DARK SECTOR SCIENCE
IN 2019

PHILIP SCHUSTER (SLAQC)

JEFFERSON LAB SEMINAR
JANUARY 30, 2019



OUTLINE

This talk is intended as a primer on the motivation for dark sectors
(and dark photons) and to explain the important contributions of
Jefferson Lab experiments to this science in 2019

® Dark matter, dark sectors, and the broadening of the US
dark matter search program

® Dark photons in the MeV-GeV mass range

® Dedicated dark photon experiments at Jefferson Lab In
2019 (APEX & HPS)

® [he future



DARK MATTER
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We know there is new physics
in the form of dark matter! 73% EhEhoy 23R

But what is it?




Dark Matter Hints

» Old - dark matter imprint in
Cosmic Microwave Background
— made during or before big bang

» Cold - dark matter must have
been non-relativistic to form small | .= .=
cosmological structures ol mm

« (Can’t have strong- or electromagnetic-
strength interactions with familiar matter
(even weak interactions are significantly
constrained by data)

This leaves a lot of room for speculation...



A STRONG CANDIDATE: WIMP DM

Simple, familiar particle content

weak force
new matter

: . DM with thermal freeze-out origin
Simple, predictive cosmology — ,

Motivated mass range

|
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MOVING BEYOND WIMPS

Developing simple ideas beyond the WIMP hypothesis — in response to powerful
limits from LHC and direct detection experiments — has arguably been one of the
most important developments in particle phenomenology over the last 10 years!

Dark Sector Candidates, Anomalies, and Search Techniques
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US Cosmic Visions: New ldeas in Dark Matter 2017
arXiv:1707.04591 [hep-ph]
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Small Experiments: Coherent Field Searches, Direct Detection, Nuclear and Atomic Physics, Accelerators Microlensing
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MOVING BEYOND WIMPS

Developing simple ideas beyond the WIMP hypothesis — in response to powerful
limits from LHC and direct detection experiments — has arguably been one of the
most important developments in particle phenomenology over the last 10 years!

Dark Sector Candidates, Anomalies, and Search Techniques
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LESSONS FROM DATA

Direct detection and LHC
experiments have very good

sensitivity to DM interacting
through W/Z/h bosons!

The ingredients most at odds with data underlying WIMPs
is that they are heavy (~GeV and up) and their interactions
are mediated by the W /Z bosons



LESSONS FROM HISTORY

Known ~5% of Universe is rather interesting.
If history is any guide, expect the next ~25% to have
surprises in store for us!

Standard Model of Elementary Particles

three generations of matter interactions / force carriers
(fermions) (bosons)
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LESSONS FROM HISTORY

Known ~5% of Universe is rather interesting.
If history is any guide, expect the next ~25% to have
surprises in store for us!

Elementary Dark Matter? Standard Model of Elementary Particles Dark Matter
matter content? three generations of matter interactions / force carriers Force Carriers?
(fermions) (bosons)
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LESSONS FROM HISTORY

Simple, familiar particle content

weak force
new matter



LESSONS FROM HISTORY

Simple, familiar particle content

new force?
new matter

So, what if dark matter (like all other known matter) is
charged under its own forces?



NEW FORCES INTERACTING WITH THE STANDARD
MODEL

Simple, familiar particle content

new force
new matter

Standard Model symmetries allow two
types of (dim. 4) interactions with new
force carriers at low—energy

Vector Mixing = EY FY Ly
Higgs Mixing €1, ‘h‘2‘¢‘2

+ a few other closely related possibilities...(see 1707.04591)



NEW FORCES INTERACTING WITH THE STANDARD
MODEL

Simple, familiar particle content

new force
new matter

Standard Model symmetries allow two
interactions with new force carriers at

low-energy Most compatible with
cosmology & simple dark
Vector Mixing %EY I ;z/y F'PY «— matter models, and
illustrates much of the
. - DD essential physics
f Mg ¢ b9 focus of this talk

Increasingly constrained by LHC

(though other scalar couplings less constrained)



HIDDEN SECTOR DARK MATTER & DARK
PHOTONS

Simple, familiar particle content

new force
new matter

Dark Matter charged under a new force

“Dark Photons” are the simplest realization of this broad idea
(captures much of the essential phenomenology!)



A STRONG CANDIDATE: HIDDEN SECTOR DM

(interacting through dark photon)

Simple, familiar particle content

new force
new matter

Provides a familiar and simple explanation for dark matter
stability (i.e. lightest charged particle is stable!)



A STRONG CANDIDATE: HIDDEN SECTOR DM

(interacting through dark photon)

Simple, familiar particle content

new matter

Simple, predictive cosmology —




A STRONG CANDIDATE: HIDDEN SECTOR DM

(interacting through dark photon)

Simple, familiar particle content

new force
new matter

e s DM with thermal freeze-out origin
Simple, predictive cosmology — o
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PLANNING NEXT STEPS

Significant planning efforts under way in 2016-2018 to define and
launch a new (small-scale) program of dark matter studies to
capture the broader landscape of well-motivated possibilities

Dark Sectors 2016 Workshop: Community Report US Cosmic Visions: New Ideas in Dark Matter 2017 :
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BASIC RESEARCH NEEDS STUDY
FOR DARK-MATTER SMALL
PROJECTS

STl Shaped by formal DOE oHEP charge:

New Initiatives

- [dentify priority science opportunities and
high impact parameter space targets

» [dentify high impact opportunities which can
be pursued by small projects

» Suggest opportunities that could be pursued
plLl s s by future small projects

HEPAP Brochure
— https://science.energy.gov/~/media/hep/hepap/pdf/201811/BRN Dark-Matter-Brochure HEPAP 201811.pdf

Rocky Kolb’s November 2018 HEPAP talk
— htips://science.energy.gov/~/media/hep/hepap/pdi/201811/RKolb-HEPAP_201811.pdf 18



https://science.energy.gov/~/media/hep/hepap/pdf/201811/RKolb-HEPAP_201811.pdf
https://science.energy.gov/~/media/hep/hepap/pdf/201811/BRN_Dark-Matter-Brochure_HEPAP_201811.pdf

AN EMERGING PROGRAM
Three Priority Research Directions

Create & Detect
Dark Matter
at Accelerators

Detect Galactic
Dark Matter
Underground

Detect Wave S = | -
Dark Matter
in the Laboratory \) ~

L Cavity +
Quantum Sensor Ny

Rocky Kolb’s November 2018 HEPAP talk
— https://science.energy.gov/~/media/hep/hepap/pdi/201811/BRKolb-HEPAP_201811.pdf

19
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AN EMERGING PROGRAM

Priority Research Directions (alphabetical order)

* PRD #1: Create and detect dark matter particles and associated forces below the
proton mass, leveraging DOE accelerators that produce beams of energetic particles.

The interactions of energetic particles recreate the conditions of dark matter production in the early
Universe. Small experiments using established detector technology can detect dark matter production with
sufficient sensitivity to test compelling explanations for the origin of dark matter and explore the nature of its
interactions. These experiments draw on the unique capabilities of multiple DOE accelerators (Continuous
Electron Beam Accelerator Facility, Linac Coherent Light Source-ll, Spallation Neutron Source, Los Alamos
Neutron Science Center, and the Fermilab complex) to enable transformative new science without disrupting
their existing programs.

* PRD #2: Detect individual galactic dark matter particles below the proton mass
through interactions with advanced, ultra-sensitive detectors.

Galactic dark matter passes through the earth undetected every second. Recent advances in particle
theory highlight new compelling paradigms for the origin of dark matter and its detection. Revolutionary
technological advances now allow us to discover individual dark matter particles ranging from the proton
mass to twelve orders of magnitude below, through their interactions with electrons and nuclei in advanced
detectors. New small projects leveraging these theoretical and technological advances would be carried
out by using DOE laboratories, infrastructure, personnel, and underground facilities, such as the Sanford
Underground Research Facility.

* PRD #3: Detect wave dark matter using innovative technologies with emphasis on resolving
a decades-old mystery of the physics inside the nucleus, the so-called “QCD axion.”

Recent theoretical advances and developments in quantum sensors enable the search for dark matter
waves over twenty-two orders of magnitude in the ultralight mass range previously inaccessible to
observation. Discovery of these dark matter waves would provide a glimpse into the earliest moments in
the origin of the Universe and the laws of nature at ultrahigh energies, far beyond what can be probed in

particle colliders. DOE resources, infrastructure, technology capabilities, and personnel are required to
achieve maximum impact.

HEPAP Brochure
— https://science.energy.gov/~/media/hep/hepap/pdf/201811/BRN Dark-Matter-Brochure HEPAP 201811.pdf2 ;
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AN EMERGING PROGRAM

Priority Research Directions (alphabetical order)

* PRD #1: Create and detect dark matter particles and associated forces below the
proton mass, leveraging DOE accelerators that produce beams of energetic particles.

The interactions of energetic particles recreate the conditions of dark matter production in the early

PRD #1
PRD #3

é QCD axion 9 electron mass proton mass

6|—|—|—|—|—|—|—|—'—'—|—'—h1—'—'-|—'—'—|—'—9

zeV aeV feV peV neV pevV meV eV

Mass range explored by the three PRDs in search for dark matter spans roughly thirty orders of magnitude, from
zepto to giga electronvolts. Range for each PRD indicates regions accessible with existing technologies and regions
requiring more R&D to increase detection sensitivity. All three PRDs are needed to achieve broad sensitivity and, in
particular, to reach different key milestones. Mass range for G2 program included for comparison.

SO— waves over twenty-two orders of magnitude in the ultralight mass range previously inaccessible 10 | “

observation. Discovery of these dark matter waves would provide a glimpse into the earliest moments in
the origin of the Universe and the laws of nature at ultrahigh energies, far beyond what can be probed in

particle colliders. DOE resources, infrastructure, technology capabilities, and personnel are required to
achieve maximum impact.

HEPAP Brochure .
— https://science.energy.gov/~/media/hep/hepap/pdf/201811/BRN Dark-Matter-Brochure HEPAP 201811. pdf2
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AN EMERGING PROGRAM

* PRD #1: Create and detect dark matter particles and associated forces below the
proton mass, leveraging DOE accelerators that produce beams of energetic particles.

The interactions of energetic particles recreate the conditions of dark matter production in the early

Universe. Small experiments using established detector technology can detect dark matter production with
sufficient sensitivity to test compelling explanations for the origin of dark matter and explore the nature of its
interactions. These experiments draw on the unique capabilities of multiple DOE accelerators (Continuous
ectron Beam Accelerator Facility, Linac Coherent Light Source-ll, Spallation Neutron Source, Lg '
Neutro mipaater and the Fermilab complex) to enable transformative Do without disrupting
their existing programs.

All three PRD’s are extremely interesting, but in the
interest of time | will focus on PRD#1, as this relates
directly to ongoing Jefferson Lab efforts.

* PRD #3: Detect wave dark matter using innovative technologies with emphasis on resolving
a decades-old mystery of the physics inside the nucleus, the so-called “QCD axion.”

Recent theoretical advances and developments in quantum sensors enable the search for dark matter
waves over twenty-two orders of magnitude in the ultralight mass range previously inaccessible to
observation. Discovery of these dark matter waves would provide a glimpse into the earliest moments in
the origin of the Universe and the laws of nature at ultrahigh energies, far beyond what can be probed in
particle colliders. DOE resources, infrastructure, technology capabilities, and personnel are required to
achieve maximum impact.

HEPAP Brochure ]
— https://science.energy.gov/~/media/hep/hepap/pdf/201811/BRN Dark-Matter-Brochure HEPAP 201811.pdf2
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AN EMERGING PROGRAM

Create and detect dark-matter particles and associated forces
below the proton mass, leveraging DOE accelerators.

RECREATING BIG BANG DARK MATTER

Two thrusts: The first thrust exploits dark-matter production
PRODUCTION AT ACCELERATORS

reactions to fully explore the range of dark-matter interaction
strengths that could generate the observed abundance of

Missing momentum

ex [IIII‘HH‘."'.":

—_— | = dark matter through thermal reactions in the early Universe.
TN | ° The second thrust calls for broad exploration of the production
- | of particles related to light dark matter (i.e. a dark sector) and
. their subsequent decays into familiar matter.

dark matler mass range
T T —— T T

10'2‘;9\/ Makctron Mpeoton 100TeV A “'30 M«

Thrust 1 (near-term): Use particle beams to explore interaction strengths singled out by
thermal dark matter through 10-1000-fold improvements in sensitivity over current searches.

By improving particle-beam measurements of dark-matter’s interactions with leptons and hadrons by a factor of 10-1000, most of the
predictive milestones for thermal dark matter below the proton mass can be thoroughly explored.

Thrust 2 (near-term and long-term): Explore the structure of the dark sector by producing

and detecting unstable dark particles.

Accelerator-based missing-momentum and beam-dump experiments are capable of producing not only dark matter, but also other
related particles (the “dark sector”). Such a dark sector is needed for thermal dark matter lighter than the proton.

The science described in this PRD is motivating new efforts at laboratories around the world, including CERN,
KEK, Mainz, and INFN. In this global landscape, the capabilities of the US DOE accelerator infrastructure — in
particular, multi-GeV CW electron beams and high-intensity proton beams — provide unique opportunities. By

leveraging existing DOE accelerator infrastructure, US small projects can provide world leading contributions to
this important and vibrant new science.

Rocky Kolb’s November 2018 HEPAP talk
— https://science.energy.gov/~/media/hep/hepap/pdf/201811/RKolb-HEPAP 201811 .pdf
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FUTURE GOALS

(In my own words!)

Key goals for accelerator experiments:

* Produce and detect sub-GeV dark matter directly
- Produce and detect sub-GeV mediator particles directly

- Test coupling-mass combinations directly relevant to thermal
origin dark matter, in additional to broad exploration

For sub-GeV dark matter and dark forces,
achieving these goals requires experiments with
low to moderate energy beams over a range of
beam intensities

24



FUTURE GOALS

(In my own words!)

Key goals for accelerator experiments:

Significant
. Produce and detect sub-GeV dark matter directly ~ Jefferson Lab

contributions!
- Produce and detect sub-GeV mediator particles directly

- Test coupling-mass combinations directly relevant to thermal
origin dark matter, in additional to broad exploration

For sub-GeV dark matter and dark forces,
achieving these goals requires experiments with
low to moderate energy beams over a range of

beam intensities
%



PHYSICS OF DARK PHOTONS

Nicest (common) example is vector-photon kinetic mixing % €y F/}/y AUz

Vector mixing effectively gives matter of electric
charge ge a vector A’ coupling « gee

= Wherever there are photons
(and sufficient phase space), there are “dark” photons
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ORGANIZING THE PHYSICS

(VECTOR KINETIC MIXING AS AN EXAMPLE — MOST MODELS WORK SIMILARLY)

DM and Mediator Production

A

2 Contact operator
X v 2 [ DM production
A’ é y (off-shell A’)
= N
- 9 Resonant DM O
Nreie . sl
< prodL}chticl)rA’
—% e L ) Visibly decaying mediator;
() Near-threshold DM production
(off-shell mediator)
O >
Dark matter mass
6+

Search for both the mediator T
ﬁ
and DM itself!



ORGANIZING THE PHYSICS

(VECTOR KINETIC MIXING AS AN EXAMPLE — MOST MODELS WORK SIMILARLY)

DM and Mediator Production

A

2 Contact operator
X v 2 [ DM production
A’ é y (off-shell A)
= N
- 9 Resonant DM O
Nreie . sl
< prodL}chticl)rA’
< e L WL ) Visibly decaying mediator:
O Near-threshold DM production
(off-shell mediator)
>

Dark matter mass

Search for both the mediator
and DM itself!



VISIBLE “DARK PHOTONS”
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Natural parameter space
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VISIBLE “DARK PHOTONS”
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All other colors: Pair
resonance searches

Gray: Beam Dump

L0y ‘ o 'r.:‘

X et

‘ ' 30:5"

: RN AT, Y '. Y, '..c 3
. g



VISIBLE ‘“DARK PHOTONS”

107 1]
: KLOE
5 : HADES ~ KLOE | BaBar
10 “’50/.% ENIX 7
i ay,iZUfavorelEle A
60
10 E774
1077
1078 E141
107°
1070
; Orsay U70
10—11 ] L IR
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Me+

Recent accelerator
experiments have
tested interpretation
of muon g-2
anomaly from dark
photon — if it
decays visibly!
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VISIBLE “DARK PHOTONS”

10~
107°
107°
107’
107°
1077

10—10

10~
10™

“Thermalized” Core:

Baryon feedback?
DM self-interaction?

“Cold” Cusp:

Standard DM Expectation

Motivates further DM
studies with QCD-sized
self-interactions

9 Jesse Thaler: APS 2017 |

__.*

Hints from
measured

saaasl " sassul
10-2 10

structure for DM

self-interactions



VISIBLE “DARK PHOTONS”
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2-loop mixing is expected!




VISIBLE ‘“DARK PHOTONS”
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Mixing in Grand
Unified Theories

sub-GeV mass scale
compatible with
epsilon magnitude
coupling to SM Higgs
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VISIBLE ‘“DARK PHOTONS”

107
1077

107

Early universe thermal freeze-
out cross-section bounded by
DM abundance

X A[ e—l_
X co
2 m;
OU ~ Op€E X o
mA,

For part of DM-A’ mass range,
provides a lower limit on
mediator coupling vs mass!
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NEAR FUTURE OPPORTUNITIES!

US Cosmic Visions: New ldeas in Dark Matter 2017
arXiv:1707.04591 [hep-ph]

T Incredible progress expected
f Aol ey . with next round of small-scale
10'5r 350 o ATF;th "% experiments
I a, 2Ufa\/ored ]
107°  en . NN” l I * GUT-level coupling
B e (\k\«\ \ /\}/ )’“ N * well-motivated mass range
107/ g [ * thermal dark matter region
W : VIVAPS Thos 5ab' | of interest
1078 e : * (not discussed) BeS,
o EDGES...
1077 -
i LHCb ]
10~10 - Program is multi-purpose —
Orsay/E137/CHARM/U70 Pre—2021 Wi" uniquely test many
1071 e models beyond kinetic mixing
10 10 10 1 and beyond vector mediators!
my [GeV]
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DARK SECTORS AT JLAB: 2019

Two Jefferson Lab experiments that address dark matter/dark
sector physics goals have upcoming runs in 2019!

APEX — “A Prime EXperiment"” in Hall A (February-March run!)

HPS — “Heavy Photon Search” in Hall B (June-August run!)

I’ll describe the approach common to these experiments first
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DARK SECTORS AT JLAB: 2019

Signal
Z

-2~
(a)

A' production

Bethe-Heitler trident

‘1/1@_._.
f

b e

f

Radiative trident A
| v ¢< |

Wide-angle bremsstrahlung

Pair photo-production

(c)

Signal process occurs via
A’-emission off beam
electron scattering on
high-Z target

Kinematically irreducible
backgrounds originate
from “trident” reactions
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DARK SECTORS AT JLAB: 2019

§ Signal
Z

¥ ~ (=) (narrov [
A pI‘OdL(lC[ion ( E ) | narrow)
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—
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3/2
Vim,.m, my,.
~ Max , ,
| 0 0 .
(rates before angular cuts)
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30_ A' (a'/a=3 10 1 .
25¢ ;
'z . :
Z 20} ‘:
0 15} QED Background/10? <
10} :
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A" beam
A’ products carry (almost) full beam energy

N
W
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g
=
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LAy
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Electron momentum (GeV)

Background vs. Signal Kinematics

A' events
Background
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s

O :

wa ” . Y
” % S
) O xSl

Yoy

Q Q.
5 i o

e
. L'l_{»
)
T
\ R "‘\C

[
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Signal and background
peaked at opposite ends

of phase space! -



APEX @ JLAB: 2019

Experimental Setup

Beam

Electron, P = E0/2

Septum

Y,
7

////%??/
77 ///
left

Target

Electron momentum (GeV)

Positron, P = E0/2

Background vs. Signal Kinematics

A' events
Background

{ ,H'.{_‘- e
e T
0. 5 1 .O 1 . 5 2-0 2 .5
Positron momentum (GeV)

A

Spectrometers

g .’"
’,v:" :‘ ;-
" Ty

HRS detectors

N

\

Approach: Detect narrow (signal)
resonance in electron-positron
pairs above smooth trident
background near the energy
endpoint

Symmetric kinematics well matched
to maximizing signal to background
40



APEX @ JLAB: 2019

Experimental Setup

Electron, P = E0/2

N\

7Y
/

7
77

Septum e~ // HRS detectors
I
— |
\L‘\ 73
/ \
Target €’

N\

Positron, P = E0/2

2

Beam
0.5x5 mm -

0.015 mm thick
2.5 mm wide W ribbons

Project led by Silviu Covrig and team!

D> 1.5 mm/sint .
min

Good mass resolution requires
minimal scattering in target!

Target:

> multiple foil target allows to achieve high

rate and good (A') mass resolution while
keeping multiple scattering to a
minimum;

» such design of the target provides wide A'

mass range for each fixed beam energy;

» by using high-Z targets (tungsten and

tantalum) we maximize the production
rate of electron/positron pairs as
compared to pions.

Electrons

Angular
acceplance

Positrons



APEX @ JLAB: 2019

Experimental Setup

Electron, P = E0/2

Septum

HRS detectors

Measuring 100’s of MeV mass
range requires forward kinematics

At same time, want relatively high
energy electron-positron energy
(compared to beam) to avoid
potential hadronic backgrounds

New septum:

> allows registration of small-angle e'e” pairs in HRS;

» provides operation for full momentum range of the
experiment (up to 2.2 GeV);

> has a good magnetic shielding of the beam line.

Project led by collaborators at Carnegie Mellon,
NCCU, Cal State LA, Perimeter, Stony Brook, UVA,
Rutgers, Hebrew University




APEX @ JLAB: 2019

Experimental Setup
Electron, P = E0/2 \\\\

Septum

HRS detectors
W,
Beam %///

SciFi (Scintillator Fibers hodoscopes):

> with 8.8 cm x 10.3 cm active area in front of
Septum Magnet SciFi will allow optics
calibration to 0.1 mrad precision;

» makes possible HRSR optics calibration
without change of HRS polarity.

Light Guide

64 scintillation fibers:
32(V) and 32(H) directions =i
Size: 8.8(H) x 10.3 (V) cm® ‘
Fiber ® — 1 mm

Readout
Electronics

Recent efforts led by U. of Glasgow, Andrew
ncalll Moyer, Toshiyuki Gogami, and many others
The pictures are taken from Toshiyuki Gogami, Hall A weekly meeting over paSt several yearS! 43




APEX @ JLAB: 2019

Experimental Setup

Electron, P = E0/2 \\\ m \' : /
Septum - / HRS detectors |
Beam E T
| ,-"
—
_—
Target

N\

e //// VDCs are used for tracking;
Cerenkov and calorimeter are used
for particle identification;
s2m is used for trigger and timing.

Demonstrated that HRS has up to 5 MHz Rate operation
capability with on-line coincidence 20 ns.
e'e invariant mass resolution is ~0.5%.

Many thanks to recent efforts from Florian Hauenstein, Alexandre
Camsonne, Bob Michaels, Evan McClellan and other tritium
collaborators
44



APEX @ JLAB: 2019

Test run (2010): concept & technical 2019 Physics Run (2/7 - 3/13): start with a
demonstration; weekend run achieved single 2.2 GeV run configuration to deliver first

world-record sensitivity, hlghl)’ cited PRL physiCS results at h|gh statistics.
Focus on mass range below muon threshold to

| N complement CERN LHCDb efforts
Emm \"\ 1 0_4 1
2" Data QED (no - o
geooor efficiency B
" o £ cofr«@ction) 10_5 Bl
o _.:f_':: o LT ‘\.._ t | LHco
:‘gm‘t:—hyi i ot e W w —6; I
& 200! _ A%Claen i ~ " 10 % o
c'c mass |\1\| L <’3
10~/ //\ 3
g : - +
- Begin exploring GUT range of ‘W ; ?;\@\ |
coupling below muon threshold 108 e R
- ef‘ofz,\@ Q- ]
i N
- Explore part of the coupling-mass 1077 o 3
range motivated by thermal DM i |
10
- Aim to go to lower mass in future N ]
’ - 2 -11 ‘ L ‘ . | YN
with low energy runs if possible, or 107 ™ o
9y P 1073 1072 10~ 1

altered kinematics configuration
ma [GGV] 45



APEX @ JLAB: 2019

A' Experiment (APEX) :E12-10-009

Shift Worker | Documents

Information

Run Plan

How To's

e Safety Documents

e DAQ and Trigger

Daily Run Meeting * Pr

Shift Schedule & sign up

Expert Call List

Howrs

Days
Wednesday, Jansary 0
RC: Evan McClellan
Shaw rus plans
Edit run plase
Thursday, Jassary M
RC: Evan McClkllan
Shaw rus plans
Edit run plass

Shaw rua plans
Fldit run nlass

Other Links

e APEX Wiki

e APEX online Replay github

APEX Spring 2019 Shift Schedule

Notes:
Shilt reguirements for ssthondup: We asticipate an APEX sedorship soquirement of 6 shifts during the ran. Ol siifts will harve & weight of 1.5, and all other shults harve weight |

APEX will operate with 2-person shifl coews. Please DO NOT sign up for & "30d" spot - these willl st be counted. You do not noed cryotanpet trsiesng 1o be TO,

IMPORTANT: All abift-talbers et have tabes the repuliar Hall A saficty trasung incladng the hall walk Sroogh SAFL0. If you are sew 1o the lab or to hall A, you ssast plas o
aevive well ahead of tene %0 complete s aining (which will reguise acoess 10 the hall) price 10 your finsd shifl - please comtact spoliespeople for details. AN shult sakiers will also need
%0 spend some time prior to thelr Srvt Wuift petting wned and famdlor with their sosponubilines. Flease contact Victarka Owen (vowen ® Jlab) to asrange this tralnlag Shadowing
2 peevious sull crew for af least 2 Sow bouns prioe to yoor 1at sluft ahwo siroegly escouraged

Your permisuionns in this application
You can sign op for shults
You can sign wp as 2 shift header
You cas sign op a» 3 target operator

Run coordinaten:
Neevanry 23 Febrvary | Evan McOlelun
Febrsary |- Febrwary 6 Ciprian Gal
Febrsary & Febrsary 13 Sasghwa Park
Febrsary 13- Februsy X Shapse L2
Febesary 20 February 27 Cameron Clarke

0000 8500 (Owl Shift) 0800 1600 (Day Shilv) 1400 - 2400 (Swing Shilt)

No Sauft workens soaded

Fantastic response to anticipated shift needs! Still some
shifts left in March!
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DISPLACED VERTICES

4 )

/+

= .+ Pe.

pe+ ___________ —

..... . e
y,

Key capability —
W

precision tracking of
electron / positrons to
detect displaced decays

Allows sensitivity to
very weak couplings
with ~cm decay vertex
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HPS @ JLAB: 2019

ECal

Silicon Vertex
Tracker

™

Compact e e spectrometer,
immediately downstream of thin
target in multi-GeV beam in Hall B.

* Low-mass, high-rate (up to 4
MHz/mm?) silicon tracker (SVT)
allows vertexing long-lived A’.
SVT must suppress SM tridents
from target by factor ~10’

* PbWO4 ECal trigger eliminates
|0’s MHz scattered single e

Short engineering runs in
2015 (1.7 days) and 2016 (5.4 days)
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HPS @ JLAB: 2019

Silicon Vertex

Tracker -

49



HPS @ JLAB: 2019

arXiv:1807.11530 [hep-eXx]
Phys.Rev. D98 (2018) no.9,091101

) 2015 Resonance Search

2015 Displace

1073

8

.8

N, 106

-

unconstrained z vertex Imm]
o v

1077 20
40.
2015 Engineering Run |
1078 I o' 1,5 s Leaaadeassl
w A A Add A A o
10-2 10-1 0 001 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1
A’ Mass (GeV) unconstrained mass [GeV]

10°

m remm

doo 80 80 <40 20 0 20

d Vertex Search

AT |

unconstrained z vertex [mm]

No new sensitivity for minimal dark photons, but analyses prove concept in advance of physics runs.
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HPS @ JLAB: 2019

arXiv:1807.11530 [hep-eXx]
2015 Resonance Search Phys.Rev. D98 (2018) no.9,091 10

1074
k _ MNIE NienlarAaAdA\N/AreAav CAnr~h

First physics run scheduled for 6/10 — 8/4/2019
8 weeks at 4.55 GeV, = 4 weeks of data = 0.7 C (50% typical duty cycle)

1074 =
. &)
HPS can also discover ™
107° .
True muonium (ortho)!
10°° L%w
1 7 B [ S » f‘r\ 5
10~ : > < >
i S e
) Q <
1078
10°° T o >
5™ .
10—10 ~— 4 Weeks @ 2.2 GeV "? @" ;
—— 4 Weeks @ 4.4 GeV = %
W 2015 Engineering Run - 1.7 PAC Days ;
10‘16 -3 102 10~} 10° 4
A’ mass (GeV)



DARK SECTORS AT JLAB: 2019

Two Jefferson Lab experiments that address dark matter/dark
sector physics goals have upcoming runs in 2019!

APEX — “A Prime EXperiment" in Hall A (February-March run!)

HPS — "Heavy Photon Search” in Hall B (June-August run!)

Exciting data expected this year!
Still plenty of room to get involved
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ORGANIZING THE PHYSICS

(VECTOR KINETIC MIXING AS AN EXAMPLE — MOST MODELS WORK SIMILARLY)

DM and Mediator Production

JLab and other efforts
in US as well!

A
Contact operator

DM production
y (off-shell A’)

heavy

Resonant DM

production
S (on-shell A’)

o
5

Visibly decaying mediator;
Near-threshold DM production
(off-shell mediator)

Dark matter mass

Search for both the mediator A’
ﬁ
and DM 1itself!



LIGHT DARK MATTER SEARCHES
AT BEAM DUMPS

Dark Matter interacts weakly

= passes through anything!

beams too!

Beam Dump Detector
Produce DM through o TR scattering
the portal... downstream
7,9 X
Izaguirre, Krnjaic,
Schuster & NT A’
PRD.88.114015 and
1403.6826 € = ~€

53


http://dx.doi.org/10.1103/PhysRevD.88.114015
http://arXiv.org/abs/arXiv:1403.6826

BEAM DUMP EXPERIMENT @ JLAB

BDX (parasitic behind JLab Hall A dump)

P‘“TA dump location - today

m
te 50cm

concrete

]p\’i’“""" i l\

660cmiron  BpDX
Sy See: arXiv:1712.01518

Hall A beam
dump

Hall A Beam Dump / C1

4500
§ = Vertical overburden = 10.0 mwe
> - Dirt donsity = 1.7 glem’
Concrete density = 2.7 glem’ 13 R _ _
- 80X Mﬂo:::m '.‘::- 250 m) ; Leptophlllc DM) MOSt Conservatlve' a,D - 0'59 mA = 3 mX - Fermion DM, Above LSND Threshold, m, = 68 MeV, ap = 0.1
1000~ 100n « 700 am, Weighte404 t 107"} /44
Grade level = 762 cm above beamline 7
- Grece wvel /
Dump 10 detector » 2064 om 10-4
10—8 L
<t 1075
~
----- AR < 107°
SO
a1 % .
‘ ‘ ’ S T \7& 4 BDX@JLab
~ -0 Sy T WV 102 EOT
F D ' A 8 C Q 10 ; N 3,10, 20 events
e ¢ 10~ . . . =
- PR | ISR | S 0.05 0.10 0.50 1
0 500 1000 1500 2000 2500 N\U my (GeV)
Z (cm) _11
I 10
>

1012 = BDX@JLab

New sensitivity to dark o EUEKIT
matter production! my [MeV]
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CONCLUSIONS

Testing the dark sector idea is a critical step in our
broadening effort to understand the particle nature of
dark matter

® Sharp science case with vibrant community

® Important and well-defined parameter space
sensitivity milestones (i.e. thermal dark matter, GUT

strength couplings, DM self-interactions...)

®* Dedicated “dark force” experiments (APEX & HPS)
collecting their first signifiant data in 2019!

e Lively activity towards future experimental efforts to

produce dark matter in electron beams



