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Outline:
Something about Liquid Argon
Present situation - Neutrinos, proton decay, WIMPS

Work/prospects at Fermilab
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Bottom Lines:

Neutrinos - excellent event identification,

powerful for distinguishing neutral current 70 from ve CC scatters - 013
(eff > 80% cf WC ~ 20%)
- energy threshold (<5 MeV) from supernova (or ?)

Proton Decay - sensitive to Kaon modes (unlike WC)

WIMPS - large mass, powerful background rejection
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Noble Liquids: Properties

e|onization and scintillation light used for detection (transparency to own scintillation).
e|onization electrons can be drifted over long distances in these liquids.

eExcellent dielectric properties allow these liquids to accommodate very high-voltages.
eArgon is relatively cheap and easy to obtain (1% of atmosphere).

1o Ne Ar 1 Xe B3

Boiling Point [K] @
latm

Density [g/em?] 0.125
755.2

19,000

Radiation Length [cm]
Scintillation [y /MeV]

dE/dx [MeV/cm] 0.24

Scintillation A [nm] 80

ppm in air 0]

S. Pordes

27.1 87.3 120.0 165.0 373

1.2 1.4 2.4 3.0 I
24.0 14.0 4.9 2.8

30,000 40,000 25,000 42,000
1.4 2.1 3.0 3.8

78 128 150 175
9500 1 0.1
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mechanism of light production

Excitation Excited molecule dE/ dx = 2-1 Me\// Cm
aAr
e —(ag B\ p= 1.4 gms/cm3

N
Ar \ Ar

™ — A — @ o o
- charge (Q) and light (L) yield vs electric field
Ionization Ionized molecule /
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Drift velocity, diffusion, purity and attenuation

-~~~ FOR 5 m MAX. DRIFT:

P trax = 36+31ms ' .
3, T HViu= 200+ 250 kV op=l2-D--
\é_ l \‘ vu’
= E D =406 cm?/s
= &
E ] WORKING REGION E
T P E=04+05kV/cm 5 op =09 mm-Tp/ms]
= oel S = / . NP
=" va=14+16m /ms Longitudinal rms diffusion spread
Q o/ at0.5kV/cm
U Average <o>> =11mm
Grrnrms g s ae s s w ‘ ' . Maximum oo =16 mm
Electric field, kV/cm Max drift path, m
Drift velecity versus electric field in liquid argon Longitudinal rms diffusion spread
versus drift paths at different electric
field intensities
o ‘N\_ 1kV/em
o Sensitivity limit of the measurement 0% i —
Plan, ] — e
- O =
o, 2 ~—~ ¥
L o 0 ' A — @
3 A eh K 05 kV/cm !
% e i = 075kV/em | %
= O b4 = =
= @( z %
£ pat o =
B | ¥ O oz U
= ri Max drift time in the TPC __ 0 r=10ms VL E=05kV/cm
0s 1 1€ 2 2% 3 1§ & 45 < o 0% | $ 1 2% R
100 Max drift path, m Max drift path, m
21-Apr 27-Apr >-May 9-May Drifting charge attenuation versus drift  Drifting charge attenuation versus drift
Elapsed time (days of 1997) paths at different electric field intensities  path at different electron lifetimes
Purification rate for the 50L TPC (t=10ms) (E=05kV/cm)
NuFact01 — March 24-30, 200 F. Sergiampietd  LANNDD 22

1.5 mm/us at 500V/cm; 30 ppt O, -> 10 ms lifetime; o(mm)=t/2 (ms)
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Time distribution of I ———
IlghT* OUTPUT fr'om ;’0“’ o —Rn 55 & 6.0 MeV o
Liquid Argon for ; sy
vs, as and neutrons '

2 components:
t(fast) =7 ns

t(slow) = 1600 ns core
5§ T
I(fast)/I(slow) fof
= O3(Y) o8-
- 10((1) 0,45—
= 3.0(neutrons) F
*convolved with waveshifter °:3x;0, T

and PMT response from T. Pollman
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TPC schematic

charged particle ionizes argon
Eo o
M-..-—

ionization electrons move
to wire-planes  Induced current

'y
aoc

© QY — -F]._
) Amre

1 g
drift-time drift-time
Gatti, Padovini, -
E2>E1>EO p~d~3_5 mm Quartapelle,Greenlaw,Radeka ab _ cross u
IEEE Trans. NS-26 (2) = Crossv
Bunneman, Cranshaw,Harvey, Can. J. Res. 27 (1949) 191 (1979) 2910] C = Crossy
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Field lines &
current pulse
simulations

(glitches are
artifacts and
removed by

dispersion of
electrons)

S. Pordes

st plane
(induction) |

u

NS

N

’nd plane '
induction)

|
'
[\
v

{1

- || collection
plane

Liquid Argon@CDF 2/10/09




Simulation Software:

Full Simulation of events in the [ o v ADC
detector starting from ionization .
through signals induced on
wires through amplifier shaping -t
and Fourier deconvolution etc

2.0 mips

—know what to expect using N
“typical’ parameters o

—investigate alternatives
(wire spacing, wire angles)

—develop pattern recognition
and event ID algorithms
I
Neutral Current Event Vertex ij L
(B. Baller) e e
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Text book
Electrons

Ve+n->e_+p _ " . . I
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- | L.
Text book
photons

-
-

- Fiﬂi"lﬁ
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50 liter prototype in CERN West Area neutrino beam

vV, +th—=>u +p

+ X — u + many prongs

FermilabOct. 2005 Slide# : 21




I ‘Il'lll‘|.,

ICARUS T300 prototype

\ \ullﬁlﬂllu"‘-- 'l

S Drift Length (1.5 m)

1
[Terampsivmafli b |‘

mmomm”r o -;.’—;:._j-JCoThode
Bkl

Wife Chamber
S'I"r‘ucfur'e,ﬂx—— —

FieldS Trodes
JO{duringTihstallation)
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Long longitudinal muon track crossing the cathode plane

dE/dx =2.1 MeV/cm

3-D reconstruction of the long track I 0 it Té S p—
— dE/dx {(MeV/em
, | dE/dx distribution along the track I _
FermilabOct. 2005 Slide# : 17



Bubble diameter = 3 mm
(diffraction limited)

Medium
Sensitive mass
Density
Radiation length
Collision length

dE/dx

LAr is a cheap liquid
(#1CHF/litre), vastly
produced by industry

Ggrgamelle bubble chamber ICARUS electronic chiamoer

/’/‘;// <3 x3 x02 mm3

i | "Bubble" size

.~‘ v? .', \h Energy deprSItlon

Y measured for each
] / 21 point
Vi
: r’!v‘i'?
S
57
: 40 cm y = Drit
Heavy freon Medium Liquid Argone————
3.0 ton Sensitive mass Many ktons
1.5 g/cm3 Density 1.4 g/cm3
11.0 cm Radiation length  14.0 cm from C. Rubbia
49.5 cm Collision length  54.8 c¢m
2.3 MeV/icm dE/dx 2.1 MeV/cm

Liguid Argon in HEP has prospect of fully live Imaging Calorimeter:

S. Pordes

an electronic Bubble-Chamber

Liquid Argon@CDF 2/10/09
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50 kton Tank - electrode view g rowr
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50 kton Tank - top view
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WIRE LAYOUT (proposal)

Drift

+"o" layout “Half" wire
o IGYOUT layout
Vertical layout
Ground layout

Drift

Fixes issue of
wires that do
not reach the
Top
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Massive Detector: Project X

eTremendous sensitivity when large LArTPC and intense neutrino beam are combined.
eFermilab has proposed to build an intense neutrino source (known as Project X)

*LArTPC scenarios depicted below assume:
3 years neutrino + 3 years antineutrino
80% signal efficiency and 80% beam V. selection efficiency.
no NC zn° background (thanks to dE/dx capability) and 5% systematic on background.

3 o Discovery Potential for sin’(20,,)+0

*(26,,)

S

- sin

102, Project X Nus Offais 4OuA_
oNUMI Or\Au AArS@Soudan

N\,

N/

Pr £ X NUMI OM s
10-3 roject

I with 2 LAr moom tors (18 u.znqo: Max AL_/
Project X with Wide Band Beam
LAr100 detector 1300km baseline -
10"
0 1 2 3 4 5 6
CP-Violating phase &
S. Pordes

%(260,,)

= Ssin
=)

Discovery Potential signAm3,

Project X NUMI offAxis NOVA
NUMIOA s LA3@Souda

\ 7

Project X NUMI offAxi
with 2 LAr |006Qh.<! s (15t82nd Osc Maxima)

10°

Project X with Wide Band Beam
LAr100 detector 1300km baseline

10"
0 1 2 3 4 5 ©

CP-Violating phase &
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3 o Discovery Potential for 5+0 and (#x)

—_
"
e
-]
S CHOOZ Excluded
£ '
) ' } |
107 ’ !
| | ‘ |
! | l
| [ l
i lv \ |
| \ |
\ / \l \ /
\ ,'
‘I
Project X NUMI offAxis \
102 mmmunoo detectors (muna Osc uaxvna)
|
\ ’ ‘ /
\/ | \ \\ /
\ g
Project X with Wide Bh d Beam|
LA r100 detector ncopm bas Ir‘h
10°
)/'
"
s gy
10"
0 1 2 3 4 5 6

CP-Violating phase &
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Proton decay: Sensitivity vs exposure

“Single” event
detection capability

as
- =

65 cm

b v

r”-"B upper limit at 90% CL. (years)

107 -.
Channel Eff1%) & Bkg, events B . .
i simulation
i ¥l i plet " 45.3 0.4 . l G |O
TR AT U 0 04 1 SO SO poe i 15.1 1.945 :
H : : p_-K'v 9,78 0.001
L i i i powaTKT 97.35 0.001
(11 ! ! p et 18.6 0.025 )
NEER i : poe T 295 1.202
10" HHH - - poetin' T 16.3 3935 - -
EL i i i platy 4188 0.782 ) "
; ; popta a8 0.008 - 25
; i pip Y 1788 4162 - 4491/
i P piil i Pl L1l L1111
1 n 0’ 0’

Exposure (KTons X year)

1.2 x 10% nucleons = 7,/Br>2 103 years x T(yr) xe @ 90 C.L.
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Some LArTPC Technical Issues for Neutrino Detectors

Argon Purity

Vessel Design

Detector Design

Electronics &
DAQ

Simulation &
Reconstruction

S. Pordes

—From atmosphere to purity without evacuation

—How to remove impurities from Argon (filter gas as well as liquid?)

—What impurities matter and how to measure drift lifetime

—What are the sources of contamination and how to avoid/remove them
without pumping (vessel, plastics=> surface physics)

—Design, (Underground) Construction, Safety
—Cryogenics (cooling system and insulation )
—Thermodynamics (argon temperature and flow distribution)

—HV system

—Mechanical reliability - TPC constructed in situ or externally
—Constraints from electronics (eg readout only at top?)

—Light collection scheme; (for “triggering’ and pattern recognition)

—Amplifiers, multiplexing, digitizers - in cryostat? Feedthroughs
—Signal/noise (large capacitance) and constraints on TPC design

—Zero suppression, signal processing, local event recognition capability,
100% livetime (not just beam spill)

—Real and simulated signals on wires; develop signal processing
—Event generation in argon
—Vertex and pattern recognition; cosmic ray rejection; event reconstruction

Liquid Argon@CDF 2/10/09 23



Regeneration

95% Ar S%H”

Liquid Argon Purification and Materials Test System

bt >4
L) L L)

X Insulation Vacuum

—

N

H20 Molecular Sieve

S. Pordes

Filter

W ‘
\N\A/Liqmd Argon dump ]
Dewpoint Sensor
ulz}fl |
il
' | condenser ugm-&me
///
4

. He N2 Ar/02
Airlock | C.Kendziora 06.16.08

Ar Space Vacuum

02 Filter Sample Cage Cryostat  Purity Monitor  Scrubber Filter
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Materials
TestSystem

\O'D. A8 ~l
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~~
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A PURITY_STATION_MAIN_RESIZED_2.grf - Fix32.PAB_S1.B0_HTR_TEMP_SP_REQUEST.F_C¥ ' I il oSS

’ PT--N2 10:13:38 AM
(1) 55.9psig [ 24 psi
PT5IN S 324psig

o e
@) 367in.H20 572058 @ ' S
1 1 @ 3.51n. (18.4 in. max)

AN

W]

Tiquid Nitrogen Tank Ouiside EV-106-N2 BV
ik ' ! ’ g ’ LN2 & Vent Pressure Control
-9.85 C Dewpoint 9.34 C pewpoint 152.0 K
Dewpoint Plot \—@0 —< ® 271appmH0 TESTG ®zic
& . AE-151-HA S -
5% H2/95% A il Co D710 x10 Storr TEHI0Ar 0.00 ppm 02
> } . > @ \\
lon lon Ll Range
—(T)PT-38v PT-188-¥ 4 010070
TR 0.1 x10 -1 torr 091 x10 ~Ttorr =4 010 ppm
T Convector . =4 0-1 ppm
Fronl;'la-:i;oslzpply > Loginioff a;';;ﬂﬁ""; o \}'. :(T:g\‘/“torr —(@PT-185v 0.93 x 10 *torr
-25.00 pp ' 17 .87 psia pT-303-Ar
~—E—F Y| =rriar \ / @16 .- (1) PT-69-V
Y PT-181-¥ Y PT-154-¥ AES360AT 30.75 psia dPdt 357 |_T.1I3-.Ar 1 7.10 x10 4 torr
@ 1 1635 psig 0.0083 peig
A ) N > -5 [ 1 70C
1.06 x10 t/-10><10 == s TE-411-CS
torr orr
DPT-67-Ar
S D) 3.76x10 4 torr
@D 0.72 psi S A
PT-180-Y L \ HTR-75-Ar TE-324-Ar Basket P osition
@ X HTR-215-Ar HTR-8-Ar .25 % (i =l Air lock
7.10x10™0 e tTR) 00 % (e 0% -66.6 C% }- : ﬁ:ﬂ‘.’é
bl > i
torr 31— 2980K @ 299 K TE-T6-Ar HTR -T2
X :: TEZ6-Ar TE-64-Ar Ry HTR) 15 %
:4:_ 248¢C 261C 176. C@ 417C
% TE-GT-A | 32 TE-73-Ar
HTR-55-Ar -174.C (Ot
2%
@ o% |15 cOTTEREE HTR21-Ar
e 10039 Cycles i) 0%
(® 297 K L= i 9.7 K
M7 TE-23-Ar  "Luke”
EP -308-Ar

Molecular Sieve 02 Filter Cryostat . : : " "
Filter Cryostat Vapor Pump Filter Regen Purity Test Station Cryostat "LUKE

Note: Aliquid level > 11.3"is required to cover the PM

; Vapor Pump Filter Control Purity monitar LAr level interlock status @
888 psig  ramear

) Purity monitor state @ OFF
2318 psia@D) @) 0.10 in. v i

MS Regeneration Control

02 Regeneration Control

PT-320-Air P AB ODH Sensors - % 02

m To Argon purges DI ~ PAB40X 19.17
s : : ol
74.3psig ¢ 9.9psig U _2t 50" Bo HV interlock status g ' . | 18.88  PaBiox 1888
Shop Air PT-23Ar ' " (R) 0 % HrRz2er oHEAErCONOl o ot []320.0]] k 2029 PABIOX
PR (E)294.5 K TE-25-Ar -Actual set point 320.0 K PAB20X
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Schematic of Liquid Argon Purity Monitor (PrM)

Drift lifetime Measurement

...................................................

E ground grid —=— . 0 \ E o
: - Ry : ’*”-’
! Rp = 50 MQ —;—”——[>~ cathode signal
| - Ry |
| - field rings Ry :
! quartz | — R !
: fiber | — -2 R° : -
| o | — =
i R R : Qanode/Qcathode = drft
' — 0 ~20cm '
i Rop i
! Ry ! File Edit ‘ertical Horizfdcq Trig Display Cursors Measure Masks Math MyScope Utiliti
! _ Ro ! Tek  Run Ayerage 330 Acs 03 Feh 06 15:29:28
' _ Ro i AA—
i Ry | n—|
! — Ro —.—{: anode signal
i Ro i
E anode grid | — Ro 4 5
i ‘ ;R = 110 MQ '
: S hoda ! + HV anode
5 liquid argon 5
e o e e S A T S S A S G S S D S A S S D S A S S )
{1} photodiode signal
uartz fiber .
light pulser L{ q photodiode

G. Carugno, NIM A 292 (1990)

Ch1 100mY Ch2
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PrM drawing

quartz fiber

— s

cathode gnd grid

anode grid

anode

S. Pordes

Liquid Argon@CDF 2/10/09

C.Kendziora2/3.05

PrM photograph

28



On-line data and DAQ

Tek  Run fera e 4303 Aoz 23 Jan 0917

[~5] PRM Data Acquisition Software Yer 2.8 AEE

Interval {Min)| 120 - . ST T
ets| 1
Remaining 8555 l_ iquid Status

| Waiting for Next Interval

Smoothing=| 40 [ 0.0000004s | v
EMS Cut= | 10
Stop DAQ
Run Number| 3146
Run FileNarne | CAPrM DatalRun_03146 txt
Log File Pathl E\
1/23/2009 4:51:05 PM Anode Peak = 3.746e-03
Run =3146Pass =1 Anode Time = 8.228e-04
Diode Peak = -3.680e-02 Anode Baseline = 1.073e-04
Diode Time = 6.000e-06 Anode Rise = 2.654e-05
Results |Diode Baseline = -8.640e-04 Cath Factor = 1.724e00
Cathode Peak = -2.659e-03 Anode Factor =1.138e00
Cathode Time = 1.380e-04 Anode True = 4.350e-03
Cathode Baseline = 2.599e-04 Cathode True = 5.032e-03
LifeTime = 5.647e-03

4000t

0-5 cope Print Form |

[V CH1 Analysis Wave Choice
v CH2 Ch 1M Smooth | Raw
v CH3 Ch2 ¥ Smooth | Raw

[~ Display . = Ran
A. Baumbaugh o —, Ch3 Smooth ™ R
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Luke (Materials Test System)

insertion of materials
=1 - without exposure to vacuum

Condenser Light Source '
1 l\' JJJ‘.I*" .‘?qq,
R E

l\\%

Airlock
N

Isolcmon Valve (below phoTo)

Seal the Argon Lock (open in photograph).

[Evacuate the Argon Lock (or not).]

Purge with pure argon gas (available from the
cryostat).

Sample Cage Purity Monitor Scrubber Filter

S. Pordes Liquid Argon@CDF 2/10/09

Put materials in Sample Cage in the Argon Lock \
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40

30

20

10

0

15/08 5/16/08 5/17/08 5/18/08 5/19/08 5/20/08 5/21/08 5/22/08 5/23/08 5/24/08 5/25/08 5/26/08 5/27/08 5/28/08

Some Measurements with the Materials Test System

Anode Signal, Cathode Signal, Lifetime & Imps vs Time

filter

condenser

cathode anode lifetime Imps

1.E-2 Imps = 3/lifetime (ms) in Ar-lock

Cables etc

- mV ormS

A

Zero

T962 board at T962 board in
top of cryostat Ar-lock (295K)

amp at A
A test 100k (220K)
1
v v
v vYy \/

- X"

2:00

12:00 12:00

S. Pordes

12:00

12:00

12:00

12:00 12:00 12:00 12:00 12:00 12:00 12:00

Liquid Argon@CDF 2/10/09

12:00

Cables and Ties

T962 Bias Card
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TPC (96 channels, 50 cm)
for electronics development

into Bo

on bench

S. Pordes Liquid Argon@CDF 2/10/09 32



System Channel (scaled 1:20) System Channel (scaled 1:20)

System Channel (scaled 1:20)

S. Pordes

20

60

50

40

an

90

80

70

30

e P IN e ]
W

Ly v v

0 500 1000 1500 2000

Sample Number 198 nsec/sample 405 usec total

Cosmic ray in B

oth trigger

Liquid Argon@CDF 2/10/09

1

Plane 1
(Induction, 0°)

Plane 2
(Induction, +60°)

Plane 3
(Collection, —60°)
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from waveform to picture

wire ->

400 600 800 1000 1200 1400 1600 1800 2000

J-Y Wu
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Bo Data - track finding and two track resolution

t (ticks)

drift time ->

Collection Plane Wire . Collection Plane Wire
wire # ->

drift time ->

nd Induction Plane Wire

(J. Spitz, Yale)
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ArgoNeuT (T-962) (Yale-FNAL-MSU-LNGS-UTA)

*0.25 ton LAr TPC in NuMI beam u/s of MINOS ND:;

—FNAL cryogenics & purification, MSU electronics & DAQ
—FNAL/YALE/LNGS simulation
—dealt with underground safety issues

800 v,CC, 15 v,CC, 250 NC per week

—20,000 events in 6 month run

—demonstrate electron/gamma separation
: —

Vessel
closed

TPC
insertion

S. Pordes Liquid Argon@CDF 2/10/09 36



To purity without Evacuation

Motivation for Large Test System

« Current systems use vacuum evacuation as a
preliminary cleaning step

* This is extremely difficult to scale to very
large volumes — especially mechanically.

* Physics requirements for Liquid Argon
detectors are showing that large volumes are
required. (5 kTon minimum)

* Hence we must study alternative filling

schemes.
R. Plunkett
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Twenty-ton purity test (LAPD)

3/16” Stainless Steel "
Fermilab will add foam
insulation (about 1 ft.) 1
//m
Detailed cleaning _ % "10 feet
procedure specified Vans
Mounted on insulated i }
cribbing. — . ,J..
1‘9 KON vy B
< >
10 feet
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www-microboone.fnal.gov (E-974)

*Cryostat (170 Tons LAr) as large as can be commercially built offsite and delivered over the roads.
* TPC parameters

» 70 Ton fiducial volume (depends on analysis definition)

»2.6m drift (500V/cm) = |.6ms drift time

» 3 readout planes (£30° Induction, vertical Collection)

» 10000 channels (using Cold Preamplifiers)
*~30 PMTs for triggering
*Purification/Recirculation system.

Fanerations should be
above liguid leveal

i- _~Heghtof 8%
G'PD'W‘—, . Volume s 207

-
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Liquid Argon in the U.S.

MaterTs"d Bo Rapid progress in LArTPC
B development

2007 2008- 201 1? Phosics
100%
R&D
t 2007- t t 20172
: i

{.. - L .
Yale Tracks ArgoNeuT MicroBooNE  from Mitch Soderberg
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DUSEL: Cavern Layout

Some of the considerations and studies that are needed are:

» Depth: 300 ft., 4850 ft., or in between?

» Proton Lifetime & Supernova Neutrinos : Can they be done at 300 feet? (Backgrounds? Triggering?)
» Cost differential for different depths: Excavation cost, assembly cost differential , Safety issues, ....
»Span of cavern is crucial design parameter.

» Detector design: Modular design vs. single argon volume.

from Mitch Soderberg

25

Cavern/Cryostat design§ are coupled.
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DUSEL: LAr Supply System

LAR SUPPLY
Procedure to supply the LAr. B —— e i 2 e
Issues: =
i.Cleanliness of the supply system. b

ii. Ability to evacuate LAr (Accident)
iii. Acceptance tests for LAr delivery.
iv.Size and location of Buffer tanks.
v# of buffer tanks underground.

viLocation and size the purifiers.
vi.Cold pipe from the surface.

. Example of cavern arrangement

S. Pordes Liquid Argon@CDF 2/10/09
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Some LArTPC Technical Progress

*Argon Purity

*Vessel Design

*Detector Design

*Electronics &
-DAQ

«Simulation &
Reconstruction

S. Pordes

—From atmosphere to purity without evacuation

—How to remove impurities from Argon (filter gas as well as liquid?)

—What impurities matter and how to measure drift lifetime

—\What are the sources of contamination and how to avoid/remove them
without pumping (vessel, plastics=> surface physics)

—Design, (Underground) Construction, Safety
—Cryogenics (cooling system and insulation )
—Thermodynamics (argon temperature and flow distribution)

—HV system

—Mechanical reliability - TPC constructed in situ or externally
—Constraints from electronics (eg readout only at top?)

—Light collection scheme; (for “triggering’ and pattern recognition)

—Amplifiers, multiplexing, digitizers - in cryostat? Feedthroughs

—Signal/noise (large capacitance) and constraints on TPC design

—Zero suppression, signal processing, local event recognition capability,
100% livetime (not just beam spill)

—Real and simulated signals on wires; develop signal processing
—Event generation in argon
—\Vertex and pattern recognition; cosmic ray rejection
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And now for something rather different and
yet fully synergistic

S. Pordes Liquid Argon@CDF 2/10/09
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Spectrum of WIMPs in a Detector on Earth

Based on simple assumptions:
» Particles are gravitationally bound to halo, with Maxwellian
velocity distribution (V=220 Km/s) and local density 0.3 GeV/cm?

* WIMPs are heavy particles, 10 GeV< My, ;< 1 TeV.

= Nuclear scattering can efficiently transfer energy to a nucleus, since M, ., ~M, ;.0

The signal will be a nuclear recoil, with energy ~10 keV
]

10
» Scattering is non-relativistic.

* Shape of spectrum does not depend
on particle physics inputs.

(8]

3,

» Amplitude of spectrum depends on
unknown supersymmetry parameters
and some astrophysical uncertainties.

-

Events/keV-Kg-day

-4

10

1.0 20 3:0 410 50
Energy of Nuclear Recoil [keV]
S. Pordes Liquid Argon@CDF 2/10/09
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Technology Choices for Dark Matter Detection

Technique Good features Bad features
Cryogenic detectors Excellent to good High cost, difficult to
CDMS, Edelweiss (>99.9%) discrimination | manufacture, scale up
for alpha, beta, gamma
Xenon TPC + Scintillation | Scalability, Easy Modest discrimination
Xenon, Lux cryogenics, high Z, good | for beta, gamma
position resolution (89%), expensive
Argon, scintillation only Excellent discrimination | Radioactivity of Ar-39
DEAP for alpha, beta, gamma
Argon TPC + Scintillation | Best discrimination Radioactivity of Ar-397?
WARP, ARDM overall, inexpensive to
scale up
Bubble chamber Lowest cost, easy to Alpha backgrounds
COUPP scale best spin target (F)
PICASSO best gamma
discrimination
Drift chambers Directionality! Small target mass
DRIFT

from Andrew Sonnenschein
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DUSEL Dark Matter S4 Proposals

Technology Experiment | Target Mass (T) | Cost (M$)
Low Temperature | GEODM Germanium 1 1007?
lonization/Phonon
Bubble Chamber | COUPP Fluorine, lodine 107? 1 M$/ton

Liquid Argon DEAP/ Argon/ Neon

Scintillator Clean
Dual Phase TPC | LZ20 Xenon 20 1007?
MAX Argon 5 17
Xenon 2 18
Gas TPC DRIFT Fluorine 0.1?

- Fermilab involvement

S. Pordes

Liquid Argon@CDF 2/10/09
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Y (mm)

Discriminating Against Backgrounds

* WIMPs interact with the nucleus, while most backgrounds are due to electron
scattering by gamma and beta rays.

» The resulting spatial distributions of energy and charge are very different-- this is
fundamental physical basis of most discrimination techniques.

Tonization distribution for nuclear recoil and electron

10

10

40 keV Arin 40 Torr Ar

S. Pordes

huclear recoil
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(Figures from DRIFT collaboration)
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fast/slow

f I"O m WA RP Integrated 51 signal (* = 40 ps) Integrated 51 signal (° = 40 ps)
- _,E'
e (a) e-like event, F = 0.29 b (b) fon recoil event, F = 0.74
i,
PMTs )
M B 1
£ ] 1 :
= - 3
o E %
i r
o 1 ! N
' o i [ A
M M N M ¥ M 4 & & 44 a8 M OM O M N & 4 43 4 M a
Time fligd Tiemes fuaml

surviving ionization

g

5 . S2/51 o S2/51 e o
1T 2 3 4 50 100 150 200

S1 (energy, time distribution -> particle dE/dx)
S2 (ionization that escapes recombination -> particle dE/dx)

S1PSD rejection ~10°°, S2/51 rejection~102, com. 10"7-8
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Log (S2/S1)

Discrimination In Argon TPC:
Two Independent Parameters

(a) Neutron induced ion recoils (b) WIMP Exposure of 96.5 kg - day
RT | | 60130kev | = F | e mi 60-130 keV
2.5 b aadiaan - recoil g 2.5 i Ak, _>2..8x107 Triggers
2 1 < 2 7 /
P
15 ~ 1.5
1 3 ol 1]
0.5 - 0.5 £
0F 0
0.5 0.5
-1: -1)--...' ’ LR % s p% »
01 02 03 04 05 06 07 08 09 01 02 03 04 05 06 07 08 09
Pulse Shape Discrimination Parameter (F) Pulse Shape Discrimination Parameter (F)

~2p.e./keVee WARP (Benetti et al. 2007)



WARP, Cocco, Lisboa (2005)
2.3 litre preliminary results (V)

| 33Ar measurement ‘

39 39 - - Residual spectrum after subtracting
Ar — FK + e +v, (Q=565 keV) 222Rn contribution and y estimated
from events without Pb shield

Measured activity in agreement with the g“' 1 1 1
result of H.H.Loosli quoting the 3°Ar in o) SN S IS SN SR NN SN N
natural Argon as (8.1+0.3) x 10-16 8 L

= o Measured Activity of 3%Ar
The fraction of °Ar decays producing an 0007 [}ocnch (1.1 £ 0.4) Bgl/litre
energy release in the range 30 +100 keV is Fl o I N R ,
about 3% 0506 2 :,

| 3%Ar spectrum convoluted

with detector resolution
’ — -----}.-- — +---- — .'.-.---- .* —

The expected rate due to 3%Ar in the L

ion recoil evergy window from 30 to = Ty
100 keV is given by 1.1 x 0.03 Hz/litre "™ | 11

" H H \ H
| ! \ d H {

0.002 SRR S S Y, NS WA A OSSN SIS IR T,
- 1] ] ' ' '
' . ' . '
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Argon Detector Concept

« Largest diameter cryostat that 745 top PMTs
will fit down DUSEL elevator.

« 5 tons depleted argon
(2.6 tons after fiducial cut)

* 30 keV recoil energy threshold
« ~ 2 cm position resolution

* 0.5 background events
expected in 5-year run.

3 order of magnitude :0 CT thick |
improvement over present chylic vigse >
CDMS/ XENON sensitivity 3.6 meters

S. Pordes Liquid Argon@CDF 2/10/09
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S. Pordes

Discovery of underground sources
of low-activity argon
W — Prototype Purification Plant
| at Princeton
’ Sampling on a gas field in the West

<5% atmospheric Ar-39
Bl concentration!
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Argon-39 Counter

* Measure 3%Ar isotope in 1- liter of
liquid argon with a single-wire ion
chamber.

« Attention to radiopurity and
shielding details will allow
measurement at 10-3 of
atmospheric 3°Ar abundance
(~100 decays/day).

 Application: screen argon from
underground sources for use in a
large detector at DUSEL
(collaboration with Princeton
University, Temple University,
others )

41 Inches

from Andrew Sonnenschein

OW RADICA

/////,, o

S. Pordes Liquid Argon@CDF 2/10/09
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S. Pordes

“Bo” TPC
Technology
Demonstration

The TPC is a cylinder 50 cm long
by 24 cm diameter. Electrons drift
upwards in a field of 500 V/cm
towards horizontal wire-planes at
the top. There are three planes at
60 degrees to each other. The first
two planes (as the electrons see
them) are so-called induction
planes, the very top plane is the
collection plane. The vertical rod
at the extreme right is the HV
feedthrough — it’s been tested to
50 kV in Nitrogen.

Liquid Argon@CDF 2/10/09
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Tssues for MAX:

light-yield - PMTs, geometry, WLS
PMT radioactivity

design of TPC - grids, materials
construction of acrylic vessel
chemical purity (drift lifetime)
provision of depleted argon
shielding and vetoing

Prototype MiniMax
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MiniMax - prototype for MAX
10% MAX Prototype ( 500 -Kg)

163 IPMTs Onlop
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e y é s 4
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MiniMax - prototype for MAX
Phase |l for 500-kg : Physics Run
Homestake (Pre-DUSEL) or Snolab

Will need large water shield

Projected sensitivity for 500 kg Darkside

CDMS 2008
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S. Pordes

Back-ups (wow)

Liquid Argon@CDF 2/10/09
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Test Stand Work at Fermilab

Materials Test System (MTS) - Luke
TPC for electronics development - Bo
Bell-jar for photo-cathode and light-fiber testing

Tests performed for atmosphere to purity without evacuation
Demonstration of Argon Piston (purge to few ppm)
Demonstration of Oxygen to few ppb and water to few ppm

Infrastructure

Single Pass clean Argon Source with Oxygen and H,O filters.
Home-made Filters for above that can be regenerated in-situ

Internal Filter Pump

Controls System

Purity Monitor DAQ

Fermilab versions of ICARUS "purity monitor’ and readout electronics
Nitrogen concentration measurement (at the 0.2 ppm)
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LAPD
Luke Bo ArgoNeuT
P N

neutrino Ej Ej D 20

ton

MicroBooNE
(180 tons total)

Present Liquid Argon Context

S. Pordes Liquid Argon@CDF 2/10/09
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MiniMAX Connections between various devices

LAPD

P N
Luke - > 20
\ ton

Bo

T

MicroBooNE

ArgoNeuT (180 tons total)

» argon and purity monitoring

» materials

» electronics

» controls,software & firmware

» physics analysis
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LAPD
Luke Bo ArgoNeuT
P N

neutrino Ej @ D 20

ton
MicroBooNE
dark matter (180 tons total)
Proposed Liquid Argon Context
LArS

DArC MiniMAX MAX

;D D D 5,000 tons

S. Pordes Liquid Argon@CDF 2/10/09
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GLOSSARY
Luke 280 kg - Materials Test System (operating)

Bo 280 kg - Electronics Test System
LAPD 20 tons - Purity without Evacuation

operating)
parts ordered)

MicroBooNE 180 tons - Physics/R & D

phase 1 app.)

(

(
ArgoNeuT 0.75 tons - Neutrino Interactions (installing)

(

(

LAr5 5,000 tons - Physics/Prototype EOI/S4 prop)
DArC 1 kg - measure Ar39 Depletion

miniMAX 1 ton - WIMP search/R & D for MAX (today)

MAX 10 tons - Argon (and Xenon) WIMP search (S4 prop)
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Temperature and Velocity Profiles in MicroBooNE

Temperature
(Contour 1)

8.

8.

8.

K]

902e+001

902e+001

902e+001

.901e+001

.901e+001

.901e+001

.901e+001

.900e+001

.900e+001

.900e+001

Outer Shell
Heat Load

13 w/m?2

S. Pordes

0.250

Free Surface Temp = 89 K |

0.500

0.750

1.000 (m)

INNISYS

Electronic
Heat Load

104 W/m

Velocity
(Vector 1)

4.560e-002

3.420e-002

2.280e-002

1.140e-002

0.000e+000

[m sA-1]
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S. Pordes
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S. Pordes
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The ion-rod and a contaminant injection

Anode, Cathode,Lifetime & Imps vs Time
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Work List for PAB devices for coming year:
(Purity Demonstration instrumentation separate)

Instrumentation:
Complete long PrM
Develop PrM electronics to operate in liquid argon
Test UV LEDs as alternate light source for PrM
Develop TPC modifications to take pre-amps inside cryostat
Extend scintillator trigger for Bo (x 2)

Electronics:
Develop firmware (dynamic decimation, hit region finding) in Bo readout

Develop and test "in-cryostat-electronics’ for Bo

Estimate: 9 months Eng. (incl. MSU), 3 months EP, 2 months MT; $50k + MSU
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Visualization of Process

= Argon Piston

Outlet , :
Amblent Ailr
LT
‘ ‘ Inlet
Argon Gas
|
= Exchange a few Volumes
» Recirculate and Filter to <10 ppb > Argon
A
0,& H,0
Filters

| >
Cleaner Argon

After Reed Andrews
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20 +

15 ¢

10 |

Comparison of Oxygen displacement by
Argon and by Nitrogen (Argon Piston)

Percent O2 by volume

o 2 ft from bottom Run 2
+ 6 ft from bottom Run 2

— Analytical Diffusion 2 ft position
—— Analytical Diffusion 6 ft position

1.5 2 2.5

25
20 )
15 1

10 1

o N2 - 6 ft sensor on tank centerline
o N2 -2 ft. sensor on tank centerline

= Perfect Mixing Prediction

T. Tope

eto 100 ppm (reduction of 2,000) takes 2.6 volume changes
(cf simple mixing, which predicts In(2000) = 7.6 volume changes)

Work by T. Tope
S. Pordes
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