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Qutline

of this talk

@ GLACIER - Giant Liquid Argon Charge Imaging ExpeRiment
@ Next generation neutrino observatory

Q@ In the framework of FP7 LAGUNA design study of Europe
Q@ Detector design — towards a giant scale LAr TPC

@ R&D in staged approach — ArDM-1t at CERN

@ High-QE cryogenic PMT

@ Conclusions
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GLACIER

Giant Liquid Argon Charge Imaging ExpeRiment

Giant scale LAr TPC combining charge, scintillation
and possibly Cerenkov light readout

Q@ Ar composes |% of air, giant scale conceivable

@ undistorted “bubble chamber” track image can be
transported to ~20 m (in ultra pure LAr)

Q@ excellent scintillation characteristics

up to h = L
Max drift length ~ 100 kton @ Cerenkov radiation similar to water

Density (g/cm3) .4 Charge readout plane
Radiation length (cm) 14.0
Interaction length (cm) 83.6
dE/dx mip (MeV/cm) 2.1
We (eV) @ E=oo 23.6 Extraction grid—"|
WY (eV) @ E=0 20
Refractive index (visible) |.24
Cerenkov angle 36°
Cerenkov d?N/dEdx (B=1) ~130 eV~ cm™!
Muon Cerenkov threshold 140 MeV/c e
Boiling point @ | bar 87 K Cathode (- HV) UV & Cerenkov "ght/

readout photosensors

Next-generation large underground neutrino observatory
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Physics goals of a U observatory

to go beyond present experiment(s)

Proton decay

Long baseline neutrino oscillations and CP violation in the leptonic
sector (with super beam, possibly beta beam or neutrino factory)

Atmospheric neutrinos

Diffuse Supernova Neutrino Background
Galactic Supernova Burst

Solar Neutrinos

Dark Matter indirect search

L i g . . . D P o

Look for the unexpected

Giant LAr TPC ' Next generation underground
neutrino detector — a new way to look at rare
events - to go beyond present experiment(s)
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CAPACITIES

LAGUNA Design Study /(\

LAagvna

® Obijective: defining and realizing this research programme in Europe

® Participation (open): very interdisciplinary - most European physicists
interested in massive detectors; geo-technical experts, geo-physicists;
structural engineers; tank and mining engineers

® EC contribution: I.7 M€ (Pl A. Rubbia) to be mainly devoted to the sites

infrastructure studies (FP7 “Design Studies” Research Infrastructures
LAGUNA GA No. 212343)

2| beneficiaries in 9 countries: 9 higher education entities, 8 research
organizations, 4 private companies (+4 additional universities)

Discuss and assess:
- rock engineering — feasibility

WP2: Underground infrastructures

- needed infrastructure and Engineering
- cost of excavation .
- assembly of underground tank WP3: Safety, environmental
- physics programme and socio-economic Issues

Detector R&D to be funded at national level

==l D

WP4: Science Impact and
Outreach
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LAGUNA detector options

* Three options considered (MEMPHYS, LENA,
GLACIER) with total mass in the range 50-500 kton

MEMPHYS

500 kton water ClIClKC
quic
o
‘ quid Argo
LENA R
50 kt scintillator R
70m .
GLACIER

100 kton liquid argon
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GLACIER design study

Simple and scalable design possibly up to 100 kton

A.Rubbia, hep-ph/0402110, Venice 2003

e Single module non-evacuable cryo-tank based on industrial LNG
technology

e Cylindrical shape with excellent surface / volume ratio

* Simple, scalable detector design, possibly up to 100 kton

* Single very long vertical drift with full active mass

 Avery large area LAr LEM-TPC for long drift paths

* Possibly immersed visible light readout for Cerenkov imaging

* Possibly immersed (high Tc) superconducting solenoid to obtain
magnetized detector

 Reasonable excavation requirements (<250°000 m3)

Max drift length

Design technical issues:

 Tank with passive insulation heat loss =

Charge readout plane

80kW@LAr

 Very large area (<3500 m2) LEM/THGEM
+anode with 3-mm readout pitch, |
modular readout, strip length modulable, |  gyraction griac—1
>= 2.5 x 106 channels s

e Purification to < 10 ppt (O2 equiv.) in
large non-evacuable vessel

* Immersed HV Cockcroft-Walton for drift
field (1 kV/cm) up to 2 MV

 Readout electronics (F/E; DAQ; network
data flow & time stamp distribution)

e WLS-coated 1000 x 8” PMT and reflectors S S

. . Cathode (- HV .
for DUV light detection athode (- HV) UV & Cerenkov light
readout photosensors
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GLACIER design study

Simple and scalable design — parameters for 100 kton

Light readout

Scintillation
@ a line at 128 nm

Q@ 1000 immersed 8” cryogenic
PMTs coated with wave
shifting TPB

@ additional calorimetric
information + trigger

Cerenkov

@ 27000 immersed uncoated 8”
cryogenic PMTs for 20%
coverage

@ Cerenkov imaging, improved
PID

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

2500000 channels

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

Charge readout plane

Extraction grid—"

Cathode (- HV)

UV & Cerenkov light
readout photosensors
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PROCESS PENETRATIONS
| INTANK PUMP, BOIL OFF GAS,
4| LIQUID DELIVERY.

% INSTRUMENTSFOR
| PRESSURE,

& LEVEL
# TEMPERATURE.

¥ CABLES TO PHYSICS ~
INSTRUMENTATION

INNER TANK TOP /
LEM / ANODE /

SHELL INSULATION —

FIELD SHAPING ———]
coILS

BOTTOM INSULATION ———]

DE===

o
T
=

a
( OUTERTANK S
8

y CONCRETE PILE CAP

T OO T T A LI IO DL I

LTI ] Tl

> —— CONCRETE PILES

T

\VERN DIAMETER 74000 TYPICAL

Ny

CAVERN FLOOR

CATHODE ( 1MV

INNER TANK

2500 TYP

lllllllll

— Study started in 2004 with Technodyne International Ltd

— Recent progress within the EU FP7 LAGUNA DS

LNG technology feasibility

& safety already proven at
the required scale

— Study covers conceptual design including detector support, tank construction sequence,
and tank costing (for high&low seismic region)
— Considers incremental cost (multiplicative) for underground construction

jeudi, 21 octobre 2010

10




Underground Layouts

P—VIl SHAFT

ieroszow

>m»ps>

PO G

Ag\n\

PROPOSED LAY-OUT OF UNDERGROUND SERVICES AND AUXILIARY CAVERNS

AUXILIARY TANKS la

L 4
L
L ]
L ]

EMERGENCY PEDESTRIAN TUNNEL

FIRE / SMOKE

5

+ Canfranc + Slanic

LAGUNA CHAMBER
ARGON SURFACE
VENT BOREHOLE

TYPEA(SITE: 1-3-4-5)

Umbria

BARRIER \

ACCESS RAMP (~630 m LONG)
VENTILATION—
CIRCUMFERENTIAL GALLERY (~245 m LONG)
ACCESS GALLERY TO 0" LEVEL (~105 m LONG)
ACCESS GALLERY TO 4

ACCESS RAMP TO "
ACCESS RAMP TO "—2" LEVEL
VENTILATION GALLERY (~
MAIN COMTROL
LOW BACKGROUND LA3ORATORY (~20 m LONG)
CLEAN ROOM (~65 m LONG)
VENTILATION—AIR—CONDITION CAVEIN (~65 m _ONG)
STORAGE AREA (~
PCSSIBLE SITE OF
(not
3. GLACIER caverr (~181 775 m®
. ACCESS RAMP
. TURNING RAMP FROM
DVERFLOW CHANNEL
MERGENCY TANKS CAVERNS (~171 000 m® VOLUME)

~Boulb

ACCESS RAMP (~500 m LONG)

AND '-2" LEVELS (~335 m LONG
LEVEL (~135 m om;

(~290 m LONG)

330 m LONG)

— OFFICE, ELECTRCNICS (~40 m LONG)

80 m LONG

ADDITIONAL CAVERNS

take into consideration of cests estimation)

VOLUME)

GENCY TANKS (~1220 m LONG)
RGENCY TANKS (~425 m LONG)
EMERGENCY TANKS (~120 m LONG,

TO EMER

LAGUNA

Detector

réjus

Main access

Auiliary cavern and
safety access

S Access adit

safety Tumnel

Road Tunnel

L&A Denotes:
Laboratories & Ancillary Chambers

MAIN TUNNEL "A"

Communication Roop Tunnel

Control Room

(2 Trafic lanes road tunnel size, Incline 4%) Access tTnnel 1

(2 Trafic lanes road tunnel size)

>

Electroric Hut

Argon Supply Machine

Outer Cavern

Liquid Argon
(100 kton)

Inner Argon Tank

Argon Pool Tank
(3 Trafic lanes road tunnel size)

Access tTnnel 2

(2 Trafic lanes road tunnel size)

jeudi, 21 octobre 2010
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|ICARUS-T600@LNGS

LAr TPC of ~0.5 kton is already operating underground

ICARUS T600 built between years 1997 and 2002
(including prototyping, industrialization and testing):
Completely assembled in a surface assembly hall in Pavia.

Full scale demonstration on surface with first T300 in 2001
T600 second half—module termlnated in 2002

T600 modules moved to LNGS: December 2004

Installation at LNGS completed including electronics
and DAQ: December 2009
Vacuum phase: started on January 9th,2010
Cryogenic plant completed: March 2010
Cooling phase: LN2 cool-down started on April |6th.
Filling phase: on April 29th ultra-pure LAr was injected
at a rate of ~2 m3/hour. e

Collection vi = o f
On May |8th both modules were completely full : e__c i e Sl e e ‘
On May 28th at 19.54 the first CNGS | A - e o
neutrino interaction was observed = e = e iy
The second CNGS o “"“ e

neutrino interaction

jeudi, 21 octobre 2010
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Concepts for Giant LAr detectors

Consider dedicated caverns and underground construction

50 kton

evacuable

Max drift length »' L ANIND . il
GLACIER (2003) (2006) &

LNG-tank
up to 100 kton Ty LAr20@DUSEL

(2009) &

PASSIVE INSULATION (EXPANDED FOAM / PERUITE)

M »Crane
o

ﬁ )
v
L
—a) —
L i " " < 5

Controlled
access

o =
v:\
e

MODULAr [«
10 kton 4

il

™ 8m

= . 8m
“Swimming pool”

Driftsare 3m x 3m

ton Shaftsare 5 m ¢

LLow conductivity foam glass light
bricks for the bottom support layer
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GLA2010
28—-31 March 2010 at KEK in Japan

http://neutrino.kek.jp/ GLA2010/

v By o/ 5 7 : b S 55
728 B y. 3 ! “‘_ \ % o \ < ™ 2 - X
L Ly S / e \ _ Py 5
| Y N <
74 | \ \ \ v >
- / ;o / P BT e \ \ 3 z

Next meeting in Europe in 201 |

A strong worldwide momentum
towards the giant scale LAr TPC !!

jeudi, 21 octobre 2010
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http://neutrino.kek.jp/GLA2010/
http://neutrino.kek.jp/GLA2010/

G LAC R ro ad map see J.Phys.Cc(a;ggg;I7I:OI2020

= 1

LEM readout on IxI m?
scale UHYV, cryogenic system at

e ton scale, cryogenic pump for direct
) s recirculation, PMT operation in proof of
cold, light reflector and collection, IS |°':‘g
very high-voltage systems, feed- drift
throughs, industrial readout path up
to5S5m

electronics, safety (in Collab. with
CERN)

proof of principle
double-phase LAr LEM-
TPC on 0.1x0.1 m?
scale

Application of LAr LEM TPC _

to neutrino physics: particle
reconstruction & identification (e.g. |

| GeV e/p/Ti/K), optimization of &
readout and electronics, possibility B

of neutrino beam exposure

full engineering
demonstrator for larger
detectors, acting as near
Iy detector for neutrino fluxes and
cross-sections measurements, or
with a stand-alone short baseline

wo |

physics programme
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ArDM-It

| t-LAr LEM-ITPC for direct detection of WIMPs

recirculation/ < >

purification system N mini-GLACIER (|t LAr target, drift ~1.2 m)
charge readout Working principle
A.Rubbia, |.Phys. Conf. Ser. 39 (2006) 129
target/drift volume
Gas [ Charge Read Out ] e
E-field e |
570 E field o4
2r® 4kV/em ®
light readout =[%e e
Slel3 .| Drifting ;j
i _.:'.3' .electrons A
Erolg o |5
. ] g : 'UE, ol Conversion of : %
@ detection of nuclear recoils (above 30 keVr) Hero[E ndiet VOV | o | 2
. %05 i o
induced by WIMPs 5ol ol |2
. . e . . 8 N Direct VUV 9
& independent readout of the scintillation light and 2 :3 it e
the ionization charge ool ey .
@ currently operating on surface at CERN e mmmm=m -k
9 Liquid ( Photomultipliers ]

to be moved to underground in 201 | (Canfranc)
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ArDM-|t — Charge readout

State-of-the-art double-phase LAr LEM-TPC

W ; W * 1
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il [ W
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Wl drife
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e
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il

0

3-It setup at CERN
“mini-ArDM”

charge readout (2D)
with amplification (LEM)

charge extraction
across the liquid surface

target/drift volume
with E-field

cathode

PMT

.
£
S

A

N

LEM avalanche

035f
03
0254

02f

vvvvvvvvv

electrons

T

A. Badertscher et al.,
arXiv:1010.2482 [physics.ins-det]

. | -mm-thick LEM
{ons + 2D anode
CR with d-rays
XView signals (event 6505) | yView signals (event 6505) |
© e | 800F- |
o M\ W o /N!\mﬂ\si&%xy}
= ..

200 250
time (us)

xView event display (event 6505)

yView event display (event 6505) |

ts)

i1, wilf 3 mm/strip ., :
Present “temporary” | i F 5 L "
ArDM charge readout & | N K - s
with extraction and = N - = -
32-pad anode e = R S e o
17
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ArDM-It — Light readout

|4 immersed cryogenic 8” PMTs + wavelength shifting TPB

@ LAr scintillation light, a line at 128 nm

Q@ 14 cryogenic 8” PMTs
Hamamatsu R5912-02MOD (QE ~ 20%)

coated with TPB by evaporation

illuminated with UV Q The drift volume
lined with diffusive

reflector foils coated

with TPB by
evaporation

'_E:: :E; V. Boccone et al.,
== JINST 4:P06001,2009.
_‘.E —_— __ arXiv:0904.0246 [physics.ins-det]
F—F
=
S E @ The response to the
e E—— . . . .
E = LAr scintillation light
very well understood - e
ight [p.e.
C. Amsl ., .
009,36 22Na source externally triggered

arXiv:1009.3641 [physics.ins-det]

(7 PMTs)

18
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ArDM-1t — Readout electronics

Flash-ADC-based DAQ system by CAEN
Charge Readou Light Readout

Q@ CAENVI720 used in the

1000 :\ most recent test of
o s = A ArDM- |t —VME based,
____________ s > 250MS/s 12bit 1.25MS/Ch
T . E (up to 10MS/Ch available)
__________________________ 8 wn Q@ good overall performance
AT, rg g Q data taking at kHz rate
52 Q scalable, easy to modify
B3 A - firmware, already integrated
| . 7 2 to the existing DAQ for
b %é!%ﬂ B charge readout, reasonable

L —
CAEN, in collaboration with ETHZ,
developed A/D and DAQ system:12 bit 2.5
MS/s flash ADCs + FPGA. Successfully
tested and fully operational on small scale
setups. 1000 readout channels available

cost

jeudi, 21 octobre 2010 19



ArDM-1t — Slow control

PLC-based system for a safe and consistent operation

Safe and consistent operation in an underground location of the detector system
containing a large amount of cryogenic liquid is a very important and crucial issue
particularly for the realization of a giant scale detector

@ A PLC based control of the vacuum and cryogenic systems has been installed in
2010 and now fully tested

@ PMT HV and DAQ being included

The PLC (programmable logic
controller) approach gives a
consistent way of handling the
operation of ArDM-1t, good
for safety but also in reducing
the requirements in terms of
manpower

jeudi, 21 octobre 2010
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ArDM-1t —Very HV system

210-stage immersed Greinacher (Cockcroft-Walton) HV multiplier

Novel method to generate the drift “very” HV

Q 21 0-stage ArDM Greinacher circuit

1520 polypropylene capacitors
St.1-170:4 x 82 nF;St.171-210:2 x 82 nF

O 1260 avalanche diodes
I 3 diodes in series at each symbol
oL @ Designed for 400 kV (operated up to 70 kV)
EE @ Extrapolation to ~MV possible
= /ﬁ/::g 'S. Horikawa et al., arXiv:1009.4908 [physics.ins-det]
g:\K >“10i('"')"|""|""|""|""|""|"
] /i: g [ Red:measurements
S 8 T _
> > Black : linear fit | Voltage
N L 4
: 6 1 measured at
\{: 1 each field
}/ 4 < shaper in air,
- 1 10 kV at the
=// _ °F 1 cathode
> 0: ....... T P T

Field shaper number

jeudi, 21 octobre 2010 21



ArDM-It —Very preliminary results
Engineering run at CERN in September 2010

@ Full light readout system with 14 x 8” PMTs control run .

Entries 7743
@ Improved light yield verified !! vafF Meany 0356 .‘°
- RMS x 117.7
. . B u:':.. RMSy 0.1857
@ Also with ... (results will come soon) e i
e
@ temporary 32-pad charge readout °‘°7£§
Q drift HV system equipped (operated up to 0-6#% {
70 kV) 041, lhw i ﬁ‘ﬁ#ﬂhﬁ'{”&ﬁrm{ W *J,J\‘}Wﬁ. i M ngqm AR
0.2} AR
Phe : Phe D_LN , |
Entri 164422 dwo o bl wew s Lol |
i Ses o % 00750 200 250 300 350 400 450 500
. RMS 179.4
e o9 heutron run =_
: Na externally T R
i . 2 Sy 02504
e triggered e :
- 1R i
- o.af ks
10 R S .
: “H e b
: 0.4:II 'ill W G}W"‘.W ‘fle!rﬂl)f.ﬁ 1#}'!1'ir’ﬂ”'.t'f}!lﬂf'” )5 ‘h“ \'W'
1 0.2} f g
= 1 l 1 1 1 l 1 1 1 l 1 1 1 l 1 ‘II I I \ ' I
0 200 400 600 800 %S0 700 150 200 25 300 350 400 450 500

phe
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High-QE cryogenic PMT

The technology is developing rapidly

PR
l"

@ An example : Hamamatsu R11065 (3”)

Q@ High-QE, low background PMT specifically
designed for LAr Dark Matter experiments

Q@ ~30% QE at 420 nm in cold
Q@ 12 dynode stages, gain 4 x 10° (typ.)

@4 such PMTs have been procured for tests
in view of the upgrade of the ArDM system

For GLACIER ?!

@ High-QE large area (e.g. 8”) cryogenic PMTs currently
are not available but in development

Collaboration with manufacturers very desirable !!
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Conclusions

@ GLACIER is a next generation large underground observatory for neutrino

astrophysics based on a giant (= 100 kton) scale liquid argon time projection camber,
with which proton decay and CP violation in lepton sector can also be explored.

@ Combining charge, scintillation and possibly Cerenkov light readout it provides an
ideal detector with a precise “bubble-chamber” track imaging, excellent calorimetric
measurements and particle identification.

Engineering of the underground giant LAr tank is being studied under the FP7
LAGUNA design study of Europe.

The detector design is highly scalable allowing a staged approach in the R&D, which is
ongoing world wide very actively.

The ArDM- 1t Dark Matter experiment is currently operating on surface at CERN,
which is a good demonstrator of the design and the working principle of GLACIER.

© © © ©

Techniques for detecting the LAr scintillation light (128 nm) using the cryogenic
PMTs and the wave shifting TPB is well established. The GLACIER design study thus
far is based on the 8” cryogenic PMTs currently available on the market. High-QE
large area PMTs are highly desirable for the project.
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