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A Prime EXperiment:�
Sensitive search for a heavy photon
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•  Motivation 
•  Physics beyond SM
•  Dark matter astronomical observations 
•  Heavy photon as a DM force mediator

•  Axion-like/Heavy photon searches
•  APEX-2019 data quality and sensitivity
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Where is new physics? 

2

In the middle of the 18th century:
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Where is new physics? 

310-11 eV
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SM tests, constraints on new physics (per PDG) 
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Photon mass < 10-18 eV
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SM tests, constraints on new physics (per PDG) 
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from STORY05, Y. Semertzidis
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1985ApJ...295..422C

DM in 1933 by F. Zwicky.  The plot from D. Clemens, 1985

Where is new physics? 
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The motivation is the nature of dark matter
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D. Clowe et al., ”A direct empirical proof of the existence of dark matter”, 
Astrophys. J., Vol.648, L109 (2006). doi:10.1086/508162

The motivation is the nature of dark matter
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The connection of dark matter to SM
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Search for DM particles

10
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7Li+p -> 8Be*-> 8Be + e+e-
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The DM overview 

14

SIMPs	/	ELDERS	

Ultralight	Dark	Ma5er	

Muon	g-2

Small-Scale	Structure	

Microlensing	

Dark	Sector	Candidates,	Anomalies,	and	Search	Techniques	

Hidden	Sector	Dark	Ma5er	

Small	Experiments:	Coherent	Field	Searches,	Direct	DetecIon,	Nuclear	and	Atomic	Physics,	Accelerators	
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WIMPs	QCD	Axion	

≈
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≈

Beryllium-8	

Black	Holes	

Hidden	Thermal	Relics	/	WIMPless	DM	

Asymmetric	DM	

Freeze-In	DM	

Pre-InflaIonary	Axion	

Post-InflaIonary	Axion	
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The DF mediator parameter space 

15
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Ways to search for a new particle

§  Search for a bump in the mass spectra 

        as it was done - Vector Mesons, Z/W, H 

§  Impact of  “invisible” modes in decay products �
 

        How small is the e+e- decay branching fraction?
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e+e� � �� and e+e� � A�
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Searches for a gauge boson A’ in Hall A

James Beacham (NYU) Dark Forces Workshop -- Frascati, Italy -- 16 October 2012

APEX Center for 
Cosmology and 
Particle Physics

10

Experimental signature

Direct production at JLab
‣ Produce low mass hidden gauge bosons with weak coupling to SM via high energy 

electron beam incident on fixed high-Z (Ta) target
‣     decays to           pair with opening angle  ~mA0/Ebe+e�A0

e+

e−

e−

Z

A′

γ

�0 ⇡ 5�

Dipole septum magnets allow for 
detection of             produced at 

small angles
e+e�

17
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•  Like photon Bremstrahlung, production is enhanced by high 
Z target, but suppressed by ~ (εme/mA’)2

•  Emitted mostly at beam energy (EA’ ≈ E) 
                                                                      and at small angles

•  Huge QED background (reduced for displaced decay vertex)

A’ radiation and decay

Bjorken et al., PRD 80 (2009) 075018
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Narrow Resonance Search

To identify Aʹ signal, must study invariant mass distribution

In mass window Δm:

m_{A'}

window Δm

To search at small αʹ, need:
★ High e+e– 

statistics 
★ Excellent mass 

resolution 
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James Beacham (NYU) Dark Forces Workshop -- Frascati, Italy -- 16 October 2012

APEX Center for 
Cosmology and 
Particle Physics
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Experimental signature
l+
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γ∗

γ
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Signal

QED 
backgrounds

?

Looking for a small, 
narrow bump on top 

of a smooth histogram 
of QED processes

Excellent mass resolution required

20

A’ radiation and decay => bump search
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Example of the APEX-2010 analysis
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Layout of the APEX experimentExperimental Setup

New septum: 

➢ allows registration of small-angle e+e− pairs in HRS; 
➢ provides operation for full momentum range of the 

experiment (up to 2.2 GeV); 
➢ has a good magnetic shielding of the beam line.

Jan 25 2018, Hall A Winter Collaboration Meeting 10
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By, Gauss

External shield

Inner shield

5 deg. trajectory passes here

Permendur

Field vs. distance from the beam, �
in the septa middle plane

Specialized APEX hardware: Septa magnet

beam at x =0 trajectories to HRS from 4 to 6 deg.
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Optics calibration

θ+ + θ- ~180 mm
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The first optics plot

  0.106” diameter
~ 3.5 milli radian
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Optics calibration with correct Q1
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Online data analysis plots
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Online data analysis plots

Resolution 1.4 ns => 0.9 ns

S2m time alignment
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Specialized APEX target
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Target Design - Tensioned Holders
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Specialized APEX target
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Updated plan (all energies)

  

10 days at 1.1 GeV beam
10 days at 1.65 GeV beam 
10 days at 2.2 GeV beam

15 days at 1.1 GeV beam
15 days at 2.2 GeV beam

18

APEX reach

Jan 25 2018, Hall A Winter Collaboration Meeting

Collected
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10 days at 1.1 GeV beam
10 days at 1.65 GeV beam 
10 days at 2.2 GeV beam

15 days at 1.1 GeV beam
15 days at 2.2 GeV beam

18

APEX reach

Jan 25 2018, Hall A Winter Collaboration Meeting

Signal of this size is not excluded
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Summary

§  APEX took a very good data sample. We welcome 
new collaborators for data analysis and future runs.  

§  Data analysis of collected statistics is on the way 
with the goal of producing final results by next June.


