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Purpose of 250L

* Test-beam with well-defined charged particles
— To benchmark performance of detector using J-PARC

K1.1BR beamline.

— To develop realistic simulation/reconstruction software
— As the first step, the K+/7+ PID response was checked with

proton decay momentum region

~ 350MeV/c.

* Test of double phase detector with the size of ~0.4m x
0.8m readout. ( -> not this time. Next test-beam)

— to optimize the detector for neutrino/proton decay
physics. (gain of LEM, ~10, is enough. i.e. easier than dark

matter search.)

Minutes of 9th J-PARC PAC

http://j-parc.jp/NuclPart/PACmeeting_1001_e.html

J-PARC PAC endorses the LAr R&D prog.(P32)
and recommend to have test-beam w/ 250L (T32)

* PROPOSAL EVALUATIONS

* P32 (Towards a Long Baseline Neutring and Nucleon Decay Experiment with a

next-gemeration 100 kton Liquid Argon TPC detector at Okinoshima and an

intensity upgraded J-PARC Neutrino beam)

— The proponents propose to develog a suitable scalable Liguid Argon TPC detector
with gas amplifi ':atu:-n Argon vapor as an RED for a next-generation long
bageline neutring experiment.

The PAC acknowledges the high scientific merit of a neutrino oscillation experiment
with a baseline longer than T2K. The SurEments ull: ng a gl thyy and a
possi l'.ll CP vinlation thv;' leptan {'-:fn ar l:l:lf l' nh st sF F-: nce

Before large detectors can be considered, it has to that 1 technigqu

is |II =uate far tk SLRE ¢ 1o alte '.-:'-:I| . In particular, Lr
readout 5¢herme an:!tre-s alabl Ty ar E-ﬁpE'lﬂ uestions. Based on a-;'nal ceale RED,
a roadmap has to be put forward

~ The specific P32 proposal B to set up and test a 250 Liter LAr pratetype TRCina
low-energy charged particle bearm at J-PARC, preferentially with kaons from the
K1.18R beamlina. The PAC encourages the team to proceed with this
development work and recommends the allocation of beam time of a low
intensity charged particle beam at I-PARC for this test.
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'Kl 1BR @ J-PARC

| -800MeV/c K/n/ple and
1200 MeV/c n/e

1 - K/ir~1/4(max) /
1-a few K+ / spill (6s) particle
I'.degrading momentum
:using Lead Glass(block)
j “beamwidth @ deg.
10,~8cm, 0,~6Ccm

' Particle Id entlflcatlon:
| - ATOF(K)>ATOF(11) 1
* Fitch Cherenkov I

|_ Gas Chetenkav_ _ _!
Fitch Cherenkov

(n-ring , K-ring) BDC
- / (Beam Defining Counter)

= TOF1
\ (200ps
, resolution)

%

250L-TPC

Gas Cherenkov BbC 132
TOF2 G

(200ps

resorutl

K* n* e* p

5

Concrete
block

3.5m




TOF

TOF Counter

Fitch Cherenkov

TOF
300 - ! I 7 77| Entries 1844
L Mean 189.7
L RMS 80.41
- : : Underflow 0
i [e’orx'] |KI [pl Overflow 1
200 b + i + + Integral 1843
Skewness 3.267
i 72 { ndf 181.2/57
i po 7967 + 200.4
i p1 1658+ 0.3
B p2 11.71£0.29
100 p3 35112427
¥ pd 247411.2
- p5 89851 1.110

0 34 | —l

0 200 400 600 800
TDC counts

no degrader run with 800 MeV/c

Clear discrimination power between K
and others due to 3.5m distance and

200ps resolution of TOFs

| Scatter plot of FC hist
3500 — T i"”"" ::‘2 45
g : Moan y 1226 40
= 3000 & RMS x 2723
X v B .d'--:.: oy 851 — 35
B E - ‘.e',:,'_-‘- - Intograé 1843
O‘ D_ 2500 v .."-‘&% Skewness x -2.038 | 30
E : . - Skownessy  4.10 ]
5 & - ol o 0 25
»  booo = K
of of o 20
1500 -5 = 15
7] 10
1000 e
- 5
500 e _pr. g 's A4 3 M . 1.3 5L & M 5
500 1000 1500 2000 2500
sumQ of Pion
ring PMTs

Optimized to 800 MeV/c

Clear discrimination power between K
and others using 2 dimensional info.

e We use both information.

 External PID power from beam equipmentsis
excellent (e.g. ~100% pure K ) before the
degrader(s).




Physics motivation and LAr
detector configuration



dE/dx (MC) and accumulated data

—~ 50

£ B
* Right: dE/dx in each pitch (K, 3 4of B o -
m) as a function of the 5 30f B rion ]
. . C 1 ,_ 3
distance from the particle 20k | B Mon G
stopped point. oF **t.,m! -
O_“...Ll A PSR e T tcme

1 10
Distance from End Point (cm)

 Largest K and it samples ever accumulated for Liquid

Argon TPC to verify the PID.

« 7000800MeV/cK+eventsw/ 2 LGs

« 35000800MeV/cK+events w/ one LG

e 40000800MeV/cK+w/ 1LG and 1LB

« 70000200MeV/cmt+events w/o degraders
« 2500800MeV/ce+ events
 1500800MeV/cproton events



Drawings of 250L cryostat

E— * Borrow MEG prototype
heat load ~ 30W

75cm ¢ x 100cm (inner)
0.16X, for beam window

SO0mm.
1.027mm

use
bellows

Beam

First draft of a 400 x 800 x 400 detector
(Designstudy and very preliminary)



Setup of Oct-2010 test-beam
-

Fiducial mass 170kg
y S N Total LAr mass ~400kg

— RT Field cage dimension 42cm x 42cm x 78cm

‘ " ak/e \\ Fiducial volume 40cm x 40cm x 76cm
'|"y ;}7"""’ " Typical Drift Field ~225V /cm

IEJA\\ |k Maximum drift voltage 12kV

“~ i Readout method single phase (temporary)

(4 < A e - | Number of readout 76 strips (1cm)
channels

* Double phase component will
be tested at CERN very soon.
(not in time for the Oct-2010
test-beam, will be used in next

_ test-beam.)
76 strips (1cm) anode



purification system
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* Evacuation
— Turbo + getter pump (~350L/sec)
— Achieved vacuum level is ~1x10-2 Pa
e Purificationfor initial filling
— Purify LAr (from tanks) directly
— Filters made by ourselves are used (CuO+MS) :
* Keep or improve of the purity after filling Purity is one of most crucial items
— Gas-to-gas recirculation system using a gas pump for LAr TPC system

(max. ~80L/min) . .
— Commercial Filter (SAES Microtorr (MC3000-903-V); (1ppb prgwdes 1/e attenuation for
<0.1ppb for O,, H,O0 but cannot remove N,) 300us drift electrons)



Long term Purity test at KEK (~20 days)
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Charged particle test-beam 1
@J-PARC ( data-taking
S8 during Oct/24-31)

(see 1cm strip anode at far side)




Events

View 0: Event run 0, event 46
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Slow monitor
and control

PLC setup
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Purity meas. w/ Cosmic ray (1)

Drift Time [us]
2

g

« Events triggered by 2 PMTs coincidence =
* Noise removal by FFT (QSCAN; see Devis’ talk) g
- Select events with >20 channel e
« Estimate charge from each hit (right middle)
« Charge vs. drift time (top right plots)
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Purity Estimation from Cosmic Ravs

500
Single dataset example T=576.11£33.7us
e Dataset 87 hours after LAr filling
e Use ~100 high quality tracks and
accumulateinformation.
e Correct charge according to cosmic

ray injection angle 100
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* Quvs. Tfor datawith >20 channel 20
(each T bin fitted by Landau) Oy 100 200 300 400 500 °
* Lifetime by fitting MPV by expo. Drift Time [us]
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Purity time variation -
* Atthebeginning: t~670us (~0.45 ppb) 600}
e Attheend: T~ 385us (~0.78 ppb)
* Degrading with 2ppt/hour.
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T
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We observed degradation of purity but N I T R
during short time of test it was not worth 60__ 80 100 120 140 160

fixing, we concentrated on data collection Time After Filling [hour]



Simulation



Beam Line Geometry for simulation

Fitch
der Cherenkov B 40
g }‘#d
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\ ’ Degrader  Lead glass 125
Lead 25
LArBDC Plastic 5
Fitch Cherenkov(FC) Hatch SUS304* 50
250L Ar Lg.Ar 836.4

The 250LAr detector and beam equipments in K1.1BR ->
geometry is implemented to QSCAN (see Devis Lussi’s talk)

*Beam window (210 X 210mm?) is constructed by honeycomb structure.
05/13/2011
...Radiation length is short.(~ 0.16X,) 1



Example of simulations
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Implementing common simulation code to obtain results



For next test-beam (double phase test)
-> see Filippo Resnati’s talk

e Tests using 3| test-stand has been succeeded

e All components for 40cm x 80cm double phase
readout has been constructed at CERN. (see
figure). Will be tested using ArDM cryo-systems.
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Summary / plan

* J-PARCT32 collaboration had test-beam using
well defined charged particles in Oct-2011.

— To establish the PID performance of charged
particles around momentum of proton decay region.

— Largest K and rt samples ever accumulated for Liquid
Argon TPC, and they are under analyzing inside the
collaboration. (see Devis Lussi’s talk as well)

* Next test-beam with double phase 2-D readout
is being planned (see Filippo Resnati’s talk)
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