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BSM	Physics	WG	Scope	and	Goals

‣ Enrich	DUNE	Physics	case	by	studying	sensi6vi6es	to	a	wide	variety	of	non-
Standard	Model	phenomena	
๏ Looking	into	both	Two-Detector	and	ND-only	topics		
๏ Explore	high-intensity	beam,	large	FD	detector	mass,	and	high	resoluDon	of	both	ND	
and	FD	

๏ Collaborate	with	Long-Baseline	Physics	group	on	topics	that	may	affect	standard	
oscillaDon	measurements	

‣ Develop	code	framework	to	carry	out	these	studies	and	provide	tools	for	
others	to	test	new	ideas/models	

‣ Inform	beamline	and/or	detector	design	by	repor6ng	how	sensi6vi6es	are	
modified	by	different	designs	or	poten6al	enhancements	

‣ Contribute	to	physics	capabili6es	sec6on	of	DUNE	TDR	by	FY19	
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BSM	Physics	TDR	Proposal

‣ Ch.	3:	“Long-Baseline	Neutrino	Oscilla6on	Physics”	remains,	but																			
Sec.	3.8:	“Tes6ng	the	3-flavor	paradigm(…)”	is	removed	

‣ Sec.	6.5:	“New	Physics	Searches”	of	Ch.6:	“Near	Detector	Physics”	removed		

‣ New	Chapter:	“Beyond	the	Standard	Model	Physics	Searches”	
๏ Sec.:	“Long-Baseline	Searches”	
‣ SubSec.	for	each	item	

๏ Sec.:	“Near	Detector	Searches”		
‣ SubSec.	for	each	item	

๏ Sec.:	“Beam	and	Detector	Requirements”	(if	any)	
‣ SubSec.	for	Beam	
‣ SubSec.	for	Far	Detector	
‣ SubSec.	for	Near	Detector	

๏ Sec.:	“Poten6al	Impact	of	New	Physics	on	Neutrino	Oscilla6on	Measurements”	



Alex	Sousa,	University	of	Cincinna6 DUNE	Conveners	Mee6ng	-	BSM	Physics	—	Dec.	15,	2016 5

LBL	(FD+ND)	BSM	Physics	Topics
‣ Light	Sterile	Neutrinos	

๏ L/E	plots	using	DUNE/LBNF	fluxes	(AS),	sensiDviDes	from	Phenomenology/Theory	
groups	(e.g.	André	de	G.	et	al.).	Exercise	GloBES	framework	and	interface	with	
official	DetSim,	include	reco	inefficiencies,	and	include	effects	of	syst.	uncertainDes.	

‣ Large	Extra	Dimensions	
๏ MINOS-based	model	ported	to	GloBES	framework	(Animesh	C.	and	Simon	DeR.),	
able	to	reproduce	probabiliDes,	sensiDviDes	with	DUNE/LBNF	fluxes	next.	

‣ Non-Standard	Interac6ons	
๏ Large	amount	of	interest	from	Pheno/Theory	groups	(Brazil,	China,	Colombia,	
Fermilab,	Spain),	including	NC	and	CC	NSI,	and	non-unitarity	models.	NC	NSI	model	
ported	to	GLoBES	(Animesh	C.),	preliminary	sensiDviDes	produced.	

‣ Boosted	Dark	Mafer	
๏ DM	interacDons	with	relaDvisDc	parDcles	in	final	state.	Interest	from	Yue	Zhao	and	
collaborators	(U.	Michigan),	Yanou	Cui	(UC	Riverside),	and	Yun-Tse	Tsai	(SLAC).	
IncorporaDng	Boosted	DM	models	in	GENIE.	Need	to	understand	low-energy	
tracking	efficiencies	and	backgrounds	

‣ Lorentz	Viola6on,	CPT	Viola6on	-	Not	started	(interest	from	Kostelecky	group)	
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SBL	(ND-only)	BSM	Physics	Topics
‣ Light	Dark	Mafer		

๏ Studying	opDmized	configuraDon	of	ND	and	sensiDviDes	with	ND	reference	and	Ar	
designs	(Garret	B.,	Animesh	C.,	and	Jae	Y.).	Have	LDM	MC	generator	need	to	
interface	with	DUNE	simulaDon,	produce	realisDc	sensiDviDes	as	a	funcDon	of	LDM	
mass	

‣ Heavy	Neutral	Leptons		
๏ Closely	following	work	being	done	for	NOvA	(Athans	H.,	Sergey	K.	Filip	J.,	and	Biao	
W.).	Currently	working	on	generaDng	simulated	sample	of	HNL	signals	to	understand	
EM	signal	efficiency.	Comparisons	between	DUNE,	NOvA,	and	ShiP	will	follow	

‣ Neutrino	Tridents	
๏ SensiDve	to	SM	process,	which	is	enhanced	in	presence	of	BSM	Z’.	Computed	
expected	rates	using	LBNF/DUNE	ND	flux	(Stefania	G.,	Wolfgang	A.,	and	AS).	
CreaDng	C++	MC	generator	to	be	interfaced	with	DUNE	simulaDon.	Need	BG	studies	
with	exisDng	DUNE	files	to	understand	feasibility	(π	vs.	μ		separaDon	crucial).	

‣ Sterile-driven	νe,	ντ	Appearance	
๏ Same	L/E	plots	can	be	generated	to	show	how	3-flavor	oscillaDon	probabiliDes	
change	in	the	presence	of	sterile	mixing.	Can	in	principle	use	GloBE	framework	to	
produce	sensiDviDes	
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BSM	Physics	Milestones	in	Sept.

‣ Will	have	a	BSM	Sub-Group	leaders	meeDng	Tuesday,	Dec.	20,	to	take	stock	of				
progress	in	different	topics,	and	refine	and	adjust	milestones	above	
๏ Will	need	to	aeract	more	people	within	DUNE,	if	the	above	is	to	be	realized
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Backup
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What	LBL	Expts.	and	Others	Measure
Different	experiments	are	sensiDve	to	different	angles	(3+1	model)	

Reactor	experiments	(νē	disappearance):	θ14	

MiniBooNE,	LSND,	and	KARMEN,	T2K	ND	(νe,	νē	appearance):	θ14,	θ24	

	MiniBooNE,	CDHS,	CCFR	(νμ,	νμ̄		disappearance):	θ24	

	MINOS/MINOS+,	SuperK,	ΝΟνΑ,	DUNE	(νμ,	νμ̄	disappearance	and	NC):	
θ24,	θ34
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Non-Standard	Interac6ons

‣ Focusing	on	ability	to	
constrain	NC	NSI	parameters	

CC	NSI NC	NSI

From	DUNE	CDR MSW

Célio	Moura
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Preliminary	NSI	Results
‣ Using	BSM	code	framework	(more	later),	Animesh	produced	
preliminary	sensiDviDes	

Animesh	Chaeerjee

‣ DUNE	NSI	measurements	should	help	resolve	ambiguiDes	with	mass	hierarchy,	octant,	and	CP		
๏ e.g.	Coloma,	Schwetz,	arXiv:1604.05772;		Masud,	Mehta,	arXiv:1603.01380	

DUNE	constraints	on	
NSI	parameters	more	
stringent	when	
compared	to	current	
results	
(arXiv:1307.3092).

Effect	of	εμτ	on	Δm2	measurement
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Non-Unitary	Mixing
‣ If	neutrinos	acquire	mass	through	(type	I)	seesaw	mechanism,	
extra	heavy	state(s)	mean	mixing	matrix	need	not	be	unitary	

Omar	Miranda	
Mariam	Tórtola

‣ Pμe	then	depends	on	new	parameters	
Miranda,	Τórtola,	Valle,	arXiv:1604.05690

‣ DUNE	requires	analysis	of	NU	with	maeer	effects	
‣ Full	simulaDon	of	DUNE	with	NU	mixing	in	progress

NOvA
DUNE

T2K
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Non-Standard	Interac6ons
‣ NSI	Sub-Group	holds	satellite	meeDng	and	summarizes	them	at	
BSM	Physics	WG	meeDngs	
‣ Large	number	of	expressions	of	interest	

Célio	Moura

‣ Also	contributed	in	NSI	meeDngs:	Pilar	Coloma	(FNAL),	Mary	Bishai	(BNL),	and	
André	de	Gouvêa	(Northwestern)	
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Sterile	Neutrinos
‣ DUNE	should	have	powerful	sensiDvity	
to	sterile	mixing:	
๏ Look	for	CC	and	NC	disappearance	
between	ND	and	FD		(also	anomalous	νe	
appearance	like	ICARUS	and	OPERA)		

๏ SuperK	and	IceCube	type	of	searches	
using	FD’s	atmospheric	sample	

๏ Should	also	have	sensiDvity	to	SBL	νe	
appearance	at	the	ND

3+1	Model	
θ14=0.16	
θ24=0.2	
θ34=0.6

3+1	Model	
θ14=0.16	
θ24=0.2	
θ34=0.6

3+1	Model	
θ14=0.16	
θ24=0.2	
θ34=0.6

AS
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Sterile	Neutrinos
André	de	Gouvêa

νμ	Disappearance νe	Appearance νe	Disappearance

‣ Immediate	Plans	
๏ Compute	sensiDviDes	
using	BSM	framework	

๏ Start	incorporaDng	
det.	efficiencies,	
backgrounds,	systs.

‣ Note:	Disentangling	νs	from	NSI	may	require	mulDple	expts.	
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Large	Extra-Dimensions

MINOS	LED	Searches
‣ For	model	by	Arkani-Hamed,	Dimopolous	
and	Dvali	[Phys.Lee.	B	429,	263-272	
(1998)],	assuming	one	large	extra-
dimension	(LED)	in	the	bulk,	Kaluza-Klein	
(KK)	modes	in	3+1	brane	behave	like	
sterile	neutrinos	
๏ Can	reuse	the	sterile	neutrino	mixing	
framework	with	LED	model	

‣ For	extensive	detail	on	LBL	sterile	ν	and	
extra-dimension	searches	see:	
๏ Talk	by	AS	at	heps://indico.fnal.gov/
conferenceDisplay.py?confId=10732	

๏ Talk	by	Simon	De	Rijck	at	heps://
indico.fnal.gov/conferenceDisplay.py?
confId=11137

Simon	De	Rijck,	AS

https://indico.fnal.gov/conferenceDisplay.py?confId=10732
https://indico.fnal.gov/conferenceDisplay.py?confId=10732
https://indico.fnal.gov/conferenceDisplay.py?confId=10732
https://indico.fnal.gov/conferenceDisplay.py?confId=11137
https://indico.fnal.gov/conferenceDisplay.py?confId=11137
https://indico.fnal.gov/conferenceDisplay.py?confId=11137
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ND-Only	BSM	Physics
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Heavy	Neutral	Leptons	-	Neutrinos

‣ Ds	producDon	of	1μb	in	NuMI	target,	likely	similar	to	LBNF	target	
‣ 	DUNE	ND	geometry	favorable	for	GeV	masses	and	~1μs	lifeDmes	

NC		
leptonic	
	decay

‣ Work	being	developed	for	NOvA	ND	analysis	
‣ 	People:	

Athans	Hatzikouteilis
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Heavy	Neutral	Leptons	-	Neutrinos

‣ Possible	signal	topologies	to	look	for	
Athans	Hatzikouteilis

‣ Plans	

‣ Working	on	generaDng	a	simulated	sample	
of	HLNs	signals	

‣ Understand	EM	signal	reconstrucDon	
efficiencies	

‣ Develop	a	comparison	study	on	HNL	
searches	at	DUNE,	NOvA,	and	SHiP	in	the	
Summer	
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Low-Mass	Dark	Mafer
Jae	Yu,	Animesh	Chaeerjee

‣ Look	for	dark	maeer	decays	at	off-axis	
angles	

‣ Strong	probe	of	m<10	Gev/c2	dark	maeer		

‣ Requires	dedicated	DM	detector	next	to	
DUNE	ND	
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Low-Mass	Dark	Mafer
Jae	Yu,	Animesh	Chaeerjee‣ ExpecDng	good	neutrino	background	separaDon	for	2°	angle	

‣ Plans:	
๏ Developing	LDM	MC	generator	to	be	
interfaced	with	DUNE	simulaDons	

๏ Interest	from	SLAC	Theory	Group	in	
parDcipaDng		DUNE	LDM	Searches	
(Mae	Graham,	JoAnne	Hewee).		

๏ CollaboraDng	with	SLAC	in	wriDng	
PRD	describing	potenDal	‣ Possible	dedicated	experiment	using	Doubly-Sign-

Selected	Horn	System	and	beam	stop	
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Neutrino	Tridents
‣ Rare	SM	process.	Has	been	observed	with	measured	cross	
secDon	in	good	agreement	with	SM		

‣ Strong	probe	of	potenDal	new	Z’	boson	advanced	as	
explanaDon	for	(g-2)	anomaly	
๏ Z’	couples	to	muons,	but	also	to	muon	neutrinos.	
Enhances	trident	producDon	w.r.t.	SM	

๏ DUNE	can	probe	sDll-allowed	mZ’	<	0.4	GeV	region	

Wolfgang	Altmannshofer,	
Stefania	Gori
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Neutrino	Tridents
‣ Using	reference	and	opMmized	beam	fluxes	provided	by	Laura	
Fields	and	assuming	8	ton	Fine-Grained-Tracker	ND	design	

Wolfgang	Altmannshofer,	
Stefania	Gori

Energy	of	trident-producing	νμ

‣ Reference:	8.2	evts/year	(Carbon)	+	2	evts/year	(Nitrogen)	
‣ OpDmized:	6.5	evts/year	(Carbon)	+	1.5	evts/year	(Nitrogen)	
‣ Assuming	8	ton	Ar,	16.5	evts/year	(reference)	and	12.7	evts/year	(opDmized)	
‣ Close	to	a	factor	of	3	increase	in	event	rate	from	Z’	contribuDon	
‣ Working	on	producing	trident	MC	generator	-	will	need	to	interface	with	Det.	simulaDon	
to	evaluate	trident	detecDon	efficiency	

‣ Background	studies	(in	parDcular	of	νμ	CC	with	single	pion	producDon)	would	likely	
benefit	from	input	by	ReconstrucDon	group		
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Other	Poten6al	Topics

‣ Boosted	Dark	Mater,	see	talk	by	Yanou	Cui	(Perimeter	InsDtute):	
‣ heps://indico.fnal.gov/conferenceDisplay.py?confId=11814	

‣ Lorentz-violaDon/CPT-violaDon	in	the	context	of	the	Standard	Model	
Extension	(SME).	Colladay,	Kostelecky,	Phys.	Rev.	D	58	116002	(1998)	

‣ Neutrino->anDneutrino	transiDons	

‣ Your	idea	here!	

https://indico.fnal.gov/conferenceDisplay.py?confId=11814
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BSM	Physics	Code	Framework
‣ Presently	based	on	GloBES	
‣ Exists	in	repository	in	dunebsm	redmine	heps://cdcvs.fnal.gov/redmine/projects/
dunebsm/repository	Thanks	Tom!	

‣ Can	currently	be	used	to	compute	NSI	sensiDviDes	(see	earlier	
slides),	sterile	neutrino	fits	should	be	easily	implementable,	but	
no	simultaneous	FD	and	ND	oscillaDons	

‣ Will	need	development	to	allow	non-GENIE	MC	generators	(e.g.	
Low-Mass	DM,	neutrino	trident	searches)	

‣ Working	on	interfacing	with	FastMC	in	very	near	future	

https://cdcvs.fnal.gov/redmine/projects/dunebsm/repository
https://cdcvs.fnal.gov/redmine/projects/dunebsm/repository
https://cdcvs.fnal.gov/redmine/projects/dunebsm/repository
https://cdcvs.fnal.gov/redmine/projects/dunebsm/repository
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	νs	and	Osc.	Param.	Measurement

R. Gandhi, B. Kayser, M. Masud, S. Pakrash, arXiv:1508.06275



Alex	Sousa,	University	of	Cincinna6 DUNE	Conveners	Mee6ng	-	BSM	Physics	—	Dec.	15,	2016 27

Sterile	Sensi6vity	@LSND

‣ 3+1	oscillaDon	probabiliDes	at	the	LSND	best	fit	point	for	Δm2
41	
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Large-Mass	Sterile-driven	ND	Oscilla6ons	
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NSI	and	Osc.	Param.	Measurements
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NSI	and	Osc.	Param.	Measurements


