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CEVNS

CEvNS occurs when the neutrino energy E, is such that nucleon amplitudes
sum up coherently = cross section enhancement
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CEVNS environments
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Reactor (CONUS, NUCLEUS, RICOCHET...)

Fixed target neutrinos (COHERENT)
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Neutrino sources and CEVNS “regimes”

@® CEVNS
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Decay-in-flight neutrinos sources can as well be used
NuMI and LBNF

| D.A. et al. arXiv:2103.10857 |
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Entering the “high-energy” window requires a substantial amount of v’s in the low-enery tail

LBNF provides that!
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LBNF neutrino beamline low-energy tail
arXiv:2002.03005
5:| TTTTTTTT | TTTTTTTTT | TTTTTTTTT | TTTTTTTTT | TTTTTTTT |:
— E v, fluxes at L, gnp=574 m =
L E — 3
8 4:_ On-axis _:
el ) § RaamaD . R bl N Off-axis 9 m E
@® CEVNS environments g = ! ™. . =
@ Neutrino sources and CEVNS ‘T> 3E et " Ofraxs33m) 3
“regimes” o E 4 3 ~ 1014 2
@ LBNF neutrino beamline OISD 25 ' 3 Full spectrum = n, ~ 10™/year/cm
low-energy tail © “F .. E . .
et = E 3 E Available e.g for v — e scattering
@ Physics program % 1 E j:': 3
S = =
CEVNS signals % f—;’»:‘x o T " =
Ot' L e b L T T T e T T
SM and BSM studies 0 1 2 3 4 S
E, [GeV]
A few comments on rock
neutron bckg
Final remarks arXiv:2002.03005
9J||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||L
|IC—> 8;_ -------- On-axis ;;
c\IE.L 7B | Off-axis 9 m .
5 Eoo| e Off-axis 33 m | 3
= 6 T Low-energy tail: n, ~ 10'?/year/cm?
c’lED S5 _..---"‘_'_'.'.'--'_'_'_'.-.-- ----------- = c ~ N2
o [ JEUURETL ] CEVNS
e e E :
W F e ] Sizable number of events!
~ 3 . —
a9 _
% e e Neutrino flux low-energy tail 3
2:|“_||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||_|'
0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2
E, [GeV]

Diego Aristizabal, USM, March 24, 2023 Magnificent CEVNS Workshop 2023, Munich - p. 5/21




vBDX-DRIFT: Basics

> Directional low pressure TPC detector

> Operates with CS, (other gases possible CF,, C4H,,Pb...)

@® CEVNS
@® CEVNS environments
@ Neutrino sources and CEVNS

e Readout
@ LBNF neutrino beamline

low-energy tail 40 Torr C82
@ vBDX-DRIFT: Basics

- + 1 Torr O,

@ Physics program

CEVNS signals

SM and BSM studies

A few comments on rock
neutron bckg v beam

Final remarks

Central cathode

Field cage

> NRs mainly in sulfur induce ionization

o CS; ions used to transport the ionization to the readout planes (MWPCs)
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Physics program
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SM and BSM studies

A few comments on rock
neutron bckg

Final remarks

The combination of the LBNF neutrino beamline

and the vBDX-DRIFT defines a neutrino program

CEvVNS measurements

Measurements in CS,, CF,, C;H,,Pb...

... Complementary to CONUS (Ge), CONNIE (Si), COHERENT (Ar, Csl, Nal)

SM measurements

Measurements of sin® 6, at a new energy scale
... Complementary to DUNE measurements in electron channel
Measurements of neutron distributions in e.g. C, S, F, Pb...

Measurements of neutrino-nucleon elastic and QE scattering

BSM searches

Neutrino NSI, NGI, Dark-neutrino interactions, dark sectors
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Signals in CS, and CF,
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SM and BSM studies
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Measurements of R, via CEVNS

Fy(q°) = o |Z g Fl(¢)+(A-2Z)g] Fl(q)]

1
w

® CEVNS
@® CEVNS environments

@ Neutrino sources and CEVNS .
regimes’ | = F): Depends on R, = known at 0.1% level (e~ — N scattering)
@ LBNF neutrino beamline 4
low-energy tail

® \BDX-DRIFT: Basics = F!: Depends on R, = poorly known (hadron experiments)

@ Physics program

CEVNS signals

_ Exp
S and BSM studies NCEVNS = NCEVNS(Rn) ZVCEVNS — Rn
® Measurements of R, via
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@ Neutron density distributions:
Results
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Neutron density distributions: Results
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Measurements of the WMA via CEVNS
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Fy (q°) = o |Z g Fl(¢)+ (A= 2Z)g] F(q)|

1
w

gh =1/2-2sin’ 0y,

— Measurements of CEVNS are done at ¢ < Agy

— Done using Csl and LAr COHERENT data, recently using Dresden-II data

D.A.S, De Romeri, Papoulias, 2203.02414
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Weak mixing angle at vBDX-DRIFT
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Neutrino NSI
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Lns) ~ Gevy,(1=ys)v, qriel q

Initial state flavor, v,: Only ¢, parameters are testable

D.A. et al, PRD 104 (2021) \
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A few comments on rock neutron bckg
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Assessing rock neutrons
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> Use GENIE to generate final-state particles energy spectra

“ Sample (randomly) (x, y, z) and propagate with the aid of GEANT4
= n" from the walls.

“ Fire n° from the wall and use GEANT4 to record energy deposited in
in veto and fiducial volume
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Neutron spectra
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Rock neutron bckg vs signal
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Zenith angle event distri

bution for neutrons and CEVNS
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NuMI Low Energy (LE) mode

Exposure 10 m* — year

Events pile up at 90°

Signal-to-noise ratio: 2.5
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Conclusions
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@ Conclusions
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#1 yBDX-DRIFT combined with a high-energy neutrino beam (e.g. LBNF)
is suitable for CEVNS measurements in
CS,, CF,, C4H,,Pb...

#9 Rock neutron background is likely to be the most challenging background

Directionality allows background rejection

#1 Offers a rich neutrino program, complementary to other CEVNS related
agendas: v-cleus, CONUS, CONNIE, COHERENT (SNS)...

#1 SM measurements include: Weak mixing angle at (Q) ~ 0.1 GeV

neutron density distributions of C, F, S, Pb with sensitivities of order 3-8%

#1 BSM searches include: Neutrino NSI, NGI and light vector and scalar mediators

Sensitivities for NSI: @ ~ 10~2 couplings can be tested

Thanks!
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