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Neutrino Masses

Decades of experimental results have uncovered two unexpected facts:

Neutrino Oscillations: nonzero mass-squared splittings between mass
eigenstates — at least two of these states must have mass. The SM, as
formulated, does not include massive neutrinos.

Am3 .. ~ 7.5 x 107° eV?

ms
“Normal” “Inverted” Am?m;m. ~ 95 % 10~3 a2

see, e.g.,



https://arxiv.org/abs/2205.02195
https://arxiv.org/abs/2106.15267
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Di Valentino et al,

At the same time, the scale of these masses is
extremely small — no direct evidence of masses
above the eV scale in laboratory or cosmological
probes.


https://arxiv.org/abs/2205.02195
https://arxiv.org/abs/2106.15267

What can we learn by measuring oscillations?
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More on three-flavor oscillation physics?

J


https://indico.cern.ch/event/1358339/contributions/5796083/
https://indico.cern.ch/event/1358339/contributions/5897108/

What can we learn by measuring oscillations?

(from Kendall’s talk Monday)

NOvA+T2K —— 2.42970-031
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Accelerator Neutrinos 101
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Accelerator Neutrinos 101

(with apologies to the experimental & accelerator physicists in the audience) r )

Proton Beam

Magnetic Focusing Horns Decay Volume
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Measure “zero-distance” rates at near detector....
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Oscillations from Accelerator Neutrinos

Measure “zero-distance” rates at near detector....

...compare against far-detector rates to determine oscillation probabilities
/



Measurements with Long-Baseline Neutrinos

5 —
Current Disappearance
2.0
3
= 0 /
—2.9
All Current Data
_ 5L | | |
—9 —2.95 0 2.5
Pey

Ellis, KJK, Li [2004.13719]

. UelU;1
Pep T ey = U.U*

What do we know now? What do we
hope to learn in the next ~decade?

Example: how much CP violation is there in the
lepton sector? Similar to area of CKM triangle(s)
IN the quark sector


https://arxiv.org/abs/2004.13719

Measurements with Long-Baseline Neutrinos

3
2.9
3
S 0
Future:
—2.5 Joint Fit
Appearance
Disappearance All Current Data
_5 | | | |

—9 —2.9 0 2.9 O

UelU;1
U63U*3

1

Pep + WMey =

What do we know now? What do we
hope to learn in the next ~decade?

Example: how much CP violation is there in the
lepton sector? Similar to area of CKM triangle(s)
IN the quark sector

Pep (future D DUNE, Hyper-Kamiokande, JUNO, IceCube Gen-2)

Ellis, KJK, Li [2004.13719]



https://arxiv.org/abs/2004.13719

New 1 Physics




Deviations from Three-neutrino Expectation?

(not to scale)
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NSI effects can be searched for in scattering as well, for
instance in FASERv with LHC-produced neutrinos!

(see Zahra’s talk Tuesday and Falkowski et al [2105.72136])



https://indico.cern.ch/event/1358339/contributions/5899963/
https://arxiv.org/abs/2105.12136

Deviations at Near Detector?

-
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Deviations at Near Detector?

For instance, if this condition is not met? Could

this be evidence of BSM physics?

11



Liquid Scintillator Neutrino Detector (LSND)

800 MeV proton beam from
L ANSCE accelerator

Water target

Qer beamstop

A

LSND Detector

Tm UV,
A
eV,

Oscillations? |—’ \76
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Liquid Scintillator Neutrino Detector (LSND)
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Neutrinos (mostly) from pion/muon decay-at-rest — O(30) MeV, roughly 50 meter baseline length.

Observed excess — 87.9+22.44+60 — P (v, —» V) ~2.6x 107"
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MiniBooNE

Designed to test the LSND anomaly — very different L, E, but similar L/E

Target
Booster .

~
.\
\J
1

Detector

Earth

primary beam secondary beam  tertiary beam

(protons) (mesons) (neutrinos)
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MiniBooNE
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MiniBooNE

Designed to test the LSND anomaly — very different L, E, but similar L/E
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https://arxiv.org/abs/2006.16883

Proton Beam

Magnetic Focusing Horns Decay Volume

P ((1008) of meters =—
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New neutrino physics: modify 1/8/1/” propagation in this regime

Proton Beam

Magnetic Focusing Horns Decay Volume

P ((1008) of meters =—
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Magnetic Focusing Horns Decay Volume

P ((1008) of meters =—
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urth-neutrino interpretation

MiniBooNE Collab., [2006.16883]

If coming from oscillations, the results from LSND and
MiniBooNE require a new mass eigenstate around the eV
scale.

Combined with the observed invisible width of the Z-boson

(LEP), any additional light neutrino(s) must be sterile — gauge
singlets.
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MiniBooNE Collab., [2006.16883]

If coming from oscillations, the results from LSND and
MiniBooNE require a new mass eigenstate around the eV
scale.

Combined with the observed invisible width of the Z-boson
(LEP), any additional light neutrino(s) must be sterile — gauge
singlets.

Is this 3+1 scenario compatible with global data?

15


https://arxiv.org/abs/2006.16883

Fourth-neutrino interpretation

IS HINCHLIFFE’S RULE TRUE? -

Boris Peon
Abstract

Hinchliffe has asserted that whenever the title of a paper
is a question with a yes/no answer, the answer is always no.

This paper demonstrates that Hinchliffe’s assertion 1s false,

but only if it 1s true.
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The Challenge of MiniBooNE
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Snowmass review on short-baseline anomalies and potential solutions: [2203.0/323]
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https://arxiv.org/abs/2203.07323

Decaying Sterile Neutrinos?

Dentler et al. 2019 [1917.01427/]

99% CL | ma =300eV

001k Qo m4F4= leV2

mg/ms =0.9 J

0.012

0. 00l 002 003 004

See also de Gouvéa et al [1911.01447] |Ue4‘2
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Can MicroBooNE Weigh In?
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Modify public MicroBooNE data release (and MiniBooNE tools) to
iIncorporate decaying sterile neutrinos, regeneration effects, etc.

18



Can MicroBooNE Weigh In?

o Uoy|? = 0.05 | nger = 3 | g, = 0.01

2
Ami,

10" 1

10° ¢

101

10% ¢

10% 1

MicroBooNE disfavors
] parameter space to the right
of black contours

uB 20
uB 3o

MB 1o, 20, 30, 40

ingide d

gi.__________
A

1

NE prefers space
kest blue contours

G

!

—

10—4
Hostert, KUK, Zhou

o

0.5 MicroBooNE FC 2020 | Ax® = 30 HKZ 2024
| g, = 1.0, my = 1000 eV unoscillated total bkg .. .
0.4 - [Ue4|? = 0.10 Non-v. bkg
. |U,,4]% = 0.003 ve disappearance
% Ve appearance
2 0.3 - data
o
)=
o 0.2 - —4-
> -
]
0.1 -
0.0 + | | |
0.0 0.5 1.0 1.5

Reconstructed ESY (GeV)

Modify public MicroBooNE data release (and MiniBooNE tools) to
iIncorporate decaying sterile neutrinos, regeneration effects, etc.

18



Can MicroBooNE Weigh In?
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New Neutrino Interactions
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Back to our Detector

Unexpected neutrino-scattering
can lead to novel signatures in

the detector. Are we prepared
to search for these”?

“Dark neutrinos” are a possible solution
to the MiniIBooNE low-energy excess
(since to MiniBooNE, overlapping
electron pairs look like a single electron)
Bertuzzo et al [180/.098/77/]

Ballett et al [1808.02915]

20


https://arxiv.org/abs/1807.09877
https://arxiv.org/abs/1808.02915

How do we simulate such BSM?

Abdullahi et al [2207.04137]

DarkNews Generator

Majorana Majorana
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DarkNews — purpose-built tool for upscattering-type signatures.
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https://github.com/mhostert/DarkNews-generator
https://arxiv.org/abs/2207.04137

v+ v fit ‘ 3+1 model ‘ 8204D‘UD4|4 —H X 10_8 ‘ myzr = 30 MeV

Enables dedicated analyses
of MiniBooNE and future
explorations for SBN, etc.

10~ Projected 10° eTe™ pairs
: - SBND - MicroBooNE ' ICARUS
10—12 =1 T T T T —
102 101

Abdullahi et al [2308.02543] M4 / GeV
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https://github.com/mhostert/DarkNews-generator
https://arxiv.org/abs/2207.04137
https://arxiv.org/abs/2308.02543

AnOther apprOaCh? |saacson et al

.........................

Factorizablility + Modularity!

(courtesy )

Final-state
particles

ooy e p2 TR (7@ 1, %)

Leptonic tensor:. Hadropic tensor:. W, ) : Initial state (say, “°Ar or H,0)
Calculable analytically Complicated multi-scale |
e in SM or BSM object, encoding all the ¥y) : Final state (nuclear remnant +

scenario. hadronic/nuclear physics ~ ©utgoing pions, kaons, etc...)

Interfaces well with NuHepMC event record format, Gardiner et al
— ) 22
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https://arxiv.org/abs/2310.13211

Complementary model searches with the LHC — Herwig et al
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Energy

HIDDEN SECTOR / VALLEY

(from Kathryn’s talk Tuesday)

“DM Candidates of a Very Low Mass,” Reviews of Nuclear and Particle Physics, 2401.03025

0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

» Theory landscape broadened; search strategies broadened

Standard Model

@ QUARKS @@ LEPTONS @@ BOSONS (@ HIGGS BOSON

Visible Sector

Inaccessibility

Connector

Ul

Light

Dark Matter

pure glue, light flavors, heavy flavors,
quirky asymmetric dark matter, Strongly
Interacting Massive Particle (SIMP), Wess-
Zumino-Witten SIMP

Darkogenesis, Xogenesis, Hylogenesis,
Cladogenesis, ADM from Leptogenesis,
Dark Affleck-Dine

Dark photons, Freeze-in, WIMPless
miracle

Mirror Matter, Atomic Matter, Self-

Interacting Dark Matter, Magentic, Dark
Anapole and EDMs

Hidden Sector

Models In
mind
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https://indico.cern.ch/event/1358339/contributions/5796087/

What else could be lurking in the beam?

Production of new states in tandem with the neutrino beam
(commonality with accelerator searches discussed in Elliot’s talk \WWednesday)

Proton Beam

Magnetic Focusing Horns Decay Volume
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What else could be lurking in the beam?

Production of new states in tandem with the neutrino beam
(commonality with accelerator searches discussed in Elliot’s talk \WWednesday)

Proton Beam

Magnetic Focusing Horns Decay Volume
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What else could be lurking in the beam?

Production of new states in tandem with the neutrino beam
(commonality with accelerator searches discussed in Elliot’s talk \WWednesday)

Proton Beam

X

X

Magnetic Focusing Horns

Decay Volume
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What else could be lurking in the beam?

X X

Production of new states in tandem with the neutrino beam
(commonality with accelerator searches discussed in Elliot’s talk \WWednesday)

Proton Beam

Magnetic Focusing Horns Decay Volume
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What else could be lurking in the beam?
= —

Production of new states in tandem with the neutrino beam
(commonality with accelerator searches discussed in Elliot’s talk \WWednesday)

Proton Beam

Magnetic Focusing Horns Decay Volume
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What else could be lurking in the beam?

Production of new states in tandem with the neutrino beam
(commonality with accelerator searches discussed in Elliot’s talk \WWednesday)

Proton Beam

Magnetic Focusing Horns Decay Volume

Generically, interested in one/both of

X

X

e Signal that predicts characteristically different spectrum from neutrino interactions

e Signal that is impossible/rare with SM effects

25
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Complementarity of Neutrino Detectors

Liquid Detectors (MicroBooNE, SBND, ICARUS, etc.)

)(----

Large mass for rare-particle scattering
Excellent particle ID, energy resolution, etc.
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Complementarity of Neutrino Detectors

Decay Signal X Volume

Neutrino Scattering Backgrounds o< Mass
Gaseous Detectors (DUNE MCND — Phasell)

L«
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Case study — heavy neutral leptons in the DUNE beam.

Proton Beam

Magnetic Focusing Horns Decay Volume
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HNLs in the DUNE Beam

1016 Neutrino Mode
2
14 |UeN| =0
10 2 _ 106
|UHN| = 10 Operating with a 120 GeV
U, =0 proton beam, DUNE will
1012 From kaons produce a bevy of SM
— mesons.
=} oS
\

LO 1010 | |
= Fluxes simulated assuming 5
b years of operation in neutrino

108 mode.

= 0/ Includes acceptance efficiency
rom — detector is 5 m in diameter
6 at a distance of 579 m.
10
104 e m
1073 10~ 10~ 1 10

M N [GGV]

Berryman, de Gouvéa, Fox, Kayser, KJK, Raaf [1912.07622]
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https://arxiv.org/abs/1912.07622

HNLs in the DUNE Beam

How do HNLs decay — into what states and how rapidly? It depends! See Alec’s talk Tuesday
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https://arxiv.org/abs/1912.07622
https://indico.cern.ch/event/1358339/contributions/5899322/

Berryman, de Gouvéa, Fox, Kayser, KJK, Raaf [1912.07622]

LLP @ DUNE — Heavy Neutral Leptons

8  e—coupled HNL
107 [ N — vete

102
[ N — vetuT .
10_10_E N — efnT U ?\’|2—0_ \
= -
T N e Ual=0
10_12 | Ll | | IIIIIII | | | | | |1/ | | I I I | [
1073 1072 10! 1 10 % 106
My [GeV] =) 1
p—coupled HNL B
—3
10 1 N vete 02|
T N —ovptet | -
1L
—10|- + | _ —
10 : N-— H T IUeN|2 =0 10—4 |
- N = T | | Urn|? =07
10_12 | | | | I I I I | I I I I C\l_ B
10~ 1072 10! 1 10 % 10~ 0}
My |GeV] =) B _
10-5| —
— 7—coupled HNL B
101 1 N —=vefe |UeN|2 -0 o
-1 N —wptp Un|* =077
10_12 | NN IIIlIIl | lIlIlIIl | I I
10-? 102 10~ 1 10

My [GeV]
More on HNLs at DUNE? Ballett et al [1905.00284], Coloma et al [2007.03701], Breitbach et al [2102.03383]
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LNV in a (Heavy) Neutrino Beam

Let’s imagine that one of these facilities discovers a novel signal and
the analysis points to it as a heavy neutral lepton. Follow-up studies
will naturally ensue:

Do the new particle’s
Interactions preserve or
violate Lepton Number

conservation?

Is the new particle a

Dirac or Majorana
Fermion??
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LNV in a (Heavy) Neutrino Beam

Let’s imagine that one of these facilities discovers a novel signal and
the analysis points to it as a heavy neutral lepton. Follow-up studies
will naturally ensue:

Do the new particle’s
Interactions preserve or
violate Lepton Number

conservation?

Is the new particle a
Dirac or Majorana
Fermion??

Heavy Neutrino Decay
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Heavy Neutrino Decay
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LA

Magne; | o
IN €tic Fle]d (Char ','
- . ge ID) "

Magnetic field and particle-identification of the DUNE “more capable”

Near Detector (Phase-ll) critical for addressing this question!

E]ec(;
(Mes 02

a,gn .
Iting Par tjn}eter

4./\”
o
K N

. TTTr
.+ with equal probabillity*:
Heavy Neutrino Source\ N—<—/

Heavy Neutrino Decay
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Neutrino vs. Antineutrino Mode

+ _
N (Heavy Neutral Lepton)
olume
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Neutrino vs. Antineutrino Mode

Y
Proton Beam A Q@:\
A’ (Dark Photon)

+

4 ”
g P
K e ﬁf{r {I [

Magnetic Focusing Horns Decay Volume

eavy Neutral Lepton)
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Neutrino vs. Antineutrino Mode

1016 Neutrino Mode Antineutrino Mode




Neutrino vs. Antineutrino Mode

Neutrino Mode

Antineutrino Mode
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Neutrino vs. Antineutrino Mode

1016 Neutrino Mode Antineutrino Mode
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Neutrino vs. Antineutrino Mode

Neutrino Mode Antineutrino Mode

UPN|2 —

1014 [] 2 __ —0
W7 =10
— \ Ul




Expected Beam Purity

N(L = +1)/N(L = —1)

102'5 [ Illllll [ IIIIIII [ IIIIIII I T — | I ||||||| | I Illllll | R I T - Fo IIIIIII o IIIIIII o ||||||| I T T T

- e—coupled HNL 1 [ u—coupled HNL 1 [ 7—coupled HNL

10 1 E 1 F E

]'_ - - = = =

— N — ] WWMW 7

1071 4 F 4 F =

- Neutrino Mode - - Neutrino Mode . - =

i Antineutrino Mode i _ Antineutrino Mode _ i i

|— Both Modes I ] - | Both Modes ] i | I Both Modes T

10—2 [ [ | 1 | 1111} | 1 | 1111} | 1 | | 111} I [ | 1 | | 111} | 1 | 1111} | 1 | 1111} | 1 11111 | 1 | | 111}
10~° 1072 1071 1 10 103 1072 10~ 1 10 103 1072 10~ 1 10

My [GeV] My [GeV] My [GeV]
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Next-Generation Prospects

Berryman, de Gouvéa, Fox, Kayser, KUK, Raaf

NuleV

Exp. DUNE Sensitivity,

N — ,LLi’fI'T

30 Dirac/Majorana Sep:

a = 0.75, My known
A= 1.0,M..\-' known
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Next-Generation Prospects

Berryman, de Gouvéa, Fox, Kayser, KUK, Raaf
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10—10
0.1

EK

Exp. DUNE Sensitivity,

N — ,LLi’fI'T

a = 0.75, My known
- @ = 1.0, My known

0.2

0.5 1 1.5
MN [GGV]

30 Dirac/Majorana Sep:

2

Discovery capability In
DUNE-ND

34


https://arxiv.org/abs/1912.07622

Next-Generation Prospects

Berryman, de Gouvéa, Fox, Kayser, KUK, Raaf

10~

10—10
0.1

EK

0.2

Exp. DUNE Sensitivity,
1'\'r — ,LL'L’/TT

30 Dirac/Majorana Sep:
a = 0.75, My known
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Takeaways E

* Current and next-generation neutrino facilities are multi-
purpose, serving their neutrino-oscillation related
missions as well as BSM ones!
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fakeaways  [Thank you! E

* Current and next-generation neutrino facilities are multi-
purpose, serving their neutrino-oscillation related
missions as well as BSM ones!

* Hopefully, many new discoveries await with a variety of
search types. Ihese may or may not be related to
neutrino physics.

* Intense work being performed on the theoretical,
computational, and phenomenological frontiers!
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Sterile Neutrinos & Cosmology
NN

3.0 3.1 3.3 3.5 3.7 3.9

Gariazzo et al, [1905.11290] Nef

Upal? = |Uza2 = O f Upal? =107, [Unaf? =0 |

101 —
S 10 : A new, eV-scale massive fermion that
. i mixes (even with small mixing angles)
; - with the SM neutrinos will be
e o e thermalized in the early universe.
107 el il ] | 107 e ] N L Cosmological probes (precision

Upal? =0, |Ural? = 1072 | Upal? =107, [Una]? = 1072 |

measurements of Big-Bang
Nucleosynthesis and the Cosmic
Microwave Background) are highly
sensitive to the number of relativistic
Species.

10° 107> 10~4 1073 1072 1071 10° 107> 10~4 1073 1072 1071
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Consequences of Invoking a light (sterile) Neutrino

P (v, — v.) = sin” (20,,.) sin”

 Add in a new (fourth) neutrino mass eigenstate with a significantly larger mass
than the three “light” ones. This extends the Leptonic mixing matrix to 4x4
instead of 3x3.
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Consequences of Invoking a light (sterile) Neutrino

P (v, — v.) = sin” (20,,.) sin”

 Add in a new (fourth) neutrino mass eigenstate with a significantly larger mass
than the three “light” ones. This extends the Leptonic mixing matrix to 4x4
instead of 3x3.

Si.‘[l2 (26’“6) — 4 ‘Ue4‘2 ‘UM4‘2

* Electron-neutrino appearance is driven by a product of the new matrix
elements. Each of these being non-zero predicts electron-neutrino and muon-
neutrino disappearance at the same neutrino energy/distance.
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The SBN Programme

Let’s solve this once and for all!

SBN FAR
DETECTOR

SBN NEAR
DETECTOR

(Courtesy of lvan Esteban)

10

Am? (eV?)

107

107

|

| lllllll

|

| IIIIIII

LR

SBN sensitivities assume exposures of:
6.60x10% protons on target in ICARUS and SBND
13.2x10% protons on target in MicroBooNE

Global 2017: S. Gariazzo et al., arXiv:1703.00860 [hep-ph]

| lIlllII

v, =V, appearance

LSND 90%

LSND 99%

Global 2017 10
Global 2017 26
I Giobal 2017 36

%+ Global 2017 best fit

- SBN 30

==== SBN 50

| llllllll | | I |

. 2
sin“26, .

107

Liquid Argon Time Projection Chambers — “Colored Bubble Chambers”
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MicroBooNE Photon Analysis

‘% 80F- NCA - Ny I NC1n° Resonant A(1232)
T -~ LEE Model (x,,=3.18)  |lINC#® DIS
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(b)
MicroBooNE Collaboration, [2110.00409]
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MicroBooNE Electron Analyses

“Inclusive”
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MicroBooNE Electron Analyses

—@— MicroBooNE Observed (1, 20)
1|==-- Expected, no eLEE (20)
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— 10 F MiniBooNE approx. (£10) .
X : T
+ |
e 1
- 1
. GL) I I
- 1.5- _ 1
U | 1
— | I |
(© | |
S 1.0 r | )
2 1.
" 45 VA Y/
L | || al
L_IIJ l | | |
D 05- : | : T ]
T | | I 1
| ! | | |
= : : 1 :
0.0 - ! | !
lelp CCQE 1leNpOm 1e0p0n leX

Discussion of all Results

[2110.14054]
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Complementarity of Inclusive/CCQE

“Inclusive”

[2110.13978]
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e Large electron-neutrino and muon-neutrino
(hot shown) samples.

* Large (expected) excess from muon-neutrino
to electron-neutrino oscillation
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Complementarity of Inclus

Events / 100 [MeV]

Data/Pred

ive/CCQE

“CCQE”
> Data/> Pred = 0.91 + 0.14 (sys) + 0.19 (stat) LEE (10.0)
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* Very pure sample, low background
expectations.

 Expected excess from muon-neutrino to
electron-neutrino oscillation is (relatively) large
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MicroBooNE and Sterile Neutrinos
P (v, — v.) = sin” (20 ,.) sin” (

Arguelles, KJK, et al, [2111.10359]
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MicroBooNE and Sterile Neutrinos

P (v, — v.) = sin” (20 ,.) sin”

Arguelles, KJK, et al, [2111.10359]
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Complete 3+1 Neutrino Framework
P (v, — v.) = sin” (20,,.) sin” (AZ;;%L>
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Complete 3+1 Neutrino Framework
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Complete 3+1 Neutrino Framework
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1F,

)
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Complete 3+1 Neutrino Framework
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Arguelles et al, [2111.10359]

Four. FI avor ReSUItS Official MicroBooNE: [2210.10216]
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Arguelles et al, [2111.10359]

Four. FI avor ReSUItS Official MicroBooNE: [2210.10216]

10 - 2~ N 7 >
MicroBooNE 95% CL 10 ( : and
sin? (20,,) =0 ‘:\\ //’
r / p
sin® (26,,,,) prof. /g" 4
? 4
e
R L. —
10 7 104 o T
> X | MINOS(+) 90% CL _
0, =3 -
C\l:ﬁ C\]"—* ,’
S 3 1
< < \
- L d
- i - |
7 I
7 J
v ‘| ’
1~ ! MicroBooNE 95% CL
/7
o sin? (20..) = 0
.,
101 10-1 (\\\ e (2966) prof.
102 1071 102 101

Sin? (20ce) = 4|Uea|*(1 — |Uea|?)

sin? (260,,,) = 4|Uua|*(1 — |Upal?)



https://arxiv.org/abs/2210.10216
https://arxiv.org/abs/2111.10359

“Nonstandard” BSM Production?

What about new states produced in the target?

Proton Beam

Magnetic Focusing Horns
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“Nonstandard” BSM Production?

Every Hadronic/Electromagnetic interaction in the target is a potential for BSM production!
many interactions = many opportunities for production

Proton Beam
e




The big challenge: kinematics

AN




The big challenge: kinematics

We are (often) interested in detectors in the ~forward region that have a small solid angle with respect to the incident beam.

Any small effect in directionality of BSM production can have a profound effect.

Detector

We want to
(a) Generate sample SM showers, and
(b)Resample those SM vertices to produce BSM states, tracking kinematics precisely.
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SM vs. BSM Bremsstrahlung
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SM vs. BSM Bremsstrahlung
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SM vs. BSM Bremsstrahlung
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(mV ~ 30 MeV)
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Comparing the two — big issue is kinematical distributions of outgoing particles
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Blinov, Fox, KJK, Machado, Plestid

Introducing PETITE

PETITE allows for rapid simulation of EM cascades in thick targets that
can be processed for determination of BSM flux predictions

Includes SM effects for energy loss, multiple Coulomb scattering, as well
as hard scattering processes. Compares extremely well against dedicated
tools (e.g. GEANT-4) and analytic results ( )

po
: i ng g
A * i 4 o N ¥ ” ~ -
- ‘7 - "ry t-—‘\-:‘x a-d!-\(-‘bha-\-‘n—ﬁ--\nm* o atas W o he B vk whe A CAPVIPET S«
X /4 ¥ Ve W \9.< \ AP Ao - NS ¥
A R AN RN - o W 3 o -

- - L
e X X P
¢ \

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6

50


https://journals.aps.org/pr/abstract/10.1103/PhysRev.149.1248
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Care with Kinematics

Trying to turn daughter photons into daughter dark
photons is tricky because of different kinematics. This has
a significant impact, especially for very forward detectors.

Blinov, Fox, KUK, Machado, Plestid [2401.06843]
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Yields from PETITE
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Yields from PETITE
103

Blinov et al [2401.06843]
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Model-Independent LLP Search Results
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