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Heavy neutral leptons (HNLs) are a well-motivated extension to the SM

e SM: Only left-handed fields v; < m, =0, AL =0 to all orders

[Credit: E. Lisi]

e In analogy to egr, ug, dg, introduce vg:

L£> —Y,LAvg + h.c.

Yu YZ,V
D ——(v+h)vg +hec, m, =
ﬁ( )oLvR 7

=Y, K< Ve, Yu, Yq?
e Lepton number (an accidental global symmetry of the SM) forbids
il _
LD —EMRVE,I/R + h.c.

= This symmetry need not hold in the UV (dim-5 SMEFT operator)
= A priori, Mg of arbitrary value (high-scale/low-scale seesaw mechanisms)

= Motivation to consider an extended neutrino SM (¥SM)
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Extended Neutrino Sector

Adding singlet fermion Ng to the SM (respecting SU(3)c x SU(2), x U(1)y)
_ 1 _
Lsmert+n = Lsm + iNg@Ng — [5 MgrNgNg + Yo, LHNg + h-C} + Z £

d>5

N——
Up to dim-9

With ng singlet states:

L 0 Hv 7
ED—E”LMV”L+h-C-1 M, = v yT Mg , nhp= N

\/E v
Now block-diagonalise M, as (ﬁ Y, < Mg)
t N m, 0 .
UM U* = = diag(my, ma, m3, my,, mp,, . . .)
0 my
HNLs
- . U, Uy (1— 100" Upuns o .
: = = . o©
Mixing matrix : U <UN1/ Un —0t Upuns 1_ %@T@* +0(©%) s



Seesaw Type

Type-l Seesaw:

<H> <y
0 ~vy" o0 N .,
V21 o vYy "
M=z M o = © = (70) SONeNE S
v VRt 2 T )——H——
0 0 M mz»:*mylyl
-
- ~
SR K>
\\ ,0

o Vi
<HS WD
\\ "

’
AN Ng S. L’
o Vo



Seesaw Type

Type-1 Seesaw:

<H? <>
0 ~v' o . .
V2 'l o= (240 . PR
M=%y M ol = <\/5ﬂg’ ) Sy Ne NG
0 0 M my ==Yy, o \
A V:
Inverse Seesaw (ISS): <H> WD
vy vy \ a"
v v ~
0 Evi o0 o= (5 %) s Ma S & Ny
| oyt 2
M, =157 0 M| = m;/:WMY1Y1T
0 M H Amy = N 3
(5
<Hy V4
\\ ’0
7’
AN Ng Se "
“ v



Seesaw Type
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Parametrisation

Assuming general form of M,,, we want to be compatible with the neutrino oscillation data

e ns = 2 HNLs needed reproduce light neutrino data (mjign; = 0)

0 Mp m, 0 =
=U U

e Casas-lbarra approach:

0— UumyUUT+ UuNmNUl:rN = ( 1/2UT U, m1/2> ( 1/2U’:r N1/2> -1
RT R
= Un=1iU, m1/272m71/2

= R is an orthogonal matrix parametrised by a complex angle (x,y) for ng = 2

= For ns =2, only a single physical Majorana phase in light neutrino sector (c1)
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We want to be compatible with the neutrino oscillation data

e Phenomenological approach: Consider instead with (U,n)ai & ©ni = |Oqi|e/Pai/?
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Phenomenological Parametrisation (1+42)
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Phenomenological Parametrisation (3+2)

Phenomenological approach for three light neutrino flavours (3-+2 model):
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Phenomenological Parametrisation (3+2)

Phenomenological approach for three light neutrino flavours (3-+2 model):
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= Can express all mixings and phases in terms of mzﬁ, my, ra, |©e1| and ¢e1
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Phenomenological Parametrisation (General)

With nya active and ng sterile neutrinos,

M, _ < O|nA><nA MD{nAxn5> Y (mu 0 > uT
= T =
~ MD|n5><nA MR|n5><n5 0 m

rank(M,, )=min(na,ns)+ns

#params = min(nA7 "S) P [min(”A7 ”S) ot "A(nA - 2)}
— ==

L masses UV

+ ns 4+ [2nans — na(na — 1) — 2min(na, ns)]
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Phenomenological Parametrisation (3+2)

Oe1 Oe2 mzﬂ : m2(1),m3(2),912,923,913,5(NuF|Tv5.2),cx21
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Phenomenological Parametrisation (3+2)

Oe1 Oe2 mz(l),m3(2),912,923,913,5(NUF|T V5.2),0<21
Un = @ul eu2 <
©r1 On M 1A, [Oet [, per

my = 400 MeV, 7, =107 my = 400 MeV, r, = 1070
105 F T T T T T = 100 F T T T T T n
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Phenomenological Parametrisation (3+2)

2
myUgs + iv/m3U, Os1)%
(V) [OmP = 0| Y2t VsUs | g 2 191Dy
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Phenomenological Parametrisation (3+2)
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Phenomenological Parametrisation (3+2)

(3) 19al’ = ’
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Phenomenology

Mixing portal via SM weak interactions:

Ly+ = 7%(EaL7#e(foi)W,u_ +h.c.
Ly = *i(DaL’Y”@a/Ni)ZM
2cy
Ly=-=% (PaLmp;©ailNi)h
2mW

Phenomenology:

e Generate the light neutrino masses

e Experimental probes:

* OvBp decay and cLFV (u — ey, u — 3e)

* 3 + n oscillations

* Direct searches (/3 decay, beam dumps, colliders)
* Dark matter and Leptogenesis

= This talk: Ov83 decay (LEGEND-1000) and direct searches at DUNE
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Current |U.y|?> Constraints
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Also see: https://github.com/mhostert/Heavy-Neutrino-Limits

16



Future Sensitivities on |Ugy/|?

DUNE Indirect :
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Low-Scale Leptogenesis
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An Interesting Region?
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Neutrinoless Double Beta (0v(33) Decay
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0v(33 Decay Process

When §3 decay is not kinematically accessable (x),

2X — 753X +2e” +20 (AL=0)

Mass Excess (MeV)
&
2

If lepton number is not conserved,

4X = 75X +2e” (AL=2)

Contribution of light Majorana neutrinos:

1 (';Ol/g/gl-/\/lﬂ2 >
TOU — 2 Imgs|
1/2 e

mgp

2
E Uzm;
i

2 2 2 2 i i
mycirCiz + masipcize'“? + masize’

(a31—26)
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Light Neutrino Contribution
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Light Neutrino + HNL Contribution (3+2)

Including HNL exchange:

MO:/ my;.
il = i+ 3 Uy )
i

My

where the nuclear matrix element (NME) naively follows

lim

mem
M (my) =My, lim M%(my) = —5E M,
mN(,~>0 le_—>oc mN- ’
So it is possible to use the interpolating formula
2 — NO
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( ,) 55! <P2> n '77%\1,. < > elllp Mu |
with kg ~ 100 MeV z o
Light neutrino exchange (m[”m =m%): - LEGEND 1000
1.4 meV < |mj5| < 3.7 meV  (NO) 10
19 meV < [mj5| < 48 meV  (10)
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Light Neutrino + HNL Contribution (3+2)

With naive interpolating formula

o my, < kr ~ 100 MeV

&l = |mg + > Uiy, mw,
i
e my, > krp ~ 100 MeV
U2,
mEfF =|m mem
\ | = |mjg + me pZ o,

e Can also consider N unrelated to v masses

efF T = ‘Z UeN m,
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0v33 Decay Constraints on |Uey/|?
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Nuclear Matrix Elements

A lot of recent progress in NME calculations in the EFT approach

e New leading-order contribution from hard light neutrino exchange (|p| ~ Ay)

1 2mempgiV
M = ?MF = egigg"/\/lﬁsd - Mgt + M1
A y
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1 2mem
M = S Mg — eipg"MF s — Mg + M7
= gA

e HNLs with my, > Ay must be integrated out = dim-9 operators
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Nuclear Matrix Elements

A lot of recent progress in NME calculations in the EFT approach

e New leading-order contribution from hard light neutrino exchange (|p| ~ Ay)

1 2mem
M = S Mg — eipg"MF o — Mo + M7
&aA gA

e HNLs with my, > Ay must be integrated out = dim-9 operators

oy _ Memp [ 4 AP AP MPP
MY = i | — &N Mpsa — gl N (MET 4+ MP) - 38 T (MET oo + MEY)
N, L&A

= Low-energy constants (LECs) from lattice (so far, only g[™)
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Nuclear Matrix Elements

A lot of recent progress in NME calculations in the EFT approach
[Dekens, de Vries, Fuyuto, Mereghetti, Zhou, JHEP 06 (2020)]

[Dekens, de Vries, Mereghetti, Menéndez, Soriano, Zhou (2023)]

e New leading-order contribution from hard light neutrino exchange (|p| ~ Ay)

1 2mempgNN
M = ?MF — %Mmd - Mgt + Mt
y) A

e HNLs with my, > Ay must be integrated out = dim-9 operators

0 memp [ 4y N A4AP AP 5 PP PP
MY = =) ?gl MEsd — gl (MGT sa + MT o) — gglww(MGT,sd + M7 )
N; A

= Low-energy constants (LECs) from lattice (so far, only g[™)

e For light HNLs, ultrasoft exchange with (|p| < kg)
= Cannot resolve nuclear constituents; sensitive to nuclear excited states

= Prevents exact seesaw cancellation between v and N
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Nuclear Matrix Elements

To take these developments into account, we used

2mempg)N (my;)

1
M (mp,) = 5 Me(mp,) — ME sa(mp;) — Mg (mp;) + M7 (mp;)

g3 i
where
(p%) 2 Mx sd
Mx(mpy,) =M —_— = mem 2
x( N,) X,sd (pi) +m%V,- (Px) P M
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where
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Nuclear Matrix Elements

To take these developments into account, we used

2mempg)N (my;)

1
M (mp,) = 5 Me(mp,) — ME sa(mp;) — Mg (mp;) + M7 (mp;)

g3 i
where
(p%) 2 Mx sd
Mx(mpy,) =M —_— = mem 2
x( N,) X,sd (pi) +m%V,- (Px) P M

And match onto NME in my, > Ay limit

0. 0
MO (i, > Ax) = M|

which gives g™ = %Y 17'N =1, glNN = %(1 +g§ — Zm%/’_gl’,VN) = gl’,\’N(mN/.)

In the end, have

(p?)F(mp;)

MOV(mN,-) = Mu,sd
(p2) + my,

27



Light Neutrino + HNL Contribution (3+2)

fF 2
\mfw\ = ‘mgs + myOg;

= ‘amgﬁ + Bmy©2,

()

W + mN(l + I‘A)@é
N

(p?)
(p?) + m} (1 + ra)?

where (p?) __ e (»)
(p?) + my(1+ra)?’ (P2 +my  (p?) + my (L +ra)?
my = 400 MeV, ry = 107°
—‘ NO, ml‘ =0 ‘ ‘ ‘
1} — 10, my =0 eff

ff
ImBs| = almpg|

ff
Imgs | [eV]

0t

1079 F

kton scale LXe/GXe

GERDA-II

LEGEND-1000

e Im

10‘41

10‘4(1

10‘41

2
|681|

0°

0

55| = Bmy|©e1|?

almp|

At

Bmpy
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Light Neutrino + HNL Contribution (3+2)

We are interested in the limit ro < 1 and mfv > (p2>

2ra(p?)
N

axl, (=

my = 400 MeV, ry = 107%°

— NO,m; =0
1t — 10,my =0 ]
T eff | _
|m?3fg|—|m§5|\ —— Imasl =
=0 ]
B, GERDA-TI
g3
i 107 LEGEND-1000 ]
2
— |@e1| =
1079 | 4
eton seale LXe/GXe
10" 107" 10"’ 10° 1077
2
|661|
g «—>

er <P2> ‘961‘2

my

mN|mgg|

2ra (p?)

29



Light Neutrino + HNL Contribution (1+2)

2
|mE2 2 — a2m? — 52m? |0 *

ff 2
Im35| = |amy + BmyO%;| = cosgper = 5
2am, my|Oei |
TP Ge) = 10% yr, ry= 1077 . my = 400 MeV
-6 | | . n’l(xp
10 ol [mygs"|
=102
108} 107
@
— 10
- 1 ———— A
® — b
10 L 1
1070 2N
0 , .
1 N
107 X ¢ ]
1 \
1
; i ! A g
110 gl (VPN | WP S | PR SO, N i :
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Direct Searches
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HNL Production at Fixed-Target Experiments

1077
Decays of pseudoscalar mesons P = {m, K, D, Ds}
produced in proton beam target =
<
1) Two-body leptonic decays: E
2 2 d
m m
2 2 4 N 5
Br(PT — £IN) o< GF|Uan|*fo =, =il
ms  m
P Mp
2 2 2 2\ 2 0 0.1 02 03 : 0.4 05
m m m m
[
B )« 28 (1- 22 m (6]
mp  mp mp mp ntseN —— K'seN =---- Ki»meN
K*omPeN ==--= Ks=meN
10°8
2) Three-body semi-leptonic decays:
2 2
m m ,
/0 2 2 4 N
Br(PT — P0IN) < GE|Uan|* f3 ;,?
P P

fi(q?),f—(q?)

Tosx+n/Tpsm

Proton Beam
120 GeV

20

[Berryman, de Gouvéa, Fox, Kayser, Kelly, Raaf, JHEP 02 (2020) 174]



HNL Decays

Long-lived HNLs can decay inside the fiducial volume, e.g. Argon-based detector

e Invisible (N — 3v) and neutral semi-leptonic (N — vn®) decays not detected
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e Invisible (N — 3v) and neutral semi-leptonic (N — vn®) decays not detected

e Decays with charged final states (e.g., N — v€i€;, N — £ln~, N — £[p™) detected
above KE threshold
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HNL Decays

Long-lived HNLs can decay inside the fiducial volume, e.g. Argon-based detector

e Invisible (N — 3v) and neutral semi-leptonic (N — vn®) decays not detected

e Decays with charged final states (e.g., N — v€i€;, N — £ln~, N — £[p™) detected
above KE threshold

= For two-body decays, invariant mass reconstruction can suppress SM background

= For N — vt (a,B = e, p), backgrounds are low (mis-ID of 7+)

1F LIS T =
- ‘"\\
x
,_2 107"
m 3v
-- Leptonic
—— Charged
1072 1 1
1072 10" 1

my [GeV] 33



HNL Decays

Branching ratio (%)

Mass (GeV) Mass (GeV)

34



HNL Oscillations

2
1.0 !
position space
(fixed y=50)
s 0.8
7]
& 0.6 N, + N,
& 0
£ LNC,
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204
§
I
* 0.2
LN \
0.0 10! “ey
00 0.1 02 03 04 05 | Cel trel .
"""" %95, Experimental bounds
30 103 ¥
=
10°° [N
i ~.
o L_t =
= 10—7 —
S
b \(
— 10~9{LNV~LNC
L I'y=AM
10714 Linear seesaw
------ Inverse seesaw
107184 o Loop-inverse seesaw
AM = 107" eV
10715
10! 10? 103

For all rp of interest must include:

eg N — eFrnt

M, N [GQV]
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DUNE: Detector Modelling and Simulation

Using PyTHIAV8 (considering DUNE with 6.6 x 102! POT at 120 GeV):

e Simulated meson production (prod. fractions Np and momentum profiles)

DUNE MPD
[ECAL/Magnets|
0
DUNE
Praton Bea, < e vouo: . (SER L
120 GeV
(50 t)
\ -
Magnetic Focusing Horns
230 m 574 m 579 m 584 m

| | | | btz
Distance from Target (not to scale)

[Berryman, de Gouvéa, Fox, Kayser, Kelly, Raaf, JHEP 02 (2020) 174]

1
z=0m
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e Simulated meson production (prod. fractions Np and momentum profiles)

e Rest-frame decays of mesons to HNLs, boosted to lab frame
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DUNE: Detector Modelling and Simulation

Using PyTHIAV8 (considering DUNE with 6.6 x 102! POT at 120 GeV):

e Simulated meson production (prod. fractions Np and momentum profiles)

e Rest-frame decays of mesons to HNLs, boosted to lab frame

e HNLs required to decay to charged tracks inside the DUNE ND (for simplicity,
assuming a conical cross section)

1 NNy — NN Agy,
o="—"— e M (l—e PN , L=574m, Algr=5m
Ntot cut
PN _
T < fger ~7 %1073
PN,
DUNE MPD
[ECAL/Magnets|

DUNE
Proton Beam, " Decay Volume. . pirwo L |
120 GeV
(50 t)
———— |
Magnetic Focusing Horns
230 m 574 m 579 m 584 m
| | | llo i
z :IO m f

T T
Distance from Target (not to scale)

) 36
[Berryman, de Gouvéa, Fox, Kayser, Kelly, Raaf, JHEP 02 (2020) 174]



DUNE Sensitivity

Putting this all together obtain the DUNE sensitivity

NENE = 3" Np-Br(P — N)-Br(N — charged) - egeo

P, charged

In the phenomenological model:

NEZNE = NEINE(mpy, |©e1[?) + NEINE (muy(1+ ra), [©e2]?)

sig sig

105

1075¢

1077k

o
AT | I I

o 10_8:—
% E
=)
=2 4p-0 ]
107"k il ]
HOI\‘JI:I:H MR T mey _ E
2.44 events S 12 ]
10—11 { /77,,,( 10 1
90% C.L. 0 me 3
- BBN E
. L .
10 1072 0.1 1 10

my [GeV] 37



Ov(33 Decay vs. Direct Searches
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Analytical Comparison

For simplicity, we consider the 142 setup
= Captures the relevant limits of the 3+2 model
= Only |Ugy|?, i.e. electron channels (e.g. N — e*7¥F) in DUNE

LEGEND-1000

mgs | [eV)
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Analytical Comparison

For simplicity, we consider the 142 setup
= Captures the relevant limits of the 342 model
= Only |Ugyl|?, i.e. electron channels (e.g. N — e*7F) in DUNE

We can get an analytical estimate of ra probed by LEGEND-1000 and DUNE
= For my < mi (my > mg), Kt — et N (D — e" N) dominates

= For my <1 GeV, N — etnF dominates

LEGEND-1000 and DUNE signals in the |©¢1|? > m, /my limit

~ o, 2 = O, 2 L
[mgg| ~ Bmy|Oei| [Oe1|” ox rA(T{%)l/z
©un* DUNE
NDUNE 4 o4+ A 1 _Pell 0.2 EIE
Gg o< A(mw)|Oer [* + A(mn( +rA))(1+rA)2 RS [©er” o A(my)
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Analytical Comparison

For simplicity, we consider the 142 setup
= Captures the relevant limits of the 342 model
= Only |Ugyl|?, i.e. electron channels (e.g. N — e*7F) in DUNE

We can get an analytical estimate of ra probed by LEGEND-1000 and DUNE
= For my < mi (my > mg), Kt — et N (D — e" N) dominates

= For my <1 GeV, N — etnF dominates

LEGEND-1000 and DUNE signals in the |©¢1|? > m, /my limit

~ o, 2 = O, 2 L
[mgg| ~ Bmy|Oei| [Oe1|” ox rA(T{);/2)1/2
©un* DUNE
NDUNE 4 o4+ A 1 _Pell 0.2 EIE
b o< Am)|©e|* + A(mi( +rA))(1+rA)2 a1 [©e1[” oc A(mpy)

Giving,

300 . 928 .
_ my yr
~15x103

@ (Goomey) (Ns'?gUNE> < T )
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Statistical Analysis — Likelihoods

Assume that LEGEND-1000 and DUNE are simple counting experiments following

(Asig + )‘bkg)nObs e_(ASig-H\bkg)

Pois (nobs | Asig + A
ol ) = T (s + 1)

i.e. continious interpolation of Poission distribution
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Statistical Analysis — Likelihoods

Assume that LEGEND-1000 and DUNE are simple counting experiments following

(Asig + )‘bkg)nObs e_(ASig-H\bkg)

Pois (nobs | Asig + A
0is (Mobs | Asig + Abkg) I (Nobs + 1)

i.e. continious interpolation of Poission distribution

Given the model hypothesis @ = {m,, mp, ra, |©c1|?, de1}, expected number of
events, with £ = 6632 kg - yr, B = 6.4 x 107°/(kg - yr):

\LEGEND _ IN2-Npy-& ALEGEND _ ¢ . B _ 0.4 cts

DUNE DUNE DUNE
)‘sig = Nsig (9) ’ )‘bkg ~0
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Statistical Analysis — Likelihoods

Assume that LEGEND-1000 and DUNE are simple counting experiments following

(Asig + )‘bkg)nObs e_(ASig-H\bkg)

Pois (nobs | Asig + A
0is (Mobs | Asig + Abkg) I (Nobs + 1)

i.e. continious interpolation of Poission distribution

Given the model hypothesis @ = {m,, mp, ra, |©c1|?, de1}, expected number of
events, with £ = 6632 kg - yr, B = 6.4 x 107°/(kg - yr):

A\LEGEND _ In2-Na-& ALEGEND _ ¢ .4 cts

S AR
DUNE DUNE DUNE
)‘S|g = N5|g (9) ’ )‘bkg ~0

Given data D and model parameters 0, global likelihood is

£(D|6) = Pois( LEGEND | )\SLIEGEND +)\LEGEND) Pefs (nDUNE | )\SDIéJNE)
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MCMC Likelihood Scan with Benchmark Points

We would like to estimate the posterior probability of the HNL hypothesis 8 given data D
p(6]D)  £(D|6) - ()
Perform MCMC scan (Metropolis-Hastings) of parameter Ty o CDNTh e I

— NO,m;, =0

space with flat priors: 1} — 10,m =0

e Consider 4 benchmark scenarios b: 8y = 6,

GERDA-II

LEGEND-1000

107 10" 107 107° 107
1©..°
Scenario b | m, [eV] my [MeV]  |©a| N ADNE O ONECENE T [yi]
1 10719 400 10799  1079% 76.7 5.94 10268
2 10725 400 10799 10795 76.7 2.73 10%1
3 10719 800 10757  1072% 325 15.5 EAE
4 02 800 IE=S0 e 325 12.3 0242 42
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MCMC Likelihood Scan with Benchmark Points

We would like to estimate the posterior probability of the HNL hypothesis 8 given data D
p(6]D)  £(D|6) - ()
Perform MCMC scan (Metropolis-Hastings) of parameter Ty o CDNTh e I

— NO,m;, =0

space with flat priors: 1} — 10,m =0

e Consider 4 benchmark scenarios b: 8y = 6,

e D: Signals at LEGEND-1000 (v//X) and DUNE (v//X)

GERDA-II

LEGEND-1000

V' Nobs = Asig(0p) + Abkg

X 2 Nobs = Apkg

kton scale LXe/GXe

e Markov chain [, 61, ...] to approximate p(6|D) T T T B T R T
10
Scenario b | m, [eV] mp [MeV]  |©a|? N ADNE O ONECENE T ]
1 10 e 400 107%0 107%° 76.7 5.94 10778
2 10-2° 400 10-%% 107%° 76.7 2.73 10?81
3 10719 800 1077 107%° 325 15.5 10%7-4
4 10725 800 107%7 10725 325 12.3 10%"-° 42




Benchmark Points

Benchmarks 3 and 4
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LEGEND-1000 (v) and DUNE (v)

Benchmark 1:
o |©.1]? ~ 10~ from DUNE
e m, saturates TE/VZ half-life
= ra upper limit

1 :
m,=10"%eVv :
my = 400 MeV |

(scenario 1) i
= '
"o, |
2‘:—1: LEGEND-1000 i
vsvl """""""" :’ ““““““
J 0.1F 1 = !
DUNE 2
|661[
1072
%1071 1078
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LEGEND-1000 (v) and DUNE (v)

Benchmark 4:
o |©c1|> ~ 2 x 1077 from DUNE
e HNL pair dominates Tf/”2 half-life

= 2x1073<rp <5 x 1073

1072

m, = 10729 eV
my = 800 MeV
(scenario 4)

LEGEND-1000

mg5 | [eV]
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2
|eell
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LEGEND-1000 (v') and DUNE (X)

Benchmark 1:
e |©1]2 <1078 from DUNE
e m, saturates TE/VZ half-life
= |©c1|? and ra upper limits

m,=10""° eV

]

>
2,
o LEGEND-1000 I
R R | R
< £ '
S i
i
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1072
i
1©al’
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LEGEND-1000 (v) a

DUNE (X)

Benchmark 4:
o |©.1]2 < 1078 from DUNE

e HNL pair dominates Tf/uz half-life

= ra 22 x 1072

m, = 1072 eV

DUNE

LEGEND-1000

Imgh| [eV]

2
|eell

47



Other Scenarios

LEGEND-1000 (X) and DUNE (v)
e |Oc1|? from DUNE

LEGEND-1000 (X) and DUNE (X)

o |©.1|? upper limit

= rp upper limit for both

benchmarks
1072 . = 107® : : : :
§m, = 1072% eV m, =1072% eV
Zm), = 800 MeV
. (scenario 4)
1077F E
N
<1073 1 o107
@
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To summarise, the MCMC scan has confirmed

x If Ovf3 decay is observed:
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To summarise, the MCMC scan has confirmed

x If Ovf3 decay is observed:

e And m, (e.g., NO) implies an enhancement, constrain |©.1|?> (depending on ra)
= DUNE signal detection further constrains ra
= DUNE non-detection puts lower limit on ra (or rules out model)

e If m, saturates half-life, parameter space less constrained

1072 RF

m, =1025 eV
my = 800 MeV
(scenario 4)

* If OvBB decay not observed

e And m, (e.g., |0) implies a cancellation, constrain
|©c1]? (depending on ra)
= Same as above with regards to DUNE signal
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342 Model Scan

In the 342 model, muon channels are also relevant at DUNE
e DUNE signal including, e.g. N — ptnF

NEPNE(0) = NEZNE(mi, (1, 101 *) + NoZNE (ma(1 + ra), [@e2l, [©u2f)

= 0 = {21, mp, ra,|Oe1l?, de1}noyi0
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342 Model Scan

In the 342 model, muon channels are also relevant at DUNE
e DUNE signal including, e.g. N — ptnF

NEPNE(0) = NEZNE(mi, (1, 101 *) + NoZNE (ma(1 + ra), [@e2l, [©u2f)

= 0 = {21, mp, ra,|Oe1l?, de1}noyi0

e New observables: Events with single flavour in final state

£ = ] Pois (nQUNE) | ADUNE))
a=e,u

e Repeat MCMC scan with £’ N

= 342 model parameter space further constrained
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OvBpB decay
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experiments

Hazzivapa Ettote

e Constraining HNL parameter space:
= MCMC scan of p(8|D) given a signal (v) or no signal (X)
at LEGEND-1000 + DUNE
= 142 (this talk) and 342 analyses
= Interesting regions of the HNL parameter space are probed
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