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Motivation

Additional U(1) symmetry in nature Experimental Signature
-> new gauge boson!
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Kinetic mixing could be the leading
interaction between the Standard
Model and Dark Sector!

Target Detectors

Heavy
Photon?

Standard Model Dark Sector
g H'i, 7 7Y ﬁ forces + particles

dark matter?




Experimental Setup

Jefferson Lab, CEBAF

CEBAF max energy 2.2 GeV/pass (max 5 pass)
Simultaneously deliver beam to 4 halls
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EX p e rl m e nta | Set u p Electromagnetic Calorimeter

Analyzing

Electromagnetic

442 PbWO, crystals

Middle gap for sheet of flame
-Triggers events

-Measures particle energy

Silicon Vertex
Tracker (SVT)

APV25's Si sensor

=== active area 0.5 mm from beam!
-6 layers, segmented top/bottom
-Measures particle trajectories
-Momentum and vertex




HPS Proposal Reach

A’ = Standard Model

Large € coupling =» prompt decay

€ s —

Invariant mass peak on large background

|| HPS approved for 180 beam days
| Spring 2015: Engineering Run

Spring 2016 Run: (weekends only)

1.1 GeV, 50 nA, 1.7 days

2.3 GeV, 200 nA, 5.2 days
Need more time to achieve the reach shown
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displaced decay vertex =
few events, no background,
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Ecal Performance

Energy resolution: elastic scattering
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Elastic scattering, initial data

SVT Performance

e 2015 1.1 GeV data calibrated
e 2016 2.3 GeV calibration in progress
* Precalibration results already excellent

Moller Mass, initial data

- —*— Moller Invariant Mass - Data
1200 B Signal + Bkg Fit
- &Y  mmmeme Signal Fit
1000 - w = 0.047362 = 0.000024
L c = 0.001987 + 0.000029
800[—
600[—
400
200[—
(\' L I | "I: 111 | 1111 | 1111 11

.08 0.09

= 0.04 0
0.03 0.05 0.07
M(e-e-) (GeV)

0134)

Events /(0

Events / (0.0134)

2500f
2000f
1500
1000

5001

N
(o)}
o
o

N
o
o
o

1500

1000

2
T T

500

{ u= 2.2181+0.0015

»= 0.1687 £ 0.0011

u= 2.17930 + 0.00069

o, = 0.16938 + 0.00076

18 Bot%om'l 22 lentzuﬁ(G 26
Track momentum (GeV)




]
1 . 1 G ev A Nd |yS | S e+e- vertex displacement (M = 0.04 GeV)
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1
Invariant Mass Radiative Cut

Positron vs. Electron momentum counts
Analyze 10% of the data, fix cuts, then unblind 3220 oo
@ 2b g - {160
. e* € invariant mass o . o
x10 “F
E [ 1.4:— "b. —120
= 100_ 121 ' 100
:. i 1= 80
@ i 0.8 60
5 80 .05 GeV beam | = o
* - o.z%— R 20
— 0-...|...|...|.l.|..11...1...|1..|.f’.‘1...1|...1. 0
60— 0 02 04 06 08 1 1.2 1.4 1.6 1.8 %éezv
I 2.3 GeV beam
40—
20—
0_ | n | I
0 0.02 0.04 0.06 0.08 0.1



1.1 GeV: Bump Hunt

m,, =27.525 MeV

* (Conservative cuts
e Fits 7th order pg

.........................................

Ll bt TN
020022 0,024 0.026 Q2

0.02 0.03 0.04 0.05 0.06
A’ mass hypothesis [GeV]



Blinded dataset for vertex analysis
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Heavy Photon Search: Summary

 Successful short runs in 2015 (1.1 GeV, 1.7 days) and 2016 (2.3
GeV, 5 days)

* Bump hunt
e Displaced e*e” vertex

e 165 days left: Next run 20187

* Instrumentation papers:
* Beam line and Ecal NIM papers submitted.
* SVT paper in preparation

e Calibrating 2.3 GeV data
* Finalizing 1.1 GeV analysis. Unblinding 90% data in early 2017.



13



APS

[
=)

Running

Spring 2015 Running

Beam energy: 1.05 GeV

Nights + Weekends
Commissioning

SVT at 1.5 mm

SVT at 0.5 mm
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Achieved: 5 of 7 proposed run days

X : ! ! 45



