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Astroparticle Physics Coordination in Europe (ApPEC)
Roadmap, January 2007

Proton
decay and
low energy
neutrino
astrophysics

Next ASPERA Roadmap
Workshop :
September 29th&30th
2008 Brussels

Submission to ESFRI ?
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LAGUNA: DESIGN OF A PAN-EUROPEAN INFRASTRUCTURE FOR LARGE
APPARATUS STUDYING GRAND UNIFICATION AND NEUTRINO ASTROPHYSICS

APPROVED AS FP7 RESEARCH INFRASTRUCTURES DESIGN STUDY
EC FUNDING 1.7 M€

PHYSICS IN PYHASALMI MINE

Institute of Underground

Science in Boulby mine, UK
Laboratoire Souterrain

SUNLAB
Polkowice-Sieroszowice,
Poland
de Modane, France
LNGS
LSC ‘

; Laboratori Nazionali del

x 4 Gran Sasso, Italy

Laboratorio Subterraneo
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A. Rubbia (ETH)

Megaton WC

100 kton

-------..-----'"""""'-----;"' l./ﬁ\r"T'F’(::
50 kt Scintillator
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Megaton Water Cerenkov detectors
Up to 400 kton fiducial mass

LSM-Frejus
http://www-Ism.in2p3.fr/

About 170 y/cm in 350 <A <500 nm
With 40% PMT coverage, Q.E.=20%
Relativistic particle produces
==14 photoelectrons / cm
==7 p.e. per MeV
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Low Energy Neautrino Astropriysics (LENA)

Based on technique of BOREXINO,
KAMLAND, SNO+,...

100m
30m Egtimated light yield ~
Muon 110 pe [ NMeV
veto Total nurmber of
photomultiplier ~
~11000 PMT (50cm) 11000 (40% coverage)

non hazardous, flashpomt 145° Cwe  casy handling

density 0.99 +  high self shielding

high light yield +  low energy events

low bacizoround leyel U, Th < 30lary. seo v, amvy
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=C. Rubbia "The Liquid-Argon Time Projection Chamber: a new concept
for neutrino detectors”, CERN Report 77-8, May 1977

*H.H. Chen & J.F. Lathrop "Observation of ionization electrons

- i drifiting large distances in liquid Argon”, NIM 150 (1978) 585

c II IoanIng track = E. Aprile, K.L. Giboni and C. Rubbia "A study of ionization

I electrons drifting large distances in liquid and solid Argon”, NIM A241
I (1985) 62
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Gargamelle
Bubble -

Chamber

ICARUS LAr TPC

3 ton

Resolution (mm3) 2x2x0.2
Density (g/cm® 1.4
X, (cm) 14.0

A (cm) 54.8
dE/dx (MeV/cm) 2.1

Bubble & (mm) 3

Density (g/cm® 1.5
X, (cm) 11.0
Ar (cm) 49.5

dE/dx (MeV/cm) 2.3
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LArMC: p —» Kt v

LAr MC: p —» et il
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To reach 1035 years sensitivity in lifetime a detector mass

of =100 kton and 10 years of observation are required

—— proton

LT

------- neutron

.|....|...1,.1.|.|.u.i,...

Limit 90%CL (years)
(=]

10 10° 10° 10*
Exposure (kton x years)
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» ¢/n° separation

" e, u/m, K, p separation

- At - 0
vin— WA - U pn

A. Rubbia (ETH)
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LAr TPC as neutrino beam detector

" TICARUS Coll., "The ICARUS Experiment: a second-generation Proton decay experiment and Neutrino
Observatory at Gran Sasso Observatory - Initial Physics Program", LNGS-P28/2001, March, 2001

" F. Sergiampietri, "On the possibility to extrapolate liquid argon technology to a super massive
detector for a future neutrino factory”, NUFACTO1, Tsukuba, 2001

" A. Rubbia, "Experiments for CP violation: a giant liquid Argon scintillation, Cerenkov and charge
imaging experiment?”, hep-ph/0402110, Workshop on Neutrinos in Venice, 2003

" L. Bartoszek et al.,"FLARE, Fermilab liquid argon experiments: Letter of intent”, hep-ex/0408121,
Aug. 2004

" A. Meregaglia and A. Rubbia, "Contribution of a liquid argon TPC to T2K neutrino experiment”, Acta
Phys. Polon. B37 (2006) 2387, 20th Max Born Symposium, Wroclaw, Poland, Dec 2005

" D. Finley et al."A large liquid argon time projection chamber for long baseline, of f-axis neutrino
oscillation physics with the NUMI beam”, FERMILAB-FN-0776-E, Sept. 2005

" A.Meregaglia, A. Rubbia, "Neutrino oscillation physics at an upgraded CNGS with large next
generation liquid argon TPC detectors”, JHEP 0611:032, 2006

" B. Baibussinov et al., "A new, very massive modular Liquid Argon Imaging Chamber to detect low
energy off-axis neutrinos from the CNGS beam. (Project MODULAr)", arXiv:0704.1422 [hep-ph]

" V. Barger et al., "Report of the US long baseline neutrino experiment study”, arXiv:0705.4396, May
2007

" A. Meregaglia, A. Rubbia, "Neutrino Oscillations With A Next Generation LAr TPC Detector in
Kamioka or Korea Along The J-PARC Neutrino Beam ", arXiv:0801.4035

" A. Badertscher et al., "A Possible Future Long Baseline Neutrino and Nucleon Decay Experiment with
a 100 kton Liquid Argon TPC at Okinoshima using the J-PARC Neutrino Facility *, arXiv:0804.2111
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arXiv:0804.2111 April 14, 2008

A Possible Future Long Baseline Neutrino and Nucleon
Decay Experiment with a 100 kton Liquid Argon TPC
at Okinoshima using the J-PARC Neutrino Facility

A .Badertscher!, T.Hasegawa?, T.Kobayashi?, A.Marchionni',
A Meregaglia'*, T.Maruyama??, K.Nishikawa?, and A.Rubbia!
(1) ETH Zirich, (2) KEK IPNS, (3) University of Tsukuba

Abstract
In this paper, we consider the physics performance of a single far detector composed
of a 100 kton next generation Liquid Argon Time Projection Chamber (LAr TPC)
possibly located at shallow depth, coupled to the J-PARC neutrino beam facility with
a realistic 1.66 MW operation of the Main Ring. The new far detector could be located
in the region of Okinoshima islands (baseline L ~ 658 km). Our emphasis is based
on the measurement of the 613 and dcp parameters, possibly following indications for

a non-vanishing 613 in T2K, and relies on the opportunity offered by the LAr TPC

1v:0804.2111v1 [hep-ph] 14 Apr 2008

>< to reconstruct the incoming neutrino energy with high precision compared to other
A R@ia Neutrino Horizons in the 21st Century 16th April 2008
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Possible MR Power Improvement Scenario

KEK ROADMAP
Dayl Next Step

e[
0.1 0.45 1.66
3 32 1.92
1.2x1013 <4.1x1013 8.3x1013
7.2x1013 <3.3x1014 6.7x1014
181 181 400
RCS h=2 h=2 or 1 =]

Ultimate
°?

After 2010, plan depends on financial situation

Friday, April 18, 2008
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Future Investment for the “Discovery” in v Physics
Look for opportunities to find new physics

Not much Interested in Upper Bound Physics

If v, oscillation Signal found (in T2K...)—

MUST:
MUST:

Proceed Immediately to CP Violation Discovery

Improve v Beam Intensity
Improve the Main(Far) Detector Quality
In terms of

Detector Technology, Volume and Baseline+Angle

Probably: improve Near Detector (whatever it is)

T. Hasegawa, summary NPO8 workshop

Friday, April 18,2008
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5 years v's 1.66 MW

z - 2 7
-§ u e,{:%’ + " e
-E © 300 .y
3 K
Z. (©\
* 250 T
m —

nts

T he ©

L

Number of eve
= -3 @

A P
4 0.02 108 a7 .72 0.i4

eutrino Energy {GeV) eutrino Energy {(GeV)

eRealistic upgrade of Kamioka
JPARC MR at .66  Korea
MW <

eNeutrino run only 658km 295km

100 kton LAr 1000km 2.5deg. OA
detector ldeg OA 08deg OA

*Exploit excellent
energy resolution
*Good e/n’ separation

arXiv:0804.2111
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A LAr TPC detector ...

must be BIG to be competitive
m 50 + 100 kton range

w drift lengths of at least a few meters are necessary
T
S
e.g.: 20m = 100 kton
-
: 70 m :

Shopping list for a large LAr detector:

* Dewar

* Argon procurement and purification system
* High Voltage system

* Readout device

* Electronics

* “Test” beams

* Underground construction and operation

A. Rubbia Neutrino Horizons in the 21st Century 16th April 2008
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The pioneering efforts: ICARUS

T~
/
N

/

600 ton detector

2001- present: 300 ton detector tested on surface in Pavia. 600 ton
detector being presently assembled at LNGS.

20 years later..

Friday, April 18,2008 25



HV feedthrough

ICARUS T300 Prototype

26
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Argon purity, electron lifetime in ICARUS

50 | prototype

m Attenuation length
>10m @ 1 kV/em

d—N =—0 (1)+PD, (1)=

dt

_m_|_(1)i0n+ % -
T, (1+t/t,)

@, 0= (5+5)x10-3 ppb/day oxygen
A=0.33+0.07 ppb/day
B=1.39+0.05

The concentration of impurities, N,
is determined by

= constant input rate of impurities
(leaks) @, °

= outgassing of material A, B

= purification time 1,

Lifetime limited by the
total duration of the
test, not by leaks

27
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ICARUS T300 test on surface (2001)

Electromagnetic shower

Muon decay

Long muon track

Friday, April 18,2008 28
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ICARUS MODULAR

LANNDD

A LINE OF LIQUID ARGON TPC DETECTORS
SCALABLE IN MASS FROM 200 TONS TO 100 KTONS

David B. Cline ', Fabrizio Raffaelli2and Franco Sergiampietri -2
TUCLA

2 Pisa,

FLARE

GLACIER

Bartoszek Eng. - Duke - Indiana - Fermilab -
LSU - MSU -Osaka - Pisa - Pittsburgh - Princeton -
Silesia - South Carolina - Texas A&M -
Tufts - UCLA - Warsaw University -
INS Warsaw - Washington - York-Toronto ETHZ, Bern U., Granada U., INP Krakow, INR Moscow,

IPN Lyon, Sheffield U., Southampton U., US Katowice,
UPS Warszawa, UW Warszawa, UW Wroclaw

30
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Coniidarations 2n farsa $a1221ers
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LANNDD = °* 50, S

A scalable detector with an evacuable dewar and ionization

n=3, ~5 kton

charge detection without amplification

" Drift paths up to 5 m

= Evacuable dewar with the possibility of
checking its tightness

* Use of stainless steel for the inner vessel and
for cathodes, wire chamber frames and shaping
electrodes

= UHV standards for any device in contact with
the argon

* Vacuum insulation, together with the use of
superinsulation jacket around the cold vessel, to
reduce running costs

= A continuous (not segmented) active LAr volume
(high fiducial volume) contained in a cryostat based
in a multi-cell mechanical structure

= This solution allows a cubic shape composed by n3
cells, Bmxbmxbm in size each

pimplications of evacuated dewar?

32

Friday, April 18,2008
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MODULAR

A modular detector with a non-evacuable dewar and ionization

charge detection without amplification
B. Baibussinov et al., arXiv:0704.1422 [hep-ph]

Geometry of an ICARUS-T600 half-module (T300) “cloned” into a larger
detector scaled by a factor 8/3 = 2.66: the cross sectional area of the
planes is 8 x 8 m? rather than 3 x 3 m?. The length of such a detector is 50

meters. = 2 modules of 5 kton each with common

insulation

* 1.5 m thickness of perlite, corresponding
to ~ 4 W/mé thermal loss

= wires at 0°, +60°

= 0° wires split in two, 25 m long, sections
= 6 mm wire pitch, fo compensate for the

increase capacitance of the longer wires

»can one reach 100 kton scale
with 20 modules??

' f
Low conductivity Toam glass ligni; }l?SS Of P hy ?‘lCS p erf ormance.
bricks for: the bottom supportlayer| (pitch, fiducial volume, ...) 33
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Cryogenic storage tanks for LNG

" Many large LNG tanks in service
- Vessel volumes up to 200000 m3
" Excellent safety record

- Last serious accident in 1944, Cleveland, Ohio,
due to tank with low nickel content (3.5%)

Friday, April 18,2008
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In-ground and underground
storage tanks from Tokyo Gas

More on LNG storage tanks

Tokyo Gas

LAr vs LNG (2 95% Methane)
= Boiling points of LAr and CH, are 87.3 and
111.6 °K

" Latent heat of vaporization per unit volume is

the same for both liquids within 5%

* Main differences:

* LNG flammable when present in air within 5 - 15%
by volume, LAr not flammable

* Pa = 3.3 D ys, tank needs to withstand 3.3 times

higher hydrostatic pressure

Friday, April 18, 2008
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50 kton LAr FLARE

Fermilab-Proposal-0942, Aug. 2004
“ hep-ex/0408121

A scalable detector with a non-
evacuable dewar and ionization charge
E detection without amplification

\
. LNG style tank: CBA&T

standard design for double
wall and double roof vessel

< >

40 m

" Thermal insulation

1.2 m thick layer of perlite

- boil-off rate of 0.05%/day (25 ton/day)

* a cryogenic system is necessary in order to re-liquefy this gas mass
= Wire planes

- 3 m drift distance, 5 mm wire spacing

- large wire planes, with the largest of 30x40 m?2 36
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Recently Proposed Strategy (@ Fermilab

R. Rameika, Project X Workshop, January 2008

0.5x0.5x1.0 m* 0.3 ton Spring 2008

Data: ~2011-2012
170 ton

1-5 kton Data: ~2015-2016
100>M>5 37
1<N<20
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Possiblyup o TR Ker
Venice, Nov 2003

Single module cryo-tank based on industrial
LNG technology

A. Rubbia (ETH) Neutrino Horizons in the 21st Century 18th April 2008 38

Friday, April 18,2008 38



GLACIER novel concept for inner
detector

Electronic

/ racks
Low cost electronics

Charge readout plane

Charge readout with
extraction &

amplification for long
drifts

Extraction grid— ¢

LAr
purification

Field shaping
electrodes

Greinacher voltage / / "
multiplier up to MV Cathode (- HV) UV & Cerenkov light Large area DUV sensitive
readout photosensors photosensors

A. Rubbia (ETH) Neutrino Horizons in the 21st Century 18th April 2008
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Large underground LAr storage tank

Full containment tank
consisting of an inner and an
outer tank made from
stainless steel

Tanks construction:
6 mm thick at the base, sides
ranging from 48 mm thick at
the bottom to 8 mm thick at
the top

One thousand 1 m high
support pillars arranged on a
2 m grid

1.2 m thick side insulation
consisting of a resilient layer
and perlite fill

Project: Large Underground Argon Storage Tank

By~

A feasibility study mandated to . . .
Technodyne Ltd (UK): Feb-Dec 2004  Estimated boil-off 0.04%/day

A. Rubbia (ETH) Neutrino Horizons in the 21st Century 18th April 2008 4|
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Dewar ¢ = 70 m, height = 20 m, perlite insulated, heat input = 5 W/m?2

Argon storage Boiling Argon, low pressure (<100 mbar overpressure)

Argon total volume 73000 m3, ratio area/volume = 15%

Argon total mass 102000 tons

Hydrostatic pressure at bottom 3 atmospheres

Inner detector dimensions Disc ¢ =70 m located in gas phase above liquid phase

Charge readout electronics 100000 channels, 100 racks on top of the dewar

Scintillation light readout Yes (also for triggering), 1000 immersed 8“ PMTs with WLS

Visible light readout Yes (Cerenkov light), 27000 immersed 8“ PMTs of 20% coverage, single y counting capability

near v’s source, engineering detector, ¢ = 12m, h = 10m, near surface

A. Rubbia (ETH) Neutrino Horizons in the 21st Century 18th April 2008 42
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Vuku

R&D on scalaoilicy of ArgonTube: 5 m drift
test
liquid Argon detectors -

Charge readout with
extraction from liquid ((“| ANC|E m)
phase & amplification in
gas phase for long
drifts

Large area DUV sensitive photosensors

Greinacher voltage multiplier up
A. Rubbia (ETH) to MV no Horizons in the 21st Century 18th April 2008 43

Friday, April 18,2008 43



Present tests

B-field test

LEM test
stand

ArgonTube

A. Rubbia (ETH)

“Small” size
detectors

Neutrino Horizons in the 21st Century

Near
detector

Far
detector

18th April 2008
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P. Otiougova (for ArDM Coll.), Proc. TAUP '07

Achievable gain: 103-10*

Produced by standard Printed

- %5Fe signals -

Circuit Board methods
A
™
\
;
2.5
3 ™ 1ocomey
e o
N 5.9 keV °Fe spectrum 2684
o F 0.4487
T, RMS 0.1485
ch 160 B Underflow 0
- Overflow 22
140 — Integral 2562
C Skewness 0.5985
120~ Kurtosis 2.415
C x% I ndf 19.61/15
100 Prob 0.1873
r Constant 141.4 + 4.7
80— Mean 0.459 + 0.002
. Sigma 0.08115+ 0.00298
60— U
a0l FWHM res. 40%
20—
o: P R R RPN 190 1.5, BT e VYRR MRy
0 0.2 0.4 0.6 0.8 1 1.2 1.4
Signal Amplitude, V
A. Rubbia (ETH) Neutrino Horizons in the 21st Century 18th April 2008
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LEM operation at room temperature

@ 300K, 1 bar
X 12 + 13 kV/cm

E

mult

Read-out preamplifier

{}

Second LEMI stage

First —
LEM stage

| TEENEEE
O.3cm'1
- EEEEER

T spacer

2cm

catlfode

Voltage scale 100 mV/div

Time scale 200 ns/div

A. Rubbia (ETH)

J
radioactive source

Ar/CO, 90/10

O et et
M
/

Ar/CO, (90%/10%)

200 ns/div

Neutrino Horizons in the 21st Century

Pure Ar

\
\ Photon feedback

Tons induced signal

10 us/div

Ar/CO, 90/10

~

Tons induced signal

.

Electrons induced signal

2 us/div

18th April 2008 47
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Double stage LEM

LAr level

. Viem=5233V
16 E_In_gas (V/cm)
0 1000 2000 3000 4000 5000 6000 7000
14ffAstabIegainof1O4hasbeen L 0 A A A A 0 A 0
12 1— measured / 700 w o mewenfoa
10 / 600 .
pe T=87K / 500 [ P
2 ¢ P=08bar <
£ 6 & 400 5 .
S - ® oo Successful operation
4 _ . - = )
, 200 [ ~in double phase LAr
0 T T T T 1 100 - = mOde
2.050 2.055 2.060 2.065 2.070 2.075 0 : e i M e
0 1000 2000 3000 4000 5000
V/d [k\//mm] E_In_liquld (V/cm)
A. Rubbia (ETH) Neutrino Horizons in the 21st Century 18th April 2008
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Cryogenic setup

Prototype of a segmented LEM.
Strip width: 6mm

32 channel single
kapton flexprint

Field shapers and
cathode

Two stages+anode X-Y readout
A. Rubbia (ETH) Neutrino Horizons in the 21st Century 18th April 2008 49
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4 FET’s in parallel
(Philips BF862)

2 channels on
one hybrid

A. Rubbia (ETH)

A/D + DAQ

CAEN SY2792

Neutrino Horizons in the 21st Century

section

prototype

32 channels
preamplifiers

18th April 2008 50
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ADC

A. Rubbia (ETH)

1.5 keV/strip=60e/strip

6mm/strip

time (10ns/div)

Neutrino Horizons in the 21st Century 18th April 2008
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A. Rubbia, "ArDM: a Ton-scale liquid Argon
experiment for direct detection of dark matter in
the universe”, J. Phys. Conf. Ser. 39 (2006) 129

ETHZ, Zurich, 6ranada, CIEMAT, Soltan, Sheffield

Cryo-system
+purification

1208 mm

A. Rubbia (ETH)

Detector

Neutrino Horizons in the 21st Century

Two-stage LEM for
electron
multiplication and
readout to measure
ionization charge
*Greinacher chain:
supplies the right

voltages to the field
shaper rings and the
cathode up to

500 kV

'\ Field shapers

*Transparent
cathode

—

*Photodetectors
below the cathode to
detect the
scintillation light

14 PMTs

18th April 2008 52
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Field shaping rings
and support pillars

Cockroft-Walton drift HV chain

Cathode grid

Reflector foils

Shielding grid
 fully Detector illuminated with
immersed
PMTs UV lamp
A. Rubbia (ETH) Neutrino Horizons in the 21st Century 18th April 2008 53
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v Assembly finished

v Vacuum fully commissioned
¥ Cryo system OK

v HV system OK

v Safety aspects reviewed
V¥ Light collection & detection in
gas OK

First fill with LAr in
the coming weeks

A. Rubbia (ETH) Neutrino Horizons in the 21st Century 18th April 2008 54
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Potential new 2km site at |PARC
I2K Collaboration submitted proposal to JPARC PAC in 2007 4

~15m

neutinG. Muon Ranger:
neutrino ger:
veam = Measure high energy
tail of neutrino
spectrum
Liquid Argon detector: Water Cerenkov detector:
Exclusive final states Same detector technology as SK

Frozen water target ~1 interaction/spill/kton
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