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Factorization helps constraining hidden sectors

m Large model zoo

m EFTs and simplified
models: Good but
not perfect

Made by T. Tait, see arXiv:1401.6085

What about more complicated, realistic hidden sectors?
= Use factorization!
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https://arxiv.org/abs/1401.6085

Small Portal Couplings Ensure Factorization
m Most general SM extension:

L = Lsm + Lhidden + €AqB?
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Small Portal Couplings Ensure Factorization
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m Small e
[(SM = SM’ + NP) oc €EMgMLI% + O(3)  J% =" Jouet
T

Indistinguishable final states
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Small Portal Couplings Ensure Factorization
m Most general SM extension:

L = Lsm + Lhidden + €AqB?

m Small e
[(SM = SM’ + NP) oc €EMgMLI% + O(3)  J% =" Jouet
T

Indistinguishable final states

Simplifies adapting rates to new models, observables
With portal EFTs: Model-independent constraints
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Example computation: K+ — £7 + NP decays
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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https://arxiv.org/abs/2105.06477

Example computation: K+ — £7 + NP decays
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

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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Example computation: K+ — £7 + NP decays
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

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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https://arxiv.org/abs/2105.06477

Summary and Outlook
Hidden Particle Production Rates Factorize
[ (SM — SM' + NP) oc € MgMLJ% + O ()
m Simplifies adapting rates to new models, observables

m With portal EFTs: Model independent constraints

Most general K™ — ¢ + NP decay rate

4 T(KY S NR)  plxg) Flxg)
dxg T(KT = ¢t +v)  p(0) 2n

Future work

m Factorization of scattering / finite temperature rates

m Compute lots of production rates, hidden currents
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Thank you for your attention!



My, J9 are standard Feynman diagram sums

iMg=K
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Portal Effective Theory Framework

SM and heavy NP Hidden sector with light NP
EFT fields and symmetries Messenger fields Secluded fields
SMEFT, HEFT, LEFT, 0,Y2, 1,3, 2 Additional fields not directly
NRQCD, HQET, xPT, ... s, & v €ty interacting with the SM
SM operators Portal operators Hidden operators
SM ortal SM ~hidden hidden
On Oth = On Om Om

!

Portal currents

portal __ portal
S =2 Onm

PET framework
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Re-interpreting a prior HNL search
(see arXiv:2005.09575)

General form factor structure:

F(x) m?
727_(_ = ZA,'(s(X — X,') + B Xj = m2'
i K
Resulting bounds:
~11 —4
pxe, xi)Ai S 7-10 p(xe; xq)B(xq) < 2-10
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https://arxiv.org/abs/2005.09575

HNL Hidden Currents

dezcdiﬁi d=uv,/

vy C CZ/I _
JB = Z qi'c 5a2m0(q0 — wi)

cle,
Jé’a = E g’w%' mj€ega2m(qo — wj)
. 1
1

1_
Cy:Cyj
S = 3 (o) a2 (q0 — i)
. 1

2
Fg(x m? VCyi
TE\rq) 2 2 Vi
g Ur©(qo)d x —x?) X = 5 Ur = |ci —
my m;
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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 d'gtad
siq'o”qqa,q
7 s; d'etdqo, gt
S; eTEul/uTE“d
S; Z/TE#Z/dTE‘“d
fa ¢ ¢ho, edatu
he = ¢lF, vdiatd
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