Nu_2: R&D of detectors for future high statistics, high precision experiment

INGRID & TPC in T2K-ND280

Workshop FJPPL'08
for the ND280 group of the T2K collaboration

* J-PARC
 T2K

« T2K-ND280
- Faclility & magnet
- INGRID
- TPC
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T2K : Tokal to Kamioka long base line

neutrlno experlment
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 Conventional v, beam:
- protons + Graphite target — pions

- Pions are focused by 3 horns = 7
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Sensitivity
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T2K-ND280

* Scintillator + WLS optical fiber + photo sensor

- INGRID (Interactive Neutrino GRID detector) : On-Axis
- FGD (Fine Grained Detector) : charged, tracking

v target<" POD (Pi-0 detector) : my

- ECAL (Electromagnetic CALorimeter): e,y
- SMRD (Side Muon Range Detector): u - Off-Axis

* Gas detector
- TPC (Time Projection Chamber) : charged, tracking

Off-axis detector is in 0.2T magnetic field
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Facllity & magnet



ND280 sub-detectors

Off-axis

N

On-axis
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ND280 in the pit




* Pit/facility construction and magnet installation

The floor is ready by Mar. ,2008 for installation of magnet.

Magnet installation will be done before construction of the surface
building

Magnet has been shipped from CERN

* Yokes and carriages are in J-PARC

* Colls will arrive at the port in Japan by the middle of May
Carriages are installed in the pit
Yoke assembling is going on.

Yoke installation will be done in the end of May, then coils will be
Installed by the middle of June.

Surface building and facility will be constructed by the end of Jan.,
20009.
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May 15, 20088

Carriage installation and yoke pieces

Carriage
Installation
i Apr 21 2008

= W S
:“\W Assembly work now startlng
m-lnstallatlon to the plt by June, 2008
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INGRID

Ground level

Off-Axis

Neutrino Neutrino Detector

Detector

IPNL + LLR

On-Axis neutrino detector

IPNL / LYON
LLR / Ecole Polytechnique

naf FgZ@bmmissioning of INGRID will (and has to) start in April 2009 13




Laboratoire
Leprince-Ringuet

16 identical modules for
neutrino beam profile
detection

Aluminum bars
Provide compression load on the
Strips to prevent any motion

Aluminum panel
Protects scintillafor strips

And prevents light from entering
The tracking plane

Rubber foam strips RS >~ Tracking plane structure frame
may Distribute compression load on the - \
strips to compensate for tolerances




| ML Lol MPPC Test bench

i
M.
.

Test Bench
Application ‘ \ Filtysl ‘ ——,
| = & i »
e > R =
A s | g De-:lhia::;OG INGRID DB Web Browser
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Institut de Physique Nucleaire de Lyon
.. IN2P3-CNRS / Université Lyon |

Offline software for INGRID

Make use of OPERA scintillator/software/simulation expertise for
INGRID simulation in the ND280 framework

ROOT's GL viewer
File Camera Iy

Style I Guides | Clipping |
Mame
GLWiewer: TGLSAViewer

- Direct usage of ROOT TGeoManager (e v
description instead of starting first with a ooty
GEANT4 description which is then converted piats Scone
IntO ROOT. Camera Home
hax H@rendertime:l 2000
Max LG render time: I 100
Clear Color [ ] |-

G

Light sources:
v Top ¢ Bottorm

- Usage of the ROOT VMC (Virtual Monte Ol @A
Carlo) which allows to switch between GEANT3,| | * ™" 5
GEANT4, FLUKA
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MaIA 9pIS

M3IA do |

MC v, CCQE (Charged Current Quasi-Elastic) event

TPC1

FGD1

TPC2

.-l""'.-—”’,.

FGD2

TPC3

|t

Event No.: 24 Reacton code: 1 Position in File: 24

Primary Vertex [mm)]: (-423. 53, 808)

Located in

Basket_O/TRK_O/Active_1/ScintX1_136/bar_37278

Informational particles
y (14) Trk -1,
n (2112)
Primary particles
pe {13) Tk 1,
p (2212) Trk2,
n (2112) Trk 3,
p (2212) Trk 4,
p (2212) Trk 5,
p (2212) Trk 6,

v (22) Trk7.

Trk -1,

KE= 1340 MeV
KE= 0 MaV

KE= 938 MeV

KE= 170 Me\
KE= 72 MeV
KE= 12 MeV
KE= 3 MeV
KE= 3 MeV
KE= 6 Me\



Collaboration Canada-Germany-France-Spain-Switzerland.
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Siffener (purple & green)

900 mm
’[f.a-‘i Y Micromegas side of

« bulk » Micromegas Backside of « bulk » micromegas (blue)
J 1728 pads the bulk » MM
P in contact with
TPC gas
m)
400 mm 7 4 Lbﬁa A
AY=7.7 mm
342,31
\ 34 _ l .
R i L e Mesh High-volatge
j Low {
HIGH |
AZ=266 mm i "
A MM module with 6 Front End cards  BFM High-
The « bulk » Mi s in bl Voltz
The 2 readout planes of a TPC it e —
S - aa
May 15, 2008 20

FJPPL08 Workshop, F.Pierre



TZE/TPC : Document for the bulk Micromegas Production Readiness Review EDMS 1-011980

'- UV exposure I

Uncut detector

PBigiure £ 11 ; Mesh infegration of the MM0-007 5 bulk & micromegas [UV funnel is used aifer siep (B) for final
podymenzabon and baking of pyralux)

At step (4] of the integration, the [ast 84 wm pyralux layer is laminated on top of the wowen micromesh, with
the mechanical Frarme on which it was streiched (figure 4.12).

1 Mesh is streiched on an extemnal frame
| ||
2 and l[aminated with the PCB

May 15, 2008
Eigyre 4 12 ; g Strefched mesh = procedure for mesh integrabon.



Module CAD design Module tested on HARP cage

B )

Front-End Mezzanine

288 ch. Front-End Card with 4x72 ch. AFTER ASICs

Figure 1.10 - Pictures of a MM Module equipped with water cooled AFTER Front-End Electronics
B FJPPL08 Workshop, F.Pierre



' Pover Supply ' Reference Voltage 'Reference Current
] 1l ]

120f C<Cf <600fC

ASIC
AFTER

Versatile

Number of channels 72
Number of stored samples for each channel 511
Dynamic Range 2V / 10 MIPs on 12bits

MIP charge 12 fC to 60 fC

MIP/Noise ratio 100

Gain Adjustable (4 values)

“Detector” capacitor range 20-30pF

Peaking Time 100ns to 2us (16 values)

[.N.L 1% 0-3 MIPs; 5% 3-10MIPs

Sampling frequency 1 MHz to 50 MHz

Readout frequency 20 to 25 MHz

Polarity of detector signal Negative(T2K) or Positive
Test 1 among72 channels or all

May 15, 2008
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HARP test november 20Q7
e Uses AFTER front end
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T2K/TPC : Document for the bulk Micromegas P
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Figure 4.18 : Test bench for fianl calibration of the MM Modules

May 15, 2008

25

FJPPL08 Workshop, F.Pierre



MOST RECENT NEWS FOR T2K TPC :

-Micromegas module production has started,
3% gain uniformity achieved.

-AFTER Asic in production, delivery this month.

-first real TPC being tested this summer in

Canada(TRIUMF).

May 15, 2008 :
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Summary

Intense activity in T2K

-neutrino beam, starting april 2009
*Superconducting magnets
*MSS

-near detector starting april 2009
*0° INGRID

-near detector starting november 2009
*off axis, including TPC

Thanks to Tsukamoto-san, M.Gonin and TPC collaborators.

May 15, 2008
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Drift
~1m

Amplification gap
128 pm

AN

-

TPC Cathode ~ -25 kV

Micromesh

electrons

lonizing
particle _—H\Tns
=W\ o i

r Time (ns)
Pads readout
( AFTER ASIC)

Figure 3.1: T2K/TPC micromegas principle.
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Figyre 1.14 : Gain waformity and 55Fe 5.9 keV resoliution of the MMO-007 « bulk » micromegas.
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Building & Pit for ND280
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K2K final result

Sensitivity: v disappearance

— 107'F S
: Statistics X100 , T2K 5x102 POT (Stat. only)
107} _ ~ byears @ full Intensity
| >
L2 (OA2.5°)
10 N \@ T a - (\MC l
| —— oo T | — Sial. only.
e 3.0 K2K & SK | & %8 .
-4 _ . ' o 5 i :
195 5 05 075 1~ | < : '
sin®(20) . ]
- C ,
< N ' :
3f —| --68%CL |
[ | --90%CL
oL - | --99%CL
K2K 68% D[ .
K2K90% \IIIIIIIIIIIIIIIIIIII
1r K2K 99% 0.98 0,99 1 1.01_1.02
3 SK L/E 90% sin? 20
%204 06 08 1
sin?(20)
Goal : 8(sin%20,,)~0.01, 8(Am?,,) <1x104 [eV?]
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lf’( T2K/TPC WP4 « bulk » Micromegas status report

« bulk » Micromegas mesh integration

@ CERN/TS-DEM-PMT
: « bulk » Micromegas

MM1 001 calibration on test bench @ CERN

« Fakir » Quality control test bench

’/
2 pads used for

lfesh HV

A. Delbart for T2K/TPC WP4 group: CEA- Saclay, CERN/TS-DEM-PMT, IFAE UNIGE






