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Liquid Argon Summary

*Physics reach for LarTPCs‘addressed in this workshop
*Path to using this technology
[ ArTPC baseline detector plans for DUSEL



Why consider Liquid Argon TPCs.....

Liquid Argon TPC detectors for neutrino
physics and nucleon decay

Run 308 Event 7 Collection view

B Unique Detectors
~ e => precision measurements in neutrino physics
=> appear scalable to large volumes

drift coordinate
75¢cm

>

wire coordinate

eNeutrino oscillation physics: significantly more sensitive than WC detectors.
(translates into smaller volumes for same physics reach) (Mark Dierckxsens)
v, appearance 1s difficult. Need powerful LAr detectors.....

eProton decay searches (Ed Kearns)

e sensitive top— vk
e Extend sensitivity beyond SK limits with detectors larger than Skton

eSupernova and solar neutrinos (Josh Klein)

Detector sensitivity and simulation...



A. Rubbia (Sept. 2005)

Why 2km LAr TPC? (1)

e Fully actlive, homogeneous, high-
resolution device = high statistics
neutrino Interaction studies with bubble

chamber accuracy -

Clarganmclle bubble chamber

hubble diametor =3 mm

Capable of T-event discovery...

Roal ovent in CARLIS

| ligh granularity: Sanpling = .07 A
“bubble” size =3x3x04 mm?

Kirk McDonald



A. Rubbia (Sept. 2005)

Why 2km LAr TPC? (3)

e Exclusive measurement of vNC avents
with clean #¥ identification for an
independant determination of systamatic
arrars o the NCACC ratio.

MO, CIF

e Measurement of the intrinsic v, CC
background.

When verfox known, combine with Tl S Wl =
5 i R dx el efficienaoy: .l S

probaliility to convert within 1 cme - -

= L Enermy o etficiency | < d F_'__.-".q'_.: el

5 : ; [ Gl (o) (MeV fem) 2

Combined, aim at; 096 BE 013

= 0.2% n° efficiency by 0.3 5.5 2.19 :

imaging for 90% electron | 3.7 221 T B _
efficicncy * 2.7 2.1 e B L e
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A. Curioni (Aug. 2006)
v,n — pe X Efficiency ~ 90%
Require Epqgton > 50 MeV).

Rejection of v n(p) — n(p)a°X ~ 200:1
Reject whenever one or both y more than 2 cm from primary vertex (100:1)
Require Epton > 50 MeV (2:1)

[Predictions similar to those of Rubbia group.] m:::lhm\.r‘l':x: - gi
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Visual Scan of 450 Monte Carlo Events (2005)

Estimation of Signal Efficiency and Background
Rejection for a L1qu1d Argon Detector in the NuMI
Off-Axis Beam

1I. Gallagher, I3, Dowler, 5. Ganegotena, A, Ilall, W, 4. haun, X,
=mchuens, A, Para, 1. Weiner

May 25, 2005

Abstract
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Present and Future Opportunities for Software Development

LAr TPC Hardware R&D Projects: | ][II
Argoneut )
BD . - il .Pl il

Physics Experiments with LAr TPCs:
ICARUS
microBooNE
T2K 2km Near Detector

LAr TPC event reconstruction is likely beyond the scope of an R&D project.
US effort will likely focus on the microBooNE experiment at Fermilab.

The challenge is significant: no bubble as every fully

automated,

3 Independent studies show v etf: 80-90%

ecxcellent pi0 rejection
esignificant work to do but drive to do so is here

K.T. McDonald DUSEL Workshop (B Oct. 16, 2008 13
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How do these sensitvities translate into physics reach?
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sin“26,.#0  sign(AmZ,)) CPV

30, all 30, all & 306, 50% &
> 300kt, 1.2MW 0.008 0.018 0.030
% E 300kt, 2.4MW 0.006 0.012 0.015
= g 600kt, 2.4MW 0.004 0.010 0.008
50kt, 1.2MW 0.007 0.014 0.018
-§_ % 50kt, 2.4MW 0.005 0.011 0.010
- 100kt, 2.4MW 0.003 0.008 0.003

Need ~6x smaller LAr to obtain similar sensitivities to WCh
Small NC bkg contamination will affect LAr, in particular CPV



Unification of Running Coupling Constants
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Liquid Argon’s Killer App
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Fiducial Mass

The Next Generation ?

500 kt WC
lcarus T&OO 1_m| ];t[_Ar
5 kt LAr
300 kt WC
. 200 kt WC
Frejus
= == Soudan 2
Kamiokande 100 kt WC
VB
| | | | 1 | |

1980 1985 1990 1995 2000 2005 2010 2015

October 16, 2008 Ed Kearns - UDHES - BMNL

2020 2025 2030



Water Cherenkov Liquid Argon

The GOOD: The GOOD:

Cheap mass High resolution and detail
Energetic EM showers, muons; u decay Charged Particle dE/dx
Mature, time-tested technigue Exciting "new” technology
ptrl Ky

NOT SO good: NOT SO good:

Sub-threshold charged particles Unknowns: cost, feasibility, operation, safety
Mature technique is boring

Questions for the next generation: Questions:

PMT coverage (40% - 20% - 5%7?) Design paths (wires, GEMs, vacuum etc.)

Can we reduce per channel cost? When will we see a detector operate for a year?
Details, aetails, details... Is 100 kton realistic?

October 16, 2008 Ed Kearns - DS - BMNL 9



Challenges for large detectors...

*Seeing that they work! (Continous operation of a
detector for a year)

*L.ow Noise Electronics and signal multiplexing
*Light detection for Triggering

ePurification Issues: large, industrial vessels
*Physics Development: Interactions on argon,
simulation, reconstruction, data reduction

*TPC design: Wire plane structure

*Vessel Design: materials, insulation, feedthroughs
*Vessel location and Installation

Underground construction, operation, and safety

Need a staged program for LArTPC detectors
e address R&D questions at the relevant scale
e Move from R&D to physics goals
e Appropriate steps in size and cost



Evolution of the Liquid Argon Physics Program
in the US

g _ Purity, electronics development
"l"aie-TF"'[.TEﬁ Y! p

Luke & Bo
@ _ Underground safety, cryo operation, Beam v_, y/x? separation
TPC performance, reconstruction
ATgONELY Cold electronics, evacuation

@CTDBDDNE) B rcquirement, tank construction,

insulation Low E excess, cross sections

5kT [RsD] Physics |
( near O far Underground operation,

Technical & cost scaling

0,3, mass hierarchy
proton decay

MxN=100 kT [*°°®

\/

T




Possible designs for massive detectors:

LArTPC: Modularized drift regions
in one large (10-50kton) tank
(un-evacuated)

A 100 kton liquid Argon TPC detector

GLACIER: Combination of charge and
light collection, single large drift area

LAANDD:
single module — »
cubic
evacuated vessel




M kT

\/

NS

100> M > 5
1 <N < 20

N detectors

Mx N =100

Optimize M & N
against cost, schedule,
technical feasibility,
and safety



Similar evolution in European program

Test
Stands

4>

Seeing
neutrino

Interactions
—>

Towards
massive
detectors

4>

24 cm drift
wires chamber

3 ton prototype

1991-1995: First demonstration
1987: First LAr TPG. Proof of principle. of the LAr TPC on large masses.

- Measurements of TPC performances. Measurement of the TPC
{1 -; e performances. TMG doping.

50 litres prototype

1.4 m drift chamber
k /VI\
1 1997-1999: Neutrino beam
oy ||| | MR events measurements.
- /T \ Readout electronics s
- o i | optimization. MLPB ) T
. o oo development and study. T600: data in '08

1.4 m drift test.

SLICE:

slice of MODULAr
*600 ton LArTPC
elow energy v interactions
eprototype for MODULATr

stmilar program
to MicroBooNE

~2000 evts/yr 17 GeV CNGS

. DEAmM

1Tm

Controlled

"Swimming pool”

access

MODULATr:
S5kton modules



Evolution of the Liquid Argon Physics Program

Yale TPC.% _ <::| Program underway

Luke & Bo

0 DS < Spring 2008 BES

ArgoNeuT
@CMBDDNE) _ <: Data : 2011
/ 5kT

( near O far

MxN=100kT [*°**

\/

<i Data 20??

T




Test stands

-developing electronics components
-developing filtering techniques

-Testing materials in Argon

-Gaseous argon purge for purification
-developing Light Collection techniques
-technology transfer

Good as “bench top” tests, but
there are scale limitations....

bm long drift
test

=g LANDD 5 m test
2 ' @ CERN

;t g
ol -l

%
First tracks in US, April 2007

160 200 300 460 500

Materials Test Stand
Electronics Test Stand
at Fermilab -




LArTPC  Run #073 Eventv #005 Time Tue-05-Aug-2008-13:22:52

Bo Electronics
Test Stand

P S G, SN )

System Channel (scaled 1:20)

0 500 1000 1500 2000
Sample Number 198 nsec/sample 405 usec total

LArTPC Run #073 Event #005 Time Tue-05-Aug-2008-13:22:52

B0 S T e T Ty T T T e T T T

I

System Channel (scaled 1:20}
|

PR AR S ,
500 1000 1500
Sample Number 198 nsec/sample 405 usec total

0L 1
0

LArTPC  Run #073 Event #0095 Time Tue-05-Aug-2008-13:22:52

— T 1 T T T

SN SR - o
90 e S N\

80—

Warm electronics developed
at MSU/FNAL
First tracks seen in early August e

Sample Number 198 nsec/sample 405 usec total

System Channel (scaled 1:20}

70 A\
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Cold Readout Electronics development at BNL

JFE"IF Room: il C:‘.;;:{SO;P;: cs!tbi!e:lim C.:ame:SIOOpF
\\
- N~ ¢T'o maximize S/N and have
JEFET T=90K: Cp=150pF oq oqe .
TN flexibility in detector
1000 ~‘1F\E\\T*:1;Q£< CF:IEDI)F H\\.‘_ geOmetI'y
B S e = eFactor of at least 3 better
>N ™~
NG than at room temperature
500 |- \"‘“-:,H \\ P
-l | RN
1%1077 2%1077 5% 1077 1x1070 2% 1079 531078 1x1072

Shaping Time [s]

Combine what is learned with JFET hybrids in GAr in MicroBooNE (very
similar S/N to CMOS) with development of CMOS technology in LAr

eDevelop Readout architecture — multiplexing at cryogenic
temperatures to handle ~million channels of very large detectors



BT ArgoNeuT (2008) 10t NSF/DOE project

0.3 ton active volume
0.5 x 0.5 x 1.0 m’ TPC: 500 channels

eSee neutrino interactions (~150 evts/day)
e[Long term running conditions
eUnderground 1ssues

ArgoNeuT fill with LAr for first
time on August 4th. First cosmic
tracks seen on August 9th!

Located in NuMI near hall using MINOS near /

detector as a muon catcher

1 Shd

FIRST ARCONEUT
EVENT

Aug, 9th, 2008

Collection View
240 wnires

¥ Time




BT ArgoNeuT (2008) 10t NSF/DOE project

0.3 ton active volume
0.5 x 0.5 x 1.0 m’ TPC: 500 channels

eSee neutrino interactions (~150 evts/day)
e[Long term running conditions
eUnderground 1ssues

Crossing muon track

Located in NuMI near hall using MINOS near
detector as a muon catcher

I Aatdl




MicroBooNE: Full scale experiment
_ physics results with a LATTPC detector

ePurity in a non-evacuated vessel L ow energy neutrino
eFFull systems test of low noise electronics ~ 1nteractions
e[Light Detection: data reduction, triggering ~ ® Resolve MiniBooNE low

ePhysics Development CNnergy excess:

e See fully contained n interactions * Measure neutrino cross

e Simulation, reconstruction, analysis sections .

e Study surface running issues (cosmics) ~ ® Measure kinematics for PD
*TPC and Vessel Design signals Collect:
eValue engineering « BNB: 100K v events

e NuMI: 60K v events

Received Stage 1
Approval in June

In design/prototyping
stage

DOE/NSF project
(NSF MRI this year)




DUSEL Baseline detector plan:
5+(25) ktons

First step is 5 kton
*good step in scale, cost, and physics

Next step is ~2bktons although design would be
driven by what we learn in the next few steps:
(ie: can we live without evacuatable vessels..)

Steps beyond this in ~30kton modules: Significant
physics gain as you add more modules
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P2 K'v

1035
E +100 kton LAr
g 8
FHEEEE S 55 s (R (R S (I (R
2 1034
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WC efficiency = 0.14 LAr efficiency = 0.98
BG = 1.2 evts/100 kty BG = 0.1 evis/100 kty

Mobs = Nbg MNobs = Nbg

Ed Kaar LIRS - BNL



5kton o /%/7

LAAND wedi™ T W
Modular / /// jl
Concept =. /,/ | 3 MODULES

(D. Cline / - [ | | DRIFT = 4m
’ ; ' | 6 2-PLANE WIRE CHAMBERS

| L] [~ 56'000 CHANNELS (WIREPITCH = 3mm)

F. Sergiampietri)

|
|1 _ ACTIVE VOLUME = 3'B40 m3
| | i e ACTIVE MASS = 5376 m3
L
e
. . Top View : 30 k-ton for 3x2 configuration
B — ] e=— '
B I B I === e H R S s 7] Microboone
Al we 11Ke concept:
modularized
=i detectors
o FNAL- LAr R&D Review 18

Skton + larger modules in various possible configurations..



Initial Concepts for Cryogenics Underground

LN 2 LooP LAR SUPPLY

LNy Surface Buffer Tank

PURIFIER

Pumps — to evacuate LA~

WARM Pump
GaS Cop — ]
TRANSFER
LINE
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LAR DEWAR
LNz ve
SERVICE TUNNEL: SERVICE TUNNEL: PURIFIER I "CONTROLLED"
Dump
i -
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General underground siting 1ssues:
LAr loss: 0, content, reduction of temperature

Mitigation: / .

eDesign: Use best cryo-techniques to minimize leaks
eEgress/Shelter: In cavern and from cavern

Mont-Blanc Safety upgrade Experience from
= g LNGS industry on
Refuge Shelter P o i A bulk transport and
with fresh air i /G . storage
Ventilation ducts T aal 75 Smoke extraction

eVentilation: Dedicated exhaust shaft
eFreeze/thaw damage: placement and insulation



Conclusions

LarTPCs are an exciting “new’” technology to

couple with world class neutrino program
at DUSEL

Path towards large detectors i1s underway with
significant progress recently but much more to do...

Interest in LAr at DUSEL 1s continuing to grow

Next steps — S4 proposal and development of
baseline detector plan for CD-1



