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Plan of Talk

@ The Oscillation program and its motivation.
€ How do we address it.

@ The R&D program

@ Detector descriptions.

@ Sensitivities to Sterile Neutrinos.

€ Measurements of v-Argon cross-sections

& Status and Conclusions

Many techniques | will describe are currently being developed and used by ArgoNeut.
My thanks to ArgoNeut for allowing me to use some of their data as examples.
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Why look for Sterile Neutrinos?

€ The LSND, MlmBooNE accelerator anomalies € The radioactive source anomaly:
Excess v, Vv, signal i in v v, beam. v > v V, Rate smaller by ~ 14%
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Could be explained by additional neutrino with a mass of ~ 1 eV/c?: Sterile (no Z° coupling)
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Motivation or, the Genealogy of the BNB program
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Bands at the Beach Club

Argon and the Noble Gases
Saturday, July 19th approx. 5:30pm
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Why is Liquid Argon different from MiniBooNE?

® MiniBooNE searched for v, = v, oscillations
@ Looked for excesses of v,in a v, beam and of v,in a v, beam.

@ v, identified by their Charged Current Interactions = e shower in final state
—> Fuzzy Cerenkov Ring

€ But MiniBooNE could not distinguish between a photon and an electron
shower.

@ Is the excess due to
= Electrons (= oscillations to sterile)?
= Or Photons ?
€ Liquid Argon is good at
= Distinguishing between electrons and photons.

= Reducing photon background

= Neutrino energy reconstruction.

Nature of MiniBooNE excess = Main MicroBooNE task
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What should we be looking for?

@ To reproduce the same conditions as in MiniBooNE
Locate MicroBooNE in same beam and at ~ same distance as MiniBooNE.

MicroBooNE(170 tons) at 470m (just upstream of MiniBooNE)
@ [f the LSND and/or MiniBooNE v, = v, signals are due to a sterile v

@ Then: \/M =—) V, — vV

® Implies 'V, appearance ~ AND 'VIJL disappearance
€ Must look for BOTH.

€

What is needed?

@ Determine the INTRINSIC v, flux in the v beam for the v, appearance search
€ Constrain the Vu flux for Yy disappearance search
@ Constrain the V, from U decay using the v,, flux.

@ Is the MiniBooNE excess intrinsic to the beam or distance dependent?

NEAR Detector: LAr1-ND(150tons) at 110m
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What should we be looking for?

€ To maximize a potential oscillation effect, increase the detector mass and its
baseline :

ICARUS (760 tons) at 600m (downstream of MiniBooNE)

€ The full capabilities of a 3-detector configuration are currently being evaluated.
@ Presentation at the Fermilab PAC this week.

€ For most of the rest of this talk: Concentrate on MicroBooNE and LAr1-ND.
€ And present what could be achieved with:
4 a 3-year run of MicroBooNE (6.6 x 102° POTs)

combined with
€ LArl-ND taking data during the 3™ year (2.2 x 10%° POTs)
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The Short Baseline Physics Program

@ Resolve the cause and origin of the MiniBooNE low energy excess.
@ Search for Oscillations at a high Am?2.
> V,~ V, appearance.

» v, disappearance.

€ Measure Neutrino-Argon interactions with high statistics in a region

relevant to LBNE

@ SuperNova sensitivity.

July 24, 2014

Using
The Fermilab Booster Neutrino Beam
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And, hopefully, another beam.....
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The R&D Program

€ MicroBooNE
= Cold electronics: preamps in cryostat.

Shorter wire-preamp cables and lower temperature—> Decrease noise.

= Filling without evacuation.

= Longer (2.5m) drift length. (ICARUS: 1.5m)
= TPC field calibration using a Laser.

= Reconstruction.

= Continuous readout for SuperNova purposes

= Background to proton decay studies.

€ LArl-ND: Closely aligned to the Long Baseline technology
= More electronics in the cold: including digitization.
= Membrane Cryostat
= TPC according to Long Baseline design.

July 24, 2014 Leslie Camilleri, CETUP
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Where are we located?
The Fermilab Booster Neutrino Beam (BNB) (and NUMI beam in off-axis configuration).

ICARUS: L=600m
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MiniBOONE ===
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The MlcroBooNE Detector

5 — LN
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The MicroBooNE Liquid Argon Time Projection Chamber

Neutrinos interact in 89 tons (active volume) Liquid Argon = charged particles.

lonization e’s drift
(2.5m maximum)

Induction planes

Liquid Argon TPC e
tares U/ V 60

S8

Anode Wire F
UV 8256 wires
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«— Vertical wires
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The MicroBooNE Photodetectors

i |} LAr scintillates in the UV at 128nm:
' Use it

=To trigger on events in time with beam gate.
*To time and reject cosmic rays within drift time.

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

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

Installed in
Cryostat
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Triggered and SuperNova Continuous readout

Continuous readout

TPC

1 us shaping time
2 MHz

50 MB/s
per PC

PC
Cyclic (1 hr)
Data storage

Supernova
for SuperNova Compression,
decimation
Reduced by
~ 80
Beam events
Compression
Beam events PMT trigger?
Triggered by
PMT + Beam gates

PC

Permanent
Data storage

Beam v’s: 1/ ~100secs

PMT

60 ns shaping time
64 MHZ

July 24, 2014

PMT trigger
Generation
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LAr1-ND

Anode Plane Assembly 1 CPA Membrane cryostat
(wires) Cathode Plane Assembly as in LBNE
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LAr1-ND Cold Electronics

FE ASIC ADCASIC _ _ Cold FPGA
- : d,-ff'f.,e,,,m; ¢s, ¢s, ck, ena sdi sdo ck
- . —— '
2| £ ck 192 MHz
3= =3
® |2 =
;g I data
9 -
§ JTAG
cs, sdi sdo ck cs, sdi sdo
a 1 52
™~ > 7 additional 16 channel chains * 4:4 or 8:2 multiplexing
<€ > ‘ (total 32:4 or 64:2)
Already COLD in
MicroBooNE
<€ >

COLD in LArl1-ND

LAr1-ND Light Collection

Compact light-guide collection system to detect LAr scintillation light.
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ICARUS

signal feedthrough

H.V. feedthrough

e

@ Gran Sasso:
Dismantling and move to

3.9m

]

@ CERN: Refurbishing
= New electronics
= New containment vessel

Anode
wire chambers

= New insulation 7-8m
= New light collection.
l 9 4 anode wire planes
@ Fermilab: € Same 3mm wire spacing as
=New Building MicroBooNE and LAr1-ND
*New cryogenics ®2 cathodes
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What is the MiniBooNE excess due to? Electrons or Photons?

Electron : Connected to primary vertex

And singly ionizing track in first ~ 2.4cm

before shower develops.
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Photons from nt’ rejection:

» Recognize 2 photons = nt” mass

Single Photon rejection:

» Gap between primary vertex and
conversion point

100 150 200

»and doubly ionizing track in first ~ 2.4cm
» =2 94% rejection of “single y”.
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ArgoNeut validates the technique

electron vs gamma Reco

ArgoNeuT Preliminary
: | | | I | | | l | | | | | | | | | | | | | | | :
- — dE/dx el vs y Data —
04— —]
~ —— electrons -
— Electron showers: —— gammas 7]
0.35 = Connected to vertex —e— YS reco -
03 —e— elecs reco =
- i Average dE/dx over the -
0.25[— | first 2.4cm of shower —]
= Photon showers: -
E | Separated from vertex]
0.1— 3
0.05— ‘\» =

0 2 4 6 8 10 12
Average dE/dx
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BNB Flux Spectra in v mode

Flux from BENB In nu mode at MicroBooNE (47 0m)
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~1% 'V, content
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MiniBooNE Low Energy Excess

Scaling signal from MiniBooNE: Down for Mass, up for Efficiency
Scaling backgrounds according to better PID and better flux knowledge

Assuming no

distance dependence:

(NOT an oscillation)
MicroBooNE LArl-ND
Total Events 97 775
“Low-energy Excess” 47.6 380
Background 49.4 394.6
Statistical Error 7.0 19.9
Systematic Error 6.6 52.2
Total Error 9.6 55.9
Statistical Significance of Excess 6.8 o 1910
Total Significance of Excess 5.0 0 6.8 ¢

July 24, 2014

6.6 x 102° POTs
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Events / MeV

Events / MeV

If Excess due to Photons.

Different Cuts to Select Photons,  Background: y or 0

. Rejecte’s
Excess is NOT due to photons OR
B = i ¥ Radiative v interaction
Ea-m Examples:
Background B i
- other
& R. Hill arXiv: 0905.0291
Preliminary @ Jenkins et al arXiv:0906.0984
€ Secrot et al arXiv: 1011.5913

3.0

0.4 0.6 0.8 1 1.2 14 15

ECE (GeV
Excess IS due to photons (GeV)
2 4.10
0.7
0.6 E— - n° misid
0.5 :— [ Ja-ny
0ab [ o z
- other
03 photon-like hypothesis signal
N
> Preliminary a
0.1
N{k" "
82 0.4 0.6 0.8 1 1.2 14 15 3.0 ’
EX® (GeV)
(Estimated from MiniBooNE rates) Leslie Camilleri, CETUP ”
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What would we expect for an oscillation at the Global best fit?

® v, - ve appearance in the context of 3 active + 1 sterile neutrino model (3+1)

Example Signal:Am? = 0.43 eV?, sin*26 . = 0.013

Cuts to Select Electrons, Reject y’s

2.2 x 10%° POT exposure for LAr1-ND 6.6 x 10%° POT exposure for MicroBooNE
> r > 300 — ;
CO LArl-ND, 2.2¢20 POT | TEan e MicroBooNE, 6.6e20 POT ~ El - v
= ol Signal: (Am? = 0.43eV?, sin26,,, = 0.013) [l k+ — v, = 5 Signal: (Am? = 0.43eV?, sin®26,,. = 0.013) [l £+ — v,
N Ero N - sy,
P = Ne A 2 2ol M e o
§15°°_— =y, cC § . By, co
€2 = — Signal B 50 : — Signal
1000
PRELIMINARY PRELIMINARY
SIMULATION 100 SIMULATION
500
5

0.5 1 1.5 2 2.5 3 0.5 1 1.5 2 2.5 3
Visible Neutrino Energy (GeV) Visible Neutrino Energy (GeV)
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The power of a Three Detector Combination:

Vu — Ve Sensitivity )
MicroBooNE

2 0.
t\r\.'o E LAr1-ND (100m) > 35k |8 statistical error
% E MicroBooNE (470m) -§ 02 ND statistical error
~ T T600 (600m) g o.
~ E i Calo Energy (no neutrons) > 1
< 10F v mode, CC events 5 o
—90% CL £ 0 —
- _ E OG5 Ts T s
- ol Energy (GeV)
i -~ BaCL
1F Preliminary [Statistical Uncertainty Limit
: or 6.6e20 POT exposure
I On all 3 detectors
10"} EELSND 90% CL 0.4-ICARUS T600
F [CILSND 99% CL £ a5}
- : l(-E?oh:)l:a)IBBees;tt?Et 8 0.3} FD statistical error
| 4 Global Fit 90% CL (J. Kopp et al. arXiv:1303.3 g
10'2 % 1 11 llllll-3 1 | 111111.2 1 11 111111-1 1 L 1111 §
10 10 10 0, 1 5 .
sin"20 = “1 4%

05 1 15 2 25 3
we Eneray (GeV)
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vu Disappearance

@ Testing v, disappearance with a near detector constraint
Am,*=1.2 eV? sin* 20, = 0.09

€ LAr1-ND: 2.2 x 1020 POTs MicroBooNE: 6.6 x 102 POTs
10° Preliminary, Simulation %10° Preliminary, Simulation
40+ -
: LAr1-ND (100m) U= Ax) MicroBooNE (470m)
35} : 4l 20
: P.O.T.=2.2 x 10% 61 P.O.T.=6.6 x 10
E, 30; Ami = 12eV? E 5 Ami = 1.2eV?
25H - 2 _
§ : sin’(26,,) = 0.09 § af sin®(26,,) = 0.09
3 20k — Unoscillated .g 3 — Unoscillated
c . o
s s Oscillated = s Oscillated
10} . Ratio of 2 . Ratio of
. Unosc. to Osc. - Unosc. to Osc.
5F =
N 104::— : g 1'04;'_ 1 l L |
3 1.02f- g 1.02F
> 1:.;.‘.'...‘“u"uuMp,q’.q'.q’.q’,q’,qa,'p,'g",'g'g’,q’,q'.. Z 15.;...; .............................................. ;...;...;...;...;...‘.“.“..
2§ O-QBE 23 O‘SBE ‘e 000000000.........
ES 0.9 as 0.96 ®eccnnee®
0.5 1 15 2 25 3 0.5 1 1.5 2 2.5 3
Smeared Neutrino Energy [GeV] Smeared Neutrino Energy [GeV]
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vu Disappearance

6.6x10%° POT exposure for MicroBooNE 2.2x10%° POT exposure for LAr1-ND

2 -
10 - v mode, CC Events * ]
- 2 — v, disappearance not a
- P.O.T.=6.6 x10 " . .. . .
- statistics limited search.
10 Here shown with a 4%
Y - Prelimirary systematic uncertainty on
2, 1L the near to far
= - | |extrapolation.
< -
[ —— 90%CL
10-1 — 30 CL \
E 50 CL Previous limit at high
e MiniBooNE + SciBooNE 90% CL Am? limited by near and
o T o far detectors being
1073 102 10" 1 different technologies
sin®20,,
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Exploiting the full correlations

The observed electron candidate event rate in LAr1-ND at 110m 1s used to constrain the
expected rate in MicroBooNE and ICARUS.

The vy are also used as a constraint as they have the same parent as the p’s that generate

part (75%) of the intrinsic ve background.

Simultaneous fit to Near, Far, v, and v, data sets is used to apply the constraints.
Flux Correlation Matrix

Using a Flux Correlation Matrix between
Far (600m) and Near(110m) detectors
and between v, and v..

Obtained using ReweightingTechnique
Vary flux: reweight simulated events
of BOTH ND and FD detectors.

with each variation

Strong Correlation between
Far (600m) and Near(110m) detectors
v, fluxes.

I 02-3GeV | 02-3GeV 1 02-3GeV | 02-3GeV |

LAr1i-ND (100m) T600 (on-axis)
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Neutrino —Argon Interactions
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Neutrino-Argon Interactions at low energy (~ 1 GeV).
€ Why are they important?

» Only measurements on Argon: ArgoNeut.

» Few measurements in this energy range.
» Not very consistent.

Expected Data Sample

€ Important

> In their own right.

> For LBNE 2" max.

> HyperK

MicroBooNE: 6.6 x 10%° protons on target: ~ 120k CC + NC
2.2 x 10?Y protons on target (ONE year of data taking): ~1.1M CC + NC

LAr1-ND:

July 24, 2014

CCQE Vv, N2Wp 48,276
CC RES v, N2wN 26,852
CC DIS v, N2uX 10,527
CC Coherent v, Ar2uw Artx 376

Leslie Camilleri, CETUP

470,497
220,177
82,326
3004
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Data presentation.

Instead of unravelling specific “true at production” final states
taking into account reinteractions

Present topological final states based on number of protons, number of pions

CC Inclusive 88,098 787,847
CC O v, N> + Np 56,580 535,673
v, N>w + 0p 12,680 119,290
v N> +1p 31,670 305,563
v, NDu +2p 5,803 54,287
v, N> +>3p 6,427 56,533
CCln™  v,N->u+nucleons + 1" 21,887 176,361
CC >2n~ v, N>u +nucleons +> 2~ 1,953 14,659
CC > 170 v, N-2>u + nucleons + > 1Y 9,678 76,129

July 24, 2014

Similarly for Neutral Current Interactions

Leslie Camilleri, CETUP
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Inclusive cross section

occ! E, (10°° cn? / GeV)

July 24, 2014

® @ ArgoNeut (LAr)

ArgoNeuT (2014)

ArgoNeuT, PRL 108, 161802 (2012)
ANL, PRD 19, 2521 (15879)

BEBC, ZP C2, 187 (1979)

BNL, PRD 25, 617 (1982)

CCFR (1997 Seligman Thesis)
CDHS, ZP (C35, 443 (1987)
GGM-SPS, PL 1048, 235 (1981)
GGM-PS, PL 848 (1979)

BNB range

16 ~

14

BuEO0SrP O %o e
W ¥ X S r @ 4 «

1.2 |~

" lllllll

IHEP-ITEP, SINP 30, 527 (1979)
IHEP-JINR, ZP C70, 39 (1996)
MINOS, PRD 81, 072002 (2010)
NOMAD, PLB 660, 19 (2008)
NuTeV, PRD 74, 012008 (2006)
SciBooNE, PAD 83, 012005 (2011)
SKAT, PL 818, 255 (1979)

T2K, PRD 87, 092003 (2013)

llllllllllllllllllllllll

100 150 200

1 10

Will measure in a region where

250 300 350

E, (GeV)

@ there are no Argon points and

@ some inconsistent results

¥ 2" oscillation maximum at LBNE

Leslie Camilleri, CETUP
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Charged Current Inclusive in LAr1-ND: Muon measurement.

€ Contained muons: Momentum measured through range and dE/dx with 5% Resolution

€ Can we also use non-contained muons?
=|dentification through dE/dx as a function of distance from exit point.
"Momentum measurement: through multiple scattering.
For contained tracks > 1m according to ICARUS data: Resolution: 30%.

10 Proposed LAr1-ND Design
% 300 B ~— Generated Events
q I N T Cont. & Exiting Muons Contained: 50%
Y Y Contained Muons Only Non-contained (Long > 1m): 34%
200 (- Total: 84%.
100 [ | |
O PRI AT SN NN TR TN NN S S N N M 1"?"1"]’--;-%
0.5 1 1.5 2 2.5 3
True Neutrino Energy [GeV]
July 24, 2014 Leslie Camilleri, CETUP
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QuasiElastic

* Charged-Current Quasi-Elastic Scattering

Second generation measurements m

x10™*°
£ 16 = — RFG with M, =1.35 GeV
o ::g E- RFG with M, =1.03 GeV
© 10E - aa - .1 |1l 30
8E- . T %
6 ;'_ *  MiniBooNE with total error
4 a * MAD with total error (arXiv:0812 4543)
2 F_ A -1BooNE with preliminary errors
o S -, * 501t ICARUS LAr-TPC (preliminaryerrors), . . . | St
10" 1 10 EFFC (GeV) P
At 2 GeV?
BNB range
Questions:
QE is an easy topology: 1 muon + 1 proton =  Orisit?
July 24, 2014 Leslie Camilleri, CETUP
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Nuclear Reinteractions

Nuclear reinteractions = NO proton or MANY Nucleons in Final State

How do we know they are treated correctly in the simulation?
No proton

In NOMAD, the nuclear formation length was tuned such as to
equalize the cross sections calculated from the 2 samples:
»One Muon and No Proton sample

»One Muon and One Proton sample

July 24, 2014 Leslie Camilleri, CETUP
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dE/dx (Mev/cm)

A\ au nmr 1.

Two-protons

Use dE/dx as a function of Can we identify them?
residual range
(distance from stopping point).

dE/dx vs. residual range

40 _ Minimum
: (contained protons) Kinetic energy:
35} :
- . data T,>20 MeV
30f— GEANT MC predictions
[ proton
= ArgoNeut o, ~ 2 wires = 6mm
muon
20 . (8 protons)
15:‘ﬁ E
10 ey
5 e an '!. B .
0 B I a— )
residual range (cm)
July 24, 2014 Leslie Camilleri, CETUP

Build likelihoods using

several measurements

along track.

Example: Simulation and Truth

Likelihood Plot for Protons vs Kaons | histogram2
Entries 8536
900 Mean -10.37
- RMS 2,853
800 Underflow 0
E Overflow 0
700
0 P K*
500
4001
300
200
100
%o -20 -10 0 10 20 30
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Can we also count neutrons?

ArgoNeut Data

0 50 100 150

Allows:
@ Better Nucleon multiplicity measurement in several reactions.
@ Better hadronic energy measurement.

July 24, 2014 Leslie Camilleri, CETUP
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Coherent production at E, <2 GeV.
v, interacts with Ar nucleus as a whole. /

u
0CCJt+:vM+Ar9Ar+pL—+n+ \;M_>

NO evidence at low energy:

. 7t (n0)
SciBooNE: o(coh.w")/o(v, CC) <0.67 x 10> at 90% C.L. at <E, > = 1.1 GeV
K2K: o(coh.t")/o(v, CC) < 1.36 x 102 at 90% C.L. at <E, > = 2.2 GeV
Above 2 GeV:

Minerva: New data showing signal.

ArgoNeut: First Argon data.
LAr1-ND: ~ 3000 events according to GENIE. Good accuracy measurement.

Excellent for extra activity at vertex.
Pion dE/dx identification and full containment.

ONCn':v, +Ar> Ar+v, +
SciBooNE and MiniBooNE found definite signal at E, ~ 1 GeV.

LAr1-ND: nt® very good signature in LAr. Vertex activity.

July 24, 2014 Leslie Camilleri, CETUP
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Resonance production.
® v, +p> u-+ A7 (Dprh)

Y w

=
+

v, +n> u-+ A* (> pn)
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LAr1-ND: With good proton and p/nt* identification should contribute at low energy.
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Resonance cross section (NOMAD Preliminary)
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Presented at CETUP
Last week

LAr1-ND: Good accuracy on Argon, below the NOMAD points.
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SuperNovae neutrino’s

Neutrino events were observed for SN1987a

Between 10 and 20 v. “ar o e 9K
Absorption events

In each of MicroBooNE and LAr1-ND
About 100 events in ICARUS

v, +%Ar > e + Y0K*

0 20 a0 60
v, em:r vu\lc\ )

expected for a galactic supernova 0 20 40 E, (MeV)
0 20 40 60 80 E,

Electron Energy: tens of MeV , ,
|. Gil-Botella and A. Rubbia JCAP 10(2003)009

Cannot trigger on these: Data continuously stored in a cyclic buffer
For ~ a few hours, waiting for a SNEWS alert = store data permanently.
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R&D: Background to Proton Decay - K* v:

o K+

- ' M+ et Bt

- e S 2. Measure background

“E - & P i 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'smgran;gse T —— _/
900F Mean  -10.37
g nterton 0 Charge
8001_ Overflow 0
"3 exchange
600? p K+ T
500:— I
4"02— Granite
00 block
200 installed
E near
. . - 2 - 1
Likelihood: Ef dE/dx MicroBooNE

10 0 10 20 30
measurements along track
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Background to Baryon Non-Conservation: NN oscillations > annihilation

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

N

Annihilation__g* 3 . _ Atmos. Vv
# Spherical P (Main background)
©®Zero NET L g e 4p Linear
momentum : SR # Non-zero momentum
© Total energy A S ¥ No constraint on energy
*-2M,
Visible Momentum vs Visible Energy: No neutrons. ] Lé:{g_ﬁ!‘:"%
2500, Maan : o091
Meany 2800
RMS x 1874
2000 Atmospheric neutrinos RMSY zrzal
SEE e Tl Is there additional background
Sum Simulation using Truth from cosmic rays?
Momg¢ Neutral particles entering detector
NN annihilation Depositing 2 GeV?
Measure it in the 3 detectors.
Sum of Energies

July 24,2014 Leslie Camilleri, CETUP 44



Status and Schedule

»MicroBooNE:
@ Installation in Progress.
@ Cryostat (with TPC+PMT’s) moved to final position June 23,

@ Insulation, electronics platform and filling next.
@ Data-taking as of End 2014; 3 years for a total of 6.6 x 1020 POT’s

»LAr1-ND and ICARUS:

@ Going through approval process
@ Data Spring 2018?

July 24, 2014 Leslie Camilleri, CETUP
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Possible Extensions of the Program

@ Anti Neutrino running.

€ Magnetizing one or more detectors
"Reduces “wrong” sign background
(especially interesting in antineutrino running).
=Better momentum measurements.
@ “Beam OFF-target” running.
=Searches for exotic particles produced absorber

July 24, 2014 Leslie Camilleri, CETUP
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Conclusions

@ Looking forward to start data taking within 6 months with MicroBooNE:
*“Minimum low energy excess.

=First look at LSND excess
=Cross sections.

@ Hoping for approval of extra 2 detectors by PAC soon ,

@ Next 3 years:
“Build LAr1-ND
=Refit ICARUS
= Analyze MicroBooNE data
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Magnetized LAr1-ND

Two possible detector designs

— Configuration A: The return yoke downstream of the neutrino beam and be
instrumented with scintillator modules to form a muon spectrometer increasing
the detector acceptance and allowing for particle ID for escaping charged pions

— Configuration B: Compared to (A) there is an extended detector volume but
contains no downstream spectrometer

Return Yoke and
Muon Ranger

Coil
L~

Vacuum
Cryostat

/

Vacuum

Cryostat
/

Return

Yoke
/

Return
Yoke
/
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Wrong Sign Contamination

* Charge selection (in antineutrino mode) is one of the main motivating factors for a
magnetized detector

— Neutrino background in the antineutrino beam

x10° x10°
50 - LAr1-ND I MicroBooNE
I v, Events _ I v, Events
401 " v, Events 157 " v, Events

30}

(2] (2]
= =
3 3
L L
20
0.5
10
0.5 1 1.5 2 2.5 3 0.5 1 1.5 2 2.5
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Laser Calibration in MicroBooNE

e Field non-uniformity arise

- Distortion expected by Ar* accumulation @ cathode
- Needs to be calibrated out

e Laser Calibration System (LCS)

e LCS inject laser to ionize Ar along the path
- A = 266 nm, need high intensity to ionize 467 oV

] jzat tat
84 eV .

- Distortion shows up in the reconstructed signal path

Plot & Diagram ... courtesy of C. Rudolf Liquid Argon

s 60 | . v—i
?

50

5 40
2 30

:3 20 1 r

10

L 0 1 2 3 4 5 6 7 - ? = J 0 1 2 3 - ~5m

Laser path @ ArgonTube Laser path @ ArgonTube
(Uncalibrated) (Calibrated)



Cold Electronics Performance

16 channel/chip charge amplifier: Adjustable Gain 4.7, 6.8, 14.0, 25.0 mV/fC
Adjustable peaking time 0.5,1,2,3 us, 5.5 mW/channel

3 FEYL i B

..... J o

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 R 1000
0 100 channel 100 sample (tme)
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Membrane Cryostat

Original thought:
Locate LArl-ND in the SciBooNE Hall at 100m

Primary stainless
steel membrane

Flexible
triplex joint

Corner panel Concrete Secondary triplex  Resin ropes
surface membrane Polyurethanpe
foam panel

July 24, 2014 Leslie Camilleri, CETUP
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MiniBooNE Low Energy Excess

Process | Events Events MiniBooNE dE/dx | Total || Error Error
(uB) | (LArl-ND) unc. unc. | unc. | (#B) | (LArl-ND)
L — Ve 21.5 171.3 | 0.26 0.1 0.28 6.0 47.7
K™ — v, 6.4 51.3 0.22 0.1 0.24 || 1.55 12.4
K'—wv | 18 14.7 0.38 01 | 039 | 0.73 5.79
v, CC 4.9 38.9 0.26 0.0 0.26 || 1.27 10.1
vue — yue 3.8 30.7 0.25 0.1 0.27 || 1.03 8.26
NC 7© 6.7 53.4 0.13 0.1 0.16 || 1.10 8.77
Dirt 0.9 6.9 0.16 0.1 0.19 || 0.16 1.31
A — N~ 2.5 19.8 0.14 0.1 0.17 || 0.43 3.40
Other 0.9 7.6 0.25 0.1 0.27 || 0.26 2.04
Total 49.4 322.1 6.55 52.23
MicroBooNE LAr1-ND
Total Events 97 775
“Low-energy Excess” 47.6 380
Background 49.4 394.6
Statistical Error 7.0 19.9
Systematic Error 6.6 52.2
Total Error 9.6 55.9
Statistical Significance of Excess 6.8 o 19.1 0
Total Significance of Excess 5.0 0 6.8 0
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Probing Active to Sterile Oscillations with Neutral-Currents

> A unique probe of sterile neutrino oscillations, directly sensitive to any “sterile" flavor content,
is available through neutral-current (NC) neutrino interactions. In this type of search, one looks
for an overall depletion of the flavor-summed event rate.

> We have considered the NC n° channel, due to its characteristic event topology and kinematics.
Unlike other NC channels, the presence of the two photons from the n° decay pointing back to a
common vertex, with an invariant mass corresponding to mxo, provides a powerful discriminant
against potential backgrounds.
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—
o
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50 CL

10'24-i'1111 i ool i FIR T 0
2 -1

0 10
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Dark Matter Searches with Booster Beam Off-Target Running

Beam spot position in beam

. off target mode (~1 mm spread)
BNB has the capability

to steer the protons  Fins

past the targetand ~ Be Target -Target is 1 cm diameter
onto the 25m or 50m Air gap -Air gap between target and
iron dump horn inner conductor is ~1 cm

In the target/absorber:

In the detector:

W - 10-30 Nx = Nx_my =300 McV a’ =01 POT =2 x 104"
7 T T T v vrreg T v T rrryrry T —r—rrrr
______ ’ \

X 10—32

1 O - 34
o
/ () N i
N \ / N \:,l U i6
Z
Electron Elastic scattering Nucleon Elastic scattering b
10 3%
Background events: 1600 Amz and EW fit —=
Direct Detection ———
. Electron/Muon g-2 ———
EXCESS. 10-1° L Monojet (CDF) ——— B
H MicroBooNE ====--
1-10 ||ght green Relic density ——
10-1000 Green BaBar Sensitivity e
1(]—43 . a2l . A 2 a2l " s s 1222
0.01 0.1 1 10
>1000 dark green e (GeV)
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HV Feedthrough

Membrane cryostat

LAr1-ND Schematics

2 APA’s

as in LBNE

Anode Plane Assembly

(wires)

Expangion Tank

N

Cryostat

1 CPA
Cathode|Plane Assembly

Ceiling
Support

i Installation

I

Signal
Feefithrough T

j Hatch '1

CPA

1

60

Beam view

400
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