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HPS Overview

HPS collaboration news

Completing 2016 analyses

Launching 2019 analyses

Preparing for 2021 operations

HPS beyond 2021
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HPS Membership News

Lauren Tompkins (Stanford) has formally applied for membership, up for 
approval at this meeting: (Don’t forget to vote!)

• SIMPs (Stany Sevova and Jess Fry)

• FEB diagnostics and redesign (Marcelo Vicente)

A new Ph.D. to celebrate:

• Dr. Matthew Solt 🎉 — UVA postdoc (LDMX)

With the availability of 2019 data, and more coming in 2021, we now have 
more physics (and thesis topics) than students!

This is a great time to engage new students on HPS: we have a significant 
dataset, operations next year to triple our data, and multiple postdocs who are 
now top analysis experts ready to guide new students!
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HPS Organization

Spokespeople:  
Maurik Holtrop (UNH), Tim Nelson (SLAC), Stepan Stepanyan (JLab)

Executive Committee: 
Marzio De Napoli (INFN Catania), Norman Graf (SLAC), Maurik Holtrop (UNH), 
John Jaros (SLAC - emeritus), Omar Moreno (SLAC), Tim Nelson (SLAC),  
Rafayel Paramuzyan (JLab), Stepan Stepanyan (JLab - chair)

Publications and Presentations Committee: (two seats to be elected at this meeting) 

Gabriel Charles (Orsay),  Andrea Celentano (INFN Genova - Chair),  
Rouven Essig (Stony Brook), Norman Graf (SLAC), Rafayel Paremuzyan (UNH)

Don’t forget to vote!



HPS working groups, coordinators and EC oversight 

• Why organizational changes, a lot has to be done next 12 months:
�about 6 months before our deadline to present the first preliminary results 

from 2019 data
� less than 12 month to be ready for 2021 run

• Proposed working groups and coordinators
Preparing for 2021 run:
− DAQ, Sergey and Ryan
− Trigger, Valery 
− Slow controls, Nathan and Omar
− Monitoring, Matt G.
− SVT, Tim
− ECal/hodoscope, Rafo
− Beamline, Stepan 
2019 analysis:
− Analysis, Matt G. and Cameron
− Calibration and recon., Norman and PF
− MC, Tongtong
− Software, Norman

• EC oversight 
− slow controls, Rafo
− ECal/hodo, beamline, DAQ/trigger, Marzio
− MC and Software, Maurik
− analysis, Tim
− monitoring, Norman
− calibration/recon, Omar
− SVT, Stepan
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HPS Management Plan

The EC has drafted a management plan to clarify these roles.
https://www.overleaf.com/read/yfpkppnmsrmz

The complexion of the collaboration and the challenges it faces have changed since the 
collaboration was established during construction. The spokespeople and EC have 
developed a new organization aimed at meeting our challenges over the next ~year.

http://www.apple.com
https://www.overleaf.com/read/yfpkppnmsrmz


The HPS Charter and Bylaws is increasingly outdated with respect to 
current best practices for diversity and inclusion.  

An important first step is a code of conduct for the collaboration.

The EC is beginning to review a draft code of conduct for 
inclusion in our governing documents.

We will have a presentation of this from Omar on Friday with 
time for discussion afterwards.

There is much more to do in this area, and I would like to encourage 
broader participation among the collaboration in these efforts.
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HPS Code of Conduct
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HPS PAC48 Review

Success rested on three pillars:

• Analysis results from 2016 data

• Progress with calibration and 
reconstruction for 2019 data

• A run plan for 2021 and beyond 
with updated reach estimates

These continue to define many of 
our activities.

https://www.jlab.org/exp_prog/PACpage/PAC48/PAC48_PrelimReportPlus_FINAL.pdf
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3) Should the remaining beam time allocation and experiment grade be reconsidered?  

The collaboration proposes that future ph\sics operations include 10 PAC Zeeks at § 4 GeV and 
6 PAC Zeeks at § 2 GeV.  The PAC endorses this scenario and recommends maintaining the 
remaining time allocation (135 days) as well as the experiment grade A.  

Summary:  The PAC recommends the approval of 135 PAC days of beam time for running with 
beam energies from § 2 GeV to § 4 GeV.  
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PAC 48 SUMMARY OF JEOPARDY RECOMMENDATIONS 

Number Contact 
Person Title Hall Days 

Req¶d 
Days 

Awarded 
Scientific 

Rating 
PAC 

Decision Topic 

E12-12-002 
(GlueX-II) 

M. Shepherd An update on the GlueX II and Jefferson Lab 
Eta Factory experiments 

D 220  A Remain 
Active 

1 

E12-13-008 
(Pion 
polarizability) 

R. Miskimen Measuring the Charged Pion Polarizability in 
the gamma gamma -> pi+ pi- Reaction 

D 25  A- Remain 
Active 

2 

RG-A L. 
Elouadrhiri 

CLAS12 Run Group A (RG-A) B 200  A Remain 
Active 

4 

RG-B S. Niccolai CLAS12 Run-Group B: Electroproduction on 
deuterium with CLAS12 

B 56  A Remain 
Active 

3 

RG-C S. Kuhn CLAS12 Run Group C B 200 120 A Remain 
Active 

4 

RG-D L. El Fassi Study of Color Transparency in Exclusive 
Vector Meson Electroproduction off Nuclei 

B 60 30 B+ Remain 
Active 

5 

RG-E W. Brooks Quark Propagation and Hadron Formation B 60  A- Remain 
Active 

5 

RG-G W. Brooks The EMC Effect in Spin Structure Functions 
(CLAS Run Group G) 

B 55  B+ Upgrade 
Rating A- 

4 

RG-H M. 
Contalbrigo 

Run Group H Jeopardy Update Document. 
CLAS12 Experiments with a Transversely 
Polarized Target 

B 110  A Remain 
Active 

4 

RG-I T. Nelson Search for Massive Photons at Jefferson 
Laboratory (HPS) 

B 180  A Remain 
Active 

6 

RG-K A. D¶AQgeOR RG-K Quark-Gluon Confinement & Strong 
QCD 

B 100  A- Remain 
Active 

5 

 

RUN GROUP ADDITION SUMMARY 

Number Contact 
Person Title Hall Topic 

E12-06-106A R. Dupre Nuclear TMDs in CLAS12 B 5 

E12-13-008A E. Smith Measuring the Neutral Pion Polarizability D 2 

E12-09-007A C. Dilks Studies of Dihadron Electroproduction in DIS with 
Longitudinally PolarizedHydrogen and Deuterium Targets 

B 3 

E12-11-007A/E12-10-006E Y. Tian A Precision Measurement of Inclusive g2n and d2n with SoLID 
on a Polarized 3HeTarget at 8.8 and 11 GeV 

A 3 

E12-06-117A M. Arratia Dihadron measurements in electron-nucleus scattering with 
CLAS12 

B 5 

  

The review of HPS by PAC 48 was a major milestone for this year. 

https://www.jlab.org/indico/event/401/

http://www.apple.com
https://www.jlab.org/exp_prog/PACpage/PAC48/PAC48_PrelimReportPlus_FINAL.pdf
https://www.jlab.org/indico/event/401/
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2016 Analyses

We went all-in on the effort to complete the 2016  
Aʹ analyses with several goals in mind:

• show the PAC what HPS can do with its data

• develop and document improved tools and techniques as 
foundation for future generations of the Aʹ analyses.

• create a foundation with the resonance and displaced 
searches – where no new sensitivity was expected – on 
which to build the first SIMPs result. (Jess Fry’s talk)

• develop expertise in these analyses among new 
collaborators who will carry them forward with 2019 data.

So far, this has been a relatively successful strategy, but 
more work is needed to capitalize on it.

resonance

displaced

SIMP

2016 analyses

2019 
calibration and 
reconstruction

2019 
analyses
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Analyzing 2019 Data

Accordingly, attention has turned increasingly to work required to enable 2019 
analysis, which defines the offline Working Groups:
Calibration and Reconstruction:
• ECal calibration (Andrea’s Talk)
• SVT alignment and calibration (PF’s talk)
• Track reconstruction improvements (PF/Robert/Alic’s talk)
• Development of new calibration techniques and samples (Norman’s talk) 
Monte Carlo:
• Development of data samples required for calibration and analysis (TongTong’s talk)
• Development of tools for generating much larger background samples (Omar’s talk)
Software and Computing:
• Management of software and computing resources for data processing (Norman’s talk)
Analysis
• Further development of the analysis framework for 2019 data (Cameron’s talk)

Significant advances have been made in all of these areas, but there is much 
left to do, and these groups would all benefit from broader participation.
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Preparing for 2021 Operations

On top of everything else, we’ve got quite a lot to do to get ready to run next 
year under less-than-optimal circumstances.

Beamline changes and improvements (Stepan’s Talk)

SVT maintenance and repair (Tim and Marcelo’s Talks)

ECal and Hodoscope maintenance and repair (Rafo’s talk)

DAQ updates (Sergey’s Talk)

Monthly meetings of Run Group I Task Force provide an important forum to 
track progress, discuss problems, and plan solutions.

It is difficult to make specific plans in the presence of COVID uncertainties, 
but we need to make a baseline schedule and update it as conditions evolve.



2019 data @ 4.55 GeV opens up 
window of sensitivity

11

Updated reach projections based 
on experience with 2016 analyses:

Reach Projections (from PAC presentation)

Run plan optimization is ongoing and depends on availability of specific energies.

See Cameron’s talk



2019 data @ 4.55 GeV opens up 
window of sensitivity

2021 data @ 3.7 GeV increases 
area of sensitivity 2.4×
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Updated reach projections based 
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2019 data @ 4.55 GeV opens up 
window of sensitivity

2021 data @ 3.7 GeV increases 
area of sensitivity 2.4×

Full Run Plan (2021 + 107 days) 
more than doubles this again.
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Updated reach projections based 
on experience with 2016 analyses:

Reach Projections (from PAC presentation)

Run plan optimization is ongoing and depends on availability of specific energies.

See Cameron’s talk



LHCb R3 (projected)

LHCb (projected)

(actual)

LHCb R3 (projected)
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LHCb – Run 2 (completed) and Run 3 (2021-2023)

Run 2 and Run 3 above dimuon threshold

Potential for reach in two mass ranges.

Unexpected long-lived backgrounds
impacted expected reach.

arXiv:1603.08926 [hep-ph]

A′ → μ+μ−

Run 3 below the D⋆0-D0 mass difference

Requires upgraded vertex detector and
triggerless readout = full recon in real time.
backgrounds still unknown.
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And Other Planned/Proposed Experiments 
(from European Strategy Update – arXiv:1910.11775)

LHCb R3 (projected)

LHCb (projected)

(actual)

LHCb R3 (projected)

FASER Run 3

FASER HL-LHC (2035)

SHiP

LDMX

NA64



Figure 19: PBC projects on ≥ 5 year timescale: upper limits at 90 % CL for Dark Photon
in visible decays in the plane mixing strength ‘ versus mass mAÕ . The vertical red line
shows the allowed range of e ≠ X couplings of a new gauge boson X coupled to electrons
that could explain the 8Be anomaly [70, 71].

competing with SeaQuest, LHCb, HPS, and others as shown in Figure 18. MATHUSLA200
in this scenario is instead not competitive, mostly due to the fact that the Dark Photon is
produced forward.

Figure 20: Future upper limits at 90 % CL for Dark Photon in visible decays in the plane
mixing strength ‘ versus mass mAÕ for PBC projects on a ≥ 10-15 year timescale. The
vertical red line shows the allowed range of e≠X couplings of a new gauge boson X coupled
to electrons that could explain the 8Be anomaly [70, 71].

– 82 –

“in 5 years”

14

CERN Vector Portal Outlook (from CERN PBC report)

 

https://arxiv.org/abs/1901.09966

https://indico.fnal.gov/event/44819/contributions/193721/attachments/132920/163635/DS-facilities-RF6-kickoff.pdf
https://arxiv.org/abs/1901.09966
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CERN Status and Timelines

https://indico.fnal.gov/event/44819/contributions/193721/attachments/132920/163635/DS-facilities-RF6-kickoff.pdf

10

A very nice talk by Mike Lamont for Snowmass outlines the planned and potential facilities at CERN 
for these experiments:  

https://indico.fnal.gov/event/44819/contributions/193721/attachments/132920/163635/DS-facilities-RF6-kickoff.pdf
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SeaQuest/SpinQuest/… @ FNAL
The SeaQuest facility

Fixed-target muon
spectrometer, Fermilab
120 GeV proton beam
Primary program:
Drell-Yan
measurements of sea
quark distributions

I E906 (unpolarized
targets, 2012–2017),
E1039 (polarized
targets, 2019–2020)

Parasitic searches for
dark photons approved
2015 (E1067)

arXiv:1706.09990

Sho Uemura Dark Photons at SeaQuest May 30, 2018 2/ 13
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DarkQuest
LongQuest

DarkQuest proposal to DMNI FOA was declined: funding for 
ECal addition and DAQ/Trigger upgrade required for operation 
to 1.4E18 (DarkQuest1) and 1E20 (DarkQuest 2)

LongQuest concept adds fast tracking and particle ID, and 
extends apparatus to longer baseline to increase sensitivity

These “concepts" are little more than ideas, founded on 
recognition that there is a highly valuable apparatus sitting on an 
ideal beamline with a lot of potential as a dark sector experiment. 

A FNAL-led group is still actively pursuing this, where the first 
steps still look like continued cooperation with NP program.
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Figure 6. As in the right panel of Fig. 5, the projected sen-
sitivity of SeaQuest to displaced decays of dark photons at
Phase I (solid purple) and Phase II (dashed purple) for the
fiducial decay regions of 5 m � 6 m and 5 m � 12 m, respec-
tively, compared to existing constraints (solid gray) [1, 2].
Also shown are the projected reach of the HPS (green) and
Mu3e, MMAPS, and Belle-II experiments (pink) [1, 2, 47], a
beam dump run of NA62 (cyan) [45], and futuristic searches at
LHCb (brown) [48, 49] and the proposed experiments FASER
(blue) [14] and SHiP (red) [13].

↵D ⌘ e
2
D/4⇡ and eD is the U(1)D gauge coupling. In

this case, a plethora of di↵erent signatures is accessible at
SeaQuest and other fixed-target experiments. For exam-
ple, if the lighter species is stable on collider timescales,
invisible A

0 decays can be searched for at low-energy
missing energy and momentum experiments [1, 2]. Less
minimal models involving additional particles in the dark
sector often predict longer decay chains, and A

0 produc-
tion leads to several visible and invisible particles in the
final state [50]. Such a study of SeaQuest within the con-
text of strongly interacting DM has recently appeared in
Ref. [51]. In this section, we investigate similar types of
experimental signatures in models of inelastic DM (see
Refs. [52, 53] for recent studies of similar phenomenol-
ogy).

A. Model

Models of inelastic DM (iDM) were first proposed
as a viable explanation to the longstanding DAMA
anomaly [54] and have continued relevance in a broader
parameter space independent of this anomaly. The es-
sential physics of iDM is that in some models (such as
DM interacting through a massive vector mediator) it
is generic for DM to (1) have two nearly (but not ex-
actly) degenerate mass states, and (2) interact primar-

ily through mass-o↵-diagonal couplings. In this section,
we discuss not the DAMA-motivated parameter space of
iDM but the generic physics described above, which is
an attractive framework for GeV-scale thermal DM. It
is well-known that thermal DM lighter than ⇠ 10 GeV
must have suppressed annihilations at late times in or-
der to alleviate strong bounds from measurements of the
cosmic microwave background (CMB) [55]. This is ac-
complished within models of iDM since freeze-out dom-
inantly occurs through coannihilations of the DM with
its slightly heavier counterpart, whose population is suf-
ficiently depleted at the time of recombination. As a
result, late-time annihilations are suppressed below de-
tectable levels. Furthermore, since iDM naturally has
suppressed scattering rates in underground direct detec-
tion experiments,2 dedicated searches at low-energy ac-
celerators constitute a prime avenue towards the detec-
tion of light DM in this class of models.
We focus on the particular implementation of iDM

involving a single Dirac pair of two-component Weyl
spinors, ⌘ and ⇠, oppositely charged under the broken
U(1)D symmetry. Similar to Sec. IV, we assume that the
dark photon associated with U(1)D, A0, kinetically mixes
with SM hypercharge (see Eq. (4)). In addition to the
Dirac mass, mD, allowed by all symmetries of the model,
it is also natural to include U(1)D-breaking Majorana
mass terms, �⌘,⇠, for each Weyl component. These are
naturally generated by the same U(1)D-breaking spurion
that is responsible for generating the A

0 mass (such as
a dark Higgs). We therefore take as our simplified La-
grangian,

� L � mD ⌘ ⇠ +
1

2
�⌘ ⌘

2 +
1

2
�⇠ ⇠

2 + h.c. (24)

Since �⌘,⇠ explicitly breaks U(1)D, it is technically nat-
ural to take �⌘,⇠ ⌧ mD. Hereafter, we will adopt this
limit, in which case the spectrum consists of a pseudo-
Dirac pair of nearly degenerate Majorana fermions that
couple o↵-diagonally (inelastically) to the A

0.
In the physical mass basis, the eigenvectors, denoted

by �1 and �2, have a mass given by

m1,2 ' mD ⌥
1

2
(�⌘ + �⇠) , (25)

where

�1 ' i(⌘ � ⇠)/
p
2

�2 ' (⌘ + ⇠)/
p
2 . (26)

The lightest state, �1, is cosmologically stable and can
constitute a DM candidate. The hierarchy �⌘,⇠ ⌧ mD

translates into a small fractional mass splitting,

� ⌘
m2 �m1

m1
'

�⌘ + �⇠

mD
⌧ 1 . (27)

2 See, however, Ref. [56] for novel venues to test iDM at direct
detection experiments.

Berlin, Gori, Schuster, and Toro
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Figure 3: Comparison of the DarkQuest reach and the reach of other proposed experiments at CERN
(NA62++, FASER, SHiP, CODEX-b, and MATHUSLA) with the corresponding timescale. Left panel:
visible dark photon model. Right panel: Thermal inelastic dark matter models (from [7]). Lower panel:
Right-handed neutrinos mixing with the SM tau-neutrino (from [10]).

SIMPs The dark sector interactions described above are weak, in the sense that they do not lead to
confinement, akin to the SM Weak and electromagnetic interactions. If the dark sector instead interacts
strongly with itself (like QCD in the SM), then the particle content and cosmological history can be
qualitatively di↵erent.

In the strongly-interacting massive particle paradigm, the dark sector consists of dark quarks charged
under a confining gauge group. The DM is then composed of the pions, ⇡D, of this dark QCD. In addition
to these states, SIMP models also give rise to hidden sector spin-1 vector mesons, VD, the analogs of
the ⇢, �, and ! of the SM. These vector mesons contribute sizably to the cosmological history of the
DM states, ⇡D. A viable cosmology where ⇡D constitutes all of the DM requires a coupling to the SM
mediated by the dark photon. In these models, the dark photon generically decays to a stable dark pion,
⇡D , and an unstable vector, VD that subsequently decays to SM leptons after traveling a macroscopic
distance.

The strong interactions in the dark sector give rise to qualitatively new production mechanisms [12,
13], which favor di↵erent regions of thermal parameter space compared to weakly-coupled scenarios [6].
These target regions are shown in green in the right panel of Fig. 1. DarkQuest can test these models

8

Batell, Berlin, Blinov, Evans, Gori DarkQuest proposal to DMNI FOA was declined: funding for 
ECal addition and DAQ/Trigger upgrade required for operation 
to 1.4E18 (DarkQuest1) and 1E20 (DarkQuest 2)

LongQuest concept adds fast tracking and particle ID, and 
extends apparatus to longer baseline to increase sensitivity

These “concepts" are little more than ideas, founded on 
recognition that there is a highly valuable apparatus sitting on an 
ideal beamline with a lot of potential as a dark sector experiment. 

A FNAL-led group is still actively pursuing this, where the first 
steps still look like continued cooperation with NP program.
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<latexit sha1_base64="YuZa9EEL4cxfaTKlGVA2tCm8Bwk=">AAAB/nicdVBLSgNBEK3xG+Mv6tJNYxDcGHoS8luIQTcuFY0KcQw9nZ6kSU/P0N0jDCGQC7jVG7gTt97AM3gBz2HHKKjog4LHe1W8qvJjwbXB+NWZmp6ZnZvPLGQXl5ZXVnNr6+c6ShRlTRqJSF36RDPBJWsabgS7jBUjoS/Yhd8/HPsXN0xpHskzk8bMC0lX8oBTYqx0Kq5327k8LuBKuV7CCBfK2K3W65ZgXKmVisi1ZIz8/kt2bwQAx+3c21UnoknIpKGCaN1ycWy8AVGGU8GG2atEs5jQPumylqWShEx7g49Vh2jbKh0URMqWNOhD/T4xIKHWaejbzpCYnv7tjcW/vFZigpo34DJODJN0EhQkApkIje9GHa4YNSK1hFDF7a6I9ogi1Njv/EgJWCrDeJi1j/m6Hv1PzosFFxfcE5xvHMAEGdiELdgBF6rQgCM4hiZQ6MIt3MG9M3IenEfnadI65XzObMAPOM/vH2eYHw==</latexit><latexit sha1_base64="axvxpT+nrhaHkqI4e+zduhnEjew=">AAAB/nicdVDLSgMxFM34rOOr6tJNsAhuLJmWvhZi0Y3LivYBbS2ZNNOGZjJDkhFKKfgDbvUDBHfi1j/wE8Qf8DvMtApW9MCFwzn3cu69bsiZ0gi9W3PzC4tLy4kVe3VtfWMzubVdU0EkCa2SgAey4WJFORO0qpnmtBFKin2X07o7OI39+jWVigXiUg9D2vZxTzCPEayNdMGvDjvJFEqjfK6URRClc8gplEqGIJQvZjPQMSRG6vjVPgof3uxKJ/nR6gYk8qnQhGOlmg4KdXuEpWaE07HdihQNMRngHm0aKrBPVXs0WXUM943ShV4gTQkNJ+rPiRH2lRr6run0se6r314s/uU1I+0V2yMmwkhTQaZBXsShDmB8N+wySYnmQ0MwkczsCkkfS0y0+c5MikeHwg/HtnnM9/Xwf1LLpB2Uds5RqnwCpkiAXbAHDoADCqAMzkAFVAEBPXAL7sC9dWM9Wk/W87R1zvqa2QEzsF4+AS4GmZM=</latexit><latexit sha1_base64="axvxpT+nrhaHkqI4e+zduhnEjew=">AAAB/nicdVDLSgMxFM34rOOr6tJNsAhuLJmWvhZi0Y3LivYBbS2ZNNOGZjJDkhFKKfgDbvUDBHfi1j/wE8Qf8DvMtApW9MCFwzn3cu69bsiZ0gi9W3PzC4tLy4kVe3VtfWMzubVdU0EkCa2SgAey4WJFORO0qpnmtBFKin2X07o7OI39+jWVigXiUg9D2vZxTzCPEayNdMGvDjvJFEqjfK6URRClc8gplEqGIJQvZjPQMSRG6vjVPgof3uxKJ/nR6gYk8qnQhGOlmg4KdXuEpWaE07HdihQNMRngHm0aKrBPVXs0WXUM943ShV4gTQkNJ+rPiRH2lRr6run0se6r314s/uU1I+0V2yMmwkhTQaZBXsShDmB8N+wySYnmQ0MwkczsCkkfS0y0+c5MikeHwg/HtnnM9/Xwf1LLpB2Uds5RqnwCpkiAXbAHDoADCqAMzkAFVAEBPXAL7sC9dWM9Wk/W87R1zvqa2QEzsF4+AS4GmZM=</latexit><latexit sha1_base64="UTewlU2twxp5nBKSCB6wP7bHXBY=">AAAB/nicdVDLSgMxFM3UV62vqks3wSK4sWRa+toV3bisaFuhHUsmzbShmcyQZIRhKPgDbvUP3Ilbf8Uf8DvMtBWs6IELh3Pu5d573JAzpRH6sDIrq2vrG9nN3Nb2zu5efv+go4JIEtomAQ/krYsV5UzQtmaa09tQUuy7nHbdyUXqd++pVCwQNzoOqePjkWAeI1gb6ZrfnQ3yBVRE1UqjjCAqVpBdazQMQahaL5egbUiKAligNch/9ocBiXwqNOFYqZ6NQu0kWGpGOJ3m+pGiISYTPKI9QwX2qXKS2alTeGKUIfQCaUpoOFN/TiTYVyr2XdPpYz1Wv71U/MvrRdqrOwkTYaSpIPNFXsShDmD6NxwySYnmsSGYSGZuhWSMJSbapLO0xaOx8MNpzgTz/T38n3RKRRsV7StUaJ4vIsqCI3AMToENaqAJLkELtAEBI/AInsCz9WC9WK/W27w1Yy1mDsESrPcvjByWUg==</latexit>

120 GeV p+ A0
<latexit sha1_base64="GLnpa06k/0slaHYxVCBStwUnujg="></latexit><latexit sha1_base64="+wBkTeZAo+ZBVkPN3OBw0/t3xKU="></latexit><latexit sha1_base64="+wBkTeZAo+ZBVkPN3OBw0/t3xKU="></latexit><latexit sha1_base64="QCE0bEGfXqsL9naiS8zhpzAJ6kg="></latexit>
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(a) Updates on dark photon bounds and the NA62 projection.
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(b) Compilation of projections and constraints on dark photon.

FIG. 3. We show updates on the kinetically-mixed visibly decaying dark photon constraints and projections. In (a), gray
contours are the previous bounds set based on analyses of NuCal [55, 58] and CHARM [57] experiments. In (b), projections for
future experiments are shown in dot-dashed curves with color and also labeled in the plot. In both (a) and (b), our updated
bounds on CHARM (purple), NuCal (blue), and new projections of NA62 (red) and LongQuest-I (black) are shown. Note that
we do not find any fundamental disagreement with the pioneering works on dark photon constraints from CHARM and NuCal
[55, 57, 58]. We add relevant production channels and have a conservative assumption of meson production rates. Readers can
take our CHARM and NuCal constraints as conservative limits.

than ten events for the sensitivity of SQ/DQ 1018 POT
run. For the SQ/DQ 1020 POT run, we assume 103

background events (a rough estimation from long-lived
kaon decays) to set a sensitivity projection. One can
see that SQ/DQ does improve the sensitivity to smaller
couplings with a 1020 POT run. However, as can be
seen in this figure, the sensitivity to iDM in the (g ≠ 2)µ

valid regime is not improved by SQ/DQ phase I and II.
We then show that the proposed LongQuest-I upgrades
with reduced background and no KMAG magnetic field
would help explore the iDM muon g-2 regime in Fig. 2.
For the LongQuest-I analysis, we assume the background
is reduced to 10 percent of the SQ/DQ background.
Given the removal of KMAG and the potential soft SM
background, we consider the sensitivity of a 3-GeV energy
threshold cut and a projection with no energy threshold
cut. A realistic analysis may need to apply an energy cut
between these choices.

Below roughly 10 MeV, the iDM model as well as other
thermal light dark matter are subject to Ne� bound
[21, 158], and the proton fixed target probes become
suppressed by the limited phase space available to the
‰1l+l≠ states. We, therefore, choose to focus on iDM
masses larger than 10 MeV.

B. Minimal Dark Photon

We consider a dark photon with a mass between MeV
and 5 GeV. Many experiments have been proposed to
explore this region of the dark photon parameter space,
in large part because the dark photon can serve as
the mediator between dark matter and the SM to set
the relic abundance, or explain experimental anomalies,
e.g., the aforementioned muon g ≠ 2 anomaly, and
LSND/MiniBooNE anomalies [89]. The open parameter
space of ‘ ≥ 10≠8 ≠ 10≠3 avoids collider constraints
[32–38], beam-dump bounds [31, 39–60], rare-meson
decays [37, 38, 41, 53, 61–66], and can potentially be
explored by various searches in the near future [12, 67–
82].

We update the dark photon bounds from CHARM
and NuCal, taking into account additional relevant
production channels (production of dark photons from
÷ meson decays for NuCal and proton bremsstrahlung
for CHARM). The results are shown in Fig. 3a.
Interestingly, the bound does not get stronger for most
parameter space in our consideration, except for the high
mass regime, even though we take into account new
relevant production channels. The strength of the bounds
in the meson-decay dominated regime (mAÕ π m÷) are
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DarkQuest
LongQuest

DarkQuest proposal to DMNI FOA was declined: funding for 
ECal addition and DAQ/Trigger upgrade required for operation 
to 1.4E18 (DarkQuest1) and 1E20 (DarkQuest 2)

LongQuest concept adds fast tracking and particle ID, and 
extends apparatus to longer baseline to increase sensitivity

These “concepts" are little more than ideas, founded on 
recognition that there is a highly valuable apparatus sitting on an 
ideal beamline with a lot of potential as a dark sector experiment. 

A FNAL-led group is still actively pursuing this, where the first 
steps still look like continued cooperation with NP program.
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My Take on These Other Efforts

On the real axis
• LHCb - operating, backgrounds for displaced search are unknown

• NA62 - already operating, few caveats

• NA64 - already operating, few caveats

• FASER Run 3 - funded and under construction, no obvious caveats for A′ search

Likely to become real
• FASER HL-LHC - requires larger apparatus

• LDMX - on track but not yet approved, A′ reach based on pheno studies.

Future Unclear
• SeaQuest/DarkQuest - powerful, inexpensive, lacking clear path for support

• REDTOP - Promising concept, expensive (https://arxiv.org/abs/1910.08505)

Likely to remain imaginary
• AWAKE - operational scenarios presented have not been realistic

• SHiP - appears to be cost prohibitive

Some others not mentioned, Darklight, VEPP-3, Mu3e, PADME, Belle-II, have little potential overlap with HPS

https://arxiv.org/abs/1910.08505
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Summary and Outlook

We passed a major milestone in the PAC review, and used the exercise as a 
vehicle to advance key goals of the experiment. 

Having cleared that hurdle, there is a lot of work required to reach some 
exciting goals ahead, achievable in the coming year with sufficient effort:

• analyzing the 2019 dataset to search for A′ in highly motivated part of 
the parameter space.

• expanding HPS physics case to include SIMPs, with the potential for 
discovery already with 2016 data

• preparing to operate the experiment again next year to collect a more 
significant dataset still

It’s a great time to get more involved, especially for any new students.

One more thing: Snowmass creates a unique opportunity to explore 
expanding the physics case further, beyond minimal A′ and SIMPs.


