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Conclusions
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• MicroBooNE has established a strong track record of maintaining stable 
operations (95% uptime over past 2 years of running) and being able to get results out 
of this detector (19 public notes; 7 papers: 2 since the July PAC, 8 more in the pipeline). 

• A high priority goal is to produce our first neutrino cross section 
publication(s) in 2018.

• To date, we have collected a total of 6.57x1020 POT (6.25x1020 POT on-tape),     
1x1020 POT of which includes the cosmic ray tagger. Expect to get to a total of 
(8-9)x1020 POT by summer 2018.

• We remain on an ambitious path for producing new results at summer 2018 
conferences. These plans are unchanged from the July PAC, but we are 
concerned about how long it will take to produce the data and MC samples 
needed to advance these analyses. Task force is studying this.

From PAC presentation in fall 2017

Now:  25 public notes, 10 papers

Now: 9.6E20 pot delivered:  40% with CRT

Solved:  See PGS talk for MicroBooNE Computing Model

Three new results and more coming…



• Charged	Particle	Multiplicity
• CC nµ inclusive
• CCp0
Measurements	 in	progress
• NC1p
• CC0p

• CC1p
• CC2p
• CCNp

• CCp+
• NuMI ne

Relevant	for	osc analysis:
• Data	constraints
• Development	 of	reconstruction	

techniques
• Analysis	validation	 in	general	

à Important	foundation	
for	oscillation	 analysis!

“Physics	R&D”	(what	we	pass	
on	to	the	community...)
• Signal	processing
• Uncontained	muons
• Cosmic	removal	techniques
• Proton	ID
• Shower	reconstruction
• …

How	do	we	do	this? 3

Interaction	and	Cross	Section	Measurements	in	
publication	and	preparation	for	submission



Taking the data…
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Very	stable	detector	operationVery	stable	detector	operation

Smooth	and	steady	data	taking
Efficient	data	acquisition

Week

Run 1• All data open for low level 
checks

• Run 1 data: samples open for 
analysis

• 5 x1019 pot open data sample
• All Run 1 (3.6 x 1020 POT) 

for topologies that do not 
impact blindness for 
oscillation analysis (ie: CC)

New	since	last	PAC



Summary	of	Beam	Delivery	to	MicroBooNE

• 9.6x1020 POT	collected	 to	
date	(73%	of	request)	

• 4.0x1020	POT	with	full	CRT											
(42%	of	total)

• FY18:	3.1x1020 POT

• Project	that	we	will	get	to	
our	13.2x1020	POT	beam	
request	by December	 2019	
(56%	with	CRT)

(plot	 from	Cons	Gattuso)

Note: this past year, NoVA and g-2 were maxed out,
Beam to BNB was “extra”….

Accelerators are running very well!



Charged Particle Multiplicity
• Study	the	charged	particle	multiplicity	(CPM)	 in νμ interactions
• Powerful	way	to	validate	nuclear	models	(and	generators)	
• First	detailed	look	on	how	well	GENIE	models	Argon
• First	physics	result!
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“Comparison of Muon-Neutrino-Argon Multiplicity Distributions Observed by MicroBooNE to 
GENIE Model Predictions”, arXiv:1805.06887, submitted to PRD (2018)

Example of neutrino interaction with CPM = 2 



νμ CC	Inclusive	measurement
Inclusive νµ CC interactions :  first detailed look in Argon!

• Measured by many other experiments, making it a great 
benchmark

• Validates reconstruction techniques and analysis process 
for oscillation analysis

• Constrains backgrounds in oscillation analysis
• Directly relevant to DUNE νµ CC signal

7
VENu event display http://venu.physics.ox.ac.uk



νμ CC	Inclusive	measurement
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1.6E20 POT1.6E20 POT

Public	Note:	MICROBOONE-NOTE-1045-PUB,	2018

• Includes	contained	 and	exiting	
muons	(takes	advantage	of	MCS	
technique	 tuned	for	Argon)

• Includes	flux,	cross	section,	 and	
first	detector	systematics

• Absolute	 cross	section	
measurement

Next	steps:	double	differential	xsec measurement	à plan	to	show	at	NuINT in	the	fall



CC-π0 cross-section measurement
•First measurement on Argon, first look at events with showers!

•Understanding π0 is a crucial step towards searching for low-
energy excess:

9

Charged-current π0 interaction 



CC-π0 reconstruction	and	selection
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Mass of π0: 135 MeV

Reconstruction	of	
the	π0mass	peak:

Total	cross	section:

Public	Note:	MICROBOONE-NOTE-1032-PUB,	 2018

Next	steps:	 Improved	analysis,	more	statistics	→ differential	cross-section	measurement



Flux systematics
• Hadron production uncertainties
• Other beam uncertainties: horn current, skin depth, p, π cross sections

à Propagated using multisims, according to public note: Booster Neutrino Flux Prediction at 
MicroBooNE, MICROBOONE-NOTE-1031-PUB (2018)

Cross section systematics
• Uncertainties on > 30 default parameters in GENIE

à Propagated using GENIE’s built-in multisim framework

Detector response systematics
• Space charge effect – varied simulation to better match measured effect 
• Induced charge – simulated on longer spatial range than in standard MC
• Light yield – substituted improved model for standard MC model
• Misconfigured and frequently saturating channels – varied this effect in simulation
• Wire response functions – varied simulation to better match measured wire response
• Longitudinal & transverse diffusion – varied within range of world LAr data
• Noise on TPC wires & PMTs – varied within measured range
• Light outside TPC – varied light yield in cryostat but outside TPC
• Electron lifetime – reduced to lower range consistent with measurements
• Recombination – replaced MC model with alternative model

à Propagated using unisims; more detail in public note for CC inclusive cross section: 
MICROBOONE-NOTE-1045-PUB (2018)

Also included:  Uncertainties on cosmic ray simulation, flash timing, and POT counting

Systematics
first quantified in summer 2018 cross section results 



From Recent talk to 
LBNC:

“SBN Coordinated 
Reconstruction/Ana
lysis Strategy: With 

Lessons Learned 
from MicroBooNE”

-Tracy Usher
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Pioneering	different	 analysis	techniques	 for	this	physics	for	SBN	and	DUNE

From LBNC closeout report: “MicroBooNE, as the experiment currently with data, 
has made most progress on reconstruction and analysis tools – these are being made 
available to the other experiments in the LArSoft framework. ”



Event reconstruction techniques
• Reached high level of sophistication
• Using these for cross section measurements (primarily Pandora) and 

for our signature analysis

13

Pandora 

simulated νμ event  

“The Pandora Multi-Algorithm Approach to 
Automated Pattern Recognition of Cosmic 
Ray Muon and Neutrino Events in the 
MicroBooNE Detector”, Eur. Phys. J. C78, 1, 
82 (2018)”

Machine Learning

“Convolutional Neural Networks Applied to 
Neutrino Events in a Liquid Argon Time 
Projection Chamber”, JINST 12, P03011 (2017)

WireCell 

3D event image reconstructed with 
charge matching

νe data event  

Public Notes:
• “Vertex finding and reconstruction for contained two-track events in the MicroBooNE detector”, MICROBOONE-NOTE-1042-

PUB, 2018
• “Towards automated neutrino selection at MicroBooNE using tomorgraphic event reconstruction”, MICROBOONE-NOTE-1040-

PUB, 2018
• “Hunting muon neutrinos in microboone with deep learning techniques,” MICROBOONE-NOTE-1051-PUB, 2018
• “Reconstruction performance studies with MicroBooNE data”, MICROBOONE-NOTE-1049-PUB, 2018



Approach Channel Philosophy Pros Cons

Pandora neà e- +	Np,	N>0
neà e- +	X

“Traditional”	
reconstruction	
(Pandora	toolkit)1

Higher	 statistics,
spans	larger	energy	
range, more	
MiniBooNE-like	signal

More	complex	
topology

Deep	Learning neà e- +	1p	below	
600	MeV

DL2 +	”traditional”	
reconstruction

Simple	topology,
Better	En
determination, lower	
backgrounds

Low	statistics, subset	
of	what	MiniBooNE
looked	at

Wire	Cell neà e- +	X	
X	depends	on
sensitivity

Robust	noise	filtering,
signal	processing.3
Image	and	
reconstruct	in	3D

2 plane	
reconstruction,	3D	
imaging,	more	
inclusive à highest	
stats

Most	complex	final	
statesà greater	
demands	on	
reconstruction	(need	
calorimetry)

TrajCluster Fully	inclusive	ne	CC	
selection	

”traditional”	
reconstruction

More	inclusiveà
highest	stats,
less	model-
dependent, DUNE-
like	signal

Complex	final	states
à greater	demands	
on	reconstruction	
(need	calorimetry)

1Eur.Phys.J.	C78,	82	(2018)	
2JINST	12	P03011,	2017
3JINST	12	P08003,	2017,7/17/18 MicroBooNE	update	- Summer	PAC	2018

MicroBooNE Low	Energy	Excess,	electron-based,	 analysis	approaches

14
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selection	

”traditional”	
reconstruction

More	inclusiveà
highest	stats,
less	model-
dependent, DUNE-
like	signal

Complex	final	states
à greater	demands	
on	reconstruction	
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1Eur.Phys.J.	C78,	82	(2018)	
2JINST	12	P03011,	2017
3JINST	12	P08003,	2017,7/17/18 MicroBooNE	update	- Summer	PAC	2018

MicroBooNE Low	Energy	Excess,	electron-based,	 analysis	approaches

Best of each technique likely to be adopted by all:
• 2D deconvolution and signal processing
• Cosmic ray removal
• Proton ID
• …

Systematic Errors supported and coordinated for all 
analyses by Systematics group (new since last PAC)

Pandora as example…

15



νe analysis
Pandora team focuses on the signal most similar to the MiniBooNE 

CC0π definition: 1 electron + N protons

16

Example of data events selected

Signal

MICROBOONE-NOTE-1038-PUB, 2018

Shower	selection	
for	3	different	ne
data	candidate	
events	 in	BNB	in	
5E19	sample



νe analysis
Selection	efficiency	for	1e+	Np
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Current selection efficiency                   
(with known reconstruction, classification 
and selection issues)

Correctly selected νe CC0π-Np signal: 46.5%
Mis-identified bkg. (cosmic): 9.0%
Not selected (reco./classif. issues): 9.1%
Mis-identified bkg. (Not fully contained signal): 8.0%
Mis-identified bkg. (cosmic contaminated): 18.5%
Not selected (no flash/no candidates): 8.9%

Next reconstruction and data/MC 
production informed by mis-IDs in 

this and other analyses….
(will come back to this…)

MICROBOONE-NOTE-1038-PUB, 2018



Validating νe analysis
•Small unblinded data sample available for testing (4.4x1019 POT)
•Validation using side-bands (νµ charged current or neutral 
current events)

• Use cuts to select non-νe events:
✓dE/dx of showers
✓Distance between shower start and track start
✓Proton identification score (from boosted decision tree)

18Photon-enhanced sample νμ-enhanced sample

MICROBOONE-NOTE-
1038-PUB, 2018



Low-energy	excess	analysis

• The	currently	ongoing	νe (and	other)	analyses	have	informed	us	of	
where	improvements/iterationsmay	be impactful…

• Implementation	 of	2D	deconvolution	and	Signal	processing
• Improved	cosmic	removal	techniques	 +	cosmic-ray	tagger	system	

• Calorimetry	on	the	3	planes,	 improve	 the	dE/dx	measurements

• Low	energy	reconstruction/classification	 improvements	

• Evaluation	of	dirt	backgrounds

• Perform	end-to-end	analysis	with	these	iterations

• Validate	analysis	with	side-bands	
•Use	NuMI	νe events	to	validate	the	analysis	with	high	statistics	
• Perform	the	single	photon	analyses

19
MICROBOONE	Public	Notes:	 	1038,	1041,	1043



Understanding a LArTPC

Detailed characterization of the detector is key to our 
Physics and to our R&D mission for future detectors
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• Powerful	filtering	techniques	can	
address	many	sources	of	noise

• Excellent	characterization	of	
multiple	wire	signal	response	(2d-
deconvolution)	

• Robust	signal	processing	allows	
calorimetry	in	all	three	planes	
(enabling induction planes)

•Note:	not	been	done	before….

Induction plane
• “Ionization	Electron	Signal	Processing	in	Single	Phase	LArTPCs	II:	Data/Simulation	Comparison	and	Performance	in	MicroBooNE”,	

arXiv:1804.02583,	accepted	by	JINST
• “Ionization	Electron	Signal	Processing	in	Single	Phase	LArTPCs	I:	Algorithm	Description	and	Quantitative	Evaluation	with	

MicroBooNE Simulation”,	arXiv:1802.08709,	accepted	by	JINST
• “Noise	Characterization	and	Filtering	in	the	MicroBooNE Liquid	Argon	TPC”,	arXiv:1705.07341,	JINST	12,	P08003	(2017)
• “Detector	Calibration	using	through	going	and	stopping	muons	in	the	MicroBooNE LArTPC”,	MICROBOONE-NOTE-1048-PUB,	2018



Wirecell
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Xin	Qian,	DOE	ECA:		"Detector	Development	 towards	Precision	Measurements	of	Neutrino	Mixing",	2014.
Chao	Zhang,	DOE	ECA:	“"Optimization	of	Liquid	Argon	TPCs	for	Nucleon	Decay	and	Neutrino	Physics",	2017	

Publications	and	Public	Notes
• “Three-dimesional imaging	for	large	

LArTPCs”	JINST	13,	P05032
• MICROBOONE-NOTE-1040-PUB



Deep	Learning
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• Pioneering	work	on	a	novel	reconstruction	technique!
• Early	application	 to	MicroBooNE data	published:	 	“Convolutional	Neural	Networks	

Applied	to	Neutrino	Events	 in	a	Liquid	Argon	Time	Projection	Chamber”	(JINST	12	
p03011	(2017)

• Recent	work	in	labeling	 pixel’s	 as	tracks	or	showers,	In	preparation	for	submission:	
“A	Deep	Neural	Network	for	Pixel-Level	 Track/Shower	Separation	in	a	Liquid	Argon	

Time	Projection	Chamber”

DOE ECA award to Kazu Terao, 2018: ”GPU/FPGA Accelerated Deep Learning Technique 
Development for Discovering Physics in Liquid Argon Time Projection Chambers.”

MicroBoNE data Preliminary MicroBoNE data Preliminary MicroBoNE data Preliminary

Raw	data Physicist	 labeled Network	labeled



LEE Single Photon Analysis
Starting with Pandora-reconstructed and vertex-optimized 1g1p events...

Current state of analysis: validation 
on  4.8e19 POT unblinded data.

Pre-selection applied
Cosmic focused BDT 
background rejection 
applied

Final 1g1p 
selection

BNB focused BDT 
background rejection 
applied



LEE Single Photon Analysis

Projected stats-only sensitivity on 
the 6.6e20 POT dataset would 
exclude a 4.6xSM cross-section at 
99 % C.L. (photon LEE at 3xSM). 

Vast majority of remaining background 
comprised of NC π0→2γ decay. Working on 
further background reduction strategies for NC 
π0→2γ decay

CLs Exclusion Sensitivity 
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MicroBooNE
Postdoc Placement

Out	of	the	30	former	MicroBooNE
postdocs:

• 90%	have	stayed	in	particle	 physics
• 77%	remain	on	MicroBooNE

Where	did	they	end	up?

• 50%	University	Faculty	(15)
• 37%	National	Lab	Physicist	 (11)
• 10%	Private	Sector	(3)
• 3%	Government	(1)
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Impact	on	DUNE
(young	people	only!)

21	of	the	25	PDs	who	stayed	in	particle	physics	have	”cell	divided”	and	brought	
new	groups	to	MicroBooNE and	DUNE

Many	hold	leadership	positions	already	on	DUNE



Summary:	what	have	we	achieved?
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• Current results:
• First absolute cross section measurements including differential 

measurements with
• track and shower channels at the same time
• including exiting tracks through usage of MCS
• full angular coverage (1st time on argon!)
• Verification of our reconstruction performance and resolution on 

data
• First complete implementation and propagation of flux, cross 

section, and detector uncertainties through analysis chains
• In preparation of future results:

• setup of electron and single photon analysis chains for different signal 
topologies and different reconstruction methods by parallel analysis 
teams

• New data and MC production….



• Cross section analyses underway are proceeding with Current data and MC 
production

• In parallel, developing next generation data and MC to address key issues to 
improve analyses and sensitivities:

• Improvements to the base reconstruction:
• Hit Finding, Track, Shower, Flash Reconstruction

• Improvements in downstream reconstruction
• Cosmic Ray tagging, vertex reconstruction, Calorimetry, particle ID

• Improved calibrations
• Improvements to Simulation

• Physics– new/updated GENIE
• Cosmic ray overlays

• “LArG4 refactoring” – Induction plane charge and improved systematics
• Integration of the CRT: strategic focus has been to use Run1 data to set a path 

forward for next generation data and MC à now we will focus on integrating the 
CRT into this

29

Summary cont:  Data and MC production…
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Summary
• Made	enormous	progress	on	

understanding	the	MicroBooNE
detector	and	the	detector	technology	
overall

• Multiple	approaches	in	place	for	
signature	oscillation	analysis

• Publishing	first	physics	papers

• Cosmic	backgrounds	being	addressed	
with	new	CRT	system

• FY2020	represents	a	critical	milestone
• Collection	of	13.2	x	1020 POT
• SBND	and	ICARUS	in	operation
• Final	oscillations	analysis	to	guide	

next	steps	wrt data	taking
• Young	people	continue	to	do	well!

Great	team	à full	speed	
ahead	to	FY2020



Physics	results
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Publications
1. “Comparison of Muon-Neutrino-Argon Multiplicity Distributions Observed by MicroBooNE to GENIE Model 

Predictions”, arXiv:1805.06887, submitted to PRD (2018)

Public Notes
1. ” Electron-neutrino selection and reconstruction in the MicroBooNE LArTPC using the Pandora multi-algorithm 

pattern recognition”, MICROBOONE-NOTE-1038-PUB, 2018
2. “The MicroBooNE Search for Single Photon Events”, MICROBOONE-NOTE-1041-PUB, 2018
3. “MicroBooNE low-energy excess signal prediction from unfolding MiniBooNE Monte-Carlo and data”, 
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6. “First measurement of muon neutrino charged-current inclusive cross-section measurement in MicroBooNE”, 

MICROBOONE-NOTE-1045-PUB, 2018 
7. “Towards measurements of nuclear effects in MicroBooNE”, MICROBOONE-NOTE-1046-PUB, 2018
8. “Electron-neutrino reconstruction in MicrobooNE using the Pandora pattern reconstruction”, MICROBOONE-NOTE-

1038-PUB, 2018 
9. “Search for NC single photon events in MicroBooNE”, MICROBOONE-NOTE-1041-PUB, 2018 
10.“MicroBooNE tests of the MiniBooNE low-energy excess”, MICROBOONE-NOTE-1043-PUB, 2018
11.“Booster Neutrino Flux Prediction at MicroBooNE”, MICROBOONE-NOTE-1031-PUB, 2018

NOW



Reconstruction	and	Calibration	results
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Publications
1. “The Pandora Multi-Algorithm Approach to Automated Pattern Recognition of Cosmic Ray Muon and Neutrino Events 

in the MicroBooNE Detector”, arXiv:1708.03135, Eur. Phys. J. C78, 82 (2018)
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Scattering”, arXiv:1703.06187, JINST 12 P10010 (2017)
5. ”Convolutional Neural Networks Applied to Neutrino Events in a Liquid Argon TPC”, arXiv:1611.05531, JINST 12, 
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3. “Vertex finding and reconstruction for contained two-track events in the MicroBooNE detector”, MICROBOONE-

NOTE-1042-PUB, 2018
4. “Towards automated neutrino selection at MicroBooNE using tomorgraphic event reconstruction”, MICROBOONE-

NOTE-1040-PUB, 2018
5. Hunting muon neutrinos in microboone with deep learning techniques, MICROBOONE-NOTE-1051-PUB, 2018 
6. “Reconstruction Performance Studies with MicroBooNE Data in Support of Summer 2018 Analyses”, 

MICROBOONE-NOTE-1049-PUB, 2018 
7. ““Detector Calibration using through going and stopping muons in the MicroBooNE LArTPC”, MICROBOONE-

NOTE-1048-PUB, 2018
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10.“Demonstration of 3D Shower Reconstruction on MicroBooNE Data”, MICROBOONE-NOTE-1012-PUB, 2016

NOW
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Publications
1. “Ionization Electron Signal Processing in Single Phase LAr TPCs II: Data/Simulation Comparison and Performance in 

MicroBooNE”, arXiv:1804.02583, JINST 13, P07007 (2018)
2. “Ionization Electron Signal Processing in Single Phase LAr TPCs I: Algorithm Description and Quantitative Evaluation 

with MicroBooNE Simulation”, arXiv:1802.08709, JINST 13, P07006 (2018)
3. “Noise Characterization and Filtering in the MicroBooNE Liquid Argon TPC”, arXiv:1705.07341, JINST 12, P08003 

(2017)
4. “Design and Construction of the MicroBooNE Detector”, arxiv:1612.05824, JINST 12, P02017 (2017)

Public Notes
1. "Study of Reconstructed 39Ar Beta Decays at the MicroBooNE Detector”, MICROBOONE-NOTE-1050-PUB, 2018
2. “A Measurement of the Attenuation of Drifting Electrons in the MicroBooNE LArTPC”, MICROBOONE-NOTE-1026-

PUB, (2017)
3. “Establishing a Pure Sample of Side-Piercing Through-Going Cosmic-Ray Muons for LArTPC Calibration in 

MicroBooNE”, MICROBOONE-NOTE-1028-PUB,  (2017)
4. “Study of Space Charge Effects in MicroBooNE”, MICROBOONE-NOTE-1018-PUB,  (2016)
5. “A Method to Extract the Charge Distribution Arriving at the TPC Wire Planes in MicroBooNE”, MICROBOONE-NOTE-

1017-PUB, (2016)
6. “MicroBooNE Detector Stability”, MICROBOONE-NOTE-1013-PUB, (2016)
7. “Measurement of the Electronegative Contaminants and Drift Electron Lifetime in the MicroBooNE Experiment”, 

MICROBOONE-NOTE-1003-PUB, (2016)
8. “Noise Dependence on Temperature and LAr Fill Level in the MicroBooNE Time Projection Chamber”, MICROBOONE-

NOTE-1001-TECH , (2016)

NOW
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Neutrino physics questions are at the forefront of particle 
physics today:

Pursue the physics associated with Neutrino mass
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P5 Recommendation 15:  “Select and perform in the short term a set of 
small-scale experiments that can conclusively address experimental 
hints of physics beyond the three neutrino paradigm.  Some of these 

experiments should use liquid argon to advance the technology an build 
the international community for DUNE at Fermilab.”

• Are there additional neutrino types or interactions?
• (MicroBooNE Science)

• Do neutrinos and anti-neutrinos oscillate differently? 
• (MicroBooNE Technology à DUNE)
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FY2020	Milestone
• Collected	13.2x1020 POT	overall	(~10.5x1020 with	CRT)
• Complete	approved	 run	as	SBND	turns	on
• Final	oscillation	analyses	complete

à guide	us	towards	next	steps



Additional	physics	and	technology	goals	and	additional	
features	of	MicroBooNERunning
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• Cross	Sections,	Astro-particle	Physics	and	Exotics	 (APE)
• MicroBooNE’s 13.2	x	1020 POT	will	bring	increased	statistics	for	

• High	statistics	cross	section	measurements	(rare	channels,	Ph.D theses…)
• Exotic	 searches	for	heavy	sterile	neutrinos,	particles	 from	the	dark	sector,	trident	signature	

searches
• Extended	running	in	time	will	enable

• nn oscillation	searches
• Supernova	neutrino	burst	searches
• NuMIneutrino	beam	mmnts,	relevant	for	DUNE	(ICARUS,	SBND	will	not	take	NuMI

triggers).	

• Detector	physics:
• Measurement	of	and	corrections	 for	space	charge	effects
• Development	of	UV	laser	calibration	system
• Recombination/electron	 lifetime/diffusion	measurements
• Signal	processing	techniques
• Cosmic	tagging	and	removal
• High	single	PE	rate
• Cross	connected	channels
• Raising	the	drift	HV	above	-70kV

• Additional	features	of	Continued	running:
• Long	term	operation	of	the	detector:		Stability,	ageing	-->	collecting	 lessons	learned	 for	SBN	and	

DUNE
• Platform	for	training	young	scientists	in	precision	neutrino	physics	and	specifically	 for	LArTPCs



Original report:  “Unfortunately, MicroBooNE has experienced technical 
problems that threaten its scientific impact and negatively affect the subpanel’s 
overall evaluation.  à Recommendation:  Group 3”

• Submitted written document to committee and presented to them in 
late February

• Report presented to HEPAP in May
• MicroBooNE requested change to the report as presented at HEPAP

• Last sentence factually incorrect
• Overall categorization based on this 

• Other letters sent to Committee as well

“The	technical	problems	encountered	by	MicroBooNE threaten	to	lessen	 its	
scientific	 impact”

Report	modified	to	change	final	sentence	 to:

No	change	 in	ranking
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Additional Letters to Committee (few excerpts)
• BERN colleagues: Antonio Ereditato
“Last but not least we comment on specific international aspects. We are in the process of 
negotiations for a significant funding commitment to be made by the Swiss Confederation 
to the LBNF/DUNE facilities, like other international partners, which were already able 
to secure substantial funds. Any signals of lessened priority can have negative effects on 

these negotiations and thus for the whole US based neutrino program.”

• Steve Kettell (BNL): 
“While considering the challenges faced by the Portfolio Review committee, I believe 

that they have underestimated the importance of MicroBooNE to the US neutrino 
program. I am not a member of MicroBooNE, but have some reasonable understanding of 

it as several members of my group are active collaborators.’’

• UK collaborators (Andrzej Szelc):
“The HEPAP sub-panel evaluation creates a major risk for future UK and 

international funding. The perception is that HEPAP ranks the only major operating 
liquid-argon experiment in the US as low priority.  We are currently undergoing a 

review of the UK particle-physics programme, and this negative evaluation could not 
have come at a worse time. It is particularly troubling that it seems to be based on a 

factually incorrect evaluation of the experiment’s capabilities.’’
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Discussions with DOE
• We (Sam and Bonnie) discussed with the DOE in 

early June: MicroBooNE future running, impact on 
International colleagues…

• Expecting formal response, for now, Glen responded 
in an email to share with our collaborators and with 
the PAC
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