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Physics potential of CEVNS

» New neutrino interactions
» EW precision tests: e Non-standard interactions
« Weak mixing angle e Generalised interactions
 New mediators

» Nuclear physics | |
 Nuclear form factors » Neutrino properties

« Neutron radius and “skin”  Neutrino charge radius

 Magnetic moments

» Supernovae
p Sterile neutrinos

» Solar neutrinos
» Dark matter
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Physics potential of CEVNS

» SM precision tests: » New neutrino interactions
 Weak mixing angle * Non-standard interactions
1 e« (eneralised interactions
» Nuclear physics - e New light mediators

* Nuclear form factors | |
« Neutron radius and “skin” > Neutrino properties
e Neutrino charge radius

» Supernovae  Magnetic moments

» Solar neutrinos p Sterile neutrinos

» Dark matter/dark sectors

VDR, Miranda, Papoulias, Sanchez-Garcia, Tértola and Valle, 2211.11905 [hep-ph]
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Physics potential of CEVNS

» SM precision tests: See next | P New neutrino interactions
« Weak mixing angle/ | talk by D. . Non—stqndard |nteraf:t|ons
| Papoulias |  Generalised interactions

uclear physics N mediators

e Nuclear form factors | T

« Neutron radius and “skin’ Neutrino properties ™
e Neutrino charge radius)

» Supernovae * Magnetic moments

» Solar neutrinos p Sterile neutrinos

» Dark matter/dark sectors

VDR, Miranda, Papoulias, Sanchez-Garcia, Tértola and Valle, 2211.11905 [hep-ph]
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Physics potential of CEVNS

» SM precision tests:
e Weak mixing angle

» Nuclear physics
 Nuclear form factors
 Neutron radius and “skin”

» Supernovae

» Solar neutrinos

Se‘e- talk by |

G. Sanchez

e
—

s> New neutrino interactions

“_* Non-standard interactions

 New mediators

» Neutrino properties
e Neutrino charge radius
e Magnetic moments

p Sterile neutrinos

» Dark matter/dark sectors

VDR, Miranda, Papoulias, Sanchez-Garcia, Tértola and Valle, 2211.11905 [hep-ph]
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Statistical analysis

0= 11% efficiency + flux

0,= 25% BRN

0,= 35% NIN

o;=2.1% SSB

- o;= 3.8% QF

(a4, a6, a7) + (1 + ag) Ny (g, ar) 0,= 5% (R,=1.23 A"3(1 + a,))
+(1+ag)Ni; (o) + (1 +a)Nyj - (ag) + (14 ag)Ni; as beam timing (no prior)
a, CEVNS efficiency

Cs[,CEvNS+ES CEvNS
Nth = (1 + oo + Ot5)N7;j

COHERENT Collaboration Phys.Rev.Lett. 129 no. 8, (2022) 081801

LAr
Go = 1 3%
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08 = 1 OO%

delayed BRN

E E_ Z":-rig tt?rig t‘t};ig pBRN
O,= 32% + (1 + B4 + BsA grN + B5A08RN + B6DpBRN T+ B62 RN + B7A,5RN) N

SSB
+ (1 + B3)N;;

prompt BRN + (14 Bg)Ngo ™ - expf

ij

Z (Be)”

k=1,2,5,6,7

avape . E ()

. k=0,3,4,8
uncertainties
Atzori-Corona et al. 2205.09484, COHERENT Collaboration arXiv:2006.12659
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» Csl data set:

e Consider 2021 data
* Include ES events
e Time distributions (with uncertainty on beam timing)

»LAr data set:
e Include all systematic errors
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New neutrino interactions: NGI

Additional types of Lorentz-invariant interactions involving scalar, vector and tensorterms
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Q Q Q
New neutrino interactions: LV
doyw ¥ Cy 2 dory, v SM Cv = guv [(29uv + gav) Z + (guv + 2gav) N|
B 10BN ( ) HW@ Hr CBNS 9x = \/ovx9x; [ = {u,d}

K = 1 for universal couplings and k = —=1/3 in the B — L model

10
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my [MeV] my [MeV]

VDR, Miranda, Papoulias, Sanchez-Garcia,Tértola and Valle, 2211.11905 [hep-ph]

Complementary analyses in: Coloma et al. 2202.10829, Atzori-Corona et al. 2205.09484
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New neutrino interactions: LS and LT

doy,n LS B
dEnr CEVNS -

doy N |IT  my(4ES — myEy,) Cq

dEnr CEvNS B 27TE3 (QmNEnr

2 412
QFW(IQ| )
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VDR, Miranda, Papoulias, Sanchez-Garcia,Tortola and Valle, 2211.11905 [hep-ph]
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New light mediators: summary

Csl+LAr
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VDR, Miranda, Papoulias, Sanchez-Garcia,Tértola and Valle, 2211.11905 [hep-ph]
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Sterile neutrino dipole portal

Transition of an active neutrino to a massive sterile state, induced by a magnetic coupling:
vi+ N—-F,+ N

VDR, Miranda, Papoulias, Sanchez-Garcia,Tortola and Valle, 2211.11905 [hep-ph]
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Sterile neutrino oscillations

CEVNS’ sensitivity to the total active neutrino flux —> search for sterile neutrinos.
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This scenario leads to a slightly improved fit CsI+LAr C N\ Q
for the Csl data (compared to the SM), while N
for LAr it leads to a poorer result. 109

The sensitivity to the new mass splitting and

I - i Vi i VDR, Miranda, Papoulias, Sanchez-Garcia, Tértola
active-sterile mixing angle is rather poor. ad Valle 251111908 [homon]
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Summary

weak mixing anglenuclear neutron] MM, tive

S i SM
cenario (sin2 Ow) radius (R,) (Hv, > v,

» COHERENT data:
832(0 849) 828(0 854) 819(0 845) 832(0 867)
- » We have analyzed the updated 2021 Csl data

CsI+4-LAr | 189.7 0 870 189.7 (0 874 189.6 O 877

NSINU | NSINU NSINU | NSINU release from the COHERENT experiment and

av \4 dv \"4 av dv \%4 \%4
( ee ge ) ( €ups Zu) (Eee ) ,uu) ( Ze ) Z,u)

829(()863) 829(()%3) 828@863) 828(0863) combined this result with the 2020 LAr data set.
_

CsI+4-LAr | 188.9 0 874 188.5 0 873 188.9 0 875 188.5 (0 872)

Scenario NSIFC‘ ST NSIFC | NSIFG » CEVNS physics potential on BSM scenarios:

Scenario

dv dv 14 \ av.dv dv dv
(ecc s €ep ) (Gz,u GZ/J ) (Ecc ) €er ) ( €up s E,ur)

82.9 (0 863) 82.9 (0 8()3) 82.9 (0 863) 82.9 (0 863)

T i0ss 0| 1055 oot | 1067 (690 | 1056 G699 * Neutrino generalized interactions

CsI+LAr | 189.4 (0 877) 189.1 (0 876) 189.4 (0 877) 189.1 (o 876) 4 i
ST T =T N * New light mediators (V, S, T)
() ) () .k
Csl 82.8 (0.854) 83.2 (0.858) 83.2 (0.858) e Sterile dlpOIG pOrtal
LA 1055 (0.887) | 103.2 (0.867) 104.6 (0.879) ] ) ] )
CsI+LAr | 188.6 (0.869) |  189.7 (0.874) 189.7 (0.874) e Sterile neutrino oscillations
NGI (V-T) NGI (V-S) NGI (S-T)
(Cy.,Cr) (Cy, Cs) (Cs, Cr)
82.8 (0 863) 82.9 (0 863) 83.2 (0 867)

_ » The inclusion of the recent Csl data significantly

CsI+LAr | 188.6 (0 873) 188.6 0 873 189.7 (0 878

— LV wmiversall IV B.L = i improves the CEVNS sensitivity in most of these
(my, gv) (my, gv) (ms, gs) (mr,g7) phyS|CS cases.

81.4 (0.848) 83.2 (0.867) 83.2 (0.867) 83.2 (0.867)

_ 105.6 (0.895) |  105.5 (0.894) 102.9 (0.872) | 104.6 (0.887)

CsI+LAr | 187.8 (0.869) 189.6 (0.878) 189.4 (0.877) 189.5 (0.877)

Scenario

Scenario

] millicharge charge radius TMMgierile Sterile Osc.
Scenario

@) | NN | (muom) |(sin?2000an%)| Wealth of information from forthcoming data:

Csl 83.2 (0.867) |  82.8 (0.863) 83.2 (0.867) 82.1 (0.855) i i i el
T implications for both precision tests of the Standard

CsI+LAr | 189.7 (0.878) |  188.4 (0.872) 189.5 (0.877) | 188.6 (0.881) Model and for new physics in the neutrino sector!

VDR, Miranda, Papoulias, Sanchez-Garcia, Tértola

and Valle, 2211.11905 [hep-ph] 16

Valentina De Romeri - IFIC UV/CSIC Valencia




Summary

. weak mixing anglenuclear neutron] MM, tive
Scenario SM

(Sin2 Ow) radius (R,) (/"V o, )
83.2 (0.849) 82.8 (0.854) 81.9 (0.845) 83.2 (0.867)

_ 106.5 (0.887) | 105.5 (0.887) 105.5 (0.887) | 105.4 (0.893)

CsI+LAr | 189.7 (0.870) 189.7 (0.874) 189.6 (0.877)
NSI NU NSI NU ‘ NSI NU ‘ NSI NU

» COHERENT data:

Scenario AV uV AV uVv dv dv uV  uV
(666 ) €ee ) (G/L;u epp. ) (666 ) ep.p) (eee ’ 6/1;1. )

82.9 (0.863) 82.9 (0.863) 82.8 (0.863) 82.8 (0.863)

- 105.7 (0.896) | 105.6 (0.895) 105.5 (0.894) | 105.5 (0.894)

CsI+LAr | 188.9 (0.874) 188.5 (0.873) 188.9 (0.875) 188.5 (0. 872)
. NSI FC NSI FC NSI FC NSI ™
Scenario dv dv uV  uV dv  dv
(eee 766;1. ) (ep.[.l, ) 6e,u ) (eee s €er )
82.9 (0. 863) 82.9 (O 863) 82.9 (0 8631

T 1055 0| 1053 oot | 1057 0] | _ i®® generalized inte

CsI+LAr | 189.4 (0 877) 189.1 (0 876) 16 1 (0 877) . 1
NGI(V)NGI(S)‘NL'(T) , INCW |Ight mecC ors (V, S,
() (C3) (R . :
82.8 (0 854) 83.2 (o 858) 83.2 (0. 8) ° Stenle d \ al
CsI+LAr |188.6 (0 869) 189.7 (0 874) 189.7 (0.874, ¢ Ste
NGI (V-T) NGI (V-S) NGI (S-T)
(S, C1) (Cv, C3) ‘ (Cs, Cr)
82.8 (0 863) 82.9 (0 863) 83.2 (0 867)

Scenario

Scenario

> THglusion of j#®€ recent Csl data significantly
CsI+LAr 1886(0 873) 188.6 0873 1897(0 878 . oo o o

Scenario
(my,gv) (mvagv) (ms, gs) (mr,s )

81.4 (0.848) 83.2 (0.867) 83.2 (0.867) 83.2 (0.8 )

- 105.6 (0.895) |  105.5 (0.894) 102.9 (0.872) | 104.6 (0.887

CsI+LAr | 187.8 (0.869) 189.6 (0.878) 189.4 (0.877) 189.5 (0.877)

Scenario

millicharge charge radius ‘ TMDMgierile Sterile Osc.

@t | (NG || (mom) |(ein? 200 am2)| [ Wealth of information from forthcoming data:

832(0 867) 82.8 (0.863) 83.2 (0.867) 82.1 (0.855) i " I I1S]
_ e implications for both precision tests of the Standard

CsI+LAr 1897(0878) 188.4 (0.872) 189.5 (0.877) | 188.6 (0.881) Model and for new physics in the neutrino sector!

VDR, Miranda, Papoulias, Sanchez-Garcia, Tértola

d Valle, 2211.11905 [hep-ph ) ) .
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