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Heavy Photons

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!
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(lots of events)

Small coupling search
(fewer events)




‘ Heavy Photons

Additional U(1) symmetry in nature A’ -> Standard Model
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HPS Experiment

borator HPS in Hall B alcove
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Electromagnetic
Calorimeter

Silicon Vertex

Tracker (SVT)
Detectors:
* SVT: tracks particles, measures momentum
and vertex

e ECal: triggers events, measures energy
* Magnetic fields bend particles horizontally
* Each detector is separated vertically to avoid
“sheet of flame”




Electromagnetic Calorimeter (ECal) Characteristics

Features:
* 442 PbWO, scintillating crystals
APD e L Area Avalanche Photo Diodes (APD) for readout
upgrade arge Area Avalanche Photo Diodes or readou Single PbWO4
e Light Monitoring System (LED) crystal

Upgraded
from . '

5x5 mm?2 leys’raI.Face
to dimensions:
2 1.3x1.3 cm?

10x10 mm Photon beam hole

- Electron beam hole
Top view of

~ HPS ECal
= crystals




Design and Simulation, Resolution

Energy Resolution

ECal simulation: o y [ 340974
* Energy = PO 0.01596 + 0.0004156
*  Position 0048 - " 001500 & 0.0006008
* Opening angle from target 0-042—
3’035;—
Invariant mass: ) o0aE-
m? = 2E,Fy(1 — cos ) oo
0.02—
0.015:—+ | | | | |
1 2 3 4 5
(Excluding 9mm edge) Energy (GeV)
For 100 MeV A’ mass and 1 GeV leptons: Mass resolution
E ECal alone o /E =3.6%, 04= 6.3 mrad 6.5 MeV
o | SVT alone o, /p =3%, 04=2.5mrad 3.7 MeV
; ECal and SVT combined o, /p=3%®o; /E =3.6% 3.4 MeV
o




Cosmic Calibration (Low Energy)

Cosmic Layout

(schematic) /
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Time (4 ns/bin)

— Data in raw FADC mode,
integrated over 80 ns window offline
— Energy =18 MeV/ crystal (simulation)
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Cosmic Calibration (Low Energy)

Typical Crystal,
integrated spectra

P

MPV =19.1 mV (FADC)
Sigma = 3.61
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Cosmic Gain

Calibration
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Fit each crystal’s integrated peak

with convolution of Landau,

Gaussian

Locate peak of the fit, numerically
Gain = Energy (MeV)/Peak (FADC)




Beam Energy Calibrations (High Energy)

1) Beam Energy Electrons (1.92 GeV, Dec 2014) * Cosmic gains used for beam energy

* High energy calibration point electron CIUSteri;’o
XC = 4. mm h_Ecl_Projection_0_89
* Limited acceptance 2400F
. . . 2200 Mean 1.72
* Agreement with cosmic gains! 2000}
+800L o =0.055 GeV.
F u=1.766 GeV
= 1600 o/u = 0.031
14 :_ Entries 103 1400 ;_
12— Same galn: RvE  ootors 1200;_
r . 1000;
o CosmIcs 800
= and Beam i o
3 w __ [Orelininary
4:_ Q:ZI ‘ ‘1.141 I '1.16‘ I |118‘ ‘ 2‘ = ‘2}2I I ‘2.I4I
C E (GeV)
2 0.05 ¢ .
- H = Cluster Energy Resolution
I 0.‘15I o -0. O.BS‘ e 0\15 I g
-0.2 -0.1 0.1 0.2 0.04
Gain Difference [ 0.03 =
éﬂ 0.02 3
2) Energy calibration using SVT Track Ve B o o
- preliminary
momentum 0.0l &
« Covers full range of energies and positions | Varies due fo cosmic gain calibration -
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[}
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Commissioned use of Flash
ADCs for signal readout
Verified time walk corrections
Two-cluster events (correlated
pairs) for resolution and timing
studies

Cluster timing studies
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Beam enters Hall B at
499 MHz

We can significantly
reduce accidentals!
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Conclusions

= Electronics upgrades for ECal installed and working

= Allowed trigger to work at start of beam

= Low energy calibration using cosmic ray muons (18 MeV/crystal)
— Resolved voltage and hardware issues

— Measured gains, generally uniform

= High energy calibration using beam energy electrons (2 GeV clusters)
— Gains consistent with cosmic gains within 5%

= Time resolution in 2 cluster events
— Can be used to reduce accidentals
— FADC time granularity 4 ns

The ECal is commissioned and ready!
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ECal + SVT Acceptance
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Cosmic Geometry Cut

Energy deposited in single crystal
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