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ν’s as probe for astro/geophysics:
•Solar physics: 

•Be-7⇒ pp: 1%
•pep
•CNO cycle

•SN core collapse
•Geo-neutrinos
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ν-Properties:
•Double beta decay
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Mass spectrum and mixing from 
oscillation experiments
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What we don’t know:
•|U |,  parametrized by  θe3 13 
•Type of mass spectrum: hierarchic (NH or IH) or degenerate?
•Absolute mass scale
•Majorana particle (ν = ν) or Dirac (ν ≠ ν)

e3 |,  parametrized by  θ13 

What we don’t know:
•|U

⇐ Double-CHOOZ⇐ Double-CHOOZ

•Type of mass spectrum: hierarchic (NH or IH) or degenerate?
•Absolute mass scale
•Majorana particle (ν = ν) or Dirac (ν ≠ ν)

⇐ GERDA⇐ GERDA



Letter of Intent hep-ex/0405032



3-ν oscillation: optimal reactor-detector distance 
for θ13 search

Near detector

Far detector

Solar:
Atmos:



The Double-CHOOZ concept

νe νe,µ,τ

D1 = 100-200 m D2 = 1,050 m 8.4 GWth
Chooz power station Near detector Far detector

Disappearance experiment: deviation from 1/D2 and shape 
distortion

Goal: improve Chooz sensitivity from sin²2θ13< 0.2  0.02-0.03
Challenge: total (relative) systematic uncertainty < 1%



The Double-Chooz detector sites

Chooz-near 
(60 mwe)

Chooz-far
(300 mwe)



Detector design

7 m

Shielding: 0,15 m steel

7 
m

Muon VETO: scintillating oil 
(r+0.6 m – V = 110 m3)

Non-scintillating buffer: same liquid (+ quencher?)
(r+0.95m, , V = 100 m3)

γ-catcher: 80% dodecane + 20% PXE
(acrylic, r+0,6m – V = 28,1 m3)

ν target: 80% dodecane + 20% PXE + 0.1% Gd
(acrylic, r = 1,2 m,  h = 2,8 m, 12,7 m3)

n
νe

p
Gd

Σγ ~ 8 MeV

511 keV

511 keV
e+



Gd-loaded liquid scintillator (LS) development 
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Beta-Diketonates (BDK):

3

Carboxylates (CBX):
(single CBX, pH controlled)

J. Rad. Nucl. Chem 258(2)(2003)
J. Luminesc. 106(1) 2004 
Physics/0408032

Based on LS development for LENS:



Example: performance of Gd BDK-LS
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Attenuation 
~12 m

Light yield:
~8000 / MeV

Stability > 1 y

Ongoing research at MPIK:
•Optimization of synthesis
•Impurity analysis
•Stability tests



Double-CHOOZ expected 
sensitivity

∆matm² = 2.8 10-3 eV² (K2K)

sin2(2θ13)<0.02 (90% CL)



Time schedule

2003 2004 2005 2006 2007 2008 2009
Site Data takingProp. Construction ?

Far detector starts Near detector starts

in 2011
sin2(2θ13) < 0.025design

in 2009:  sin2(2θ13) < 0.05



GERDA

The GERmanium Detector Array for the search of 
neutrinoless Double-beta decay of 76Ge at LNGS



Physics goals of GERDA 
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Primary Objective:

0νββ: (A,Z) → (A,Z+2) + 2e-

⇒Majorana nature

⇒Effective mass: 

mee = |∑i Uei ² mi |
(decay generated by 
(V-A) cc-interaction 
via exchange of light 
Majorana neutrinos)

1/τ  = G(Q,Z) |Mnucl|2 mee
2,

Other Physics: WIMP DM search 

Method: Operation of HP Ge-diodes enriched in 76Ge 
in (optional active) cryogenic fluid shield. 
Line search at Qββ = 2039 keV



Range of mee derived from 
oscillation experiments
⇒mee =  f(m1, ∆m²sol, ∆m²atm, θ12 , θ13, α-β)
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H.V. Klapdor-Kleingrothaus, A. Dietz, O. 
Chkvorets, I.V. Krivosheina, NIM A522 (2004)



GERDA @ Gran Sasso:
experimental concept

• HP Ge-diodes (76Ge): point-like energy deposition at Qββ = 2039 keV

• Operation of bare Ge diodes in high-purity LN2 / LAr shield (Heusser, 
Ann, Rev. Nucl. Part. Sci. 45 (1995) 543);  proposals based on this idea: GENIUS (H.V. Klapdor-
Kleingrothaus et. al., hep-ph/9910205 (1999)); GEM (Y.G. Zdesenko et al., J. Phys. G27 (2001)) 

• Baseline: LN2; possible upgrade LAr: ρ=1.4 g/cm3, active anti-
coincidence with scintillation light from LAr

• Reduction of backgrounds key to sensitivity :
– Half-life limit 

• w/o backgrounds: t1/2 ∝ (MT)
• with backgrounds: t1/2 ∝ (MT)1/2

⇐ Goal: background free!



Why Ge-76 ?
• High resolution (4 keV @ Qββ): no bgd from 2ν-

mode
• Huge leap in sensitivity possible …

…applying ultra-low background techniques
…novel background / 0ν-ββ signal discrimination 

methods (ie. point-like vs. compton events)
• Segmentation & pulse shape (with true coaxial detectors) 
• Liquid argon scintillation read out

• Phased approach: increment of target mass
• Only method to scrutinize 0ν-DBD claim on short 

time scale: test T1/2, not mee !
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GERDA: Baseline design

Clean room
lock 

Vacuum insulated 
copper vessel

Water tank / buffer/ muon veto

Liquid N/Ar

Ge Array
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Phases and Physics reach of GERDA 
world-wide collaboration needed for Phase-III; coop. with MAJORANA started
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Phases and Physics reach of GERDA
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…how to reach <10-3/(keV·kg·y)?

10-3/(keV·kg·y) 

QββLiquid scintillator target

BOREXINO ⇒~10-5/(keV·kg·y)

BOREXINO Counting Test Facility (CTF)
(‘world record’) 

Borexino Collab. PLB 563 (2003)



shielding against ext. γ’s à la BOREXINO…
….but with high purity liquid N2/Ar (<0.3µBq 222Rn / m3(STP))

LN2, ρ=0.8 g/cm3

~5.6 m

10-3 (kg keV y) -1
Φ~ 0.06 /cm²/sec 

(2.6 MeV γ)



Backgrounds in GERDA

<0.6Surface contam.

<1208Tl, 238U in holder

<0.2222Rn in LN/LAr

2.5Int. 60Co (t1/2= 5.27 y)

12Int. 68Ge (t1/2= 270 d)

<0.1Ext. muons

<0.05Ext. neutrons

<1Ext. γ from 208Tl (232Th)

B [10-3 cts/(keV
kg y)]

Source

Assumptions:

180 days exposure after 
enrichment + 180 days 
underground storage

30 days exposure after 
crystal growing

derived from measurements and MC simulations

Target for phase II: B ≤ 10-3 cts/(keV kg y)
⇒ additional bgd. reduction techniques



Background reduction techniques

• Anti-coincidence between detectors
• Segmentation of readout electrodes 

(Phase II)
• Pulse shape analysis (Phase I+II)
• Waiting (Ge-68, …)
• Coincidence in decay chain
• Scintillation light detection (LArGe) 



Background reduction techniques

• Anti-coincidence between detectors
• Segmentation of readout electrodes 

(Phase II)
• Pulse shape analysis (Phase I+II)
• Waiting (Ge-68, …)
• Coincidence in decay chain
• Scintillation light detection (LArGe)



Example 60Co

γ2: 1.332 MeVβ: Emax = 318 keV

γ1: 1.173 MeV

• T0 : crystal growing
• 0.017 µBq/kg per day exposure
• Test: detector production in 7.4 days    
• Assume 30 days  ⇒ 2.5 ·10-3 / (keV·kg·y)
• HdM: ~5·10-3 / (keV·kg·y)  in 2006 

• T0 : crystal growing
• 0.017 µBq/kg per day exposure
• Test: detector production in 7.4 days    
• Assume 30 days  ⇒ 2.5 ·10-3 / (keV·kg·y)
• HdM: ~5·10-3 / (keV·kg·y)  in 2006 



2 kg

60Co background spectrum
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2 kg

60Co: suppression by segmentation
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2 kg
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60Co: segmentation and LAr Ge-anticoinc.
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Experiment: LAr Ge-anticoincidence

54Mn
γ-source

Liquid Argon

∅ 20 cm 

0.18 kg



Experiment: LAr Ge-anticoincidence
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Background summary

Phase I: external ~ 10-3 / (keV kg y)
internal  < 10-2 / (keV kg y)

(With segmentation)

Units: 10-3 / (keV kg y)Phase II:

(No segmentation)



Detector suspension

Purity requirement for support materials < 20 µBq/kg !



Cryogenic Cu-tank

3.8 m

Stainless steel  neck

•All copper apart of neck
•Super-insulation
•Earthquake tolerance 

v: 0.5 g / h: 0.6 (LAr)
•Fabrication: EB welding

Status:
engineering study: 
•feasible
•within budget

To be optimized/checked:
•radio purity of DIN copper
•Earthquake tolerance

7.5 m



Location in hall A 
(under discussion with LNGS)



Status, Schedule & Phases

Proposal strongly endorsed by LNGS-SC; expect fast approval by LNGS 

Start of Construction





Outlook

• Strong future program for study of neutrino 
properties / neutrino astrophysics at MPIK 
possible:
– GERDA (substantial part of funding secured)
– Double-Chooz (France: ok; US: proposal; 

Germany: proposal to BMBF in 2005)
– BOREXINO: rich physics program; despite 

problems ⇒ 2006 start data taking possible!
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