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HPS for APEX Experts
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Relative to APEX, HPS is much closer to the target, and therefore…

• is much smaller but still has much larger acceptance

• uses lower currents and thinner targets (~0.125% X0 @ ~200 nA)

• has much better vertex resolution (order 1mm or so)

• has much worse mass resolution (order 1% or so)

• compensated for by acceptance

• must deal with close passage of primary beam (down to 500 𝜇m)

• requires excellent beam quality, operation in vacuum, high-speed DAQ, 
high radiation tolerance, tracker movability

Searching for New Vector Bosons A0
Decaying to e+e� p. 21
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Background vs. Signal Kinematics

Figure 13: Positron and electron momenta in A0 signal events with mA0 = 200 MeV (red crosses)
and in Bethe-Heitler background events, for a 3 GeV beam energy. Comparably sized signal and
Bethe-Heitler samples were used to highlight the kinematics of both; in fact the expected signals
are much weaker than the Bethe-Heitler process. The clustering of A0 events at high momenta
near the kinematic limit and of Bethe-Heitler events along both axes are evident. A spectrometer
acceptance window that optimizes signal sensitivity is indicated by the blue box.

spectrometers and momentum acceptance of each spectrometer close to half the beam energy
(blue box).

While the signal over background (S/B) can be significantly improved with a judicious
choice of kinematic cuts, the final S/B in a small resolution limited mass window is still
very low, ⇠ 1%. A “bump-hunt” for a small signal peak over the continuous background
needs to be performed. This requires an excellent mass resolution, which has an important
impact on target design and calls for a target that is tilted with respect to the beam line
(see Appendix B for a discussion of the mass resolution).

5.1 Calculation of the ✏ reach

For all cross sections and rates of reactions described in this proposal, Monte Carlo based
calculations were performed over a grid of beam energy settings and central spectrometer
angular settings. Interpolation was used to extend this grid continuously to intermediate
beam energies and angles — all rates exhibited expected power law behavior, thereby pro-
viding confidence in the reliability of an interpolation. Additional cross checks at specific
points were performed to test the accuracy of our interpolation, which was generally better
than ⇠ 5%.

In order to calculate the ↵0/↵ reach of the proposed experiment for a particular choice
of target nucleus, spectrometer angular setting, profile of wire mesh target, and momentum
bite, the following procedure is performed:

A! Production Kinematics

�
�mA

E

⇥3/2

(wide)

(narrow)

e�

Energy = E

e�

�
�mA

E

⇥1/2 l+

l�

� mA

E
A�

EA!≃Ebeam-mA! 

Ee-≃mA! 

Note mA!/E ↔ θ : 0.5 (DarkLight), 0.3 (MAMI), 0.1 (APEX), 0.03 (HPS) 5

HRS−right

HRS−left

Electron, P = E0/2

Positron, P = E0/2

.

.

Septum

W target

Beam

Nucleus

A�

e+

e�

e�

APEX
acceptance

Background vs. Signal Kinematics

HPS
acceptance
(after cuts)
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ae

BaBar

KLOE

Orsay

FIG. 5: Expected mass vs coupling parameter space reach full 2014-2015 running (solid red). Red
line contour corresponds to 1 week of beam time at 1.1 GeV, and 3 weeks of beam time at 2.2 GeV
and 6.6 GeV.

spatial resolution. The expected parameter reach in the first phase of the HPS is shown

in Figure 5. The reach in mass-coupling parameter space is calculated using the simulated

detector response as shown in Section 6. The plot shows two distinct regions, one at larger

coupling corresponding to a purely bump-hunt region and another at lower coupling where

the vertex of the A0 decay is displaced.

increase acceptance

measure 
decay length

𝜖2

mAʹ′ (GeV)

2

Z

e�

e+

e� A�

(a)

Z

e�
e+

e�

(b)

e�

Z

e�
e+

(c)

FIG. 1. Top: (a) A0 production from radiation off an incoming e�

beam incident on a target consisting of nuclei of atomic number Z.
APEX is sensitive to A0 decays to e+e� pairs, although decays to
µ+µ� pairs are possible for A0 masses mA0 > 2mµ. Bottom: QED
trident backgrounds: (b) radiative tridents and (c) Bethe-Heitler tri-
dents.

liders [5, 9, 12–14]. Hidden sector collider phenomenology
has also been explored in detail in e.g. [15]. Electron fixed-
target experiments are uniquely suited to probing the sub-GeV
mass range because of their high luminosity, large A0 pro-
duction cross section, and favorable kinematics. Electrons
scattering off target nuclei can radiate an A0, which then de-
cays to e+e�, see Fig. 1. The A0 would then appear as a
narrow resonance in the e+e� invariant mass spectrum, over
the large background from quantum electrodynamics (QED)
trident processes. APEX is optimized to search for such a
resonance using Jefferson Laboratory’s Continuous Electron
Beam Accelerator Facility and two High Resolution Spec-
trometers (HRSs) in Hall A [16].

The full APEX experiment proposes to probe couplings
↵0/↵ & 10�7 and masses m

A

0 ⇠ 50 � 550 MeV, a consid-
erable improvement in cross section sensitivity over previous
experiments in a theoretically interesting region of parame-
ter space. Other electron fixed-target experiments are planned
at Jefferson Laboratory, including the Heavy Photon Search
(HPS) [17] and DarkLight [10] experiments; at MAMI [18];
and at DESY (the HIdden Photon Search (HIPS) [19]).

We present here the results of a test run for APEX that took
place at Jefferson Laboratory in July 2010. The layout of the
experiment is shown in Fig. 2. The distinctive kinematics of
A0 production motivates the choice of configuration. The A0

carries a large fraction of the incident beam energy, Eb, is
produced at angles ⇠ (m

A

0/Eb)3/2 ⌧ 1, and decays to an
e+e� pair with a typical angle of m

A

0/Eb. A symmetric con-
figuration with the e� and e+ each carrying nearly half the
beam energy mitigates QED background while maintaining
high signal efficiency.

The test run used a 2.260 ± 0.002 GeV electron beam
with an intensity up to 150 µA incident on a tantalum foil
of thickness 22 mg/cm2. The HRSs’ central momenta were
'1.131 GeV with a momentum acceptance of ±4.5%. Dipole

Septum

Beam

Ta target

Electron, P = E /2

HRS−right

Sieve
Slit

Detectors

.

.

Positron, P = E /2
b

b

HRS−left

FIG. 2. The layout of the APEX test run. An electron beam (left-to-
right) is incident on a thin tantalum foil target. Two septum magnets
of opposite polarity deflect charged particles to larger angles into
two vertical-bend high resolution spectrometers (HRS) set up to se-
lect electrons and positrons, each carrying close to half the incoming
beam energy. The HRSs contain detectors to accurately measure the
momentum, direction, and identity of the particles. Insertable sieve
slit plates located in front of the septum magnets were used for cali-
bration of the spectrometer magnetic optics.

septum magnets between the target and the HRS aperture al-
low the detection of e� and e+ at angles of 5� relative to the
incident beam. Collimators present during the test run reduced
the solid angle acceptance of each spectrometer from a nomi-
nal 4.3 msr to ' 2.8 (2.9) msr for the left (right) HRS.

The two spectrometers are equipped with similar detector
packages. Two vertical drift chambers, each with two orthog-
onal tracking planes, provide reconstruction of particle trajec-
tories. A segmented timing hodoscope and a gas Cherenkov
counter (for e+ identification) are used in the trigger. A two-
layer lead glass calorimeter provides further offline particle
identification. A single-paddle scintillator counter is used for
timing alignment.

Data were collected with several triggers: the single-arm
triggers produced by the hodoscope in either arm, a double co-
incidence trigger produced by a 40-ns wide overlap between
the hodoscope signals from the two arms, and a triple coinci-
dence trigger consisting of the double coincidence signal and
a gas Cherenkov signal in the positron (right) arm. Single-arm
trigger event samples are used for optics and acceptance cali-
bration, described below. The double coincidence event sam-
ple, which is dominated by accidental e�⇡+ coincidences, is
used to check the angular and momentum acceptance of the
spectrometers. These e�⇡+ coincidences are largely rejected
in the triple coincidence event sample by the requirement of a
gas Cherenkov signal in the positron arm.

The reconstruction of e+ and e� trajectories at the target
was calibrated using the sieve slit method, see [16, 20]. The
sieve slits — removable tungsten plates with a grid of holes
drilled through at known positions — are inserted between
the target and the septum magnet during the calibration runs.
In this configuration, data were taken with a 1.131 GeV and a

APEX

e+

e�e�

~1 meter

HPS



HPS chicane design status 

Cri$cal(milestone:(magnets(must(be(
installed(in(alcove(before(June(2014(not(
to(interfere(with(CLAS12(torus(assembly((

6'

HPS Design Overview

3

magnet chicane in
Hall B alcove

1 meter

Linear shifts for 
tracker/target motion

e�

Vacuum feedthroughs for
power, data, cooling

Hall B pair spectrometer 
vacuum chamber

sensors on low 
mass supports

e+

e�

readout outside
tracking volume

Silicon Vertex Tracker
installed Feb. 2015

• The e+e- pairs are measured by the Si Vertex Tracker inside an analyzing magnet. 
• A PbWO4 ECal provides a fast trigger.  

https://confluence.slac.stanford.edu/display/hpsg/Heavy+Photon+Search+Experiment

14

Mechanical Structure

• Solution to crane 
issue

– Install lifting 
devices on the  
mounting 
system directly

• System rigidity 
has been 
reinforced

• ECal Mobility

– Necessary to 
access the PA 
and LMS

ECal
installed Sept. 2014



Beam Requirements

Signal

~ 10-100 mrad

-1
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0.6

0.8

1

-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1
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X  (cm)

Y
 (

cm
)

H its/cm /30days2

“bend plane”
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e”

 beam e- / month @ z=10 cm

8×1014

~B⊗e� “wall of flame”

4 MHz/mm2

@ 15 mrad
in SVT Layer 1

in vacuum

4

34

4.2.2 Running Conditions

The HPS will use ⇠ 1.1 GeV, ⇠ 2.2 GeV, and ⇠ 6.6 GeV electron beams of up to 500

nA incident on a thin tungsten (W) target. Operational experience (with 6 GeV machine)

showed that the CEBAF beam is very clean, and is contained within ±0.5 mm with halo

at the level of less than 10�5. It is expected that the beams from the 12 GeV machine will

be of comparable quality, at least for up to 3-pass beams (up ⇠ 6.6 GeV), so the primary

electron beam should cleanly pass through the “dead zone” gap of the HPS setup.

For optimizing the vertexing performance and acquiring physics data, an asymmetric

beam profile is desirable. Since the vertex resolution in the non-bend plane will be high,

beam sizes of < 50 µm in the Y direction are preferable. The momentum measurement

will not benefit from small beam sizes in the X direction, and if the beam sizes in both

dimensions are too small, the target foil will overheat. For these reasons the required beam

sizes for HPS will be �
X

⇠ 250µm and �
Y

< 50µm. The HPS beam parameter requirements

are presented in Table I.

Parameter Requirement Unit
E 1100 2200 6600 MeV

�E/E < 10�4

Current < 200 < 400 < 500 nA
Current Instability < 5 %

�
x

< 300 µm
�
y

< 50 µm
Position Stability < 30 µm

Divergence < 100 µrad
Beam Halo (> 5�

Y

) < 10�5

TABLE I: Required beam parameters.

The B-line optics in the 6 GeV era was checked using simulation and a beam test of the

system. The optics program ELEGANT [99] was used to determine the optimized B-line

parameters needed to achieve an asymmetric beam size, �
X

⇡ 250µm and �
Y

⇡ 20µm, at

the HPS test run target location. Beam tests were conducted in Hall B to validate these

optics simulations during the Two Photon Exchange experiment when 2.2 GeV beam was

available (February of 2011). Parameters were set for a beam profile of �
X

⇡ 300 µm and

�
Y

⇡ 10µm at the Hall B “tagger” beam profiler (⇠ 8 meters upstream of the proposed HPS

target location). Several beam profile scans with di↵erent scanner and data readout speeds

• For vertexing, SVT L1 10 cm from target

• Requires excellent beam quality and stability

• Requires protection of SVT

• SVT collimator

• Counters for fast beam shutdown

• Many BPMs and harps/scanners 



HPS Beamline

5

Hall beamline overview

F.-X. Girod, HPS
collaboration meeting beamline overview Jan. 26th’15 3/ 30

For a complete photographic tour of the beam line components, see:  
 https://confluence.slac.stanford.edu/download/attachments/184715057/hps_ColMeet_beamline_overview.pdf 

e�

https://confluence.slac.stanford.edu/download/attachments/184715057/hps_ColMeet_beamline_overview.pdf?version=1&modificationDate=1422289329000&api=v2


New Harps for HPS Beam Spot

Beam spot profile as desired but tilted !

F.-X. Girod, HPS
collaboration meeting beamline overview Jan. 26th’15 20/ 30

First CEBAF12 Beam - Fall 2014

6

harp wires



Beam Skew

7

• Beam skew originates with passage through CEBAF Lambertson.

• Skew quad added to beam line in Hall B to correct skew

• Additional beam diagnostics installed for monitoring skew

????

6666

CEBAF Lambertson



ECal/Trigger Basics - same as test run

250 MHz Flash ADC readout allows high-rate trigger with precision timing.

PbW04 crystals with APD readout are fast, radiation tolerant.

16 cm

107

6.1.3 Simulated ECal Occupancies

There are two factors limiting the allowable ECal occupancy. First, the ECal readout

algorithm uses a window of fixed size to integrate hit energy. This window was set to 140 ns

(35⇥ 4 ns) for the test run, and so the number of hits above readout threshold in a 140-ns

time window should be well below 1. Figure 57 shows that the maximum rate in any crystal

is 500 kHz, which translates to 0.07 hits in 140 ns. Second, because the FADC only reads

out on a rising threshold crossing, each hit above threshold causes dead time for that crystal

until the pre-amplifier output falls back below threshold. Figure 58 shows the fraction of

time each crystal spends above threshold. The maximum dead time is 0.03, meaning that

even the hottest crystal is sensitive to new hits 97% of the time.

FIG. 57: Rate of hits over 100 MeV (units of kHz) per crystal (X and Y axes are the crystal index),
for 2.2 GeV beam at 200 nA. Top plot uses linear scale for the Z-axis; bottom plot is log scale.

Hits Above Threshold

R
ate (kH

z)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

5400 5420 5440 5460 5480 5500 5520 5540 5560 5580

H
it 

en
er

gy
 [G

eV
]

Time [ns]

Input hits
Analog output

Sampled output

57

FIG.20:ArrangementofEcalcrystals.Thetwomodulesarepositionedaboveandbelowthebeam
plane.Eachmodulehas5layers.Thereare46crystalsineachlayer,withtheexceptionofthe
layersclosesttothebeamplaneinwhich9crystalsareremovedtoallowalargeropeningforthe
outgoingelectronandphotonbeams.

FIG.21:TheECalmoduleiscomposedofa16cmlonglead-tungstatecrystal,AvalanchePhoto
Diode,andaamplifierboard.

satisfytheHPSeventselectioncriteriaandwasimplementedwithnewlydevelopedFPGA-

basedtriggerprocessors.NotallaspectsofthetriggersystemweretestedintheHPSTest

Runbecauseofthelowinteractionandbackgroundratesassociatedwithphotonrunning.

ButtheECalanditsreadoutperformedwellandthecriticalgoalsfortheTestRunrun

wereachieved(seeSection5fordetails).WhiletheECalperformanceduringthetestrun

500

8



HPS ECal Upgrades
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Motherboard
During the 2012 test run, ECAL 
motherboards had issues.
26 channels over 442 (6%)  were disabled 
because of absence of electrical 
connection. 

This called for a new, updated version of the 
motherboards for the production run.

OLD

NEW NEW

OLD

NEW NEW

OLD

OLD

New motherboards have a simplified design.

4 vertical motherboards with connectors:

 

● LEFT TOP (115) 
● LEFT BOTTOM (115)
● RIGHT TOP (106)
● RIGHT BOTTOM (106)
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Motherboard
During the 2012 test run, ECAL 
motherboards had issues.
26 channels over 442 (6%)  were disabled 
because of absence of electrical 
connection. 

This called for a new, updated version of the 
motherboards for the production run.

OLD

NEW NEW

OLD

NEW NEW

OLD

OLD

New motherboards have a simplified design.

4 vertical motherboards with connectors:

 

● LEFT TOP (115) 
● LEFT BOTTOM (115)
● RIGHT TOP (106)
● RIGHT BOTTOM (106)

Completely new motherboard design 

• based on extensive experience  
at IPN-Orsay and INFN-Genova

• simplified design with fewer layers,  
shorter traces, lower trace density

Replace S8644 0.5x0.5 cm2 APD (CMS) with  
new HPK LAAPD S8664-1010 1.0x1.0 cm2

• 10% gain-matched

• 4x more light

• Better S/N w/ new IPN-Orsay preamps

Light monitoring system

• RAPID 56-0352 blue/red LED

• Monitoring for both radiation damage  
and  APD response

Goal: ffE=E ı 2%=
p
E (GeV)

Large'Area'APDs'for'ECal'U
pgrade'

Replace(old(APDs((5x5(m
m

2)(w
ith(new

(APDs((10x10(m
m

2)(bought(by(IPN
O
(

and(IN
FN

(from
(Ham

am
atsu(

• 
Rem

ove'old'APDs'(done)'
• 

Test'and'Benchm
ark'new

'APDs'(60%
'done)'

• 
Glue'and'test'new

'APDs'on'crystals'(started)'

13'

Test(and(Benchm
ark(of(APDs:(

• 
M
easure'Current'w

ith'LED'on'(light)'and'LED'
off'(dark)'on'new

'APD'for'three'different'
tem

peratures'(20°C,18°C,16°C)'and'voltage'
range'(0'V'to'just'below

'breakdow
n'V):'

'• 
Check'for'correct'behavior:'
• 

Idark 'and'Ilight 'vs'V
bias'

• 
Idark 'vs'Gain'(linear)'

• 
Gain'dependence'on'V'and'T''

G
ain

=
(I

light −
I
dark )V

,T

(I
light −

I
dark )V

=25,T

ECal'Updates'
Motherboards:'
•  115'(106)'channels'for'leS'(right)'MB'
•  Tested'at'INFN,'low'electronic'cross'talk'(0.02%)'
•  Ready'to'be'installed'in'the'detector'
'

Preamplifiers:(
•  Faster'
•  Less'noise'
•  ProducEon'is'ongoing'at'IPNO'
'

LED(Monitoring(System:(
•  LEDs'will'be'placed'in'front'of'each'crystal'
•  CalibraEon'and'tesEng' 12'
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Connection board
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Connection board
Mechanics

● ECAL enclosure has to be modified to support 
drivers and let the connection boards exit.

● Iterative process to match mechanical and 
electronic requirements, now completed.
● All details were discussed between Orsay 

(mechanics), INFN-TO (connection board 
design), INFN-GE.
 

 

Connection board design

● Connectors mounted on the upstream face.
● Long holes to route wires to crystals.  
● Single design for the 4 boards.
● Mechanical design completed.
● Electrical design completed.
● Boards ready and tested.

HPS Collaboration meeting, JLab June 2014
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 Crystal Assembly
Old crystal assemblyThe single crystal assembly was re-designed 

● Front PEEK nose changed to accommodate LED.
● LED “embedded” in the PEEK nose, becomes 

part of the crystal assembly.
● Non-central geometry due to ECal mechanical 

structure (vertical pillars).
● LED holders design done (Orsay).
● LED holders production completed (Catania).
● LED holders currently at Jlab, ready to be 

mounted on the crystals.



ECal Installation: Sept.-Oct. 2014

10

14

Preparation of the installation

Mounting each of the ECal on its structure then move it to the alcove

+ check rails parallelism
17

Installation: part one, first steps

Mounting the ECal around a plastic vacuum chamber

Necessary to position properly the ECal and

ensure that there were no point of pressure on

the chamber. Also used to pre-positionned the 

Ecal.

19

Installation: part NaN

Installing the vacuum chamber

The position of the vacuum chamber with respect to the magnet chamber is 

indicated on the vacuum chamber. 

20

Installation: part three

Installing the ECal with true 

vacuum chamber

14

Preparation of the installation

Mounting each of the ECal on its structure then move it to the alcove

+ check rails parallelism



ECal Cosmic Calibration

11

3$

Ecal Top!

Ecal Bottom!

Scintillator!

Scintillator!
~0.5 m!

PMT$

PMT$

Cosmic*Layout*

Cosmic$Layout$(schema-c)$

~0.5 m!

Scin-llator$Dimensions$

75 cm!
22 cm!

5 cm!

7

Cosmic Calibration

Figures from Ani Simonyan

• We took plenty of cosmic data

• Used them for a +rst step calibration

– See Holly's talk for details

4These$are$the$loca-on$of$the$maximum$peak$of$the$fit$in$units$of$mV$(FADC).$
4Bands$correspond$to$HV$groups$caused$by$incorrect$voltage$output$at$the$
mainframe.$

y$

x$

Gain  
(MeV/mV)

Signal  
(ADC)

Some HV supplies are faulty ⇒ repaired/replaced



Other ECal Issues

Higher currents seen in some channels.

Traced to labels on preamplifier circuit boards.  
Labels removed ⇒ fixed.

Intermittent noise of varying amplitude in 
some sections of ECal, both low and high 
frequency.

Still working to track down problem, though it 
won’t affect ECal as a trigger.

12

11

Issues: High currents

• Some channels are drawing high current

– Cause is uncertain and will need to be assessed in February

– Could be due to dead pre-ampli�ers

– We need to check carefully all channels after the run
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ECal First Data: Dec. 2014

• vacuum

13Expect major improvements with higher energy calibration
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L4-6 (stationary)

L1-3 (movable)

DAQ
front-end
boards

HPS SVT Design 

14

target

power
flange

signal
flange

SVT, target
movers

e�

e+

e�

• Installs inside beam vacuum

• High-speed readout with 2 ns thit resolution 

• Radiation-tolerant sensors, cooled to -20 °C

• Thin to reduce scattering:  
0.7% X0/3d-measurement (0.07% X0 support)

• Edge of Layer 1 sensors 0.5 mm from beam axis:  
first three layers retractable from beam

• modular assembly for serviceability.

better cooling, mechanical precision relative to test run

outer box  
w/ support ring

L1-3
support channel 
w/ motion lever



SVT DAQ

• Hybrids hosting  
5 CMS APV25 each

• In-vacuum ADC, voltage 
generation and power 
distribution/control on  
Front End Boards

• Penetration for digital signals 
via high-density PCB through 
flange.  Optical conversion on 
outside of flange.

• Firmware support for APV25 
burst trigger mode (50 kHz 
trigger rate for 6 samples)

• Wiener MPOD power supplies

Much more powerful and flexible 
than test run DAQ.

APV25 Amp ADC ADC 
RX

Sample
Framing

Event
Building

Data
Buffer

Data
Reduction

ROC
Application

ECal
TDAQ

Timing &
Trigger

Clocking & Control
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SLAC GEN3 RCE Platform 

DPM 
(2 x RCE) 

DPM 
(2 x RCE) RTM 

Fulcrum 
Ethernet 
Switch 

DTM  
(1 x RCE) 

ATCA 
Back 
Plane 

IPMB 

Ethernet 

Clock & 
Trigger 

Clock / Trigger 

10Gbps 

DPM 
(2 x RCE) 

10Gbps DPM 
(2 x RCE) 

• Developed by SLAC under generic DAQ R&D 
program (Huffer, Haller, Herbst) 
• Core software and firmware with hooks for 

experiment specific software and firmware  
• Strong internal support for base platform as 

well as assistance with custom development 
• COB (Cluster On Board)  

• Carries 1 DTM (Data Transport Module) 
• Single RCE for switch management & 

timing distribution 
• Carries 4 DPM (Data processing module) 

daughter boards 
• Each DPM supports 2 RCE 

(Reconfigurable Cluster Element) 

• RCE is Xilinx ZYNQ based FPGA 
with embedded ARM processor 

• Provides data processing firmware 
and software 

• High rate DAQ engine targeted 
towards > 100Khz trigger rates 

• Supports RTEMs & Linux 
 

Hybrid
(36)

Front End Board
(10) RCE Platform

High density vacuum
penetration
@200 Gbps
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SVT Assembly at SLAC 
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SVT Re-assembly at JLab 

17

SVT is assembled to within precision of survey (75 𝜇m).



HPS SVT Installation 
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HPS SVT Testing and Commissioning

19

Four of 23004 channels are bad.  A few more have noise occupancy above 10-4.



Spring 2015 Engineering Run
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•  Tuned HPS chicane to design trajectory 
* kept spot unmoved on dump  
* beam centered horizontally in the SVT  
   with another SVT wire scan. 
* This puts beam trajectory just where it’s needed. 

•  Began taking data with 4 um W target for trigger  
diagnostics. 
* DAQ working well 
* Checking trigger firmware 
* Checking trigger efficiency 

•  Preparing SVT DAQ for full operations 
* SVT DAQ successfully integrated with HALL B DAQ 
* Whole SVT readout 
* SVT thresholds, noise, and data transfer rates under study.  

9 

30 nA 
DAQ/Trigger Testing with nominal target

ECal x
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8 

SVT Wire Scans let us Position Beam  
to the design trajectory both H and V 

Surveyed wrt 
SVT and design 
beamline 
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SVT Wire Scan

               Lower SVT Position (mm)

• March largely consumed by commissioning beam 
for HPS.  Wire scans and target testing successful.

• Testing and re-commissioning of ECal trigger and 
DAQ with HPS target successful

• SVT DAQ commissioning without beam complete.  
At 3/26 SVT meeting: “Let’s turn it on with beam!”



Current Status

21

• Catastrophic failure of substation  
powering CEBAF on 3/25.  
One helium liquefier seriously damaged.

• Silver lining?  CEBAF has restarted with 
only CHL2 running. 

• HPS will get 1.06 GeV beams.

• 1 GeV running is simpler for both 
machine and HPS detector.

• Covers unique territory, nearly 
impossible to arrange with CEBAF 12

Never a dull moment!

ε2
 

mA’ (GeV) 

1 week @ 1.1 GeV
1 week @ 2.2. GeV
1 week @ 1.1 GeV + 1 week @ 2.2. GeV  
+2 weeks @ 4.4 GeV



Future HPS Running

The official line:

• HPS is scheduled to get more running in Fall 2015, thanks to strong support of JLab 
management.

• HPS is eager for additional running in FY2016. However, time in Hall B must be shared 
with magnet construction and commissioning for the CLAS12 Detector over the 
next year.

• HPS running in Spring 2016 is currently TBD, pending demonstration of HPS 
operation and a better understanding of demands on Hall B resources.

• HPS must be prepared to take advantage of additional running, so besides analysis of 
the 2015 data, we are planning to staff shifts, operate the experiment, and analyze data 
through FY2016.

• In the longer term, HPS expects to run at higher energies in FY2017 and beyond.

22



Summary

• HPS Test Run is a closed book: http://arxiv.org/abs/1406.6115v2

• Full HPS detector is complete, installed and ready to run

• HPS beamline, ECal and trigger are now well-sorted after 
lessons of commissioning run in late 2014.

• SVT installation went smoothly and the detector looks great.

• Things have not been so smooth with beam this spring, but we 
are up and running again at 1 GeV (knock wood).

• Exciting times ahead for HPS as we open up new terrain in the 
search for dark photons over the next few years.

• no shortage of ideas for what comes next…
23
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Beyond HPS
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FIG. 5: Expected mass vs coupling parameter space reach full 2014-2015 running (solid red). Red
line contour corresponds to 1 week of beam time at 1.1 GeV, and 3 weeks of beam time at 2.2 GeV
and 6.6 GeV.

spatial resolution. The expected parameter reach in the first phase of the HPS is shown

in Figure 5. The reach in mass-coupling parameter space is calculated using the simulated

detector response as shown in Section 6. The plot shows two distinct regions, one at larger

coupling corresponding to a purely bump-hunt region and another at lower coupling where

the vertex of the A0 decay is displaced.
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Extending high-coupling reach:

• 2-3 orders of magnitude more 
data: more time won’t work

➡ More luminosity×acceptance

Two-armed HPS downstream of 
existing dipole?

• A high-rate, high acceptance 
version of APEX

• Capable of ~200× luminosity  
of HPS

• Dead zone reduced to 5 mr: 
better low mass acceptance 
than HPS (but no vertexing) 
with modest loss at high mass

mAʹ′ (GeV)
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Two-armed HPS Reach
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15 days, 6.6 GeV 10 𝜇A w/ 2.5% X0 target
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