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— 20ton Purity Demonstration
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— LANND and DUSEL

* Physics Efforts based on LArTPCs in the US

— T962 Status
— MicroBooNE



The Future US Long Baseline Study

(summary from R. Rameika)

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

« Compare the 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 NOvA detector
— Proton options
« ~1 MW from existing accelerator complex
¢« 1-2MW
* Proton Driver (~2MW)

Duration: March 2006 - May 2007; arXiv:0705.4396 (May 2007)



The NUSAG Report (July 13, 2007)

(summary from R. Rameika)

« 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?20,; > 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 Report
... In particular....

Recommendation 4. A phased R&D program with milestones and using a technology
suitable. For 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.



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

May 17, 2006 DOE Annual Program Review David Finley, Fermilab Slide 8




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

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)
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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)




Neutrino Oscillation

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

Note: This is one slide of 63!

Mass Orderin CP Violation —
95% CL (dotted) and 3o ?solid) sensitivity with 3 years of each v and v
(Courtesy of Niki Saoulidou)

sin‘20,

SNUMI w/ NOwA ™.
Project X w/ NOwA ™.

Project X w/
2 detectors
102

Project X w/
102 10 longer baselipe d r

Project X w/
longer baseline detector

Morma rarcihwy
1o
0] 1 2 3 4 5 G
CP-violating phase & (radians)

Mormal Hierarchy

10% g 1 2 3 4 5 6
CP-violating phase & (radians)

2 100kt LAr detectors at 1st(700 km) & 2"(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?”
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One of Fermilab’s R&D areas (PAB)
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Materials Test Station
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Have tested two items and are develdping systematic disipline.

Stay tuned ... and feel free to suggest materials to be tested




Using the Materials Test Station (1)

[
F)

* Put materials in the Insertion Basket.

» Choose to evacuate the Argon purge lock
(or not).

» Continue on next slide




Using the Materials Test Station (2)

* Open the gate valve.

» Lower the elevator into the liquid,
or into the gas above the liquid.

* Monitor lifetime with Purity
Monitor.

-

Cryostat
C.Kendziora 09.26.07



Materials Test Station: Sample # 1

PAB Matorlals Test Systom
Data

Qi 20T

Sample Description  Kapron dad conducter

Samplc #

Sample Composition Kapton and Copper

Sample Weight Sample Exposcd Arca

Veriflars

16.5 ins™2

5. Pordes, D Finley

Source of Sample A, Pubbia

Sample Prep. Wipe wath alochol

1

Logbook Page 110

Results to: A. Fubbia, 5. Pordes
Purge Duration { hre) 16 Purge 02 Reading{ppm) .02
Before Dunk: () AV Cs AS DT Lifetime  Lewel T_m
150 2000 184 18.8 276 1628 18.4 93.5
100 2000 134 13.6 350 2263 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 2.6 3.5 1192 2954 18.4 93.5
2391
Valve Open Ccv AV CS AS DT Lifetime Lewvel T_m
150 3000 16.9 18 276 2157 18.4 93.4 6.4
100 2000 12 13.2 384 2319 18.4 83.4 6.3
&6 1350 7.6 B.9 559 2577 18.9 93.4 6.3
45 BED &.6 5.6 Ble 2660 18.4 93.4 6.3
30 600 1.7 3.4 1192 2535 18.4 93.4 6.3
2450
In Liquid Argon cv AV [ AS DT Lifetime Lewel T_m Psig
150 3000 17.1 181 276 2057 18.1 93.3 5.3 E3.80 186.34 00728 54,71 1.25 B30 1.04
100 2000 11.% 17 386 1555 18.1 53.3 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 8385 V1 110.4 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 6.3 16.76 37.27 00170 234.69 233 35.58 1.16
2163
Bams e pate___ouzaof A possible change in lifetime from 2.4 ms to
Comments Apesatie nge n lieime o 2 me w215 s ocs o | 2 15 mg L. This is typical of what happens when
what happens when we lower the elevator. At face value, this corresponds

Please suggest other interesting tests

te adding an impurity with a ifetime of (1/2.15

1/2.4)y

1 =20

we lower the elevator. At face value, this
corresponds to adding an impurity with a
lifetime of (1/2.15 - 1/2.4)*-1 = 20 ms




... and Electronics Development Station
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T = 0} | |
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| August 2007

Developing T962 electronics, intend to do cold electronics, etc
However: Has not seen liquid argon yet.



Demonstrating purity without evacuation

The purpose is to demonstrate the feasibility of achieving the purity of
liquid argon required for a Skton TPC detector, explicitly without
evacuation of the containment tank, and to estimate the costs
associated with the required purification system.

A suitable demonstration would be:
— at least ~150tons,
— have a fully functioning TPC ... in a neutrino beam,
— on the surface (to understand impact of cosmic rays on the 5kton)
— and.

But (to be as cheap as possible), the first step will use a 20ton vessel
— Must use a scaled down version of the purification required for 5ktons.

— Single wall, constructed by industry, small enough to fit on a truck, with
TPC materials in it, but withOUT a functioning TPC (initially).

The cost of this first step (at 20tons) is about $310,000 to buy the
equipment, and could be done in less than a year.



Cellular Design Concept:
Scaling

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

1 meter 5 meters 17 meters

" Field grid

" Field grid

wire panel wire panels

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

Once the 150 ton detector works, the design of the 17 meter panel is probably
the key technical challenge.



Cellular Design Concept:
Wire Panel and Light Collection Panel

™.

< peamn ~ Stainless Steel Tubing

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

Real materials will serve in the 20ton
purity demonstration.

The spaces between adjacent
stainless steel tubes are used

for the scintillator panels
(“wave shifter sheets”) as
shown below.

Mot shown: Nylen Stecking

_—=aleel Tension Cable

_ WIre planes

=z Shifter Sheel

- Qipliczal Frogy Ducl

Camon fiber / epoy

structural B
_.:_-.:ﬂ"’""'- muctural Biox
_ehire Biridige (2 fa Yiokn Bridge)

Sensing Panel
Cross Section

Hans Jastein
B10/2006



Cellular Design Concept:
Light Collection Using Sheets of Plastic Scintillator

Light Gathering and Sensing

Clearfibers

(lowy attenuation)

bring light wip and oLt

to &valanche Photo Diodes
Cutside the Tank

Need to understand:

- Effects of nitrogen on

light propagation in the
liquid argon

Liguid Argon
with W awe shifter

Panel shifts férBlue to Blue Far U to Blue

- Wavelength shifter
appropriate for large
area panel

;FitlEl_’S _shift'Eilue' to G're_'erj

- Etc.

meters



Cellular Design Concept:
High Voltage distribution

HV Litt
Panel o 1.0Mm I Point
{one of 16) _ T 7 Active Area
: : of the TPC
_ 4, ! . (blue)
- < ) / o } )
g:::::g 4 N E £ ; - ____ Cold Tank The drift field
= L g will be uniform
- s |/ 2 ko IT the voltage is
B, i . : e o - -
G o e E Hv Panel distributed as
e ek ki s e Separation
Drift Fiet —ae——- |lll fo<—mms Drift Field |i Lines cos(theta) on a
i R = —\H surface located
| e Ml ) v Lead at a constant
e AL NN e distance from
LA Ve : . N Mo
-- - /  m \ the center.
e . \ i
o : kY = G10 Support
Structural support] : / B b Ring Beam
Fipe Frame iy / 1 i E W
; : .
e e ”L:““ \
|
Ed 246 & Hans Jaostlein

6-5-2007

150 ton LAr TPC Top View



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



HV distribution

i " |
I, I "ll
¥ ‘ I
|
= Y . ¥ dl Firs " I
|

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
the liquid
argon.



A set of ribs provides the
appropriate radius of 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.




High Voltage “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



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’-?

T 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

Homestake Lab Workshop, Lead South Dakota, February 9-11, 2006 D. B. Cline, F. Raffaelli and F. Sergiampietri, LANNDD 26



SCALING

N. of cells/side i 2 3 4 6 8
Total N. of cells il 8 [ 64 216 512
Total LAr volume [103 m3) 014 136 493 121 424 102
Active LAr volume [10° m3] 014 127 449 109 359 86.9
Active LAr mass [KTon] 019 178 6.28 152 503 122
Total inner beam length [Km] 008 034 089 183 537 118
Total heat input [KW] 03 10 21 37 81 14 -
Equiv. LN, consumption [m¥d] ~ 0.18 063 136 236 52 9.1 %—"**4;
Equiv. El. Power-Cooling [KW] 28 98 21 37 81 140 o ” : %
N. of wire chambers 1 2 3 4 24 3 " PR
N. of channels [107] 33 14 33 59 270 483 &IV }jgg[ﬂg“ﬁ I.
El. Power-Electronics [KW] 6 25 57 103 469 839 BT iﬁﬁl!!ﬁ“ﬂlil
L ANy VN
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Homestake Lab Workshop, Lead South Dakota, February 9-11, 2006 D. B. Cline, F. Raffaelli and F. Sergiampietri, LANNDD 27




Structural tests: LANNDD - 001

HV PS & FEEDTHROUGH
THERMAL

BRIDGES

ELECTRODES

A single cell detector is proposed as study prototype to analyze the
mechanical stiffness of the inbox-outbox complex at room and at low
temperature and in condition to simulate a 7bar + 1bar (vacuum) head
pressure for the extension to n=8 (LAr depth = 48m).

The detector is useful for developing and testing the HV system, the
readout electronics, the purification and cooling systems, the
acquisition and reconstruction software and all the repetitive details
and solutions to adopt for the full scale detector.

CATHODE

CHAMBER
The instrumented LAr has a volume of 125 m3 and a mass of 175 Ton

Homestake Lab Workshop, Lead South Dakota, February 9-11, 2006 D. B. Cline, F. Raffaelli and F. Sergiampietri, LANNDD 28



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 UHYV 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
insulation, 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 29
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ArgoNeuT (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 sta%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.

Bonnie Fleming / Yale
funded via NSF CAREER grant



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 v, CC
events/day = Scheduled run: Jan '08

Bonnie Fleming / Yale to August '08




| electron

MiniBooNE fol{ow-on:

__microBooNE __> T ”

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

Bonnie Fleming / Yale



e Thank you!



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

* The Steering Group plan gives the highest priority to energy-
frontier physics with the LHC and the ILC, where experiments
will search directly for the physics of the Terascale addressing
the most compelling questions of 21st-century partlcle physics.

« If the ILC is delayed, the Steering Group’s plan keeps
Fermilab and U.S. particle physics on the pathway to
discovery in the domain of neutrinos and precision physics,
while advancing the technology of the ILC. The field of
neutrino science and precision physics offer promising
pathways to physics breakthroughs not accessible to the LHC,
the ILC or nonaccelerator physics.

 If the ILC start is postponed significantly, the Steering Group
proposes Project X, an intense proton-beam facility: a linear
accelerator with the planned characteristics of the ILC at ~1%
of the ILC’s length, combined with existing Fermilab
accelerator rings.



Conclusions (cont.)
(from Y.K. Kim talk to P5 September 24, 2007)

What are neutrinos telling us?
How did the universe come to be?
Are there undiscovered principles of nature?
What happened to the antimatter?
Do all the forces become one?

* An intensity-frontier program, Project X, that provides unique
experiments to address these profound questions would serve
many scientific users.

* Project X would prepare future generations of U.S. particle
physicists to exploit the potential of accelerator-based
scientific opportunities in the U.S. and worldwide.

* Project X would help pave the way to the extremely powerful
energy- and intensity-frontier facilities of the long-term future
beyond the ILC (a neutrino factory and a muon collider).



LARGE SIZE LAr TPC
CONSTRAINTS AND GENERAL LINES - 1

Huge costs, multi-year construction and commissioning: justified only by a
credible physics plan that should include natural and artificial neutrino physics
and nucleon decay physics

Required: detector siting in UG laboratory, in the line of existing and future
neutrino beams (off/in-axis)

Modularity - From a preliminary study ' on modularity and shape, indications
on the advantages of a single-module cryostat (relevant advantages in fiducial
volume, number of channels, heat input, electric power, ...)

T F. Sergiampietri, On the possibility to extrapolate liquid argon technology to a super massive detector for a future
Neutrino Factory, talk given at NuFACT'01, Tsukuba-Japan, May 2001

2 D.B. Cline, F. Sergiampietri, J.G. Learned, K. McDonald, LANNDD: a massive liquid argon detector for proton
decay, supernova and solar neutrino studies, and a neutrino factory detector, Proceedings of NuFACT'01,
Tsukuba-Japan, May 2001, NIM A, 503 (2003) 136

Homestake Lab Workshop, Lead South Dakota, February 9-11, 2006 D. B. Cline, F. Raffaelli and F. Sergiampietri, LANNDD 37



CONSTRAINTS AND GENERAL LINES - 2

Shapes: Fiducial-to-active volume ratio, heat input, wall out- P

gassing, number of wires and electronic channels are related to >

the surface-to-volume ratio (S/V). ><

A cubic vessel has the same S/V ratio than a cylindrical or N /

Spherical one inscribed in it, but with volume ratios \\\: /
Vewe=1 V=08 Vg, =05

cube

The spherical shape has in principle the highest advantages for the
mechanical stiffness but, in practice, can be considered only with a radius
equal to the maximum drift path (only one meridian, bi-face wire chamber)

The cylindrical shape appears a good compromise between time projection
imaging mechanism and required structural stiffness, but with a non optimal
ratio between the instrumented LAr volume and the total LAr volume

The cubic (parallelepiped) shape is the most adapt for the projection imaging
geometry and for the instrumented-to-total LAr volume ratio, but requires
special care in the design for the required mechanical stiffness

Homestake Lab Workshop, Lead South Dakota, February 9-11, 2006 D. B. Cline, F. Raffaelli and F. Sergiampietri, LANNDD 38




CONSTRAINTS AND GENERAL LINES - 3

Main construction criteria — Construction and Running Costs

In a not negligible fraction, construction costs depend on the number of wires
and associated electronic channels.

Roads to follow:

a) Widen the drift region between each cathode and the facing wire chamber
(drift paths up to 5 meters). Operation with such drift lengths implies the
use of high voltages in the range 200~300 kV and sets serious constraints
on the LAr purity (impurities < 10~50 ppt O, equivalent).

b) New generation electronics:
—higher S/N ratio, to balance the long drift attenuation
—medium scale integration (goal: 2~10 times cheaper)

—operating in LAr, with front-end directly connected to the wires to
avoid the capacitance load of long signal cables

—multiplexed in LAr, to decrease the number of signal feedthroughs
c) Two read-out wire planes per chamber (orientation 0° and 90°)

Homestake Lab Workshop, Lead South Dakota, February 9-11, 2006 D. B. Cline, F. Raffaelli and F. Sergiampietri, LANNDD 39
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Search for Electron Neutrino Appearance at the A m® ~ 1 e V2 Scale

A, A, Agnilar-Arevalo,” A. O, Bazarko,"” 8. I. Brice,” B. C. Brown,” L. Bugel,” I. Can."! L. Coney,” J. M. Conrad,”
D.C. Cox? A. Curioni,'® Z. Djurcic.” D. A. Finley,” B. T. Fleming.'® B. Ford,” F.G. Garcia,” G.T. Garvey,” €. Green,™
I A. Green,™ T.L. Hant,* E. Hawker.™ F. Imlay,"™ R. A. Johnson,® F. Kasper,” T. Katori,® T. Kobilarcik,” 1. Kourbanis,”
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{MiniBooNE Collaboration

The top plot in Fig. 2 shows candidate », events as a

minimum ES° used in the two-neatrino oscillation analy-
excess  of events

i | 2w osdkafon
2 5F I""!"’“'““” = MinBoolE daia
- | — swpactad background
20 =|= | —— B3 4 beatfi v,
15 i I — ¥ backgraind
s —— g background
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