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Motivation

Dark Sector:
Dark Matter + Dark Energy
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Positron fraction
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Hints from dark matter?
High energy cosmic ray satellite measurements
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PAMELA DATA IN RED
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Dark matter particle decaying to e+e- but not pp?

Link between the Dark Sector and normal matter?



One possible theory...

Dark Matter could scatter via Heavy Photon:
DM DM*

A/

*

DM DM
— Mediator for a Dark Electromagnetic Force

If Heavy Photon interacts (mixes) with our photon,

Standard ! Heavy
Model photon W/W@AMMA Photon
Kinetic mixing A
Interaction strength, € \AN\N\/\/\< ?




One possible theory...

Additional U(1) symmetry in nature
-> new gauge boson!
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kinetic mixing

Kinetic mixing could be the leading
interaction between the Standard
Model and Dark Sector!

Experimental Signature
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Experimental Setup

Searching for the Heavy Photon using
a blinded analysis (10% of the data)

Analyzing

Electromagnetic
Calorimeter
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-Triggers events
-Measures particle energy

R ““ _Resolution: 4%/VE

Tracker (SVT)
-~ 0.125% SVT active area
W target 0.5 mm from beam!

Layer 1 2 3 4 5 6
z position from target [cm] 10 20 30 50 70 90
Stereo angle [mrad|] 100 100 100 50 50 50

ST . ¢ Non-bend plane resolution [pm] | 6 ~6 =~6 =6 ~6 ~6
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HPS Proposed Reach

Large coupling search
e+

I<e_

(lots of events)

Runs status to date:
Spring 2015: Engineering Run
1.05 GeV, 50 nA
Achieved 2 of 7 proposed days

% E141 . %
i Vert ] Spring 2016: Physics Run
107°¢ e 2.3 GeV, 200 nA

€2 (coupling)

10 Bump ] Achieved 5 of 7 proposed days
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2015 Run Results

Goal: 30 mC
Achieved: 10 mC with SVT at +/-1.5 mm, 10 mC with SVT at +/-0.5 mm

——
2 VT @
g

e 4 : .5 mm | 0.5 mm
“E’ » Opportunistic running only <5 0.5 = Y006
£ Nights + Weekends a
L c
= g
fj ()
GC, 10 5000 “5
= 7]
= c
o 9
o —
S >
© 0 0
-
0 = ChagemQ Events (Millions) —
b= 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

May 2015




2016 Run Results

Goal: 120 mC

Achieved: 92.5 mC on target, 6.3 x 10° events (77% of proposed running)
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2016 Run: Beam

/home/epics/DATA/HARP_SCANS//harp_2H02A/harp_2H02A_04-23-16_20:02:43.txt
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2016 Run: Ecal Performance
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Radiative Cut

Invariant Mass

counts
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2015 Analysis cte- Verlex e
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2015 Run: Bum
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0 Hunt

e 10% of 2015 data, SVT at 0.5 mm
* Conservative cuts
* Fits 7t order polynomial background + A’ peak

Fix A’ “peak” width,
moving “peak”
across spectrum to
determine upper
limits
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Plots from dissertation of Omar Moreno
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Summary

* Successful running
— 1.05 GeV, Spring 2015
— 2.3 GeV, Spring 2016
e 15t PhD thesis complete on the bump hunt limits (10%)
— 4 more theses on 2015 data
— 3 theses on 2016 data
 NIM papers underway

* Blind data analysis using 10% of 2015 data
— Bump hunt analysis nearly complete
— Vertex cut analysis well advanced
— Data un-blinding expected this summer




