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The goal: a 100 kton liquid Argon TPC detector

Electronic crates

hep-ph/0402110
Venice, 2003

A scalable design, up to 100 kton, limited by liquid Argon & cooling power cost

A “general-purpose” detector for superbeams, beta-beams and neutrino

factories with broad non-accelerator physics program (SN v, p-decay, atm v, ...)



The concepts for the scalable design

LNG tanker
w Proven LNG tanker with standard aspect ratio
w Vertical electron drift for full active volume
Double-phase with LEM readout
w A new method for readout to allow for a very long drift path and
cheaper electronics
= To avoid use of readout wires, which can be hardly mechanically and
electrically scaled (S/N) and with disfavored use in conjunction with
magnetic fields (induction).
w A path towards pixelized readout for 3D images.
Voltage multiplier
w Fxtend drift voltage by additional of stages, w/o VHV feed-through
Very long drift path
w Minimize channels by increasing active volume with longer drift path
Light readout on surface of tanker
Immersed superconducting solenoid for B-field



The technology of long term storage of cryogen has been

mastered by the petrochemical industry. In Collaboration

LR E L G ity Technodyne Litd (Eastleigh, UK), expect in this field, we
have shown that extrapolation from the LNG technology to
LAr is possible

'Bv\,v TECHNODYNE INTERNATIONAL LIMITED LARGE UNDERGROUND LIQUID ARGON STORAGE TANK

MWOT TO SCALE




The detector layout

Dewar o =~ 70 m, height = 20 m, perlite insulated, heat input ~5 W/m?

S|n Ie deteCtOI’ Charge Argon storage Boiling Argon, low pressure

(<100 mbar overpressure)

Im ag | ng y SCl nt| I |atIOn y pOSS | bly Argon total volume 73000 m?, ratio area/volume = 15%
- Argon total mass 102000 tons
Ce re n kOV I Ig ht 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

Yes (Cerenkov light), 27000 immersed 8“ PMTs of 20% coverage,

MEIZ O i Cee ehs single y counting capability

Charge readout plane

o thsenIiIiiziiilin

Electronic
racks

A

Extraction grid

Field shaping
electrodes

Cathode (- HV) s UV & Cerenkov light readout PMTs



A scalable design: 10 kton prototype

* 10% full-scale prototype
- Shallow depth
- Physics program on its own

(e.g. sensitivity for p—vK: 1>1034
yrs for 10 years running)
-Complementary to SuperK

Charge readout plane

Extraction grid

UV light readout PMTs
Cathode (- HV)

Dewar

o =~ 30 m, height =10 m, perlite insulated, heat input ~ 5 W/m?

Argon storage

Boiling Argon, low pressure
(<100 mbar overpressure)

Argon total volume

7000 m?, ratio area/volume = 33%

Argon total mass

9900 tons

Hydrostatic pressure at bottom

1.5 atmospheres

Inner detector dimensions

Disc ¢ =30 m located in gas phase above liquid phase

Charge readout electronics

30000 channels, 30 racks on top of the dewar

Scintillation light readout

Yes (also for triggering), 300 immersed 8“ PMTs with WLS

Electronic
racks

PT A
Field shaping SiSE g i

electrodes TSy

.

* 1% prototype: 1 kton engineering detector, ¢ = 10m, h = 10m, shallow depth?




Tentative layout for a magnetized detector

Magnet: solenoidal superconducting coll

LHe Cooling: Thermosiphon principle + thermal shield=LAr

Charge readout plane

Electronic ——»
racks

4l

Extraction grid

Cathode (- HV) 7 UV & Cerenkov light readout PMTs
and field shaping electrodes

hep-ph/0510131
Frascati, 2005

(Magnet: HTS coil also considered)




First operation in magnetic field




. . . Nucl. Phys. B 631 239;
A possible improvement of the LAr TPC technique ? Nucl. Phys. B 589 577:

Operation of the LAr TPC embedded in a magnetic field Egggﬂfgﬁggg;g

The possibility to complement the features of the LAr TPC with those provided by a magnetic field
has been considered and would open new possibilities (a) charge discrimination, (b) momentum
measurement of particles escaping the detector (e.g. high energy muons), (c) very precise
kinematics, since the measurement precision is limited by multiple scattering. These features are
mandatory at a NF.

Momentum measurement: Required field for 3¢ charge discrimination:

x=track length P
A]) ~ 0.14 B> 0.2 (TE.&:‘EG.)

\/ x(m) cos*A

= A=pitch angle
p B(Tesla)\/(x(m)) cosA P J

Simulated electron shower in magnetic field B=1T




First operation of a 10 It LAr TPC embedded in a B-field

New J. Phys. 7 (2005) 63
First real events in B-field (B=0.55T): Nfg,}’A 55%7?20(()5) 29)4

<+«— 150 mMm —»
} P SEE W EE ¢

's

Correlation between calorimetry and

Charged particle trajectory magnetic measurement for contained tracks:
il N
4 ;
= s
=> - ;
/ St | physics/0505151

E-Field

transv. mom. eval. from curvature radius [MeV]

Sensor planes 10 15 20

transv. momentum evaluated from the energy deposition [MeV]
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Small test solenoid built wit HTS wire

Consists of 4 pancakes, total HTS wire
length: 80m

Iron ring Cu spacer

RERARRARRAY] RRARRARVAN

Iron Pancacke Iron
yoke yoke
* =: x
- = 4

- Power connection
- between a pair of
— pancakes

| %Pane with |
23 loops }'

e
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Results obtained with the small HTS solenoid

Coil resistance as a function of the applied current
Total HTS wire length: 80 m

|
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AAAAAAAAAA B |
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1 [A] I [A]
|+ Wk2 powvwer supply —=— stabilized HP Agilent 6453A| |—-— Mk2 power supply —=— stabilized HP Agilent 64534
Temperature LN, (77K) LAr (87K)
Max. applied current 145 A 80 A
On-axis B-field 02T 0,11 T
Coil resistance at 4A 6 uQ 6 nQ
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New method of charge readout




Charge readout: Thick Large Electron Multiplier (LEM)

Thick-LEM: Vetronite with holes, coated with copper

— macroscopic GEM High gain operation of LEM
— easier to operate at cryogenic temperatures in pure argon at high pressure
— hole dimensions: 500 um diameter, 800 um distance ! LEM thickness 1.6mm GAIN 2.3bar

[ ]

= GAIN 2.9bar

g . gAIN 2.58ar

i A AIN 2.7bar

1000 I Fe R R Yo v GAIN 3.21bar
| v = GAIN 3.41bar

a2 GAIN 3.54bar

[ A A R
.: .: }: £ T £
0
3500 Voltage (V) 6000

— The level of the liquid argon is placed just below a LEM
readout system

— Each extracted electron creates an avalanche which is
detected on the anode.

— Gain up to = 800 possible even at high pressure (good
prospects for operation in cold)

— The segmented LEM readout facilitates event localization




N8BS |
niv'L .
Eanss = 3 KV/icm
N0 1
. I |
| E i = 5 kV/cm '
GAr WD/ ANS=11p3

Two-stage LEM

— Distance between stages:
mm

— Avalanche spreads into
several holes at second stage

— Higher gain reached as with
one stage, with good stability
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A stable gain of
14

GAIN*10*3

104 has been measured

L]

V/d (kV/em) 12.9




LEM test setup
(The LEMs will be fully tested in the ArDM experiment: CIEMAT - ETHZ - Granada -

Sheffield - Warszawa — U. Zurich)

Test LEM in cold Ar gas




Two-stage LEM: measurements (preliminary)
MIP signal in ICARUS T300

Shapes from Fe®° radioactive source (5.8 keV, SEIE a8 DT g0 e

Filo 2347, Run 841, evento 72

event rate about 1kHz) of the signals from
double-stage LEM system have a very clean

S/N ratio. %

This technique solves the non-scalability of the ;

traditional wire readout used in ICARUS ] A}

E.g. MIP signal @ =2 MeV/cm has poor S/N ! 200 20 a0 | as0 | 200

Sample [x 400 ns)

iing time — 10 sample

mplezza — 13 sample

Average signal rise time: 12us.

200 mV : 200 mV ||| || 200 mV

50pus | - : 2ms || || 1ms




Gain at room temperature

Gain curves at atmospheric pressure and room temperature

Transfer field:
=360V/cm
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Gain at LAr temperature

e GAIN(0.Sbar-0.5/bar, T=110K)

B GAIN T(83.85K-84 38K) P=0.5bar

¢ GAIN T(89.1K-88.9K)

1.4 %0*
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Prototype layout

Two-stage LEM for electron multiplication and readout

Greinacher chain: supplies the right voltages to the field shaper
rings and the cathode up to 500 kV
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Field shapers are needed to provide a homogeneous electric
field, but are thin enough to permit the scintillation light to be
reflected from the container walls
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|
A
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41

Transparent cathode
~85 PMTs below the cathode to detect the scintillation light




Slow control for the Rack for the HV

vacuum electronics ASSEMBLY AT CERN

-f{._,.*:"? m= Ihe turbo pump
is on
]

Computer
monitoring HV and
vacuum



New method of DAQ




Custom made front-end preamplifier

e Preamplifier circuit inspired
from C. Boiano et al. INFN 1):

w Modern junction FET's
are used: BF862

w 4 matched FET's in
parallel

w Different feedback
paths

A=

| Ff’_.._

&

: e Modifications:

-The base of Q7 has no resistor in
series, but a capacitor to GND

C. Boiano et al., IEEE Transact. on Nucl. Science, Vol. 51, No. 5 Oct. 2004

-The Gate voltage of the protecting
FET Q5 has been changed
from -12V to -6V

Characteristics:
-Bandwidth: 9MHz
-Amplitude Outp: +4V, -5V

-Input Noise:
5*10-8 C Hz''2 @OpF

2.1*10-'7 C Hz""2 @200pF

1)




Data Acquisition System

Front-end module DAQ board
[> apc |’
/
DATA
SER DESER PROCESSOR Ethernet
32 channels LOGIC [P Y —>» REDUCTION |—» — yopiie  [¢ >
LOGIC
[> apc |’
/
I
T DESER | SER |
serial links
clock module
one for all

DAQ boards

6.06.2006 Max Hess



Front-end module

MUX: 32 ADC channels

+ 1 channel for status
ADC 1 SHIFT 1/2 REG |12 CODER: create DC-balanced
7 REG 7 7 signal code ( 3x 4B5B-code)
|
|
|
32 channels 121 copEr 16 SERIALIZER '
|
MUX — 7 I:I —>
apc | || swiFT |2 | REG |12 | toDAQ
/ REG / / |
|
A A 4 D) |
7 DS92LV16 | 720 Mbis
t .
. —<¢—| CONTROL l
CS ~ LOGIC (16) — ;
/ - 1
sclk 5 letck A SERIALIZER I:I —
I from DAQ
————————————————— : FPGA |
! _Development LOGIC | Altera EP1C3T144C8 '
_________________ |
- Cs*: ADC ion start (1MS/ | Linear
Preamplifier modules . conversion start ( s) < regulators converters 24VDC
interchangeable for LArDM, sclk: sample clock = 20 MHz : input

ArgonTube, etc.
rclk: Readout clock = 40 MHz

electrically isolated

26.06.2006 Max Hess



Data Aquisition board

INPUT
MAEMORY MULTI-CHIP MODULE
AXIS ETRAX 100LX
16
L 16 16 .
DE- 7 INPUT OUTPUT Processor core with Ethernet
—p rclk = 2 — —>
SERIALIZER FIFO 7 FIFO
from Eront- > FLASH MEMORY
end SDRAM
FPGA
Ethernet Interface
720 Mbls DSQZLV16 circular buﬁ.'er Iogic 4. ...................................... ’
for input memory
signal comparator
4— SERIALIZER I """"""" timer for time stamp
t generation signal detect out >
o A . .
Front-end data reduction logic < ext. trigger in
from input memory to
output FIFO —
. EXTERNAL
timer clock CLOCK
CS* MODULE
relk one for all
rclk: Readout clock =2 x ADC clock s
""""" slow control CS*: ADC conversion start

26.06.2006 Max Hess



Front-end module

input connector 2 amplifier / print ADC's
for 32 channels Analog Devices
(68 pole flat cable) ADC121S101

FPGA
Altera
EP1C3T144C8

100 mm

Serializer/Deserializer '
NS DS92LV16 connection

to DAQ board

(serial link)

26.06.2006 Max Hess



Front-end box

Ethernet connectors

7 or 8 Front-End modules
= 224 or 256 channels / box

input connectors

for 32 channels
(68 pole flat cable)

3 HE =133 mm

26.06.2006 Max Hess



A complete Linux system on a small board
Scheme successfully implemented in OPERA (IPN Lyon)

ETRAX 100LX MCM 4+16

AXIS 82+ Developer Board FOX Board
www.developer.axis.com www.acmesystems.it

26.06.2006 Max Hess



New method of light readout




WL S-coated PMT Hamamatsu 6237mod

Scintillation light detection via WLS-coated PMTs:
Polymer and Tetra-Phenyl-Butadiene (TPB) compound
coated on PMT window shifts the DUV light (128 nm) to
430 nm

Efficiency of wavelength shifting: 20% to 30%

PMTs: array of 85 photosensors at bottom of detector,
hexagonal shape

Quantum efficiency at430mma=20%

CATHODE
FADIANT
SENSITWVITY

i
QUANTUM  #
EFFICIENCY |

QUANTUM EFFICIENCY (%)

CATHODE RADIANT SENSITIVITY (mASW)

WAVELENGTH (nim)




Measurements of scint. Light (in collab. with Zurich Univ)
) Low Temp LAPM w wavelength shifter

0.140nVs
750
630
120
10’ 7 T
1[01 = —Data
— Fit
Fast component (singlet state): 21.5+3 nVs
143417 pe
10":— T, =15.744 ns Il
10"+
s by
= -3
3 102k T, = 3120+80 ns 6 =4.6+1 ns _
s : . ] ! L
£

0 400 ns

Particle discrimination

107F Slow component (triplet state): 128+2 nVs
PO S — Olevents : 853:13 pe _
! | “ i .
1 A S5 10 L ! | I ! ] | I ||I. | .“ |
i : ,.\1 il 1 0 2000 4000 6000 8000 10000 12000 14000 16000
06 g i Time [ns]
osf
o4l
03 5 'w“ Ik
ozt 1 - .
o IR '}\{ " Also: development of highly reflecting

\ DUV surfaces
Y.e events



The Detection of 128nm UV light with LAAPDs

PMT+TPB

Global quantum efficiency (%)

—
Ma £ = F =] [

=

DIIIIIIIIIII|IIIIIII

Windowless DUV-APD

o

Benetti et al. 2003

b

i

®# TPE on smooth glass
< TPE on blasted glass
B Sodium-Salicylate

200 400 600
Coating density (ug cm2)

lNIMA546.'426-43 7,2005
| Quantum Efficlency |
140
g
3120
: l T
Eil]l] 1
E [
t 80
g ]
. i
0t
ol
. - 16 mm
800 120 130 140 150 160 170 180 190 200 210
Wavelength {(nm)

Current detection threshold =~ 1000 photons
Cooling increases APD gain and reduces noise

= By cooling detection of smaller photon numbers possible. Single y ? Study in

progress!



New method of HV




Drift very high voltage: Greinacher circuit

*No load to avoid
resistive ripple

+Low frequency
(50-500 Hz) to
induce noise with a
spectrum far from
the bandwidth of
the preamplifiers
used to read out
the wires or strips

+Possibility to stop
feeding circuit

v during an event
trigger

Greinacher or

Cockroft/Walton voltage
multiplier




A Greinacher circuit will be fully tested in the ArDM experiment
CIEMAT — ETHZ — Granada — Sheffield — Warszawa — U. Zurich

® The total voltage we aim to reach is
V,.;=500 kV, i.e. =4 kV/cm

® Tests in liquid nitrogen have been
performed

V|

~ 4 kV/cm




New systems for cooling and

purification




LAr purificaton for the ArDM experiment CIEMAT - ETHZ -
Granada — Sheffield — Warszawa — U. Zurich

LAr recirculation

4) 1 Detector She

— 2 Primary LAr
-, . 3 Secondary
e (50 4 Cartridge a

- & Thermal Shi
(2 (6L . 6 Secondary
ol s 7 Primary Ar S
. (7 8 Purification
3~ (aL 9 Pnmary LAr ,

10 Cooling Machine(s New |OW-pOWGr

consumption pump

.
[~

I
i

(9 LArPump: 2Bar, 7L/

Process Diagram for the Primary and Secondary Ar Circuit

(ILK Dresden patent)

H.BIERI Engineering GmbH
Hans Bien
20. April 2006

BIERI engineering




Very long drift paths




Long drift, extraction, amplification: “ARGONTUBE”’

Flange with feedthroughs
- Extraction from LAr to
S
© eadout GAr and LEM readout
e ——

race tracks

Field shaping
. electrodes

LAr

* Full scale measurement of long drift (5 m),
signal attenuation and multiplication

« Simulate ‘very long’ drift (10-20 m) by
reduced E field & LAr purity 8” PMT

- High voltage test (up to 500 kV) ET 9357FLA

* Measurement Rayleigh scatt. length and
attenuation length vs purity

* Design & assembly:

completed: external dewar, detector container
in progress: inner detector, readout system, ...



Inner detector design

Top view

| Light pulse sour

| LEM

NN

Field shaping rings
" (10mm spaced)

/Greinacher chain »

Bottom v

;|

PRITTPTTTT T TTTTTE T TTT R

In Collaboration between Univ. Bern & ETHZ & Granada
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URIVERSITAT BERN

11340

1120

510

ok Install ARGONTUBE

3400

i E 2 atthe U. of Berne

: (Budget for digging

7420
6420

3740

&050

3 hole allocated,
excavation during
1 bl Rats Summer 2006!)

0304 05 HUBCH

5000
8360

Darstellung mit Lochtiefe 8 m (ev. T m ndtio, abhangig daveon,
was [ir ein Kran verwendel werden kann).

Einimale Lochliefe, zum Herausfahren des Einsatzes wird
noch ain kleiner Kran {ca. max. 500 kg. Tragkraft) bendtigt.
Baishdhe ab Decke 600 - 800 mim.

Einfache Kranbahn zum Weglahren milt dem Einsatz.

¥ 1 Oder Loch mind. 7 m tief und grossen Kran versenden.

‘ 1600

3G00 3000




Install ARGONTUBE at the U. of Berne
Budget for digging hole allocated, excavation during Summer 2006!
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A clean sample of e/




Motivation for the test: calorimetry and shower reconstruction

® The liquid Argon TPC can ideally be considered as an homogenous full-
sampling calorimeter. However, in an imaging device, deviations from this
ideal situation will occur from the difficulty to reconstruct the total deposited
charge from rather complicated event topologies induced by electromagnetic
showers.

This effect will become more severe with increasing energy.

In addition, the properties of the readout, including the performance of the
electronics, will affect the performance because it will determine the minimum
amount of detectable energy in the medium and the resolution

w |n the ICARUS T300 surface test, the minimum amount of energy detectable was

about 200 keV, limited by the electronic noise. When the ionization charge is
amplified before is readout like in the scheme we are proposing, it could be less.

NB: within the ICARUS R&D program, a small chamber with a drift gap of 24 cm was exposed to
a charged pion beam to study the detection of delta-rays (S.Bonetti et al., Nucl. Instrum. Meth.
A286, 135 (1990)). No result on response to high-energy electrons has been reported.




Motivation for the test: e/n° reconstruction, separation

In future neutrino experiments, a very important reaction will be v,—v,

The liquid argon TPC should provide the better conditions for observing this
reaction, compared to other detector technologies. In particular, electron
reconstruction and e/r® separation should have excellent performance.

NB: We note that a proposal to study this reaction simultaneously in Water
Cerenkov and Liquid Argon TPC (in the same beam and the same location)
has been put forward at T2K 2km.

We believe that a dedicated test beam with clean electron and pion samples
would provide an important milestone, before similar analysis are performed
in the more complicated neutrino beam environment.

Given the radiation length of LAr (X,=14cm), the test beam requires a much
smaller detector than for the neutrino beam.

Since future neutrino factories will require magnetized detectors, we also
consider this test in a magnetized LAr TPC.




v. Appearance : the important reactions in LAr

v, CC reaction:
(v, appearance signal) el

‘w--«";"-. " . '
vV + N —>€_+p ) MC Data
e- —* electromagnetic shower
v, NC reaction:
(background for v, appearance signal)
—> 0
v+ hn v+ 0+ X |
! i
Decay: ni0 — ¥/ o

/' —  electromagnetic shower MC Data



Drift HV, slow-
control, ...

Signal+HV — /
am 1

feed-through

LN, in

Purification

Geometry wo coaxial steel cylindrical vessels
Thermal insulation Vacuum with super-insulation
between two cylinders

Inner vessel:

Diameter 105 cm

Length 3 ¢

Wall thickness 0.3 cm
Outer vessel

Diameter 150 cm

Length 330 cm

Wall thickness 0.3 cm




Electron and n® samples:

Polyethylene target
(6x5x10 cm?)

Polyethylene target CH,
T +p—>T+n
Ocip = 30X00=10°Cjq; chi

LEM Readout

Xo(LAr)=14 cm

Cathode

Drift time @ 1 kV/cm = 375 us
Max rate/350 ms= 1000 particles




Expected shower containment (GEANT4)

2 GeV electron

Yellow: photons

Green :electrons, positrons

Electrons Resolution

Sl

Fit:f(E) = pO + p1/ sqrt(E)

p0=0.165%0.027
pl=1.328%0.058

Ene (GeV)

Sigma/ E (%)

Electrons Linearity

Fit:f(E) = p0+ p1*E

p0=-0.032+0.014
p1=0.977 +0.004

|
10
Ene (GeV)

Pi0 Resolution

Fit :f(E) = pO + p1/ sqrt(E)

p0 =-0.022 £0.025
p1=1319%£0.056

10
Ene (GeV)




Charge separation as function of track length
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Expected transverse momentum resolution
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Magnetic field with Helmholtz coils
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Magnetized version
B=0.5 T version - Helmholtz coils

Helmholtz coils

E-If_i.hh uf t]u__. y 0]\(_: ~ 200 tons




Update: 22071992

/. East Hall Mew Loolk

East Area - Schematics of Beam Lines \

Beam Line Beam transport involved PS “Destinations™ on which beam is provided Keyv for “Destination”
T7 Fol + F6lS + ZT7 DS7 or DNS7 S : South only
TS Fol + FolS + ZTS DS8 or DNSS N : North only
T9 Fol + FolN + ZT9 DN1 or DNO or DNS7 or DNSS8 NS : Sharing North/South
T10 Foel + FoelN + ZT10 DN1 or DNO or DNS7 or DNSS8
T11 Fol + FolN + ZT11 DN1 or DNO or DNS7 or DNSS

PS slow extraction = 350 ms

T11 3scevic
General Purpose

T10 7cevic

ZT11
| North ALICE
Static Splitter | Target 4110 —
Switching L F61N A T9 15 Gevic
et F61 ' PPM 19 ATLAS/CMS
: Switching
_\ . F61S magnets 7T8
e Dump | South T8 24 Gevic
(Test Beam) I Target
' g Fon DIRAC Trradiation
: Irradiation ZT7 Area?
: Areal
PS Ring : East Area 17 10 Gevie
: LHC B
O [ o E. Teeamelis; I.-P. Rinnaud PR A



RD42, AMS

MICE-TPG
ATLAS/BPM G.LAST
CLOUD S1-TRD
T11 (1-3.6 GeV/c) LH('_IJ-RIC'H
ALICE-TRD
CMS-RPC

T9 (1-15 GeV/ce)

ALICE
T10 (1-7 GeVie)

DIRAC
T8 (primary)

North

Target
" I1‘rad1 LHC Irrad
SR | Primary 24 GeV/c p beam | = = = SESEEEEEEE
Target

OPERA
T7 (1-10 GeVie)
EAST AREA LAYOUT

(2006 Situation) Need very low intensity = 1000 /spill



Particle intensities
| 2x101" p @ 24 GeV

¢

N, = anQAle.e_L/’l"

T
m F | Beam 17
Intensity b
Calculated {ntensity i
[eritll‘i.‘rﬂﬂh!] 210" incident protans " E_
of 24 Gelrc = _L.J_—-—
kY
Mopentun biteE « 21z & Hie )« H[TT )

&b _J ||

_ 1 .
/,/’f*/" 1\ Negative focus

[ G Egn
n L——T T e — ] | P t .I:
: AT L T u ositive focus
L 4 | | + Experimental points
' Py N e 1 10 b Fef. s beam cl3 R = A
R ] | i Mluminfum target 150 mn lang. e T = *T
- /J lﬁ_ T =4 L] 'L — —
- “““'-._ = 1|
o ™ 20 L] L -
L f E - 1'.\ ’ et -
/ ] \ g -
"! il M'\. z
L] o
Sl , g S0 a
[ :/ ':l ""=..H_ & i
¢ it i i I~
o T L — L T T ] T —— n+
o 1 3 3 &« 5 & T B W W oW e =
Flg &. _ - -
percentage of & in & negative beas caleulated in Ref. 5 B N
{zerc degree production angle]. B
0 T e T IR A
Q 5 W

_/ \_ p (GeVic)

Momentem [ Gevsc)

) [ Fip. L& pelative distribution of protons, plans and
g positrons in the t?-beam, as measvred by
I ? 3 4 5 & ? & § 10 F5184 (Ref. 6,7)

Fig- 13 Calcylpted intensity at the reference focus of t7.

Need to talk to L. Gatignon to reach low intensities =~ 1e3/spill



4 Year R&D Plan

(very preliminary estimated manpower and funding requests)

Bid request in kEuros

2007 2008 2009 2010|Total (kEuro)

Liquid Argon Detectors 1105 830 280 280 2495
Equipment 1375

Inner detector 200 150 0 0 350

Readout electronics 75 100 0 175

Cooling + recirculation 150 100 0 0 250

Magnet 400 200 600
Manpower 280 280 280 280 1120

Students 2 2 2 2

Postdoc 1 1 1 1

Engineer

1




Software & physics




Liquid Argon in GLOBES (work in progress)

e Effort by K. Satalecka, A. Zalewska, A. Meregaglia, A. Rubbia

® Reproduce T2K-Korea results presented at 1st Workshop in Nov05
w Fluxes, normalizations, ...
w ~20% differences due to cross-sections, otherwise the same

Private code

(51
=]
=]
(=]

;-i'

3000 1‘I_

2000~ &

1000

Events (/28 x 10" p.o.t. / 100 kton /100 MeV)

f“l PRELIMINARY

Original v+ anti v,

§?+_ lL in the I::—eam
4000

v, + anti v after
the oscillation

p

o, .

] —— et Ll T “"-rﬂ""-r-&-am,::_lh'"“—
D | 1 !..._-nl.m"‘ L L1 (N N [ I
0 1 2 3 4 5 6

Ene v (GeV)

GLOBES 2006

numu+anumu ho Osc I

numu+anumu no Osc

5000

4000

3000

2000

1000

Entries 60
Mean 2377
RMS 1.262
Underflow 0
Overflow 0

Integral 1.258e+05

Ene (GeV)




Overview physics reach A.R., Workshop on a Far Detector in Korea for the J-PARC Neutrino

Beam, Nov 2005, Seoul, Korea

28e+2| p.o.t., 100 kton LAr detector at 1000 km. Beam OA 0.5 degrees.
(sin?(0,3) = 0.5, sin%(20,5) = 0.01, Am?,; = +2.5e-3 eV2, tan2(0,,) = 0.45, Am?,, = +7e-5 eV2, 3 = 0)
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After 4 years, J2K would have the statistical power to
v'Search for sin?26,, < O(0.001) @ 90 C.L.
v'Study matter effects (determine mass hierarchy)
v'Look for non-vanishing &-phase (for sin?26,, = 0.01)

g

& = 180 degrees

Next workshop: July 2006 (after T2K general meeting)

Events (/ 28 x 10?' p.o.t. / 100 kton / 200 MeV)




Outlook

® We continue with our R&D program, necessary to extrapolate liquid Argon TPC
concept to O(100 kton) detectors. The state of the art of our conceptual design has
been presented. It relies on
w (a) industrial tankers developed by the petrochemical industry (no R&D required,
readily available, safe) and their extrapolation to underground LAr storage. At this
stage we do not see an extended physics program in a potential surface
operation.
w (b) improved detector performance for very long drift paths w e.g. LEM readout
w (c) new solutions for drift very HV
w (d) a modularity at the level of 100 kton (limited by cavern size)
w (e) the possibility to embed the LAr in B-field (conceptually proven). Magnetic field
strength to be determined by physics requirements.

® We presented the possibility to perform a dedicated test beam to study clean samples
of electrons and 1°’s.

On the medium-term, a coordinated T2K-LAr effort will be fundamental for the
understanding of neutrino interactions on Argon (and possibly water) target and will

represent an important and very high statistics milestone for the liquid Argon
technology.




