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A vibrant BSM program 1s crucial for the future of our field

We need to start this program NOW
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Where is the new physics?

There are three main beacons that guide theorists
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Where is the new physics?

There are three main beacons that guide theorists
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Where is the new physics?

There are three main beacons that guide theorists
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Where is the new physics?

There are three main beacons that guide theorists

Curiosity

Search for
underlying
reasons

JC -
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While some of our guides, like naturalness, fine tuning, unification, underlying symmetries
and other concepts are still is solid,
the community is much more open to the question of
where Is the new physics
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While some of our guides, like naturalness, fine tuning, unification, underlying symmetries
and other concepts are still is solid,
the community is much more open to the question of
where Is the new physics

High scale new physics

JC -
e Fermilab
8 12/16/2022 Pedro Machado | Nu Tools for BSM: outlook pmachado@fnal.gov


mailto:pmachado@fnal.gov

While some of our guides, like naturalness, fine tuning, unification, underlying symmetries
and other concepts are still is solid,
the community is much more open to the question of
where Is the new physics

High scale new physics |
——— Low scale new physics
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Taking a pragmatic view: there are three classes of BSM
that can be searched in neutrino experiments

Same signature as usual neutrinos: sterile neutrinos, NSls, neutrino decay, ...
New neutrino signatures: dark neutrinos, neutrinophilic scalars, ...
New particles: dark matter, heavy neutral leptons, axion-like particles, ...
Searching for different models will require overcoming different challenges

Let’s look at some examples
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New signatures and BSM << SM: v-N interaction mis-modeling is a major challenge
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Final state interactions are relevant for direction reconstruction
& F = 300 MeV, 0p0On

E =300 MeV, 1p0n

2075
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Detector reconstruction is key

uBooNE

MicroBooNE Simulation
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Sometimes, we just need to be smart

|

b
E ArgoNeuT Collaboration + 2 theorists (R. Harnik and Z. Liu)
- R. Acciarri et al., PRL124 131801 (2020)
E [ | | 1 I 1 !,'l LI | | | | | I L | l j __l _____ l____l_ _L_LJ_1;
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‘ 107 i —
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Overall challenges

Precise description of neutrino-nucleus interaction is hard
Realistic studies need heavy machinery (generators)

Leveraging detector capabilities and doing realistic analyses
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Description of neutrino-nucleus interaction is just hard

CEBAF CLAS/E4v Nature 599 (2021) 7886, 565-570
Large (a)
Acceptance 4 Data -
Spectrometer 1oL — SuSAw2 (Total)

| —QE —MEC ;

— RES — DIS
--- G2018

DC: Drift Chamber

0.6 0.8 1.0 1.2 1.4

CC: Cerenkov Counter
SC: Scintillation Counter
EC: Electromagnetic Calorimeter C(e e’)o EQE (GeV)
’ 7T
L, .
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auto otherMass kickedPart.ID() == PID: :proton()

energy = otherMass*otherMass;

for (auto p mom) energy += p¥*p;

std::size_t idxDiff = SIZE_MAX;

double xsecDiff = 0;

if(index_diff.size() != 3) {
idxDiff = Random::Instance().Pick(index_diff);
particles [idxDiff].SetMomentum(

FourVector(mom[@] , maom[1], mom 2, sqrt(energy))):
auto p?2 = particles[idxeSame]  Momentun()
double fact = 1 ._08:
if(m_medium == InMedium::NonRelativistic)
fact = localNucleus -> GetPotentia’() -> InMediumCcrrectionNonRel(pl. p2. position):
xsecDiff = GetXSec(kickedPart. particles idxDiff])*fact:
}
double rhoSame=0.0;
double rhoDiff=0.0;
if(position < localNucleus -> Radius())
//TODO: Adjust below to handle non-isosynmetric nuclei
rhoSame = localNucleus -> Rho(position)*2*static cast<couLble>(index same.size())/static cast<double>(particles.size());
rhoDiff = localNucleus -> Rho(position)*2*static cast<couLble>(index diff.size())/static cast<double>(particles.size());
}
if(rhoSame <= 0.0 && rhoDiff <= 8.8) return SIZE_MAX;
double lambda_tilde = 1.3 / (xsecSame / 10 * rhoSame + xsecDiff / 10 * rhoDiff);

ParticleInfo(PID::ncutron()) .Mass()
Particlelnfo(PID::proton()).Mass () ;

— e M R N Fs Fw Vi - - e \NJ " sy = F'e =" o \NJ L J . .- - F eV - gy

// Update formatior zores

if{kickNuc -> InFormatiorZone()) {
kickNuc -> UpdateFcrmationZone(timeStep);
kickNuc -> Propagate(timeStep);
newKicked.push_back(idx) ;
continue;

J/ Get allowed interzacticns
auto dist? = AllowedInteractions(particles, idx)
ifldist?2 . size() == 0) ({

newKickec.push_back(idx) ;

continue:

// Get interaction
auto hitldx = Interacted(particles. *kickNuc. dist2):
iflhitldx == SIZE_MAX) ({
newKickec.push back(idx) :
continue;

'

Partic.e* hitNuc = &particles[hitldx];

// Finalize Nomentum
bool hit = FinalizeMcmentum(*kickNuc, *hitNuc);
Updatelntegratcr(icx, kickNuc);

if{hit) ({
if(m_potential_prog

e L Generators are complex, requiring significant time:::

if(lambda > stepDistance) return SIZE_NAX;

stepDistance = lambda;

kickNuc Status() = ParticleStatus::captured;

ot e 10 be developed and to incorporate-new physics

if(ichoice < xsecSame / (xsecSame + xsecDitf)) {
particles[idxSame].SetPosition(kickedPart.Position());
return idxSame;

particles[idxDiff].SetPosition(kickedPart.Position());
return idxDiff;

void Cascade: :Reset () {

kickedIdxs.resize(0);
integrators.clear () ;

vold Cascade: (Evolve(nuchiCc::kEvent *event, const std::si1ze_t &max>teps) {

// Set all propagating particles as Kicked Tor the cascace
Tor(size_t 1dx = ©; 1dx < pvent -> Hadrons{) .s1ze();, ++1CXx) {
1T(event->Hadrons () [1dx].5tatus() == Particled>tatus::propagating)
SetKicked(1dx),;

// Run the normal cascade
Evolve(event->CurrentNucleus(), maxsteps),

lucalNucleus nucleus;

Particles particles = nucleus -> Nucleons();
// Initialize symplectic integrators
std::vector<size_t> notCaptured({};
KickedIdxs) ({
if(m_potential_prop

for(auto idx

&% localNuclcus > GetPotentialy) > Hamiltonian(particles[idx] .Momentum().P(),
particles[idx] .Position().P())

particles[idx].Status() = ParticleStatus::capturcd;
' else {

void Cascade: (Evolve(sild: ishared_plr<Nucleus> nucleus, consl std::isize_ L& maxSteps) {

<

constant:

:nN)

(

if{m_potential_prog
&& localNucleLs -> GetPotential() -> Hamiltonian(hit\Nuc
hitNuc

hitNuc -> Status() = ParticleStatus::captured;

else {
newKicked.push_back(hitldx);
AddIntegrator(FitIdx, *hitNuc);
hitNuc -> Status() = ParticleStatus::propagating;

v else {
newKicked.push_back(icx);

spdlog :debug('newkKicked si1ze = {}, {}", newKicked.s1ze(), nh1t)

f/ Rep.ace Kicked 1ndices with new Li1Sst

K1CK

edIdxs = newKicked,;

ff ATter step checks

Esca

flor(aulo
if(p

nuclecus
Reset () ;

am a3 d LFacrada

ped(particles);

parlicle parlicles) (

arlLicle.SLalus() FarlicleSLlalus::propagaling) {
std: _coul << "\n";
for{auto p particles) spdlog::error{("{}", p).:

throw std::runtime_errcr("Cascade has failed. Insufficient max

> Nuclecons() = particles;

e AddTYT abaoomerabnew fedam & < M s mommaedt DasdassrVTa P.oo=msord ! 4

-> Honentum{) .P{(),
-> Position{).P{()) < Corstart::mN) {

-> Momentun().P(),
-> Position().P()) < Ccnstant::mN) {

»
’

steps. ")
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Leveraging detector capabilities and doing realistic analyses
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What do we need to do great physics with our neutrino experiments?
The answer depends on which BSM you want to probe
Good news: we do not need to solve all problems at once
But there is no one size fits all

Let’'s come up with some wish list, but first let’'s get some things straight
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Hard vs. Challenging vs. Burdensome

This is my own personal definition

Hard = we don’t know how to do, and it is not clear how much we will progress
Challenging = still needs a lot of work, but we will get there (to a good extent)
Burdensome = we know what to do, we just need to do it

hard { Percent-level description of neutrino-nucleus interactions

Event reconstruction
Cosmic ray rejection in SBN detectors
Electron-photon discrimination
Pile-up in DUNE ND
Particle identification

Beam produced dark matter signal
BSM implementation on generators
Flux simulation and tracking meson momenta
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/M/ W/Zéff
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/M/ WMLL
Support generator development and
theory work on neutrino-nucleus interaction physics

700
| 2.445 GeV @ 20.0°
T —— 600 — i Generator: GENIE - Generator: GiBUU |
'We need a better understanding | ’
of neutrino-nucleus interactions 5004 | 1 ;

.. . ] “* Wi -
This is relevant for our main J "
- # /\h /it L
goals, but even more relevant to WA Y.a
. . . tH o
probe light, weakly interacting s i 3 e,

physics / :

0 | | | | | | | | | | | |

0.6 0.8 1.0 12 1.4 1.6 0.6 0.8 1.0 1.2 14 1.6

Energy transfer w (GeV) Energy transfer w (GeV)
2= Fermilab
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/M/ mf/éf

Make experimentalist lives easier

v

Several models, however
different they are, may lead to
similar final states.
Therefore, a single search may
be useful for more than one
model, or may easily be
recasted/adapted to account for
other scenarios

e ©,
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/M/ W/Zéff

Preserve experimental data

Tomorrow

3_ ¥ ]

0.5: T :

0.4} ;

£ £ 03} |
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> - i i
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0.2% . 1
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Preserve experimental data

MiniBooNE Detector

40[100 — 160 MeV][160 — 220 MeV][220 — 280 MeV][280 — 340 MeV][340 — 400 MeV][400 — 460 MeV SR
MC Uncertainty (+1/20) Veto Region
o \iBoos (1 cut, 100 samplesj .
| ——— NUANCE, CIRCLEQ - - "

Evts./bin

Cut Prescription ~ NC#® background rate (Median +10 range)

1 Cut, 100 Samples

Our estimate of the updated MB Significance: ~ 3¢ CIRCLE] 669.

CIRCLE( 664.3 35"
DIAGONAL 659.97758%"
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/M/ mr/éff

Please please please explain your analyses in a way we can reproduce them

PS191, Physics Letters B 166, 1986

about one month. The events on tape were subse-
quently filtered and scanned for decay candidates
using a microprocessor [8] developed to suit our
requirements. The events retained for further study
were a few tens. The latter were subjected toa

gh series o tesesentlall ‘ , to convince
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/M/ mr/éff

Please please please explain your analyses in a way we can reproduce them

PS191, Physics Letters B 166, 1986 MicroBooNE HPS search 2021
about one month. The events on tape were subse- After applying the BDT selection, the number of
quently filtered and scanned for decay candidates events expected for each background contribution and for
using a microprocessor [8] developed to suit our several signal definitions are shown in Table II. The ta-
requirements. The events retained for further study ble also presents the estimated signal selection efficiency.
were a few tens. The latter were subjected to a The total expected background-only prediction is 1.9+0.8

gh series « f tesessentlall . , to convince candidate events.
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/M/ mr/éff

Make it easy to make some key information public

(eV?)

A
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Fluxes with info from mesons
Energy reconstruction
Covariance matrices
Efficiencies

Cuts
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Scikit
HEP

Home

Project news
Packages

User information
Developer information
Who uses Scikit-HEP?

About

Y

v

/M/ W/Z;/f

Make tools publicly and easily available

Particles and decays:

Eguage

Farticle

Fitting:

R

iminuit

A RN

Statistics:

sacabinetry

hepst:

Describe and convert particle decays between digital representations.

PDG particle data and identification codes.

GPU/OpenMP fitting in Python and C++. W Affiliated

Jupyter-friendly Python interface for the Minuit2 C++ library.

Scalable Pythonic fitting & Affiliated

Design and steer profile likelihood fits.

Statistics tools and utilities.
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Action items:
* Create a living document with our community guidance
 Create the snapshot document of the summary of the workshop
* Mini-Workshop on data preservation/data release
* Focus on smaller experiment
* Involve the right people
* Discuss in advance to arrive with a plan at the workshop
* |nvite representatives of experiments who did data preservation (lceCube, ATLAS/CMS, MINERVA, ...)
* Wishlist for data release
* Database for fluxes (beam lines, particles, ...)
 Start overleatf, collect wish lists, assign tasks
* Contact NTN Pl and establish a network for TH+EXP+Nuc to communicate
* Topical schools/workshops?
* Neutrino Olympics?
* What have we learned from previous experiments?
* What do we want from generators?
» Categorization of models based on observables
* Fast simulation tools
* Pipeline to get experimental information
* Framework development best practices
* Timeline to accomplish action items
* Fast track from Lagrangian to observables
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