MicroBooNE Detector
Beam Requirements & Status
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Neutrino Physics

Path Toward MicroBooNE
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Neutrino Flavor Mixing

The Standard Model of .
Particle Interactions What we know about neutrinos

'hree Generatlions of Matter

* Neutral, spin 1/2 lepton

e 3 weakly interacting flavors
e At least 3 non-degenerate mass eigenstates
* Very, very tiny mass

e Flavor mixing!
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Neutrino Oscillation
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Neutrino Oscillation
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Courtesy of “Celebrating Neutrinos” (LANL)

Key points of oscillation experiments

e \We produce & detect neutrinos through weak interaction
- We can see either “disappearance” or “appearance” of specific flavor

e Oscillation effect depends on angle, mass splitting, and L/E
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What We Already Know
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... we are moving toward precision measurement era ...
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What We Still Need to Learn
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Things we still don’t know...

. . A -V, A
e CP violation -,
= V'l.’
e Mass hierarchy m| my?
‘ ~5x10 3L‘.V"__m]2
e Absolute mass itz i

. . my’ | ~3x10eV4
e Dirac vs. Majorana 2 wr=e S :
,”] | \ 4 __IIIA;
e Sterile neutrinos ‘
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LSND Experiment: High Am? Oscillation

e Liquid Scintillator Neutrino Detector (LSND)
- Primary oscillation mode: vy = Ve ... L/E = 0 (1 m/MeV)

LSND Detector

Scintillation sphere from positron

.......

AL LT T TP
..

Scintillation sphere of 2.2-MeV i SR IR R IR R
gamma ray from neutron capture TARE

..........

-----

Source
K
—\ w | &% D\
de the LSND detector
LSND detector
(the tank)
Positron signal
\ 4
Cerenkov cone
] )) ] > from positron
\
T T+15 ns T+186 us Time

Courtesy of “Celebrating Neutrinos” (LANL)
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LSND Experiment: High Am? Oscillation

e Liquid Scintillator Neutrino Detector (LSND)
- Primary oscillation mode: vy = ve ... L/E = 0 (1 m/MeV)

- Saw 0sc1llat10n 51gnal at hlgh Am2

Solid Lines
90% CL from other experiments

TITYTTI P |

» Not seen by others! ... “sterile neutrino”
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90% (L__-L <2.3)
99% (L,__-L < 4.6)
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Am? vs. sin?20 !
§ Possible Am? € [0.2, 2.0] eV?§

PRD 64, 112007 (2001)
Thursday, May 8, 14 9



MiniBooNE: Investigating LSND Oscillation

e MiniBooNE: Booster Neutrino Experiment @ L = 500 m
- Oscillation mode: vy = Ve & Vy = Ve... L/E = 0 (1 m/MeV)
» Investigate LSND signal EF

- Cherenkov detector w/ non-scintillating o1l
- Source: Booster Neutrino Beam (BNB)

Interaction track Cherenkov Candidate

Muon
VMCCQE

vu+n—>p+u‘

Electron

v,CCQE

Ve+n—>p+e'

Neutral pion

NCmr°

v+N—v+N+1°

Mod. Phys. Lett. A27: 1230024 (2012)
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MiniBooNE: Investigating LSND Oscillation

e MiniBooNE result
- Could be compatible w/ LSND

- Saw an excess of (ant1) ve in low energy

PRL 110, 161801(2013)
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MiniBooNE: Investigating LSND Oscillation

e MiniBooNE result

- Could be compatible w/ LSND
- Saw an excess of (ant1) ve in low energy
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MicroBooNE Detector
~ High Precision LArTPC ~
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MicroBooNE Experiment Overview

e 170 ton Liquid Argon Time Projection Chamber (LArTPC)

- Oscillation mode: vy = ve & Vy = Ve ... L/E = 0 (1 m/MeV)
- BNB (on-axis)
- NuMI (off-axis)
- Located @ LAYTF

» on surface
» in front of MiniBooNE

Beam direction
along
TPC “Z-axis”

Three Objectives
1. MiniBooNE low E excess
2. Low E v-Ar cross-section

3. LArTPC R&D

apoyye)

L Field Cage
N 104 x2.5x2.3 08
B 90 ton LAY

Thursday, May 8, 14
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BNB: Primary Source of Neutrino

Picture taken from PRD 79, 072002 (2009)
and courtesy of FNAL

Fermilab Accelerator Complex

™
X

X X
|l

| MicroBooNE |
{  Detector |

Dirt |

(Target + Horn + Decay Tunnel] |
' { (Oscillation) |

(Meson Focusing & Decay) |

| (8 GeV Protons) |

Well... you know this much better than I do ...
e 8 GeV protons from BNB hit Beryllium target (@ = 2 Hz

- Producing mesons, mainly n & K
- Horn focus mesons of desired polarity

- Decay produce neutrinos
e Oscillation takes place 1n dirt ( = 470 m)

e Expecting 6.6 E20 POT for 3 years of running
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BNB: Primary Source of Neutrino

+Kazuhiro =22 ()

* MiniBobNE

j MlcroBooNE

= jese Rd —

BNB
On-Acxis
dtarget = 470 m

Off-Axis (= 25 degree)
dtarget = 680 m

MicroBooNE @ FNAL

Thursday, May 8, 14
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i Event Rate Break Down |
‘ (flux & xs) |
- vu = 98.6%

V. =0.8%

- Ve = 0.6 %0

- Ve = 0.02 %
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BNB: Primary Source of Neutrino

PRD 79, 072002 (2009)
+Kazuhiro nmm Q _

* MlnlBOONE S5 Ay

L .
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Q P 7; ?" .

Sa

)

' BNB operation in the same )

configuration as MiniBooNE

1 greatly helps to reduce systematics

sreak Down |

In comparison analysis b xs)

Bl

"’1‘ b g R e e e R
SR ) =

dtarget 470 m " & P! |

NuMI
Off-Axis (= 25 degree)
dtarget = 680 m

‘, -VHZO.S%
—Ve:O.6%
- ve = 0.02 %

... high purity v, beam .|

=

MicroBooNE @ FNAL
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TPC Working Principle

1. Charged particles interact in Ar X=2.5m
e Jonize electrons 4—/’
e Produce scintillation light //
2. Ionized e- drift toward anode //
3. Wire planes detect drift e- o A

Cathode @ 128 kV| | Electric Field Anode
(plate) | 500 V/em  (wire plane)

Thursday, May 8, 14
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TPC Working Principle

1. Charged particles interact in Ar

¢ Jonize electrons

¢ Produce scintillation light
2. Ionized e- drift toward anode
3. Wire planes detect drift e-

Scintillation Light

\R‘ f;vw

<
<«
&
/'4
‘(K

X=25m

K

/

Cathode @ 128 kV
(plate)

Electric Fie’ld
500 V/cm

Thursday, May 8, 14

i. | Anode

 (wire plane)

.................... Ad-F-F-F-F4-F4-F4-F{-F1-F1-F1-F4-F4-F4-F4-Fd-Ed-H-

A

ur ¢°¢

Séintillatioh Light
detected by PMTs
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TPC Working Principle

1. Charged particles interact in Ar X=25m
. %
e Jonize electrons y
e Produce scintillation light A
2. Ionized e- drift toward anode | ey ] <
, , Max drift time = 1.6 ms | I
3. Wire planes detect drift e- — B I o
> /// ;‘)

Scintillation Light

detected by» PMTs

Cathode @ v.128 kV Electric Fie’ld 'Anode
(plate) B 500 V/em  (wire plane)

Thursday, May 8, 14
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TPC Working Principle

1. Charged particles interact in Ar X=25m
e Jonize electrons 4—/’
e Produce scintillation light ///
2. lonized e- drift toward anode . A <
3. Wire planes detect drift e- Drift Time = X position /// g
A %
{ =

Scintillation Light

detected by» PMTs

| Charge collected"
by wire plane

Cathode @ v.128 kV Electric Fie’ld Anode
(plate) 500 V/cm  (wire plane)

Thursday, May 8, 14
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Three Wire Planes

= N
i,

8256 wires w/ pitch = 3mm
(induction) (induction) (collection) (Y, Z) = coincidence on wire

U plane V plane

" Collection Plane Waveform 4
[/

“lInduction Plane Waveform ~
[/

1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 | 1 1 1 | 1 1 1 | 1
2800 2820 2840 2860 2880 2900 2920 »
Time-Ticks [2MHz Sampling] b 4

1 [ - | 111 | I 1 1 | - I | | 11 1 | 11 1 | | ] 11 1 | 111 | I 1 1 I 1
2960 2980 3000 3020 3040 3060 3080 3100 3120 3140 3160 3180 N
Time-Ticks [2MHz Sampling] N

Induction Plane MC Waveform Collection Plane MC Waveform
(Bi-polar pulse as e pass through) (Uni-polar pulse as e pass through)
Thursday, May 8, 14
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Optical Detector

Image Credit: B. Jones

e LAY Optical properties Self-trapped exciton luminescence
- Two paths for light production

- Two scintillation time constants

) singlet & triplet (‘C ~6ns & 1.6 HS) Atomic EXCIt-atlon S_elf-trapplng Radiative decay
Recombination luminescence

- “Transparent” to its own light
» Wavelength shift by TPB

- ngh llght y1€1d =~ 4e4 /| MeV lonization Recombination
100
]
90 - ‘
80 -
01 ,"‘ \ PB
1 | Argon !\ (Emission)
601 ! —-—
S o
> 504 |
S P
FEENS TPB
N 30 - \Mm
0]
1041 !
I’ ‘\ ’
0 _-,’l \‘) — .L
100 150 200 250 300 350 400 450 500 550
Wavelength (nm)
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 LAr optical properties
- Two paths for light production
- Two scintillation time constants
» singlet & triplet (1 = 6 ns & 1.6 us)

- “Transparent” to its own light
» Wavelength shift by TPB

- High light yield = 4e4 / MeV

e Optical Detector

- 32 of 87 PMTs
- 3 important motivations
» Getting T0

» Reconstructing YZ
» Cosmic background rejection

Crucial for MicroBooNE
because of

- high cosmic ray rate (~5kHz) (@ surface! |

|

Thursday, May 8, 14

Optical Detector

s—

=
<

y
y
N L/
"N y
N y
N V/
N Y’
N y
N /
N[
W
y
Y/
Y/
y
Py

What we will have
several cosmics within
the same drift time period (1.6 ms)
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Optical Detector

Picture & drawings
courtesy of B. Jones

 LAr optical properties
- Two paths for light production

- Two scintillation time constants

» singlet & triplet (1 = 6 ns & 1.6 us)
- “Transparent” to its own light

» Wavelength shift by TPB
- High light yield = 4e4 / MeV

e Optical Detector

- 32 of 87 PMTs Sulser ’
- 3 important motivations LED | N
» Getting TO » " e Hherper
ee
» Reconstructing YZ through

» Cosmic background rejection

e PMT Calibration

- LED flasher system
» Gain & TO calibration

Fiber
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Why LAr?

He Ne Ar &1 Xe @

Boiling Point [K] @ 27.1 87.3 120.0 165.0

latm

Density [g/cm?] 0.125 |.2 |.4 2.4 3.0

Radiation Length [cm] 755.2 24.0 14.0 4.9 2.8

dE/dx [MeV/cm] 0.24 | .4 2.1 3.0 3.8
Scintillation [y/Mev] = 19,000 30,000 40,000 25,000 42,000

Scintillation A [nm] 128 150 |75

Price = S10/L | =$500/L | /"= $2/L}| = $700/L | = $3000/L -

Table ... Courtesy of M. Soderberg
Price Range ... Courtesy of J. Asaadi

It’s dense, easily ionizable, and cheap!
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LArTPC: Temperature & HV

e Stability ... key for stable operation & detector systematics

- Argon temperature and HV -

- LAr purity (later slide) Drift Velocity depends on T & |E]|

| Va(T,E]) = (P(T — Ty) + 1)<P3|E| In <1 + &> + P5|E|P6> + P,(T — T)).

|E|
Electron Drift Velocity in LAr ‘ asmmrm o -
3.5 I l y W. Walkowiak NIM A449 p.288 (2000)
— T=873K | '
3 ek _— which affects measurement of X position
® |carus [24] // ‘W , _ , _ _ , ——
E'é 2.5 7/
E 2 4 ,/
2 %
g 5
< 15 /Y
s
=
O 1
0.5 /
0 0.5 1 1.5 2 25 3

Electric Field (kV/cm)

Temperature & Electric field
affect drift velocity!
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LArTPC: Temperature & HV

e Stability ... key for stable operation & detector systematics

- Argon temperature and HV
- LAr purity (later slide)

Electron Energy from Artazhev with Data

0.5
ENEAN :
——  €TRAN /
€ELONG
¢ Shibamura {/

0.2 /
S Derenzo / < /
) e Leckner / /
§ 0.1 s, ’
Q

| /]
LICJ //7 //
< 005 A
g BZAlINY;
O
UQJ A/ //(
/1
O 02 //// //
’ AV / ?
../-'/ A v
A ,/
LA | L
0.01 e
__rgi-—'—"
10 50 100 500 1000 500010000

Electric Field (V/cm)

Electric Field
affects Electron Energy

Thursday, May 8, 14

-
Drift velocity depends on T & |E|

va(T|E]) = (Py(T — To) + 1)<P3 IE|1n <1 + %) + P5|E|P"> + Po(T — To).

. which affects measurement of X position

W. Walkowiak NIM A449 p.288 (2000)

)

\. _— — _—

4 - | | - - ™
Diffusion (o) depends on drift distance & |E]|
> ¢ : electron energy
o =225 z:drift distance |
E E: field strength

|
|
- . .

Temperature & HV are keys
to understand detector response
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e Field non-uniformity arise
- Distortion expected by Ar™ accumulation (@ cathode

Electric Field Uniformity

- Needs to be calibrated out

e Laser Calibration System (LCS)

e LCS 1nject laser to 1onize Ar along the path
- A = 266 nm, need high intensity to 1onize

- Distortion shows up in the reconstructed signal path

Plot & Diagram ... courtesy of C. Rudolf

Thursday, May 8, 14

Laser path (@ ArgonTube
(Uncalibrated)

~13.84 eV —P

=9.80 eV

963 eV A

A

E =467 eV

Ground state

Liquid Argon

Laser path (@ ArgonTube

(Calibrated)
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LAr Purity

e High purity LAr necessary for 2.5 m drift!
- Water & Oxygen affect electron lifetime
» shorter lifetime = larger attenuation
- Nitrogen causes scintillation light quenching
- Goal: O, <100 ppt & N> < 1 ppm

Example
H>0 Conc. vs. Lifetime

Sample Temperature 15

== H20 Concentration

=@ Drift Lifetime

12

Inserted

N
o
o

[y
(%)
o

100

~ sample Temperature (K) ~ }
Lifetime (ms) or H20 Concentration (ppb)

50
¥ 4/11/09 12:00

4/12/09 12:00 4/13/09 12:00 4/14/09 12:00 4/15/09 12:00 .

NIM A605, 306 (2009)

Thursday, May 8, 14

Absorption Length ( m)

From C. Montanari, June 2007

0,8

E =0.5 kV/cm

Free electron attenuation

—t

Maximum drift path, m

Te & € attenuation

arxiv 1306.4605

Example
N2 Conc. vs. Light Attenuation
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LAr Purity

e High purity LAr necessary for 2.5 m drift!

- Water & Oxygen affect electron lifetime
» shorter lifetime = larger attenuation

- Nitrogen causes scintillation light quenching
- Goal: O2 < 100 ppt & N> <1 ppm

e Filling & Purification System ... LAPD
- Purge the detector with GAr first

» Evacuating a large TPC volume is not very practical

- |cu O, filter

From C. Montanari, June 2007

E =0.5 kV/cm

Free electron attenuation

T =§2.5 ms

Condenser |

i Mole sieve

LAr cryostat

Thursday, May 8, 14
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LAr Purity
e High purity LAr necessary for 2.5 m drift!

From C. Montanari, June 2007

0,8

E = 0.5 kV/cm
- Water & Oxygen affect electron lifetime '
» shorter lifetime = larger attenuation

- Nitrogen causes scintillation light quenching
- Goal: O2 < 100 ppt & N> <1 ppm

e Filling & Purification System ... LAPD Mmum o ;]
- Purge the detector with GAr first — o ————-

» Evacuating a large TPC volume is not very practical

Free electron attenuation

Te & € attenuation

e LAr Purity Monitor ... field cage w/ cathode & anode (design from [CARUS)
- Xe flash lamp to liberate electrons

, ) . i Demonstrated & Works |
Qanode/Qeathode tells us Te prcmemmnmeresmat Te = OMS fOr Many Weeks! hosmammmosnmmmsos
12 T —7——7—7———7—— 71— (.035 :
' () @ o % % 0 e o §
1_— WM_M'&S_ NN N — -S| 2
08k _,"‘!‘?‘_J-ims _______________________________ SR (0Tl
o [ ® ®) (6) S S E |
0<0.6|f ‘.\h wmmm .".. .(%) ‘.“
s é Y {00155 3
04L 0% ) .o.‘\ . . 8 '
: L M b, s 00 £
L 0. [0} ) 0 |
02 L . S b JomsS §
§ 0' T B T u°..-. b '.‘". R Y N B 0
LAr Purity Monitor | 021413 031613 041513 051513 06413 071413 081313  09/12113
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Cold Readout

 Reading signal from LAYr
- “Cold electronics” (by BNL) resides in LAr (reduced noise)
p first stage amplification & shaping of signal

- “Warm electronics” (by Nevis) resides in DAQ racks
» Trigger & signal readout

\.

_ _ DAQ in Detector Hall
Single Vessel Cryostat with 8-10% Ullage
: TPC Readout Board
Foam Insulation N Digitizing Section | Data Handling Section
a : On Board Memory
|
Warm Flange "Warm" : :
CMOS Analog "Cold"-Twisted Pair 2x8 + 2x7 rows pin carriers arm"- Shielded |
Decoupling  Front End ASIC Cables 32 readout chanpnels/row {Z‘;’% :17” cavles —Am—m HEI t
and Wire Bias  in LAr @ ~90K [~2-5 m] — P R LO A i -
. — |
BSOSO I|>@i><><:><>§ -
T i ) ¢ = = )
Intermediate Amplifier —e :
Warm ; ;
Feedthrough e e o)
8256 TPC channels Faraday Cage Extension B“""""‘l
=
Transmit Module Optical Link
LAr GAr
-
Transmit Module Optical Link
Backplanet
PMT Readout Board .
Digitizing Section | Data Handling Section Trigger
i On Board Memory Board
|
}
Juun } CLK/
30 PMT channels Finge ey ]}
Receiver CLK |
— | FPGA Beam Gate
ewr o] snaper e[S
— 5 T
—g |
|
|
|
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FEM (Front End Module)
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Warm Readout

e Optical detector readout

- “High” & “Low” gain ... 32 x 2 channels digitized @ 64 MHz

- Two readout stream to store waveform using discriminator logic
» Neutrino (triggered readout)
» SuperNova (continuous)

To Low Gain
—

----------------------------------------------------------------------------

------------ ‘

PMT FEM FPGA

High Gain i _J — |
: Discr3
Neutrino stream .
- Cosmic discriminator (20 ADCs) | | _pMTa2
- Beam discriminator (1500 ADCs) | | peak | [hit S
- Stored based upon L1 trigger i
- Generate PMT-Trigger | N
SuperNova stream p———-
- Continuous » Beam gates
- Stored only for last 2 days worth | | (== =TT o e e s e
PMT trigger out

Thursday, May 8, 14 34



Warm Readout

e Optical detector readout
- “High” & “Low” gain ... 32 x 2 channels digitized (@ 64 MHz

- Two readout stream to store waveform using discriminator logic

» Neutrino (triggered readout)
» SuperNova (continuous)

e TPC readout
- 8256 channels digitized (@ 2 MHz ... Neutrino & SuperNova readout stream

» Neutrino records [-1.6, 3.2] ms upon trigger
» SuperNova records every 1.6 ms

Trigger Time | €= Neutrino interaction occurs here
i

1.6 ms : 1.6 ms 1.6 ms
< >« >« >
|
|
%
, ) g Time
Reading out [-1.6, 3.2] ms | 1

Electron drift from v |
arrives anode within
1.6 ms

provides full information of
cosmic background
that may overlap w/ signal

L.

Thursday, May 8, 14
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Warm Readout

e Optical detector readout
- “High” & “Low” gain ... 32 x 2 channels digitized (@ 64 MHz

- Two readout stream to store waveform using discriminator logic
» Neutrino (triggered readout)
» SuperNova (continuous)

e TPC readout
- 8256 channels digitized (@ 2 MHz ... Neutrino & SuperNova readout stream

» Neutrino records [-1.6, 3.2] ms upon trigger
» SuperNova records every 1.6 ms

e Trigger
- Readout 4 x 1.6 ms frames (@ coincidence of beam pulse & PMT-Trigger
< ><€ ><€ ><€ >
Trigger Time

i PMT beam (1500 samples)i

{.PMT cosmié (20 samples)’v o . - Time
(TPC beam [-1.6, 3.2] ms @ 2 MHz;
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... When All Work Out Well ....

< 1.6 m >
A ?] I 1 I I I I I I I I I I I I I I 1 I I I I I —l——
5 E T T [E
—— = —
=5 ‘ . —
— Example: n° = 2 y “ S ~" . —
— LArTPC provides rich information ‘ o % e
— about particle interaction ' -
v :—l | L L L L | 71 L L L | 1 1 1 L 1 | _——,—
' Reconstructed “Hit” on the collection plane
Color = deposited charge
* We get:

- Great detail of particle tracks , -

- Calorimetry information from 3 planes

 Huge effort on automated reconstruction

. S0 ...
‘what physics can we do?

- Very active & exciting development frontier

- Unfortunately I have to skip this time (a whole another talk!)

Thursday, May 8, 14
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MicroBooNE Physics: XS Measurement

e MicroBooNE adds data points < 1 GeV

- The region that 1s not well explored
- Crucial for future LAr experiments

o
o

o
FS

v cross section/ E, (10°° cm?/ GeV)
=) =)
N (-]

o
TT T

04 F
0.35 F
03 f
0.25 F
02 f
0.5 |

0.1F

cross section / E, (10°° cm?/ GeV)

0.05 |

v
(<)
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Neutrino per Nucleon XS :
| Rev. Mod. Phys. 84,1307 (2012) |
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MicroBooNE Physics: XS Measurement

e MicroBooNE adds data points <1 GeV

- The region that 1s not well explored
- Crucial for future LAr experiments

e Probe various nuclear final state

- Huge effort on nuclear model on-going
- Probe in this energy range is crucial

i
1
i
i
1
I
i
1
i
i
{
" 3

e Example DIS event R NS SN v,
[ (courtesy of ArgoNeuT collaboratlon)j

MicroBooNE provides crucial knowledge
about v-Ar cross-section for future LArTPC

Thursday, May 8, 14

v cross section / E, (10 cm2/ GeV)

-t
£~

v cross section / E, (10% cm?/ GeV)
o
(-]

o o o o

©o @ o 2 v P w °

Q1T = O NN O W O A
TT[TTT T[T TTTT[TTTT[TTTT[T

o
TTTT[TTITT[TT

-t
N
TT 11

0.4 F
0.2 F

o
T

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

Néuti‘ino per Nuéleon XS |
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MicroBooNE Physics: Low E Excess

e Excellent PID = better BG rejection
- Clear signature for n° decay

,
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% 1400
¥ 1200

& 1000
3
80
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B 400

"‘lIlll‘HI‘lllllll||[l|lll‘lll‘l]]|

w200
/)

'[[\lll[lll\lllllllll[[llll\lll\lll

7" decay MC
(shown: reconstructed hits on the collection plane)
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: l
0 : . .
-
0
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{
L
ih
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lL_
|

4 '7'-\,7_‘\?*':“““ :
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| i L...;A-., i bnailaesat: e e e don I N | 3

Single e- MC
(shown: reconstructed hits on the collection plane)
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e Excellent PID = better BG rejection 016

- Clear signature for n° decay

- dE/dX

MicroBooNE Physics: Low E Excess

0.14
> . . 0.12
distinguish single e from y o

0.08

,
& 1500

& 1600

% 1400

¥ 1200
& 1000
P
80
i Gix)

§ 400

"‘lIlll‘lll‘Hll]ll|Ill|lll‘lll‘lll_|

w200
/)

0.06

0.04

]IIIIIIIIIIIII1TITTT]TIT[TTTI

0.02

T 17T

1 MC  MicroBooNE TRD3
‘
250 MeV
w e
| -~ particles

‘[[\lll[lll\lllllllll[[llll\lll\lll

7" decay MC
(shown: reconstructed hits on the collection plane)
- - —— - i
E _ _‘\"'5{ 62, e -
wf- TR =l
= DRI R - S 18
= o ST IR Courtesy of A. Szelc | i
PR B BTN T SRR TR A T Lo | —1 .
Single e- MC
(shown: reconstructed hits on the collection plane)
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-

First 2.4 cm of shower gives:
e 1 MIP for single e
e 2 MIPs for single vy

Above plot shows a separation
@ E=250 MeV
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MicroBooNE Physics: Low E Excess

 Excellent PID = better BG rejection H ctat ara 5% oy

10

90% CL

- Clear signature for n° decay

- dE/dX distinguish single e from vy "
e MicroBooNE can prove low E excess! _

- Smaller volume but improved BG rejection F WILSND 90% L
: — MiniBooNE 90% CL
MiniBooNE 992 CL

» Can be competitive w/ MiniBooNE

qorl— o v vvnl el il
- and important XS measurement Sin°20,,
0.5, 0.7
3 St,a cked backgrounds:
045 Sf(acked backgrounds: 0.6 vk
\'G - vg
Vo 0.5F
> > =
g g 0.4 — A — Ny
?'.. A — Ny E other
§ other ' § 0.3 Low-E excess
L Low-E excess L
0.2
0.1
MicroBooNE TRD3
500 1000 1500 2000 2500 3000 o= '500' R 1000' . 1500L — LZJCIJJ — sttxf S me
EX (MeV) EZF (MeV)
Scenario A: e signal selection | Scenario B: y signal selection
So signal sensitivity | | 40 signal sensitivity
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MicroBooNE
~Year 2013 ~

Detector Construction
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TPC/PMT/Cryostat Preparation (@ DAB
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‘ TPC built w/ 8256 wires! g
i w/ big effort on tension measurement! |

Thursday, May 8, 14 45



TPC/PMT/Cryostat Preparation (@ DAB

Light reflection shows
three wire planes!

" //v%/v// ,
\\\\\\\\\\\\\\\\\m|mmmm/

y ”’,”W f V.

N7\
1

_ TPC built w/ 8256 wires! :,
i w/ big effort on tension measurement! |
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TPC/PMT/Cryostat Preparation (@ DAB

\

This picture is taken with 60 [s] exposure time in covered (dark) cryostat
Courtesy of Christoph Rudolf von Rohr
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TPC/PMT/Cryostat Preparation (@ DAB

»
»

Sample waveform
from one PMT

using “LED Flasher” ¥
(courtesy of Ben J.) 1

)
Ny \

I v
3 7
3 .
t -.; '
- _..." -
-lllllllllllllllllllllll

. 7®

]

1t

1

.4

3

\ :
B

\ »

:

g

|Illlllllllllllllllllllll

|

1 1 1 1 1 L |
57600 57800 58000

] ] | | |
58200

1 1 1 1 1 1 3
58400 58600 58800 ]
A B I Sty S MBS TN TR R e 5 oo ?’~\

AT

 PMT tested with HV in “dark” cryostat
e Used production readout electronics |
e Official DAQ successfully record data
e HV hardware & software working

e Confirmed cabling
» All PMTSs confirmed with signal

SRR TEL W TR

This picture is taken with 60 [s] exposure time in covered (dark) cryostat
Courtesy of Christoph Rudolf von Rohr
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TPC/PMT/Cryostat Preparation (@ DAB

Thursday, May 8, 14

| ... testing to see if all fits ... |
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TPC/PMT/Cryostat Preparation (@ DAB

v NN FESSQE?\" - 7 N N iggivf‘ 2 \_

| After insertion... TPC tested :f
{ » Inject test pulse & readout
i * DAQ successfully readout data |

Pulser-Generated Waveform

Sample waveform
using test pulse

(TPC readout)
~ (courtesy of David C.)

3200
3000
2800

ADC counts

2600
2400

2200 N

r 2000 B ' N
% 1800 \
3 1600

1400 \ \
1200 &

4 0 10 20 30 40 50 60 70 80 90
-,, Time-Ticks [2MHz Sampling]

'IIIIIIlIIIlIIIIIIIIIIIlI

c Looks good :)

. » Standardized as a test procedure
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MicroBooNE
Commissioning Schedule
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Moving to LArTF

e The detector end cap welded on ... in 2 weeks!
e Move the cryostat from DAB to LArTF

Thursday, May 8, 14

United States - e L _
@-Government: Fermi 7 = — | o Fermilab,Dog
National*Accelerator,Lab™ Sttt "V Training'Area

© Fermilab
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Post-Moving / Installation Tasks @ LArTF

e Task followed by moving

[FU " " S D S SSSDSSSS S S S S S S S S . I
1
|

...................... ,
. - Preparation of platform i
| . .
' - Cryostat msulation________ :
"""""""" s=ss==85,
. - Complete cryogenic piping
|
' - Readout racks & cables :
£ Dl Lol | AL + =4 months for installation
[ 4 . \ Platform w/ readout racks
' \, | Cryo stat
g Cryogenic pumps, ﬁlters, etc}
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Detector Commissioning

e Cryogenics ... = 2 months

- GAr purging, recirculation w/ purification
- Cool down of cryostat
- LAr filling followed by purification

e Detector ... = 2 months

- Test run @ TPC HV 64 kV ... we request low intensity BNB
» 1 week to ramp up

Thursday, May 8, 14
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e Cryogenics ... = 2 months

Detector Commissioning

- GAr purging, recirculation w/ purification

- Cool down of cryostat

- LAr filling followed by purification

e Detector ... = 2 months
- Test run @ TPC HV 64 kV ... we request low intensity BNB

» 1 week to ramp up

1.60 +

1.40

1.20

Param(E)/Param(0.5 kV/cm)
3

0.60 -

040 ~— L

0.2

Thursday, May 8, 14

0.25

0.3

0.35

0.4
E-Field (kV/cm)

0.45

0.5

——d V

—i—d Time

~#—d Long Diff
===d Tran Diff
==f=d Min Recomb

~®—d Max Recomb

What Do We Expect @ 64 kKV?
* 40% longer drift time

- Increase 1n cosmic background
e 20% increase in diffusion broadening

e 15 to 45 % reduction in collected Q

- Variation from MIP to stopping protons

Study & Plot courtesy of B. Baller |

55



Detector Commissioning

e Cryogenics ... = 2 months

- GAr purging, recirculation w/ purification
- Cool down of cryostat
- LAr filling followed by purification

e Detector ... = 2 months

- Test run @ TPC HV 64 kV ... we request low intensity BNB

» 1 week to ramp up

» 1 week for stable run ... low intensity BNB, cosmic ray, laser calibration
- Review before ramping the HV to 100+ kV
- Test run @ TPC HV 128 kV ... we request high intensity BNB

» 5 weeks to ramp up + short runs, followed by review for stable run

» 4 weeks for stable run ... high intensity BNB desired for neutrino data!

Thursday, May 8, 14
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Summary

e MicroBooNE 1s 170 ton LArTPC experiment

- Definitive measurement on the low energy event excess from MiniBooNE
- Perform crucial v-N cross-section measurement at BNB energy range
- Important R&D for future LArTPC experiments

e MicroBooNE Status

- TPC/PMT/Cryostat built & tested (@ DAB
- Ready to move into LArTF after lid closure

e Plan for Commissioning

- 4 months to complete installation work (@ LArTF
- 2 months to complete LAr filling

- 2 months for commissioning data taking

» Need low intensity BNB for 64 KV running
» Need high intensity BNB for 128 KV running
» Schedules are preliminary but we are looking forward to achieving it!

Thursday, May 8, 14
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Back Up Slides

Thursday, May 8, 14



MicroBooNE Physics: More

* SuperNova

- Can detect ve capture on Ar ... dominant xs
- Cannot trigger on i1ts own ... small volume & too much cosmics!

- Can analyze SuperNova data stream upon SNEWS
» That’s why we have it!

* Proton Decay
- Cannot study proton decay: p = K™ v ... too small :(

- Can study cosmic induced background rate: K’ p = K* n

» Important measurement for future LArTPC

» High cosmic rate can be helpful sometimes :)

Active work on-going on these fronts!

Thursday, May 8, 14
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MicroBooNE Detector: Numbers

TPC

TPC Volume [ton] 90
Dimension [m] 104x2.5x2.3
# Channels 8256
Wire Diameter [mm] 0.15
Wire Pitch [mm)] 3
Operating Temp. [K] 87
Max Drift Length [m] 2.53
Electric Field 500 V/cm

|
.
.
]
‘-
F

" o
Light Collection System ol - i
PMT Type Hamamatsu R5912-02 I . . . a - A A - y I
- - | — |
PMT Size 8" 1L S wE L] E.
# Channels 32 | .

Wavelength Shifter | TPB coated acrylic plate

Thursday, May 8, 14
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NuMI @ MicroBooNE

BooNE
yL .
2

NuMI Target

Beam Dump

e We can trigger on NuMI beam P“’ﬁﬂ‘;‘;‘s’;‘jﬁ‘,’)‘aﬁj@‘g
- “Off-Axis” = 25°
- Target-Detector = 690 m
- Absorber-Detector = 100 m

1
¥ O
i O
Events BNB NuM| E
Total 145k 60k £ NuMI Flux Estimate
Vi CC%E 68k 25k : % @ MicroBooNE
NC 7 8k 3k 2
ve CCQE 0.4k 1.2k ] 2107'¢
POT | 6x10% 8x20% >

—t
Q
N

Expected Event Rate
(2~3 years running)
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MicroBooNE Physics: More++

e Near Detector for MicroBooNE ?
- Is anomaly due to oscillation or beam (intrinsic)?

» definitive answer from having a near detector (ND)

- LAr1-ND

- Proposed 40 ton LArTPC ND for LArl program
- BNB on-axis @ 100 m from target

- Can be MicroBooNE ND!
- Greatly improve MicroBooNE sensitivity

arxiv 1309.7987

-1 |
= [JLSND 90% CL
- [JLSND 99% CL
* LSND Best Fit

IlllllI

without LAr1-ND

— 90% CL

~—3oCL

" 50CL

"E [JLSND 90% CL

- []LSND 99% CL
x LSND Best Fit

10°

Thursday, May 8, 14

ll[ll

with LAr1-ND

—90% CL

~— 3cCL

" 50CL

10°

o [ eft ... without LAr1-ND
» Assume 20% ve syst.
¢ Right ... with LAr1-ND
» Same syst. error
» Almost 2c improvement!
LAr1-ND greatly help
MicroBooNE
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