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What is a dark sector?



Where could new physics be?
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Where could new physics be?
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Where could new physics be!
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What is a dark sector?

Definition from Snowmass RF6 group: Dark Sector Studies at High Intensities
see Brian Batell’s talk at Seattle Snowmass Summer Meeting 2022

set of new particles, which do not experience known forces

weakly coupled to visible sector through a mediator or “portal*

dark quarks?
dark forces?

dark
higgs?

dark leptons?

Visible Sector Dark Sector


https://indico.fnal.gov/event/22303/contributions/245697/

Example: dark photon portal.

visible sector dark sector
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Example: dark photon portal.
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Example: dark photon portal.

visible sector dark sector
portal
interaction
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renormalizable portals

Other popular portals.

visible sector
visible sector

visible sector

visible sector

vector portal
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dark sector




What do we care about dark sectors?
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Motivation: dark matter.
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thermal freeze out:

QDM ~ 1/<O’?)> ~ m2/g4

SM

/ .

100
x=m/T (time -)

[TASI 2008 Lectures on Dark Matter
By Dan Hooper: 0901.4090]
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https://arxiv.org/abs/0901.4090

Motivation: dark matter.
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2 Motivation: dark matter
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Interaction Strength
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Motivation: dark matter
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Motivation: anomalies.

Dark Sector Candidates, Anomalies, and Search Techniques
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[US Cosmic Visions report: 1707.04591]



https://arxiv.org/abs/1707.04591

Motivation: Be8 and He4 anomalies.
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https://arxiv.org/abs/1504.01527

Motivation: Be8 and He4 anomalies.

SBe* ®+§ |
(y X Ly e
@ wwm%@

o U

ATOMKI PAIR

[y

IPCC (relative unit)

| "Li(p,e*e) Be|

a): Ep= 1.20 MeV
b): E= 1.10 MeV
¢): E =1.04 MeV
d): E,= 0.80 MeV

PRRPURTUN (NS S SRS ST S S S SN SRS NS S

SPECTROMETER

SBe

Coun

2019: also excess
in He decays

[ATOMKI,
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https://arxiv.org/abs/1910.10459
https://arxiv.org/abs/1504.01527

Motivation: Be8 and He4 anomalies.
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Possible solution: new photophobic
vector boson with |7 MeV mass

[Feng et al, 1608.03591]
[Feng et al, 2006.01 I51]
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https://arxiv.org/abs/1910.10459
https://arxiv.org/abs/2006.01151
https://arxiv.org/abs/1608.03591
https://arxiv.org/abs/1504.01527

How can we look for them in the lab?



How to test dark sectors in the lab?

Simple Model: dark matter charged under U(l)o

€ 1 _
S FMFL, — omiy A® —mux® + epx A

LD 5

phenomenology depends on masses

mA’ > 2mX: MA’ < 2mX: mA’ = 0:
A 5 XX A — SM SM milli-charged X

many possible sighatures



Sighature with invisible decays.

—

missing energy scattering



Sighature with invisible decays.
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https://arxiv.org/abs/2207.00597

Complementarity to Direct Detection.

» Direct Detection of Sub-GeV DM
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[Snowmass RF6, Dark Matter Production at Intensity-Frontier Experiments: 2207.00597]


https://arxiv.org/abs/2207.00597

Sighature with visible decays.

prompt resonances long-lived particle

CT <<m CT >>m



Signhature with visible decays.
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https://arxiv.org/abs/2207.06905

Sighature with visible decays.
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https://arxiv.org/abs/2203.05090

Signatures of Millichared Particles.
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https://arxiv.org/abs/1607.04669
https://arxiv.org/abs/2010.07941

Who is looking?



Experiments and Facilities
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https://arxiv.org/abs/2206.04220

FASER: Idea.

The LHC produces an intense and strongly collimated beam
of highly energetic particles in the forward direction.

10" 10, 10"® n, 10" D, 10"3 B within 1 mrad of beam

Can we do something with that?

LHC tunnel

Central Region
H, t, SUSY

SM Physics: ve, vy, vT

Forward Region
mm, K, D



FASER: Location.

Two new experiments will exploit this potential during run 3 of the LHC:
SND@LHC and FASER.

FASERvY will come

£

#°  FASER spectrometer
“With 0.55T magnets

Scattering and Neutrino Detector |
at the LHC :




FASER: First Events.

Run: 7733

r r __J
_r. ﬂSﬂﬂ Event: 214231
2022-07-05 16:42:03
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y 4 r 4
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Run 3 officially begun
\ event display from first collisions at |13.6 TeV

T. Bockh, D. Casper 2022



The Forward Physics Facility.

FASER and SND@LHC are highly
constrained by 1980’s infrastructure
that was never intended to support
experiments

i scattering and Neutrino Det

CAVERN
ST1395416_01

The proposal: create a dedicated Forward
Physics Facility (FPF) for the HL-LHC.

ACCESS TUNNEL
ST1395417_01



The Forward Physics Facility.

The FPF would house a suite of experiments that will greatly enhance the LHC's
physics potential for BSIV physics searches, neutrino physics and QCD.

FASER2 FASERv2 FORMOSA
magnetized spectrometer emulsion-based plastic scintillator array
for BSM searches neutrino detector for BSM searches
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B Planfiew - Cavern
1:100
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electronic LAr based

neutrino detector neutrino detector



The Forward Physics Facility.

FPF workshop series:
FPF1, FPF2, FPF3, FPF4

FPF Paper:
2109.10905
~75 pages, ~80 authors

Snowmass Whitepaper:
2203.05090
~450 pages, ~250 authors

4th Forward Physics Facility Meeting

31 January 2022 to 1 February 2022

Europe/Zurich timezone Q
Overview
Call for Abstracts Starts 31 Jan 2022, 16:00 There are no materials yet. pod
= Ends 1 Feb 2022, 21:00
Timetable

Contribution List

The Forward Physics Facility (FPF) project is moving forward!
My Conference

At the 4th Forward Physics Facility Meeting we will discuss the facility, experiments, and physics goals of the
proposed FPF at the HL-LHC. The meeting takes place just before the completion of the FPF Snowmass White
Book of Abstracts Paper and will provide an opportunity to summarize the current status of the White Paper and the final steps in its
preparation. The whole event will be held online.

My Contributions

Registration
The Zoom links are:
Participant List Plenary sessinns (hoth Mondav and Tuesdaw)- https://uci.zoom.us/j/91591021575

The Forward Physics Facility:

{u-live.zoom.us

s 5 & . {QnRzTjlpdz09
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Yasaman Farzan,2® Jonathan L. Feng,26:t Max Fieg,26 Patricl on the Future of Particle Physics (Snowmass 2021)
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Kumar,2 Kevin J. Kelly,* Felix Kling,2%47-§ Rafal Maciula,
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Yu-Dai Tsai,?® %€ Douglas Tuckler,% Martin W. Winkler,” Kepin

The Forward Physics Facility (FPF) is a proposal to create a
infrastructure to support a suite of far-forward experiments at

during the High Luminosity era. Located along the beam collis The FOI'Ward PhySiCS Facility
the interaction point by at least 100 m of concrete and rock, the E
that will detect particles outside the acceptance of the existing li at the High-LuminOSity LHC

will observe rare and exotic processes in an extremely low-backgr
work, we summarize the current status of plans for the FPF, ir
civil engineering in identifying promising sites for the FPF; the 1
envisioned to realize the FPF’s physics potential; and the many
physics topics that will be advanced by the FPF, including scare
probes of dark matter and dark sectors, high-statistics studies of

High energy collisions at the High-Luminosity Large Hadron Collider (LHC) produce a large
number of particles along the beam collision axis, outside of the acceptance of existing LHC ex-
periments. The proposed Forward Physics Facility (FPF), to be located several hundred meters
flavors, aspects of perturbative and non-perturbative QCD, anc from an LHC interaction point and shielded by collcrctg and rock, will host a suite of cxpcl‘riments

physics. tn.probc standard l}lodel processes and sca‘rclh for l})h)'s}cs beyond the standard.modcl (BSM). In

this report, we review the status of the civil engineering plans and the experiments to explore

the diverse physics signals that can be uniquely probed in the forward region. FPF experiments

will be sensitive to a broad range of BSM physics through searches for new particle scattering or

decay signatures and deviations from standard model expectations in high statistics analyses with

TeV neutrinos in this low-background environment. High statistics neutrino detection will trace

back to fundamental topics in perturbative and non-perturbative QCD and in weak interactions.

Experiments at the FPF will enable synergies between forward particle production at the LHC and

astroparticle physics to be exploited. We report here on these physics topics, on infrastructure,
detector and simulation studies, and on future directions to realize the FPF’s physics potential.
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https://indico.cern.ch/event/1110746/
https://arxiv.org/abs/2109.10905
https://arxiv.org/abs/2203.05090

The Forward Physics Facility.
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https://arxiv.org/abs/2203.05090

The Forward Physics Facility.
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https://arxiv.org/abs/2203.05090

Summary.

What is a dark sector?

- set of new particles, which do not experience known forces
- weakly coupled to visible sector through a mediator or “portal”

Why are we interested in dark sector?
- dark matter, other theoretical puzzles, experimental anomalies

What can laboratory experiments do?
- intensity frontier experiments probe small portal couplings
- upcoming experiments have great potential to discover dark sectors

— Next decade will be exciting



