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CEvVNS 101

© VN — VN: for E, small enough the neutrino does not resolve the nucleus
— ¢ ~ N? | Coherent Elastic Neutrino-Nucleus Scattering (CEVNS) [Freedman'74]

o Extremely challenging experimentally (very small nuclear recoil)
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© VN — VN: for E, small enough the neutrino does not resolve the nucleus
— ¢ ~ N? | Coherent Elastic Neutrino-Nucleus Scattering (CEVNS) [Freedman'74]

o Extremely challenging experimentally (very small nuclear recoil)

© COHERENT observed CEVNS for the 1st time in 2017 at the SNS [Akimov et al.'17]
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CEvVNS 101

© VN — VN: for E, small enough the neutrino does not resolve the nucleus
— ¢ ~ N? | Coherent Elastic Neutrino-Nucleus Scattering (CEVNS) [Freedman'74]

o Extremely challenging experimentally (very small nuclear recoil)

© COHERENT observed CEVNS for the 1st time in 2017 at the SNS [Akimov et al.'17]
o Now measured with different detectors & targets (discovery — precision)
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© VN — VN: for E, small enough the neutrino does not resolve the nucleus
— ¢ ~ N? | Coherent Elastic Neutrino-Nucleus Scattering (CEVNS) [Freedman'74]

o Extremely challenging experimentally (very small nuclear recoil)

© COHERENT observed CEVNS for the 1st time in 2017 at the SNS [Akimov et al.'17]
o Now measured with different detectors & targets (discovery — precision)
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CEvVNS 101

© VN — VN: for E, small enough the neutrino does not resolve the nucleus
— ¢ ~ N? | Coherent Elastic Neutrino-Nucleus Scattering (CEVNS) [Freedman'74]

o Extremely challenging experimentally (very small nuclear recoil)

© COHERENT observed CEVNS for the 1st time in 2017 at the SNS [Akimov et al.'17]
o Now measured with different detectors & targets (discovery — precision)
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CEVNS: pheno analyses
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Lots of pheno analyses: electroweak (mixing angle), nuclear physics
(neutron skin), electromagnetic neutrino properties, light mediators,
non-standard NC interactions, ...

[Barranco et al'O5, Scholberg'06, Cadeddu et al'18, Papoulias-Kosmas'l8, Shoemaker'17,
Liao-Marfatia'l?, Cadeddu et al'l8, Aristizabal et al'18, Denton et al'18, Altmannshofer et
al'l9, Giunti'?0, Coloma et al'20, Skiba-Xia'Q&2, Hoferichter et al'20, Miranda et al'20, Atzori
et al'R2, Coloma, et al'22, De Romeri et al'23, Breso-Pla et al'23, Aristizabal et al'25, Li et
al'25, de Romeri et al'25, Liao et al'@5, Atzori Corona et al'25, Breso-Pla et al'25, de Romeri
et al'?6, ... and many other works]
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Lots of pheno analyses: electroweak (mixing angle), nuclear physics
(neutron skin), electromagnetic neutrino properties, light mediators,
non-standard NC interactions,

[Barranco et al'O5, Scholberg'06, Cadeddu et al'18, Papoulias-Kosmas'l8, Shoemaker'17,
Liao-Marfatia'l?, Cadeddu et al'l8, Aristizabal et al'18, Denton et al'18, Altmannshofer et
al'l9, Giunti'?0, Coloma et al'20, Skiba-Xia'Q&2, Hoferichter et al'20, Miranda et al'20, Atzori
et al'R2, Coloma, et al'22, De Romeri et al'23, Breso-Pla et al'23, Aristizabal et al'25, Li et
al'25, de Romeri et al'25, Liao et al'@5, Atzori Corona et al'25, Breso-Pla et al'25, de Romeri
et al'?6, ... and many other works]

I'll focus on COHERENT-lilke exp. & "heavy” BSM searches — EFT
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[Barranco et al'O5, Scholberg'06, ...]
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[Barranco et al'O5, Scholberg'06, ...]
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L I I,F I <:WET} NSL o ) [Breso-Pla, Falkowski, MGA, Monsalvez-Pozo,

2301.07036 JHEP]
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I 4| I;I I ) SMEF I [Breso-Pla, Falkowski, MGA, Monsalvez-Pozo,

2301.07036 JHEP]
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I 4| I;I I ) SMEF I [Breso-Pla, Falkowski, MGA, Monsalvez-Pozo,

2301.07036 JHEP]
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2301.07036 JHEP]
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LEFT ~ general flavor structure? + v, ?
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[Breso-Pla, Cruz-Alzaga, MGA, Prakash'25, de Romeri et al.'22, Li et al'20,
Aristizabal et al'l9, Papoulias et al'19, Han et al'20, Majumdar et al'l9,
Aristizabal et al'l8, Papoulias-Kosmas'l8,... and many other works]

PS: tensor not coherently enhanced (like axial) !!




CEVNS: pheno analyses
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[from COHERENT coll.]

Lots of pheno analyses: electroweak (mixing angle), nuclear physics
(neutron skin), electromagnetic neutrino properties, light mediators,
non-standard NC interactions,

[Barranco et al'O5, Scholberg'06, Cadeddu et al'18, Papoulias-Kosmas'l8, Shoemaker'17,
Liao-Marfatia'l?, Cadeddu et al'18, Aristizabal et al'18, Denton et al'18, Altmannshofer et
al'l9, Giunti'?0, Coloma et al'20, Skiba-Xia'Q&2, Hoferichter et al'20, Miranda et al'20, Atzori
et al'R2, Coloma, et al'22, De Romeri et al'23, Breso-Pla et al'23, Aristizabal et al'25, Li et
al'25, de Romeri et al'25, Liao et al'@5, Atzori Corona et al'25, Breso-Pla et al'25, de Romeri
et al'@6, ...]
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Muon decay

© 10 interactions (with SM flavor structure)™*

e Standard Model: ggL — 1; others — 0.

. . . . 1
*With the normalization constraint (G comes from p decay): 2 [Z 165,17 + 1eb 2 + 31T 2| =1
€,n




Muon decay

© 10 interactions (with SM flavor structure)™*

e Standard Model: ggL — 1; others — 0.
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Muon decay

© 10 interactions (with SM flavor structure)™*

e Standard Model: ggL — 1; others — 0.
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« What about (anti)neutrino detection? ,
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Muon decay parameters

[Breso-Pla, Cruz-Alzaga, MGA & Prakash,
2502.18175 PRL]

o For left-handed neutrinos (v,):
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Agrees with Fetscher'94
(typo in the PDG review)




Muon decay parameters

[Breso-Pla, Cruz-Alzaga, MGA & Prakash,
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[Breso-Pla, Cruz-Alzaga, MGA & Prakash,
2502.18175 PRL]

Muon decay parameters

o For left-handed neutrinos (v,):

sz/L B 241, P 5 (1-y)+ §w o E Agrees with Fetscher'94
dB,  m, |V YT 1)) . .
p Only one experimental extraction!
y =2E,/Im, [KARMEN, PRL'98]
» Same for antineutrinos (7,,):
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[Breso-Pla, Cruz-Alzaga, MGA & Prakash,
2502.18175 PRL]

Muon decay parameters

o For left-handed neutrinos (v,):
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Muon decay parameters

[Breso-Pla, Cruz-Alzaga, MGA & Prakash,
2502.18175 PRL]

o For left-handed neutrinos (v,):
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[Breso6-Pla, Cruz-Alzaga, MGA & Prakash,

2502.18175 PRL]
Muon decay parameters — COHERENT

COHERENT data = ‘ =
I LAr + CsI g il = 1.25(2_1_) )
p’ recoil & time distribution § s
(664 data) 2.0
— COHERENT
,,,,,,,,,,,,,,,,,,,,,,, { 15[ "7 e

\

1.0
Wy, 05}

First extraction ever 0.0
of these parameters!

0.0 0.2 0.4 0.6 0.8 1.0




;“HE WHOLE ENCHILADA

NP everywhere

[Breso-Pla, Cruz-Alzaga, MGA & Prakash,

2505.01275 JHEP]
o General EFT study (vLEFT):

NP in CEVNS (vector, scalar, i), T decay and p decay; general flavor structure (u™ — e*v,0.), N vp.
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NP everywhere

[Breso-Pla, Cruz-Alzaga, MGA & Prakash,
2505.01275 JHEP]
o General EFT study (vLEFT):

NP in CEVNS (vector, scalar, i), T decay and p decay; general flavor structure (u™ — e*v,0.), N vp.
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*CEVNS event rate calculated using a QFT approach [Falkowski, MGA & Tabrizi'20] [— ]. Kopp's talk]




NP everywhere

;“HE WHOLE ENCHILADA

o General EFT study (vLEFT):

[Breso-Pla, Cruz-Alzaga, MGA & Prakash,
2505.01275 JHEP]

NP in CEVNS (vector, scalar, i), T decay and p decay; general flavor structure (u™ — e*v,0.), N vp.
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*CEVNS event rate calculated using a QFT approach [Falkowski, MGA & Tabrizi'20] [ ]. Kopp's talk]




Summary

© CEVNS: discovery (2017) to precision

EFT!!

o Low-energy process — EFT
o Competitive EWPO (SMEFT fit)

© Full vLEFT results available (for tDAR production)

® CEVNS — sensitive to NP in neutrino production. Just the
o 1st extraction of o, Michel parameters (Eﬂﬂ distribution). beginning!

0.10F R ] 0
' SMEFT language COHERENT

1 i o increase Fluo igneti
[ ] ]
Clence et S 15 77777 i eenrol
AVAAAS 1
0.05

< ‘ 1.0+
’ ‘ w EWPO w/
il COHERENT
: & 0.00 1 Wy, 05
SPOTTING'A ‘ 1 0.0-
EWPO w/o
GHOST l Ly -0.05 COHERENT
? : B> -0.5
-0.10 N D 1.0 o
-0.10 -0.05 0.00 0.05 0.10 0.0 0.2
Clu

“— T T—




Credit: Sandbox Studio, Chicago

Th aﬂk S ! Grant PID2023-146220NB-100 and

grant CNS2022-135595 funded by

P
AN
S
i £l ¥ MINISTERIO AT

'g DE CIENCIA, INNOVACION
Y UNIVERSIDADES inanciado por
2 = la Union Europea
N

AGENCIA
ESTATALDE
INVESTIGACION




Backups



CEvVNS 101

© VN — VN: for E, small enough the neutrino does not resolve the nucleus
— 6 ~ N? | Coherent Elastic Neutrino-Nucleus Scattering (CEVNS) [Freedman'74]

o Extremely challenging experimentally (very small nuclear recoil)

© COHERENT observed CEVNS for the 1st time in 2017 at the SNS [Akimov et al.'17]
o Now measured with different detectors & targets (discovery — precision)
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CEvVNS 101

The Wide World of CEVNS
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[Breso-Pla, Falkowski, MGA, Monsalvez-Pozo,
2301.07036 JHEP]

COHERENT in the SMEFT

o Global fit to Electroweak precision observables in the flavor-universal SMEFT
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[Breso-Pla, Falkowski, MGA, Monsalvez-Pozo,

COHERENT lﬁ LEFT N SMEFT 2301.07036 JHEP]

» Global fit to Electroweak precision observables in the flgyossss¥crsal SMEFT
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Muon decay parameters — COH

[Breso-Pla, Cruz-Alzaga, MGA & Prakash,

2502.18175 PRL]
D B
RENT
A 4

(L]

o Let's allow for NP only in muon decay (SM detection + SM pion decay + Flavor diagonal):
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NP in muon decay — COHERENT event rate
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Complete vLEFT study (250501275,

Breso-Pla, Cruz-Alzaga, MGA & Prakash]
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© COHERENT event rate calculated using a QFT approach [Falkowski, MGA & Tabrizi'20].
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