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The Future US Long Baseline Study

(excerpted from R. Rameika September 2007 report to DOE)

The charge to the Study participants
by Montgomery of Fermilab and Dawson of BNL

Compare the accelerator-based neutrino oscillation physics potential of:

— Broadband beam to a DUSEL site
— Next Generation Off-Axis options

— Liquid Argon Detector
« At DUSEL or
 As a second NOvVA detector

— Proton options
« ~1 MW from existing accelerator complex
c 1-2MW
* Proton Driver (~2MW)

Duration: March 2006 - May 2007; arXiv:0705.4396 (May 2007)
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The NUSAG Report (July 13, 2007)

(excerpted from R. Rameika September 2007 report to DOE)

« Simultaneous with the FNAL/BNL Study, NuSAG was also
charged to explore the options for future US long baseline
experiments.

* Focused on experiments to determine the neutrino mass
hierarchy and 6CP

- Knowledge that sin?26,; > 0.01 is REQUIRED before
considering future options that use conventional neutrino
beams (~ 1 MW beam power)

— 1st results around 2012

 Main Conclusion : in the interim, focus on R&D
towards intense beams and large detectors

NuSAG = Neutrino Science Assessment Group
Reports to a DOE/NSF advisory panel




NuSAG Report
... In particular....

Recommendation 4. A phased R&D program with milestones ...

[a] 50-100 kton detector is recommended for the liquid detector option.

Upon completion of the existing R&D project to achieve purity sufficient for long
drift times, to design low noise electronics, and to qualify materials, construction
of a test module that could be exposed to a neutrino beam is recommended.

... and of course ...

... it should be 10 times less expensive per kton than today’s LArTPC costs ...
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Liquid Argon TPC Overview for NUSAG

- e
Note: At this point
In fime ...

*15" could be "50"

*1" could be "3"
etc

The optimum
choices depend on
the goals.

Physics Development using existing technology
Record complete neutrino interactions: (v, & v,)

Establish Physics Collaboration
Develop Event Identification,

Develop Reconstruction,

Develop Analysis,

Establish successtul Technology transfer

Submitted to NuSAG by
the LArTPC group

Summer 2005

The "LArTPC group" is
Fermilab plus 6
universities

Engineering Development:
Construction of Tank

Argon Purity

Mechanical Integrity of TPC
Readout S/N

Microphonics due to Argon Flow

Technical S:etups

Purity Monitor Matenials 5 m Dnft  Long Wires Electronics

Development

Tests  Demonstration Tests Development
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Fermilab Steering Group

develop roadmap
for accelerator-based HEP program at Fermilab

http://www .fnal.gov/directorate/Longrange/Steering_Public/

Young-Kee Kim

PS5 Meeting, Fermilab
September 24, 2007




Letters and Proposals from the Community

. Letters from the Community

John Marriner (May 5, 2007)

Norman Gelfand (May 8, 2007)

Stanley Brodsky (May 31, 2007)

Steve Geer et al. (June 8, 2007)

Buck Field (June 12, 2007)

Chuck Ankenbrandt et al (June 12, 2007)
Maury Goodman (July 7, 2007)

One Page Proposals from the community

6GeV ILC Test Linac - Giorgio Apollinari and Bob Webber (May 7, 2007)
LAr TPC in FNAL's Neutrino Beams - David Finley (May 29, 2007)
Precision Neutrino Scattering at Tevatron - Janet Conrad and Peter Fisher (May 29, 2007)
Very Large Cherenkov Detector - Milind Diwan et al (June 5, 2007)

From Tevatron to Muon Storage Ring - Terry Goldman (June 6, 2007)

Antimatter Gravity Experiment - Thomas Phillips (June 7, 2007)

Neutrino Oscillation with high energy/intensity beam - Henryk Piekarz (June 10, 2007)
Space-Time Ripples Study - Nikolai Andreev (June 11, 2007)

Fixed Targer Charm Expt - Jeff Appel and Alan Schwartz (June 11, 2007)
Stopped Pion Neutrino Source - Kate Scholberg (June 11, 2007)

UNO Experiment - Change Kee Jung (June 11, 2007)

n-nbar Transition Search at DUSEL - Yuri Kamyshkov (June 11, 2007)
8GeV cw Superconducting Linac - Ankenbrandt et al. (June 12, 2007)
Neutrino Expt with 5kton LAr TPC - Fleming and Rameika (June 12, 2007)
MicroBooNE - Fleming and Willis (June 12, 2007)

delta_s - Rex Tayloe (June 14, 2007)

Expression of Interest (EOI)

Nooasrowd-=

15

® N>R LN

©

-_—
©

A A
N -

-_—
w

Very similar
physics as
MODULAr

-_—
@ ¢

1. mu to e conversion - William Molzon (May, 2007)
2. me to e conversion - E.J. Prebys, J.P. Miller et al (May, 2007)
3. Klong to pi0 nu nu - D. Bryman et al (June 11, 2007)
. Letter of Intent (LOI)
1. Low- and Medium-Energy Anti-Proton Physics - D. Kaplan et al (June 1, 2007)

(from Y.K. Kim talk to P5 September 24, 2007) |
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Liquid argon is mentioned on 3 of the 55 slides of the full talk ... this is Slide 35.

Neutrino Oscillation

Mass Orderin? CP Violation

95% CL (dotted) and 3o (solid) sensitivity with 3 years of each v and v
(Courtesy of Niki Saoulidou)

sin‘26,,
8in‘26,,

10* S ot
SNUMI w/ NOvA ™.,
Project X w/ NOvA .

Project X w/
2 detectors
102

10°

Project X w/
10 longer baselipe d r

Project X w/
longer baseline detector

MNormal Hierarchy

107 9 2 3 4
CP-violating phase & (radians)

2 100kt LAr detectors at 1s{(700 km) & 2d4(810 km) oscillation maxima w/ NuMI beamline
One 100 kt LAr (or 300 kt water Cerenkov) at 1300 km using a wide-band v beam
A large v detector in DUSEL would also be a world-class proton decay detector,
addressing “Do all the forces become one?”

(from Y.K. Kim talk to P5 September 24, 2007) |
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Outline

« Recent Reports in the US
— Long Baseline Study: Fermilab/Brookhaven

— NuSAG = Neutrino Science Assessment Group:
« US DOE/NSF HEPAP

— Fermilab Steering Group

Vialerllia cipre e

— Purity Demonstration: 20 ton
— Electronics

— Cellular TPC Design and construction techniques
— Tracks at Yale

— LANND and DUSEL

« Physics Efforts based on LArTPCs in the US
— T962 Status
— MicroBooNE
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One of Fermilab’s R&D areas (PAB)
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station to
I study (a) the
£ 2 contamination of LAr |
X by various materials
and (b) the efficacy
of various ‘filters’ for
| the removal of
oxygen (and other
electronegative
species)

August 2007

Have tested two items and are developing systematic discipline
(figuring out what it is telling us).
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Using the Materials Test Statlon (1)

Insertion Basket (“Sample Cage”)

9!
;

Insertion Basket in
| Argon Purge Lock

F! *"

‘ l . (“Airlock”)
-r|° m
- daige =

“H j\h ‘

‘II 2z |
"1l Isolatlon Valve (below photo) \
w2 N R
. Put materlals in the Insertlon Basket.
 Seal the Purge Lock with window (not shown).

» Choose to evacuate the Purge Lock (or not).

* Purge with pure argon gas (available above
the pure liquid in the dewar).

» Continue on next slide
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Using the Materials Test Station (2)

» Open the Isolation Valve.

'rr-!
'“N HI  Lower the Elevator into the liquid,
.,jﬂm (AL /‘““"‘" or into the gas above the liquid.
ra * Monitor lifetime with Purity
Isolation Valve = o s Monitor.

 Understand results.

Purity Monitor

Cryostat I The Purity Monitor is an ICARUS clone.

C.Kendziora 09.26.07
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Materials Test Station: Sample # 1

PAB Matcrials Test Sysicm Sample # 1
Date Qe 2800 Logbook Page 118
Sample Description  Kapron dad conducter

Sample Composition Kapton and Copper

Sample Weight Sample Exposcd Arca 16.5 ins™2

Veriflars 5. Pordes, D Finley
Source of Sample A, Pubbia
Sample Prep. Wipe wath alochol
Results to: A. Fubbia, 5. Pordes
Purge Duration {hrs) Purge 02 Reading{ppm) 0.02
Before Dunk: () AV Cs AS DT Lifetime  Lewel T_m
150 3000 184 188 276 1628 18.4 93.5
100 1000 124 13.6 350 2163 18.4 83.5
&7 1350 7.8 9 556 2461 18.9 93.5
45 BEO 3.5 5.6 B26 2647 18.4 93.5
30 600 1.6 3.5 1192 2954 18.4 93.5
2391
Valve Open Ccv AV CS AS DT Lifetime Lewvel T_m
150 2000 16.9 18 276 2157 18.4 93.4
100 1000 12 13.2 384 2318 18.4 83.4
&6 1350 7.6 B.9 559 2577 18.9 93.4
45 BED &.6 5.6 Ble 2660 18.4 93.4
30 600 2.7 3.4 1192 2535 18.4 593.4
2450
In Liquid Argon cv AV [ AS DT Lifetime Lewel T_m
150 3000 17.1  18.1 276 2057 18.1 93.3 5.3 E3.80 186.34 00728 471 1.25 B30 1.04
100 2000 11.% 127 386 13559 18.1 3.3 6.3 5587 12422 0.0520 TE.51 1.37 11.60 1.05
&7 1350 7.7 B.4 559 1973 18.1 93.3 6.3 37.43 385 00363 110047 1.55 1663 1.07
45 BED &.6 5.4 B24 2372 18.1 93.3 6.3 25.14 Sd.es 00243 160,41 1.85 24,87 1.11
30 600 2.5 3.1 1184 2457 18.1 93.3 2 i e S W o e W el Lt (T
2163 . . . .
fiame S Purdes oate oo A POSSible change in lifetime from 2.4 ms to
N imosaibie chanmeiriliciinee o 5 wye ol e Tl e el ol 2.15 ms .. This is typical of what happens when
10 adding an mpurity with 8 Webme of (1/2.15 - 1/2.4Y°1 = 30 me we lower the elevator. At face value, this

Please suggest other interesting tests

David Finley / Fermilab at NNNO7 Hamamatsu J

apan October 4, 2007

corresponds to adding an impurity with a
lifetime of (1/2.15 - 1/2.4)*-1 = 20 ms
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Purity Demonstration without evacuation

The purpose is to demonstrate the feasibility of achieving the purity of
liquid argon required for a Skton TPC detector (as a specific example),
explicitly without evacuation of the containment tank or the TPC, and

to estimate the costs associated with the required purification system.

A suitable demonstration, or a true prototype, could:

— be at least ~150tons,

— use a scaled down version of the proposed 5kton purification system,
have a fully functioning TPC,
be located in a neutrino beam (at Fermilab for example),
be on the surface (to understand impact of cosmic rays on the Skton),
and measure all that neutrinos do in liquid argon.

But (to be as cheap as possible), a first step can use a 20ton vessel.
— Still must use a scaled down version of the purification required for Sktons.
— But: can be single wall containment vessel, constructed by industry, small
enough to be delivered by highway, with the ability to put TPC materials in
it (but a functioning TPC is not required).

This 20ton step has been designed and costed: ~$310,000 to buy the
equipment, assemble it and do the demonstration. It can be done in
less than a year.

David Finley / Fermilab at NNNO7 Hamamatsu Japan October 4, 2007 Slide 16



... and a TPC for Electronics Development

-

—— — it~ B & L AT

With Michigan State University
Developing T962 electronics, intend to do cold electronics, etc

However: Has not seen liquid argon yet.
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Cellular TPC Design Concept: Scaling wire panels

A 5 ton detector is a cylinder 5 meters high with diameter 1 meter.
A 150 ton detector is a cylinder 5 meters high with diameter 5 meters.
A 5 kton detector is a cylinder 17 meters high with diameter 17 meters

Etc etc, on to 100 kton, for example.

1 meter 5 meters 17 meters

" Field grid

" Field grid

wire panels

wire panel

The transverse dimension is partly modular - more panels, similar drift distances.

David Finley / Fermilab at NNNO7 Hamamatsu Japan October 4, 2007 Slide 18




Cellular TPC Design Concept:
High Voltage distribution

HY Lift
Panel o 1.0Mm [ Paint
{one of 16) ; o 7 Active Area
. of the TRPC
! . (hlue)
Sensing - 1 -~ - :
bl A The drift field
__ b | will be uniform
h ;i X if the voltage is
= L Hv Panel - -
2 omoreaion |\ Separaton distributed as
5T s I cos(theta) on a
e ; rf |
N | ESges surface located
| \-\ '“-E_H at a constant
| AN T distance from
i \ the center.
: b, Ny 510 Support
Structural support] - / B o Ring Beam
Pipe Frame v J ™ ~
) : |
i “:t_:_w- \
|
& 948 2 Hans Jostlein

6-3-2007

150 ton LAr TPC Top View
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Cellular TPC R&D: High Voltage “stave”

« This HV stave is for a tank with
150 tons of total LAr mass

« 16 HV staves, each 3.6 m tall and
1.04 m wide are made of G10,
copper, resistors, etc

« The copper strips face the inside of
the tank and provide a cos (theta)
distribution of voltage

« Parts of these (plus parts from the
wire panels and light panels) could
serve as TPC materials for the
Material Test Station as well as the
purity demonstration.

Hans Jostlein and the summer
__ student who built this first
= stave are shown

David Finley / Fermilab at NNNO7 Hamamatsu Japan October 4, 2007 Slide 20




Cellular TPC R&D: HV distribution

The resistor
chain gives an
~cos(theta)
voltage
distribution
which in turn
provides a
(very nearly)
uniform
electric field
throughout
the TPC
volume, thus
allowing full
use of
(nearly) all

K e \ el el dEEN A . “§ the liquid

David Finley / Fermilab at NNNO7 Hamamatsu Japan October 4, 2007 Slide 21




Cellular TPC R&D: Ribs give proper curvature

Hans and a
student are
holding a rib.
The top of the
rib shown in
the picture has
the curvature
needed for the
copper strips
on the inside
of the HV
stave. A set
of these ribs
IS installed
underneath
the stave and
are hidden in
this photo.
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Cellular TPC R&D: Light weight “stave”

The support
structure
which provides
the curvature
shows one rib
at the left
end. The
structure has
holes in it to
allow the argon
to flow freely.

One complete
stave is
lightweight.

Summer
student from
Minnesota with
the first HV
stave

- ;

David Finley / Fermilab at NNNO7 Hamamatsu Japan October 4, 2007 Slide 23



Cellular TPC Design Concept:
Wire Panel and Light Collection Panel

744 The spaces between adjacent
N _ stainless steel tubes are used
o - ~ Stainless Steel Tubing . .
o for the scintillator panels
i (“wave shifter sheets”) as

shown below.

_—=aleel Tension Cable

The stainless steel tubing as
shown above provides
structural support for the
wires.

. 'WIire planes
- ;:';’?F

=z Shifter Sheel

- Qipliczal Frogy Ducl

Camon fiber / epoy
structural B
I ruckural Box

_ehire Biridige (2 fa Yiokn Bridge)

Real materials can be tested in the
20ton purity demonstration.

Sensing Panel
Cross Section

Hans Jastein
B10/2006

David Finley / Fermilab at NNNO7 Hamamatsu Japan October 4, 2007 Slide 24
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Cellular TPC Design Concept:
Light Collection Using Sheets of Plastic Scintillator

Light Gathering and Sensing

* Need to understand
Clear fibers effects of nitrogen on
(lowy attenuation)

bring light Lip and out |Ight propagation in the
to Avalanche Photo Diodes . .
liquid argon.

Cutside the Tank

* Need to create
wavelength shifter

appropriate for large

area panel.

Liguid Argon
with W ave shifter
Far U to Blue

* Need to demonstrate
the chosen materials
do not pollute the
argon liquid.

Panel shifts férBlue to Blue

;FitlEl_’S _shift'Eilue' to G're_'erj

 Need to understand

meuters
costs, etc etc

David Finley / Fermilab at NNNO7 Hamamatsu Japan October 4, 2007 Slide 25



Some Nice Cellular Design Features

« Cellular design allows for the “cells” and “staves”
to be built away from the site, by any of many
collaborators. And they can be subjected to
quality control before arriving at the site.

 The cells are then assembled in the completed
tank. This allows the construction of the TPC to
be done in parallel with the tank.

David Finley / Fermilab at NNNO7 Hamamatsu Japan October 4, 2007 Slide 26



Outline

« Recent Reports in the US
— Long Baseline Study: Fermilab/Brookhaven
— NuSAG = Neutrino Science Assessment Group:
« US DOE/NSF HEPAP
— Fermilab Steering Group

« Large Liquid Argon Detector R&D in the US

1 — Materials Test Stand at Fermilab: Initial Use
2 — Purity Demonstration: 20 ton

3 — Electronics
4 — Cellular TPC Design and construction techniques

— — [racks at Yale
— LANND and DUSEL

« Physics Efforts based on LArTPCs in the US

— T962 Status
— MicroBooNE

David Finley / Fermilab at NNNO7 Hamamatsu Japan October 4, 2007

This Fermilab-led
LArTPC R&D is all
aimed at

“Big Detectors”
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Tracks at Yale ‘

TPC test setup at Yale with
filters and TPC from Fermilab and
electronics from Padova

Courtesy Alessandro Curioni / Yale |
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Track Display from Yale TPC
First tracks seen in Spring 2007

I ! g 2 3 —
*
- $ ¥
* # *
.- S SRS
¥ 4 % ***#ﬁg
%
*F £ % % * ¥ *
F o o+
WIFEGDEE}E
Wr fit
s IIII|III|IIII|IIII|IIII|I
W
205 BO0
_ _ time (400 ns bins)
Wire 36 signal

Courtesy Alessandro Curioni / Yale
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LANNDD

A LINE OF LIQUID ARGON TPC DETECTORS
SCALABLE IN MASS FROM 200 TONS TO 100 KTONS

David B. Cline !, Fabrizio Raffaelli? and Franco Sergiampietri 12

1 Astrophysics Division, Department of Physics & Astronomy,
University of California, Los Angeles, CA 90095 USA

2 INFN-Sezione di Pisa, Largo B. Pontecorvo 3, 56127 Pisa, ITALY

Designed with DUSEL in mind

Large Liquid Argon Neutrino and Nucleon Decay Detector

Homestake Lab Workshop, Lead South Dakota, February 9-11, 2006 D. B. Cline, F. Raffaelli and F. Sergiampietri, LANNDD 30
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LANNDD: CONSTRAINTS AND GENERAL LINES - 4

In order to reach and maintain during years the required level of purity we consider
as inalienable the following construction criteria and conditions:

— Possibility of generating vacuum inside the inner vessel and of checking its
tightness

— Wise choice of construction materials (use of stainless steel for the inner vessel
walls, for cathodes, for wire chamber frame and for electrical field shaping
electrodes; possible use of alternative and cheaper alloys, as CORTEN, for the
outer vessel)

— Continuous, adiabatic argon purification in liquid phase

— UHP and UHV standards for any device and cryogenic detail (flanges, valves,
pipes, welding) in contact with the argon

Running costs are mainly related to the efficiency of the thermal insulation. Vacuum
iInsulation, joint to the use of superinsulation jacket around the cold vessel, should
be considered as the primary choice.

An optimized thermal insulation, with a low rate evaporation for LAr and low electric
power involvement for cryogenerators, is also a must to safely operate the detector
underground during tenths of years

Homestake Lab Workshop, Lead South Dakota, February 9-11, 2006 D. B. Cline, F. Raffaelli and F. Sergiampietri, LANNDD 32



Outline

« Recent Reports in the US
— Long Baseline Study: Fermilab/Brookhaven

— NuSAG = Neutrino Science Assessment Group:
« US DOE/NSF HEPAP

— Fermilab Steering Group

. Large Liquid Argon Detector R&D in the US
Materials Test Stand at Fermilab: Initial Use
— Purity Demonstration: 20 ton
— Electronics
— Cellular TPC Design and construction techniques

— Tracks at Yale
— LANND and DUSEL

hyS|cs Efforts based on LArTPCs in the US

— MicroBooNE
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IArgoNeuT (T962): Argon Neutrino Test |

Expose a small (~250 liter active volume)
LArTPC to the NuMI neutrino beam
.See low energy (1-3 GeV) neutrino interactions in a LArTPC
specifically NCz°s and v
.gain experience operating st %lly over months

These are firsts:

.only other TPC to see neutrinos was ICARUS 50I
.50 liter volume
.24 GeV beam

.published ~100 v, CCQE events
Neither the 50 liter nor other TPCs (including T600) has operated
continuously, for months, underground.

Courtesy Bonnie Fleming / Yale | funded via NSF CAREER grant

David Finley / Fermilab at NNNO7 Hamamatsu Japan October 4, 2007 Slide 34



Cryostat:
.~500 liters total volume
-~250 liters active
volume
5O X.5xImTPC

sit just upstream of the MINQOS
near detector (as PEANUT has
done)

use MINOS as muon catcher

~300 Ve CC
events/day ——— Scheduled run: Jan '08

‘ Courtesy Bonnie Fleming / Yale | to August '08
David Finley / Fermilab at NNNO7 Hamamatsu Japan October 4, 2007 Slide 35




| electron

MiniBfoNE fol?ow-on:
_ . g sggs
‘E microBooNE__p | S .

Brookhaven, Columbia, Fermilab, Michigan
State, St, Mary's, Yale, UTAustin

Ideal detector to understand miniBooNE low energy excess:
Liquid Argon TPC
.sensitive at low energies
.e/gamma separation
.high efficiency for “signal’ . -
.low background .
.70 ton fiducial volume TPC

.170 ton total volume

.3 years at 2E20 pot/year
-> resolve miniBooNE excess

Courtesy Bonnie Fleming / Yale
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Final Remarks

* ICARUS blazed the trail in liquid argon TPC R&D. Much

of the US work towards large liquid argon TPCs,
particularly the recent work, started with crucial help from

the people associated with ICARUS.

* Fermilab has just finished the Materials Test Station and
we encourage you to suggest materials to be tested, or
to work with us to test materials.

* The needs for engineering development as well as
physics development, as described in the 2005 report to
NuSAG, still exist but progress is being made.
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e Thank you!
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