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Two big questions

-Can we use the effective field theory approach to study non-

standard effects both in neutrino production and detection at
COHERENT?

-Does COHERENT have a place in the electroweak EFT
precision global fits?



Two big questions

-Can we use the effective field theory approach to study non-

standard effects both in neutrino production and detection at
COHERENT? YES

-Does COHERENT have a place in the electroweak EFT
precision global fits? YES



COHERENT experiment

-The experiment consists of a set of detectors built
around nuclear targets (Csl, Ar) exposed to neutrinos
generated by the Spallation Neutron Source (SNS)

Hg TARGET

SHIELDING MONOLITH

CONCRETE AND GRAVEL

NIN Cubes



COHERENT experiment

-The experiment consists of a set of detectors built
around nuclear targets (Csl, Ar) exposed to neutrinos
generated by the Spallation Neutron Source (SNS)

Hg TARGET

SHIELDING MONOLITH . . . .
-Built to observe coherent elastic neutrino scattering off

CONCRETE AND GRAVEL nuclei (CEVNS)

%
~ 27. 707
19.3m

NIN Cubes

~ SANDIA
CAMERA




COHERENT experiment

-The experiment consists of a set of detectors built
around nuclear targets (Csl, Ar) exposed to neutrinos
generated by the Spallation Neutron Source (SNS)

Hg TARGET

SHIELDING MONOLITH

-Built to observe coherent elastic neutrino scattering off

s |
LN & .
& & CONCRETE AND GRAVEL nuclei (CEVNS)

_ﬁ=~ “ | A scattered
] [— neutrino
V4
,I
SANDIA NIN Cubes I——
CENNS-10- SCIBATH o
GAMESA -Interaction enhanced

Z

nuclear
boson :

for heavy nuclei

* o

s 8 ‘ &

recoil
a 5}; -Excellent probe for NP

at the neutrino sector
secondary
recoils

scnntlllatlon




COHERENT experiment

-The experiment consists of a set of detectors built
around nuclear targets (Csl, Ar) exposed to neutrinos
generated by the Spallation Neutron Source (SNS)

Hg TARGET

o

SHIELDING MONOLITH . . . .
-Built to observe coherent elastic neutrino scattering off

CONCRETE AND GRAVEL nuclei (CEVNS)

= | |

-Neutrinos are produced from pion decays (v,) and the
subsequent muon decays (v, Ve)

SANDIA Csl \ NIN Cubes

PYLF

(LAY)




COHERENT experiment

-The experiment consists of a set of detectors built
around nuclear targets (Csl, Ar) exposed to neutrinos
generated by the Spallation Neutron Source (SNS)

Hg TARGET

SHIELDING MONOLITH . . . .
-Built to observe coherent elastic neutrino scattering off

CONCRETE AND GRAVEL nuclei (CEVNS)
= “ | -Neutrinos are produced from pion decays (v,) and the
. 5\\ subsequent muon decays (v, v,)
\ SAND Csl ™ NIN Cubes
CAMERA

-First experiment to measure CEVNS and to describe its
energy and time distributions

(LAY)

3

P4




COHERENT experiment

-Hg TARGET

________ i

;
;
X

SHIELDING MONOLITH

&

Al
& & 2 CONCRETE AND GRAVEL
3 / -

= | |

CENNS-\10\

(LAY)

TS SANDIA \Csl “NIN Cubes

SCIBATH Nal CAMERA m iii

-The experiment consists of a set of detectors built
around nuclear targets (Csl, Ar) exposed to neutrinos
generated by the Spallation Neutron Source (SNS)

-Built to observe coherent elastic neutrino scattering off
nuclei (CEVNS)

-Neutrinos are produced from pion decays (v,) and the
subsequent muon decays (v, Ve)

-First experiment to measure CEVNS and to describe its
energy and time distributions

-How to introduce NP into this setup? We borrow
from a recent theoretical description of neutrino
oscillation observables in a QFT framework
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Adapted from

Neutrino oscillation observables in QFT
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Adapted from

Neutrino oscillation observables in QFT

Unique features when:
-NP effects present both on production and detection
-Flavor-violating couplings
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Neutrino oscillation observables in QFT
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Adapted from

Neutrino oscillation observables in QFT

NP effects easy to
implement in the
production/detection
amplitudes!
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NP at the COHERENT experiment

What NP contributions enter the COHERENT observables?

-Pion decay production piece:
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-Muon decay production piece:
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-Main observable at COHERENT:

Nprompt

Extracted from our
knowledge about the pion
and muon decay laws
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NP at the COHERENT experiment

-Main observable at COHERENT:

AN d Nprompt d Ndelayed
— =g, (t
dgrar ~ I\ g/ 9\ g7

Calculated to include NP
contributions, nuclear
effects and experimental
corrections
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Results

-Flavor blind SMEFT matching (U(3)° scheme):
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How do these results fit into the EWPO global fit?
(Z & W-pole data, atomic PV, tau decays...)



Results

-Impact on the SMEFT EW global fit:
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Results

-Impact on the SMEFT EW global fit (general scheme):
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Relevant setup for models with explicit EW symmetry:
(o dd

ReSU‘tS [Eﬁd]#'f:c?b g €pr = C1 —C3 €ur = C1 T C3

-Production and detection WCs together:
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Conclusions

“We have succesfully applied an EFT-based formalism for the description of BSM
physics at the COHERENT experiment:
- understand the UV meaning and limitations of the production/detection NSIs
- take into account NP in production & detection
- take into account NP affecting SM input
- connect with specific NP models or interactions (e.g. leptoquarks)"

© We have quantitatively determined the impact of NP coming from production

- We have incorporated the COHERENT information into the SMEFT electroweak
global fit



Extra: EFTs for low energy observables
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Extra: COHERENT observable expanded
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Extra: COHERENT observable expanded
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Extra: COHERENT observable expanded
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