meV)

QRPA1 NSM2

Conservative 1 70 5 1.6 0.5 (use 1) 2×1027 24 33
Aggressive 10 70 10 1 0.7 (use 1) 4.1×1028 5.3 7.3

1) Rodin, et. al., Nucl. Phys. A 793 (2007) 213-215 2) Caurier, et. al., arXiv:0709.2137v1

CONSTRAINING MIXING HIERARCHY
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MOTIVATION THE EXPERIMENT CURRENT WORK EXO - TON SCALE

EXO DEVELOPMENT POSSIBILITIES

ALREADY ACHIEVED

200 kg LXe Experiment with 80
Single Ba Ion Trap and Identification

LXE R&D
In Situ Ba tagging in
liquid
Ba grabbing probe

GXE R&D
High pressure vessel
Test Chamber
Ba Tagging in gas

SUMMARY

Many avenues available for achieving a background-free ton-scale
xenon detector to probe the Majorana nature of the neutrino!
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