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What are near detectors good for?

Muon Monitors

Ta t Hall Decay Pi
— o ol

Target
Protons from
Main Injector
Homn 1 Horn 2
10m 30m

Hadron Monitor o e

T :
3¢ Fermilab
2 Apr/2019 P.A.N. Machado | BSM searches with near detectors pmachado @fnal.gov



mailto:pmachado@fnal.gov

What are near detectors good for?

Muon Monitors

Target Hall Decay Pipe .~rher
- )\ P Absorber
.~ ey
Target 7 . .
________ »
";/:----fr ------ =S e Vi
Protons from \ s o s Ul ==4 - - - -»>
AN == T Rw B s =z
Main Injector < M K
Hom 4 Horn 2 —_—— -M- -------- n---nﬁ-_-.{,:t _______
= —— ’ -9 l,,"
30 m 675 m < 2
5m
: 12m 18 m 210 m
Hadron Monitor “ »
B il
7 Rock
o

Neutrinos are ultimately produced via QCD, hard to calculate
ND measure P=1 ===> FD measures P(E,)
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What makes near detectors distinct?

Proximity to neutrino source ==> higher statistics
Smaller size ==> more complex than FD

2F Fermilab
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What near detectors are we talking about?

* LSND

* MiniBooNE
 KARMEN

* MINOS

* NOVA

« T2K

* SBN

* DUNE

2F Fermilab
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The SBN program
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What can we do with them?
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LAr: ArgonCube design DUNE 3DST Alan Bross' slides at PONDD 2019

Magnetized system complementary to
MPD/HPgTPC MAGNET

- Different target nucleus ECAL

- High statistics tests of neutrino models

- Connection to the existing catalog of cross
section measurements on scintillator (K2K,
MiniBooNE, SciBooNEne, MINERVA, T2K,
NOVA)

« Can remain on-axis when other detectors move
off-axis

- Accurate determination of the flux

electron neutrino component

- High statistics measurement of the beam -

James will provide the details

Clark will give the details

Magnet concept 22 12/3/2018 A Bross | The DUNE Near Detector Complex & Fermilabl

DUNE-PRISM

MPD

ALICE being lowered into Hall

Use linear
combinations
to disentangle f
and x-section
effects using
different fluxes.

ND

Cristovao will

Position Position Position Poaition
’ - give the detail:

A

Tanaz will go into the details
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DUNE, a theorist view

Roni Harnik's slides in PONDD 2019
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An overview of new physics models
that can be probed in near detectors
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SBSM - Light sterile neutrinos

LSND MiniBooNE
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SBSM - Light sterile neutrinos
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+ Sterile neutrinos provide a good fit of LSND+MiniBooNE
.+ Sterile neutrinos are a simple, minimal model

- Extraordinary tension with other data set (4.70) b
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SBSM - Light sterile neutrinos

Should we dismiss sterile neutrinos?
Definitely not!
Steriles could be a portal to the
heutrino mass generation:
Neutrinos in large extra dimensions

15 Apr/2019 P.A.N. Machado | BSM searches with near detectors

2= Fermilab

pmachado@fnal.gov



mailto:pmachado@fnal.gov

SBSM - Light sterile neutrinos

Should we dismiss sterile neutrinos?
Definitely not!
Steriles could be a portal to the
heutrino mass generation:

Neutrinos in large extra dimensions
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BSBSM - Neutrino tridents

Neutrino tridents are standard model processes

Vo Ve
z s - Only y'y” was observed experimentally
¢f re'e, e, petare VERY difficult
-

Several BSM scenarios can give rise to trident signatures

2F Fermilab
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BSBSM - Neutrino tridents

v magnhetic moment

Explains MiniBooNE
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BSBSM - Neutrino tridents

v maghetic moment Dark neutrinos
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BSBSM - Neutrino tridents
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New gauge bosons
(e.g. Ly-L+)

Explains (g-2),
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BSBSM - Neutrino tridents

v magnetic moment Dark neutrinos
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New gauge bosons
(e.g. Ly-L+)

Explains (g-2),

Dark tridents

Explains DM
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BSBSM - Neutrino tridents New gauge bosons

v maghetic moment Dark neutrinos (e.g. Ly-L+)
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Explains m,

Dark tridents

some or no
22 Apri2019 hadronic activity Explains DM
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BSBSM - Neutrino tridents New gauge bosons

v maghetic moment Dark neutrinos (e.g. Ly-L+)
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Pause for thinking

All these searches depend on how neutrinos interact with matter

Neutrino interactions with nucleus have always been challenging

What has changed?

2F Fermilab
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Pause for thinking

All these searches depend on how neutrinos interact with matter

Neutrino interactions with nucleus have always been challenging

What has changed?

Statistics, precision, precision, precision...

Charge Exchange a
.. y Elastic
Scattering

Detailed topology reconstruction
(particularly in LArTPCs)

Abébrption
3¢ Fermilab
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Pause for thinking

Charge Exchange a
" Elastic
Scattering
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pion Production

ar detectors
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BSBSM - Light DM

We are talking about new physics below the ~GeV scale
DM interacts with gauge boson A’

2F Fermilab
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BSBSM - Light DM

We are talking about new physics below the ~GeV scale
DM interacts with gauge boson A’
A’ mixes with our photon via the kinetic term ==> dark photon
Anything that decays to photon can go to A’ followed by A" to XX
Neutrino beams are perfect!

detector
target
. ,...darkmatter .- ?
—> /‘ITO """""""" >-2
p \\\\sef

2F Fermilab
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BSBSM - Light DM

We are talking about new physics below the ~GeV scale
DM interacts with gauge boson A’

A’ mixes with our photon via the kinetic term ==> dark photon
Anything that decays to photon can go to A’ followed by A" to XX
Neutrino beams are perfect!
but...

detector

neutrinos are the background!!!

2F Fermilab
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BSBSM - Light DM
detector

Solution 1: turn neutrinos off (i.e. run in beam dump mode)

Dark matter search in nucleon, pion, and electron channels from a proton beam dump
with MimBoolN L arXiv:1807.06137

(The MiniBooNE-DM Collaboration)

Target Decay Pipe Beam Dump MiniBooNE Detector
L

D —

Bel  Air .

| | } y X
50 m 4m 487 m

T :
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BSBSM - Light DM
detector

Solution 2: go off-axis

Neutrino Mode 0 Fermionic DM x, ap = 0.1, My = 3M,
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BSBSM - Mono-neutrinos

SC(Y DM COLIPIZS L.H)(L:H 1
. . Lportal = ( = )2( P )QS + h.c. =& = Z /\QBI/aUI[ij + h.c
primarily to nus Ao 2 e
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BSBSM - Mono-neutrinos

SC(Y DM COLIPIZS [ (Lo H)(LgH)
primarily to nus
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When neutrinos

interact, they may emit Missing pt signatures
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Other scenarios

Heavy neutrino decay - Yun-Tse's talk
Millicharged - Yu-Dai's

More DM - Yanou's talk

Coherent scattering - Gleb's talk
CCNSI - no one remembered that?

3¢ Fermilab
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35

Conclusions

Near detectors can yield extremely rich physics

In my opinion, NDs have been underestimated/underused for
new physics searches

Many novel ideas being developed recently

We should push the physics case for NDs NOW!
(particularly for DUNE...)
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