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. Evidence for New Physics

We know that there is new physics (see all previous talks)

evidence includes
e.g.

Baryon
asymmetry?
Dark Matter Neutrino Masses
: @ Multi-GeV e-like 2350 - Multi-GeV p-like + PC
S140 | g5 ¢
z 2120 i 3
: S100f -
g 2 80f 2200
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5 - ; 20F 50 F nB = (nB — n]?)/n“/
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How can neutrino experiments help us in finding the new physics?
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‘Searching for New Physics

Typical setup for a pion decay-in-flight accelerator neutrino experiment

Neutrino beamline
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1. Direct production of new particles and mediators
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‘Searching for New Physics

Typical setup for a pion decay-in-flight accelerator neutrino experiment

Neutrino beamline
A

Proton Beam Near Far
Accelerator Decay Volume dump Detector Detector

e - = -—=>
: iR =

Target&Horns T

K monitor

A few 100m ™~ a few km

Possible search strategies
1. Direct production of new particles and mediators

2. Indirect effects on e.g. neutrino oscillation
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‘Searching for NP: Direct pro

1. Drell-Yan/Bremmstrahlung in

the proton target

2. Meson decay-in-flight
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3. Beam dump mode
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Target Decay Pipe Beam Dump
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4. In-detector neutrino scattering
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. Searching for NP: Indirect effects

Examples of indirect NP include e.g. NSis, EFTs  (see arXiv: 1901.04553, 1910.02971)

Heavy new physics can modify neutrino production, propagation and detection leading to
modified oscillation probabilities

by Martin Gonzalez-Alonso

Modifications can be computed in the presence of EFT and measurements of low-energy
observables translated into constraints on higher-dimension SMEFT operators

Asli Abdullahi, Dark Interactions, 16 November 2022



Why Neutrino Experiments?

High POT (~1e21) — large flux of charged and neutral mesons

-_—

2. Large detector masses ~ O(1e2) tonnes
3. Good PID (p, M, €, y reconstructed)
4. Good calorimetry

5. High cosmic rejection

. . . . See talk by Richard Van de Water, U.S. Cosmic Visions
6. Parasitic: cost shared with neutrino projects Y 2017

“Future possibilities at Proton fixed target experiments”
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;Neutrino Oscillations: Steriles

Vi v 2! . Ve ~ Among the simplest extensions of the SM that predict neutrino masses
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Neutrino Oscillations: Steril

Vi v vy . Ve ‘ The 3+1 sterile solution to SBL anomalies is now disfavoured

S. Hagstotz et al, arXiv:2003.02289

1.6

Light sterile neutrino is relativistic at early

times and contributes to Neff o

strong constraints from CMB+LSS

logm(Ale/ eV2)
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Neutrino Oscillations: Steriles

The 3+1 sterile solution to SBL anomalies is now disfavoured

vy Ve

Yu
3 ¢ >

M. Dentler et al, JHEP 08 (2018) 010
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) Neutrino Oscillations: Steriles

Most recent sterile search comes from MicroBooNE which does not exclude the full LSND

(and MiniBooNE) preferred regions
P. Abratenko et al, arXiv:2210.10216
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'Beam Dump Mode

BSM searches at neutrino experiments suffer large neutrino bkgs and the NP can be hard to detangle

Target Decay Pipe Beam Dump

D —
Be .
Air
50m 4m 487 m
N
Tl Decay-in-flight due to
70~ X short life time

If protons impinge directly on the beam dump target, Beam Thick

: Target
charged pions are absorbed or decay at rest — T gt Absorbed or decay-
neutrino flux suppressed! n* s I

MiniBooNE-DM collab. arXiv: 1807.06137
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Beam Dump: Light Dark Mat

MiniBooNE was the first accelerator neutrino experiment to perform a dark matter search in beam

dump mode
Vector portal LDM MiniBooNE-DM collab. arXiv: 1807.06137
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LDMata “target-less” DUNE,

Recently been proposed that running in beam dump mode at DUNE for < 3 months at half the
expected initial beam intensity could give competitive limits on LDM!

10-%

Light scalar dark matter coupled
to a dark photon
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BSM searches at ArgoNeuT

Search for Millicharged particles (MCP)

Flux of MCPs from neutral meson decays or

Drell-Yan at target scatter off electrons B B S R R s s 5 2 maas
ok Miia@stac i MiniBooNE% LHC " 1
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New Particles in Neutrino Sc

New particles and mediators may be produced in the scattering of neutrinos on the detector material

v
Distinguishing these processes from SM interactions requires y N
excellent PID and reconstruction — LArTPC detectors

X SM

e.g. ArgoNeuT, MicroBooNE (running)

+ ICARUS, SBND, DUNE (upcoming) i n

1. Improved hadronic vertex ID
2. Better spatial resolution

3. Improved calorimetry

Schematic of MicroBooNE TPC and cryotank

' o —



. BSM searches at MicroBooNE

Higgs portal scalar decaying to e*e” pair (first search for an e*e" final state)

Scalars produced in KDAR at the NuMI* hadron absorber
travel to MicroBooNE detector and produce e*e” pairs i MicroBooNE

NuMI 1.9x10%° POT

* reinterpretation
A central value

95% CL observed upper limit

= 95% CL median expected limit
|:| +1o expected limit
|:| *20 expected limit

Top view
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s st

NuMI target
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10

Hadron %
(not to scale) absorber

Leading constraint between
130 - 160 MeV

*MicroBooNE is located 8 deg. off-axis with respect to the NuMI target
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. MicroBooNE LEE search

Among MicroBooNE’s main physics goals is to determine the origin of the MiniBooNE LEE

Searches for an eLEE and gLEE have already been performed

Search for excess e (PRL 128, 241801 2022) Search for SM NC A — Ny (PRL 128, 111801 2022)
R @ MicroBooNE Observed "
W, = Predicted, no eLEE (x=0.0) T 8 NC A — Ny [ NC1r° Resonant A(1232)
= < —  Predicted, w/ eLEE (x=1.0) Q o
o (T LEE Model (x  =3.18) BNC1R° DIS
= 204 El All Other Backgrounds - NC1r® Higher Resonances
& 60 ==~ Total Unconstrained
g s “ Background & Error - MicroBooNE ty1p Data
& 151 ‘ S (6.80x10%° POT)
= P— \ Total Constrained
? ® % Background & Error
g 104 * 30
a -
8 / %
2 l ! = G /f// 7 >
2 5] 3
>
w
0.0 : . : . : i
ééé% leNpOn 1eOpOm  leX Unconstrained Constrained

No electron or single photon excess observed compatible with MiniBooNE!
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;MicroBooNE LEE search

A number of new physics models which predict EM final states (e, y, e*e’) have been proposed as

alternatives to a SM LEE, e.g.
While MicroBooNE is yet to perform

v B _ dedicated searches for these models,
, N v . transition magnetic moment
1 ; 8 .
77 o % we may already be able to constrain
35 i i
c Fuu(%’y—a%z\ﬁ%v’ﬁi%]vj) them using MicroBooNE public data
V -
w N e dark photon ** work-in-progress **
H . 2
4 “/‘/‘-{ .w.‘;l? . O —
% er z, (V"‘fv_ay"Nj + VINy#N; + dy fy”f)
Carbon
1% dark Scalar Jaime Hoefken Zink MtheusHostert Georgia Karagiorgi Daniele Massaro
Uni. of Bologna Perimeter & UMN Columbia Uni Uni. of Bologna
s N “LH : % W (SYT_N.+ SYN.N, + d’¢7¢ = -
R W Vel iV + dg 3 e
@ 6+ .::4. L\ /1;
Carbon

Silvia Pascoli Mark Guanqu_n Ge .
Uni. of Bologna Ross-Lonergan Columbia Uni.
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. MicroBooNE LEE search

A number of new physics models which predict EM final states (e, y, e*e’) have been proposed as

alternatives to a SM LEE, e.g.

transition magnetic moment

hg?
év 1y W —
C F\ = Va0 N+ —-Noy,N;

v
2

2
v
N o dark photon
vy ‘\,\’Z\:<
Z’ . . — —
¢ o z, (Vafy—ayﬂzvj + VINyN, + df fy”f)
arbon
v
N . dark scalar
L7 .,..H’
I . o _
:H ’ __
6 - W (STTN, + SINN, + d{7¢ )

Carbon

Simulation of neutrino-nuclear
scattering at MicroBooNE using

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

Public and documented

Paper: arxiv.org/abs/2207.04137
GitHub: github.com/mhostert/DarkNews-generator
PyPl:  pypi.org/project/DarkNews/

Asli Abdullahi, Dark Interactions, 16 November 2022
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8LEE: NC A — Ny search

MicroBooNE constrain two topologies in the gLEE (yLEE) search:

1. A">py —>1y1p 2. A’—>ny —1y0p

for]
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8LEE: NC A — Ny search

MicroBooNE constrain two topologies in the gLEE (yLEE) search:

2. A’—>ny —1y0p

for]
o
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..... == . V\
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'gLEE 1y Op selection

Impossible to apply official MicroBooNE selection and so we make some educated guesses

Selection Stages One reconstructed shower
/ and no reconstructed tracks

Topological cut / Reconstructed shower energy

Pre-selection cuts Shower start position from
SCB

Cosmic BDT

More involved set of cuts,

BNB Other BDT e.g. second shower veto

NC =° BDT

We can use our knowledge of
e+e- reconstruction to make a
pseudo-topological cut

As well as information about the
energy distribution of the true NC
delta decay photons
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) pseudo-1y Op selection

Pairs of uniformly distributed e*e” are passed through MicroBooNE
reconstruction and topological reconstruction efficiencies derived

1S0T Reconstruction Efficiency

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

We can then apply 1g0p efficiency

1.0 12000 _ .
—— 1S0T Eff - TRUE B hist C to our remaining events
C Entries 186480
J 10000 (— A(1232 n Mean 0.3273
02 C / (1232) >y | gibev 01818 o
- i ey o %20 E_Total Efficiency:
o 0.6 1 + 8000 = 5 ‘%‘% y1p: 4.0%
3 g C BP C, cut=35° 5 15 %% 1yop: 5.3%
© L 6000|— § M 1y(0+1)p:93%
= a C D 12
w 9 = E
I~ ; 10—
e Bl & Max 0___ to be ]
C selected as 1g0p o
2000 — E
L 4
T T T C A=
0 50 100 150 el E E | | I | %
0 02 04 06 ] 1 12 14 16 18 T

True Opening angle

True NC A — Ny Photon Energy [GeV]

\ Shower Energy (GeV)

Comparison of truth-level energy distributions for benchmark
model suggest it is valid to apply single photon selection

efficiency

Efficiency to reconstruct a single
shower highest for e*e” separation
angle < 35 deg.
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Preliminary selection

Light dark photon BP Light scalar BP Heavy dark photon BP

Light dark photon signal, NC 1 7° Coherent 11:311‘“_ ¢ 3:;"” signal,
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. Takeaways: Why Neutrino Experiments?

1. High POT O(1e21) — large flux of charged and neutral mesons that can decay to new
particles which leave signal in the detector

2. Can take advantage of potential to run in beam dump mode to search for broader dark sector
models

3. Strong PID (p, u, €, v), spatial and energy resolution (esp. LArTPC-based detectors) make
distinguishing NP from SM more possible

4. Parasitic: Cost burden is shared with on-going neutrino projects and greater goal of elucidating
oscillation parameters
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