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Kinetically Decoupled

X
X (Need to expel heat)
X
P M T —mn, /T
Th<mX23h:T—;‘LN j’ihxoce x/Th
—my /Th 3 Wity
Sy, oc e "x/Eh g” ~ constant =— T} ~
log a
1 1
ph = sp Th ~ > = my < keV (warm)

a3 loga = a3/2ea



Kinetically Coupled
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The SIMP Miracle
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The SIMP Miracle

o R 9 (t = Dark Matter)

My ~ Oy (Te2qmp1)1/3 ~ ay X 1 GeV
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A Theory of Pions
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chiral limit =  iM~& T [Q*71]

I'v > Hyf = sink for entire DM abundance

I'r < Hf = potential issues with BBN + CMB

Effective Field Theory = nothing preventing decay = will decay
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The SIMP Miracle
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Forbidden Semi-Annihilation
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Forbidden Semi-Annihilation




Forbidden Semi-Annihilation
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Fixed-Target Search

target shield detector

e.g. SeaQuest (see Stefania Gori’s talk)
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Production and Decay

(vector mesons are long-lived)
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Signals

02 2- and 3-body decays, m,/fr = 3 (ma / mx = 3)




Summary

- dark matter = hidden sector pions

- cosmology motivates significant chiral symmetry
breaking

_* pions are nearby in mass to the lowest spin-1
excitations

- new freeze-out dynamics in the hidden sector

- visible signatures at low-energy accelerators

- Above the muon threshold, possibilities include
searches at BaBar, Belle-II, LHCb, FASER.
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Production and Decay
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Signals
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Signals

2- and 3-body decays, m,/fr = 4w (ma’ /[ my = 3)
B i BaBar |

Belle-11




1072 &

2-body decays, m,/fr = 4w
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Production from Protons

ma = 100 MeV & ma's 1 GeV

+ Drell-Yan at higher masses



Signal Kinematics

Proton Bremsstrahlung Electron Bremsstrahlung
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SeaQuest

Focusing magnet
and solid iron dump
Ap:=2.9 GeV

Beam
120 GeV proton from Main Injector \
19ns RF, 4s spill, 0.5x10'3 protons per spill §#
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SIMP Target
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Decays
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