Status of B3-decay
in Xenon




The most important question in neutrino physics:
Neutrino mass scale
23 eV
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ie. need a ~10-200 meV sensitivity
~le27-1e28 yr in 136Xe

R Luscher - CCLRC/RAL 061021 - BUS Workshop BB-decay in Xe




33-decay

® Second-order process, only observable

when B-decay is energetically forbidden

(or strongly suppressed by angular momentum
differences)
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[33-decay in Xenon

®

®
®
®
e neutrinoless-BB rate, is going with Eg°
® World yearly production of enriched 124Xe is ... 5 liters!
® -> 134Xe and mainly 136Xe
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Why Xenon!

Low background - once 85Kr removed
(and can be cleaned without ‘re-crystallising’)

‘easy’ enrichment
(Noble gas = no chemistry needed, centrifuging rate ~ g/s).

Scintillation properties enables Pulse-Shape Discrimination
(PSD) between background (electron recoil) and nuclear
recoil events.




Typical Problems with Xe

® Energy Resolution - not a solid state
detector

® (as-Xe allows tracking, but large mass takes
large volume
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The Gotthard TPC

Volume: 1801
3.3 kg of 136Xe (62.5% enrichment)
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! ST p— Liquid Xenon

Gotthard:
DAMA:

Advantage:

‘Only’ pulse shape discrimination
Detector response non-uniformity?



Current status

® Gotthard GXe TPC
Tip>4.4x 102 yr, <m><1.8-5.2¢eV
Luscher, PLB, 434 (1998) 407

® DAMA I.Xe scintillation detector
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Dissolved Xenon

® The third solution: dissolve Xenon in a large
scintillation detector (Raghavan,PRL 72 1411 (1994))

e BOREXINO: 300t scintillator
|.565t of Xe (enriched to 80%)
sensitivity: |.14e27 yr N TR N N LA TR
backgnd: 0.003 /kev/kg/yr S (R ey 0
(Caccianiga, Giammarchi,

Astopart Phys 14 15 (2000))
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Multi purpose low-background experiment with lig. Xe

® Xenon MASSive detector for solar neutrino (pp/’Be)
® Xenon neutrino MASS detector (B3 decay)
® Xenon detector for Weakly Interacting MASSive Particles (DM search)

& =7 Double beta | sz ¢
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> Strategy of the scale-up

10 ton detector

100kg Prototype

v’ Vertex & energy
reconstruction Dark matter search

v" Self shielding power _
v BG level Multipurpose detector

(solar neutrino, B ...)

We are here ! .
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» Structure of 800 kg detector

Hamamatsu 12 pentagons /
R8778MOD pentakisdodecahedron
/

5 triangles make pentagon
11
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® Total 812 hex PMTs
(10PMTs/triangle X 60 +
212 @gap)
immersed into lig. Xe
® ~70% photo-coverage
® Radius to inner face ~44cm

Each rim of a PMT overlaps
to maximize coverage
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g |.'_. _
E Self shielding performance

Alpha vs Gamma separation

——{Mean x Reconstructed vertex position of
FADC data :» collimated source runs
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[event/bin] (normalized by total counts)
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Remove events (PMT saturation)
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Pulse width (ns) ™= Aug.04 run

Alpha-gamma separation by using FADC wave f  Nleasured background level Preliminary
would be possible (under further investigation) _ Geometrical effect only for prototype detector
August 18, 2004 Y.Takeuchi @ICHEP04 in Beijing / Slm u Iation Measu I'ements

All volume All volume

| 00kg Prototype e \ wen
measurements B

o)

event rate(dru
event rate (dru

* Good position reconstruction ‘\
ebackground | I c/kev/kg/yr !!!! 001000 1600 Z00 g0, GO0 O S0 1000 1600 2000200 g
m Self shielding works

m Good agreement with expectation (< factor 2)
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XMASS prospects

| 00kg prototype: | | c/kev/kg/yr background
By comparison :

Zeplinl had 0.05 c/kev/kg/yr at 2.5MeV
Zeplin2 has <0.06 c/kev/kg/yr at 2.5MeV

(Iimit extracted from 2 days realtime of monitoring runs)

800kg detector:
| 00kg fiducial mass for B3-search

Extrapolating AE from prototype and photocathode
coverage: AE/E ~ 0.05

To be competitive: reduction by a factor |0e5
to ~le-4 c/kev/kgl/yr
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Background estimate for DM search !

» Estimation of y ray BG from PMTs

1 :
-1 —= All volume mss R<34.5cm o U‘Cha 7
mmm R<39.5cm mmm R<24.5cm

)
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_ No event is found below
= All volume e R<34.5¢m 100keV after fiducial cut
wesm R<39.5cm s R<24.5cm (R<24.5cm)

< 1 X104 cpd/kg/keV

can be achieved
| “ i’l" (Now, more statistics
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Two detector options under consideration

High Pressure gas TPC Liquid Xe chamber
*20 atm, 35 m* modules, Very small detzcior (3m® for
4.2 ton/module, 2 modules 107ons)
‘Xe enclosed in a non-structural | jjood gooed E rzsolution
bog :Position info our oloos not resolvyzd
* B range ~5cm: can resolve pacdont e seinilletie
2 blobs J zaclour Az sc IH;J JH_I”} > .
_2-5"1 e-dr'if‘l" at ~250kV ‘Eﬂf 2ATrACT B4 Trom flJ-d:’iflﬂJTV e
‘Readout Xe scintillation with opE ?”’”“ scopy of low pressupz
WLSB (T0) ~3Ba (7.8% nat'l) diffzrznt
Additive gas: quenching and :J:Jrl_ir_Jru from narural Ba
Ba** =»Ba* neutralization (7" 77 13%8a)
-Steer lasers or drift Ba-ion to | “j\o quzncnzr nzzdzd, fm-irr*uJ?:u-‘rIun
detection region J one oufsicdez the Mz
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EXO

® Main problems to address:

® Energy resolution - not least to disentangle
2-neutrinos from 0-neutrino mode

® Background rejection - B3 signature




EXO- energy resolution

2Bj Lindblad et al. (1983)
207Bi  Aprile et al.

8y  Barabash et al. (1988).
"8 Imel et al. (1988)
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EXO- energy resolution

Using anti-correlation:
AE/E ~ 0.014 @ 2.48MeV

(0.018 with ionisation only)

207Bi

S ~1064 keV

Aprile xxxx

lonization

: Aprile xxxx
B - 570 keV Barabash xxxx
] - Lindblad xxxx
Mel xxxx

1000 1200 lonization Signal

Correlated Signal

600 800 1000 1200
PMT charge

Resolution [ ¢ %]

Small test chamber results

(EXO-200 will collect 3 times more light
- ie further improvement possible)

4 6 8
Drift Field [kV/cm]
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EXO BB signature
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(M. Moe, Phys. Rev. Laser speItI:troscoE!___i___.:____:_::___?
4 ce - i

C 44 (1991) 931)

GXe: laser brought to event

L. Xe: 10n extracted, moved to
quadripole and analysed
Important additional constraint
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Laser tagging - how it works
|. grabbing of 136Ba+ ion

Tested with 230U ions:
similar chemistry, but easier signature
using alpha counting

X-ray image

of the gcryonrehe



2. release of 136Ba+ in quadripole

e
P .,
o

L J Field emission tip

 Load ion into trap with r~50nm

oven
* Observe in trapping
region

* Field adsorb ion onto tip

into trap and observe

* Trap length ~ 60cm (no
limiting factor on length)

* 16 independently
computer-controlled
segments (real time)

* RF low (no breakdown in
buffer gas)

Transport segments

(~3 cm length)

Trapping segments
(~3 mm length)
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. . . . Ba* Linear lon Trap
lon quantization in Helium

U

. lon fluorescence time series
* Ppuser ~ 1072 torr Helium 0T _ _

* 5 sec integration per point
» Peak separation ~ 8.70

Spectroscopy

lasers /
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20
* Ppuser ~ 3.6x104 torr He
l:| Single ion lifetime in 3.6e-4 torr Hg—f
10 » Single ion is loaded, and - ' h
; ; . . T 1 Entries 34
timed until ejection from trap g or Mean 560.6
'PE 200 220 240 260 280 300 32 . . . .E r RMS 523.2
Fluorescence [¢  * [On lifetimes histogrammed 2 Zindf 301618
, 8 Prob 08333
and fit to exponential E A 864441700
F4 £ 7455+ 151.1

« Lifetime follow exponential 8-

3. evidence of distribution with J
I 36Ba+ ion T~ 746 + 151 sec

— Probably capture on 2

/

impurities in trap (O,, - e

been teSted in NO, CO,, etc.) T T E— T — 'zn:u_nﬂ'tl' '['25500
He and Argon

R Liischer - CCLRC/RAL 3.6x104 torr He — A ~31cm = R g0, ~ 740 Hz = 2 ppm impurities
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Laser tagging - R&D
® Choice of grabbing tip
o QCM tip; FE tip (field emission); RIS tip (resonant ionisation spectroscopy)
® Proof of grabbing/releasing/measure all-in-one in a ‘real’ detector

® build of an R&D 100kg LXE TPC

==Tip high pressure
«SCrews» ‘ gas inlet/outlet
50 bar

Vacuum

gage

14 flange
9-pin electrical
feedthrough

Gate valves

1 20cm

@ Ba starting point Ba source

Linear Trap
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How EXO works

- Isotopically enriched liquid 136Xe (80%) N\
» Semi-cryogenic (-115 °C)

« | Xe acts as both source and detector

« 2vAp, OvpP (and background events) create

lonization trails in LXe (e~ and Xe*)
* Wy~10 eV, Qq~2.5 MeV — ~10° e/event

* Drift field sweeps up most electrons (TPC) >

Full EXO

* Sum up e (no gain in quuid) giues energy Df decay
~ 1cm3)

« Some e- and Xe* left over recombine and

scintillate (175nm)
* Timing gives a “start,” and allows for z-position recunstructicy

» Ba** — Ba* left over drifts in opposite direction

-
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EXO-200 - LXe TPC

200 kg
Liquid
\ 136Xe

|
1
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5 cm Cu cryostat 20 cm cryogeni
25 cm Ph fluid HFE-7000
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EXO-200 commissioning at HEPL, Stanford

i‘l'l.'l
lﬂa com pressars )

EX0-200 cleanrooms

Refrigeration systems

-

- ""

LL

R Lischer - CCLRC/RAL 061021 - BUS Workshop BB-decay in Xe




EXO-200 Experimental Site

WIPP Facility and Stratigraphic Sequence

BALT FOMASE PLIE

* 655 m underground
(rock + salt), 1600 m.w.e

 vertical muon flux = 3.1
x107 s1 cm2 sr

(NIMA 538 (2005) 516)
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Installation ancillaries started
Installation of detector March 07
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EXO - sensitivity

Case |Mass| Eff. | Run | o/E@ | Radioactive | T,,%FP Majorana mass
(ton) | (%) | Time | 2.5MeV | Background |(yr, 90%CL) (eV)
(yr) (%) events QRPA _NSM

I P N N

Future - with laser tagging

. Run E
Time | 2.5MeV | Background |  (yr,
(yr) 907%CL)
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Combining DM & 33!

... as both fields seek ton-scale experiment?

e Bargain? Buy one get, one free?!?

® No really: cost for enriched Xe, essential for 313
= cost for rest of DM experiment

e WIMP spin independent/dependent cross section studies

128X @ 129X 130Xe 131Xe |132Xe 134Xe 136Xe
1895002644 i@ 1-2512:26,.0:510:4 2.8 .0

Mainly odd: spin dependant | _  Mainly even: spin dependant
no BB candidate two BB candidate

e ‘No waste’ enrichment, ie cheaper

R Lischer - CCLRC/RAL 061021 - BUS Workshop BB-decay in Xe



