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The Genealogy of MicroBooNE....

S

Wieroboone

LSND

Interesting effect!

LSND observed a (~3.80) excess
‘ of v, events in a pure v, beam

If due to oscillations:
L/E - High Am?~ 1 e¢V?

MiniBooNE Booster Neutrino Beam
at Fermilab
6.7e20 POT neutrino mode

—

Can only be accomodated by
a new STERILE neutrino

—
LSND

ll[ll'll'll
——
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N dirt

[ other

— Tolal Bacxground

Am? (ev ?)

[ LSND (99% CL)
L LSND (90% CL)

KARMEN2 (90% CL)

ugey (90% CL)J

MiniBooNE

Interesting effect

But a different one!
Excess but mostly at

Lower energy than
expected from LSND:
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e/y identification in MiniBooNE based on Cerenkov Rings

6.7e20 POT neutrino mode ___11.3e20 POT anti-neutrino mode
35 —_ _ - e Data % [ — — - Da:a (sta! err.)
3,5:_ V V C ] v, fromp 2 L VvV, — V —> GE:QIZ:&
i R $ b = :
2 ) -:-"mlsud E l:;_’"’ :
— Ny - é D it _
* LSND g :.1 N o8 . ?:t::t. Syst Error
I cother 0.8
— Tolal Bacxground
04
0.2
3 0.0 - - 3'0
E?E (GeV) 02 0.4 0.8 0.8 1.0 1.2 1.4 .
o .:.. ‘. For a converting vy
v.X2e+... ®e o0 ® the two rings from e* and e overlap.
. . °® o
Single fuzzy ring % . Cannot distinguish an
’ o) .
of PMT’s ° . r electron from a single y to e+e-
o o
00’ o°
o

From the MiniBooNE presentation at Neutrino 2012

@ Itis not yet known whether the MiniBooNE excesses are due to oscillations, >¢e* | e
some unrecognized NC y background, or something else
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MicroBooNE: Liquid Argon TPC for good e/y discrimination

—— P
=

7z

ficroboone

Dual Purpose

» Physics:
. The MiniBooNE low energy Excess and the LSND anomaly .
Il.  Cross sections
lll.  SuperNova neutrinos

> R&D
[. Argon fill without first evacuation. (Evacuation capability exists)
[I.  Long Drift spaces (2.5m up from 1.5m).

[II.  Cold Front end electronics (up to and including shaper) in Liquid Argon

['V.  Continuous readout for SuperNova events and storage for several hours,
awaiting trigger from SuperNova Alert Network

V. Measurement of Background to Proton decay searches in
Large Underground LAr detectors.

VI. Development of Reconstruction and Particle Identification techniques.

Sept 12, 2012 Leslie Camilleri NOW 2012 5



MicroBooNE in front of MiniBooNE: Same Booster Neutrino Beam (BNB)

Total Events
v, CCQE
NCrme
ve CCQE

POT 6x1020 8x1020
Projected Event Rates for MicroBooNE

MiniBooNE

MicroBooNE

Bonus: NUMI beam: 110 mrad off-axis
4x102° POT/year
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MicroBooNE at Fermilab

— e
= E?/W@E@@om@
N éu M MicroBooNE

Protons K" =2 v, n

_ (= v, 2V,

Booster . MiniBooNE
magnetic horn  decay pipe ~450 m earth
and target 50 m
o Similar L/E as LSND 2 VM Run _,

o 30m/40MeV ~ 475m/600MeV
o -> Same oscillation Prob = v, Excess

o Similar to MiniBooNE = Low energy
Excess

viem?10°POT/5

Intrinsic V.St 05% i
Wrong-Sign V: 6% ‘

10°

o Different systematics

Sl 0

IllIIllllIIlllIlIIlllIlllllllllllllllll‘ll ||

= Event signatures 00 05 4.0 15 20 25 30 35 40 45 50
GeV
= Backgrounds E, (GeV)
7
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Site description

Microboone

- Start of construction

Sept 12, 2012 Leslie Camilleri NOW 2012 8



Detector description

Teroboone
Welded
o Removable

Sprayed Foam End-Cap
Insulation

HD Foam .

TPC: 100 tons of LAr
60 tons Fiducial volume

30 PMT’s

Leslie Camilleri NOW 2012
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MicroBooNE TPC (T
1CYObO0O —

Microboone
» Electric field: 500 V/ecm Induction planes
» lonization electrons drift to U V
3 recording planes (1.6mm/usec)
1.6 msec full 2.5m drift \ T
Liquid Argon TPC

Collection plane

IO::

»2 Induction planes U, V: mig lontzation
+- 60° to vertical e
—> Bipolar pulse

» 1 collection plane Y: o
. Plane
vertical A

= Unipolar pulses

»Together: 3D stereo

V . 500V/cm H
/S = so0viem /2
VYV € >
2.5m
Sept 12, 2012 10
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MicroBooNE Photodetectors
e %@b@@“@@

LAr scintillates in the UV at 128nm:
Use 1t

=To determine time of event

=To trigger on events in time with beam

30 Hamamatsu R5912-02 14 stage 8 inch pmt’s.
Located behind collection plane

Plate coated with Tetraphenyl-butadiene (TPB)
to shift UV light to visible in front of each pmt.

6ns fast component: yields 6000 photons/MeV
4 photo-electrons/MeV recorded

Sept 12, 2012 Leslie Camilleri NOW 2012 11



Very detailed information: Event observed in ArgoNeut

Teroboone

Colour denotes
Pulse height

v interaction vertex

2

Yellow:
Heavy 1onizing. /,
Recoil proton? 10

. wPhoton conversion
s Y—2ete

N
.

t(Bchs)
.isssdiiii}

Costion Plane Wire b
Advantages over MiniBooNE

© Detailed knowledge of topology of events

@ All charged particles seen (no Cerenkov threshold)=> Purer CCQE sample
¥ dE/dx and range allow particle identification

¥ Photons distinguishable through displaced conversion vertex

¥ Fid. Volume : MiniBooNE 450t - MicroBooNE 60t but better e/y efficiency

Sept 12, 2012 Leslie Camilleri NOW 2012 12



What is the MiniBooNE excess due to? Electrons or Photons?

Teroboone

Electron : Connected to

primary vertex

And singly 1onizing track
V.

Photon: Gap between primary vertex and conversion point
and doubly ionizing

Enargy loss in the first 24mm of track: 250 MeV electrons vs. 250 MoV gammas I

o I 250 M

D ’
—> 4 — €8S

‘2

ee

.. 5 - Y’
0.08| [ L ‘ M’
Jto 9 ’Y‘Y 0.06 JJV

0.04( 1 w
- n .
. 101
~14 cm 0.02| | . "
et UM ne f DY PR ‘n'h“—‘l A=kl

% 0.5 1 1.5 2 25 3 3.5 4

MIPs

NC ©c dE/dx for electrons and gammas in

first 2.4 cm of track
Sept 12, 2012 Leslie Camilleri NOW 2012 13



Physics Motivation I. Excess due to Electrons.

Cuts to Select Electrons, Reject y’s o <

Teroboone

Excess NO'T" due to electrons

@ If there is any electron excess

3 oF In the context of v, 2v, = v, oscillations
= v, fromu* . .
P — N ( 3+1 oscillations)
.E - I:I v, from K
© 0.35; l:l
> E v, from K° : 0 1771
0_25; - other (\T_\ 102 - 1 . ;
% photon-like hypothesis signal % E ‘ ;‘; MicroBooN E
= ~ - ¢ i 6.6E20 POT
= : ; stat. and 5% sys.
. < H4 E>200 Mev i
14 15 3.0 10
E* (GeV) - " —90%CL
N ~/ 7 —3cCL
Excess IS due to electrons [ w/ i
36.8+6.4 events =2 5.70 [
> 0.5 = 1
L gusE -
= e N -
S _ e :
..g 0.35 ; I:I v, from K L
I.ﬁ 0_3; I:I v, from K° L
0.25 ; - other Al
0.2; electron-like hypothesis signal 10 E - LSND 90% CL
= C °
04 - [ JLSND 99% CL
- —MiniBooNE 90% CL a
MiniBooNE 99% CL ™
8'2 0.4 0.6 0.8 1 12 14 0:5'5 3.0 10-2 Lol coonnl connl L1 11l
. .. E" (GeV) 10 10° 102 10" 1
(Estimated from MiniBooNE rates) o -
Sept 12, 2012 Leslie Camilleri NOW 2012 sin 29ue
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Events / MeV

Events / MeV

Physics Motivation. Excess due to: Photons.

=

Cuts to Select Photons, Reject e’s o <

Microboone

Excess is NO'T" due to photons

0.7

- 710 misid
s
Background B <

- other

electron-like hypothesis signal

0.4 0.6 0.8 1 1.2 14 15

QE
Excess IS due to photons & ©¥)

36.8+8.9 events = 4.10

0.7

0.6

0.5

0.4

0.3

photon-like hypothesis signal
0.2

0.1

8.2 0.4 0.6 0.8 1 1.2 14 15

EX® (GeV)
(Estimated from MiniBooNE rates)

Sept 12, 2012

3.0

¥ Background: y or r°
OR

®¥ Radiative v interaction
Examples:

€ R. Hill arXiv: 0905.0291
@ Jenkins et al arXiv:0906.0984
& Serot et al arXiv: 1011.5913

3.0

N{K"
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Physics Motivation II: Measurement of Cross sections

— . =
WTeroboone

Argon nucleus, High Statistics, High spatial resolution

production mode

X 10=° PO’]

CC QE (v,n — u p)

NC elastic (v, N — vy, N)

CC resonant 7* (v, N —pu N7*)
CC resonant 7° (v,n — u~ pn°)

NC resonant 7° (v, N — v, N =)
NC resonant 7* (v, N — v, N' =)
CCDIS (y, N = pu~ X, W > 2 GeV)
NC DIS (y, N = v, X, W > 2 GeV)
NC coherent 7° (v, A — y, A7")

CC coherent 7* (v, A— pu An")

NC kaon (v, N - v, K X)
CC kaon (v, N — u~ K X)

other v,

total v, CC
total v, NC+CC

v, QE
v, CC

Sept 12, 2012

# events
60.161 i .
19.409 Suite of low energy cross section
25.149 measurements
g’ggg 0 Measurement of As through
4796 NC elastic scattering at very low Q?
1’322 o Pion production: Coherent vs.
5
1,694 resonant .
2.626 0K production: cross sections and
1:1“; proton decay studies
sg7e o Electron neutrino cross sections
98.849
133,580
326
657
Leslie Camilleri NOW 2012 16



Physics Motivation III: SuperNovae neutrino’s

Teroboone

About 29 neutrino

events observed for Dp, o
SN1987a -

Between 10 and 20
Absorption events

A% 40AI‘ -2 e 40K* % 20 a0 60 w 100
¢ v, energy (MeV)
0 20 40 60  S0E,(MeV)
expected for a 0 20 40 60 80E,
galactic supernova |. Gil-Botella and A. Rubbia JCAP 10(2003)009

Electron Energy: tens of MeV

Sept 12, 2012 Leslie Camilleri NOW 2012 17



R&D III: Cold Electronics

S

—
Tmier

>
Cold *
Room Temp.
] ] DAQ in Detector Hall
Single Vessel Cryostat with 8-10% Ullage TPC
i TPC Readout Board
) Foam Insulation \ Digitizing Section | Data Handling Section Front End
} On Board Memory
i Board
arm Flange . " : |
CMOS Analog "Cold"-Twisted Pair 8 + 2X7 rows pin carriers Warm'"- Shielded :
Decoupling Front End ASIC Cables ! ! readout channels/row Twisted Pair Cables N ‘
and Wire Bias  jn LAr @ ~90K [~2-5m] [~10-20 m] . :
2 Receiver |
PA+Sh+Drv }_ E—— Fl : FPGA
g }—l OO ORI W || D-SER
= 0 ’ :
Intermediai@Amplifier !
Warn ine Dri :
X E ea; dthroug e R | FEM (Front End Module)
8256 TPC channels Faraday Cage Extension Backplane
Intermediate B
I_ A GA amphﬁer. Transmit Module Optical Link |
r . .
r Line Driver .
Transmit Module Optical Link o
Backplane1
PMT Readout Board X
Digitizing Section } Data Handling Section Tri gger
} On Board Memory B Oard
\
: A
|
T
30 PMT channels Fiange e e}
Receiver |

croboone

To DAQ PC

To DAQ PC

il

FPGA

LS

Sept 12, 2012

D-SER|

FEM (Front End Module)

PMT
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Cold Electronics : CMOS Analog Front End ASIC

mErobos
icr =\
16 channel/chip charge amplifier: Adjustable Gain 4.7, 6.8, 14.0, 25.0 mV/fC croboohe

Adjustable peaking time 0.5,1,2,3 us, 5.5 mW/channel

g | iiines

e

Prototype Vertical
- Cold Mother Board
with prototype ASICs

Crosstalk < 0.3%

Test of the 8" Mother Board with 12 ASICs Populated

Test of 10™ Mother Board with Twelve v4 ASICs Populated

2500 || 32 overlaid unipolar
e — Channels in LN,

P 7ASIC0 ASIC1 | ASIC2 | ASIC3 | ASIC4 | ASIC5 | ASIC6 | ASIC7 | ASIC8 | ASIC9 | ASIC 10{ ASIC 11 Gain 4.7 mV/fC
| Noise ~550e" with ADC |

Cp = 150pF in LN, 2000 f
500 b sep | | Channel-to-channel gain variation
for two chips is < +/-2%
i e 1000
0 100 channel 100 sample (tme)
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R&D IV Continuous readout for SN: TPC data read by 9 PC's

each covering ~ 1.1 m along the beam — . l<—
Mieroboone
Supernova PC
Compression, Cyclic (1 hr)
decimation 50 MB/s Data storage
per PC
TPC
1 us shaping time Beam events PC
2 MHz Compression Permanent
PMT trigger? Data storage
Trigger
(PMT + Beam gates) Beam v’s: 1/ ~100secs
: PC
PMT PMT trlgger Permanent
Generation D
ata storage

60 ns shaping time
64 MHZ

Sept 12, 2012 Leslie Camilleri NOW 2012 20



Trigger and Readout Tests

“Mieroboone
TPC CALIBRATION pulses readout through TPC readout chain
Triggered by External calibration pulse.
[FEBS channelD | TEBD_channe 0 § 3200F-
- o = = = 8 30001
ng- R — LI 8 2800
e m . : : : < 2600;—
= — « + « Drift 2of
asof- T g 20E
sz_ " 8 B 2000~
?mi— : : :_ 1800—
2000 : . > e G , ,
wpJnipolar: Collection wires +—T . %= Bipolar: Induction wires
70 % % 5 T oo 12005————5— o 50 B To0~
t,oc (0.518)

Readout of cosmic rays PMT pulses through whole PMT readout chain
Triggered by PMT Trigger algorithm in PMT readout board.

i “E = PMTL
i F = (cho)
weE-  Eoe.
zsoo::‘— = :
w0 = I e ——— e e
1soo§— _:_ ——:_:f:.d'ﬁ
yo00 E— E = PMT readout window
0 = (64 ADC samples long = 1us)
of ] . ] . N |

BT ] 20 ’ 30 %0 50 o0
Lo (64 MHz)
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R&D V: Background to Proton Decay - K* VM

o K+

N ' M+ et Bt

- e S 2. Measure background

s n % e s from cosmic rays

Top View
o + .
Example: Simulation Studies = Measurements TPC
Separating 339 MeV/c K* K+
from protons of equal range: 15 cm KO
|__ Likelihood Plot for Protons vs Kaons | E':i_smgfa";gse T —— /
900F Mean  -10.37
g incertow 9 Charge
8002_ Overflow 0
"3 exchange
600? p K+ T
500:— I
4"02— Granite
00 block
200 installed
e near
. . - -2 -10 0 10 20 30
Likelihood: Ef dE/dx measurements along track cryostat
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R&D V: Background to Proton Decay: ni oscillations = annihilation

= S

Wicroboone

Oscillation of neutron to antineutron followed by
annihilation of antineutron with an Argon nucleus nucleon.

g - o M . . "y -
IR I Pl I a L e B

P
N0

lirslnihilaﬁion \::;blc Momentum vs Visible Energy: No neutrons. I E’::JT:SVJ?!WT AtmOS. v \
p crica B l‘::: -.9991 .
& Zcro NET ‘;'ﬁ;’ 200 (Maln background)
- - 2724
momentum 2000~ Atmospheric heutrinos @ Linear
# Total energy =2 M background | # Non-zero momentum
n 1500 ' 9 No constraint on energy
S ; 1000} NN annihilation Simulation using Truth
umao I .
M ; Measure cosmic background
men 7 3 . .
OMEta  sooig=.. 3. in MicroBooNE.
D 5001000 1500 366 3300 306635004000 15003000
Sum of Energies
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Status

== By

ficroboone

» Approval granted by Fermilab Director upon
recommendation by the Program Advisory Committee.

» Approved for construction by funding agencies
National Science Foundation (NSF) and Department of Energy (DOE).

> Cost: ~ $20M
» Installation: 2013
» Data Taking: Late 2013 / Early 2014

» Looking forward to some interesting measurements with
this most precise detector
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Back Up

Sept 12, 2012
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Physics Motivation I: Low energy excess due to Electrons

= T R

ficroboone

Extra check in MicroBooNE

@ Neutrino energy calculated assuming events are Quasi-Elastic
Additional particles in event, not seen by MiniBooNE
(below Cerenkov threshold)

Underestimate Neutrino Energy

Low energy Excess
M. Martini, et al Phys. Rev. D85 (2012) 093012

MicroBooNE reconstructs all particles: can avoid this problem.
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NUMI FLUX

>
0 1011
S
Q 1010
o
a 10°
o
N
o
F
- 10°
£
L
-
10°
10°

IIIIIIIIIIIIIlIIlllIIIlIIIIllIIIIllIllIlI {

|
05 10 15 20 25 30 35 40 45 50

E, (GeV)

11

(=] IIIIIIIII T TTI

o
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Digitization components: 9 TPC + 1 PMT crates ?an; i

Microboone
Microboone

(@) A ]
Per crate © 5 Token-passing Dataway
1 Crate 2 % Can run at 512 MB/sec, Backplane
Contr, | S = but 50 MB/sec expected

= = | - Deadtimeless readout

I @
I j
XMIT
m e Crate
< A Controller
< >
16 FEM Boards

16 FEM -

e

m

< .

‘_‘ 3 PCle’s in PC
One PC
t =3 per
=2 > 2 Crate
M X
% b > -‘—' 7 -(% ‘ Hard Drive
a For SN data

1 XMIT Downldad/ Leslie Camilleri NOW 2011 28
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Event rates

s

~ 2 T

fieroboone

Booster Neutrino Beam: The booster runs at a maximum of 15Hz.

So the electronics must be able to run at that rate.

Although the beam neutrino event rate is much lower: 1/600 secs.

To avoid recording unnecessary “empty spill data” the photodetectors will
provide a trigger for neutrino beam events.

Will be recorded WITHOUT loss of information: Compression only.

Supernova events are spread over ~ 20 secs and are low energy.
Impossible to recognize amidst radioactivity and cosmic rays background.
Must rely on “external alert” from the supernova alert watch: ~ 1 hour.

— The last hour of supernova data must be always available in case...

Will be Compressed AND reduced in volume by
throwing out “ZERO’s” (decimation).
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Pulse shapes

<< C

1

T

T

Sept 12, 2012

Weighting Field of a U Wire

v4.Ey, changes sign as ionization drift§
passed U: pulse changes sign

harge drifts passed U:

S

e

Fn
S

bhoone

U wire

Continues positive until charge

collected atY

Leslie Camillert NOW 2



Not much charge seen on V until charge

drifts passed U. Induced pulse: i
o tha abocoa do o tarts when jonizati
he-ehare < starts when ionization %%Eﬁj@
between U and V increases when it crosses V
Positive pulse while ionization drifts Goes positive when

between V and Y ioQization reaches nearby wires
) ' Y
‘ \ Y

Sept 12, 2012 Leslie Camilleri NOV&%U

| !
| |
A | Y wire
|
V wire i
| Collection pulse:
..' Large and negative.
Result:
| sum of two components |
20 40 60 80 usec 4‘0 | 66 | 86 use;,cl
| 4



ADC dynamic range

.| =
Wicroboone

»Fora45°track:
The U,V pulse heights are 25% - 30%

of those on the Y plane » The pulse heights for large drift

distances 1s reduced due to electron
lifetime

Relative Pulse Height

4.00E-06 Track angle: 45degree to the wire plane, 0.6us rms diffusion
3.00£-06
2.00E-06

1.00E-06

0.00E+00

a0 70 75 80
-1.00E-06

-2.00E-06
-1.00E-06

-4.00E-06 —VYwire

-5.00E-06

-6.00E-06

-7.00E-06

Time [us]

The smallness of these pulses determines the low end of the ADC dynamic range

High end: A stopping proton depositing the last 3mm of ionization in a single wire,
will deposit the equivalent of 14 mips in that wire.
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