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' landscape

AThree flavor neutrino states is well established by ”

complimentary oscillation physics reach in solar,
atmospheric, reactor, and accelerator domains

AHowever, there exist a number bints of additional
neutrino states with masses at the eV scale

A LSNDanomaly
A Galliumanomaly

A Reactor antineutrin@nomaly

AHere, | discuss the present, rapidly changin
future prospects for definitive resolution of t

neutrino problem
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Hints of additional neutrino states

from particle acceleratoisa [ { b5 ! y2YI f e €
LSND MiniBooNE
19902001 ) Phys. Rew64 112007 (2001) | 1998-present . ___ arXiv 1805.12028
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Hints of additional neutrino states

from radioactive sourcesa DI £ f A dzy ' y2YI f é

A Solar neutrino experimentS8ALLEX and SAGE - GALLEX SAGE

employedMCiPiCr and’Ar radioactive sources to ol
calibrate’ +71Ga® 71Ge +Q z ||| cAuxsaee
Zg. 0 I Cr2 Ar
ABoth experiments measureal’ flux deficit relative R
to predicted values . | R=-084z005

(L)cartex = 1.9m  (L)sace = 0.6 m

APossible hint of disappearanced ,deficit) C.Giuni et al. Phys. ReD86(2012) 113014.



Hints of additional neutrino states

fromreactorc G NB I QG2 NI | YOAYSdziNAY 2 |y2YlFLfeég ow! !l

AReactor [ flux predictionsrevised(by Huber, u _
Mueller) in 2011 £ s momcon e ]
AResulted in a ~6% deficit in rates measured by short ¢ L Vogel i
baselinereactorexperiments suggests hints of a S 1.+
' [ disappearance el e L & et SO B
A Bevy of shorbaseline reactor neutrinexperiments on . P
line to understand if thisleficit isindicative of sterile & -
neutrinos¢ PROSPEMANSSSoLIDSTEREO, Neutri4c
AR EN®and DayaB af measurements indicate a fUE 2 1 — ” ifii A {f’.‘fjf %
dependence of the deficit, with RENO also sugges .- | s
253U may explain the spectrum distortion a6dMeV * |
A{SS 1 & .l yRQa LI SYyINE UF ™% e

_ ?DayaBay PRL 116 (2016) 0618
lReno arXiv:1806.00574



Tensiomabounds
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Amji, [eV?]

Tension abounds
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Fermilab SBN program will test

appearanceand h , disappearance
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Fermilab SBN program

Staged approach to address short baseline anomalies
Phase 1. MicroBooNg&definitive test of theMiniBooNHow energy excess
Phase 2: SBND + MicroBooNE + ICARUSppearanceand’ disappearancsearches

Aerial view of Fermilab sheldaseline neutrino campus

MiniBooNE ——

= = ll'_" = 1 7Bgors’te{rkNe_Ut_anBfai # — ~ o I{.'r@?umnoa ‘.
cisgger == ICARUS  MicroBooNE
476 ton 85 ton
600 m 470 m

A Reduce statistical uncertainties witlirge masgar detector
A Reduce systematic uncertainties wighme detector technology



Modern era implementation of
singlephasel ArTPC

A Excellent particle identification, particularly
electron/photon discrimination

A Efficient for triggering ofow energy objectssuch as final
states with a single proton

A Ability to observe and reconstrucbmplicatedopologies

Liquid Argon TPC

Figure from Bo Yu
11/3/2018
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V wire plane wave! forms

Y wire plane waveforms

Calorimetry- local
dEdx information

Topology fine-grained

3D tracking
Massc scalable to

Area Normalized

multi-ton, fully active

target volumes

PRIO5 072005 (2017)

— Simulated Electron Candidates
—  Simulated Gammas

-¢- ¢ Electrons, Data
-4 -4 Photons, Data
ArgoNeuT
L , b
0 1 2 3 4 5 6 7 8
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NuMI DATA: RUN 10811, EVENT 2549. APRIL 9, 2017.



- uBooNE _
MicroBooNE >

A Physics goals Beam I T I_ nBooNE TPC
A Definitively address th&liniBooNHow e | ] Dimensions
energy excess -

A’ -Arcross section measurements
A LArTPR&D
A Applications to SBN & DUNE

Cathode
A LArTP@ngineering pioneer

A ExcellentLArpurity with a nonrevacuable A

cryostat ,

: : : Light collection behind Anode wire

A Ultra-low noise cryogenic electronics anode (PMT+light-guide) planes
A Parallel continuous readout stream for _

astroparticleand exotic physics ﬁ 25 tO”S'-':‘raC“Ve Vot'_“me

A See parallel talk by J. Crespnodon A Tviirdzgercat‘gf;pera on

A Surge protection for HV discharge A TPQ; 8256 anode sense wires divided among 3 plar
A >96% detector uptime A PMT array 32 8inch PMTs
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uBOE __Roadmap

Electron neutrino selection
1mulp selection and reconstruction

Future

20E19

15E19

1.0E19

1.0E21

Search for single photon events
Unfolding the MB signal

A Flagship results with flagship
software release

7.5E20

5.0E20

Deep neural net
electromagnetic PID
arXiv:1808.07269

CCNp cross section
CCpiO cross section

POT

Inclusive CC cross sectio

Cumulative POT

Reconst

50E18
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2.5E20

Charged particle
multiplicity

0.0E00
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o 0\ o
\\’D q,\'i." Q\'L ’1. Q?

Week
Signal processing | and Il
JINST 13, PO7006 (20I38)ST 13, PO7007 (2018)

Noise and filtering
JINST 12, P08003 (2017)
Pandora

Eur. Phys. J. C78, 1, 82 (2018)

dEdx cali

Multiple Coulomb Scattering
JINST 12 P10010 (2017)
Cosmic ray studies
JINST 12, P12030 (2017
CNN use for LAITPC
JINST 12, P03011 (2017)

Proton ID

NC event selection in MC
Cosmic shielding

Detector paper
pap MC study of expected events

JINST 12, P02017 (2017)

Purity of the LAr
Neutrino identification

Noise dependence on temperature

/ 2015

Public notes with
preliminary results

Bem Run 5192 Event 1218, February 28th, 2016

11/3/2018

Booster neutrino Flux
Ar-39 use for calibration

arXiv:1805.0688Ayire Cell reconstruction

Signal formation

MCC7 Data/MC
Detector stability

3D shower reconstruction
CC events from 5E19 POT

2018

ruction performance

for physics results
bration

Drift electron lifetime
Side piercing tracks with t0

Space charge 2017

ACRT installation

A Converging on a new robust
software release (MCCS8)

of the next software release

systematics, computing speed up

2016

AFirst software release for automated LArTPC
reconstruction (MCC?7)

A Performance results and Data/MC discrepancies

Adh LISy RS@OSt2LIVYSyidé LKL 3

AMCCS release and exploiting it

Aldentified limitations in signal processing
and efficiencies, targeted development

MCC9

A Efforts on modelling, calibration, particle 1D,

On analysis and
systematic uncertainty
experience from
MicroBooNE, see parallg

g S = takyDBazioA 3

major effort on low level and high level reconstructi

ADetector turn on
A Cosmic and beam data
Almmediate identification of neutrinos

B. RussellReview of Short Baseline Neutrino Physics

Ul

11

[N


http://iopscience.iop.org/article/10.1088/1748-0221/12/02/P02017/meta;jsessionid=DC657D18996F120301114136AE4ABDB3.c3.iopscience.cld.iop.org
http://iopscience.iop.org/article/10.1088/1748-0221/12/03/P03011/meta;jsessionid=1238492A9F6846527EFC3137FF9741FD.c4.iopscience.cld.iop.org
http://iopscience.iop.org/article/10.1088/1748-0221/12/10/P10010/meta
http://iopscience.iop.org/article/10.1088/1748-0221/12/08/P08003/meta
http://iopscience.iop.org/article/10.1088/1748-0221/12/12/P12030/meta
https://doi.org/10.1140/epjc/s10052-017-5481-6
http://iopscience.iop.org/article/10.1088/1748-0221/13/07/P07006
http://iopscience.iop.org/article/10.1088/1748-0221/13/07/P07007
https://arxiv.org/abs/1805.06887
https://arxiv.org/abs/1808.07269
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' 0 Oinclusiveg standard candle measurement

V Full muon momentum coverage with MCS
momentum reconstruction

V Full angular acceptance

V Starting point for more exclusive channels

V First measurement oAr at low energy
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Particle Multiplicity

MINERvA, PRD 95, 072009 (2017) ¢ CCFR (1997 Seligman Thesis)
¢h  T2K, PRD 93, 072002 (2016) O CDHS, ZP C35, 443 (1987)
& T2K (Fe) PRD 90, 052010 (2014) m GGM-SPS, PL 104B, 235 (1981)
4 T2K (CH) PRD 90, 052010 (2014) m GGM-PS, PL 84B (1979)
¥ T2K(C), PRD 87, 082003 (2013) ¥ IHEP-ITEP, SUNP 30, 527 (1978)
A ArgoNeuT PRD 89, 112003 (2014) v IHEP-JINR, ZP C70, 39 (1996)

@ MINOS, PRD 81, 072002 (2010)
e ArgoMNeuT, PRL 108, 161802 (2012) 4 NOMAD, PLB 660, 19 (2008)
%  ANL, PRD 18, 2521 (1979) & NuTeV, PRD 74, 012008 (2006)
O BEBC, ZP C2, 187 (1979) X SciBooNE, PRD 83, 012005 (2011)
A BNL, PRD 25, 617 (1982) ¥ SKAT, PL81B, 255 (1979)
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Singledifferential’ 0 dinclusive cross section &

11/3/2018

MicroBooNE Preliminary MicroBooNE Preliminary
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