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In this talk

Focus on reactor antineutrino oscillations

Zahra Tabrizi

but with some obvious modifications discussion applicable to other neutrino experiments
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Why EFT

e Efficient and model-independent description can be
developed under assumption that no non-SM degrees of
freedom are produced on-shell in a given experiment. This
leads to the universal language of effective field theory (EFT)

e Wealth of low-energy observables probing different aspects
of particle interactions are described within one consistent
framework. Constraints from different observables can be
meaningfully compared

e Results obtained in the language of EFT can be easily
translated into constraints on any particular new physics
model
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EFT below the weak scale

* For most low-energy precision observables, the characteristic energy
scale is much smaller than the W and Z boson mass

e Below mw, the only SM degrees of freedom available are leptons,
photon, gluons, and 3, 4, or 5 flavors of quark, while H/W/Z bosons and
top quark are integrated out

e | refer to it as the (also known as the Fermi theory, WET, LEFT ,...)

e WEFT is an EFT with local symmetry group and fermionic
matter spectrum, where the expansion parameter is E/mw, mw=80 GeV.

* Huge parameter space to explore and constrain - every experimental
iInput counts!

In the context of neutrino physics, WEFT implies important assumptions:
only SM neutrinos are present;
no additional sterile neutrinos and no right-handed neutrinos!
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Charged currents in WEFT at LO

CKMelement ™——__ Part relevant for (inverse) beta decays
2Vu d i 1 _ _
gWEFT D V2 1+€L 'Be}/MPLI/ﬂ * ML}/ dL “V-A”
i Je
/ ) )
Normalization scale, — — 3 ,
by convention set by T € R € y//tP LI/ p U R}/’u d R V+A
Fer?ﬁ constant L eﬁ
V= ~ 246 GeV 1 ) i
\/ \/zGF —P — d
+—€ v B UlEg — EpYs “(Pseudo)Scalar”
2 | lop
Charged currents — 1 _ “Tensor”
with different — —
Lorentz structure +Z €T eGMVP LI/ S U Rd'uvdL + h . C.
L dep

NSI relevant for beta decays parametrized by five 3-vectors [€x]ep,
and these parameters can be probed also in reactor oscillation experiments

We keep track of linear effects in €x only
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Neutrino conventions

a — e Neutrinos carry the “flavor index” a
- //t ° but these are not “flavor eigenstates” !

Va

Quadratic terms in this basis:

gWEFTDlZ a}/,u __Z<I/aMaﬁI/ﬁ+h.C.)
a T T

Diagonal kinetic terms In general non-diagonal mass terms
We also define the neutrino mass eigenstates L k k — 1 . 2 . 3
a z , —ak”k aj-"ap™ pk k' 'k
( i
C12€13 512€13 e 5CPS13\
3x3 unitary matrix U=|—51503 — €°PC 1581383 C1aCa3 — €S 81383 13893
called PMNS matrix | 12523 ~ e'0CPC y8)3C0; = CppShy — €0CPS 081303 1303 )




Neutrino conventions

“Flavor basis” vq is not uniquely defined. Any unitary transformation
takes vq to a different but equivalent basis with different values of the
NSI parameters [ex]ap . Physics does not depend on which basis is used

“Flavor eigenstates” cannot be defined in the presence of general WEFT
interactions. In general, one charged flavor I couples to one linear
combination of neutrinos vq + [€L]ap Vp in the V-A term, and to a different
linear combination [ex]as Vg in the remaining terms

Flavor eigenstates could be defined if only V-A interactions are present,
eigenstate(a) = va + [eL]ap Vg . HOWever eigenstate(a) corresponding to
different flavor a in general would not be orthogonal. In our analysis we
never define neutrino flavor eigenstates.

Mass eigenstate basis is uniquely defined (up to Majorana phases)

| use standard parametrization of the PMNS matrix, but one should keep
in mind that in the presence of NSI mixing angles and CP phase may
have different values than those determined in the SM context



Down the EFT rabbit hole

Lee-Yang Lagrangian for nucleon interactions with electrons
and t/p neutrinos, matched to the WEFT Lagrangian

Jackson et al
(1957)

Vud

v2

Liy 2 ——5 v |er + ex| (Pr'm)@y,Prvp) — ga |er — ex| (Prysn)(@F,Pryy)

1
+es [es], (P)@PLvp) — gp [en], (Brsm@PLyp) + —gr [eq]  (Pot*m)(@a,, Pryp) |

+h.c. p=eu,rt

Non-perturbative physics of nucleons
summarized by charges gx

Lattice + theory + experiment fix SM parameters
(perturbative and non-perturbative)
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Further down the EFT rabbit hole

Leading order non-relativistic effective Lagrangian

.
TANE _V—”;’(lppyfn){ 1+ €, + €] eﬂ(é;/OPLl/ﬂ) + g5 | € ] ﬁ(éPLvﬁ)} B=

(l/fp(f l//n){gA [1 + €; — GR] (e;/ %" P, v,) — g7 [ET] (eakPLl/ﬂ)} +h.c.+...

VA

non-relativistic proton and neutron fields Vs

2mp

Higher-order in

No dependence on ¢ here!
No sensitivity to pseudo-scalar interactions at leading order!

Scalar and vector (tensor and axial) interactions are almost the same
They only differ by electron chirality flip, leading to relative suppression
of the former by m¢/Ec (Fierz interference terms)
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Caveat for lepton-flavor diagonal terms

Lee-Yang Lagrangian for nucleon interactions with electrons and neutrinos
matched to the WEFT Lagrangian

V
& 18v (1 + |e + eg] , e)@?’” n)ey,Piv,) — g <1 + |e, — ] ee)(py”ySn)(énPLue)

V2

‘fZLY :) -
o _ _ 1 _ _
+8s [es], (Pm@PLve) = gp [ep] , (Prsm@Prvy) + gr [er]  (Po™*m)(@a, Py | +1.c.
Rescale SM parameters: Vg—= Vi, (1 — [GL + GR] ee>, 84 — 84 <1 + 2 [€R] ee)
Vud — _ _ —
Z1y D —V{gv(py’“‘n)(%PLve) — g4(Py*ysm)(ey, Pyy,)

1
+gq [GS] ee(pn)(éPLye) — gp [GP] ee(ﬁySn)(éPLve) + EgT [GT] ee( po-ﬂvn)(éaﬂyPLve)} +h.c.

Dependence on diagonal BSM parameters [cL]ce and [er]cc IS absorbed into
phenomenological values of SM parameters. These parameters are totally
unobservable in reactor oscillation experiments!

(theoretically, one can just better measure V.4 and ga in these experiments)

Gonzalez-Alonso et al
arXiv:1803.08732
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Model independent constraints on diagonal NSI

Diagonal NSI probed at linear level by many non-oscillation experiments

Vud

~€R- ee

Jdee

—€P— ee

~€T— ee

0.974569(38) Super-allowed Beta  pijons
—0.0006(48) beta decay asymmetries gecays
0.0016(12)
—0.0000005(21)
—0.0012(22)
herFive o e
+ updates

ee

1
+EéPLI/e 7 [65 — €Py5] d

1
+Z [€T] éa,uyPLVe * I/_lLG'uydL + h .C.




Diagonal NSI probed at linear level by many different (non-)oscillation experiments
Lepton-flavor off-diagonal NSI probed at linear level only by oscillation experiments!

In the following, constraint on off-diagonal NSI from reactor neutrino oscillations
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Standard NSI formalism

NSI parameters

‘Ué) = ‘Ua> + Z 655,6 ‘ I/ﬁ> Flavor eigenstate at the source
p=e,u,t

‘Dg ) = ‘I/ﬂ> + Z Eg o | Ua> Flavor eigenstate at the detector
a=e,u,T

Oscillation probability (in absence of NSI in propagation):

_ [/, d| ,—IHL| s\ |2
Py = (g le ™ vy |
| 0
_ T
H 5= _2E Uaj 0O Am 0 Ukﬁ
/ y o \
PMNS matrix
Neutrino energy Neutrino‘mass relating neutrino

squared differences flavor and mass eigenstates



Standard NSI formalism

NSI parameters

Flavor eigenstate at the source

v = v+ ) el
,

| Ug Y = | I/ﬂ> + tate at the detector

a=e,u,t

Oscillation probabilit

P d — \

\)
VgV

n propagation):
L 2
[ 15) |

Impossible to define
“flavor eigenstates”
for general H

T
WEFT interactions ap Ukﬁ

PMNS matrix
Neutrino energy Neutrino‘mass relating neutrino

squared differences flavor and mass eigenstates



Neutrino oscillations in QFT

see e.g.
Giunti et al. [hep-ph/9305276]
Akhmedov Kopp [arXiv:1001.4815]
Kobach et al. [arXiv:1711.07491]

Neutrino oscillations can be consistently derived in QFT

e-

< o > < o >
X L y
< >

Process described by matrix element

0ut<ke—kN ’ke+kn N xP y>

Neutrinos are simply \L \

intermediate particles ocalized wave packets
in Feynman diagrams 16 (superposition of “in” momentum states)




Neutrino oscillations in QFT

e-

< 0 > < 6 >
X L Y
< >

Process dominated by intermediate neutrinos close to mass shell,
where amplitudes factorize into production and detection parts

3 ) — — 3 P D
MIN —- Ne v )M(v.p = ne MM M
M(Np —> Ne net) = E ( AP )E E > KK

2 —m2 4 g — 2 g
i q- — mi + 1€ - 4 mg + 1€

Oscillations due to interference between different neutrino mass eigenstates,
possible thanks to momentum spread of source and target particles
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Neutrino oscillations in QFT

e-

. n
< 5 > < 5 > L > Gx,y
* L Y E >m
< > v k
dR 1 L(m} — m? _ _
= Y exp| —i——— [dn;)/%,f/%f[dnl)/%gﬂ?
E, St L=mymy, ! 2F,
T Rate I :
per source particle Production
per target particle Oscillation _phase space Detection
phase (without integration phase space
Geometric over neutrino momenta)

factor
18



Neutrino oscillations in QFT

B, n
%2

< Gx > < Uy > L > Gi
L E, > m,
P >

For massless neutrinos one would instead get

JAR-°- 1 3 3
= dIl; /4 2JdH AP |?
dE, 1287Z4L2mNmp ,[ P; A D1=21 i

19



Neutrino oscillations in QFT

I/

s, = |
| [dnp 3 | Pld, 3 | P ]

Y — __|

e e e e ——— e e ————— e — e ———— e —— —— — — — — —

Survival probability P 0,—0, R0,

OEv
iJ 23 ex lL(mk J dl—[/ ﬂP ﬂP J dH %D %D
* ki=1 P 2F 4

20 C Gluntl C. W K|m (2007)



Reactor neutrino oscillations in WEFT

The rest is totaIIy straightforward...

3 LmE- = b ,
‘ Y- exp| —i jdH’ /%P /%P de /%D/%D
k=1 OF,
!P —_ J
[ rembe P2 D »
S (121002 G 4 LA V) Yo B
Relevant Lagrangian describing production and detection in reactor experiments:
2Vud i 3 _ 3
ZLywEgrr D = 2 1+€L] ﬂe}’ﬂp Vg Upyidy
+ €R] ; ey, Py - igy"dy Uﬁ T : ll Uﬁkvk
1 _ _ —
+EePLvﬂ - u[es — GP}/5] ﬂd ( k=1 o
¢ C12€13 512613 e~"crs
1 . U= [=s10003 = €®cip513805  €paCa3 = €Ps15813803 €133
+Z [GT] of eG,WPLVﬂ rigoftd [ +h.c. | 512523 — €PCyy81300;  —Cpsyy — €S 813003 Cp30n3

Calculate and expand in WEFT:

/%f = M(N — Ne v) /%f = M(p = ne-)
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Two-flavor oscillation limit

L(my — my) -

In typical reactor oscillation experiments: 1

EV
i 2 2 2 2 2 2 2
Then one can set: my, —m; = 0, ms m; = ni, my, = Am31

The survival probability has a simple form:
Am3 L . Am3 L
P, ., =A+ Bcos + Csin
Ve 2F, 2F,
, . Am321L , Am321L
=A'— B’sin + Csin
U 2’E'I/
“Zero-distance” CP-conserving CP-violating

oscillations oscillations oscillations
22



Slmple appllcatlon SM limit

1¢ Zi,lzlexp zL(m'; deP/%P/%PJdHD/%D/%
Py 5 = '
ldmy gPlan, s apE |
PN = =) {1+ o+ o] (éVOPL”ﬁ) +8s [x] eﬂ@PLvﬁ)}
(l//pa Wn){ g [1 + &f — %] (ey ngLve) — g7 [*] eﬁ(éo'kPL”ﬂ)} +h.c.+ ...
PMNS
Matrix elements factorize as — [U]e L MP ﬂP — [U*]ek MP
Same for all mass elgenstates’(v
Standard formula: 3 L(mk — m )
PD —>U, = Z CXPp l [U]ek[U*]el[U*]ek[U]el
k=1 ZEV

Am? L
= 1 — sin%(20,,)sin? L
(2013) ( 4E )

1%



Slmple appllcatlon V-A NSI

| Y, CXP z”’"’; [ dHP/%P/%P j dHD/%D/%

”Pﬂe—>ﬂe — ’i

T Jamyy epPlan,y e |
PR = _ uzd W) {1 + e, + o] eﬂ(é}/OPLI/ﬁ) + g [9(] eﬁ(éPLvﬁ)}

V
(l//pa Wn){ g4 [1 + €; — %] (e;/ akPLve) — g7 [*] eﬁ(éa"PLvﬂ)} +h.c.+...

Matrix elements factorize as %f = U+ €LU]ekMP %f = [U + GLU]jkMD

L(m,? — mlz)

3 .
Zk,lzl exp (—z —

v

D,—7, 2 U+ e UIlU + €, UTE Y U+ e UTEIU + €, U],

> (U + ;U1 [U + €, UIE[U + e, U% U + ¢, U1*

4E

1%

~ Ams L ~ .
— 1 _ Sln2(2(913)81112 ( m31 ) 813 = 813 + Re[elécp <SZ3[€X]e,u + C23[€X]BT>] + @(GLz)

Effects of left-handed (V-A) currents [eL]ey and [eL]er 1 onisson and H. Zhang
are unobservable in reactor experiments alone! [arXiv:0809.4835]



Reactor neutrino oscillations in general WEFT

| > exp zL(m’; j dI1}, /%P/%P j d1l,, /%D/%D
P. _ = o 4‘
| ) JdeZ %P| JdHDZ D‘z j

 —— e — e ———————— -m— ———— P———

\
|

—

Short-baseline oscillations
of electron antineutrinos
produced in reactors

Relevant for Daya Bay,
RENO, Double Chooz

J
|

ms m,
) sm(2913)(yR + ﬂDF — ,Bpf (E ) + @(GX) + @(Am21
v e T

—_— - s — ——— —————— —— _

Matches Kopp et al. [arX|v 0708. 0152]



Reactor neutrino oscillations in WEFT

Usual CP-conserving oscillation pattern

‘ Am? ~ % | ‘
P, _. ~1—sin’ "L ) sin? 20,5 — ap— — ap——— ||
| ° 4E1/ Ee f T(Ev) :
wsin [ 275 Gn2d o e s " g, e ‘

S SINZU 13 VR T P P \

[ - 2Ey Ee - TEI/) J

CP-violating oscillations
(flips the sign for electron neutrinos)



Reactor neutrino oscillations in WEFT

Standard ©13 mixing angle replaced by effectlve angle i

0, = 0,3+ Re[L] — > ————Re[R]
/ g5+ 1

Original PMNS [X] = e <S23[€X]e/,¢ + C23[€X]er>

mixing angle

2V
V2

ef} ep




Reactor neutrino oscillations in WEFT

Re|R] [X] = ePcr (S23[€X]€,u T 623[€X]6T>

2V, ) L
e

Part of BSM effects absorbed into effective ©13 mixing angle,
and are unobservable in reactor experiments alone

Effects of left-handed (V-A) currents [eL]lep and [eL]ex

are un()bservable T. Ohlsson and H. Zhang
[arXiv:0809.4835]




Reactor neutrino oscillations in WEFT

ZLwerr O

[€R] 'Bé}/MPLI/ﬂ‘u_R}/'MdR—l'... +h.C.
e

CP-violating combination of right-handed off-diagonal currents
IS observable,
as it affects CP-violating part of survival probability
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Reactor neutrino oscillations in WEFT

Combined
{ { { ‘ { { { { ‘ { { {
Im [R] free Daya Bay, 30: Dashed .
lo,20,30 .- RENO, 3¢0: Dotted =




Reactor neutrino oscillations in WEFT

Effects of scalar and tensor currents on detection amplitude
lead to “energy-dependent mixing angle”:

5S 38487 |
= Re ]S Rell [X] = e"cr ( spslex],, + cxslex]e
. _ ePvg - lie
:BD — 3 fS Im [S] gZAgT Im [T], ZLwerr O 2 [ Py, S]eﬂd
gx+1 3gz+1

1 > 7 v
+5[€T] eﬁeGWPLVﬂ -upottd; + ] +h.c.

Good handle to constrain these effects,
as neutrino experiments quote results in energy bins



Reactor neutrino oscillations in WEFT

o [ AmAL - | m, \I
| . 1 |
P. . ~ 1 — sin? > sin? | 20, — an—¥ — a N
v,—U, AR 13 D P E |
' v Fe fT( 1/) ]
+sin sin(20:)\ vz + Pp— = |
A N 2EI/ Ee f T(E ) ‘
Effects of tensor currents on productlon amplltude
lead to “energy-dependent mixing angle”
g fission process in a nuclear reactor N
a T [T] O—» Neutron B '“?é ,@ |
P . ilnelctnro;nmno oty o /Eé Oi: e
. Gamma *Ba P @Q X
gA [X] = e'cr <523[€X]e,u + C23[€X]er> ‘ ‘ /QQ' : N
8r o BT
ﬁP I [T] 0»+®—>s—> Qg$—>0$+®—>®—> Q\(:-’
g ® \ [l @
A \ 0\1 50
89y gg&‘ s\
n 23y
£(E) Zi:l wi(Ai o Ey)\/(Al -k, - me)(Ai -k, + me) ”RDO;?‘* ?\' -
T U — n ”Sre?_, v ? g
Zizl Wi\/(Ai _ El/ o me)(Ai _ EI/ + me) ,Y,: ‘\@



Reactor neutrino oscillations in WEFT

0.5

Combined

I I
Re|[T] free

lo, 20,30
Solid: Whole energy range
Dashed: E,<5 MeV

_1 . . . . | . . . .
0 0.05 0.1 0.15 0.2
sin?28;;
Combined
e
0.4 Im[T] free 7
lo,20, 30 1
0.2 .
0 _
-0.2 -
-0.4 -
Il ‘ Il Il ‘ Il Il ‘ Il |
0 0.05 0.1 0.15

Re[T]

Im [T]

Combined

1 T I
| Re[T] and Im[T] free
lo,20, 30
0.5 N
07 |
0.5+ N
_1 | . . . . | . . . .
0 0.05 0.1 0.15 0.2
sin?28,,
Combined
—
04? Re[T] and Im|[T] free ]
lo,20, 30
0.2 N
07 |
0.2+ -
-0.4r N
] Il ‘ Il Il ‘ Il Il ‘ Il
0 0.05 0.1 0.15
sin22§13



Reactor neutrino oscillations in WEFT

8s :
= [ Im [T = —Im|[T — 00
et 1 m S| et 1 m[7T], Pp ) m [T'] [X] = e'ocp <S23[€X]e,u + 623[€X]er>

No dependence of survival probability
on lepton-flavor diagonal Wilson coefficients

Vu - — -
SZE? = —V—;(wpy/n){(eyOPLve) + g5 [GS] ee(ePLl/e)}

Vud — _ _
+—2(Wp0kWn){8A(€700kPLVe) — 871 [GT] (e(kaLVe)} +h.c.
V ee



Reactor neutrino oscillations in WEFT

No dependence of survival probablllty on Iepton-flavor dlagonal Wllson coeff|C|ents

Dependence on [es]ee and [e1]ce cancels in survival probability In any case,
model-independent
3 L(m? — m?) , — -~ ~Mmi
Zk,l:l exp <_l ];E J > [dXTptt} Y [ a1 teP .27 per-mille level on
p. _ = ’ [€s]ee and [ET]ee
DoV N3 2 3 2 :
JdUp Y, || [dlp Y, | AP from global fit
Gonzalez-Alonso, Camalich
1605.07114

But in does not cancel in (differential) rate, which is observable

dR 1 L : _ _
Z exp( (o l))J'depﬂfﬂf[dHDﬂfﬂf

dE 12874 L%m Ny 2E,
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Bosonic CP-even Dimension-6 operators in SMEFT

On (HTH)3
Ono | (HUH)O(H'H) Warsaw basis
2
Onp |H'D, H|
Ope | H'HGY,GY, Oys | H'HGY,GY,
; ; Tx7i ; Yukawa
O HHW! W O, | HHW. W,
HW pr 'V pv HW pvn gy [OlH]IJ HYHeSH,
Opp | H'HB,,B,, O,z | HVH BB 01 1y | HYHuS fitqy
Onwsp | Hi'o'HW}, B, Oyivg | Hio'HW), By, Olylis | HUHd5H g
Ow | €I*Wi Wi, Wk, Oy | €9*WE, Wi, Wk, Vertex Dipole
Oc facha Gt e O~ facha Gt e O (1)]IJ iEIC_TMJHTHL)H O TW]IJ eSouwHia W,
vp T pp G vp T pp _ ‘
[ (3)][J iﬁ[O‘Z&ufJHTJlﬁuH [OeB]]J e%aw,HWJBW
Table 2.2: Bosonic D=6 operators in the Warsaw basis. Ondis | ieso,esH DL H 01l | u§ouTHYqy G,
= _ _ _ _ [0(1)][J 1qro (JJHTﬁH [O ]IJ uSo VFITUqu Wiy
20N (RR)(RR) (LL)(RR) (3) . Z'_H t 7,% TW IC“ it ’
Oce | n(e‘o,e°)(e°0,e") O | (l5,0)(e°0,E) (Otrgles | iar0*ouq Hlo" Dy H [Ouplrs | ujouwH'qr By
Ouwi | (ufo,a) (ufo,uc) Ow | (l5,0)(uf0,) Oy | iugo,asH DyH Okl | djouTHiq; Gf,
Oua | 1(d°0,d?)(d°0,d°) Ow |  (l5,0)(d°0,d°) [Owdl1s z‘dgaucif,HTﬁiH OYwlis | dsowH o'y W,
Oeu (eCO';LéC>(uCUN{fC> Oy (e°0,€°)(q0,.q) [Onudlis iuso,d ot D, H [OIIB] 1 d50,,H ¢ By,
Ty v o e Oca | (e°0,€%)(d0,ud") Oqu | (q0,q)(uf0,uc)
Ou c ”—c de ”Jc O;u HT c HTa c ) ) . . )
Id c(u Oau )(do 3 C (q6,Tq)(u‘o ) ) Table 2.3: Two-fermion D=6 operators in the Warsaw basis. The flavor indices are
Out | (o, Tu)do, T°d%) O | (G0u9)(d ) denoted by I, J. For complex operators (Opyq and all Yukawa and dipole operators)
Oga | (70, T%q)(d 0, T"d) the corresponding complex conjugate operator is implicitly included.
(LL)(LL) (LR)(LR)
Ow | n(l5,0)(05,0) Ogquga | (u°q’)eju(dq") =g
0u | naaana) 0| (T yepdeTogh Full set has 2499 distinct operators,
O | M@0 0)(@,0'0) - Ot | (“P)esel'e") including flavor structure and CP conjugates
qu (ga-ﬂg) (qa-HQ) Oéequ (6 UIWKJ) ( /w k)
Oéq (E‘?;Agig)((j&uaiQ) Otedq (E °)(d°q)

Table 2.4:  Four-fermion D=6 operators in the Warsaw basis. Flavor indices are

suppressed here to reduce the clutter. The factor 1 is equal to 1/2 when all flavor Alonso et al 1 31 2_201 4, Hennlng et al 1 51 2_03433

indices are equal (e.g. in [Oge)1111), and 7 = 1 otherwise. For each complex operator
the complex conjugate should be included.



What changes in SMEFT vs WEFT

Several dimension-6 SMEFT operators
affecting left-handed WEFT NSI parameters

2

_ 3 3
€1l = = (Vi o+ Vil = Vil oy
u
v Right-handed NSI
lep] o = (Co 1118 ight-hande
Rlap 2A2V Hud 11%a lepton-flavor diagonal
) at leading order !
— (1)
[€s5lap = 2A2V < € Clequ ﬂajl * e q]ﬂ 11)
u
lepl, 3= — v Vide ) — ¢
P aﬂ — 2A2V p lequ ﬁajl edq ﬂall
u
el = — 2v? [ 3) For scalar, pseudoscalar, and tensor
€rlap = A2V, lequ ﬂajl one-to-one mapping between

dimension-6 SMEFT
and WEFT NSI parameters



WEFT from SMEFT

In the SMEFT, at the level of dimension-6 operators,
two types of effects leading to contact interactions
between quarks and leptons at low-energies:

One is via W exchange, much as in the SM
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Dimension-6 operators generate W coupling to right-handed quarks,
in addition to the usual SM one to left-handed quarks
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WEFT from SMEFT

In the SMEFT, at the level of dimension-6 operators,
two types of effects leading to contact interactions
between quarks and leptons at low-energies:

The other is contact 4-fermion interactions in SMEFT
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cgSNIEFT 2 ﬁ Cl(;)(L}//,[GlL)(Q}/ﬂGlQ) + Clequ(Le)(Qu) + Cledq(Le)(dQ) + Cl(e3q)u(L0ﬂye)(Qo-ﬂyu)]
Only left-handed, scalar, pseudoscalar, and tensor generated. None leads to right NSI!

Off-diagonal right-handed NSI

generated only by dimension-8 T —
SMEFT operators e.g. Z SMEFT 2 (LaHy//tLHﬁ)(uy c'd)



Reactor neutrino oscillations in SMEFT
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In SMEFT, simplified expression for effective mixing angle and for CP violating oscillations

All in all, short baseline reactor neutrino oscillations sensitive to 5 distinct
linear combinations of dimension-6 SMEFT operators



Constraints from non-oscillation experiments

(Not completely robust) constraints due to quadratic contributions
of off-diagonal NSI to several observables

Beta decays: |legl,, | <6.4x1072,  |[epl,,| <4.4%1072

CKM unitarity | [egl,,| <2.0x 1072

Pion decays [plealyma ey < 7:5 X 1070

<1.0x 1073

ler],, + 3 X 107 Y[eg],,
u=2GeV

172 172
Drell-Yan LHC <Z | [es]ealz> S2x1077, (Z I[eT]eaF) $2x107°

<$3%x107°

Muon Conversion ‘[GS]eﬂ

<4x1074
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EFTs offers a concise and efficient language to discuss low-
energy precision measurement, including neutrino oscillations

Reactor oscillation experiments can be interpreted as constraint
on Wilson coefficients in the WEFT, leading to novel constraints
on lepton-flavor-off-diagonal scalar, tensor, and right-handed
charged currents involved in beta decays

To my knowledge, neutrino oscillations are the only observables
where these parameters can be probed at the linear level in
WEFT Wilson coefficients

Systematic EFT approach facilitates separating SM input
parameters from genuinely observable effects of new physics



Recast of current bounds from Daya Bay and RENO leads to
percent level bounds on WEFT Wilson coefficients parametrizing
scalar, tensor, and right-handed charged currents in beta decays.

These can be improved in the future by more statistics, more
targeted experimental analyses, and extension of the analysis to
other types of neutrino oscillation experiments

From the point of the WEFT, these are novel constraints on the
parameter space, probing different linear combinations of
parameters than other observables

In concrete BSM models, there is a competition of constraints from
CKM unitarity, beta decays, pion decays, LHC Drell-Yan ev
production, charged lepton-flavor violation, which typically lead to
stronger bounds than current oscillation experiments
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Fantastic Beasts and Where To Find Them
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