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Introduction

Sanford Underground
Research Facility

Fermilab
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Main goals:
measure the parameters governing neutrino oscillations

(CP violating phase in the PMNS matrix and neutrino mass
ordering), searches for proton decay and for neutrino from

core-collapse supernovas
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Introduction

Near Detector

Sanford Underground
Research Facility
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|) Constrain systematic uncertainties in neutrino flux and neutrino
scattering cross section;

2) neutrino - nucleus/electron scattering measurement and BSM
searches;
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Formalism
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Formalism

Neutrino interactions with charged leptons
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Formalism

Neutrino interactions with charged leptons
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Formalism

Neutrino interactions with charged leptons
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Formalism

Neutrino interactions with charged leptons
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Formalism

Neutrino interactions with charged leptons

1 | 1
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Tree-level matching of
4-fermion operators
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Formalism

Neutrino interactions with charged leptons

LV, We, Zeg,
59[, — 59L ‘|‘59L

Shifted Z couplings
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Formalism

Neutrino interactions with charged leptons
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4-fermion operators
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Formalism

Neutrino interactions with charged leptons
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Formalism

Neutrino interactions with quarks
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Formalism

Neutrino interactions with quarks
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Neutrino scattering in DUNE

3 years neutrino mode +
3 years antineutrino mode

o(Ey)

s do(E
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Neutrino scattering in DUNE

3 years neutrino mode +
3 years antineutrino mode

s do(E
Neovents =|t1me|X|Np|X € X / dF, (Ey)

Nt for I.Ix102! proton on target (POT) in
(anti-)neutrino mode with a 120 GeV
proton beam with 1.2 MW of power;
Near Detector of 100 tonnes Argon mass
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Neutrino scattering in DUNE

Efficiency: 85% for vy

; N o _
3 years neutrino .mode (Vi), 80% for Ve (Ve)
3 years antineutrino mode

- Ey do(E
Novents =[time| x| Np|x[€] x / dE, o V)O'(EV)

Nt for I.Ix102! proton on target (POT) in
(anti-)neutrino mode with a 120 GeV
proton beam with 1.2 MW of power;
Near Detector of 100 tonnes Argon mass
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Neutrino scattering in DUNE

Efficiency: 85% for vy

; N o _
3 years neutrino .mode (Vi), 80% for Ve (Ve)
3 years antineutrino mode

ol do(E
dE ¢( %4

)U(Eu)

Nt for I.Ix102! proton on target (POT) in
(anti-)neutrino mode with a 120 GeV
proton beam with 1.2 MW of power;
Near Detector of 100 tonnes Argon mass
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Neutrino scattering in DUNE
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Neutrino trident production

[Phys.Lett. B245, 27 1(1990)]
UCHARMII/USM — 1.58 0.57

(see also Matheus’ talk)

[Phys.Rev.Lett. 66,31 17(1991)]
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Neutrino trident production

v beam  beam

Vi — Vppt p° 7 | Vpy—=vup p 305

Ve —3 Vet 1" 127 | Ve = Vepr p° 1.03
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Neutrino scattering off electrons

€ vV
2
CC _ my,
—th — 9
V€ — Ve b e
O'VMe
Uﬂue

NuFact 2018

= 10.9 GeV

2t

2TV

(
(

2211
grr

2211
JLR

)* +

)* +

| — W] —

(
(

2211
JLR

2211
grr

)2
)2

Niot© S B - B R B
v-mode | 1.69 x 10° | 0.898 | 0.059 | 0.040 | 0.003
v-mode | 1.29 x 10° | 0.103 | 0.867 | 0.013 | 0.017
mel, | 221172 . L, 291119
~ g + = (g
sl (U R
meF, | 221172 . L, 291112
A — (97R ) Jr‘§(9LL )

Future DUNE constraints on EFT - G.Grilli di Cortona




Neutrino scattering off electrons

’ AT B P B B
v-mode | 1.69 x 10° | 0.898 | 0.059 | 0.040 | 0.003
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Neutrino scattering off electrons

7 Nt o | m. |5, || 5
v-mode | 1.69 x 10° | 0.898 | 0.059 | 0.040 | 0.003
v-mode | 1.29 x 10° | 0.103 | 0.867 | 0.013 | 0.017
| 2211 ,2211 o 2211 ,2211
SRi — 2(1 + 21;) 0971 9rLsMm T (3 — 2x;) 09T R 9L R,SM
ve — N (L2211 \2 o9\ (2211 \2
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Neutrino scattering off electrons

[Falkowski, GGAC, Tabrizi, J[HEP04(2018)101]

Future DUNE
0028 |
CHARM +
CHARM Il + o
BNL-E734 o
R 0.00
O
stat. dominated _0.01
| % syst. Error |
_002.
_0.02 -001 000 001 0.02
oot

NuFact 2018 Future DUNE constraints on EFT - G.Grilli di Cortona 9



Neutrino scattering off nuclel

X0y, N—v,N T X0, N—i, N U\ 2 — 1/ vy N\2 NCC cC [ ,CC [ ,CC [ ,CC
Ry, N = - = (9;)" +7r " (95") e T e T e To e T o
TO N — A7 T TO _ N—)e_l_N r-mode | 4.25 x 10 0.964 | 0.028 | 0.007 ' 0.001 |
VaiV—7€aq Ya a p-mode | 1.74 x 108 | 0.201 | 0.790 | 0.004 | 0.005 |
generalised NNC [ NC [ +NC [ rNC T +2C |
TO . Y + _ . v-mode | 1.48 x 10° | 0.956 | 0.037 | 0.006 | 0.001 |
r — ValN—€a N ValN—req N Llewellyn-Smith Z-mode | 7.58 x 107 | 0.157 | 0.835 | 0.003 | 0.005
X0, Ne-N T T0, N_set N formula
|) the 40Ar target nuclei are
not isoscalar and the LS
only dependence on ry ~ 2.5
— but formula has to be corrected
the nuclear structure r- ~ 0.4

2) neglected admixture of
electron neutrinos

Cannot neglect systematics!
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Neutrino scattering off nuclei

RZ = R, Nsm(l+ 5R1€MN)

\ 4

—9.6 x 107> <Ry ny < 9.6 x107°
~1.4x107* <6R) n <1.4x 107"
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Neutrino scattering off nuclei

[Falkowski, GGAC, Tabrizi, J[HEP04(2018) 1 0
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Future DUNE
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One SMEFT

parameter at
a time

NuFact 2018

Results

[Falkowski et al.,,

[Falkowski, GGAC, Tabrizi, J[HEP04(2018)101]

1706.03783]

Coefficient | A(current) |JA (nosys.) | A (0.1% sys.) | A (1% sys.)
K 3.5 0.37 2.5 34 |
5gi " 3.7 0.18 1.1 3.5
g7 1.9 0.34 1.4 1.5
dgf" 9.5 0.57 2.0 2.3
dg7? 1.9 0.28 1.4 1.6
(5;117“.‘1 0.7 1.1 3.0 3.1
Sqp " 1.9 0.36 1.7 1.9
ceel 1122 28 2.6 2.6 21
Cs ‘12211 45 3.1 3.1 27
Ceel2222 2100 310 310 310
Ceel222 6300 970 970 970
;‘:) 1111 1.9 .30 1.7 1.9
‘ii:)jzzu 12 1.8 10 12

( 1‘112211 210 3.0 30 180
Ceul2211 190 1.2 0.5 85
Cedl 370 2.4 19 170
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One SMEFT

parameter at
a time

NuFact 2018

Results

[I';agf’a’;;'gf]t sl TFalkowski, GGAC, Tabrizi, [HEP04(2018) 101]
Coefficient | A(current) |JA (nosys.) | A (0.1% sys.) | A (1% sys.)
gV 3.5 0.37 2.5 34 |

g7 " 3.7 0.18 1.1 3.5
g7 1.9 0.34 1.4 1.5
dgf" 9.5 0.57 2.0 2.3
dg7? 1.9 0.28 1.4 1.6
g% 9.7 1.1 3.0 3.1
Sqp " 1.9 0.36 1.7 1.9
ceel1122 28 2.6 2.6 21
(1,“3311 45 3.1 3.1 27
Ceel2222 2100 310 310 310
Ceelaam 6300 970 970) 970
;‘:) 1111 1.9 .30 1.7 1.9
‘;:)12211 12 1.8 10 12
( [qjgg]] 210 3.0 30 180
Ceul2211 190 1.2 0.5 85
Ced] 211 370 2.4 19 170
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Results
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[Falkowski, GGAC, Tabrizi, J[HEP04(2018)101]
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Result

[Falkowski, GGAC, Tabrizi, JHEP04(2018) 101]

10 range x 10

¢ Current |
"¢ Future w/o DUNE
- * Future w/ DUNE

Future w/ DUNE+syst.

6g7H 697"

[Cle]2211 [C|(§)]1111 #[Cn]zzzz
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Conclusions

We investigated the precision reach in the determination of the

wEFT and SMEFT Wilson coefficients relevant for the DUNE
experiment.

We studied observables related to trident production, neutrino

scattering off electrons and neutrino scattering off nuclei at the
DUNE Near Detector.

The results show the importance of precision measurements in
DUNE and the importance of the effort to reduce the
experimental and theoretical source of systematic errors.

NuFact 2018 Future DUNE constraints on EFT - G.Grilli di Cortona

|3






NuFact 2018

Systematic uncertainties

statistical
uncertainty

=) OR° (%

OSR

systematic
uncertainty
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Neutrino scattering off nuclei
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