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The	DUNE	Experiment

1263	collaborators	from	211	ins6tu6ons	in	34	na6ons

‣ Rich	Physics	program	with	primary	goals:	
๏ Probe	leptonic	CP	viola6on	and	

determine	neutrino	mass	ordering	
๏ High-precision	measurements	of	

neutrino	mixing	parameters	
๏ Supernova	neutrinos	and	other	neutrino	

astrophysics	
๏ Nucleon	decay	and	other	searches	for	

BSM	Physics

1300	km
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The	LBNF	Beamline
‣ The	new	LBNF	(Long-Baseline	Neutrino	Facility)	

neutrino	beam	will	use	60-120	GeV	protons	from	
Fermilab’s	Main	Injector	

‣ Ini6al	nominal	power	of	1.2	MW	(~1021	protons-on-
target/year),	upgradeable	to	>	2	MW	

‣ Can	run	in	Neutrino	(FHC)	and	An6neutrino	(RHC)	
modes	by	switching	polarity	of	magne6c	horns	

‣ Wideband	beam	enables	use	of	second	osc.	
maximum	and	enhances	probing	of	new	BSM	
phenomena
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Far	Detector
‣ Located	4850	a	(1500	m)	underground	at	SURF,	

enables	low-energy	and	atmospheric	neutrino	
physics	

‣ Four	17	kton	(10	kton	fiducial)	LArTPC	modules,	
with	single	and	dual	phase	detector	designs	
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‣ Single-phase	17	kton	(10	kton	fiducial)	LArTPC	module	

‣ Far	site	pre-excava6on	underway	since	2017	

‣ Cavern	excava6on	will	require	moving	800	000	tons	of	
rock	to	surface!

Far	Detector
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Near	Detector	Complex

‣ Located	574	m	downstream	of	produc6on	target	
‣ ND-LAr:	modular,	pixelated	LArTPC	

๏ Acts	as	primary	target	and	is	most	similar	to	FD	(both	contain	LAr)	

‣ ND-GAr:	high-pressure	GArTPC	surrounded	by	ECAL	and	magnet	
๏ Constrains	nuclear	interac6on	model;	muon	spectrometer	

‣ SAND:	tracker	surrounded	by	ECAL	and	magnet	
๏ On-axis	monitor	of	beam	spectrum

‣ ND-LAr/ND-GAr	can	move	off-
axis	(DUNE-PRISM)		

‣ 𝒪(10	million/year)	neutrino	
interac6ons	will	enable	rich	
non-oscilla6on	physics	
program

Neutrino	Beam
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LArTPC	Detector	Technology

3.5 m - 2.2 ms

‣ Energy	release	from	
charged	par6cles	in	LAr:	
๏ free	electron	charge	

(TPC)	
๏ scin6lla6on	light	(PD)	

‣ Photon	detec6on	for	

triggering	and	t0	
determina6on

t0

‣ Liquid	Argon	Time	Projec6on	Chambers	
๏ Cri6cal	to	have	ultra-high	LAr	purity,	and	a	uniform	and	stable	electric	field
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Std.	Osc.	Sensi6vi6es	Over	Time

‣ CP	viola6on	discovery	if	true	δCP	=	-π/2	in	~7	years	(staged)	

‣ CP	viola6on	discovery	for	50%	of	true	δCP	values	in	~10	years	

‣ Unambiguous	determina6on	of	neutrino	mass	ordering	within	first	few	years
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BSM	Physics	Topics	Being	Studied

Far	Detector	Technical	Design	Report

‣ Non-standard	short-baseline	and	long-baseline	oscilla6on	
phenomena	
๏ Mixing	with	light	sterile	neutrinos	
๏ Large	extra-dimensions	
๏ Non-standard	neutrino	interac6ons	
๏ CPT	viola6on	
๏ Non-unitarity	of	the	mixing	matrix*

‣ Searches	for	new	phenomena/par6cles	at	the	ND	
๏ Low-mass	dark	mamer	
๏ Neutrino	trident	interac6ons	
๏ Heavy	neutral	leptons

‣ Searches	for	new	phenomena	at	the	FD	benefinng	from	its	large	
mass	and	resolu6on	
๏ ντ	physics	
๏ Inelas6c	boosted	dark	mamer	from	the	galac6c	core	
๏ Boosted	dark	mamer	from	the	Sun*	
๏ Nucleon	decay*	

*Not	discussed	in	this	talk

DUNE	BSM	Paper,	arXiv:2002.03005,	submi<ed	to	EPJ	C

https://arxiv.org/abs/2002.03005
https://arxiv.org/abs/2008.12769
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Non-standard	SBL	and	LBL	
	neutrino	oscilla6ons
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Light	Sterile	Neutrinos
‣ Oscilla6ons	between	ac6ve	and	new	light	
sterile	neutrino	states	would	distort	standard	
oscilla6on	probabili6es	
๏ DUNE	will	be	sensi6ve	to	this	effect	through	
the	combined	analysis	of	the	νμ	and	νe	spectra	
from	both	the	near	and	far	detectors.	

๏ DUNE	may	also	probe	nonstandard	ντ	
appearance	in	the	near	detector	or	use	the	
atmospheric	sample	from	the	far	detector.

3+1	Model	
θ14=0.16	
θ24=0.2	
θ34=0.6

‣ Plots	show	distor6ons	of	standard	oscilla6on	
probabili6es	for	different	values	of	Δm241	
๏ Small	Δm241:	slow	oscilla6ons	visible	at	FD	only	
๏ Intermediate	Δm241:	rapid	oscilla6ons	average	
out	at	FD	but	s6ll	not	visible	at	ND	

๏ Large	Δm241:	oscilla6ons	average	out	at	FD	and	
distor6ons	are	visible	at	the	ND
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Light	Sterile	Neutrino	Sensi6vi6es

νe	Appearance

‣ Assuming	300	kton.MW.year	exposure	(staged	7	year	
running)	for	3+1	model	with	simultaneous	oscilla6ons	
in	ND	and	FD	implemented	in	GloBES	
๏ On	its	own,	DUNE	can	probe	the	sterile	mixing	
parameter	space	at	the	same	level	or	bemer	than	
present	and	future	experiments

νμ	Disappearance
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Large	Extra-Dimensions
‣ Large	Extra-Dimensions	can	be	probed	through	
distor6ons	of	3-flavor	oscilla6on	pamern	caused	by	
mixing		of	neutrinos	with	Kaluza-Klein	modes		
๏ For	ADD	model	[Phys.Le<.	B	429,	263-272	(1998)],	
assuming	one	large	extra-dimension	in	the	bulk,	Kaluza-
Klein	(KK)	modes	in	3+1	brane	behave	like	sterile	
neutrinos	

๏ Showing	DUNE	sensi6vity	compared	to	MINOS	
published	results	

MINOS,	Phys.	Rev.	D	94,	111101(R)

Excluded

DUNE	Simula>on
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Non-Standard	Neutrino	Interac6ons

‣ Neutral-current	non-standard	interac6ons	in	propaga6on	
can	be	described	as	new	contribu6ons	to	the	MSW	effect:		

‣ DUNE	may	improve	current	constraints	on	|𝝐𝒆𝝉|	and	|𝝐𝒆𝝁|	by	at	least	a	factor	of	2

‣ Allowed	regions	for	an	exposure	of	300kt.MW.year	
Current	bounds	are	taken	from	[arXiv:1307.3092]	 ‣ 90%	C.L.	1D	DUNE	constraints	compared	with	

current	constrains	in	[arXiv:1710.09360]
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CPT	Symmetry	Viola6on

‣ Projected	sensi6vity	of	DUNE	to	CPT	viola6on	for	an	exposure	of	300kt.MW.year	and	different	values	
of	the	𝜃23	mixing	angle:	maximal	mixing	(green),	lower	octant	(magenta),	and	upper	octant	(blue).	

‣ CPT	viola6on	in	the	neutrino	sector	can	be	
probed	by	separately	measuring	neutrino	and	
an6neutrino	disappearance	between	ND	and	FD.

Projected	DUNE	Sensi6vity	to	CPT	Viola6on

‣ DUNE	can	improve	current	limit	on	Δ(Δm231)	by	one	order	of	magnitude:	Δ(Δ𝑚231)	<	8.1×10−5	eV2	

3σ 3σ

arXiv:1712.01714
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New	Physics	at	the	Near	Detector
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SM	Point

20

Neutrino	Tridents	at	the	ND
‣ Rare	SM	process.	Has	been	observed	with	measured	cross	sec6on	in	good	agreement	with	SM

‣ Departure	from	SM	predic6on	can	be	evidence	for	new	physics:	DUNE	can	be	sensi6ve	to	the	
existence	of	light	vector	mediators,	e.g.	𝑍′,	which	could	explain	(𝑔−2)μ	anomaly	

‣ May	be	improved	further	with	Machine-learning-based	event	selec6on

arXiv:1902.06765
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Heavy	Neutral	Leptons	at	the	ND
‣ Right-handed	partners	singlets	Ν=3	extension	of	the	SM	

‣ May	be	created	by	meson	decays	in	the	LBNF	beam

‣ Showing	DUNE’s	90%	CL	sensi6vity	to	mixing	between	the	ac6ve	neutrinos	and	HNLs	over	a	
HNL	mass	range	of	10	MeV	to	2	GeV	

|UeN|2 |UμN|2 |UτN|2

arXiv:1905.00284

‣ DUNE	will	improve	on	present	experimental	limits	and	be	compe66ve	with	proposed	new	efforts	to	
measure	HNLs
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Low-Mass	Dark	Ma]er	at	the	ND
‣ Produc6on	of		low-mass	dark	mamer	in	the	LBNF	beam	
is	possible	through	𝜋0,	𝜂		decays	into	a	dark	photon	V	

‣ Considering	dark	mamer	elas6cally	
interac6ng	with	electrons	in	the	ND

‣ Showing	sensi6vity	(90%	CL)	of	DUNE	for	a	7-
year	(50%	neutrino	beam,	50%	an6neutrino)	
run.	

‣ The	main	background	(neutrino-electron	
scamering)	can	be	suppressed	by	taking	data	
with	ND	off-axis	(DUNE-PRISM)	

arXiv:1903.10505
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New	Physics	at	the	Far	Detector
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‣ The	DUNE	far	detector	modules,	with	a	large	
fiducial	mass	of	40	kton	and	high	tracking	
resolu6on,	can	be	sensi6ve	to	boosted	(light)	
dark	mamer	signals	with	mul6ple	par6cle	
tracks	
๏ e.g.,	inelas6c	boosted	dark	mamer	from	
the	galac6c	core	[arXiv:	1612.06867]	

24

Inelas6c	Boosted	Dark	Ma]er

arXiv:2005.08979
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‣ Currently,	almost	all	knowledge	of	the	tau	neutrino	sector	is	taken	from	lepton	universality	for	cross	
sec6ons	and	unitarity	of	the	PMNS	neutrino	mixing	matrix	

‣ Tau	neutrinos	are	challenging	to	select	and	reconstruct,	but	they	could	provide	valuable	complementary	
informa6on	for	BSM	physics	searches.	

25

BSM	Opportuni6es	with	ντ

‣ Beam	event	sta6s6cs	(for	flat	efficiency	of	30%):	
๏ Low-E	Beam:			~130	ντ	CC/year;	~30		ντ̄	CC/year	
๏ High-E	Beam:		~800	ντ	CC/year	

‣ Expect	and	addi6onal	~70	ντ	and	ντ̄	CC	in	
atmospheric	exposure	of	350	kton.year	

‣ If	tau	neutrinos	can	be	selected	and	reconstructed,	
it	is	possible	to	go	aaer	a	rich	physics	program	
๏ "unitarity	triangle"-like	test	of	ν	oscilla6ons	
๏ Heavy	or	light	new	neutrino	states.	
๏ Non-standard	neutral-current	neutrino	interac6ons.	
๏ Νeutrino	decay…	

Proposed	
DUNE	High-E	Beam

arXiv:1904.07265
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DUNE	Status	and	Plans

DUNE	Far	Detector	Technical	Design	Report

‣ Far	site	construc6on	underway	

‣ Near	site	prepara6on	underway	

‣ Prototypes:	
๏ protoDUNEs	(large	scale	FD	prototypes	at	CERN	
Neutrino	Pla�orm)	have	completed	Run-I	data	
taking	

๏ Plans	for	protoDUNE-ND	and	protoDUNE	Run-II	
underway	

‣ Far	detector	physics	data	expected	in	late	2020s	

‣ Neutrino	beam	expected	to	be	available	on	
similar	6mescale	

‣ Details	of	6meline	will	be	finalized	when	project	
is	baselined	(expected	2021)	

‣ Far	Detector	TDR	published	in	January	2020;	
Near	Detector	TDR	in	prepara6on	
๏ Recommended	reading	for	full	details	on	DUNE	
BSM	Physics	prospects!	 DUNE	BSM	Paper,	arXiv:2002.03005,	submi<ed	to	EPJ	C

https://arxiv.org/abs/2002.03005
https://arxiv.org/abs/2008.12769
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Summary	and	Outlook

‣ The	highly-capable	DUNE	detectors	and	the	powerful	LBNF	beam	enable	a	very	rich		
and	diverse	program	for	BSM	Physics	probes	

‣ Explora6on	of	these	capabili6es	is	a	direct	result	from	very	produc6ve	
collabora6ons	between	theorists/phenomenologists	and	experimentalists			

‣ Look	for	further	development	of	these	results	in	the	upcoming	DUNE	Near	Detector	
Technical	Design	Report	

‣ Currently	working	on	adding	further	realism	to	exis6ng	studies	and	exploring	some	
new	scenarios	-	Your	ideas	are	welcome!	

Your	favorite	model	here
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DUNE	Virtual	Collabora6on	Mee6ng	-	Sept.	2020	

Thank You!


