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Model-independent hidden sector searches
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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 Effective Theory (PET) Framework

SM and heavy NP Hidden sector with light NP
EFT fields and symmetries Messenger fields Secluded fields
SMEFT, HEFT, LEFT, 0,12, 1,32, 2 Additional fields not directly
NRQCD\;IQET7 xPT.,\ s, & vl € v intex}:ting with the SM
SM operators Portal operators Hidden operators

OSM Oportal _ OSMOhiddcn Ohiddcn
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Portal currents

portal __ portal
']n - ET,L Onm

PET framework

Construct and link multiple PETs

= Translate EW scale <> strong scale «+» mesons
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Proof of concept: portal SMEFT — portal xPT

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

(2) Electroweak interactions
(Needed for e.g. 70 — 4 X, KT = 77 X)

m We consider single messenger s;, &, v/ _y 3 ¢ots of PETs
(SM gauge singlet; spin 0, 1/2, 1)

Integrating out heavy fields Spurion analysis Expansion

Portal SMEFTs I Portal LEFTs I Portal xPTs L@
(d < 5) J d<7) (NLO) eynman rules

EWSB Coefficient Goa
matching olden processes
" K* - nts
K* - 1%g,
0 = Yyv
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Strong Scale QCD & xPT Portal Interactions

SM: 4 currents capture quark masses, photons, 6 angle:
5Lqcp = —q'Fu0"q—Go,r'gt — 0 G G* — [gmg+h.c]

QCD Flavour symmetry determines meson to current coupling
= spurion analysis

Our work: 10 portal currents parametrize new physics:
5Lqco = —q'7,L g — Go,R'G" — Q0 G, G — © G, G
—[g@Mq+q5" T ,,,q—qTc" Guq+h.c.]+LaggqlHis Hr, Hs]

Portal xPT: Couple mesons to all portal currents

m We extend spurion appraoch to include new currents

m We estimate resulting new yPT coefficients
(Using scale anomaly, QCD condensates, large n. limit)
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Application: Kaon Decays into Hidden Particles

Fermionic Messengers: A(K* — (1¢p,) depends on 1 portal current

m Reproduces standard result for HNL
m Captures models with additional secluded fields

Scalar Messengers: A(K™ — 7"s;) depends on 7 portal currents
.A:.AM—F.ASW —I—.As(9 —I—Ar—i—AH, +AH, —i—.AHs

m Captures production of general spin 0 messengers
(ALPs, light Higgs, complex scalars, sGoldstinos, etc.)

m Includes i) mixing with mesons, ii) full flavour dependence

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

We developed the PET Framework
= couple EFTs to generic light hidden sectors

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

m portal SMEFTs containing all d <5 operators

m portal LEFTs also containing flavour violating d = 6,7 operators
= 10 portal currents

m portal xPT couples mesons to portal currents

We computed generic decay amplitudes:
m A(KT — 7Ts;) (spin 0: e.g. ALP, Higgs portal, etc.)
m A(KT — £7&) (spin 1/2: e.g. HNL, etc.)
m A(7® — ~v;) (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
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Strong Scale PETs: d = 6,7 and |AF| = 1 Portal

Operators

d Two quarks  Quark dipole

Four fermions

SiSjSk Hd S; F“VHO'M,O'

6 825,' Hd Si G“nguyd
5i0uS; diztd
Si SiSjSkS| dd S dTﬁTﬁd
siq'o"qqio,q
7 s; d''dgo,qt
S; eTEMuuTE“d
S; VTEMVdTE"d
fa ¢ ¢lo,, edioru
he ~ ¢lF, vdiard
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K+ — =wts; Interactions

Currents:
uv s, " 1 €yv
Qo —cs si,  MD>ey (c,.s + cf,z,.vza2> Si. HxDhg— s,
[SUAYASES
©D y —C; s; | I' D eyy (Adclsd + Agcl%s) S;

Scalar current coupling to Kaons:

b . 5 40
['portal ) 7§€UVK+7T Ckns + Re Caz,s 2 Sis

where
Ckrs; = Re c,-Smg—f—eETW ((mf( — ) Re cs’”” + mf< Re c,-S’"g m Re cs’"s) Okt s
m m m
,LZW (2Vhb <Ud (c,-s”’z smST) + Cs’"df) 4d TS i > hp — Key ( + C,ﬁi))
ms v

Ok+.5 is kaon to pion mixing angle, m,q4 is light quark mass
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Kt — wts; Amplitude

.A(KJr — 7T+5,') = .AReSm(KJr — 7T+S,') + Aim sm(KjL — 7T+S,')
+ AW(K+ — 7T+S,') + .Ag(KJr — 7T+S,') + ./43+27(KJr — 7T+S,')

where ,
€UVb m
Ares, (KT — 77s;) = — 5 <CK7rs,- —Re cggi;’v25>
N n coveew<™ [, , 1 2 2 _ 2
Au(KT = 77sj) = T By me*E(h8+(3*1)h27) (mk + mz — mg)
€UVEEW
A3+27(K+ — ’R’+S,‘) = —T (hg,‘ + (3 — 1)/727,') (mf( + I‘)’172r — mg)
. VK VKﬂ' VK’JT /
A Kt = 7ts)=— b csr—m—rrs . 1 - 1
Im S ( m'si) I €UVEEWD | Csim mg — 721— + Csinp g — m% + Csin m2 — m%/

S .2
. EUVEEWC; ' m Vicry Vi
Ag(Kt — nts) =i P 0 <Cn o — s, Gl )
n

v m2 — mz, m2 — m2

B ¢, s, are (co-)sine of p — 1’ mixing angle, V4,4, are SM 3 meson vertices
B Cirs;, Cs;¢, Parametrize coupling to hidden sectors
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K+ — v,€, Width

Interaction:
euvf 1
cportal D —5UVVCZa vp€a — 2 u;r ba faUI,eb8”K+ + h.c.
Width:
r— }9/ |2r(K+ N €+Ub)p(Xé7X§) ! = ey ChaV n Cllfs,ba
ba b p(XZ,O) ’ ba me Vs

Phasespace factor:

1—x, — x 2
p(xe, xe) = (Xg +xe — (xe — X§)2> \/<2£> — XgXe Xj =

3

3
XI\)
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7% — ~v; Width

Interaction:
2 Ly v Ly v 71—0 r 4 L R 4
l:portal D W (28" Vvu + 5’ vvd) ﬁeﬁw, V{/ = €yv (Cv + Cv) v
Width:

o\ 3 R L R L
m 2(cf +eb)u+ (el +ch)a
r 0 5 ) =9 2 r | —a = v v v v
(7T ’YVI) Ceff! m0—yy < m2> ) Ceff = €UV 2e (2qu + qd)

™
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