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Very rich literature on the topic!
| am sure | have missed many relevant citations



Neutrino masses and Lepton Number Violation

The only laboratory evidence of BSM physics : Neutrino Oscillations \ \\\

e &

fPurely SM:
|

|® strictly massless neutrinos

e conservation of lepton number and flavours

Two possibilities for neutrino masses: Neutrino oscillation. Image: Symmetry magazine
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Dirac: like other fermions, Majorana:v = v : Lepton Number Violation!
but tiny Yukawa couplings ~10712 Phenomenologically very interesting!

finetuning, symmetry, ...? Connection to Leptogenesis?



Minimal neutrino mass models: “Bauhaus”

Minimal possibilities for Majorana mass-> Tree-level dimension-5:

Seesaw: type-I1 type-11 type-l111

Minkowski; Gell-Mann, Ramond, Slansky;
Mohapatra,Senjanovic; Schechter, Valle;
Ma,, Sarkar; Magg, Wetterich; Cheng, Li;
Lazarides, Shafi; Foot,Lew, Joshi; Ma; Ma,
Roy; Hambye,Lin,Notari,Papucci,Strumia;
Bajc,nemevsek,Senjanovic;Dorsner, Filevi
ez-Perez +t

Liu, Segré;
Flanz, Paschos, Sarkar;
Fukugida,Yanagida  Covi, Roulet,Vissani; Pilaftsis

- —
L" H
Bonus: gateway to explain baryon asymmetry of the Universe ) L
Shakarov’s conditions => Leptogenesis Vi “ R
H - Lf




“Baroque”

Neutrino mass models

5

Imension-

Two-loop@ d

5

Imension-

One-loop@ d

(c) T25

|

Things only get more baroque from here!

Review by: Cai, Herrero-Garcia, Schmidt, Vicente, Volkas



Too many possibilities of realising the Majorana neutrino masses

type |, lI, lll seesaw, low-scale seesaws, n-loop radiative models,
Left-Right Symmetric Model, 3-3-1 Model ++

High-scale: 1019-15) gev Low-scale: KeV - tens of TeV
theoretically natural Y, < O(1) + unification small Y, / approximate LNC/ loop suppression
Vanilla high-scale leptogenesis Leptogenesis via resonant/oscillation

New states decoupled: hard to test! New states within experimental reach

How to probe so many different neutrino mass model possibilities?

Effective Field Theory approach “dim by dim” provides a robust option

Model Independent Direct NP sighatures

e.g. Resonant NP production:
simplified model approach



Effective Field Theory

An EFT is the set of all “allowed” local operators with mass dimension less than some maximum one
L= a0 [O]=d — ¢~
()

Consider a nonrenormalisable operator (d >4) : O withd =5

It will generate divergences at higher dimension. Example: a loop with two insertions of O will
5

diverge as | — |]|=> requiring a counter-term with d=6.

A2

=> we need an infinite # of operators to absorb all the divergences
Appelquist,Carrazzone ++

Fortunately nature decouples: (i) there are no “+ve"” powers of heavy scale (M), exceptin log’s

(ii) log M can be absorbed into ¢;’s




Connecting EFTs to Experiments

S =

UV known: 0

infer properties
match onto the EFT

@ of the UV sector
(unknown)

©O O O

©O O O

set constraints
with this simplified )
parameterization

0 constrain the EFT in a
model independent way

accessible E




Some popular EFTs for BSM Phenomenology

A v, new physics A > v

R BSMEFT

SMEFT operators

SU(3). X U(1)em operators

non perturbative QCD

Chiral Effective Theory

@Mereghetti



Lepton Number Violation and SMEFT

d=5

LNV SMEFT: )

Weinberg ‘79

: 1 2
Neutrino mass:  y€iemLi CLn HiH, — ~-vi.Cuy

UV example:

- i >

LRSM: (L<->R) at high scale

Mobapatra and Pati 75 VR
Senjanovic and Mobapatra 75

Vi,

d=7

d

u v

Babu and Leung ‘Ol

de Gouvea and Jenkins ‘08
Lehman ‘14

(R°)

d u

M. Graesser ‘16
Y. Liao and X. D. Ma ‘20




Lepton Number Violating dimension-7 SMEFT operators

L= Lsm + C505

2_Cio;

d=7: 12 Independent operator with AL = 2

First systematic analysis:

Lehman 14

-> 20 independent operators
13 conserving B but AL =2

7 violating both AB = -AL = -1

Further reduced in
Liao, Ma '17
18 = 12+6 (indept. structures)

pee

Lype O Operator
viH Ory €ij€mn (FiLm)HjH" (HTH)
U2H3D o - Cz‘jemn(ch’mer)HJ (Hsz“H”)
U2 H2 D2 OLuD1 €ij€mn (ngD“Lﬁ.) (H™D*H™)
OLup> €im€jn (L_giDuLi) (H mDHFH ")
W2H2X OZI)JTHB g€ij€mn (L_giaﬂyL;”) HJH™ B
OL uw g'eij(er?) (Lo, L) HI HMWIm
vp o, e o) (CDP L)
OfLrLm €ij€mn (€pLy) (LS L) H™
VH ng}ﬂ i (dp L) (uber) B
OdLQLHl eij€mn (dpLt) (QS7 L") H™
OSZZLH2 eim€jn (dpLt) (Q¥ LT )H™
ngfZLH eij (Qpur) (LSLY) HY




Why dimension-7 SMEFT operators?

€ij€mn (LS'LT)HH™ (HTH)



Matching dimension-7 SMEFT operators with LEFT operators

Bottom-up recipe:
Experimental observable

Constraints on LEFT

(Single operator dominance)

\4

Constraints on SMEFT

(Using matching relations)

v

UV theory

! Highly simplified !

! No correlations and cancellations !

O Operator Matching
OS,p'rst (6_6 )(ﬁy ) 4G p cS,p'rst V20 (2Cp'rst + Cpsrt 45 t)
ev;LL Rp®Lr)\¥s"t /2 “ev;LL — 8 eLLLH eLLLH
S,prst — — AGp Sprst _ /2v ST tp tr Sp
Oeu;RL (eLpeRr)(VSVt) V2 Ceu;RL -2 ( LeHD5 + C'LeHD(‘; )
T,prst N —G WV AGp Tprst _ | \/2v (~psrt _ yptrs
Oeu;LL (€rpower:)(Vio ) /2 CeviLL = T35 (CéLLLH éLLLH)
S,prst > —= 4Gp Sprst _  \/2v ptxs psxt
Oa,LL (drpdrr)(V511) /2 CdvLL = — "8 Var (CJLQLHl T CJLQLHI)
T,prst o —G UV AGp Tprst /20 ptxs psxt
Odu;LL (dRpaquL'r)(Vsa Vt) V2 Cdv;LL = T 732 Var (CJLQLH1 - JLQLH1)
S,prst — — AGp S,prst | \/2u (prst prts
Ouu;RL (uLPuRT)(VSVt) V2 cuu;RL =+ 4 (CQuLLH + CQuLLH)
AGp Sprst
S,prst o — V2 “duve;LL —
Oduue;LL (dRPuLT)(V S eLt) 4 V2v (2 Cptrs + Cptrs - Cps'rt )
8 dLQLH1 dLQLH?2 dLQLH?2
S,prst e AGfp Siprst | \2uysx Hzrts
Oduue;RL (dLPuR"')(V S eLt) V2 Cduue;RL o 2 VfBPCQuLLH
4GF cT,p’l"St _
T',prst 7 —C UV V2 “duve;LL
Oduue;LL (dRpa'y,VuL’r)(Vsa eLt) \/§’U (2Cptrs Cptrs Cps'rt )
32 dLQLH1 dLQLH?2 dLQLH?2
V,prst 3 e M AGR Viprst | \2uysx st
Oduue;LR (dLP’yﬂqu)(VS’Y eRt) NG de/e;LR =+ 2 V:"PCLeHD
V,prst 7 G AGp Vprst \/2v ~psrt
Oduue;RR (dRP’YMuRT)(Vs’Y eRt) V2 Cduue;RR =+ 4 CJLueH
S,prst 5 )
ORI (dLpdrr)(VSrt)
051’/’?2% (wrpurr) (Vi) Not induced by d = 7 AL = 2 SMEFT operators
T ,prst — GV
Ouwsrr | (URpOwuLr)(Vio* vt) Fridell, Graf, Harz, CH ‘23




SMEFT & Ovpp



Neutrinoless double beta decay

d u Majorana
o mass
e $»
J V% X —> =

Schechter,Valle'82

(A, Z) = (A, Z+2)+2e +Qps

2
Half life 7% = (G|M|* (mgp)?) ™ ~ 107"~ ((1311 e\;) y
BB

Cirigliano, Dekens, de Vries, Graesser, Mereghetti (2018)
Graf, Deppisch, Iachello, Kotila (2018)++

Effective mass  (mgg) = |Uezz m;

Many experiments: KamLAND-Zen, LEGEND, CUORE, NEMO-3, ...

Main source of uncertainty: Nuclear Matrix elements!
* Non-relativistic expansion or y-EFT

e Many body problem: isotope and operator dependent

e Different nuclear models

--------

1 0—3 ...........

-4
10707 10~

Rev. Mod. Phys. 95, 025002 (2023)

1072 107" ]




Neutrinoless double beta decay

Many new physics scenarios can be responsible:

Left-Right Symmetric Model : SUQ3)-® SU(2); ® SU(2)r @ U(l)p_;

dk s s - - “k d‘ - = - uk d‘. -

V+A V 4+,
dg - - ugp dy > A - ug d; -

Deppisch, Hirsch, Pas ‘12

v (S)
d d - :
_ v(S) EFT approach helps!

W ) - €

d u p .

RPV SUSY, Extra Dimensions, ++



Neutrinoless double beta decay

Many new physics scenarios can be responsible:

Left-Right Symmetric Model : SUQ3)-® SU(2); ® SU(2)r @ U(l)p_;

S

d, - -
R V+A

W, Lyv+A

>

xXom,

uR

€x

%

v - b ,h VLl A

“R dk -

g dk >

Deppisch, Hirsch, Pas ‘12

VNO U NI IV O, ++




Neutrinoless double beta decay: EFT approach

(a) (b)

d u d ‘ u
Start from SMEFT and match to LEFT: W : e
— Y + Y
d w u d W u
(LEFT(d=6) _ 4GF | vy m — v 7= —
AL=2 \/§ Cduue;LR( LfYMuL)(V Y 6R) +Cdu1/e;RR( R’YNU’R)(V Y 6R)
+C§uve;LL (dRuL)(ﬁeL) + Cguz/e;RL (dLuR) (ﬁeL) T +
+c§uue;LL(£auVuL)(FOMVGL) + h.c,, @
LEFT(d 7) . 4GF (7)V — (7)V 7 — % g User-provided Matching
LAar—2 ~ 2 [ Cauve;LL (dL’Y““L) (vgDper) + Cauve;RL (dry*ur) (viDyer)| +h.c. A l J'
E
: g Eo]
LEFT(d=9) 8G% _ _ . -
LAL_Z( ) — . eL,,,;C'eL {c%,)u]; urytdrp ury,dr + c§/)Lf{ ury'dr uryudR M, = 80 GeV - & |
)
( ) 1) —« 2 IB —IB 87 Ay=2GeV| W W V¥V V'_“' """ \ | 2. SR E
V, LR UL/Y dL uR,y“'dR + h.C. : E n — pmee T — ee §
~ 100 MeV (_”_ ----------------------------------------------------------------------------------------- *§
Automatization possibilities! Scholer, de Vries, Graf ‘23 B — I —
g2 - Mp, Mé;} ’IxilPPPMM M. o4, Méﬁ ttippp Mqé,f&Pp O
: . : =8% I
Multiple isotopes and correlations e ® | J
v |T1°/‘;(o+—»0+), - T Mem, .. | v

Possibility to distinguish different mechanisms and operators



LNV dim-7 SMEFT @Neutrinoless double beta decay

O Operator
Oy €ij€mn (L' LT )HYH™ (HTH)
Olenp €ij€mn (LS yuer) H? (H™iD*H™)
QLA €ijemn (L' D, L) (H™D*H™)
Ol HDs eim€jn (L5 DuLy) (H™DHH™)
OZI’JTHB g€ii€mn (L_giaw,L;n)HjH”B’“’
(@ — g'€ij (eTI)mn (L_giawL;”)HanWIuv
O%LLD €ij (dyyuur) (LE'iD L)
orst eijemn (€ LL) (LI L) H™
dLue cij (dp L) (uger) HY
0222LH1 €ijemn (dpLy) (QS7 L") H™
OZZZLH2 eimejn (dpLy) (QS’ L") H™
OZTSZLH €ij (Qp“r) (LgLi) HY
Assumption:;

single LEFT operator dominance®

Sensitive to 1st gen: What if LNV small in 1st gen but large for others?

LEFT Wilson Value SMEFT Wilson Vahie
Coefficient Coefficient [TeV 7]
Chuve:LL 1.86 - 10710 CiroLH1 7.06-10°% /"
Cuve:RL 1.86 - 1010 CQurLu 3.62-1078"
Cuve: LR 8.20 - 10710 CLeHD 1.55 107
Cuve:RR 5.93-107° Ciarvell 1.12-107°
Cauve: LL 4.51-10710 CiLorLmi 6.83 1077
CiroLm? 3.41-1077
v 9.87-1076 CLuD1 1.36-10~%  9.03
CrLup2 2.71-107%  7.17
Craw 3.39.-107% 14.3
o mr 9.87-107 CuLLD 1.32-1073  9.11
i 1.40- 1075 CLuD1 9.91-10~*  10.0
CLaw 248 -107% 15.9
R 2.66 - 108 Carrn 1.83-10"¢  81.7

Fridell, Graf, Harz, CH JHEP ‘24



SMEFT &
[LNV Direct Collider Searches



LNV SMEFT at Colliders

Dim-5: Weinberg operator 43 TeVLHC: A <8.3(11) TeV

100TeVFCC: A <48 TeV

Fuks, Neundorf, Peters, Ruiz, Saimpert '21

Dim-7: comprehensively for the first time Fridell, Graf, Harz, CH JHEP ‘24 W

our main mode of interest: .

pp = 40777+ X

QI
ENY]

Recasting of the search for Keung-Senjanovic ,
(KS) process by ATLAS |

ATLAS EPJC ‘23 NRr

QI

O 1118 O rw» O1 g N0 signal at tree level



LNV dim-7 SMEFT at LHC and FCC

LNV operators using FeynRule

(1) validity of EFT

(1) resonant production

> future
LO cross sections with%adGraphS_aMC@NLO Operator o (pp — w=1=34j) (pb) Ay | ANy
using the basic generator level cuts LHC FCC |TeV| |'TeV]|
N Ogurre | 2.4x 1074 0.11 1.4 5.4
Hadronisation by Pythia8 OJLQLﬂz 15 % 10-5 43 x 10-3 0.90 31
‘ Ojrorm1 | 6.9 x 1079 0.030 1.1 4.3
Detector simulation by Delphes3: selection cuts
Odruer 5.7 x 107° 0.035
Cuts for pp — p*putjj at /s = 13 TeV OiuLLD 0.64 210
Object selection cuts OLHDZ 2 7 10_12 1.7 % 10_10
p’}lm > 25 GeV p?_rl 'S 20 Gev
| < 2.5 '@ < 2.5 OLuD1 1.9 x 107° 0.061
Track-to-vertex association cuts O LeHD 1.2 % 10—8 31 % 10—8
|z0sinf| < 5 mm |dp| < 1 pm
—8 —6
Signal region cuts OLH 1.5 x 10 2.0 x 10
P > 40 GeV ph” > 100 Gev . |
Hp > 400 GeV AR, < 3.9 GeV Major Caveats: - - - =
my,2 > 400 GeV M2 > 110 GeV




Validity of the EFT approach for LNV Collider searches

Expansion of heavy mediator propagator g’ B g2 (1 Q? o ( Q* ))
Q2 o Mr%led Mr%led Mr%led Mr%led

For collider searches () can be quite high

Q = /1728

10
Avg. momentum exchange:

quzu,c Zq2=d,s f dx1dz: (fCh (ml)féz ($2) + fCI1 (x2)f€72 (371)) @(Q - QO)Q2

OQuLLH

2\ _ S5

@ Do gi—uc 2ago—d,s J AT1dT2 (fq, (21) [ (2) + fo, (22) f (1)) ©O(Q — Qo) E | Canour:
— Oa_!LQLHl

T Oa'rLueH

QO —> Min final state invariant mass : controls avg. mom. exc. O
OLDH2

ForditeZ SMEFT A1A2 L Oor

Oor dali- p—
3 3 | 1 — OLeHD
M? .4  (ALnv) : _ 0w

A < Qy = large A such that Megq > Oty



Validity of the EFT approach for Direct LNV Collider searches

Resonant production is not captured by the EFT approach

Fridell, Graf, Harz, CH JHEP ‘24

LD Alc{Lqu* + )\262va + h.c.

<Q2>|/2 > Mmed
%

)\1 )\2 U

M r%led (Aifli;IV) 5

For small mediator widths:

EFT approach underestimates the limits

0.0 0.5 1 5 10 50 100



Many Other probes!



Neutral Current LNV@ low energy

CELUNS experiments

First observation: Akimov et al. Science‘l?

Neutrino scatters with low-momentum 7/

transter elastically from entire nucleus

hc
E, S — ~ O(10 MeV)

max 2Ev2
The nuclear recoil energy: £, "°" = = ~ O(KeV)
A

SM allowed but hard to observe due to

tiny recolil energy!

GNI:

Lindner, Rodejohann, Xu;
Aristizabal Sierra, De Romeri, Rojas; ++

- 4GF S, t/r—— —_ S, t/ 54— N T, t =5 .
Egﬁvff = \/5 |:Cduz;)ZSL(ddeLT')(VsCVt) + CdVIZESL(dedRr)(Vth) + Cduz;)zz (dRPO"UJVdLr)(V.gO'“VVt)

S, — s S, - — T’ - —
+Cu£fzt, (UrpuLr)(Vsve) + wa:glt; (ULpurr)(Vivt) + CWI;)Z% (WrpowuLy) (Vs Vt):| :

Can’t directly discover LNV but can constrain it =

Distributions with ¥ in final state can help !

Bolton, Deppisch, Fridell, Harz, CH, Kulkarni ‘22

Current Bound
LEFT Wilson

Coefficient  Value ?%32@1 1 [j’I\‘g\I/)] Experiment
ot 0030 113 < l _COHERENT >
Conry 0.178 5402 0.1 COHERENT

Future Sensitivity
Sle T 0008 30 €07 Ge >
Sy 0.062 1869 0.2 Ge

Cdv:LL




Changed Current LNV NSI @ LBL Oscillation experiments

Production charge blind

Bolton, Deppisch‘19

Detection sensitive to outgoing lepton charge Py
k
dE _& P(paa) . O -
NZ; FVa—)Dﬁ Ll Fl/a—n/ﬁ f E YTV T p v
Fap = N_ T Sun & (p,0)
,E I/a—)l/l[-} T VOZ_)V,B deq Z dE P L=V . 0-1/“ )
X P,
ot ; G > boL Tt ;>
’ LEFT Wilson |, SMEFT Wilson ~ Value  Anp g .
£sR Coefficient e Coeflicient [TeV 3] |TeV] P
Vllee e - ee(e
ure) Ky e wnny dni) %e LER“; 0.017 ?{J%’;% | 3.2 0.7  KamLAND
eele - elel 1e = '
Cauve:RR 0.017 Cr o KamLAND>
gug’; o 0.015 ceeter) 1.7 KamLAND
AGE [ vprst _ Vorst _ Cuve:RR 0.015 welr o 5. 0.6  KamLANI
L{E e o (drpyuure) (Ve pret - (d r) (VEyH ; e —
LEkr > 75 i @peusn) G em) + oGl an i) V) chllie - 0.22 - 3.47 C¥up 41.7-658.1  0.1-0.3  MINOS
i %V}L},}“;R 0.22 — 3.47 e 83.4-1316.2 0.1-0.2  MINOS
L4 = 7;’ [ et L(drpuLy) (Viers) + c d&pfesﬁzz,(d Lptrr)(VCers) Chuve LR 0.16 — 0.63 e 30.3-119.5 0.2-0.3  MINOS
t B el 0,16 - 0.63 Op 60.7-239.0 0.2-0.3  MINOS
+ Cae LL(dRpUWULr)(V?U“"eLt)] . AT 0,16 - 0.71 Ch 30.3-134.7 0.2-0.3  MINOS
el 0,16 - 0.71 s 60.7-269.31 0.2-0.3  MINOS




LNV dim-7 SMEFT @ Rare meson and 7 decays

r* 5 (EPEPE

Weak constraints from i

M — M'vu

well discussed in literature
in the context of dim-7 SMEFT

KT — g ¢+¢

Li, Ma, Schmidt PRD 20
Deppisch, Fridell, Harz JHEP '20
Felkl, Li, Schmidt JHEP ’21

Current Bound
LEFT Wilson

Coefficient Value ([)’CIi‘LVIié[] [%Ie\l\l;] Observable
oy 1.3x 1076 48x107* 128 K —ww
gydﬁ'y 2.5x 1077 9.6 x107° - D
gyd;f 26x1077 99x107° 21.6 K°— v
Future Sensitivity
S 84x1078 32x10° GLE Kt o i
cgjﬁj 14x 1077 52x10% 268 K°— r0uw
Assumptions:

1. single LEFT operator dominance*

2. lepton flavour universality**

LEFT Wilson

Current Bound

- Cirqrr1  Anp
Coefficient Value eV~ [TeV] Observable
ooty 3.6x107% 014 19 B — K<*>u>
gj‘pf 2.7x 1074  0.21 17 B — K®w
cgjﬂ‘s 06x107* 018 175 B — K*ww
Future Sensitivity (50 ab™1)
S 06x10% 002 <35 B Kw O
S 06x1074 005 28 Kvv
clstnd 0.3x107*  0.08 23 B— K*wv

Dipole type of contributions can be present but suppressed
Charged Kaon decays @NAG62 provide the best limits



0., and leptonic ;1™ decay

O; ;17 doesn’t contribute to Ovff decay at tree level

After the EW symmetry breaking [ — I cS,eueu

ev;LL (@,U'L) (V—gyﬂ)

at the LEFT level:
LH (@R L) (u‘ga“"vu)} +he.
Only ceSy(Z:”ee” can mediate the experimentally searched y™ — e™0,0,
CC process pv, — e"n was used to identify 7, B. Armbruster et al PRL ‘03
Current Bound
LEFT Wilson
Coeflicient Value [,I‘Z’\j/-ffgi [ég\l;] Observable

S, — _ .
c%y’;f%” 0.06 15.2 04y pt — et v, p=0.75
Copt LI 0.04 ut — et oew,, p=0.25




LNV (4~ — e™) conversion

'y~ +N—=et +N)

By-er = '(pg=+N — vy, +N)

ur, dr,

W~

Hr
v| €L
OeLLLH . ‘@

14 eC

el
v

ur, dr,

ool (%) (%) (%) 42 ()" @ (O

1 Small contributions for
— dim-7 SMEFT

Neutrino magnetic moment

0 pi2 p13 V1

1
LM D 5 (l/l 9 l/3) 0'”,, — 412 0 123 /9 FHY +h.c.,
—p13 —p23 0 V3
5 /. L[ 3 i 3Claw — Craw
/€= pij = — | v°Cigpg —v
2V 2
Solar: Borexino
Reactor: GEMMA, TEXONOQO, CONUS
Accelerator: LSND, DUNE
.. .. 10—11
CYyp — Cluwlizi S
LHB LHW 11#] ~ Am.v2
- A>10TeV | Competitive with Ovf5f




Constraints from

[aght Neutrino Masses



Light neutrino mass: UV example

OJLQLH1
= ; : n Tk
Limitation of cut-off regularization: ¢ d df d}

~ hierarchy between NP scales T LT R
LJ Lz I
. R

H X

OJLQLﬂl l’LOOP,[.l — 108 GCV

>
)
=< 10°°
L
ol — EFT estimate
10-10 — Leptoquark model
— Simplified model
| 107
107 0.001 0.100 10 1000 10° 107

o> 10* 10 108 10" 10”10

E=mp /mg, — 1
Mg, [GeV] - = My ms



Light neutrino mass and “naturalness”

: . (
Tree level contribution from 6 1 H- (0my )5 = D) (UBCLH,ij)

RG running A - M,

Orup1 3 Orap2 s Orenp > OLaw ﬁ Oy

(5m) <leV — GCy: A>1200TeV
Croup: A>61eV  Cyp: A>460TeV

Crgpr - A>2801eV  Crpyp, i A > 350 1eV

Dim reg provides a robust approach

dC ; i i / 2
Hd_s = Y59 C5 + 4B CsC5C5 + 71> C5C + 7,7 C SN >

H NG % on o) g
dC! 7,7 7,5 7,6 ' VAR AS y, N

u d/j = ’Yz(] )C] + ( )050505 + %(] )CSC% \ AN

Chala, Titov ’21; Di Zhang ’23,24 ++



Bird’s eye view of the constraints on LNV dim-7 SMEFT operators

O Operator
Oy eij€mn (LS L) HY H™ (HTH)
OLetp €ij€mn (L' yuer) H? (H™iDMH")
OLup €ij€mn (L_zc:iDuLg') (H™D*H")
OLup2 €im€jn (L_giDuLi) (H™D*H")
(’)’I’JTHB 9€ii€mn (L_giam,L;’,”)HjH"B“”
(@ — g'eij(er’) (LS'ou, L") HI H WK
OFuLLD €ij (dpyuur) (L§'iD* L)
OF L €ijemn (€pLy) (LS L") H™
e €ij (dpLy) (uger) HY
Otrqum €ijemn (dpLy) (@ LY") H"
Oiroun eimejn (dpLy) (Q57 L") H™
Ofur i i (@pur) (LSLE) H’

OQuLLH
O LQLH?2
Od' LQLH1
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Conclusions

Operator Collider OvBS LBL Osc. pu, pt-decay CEvNS Meson decay

OLH v v - - - - -

OLeHD 4 4 oo - - -

OLuD1 v v - - - - -

OLuD? v v - - - - -

OLHuB - - - v - v -

OLuw - v - v - v -

OduLLD v v -7 j i i

OeLLLH - - - - v - -

OJLueH v v v ) ) ) J

Odrormt v v v i i v v

OdLoLu: v v oo i ) i

OQurLH v v oo ' v i
EFTs provide robust frameworks to parametrize and constrain LNV BSM physics ft'ml&
The new physics scale hierarchy, EFT loop effects requires a more careful approach vam l
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