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BSM	Topics	and	Sub-Group	Leaders
‣ BSM	Physics	Group	Coordina6on	-	Jae	Yu	and	Alex	Sousa	

‣ Light	Sterile	Neutrinos	-	Alex	Sousa	
๏ Tech	Note	Ready	

‣ Non-Standard	ν	Interac6ons/Non-Unitarity/CPT	Viola6on	-	Célio	Moura	
๏ Tech	Note	Ready	

‣ Low-Mass	Dark	MaWer	/	Inelas6c	Boosted	Dark	MaWer	-	Animesh	ChaWerjee	
and	Doojin	Kim	
๏ Tech	Note	Ready	

‣ Boosted	Dark	MaWer	from	the	Sun	-	Yun-Tse	Tsai	
๏ Tech	Note	Ready	

‣ Neutrino	Tridents	-	Justo	Mar[n-Albo		
๏ Tech	Note	Ready	

‣ ντ	Physics	Opportuni6es	-	Adam	Aurisano	
๏ Work	started	recently	(Spring	2018)	-	Contributed	TDR	sub-sec6on		

‣ Tech	Notes	essen<al	in	preparing	first	dra?	of	BSM	Physics	TDR	sec<on		
๏ 42	pages	not	including	overhead	and	references	

‣ Seeking	Collabora<on	input	on	Tech	Notes	in	prepara<on	for	second	TDR	dra?	
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Light	Sterile	Neutrinos

‣ GLoBES	simultaneous	fit	of	Near	and	Far	detectors	
(4⨉3⨉5	m3,	83.76	ton	LArTPC	ND	@	574	m,	to	be	
updated)	

‣ 300	Kt.MW.years	CDR	exposure,	80	GeV	reference	
beam	flux	as	in	CDR	(to	be	updated)	

‣ Same	reconstruc<on	efficiencies	as	in	CDR	

‣ More	realis<c	systema<cs	with	respect	to	those	
considered	in	the	CDR	

‣ Account	for	uncertainty	in	neutrino	produc<on	
point	(or	pion	decay	point)	between	target	and	ND	L/E (km/GeV)
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‣ Like	other	current	LBL	experiments,	
DUNE	will	be	able	to	probe	ac<ve-
to-sterile	neutrino	mixing:	
๏ Look	for	CC	and	NC	disappearance	
between	ND	and	FD	(and	
anomalous	FD	νe	appearance)		

๏ Sensi6vity	to	νμ	disappearance	and	
νe	appearance	at	the	ND	baselines
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Work	in	Progress!
Work	in	Progress!

Light	Sterile	Neutrino	Results

νμ	CC	+	NC	Disappearance νe	CC	App./Disapp.	+	νμ	CC	Disapp.
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Work	in	Progress!

Light	Sterile	Neutrino	Results

NC	Disappearance Discovery	Poten6al	at	LSND	best	fit

Work	in	Progress!
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NSI/Non-Unitarity/CPT	Viola6on
‣ NSI	and	NU	are	GLoBES	analyses	with	minimizer	

replaced	by	MonteCUBES	plugin,	which	uses	Markov	
Chain	Monte	Carlo	to	handle	higher-dimensional	
parameter	space	
๏ M.	Blennow	and	E.	Fernandez-Mar1nez,	arXiv:

0903.3985	

‣ 300	Kt.MW.years	CDR	exposure,	80	GeV	reference	
beam	flux	as	in	CDR	

‣ If	new	heavy	states	mix	with	ac<ve	neutrinos	(e.g.	if	neutrinos	
acquire	mass	through	a	type	I	seesaw	mechanism),	the	mixing	
matrix	need	not	be	unitary	
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NSI	Searches

Work	in	Progress!

‣ DUNE	may	poten<ally	improve	present	
constraints	on	|εeτ|	and	|εeμ|	by	at	
least	a	factor	of	2:	

๏ T.	Ohlsson,	arXiv:1209.2710	
๏ O.	G.	Miranda	and	H.	Nunokawa,			

arXiv:1505.06254	
๏ Y.	Farzan	and	M.	Tortola,	arXiv:

1710.09360	

‣ Projected	DUNE	measurements	of			Std.	Osc.	parameters	with	and	without	NSI
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Non-Unitary	Mixing
‣ If	new	heavy	states	mix	with	ac<ve	neutrinos	(e.g.	if	neutrinos	acquire	mass	
through	a	type	I	seesaw	mechanism),	the	mixing	matrix	need	not	be	unitary	

90%	CL	constraints	on	the	non-unitarity	parameters

Work	in	Progress!

‣ bounds	comparable	with	constraints	from	
present	oscilla<on	experiments,	but	are	
not	compe<<ve	with	those	obtained	from	
flavor	and	electroweak	precision	data.

Work	in	Progress!

‣ Impact	of	non-unitarity	on	the	DUNE	CP	viola<on	discovery	poten<al	
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Work	in	Progress!

CPT	Viola6on

‣ Different	lines	show	maximal	mixing,	and	upper	and	higher	octants	of	θ23	
‣ DUNE	can	improve	current	limit	on	Δ(Δm231)	by	almost	one	order	of	magnitude	

‣ Present	3σ	bounds	on	CPT	Viola<on	from	neutrino	oscilla<on	experiments		

Projected	DUNE	Sensi6vity	to	CPT	Viola6on

3σ 3σ
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Low-Mass	Dark	MaWer

‣ Look	for	elas<c	electron	scaoering	signal	

‣ Generate	50	million	DM	events	for	each	set	of		DM	parameters	using	MadGraph5	in	fixed	target	mode	
‣ The	Near	Detector	is	located	at	a	distance	of	570	m	from	the	target	
‣ ND	fiducial	volume	of		4m(W)	x	3m(H)	x	5m	(L),	mass	of	85	ton		
‣ Considering	DM-electron	scaoering.	Look	for	electron	recoils.	Main	bkg.	from	beam	ν	-	electron	

scaoering	
‣ Selec<on	uses	recoil	energy	and	angle	kinema<c	variables		
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Work	in	Progress!

Low-Mass	DM	Results
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Inelas6c	Boosted	Dark	MaWer

‣ Main	bg.	from	νe	CC-induced	mul<-track	events	
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Boosted	Dark	MaWer	from	the	Sun

Main background events: NC atmospheric νs
845 NC events in 10k ton LAr per year

Detection
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Boosted	Dark	MaWer	from	the	Sun
θ = angle between Sun direction and summed 

momentum of visible particles in final state

Projected	5σ	discovery	with	10k	ton	x1	year
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Neutrino	Tridents
‣ Rare	SM	process.	Has	been	observed	with	measured	cross	
sec<on	in	good	agreement	with	SM

‣ Strong	probe	of	poten<al	new	Z’	boson	
advanced	as	explana<on	for	(g-2)	anomaly	
๏ Z’	couples	to	muons,	but	also	to	muon	
neutrinos.	Enhances	produc<on	w.r.t.	SM	

‣ Associated	paper	in	DocDB-10890	reviewed	by	
Collabora<on,	finalizing	responses	before	
submission	
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μ+	

γ

μ-

Neutrino	Tridents	in	ND

‣ Backgrounds	(CC	interac<ons	in	ND	LArTPC)	generated	using	GENIE	neutrino	generator		
‣ Signal	and	backgrounds	run	through	simula<on	of	the	DUNE	ND.	

๏ Dimensions	of	LArTPC:	4⨉3⨉5	m3	(~84	tonnes),	working	on	upda<ng	to	new	ND	dimensions,	flux	

‣ New	MC	event	generator	of	neutrino	trident	events	
(in	argon	or	iron)	wrioen.	Code	publicly	available

μ+	

γ

μ-

ν	Beam
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Neutrino	Tridents	in	ND

‣ Exis<ng	constraints	and	projected	DUNE	ND	
sensi<vity	in	the	L𝜇–L𝜏	parameter	space	(light	Z’	
boson	model)	

‣ Opening	angle	between	two	tracks.	
Events	with	0.5°	<	θ	<	5.5°	are	
accepted.	Achieved	107	bkg	rejec<on		

Work	in	Progress!Work	in	Progress!

‣ Event	selec<on	through	kinema<c	
variables	
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Tech	Note	Review

‣ 5	Tech	Notes	on	DocDB;	Please	use	provided	spreadsheets	(specific	to	each	
Note)	to	submit	comments;	Please	append	<YourName>,	or	your	ins<tu<on’s	
name,	to	spreadsheet	file,	and	send	comments	to	each	sub-group	leader	

‣ Light	Sterile	Neutrinos	-	DocDB-12067	-	Link	to	Spreadsheet	
๏ Send	comments	to	Alex	Sousa	

‣ NSI/Non-Unitarity/CPT	Viola6on	-	DocDB-12109	-	Link	to	Spreadsheet	
๏ Send	comments	to	Célio	Moura	

‣ Low-Mass	DM	/	Inelas6c	Boosted	DM	-	DocDB-12103	-	Link	to	Spreadsheet	
๏ Send	comments	to	Animesh	Chaoerjee	and	Doojin	Kim	

‣ Boosted	DM	from	the	Sun	-	DocDB-12097	-	Link	to	Spreadsheet	
๏ Send	comments	to	Yun-Tse	Tsai	

‣ Neutrino	Tridents	-	DocDB-12112	-	Link	to	Spreadsheet		
๏ Send	comments	to	Justo	Mar~n-Albo	

‣ Please	provide	comments	by	11:59	PM	CST,	Friday,	January	4,	2019	
‣ Looking	forward	to	your	input,	thanks!

https://docs.dunescience.org/cgi-bin/private/RetrieveFile?docid=12067&filename=DUNE_BSM_Sterile_Neutrinos_Tech_Note.pdf&version=3
https://docs.dunescience.org/cgi-bin/private/RetrieveFile?docid=12067&filename=BSM_TechNote_Steriles_Comments_YOURNAME.xlsx&version=3
mailto:alex.sousa@uc.edu
https://docs.dunescience.org/cgi-bin/private/RetrieveFile?docid=12109&filename=NSI__NU__CPT_Violation_Tech_Note.pdf&version=1
https://docs.dunescience.org/cgi-bin/private/RetrieveFile?docid=12109&filename=BSM_TechNote_NSI_NU_CPT_Comments_YOURNAME.xlsx&version=1
mailto:celio.moura@ufabc.edu.br
https://docs.dunescience.org/cgi-bin/private/RetrieveFile?docid=12103&filename=Lowmass_Darkmatter_DUNEBSM_Technote.pdf&version=1
https://docs.dunescience.org/cgi-bin/private/RetrieveFile?docid=12103&filename=BSM_TechNote_LDM_iBDM_Comments.xlsx&version=1
mailto:animesh.chetterjee@gmail.com
mailto:immworry@gmail.com
https://docs.dunescience.org/cgi-bin/private/RetrieveFile?docid=12097&filename=main.pdf&version=3
https://docs.dunescience.org/cgi-bin/private/RetrieveFile?docid=12097&filename=BSM_TechNote_BDM_Comments_YOURNAME.xlsx&version=3
mailto:yuntse@slac.stanford.edu
https://docs.dunescience.org/cgi-bin/private/RetrieveFile?docid=12112&filename=bsm-physics-dune_tridents.pdf&version=1
https://docs.dunescience.org/cgi-bin/private/RetrieveFile?docid=12112&filename=BSM_TechNote_Trident_Comments_YOURNAME.xlsx&version=1
mailto:jmartinalbo@g.harvard.edu
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Outlook

‣ Please	come	to	our	bi-weekly	mee<ngs,	Tuesdays,	9	am	Fermi	<me,	and	join	our	mailing	list:		
				e-mail	listserv.fnal.gov	with	message	body:	
subscribe	DUNE-PHYSICS-BSM	<firstname>	<lastname>		

‣ Slack:	#bsm-physics	
‣ DUNE	BSM	Wiki:	hops://cdcvs.fnal.gov/redmine/projects/dunebsm/wiki	

‣ Many	thanks	to	all	that	are	contribu<ng	to	the	work	in	the	BSM	Physics	group!	

‣ Excellent	space	for	development	of	collabora<ons	between	theorists/
phenomenologists	and	experimentalists	

‣ Currently	thinking	about	post-TDR	work	and	reviewing	organiza<on	of	the	working		
group	-	New	ideas	welcome!

Your	favorite	model	here

http://listserv.fnal.gov
https://cdcvs.fnal.gov/redmine/projects/dunebsm/wiki

