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Introduction
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Angle: Forward
Energy: takes almost all the
beam energy

Much larger cross section,
But very different kinematic
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HPS setup in the Hall B

Hall B

Alcove

HPS is located in the downstream
alcove

FCup
Beam 
viewer
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HPS experimental setup

Chicane system with 3 dipole magnets

Silicon Vertex Tracker

Electromagnetic Calorimeter
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HPS proposed reach
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Bump Hunt

A’ → Standard Model

2015 Spring:
Beam current: 50 nA
Beam energy:  1.05 GeV
24% of proposed amount of 
production data 

2016 Spring:

Opportunistic runs:
Run only after work hours (2015)
And only on weekends (2016)

Beam current: 200 nA
Beam energy:  2.3 GeV
77% of proposed amount of
production data
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Tridents: Data vs MC
Expectations from MC

Rad. tridents
Full diagram

Full diagram
Data

Trigger has been checked quite thoroughly 

Trigger eff. > 95%

Calorimeter detection efficiency ≈ 100%

Lifetime >85%

No efficiency related factor found that 
could explain such discrepancy

 

However, the agreement between 
data and MC is not good
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Wide Angle Bremsstrahlung (WAB)
Two step process:

WAB then photon conversion

Both: WAB and photon conversion have large cross sections, so we have
revised WAB contribution in the MC and data

Photon conversions from the target, 1st and 2nd SVT layers can mimic trident signal

The EGS5 program, that we are using for transport of the beam in the target,
treats WABs incorrectly, resulting the the scattered electron escaping detection
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Evidence of WABs in data

Target

1st layer

2nd layer

3th layer

1st peak: Conversion from target
2nd peak: Conversion from 1st layer
3rd peak: Conversion from 2nd layer

Three different peaks correspond to the photon conversion
In the target, 1st and 2nd SVT layer
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WABs and tridents
Both Tridents and WABs are generated by
MadGraph4

Substantial contribution from WABs

The sum of tridents and WABs now overshoots
data by significant amount

Fit the sum of WAB and trident MC to the data

F = a*WAB + b*Trident

Fit is good, but coefficients “a” and “b” needs to 
be understood

Fit data w/ a*WAB + b*Trid

We generated WABs separately in 
MadGraph4
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Final selection sample

Blinded data: only 10% of data is allowed to be looked at

As soon analysis cuts are finalized, codes will be freezed, and the whole 
data will be unblinded, 
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2015 Analysis
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Beam current 50 nA 50 nA
SVT occupancy <1% 1.00%

1.5 MeV 1.5 MeV

4.4 mm 4.6 mm

Pair mass res. @ 
34 MeV/c2
Pair vertex res.  
@ 40 MeV/c2
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Blind analysis Bump Hunt

Background: 7-th order polynomial
Signal width is fixed according to the mass resolution 

Bump hunt in the mass
 range 20-60 MeV

90% confidence level

Analysis framework is developed for the extraction/exclusion of the signal
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Blind analysis Displaced vertex search

Unlike bump hunt, in displaced vertex search, some minimum Luminosity is needed 
in order to be able to exclude some of the phase space, i.e. for 90% confidence level,
there should be 2.33 detectable A’ events

No significant excess is observed in the data, so HPS should try to set the upper limit

Highest contour corresponds to 0.03
events

From Sho Uemura’s Thesis

Factors that can help:

Work is in progress to understand above factors
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Towards publication

Detector calibrations are done

Analysis frameworks are set up to extract, or to provide upper limit 
for the signal

Full data is cooked, waiting for the green light to be unblinded

Delaying factors
A two step process eA  eA γ(→ → e-e+) seems has a substantial contribution to our (e+e-) pair 
sample. This process was not in the initial MC studies of our reach
Work is in progress to account for it properly

We have some disagreement between different MC generators and data. Actively working on 
the testing it

Completed tasks

ECal paper is sent to NIM

SVT and Beamline are in a quite advanced stage

Work on Overall HPS detector is started

Instrumentation papers
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Summary

HPS experiment allows heavy photon search through bump hunt and displaced
 vertex search

HPS has completed successfully data taking in 2015 and 2016

Data analysis demonstrated good ECal and SVT performance during these runs, 
and one paper sent to NIM, another three are expected soon

We have already 2 PhD dissertations and several more are in an advanced stage

165 days still remain: Next physics runs in 2018 and later?
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Backup
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2015 run

SVT at 1.5mm SVT at 0.5mm

Nights + weekends

Commissioning
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2016 run

≈1 months CEBAF shutdown

Only weekends2.3 GeV

Comissioning
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HPS efficiency
Online  lifetime

Trigger efficiency

Offline lifetime, from data 
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Beam motion studies

FSD CardOR

Signal to Injector
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2016 Ecal performance

Beam bunch structure

2016 data

2015 data
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2016 SVT performance
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Beam properties
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