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CEvVNS

CEvVNS: Coherent Elastic Neutrino-Nucleus Scattering
The de Broglie wavelength of the Z° boson is of

* Weak-neutral-current process the order of the nuclear radius
e “Coherency”: the nucleons respond as a whole ——— qRy < 1
. “Large” cross section (o< N?) Low momentum transfer (MeV scale) needed,

S MeV scale neutrinos required!
T — V=N —-—— v.—e- B Cs W Ar
100

: X The outcome is a tiny nuclear recoil
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From EPL 143 (2023) 3, 34001




Low Energy Neutrinos

Solar Neutrinos Reactor Neutrinos

SPALLATION NEUTRON SOURCE
4 \

Pulsed beam

High Flux Time structure
Only v, Three kind of v
*Solar neutrino CEVNS E,~1—10 MeV E,~30 MeV (up to 50 MeV)

has not been observed yet




Excess Counts / PE

Full dataset in 2020
306 £+ 20 CEVNS events: 11.60 significance
To be compared with prediction: 333 + 11 (th) + 42 (ex) events

Flux uncertainty dominates the systematic uncertainty, level 10-13%
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2 First CEVNS measurement achieved in 2017 with a 14.6 kg Csl scintillating
crystal and neutrinos from mDAR by the COHERENT Collaboration
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CEVNS measurements @COHERENT: LAr

* 2020 first results using Ar (CENNS-10 detector) .

* 24 kg active mass of atmospheric argon

New targets expected soon!

Test of the expected o« N% dependence

* Single phase only (scintillation), thr. ~20 keV,,,
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CEvVNS measurements @Reactors: Ge

o 2022 First evidence for CEVNS from reactor anti-

neutrinos 100 F Colaresi et al, PRL 129, 211802 (2022) ,ﬁ“o’
¢
* 94.6 day (Rx-ON) exposure of a 3 kg ultra-low noise 80 bﬂq Ph
. ¢
germanium detector (NCC-1701) : M [
eqe B o ’0
* 10.39 m away from the Dresden-II boiling water = RxON 96.4d) & .
reactor (P = 2.96 GWy,) 2 Mt SO ]
> e e .
* Low energy threshold: 0.2 keV,, > o ——
. . )
* The background comes from the elastic scattering of  — “ ;¢
epithermal neutrons and the electron capture in "*Ge = f f
g 60 ) +
dkag A _(Te—Ti)Q o 40 : .
g7, !Vepith =+ Aepithe_Te/ Tepith 4 Z —e i 20 #@ Rx-OFF (25 d) ) |
e i—L11oM V270i T W g “
Ol tpea T A,
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» Strong preference for the presence of CEVNS is found ionization energy (keV,, )

How well do we know the quenching factor model at low energies? D
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CEvVNS cross section

Mass of the
target nucleus

Neutrino energy

dUCEVNS(Ev» an) ~ GlgmN (1 mNan

dT,, T

\

Nuclear recoil energy

At tree-level the CEVNS process
1s completely flavour-blind and
the SM vector couplings are:

There is a plethora of other
\ I / experiments expecting to
®*®° detect CEVNS soon!

Proton Form Neutron Form
Factor \ Factor

) [195(51“2 191,'V)ZFZ(q2) + ggNFN(qz)]Z

|
SM vector For more physics
proton coupling: SM vector with CEVNS look at
. ' neutron coupling || M. Cadeddu’s talk
Weinberg angle

1
Y (Veur) = =2 sin2 9y, = 0.0227

1
g?(ve,u,r) =—5= —0.5

Precision frontier to
be reached soon!

*sin2 9y, (g% ~ 0) = 0.23863(5)

We need radiative
corrections!




Radiative Corrections to CEvVNS

1

1
9y (Veur) = 5 =2 sin® 9y, = 0.0227 9y (Veur) = 5= 2 sin? 9y + -+

1 ) 1

gg(ve,u,r) =—-—=-0.5 gg(ve,ﬂ,f) — —_ 4 ...
2 2

At increasing precision, one needs to consider radiative
corrections due to higher-order vertex contributions

e In Erler & Su, a strategy 1s proposed for EW processes to calculate

most of these corrections in a universal way that is valid at all orders sce the RGE formalism in Erler
& Su, arXiv 1303.5522 (2013)

* For neutral current neutrino processes, the corrections are absorbed p n
in the definitions of the low-energy EW couplings g |4 and g V

* Remaining smaller corrections are assumed to be applied individually for each experiment,
1.e. EW coupling parameters are defined at some common reference scale u (they choose
u=0), and have the experimental collaborations correct for effects due to g # 0.

- Overlooked for CEVNS experiments so far!




Radiative Corrections to CEvVNS

When including the universal radiative corrections the couplings become

1 9 ul dL uR IR RGE formalism in Erler & Su,
g{’/(ug) =p 5—2 sin“Ow | +2Xww +0Oww —2¢,,w +p(2X%, +X%, —2K757 —X%7%) | arXiv 1303.5522 (2013)

gy = —B+Zwa+XWW+P(2E’zz+® LZ—Q&%%—&%%)'

2 sk

Where p = 1.00063 represents a low-energy correction for neutral current processes
and:

. (M - (M
WWbox‘ Oww = — ai ll—a( W)] Ky = 04%2 [1+a( W)]

25, 27 T
3az a (MZ
oot [ 2|

While the remaining radiative term is related to the so-called Neutrino Charge Radius (NCR)

% W = — (ln MW + 3) The NCR adds a flavor-dependence in gi; — gg(v{))

67 me 2

*g]’?(ve) ~ (0.0381 gg(vu) ~ 0.0299 gg(ve) ~ 0.0255 g{} ~ —05117 Up to 67% difference

wrt tree-level




The Neutrino Charge Radius

* Inthe SM, the NCR is the only electromagnetic property of neutrinos that 1s different from zero.

* A neutral particle can be seen as the superposition of two charge distributions of opposite signs
described by a charge form factor which is nonzero only for g% # 0

Fo(q?)|=g(0) + =2~
o(d) ?m (i
0 o T Neutrino Charge Radius

=0 since v 5 : . _ o
is neutral (r?) = 6d[F Q(q%) 1.e. the radius of the electric charge distribution
dg?> l¢2=0| It is a physical observable, being finite and gauge
invariant

Bernabeu et al, Phys.Rev.D62:113012 (2000)

The charge radius is generated by a loop insertion into the v, line, where W boson and charged lepton £ can enter

) ) )

Vo Vg Vo Vi
Ve YsM = 3 — 2111
rge )~ —8.3 x 10733 cm\

-33
WW+¥ loop (r,) = —4.8 x 10 £4W loop

(r?)~—-3.0x10"% cm2




NCR practical guide

* The neutrino CR affects the scattering of neutrinos with charged particles
* In CEvNS only effects on the neutrino-proton coupling

. _ V2o
CEVNS: 47— 3 — ng< ) sin dy = ), — 3G, (r? >

\ )
|

Effectively we can see the NCR contribution as an
effective shift of the weak mixing angle

electrons @
Dr, 0} tO

* Interesting quantity to measure:

* Precision test of the SM at low energies

* New particles entering the loops could modify it
* So far, only constraints!

* dfo(q ) ) However, the neutrino charge radius 1s defined at
< ) =6—I 7 Q\4 -. (r2 Ysm = [3 21n ( ";ﬁ )] g? = 0, while none of the experiments is
dg* 1g2=0 2\/_” "w /1|l performed at null-momentum transfer!

The momentum transfer must be taken into account when implementing radiative
corrections in CEVNS processes and when trying to extract the charge radius!

see also Tomalak et al, JHEP 2102, 097 (2021)




Q%-Dependence in the NCR correction

e Marciano et al. in arXiv:0403168 discuss process-dependent radiative corrections

Everything hidden in the
weak mixing angle running!

sin? 19W(q2) =k,, (q2) sin? Yw(Myg)—

* For neutrino scattering

kl/e (q2) =1-

¢ 1 /19 17
9 T _ 93202 N A <_ 52 )
g |22 (Tos Qs = 250D I (@) + 5+ 7 (g + 85+ 38

f
7 1 « 1 P
_ 1 A2 11 . 2 _}
(2Cz+ 12) HCZ] 7T§22 [ R(Z(q )‘I‘ 4

Reminds of the NCR
radiative correction

)—Nr;fﬁ— T ) =~ [ - 2R

Effective NCR definition to
account for the momentum

We obtain the SM NCR in the dependence in the radiative
null momentum transfer limit corrections




Q%-Dependence in the NCR correction

6GF g , o Gr 2 Considering the latter NCR correction inside
(r2,)°" = 6w (6?) = — 3 — 12Ry(q & . .
V2o w(7) 2v/27 [ ( )] the calculation of the neutrino-proton coupling

M. Atzori Corona, M. Cadeddu, N.C.,

F. Dordei, C. Giunti, JHEP05(2024)271 10~20
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* For v, processes the ~ 0'034: Prew AN i crOS/O effé(.t
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~100 MeV 0.028} 1 Mitng ! Cllec
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qg~10 — 100 MeV ' —
0.001 0.010 0.100 1 10 100




Results — NCR from CEvNS data

To extract NCR from data, () (T _ (r2 ) (T) q-0 ;

: T = = F, (Tar) =1
we introduce a form factor Fuy(Tor) (rg£>eff(0) <Tg€>SM w( nr)
No-momentum dependence With momentum dependence
Reactors are only | Fv=1 Fr @ | Muonic contours are

sensitive to 7;7 al — only mildly affected
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These largely negative values are due
to a degeneracy in the cross section




Results — A global view on NCR

The main impact of accounting for NCR form factor is that, by combining different measurements, the
allowed regions in the parameter space from CEvNS data are significantly reduced!

10¢
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BNL-E734
| -—-  TEXONO

- e COH+DII F,,(q?)
-4 SM

- @90% C.L.

...............

M. Atzori Corona, M. Cadeddu, N.C.,
F. Dordei, C. Giunti, JHEP05(2024)271

SM within the allowed

] regions from all the
{ experimental data

Current best limits from accelerator v, /, — e scattering

Also shown:

BNL-E734 —5.7 < <r,2,ﬂ> <1.1[1073%2cm?|

CEvVNS data (COH Ar+Csl + Dresden-II)

At 90% C.L.

—-9.5<(r3) <

—59.2 < <r,2,”> <51

5.5([10732cm?]

A—=5.9

A

A

< <r,2,ﬂ> < 4.1[1073%2cm?]

Almost excluded the

-

large negative values

Best upper limit!
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Conclusions

» Radiative corrections cannot be neglected anymore!

* Need to properly account for the non-null
momentum transfer of the experiments in the
calculation of the neutrino charge radius radiative
correction

* The systematic bias of the v,V scattering cross section
is around 1%, which is an effect of ~10% with respect
to the current systematic uncertainties affecting CEvVNS

 Mandatory to consider the momentum dependence to
extract unbiased charge radii: moreover it restricts the
available phase space when combining different
measurements

72 Thank you for

* *%W your attention!



