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BSM below the £

The Case for Neu




‘Why Light Dark Sectors?

Light dark sectors are potentially within reach of current experimental programs

LDM requires light new forces slhderom b, spiele. 2000
Overproduced without comparably light, neutral “mediators”
X f -
a‘m My \ 2
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m?, GeV
X ') Lee/Weinberg ‘79

Annihilation through renormalizable interactions
Higher dimension operators have same problem as electroweak mediators

Light mediators are not optional; they’re essential

Light mediators from “portal” interactions, e.g. scalar-Higgs mixing, dark photons
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https://indico.cern.ch/event/707123/contributions/3119221/attachments/1730972/2797522/IPA-Talk-GK-ilovepdf-compressed.pdf

) Neutrino Experiments

If the dark sector is populated by light fermions and mediators,
how can neutrino experiments help us?

Neutrino beamline

Typical setup | A \
Proton Beam Near Far
Accelerator Decay Volume dump Detector Detector
> = --->
Target&Horns u_.l..,

1 monitor

A few 100m~ a few km

-

ol 4 e




) Neutrino Experiments

Neutrino beamline

Typical setup | A \
Proton Beam Near Far
Accelerator Decay Volume dump Detector Detector
Target&Horns ' LL :

1L monitor

A few 100m~ a few km "

Possible search strategies

1. Direct production of new particles and mediators — THIS TALK

2. Indirect effects on e.g. neutrino oscillation
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'Direct Production of New P

1. Drell-Yan/Bremsstrahlung in 3. Beam dump mode
the proton target

Target Decay Pipe Beam Dump

X
X
protons ) X P —
X Be|  Air
X
2. Meson decay-in-flight 4. In-detector neutrino scattering
v
KT % v N
protons gl 7T+ B
Dt \\\‘\\ X SM
l—l—
A A

ol 4 [P




Advantages of Neutrino Exp

= High POT (~1e21)

— large flux of charged and neutral mesons

— Potentially sizeable flux of BSM particles

See talk by Richard Van de Water,

> Large detector masses ~ O(1e2) tonnes U.S. Cosmic Visions 2017

— Potentially larger interaction cross-sections . ... possibilities at Proton fixed

target experiments”

=> Good PID (p, M, e, y reconstructed) and calorimetry
=>» High cosmic rejection

— necessary for cosmic neutrino bkg reduction
=>» Parasitic

— Shared cost with neutrino projects
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There is more new physi
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MiniBooNE Excess

Among the SBN physics goals is elucidating the origin of the MiniBooNE
electron/photon-like excess — distinguishing e"and y inferslion eck  @Hersniow
Muon !‘:::'.Et::!
oo, el |RE
Electron 63“:\:

Hourlier. Adrien. MiniBooNE Coll. Neutrino2020

v,CCQE

T o
3 v, from u*"

[ v, from K**

B v, from K’

[ ~° misid ve from p decay
e is constrained by in situ
[ other vy CCQE measurement
——— Constr. Syst. Error

MiniBooNE preliminary
18.75 x 1020 POT

measured NC n? rate and
_ theoretical prediction

Unable to differentiate:

ve from K decay
constrained from in situ
high energy events +
SciBooNE high energy vy
event rate

Overlapping e*e™
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F
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Highly Asymmetric e*e™
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M. Ross-Lonergan
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LArTPC Detectors

Newer neutrino detectors utilising LArTPC technology

Improved hadronic vertex ID Better spatial resolution Improved calorimetry

(T

s

l T,
YUY I

Schematic of MicroBooNE TPC and cryotank (HNL upscattering)

LArTPCs are like a digital bubble chamber allowing

. .. . CC =° candidate in BNB data | y
for 3D images of the neutrino interaction Licm BNB DATA : RUN 5370 EVENT 7227. MARCH 10, 2016.

Mark Ross-Lonergan, NeuTel 2021

1



LArTPC Detectors

LArTPCs make these final states distinguishable

1. Spatial resolution e
Te—
a. electrons begin to shower at e
vertex e HBOoONE _
L - J L - s
Different Similar
r . N =
b. photons travel ~15cm in Argon at

before pair converting *
¥

e
Wouter Van De Pontseele

{ \
BNB DATA : RUN 5370 EVENT 1‘227. MARCH 10, 2016.

12



'LArTPC Detectors

LArTPCs make these final states distinguishable

100 MicroBooNE NuMI Data 2.4x10%° POT ~ —+— Beam-On Data (Stat.)
Out-of-Cryostat
(] Beam-Off Data

2. Calorimetry

a. Photons deposit twice the
energy per unit length as
single electron

[ Electron
MC + Beam-Off
Stat. Uncertainty

0°< 6<60°

—— Y

Different Similar -

|ll'lllllllllllllll|

+
(Data - MC)/ MC
o
N o o
|
1—+—
+
L
pot
—4

1 2 3 4 5 6 7 8 9 10
(A Leading Shower dE/dx (Collection Plane) [MeV/cm]

e
Wouter Van De Pontseele ‘ arXiv:2101.04228
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QUESTI(

How can we utilise the

search for ne
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MicroBooNE already
SM and BSM LEE €

could be sensitive to BS

photon (and 3
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SBL model-scape

Sterile neutrino models

I/lu, V4 I/e

oscillation to light eV-scale
sterile

Category Model Signature SND Minglfg\laélesRea Tors | Soures References
(3+1) oscillations oscillations v v v v Reviews and
global fits [93,
Flavor transitions i) (30
VOr transttion 34+1) w/ invisible oscillations w/ vy v v 74 v 151,155
Secs. ( stzrile/decay invisible decéy [ !
3.15 (3+1) w/ sterile decay vy — QU v v v v
[159-162, 270]
(3+1) w/ anomalous v, — U Via v v X X [143, 147,
matter effects matter effects 271-273]
Matter effects ™(341) w/ quasi-sterile v, = Ve W/ 4 4 v v [148]
Secs. B17] neutrinos resonant v,
matter effects
Lepton-flavor-violating ut = etuar, v/ X X X [174,175,274]
1 decays
Flavor violation neutrino-flavor- v, A — edA v/ v/ X X [275]
Sec.(3.1.6] changing
bremsstrahlung
Transition magnetic N — vy X v/ X X [207]
Decays in flight | mom., heavy v decay
Sec.[3.2.3 Dark sector heavy N—-ov(X — X v/ X X [208]
neutrino decay ete™) or
N> v(X - vy)
neutrino-induced vA — NA, v/ X X [205, 206,
Neutrino upscattering N = vete™ or 209-216]
Scattering N = vyy
Secs.[3.2.1]3.2.2] neutrino dipole vA — NA, v X X (40,185,187,
upscattering N > vy 188,190,193,
233,276]
dark particle-induced yorete” X v/ X X [217]
Dark Ma-tter upscattering
Scattering dark particle-induced v v/ v/ X X [217]
Sec.[3.2.4] inverse Primakoff




SBL model-scape

: Anomalies
Category Model Signature [SND ‘ MiniBooNE‘ Reactors‘ ST References
(3+1) oscillations oscillations 4 4 4 v Reviews and
. . global fits [93,
Flavour violation N 103,105, 106]
Flavor transitions 357y 7invisible | oscillations w/ v 7 7 7 7 [151,155]
mOdeIS Secs.31.1{3.1.3) sterile decay invisible decay
3.1 (3+1) w/ sterile decay vy — Pue v/ v
_ [159-162, 270]
(3+1) w/ anomalous Yy, — Ve Via [ v/ v/ X X [ [143,147,
matter effects matter effects 271-273]
+ Matter effects ™(31T) w/ quasi-sterile Vy = Ve W/ v/ v/ [148]
e Secs.|3.1.4,3.1.7 neutrinos resonant v,
matter effects
-+ = >- Lepton-flavor-violating ut = etv, 7, v X X X |174,175,274]
u Vv e 1 decays
Flavor violation neutrino-flavor- v, A — epA v v X X [275]
Sec. changing
e bremsstrahlung
v‘_‘ Transition magnetic N — vy X v X X [207]
Decays in flight | mom., heavy v decay
Sec.[3.2.3 Dark sector heavy N-ov(X—> X / X X [208]
neutrino decay ete”) or
N> v(X > vy)
Another source of electrons is from o neutrino-induced vA— NA, v X X | 205,206,
. . . . eutrino upscatterin N — vete™ or 209-216
models in which flavour is violated Scattering " N s vy !
Secs.[3.2.1][3.2.2] neutrino dipole vA — NA, [ v X X | (40,185,187,
upscattering N > vy 188,190,193,
233, 276]
dark particle-induced vy orete” X v/ X X [217]
Dark Ma-tter upscattering
Scattering dark particle-induced v v/ v/ X X [217]
Sec.[3.2.4] inverse Primakoff
I ——
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SBL model-scape

‘ : Anomalies
Category Model Signature [SND ‘ MiniBooNE‘ Reactors‘ ST References
(3+1) oscillations oscillations 4 4 v v Reviews and
New particle production e
Flavor transitions (31 7y\ 7invisible | oscillations w/ v 7 7 7 7 [151,155]
Secs.3.1.1{3.1.3) sterile decay invisible decay
3.15 (3+1) w/ sterile decay Vs — QU v/ v/
a O [159-162,270]
{//'" [ (3+1) w/ anomalous | v, = v, via | v/ v/ X X | (143,147,
b O matter effects matter effects 271-273]
/Z}E / Matter effects ™(311) w/ quasi-sterile Vy = Ve W/ v/ v/ [148]
—— * L
Secs.[3.1.4]3.1.7] neutrinos resonant v,
matter effects
Lepton-flavor-violating pt = etu,v, v X X X [174,175,274]
1 decays
Flavor violation neutrino-flavor- v, A= epA v/ v/ X X [275]
tnofl; Sec.(3.1.6 changing
e.g. meson decay-in-flight g
~ - Transition magnetic N = vy X v X X [207]
Decays in flight | mom., heavy v decay
Sec.[3.23 Dark sector heavy N—-v(X — X 4 X X [208]
neutrino decay ete™) or
n N = v(X = 7y)
K X ] neutrino-induced vA — NA, v v X X |205, 206,
protons =) 7r+ ~ Neutrino upscattering N — vete™ or 209-216]
LTl < Scattering N — vyy
D \ Secs. neutrino dipole vA— NA, 7 v X X[ 40,185,187,
l+ upscattering N — vy 188,190,193,
233,276]
dark particle-induced v orete” X v X X [217]
DsarkttMa'tter upscattering
cattering dark particle-induced Y 4 v X X [217]
g Sec. inverse Primakoff
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SBL model-scape

: Anomalies
Category Model Signature [SND ‘ MiniBooNE‘ Reactors‘ ST References
(3+1) oscillations oscillations 4 4 v v Reviews and
New particle production ] 5';51]363]'
Flavor transitions (31 7y\ 7invisible | oscillations w/ v 7 7 7 7 [151,155]
Secs.3.1.1{3.1.3) sterile decay invisible decay
3.1.5 (3+1) w/ sterile decay vy — PU, v v/
O O [159-162, 270]
{//v'v (3+1) w/ anomalous Yy, — Ve Via v/ v/ X X | (143,147,
b O matter effects matter effects 271-273]
/Z}E / Matter effects ™(311) w/ quasi-sterile Uy = Ve W/ v/ v/ [148]
/ * L
Secs.[3.1.4]3.1.7] neutrinos resonant v,
matter effects
Lepton-flavor-violating ut = etv,7, v X X X [174,175,274]
1 decays
Flavor violation neutrino-flavor- v, A= epA v/ v/ X X [275]
. o Sec.[3.1.6 i
e.g. neutrino scattering « GlishEwE
bremsstrahlung
~ - Transition magnetic N = vy X v X X [207]
Decays in flight | mom., heavy v decay
Sec.[3.2.3] Dark sector heavy N> v(X — X v/ X X [208]
neutrino decay ete™) or
N = v(X — vy)
neutrino-induced vA — NA, v v X X |205, 206,
Neutrino upscattering N — vete or 209-216]
< Scattering N = vyy
Secs. neutrino dipole vA = NA, 72 7 X X [40,185,187,
upscattering N — vy 188,190,193,
A A 233,276]
etecto dark particle-induced vy orete” X v X X [217]
DsarkttMa'tter upscattering
cattering dark particle-induced v v v X X [217]
g Sec. inverse Primakoff
| >
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SBL model-scape

: Anomalies
Category Model Signature [SND ‘ MiniBooNE‘ Reactors‘ ST References
(3+1) oscillations oscillations 4 4 v v Reviews and
New particle production ] 5';51]363]'
Flavor transitions (31 7y\ 7invisible | oscillations w/ v 7 7 7 7 [151,155]
Secs.3.1.1{3.1.3) sterile decay invisible decay
3.1.5 (3+1) w/ sterile decay vy — PU, v v/
O O [159-162, 270]
{//v'v (3+1) w/ anomalous Yy, — Ve Via v v/ X X [ [143,147,
b O matter effects matter effects 271-273]
/Z}E / Matter effects ™(311) w/ quasi-sterile Uy = Ve W/ v/ v/ [148]
—— * L
Secs.[3.1.4]3.1.7] neutrinos resonant v,
matter effects
Lepton-flavor-violating ut = etv,7, v X X X [174,175,274]
1 decays
Flavor violation neutrino-flavor- v, A= epA v/ v/ X X [275]
o o Sec.[3.1.6 i
e.g. dark particle scattering « GlishEwE
bremsstrahlung
r Transition magnetic N = vy X v X X [207]
v Decays in flight | mom., heavy v decay
K Sec.[3.23 Dark sector heavy N—-v(X — X 4 X X [208]
neutrino decay ete™) or
nt/K* N = v(X = 7)
““““ ¢ neutrino-induced vA — NA, v v X X |205, 206,
--------- Neutrino upscattering N — vete or 209-216]
5 < Scattering N = vyy
H Secs. neutrino dipole vA = NA, 72 7 X X [40,185,187,
upscattering N — vy 188,190,193,
Target 233,276)
dark particle-induced v orete” X v X X [217]
DsarkttMa'tter upscattering
cattering dark particle-induced v v v X X [217]
Detector . Sec. inverse Primakoff
. ——
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MicroBooNE Single y Searches

Search for photon-like LEE has already been performed

Simulation NC A Radiative

P
SM NC A — Ny (PRL 128, 111801 2022) 92X — (@) Short proton candidate
with Bragg peak
o F > (2) Single EM shower
S s NCA-Ny [T NC1r® Resonant A(1232) o pointing back to vertex
@, LEEModel (x =3.18) |[HINC®DIS

; |:| All Other Backgrounds . NC1r® Higher Resonances
60 s Total Unconstrained
- Background & Error - MicroBooNE ty1p Data
(6.80x10%° POT)

% Total Constrained
\ Background & Error

(3) Clean gap between
proton and shower start

T T

40

2,
% + 0
% 1. A"—>py —1y1p 2. AN—-ny —1y0p
20 NG 5 30 o 80
\f 5 EEmENCA Ny [ NG 1 =* Coherent S OEENCa SNy TINC 17 Coherent
[0] [~ NC 17° Non-Coherent EmCCv, 1n [ 20 EE NG 179 Non-Coherent EmCCv, 170
10 = 25 F[7] BNB Other CC vy¥, Intrinsic S, e B O AT
- F ; f f w .. EC] ther [ CC vV, Intrinsic
o __FEEDirt(Outside TPC) Gosmic Data S 60 Ef Dirt (Outside TPC) Cosmic Data
0 " - r) 20 =7 Total Backgrounfi and Error LEE Model (x,=3.18) o 544 Total Background and Error LEE Model (x,,_=3.18)
Unconstrained Constrained E  [-e—GNBData, Total: 16 MicroBooNE 3 50 EZ” BNB Data, Total: 153 MicroBooNE
o 15 Runs 1-3 (6.80x10* POT) § 40 77 Runs 1-3 (6.80x10° POT)
E Tr1p Selection i} 1y0p Selection
10— Urigonstralrisd CV 30 Unconstrained CV
E 20
. 5—
With no excess observed g 10
. . . . S5 : I S *
compatible with MiniBooNE! 3 T T S G e 340 — Dot
— 10 =S Constrained Background & Error = NSNS | SO Constrained &Error
s F 8§30
s F S
25 DPOON - = T Wi
F 2 €10 ; X
@ ,E 1 : D TR 8 i *
0 0.1 0.2 03 0.4 0.5 0.6 Y% 0.2 0.3 0.4 0.5 0.6 0.7
Reconstructed Shower Energy [GeV] Reconstructed Shower Energy [GeV]
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Neutrino Upscattering

-

Category Model Signature [SND ‘ Min?;:;]\laélTSReactors‘ SoTTe References
Neutrino Scattering (3+1) oscillations oscillations v/ v/ v/ v/ REViEV\{S and
global fits [93,
detector . 103,105, 106]
Flavor transitions (3+1) w/ invisible oscillations w/ v4 v/ v/ v/ v/ [151,155]
Secs.3.1.1{3.1.3) sterile decay invisible decay
.19 (3+1) w/ sterile decay vy — Pue v/ v
‘ [159-162, 270]
| (3+1) w/ anomalous Uy — Ve Via v/ v/ X X [143,147,
matter effects matter effects 271-273]
Matter effects ™(31T) w/ quasi-sterile Vy = Ve W/ v/ v/ [148]
Secs.[3.1.4][3.1.7] neutrinos resonant v
matter effects
Lepton-flavor-violating ut = etv,7, v X X X [174,175,274]
A A —— Al Ceeays B | I i _
Detector Flavor violation neutrino-flavor- v, A — epA v v X X [275]
Sec.(3.1.6] changing
bremsstrahlung
Transition magnetic N — vy X v/ X X [207]
Decays in flight | mom., heavy v decay
A ° BSM h Sec.[3.2.3 Dark sector heavy N-ovX— X v/ X X [208]
tt ra Ct Ive Sea rC neutrino decay ete”) or
. N o v(X -1
avenue is th rou gh _ neutrino-induced VA NA, 205, 206,
Neutrino upscattering N — vete™ or 209-216]
° ° Scattering N = vyy
neutrl no Scatte rl ng Secs. neutrino dipole VA NA, 7 7 X X [40,185, 187,
R upscattering N — vy 188,190,193,
signatures 0
dark particle-induced yorete X v X X [217]
Dark Ma-tter upscattering
Scattering dark particle-induced v v/ v/ X X [217]
Sec.3.2.4] inverse Primakoff
I —




MicroBooNE Search for e*e” LEE (plug... sorry)

Our group is currently working on performing a dedicated search for an
e*e’ LEE at MicroBooNE

Jaime Hoefken Zink Matheus Hostert Georgia Karagiorgi Daniele Massaro
Uni. of Bologna Perimeter & UMN Columbia Uni Uni. of Bologna

COMING SOON!

(This Autumn?... Maybe)

Silvia Pascoli Mark Ross-Lonergan Guanqun Ge
Uni. of Bologna LANL Columbia Uni.
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e CASE-ST
Light Dark Photon Mc




1y Op (Pseudo-) Analysis in O

4 )
2. Find candidate vertices
1. Take Pandora with topological
reconstructed tracks and || selection and
showers pre-selection cuts
\_ Y, SINGLE PHOTON
ANALYSIS CHAIN =L I
. )
4. Goalis a high < | 3. Rej round
sensitivity search for NC usin sted
A Radiative Decays, as an Soadditional
interpretation of the ;’é‘gﬁﬁs\‘;ﬂ?‘ . n
MiniBooNE LEE Deep Learning - (Neuthvho)
\_ 4 techniques \_ Background Rejection

Estimate selection efficiency using prior studies e*e” reconstruction and comparisons with NC A-decays

Cuton t°P1‘-'g|°g¥50T reconsmuctioncriceny COMPAre with true photon energy Apply signal efficiency
0 E hist C -
180T —— 1SOT Eff - TRUE r Entries 186480 X 20 iciency:
P 10000|— A(1232) —»n 4 | Mean 0.3273 3 wiTmil Efiiciency:
0.81 [ StdDev  0.1818 8 S ty1p: 4.0%
*» 660 I NG a radiative decay v, 0 & 18 ZZ 1yop: 5.3%
> + S T 14
2 0.6 1 c F 8P G out o 35" £ E — m(0+1)p:9.3%
c [ o o £
2 g 6000 (— . @ 12—
= w C £
£ 0.4 0 r e
— § 4000 — s
0.2 Lﬁ 2000 — 6;_
L 4=
0.0 y T T ol S PPPL PR T PP T 2F
o 50 100 150 0 0.2 0.4 0.6 08 1 1.2 14 1.6 1.8 F i eir T an gt o] pp s i
True Opening angle Shower Energy (Gev) 0 01 02 03 04 05 06 07 08 09

. True NC A — Ny Photon Energy [GeV]
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Case-Study: Light Dark Photon

.

142 predicted signal events (on top of 153 total events)

Benchmark

m.=150 MeV, mj.=107
MeV, m,, = 30 MeV

Events/0.05 [GeV]

Events/0.05 [GeV]

80 NC 1 7° Coherent [ CC ve/ve Intrinsic 0 Total: 142.0
B CCy,1n° 524 Cosmic Data
BNB Other NC A Radiative
60 A
40 - %

[N}
o
1

VZ 72772277772

I NC 1 7° Non-Coherent B Dirt (Outside TPC) 7//. Total Background and Error

Light dark photon signal,

@ BNB Data, Total: 153

MicroBooNE

Runs 1-3 (6.80 x 10%° POT)
170p Selection
Unconstrained CV

N\\\' Constrained Background and Error

407 Yenp/dof = 225.6/10
20
N
0 T T T
0.1 0.2 0.3 0.4 0.5 0.6 0.7

Reconstructed Shower Energy [GeV]
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Main Take

Neutrino experiments are an excellent pla
— large flux of charged &

Searches for SM and BSM LEE interpr
BSM sign

J w@lR

First constraints using'“th 2. dLEE A-radiz

‘ rovide limi
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Fixed Targets for Dark Matte

Neutrino experiments can act as DM detector by running in beam dump mode

X
Target Decay Pipe Beam Dump MiniBooNE Detector wz i Decay-in-flight due to
protons impinge TNy short life time
. B q
directly on the beam ‘' Ihick
P —= doret et Absorbed or decay-
Be Ai d um p ta rget o at-rest=> reduced neu-
L " trino flux
50m " 4m 487 m

charged pions absorbed or DAR — neutrino flux suppressed

0.1)
%

MiniBooNE experiment performed search with beam dump s -
strongly constraining MeV vector-portal LDM f; :
;;; 107

x

Approaching the
thermal relic

m /i

production

-
2

3
vo
3
é\)
-
0"x
-
-
-]
L 4
%7:
4
.
LN
.
S
Y = e20u

X P —> > p

(a) Meson Decay (b) Proton Bremsstrahlung - — —
+ Vector-Mixing 10° 3 Gevicd) 3

(
MiniBooNE-DM collab. arXiv: 1807.06137
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NC A-radiative decays: conte

Mark Ross-Lonergan, NeuTel 2021

The shape of the A-radiative decay events agree extremely

well with MiniBooNE excess
A ~3x flat scaling to NC A—Ny can

explain the observed MiniBooNE excess.

3 ' T Dath (stater, oy Use this as a yLEE signal template for
2 5 0 v from v - uBooNE
& [ v, from K .
& [ ] v5 from K° E
6l—~--- n° misid =
e . A SN E
5L [ other —: > 5
: Constr. Syst. E =
K = R ok
3 7 MiniBooNE Collaboration: 7E- B |
e arxiv:i2006.16883 = G B :
g  mm - £ B oo
e IESES : 8 5F :
o T e e —— =1 d =
Ml ] % 45
8.2 — — = - — — - 4 3 -;_— ......... T — g x ........ St ) S R e e R x .........
EV® (GeV) v 2 .
z | e
o§ | : |MICROBOONE NOTE-1043 -PUB]
500 1000 1500 2000 2500 3000
True E, [MeV]
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Three LArTPC detectors on the Booster Neutrino Beamline (BNB)

— SBND (near detector), MicroBooNE, Icarus (far detector)

g% £ \ 5
e—— a . \\
S ) \ e \
1 HALL

arXiv/1503.01520




DarkNews

Signal events generated by DarkNews
(A. Abdullahi, J. Hoefken, M. Hostert, D. Massaro, S. Pascoli)

DarkNews is a light-weight Python generator for
neutrino-nucleus upscattering to heavy neutrinos.

1 | import DarkNews as dn

2 |my_gen = dn.GenLauncher (mzprime=1.25, m4=0.140,
— mneval=1000, noHF=True, HNLtype="dirac",

< experiment="microboone",

< nu_flavors=["nu_mu","nu_mu_bar"])

df = my_gen.run()

Supports up to 3 (Dirac or Majorana) HNLs

Scalar, vector, or transition magnetic moment contributions.
Event output weighted (fast) or unweighted (slower).
Pandas or numpy, as well as HepEvt, HepMC2 and 3.
Simple detector geometry for MiniBooNE and MicroBooNE.
Several neutrino fluxes implemented.

Public and documented! /
Paper: arxiv.org/abs/2207.04137

GitHub: github.com/mhostert/DarkNews-generator

PyPl:  pypi.org/project/DarkNews/ : /

pip install DarkNews

Example of e*e” kinematics at MiniBooNE (Majorana HNL)

Majorana Majorana Majorana

0
0.00  0.25 050  0.75 1.00 125 1.50 20 30 40

(- + Ep-)/GeV A+, degrees
Majorana Majorana Majorana
200 2.00 40
175 12 175 0.25 35 0.012
1.50 Lo 1.50 30 0.010
5 5 0.20
g125 os  S1% R g 25 0008 ,
& 1.00 &0 01548 §20 E
+ 068 3 5 3 0.006 &
L0.75 £ 0.75 0.10 Q15
g 0.4 8 0.004
0.50 0.50 10
- 0.05 -
025 . 025 . 5 f 0.002
0.00 - 0.0 0.00 0.00 0+ 0.000
0.0 05 1.0 15 20 0 2 40 60 80 0 10 20 30 40
Ey/GeV Gy degrees Ouprejt1ens egrees

- e

-F



https://arxiv.org/pdf/2207.04137
https://github.com/mhostert/DarkNews-generator
https://pypi.org/project/DarkNews/

-Single Photon pseudo-select

Topological selection

2. Find candidate vertices . .
with topological 1y Op selection requires exactly one shower to be

selection and reconstructed alongside the neutrino vertex
pre-selection cuts

1S0T Reconstruction Efficiency

1.0
—— 1SO0T Eff - TRUE
0.8-
>
...recall that for § 0.6
o
£0.4
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-Single Photon pseudo-select

Pre-selection cuts

2. Find candidate vertices

with topological 1. Reconstructed shower energy
selection and
pre-selection cuts 2—ShewerstartpositionfromSEB
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-Single Photon pseudo-selecti

2. Find candidate vertices
with topological
selection and
pre-selection cuts

Pre-selection cuts

1. Reconstructed shower energy — Apply signal efficiency

Note: 5.3% is doubled to 10.6% as generated events

Signal Efficiency [%)]
N

-
N

©
1I|lll|IIIIIII|[II[IIIIIII|I

10

o 2.Find didat
contain only Op events Vot with,
topological
selection

E—Totil Efficiency: ‘}\odle‘
E S ty1p: 4.0%

= %% 1y0p: 5.3%

Vertex
— 1y(0+1)p: 9.3% r

1yop is more Yifficult, but provides a
secondary datdset for comparison and
verification
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