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‘Liquid Argon TPC Overview . w”_n\.hﬁa;&? @

® A liquid argon time-projection chamber is a total-absorption tracking calorimeter
= An electronic bubble chamber.

o It’s efficiency for detection of v, appearance events will be greater than 90% for
GeV energies. |
(This is 2 3 times the efficiency of low-Z sampling detectors.)

e A large (> 10 kton) liquid argon TPC, if in a single cryostat, will cost very nearly
the same as a low-Z sampling detector of the same mass.
(There is highly competitive industry support for production, purification and
storage of large quantities of liquid argoun.
Liquid scintillator costs 2.5 times as much as liquid argon, per unit mass.)

e The hardware of a liquid m_,.nmos TPC is in a mature state, and readily scalable to
large masses. |

® More in need of further developiment is the software
~ in the style of bubble chambers.
(Human scanning of event displays if necessary.)
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m K~ visible in Liguid Argon
e e 2" Modes efficiency ~ 10 times
si-e that of water Cherenkov.

Drift distance
15 m

Instaliation and operation at
LNGS 2004-2005




SAGENAP Meeting - Washington - April 14-16, 2004 France Serglampiets - 1, 6
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LANNDD—a massive liquid argon detector for proton decay,
supernova and solar neutrino studies and a neutrino factory
detector

David B. Cline*, Joha G. Learned®, Kirk McDonald®, Frasco Sergiampietri®-*
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Abetract

We dowcribe a pomible Liquid Argon Newtrine and Nucieon Decey Detestor (LANNDDY that consiots of 3 7 kT
wagnesiond liquid Argos tracking detecior. The detecter i being desigued for the Cartebed Usdorground Labeestory.

The major ackemidic goals are:
(1) Search for p~K"* + %, 10 10" years liosimme,

(2} Dutaction of large numbers of solar wewiriac sumis snd mporsova events;

{3y Seody of sumosphevic neutrings;

{4) Use as Far detecror for Neutrino Facsories in the USA. Japaa or Burope.

© 2003 Elwvier Science B.V. Al rights rassrved.
FACS: 2045, 90400; $5A5.E; 4D HLAP

1. lntroductisa

Ooe option for mext generation pucicos decay
search instroment is a fine-grainod desector, which
can resolve kaons as well as background from
CORIIC Tay Rewtrinos that are bejow the threshold

for water Cerenkov detectors mxch as Super-
Kamiokande (SK). One option for & next geoers-
tion nucicon decay search instrument is & fae-
grained detoctor, which can resolve kaons a5 well
s background from cosmic ray neutrinos (hat are
below the threshold for water Cerenkov detoctons
such as Super-Kamiokande (SK). Such s detector
can make progress beyond the for x 10 yr Nesits
from SK for SUSY favored modes becawee the
reach improves Swcarly with the time and aot as

OLEEA002/00/3 - see fromt mntier £ 3000 Elsevior Scionce B.V. ARl rights remrved.
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LANNDD - 100 kton Liquid Argon Neutrino and Nucleon Decay Detector %
(astro-ph/0105442, Nucl. Instr. and Meoth. AbH03, 136 (2003))
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® Large modules (2 100 kton) can be built using technology of liquid methane storage.
(Total cost of a 100-kton detector is estimated to be $200M1.) THe

® Detector is continously “live” and can be “self-triggered” using pipelined,
zero-suppression electronics.

e Operates at the Earth’s surface with near zero overlap of
COSIMIC ray events.

. Detector is compatible with operation in a magnetic field.

Mapen 502001



200-kton Cryogenic Tanks Used for LN G Storage @
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Double wall, vacuum insulated cryostat. owd Vel py

Inner cold cylinder (D =400 mmx L=5.8m) hanging m.oB the outér warm cylinder by ._9..
stainless steel (or Kevlar) ropes. LAR |
Two chimneys (D =200mm) positioned at the two ends (d=5.1m), used for a) signal gad&\uwc..l
control feedthrough, 1%t heat exchanger, argon input/output and b) high voltage
feedthrough, 27 heat exchanger.

Chimney’s volume used as argon expansion buffer (~ 2% of the liquid volume).

Heat input (including conduction. through signal cables and HV feedthrough) reduced to
few watts (due to hanging system, warm/cold Boormb_om_ connection via stainless steel
diaphragm bellows, mcwo?_bm&w:o: wrapping of the cold ow_Enoc moaomoou LN,
consumption < 10 1/24h.

UCLA Meeting - CERN, September 17%, 2004 LANNDD-5mD, F. mﬂ%uﬁumoﬁ. 13
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c. Time plan and milestones

Cryostat, inner detector, cryogenic and vacuum circuitry, . bd..
acquisition electronics, high voltage completed by .....ooomriecnresconnceinns. half 2005
Functional tests Om.ﬁt
(tightness, thermal insulation, argon purity, high voltages)................ October 2005
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Detectors for Proton 4 BuL

Decay and VLBL
' Neutrino Physics 3 W Febmad
- 200%
Monday Feb 28 A Y
800 Registration
g3o  Welcome: D. Cline "t u‘ r"‘"
goo Role of Proton Decay in GUT theories: D.V. Nanapolous (Texas A&M) 0 <
920 Prodictions for proton decay: . Pat (U Maryland) 20
1020 Break o*
1045 Liquid Argon Detector for Supemova Studies and Variation of Neutrino Masses
with Density of the M sur: Danny Marfatia (KU) 'B u L
1115 Sub-leading effects in atmosphetic neutrinos: Sergio Palomares-Ruiz
(Vanderbilt)
11:;50  Title to come: Yasunori Nomura (LBL) O$ 8 at }ﬂ b‘,
1230 - 1330 Lunch M&“\Io) ['])Q.lu\t -+

1330 Relic supernova neutrino background calcuiations, the present (@ 4 N M
limits, and especially future prospects for both nuebar in water/oil detectors and
nue in argon detectors: Shin‘ichiro Ando (Univ. Tokyo):

1400  Discussion on DUSEL and APS study: Nick Samios, Moderator (BNL) N a.h

1430 Progresson reactor theta_13 experiment: Stuart Freedman (LBL)

1500 Break d pwe

120 *T2K expectations: Clark McGrew (Stonybrook} w

1550 ‘Three family models from the heterotic string: Stuart Raby (Ohio State)

1610 *FNAL proton driver study: Steve Geer (FNAL) % CAn ltl (PP Ly

1640  BNL neutrino beam status: Milind Diwan (BNL) :
1700 Water Cherenkov simulation studies on backgrounds and resolution: Chiaki J
Yanagisawa (SUNY)
Tuesday March 1 L A P—
d ’MMH"’

830  Summary of developments on Tiguid argon technology: David Cline (UCLA) .’J
goo Large liquid scintillator technology: Raju Raghavan (LSU) gq-v)‘
930 sDevelopment on NOVA: John Urheim (Indiana)
1000 UNO: Chiaki Yanagisawa (SUNY)
1030 Break
1050 Deep underground accelerator and detector facilities for studying neutrino
physics: Takahashi Hiroshi (Brookhaven) {
1120  Discussion on R&D items and Dave Cline collaboration document gi‘ o *
1230 Lunchor Jeave for airport.

* not 5{%%0{1‘52“!;?1 (P‘t . M u p . . mwﬂ‘:’”
o
Redyh tvav so s Dot odoa” _wu‘m-k ol

Vg U v



VCLA)RNL weeheie

Ve 3003 ok vin
A= 6 Gauge Wediated = SUSY SWS)/50C0) 3‘().*‘
q ¢ Arap (P"-‘ié*‘if‘)—r
= 2
Q Q < Q‘/Mxl
BSSM—-)GUj ﬁl&)_m-t“ﬁ) o~ \gsii&“ yrs  (Thoo)
@ 1_“‘ | Qu@rsymm&g i an
. Colog Ixiblel tiqgcino Wadated |
Cl/ ~
5 c\// T qaa-t
O - F o . O
W Q. } \\‘\C C:-"‘(Q-:g-;l)u
3 7 h,\f\Q “+(1,16)
~+ o for Standayd”
| —a/u,b X _ (dzsg;;«.{a@‘m)
\, T « @
’ Dok T106 \0%“"“0 '3’ X
Glekewd w otk Roled € thee Documsds
N Do All Ye foros Beame tne  drcvesYeotm Decoy

2 ' o
Y fondusodd ok ot $ee
#.A: f'm Uuu:n:_m Yo bt Jo'uw.uﬂd-o

att Ko decwe ore Mknk e -N_u,-fgsld-w ‘? a
fm* &ﬂﬂ ., TV P




1
p— e no %ﬁ;ﬁ?«wﬁmﬁﬁ il

i

35.3& mcﬁ:

¢ O
B rotictions

ﬁ...vm_.mmo

-
.
H

T ki

mu.lv<mﬂ

A SUSY SULS) with m&:.o:m. U(1) favor symmelry

I AR T

m “ u various SUSY SO

H H H H T il H - T
: SRR R i :
oo b bbb i i

mn

O o

l.uillal..ll...ld!t:illllr]!il..ﬁ.lﬁ.ll.
T % ¢ o1 4 H . )
¥ = H H
1 . ] ¥
] ] . -
] [ 1 M
H : H H
H = + .
H - H -
H ® ]
H ' * .
H 3 ] H
] ] *
t * H .
H { H
' * - H
H 3 . .
‘ H H H
) i ]
t ] H
. H H
1 - H
1 )
+ - M
H 1 )
H H .
H . H
H + ]
H . H
H i .
1 H ]
H + ]
» H 1
' ] H H
H H H
1 H i )
- 1
1 1 I
. H :
H : -
¥ [ 3
. . H H
e . d
.

31
10

/B (years)



21

;
i
i

No nuclear %omoum 42 1.5x 103 85

Nuclear reinteractions (FLUKA) 19 23 x 103 85




udy CP Violation at L/E = (2n + 1)500 km/GeV. @
ciano, hep-ph/0108181, Diwan f /. r.c_v-t__.\:w:wcm:

ot 1-1; oscillations occurs at L, £ =~ 20« 100 km/GeV.

y grows with distance:
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x %ﬂ ~ independent of L at fixed E,.

Oscillation Nodes for Am?= 0.00252eV

7
her measurements at large /. 6 . m m
< n |d
. 5 | SEBE ue
r CP violation measurements. $ 2 m m 3
$ .1 m N g w2 %,
B w (X ]
entangle matter effects from CP W s b m z &
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e n =0 and 1 oscillation maxima ” L
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1 (986 km), 1} | __ 2
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lectrons vs %s (1.5 GeV) in LAr

Pulse height scale : mip=green, 2mip=red
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