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XeXe is ideal for a large experimentis ideal for a large experiment
••No need to grow crystalsNo need to grow crystals
••Can be reCan be re--purified during the experimentpurified during the experiment
••No long lived No long lived XeXe isotopes to activateisotopes to activate
••Can be easily transferred in different detectors Can be easily transferred in different detectors 

if alternate technologies become availableif alternate technologies become available
••Noble gas: Noble gas: easy(ereasy(er) to purify) to purify
••136136Xe enrichment easier and safer:Xe enrichment easier and safer:

-- noble gas (no chemistry involved)noble gas (no chemistry involved)
-- centrifuge feed rate in gram/s, all mass usefulcentrifuge feed rate in gram/s, all mass useful
-- centrifuge efficiency centrifuge efficiency ~~ ΔΔm.m. For For XeXe 4.7 4.7 amuamu

••129129Xe is a Xe is a hyperpolarizablehyperpolarizable nucleus, under study for NMR nucleus, under study for NMR 
tomography… a joint enrichment program ?tomography… a joint enrichment program ?
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XeXe offers a qualitatively new tool against background:offers a qualitatively new tool against background:
136136Xe       Xe       136136BaBa++++ ee-- ee-- final state can be identified final state can be identified 

using optical spectroscopyusing optical spectroscopy ((M.MoeM.Moe PRC44 (1991) 931)PRC44 (1991) 931)

BaBa++ system best studiedsystem best studied
((NeuhauserNeuhauser, , HohenstattHohenstatt,,
ToshekToshek, , DehmeltDehmelt 1980)1980)
Very specific signatureVery specific signature

“shelving”“shelving”
Single ions can be detectedSingle ions can be detected
from a photon rate of 10from a photon rate of 1077/s/s

••Important additionalImportant additional
constraintconstraint

••Drastic backgroundDrastic background
reductionreduction

22PP1/21/2

44DD3/23/2

22SS1/21/2

493nm493nm

650nm650nm

metastablemetastable 47s47s



DUSEL, Oct 1, 2009 Giorgio Gratta, EXO status 5

•• This may be the only viable technique if <m>This may be the only viable technique if <m>
happens to be very smallhappens to be very small

•• XeXe (in gas phase) (in gas phase) isis the best way to try usingthe best way to try using
decay kinematics to study the decay after decay kinematics to study the decay after 
it has been observedit has been observed

Assume an “asymptotic” Assume an “asymptotic” fiducialfiducial mass of mass of 
10 tons of 10 tons of 136136Xe at 80%Xe at 80%

A somewhat natural scale:A somewhat natural scale:
•• World production of World production of XeXe is ~40 ton/yris ~40 ton/yr
•• Detector sizeDetector size
•• 22••101033 size increase: good match to the size increase: good match to the 

1010--22 eVeV mass regionmass region

Mainly going inMainly going in
light bulbs, light bulbs, 

plasma displays andplasma displays and
satellite propulsionsatellite propulsion
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Plot from Plot from AvignoneAvignone, Elliott, Engel arXiv:0708.1033 (2007), Elliott, Engel arXiv:0708.1033 (2007)

100kg-class detectors
~100-200 meV sensit.

Klapdor et al. claim [0.17 – 0.45 eV]

EXO 1 ton, 5yr, 28 meV

EXO 10 ton, 10yr, 6 meV

Plot assumes
Majorana neutrinos
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The roadmap to the background-free discovery
of Majorana neutrinos and the neutrino mass scale

Gain practice
with Ba
trapping and
spectroscopy
in Xe and 
other gases

Learn about
physics and
economics 
of Xe
enrichment
on a 
grand scale

Enrich a
large 
amount
of Xe
(200 kg)

Design and build a large, ton scale
experiment

Improve
the energy
Resolution
in LXe

Design & 
build a
large size,
low
Background
prototype
LXe 0νββ
detector

Measure 2νββ in
136Xe, gain operational
experience, reach the
best 0νββ sensitivity

Build a fully functional
ion grab, transfer,
trap, spectroscopy cell

Gain practice
with Ba
grabbing and 
release

Done     In progress
To do

Investigate
direct tagging
in LXe

LXe

Enrich few
tons of Xe

Build a
test chamber
(not low bkgnd)

Study energy
and position
resolution for
background 
rejection

High press
vessel 
engineering

Build a
test rig
for 
Ba-tagging
in HiPress
gas

GXe
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Alabama, Bern, 
LaurentianNoneA.PiepkeLow activity control5

Bern, CarletonSLACM.Breidenbach (after 
Jul 2010)

Conceptual 
Engineering4

Bern, UMass, SLACTBDTBDLXe – Ba tag 
integration3

Alabama, Bern, 
Laurentian, StanfordCarletonD.SinclairGXe detector2

Carleton, CSU, 
UMD, SLAC, TUMStanfordG.Gratta/W.FairbankBa tag (LXe and GXe)1

AllWIPPM. Breidenbach
EXO-200 
construction
/commissioning

-

Other institutions
(as of Aug 12, 09)

Hub 
institutionCoordinatorTask NameTask 

No

EXO R&D structure (after S4 award)
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EXO-200
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1 kV/cm

~570 ~570 keVkeV

Both ionization and scintillation readout to
optimize energy resolution
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EXO-200
TPC basics
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EXO-200 LXe TPC field cage & readout planes

teflon light 
reflectors

flex cables on back of APD plane field shaping
rings (copper)

acrylic supports
APD plane (copper) and 
grid plane (photo-etched 
phosphor bronze)

Central HV plane 
(photo-etched 
phosphor bronze)

~40
cm
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EXO-200 Summary

• TPC was tested with full 
electronics in the Summer
09 and passed all tests 
(but of course w/o LXe).

• TPC being packed, to 
arrive WIPP on Oct 31, 09

• Commissioning test run of all 
cryogenics at WIPP starting

• Expect to install TPC in the 
cryostat starting in ~ late Nov 09

• Expect to start running sometimes in early 2010

Firs
t A

PD 
ligh

t

puls
er dat

a
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Case 1: EXO-200 sees nothing, really 
Build the largest possible EXO, with Ba tagging
unless the EXO-200 background is spectacular
Start in 5 to 8 yrs from now

Case 2: EXO-200 has a 2 or 3 sigma peak at the right place
Build a new ~500kg chamber maybe in the same
cryostat and same mine
Start in <2 after signal is seen

Case 3: EXO-200 has a clear signal
(open Champagne and) build a 1 bar GXe TPC for the 
very same 200kg of Xe to study angular correlations
Start in 2014

It’s tough to make predictions… 
especially about the future



DUSEL, Oct 1, 2009 Giorgio Gratta, EXO status 23

Ba tagging R&D
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BaBa+ + identification in aidentification in a Linear Ion TrapLinear Ion Trap

Vcos(Vcos(ΩΩt) + Ut) + U

UU

Ba ovenBa oven
D
C 

po
te
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l 
[V

]
D
C 

po
te

nt
ia
l 
[V

]

0 Volts0 Volts

--5 Volts5 Volts

BaBa
Buffer gasBuffer gas

CCD

ee-- gungun

Spectroscopy Spectroscopy 
laserslasers

ScopeScope
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Electrode structure being prepared
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M.Green et al. arXiv:0702122, Phys Rev A 76 (2007) 023404
B.Flatt et al. arXiv:0704.1646, NIM A 578 (2007) 409

~9σ discimination
in 25s integration

First single ion detection in high pressure 
gas (He, Ar)
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Single ion spectroscopy & identification possible in some Xe
atmosphere provided He is added to the trap

p=10-4 torr
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Trap also allows for very “clean” ion 
transport

mHz56.1
34.280.7 +

−=

“Static” unloading rate mHz81.0
67.087.2 +

−=

“Cycling” unloading rate



Cryogenic dipstick
• Capture ion on SXe coating
• LHe cooling (~20K) to
maintain stable SXe coating
in 10-8 torr vacuum

• Microcapacitor used to 
measure and stabilize

SXe with accuracy of
a few monolayers

in LXe and
vacuum

Remaining challenge is the efficient transfer
of single Ba ions from LXe to the ion trap
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In progress…

Shoot ions from the trap
onto the cryotip and back
into the ion trap

Measure the product 
of efficiencies

This does not work yet:
• Does the Ba+ neutralize

in SXe?
• Does the Ba+ get 

emitted coated
with Xe?
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Ba atom
on tip

Semitransparent 
metallic coating 
absorbs 
desorption 
λ, transmits RIS 
lasers

Ba+ ion in 
vacuum/gas

UV multimode
optical fiber
(~200μm core)

~200μm

~200
μm

An alternative way to transport the An alternative way to transport the BaBa ion:ion:

In this case each step can be documented to work 
with high efficiency in the literature !

This does not have to be 
necessarily done through
a fiber, the lasers can be
shot at the substrate 
where the ion is bound 
from the “outside”
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Resonant ionization spectroscopy lab
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Ba Oven

Substrate

CEM

TargetRIS Beams 
Injection

Desorption Beam
Injection

Ba Oven …and cell

RIS beams

Si substrate

Desorption
beam

CEM



RIS of Ba from
a Si surface

Needs a tagged single
Ba+ source to measure
efficiency
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Simple tagged Ba+ capable
of operation in different

media

Surf
barrier
detector

148Gd
el-plated
Source
<1 layer

BaF2
40nm

evaporated

Ba+
tag
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Mature design of a
non-low-background 
high-pressure GXe
test-bed detector

Choice of
electroluminescence light
readout with photocathodes
and electron gas amplification
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Conceptual design of the setup for extrating and
tagging Ba ions from 10 bar GXe chamber

This activity
is ramping up 
really fast 
and is receiving
lots of input
from the 
online isotope 
production/
separation 
community
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