!

MicroBooNE PMT test stand
(photo by Reidar Hahn, Fermilab)

don
ndon, London, Dec. 12, 2014

14/12/12 il

UCL |



1. Introduction

2. US LArTPC programs

3. LAr photon detection R&D

4. Challenge of LArTPC technology

5. Conclusion

e
\é;Q__ﬁ’ QUeen Mary Teppei Katori 14/12/12

University of London



1. Liquid Argon Time Projection Chamber (LArTPC)

The principle of LArTPC
- 3D track reconstruction
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1. Liquid Argon Time Projection Chamber (LArTPC)

The principle of LArTPC Anode wire planes:
- 3D track reconstruction u vy
Liquid Argon TPC
Bo Yu (BNL) Charged particle tracks
ionize Argon atoms
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1. Liquid Argon Time Projection Chamber (LArTPC)

The principle of LArTPC Anode wire planes:
- 3D track reconstruction u vy
Liquid Argon TPC 7
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1. Liquid Argon Time Projection Chamber (LArTPC)

The principle of LArTPC Anode wire planes:
- 3D track reconstruction u vy
Liquid Argon TPC s
Bo Yu (BNL)

Cathode
Plane

Then ionized electrons are drifte
to anode wires (~ms)
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1. Liquid Argon Time Projection Chamber (LArTPC)

The principle of LAITPC Anode wirg planes:
- 3D track reconstruction Uu v Y
Liquid Argon TPC
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Then ionized electrons are drifted \
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N Charge Signal Formation
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2. USA LArTPC programs
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Karagiorgi,arXiv:1304.2083 1. Introduction
2. USA LArTPC programs
3. LAr photon detection R&D

2. USA LArTPC programs 4. Conclusion
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Physics

Path to the large LArTPC in USA

50%R&D
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Yale TPC
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Curioni,Flemming,Soderberg,arXiv:0804.0415

2. Yale TPC

TPC vessel sitting in LAr bath

- 2 plane reeading, 50 wires with 5 mm pitch

- LAr filter in line (ppm->few tenth of ppb)

- not cryostat, but TPC vessel is sitting in LAr bath

‘(5, " QUeen Mary Teppei Katori 14/12/12 11
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Curioni,Flemming,Soderberg,arXiv:0804.0415

2. Yale TPC

TPC vessel sitting in LAr bath

- 2 plane reeading, 50 wires with 5 mm pitch

- LAr filter in line (ppm->few tenth of ppb)

- not cryostat, but TPC vessel is sitting in LAr bath
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Figure 5. Muon crossing the TPC (collection view).
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Karagiorgi,arXiv:1304.2083

1. USA LArTPC programs

100%
Physics

Path to the large LArTPC in USA

LArSoft

50%R&D
50%Physics

Drift Coordinate —
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g

Yale TPC
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Bromberg et al.,ArXiv:1307.8166

2. LArSoft

Reconstruction is hard
- Biggest effort on software development
- Shower reconstruction is especially hard
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University of London
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1. USA LArTPC programs

100%
Physics

50%R&D

50%Physics

Path to the large LArTPC in USA

LArSoft
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Curioni et al.,NIMA605(2009)306 Pordes, LArTPC R&D workshop2013

Andrew et al.,NIMA608(2009)251

2. Argon purification system

Measure pollution of LAr by materials
- ~tenth of ppt purity
- gas and liquid phase measurement

GamaVs Wi e
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Argon purification system Luke Bo
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Curioni et al.,NIMA605(2009)306 AN Pordes, LArTPC R&D workshop2013
Andrew et al.,NIMA608(2009)251 7\ el

2. Argon purification system ~600-1000m?/g

Measure pollution of LAr by materials
- ~tenth of ppt purity
- gas and liquid phase measurement H,O filter 0, filter

P —

Molecular sieve > | Activated copper |

(zeolite) | coated alumina
Slntered metal | e - A

18 Gl

[I
.|
|

l 1

x Insulation Vacuum

N
e e
= SHING
@ r Space Vacuum
> ‘ e

|

@

C.Kendziora 5.23.11 H20 Molecular Sieve i LUKE Cryostat BO Cryostat

Sintered Material Sample Cage Purity Monitor  V.P. Filter Purity Monitor
Argon purification system Luke Bo

e &
\:('1___ een Mary Teppei Katori 14/12/12 18

University of London



Curioni et al.,NIMA605(2009)306 AN Pordes, LArTPC R&D workshop2013
Andrew et al.,NIMA608(2009)251 7\ '

2. Argon purification system ~600-1000m?/g

Measure pollution of LAr by materials ) ud
- ~tenth of ppt purity “
- gas and liquid phase measurement H,O filter 0, filter
Molecular sieve =% Activated copper |
— S (zeolite) > coated alumina

Sintered metal |

Lo BN

Regeneration process
- H,O filter > heat (250C°)
-0, fllter - heat W|th Ar-H, gas (CuO+H,>Cu+H,0)

Cold
" Electronics

X Insulation Vacuum \X X

@ \ipace Vacuf|

TPC  BO Cryostat

LUKE Cryostat
Sintered Material Sample Cage Purity Monitor  V.P. Filter Purity Monitor

C.Kendziora 5.23.11 H20 Molecular Sieve 02 Filter

Argon purification system Luke Bo
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Curioni et al.,NIMA605(2009)306 Pordes, LArTPC R&D workshop2013
Andrew et al.,NIMA608(2009)251

2. Materials Test System (MTS), “Luke”

250L cryostat
- All materials used in inside of LArTPC cryostat must be tested by this (ArgoNeuT, MicroBooNE, etc)

- Measure the change of electron lifetime (=impurity concentration) by material insertion
- Both gas and liquid phase

F === {
LAr Test Facility I g . [%JJ

Cold
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N 8
MO /X 2
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=
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Ar Space Vacuum
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@ i Hzo;;cuﬁ Sieve 02 Filter @ LKE ryost TPC  BO Cryostat
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. Argon purification system Luke Bo
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Curioni et al.,NIMA605(2009)306 Pordes, LArTPC R&D workshop2013
Andrew et al.,NIMA608(2009)251

.-uoo

Condenser

Airlock

Sample volume 10cmx 10 cm x 10 cm

Argonlock can be purged with

external argon, cryostat argon, and/or

evacuated

” »

Sample Cage Purity Monitor Scrubber Filter



Curioni et al.,NIMA605(2009)306 Pordes, LArTPC R&D workshop2013
Andrew et al.,NIMA608(2009)251

2. Materials Test System (MTS), “Luke”

Purity monitor
- Produce photo-electron by imping UV light on gold plate
- Cathode and anode signal define electron life time

St )T
+,.,m,. + Qanode/ Qathode = € drift/

Flow Restricter

| o MR
cathode g,rid (ov) anode grid (+V) S iL» |
/ v =1l Al /| AR
L L \‘ “
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X | 7-
\ / Cold
photocathode (-V) anode (+V) : ~ Blectronics
UV light fiber purity monitor 8
@ - e 33
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Curioni et al.,NIMA605(2009)306 Pordes, LArTPC R&D workshop2013
Andrew et al.,NIMA608(2009)251

2. Materials Test System (MTS), “Luke”

FR4 (typical circuit board material)
- fiber glass (=contain lots of water), known “bad” material for LArTPC
- Impurity ceases to show up, it only appear gas phase running

300 Sample Temperature 15
«====H20 Concentration o)
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250 12 g
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= 150 |6 T
S o
Q. —_—
E wv
= E
100 - 9 3 g
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Curioni et al.,NIMA605(2009)306
Andrew et al.,NIMA608(2009)251

2. Materials Test System (MTS), “Luke”

FR4 (typical circuit board material)

- fiber glass (=contain lots of water), known “bad” material for LArTPC

- Impurity ceases to show up, it only appear gas phase running
- there is no material reduce electron life in liquid (problem happens when material is exposed in LAr gas)

Pordes, LArTPC R&D workshop2013

Material Date test started Preparation Tests Water [ppb] | Lifetime [ms] | LogBook #

Cleaning Solution 6/29/09 evac.24 h vapor/liquid 4 5 946
Vespel 7/9/09 evac. ovemnite liquid/vapor 57 2-5 46 960
MasterBond glue 7/16/09 purged 18 h vapor/liquid 1.6 13-29 974
LEDs 7/31/09 purged 38 h vapor 35 5 993
Carbon filter matenal 8/12/09 evac. 24 h liquid/vapor 2 4-9 1000
962 FeedTru Board V2 10/12/09 evac. 24 h vapor/warm 85 1-5 1062
Teflon cable 1/9/10 purged 28 h warm/liquidivapor & 8-20 O 2-5 1175
3M "Hans" connectors 129110 purged 46 h wam/liquidivapor | 512 3 1198
962 capacitors 3/2/110 evac.24 h warm/liquid/ivapor | 614 36 1228
962 polyolefin cable 4/12/10 evac. 16 days warm 2560 ) 2 1237
Rigaku feedthrough 4/20/10 purged 7.5 h warm ot 3 1250
Rogers board (Teppei) 4/23/10 purged 26 h warm/liquid/vapor 40 2,6-10 1254
Arlon Board (Teppei) 5/14/10 evac. 0.5 h, pur.2 daygwarm/vapor 300 80 13, 35 1263
Polyethylene tubing 524/10 evac.6h pur. 66 h |[warm E}_OQiO% 1 1278
Teflon tubing 5/27/10 evac. 1 h, pur17h |warm 9-13 4-5 1283
Jonghee board 5/28/10 evac.6 h, pur. 1.5h |warmm/vapor 100,08 12, 58 1285
Jonghee connectors 6/4/10 evac. 3.5 h, pur. 16 h |warm/vapor 50 2-3 1290
PVC cable 6/14/10 evac.29h, pur.1h [wam 120 1-2 1296
Teppel TPB samples 8/3/10 purged 26 h warm 600-1600 0.7 1342
Teppel TPB samples 9/4/10 purged 37 h liquid /vapor , 6

PrM feed tru (baked) 10/5/10 purged 25 h warm/vapor : 3, 2 1396
Copper foil on mylar film 10/14/10 purged 26 h warm/liquid/vapor 15,10,9 3,8, 7 1409
Teppei SHV connector 10/25/10 purged 25 h warm/vapor/liquid 35 11,0 2.6,6 1415
FR4 11/16/10 purged 25 h warm/liquid/vapor 156,25 1429
Gaskets J11/1 purged 24 h warm/liquid/vapor 3 25.8.7 1521
LBNE AP-219 Color. Developer 4/13/11 purged 25 h warm/vapor 65, 15 4 > 1722
LBNE RPUF Foam 4/22/11 evac. 26 h, pur.1 h. [wam 800 0.2 1729
LAPD LEDs 511211 purged 49 h vapor 0.6 ppb 10 1769




2. Electronics test stand, “Bo”

General purpose R&D cryostat
- Test “cold” electronics
- Take cosmic ray data (filter function for Fourier transformation)

- Scintillation light test stand (later)
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Karagiorgi,arXiv:1304.2083

1. USA LArTPC programs

Path to the large LAFTPC in USA
Physics

LArSoft
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ArgoNeuT,PRL108(2012)161802

2. ArgoNeuT

First USA LArTPC neutrino experiment
- Small fiducial volume, but MINOS ND as muon range
- NuMI neutrino beamline (wideband 3 GeV beam with tail up to 20 GeV)

MINOS
near

detector

cryostat volume 0.7 ton
TPC volume 0.25 ton
# channel 480
wire pitch 4 mm

electronics style JFET (293K)
v el pleiis 0.5m (330ms)

Teppei Katori

light collection none




ArgoNeuT,PRL108(2012)161802

2. ArgoNeuT

First USA LArTPC neutrino experiment
- Small fiducial volume, but MINOS ND as muon range
- NuMI neutrino beamline (wideband 3 GeV beam with tail up to 20 GeV)

9
- +Measured data (w/ stat. and total error)
o 8K GENIE expectation
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3 T
S -
33
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8 =
o 4
% .E X0
= 3F 500
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g w
= %0
Coa | | | P | | |
00 5 10 15 20 25 30 35 :
8, (degrees) 100
200
ArgoNeuT 0
0 20 40 60 80 100 120 140 180 180 200 20 2%

cryostat volume 0.7 ton Induction plane wire

TPC volume 0.25 ton
# channel 480
wire pitch 4 mm
electronics style JFET (293K)

v aeldinEnleiig  0.5m (330ms)

0 20 $0 60 80 100 120 130 160 180 200 220 290
light collection none Collection plane wire



Palamara,Nulnt12

2. ArgoNeuT

First USA LArTPC neutrino experiment
- Small fiducial volume, but MINOS ND as muon range
- NuMI neutrino beamline (wideband 3 GeV beam with tail up to 20 GeV)

40 60 S0 100 120 140 160 180 200 220

ArgoNeuT can
reconstruct such event
which is total impossible
with other detector...

= d_,_,-'-""f

\

interaction vertex

140 150

‘—
p4: 17 cm, 12827 MeV

p3:0.6 cm, 24+3 MeV

cryostat volume
TPC volume 0.25 160
# channel 48 20

wire pitch 4m 0

\

proton
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TiMeV)
g

compatible with

electronics style JFET (2 z 1 IJ 4P

Ve nidChlejul 0.5m (3. § Su—— " . DATA
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Karagiorgi,arXiv:1304.2083

1. USA LArTPC programs

Path to the large LAFTPC in USA
Physics

LArSoft

 ArgoNeuT

50%R&D

50%Physics

1200
1000
800
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Electronlcs test stand
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Bromberg et al.,ArXiv:1307.8166

2. LAPD (Liquid Argon Purity Demonstrator)

Large cryostat to achieve high purity without evacuation

- Purging room temperature argon gas to push out impurity

- It can achieve sub ppb purity after 1 week purging with recirculating argon gas (with filter)
- LAPD measure temperature, purity at various location

- Later, TPC is installed (long Bo)

,

DET-IL B~ SECTICH LU
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Bromberg et al.,ArXiv:1307.8166

2. LAPD (Liquid Argon Purity Demonstrator)

Large cryostat to achieve high purity without evacuation

- Purging room temperature argon gas to push out impurity

- It can achieve sub ppb purity after 1 week purging with recirculating argon gas (with filter)
- LAPD measure temperature, purity at various location

- Later, TPC is installed (long Bo)

I I I I I

LAPD Preliminary e
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Karagiorgi,arXiv:1304.2083

1. USA LArTPC programs

Path to the large LAFTPC in USA
Physics

50%R&D
50%Physics

800
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Material test stand
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Electronics test stand
“Bo” (Fermilab)
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MiniBooNE,PRL102(2009)101802
Karagiorgi, Nulnt12

2. MicroBooNE

MiniBooNE low energy excess

- MiniBooNE cannot distinguish electron and photon MicroBooNE electron like sample
> 3 ~ o5z If MiniBooNE
2 e Dam 2 excess is electron .
~ 25K — v, fromp = -v,,lmmu
g ! — o £
L =  mied 4
— e -
15 * it
= other
; —— Total Background
0.5
0.2 04 08 08 1 1.2 14 15 3 » | ; — 1.4 15 7
E%€ (GeV) EE (GeV)
MicroBooNE gamma like sample
_ ArgoNeuT MicroBooNE If MiniBooNE
cryostat volume 0.7 ton 150 ton excess Is gamma
TPC volume 0.25 ton 86 ton
peveelidEnleigs  0.5m (330ms) 2.5m (1.5ms)
electronics style JFET (293K) CMOS (87K)
480 ~8,000
4 mm 3 mm .
i Katori 14/12/12 %
light collection none 30 of 8" PMT



MiniBooNE,PRL102(2009)101802
Karagiorgi, Nulnt12

2. MicroBooNE

Path to large LArTPC
- Roughly half size of ICARUS T300 (=half module of ICARUS T600)
- Booster Neutrino Beamline (wideband 800 MeV peak
- All specs are improved from ArgoNeuT
- more channels, denser wires, more planes
- longer drift length (=need purer LAr)
- cold electronics (closer FEB, lower CMOS noise)
- photon collection system (later)
- Not vacuum insulated (foam insulated), <15W/m?
- Surface running

ArgoNeuT MicroBooNE

cryostat volume 0.7 ton 150 ton

TPC volume 0.25 ton 86 ton REL . Lol RS
1ol el 0.5m (330ms)  2.5m (1.5ms) &
CllelifepleXSVICl  JFET (293K) CMOS (87K) = 2 A ‘

# channel 480 ~8,000

wire pitch 4 mm 3 mm

# wire plane 2 3

light collection none 30 of 8" PMT

i K3




MiniBooNE,PRL102(2009)101802
Karagiorgi, Nulnt12

2. MicroBooNE

Path to large LArTPC
- Roughly half size of ICARUS T300 (=half module of ICARUS T600)
- Booster Neutrino Beamline (wideband 800 MeV peak
- All specs are improved from ArgoNeuT

- more channels, denser wires, more planes

- longer drift length (=need purer LAr)

- cold electronics (closer FEB, lower CMOS noise)

- photon collection system (later)
- Not vacuum insulated (foam insulated), <15W/m?
- Surface running

N il ,,,,////f

W Queen Mary

University of London



Guenette, Fermilab academic lecturer series (2014)

2. MicroBooNE

Anode

.........

Cathode
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T e | "n o b‘
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3 wire planes
(vertical, +/- 60°) ¢ AEEEEEEEEEEN °
3mm spacing | :

L

Field Cage Tubes are connected with
260MQ resistors for field
uniformity
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1. USA LArTPC programs

Path to the large LAFTPC in USA
Physics

50%R&D
50%Physics

800
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Electronics test stand
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2. LBNE35ton prototype

Membrane cryostat
- Only viable technology of large cryostat

GRE Membrane Sheet
Fire Proof Board

~~_GRU

Moisture Barrier

= 216,000m3 LNG tanker (~300 kt of LAr)

Concrete/

GRE: Glass Cloth Reinforced Epoxy
GRU: Glass Cloth Reinforced urethane

WO Queen Mary

— The LNGC *“Tembek”, one of the thirty-one 216,000 m” LNG camers

University of London ordered by Nakilat and delivered in 2008



‘@_a’ Queen Mary

University of London



2. LBNE35ton prototype
= N i 3
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2. LBNE35ton prototype
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2. LBNE35ton
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LBNE prototype cryostat exceeds goals

Scientists and engineers working on the

design of the particle detector for the

1
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Cryogenic Systems

Long-Baseline Neutrino Experiment
(LBNE) celebrated a major success in

January. They showed that very large

cryostats for liquid-argon-based

neutrino detectors can be built using The LBNE prototype cryostat |

industry-standard technology normally employed for the storage of

liquefied natural gas. The 35-tonne prototype system satisfies LBNE's

stringent purity requirement on oxygen contamination in argon of less

than 200 parts per trillion (ppt) — a level that the team could maintain

stably. More companies »

The purity of liquid argon is crucial for the proposed LBNE

time-projection chamber (TPC), which will feature wire planes that FEATURED
collect electrons from an approximately 3.5 m drift region. Oxygenand COMPANIES
other electronegative impurities in the liquid can absorb ionization

electrons created by charged particles emerging from neutrino g : ? microwave amps

interactions and prevent them from reaching the TPC's signal wires.

The test results were the outcome of the first phase of operating the

Gooofellow

Metals and Materials for
Research and industry

LBNE prototype cryostat, which was built at Fermilab and features a
membrane designed and supplied by the IHI Corporation of Japan. As
part of the test, engineers cooled the system and filled the cryostat

with liquid argon without prior evacuation. On 20 December, during a
marathon 36 hour session, they cooled the membrane cryostat slowly pHcTaNIS

and smoothly to | 10 K, at which point they commenced the transfer
of some 20,000 litres of liquid argon, maintained at about 89 K, from




Karagiorgi,arXiv:1304.2083

1. USA LArTPC programs

Path to the large LAFTPC in USA
Physics

50%R&D
50%Physics

t (ticks)

't Coordinate —

800

Material test stand
“‘LUKE” (Fermilab)

Electronics test stand
Yale TPC “Bo” (Fermilab)

2007 2008

\a,__l Queen Mary

University of London

——

2010 2013

Teppei Katori

Captain |

|
T =

14/12/12

44



LBNE whitepaper,ArXiv:1307.7335

2. LBNE

Future large LArTPC
- Now LAr20 (2 modules, 10 kton each)
- Light guide idea for photon detection (later)

ArgoNeuT MicroBooNE LAr40 i BN  ZFermilab_|

cryostat volume 0.7 ton 150 ton 40k ton

TPC volume 0.25 ton 86 ton 34k ton
v eldinnliig  0.5m (330ms) 2.5m (1.5ms) 3.7m (2.3ms)
electronics style JFET (293K) CMOS (87K) CMOS (87K)

# channel 480 ~8,000 ~266,000
wire pitch 4 mm 3 mm 5 mm

# wire plane 2 3 3

14/12/12 45

light collection none 30 of 8" PMT light guide



LBNE whitepaper,ArXiv:1307.7335

2. LBNE

Future large LArTPC

- Now LAr20 (2 modules, 10 kton each)

- Light guide idea for photon detection (later)
- Strongly recommended by P5

- International collaboration is necessary

| AgoNeuT | MicroBol
0.7 ton 150 te
0.25 ton 86 to!
0.5m (330ms)  2.5m (1.t
JFET (293K)  CMOS (¢
480 8,00
: :

none 30 of 8" |

Table 1

Summary of Scenarios
Scenarios Science Drivers E
€
- - g
2|23 g g
|2 |<|¥|T
8133833
Project/Activity Scenario A Scenario B scenarioc |z |2 |8 |8 |E |8
Large Projects
Muon program: Mu2e, Muon g-2 Y, e |y Y vt
HL-LHC Y Y Y v v v |E
LENF
BNF + PIP-1I Y, frlsd reatrto |y Y, enhanced v I
prverp—
ILc R&D only RED, e |y v v v|E
NuSTORM N N N v I
RADAR N N N v 1
LSST Y Y Y v v C
DM G2 Y Y Y v C
Small Projects Portfolio Y Y Y VIV ||V Al
reductiorawith
Accelerator R&D and Test Facilities Y, reduced Y. Pt Y, enhanced MEArd v [EI
CMB-54 Y Y Y v v C
DM G3 ¥ reduced Y ¥- v C
NGU Further development of concept encouraged Vvl |
ORKA N N N v
MAP N N N VIV v |El
CHIPS N N N v I
LA N N N v I
Additional Small Projects (beyond the Small Projects Portfolio above)
DESI N X Y v v C
hort Baseline Neutrino Portfolio Y Y Y v >

TABLE 1 Summary of ScemariosA, B, and C. Each major project considered by PS Is shown, grouped by project size and isted In time order based on year of peak construction.
Project sizes are- Large ( $200M), Medium ($50M-$200M), 3nd Small (<S50M). The science Drivers primarily addressed by each project are 3lso Indicated, slong with the
C~Cosmic) defined In the 2008 PS report.

Froatier technique area (E=Energy, l-intensity,
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Neutrino beam 'major physics
experiment’
1 hour ago

The UK will be part of what is being described as one of the biggest
physics experiments ever built, in an effort to learn more about the
creation of the universe.

Researchers will fire a beam of particles called neutrinos through
1,300km (800 miles) of rock - from their lab near Chicago to a location
in South Dakota.

The UK's role in the $1.5bn (£1bn) project will be to help to build a giant
neutrino detector, likely to be about 12m (39ft) across.

Studying how the particles change as they travel will give a deeper
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LBNE whitepaper,ArXiv:1307.7335

2. LBNE

two sets of
G,U,V,X wire planes

cold electronics boards

e &
E‘,Qﬁ’ QU‘ detail cross section of the

. electronics enclosures
Univer:

Cryostataccess
hatch,

plugged when
cryostatis filled

Wire and Cathode
frames are transported

in halves which are
joined in cryostat

1an

I

Cathode Plane Assemblies

installation of APAs inside the crypstat

Anode Plane Assemblies

|=— 25m —

concept of the APAs, and
wire wrapping arrangement  cross section view of the TPC componets inside the cryostat
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3. LAr photon detection R&D
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Soderberg, NNN 2013

3. Scintillation light from argon

Noble gas comparison

- lower boiling point is easier to handle

- higher density has more energy deposit

- longer wavelength is easier to detect

- Xe>Kr>Ar>Ne>He but Xe and Kr are expensive

He Ne Ar Kr Xe |

" BoilingPoint [K] @ 27| 873 120.0 165.0

latm

Density [g/cm?] 0.125 .2 |.4 2.4 3.0

| Radiation Length [em]  755.2 24.0 14.0 49 2.8
| scndlaion[yMev] | 19,000 30,000 | 40,000 25000 42,000
| GExMeviem] | 024 14 2l 3.0 3.8
| Scintillation A [nm] | 80 78 | 128 |50 |75
%) Queen Mary 1a/12/12

University of London




3. Scintillation light from argon

Argon as gas scintillator

Organic scintillator (PPO, POPOP, PBD, etc)
- S0-S1 excitation of rt-electron
Inorganic scintillator (Nal(Tl), etc)

- Crystal with impurity
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Ben Jones, ICATPP 2013

3. Scintillation light from argon

Argon as gas scintillator

- 2 excitation path, singlet (spin 0) and triplet (spin 1)
- prompt signal can be used for trigger

- delayed signal is sensitive to impurity (nitrogen)

- both vacuum UV (128nm)

12u excimer

32u excimer

(acan) ™

‘g-,@__al Queen Mary

University of London



3. Scintillation light from argon

Argon as gas scintillator
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- 2 excitation path, singlet (spin 0) and triplet (spin 1)

- prompt signal can be used for trigger

- delayed signal is sensitive to impurity (nitrogen)
- both vacuum UV (128nm)
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3. Scintillation light from argon

TPB (tetraphenyl butadiene)
- convert 128nm to blue (efficiency > 100%7?!)
- degrade by UV light (possibly by humidity, too)

TPB plate performance degradation

Benzophenone production

- 12
§“ C E 33 1 Benzophenone Buildup with UV Exposure
5 -
FZ R S S — e < immzmmmemsmsbezssimn oo g 149
L B
E ' so: “‘&—__,7'4__-7
0.8 = 1 v
gL i, |
l_‘l: 4 ® Reference [} 10 20 30 20 0 0 70 80
06 e Noligntlowhumidity |.... - Exposure (lamp hours)
| e Nomgntibhumiamy | | | x
- 1 ® Amber Hght, lab humidity £ R e
0.4 | + 1 ® Labugnt isbhumidity |.... 5 * l,‘r
B €
B T 1 } ; * g 37 J— o —e— Relative plate performance
0.2 : 1 xx
- { f & 2 - - BP content (log %)
Oo 11 1 1 5 11 1 l1ol 11 I1sl 11 1201 11 1251 11 l-wl 1 l- I351 11 140 -23 -
Days since beginning of study
Chiu et al.,JINST7(2012)P07007 Jones et al.,JINST8(2013)P01013
e
\E,Qﬁ’ Queen Mary Teppei Katori 14/12/12 54
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3. Scintillation light from argon

TPB plate idea
- deposit TPB-polystyrene mixture on acrylic plate (TPB plate)
- equip TPB in front of PMT

Mechanical model of
8 MicroBooNE PMT

TPB plate sample Lab6 scintillation building

—

\‘CE:_Q_s’ Queen Mary Teppei Katori 14/12/12 55

University of London



Baptista et al.,ArXiv:1210.3793

3. Scintillation light from argon

TPB plate idea

- deposit TPB-polystyrene mixture on acrylic plate (TPB plate)

- equip TPB in front of PMT

- performance of TPB plate is measured by vacuum spectromete
Comparing with vacuum evaporated plate, it is ~OK

r.

Deuterium lamp spectrum

Fermllab vacuum spectrometer
. grating

(; Vacuum-aiea y / 3 / 4000 - \Du
'» ) /R

( 3000 -

’ PMT2
N\
0/

‘ 2000 A

Intensity (counts)

\ 1000 -
Molecular
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Continuum
to ~ n
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Wavelength (nanometers)
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Baptista et al.,ArXiv:1210.3793

3. Scintillation light from argon

TPB plate idea

- deposit TPB-polystyrene mixture on acrylic plate (TPB plate)

- equip TPB in front of PMT

- performance of TPB plate is measured by vacuum spectromete

Comparing with vacuum evaporated plate, it is ~OK

Fermilab vacuum spectrometer
Cam
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. grating
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e s
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Jones et al.,JINST8(2013)P07011

3. Scintillation light from argon

Impurity measurement

- O, and N, are known impurity to reduce scintillation output

- Nitrogen is not controlled in LArTPC experiment (oxygen is <ppb to make TPC works)
- Nitrogen injection line and monitor is installed in Bo cryostat system

sReadout Rack
r .
— J{\'l Rack




Jones et al.,JINST8(2013)P07011

3. Scintillation light from argon

Impurity measurement
- O, and N, are known impurity to reduce scintillation output
- Nitrogen is not controlled in LArTPC experiment (oxygen is <ppb to make TPC works)

- Nitrogen injection line and monitor is installed in Bo cryostat system

Side View Top View
A ‘
F 210pg Source
L—
E|E
(&) o
0 [m
O[O
M|~
v Wavelength
: € -
J/I l l / shifting plate
\ ﬂt P S— Cryogenic PMT ———
30.5cm visible)
59

Teppei Katori 14/12/12




Jones et al.,JINST8(2013)P07011

3. Scintillation light from argon

Impurity measurement

- O, and N, are known impurity to reduce scintillation output

- Nitrogen is not controlled in LArTPC experiment (oxygen is <ppb to make TPC works)
- Nitrogen injection line and monitor is installed in Bo cryostat system

- LAr with “typical” N, impurity has negligible effect on attenuation

%700_

JHN 2 27ppb N2
gl 3.7ppm N2
500 7.4ppm N2

15.5 ppm N2

TTTTTTT IIIII

PO P

20 40 80 80 100 120

Photoelectrons
Light output from *1°Po Argon Specification Concentration of N> | Absorption Length
Measured N, concentration of 37 ppb 1790 £+ 160 m
clean argon for this study
AirGas research (grade 6) argon [25] | ppm 66 = 6 m
MicroBooNE cryogenic specification 2 ppm 30£3m
Y Start of liquid recirculation phase of 8 ppm 8.2+ 0.7m
\E,Q‘S’ Queen l\/l ar\ Liquid A-xrgon .Purlty Pemonstrator, Run 2 [26, 27] | |
— z AirGas industrial (grade 4) argon [25] 100 ppm 0.65 £ 0.06 m

University of London




Briese et al.,JINST8(2013)T07005

3. Scintillation light from argon

Cryogenic PMT

- bi-alkali photo-cathode stops working at ~150K

- Pt-coating to save electron mobility (15t generation cryogenic PMT)
- slight loss of quantum efficiency

- super bi-alkali works in cold (2" generation cryogenic PMT)

- base circuit should avoid temperature dependent components
- heat deposit ~0.5W/base

0 3I(:)’MT quantum efficiency vs temperature MicroBooNE PMT base
. Mayer,
Q) 0.25 | NIMAG21(2010)437 _‘_,%
> N
o -
c -
o 020 ¢ ® 00-O—m)
3 A O P
S 015 F
g ;
2 010 f A
[l L
< -
5 0.05 |
0.00:'---'1"""
0 100 200 300
I'(K)

=
%Qf Queen Mary . ,

University of London



Briese et al.,JINST8(2013)T07005

3. MicroBooNE PMT test stand
PMT TEST STAND

Open Dewar based PMT test stand

Light Injection System

Signal Cable Feedthrough

Composite Lid
Capacitance Level Probe

Foam Insulation

~< N2 Fill

e e
s

e e
.

Y
#| Sand Blasted Glass 1"Vent

Light Diffuser
\

Foam Light seal

Vacuum Insulation

‘e,-,_é_s’ Queen Mary

University of London C Kendziora 12.21.12




Briese et al.,JINST8(2013)T07005

3. MicroBooNE PMT test stand

Open Dewar based PMT test stand

- All structures are attached on glass fiber lid
- there are 5 penetrations

i. LN2 injection

ii. gas vent

iii. level sensor

iv. cable feed-through

v. light injection system

- In room temperature, PMTs sit on Delrin
bottom fixture

- In LN2, PMTs float and fit in Delrin upper
fixture

- There is a weight at the bottom of the
structure

i penetration |
| for fiber ‘

&
M -

.“ . r

b S e
. feed-through for
”@ able (4ch

o
connector & x
for LN2 fill s\‘

cables (x4) from
connector feed-through

for LN2 fill




Briese et al.,JINST8(2013)T07005

3. MicroBooNE PMT test stand

Open Dewar based PMT test stand

Purpose
- All PMTs need to be operated in cryogenic temperature before the experiment

- Verify spec gain and dark current in cryogenic condition

- Gain experiences of cryogenic PMT operation
- Study basic features (how long do you need to cool down, etc)

No need to be pressurized vessel (expensive, safety issue)

Large open Dewar with modification
- commercial open Dewar, 346L (70cmx90cm inner diameter and height), $17,000

- Labor + Materials ~ $5000

- Total $22,000
- Need 1 or 2 of 160L LN2 bottle to fill every week (LN2~$30, LAr~$160)

- No need technician’s help for operation

Test procedure

- 4 PMTs are simultaneously immersed in LN2

- 1 PMT (calibration PMT) stays same location during all tests

- PMTs are immersed in LN2 least 3 days with dark before any tests

- LED illumination + trigger in LN2 (no purity issue)

e
%Qf Queen Mary o

University of London
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Briese et al.,JINST8(2013)T07005 Typical SER plot

1800} e
3. MicroBooNE PMT test stand & a2
1400;— it
1200j o =0.110
Open Dewar based PMT test stand 10005 Ba
- Dark current and gain are measured both in 8001
air and liquid nitrogen (LN2). 600
- Operation HV values in cryogenic 400F-
temperature are extracted. 2001
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Briese et al.,JINST8(2013)T07005

Open Dewar based PMT test stand

- Dark current and gain are measured both in

air and liquid nitrogen (LN2).
- Operation HV values in cryogenic
temperature are extracted.

Gains are measured at every 100V from
900V to 1800V.

PMT cold gains are ~10-50% of
warm gains.

Optimal HV value for 3E7 gain is
extrapolated.

~200 V increase can recover gain drop

‘e,-,_é_s’ Queen Mary

University of London

Number of PMTs

Typical SER plot

3. MicroBooNE PMT test stand e
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Briese et al.,JINST8(2013)T07005 Typical SER plot

1800} e
3. MicroBooNE PMT test stand - -
1400 e
12001 b= odt0
Open Dewar based PMT test stand 1000 w0
- Dark current and gain are measured both in 8001
air and liquid nitrogen (LN2). 600
- Operation HV values in cryogenic 400F-
temperature are extracted. 2001
02060 80" 100 120 140 160 180 200
Typical dark current curve Chanel
N 10° -
Cold dark current is slightly higher than == |
warm dark current. B A
y
- /
Cold noise doesn’t show “plateau break S/
down” at higher HV. 10°* ’}

These results are not intuitive, but in fact

well known.

NIMAG621(2010)437

JINST2(2007)P11004 10°
ArXiv:0805.0771

T IIIIIII
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—=— dark current (cold)
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TK,JINST8(2013)C10011 Teflon /TPB plate

spacer(xs)
3. MicroBooNE PMT unit

Teflon coated wire

32 PMTs with 4 light guides
- PMT sits in spring-loaded structure Aluminium
- avoid direct glass-metal contact by teflon fing

- cryogenic magnetic shield

<«———Maanelic shield

Spring loaded
wire (x3)

Teflon
coated wire

Teppei Katori 14/12/12 68
University of London



TPB plate

Teflon

spacer (x3)
Teflon coated wire

13

TK,JINST8(2013)C10011

3. MicroBooNE PMT unit

32 PMTs with 4 light guides
- PMT sits in spring-loaded structure Aluminium
- avoid direct glass-metal contact by teflon fing «———Magnetic shield
- cryogenic magnetic shield Soiifig Ioaded
wire (x3)

w

AR
ud l

cryogenic
100,000 [ .
mu-metal mu-metal

MicriBooNE PMT rotator
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TK,JINST8(2013)C10011

3. MicroBooNE PMT unit

32 PMTs with 4 light guides

- PMT sits in spring-loaded structure

- avoid direct glass-metal contact by teflon
- cryogenic magnetic shield

Relative signal variation with PMT angle

— Full shield
— No shield
— Equator shield

Relative signal variation
o
N

|IIII|IIII|IIII IIIIIIIIIlIIIIIIIII

i1 MicroBooNE PMT Orientation

1
lllllllllllIlllllllllllllllllllllllllll‘

o
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Angle from vertical (deg)
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/

Teflon coated wire
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fractional deviation from mean Q vs.
angle, liquid nitrogen

0.15
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’0 o* ,
¢ No Shield
0 Anda ) AAAY : . .
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-0.05 * ® A4K Shield
* 4
¢ ©®
-0.1 .—0
Paul Nienaber (St. Mary)
-0.15

Ryan Grosso (Cincinnati)
Bryce Littlejohn (Cincinnati)
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TK,JINST8(2013)C10011

3. MicroBooNE PMT array system

32 PMTs with 4 light guides

- PMT sits in spring-loaded structure 2 ‘ :

- avoid direct glass-metal contact by teflon = I m“‘\““\\““““
U’ ' |

- cryogenic magnetic shield

A -ﬂ Installation

of final

e A — 312 — —DEFAIL B LpETAIL € —
\ NOTE : TPC GETS INSTALLED Ti S \
g — " TO RIGHT, ~.50" L1 21 14G: BLLCY \
REMOVARL € END VAT 'E%@TT:%OK&HBTFNT 14/12/12 NE ST - P r47_l

SECTION A-A



Bugel et al.,NIMA640(2011)69

3. Light guide

TPB coated acrylic bar
- TPB re-emitted light is trapped in acrylic bar, and internally reflect

- Collected by photo-sensor (2-inch PMT) at the end
- The concept works, efficiency seems low
- MicroBooNE has 4 of them to compare performance with 8-inch PMTs

LBNE APA concept
Anode Plane Assembly

conceptual design. Wires

are wrapping around a light Re
guide e Matt Toups (MIT)

waveshifter-doped cast acrylic coating

128 nm vy /
pp—— f""""_'_"-y‘/"""""-"'-""""""'APAwires
425 nmy -~~~ 5 Acrylic light guide | SiPM

FESANEERR R R R R s s nnnannnnnnannnnnnnnnnnnnnnnns APA wires

%Qf Queen Mary

University of London




Bugel et al.,NIMA640(2011)69

3. Light guide

TPB coated acrylic bar

- TPB re-emitted light is trapped in acrylic bar, and internally reflect
- Collected by photo-sensor (2-inch PMT) at the end
- The concept works, efficiency seems low

- MicroBooNE has 4 of them to compare performance with 8-inch PMTs

Initial light guide test results 3000 Source ot 10 cm
- The basic idea works i Mean 7.676

- Efficiency is rather low (~0.1%) 2500 |- RMS 2,437
- Lots of room to improve i

- better quality of acrylic
- better TPB deposition technique

Events

Long Bo

- Indiana university further improved
this technique, and tested

LBNE35ton 8 10 14 16
- It will equipped one of these Example Measurement 1 Photoelectrons
e o
\%,Qs’ Queen Mary Teppei Katori 14/12/12 73
University of London



3. LAr light collection group

1. The Effects of Dissolved Methane upon Liquid Argon Scintillation Light
Ben Jones et al., (JINST 8 (2013) P12015)

2. A Measurement of the Absorption of LAr Scintillation Light by Dissolved N, at the Part-Per-Million Level
Ben Jones et al., (JINST 8 (2013) P07011)

3. Testing of Cryogenic Photomultiplier Tubes for the MicroBooNE Experiment
Briese et al., (JINST 8 (2013) T0O7005)

4. Photodegradation Mechanisms of Tetraphenyl Butadiene Coatings for Liquid Argon Detectors
Ben Jones et al., (JINST 8 (2013) P01013)

5. Benchmarking TPB-coated Light Guides for Liquid Argon TPC Light Detection Systems
B. Baptista et al., (e-Print: arXiv:1210.3793 [physics.ins-det])

6. Environmental Effects on TPB Wavelength-Shifting Coatings
C. Chiu et al., (JINST 7 (2012) PO7007)

7. Demonstration of a Lightguide Detector for Liquid Argon TPCs
L. Bugel et al., (Nucl.Instrum.Meth. A640 (2011) 69-75)

and more..., Liquid argon is the home of R&D papers!

‘e,-,_@__a’ Queen Mary

University of London



4. Challenge of LArTPC technology

e
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Ben Jones, ICATPP 2013

4. Challenge of LArTPC technology

Cosmic rays

- Cosmic rays of MicroBooNE is ~10kHz

- MicroBooNE DAQ windows is ~1.6 ms

- ~20 cosmic rays across the detector in the DAQ window

- Reconstruction program needs to find true neutrino interaction and tracks successfully
- Combination of PMT and TPC information can find all cosmic rays efficiently

eno \ Time vs Wire, Charge View
Eile Edit Window Job Help

< Previous | Next ——>| »| Reload| | [RurvEventj=[1 16

Zoom Interest [
UnZoom Interest "
Zoom Back

vV &utoZoom

Find X¥Z

XY Z

Clear Paints

V| Showtarkers

Simulated MicroBooNE
event, reconstructed in 3D

T IlllllllllllllII|III]|IIII|I IIII|III[|IIII|I II|IIII IIIIII
L / ‘:::::::::::::::::::::::::::::::.‘

I|I IIII|IIII|III[|IIII|III]

8

11111

Tmmmrmrmmant

;;;;;

.....

,,,,
.....

B %

1 1
s

LArSoft £

Run: 10 ”

Event: 16 b

UTC Thu dan 1. 197 T

00:00:0. |

“"ADC Threshold 3 ﬂWire 1200 ilPlaneﬁi’(‘ Raw( Reconstructed¢" Both [~ Grayscale [T MC Truth ﬁfppei Katori 14/12/12 76
7
University of London

IIIIIIIIIIIIIIlI Illlllllllllll

i




Guenette, Fermilab academic lecture Series (2014)

4. Challenge of LArTPC technology

Positive ion problem

- Cosmic rays of MicroBooNE is ~10kHz

- They produce tons of argon ions

- Speed of argon ions (~cm/s) < liquid argon flows

- Vortex of liquid argon flow behave like a “sink” of positive ions
- Electric field inside of the TPC is never straight
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Guenette, Fermilab academic lecture Series (2014)

4. Challenge of LArTPC technology

Positive ion problem

- Cosmic rays of MicroBooNE is ~10kHz

- They produce tons of argon ions

- Speed of argon ions (~cm/s) < liquid argon flows

- Vortex of liquid argon flow behave like a “sink” of positive ions
- Electric field inside of the TPC is never straight

Con — ICARUS surface running
- ICARUS took cosmic ray data on surface, and it shows perfect parallel lines of comic rays, showing
electric field is uniform across the detector
- ICARUS and MicroBooNE has different cryostat, cooling, flow system, etc
To manage field distortion, MicroBooNE has a laser calibration system.

We will find out this effect from MicroBooNE data

How about LBNE?
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Lundberg, HV in Nobel Liquid 2013

4. Challenge of LArTPC technology

High voltage system

- MicroBooNE need to drift 2.5m

- Drift velocity is chosen to be same with ICARUS (1.5m/ms)
- It requires 500V/cm - 125KV total

- It sounds easy if we trust what textbook said...

€3.3 Maximum breakdown strengths of some liguids

Liquid Maximum breakdown strength (MV/cm)

1.1-1.3
- 1.1
sforme: oil 1.0

B | 1.0-12
Xygen, 24

id Niti-pgen 16-19
Hydrogen 1.0
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Lundberg, HV in Nobel Liquid 2013

4. Challenge of LArTPC technology

High voltage system

- MicroBooNE need to drift 2.5m

- Drift velocity is chosen to be same with ICARUS (1.5m/ms)
- It requires 500V/cm - 125KV total

- It sounds easy if we trust what textbook said...

MicroBooNE prototype feed-through has a hard time to send 125kV, details of HV break down may
depend on many factors (shape and material of feed-through, for example).

if we cannot send 125 kV, MicroBooNE need to run with lower voltage than designed (500V/cm - ?)
- longer drift time (larger DAQ window)

- more cosmic rays in beam window

- more positive ion effect

- more diffusions (worse resolution)

- more recombination (less ionization signal)

MicroBooNE R&D on this topic is critical for future LArTPCs.

e
%Qf Queen Mary o

University of London

80



LBNE whitepaper,ArXiv:1307.7335

4

. Challenge of LArTPC technology

Reconstruction

- Event topology is extremely richer than any existing neutrino detectors
- Reconstruction is not easy, sensitivity study is based on MC truth or MC truth with simulated detector

effect (called fast MC), to avoid reconstruction
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4. Challenge of LArTPC technology

No nuclear model

- In this energy region (<few GeV), nuclear effect is important.

- Argon nucleus is too big to calculate precisely. The best ab initio nuclear model is available only up to 2C.
- Nuclear model is up to phenomenological one.

MicroBooNE should be able to test these phenomenological models, to reduce errors for future
experiments.
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4. Challenge of LArTPC technology —, N”I’[[‘

NuUSTEC Traming

NuSTEC (Neutrino scattering Theory-Experiment Collaboration)

NuSTEC is a collaboration of experimentalists and theorists whose mission is to
improve neutrino interaction generators, organize workshops to answer
community challenges as well as training programs in neutrino nucleus scattering
physics and to initiate a global fit of combined results from multiple experiments to
theoretical models.

NuSTEC training in neutirno-nucleus scattering physics
Organizing committee

Luiz Alvarez-Ruso* (Valencia, Spain), Constantinos Andreopoulos (Liverpool/RAL, UK), Omar Benhar (Rome
Sapienza/INFN, Italy), Yoshinari Hayato (ICRR/Univeristy of Tokyo, Japan), Teppei Katori (Queen Mary University of
London, UK), Camillo Mariani* (Virginia Tech, USA), Jorge Morfin* (Fermilab, USA), Ulrich Mosel (University
of Giessen, Germany), Ornella Palamara (Yale University, USA), Makoto Sakuda (Okayama University, Japan), Rocco
Schiavilla (JLAB/OId Dominion University, USA), Jan Sobczyk (Wroclaw University, Poland), Martin Tzanov (Lousiana
State University, USA), Sam Zeller (Fermilab, USA) * co-chairs
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4. Challenge of LArTPC technology __.//V”..ff[[
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NuSTEC (Neutrino scattering Theory-Experiment Collaboration)

NuSTEC is a collaboration of experimentalists and theorists whose mission is to
improve neutrino interaction generators, organize workshops to answer
community challenges as well as training programs in neutrino nucleus scattering
physics and to initiate a global fit of combined results from multiple experiments to
theoretical models.

NuSTEC Training in Neutrino-Nucleus Scattering Physics (aka NUSTEC school)
- One and only on school specialized for neutrino cross-section

Oct. 21-29, 2014, Fermilab
~ 80 participants (PhD students, postdocs)
~ half theorists, half experimentalists
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4. Challenge of LArTPC technology —, N”fr[[‘

NuSTEC Tra/ﬂ//)g _,“.
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NuSTEC (Neutrino scattering Theory-Experiment Collaboration)

NuSTEC is a collaboration of experimentalists and theorists whose mission is to
improve neutrino interaction generators, organize workshops to answer
community challenges as well as training programs in neutrino nucleus scattering
physics and to initiate a global fit of combined results from multiple experiments to
theoretical models.

NuSTEC Training in Neutrino-Nucleus Scattering Physics (aka NUSTEC school)
- One and only on school specialized for neutrino cross-section

NuSTEC school 2015 - Nov. 9 — 13, 2015, Okayama, Japan
Nulnt 15 - Nov. 16-20, 2015, Osaka, Japan

Sign up “neutrino cross-section newsletter”!
(go google, type “neutrino cross section newsletter”)
https://pprc.gmul.ac.uk/~katori/nu-xsec.html
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Cc}nclusion

-LArTPC technology is initiated by ICARUS and now flourlsh in US

There are number of pro;ects actlvely studymg LArTPG ' : E

MlcroBooNE iS up comlng neutrlno beam exp'erlme.t.lh LArTPC iy

All effort focus to the future rarge LArTPC such as I-_BNE

- Thank yquﬂ for.your att-ent'ioh,!
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