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Outline

* Physics of continuum states arXiv: 2105.07035

» Z-portal Weakly Interacting Continuum (WIC)  arXiv: 2105.14023

* Summary and outlook
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Weakly Interaction Dark Matter (WIMP)

initial condition insensitive

« WIMP
mass ~ TeV , g ~0.1

* detections



WIMP and Direct Detection

Limits on Dark Matter from Direct Detection
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Continuum States

* the Kéllen-Lehmann representation

du®  ip(u?)
2r p?—pu?*+ie

(0] D(p)P(—p)|0) = [

« anormal particle correlation function p(u 2) =2r 5(/42 — m§ )
* a continuum state

<Free Particle> <Gapped Continuum>
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Motivation of Weakly Interacting Continuum

. a possible IR phase of field theory
(i) confining: e.g. atomic DM
(ii) gappless (GB): e.g. strongly interacting massive particles (SIMP)
(iii) gapped continuum: :

. is a new paradigm
NOT particle dark matter

. has rich phenomenology
(i) DM direct detection
suppression of direct detection rate -> revival of Z-portal
(ii) DM indirect detection
continuously late decays: CMB, BBN
(ii1) Colliders
several steps of cascade decays
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Infinite 5D Toy Model

* ascalar propagator in 5D

d°P i

e—i(p-x—zk)
(2z)> P?—mg§ + ie

(DO, )B(0)) = J

* 4D “brane” at z = 0, a non-trivial gapped continuum state appears
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Gapped Continuum from 5D UV Model

* warped 5D background Dy (@

“ Sbf't—w an’

ds? = e240dx? — dy?

> Z(4)

RS

e Schrodinger equation (1D QM problem)
d2 V(Z)A

L V@ =y :
dz? \
V(z - o) = pu; = Gapped continuum :
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Physics of Gapped Continuum

o 4D effective field theory &, .

i) Higgs portal
< = H'HO'®
ii) Z portal
Z = 8(0,@"® — O OD)ZF + ---

e continuum decay even with Z, symmetry
There is no symmetry to forbid the decay of

O(u;) —» O(uy) + SM
continuum “number” is conserved
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Physics of Gapped Continuum
(M) PH2)

%

Rate to produce continuum SM, SMa

e scattering (continuum as the final states)
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Thermodynamics of Gapped Continuum

« The number density of excitations between u? and p’ + du?®

d,u2
dn=— p(u*) [
27

d3p

2 fp. 1%

where the phase-space density in equilibrium
flp, pu?) m et
* When the temperature is low

P

du* [ I’p .
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Thermodynamics of Gapped Continuum

* Boltzmann equations ( continuum as the initial states)

SM,
the same form as the regular DM P
W ¢ 3Hn = — (ov) (2% —
— n=-—(ov)(n-—n
dr = CP(}lz)

e Are the results the same? (sum over all the “co-annihilation”

I dui dy; A
(ov) = — J S P )[2—7: p(3) [dﬂm d1l, dTl,dTlg
eq

X exp (—B(E, + Ep)) Qu)*6*(ky + kg —p —p)) | M|

considering T < ),

exp (—B(E, + Ep)) =~ exp (=B, + 1))
(ov) =~ the thermal cross section of particle with mass g,

+O(T/ )
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Gapped continuum in the final states
. o~ [C;—P:p(ﬂzz) 6 (41, 12)

¢ continuum state decay

M —<SM
D(uy) - ©(p,) + SM
e DM direct detection 4’(”')%/
O(u;) + SM = O(1,) + SM M,

M,
_t_

sM sM SM
* colliders & P e\ e
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Z-portal Weakly Interacting Continuum

1073 - =  CMB, p, =27 3
- - CMB, po :1 I




