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INTRODUCTION STERILE MASS ORDERING AT DUNE

We analytically Calculate the neutrino conversion 10/ p— ] 10f . . 5 1] | Active mass ordering | Sterile mass ordering | Combination
probability P,,. = P(v,, — v.) in the presence of ql ——— | R e AmZ, > 0 (N) A, > O((Iss)) T
sterile neutrinos, with: | ] £
o > 6l Am3, < 0 (I) Amy; > 0 (Ns) I-Ns
* exact dependence on Am, 3 31 Am2, < 0 (Is) IIs
e matter effects explicitly included. <4 . |
| 0.015 o
We numerically calculate the sensitivity of DUNE 21 0.010 gtg?ﬁgtg/[l:i e(gt;ficetrsir(l)gfj
to Sterlle MaSS Orderlng (SMO)' and explaln it. | O 002 O 004 0. 006 - O 008 O OIO | )V 002 / 0 004 - 0. 006 O 008 ] O OIO 8.005 f
|Amg, | [eV?] |Am3, | [eV?] —0.005
HAMILTONIAN ~0.010
~0.015 =P, (R) =P, (=R) J

The Hamiltonian for the 3 + 1 neutrino system:

1
2F,

Hzi1 =

0, Am2,, Am2,, Am2)]|-U"
[ 21 31 11)] * Max. sensitivity to SMO expected

at &£, ~ (2 4) GeV,

-+ dlag [(Ve + Vna Vna Vna O)] fOI’ ‘ Am41 ‘ o (10—4 . 10—2) €V2

0. 002 0. 004 O 006 O 008 0.010 0. 002 0. 004 O 006 O 008 0.010

o 4 x4 PMNS matrix U = U34U24U14U23U13U12. ) )
. . o |Am41| [eV7] |Am41| [eV7]
e Some useful dimensionless quantities:
, , , | | — R — —— R —
0 = Ale R = _Améll A = ATnSlL ° Ana]ytlc EXPressions 0.10} F" |Am3,|=8x1073 eV 2| |— Analytic  |; 0.10} |Am3,|=8x1073 eV 2| |— Analytic |
- ) ) ) - ) . - : : :
A77131 Amgl 1k, I'epI'OdllCC all salient 0.08| - Numerical|; 0.08[ - Numerical|;
2F,V, 2F,V, features of P, [ N3y || = | 13,
A, = A2 A, = N # r 0.06} | 1 0.06] -.
31 31 * matter contribution: = | — N=Ns=vip = 0 04l — [-Ns—v|.
. . Q, o N Te—v 4 o YV ey |-
e Expansion parameter A = 0.2 (book-keeping). cos[(1 £ A4,)A] 0.00] N . 000! i |
a ~ ON2), s13 ~ O(N\), 514, S94, 534 ~ O()) . Sterile peaks and dips i | - i |
regulated by: OOO ..................... 1 OOO- ..................... .
[(1 B ZR)A] 0 2 4 6 8 10 0 2 4 6 8 10
COS E. in GeV E, 1n GeV

ANALYTIC PROBABILITY £,
Cayley-Hamilton theorem (with 4,, = —A./2) =

- sin”| (A, — 1)A
P, = 457553 l ) ] [gﬂ

(4= 1)

p
Am2, =7.5x107°eV?, Am3, =2.5 x 1072 eV?, 015 = 33.56°, O3 ~ 45°, 05 ~ 8.46°, écp = —90°,

Benchmark values 014 =5°, 6094 =10°, O34 =0°, 094 =0°, 034 =0°.

SENSITIVITY TO STERILE MASS ORDERING AT DUNE

+2 a 515 sin 26, sin 26,5 cos (8,5 + A)

sin[(Ae - 1)A] sin|A,A|

|
e N
X ——— 1 [In general: A)(%Mo(y) > A;(%MO(D)] [AXSMO > 25 = S0 identification of SMO] Resonance-like
e ; % - E—— T § — ___ |behaviors due to
sin[(Ae— l)A] ﬂ 0H= v (35 yn N-Ns| 70H= 7 (3.5 yo { [sin()/x terms.
+4 513514 524 $93 A1 l 1% 605' — 7 3.5yr) 2 (@), ]
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where the coefficient of sm( ba) is Fl_\ll\sls(gele%) & A (true) [eV7] A true) [V term = higher
] ’ - — S— — | sensitivity
Py, = R[ TALo + (R = 1)(s3; + 1)] f:sz L(; ke | UGS v (3.5 yn) I-Is]} | for N-Ns-v,
T g 2 - 60k _ 5 3.5 yr) v (3.5 yr) 1| N-Is-v and
[ A, \ [ A,  behavior. J sl _. U LoD Liood
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\ D~ Di ling of th lex interplay b
Combinat; o -
Here, 0, = 523 + 013. Similar expressions for Py, sign of A, | sign of R e T <V isentangiing of the comp ox mterp ay be
. 2] v % tween matter etfects and sterile contribution.
A and , are derived in [1]. G i N-Nso oD 7 .
Expressing P,. in the sin(z)/x form helps iden- = i L il s A Identlsfymg the Resonance-llke be.h.av.lor N
tify possible resonance-like regions due to sterile- i = A e Al = the %5, term which affects the sensitivity for
= - [-Ns-v N-Is- - - all mass ordering combinations.

matter interplay.
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