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(1) Standard Model
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Neutron skin, weak angle, Rn, ...
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» Atomic Parity Violation (APV): atomic electrons interacting

with nuclei- Cesium (Cs) and lead (Pb) available.

» Parity Violation Electron Scattering (PVES): polarized =
electron scattering on nuclei- PREX(Pb) & CREX(Ca) %"""‘

» Coherent elastic neutrino-nucleus scattering (CEvNS)-

Cesium-iodide (Csl), argon (Ar) and germanium (Ge)

available.
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Neutron skin, weak angle, Rn, ...
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» Atomic Parity Violation (APV): atomic electrons interacting
with nuclei- Cesium (Cs) and lead (Pb) available.

sin? Oy R, (Highly correlated)

» Parity Violation Electron Scattering (PVES): polarized
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electron scattering on nuclei- PREX(Pb) & CREX(Ca) sin” Oy R, (Unavailable on Cs)

Cesium-iodide (Csl), argon (Ar) and germanium (Ge)
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EW probes

Hadronic probes

at low momentum transfer using an in-ring reaction
technique at the Cooler Storage Rlng (CSRe) at the Heavy
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Neutron skin, weak angle, Rn, ...
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» Atomic Parity Violation (APV): atomic electrons interacting
with nuclei- Cesium (Cs) and lead (Pb) available.

» Parity Violation Electron Scattering (PVES): polarized
electron scattering on nuclei- PREX(Pb) & CREX(Ca)

Cesium-iodide (Csl), argon (Ar) and germanium (Ge)

available.
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EW probes
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Neutron skin, weak angle, Rn, ...
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» Atomic Parity Violation (APV): atomic electrons interacting

with nuclei- Cesiu
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Form factors

— The nuclear form factoris a huge beast...

v-nucleus scattering detailed cross-section: / Incoherent
R — o o o F
aT = 4r "2z~ E ) QR@ == (1 5 - g ) Fal@)
Dominated by the first term, proportional to the weak form factor:
o 1 (P, 1 (B + (r2 N ) voon )
Fw(q)_QWKQ:;(H - t+am§f)+aw . t) FM(q?)
o (1 (rg}p_i_(rgs)ﬁdr 1 f On<r§>nr }_M ; Coherent
+ ( w( + 6 + ﬁ ) + Gy 5 ) n (99) D
Qb (1 + 2kP) +2Q (K" + kY) , o B
B 4mz, rfﬁ (a°) Semi-
herent
aQn(1+2wP 4 26l) + 2QBR" o } _ -
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Form factors

— The nuclear form factoris a huge beast... The Q2-dependence gets

modifications from BSM
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Radiative corrections

Neutrino energy  \ass ofthe nucleus

N |

da =¥ (E T )  GE My
dT,, [

T

Nuclear recoil energy

l

) 2F2(1G1) + g/ NFy(1G1?)]2

| | |

Proton Form Neutron Form
Factor Factor

1 , u u
gv(ve)=p (5 —2 Sln2?9w) +Qwa+DWﬂ(2®z%+Edsz —2KY% %%

Not flavor universal anymore!

Correction tightly related to the definition of charge
radius (defined at zero-momentum transfer)

Pilar Coloma-IFT 11



Radiative corrections

However, CEVNS does not take place at zero momentum transfer...

Reactors are only

sensitivetov, T

(ry,) [107% em?’]

- Fy=1 ﬁ,(qz) Muor
“ . | |_—only:
' P® T |
| 'R“*xh_ﬁw NE
—20- *® COH o —20r © COH
e DIl '!:) e DIl NEW
e COH+DII — e COH-DII
T = _yol M
| |d g
| | s
-60 = ~60| L/
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/ r3) [107% cm?] (r2) [107%% cm?]
These largely negative values produce a
degenerate cross-section
Dordei's talk 12

Pilar Coloma-IFT

No-momentum dependence

With momentum dependence




New ideas

Yet-to-be-observed quantum mechanical effect predicted by A. Migdal in 1939.

Step 1 Step 2 Step 3 =

T1-203, xsec

................................................
----------
———
e

The electron cloud follows the
nucleus. In this process, extra

Incoming neutral particle that The nuclear recoil happens. The
induces a nuclear recoil. electronic cloud does not follow

— immediately the recoiling ionization can be produced.
---------- nucleus.
1 00 il it Tig, .
Trigeng, |
............... L Dresden-II
l(] : (?E)¢;S llllllllllllllllll A R R T T :
Fef PR
CEvNS
¥ YBe

Atzori

fas Corona's talk

Lindhard
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New ideas

Yet-to-be-observed quantum mechanical effect predicted by A. Migdal in 1939.

Step 1 Step 2

N AV

10~ —/ - .
Form factors, radiative corrections, etc:

— Form factors from shell model e prodicd

calculations available
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o 1 — NSI| affect Form factor Q?-dependence
6 107*
1 — Radiative corrections impact sensitivity ik
105
-1 to charge radii
-

“\ — Migdal effect cannot explain Dresden-Il excess /
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"N .

Ly, li\lL‘ V J g — - s
0.2 0.4 0.6 0.8 1.0

L‘dul IkCVCC]
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(2) New Physics in the neutrino sector
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SI DM-nucleon cross section [cm?

Neutrinos in Dark Matter Experiments

Gradient of discovery limit, # = —(dIno/dIn N)~!
2 3 4 5 6 7 8 9 10 11

n parame‘terises the
— T T TTTTTT P "fogginess" Of the

— 10-41 Gy neutrino fog
— this shows that the
parameter space is not
uniformly foggy
everywhere

Number of 8B events
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Geo \ 10 T T T T
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1072 10-3 10—+ 10* 103 10°
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Neutrinos in Dark Matter Experiments

f f

Vn 4

For solar neutrinos:
Ney < Tr [po]

Coloma, Gonzalez-Garcia, Maltoni, Pinheiro, Urrea,
2204.03011
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Neutrinos in Dark Matter Experiments

OSC+CEVNS global fit (marginalized)
Coloma, Esteban, Gonzalez-Garcia, Maltoni,
1911.09109

Borexino results (one parameter at a time)

Coloma, Gonzalez-Garcia, Maltoni, Pinheiro,
Urrea, 2204.03011
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Global fit to OSC + CEVNS
Coloma, Gonzalez-Garcia,

New results from OSC+CEVNS 2023 global fit: Maltoni, Pinheiro, Urrea,
760 2505.07698
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Global fit to OSC + CEVNS

XEMA (m¢)— xglo — NSI

Coloma, Gonzalez-Garcia,
XEMA-D(?}H g) - XND NSI XLMA D (?7: C) XLMA (TI? ) Maltom thelro Urrea
.  ghnsaacs _ 2305.07698

NSI Propagation
only

»NSI Propagation
+ Electron Scattering

‘ﬁ‘xfn}ain =

GLOB-OSC w NSI in ES+CEuNS

=

T 1 g-5
Axi. =045 =

L 1 ] L 1 1
=/ =30 &5 [1] 23 a0

LMA-D becomes disfavoured with Pinheiro’s talk
respect to LMA



Global fit to OSC + CEVNS

\ez@al‘cia,
,Urrea,
NC-NSI: o

agation

¢ ()

— The inclusion of CEVNS data
is crucial
— Combination of different targets  pgation
is keg n Scattering
— — Dark Matter experiments
will provide interesting results soon

— worth looking into
OSC + CEVNS + DMdd

| o 8|

tion+ES

/o’s talk
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respect to LMA



NSIvs SMEFT

Pne D 2/26Gy [Ggé(ﬂa}f#PLUﬁ)( Fr.PLf)+ efg(pa,mpLyﬁ)( Fr.Pr f)] + h.c. Du's talk

8 = 8V SV 4 3lcg, ) + [e¥] + 20cs, ] + [ o = (7,) (Tn)

8 =81 M+ 3lepg) = [+ [ep,] + 2[ey,]

n

1000 0.10
[ COHERENTLAr
RO Il COHERENTCsl
0.05
allfE
3 S 0.00
E_ S00F
2001 _0'05
[
O, Oy O,y OLL, OLLL dﬁ!.u Oy Qo Ony Ouayy O o 0L, Ol of) Gy 04, Gl 0.0
'-010 -005 000 005 0.0
. . . Ciy
YD, Li, T Vihon Y Xiv: 2106.1 .
» L, Tang, Vihonen, Yu, arXiv: 2106.15800 Breso-Pla, Falkowski,

' Gonzalez-Alonso, Monsalvez-
Pilar C Pozo, 2301.07036 (JHEP) 22



NSIvs SMEFT

—1 : a
5£NC D) ? Z [Egg(;]aﬁ (Va rxf/ﬁ) (qu" Q)+
X, X

1

T 2Vu u -~ )
oL DO — vzd'z {e)&;]aﬁ (Dal x13) (drxr u)
XX
2 ab (71 -
oL* D —2 Z [PXX’]ag (/arxVﬁ) +(Palxlp) . Cruz Alzaga's lightning talk
X, X'

See e.g., Breso-Pla, Falkowski, Gonzalez-Alonso, et al, 2301.0056
Falkowski, Gonzalez-Alonso, Tabrizi, 1910.02971
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NSIvs (SMEFT + vg)

1 B B
oL o o Z [Ef&;]aﬁ (Falxvs) (GTx q) +

1’4
X, X

1

T 2Vud ud
5£ ) — V2 Z |:€XX":|

. (I;'a rxllg) (5rxr U)

XX -
2 ab (71 -
oL* D —2 Z [PXX’]Q,B (/arXVB) +(Palxlp) . Cruz Alzaga's lightning talk
X, X'

e SM limit. All charges except the vectorial ones vanish.

e NP only in detection. We obtain the same results as in

NC-NS|-like

previous works.

e NP only in production. Direct and indirect NP effects

cancel out.

. ) e Linear NP terms. There is no linear interference between the
Effectin production cancel ou;

analysis can be recasted to NS fit operators with RH-neutrinos and the ones present in the SM.

We recover the linear limit of our previous work?.

e Second order NP terms. The number of charges is reduced
Pilar Coloma- IF'T to 9, since (@5)2 and (@\‘})2 are affected by different NP

terms in production at this order.



Light vector mediators

- B — 3L, vector boson
1:f|l||| L ||||'|I|| T L |I'Ir||| T I_

103

107

10-58 ’
£ 05 ]
=== Csl
AtzoriCoronaetal, === Ar _
220211002 — Csl+Ar
I{}_ﬁ Il |Ik||| - L Il 1|II||| Il i I|(II|| L L l|]l||| L Il Ll y
10-* 10~ 10" 10 10

My [GeV]
Ternes's talk
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Light vector mediators

- B — 3L, vector boson
-:Flllll L ||||'|I|| Ll L |I'Ir||| T I_

103

107

E 104

|- | \cj L
10-°88 . 1 0-5 :

: o ; [ Coloma, Gonzalez-Garcia, Maltoni,

. e 200914220
AtzoriCoronaetal, === Ar _ -

220211002 — Gl+A .
-l”—('p paaiial S—— il g aaaul O M E L |s|..r...l 106- B— 3LI1
102 10+ 10" 10! 10° [ ) . .
My [GeV] 102 10! 10° 101

M (GeV)

Ternes's talk
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Light vector mediators

B — L vector boson ]

107%p

104

1077

BESIII

F i

104 e = &
“ ] 90%CL (2dof) excluded _
COHERENT + -

D-11 YB -1 YBe
10 . 100 bet : COHERENT+ =
] |E | | | DT Fef .
AtzoriCoronaetal, 7 2] 102 102 10! 10° 10% 102 103
| 220211002 o M [MEV]
107° 10-# .llilll_l - ""1'[']0 — 1(|J1 - -"1'02

My [GeV] Coloma, Esteban, Gonzalez-Garcia et al,
220210829

Ternes's talk
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Light vector mediators

- E141

B Orsay
108

2N

- E137

[ NOMAD

|[]—Ii |||||||2 (e

Pilar Coloma-IFT

|IJ.JJ
10—1

.

with more COHERENT data,
Nnor combining nuclear targets

Light mediators:

— No significant changes

— CEVNS data exclude possible

explanations of (9-2),

[ R L

D0 % CL (2dof) excluded

COHERENT + -
D-IT YBe

COHERENT+ 3
D-1II Fef

— COHERENT sensitivity to

101 102 103
eV|

n, Gonzalez-Garcia et al,

scattering on e
Important at low masses /

2202.10829
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Neutrino magnetic moments

Coloma, Esteban, Gonzalez-Garcia, et al,
220210829

90% CL (2dof) excluded

COHERENT +
B 7 vBe

COHERENT +
B 51 Fef

- D-II Fef 90%CL (1dof) allowed f

100 10!
o, (1070 pup]

Larizgoitia’s lightning talk
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— Results confirmed independently by other groups
— Again, no significant improvement from the use of
latest Csl data

Atzori Corona, Cadeddu, Cargioli, et al, 2205.09484
De Romeri, Miranda, Papoulias, et al, 2211.11905

Li's & Miranda's talks

Experiment Bounds

CONUS pp, <7.5x 107 Mg CONUS Eur. Phys. J. 82 (2022) 813
Dresden || o, < 213 % 10_10,u5 Atzori Corona et al JHEP09(2022) 164
COHERENT fo, < 3.8 X lO_guB de Romeri et al JHEP 04(2023) 035
COHERENT fy, < 2.6 X 10_9u5 de Romeri et al JHEP 04(2023) 035
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Neutrino transition magnetic moments

Li's & Miranda's talks

Ui picc
LNpp = E(NU”,,VQF’W) + h.c.

{0
<«——— Miranda, Papoulias, Sanders, etal, 2109.09545

193
Aristizabal Sierra, de Romeri, Papoulias, 2203.02414
M
3_1[‘1—‘“ = e
Y
3
=11 L -
10 3 excluded
celuded
1[]—12 ] Lol | Lol ] Lo
102 10~ 10" 10!
my [MeV]
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Neutrino transition magnetic moments

Li's & Miranda’s talks — Results also confirmed by other groups:
Cxpp = 2% (N v¥F ) 4+ h
NDP = 7( 0wV )+ h.c. -
=
)
i )
10 z 10-6 i
{1 T COHERENT (this work) e
COHERENT sl i %} Atmospheric v
107 - O (Super-K)
: -':‘;JIO‘7 ;‘*-:.'""','_':.’...--—-—-
1010 | . Dresdeni-() - \%3
w = = . r ;
= 5 = il s \SO‘arN—)UV%V
[ i 10-8 (Borexino and Super-K)
< iin ] | 1071 10Y 10° 104
10 g 30 excluded 3 mN[MEV]
C 20 excluded o
- i Li, Li, Xia, 2406.07477
1[]—12 1 Ll | L gaaaal L L
1072 10! 10" 10!
my [MeV]

Miranda, Papoulias, Sanders, et al, 2109.09545
Aristizabal Sierra, de Romeri, Papoulias, 2203.02414
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Neutrino transition magnetic moments

— Results also confirmed by other groups:

I T L
1
!
’ H,
[
L
A
]
i
i
i
¢
e
]
;o
/

Magnetic moments:

COHERENT Csl

— No significant changes
E) with more COHERENT data, %

1010 — .. {9@)
3 nor combining nuclear targets 5
o 10" 107

/]

— Dresden-Il limits stronger N OO

o2 (much lower threshold)

1072 101 K
Miranda, Papoulias, Sanders;

Aristizabal Sierra, de Romeri, Papoulias, 2203.02414
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Neutrino magnetic moments vs QI

103
102}
10"+ R
0 e, O“
]0 B - ",q“
107"+ s ’ ]
. ) Y
A ’ o
]0-2, \‘: :
b 1
103t : '
i '
107°F :
0.01 0.10 1 10

Cross Section/o gy

— While CONUS seems to favor
Lindhard, Dresden-ll remains OK-ish

— Anincorrect QF significantly affects
the limits on BSM physics manifesting
atlow energies (!!)

Pilar Coloma-IFT

Magnetic Moment
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Huber's talk
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(3) Searches for new particles

54



Coherent scattering of new particles

vV, X X
Mufioz Candela's & ”
Majumdar’s talks
BN DUNE-ND . L7
B COHERENT XENONNT f f e gy
10_2 T L | VX — = Xo
: | | = X — N
| 1 & 10—26
| I E
' L. =
: ol -
o S0 1
10 : 'g 10-28 e
‘. ? c:l_"‘\
i 3 E .
6 i = ¥ I (0
10~ i . -
; sees oy =01my 3 = =X
“mg === my=1my d 10_32 s
: — 1y = 10my |3 | E
10-8 ’ " . _
10_5 10_3 10_1 ].01 10—34 L |||||:| L |||;I|| IR WU TT] B B I WU NT] I N ||||3
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arXiv:2404.12476 [hep-ph]



Inelastic Dark Matter signals

N*DN Dutta’s talk

BIGSTICK Gamow-Teller strength 10-8 5 U(DB Scalar DM
0.25 T ] .
i
—— Ar40
" X _U i
0.201 10~ 4
X N
é‘CU 15 1(_)—1(}
E - - (:('_\I LAr (our work)
e 0.10 G _ 11 —=~ CCM Csl (our work)
P‘,__ l[)_ E S COHERENT Nal (our work)
= # —— KARMEN (our work)
o === PIP2BD (our work)
0.05 10-12 ] —— COHERENT Csl
3 ._’,-” Existing limits
_ L ] _oe=" CCM120
(.00 1 i 17 —— Relic density
0 10 20 30 10 50 10— . — -
10! 10?

Deexcitation energy [MeV]

my (MeV]
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|.ong-lived particles @ Spallation Sources

Hostert's talk

JSNS? (1 and II):

Pros: Closest to the source and largest vol
Cons: larger backgrounds, sensitivity to single

e Liquid Sp KOTO @ 425
-"Ksﬁ‘?r flash events (e.g., e"e™) only for E;, = 50 MeV. @425m
u* 4 Best for: doubleftriple flash (uu, ur, or vue). _ _

KOTO:
Pros: Low-density vol and low bag
Cons: Further away (~500 m)

Best for: 7" and Yy

Decav volume

ND280:

Pros: Low-density and magnetized
Cons: Slower detector

Best for: any charged final state

JSNS*-l @ 24 m

S
| : X

ND280 @ 270 m



|.ong-lived particles @ Spallation Sources

Model Production Decay Timing signature| J-PARC Detector

pt — etvN N — vete™ ND280

+ -
Heavy Neutral Leptons N —ve'e ND280
+ e+

n /KT =N N s vute /nte” JSNS? and ND280
N oswvptp /atp~ JSNS? and ND280

N — vr® KOTO

S—eTe” ND280

Higgs Portal Scalar Kt 5 ats

S—uty /atn~

JSNS? and ND280

S — 7ox° KOTO

Muon Portal Scalar | p* — etwvwSy Sy = vy KOTO

ALP: Higgs Coupling | Kt — ntay agerelie ND280
ag = putp~ JSNS?Z and ND280

ALP: Flavor Violating |u™ — et apv () apv = ete™ ND280

ALP: Weak Violating |7t — eTrveawv awv — ete” ND280

PPIPIPITPPTY

Hostert's talk

— Maybe worth exploring also

at SN, LANSCE, ESS!
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3

To summarize...

Macizo de Anaga,
Tenerife
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To summarize...

COHERENT (Spallation Source)

Csl
Ar
More to come! Ge, Na, ...

CEvNS atReactors
CEVNS from astrophysical sources
[ncreased precision

Quenching Factor
Nuclear Form Factors
Improved flux uncertainties

Radiative Corrections
Not only CEVNS!

elastic scattering on electrons; CC
neutrino scattering; inelastic signals, de-
excitation photons, decays of long-
lived particles...

e

Macizo de Anaga, :

A [enerife



To summarize...

Ahighreward awaits at the top:

Neutron skin
Weak mixing angle
NSI/SMEFT
Sterile neutrinos

ALPs

Dark fermions/dark matter

— We are just getting started!

3&_}' ! Macizo de Anaga, Al

Tenerife
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