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LAFIPGE'S

Liquid Argon is an excellent choice for neutrino detectors:

[—Ie \le [\\/\ l/\"‘ / e Watit = Izlg‘;:i:)re dense than water

b 27.1 87.3 120.0 165.0 373z  — Abundant
1% of the atmosphere

— lonizes easily
55,000 electrons / cm

— High electron lifetime
Scintillation [y /MeV] 19,000 30,000 40,000 25,000 42,000 Greek name means “/azy”

Scintillation A [nm] 80 78 128 150 175 —> PrOduces CODiOUS

Note: This table was first produced by my boss Mitch Soderberg and if he had patented it i i i i
he would have 10's of dollars because it shows up in every LAr talk I've ever seen! SCIn tl I Iatl on I I q ht

Density [g/em’] 0.125 1.2 1.4 R 3.0 I

Radiation Length [em] ~ 755.2 24.0 14.0 4.9 2.8

dE/dx [MeV/cm] 0.24 1.4 2.1 3.0 3.8

Transparent to ﬁght produced

Time Projection Chamber
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Neutrino interaction in LAr produces Drift the ionization charge in a Read out charge and light produced
ionization and scintillation light uniform electric field using precision wires and PMT's
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CAGIRE'S

Using the charge for 3-d reconstruction Plane 0
. ittt =
m e | / ///'/ /
- | _ neutring EEELEL > K Efield
= Ly |7 Plane 1
Liquid argon volume «* Matching charge locations across different angled
) wire planes allows for 3d reconstruction

Using the scintillation light to get the t-0

Self-trapped exciton luminescence Credit: Ben Jones (MIT) for image

Simplified model LAr first excited state ThlS dlﬁ erence
between the
Atomic Excitation Self-trapping Radiative decay _ ﬁner gy Ieve!s Is
Recombination luminescence exlf:%,t‘:ze;ge?g;zlrsnt‘;:e ' I o Why LAI’ Is
AN transparent to
y '28nmphoton |y the scintillation
Ground state energy of LAr I’g ht it
produces
lonization  Thermalization of Recombination
electrons
J. Asaadi ihe MicroBooNE Experiment




Examples ot CArIIPC'S

MicroBooNE @ BNB
_First Large LArTPC in the U. S.

ICARUS @ CNGS
First Large LArTPC

......

| 476 tons (actlve mass) ]
1.5 meter drift
53,000 wires (3mm pitch)

0.5
05m. Collection (top VIeW i 2
5 ®
I ‘L\ _\_:n s o]
hadron tracks : E\ 3
_____ __._____f__._h_____..____ S .E
mmmmm k e \ :
i 0
. "pl Imary e 1N u
£
(NG3beamdirection | bm
e (]
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(time ticks)

ArgoNeuT @ NuMiI
First LArTPC in the U.S.

Readout W|res

0.26 Tons actlve mass)
0.47 meter drift
480 wires (4mm pitch),

E E B E E E

IIIIIIIIIIIIIIIIIIIIIIl |

Readout wires :‘ |

cathode
80 tons (active mass)
2.5 meter drift
8256 W|res (3mm pltch)

MlcroBooNE MC =

The:MicroBooNE ExXperiment



Ciguid Argontiime’ ProjectioniChamber:

50) 100 150 2000

2000) {

Drift coordinate
(time ticks)

Q
EA
7))
S ¥
O 0
3:-
o 9
o £
E =
-
o

Wire Number

J. Asaadi The:MicroBooNE Experiment 6



Ciguid Argoniliime’ ProjectioniChamber:

— 40
E L GEANT4 MC predictions
S 350 —__ proton
?
"E-’ 300 ___ pion
.é ___ muon
w 25
© i
20"
i Example proton track from
151 ArgoNeuT data
100} ©
5 St
0:L L1 | |. 1 | 11 J L1 1 | l | I.L 1 J | | l 1 | L 1
0 5 10 15 20 25 30

residual range (cm)
By analyzing the energy
deposited along the track
(dE/dX) as a function of
distance along the track
(range) you can perform
particle identification (PID)

—lArlglo|Ne|u|T| d|'a.|ta| U
0.4F- [ . _
C — electrons -
0353_ —— gammas ]
E —— VS 1eCO 4 ]
o —— clecs reco @&
0'3: @V\P ]
C \,\ .
0251 Q?g’ =
023_ DATA B
“F "__ (area ]
0.15 normalized) 3
01E- Topology cut
C + not folded in. -
0.05— +
- | | t 1
U 1 |
0 2 4 6 8 10 12

average dE/dx

Analyzing the dE/dX for the
start of an electromagnetic
shower you can identify and
separate photons from
electrons



Ciguid Argontiime’ ProjectioniChamber:
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Motivation for MicroBooNE

Driving v (new) physics




MicroBooNEXPhysics Votivation

Phys. Rev. D64 112007 (2001)

Liquid Scintillator Neutrino Detector
(LSND) observes an excess of events

(3.80 above background) in V. oV,

appearance search
— Much disputed result....
— Could be evidence for new
Physics? (Sterile Neutrinos)

Beam Excess

® [Beam Excess

B2 pv,~v,e')n

= ppv,e')n

] he
pesz|  other

——

— Experimental setup defined L/E
(this determines your oscillation
probability) +m 1

o

Amiteri!e ~1 6V2 D Vu

-
0O v

J-Asaadi

0.8 1 1.2

I
1.4

L/E, (meters/MeV)
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MicroBooNEZPhysics Viotivation

MiniBooNE Detector

Phys Rev Lett. 110, 16180 (2013)

Antineutrino
* Data (stat err.)

[ vetrom u‘*
+ 3 v, from k*"

= v.from K°
3 «° misid
CJAa—=Ny
I dirt
[ other

+ Neutrino

T

0.2 0.4 0.6 0.8 1.0 1.2 14 15

EJ5(GeV)

—— Constr. Syst. Error

Mini-Booster Neutrino Experiment
(MiniBooNE) at Fermilab ran at a similar
L/E and saw a slightly different excess

in vV oV, and vV —V appearance search

— Effect dominates at low energy
- Between 0.2 - 0.5 GeV
— Insidious backgrounds dominate

— Can be tough to distinguish —yy
from e signature in a cherenkov

detector
....tl..'. . .“-..”1 -
:I Y ‘ 5" * 8
% e . .'. & " "% e
° ®e %se® ¢ %060000° ol o#%8 o0 o
0
Electron, M yon Proton ™ Y T7
Photon

(Cherenkov Detector)

ely seperation is a specialty of LAr detectors!




MicroBooNE MC MicroBooNE MC

2iE P I AL T A | ' r e V oTC+p 3

] = E\ec“‘.’-‘-‘-' y e .."'ér""" S Al T" High energy proton atthe H p E

R B T e e " 5w il interaction vertex ; : -

muz o '1- E I A o u N :.J:
. sl e EIN T =

N3 Proton ' V se+p El" Oaiis ' : q;é

I £ - - = ' . S - =
= High dE/dx Lo Ji 3 P RE R L T R Ef’ 3

:-uJE— _E M Photon convgrsions “';,5? . \:Tr_:,,&f';

. e = i i = 14 - separated from primary vertex |, . ﬁf S =
_ ellowest_cut

4501~ Entries 3152

400F- + Mean  2.051

3505_ / c RMS 0.6882

so0f- MicroBooNEMC | Liquid Argon TPC's offer the ability

= et to distinguish background (r°—yy)

200— "

b ﬁfﬂ\( from signal (v_appearance) and

E i address both of these anomalies

dE/dx (MeV/cm)
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MicroBooNE: Overview

* MicroBooNE is located at Fermilab's
{ Liquid Argon Test Facility (LArTF)

- Will see the on-axis Booster Neutrino
Beam (BNB)

* Nearly identical baseline as the
MiniBooNE experiment

 Booster beam is created from 8 GeV
protons on a beryllium target

- Mean neutrino energy — <1 GeV

- Will also see off-axis Neutrinos from
the Main Injector (NuMI) beam

 Provides an important cross-check

 NuMI beam created from 120 GeV
protons on a carbon target

- Mean neutrino energy — ~ 2-20 GeV

— MicroBooNE will see both low and high
energy neutrino interactions in the
same detector

J. Asaadi The:MicroBooNE ExXperiment



MicroBooNE: Overview

* MicroBooNE is a 170 ton (total | Time Projection Chamber
volume) LArTPC MW | /MMML% 12\
- TPC Dimensions: P\ | ! | _
- 103 mlong x 2.3 mtall x 2.5 mwide  JuR el RN AN
(drift distance) o / | i

- 80 ton active mass
» 8256 wire channels

- 3456 Collection channels
 Wires oriented w.r.t. the vertical
— 4800 Induction channels
* Wires oriented +/- 60°
32 8” cryogenic PMT's
- Provides event t as well as cosmic
ray removal

UV Laser Calibration System

J. Asaadi The:MicroBooNE ExXperiment



MicroBooNEXPhysicsiGoals

« Oscillation Physics

E 250 MicroBooNE, 6.6e20 POT gz . i .
S [ e @bl ooy M - MicroBooNE will directly address the
> F m o low-energy excess of MiniBooNE
E 150 “ =
= B « Utilize its ely separation to determine if the
PRELIMINARY signal is photon-like or electron like
SIMULATION
- Regardless of if it is electron or photon
T A5 2 25 like there is interesting physics to
~ Visible Neutrino Energy (GeV) uncover!
&;1035 { MicroBooNE
5 6.6E20 POT « Ifitis electron-like than this is a compelling clue
E PRt towards an oscillation signature
“E —som cl « If it is photon like than there is a process that we

______ are not including in our models

- MicroBooNE will ultimately weigh in on
the LSND and MiniBooNE allowed
regions

10"
- [ELSND 90% CL
- [JLSND 99% CL
" —MiniBooNE 90% CL

» Assuming 60 tons fiducial volume, 80% reconstruction
efficiency (assumed flat in energy), 3% sqrt{E}
MiniBooNE 99% CL . .
I R N R electromagnetic shower energy resolution, and
of et et e statistical errors and 5% flat systematic
SIN204e uncertaint

J. Asaadi The:MicroBooNE ExXperiment



Rev. Mod. Phys. 84, 1307 (2012)

MicroBooNEXPhysicsiGoals

 Cross-section physics

Neutrinos

%{10"'“_\:!63\0
- N b

v cross section/
o
i

-
[

w .
N
T L

o

10 ) 102
E, (GeV)

AntiNeutrinos

J. Asaadi

The use of broad band beams in future

long baseline experiments necessitates
understanding the cross-sections over a
wide range of energies

* Neutrino experiments that will search for CP-
violation are operating in an energy-regime
where several competing processes are active

» MicroBooNE will be able to provide powerful
insight
Nuclear models of final state interactions

(FSI) complicate the picture of the
observed interaction

» LArtechnology allows you to fully reconstruct
the final state topology and understand FSI
effects

Understanding low energy cross-sections
is crucial to many oscillation searches

The:MicroBooNE ExXperiment
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13 MeV Electron

E Low energy electron

A T i m

"U" View / View 2 / Plane 0

&
O Proton Decay Background
b

380

360

+
340 K .

3204—

280 ol I

300- M

1100 1150 1200 1250

Protonsﬂ

J. Asaadi

T+

Search for unique topologies

— — — —

7
ék&ctor Particle (V

1300 1350

Wire

 Astro/Particle & Exotica

- MicroBooNE will also provide a

testing ground for many physics
R&D subjects

 Supernova
- Low energy electron reconstruction

* Proton decay backgrounds

- Study Kaon decays as background
to “golden” channel p—K”* v,

« Searches for Beyond SM
Signal's for Dark Matter

- Dark/Hidden Sector models for the
production of Dark Matter at the
neutrino targets may show up as
unique topologies in MicroBooNE

The:MicroBooNE ExXperiment



MicroBooNE: Detector Ph

MicroBooNE has already started to contribute physics
papers on the LArTPC detector technology

Related Publications by MicroBooNE Collaborators:
< L.F. Bagby et al., "Breakdown Voltage of Metal Oxide Resistors in Liquid Argon”, arXiv:1408.4013 [physics.ins-det]

< R. Acciarri et al., "Liquid Argon Dielectric Breakdown Studies with the MicroBooNE Purification System”, arXiv: 1408.0264 [physics.ins-det]

< A. Ereditato et al., "First Working Prototype of a Steerable UV Laser System for LAr TPC Calibrations”, arXiv:1406.6400 [physics.ins-det]

< 1. Asaadi ef al., "Testing of High Voltage Surge Protection Devices for Use in Liquid Argon TPC Detectors”, arXiv:1406.5216 [physics.ins-det]

< M. Auger et al., "A Method to Suppress Dielectric Breakdowns in Liquid Argon Ionization Detectors for Cathode to Ground Distances of Several Millimeters”, arXiv:1406.3939 [physics-ins.det], JINST
9, PO7023 (2014)

< A. Blatter ef al., "Experimental Study of Electric Breakdown in Liquid Argon at Centimeter Scale”, arXiv:1401.6693 [physics.ins-det]

< T. Briese et al., "Testing of Cryogenic Photomultiplier Tubes for the MicroBooNE Experiment”, JINST 8, TO7005 (2013)

< B.J.P. Jones et al., "Photodegradation Mechanisms of Tetrapheny| Butadiene Coatings for Liquid Argon Detectors”, JINST 8 P0O1013 (2013)

< B.J.P. Jones et al., "A Measurement of the Absorption of Liquid Argon Scintillation Light by Dissolved Nitrogen at the Part-Per-Million Level”, JINST 8 PO7011 (2013)

< C.S. Chiu et al., "Evironmental Effects on TPB Wavelength-Shifting Coatings", JINST 7, PO7007 {2012}



Without surge protection

Va

damage

Nem

la, 23
Spark time

With surge protection
plastic jacket

B Va
dielectric insulator

damage f=-=-==========cccc-cc-c----

| metallic shield \\\\\\“a\ Ve
centrecore Viom [T 2b3b b . Tub Tube 2
f—>t

Snark time

1500
Surge protection boards 1880 + Varistors

(3 series varistors)
1860 1 O T 4 B /ﬁ“ N\

1840 - i | ] ."""’i il

o A ;
-] ! ] ‘ | ! 1 I
1820 . WM’ i

1800 -

Field cage rings Field cage resistors

ZII» L ol 6

47807 i Ll

Cold Clamping Voltage (V)

1760

1740 -

1720 +-
1720 1740 1760 1780 1800 1820 1840 1860 1880 1900

Warm Clamping Voltage (V)

ArXiv:1406.5216 (Accepted by JINST August 2014)
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Current Status

MicroBooNE TPC and Cryostat
during installation

= B — g 1
= S gl i
~ I
i i r \f —
“s.b__“ . ol & ‘ ”'—m,,gi - —
DA i o e

g Pl AT e

(% Al AL gEE S Ss = = 3

Cryostat being lowered into the detector hall i

MicroBooNE is
finishing construction
now and will be
operational in early

MICROBOONE 2015

J. Asaadi
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. kiU 5 SRV T 4. =
PMTs being prepared PMT cables being . PMT being installed
for installation soldered on mounting rack

P~

PMT flange and cables installed on
the MicroBooNE cryostat First rack installed

First complete subsystem installed in the cryostat!

J. Asaadi lThe MicroBooNE Experiment 21



limeErojeclion Chamber,
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We then strung, installed and tensioned all the wires

i

(T -
i “» n”/{"

- = i , :
Completely instrumented TPC Installed in the cryostat

8256 wires installed!

J. Asaadi lThe MicroBooNE Experiment 22



Deploying

A B

gy

Load fhe detector onto a truck i Drlve lt across the lab

Pickitup

“Place” (we don't say drop) it in the detector hall

\\

Cover it in foam







staged Multi=IEARIPGC Short=hbaseline

Neutrlno Proram

- :l ‘J‘

| LAr1-ND (100m) [ » ,Ej'

We are here

. Build on the existing
| infrastructure already present

@  at Fermilab

Fully exploit the physics
opportunity to address some of
the important questions in
neutrino physics

Build experience and perform
detector R&D while working
toward the long term goal the

Long Baseline Neutrino
Experiment

Phase 1: Near Detector

82 ton active volume TPC

at length of 100m from the
neutrino source

Phase 2: Far Detector

1000 ton active volume
TPC at length of 700m
from the neutrino source




PArd=Near Detector

Hanging frame design Beam direction
e — g
S MKO\_ :________" I [ g_\:\‘ -__;\
Shielding i T
Block ¥ i ____________________________
sl J D
Tog View - = |

Run a 82 ton LArTPC detector near the -

QXiSting SCiBOONE ha" ~100 meters from Céxpansion tank \}_ .
the target in conjunction with MicroBooNE |\ == | Side View
— High statistics cross-sections =1
— Near/Far configuration with LAr T | | Beam
detectors i 'direction
— Utilize LBNE-like designs for TPCand | | ] s
Cryostat | 1
— Full electronics readout in the LAr ||




Al =Near Detector

A LArTPC Near Detector
(82 t active mass) in the SciBooNE hall,

to run in conjunction with MicroBooNE on the BNB, 10%¢ Statistical Uncert. Only v mode, CC Events
for an exposure of 2.2x10%° POT F MicroBooNE (4;{0'“)’ :
(in the last year of the MicroBooNE run) [ FOT=00 X 10
- LAr1-ND (100m),
{0 POT = 2.2 x 10%°
LAF1-ND < |
at 100 m o i
: - 1 E i =z
- o - Preliminary,
> £ - Simulation
< L ——90% CL
MicroBooNE 1 O"1 =T 3o CL
at470 m - 55 CL
B e MiniBooNE + SciBooNE 90% CL &
£ L 1 l\llLII | 1 IiJIlll L 1 L 1 11l
v beam g | _ 10° 102 10" 1
N sin®20
4> Hu

Near deector opens up new physics not possible with

MicroBooNE alone
* Improved sensitivity to MiniBooNE low energy excess

-V, disappearance oscillation studies

* Neutral current disappearance
« Dark matter (axion) searches using beam off-target running



Conclusions

| * LArTPC's are an exciting
I\ detector technology for use in
. precision neutrino physics
measurements

.« The MicroBooNE detector will
|| address the LSND/MiniBooNE
| anomaly as well as push the

envelope on the use of
LArTPC's

MicroBooNE is a center piece
for the upcoming short-baseline
neutrino program at Fermilab

With the immanent turn on of
MicroBooNE the coming
months promise to be very
exciting
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Back-up Slides



CENE

grBaseline NeUneEXPeHment

 Long Baseline Neutrino

Experiment is the next major

neutrino experiment
proposed

- Build it at a baseline that
optimizes the oscillation
parameters to probe CP
violation and the mass
hierarchy

- Shoot a powerful beam of
neutrinos at it

- Build a large scale (34 kTon)
LArTPC deep underground

— Build it deep underground to
maximize your sensitivity and
allow you to do more physics
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