Cutting Edge Projects Iin
Low-Energy Particle Physics and
Astrophysics:

GERDA & Double-CHOOZ

Stefan Schonert, MPIK Heidelberg
Symposium on ‘Cross Roads in Particle and Astrophysics’
December 2/3, 2004



....my

Stainless Steel
Sphere 13.7m &

BOREXINO

LENS-LBF

‘Cross roads’

|||||||||||||||||||||||||

uuuuuuuuuuuu

Mylan |dm

SSSSSS

v'S as probe for astro/geophysics:

*Solar physics:
*Be-7= pp: 1%
*pep
*CNO cycle

*SN core collapse

*Geo-neutrinos

Astrop. Phys. 16(2002)
RSI 75(2)2003

PRL 80(3) (1998)

PLB 558 (2003)
hep-ph/0411002

v-Properties:

*Double beta decay
*Reactor neutrinos

NPB 70 (1997/99)
Astrop. Phys. 18 (2003)
PLB 558 (2003)
hep-ex/0404039
hep-ex/0405032



Mass spectrum and mixing from
v OScillation experiments

Mass

Normal mass hierarchy Inverted mass hierarchy
What we don’t know: — DoubIe-CHOOZ
.|U
*Type of mass spectrum: hierarchic (NH or IH) or degenerate?

Absolute mass scale < GERDA

*Majorana particle (V = ;) or Dirac (V + ;)
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3-v oscillation: optimal reactor-detector distance
for 6,5, search

Solar:  Am?, =7.210° eV?; cosb,, = 0.8; sinf,; = 0.23

Atmos: Am5, =28 107 eV?; Am5,=3.2107 eV?
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The Double-CHOOZ concept

Eamim sl *
8.4 GW,, < D, = 100-200 m D, =1,050 m
Chooz power station Near detector Far detector

Disappearance experiment: deviation from 1/D? and shape
distortion

Goal: improve Chooz sensitivity from sin®20,,< 0.2 =» 0.02-0.03
Challenge: total (relative) systematic uncertainty < 1%
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The Double




Detector design

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

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

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

Muon VETO: scintillating oil
(r+0.6 m -V =110 m?)

Shielding: 0,15 m steel




Gd-loaded liquid scintillator (LS) development
@MPIK R

Beta-Diketonates (BDK): HC ¥Gd

R; A\
O\/\ C>— f
H
R2

~ H O\
Carboxylates (CBX):
(single CBX, pH controlled) R C C/

oG
- H )3

J. Rad. Nucl. Chem 258(2)(2003)

Based on LS development for LENS: J. Luminesc. 106(1) 2004
Physics/0408032



Light yield [% unloaded scint.]

1

attenuation length [m

Example: performance of Gd BDK-LS

00+

e Light yield:
301 ~8000 / MeV

o 5 10 15 20 25
PPO-concentration [g/I]

Attenuation

380 390 400 410 420 430 440 450
wavelength [nm]

absorbance

0,181 Sep 03
812 Stability > 1y :;lgt\)’ 82
0,12- — Apr 04
0’10_' Aug 04
0.08- ——— Okt 04
0,06

0,041

300 420 450 480 510 540 570 600
wavelength [nm]

Ongoing research at MPIK:
*Optimization of synthesis
*Impurity analysis

«Stability tests
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sin“(20+ 3)jimit

Double-CHOOQOZ expected

0.027
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Am,, 2= 2.8 103 eV2 (K2K)

Exposure time in years



Time schedule

Far detector starts Near detector starts

2003 2004 2005 2006 2007 2008 2009 ol

y

in 2009: sin?(20,5) < 0.05




GERDA

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



Physics goals of GERDA

Primary Objective: y
d
OVBB: (A,Z) — (A,Z+2) + 2¢- \\;VV:
d
—Majorana nature u
—Effective mass: 1/t = (Q Z) |MnucI|2 mee s (decay generated by
(V-A) cc-interaction
= |Z| Uei mil via exchange of light

Majorana neutrinos)

Other Physics: WIMP DM search

Method: Operation of HP Ge-diodes enriched in 7°Ge
in (optional active) cryogenic fluid shield.
Line search at Qg,= 2039 keV




Counts/keV

Range of m_, derived from
oscillation experiments
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GERDA @ Gran Sasso:
experimental concept

HP Ge-diodes ("°Ge): point-like energy deposition at Qg = 2039 keV

. Bpov .
Operatlon (. 06 S \|2 / LAr shield (Heusser,
Ann, Rev. Nucl. £ 4 \\ his idea: GENIUS (H.V. Klapdor-
Kleingrothaus e t ,’/\m}zv \ enko et al., J. Phys. G27 (2001))
GENIUS GEM
SALA C . \\ : | ; .' i |
Basel s | | Ge-76- 1t
COINCIC 33 | { I P el |
- B\ ”f . superinsulation
F 214.4 x 16 m @ |
— Hs g I “——-" copper spheres @ 5 m
. 1 LN — 1000t
‘ i 212x12 m ‘F water — 1000t free!
e | . .
s _ 1Bsm S 5 L =
Klapdor-Kleingrothaus., Baudis, Heusser, Zdesenko, Ponkratenko, Tretyak

Majorovits, Pas, hep-ph/9910205 nucl-ex/0106021



Why Ge-76 ?

High resolution (4 keV @ Qg;): no bgd from 2v-
mode

Huge leap in sensitivity possible ...
...applying ultra-low background techniques

...novel background / Ov-B 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 Ov-DBD claim on short
time scale: test T,,, not m__ !



GERDA Collaboration

INFN LNGS, Assergi, Italy INR, Moscow, Russia

A.Di Vacri, M. Junker, M. Laubenstein, C. Tomei, L. Pandola |. Barabanov, L. Bezrukov, A. Gangapshev, V. Gurentsov,
V. Kusminov, E. Yanovich

JINR Dubna, Russia . .
S. Belogurov,V. Brudanin, V. Egorov, K. Gusev, S. Katulina, ITEP PhySICS’ MOSCOW’ Russia

A. Klimenko, O. Kochetov, I. Nemchenok, V. Sandukovsky, V.P. Bolotsky, E. Demidova, |.V. Kirpichnikov, A.A.
A. Smolnikov, J. Yurkowski, S. Vasiliev, Vasenko, V.N. Kornoukhov

C. Bauer, O. Chkvorets, W. Hampel, G. Heusser, W. A.M. Bakalyarov, S.T. Belyaev, M.V. Chirchenko, G.Y.
Hofmann, J. Kiko, K.T. Knopfle, P. Peiffer, S. Schénert, J. Grigoriev, L.V. Inzhechik, V.l. Lebedev, A.V. Tikhomirov,
Schreiner, B. Schwingenheuer, H. Simgen, G. Zuzel S.V. Zhukov

Univ. KéIn, Germany MPP, Munchen, Germany

J. Eberth. D. Weisshaar I. Abt, M. Altmann, C. Bittner. A. Caldwell, R. Kotthaus, X.

Liu, H.-G. Moser, R.H. Richter

Jagiellonian University, Krakow, Poland . .
M.Woijcik Univ. di Padova e INFN, Padova, Italy

A. Bettini, E. Farnea, C. Rossi Alvarez, C.A. Ur

Univ. di Milano Bicocca e INFN, Milano, Ital . _
E. Bellotti, C. Cattadori 4 Univ. Tlbingen, Germany

M. Bauer, H. Clement, J. Jochum, S. Scholl, K. Rottler

71 physicists / 12 institutions / 4 countries



GERDA: Baseline design

Clean room
~ lock

Water tank /‘buffer/ muon veto

Vacuum inhsulated
copper vessel

| Liquid/ N/Ar
B
%G Array




Phases and physics reach of GERDA

Phase-l
HdM & IGEX

Phase-ll

+new diodes
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Phases and Physics reach of GERDA

world-wide collaboration needed for Phase-lll; coop. with MAJORANA started

\?\(/M E‘...........................‘... 10-3/(keV'kg'y)
I_:| :‘oooooooooooooooooooooooooooo og.

Phase-lll ° 10-2/(keV-kg-y)
1027; °

: 10-1/(keV-kg-y)
Phase-ll /- :
10% s
102
104 R

1 10 10° 10°
exposure (kgy)



Phases and Physics reach of GERDA

Phase ||  eagiep

Phase II: _E"u’.l.lli1 _.

I
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...how to reach <10-3/(keV-kg-y)?

BOREXINO Counting Test Facility (CTF) 10000
(‘world record’)
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Liquid scintillator target

BOREXINO =~10-°/(keV-kg-y)
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Energy, keV
Borexino Collab. PLB 563 (2003)



shielding against ext. y's a la BOREXINO...

....but with high purity liquid N,/Ar (<0.3uBq 222Rn | m3(STP))

d~ 0.06 /cm?/sec

-
103 (kg keV y) - 20 MeVy)

LN,, p=0.8 g/cm?



Backgrounds in GERDA

Source B [10-3 cts/(keV
kg y)]
Ext. y from 208T]| (232Th) <1
Ext. neutrons <0.05 Assumptions:
Ext. muons <0.1 180 days exposure after
Int. 68Ge (t,,,= 270 d) 12 4= ecnrichment + 180 days
underground storage
Int. °Co (t,,= 5.27 y) 2.5 \
T 30 days exposure after
Rn in LN/LAr <0.2 crystal growing
208T], 238 in holder <1
Surface contam. <0.6

derived from measurements and MC simulations

Target for phase Il: B <103 cts/(keV kg y)
= additional bgd. reduction techniques



Background reduction techniques

 Anti-coincidence between detectors

« Segmentation of readou* ~'~ "~ o2
(Phase Il)

* Pulse shape analysis (F
» Waiting (Ge-68, ...)

« Coincidence in decay cl
 Scintillation light detecti




Background reduction techniques

 Anti-coincidence between detectors

« Segmentation of readout electrodes
(Phase Il)

* Pulse shape analysis (Phase |+l)
» Waiting (Ge-68, ...)

» Coincidence in decay chain
 Scintillation light detection (LArGe)



B: Emax

Example °°Co

)
52714 y s
5+ 0 {5@” I
A ~
+ 60 OOD A
27C0 Foe oo &
ﬂ,&n;;. r??q:;' ™,
Q,_=2823.9 ° X" AR S
ﬁ_ MOAT % ‘h
SO o Oy
99,.925% L5y 41 VO O R 2505.765 () 5 s
<0.0022% >13.3. 2% XSRS 2158.64 ¢
» S - \i ps
0 + O;::D y1 n 1 l1 73 Me
0.057% 15.02, 2 ID: 1332.516 (713 s
= 318 keV I vo: 1.332 MeV
0+ 0
stable

60N :
2gNIi

* T, : crystal growing

* 0.017 uBqg/kg per day exposure

* Test: detector production in 7.4 days

« Assume 30 days = 2.5 -10-3/ (keV-kg-y)
* HAM: ~5-10-3 / (keV-kg-y) in 2006




%0Co background spectrum

MC simulation

Y1 Y2

counts’keV

0 0.5 1 1.5 2 2.5 3
energy (MeV)



60Co:

suppression by segmentation

% MC simiulation
x o MosmaEen o Qg
c
S o4~ L
8
wd
0
1 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
\ \ L \ \

0 0.5 1 1.5 2 2.5 3
energy (MeV)



%0Co: suppression by segmentation

countgkeV

- MC simulation

0 0.5 1 1.5 2 2.5 3

energy (MeV)



%0Co: suppression by LAr Ge-anticoinc.

MC simulation

Liquid Argon

|

countgkeVv

25 3
energy (MeV)



%0Co: segmentation and LAr Ge-anticoinc.

MC S|mulat|on Q
: i

Liquid Argon

countgkeV

LAr anticq




Experiment: LAr Ge-anticoincidence

54 312.3 d
Mn 14 3+ ol
-source < 54n 1 =
Y & 25N
&
70ps 25 S 834.855 _100% 6.2
stable L 0

54
24CT




Experiment: LAr Ge-anticoincidence

Experimental Data

counts/ channel

10 L I I \ L I \ I I I L. I I \ \ L
0 0.2 0.4 0.6 0.8 1

energy (MeV)




LAr Ge-anticoincidence

MC Simulation

counts/ 10 keV

103

Suppression factor limited
by escape events!

10°

0 0102 0304 0506 07 0809 1
energy (MeV)




oincidence




Background summary

Phase I: external ~ 103/ (keV kg y)
internal <102/ (keV kg y)

Phase ll:

Units: 103 / (keV kp\y)

source B B after bke. rej. B alter gdd. det. segm.
10— 3¢cts 10— 3¢cts 10— 3¢cts
. keV-kg-y keV -kg-y keV.-kg-y
ext. v from 2°¥TIL. 22U 1 0.4 0.2
ext. neutrons < 0.05 < 0.03 < 0.02
ext. muons < 0.1 < 0.05 < 0.03
internal “*Ge 12 1.1 0.3
internal **Co 2.5 0.8 0.2
?22Rn in LN/LAr ().2 < 0.1 < 0.1
208", 228U in holder mat. <1 < 0.1 < 0.1
surface contamination < 0.6 < 0.1 < (.

A ¥ v 4

(No segmentation)

(Wit\{egmentation)



Detector suspension

Purity requirement for support materials < 20 uBg/kg !



Cryogenic Cu-tank

Stainless steel neck

All copper apart of neck
*Super-insulation
Earthquake tolerance
v:0.5g/h: 0.6 (LAr)
Fabrication: EB welding

Status:
engineering study:
feasible

*within budget

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

zyl. Mantel

zyl. Mantel

7.5m



Location in hall A

(under discussion with LNGS)

SALA A-B 7.2m
-------------------- ] 16m
2.5 m : Y A, AP ” 2
clean room /lock | | 7 m
_____ ; 7
11 m/ ! ! \
L |
: o eAnng 2 : _3_.5_I‘I'l A A
I AR mo ! _
} SN Tir
| | Tunnel RDA LVD
; ! 2m
| | D) 0
l | AN
: : B
l |
| 1 7
! ! _
| 2m : 7 /%%4
I 1
| I 1 1 . R
L W IR 3.50m  13.15m 0.70m _ _
! i B 10m ! E } Water Collection Grid
1 - ot I .
O 13m . Containment wall (h=0.55m)
I |
1. |




Status, Schedule & Phases

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

20052006 2007 | 200812009 2010

Phase 1

Construction

Measurement with existing ““Ge diodes IS E EE EE ER
Phase 11

Procurement of enriched “Ge material
Design and tests of segmented Ge diodes
Production of new "Ge diodes o

Measurement with all “®Ge diodes I —

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)

— BOREXINQO: rich physics program; despite
problems = 20006 start data taking possible!
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