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Astro + Cosmo: Dark Matter Exists
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Weakly-Interacting Massive Particles

INTERACTS VIA WEAK FORCE (W and Z BOSONS)
Explains: Why is there so much dark matter around?
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WIMP Complementarity

WEAK FORCE?
Dark Matter Standard Model

Dark matter searches related by crossing symmetry:

X INDIRECT ~ SM X DIRECT X SM COLLIDER X
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Tough Times for WIMPs

WIMP-nucleon cross section [pb]

WIMP Mass [GeV/c?] 1307.5458 & Michelangelo
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WIMP Searches vs. Light Mediators

Dark Matter - Standard Model

X INDIRECT A/ DIRECT COLLIDER

X X

can keep thermal relic!
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Renormalizable Portals

. Standard
Dark Matter Mediator

. Standard
Dark Matter Mediator

BENCHMARK IN THIS TALK

Dark ,
vatter U0

... plus variations of each portal
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New Searches with Light Mediators

Dark Matter - Standard Model

X INDIRECT A DIRECT mEDlATOR PRODUCTIQ SELF
X - X X X
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Step 1: Mediator Production

EXAMPLES OF LIGHT MEDIATOR PRODUCTION STRATEGIES
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annihilation bremsstrahlung meson decay

Others: Drell-Yan, nuclear transitions, Higgs decays, ...
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Step 2: Mediator Decay
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Adapted from Natalia Toro, Dark Sectors 2017 (1608.03591)
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Mediator Mass
Adapted from 1608.08632, 1608.03591, N. Toro at Dark Sectors 2017
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Experiment 3 D':o QQ >E - - tﬁ' ﬁ § 3? -E” g
APEX JLab '(,»brcm ¢'¢ nol 65600 | 0.5% | e |[1.1-45 150 pA | CEBAF(A) -2010 2018
Al Mainz e-brem e'e  |no| 40 — 300 ? e (0.2-09 140 pA MAMI  2011| -
HPS JLab e-brem ete” |yes| 20-200| 1-2 | e | 16 50-500 nA CEBAF(B) |2015(2018
DarkLight | JLab |e-brem e*e™ |no| < 80 ? e | 0.1 10 mA LERF 20162018
MAGIX Mainz ‘e-brem‘ ete kno | 10 — 60 ? e | 0.155 1 mA MESA ‘2020‘ |
NA64 CERN <e-brem ete” |no | 150 - e | 100 |2x 10" EOT/yr‘ SPS '2017 2022
Super-HPS | SLAC |e-brem| vis |yes| < 500 ? e | 4-8 1 uA DASEL ? ?
(TBD) Cornell |e-brem| e'e 71 <100 ? e ]0.1-0.3 100 mA CBETA ? |7
VEPP3 Budker | annih | invis |no| 5 —22 1 et | 0500 | 10¥em %! VEPP3 2019 7
PADME F‘rascati‘ annih 0 invis bno 1-24 | 2-5| et | 0550 | <10"e*OT/y ‘ Linac ‘2018‘ ?
MMAPS |Cornell  annih | invis |no| 20-78 | 1—-6 | et | 6.0 103 ¢m 2! ' Synchr ? | ?
KLOE 2  |Frascati several |vis/invis| no | < 1.1GeV| 1.5 |eTe™| 051 |2 x10%ecm™2%s~' DAYNE 2014 -
Belle II KEK several vis/invis no | <10GeV| 1—5 |ete”| 4 x7 | 1~10ab '/y |Super-KEKB|2018| -
SeaQuest | FNAL several p'p |yes| <10GeV |3 -6%| p 120 10'® POT /y MI 2017 (2020
SHIP CERN several| vis |yes|<10GeV|1-2| p 400 (2 x 10% POT/5y SPS 2026| -
LHCb CERN |several £¢~ |yes| <40GeV| ~4 | pp | 6500 | ~10f '/y LHC 2010|2015
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Other Searches for Mediators
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Example: Earth Capture EQUILIBRIUM TIME

WIMPs are never in equilibrium S — 1
Mediators change everythin -
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Feng, Smolinsky, Tanedo (1509.0/525 )
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Conclusion

ﬁight mediators avoid the tightest WIMP bounds \
while offering new search opportunities

Well motivated (renormalizable portals), permits thermal
Qeeze out, compatible with many classes of new physicsj

REFERENCE AND UPCOMING WORKSHOP

* Useful reference: 1608.08632 (Dark Sectors 2016 report)
 US Cosmic Vision: New |deas in Dark Matter (UMD 23 - 25 March)

OTHER DIRECTIONS BEYOND A VANILLA WIMP
porimordial black holes (no new DM particle), low-mass/axion/
axion-like dark matter, asymmetric dark matter, non-thermal/

freeze-in, strongly interacting massive particles (3-to-2
annihilation), inelastic, different spins, strong dynamics, ...
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Extra Slides

flip.tanedo @ ucr . edu DARK SECTORS



EFT vs. Simplified Model

; mediator dynamic
become relevan

simplified model G
becomes strongly coupled

Mediator Coupling

V4 .
W A— both valid

Mediator Mass
Adapted from Tim Tait, UCLA DM 2016
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