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Improved limits on sterile neutrino mixing from a joint
search of the MINOS, MINOS+, Daya Bay, and Bugey-3
experiments
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The Daya Bay, MINOS and MINOS+ experiments have searched for sterile neutrino mixing using
electron antineutrino and muon (anti)neutrino disappearance, respectively, within a minimally
extended four-neutrino scenario. They have recently combined their results, together with those
from the Bugey-3 reactor neutrino experiment, to set the most stringent limits to date on the \`4
mixing angle over five orders of magnitude in the sterile mass-squared difference |Δ<2

41 |. The
new constraints are significantly more stringent than the previous ones and exclude the sterile-
neutrino parameter space allowed by the LSND and MiniBooNE observations at 99% C.L.(CLs)
for |Δ<2

41 | < 1.2 eV2, weakening the interpretation of these observations by the presence of a
sterile neutrino. The result of the joint Daya Bay, MINOS, MINOS+ and Bugey-3 search along
with a brief overview of the searches done by each experiment is presented.
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I m pr o v e d li mits o n st eril e n e utri n o mi xi n g Z h u oj u n H u

1. I nt r o d u cti o n

D es pit e t h e s u c c ess of t h e t hr e e- fl a v or n e utri n o mi xi n g fr a m e w or k, s o m e e x p eri m e nt al o bs er v a-

ti o ns, s u c h as e x c ess es of el e ctr o n ( a nti-) n e utri n o e v e nts o bs er v e d b y L S N D [1 ] a n d Mi ni B o o N E [2 ],

c a n n ot b e f ull y e x pl ai n e d. O n e p ossi bl e s ol uti o n is mi xi n g wit h a li g ht st eril e n e utri n o wit h m ass-

s q u ar e d di ff er e n c e Δ �푚 2
4 1 ∼ O ( 1 ) e V 2 . T h e D a y a B a y a n d MI N O S e x p eri m e nts r e p ort e d li mits o n

li g ht st eril e n e utri n o mi xi n g s u g g est e d b y t h e L S N D a n d Mi ni B o o N E o bs er v ati o ns i n 2 0 1 6 [3 ]. A n

i m pr o v e d j oi nt s e ar c h utili zi n g el e ctr o n a nti n e utri n o dis a p p e ar a n c e at D a y a B a y a n d B u g e y- 3 a n d

m u o n ( a nti) n e utri n o dis a p p e ar a n c e at MI N O S/ MI N O S + is d es cri b e d i n t his p a p er.

2. J oi nt s e a r c h f o r a li g ht st e ril e n e ut ri n o

T h e 3 + 1 m o d el, wit h t hr e e a cti v e a n d o n e st eril e n e utri n o, h as b e e n a d o pt e d i n t his a n al ysis.

I n t his m o d el, t h e el e ctr o n ( a nti) n e utri n o a p p e ar a n c e pr o b a bilit y at t h e b as eli n e of L S N D a n d

Mi ni B o o N E c a n b e a p pr o xi m at e d b y 4 |�푈 �푒 4 |2 |�푈 �휇 4 |2 si n 2 Δ �푚 2
4 1 �퐿

4 �퐸 , gi v e n |Δ �푚 2
4 1 | |Δ �푚 2

3 2 |, w h er e

t h e a p p e ar a n c e a m plit u d e 4 |�푈 �푒 4 |2 |�푈 �휇 4 |2 = si n 2 2 �휃 1 4 si n 2 �휃 2 4 ≡ si n 2 2 �휃 �휇 �푒 . O n t h e ot h er h a n d, t h e

MI N O S/ MI N O S + a n d D a y a B a y/ B u g e y- 3 m e as ur e m e nts c o nstr ai n i n di vi d u al si n 2 �휃 2 4 a n d si n 2 2 �휃 1 4 ,

r es p e cti v el y. H e n c e t hr o u g h c o m bi n ati o n, str o n g c o nstr ai nts c a n b e pl a c e d o n t h e a p p e ar a n c e

a m plit u d e si n 2 2 �휃 �휇 �푒 .
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Fi g u r e 1: L eft: T h e C L s c o nt o urs fr o m D a y a B a y d at a ( gr e y) a n d its c o m bi n ati o n wit h t h e r e pr o d u c e d

B u g e y- 3 ( bl a c k), a n d t h e c o nt o ur fr o m D a y a B a y d at a usi n g t h e F el d m a n- C o usi ns m et h o d ( bl u e). Ri g ht:

T h e MI N O S a n d MI N O S + e x cl usi o n c o nt o urs [ 4 ] wit h t h e C L s m et h o d ( bl a c k) a n d t h e F el d m a n- C o usi ns

m et h o d ( bl u e). I n b ot h p a n els, t h e r e gi o ns t o t h e ri g ht of t h e c ur v es ar e e x cl u d e d at t h e 9 0 % C. L. ( C L s ). T h e

9 0 % C. L. m e di a n s e nsiti vit y is s h o w n i n r e d al o n g wit h t h e 1 �휎 a n d 2 �휎 b a n ds.

S e ar c h es f or li g ht st eril e n e utri n o mi xi n g w er e p erf or m e d at D a y a B a y a n d MI N O S/ MI N O S +

i n d e p e n d e ntl y. T h e n e w s e ar c h at D a y a B a y a d v a n c e d wit h ∼ 2 ti m es i n e x p os ur e a n d r e d u cti o n

i n s o m e k e y s yst e m ati c u n c ert ai nti es. T h e MI N O S/ MI N O S + e x p eri m e nt us e d a d diti o n al e x p os ur e

of 5 .8 0 × 1 0 2 0 P O T a n d a p pli e d n e w a n al ysis str at e g y: si m ult a n e o usl y fitti n g n e ar a n d f ar s p e ctr a.

B ot h e x p eri m e nts a d o pt e d t w o c o m pl e m e nt ar y m et h o ds, t h e F el d m a n- C o usi ns m et h o d a n d t h e C L s

m et h o d, t o s et e x cl usi o n li mits o n t h e li g ht st eril e n e utri n o mi xi n g, as s h o w n i n Fi g. 1 . D a y a B a y s ets
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I m pr o v e d li mits o n st eril e n e utri n o mi xi n g Z h u oj u n H u

t h e w orl d-l e a di n g li mits o n si n 2 2 �푚 1 4 f or 2 × 1 0 − 4 e V 2 < |Δ �푈 2
4 1 | < 0 .2 e V 2 , w hil e MI N O S/ MI N O S +

pl a c es l e a di n g a n d stri n g e nt c o nstr ai nts o n si n 2 �푒 2 4 f or v al u es of Δ �푈 2
4 1 > 1 0 − 2 e V 2 . M or e o v er, t h e

D a y a B a y a n d B u g e y- 3 c o m bi n ati o n all o ws o n e t o s et li mits at hi g h er Δ �휇 2
4 1 r e gi o n, a n d t h e r es ult a nt

C L s c o nt o ur is pr es e nt e d i n Fi g. 1 o n t h e l eft p a n el ( bl a c k).

F oll o wi n g t h e s a m e m et h o d ol o g y as i n t h e pr e vi o us a n al ysis [ 3 ], t h e dis a p p e ar a n c e m e as ur e-

m e nts fr o m MI N O S, MI N O S +, D a y a B a y a n d B u g e y- 3 ar e c o m bi n e d t o s et li mits o n si n 2 �푚 �퐿 �퐸 . T h e

9 9 % C. L.( C L s ) c o nt o ur is s h o w n i n Fi g. 2 , i n c o m p aris o n wit h t h e a p p e ar a n c e all o w e d r e gi o ns.
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Fi g u r e 2: T h e c o m bi n e d li mits at 9 9 % C. L.( C L s ) o n si n 2 2 �푚 �푚 �푈 usi n g t h e C L s m et h o d (r e d). T h e e x cl usi o n

c o nt o urs ar e c o m p ar e d t o t h e L S N D a n d Mi ni B o o N E all o w e d r e gi o ns. Als o s h o w n ar e t h e all o w e d r e gi o ns

fr o m gl o b al fits b y G ari a z z o et al . [5 ] a n d D e ntl er et al . [6 ].

3. C o n cl usi o ns

T hr o u g h c o m bi n ati o n, t h e m ost stri n g e nt c o nstr ai nts t o d at e ar e s et o n si n 2 2 �푒 �푈 �휇 o v er 5 or d ers

of m a g nit u d e i n t h e st eril e n e utri n o m ass-s q u ar e d di ff er e n c e Δ �휃 2
4 1 . L S N D a n d Mi ni B o o N E all o w e d

r e gi o ns wit h Δ �휃 2
4 1 < 1 .2 e V 2 ar e e x cl u d e d at 9 9 % C. L.( C L s ), i n cl u di n g all o w e d r e gi o ns fr o m t w o

fits t o gl o b al d at a [ 5 , 6 ]. Te nsi o n b et w e e n t h e el e ctr o n ( a nti) n e utri n o a p p e ar a n c e i n di c ati o ns a n d

t h e n ull r es ults fr o m dis a p p e ar a n c e c h a n n els is i n cr e as e d.
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