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INTRODUCTION

4 Broad theoretical context for APEX

4+ APEX and the world status of dark
photon searches

4+ Motivations for the APEX parameter
space
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LOOKING BEYOND THE
STANDARD MODEL

Standard ?7?7?

Model “Dark Sector”

Most interactions between new physics and Standard
Model are highly energy-suppressed, due to symmetries of

SM!

The few allowed couplings are our pathways to discovery!



LOOKING BEYOND THE
STANDARD MODEL

277

Standard 27"
“Dark Sector”

Model

1)A new gauge boson A’ can kinetically mix with SM photon:

— small coupling to familiar matter proportional to its charge

2)A new scalar boson can mix with Higgs — small coupling prop.
to quark & lepton masses highly constrained by meson decays

3)A new fermion can mix with neutrinos — rare higgs decays,

production in neutrino scattering very hard to detect
SM extensions allow more general couplings



LOOKING BEYOND THE
STANDARD MODEL

277

Standard 27"
“Dark Sector”

“Dark photon” is both a well-motivated scenario and an
approximate stand-in for many of the viable
“generalized” interaction types

(e.g. B-L gauge boson, leptophilic scalar)



SEARCHING FOR DARK
PHOTONS

Exploit coupling to electrons, protons, or muons!

Y M
1.Corrections to precision physics '\/\/\éA'
(e.g. g-2) corrections ¥
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2.SM decays (via kinetic

mlxmg) Nucleus
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3. Invisible decays e |
(into the dark sector, if
kinematically allowed) Nucleus
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A’ STATUS
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VISIBLE *“DARK PHOTONS”
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VISIBLE ‘“DARK PHOTONS”

In “prompt” coupling range, key
discovery handle is a resonance
IN e+e— pair mass

(Data — fit) events in 6 days
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High statistics, smooth background & excellent mass
resolution — sensitivity to percent-level peaks
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VISIBLE *“DARK PHOTONS”
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MOTIVATIONS:
PRECISION ANOMALIES

' BaBaj

Recent accelerator
experiments have
tested interpretation
of muon g-2
anomaly from dark
photon
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MOTIVATIONS:
EXPECTED COUPLINGS
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MOTIVATIONS:
EXPECTED COUPLINGS
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APEX takes a significant bite out of this
unexplored coupling range!

15



MOTIVATIONS:
EXPECTED MASSES
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GENERALIZING WIMPS: STARTING POINT

Simple, familiar particle content

weak force
new matter

DM with thermal freeze-out origin

Simple, predictive cosmology —

Ty
2 4 4.,';.__"
R
T %a
"
-3 ]
a» B
'.,'f;'s‘ 12 - e *
et g wama . R Zav.
“¥s. 8 -3 .
Soi3 i 8825y - :
e ¥ Fany> s
"y REAAL e LT
= Y . .
:- -
-= . A
WS . S
11 e
=R ‘.
.= = . oo
- 3._, 7 &
o 1 e -
» § ~° b v
. :./ "‘.-.
TR ; -
n v -
a2 G
£ = . »
=3 =
E -
a2 4
Es ” "
e - 0 .
—.;
'8
I - .
™ -
-
r= < : .
iF - -t M
% .
58§06
L
- -
-
-
-
R acdd oo et ocd o

Motivated mass range
| |

Me\l/ Ge\l/ Te

<1



GENERALIZING WIMPs: HIDDEN SECTOR DM

Simple, familiar particle content

new force
new matter

. o DM with thermal freeze-out origin
Simple, predictive cosmology —
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GENERALIZING WIMPs: HIDDEN SECTOR DM

4 B

Light DM
Motivates a production
portfolio of
searches

' Resonant
Light DM _
scattering mediator

K searches j

Thermal DM

Dark/Hidden sector



MOTIVATIONS:
DARK MATTER FREEZE-OUT

104 Early universe thermal freeze-

Large coupling to DM: out cross-section is constrained
10~%- ap =0.5 . by DM abundance
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10 For part of DM-A’ mass range,

oM A provides a lower limit on
1073 1072 107" 1 mediator coupling vs mass!
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MOTIVATIONS:
DARK MATTER FREEZE-OUT
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APEX explores interaction
strengths consistent with
thermal freeze-out of light DM
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MOTIVATIONS:
DARK MATTER FREEZE-OUT
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CONCLUSIONS

Exciting discovery
physics at the
weak-coupling,
low-mass frontier!

“Dark photon” coupled
to EM charges is a generic
signal of SM-neutral new
physics and important
benchmark model

APEX explores significant
and motivated parameter
space

e Theoretical expectations for
mixing strength and (less sharply)
dark photon mass
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