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Now: Zoo of model-dependent predictions for mesons
(E.g. for ALPs, HNLs, dark photons, light Higgs)
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Now: Zoo of model-dependent predictions for mesons
(E.g. for ALPs, HNLs, dark photons, light Higgs)

Better: More model-independent predictions
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Now: Zoo of model-dependent predictions for mesons
(E.g. for ALPs, HNLs, dark photons, light Higgs)

Better: More model-independent predictions

= Use Portal EFT Framework to couple mesons to generic messengers
(see also talk by Jan Hajer)
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Portal Effective Theory Setup

Physics Focus:

Light mesons (E.g. at NA62, MATHUSLA, KOTO)
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Portal Effective Theory Setup

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

Electroweak interactions (Needed for e.g. 70 — vX, KT — 7+ X)

Single messenger s;, &;, v¥ (spin 0, 1/2, 1) = 3 PChPTs

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
~ matching Golden processes
K~ —n—s
K* > 1%e,
™ = YV
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Constructing Portal Chiral Perturbation Theory

QCD D SM: 4 currents capture gq masses, photons, 8 angle
= Use spurion analysis to fix meson couplings

Lsw D —q'T,0"q —Go,r'g — 0 GG — [gmq + h.c.|
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Constructing Portal Chiral Perturbation Theory

Portal LEFT: 10 currents capture leading QCD portal operators
(both flavour conserving + violating interactions)

8 Lportals O —q'7, L g — o, R'G — QGG —© GG
- [an + GEW T/z,l/q - 5FEWGWCI + hC] + ﬁaqaq[Hlv Hra Hs]

Philipp Klose Portal cPT DESY Theory Workshop 2021 4/14



Constructing Portal Chiral Perturbation Theory

Portal LEFT: 10 currents capture leading QCD portal operators
(both flavour conserving + violating interactions)

8 Lportals O —q'7, L g — o, R'G — QGG —© GG
- [an + GEW T/z,l/q - 5FEWGWCI + hC] + ﬁaqaq[Hlv Hr; Hs]

We extend spurion appraoch to currents €, I', H,
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Constructing Portal Chiral Perturbation Theory

Portal LEFT: 10 currents capture leading QCD portal operators
(both flavour conserving + violating interactions)
8L portals O —q'T,L g — Go,R'GH — QGG - © GG
- [an + GEW T/z,l/q - GFEWGWCI + hC] + ﬁﬁqaq[Hlv Hr; Hs]

We extend spurion appraoch to currents €, I', H,
= approach now used for all 10 currents

H We estimate resulting new ChPT coefficients
(Using trace anomaly, large n., matching to lattice etc.)
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Example: Coupling to chromomagnetic current I’
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Example: Coupling to chromomagnetic current I’

Flavour rotations transform I like m
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Example: Coupling to chromomagnetic current I’

g — siq C,?’Elw G,uuq

Flavour rotations transform I like m

gmq %, (Gu) tr(gm)

textbook

g = coset matrix (encodes mesons), f = pion decay const., (tu) quark condensate
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Example: Coupling to chromomagnetic current I’

Flavour rotations transform T like m = same meson couplings

gmq 5N (u)tr(gm) = qTe" Guq 2L k(4nf)? (Tu) tr(gT)

textbook

g = coset matrix (encodes mesons), f = pion decay const., (tu) quark condensate
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Example: Coupling to chromomagnetic current I’

Flavour rotations transform T like m = same meson couplings

gmq 5N (u)tr(gm) = qTe" Guq 2L k(4nf)? (Tu) tr(gT)

textbook

g = coset matrix (encodes mesons), f = pion decay const., (tu) quark condensate
(uo™” Gy u) condensate fixes k:

(" G u) = k(4nf)2(Gu) +NLO =  x=121+NLO
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We computed Kt — wts master-amplitude

first time fully general

AKt = 7ts) = Arem + Aq + Ar + Ay, + Aimu + Ao

direct mixing
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We computed Kt — wts master-amplitude

first time fully general

AKt = 7ts) = Arem + Aq + Ar + Ay, + Aimu + Ao

direct mixing
Adi :—i[vac i + eew (hsi + 2h -)(m2+m2—m2)
irect 4y Ki EW 18/ 271 K T s
—EEWCQ| (hgmf( — (hg + 2h27) (mf( + m72r — mi))}

Amixing = eﬂiAKﬂ'ﬂ' + H'r]iAKﬂ'n + Hrj’iAKmy’

v = Higgs VEV, bf? = 2(Tiu), Akry = KT — m"¢ standard model transition amplitudes
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We computed Kt — wts master-amplitude

first time fully general

AKt = 7ts) = Arem + Aq + Ar + Ay, + Aimu + Ao

direct mixing

1
Adirect = T4y [2bv ciri + eew (hsi + 2ho7;) (M + m2 — m?)

—EEWCQ| (hgmf( — (hg + 2h27) (mf( + m72r — mi))}

Amixing = eﬂiAKﬂ'ﬂ' + H'r]iAKﬂ'n + Hrj’iAKmy’

B Cinis CQiv hsi, ho7i, 04 encode hidden sector coupling
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We computed Kt — wts master-amplitude

first time fully general

AKt = 7ts) = Arem + Aq + Ar + Ay, + Aimu + Ao

direct mixing
Adi :—i[vac i + eew (hsi + 2h -)(m2+m2—m2)
irect 4y Ki EW 18/ 271 K T s
—EEWCQ| (hgmf( — (hg + 2/727) (mf( + m72r — mi))}

Amixing = eﬂiAKﬂ'ﬂ' + Hr]iAKﬂ'n + Hrj’iAKmy’

B Cinis CQiv hsi, ho7i, 04 encode hidden sector coupling

m Amplitude constrains quark, gluon portal interactions
v = Higgs VEV, bf? = 2(Tiu), Akry = KT — m"¢ standard model transition amplitudes

Philipp Klose Portal cPT DESY Theory Workshop 2021 6/14



Summary

We coupled ChPT to generic spin 0, 1/2, 1 messengers:

m Included all leading QCD portal operators = 10 portal currents
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We computed model-independent decay amplitudes for:

K+ — mts;  Spin 0: ALP, light Higgs, sGoldstinos,
complex scalars etc.
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70 = v Spin 1: Dark photon, etc.
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Summary

We coupled ChPT to generic spin 0, 1/2, 1 messengers:

m Included all leading QCD portal operators = 10 portal currents
m Extended spurion approach to include 2, I, H, currents

m Estimated resulting new portal ChPT coefficients

We computed model-independent decay amplitudes for:
K+ — mts;  Spin 0: ALP, light Higgs, sGoldstinos,
complex scalars etc.
KT — ¢t¢  Spin 1/2: HNL, etc.
70 = v Spin 1: Dark photon, etc.
m Include mixing + full flavour dependence
m Reproduces prior model-dependent results (ALPs, light Higgs, etc.)
m Matching to QCD = constrains quark, gluon portal interactions
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Thank you for your attention!



Portal SMEFT Operators

d Higgs Yukawa + h.c. ~ Fermions Gauge bosons
3 si|HI?
2
4 S;Sj‘H‘
s S,'SjSk‘H‘z SianbHT S G/‘jl, Géw
’ siD'HID,H  siqadpH1 siW3, Wi
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+ t— o v
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Leading QCD Portal Operators

d Scalar Vector Gauge d Two quarks Quark dipole Four fermions

4 S; @L/} s,-sjsk Hd Si F‘“’HO’,Wd
6 525,' gd Si Guugo’uyd

s 9 Yy si Fu F* e diowd
5 S FM,,F’W —
i G, GH si sisjsks dd s; digtgd
si G G si q'o”qq'T,q
7 s diotdgo, gl
@3 sy si ele vulehd
+ §a0 v FH Si Z/TEHVdTE“d
he ® Ea0 s F i
i € . Eoediatu
Vu 4 v, ¥iohy he = ¢la, vdiord

Philipp Klose Portal cPT DESY Theory Workshop 2021 10/14



K+ — =wts; Interactions

Scalar messenger contributions to currents:
1 s Sm L a2 hyi
Q> o, Pocaisi - M <C,~”’ + caz’iﬁﬁ si, HyD %s; ,

1
©> fc Osi, ro ()\f:,c%d + Xs’lc’%s) si
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K+ — wts; Parameters

b L b T d82
cportalD_EK ™ CKm'si:_EK ™ CK7TI+ReC8215 2 Si,

_ EEW
Ckri = Re c,.s"’g—&—T ((mﬁ —m )Re cs’”“ + mf< Re c?mg’ — m Re cs’”s) O+,

myg +m
EEzw (2 vhy ( ( g — SMST) + cs’”dT) 4d T e — m( + 7;))
Mms v

bc. bce, + c?s, o bce, — cc,™

0 Si T 0 —f Si7) i 2N vy 0., =f Si7) i n v
i m2 — m? nei m2 — m? w'si m2 — m?
s ™ s n s n'

m Ox+,+ = kaon to pion mixing angle, s,, ¢, (co-)sine of 7-1’ mixing angles
m 3y = leading coeff. of QCD S-function
m m,y = light quark mass, mg = singlet 7 mass parameter
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K+ — v,€, Width

Interaction:
v f M+
Eportal D —VCpy bea 2 us ba 530-“eba K™ +hec
Width:
L

¢,V Chsh
P 0L PR s ) PO i [ eV Casba
| ba| ( b b) p(XZ,O) ba me Vis

Phasespace factor:

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

2
K

3
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7% — ~v; Width

Interaction:
2 V4 V4 7T0 r 0 L R 7
Lportal D) W (28" Vvu + 104 vvd) EGFNV, V'ﬁ, = (Cv + Cv) vH
Width:

2\ 3 R L R L
m 2(ef +e)u+ (cf +eb)d
M7 = vv;) = 2¢2 T 1My =y s v v
(7 = Vi) = 2¢eq w°—>w< m2> » Ceff 2e (29, + qq)

K
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