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Effective Field Theories: Good But Not Perferct

Supersymmetry

m EFTs fine for heavy
new physics (NP)

Made by T. Tait, see arXiv:1401.6085

What about more complicated, realistic hidden sectors?
= Use factorization!
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Effective Field Theories: Good But Not Perferct

Supersymmetry

m EFTs fine for heavy
new physics (NP)

m EFTs, simplified
models for light NP
useful but simplistic

Made by T. Tait, see arXiv:1401.6085

What about more complicated, realistic hidden sectors?
= Use factorization!

Philipp Klose Model-independent Light Particle Searches FIPs Workshop 2022 1/5


https://arxiv.org/abs/1401.6085

Small Portal Couplings Ensure Factorization
See arXiv:2203.02229

m Most general SM extension:

L = Lsm + Lhidden + €AgB¢
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m Small €

[(SM — SM’ + hidden) oc €MgMLJ% + O(3) Jo =" ydyet

+
Indistinguishable final states
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Small Portal Couplings Ensure Factorization
See arXiv:2203.02229

m Most general SM extension:

L = Lsm + Lhidden + €AgB¢

m Small €

[(SM — SM’ + hidden) oc €MgMLJ% + O(3) Jo =" ydyet

+
Indistinguishable final states

Simplifies adapting rates to new models, observables
With portal EFTs: Model-independent constraints
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PETs maximize Model-independence
See arXiv:2105.06477

We developed framework to construct portal effective theories (PETs)
that couple SM EFTs to generic hidden sectors

SM and heavy NP Hidden sector with light NP
EFT fields and symmetries Messenger fields Secluded fields
SMEFT, HEFT, LEFT, 0,Y2, 1,34, 2 Additional fields not directly
NRQCD, HQET, xPT, ... s, & v, &ty interacting with the SM
SM operators Portal operators Hidden operators
OSI\’[ Oportal _ OSI\/IOhidden Ohidden
n nm - n m m

!

Portal currents

portal __ portal
Jn - Zm Onm

PET framework
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Application: Generic meson interaction rates

m Light meson experiments efficiently constrain hidden sectors
(NA62, MaTHUSLA, KOTO, etc.)

Integrating out heavy fields Spurion analysis Expansion

Portal SMEFTs T Portal LEFTs I Portal xPTs

Feynman rules

(d <5) J @< (NLO)
EWSB Coefficient
matching Gold‘in processes
K> - 7n7s
K+ =%,
7 = o
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Application: Generic meson interaction rates

m Light meson experiments efficiently constrain hidden sectors
(NA62, MaTHUSLA, KOTO, etc.)

Integrating out heavy fields Spurion analysis Expansion

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

EWSB Coefficient
~ matching Golden processes
K> - 7n7s
K* 1%,
= v

m We constructed portal SMEFTs / LEFTs / ChPTs
(S =0,1/2,1 messengers / AF = 0 allowed / all leading portal operators)
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Application: Generic meson interaction rates

m Light meson experiments efficiently constrain hidden sectors
(NA62, MaTHUSLA, KOTO, etc.)

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> - 7n7s
K* 1%,
7 = o

m We constructed portal SMEFTs / LEFTs / ChPTs
(S =0,1/2,1 messengers / AF = 0 allowed / all leading portal operators)

m We computed benchmark master decay rates
(7® >~y v/ K" —=7fs / KT — ¢t + anything)
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Summary and Outlook
Hidden Particle Production Rates Factorize via

[ (SM — SM’ + hidden) oc 2MgMLJ% + O(€3)

m Simplifies adapting rates to new models, observables
m With portal EFTs: Model independent constraints

Future work
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Summary and Outlook
Hidden Particle Production Rates Factorize via

[ (SM — SM’ + hidden) oc 2MgMLJ% + O(€3)

m Simplifies adapting rates to new models, observables
m With portal EFTs: Model independent constraints

B We constructed portal SMEFTs / LEFTs / ChPTs
(single spin 0, 1/2, 1 messenger, AF # 0 allowed)

E We computed example master decay rates
(1 =y v/ Kt = nts | KT = £+ 4 anything)
Future work

m Factorizing decay / scattering / finite temperature rates
m PETs for heavy mesons, (p)NRQED etc.

m Computing interaction rates, hidden currents 4+ automation
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Thank you for your attention!



My, J9 are Feynman Diagram Sums

iMg=K
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EW Scale PETs: Portal Operators

d Higgs Yukawa + h.c.  Fermions Gauge bosons
3 si|H[?
2
4 S,‘SJ"H|
si SiSjSk ‘ H|2 5iq='agbﬁ]L Si Gju Gawj
S,'D”HTDHH SiqadeT S,'W:DW;W
5 S,"H|4 S,'faébHJr siB;wB'uV
siG, G4
siWz, Wi
s5i B, B*
& 4 EalyH
+ 2 g Ht s
h.c. 5 gafb“_” gag KbDuH faO' gbB;w
Vy vEH[? v gl qp
Oy vi|H)? Vil o, T
n <+~ — _
vEA eHIDLH vidl o, d
V“Ziﬁﬂgb
v“élauéb
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Strong Scale PETs: d = 6,7 and |AF| =1 Portal

Operators

d Two quarks  Quark dipole Four fermions

SiSjSk gd S; F’WQO'IWO'
6 825,' dd Si G”VdO',Wd
S;@qu dighd
s sisjsks) dd s digigd
siq'o”qqa,q
7 s; d'etdqo, gt
S; eTEul/uTE“d
S; Z/TE#Z/dTE‘“d
ta o Choyediaru
he = ¢lF, vdiatd
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Strong Scale QCD & xPT Portal Interactions

SM: 4 currents capture quark masses, photons, 6 angle:
0Lqcp = —C]TEHI’MC]—ﬁ(fﬂl"uiJr —0 GM,,G'“V— [ﬁmq—kh.c.]

QCD Flavour symmetry determines meson to current coupling
= spurion analysis

Our work: 10 portal currents parametrize new physics:
5Lqcp — —q',L"q — Go,R'G — Q0 G, G — © G, G
- [EMquﬁE“” T,Wq—a ra+ GWq—i—h.c.] +['6q6q[H17 H,, 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 nc limit)
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1) Model-independent ©° — ~v; Width

Interaction:
2 YR Y% YR Y% 770 r m L R "
Looat 2 Gyag (20" Vo + 0" Vig) ZeFu, Vi = ey (ch+ef)v
Width:
2\ 3 R L R L
m 2(ey +cy)ut+ (el +¢3)a
M — yv;) = 2e24T 1-—2) = g Y v
7o) =it (1= 1) e =BT
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2) Kt — ©ts; Portal Interactions

Currents:
€uv 1 €uv
Q> CS“S, , M D eyy (cfm + cg’z"i282> Si Hy D hi—s;
v v v
€UV
©D cs"s, , T D eyy ()\dclsd + /\dC— ) Sj
v

Scalar current coupling to Kaons:
b _ s, g0
Loportal D _EGUVK—"_'/T <CK7rs, + Re Caz,s 2 Sis

where

EEW
Ckns, = Re c?mf+7 ((mf( — m2)Re cs"’” + m% Re c,.s’"g — m2Re cs’"s) Okt T

EEW Mud [ S,.d smT Spdt Myud + Ms f
-5 (o (32 (=) ) o PR (5,0

Ok~ is kaon to pion mixing angle, m,q is light quark mass
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2) Model-independent KT — ©ts; Amplitude

A(K+ — 7T+S,') = AReSm(K+ — 7T+S,') + Aim sm(K+ — 7T+S,')
+ Aw(K+ — 7T+S,') + A@(K+ — 7T+S,') + A3+27(K+ — 7T+5,')

where )
euvb m
Ares, (KT — nts) = — > (cKﬂsi —Re cgg,.;’ v25>
o+ coveew<s™ [, 5 1 h h 2 > 2
Aw(K — SI)ZT hme—§(3+(3—1) 27)(mK+m,T—m$)
EUVEEW
Agy27(KT = nhs;) = ——y (i + (3= 1)hari) (mk +m3 — m3)
. Vi Vi Vicars
Aims, (KT — 7fs;) = —ieyveewb CS,'TF% + Cs,-n% + Cs,-n’zimlz
m2 — m2 m2 — m2 mZ — mz,

So 12
. EUVEEWC; ' m Vi Vg
Ag(KT — nts) =i 2 g — sy |
v m2 — m?, mZ — m?

m ¢, s, are (co-)sine of 7 — 7’ mixing angle, Vi, 4,4, are SM 3 meson vertices
B Ckrs;. Cs¢, Parametrize coupling to hidden sectors
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3) Factorization example: KT — £+ + anything
m Relevant portal interactions (see arXiv:2105.06477):

V. Two portal vertices
Loortal DV VB, + V”;(sfauu)(sgaﬂg) =

(Missing mass g°)

N

n=2 portal operators
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3) Factorization example: KT — £+ + anything
m Relevant portal interactions (see arXiv:2105.06477):

Two portal vertices

Vi
[’portal DvvB,+ S(STEMU)(BZE“E) =

v2 (Missing mass g°)

n=2 portal operators

m Compute My / M,, = Master decay rate:

d T(KF =27 +NP)  p(xg) 1
dxg T(Kt =t +v)  p(0) 27mxg

trp {gJ“ —2RevJ™ + 5;\/%””}
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3) Factorization example: KT — £+ + anything
m Relevant portal interactions (see arXiv:2105.06477):

V. Two portal vertices
Lportal D v v B, + V”;(sTauu)(B;aﬂE) =

(Missing mass g°)

n=2 portal operators

m Compute My / M,, = Master decay rate:

d T(KF =27 +NP)  p(xg) 1
dxg T(Kt =t +v)  p(0) 27mxg

trp {gJ“ —2RevJ™ + 5;\/%””}

Use constraints on F(xq4) to compare and contrast different models!
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3) Re-interpreting a prior HNL search

(See also arXiv:2005.09575)

Master decay rate:

d T(KT =7 +NP)  p(xq)

dxg T(KT — ¢t +v)

General form factor structure:

Fz(;:) = ZA,-&(X—X,-)+ B

Resulting bounds:

p(Xe, x))A; ST7-1071

Philipp Klose

trp {,41” —2RevJ® + (?;V%W}

Model-independent Light Particle Searches

_Flxq)
27
m;
X = —%
my

p(xe; xq)B(xg) S2-107%
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https://arxiv.org/abs/2005.09575

3) HNL Hidden Currents

BdZZCdifi d=uv,/

cicvi

T
_E:CCV' fi— N , Z_E: .
JEZ = 07 (q, O'M)Ba(s( do — wl) J I; = ~ 2w, m:65a5(qo - wl)
1

7 Cg,cff m N
Jga = Z e (q, Uu) &0(q0 — wj)
1

i

2
Fg(X m? VCyi
TE\rq) 2 2 Vi
g U70(qo)d( x —x?)  x; = 5 Ui =lei — —
my 1j
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