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Model-independent hidden sector searches

arXiv:2102.12143 arXiv:2104.10280

Generic new physics (NP) model below electroweak (EW) scale:

L = LSM + Lhidden + Lportal
Heavy NP: Model independent description via EFTs

(SMEFT, HEFT, etc.)

Light NP: Couple to SM via portals

Intensity Frontier ⇒ Meson interactions important

Coupling to generic light hidden sectors?

⇒ Generalize EFT approach
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Portal E�ective Theory (PET) Framework

CP3-21-. . .

SMEFT, HEFT, LEFT,
NRQCD, HQET, χPT, . . .

EFT fields and symmetries

0 , 1/2 , 1 , 3/2 , 2
si , ξj , v

µ
k , ξ

µ
l , tµνm

Messenger fields
Additional fields not directly
interacting with the SM

Secluded fields

Ohidden
m

Hidden operators

OSM
n

SM operators

Oportal
nm = OSM

n Ohidden
m

Portal operators

Jportal
n =

∑
mO

portal
nm

Portal currents

Hidden sector with light NPSM and heavy NP

PET framework

Construct and link multiple PETs

⇒ Translate EW scale ↔ strong scale ↔ mesons
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Proof of concept: portal SMEFT → portal χPT

Physics Focus: (1) Light mesons (E.g. at NA62, MaTHUSLA, KOTO)

(2) Electroweak interactions

(Needed for e.g. π0 → γX , K+ → π+X )

We consider single messenger si , ξi , v
µ

(SM gauge singlet; spin 0, 1/2, 1)
⇒ 3 sets of PETs

CP3-21-. . .

Portal SMEFTs
(d ≤ 5)

Portal LEFTs
(d ≤ 7)

EWSB

Integrating out heavy fields

Portal χPTs
(NLO)

Spurion analysis

Coefficient
matching

Feynman rules

Expansion

Golden processes
K± → π±s
K± → l±ξa

π0 → γv
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Strong Scale QCD & χPT Portal Interactions

SM: 4 currents capture quark masses, photons, θ angle:

δLQCD = −q†σµlµq−qσµr
µq†−θGµνG̃µν−

[
qmq+h.c.

]

QCD Flavour symmetry determines meson to current coupling

⇒ spurion analysis

Our work: 10 portal currents parametrize new physics:

δLQCD → −q†σµLµq − qσµR
µq† − ΩGµνG

µν −ΘGµνG̃
µν

−
[
qMq+q σµνTµνq−q ΓσµνGµνq+h.c.

]
+Lqqqq[Hl ,Hr ,Hs ]

Portal χPT: Couple mesons to all portal currents

We extend spurion appraoch to include new currents

We estimate resulting new χPT coe�cients

(Using scale anomaly, QCD condensates, large nc limit)
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Application: Kaon Decays into Hidden Particles

1 Fermionic Messengers: A(K+ → `+
a ξb) depends on 1 portal current

Reproduces standard result for HNL

Captures models with additional secluded �elds

2 Scalar Messengers: A(K+ → π+si ) depends on 7 portal currents

A = AM +ASω +ASθ +AΓ +AHl
+AHr +AHs

Captures production of general spin 0 messengers

(ALPs, light Higgs, complex scalars, sGoldstinos, etc.)

Includes i) mixing with mesons, ii) full �avour dependence

Encompasses prior model-dependent results for ALPs, light Higgs, etc.
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Summary

1 We developed the PET Framework

⇒ couple EFTs to generic light hidden sectors

2 We constructed PETs with single messenger of spin 0, 1/2, 1 :

portal SMEFTs containing all d ≤ 5 operators

portal LEFTs also containing �avour violating d = 6, 7 operators
⇒ 10 portal currents

portal χPT couples mesons to portal currents

3 We computed generic decay amplitudes:

A(K+ → π+si ) (spin 0: e.g. ALP, Higgs portal, etc.)

A(K+ → `+ξi ) (spin 1/2: e.g. HNL, etc.)

A(π0 → γvi ) (Spin 1 messenger: E.g. Dark photon)
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Thank you for your attention!



EW Scale PETs: Portal Operators

d Higgs Yukawa + h.c. Fermions Gauge bosons

si

3 si |H|2

4 si sj |H|2

5

si sjsk |H|2 siqaubH̃
† siG

a
µνG

µν
a

siD
µH†DµH siqadbH

† siW
a
µνW

µν
a

si |H|4 si`aebH
† siBµνB

µν

siG
a
µνG̃

µν
a

siW
a
µνW̃

µν
a

siBµνB̃
µν

ξa
+
h.c.

4 ξa`bH̃
†

5 ξaξb|H|2 ξ†aσ
µ`bDµH̃

† ξaσ
µνξbBµν

vµ 4

vµv
µ|H|2 vµq†aσµqb

∂µv
µ|H|2 vµu†aσµub

vµH†
↔
DµH vµd

†
aσµdb

vµ`†aσµ`b
vµe†aσµeb
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Strong Scale PETs: d = 6, 7 and |∆F | = 1 Portal
Operators

d Two quarks Quark dipole Four fermions

si

6

si sjsk dd si F
µνdσµνd

∂2si dd si G
µνdσµνd

si∂µsj d
†σµd

7

si sjsksl dd si d
†q†qd

si q
†σµqq†σµq

si d
†σµdqσµq

†

si e
†σµνu

†σµd
si ν
†σµνd

†σµd

ξa
h.c.

6
ξ†aσµ ed

†σµu

ξ†aσµ νd
†σµd
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K+ → π+si Interactions

Currents:

Ω ⊃ εUV
v

cSωi si , M ⊃ εUV
(
c
Sm
i + c

Sm
∂2i

1

v2
∂2
)
si , Hx ⊃ hxi

εUV
v

si ,

Θ ⊃ εUV
v

cSθi si , Γ ⊃ εUV
(
λs
dc

γ
isd + λd

s c
γ

ids

)
si

Scalar current coupling to Kaons:

Lportal ⊃ −
b

2
εUVK

+π−
(
cKπsi + Re cSm

∂2i
d
s

∂2

v2

)
si ,

where

cKπsi = Re cSmi
d
s +

εEW
2

(
(m2

K −m2
π) Re cSmi

u
u + m2

K Re cSmi
d
d −m2

π Re cSmi
s
s

)
θK±π∓

−εEW
2

(
2vhb

(
mud

ms

(
c
Sm
i

d
d − c

Sm
i

s
s
†)

+ c
Sm
i

d
d
†
)

+
mud + ms

v
hbi − κγ

(
cγ
ids

+ cγ†isd

))

θK±π∓ is kaon to pion mixing angle, mud is light quark mass
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K+ → π+si Amplitude

A(K+ → π+si ) = ARe Sm(K+ → π+si ) +AImSm(K+ → π+si )

+Aω(K+ → π+si ) +Aθ(K+ → π+si ) +A8+27(K+ → π+si )

where

ARe Sm(K+ → π+si ) = −εUVb
2

(
cKπsi − Re cSm

∂2i
d
s

m2
s

v2

)

Aω(K+ → π+si ) =
εUVεEWcSωi

β0v

(
h′bm

2
K −

1

2
(h8 + (3− 1)h27)

(
m2

K + m2
π −m2

s

))

A8+27(K+ → π+si ) = −εUVεEW
4v

(h8i + (3− 1)h27i )
(
m2

K + m2
π −m2

s

)

AIm Sm(K+ → π+si ) = − i εUVεEWb

(
csiπ

VKππ

m2
s −m2

π

+ csiη
VKπη

m2
s −m2

η

+ csiη′
VKπη′

m2
s −m2

η′

)

Aθ(K+ → π+si ) = i
εUVεEWcSθi m2

0

v

(
cη

VKπη′

m2
s −m2

η′
− sη

VKπη

m2
s −m2

η

)
.

cη, sη are (co-)sine of η − η′ mixing angle, Vφaφbφc are SM 3 meson vertices

cKπsi , csiφa parametrize coupling to hidden sectors
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K+ → νaξb Width

Interaction:

Lportal ⊃ −εUVvcνba νbξa −
εUVf

v2
cL†ūs,ba ξ

†
aσµeb∂

µK+ + h.c.

Width:

Γ =
∣∣θ′ba

∣∣2Γ(K+ → `+
b νb)

ρ(x`, xξ)

ρ(x`, 0)
, θ′ba = εUV

(
cνbav

mξ
+

cLūs,ba
Vus

)

Phasespace factor:

ρ(x`, xξ) =
(
x` + xξ − (x` − xξ)

2
)
√(

1− x` − xξ
2

)2

− x`xξ , xi =
m2

i

m2
K
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π0 → γvi Width

Interaction:

Lportal ⊃
2

(4π)2f
(2∂µV ν

v u + ∂µV ν
v d)

π0√
2
eF̃µν , V

µ
v = εUV

(
c
L
v + c

R
v

)
vµ

Width:

Γ(π0 → γvi ) = 2ε2e�Γπ0→γγ

(
1− m2

v

m2
π

)3

, εe� = εUV
2(cRv + cLv )u + (cRv + cLv )d

2e (2qu + qd)
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