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@ Introduction

® Oscillations in QFT/EFT in the presence of NSIs
[A. Falkowski, MGA, & Z. Tabrizi, JHEP 11 (2020) 048]

® Pheno application: reactors;
[A. Falkowski, MGA, & Z. Tabrizi, JHEP 05 (2019) 173]

® Conclusions
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Introduction

A
W . ~ 10 TeV NP .. _
e £(z) = £ (SM fields, bSM fields)

: 3 ays a

~ 1
>\va:< >< e M Lepp = Lo+ 2 Y @ 0; Standard Model EFT

[Buchmuller & Wyler’86,
Leung et al.’86,

Grzadkowksi et al., 10,
Jenkins et al'lg, ...]
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ﬂ Low-enerqy £FT

ﬂ [Cirigliano et al'09,
Aebischer al.'l15,
‘C’T(',N,... — .. Jenkins et al'l8, ...]
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Introduction

Not assumption independent!
[e.g. no light new states]

w ol ~10TeV NP o | ——
>WW< > < L(x) = L (SM fields, bSM fields)

: 3 ays a

~ 1
>\lew< >< e M Leps=Lem+ 2 Y @ 0; Standard Model EFT

[Buchmuller & Wyler’86,
Leung et al.’86,

Grzadkowksi et al., 10,
Jenkins et al'l3, ...]
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ﬂ [Cirigliano et al'09,
Aebischer al.'l5,
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Introduction

Low-enerqy precision measurement.. NP implications?

i Data
(+ SM prediction)
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Low-enerqy precision measurement.. NP implications?

i Data
‘ (+ SM prediction)
= e - — ;‘/
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| W(Corr;.;to‘&ed) bounds on the ‘
Wilson coefficients of the '
Low—energj EFT

- Efficiency: analysis | E

done once and for all! — — ——
% [ NP model #3

Pros:
- Agnostic approach;

- Comparison bebween
probes, under general
assump&ious;

a;
ﬁ = h; (gyp> Myp)

NP model #1 NP model #2
al' ai
A2 = fi (8np> Myp) ™ = 8 (&np> Myp)




Introduction

Low-enerqy precision measurement.. NP implications?

i Data |
(+ SM prediction)

A\

| ”(Corr;.;l.a&ed) bounds on ‘

q H\ Wilson coefficients of the

Low—energj EFT

Q
= == =

neutrino oscillation Wilson coefficients of the
data in this EFT ki.gk—ev\ergj EFT (SMEFT)

approach? S :

Of course... but with | \

Can we analyze % | G(C/orreiiai:ed)ﬂ bounds on the ‘

some peculiarities...
NP model #3

1

— = h; (gyp> Myp)

A2
NP model #1 NP model #2
(li ai
A2 = Ji (&xp> Myp) Vi 8i (8np» Myp)




Introduction

® Oscillation experiments are sensitive not only to neutrino masses and mixing,
but also to how neutrinos interact with matter.

o This talk: I'll focus on charged current interactions (no matter effects).

Beyond the SM: ¢ =
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=== ===

[Same in detection]




Introduction

® Oscillation experiments are sensitive not only to neutrino masses and mixing,
but also to how neutrinos interact with matter.

o This talk: I'll focus on charged current interactions (no matter effects).
® (High) precision & consistency — nontrivial constraint on NP;
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Introduction

® Oscillation experiments are sensitive not only to neutrino masses and mixing,
but also to how neutrinos interact with matter.

o This talk: I'll focus on charged current interactions (no matter effects).
® (High) precision & consistency — nontrivial constraint on NP;

© The main question I want to address here is:
how can I calculate the bound on BSM parameters?

1.e. how can I derive ¢ = @ (6;, Awnn? 5 EJ>9 [where € are Lagrangian parameters]

| In the SM: 0 = 0 (06;, Am?)
Beyond the SM: ¢ = 0 (6;, Am2,
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Introduction

® Oscillation experiments are sensitive not only to neutrino masses and mixing,
but also to how neutrinos interact with matter.

o This talk: I'll focus on charged current interactions (no matter effects).
® (High) precision & consistency — nontrivial constraint on NP;

© The main question I want to address here is:
how can I calculate the bound on BSM parameters?

1.e. how can I derive ¢ = @ (9;,, Awnn? 5 EJ>9 [where € are Lagrangian parameters]

® Only afterwards one can assess whether the bounds are competitive.
® Only afterwards one can assess the implications for a specific BSM model.

In obther words: how are oscillations affected
by a charged Higgs? A leptoquark? Which part of
their parameter space is ruled ouk by current
oscillation data?




Introduction

® Oscillation experiments are sensitive not only to neutrino masses and mixing,
but also to how neutrinos interact with matter.

o This talk: I'll focus on charged current interactions (no matter effects).
® (High) precision & consistency — nontrivial constraint on NP;

© The main question I want to address here is:
how can I calculate the bound on BSM parameters?

1.e. how can I derive ¢ = @ (.e;,, Awnn? 5 EJ>9 [where € are Lagrangian parameters]

® Only afterwards one can assess whether the bounds are competitive.
® Only afterwards one can assess the implications for a specific BSM model.

e NB: in simple theory setups the bounds are unlikely to be competitive
(competition from hadron decays & CLFV);

u A "
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SM
Traditional I¥&T-QM approach

dN.5

“f = QtdE,
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[Grossman'95, Gonzalez-Garcia et al.'Ol,
Ohlsson'l3, Farzan & Tortola'l?, ...]

Traditional NSI-QM approach

Pya_H/B = | <V5 (L) |I/a> |2 W £ (. Uy , Amz, &5, &) — P is not universal anymore;
— CC NSI give L-dependent effects;

dN.5

dtdE, = ngM(EV)Pa (EV)UEM(EV) (NéNél)Q

Rag =

Normalization:

NG = \/[(1 +e8)(1+ € )]

Ng = VIA+ e )1+ e)]ps
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[Grossman'95, Gonzalez-Garcia et al.'Ol,
Ohlsson'l3, Farzan & Tortola'l?, ...]

Traditional NSI-QM approach

source

Pya_H/B = | <V5 (L) |I/a> |2 W £ (. Uy , Amz, &5, &) — P is not universal anymore;
— CC NSI give L-dependent effects;

AN, 3
*f = ItdE,

R = ¢5M(E,)Pap(E,)o5™ (E,) (DEET

¢ Sy SM Z LAm Normalization:

7 x sla X1 1% il xXa L N; = VI0T+e) T+ eNaa

Xyay = (1 + ) Dy® N5 = VI +eT)(1+ e?)]ga




[Grossman'95, Gonzalez-Garcia et al.'Ol,
Ohlsson'l3, Farzan & Tortola'l?, ...]

Traditional NSI-QM approach

® Oscillation data — combined fit of "SM" (angles + masses) + NSI parameters
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Agarwalla et al'l5] Kopp et al'O7] Leitneretal'll]
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PS: Imptwii assumy?:i,ow NSI are ewergjnimdepehdehﬁ
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Traditional NSI-QM approach

64 = £ (7))

© NSI parameters are process-dependent!

@ But...

o Comparison of NSI parameters for 2 different production processes?
o Comparison of NSI with other non-oscillation searches? (CLFV, colliders, ...)
© Meaning of these NSI in terms of fundamental BSM parameters? (couplings, masses, ...)

® Also: are production & detection NSI completely unrelated and free? Are they energy
independent?

M. Gonzalez-Alonso vy oscillations in EFT




Traditional NSI-QM approach

64 = £ (7))

© NSI parameters are process-dependent!

@ But...

o Comparison of NSI parameters for 2 different production processes?
o Comparison of NSI with other non-oscillation searches? (CLFV, colliders, ...)
® Meaning of these NSI in terms of fundamental BSM parameters? (couplings, masses, ...)

® Also: are production & detection NSI completely unrelated and free? Are they energy
independent?

@ Conclusion:
we need to match NSI to a Lagrangian — QFT approach needed

See e.g.
Giunti et al. [hep-ph/9305276]
Akhmedov Kopp [arXiv:1001.4815]
Kobach et al. [arXiv:1711.07491]
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Oscillations 1n QFT

\/auda&v:




Oscillations 1n QFT

Greomelbric
factor

k = NsNr/(32nL?*mgsmr)

\/auda&v:




Oscillations 1n QFT

dNag P A\yP D s 4D
Rag = — dllp M, M, [dllp Mz M
af dtdE, P ak al D Bk Bl
Greomebric
factor
k = NsNr/(32nL?*mgsmr) Oscillation
factor
Am3, = mi —m?

\/auda&v:




Oscillations 1n QFT

dNag P \yP D r 4D
Ra,B = = dHP’MakMal dHDM,BkMﬁl
dtdE,
Geomebric J— :
factor ﬂrodw‘:&ioh
k= NgNr/(32nL*mgmy) Oscillation (w/o integration over £v) |
factor i
P __ il
Ay = mp - | Mar = ME = Ko |
La
Validiby:




Oscillations 1n QFT

dNag P \yP D r 4D
Rag = = dHP’MakMal dHDM,Bk‘Mﬁl
dtdE,
Geomebric J— :
factor ﬂroduc&ioh
k= NgNr /(32w L*mgmr) Oscillation (w/o integration over £v) |
factor i
P _ !
gy = i | Ml = M = Ko |
Validiby:

Phase space integrals: dIl = (27?;;621& . (27?;??2733” 2m)AH P - > ki)

dllp = dllp/dE,




Oscillations 1n QFT

Hos = itd, ~

Greomelric A T
factor ﬂroduc&ion K Delection
k = NsNr/(32nL?*mgsmr) Oscillation

(w/o integration over E£v)

1| M5 = MwT — Yp)|
2 | MG = M(S = Xawg) | ‘

2 — 2

factor

\/atidc’.&v:

|
. : _ //
A3k A3k,

Phase space E;V\Eegrats: dIl = G5e3m, - -- s, 2m)AH P - > ki)

dllp = dllp/dE,




Oscillations in QFT: "oscillation probability”

LAm

P(v, — vg) = Rap  2_k1€ ‘oEy deP’M Mz [ dlIp MG, Mg,
) osy e Sy ML [ iy S [ME

Flux x cross-section
(ncluding NP)

P 05 = E—/dnp, Z\MakF/dHDZ\MglF
v l

PS: The dependence on MP & MP does not reduce to PMNS
factors in general, but includes also NP and hadronic effects.

- P is nobk universal anymore;

- CC NSI give L-dependent effects (not just flux & o);




Oscillations 1n QFT

2
. LAmk:l

Rop = =3 e /an,Mmg; A1l p MB, B

k1

® The rest 1s "straightforward": calculate the production and detection amplitudes.

D

M(VkT 7—) Y5>
(G—»vk ME = M(S = Xawp) vk_,Oi .

® We need to specify a Lagrangian to calculate the amplitude;

e Comparing QFT & QM rates we can derive the expression for the NSI parameters
in terms of fundamental BSM quantities.

e, 64 = £(7)
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Oscillations in QFT — SM-like case

Low-energy effective Lagrangian: @ T
v vi\ i

1‘1 e 1 :u ]

v | =Upwmns | v | §

i\ 1

A\ —— - = ;/,

: 3
£, Seb.

2V _ .
— d []. + EL]aﬁ (U’}/MPLd)(KQ’}/ﬂPLl/IB)

LD
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Oscillations in QFT — SM-like case X

Low-energy effective Lagrangian:

2Viud
- =

LD

le

.0

[]. + EL]aﬁ (’L_L’YMPLd)(éa’}/MPLl/ﬁ)

M(S — Xal/k;) — [(1 + EL)U]Z@ It does not de’penci on k
MuT = Ys) = [(1+ e£)Ular AL



Oscillations in QFT — SM-like case

Low-energy effective Lagrangian:

2Viud
- =

LD

le

.0

[]. + EL]aﬁ (’L_L’YMPLd)(éa’}/MPLl/ﬁ)

-

M(S — Xal/k;) = [(1 —+ EL)U]Z@ Ik does not de’penci on k

M(l/kT — Ys) = @akAg

XL

"Non—uv\itarj mixing makrix”
[Antusch et al'06, Blennow et al'l6, ...]



Oscillations in QFT — SM-like case

Low-energy effective Lagrangian:

LD —

*

a M(S — Xal/k;) = [(1 —+ EL)U]a@ Ik does not de’pehd on k

XL

"Non—uv\itarj mixing makrix”
[Antusch et al'06, Blennow et al'l6, ...]
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Oscillations in QFT — SM-like case

Low-energy effective Lagrangian:

2Vua
V2

LD —

[]. + EL]aﬁ (’L_L’YMPLd)(ga’YMPLl/ﬁ)

M(l/kT 7—) Yﬁ) = @ kAD

XL

"Now—ut«i&arj mixing makrix”
[Antusch et al'06, Blennow et al'l6, ...]

a M(S — Xal/k;) = [(1 —+ EL)U] @ Ik does not de’pehd on k
,ém

LAm

_ _Lamy,
'={> RV = oMo DT 7 AT POIETA P ETA e
k,l

Comparihg with QM-NSI:

[GL]aB | HSM _ Ng [dl1p|AT|?
| [ ] ‘ @ SmgmL?
| eﬂa = |€L]ap
'\ [Blennow et al'l6] JSM B NdeHD|A€‘2

BT AE, mr




Oscillations in QFT — EFT

Low-energy effective Lagrangian: u le
2Vud U / va @ v-A
£~ 22 1+ en) (@9 Prd) (s Prvs) :
+ [er]ap(@7" Prd) (Lo, PrLys) d Ve
1 _ 1 _ .
+ 5 leslas(@d) (laPrs) — 5 leplas(@ysd) (laPLvs) u ¢
1 _ N _
+ Z[GT]aﬂ (wo™ Prd) (EQUWPL%) + h.c.} Sy g
A
W
A vy

NP models: W', charged scalar, LQ, ..




Oscillations in QFT — EFT

la
7 M(S — Xavi)= Uz AL + lexUli AR
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Oscillations in QFT — EFT

la
7 M(S — Xavi)= Uz AL + lexUli AR

° X
vk M(VkT 7—) YB) = UﬁkAg + Z[EXU][BI@A)Q
X -

e e ———— :
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Oscillations in QFT — EFT

la
7 M(S — Xavi)= Uz AL + lexUli AR

° X
vk M(VkT 7—) YB) = UﬁkAg + Z[EXU][BI@A)Q
X -

,/

Ve o LAm - - l e
1‘ Rop = <I>SM MZe—’ 0 (U Uat + px1(exU) Ut + 0 LUk (ex U)ot + pxy (exU) iy (e U) W
|

x [UsrUp + dXL(GXU)ﬁkUm + dXLUBk(eXU)ﬁl + dXY(GXU) k(€y )Zl }

e —— . — e — —— ———— _——— — e e =

NOTE: Linear sensitivity to offdiagonal
f dll p AP AP Wilson coefficients (u,w.qu.e)

PXY = A AT

_ [dlIp,ARAD
= [dlip|ADP

dxy =




Oscillations in QFT — EFT

la
7 M(S — Xavi)= Uz AL + lexUli AR
X

& a vk M(l/kT 7—) YB) = ng;Ag + Z[EXU]ﬂk:A)Q
X -

‘ —1 * * * * * |
11 Ras = @MY " e 8 (U3 Ut + pxn(exU)aUat + D Ui (exU)at + pxy (exU) i ey U)ad] |

[U,Bk;Uﬁl -+ dXL(GXU)ﬁkUm + dXLUBk(eXU)ﬁl + dXY(eXU) k(€ U)Zl] }

.=

— e — — — - = - —
— - = — e —

NOTE: Linear semsitivity to offdiagonal
f dll p AP AP Wilson coefficients (u.w.qu.e)

PXY = A AT

_ JdlIpARAY
[ dIp|ADP

dxy

QM-NSI approack
LAm

RN = pMo SMZ T (1 4 €)UF] (1 + €)* U1 [(1 + €U gl (1 +e'U




EFT / NSI matching

 [dIpARAE

Pxy =
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EFT / NSI matching

 [dIpARAE

Pxy =
Jdllp|AT]?

o _ JdIpARAD
T [dllp AP

Neutrino Process

NSI Matching with EFT |

v, produced in pion decay

[r—pv]

uB L R my (my+mg) Plup




EFT / NSI matching

 [dIpARAE

Pxy =
Jdllp|AT]?

o _ JdIpARAD
T [dllp AP

| Neutrino Process | NSI Matching with EFT |
ve produced in beta decay [N-Nev]| €5 =I[eL —€r— %GT]%

. . d 1—3924 m gs 3gA9T
etecte Vi VP — i — e

2
v, produced in pion decay [—-upv] €3 = e, — er — m@];ﬁ




EFT / NSI matching

 [dIpARAE

Pxy =
Jdllp|AT]?

o _ JdIpARAD
T [dllp AP

| Neutrino Process | NSI Matching with EFT |
ve produced in beta decay [N-Nev]| €5 =I[eL —€r— %ET]%

. . d 1—3924 m gs 3gA9T
et e Vi VP — i — e

We see that i a reactor expe‘rimeh&:

- one "can't” have NP only i production
- the assumption of equal magnitude and non-opposite phases is also not "natural”

- the E-dependence needed for S & T was never taken ko account in the NSI Literature

[e.q. Leitner et al., JHEP 12 (2011) 001; Li & Zhou, Nucl. Phys. B888 (2014) 137-153; Agarwalla et al., JHEP 07 (2015) 060; ...]




EFT / NSI matching

However, beyond linear order, there's no matching!!!
y g

The NSI-QM approach itself fails in general.
[PS: bounds of 0(1) are common...]

/r; : LAm - B o T
1: Rag = <I>SM M Ze_z 27, UiUal + x0(exU) iUt + DX Uni(exU)ai + pxy (exU)7
il
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QM-NSI approack:
LAm2

RN = oM™ eI (1 + €YU l(1 + €)*U L1+ e)TUL,l( +eH'UTY
k,l
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; _ [dIIp AR AD
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EFT / NSI matching

However, beyond linear order, there's no matching!!!

The NSI-QM approach itself fails in general.
[PS: bounds of 0(1) are common...]

:///‘ —— LAm S P ———— e
11 Rap = <I>SM e 26_7’ B0 (U2 Unt + pxr(exU)nUant + D pUli(exU)ar + pxy (exU)ip(evU)a
~‘ J

|
| x [UsrUpg + dXL(GXU),BkUm + dXLUﬁk(EXU)m + de(eXU) k(ey

QM-NSI approach:
LAm2

RN = oM™ eI (1 + €YU l(1 + €)*U L1+ e)TUL,l( +eH'UTY
k,l

But it does not fail in every case.
Condition: - — - -

[ dllp AR AL

Pxy =
f dIlp |AP |2
Examples:
It fails: inverse beta decay (common detection!) with non V-A;

o JdipaRAp
ST JdpADP

It's OK: V-A, or pion decay!




Recap: main results so tar

® Oscillation observable calculated in QFT in the presence of (heavy) CC NP

'/ LA m

l!(

I\
o Validity of the traditional NSI-QM approach analyzed es = > pxrlex]ig
o Matching with EFT Wilson coefficients €0 = Z dxrlex]a

@ Consistency condition for that matching (& the QM-NSI approach itself) to
be valid to all orders in NP parameters.

e Useful for previous (CC) NSI works:
» To understand the UV meaning & validity;
» To compare between oscillation experiments & with non-osc. ones;
e I can run, match & run... ﬁ

P
PN ! {
4




Phenomenology

@ Now we can do pheno in any given model or EFT setup
o Implications for that model / SMEFT?

o Interplay with other oscillation experiments, and with other probes (CLFV?).

o Example: short-baseline reactor experiments in the (SM)EFT.
[A. Falkowski, MGA, & Z. Tabrizi, JHEP'19]

Ve—Ve
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Short-baseline reactor exp.

Daya Bay:

6 reactor cores;

8 anti-neutrino detectors;

3 near and far experimental halls located at 400 m, 512 m and 1610 m;
Has observed ~ 4M anti-neutrino events in 1958 days of data taking;

Daya Bay Collaboration, D. Adey et al.,
arXiv:1809.02261
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RENO:

* 6 reactor cores;
* 2 near and far anti-neutrino detectors located at 367 m and 1440 m;
* Has observed ~ 1M anti-neutrino events in 2200 days of data taking

RENO Collaboration, G. Bak et al.,
arXiv:1806.00248.

Far Detector

[slide borrowed from Z. Tabrizi]
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What kind of New Physics are we probing?
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One can't just take them from the PDG!

The effect can be dramatic: [eLrle have no effect at all in neutrinoe experiments!

I+ [GL]ee — [ER]ee
1+ [GL]ee + [ER]ee

Vua (1 + [GL]ee + [GR]ee) ; gaRe
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Production & detection amplitudes i ] el
"EFT ladder” Wk 0 :'n

SMEFT? Model?

2Via _ 7
2 {1+ €r]op (WY Prd)(lay, Pryg)
+ [er)ap(@" Prd) (Lo Pryg)
Lee-Yang 1 - 1 _ 7
+ 5leslap(ud)(baPrvg) — 5leplap(@ysd)(laPryg)

1 _
+ Z[GT]QB (uo"” Prd)(lq0,, PrLvg) + h.c.}

WEFT LD

M. Gonzalez-Alonso vy oscillations in EFT




Production & detection amplitudes
"EFT ladder”
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Production & detection amplitudes
"EFT ladder”

SMEFT? Model?
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"EFT ladder™

SMEFT? Model?
fission process in a nuclear reactor
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"EFT ladder” N ok

SMEFT? Model?
WEET fission process in a nuclear reactor
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"EFT ladder™

SMEFT? Model?

WEFT

We only
need a rough
estimate...

Lee-Yang




"EFT ladder™

SMEFT? Model?
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"EFT ladder™

SMEFT? Model?

WEFT

Grood news:

Most of the decays are allowed &GT

Lee-Yang [Hayes & Vogel, 2016]
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"EFT ladder™

_ [dlp ARAT

SMEFT? Model?

p =
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WEFT

Lee-Yang

NR Lee-Yang f(E,) = F(w,, AM;;E,)

~ Fw(AM;u =17MeV,c =2.5MeV),E)) [King & Perkins'58,
Davis et al'79, Vogel'O7]




Short-baseline reactor exp.

Am2, L
P, 5, (LE)) =1— sin? (%) sin? (2013>
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®© UV-meaning of the good agreement with the SM?
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Short-baseline reactor exp. o >’<d
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Short-baseline reactor exp.
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Short-baseline reactor exp.
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Matching with SMEFT i~ (o= 2) w
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Low-E EFT

Matching with SMEFT

ALl interactions generated at D=é:
- — - - - ————n [Cirigliano, MGA, Jenkins '2010;
2 “ Cirigliano, MGA, Graesser’2012]
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Matching with SMEFT

ALL tnteractions generated ab D=é6:

[Cirigliano, MGA, Jenkins '2010;
Cirigliano, MGA, Graesser '2012]
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Low-E EFT

Matching with SMEFT

[Cirigliano, MGA, Jenkins '2010;
Cirigliano, MGA, Graesser '2012]
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_ Bounds on this
(Z?auyel)emn (cj?a“”ul) operator from non-
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w e

Non-oscillation constraints on [es1|eyex

Additional assumptions needed: d Vg

only one (quadratic!) operator,

o Betadecays: |[€sle| <64x107%,  [[erl,,| <44x107

© CKM unitarity: |[€sleal <2.0X 1072

(Running from Mmz)

© Pion decay: |lepleal,—pgey <75 % 1070 ——p |[eT]w +3 X 107*[eg],, L, S1ox 1073
u=2GeV

[MGA, Camalich & Mimouni'l?]
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w e

Additional assumptions neede S d vg

Non-oscillation constraints on [es1|eyex

only one (quadratic!) operator,| i SMEFT ' dim-8 operators neglected, ..

o Beta decays: |[€slea] <64X1072,  |lefl,,| <4.4%x107

© CKM unitarity: |[€sleal <2.0X 1072

(Running from Mmz)

<1.0x1073
u=2GeV

o Pion decay:  |[epleal,mygey < 7-5 X 1070~ |[e/1,, + 3 x 107 [egl,,

|[é7]ea — 4 x 1072 < 7.0x107°

[GS] e |p:2 GeV

(Running from 1 Tev)
[MGA, Camalich & Mimouni'l7]
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® LHC DI'CH Yan: <Z | [€S]ea|2> S 2 X 10—3 , <Z | [€T]ea|2> S 2 X 10_3
[Gupta et al.'08] a a
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® W — € conversion: | [e5]e, | S 3% 107°

©T D CeNM  |legl,| S4x 107
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Summary

® Oscillation observables calculated in QFT in the presence of (heavy) CC NP
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Summary

® Oscillation observables calculated in QFT 1n the presence of (heavy) CC NP
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® Pheno example: Daya Bay 15 615 = 0.0856(29) |
@ We identify the NP probed; p
® We obtained (~%-level) NP bounds; 0'95;_ . 1 i J[_
® Application of the SMEFT setup; 09— 4 6 8
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E,rompdMeV]

e "Zero-distance" neutrino experiments can also be analyzed with this approach,
with their own peculiarities (angles and mixing gone, only quadratic NSI, ...).

Example: FASERv.
[A. Falkowski, MGA, J. Kopp, Y. Soreq & Z. Tabrizi, to appear]
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