
DPF Core Principles and Community Guidelines 
(CP&CG)

• By participating in this meeting, you agree to adhere to the CP&CG
• Respect and support community members
• Commit to constructive dialogue and take initiative
• Details of what this means, expectations for behavior, and accountability 

procedures are provided in the CP&CG document linked at:
https://snowmass21.org/cpcg/start

• Everyone is invited to invoke the CP&CG as needed to encourage 
constructive and supportive collaboration

• The conveners of this meeting are your recommended first point of 
contact for reports of CP&CG violations occurring here
• The conveners have received training in the CP&CG and how to handle reports
• The CP&CG accountability procedure is designed to encourage early 

intervention and is flexible enough to appropriately address issues ranging from 
the discourteous to the egregious  

• Please do not hesitate to contact us!

• Snowmass is most successful when everyone’s voice can be heard!

Recording

Fermilab would like to record 
this session.
In order to do so they need 

verbal consent from 
presenters/panelists that 
they agree to be recorded.
For the recordings to be put 
on a public website in the 
future will also need a 
written consent form signed.

Do the panelists and 
organizers agree to be 

recorded?



Snowmass Community Planning Meeting 
Breakout Session #140

Future Medium to Ultra-high-energy 
Gamma-ray Detectors

Joint Session between 
Cosmic Frontier 7: Cosmic Probes of Fundamental Physics (CF7)

and Instrumentation Frontier 2: Photon Detectors (IF2)
Session Co-organizers: Jim Beatty, Ke Fang, Kirsten Tollefson

October 6, 13:30-14:30 CT,  Zoom Room #14 



Agenda

• Introduction – 5 min
• Session Organizers: Jim Beatty, Ke Fang, Kirsten Tollefson

• Panel on MeV to EeV gamma-ray detectors – 25 min 
• Discussion – 25 min
• Summarize Plan – 5 min



Letters of Interest (LOIs)

• Total of 1,574 LOIs by August 31, 2020 with 
Cosmic Frontier >250 and  Instrumentation 
Frontier ~200
• 140 LOIs reference CF7 with 71 listing CF7 as 

primary 
(32 theory based, rest on experiments/detectors)

• By messenger type:  
• 30 gravitational waves 
• 22 cosmic rays 
• 35 neutrinos 
• 45 photons/gamma rays

Primary Frontiers
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Other Joint 
Sessions that 
Overlap with 

CF7 LOIs
(Sponsored by 
CF7 conveners)

• #003, Tue 11:00-11:30, zoom 03, Cosmic Frontier Introduction

• #072, Tue 11:30-12:30, zoom 14, Dark energy origins, light relics (+ primordial GWs),

• #074, Tue 13:00-14:30, zoom 13, Atomic to Cosmic: Wave Dark Matter and Beyond

• #077, Tue 11:30-12:30, zoom 03, Quantum sensors for wave and particle detectors

• #097, Tue 15:00-16:00, zoom 02, Neutrinos as Probes of SM & BSM Particle Physics

• #127, Tue 14:00-16:00, zoom 01, Searches for dark sectors

• #136, Tue 11:30-12:30, zoom 13, Heavier particle dark matter >10 GeV

• #139, Tue 12:30-13:00, zoom 14, Testing LCDM cosmology at low- and high-
redshifts

• #140, Tue 13:30-14:30, zoom 14, Future Medium to UHE Gamma-ray Detectors

• #141, Tue 15:30-16:00, zoom 06, Gravitational-wave source modeling

• #145, Tue 11:30-12:00, zoom 17, Ultra-dense nuclear matter & QCD phase 
transitions

• #075, Wed 13:00-14:30, zoom 03, Cosmic probes of dark matter physics,

• #137, Wed 13:00-14:00, zoom 14, High and Ultrahigh Energy Neutrino Experiments

• #138, Wed 14:00-15:00, zoom 14, Synergy of Astroparticle Physics and Collider 
Physics

• #148, Wed 13:00-14:00, zoom 13, Future gravitational-wave facilities

• #203, Wed 15:00-16:00, zoom 03, Cosmic Frontier Planning

CF7 covers cosmic probes of fundamental 
physics topics beyond Dark Matter and 
Dark Energy using gravitational waves, 

cosmic rays, gamma rays, and neutrinos, as 
well as their combined studies to facilitate 
the multi-messenger science. It also covers 
various tests of 𝛬CDM using high and low 
redshift observations and the potential of 

standard siren cosmology to address 
existing tensions in the data.



Snowmass 2013 Cosmic Frontier Report
https://www.slac.stanford.edu/econf/C1307292/docs/CosmicFrontier.html

Frontier Reports 
Frontier Summary 
(20-50 pages)

Topical Group Reports 
(20-50 pages per TG)

Contributed Papers as     
References

Executive Summary
(~50 pages) Intro + few pages 
from each Frontier

Report Structure from 
Snowmass 2013 



Preliminary Snowmass Timeline / Process

Snowmass
Report

Community Meeting
(APS April Meeting)

Community Summer Study (CSS)
July 11-20, 2021 + DPF 2021 

(UW Seattle)
TGs: effort on consolidation, coordination 
& solicitation, leading to studies & 
Contributed Papers

TGs develop their key questions and opportunities

TGs produce outlines of their reports
(TGs: communication with authors of Contributed Papers)

Frontiers/TGs produce Preliminary Frontier Reports
Community feedback on Preliminary Frontier Reports

Starting point for discussion with the community during CPM

Meetings & Workshops (10 Frontiers & 80 Topical Groups)       +      Contributed Papers

Nov.
2020

Dec.
2020

Jan.
2021

Aug.
2021

Jul.
2021

Mar.
2021

Feb.
2021

Jun.
2021

Oct.
2021

Apr.
2021

Sep.
2021

May
2021

Snowmass CPM: 2020-10-05 Young-Kee Kim (U.Chicago), DPF Chair, for the Snowmass Organization Team 7

Build consensus on key questions / opportunities of particle physics,
enabling technologies, and community engagement; 

Formulate the content of the Snowmass Executive Summary

Frontiers/TGs produce Final Frontier Reports
Steering Group produces Preliminary Executive Summary

Community feedback on Prelim. Exec. Summary
Snowmass Draft Report and Review

Snowmass Final Report

CSS

Slide from YKK’s talk on Oct. 5

Goal for Today:
Start discussion on how to 
bring LOIs together into 
contributed “white” papers 



Questions for Discussion

• Are there gamma-ray detectors that we missed?
• Focus on science capabilities and synergies, complementarities 

between experiments
• What science advances can be driven by future observation of MeV, TeV and 

EeV photons?
• Timeline for the different experiments, possibilities for multi-messenger and 

multi-wavelength observations
• Want to make a matrix of experiments and science opportunities as a function of 

frequency band/messenger type

• How best to organize ourselves over the next 2-3 months so the 
community can start working on their contributed ”white” papers?



The Panel

• Medium-energy  gamma-ray detectors 
• AMEGO – Carolyn Kierans
• Liquid Argon Time Projection Chamber – Tom Shutt

• High-energy to Very-high-energy gamma-ray detectors
• CTA – Jamie Holder 
• SWGO – Andrea Albert 

• Ultra-high-energy photon detectors
• Auger – Marcus Niechciol

Each panelist will have 5 minutes:



Carolyn Kieransa on behalf of the AMEGO Teamb 
aNASA/GSFC, bhttps://asd.gsfc.nasa.gov/amego/ 

Snowmass 2021 Community Planning Meeting, Session #140 
October 6th, 2020

https://asd.gsfc.nasa.gov/amego/


C. Kierans, NASA Goddard | Snomass2021 CPM, Oct 6th, 2020  2

AMEGO is a Multimessenger Observatory
Gamma-ray observations played the critical discovery role in all 

major multimessenger discoveries in the past half decade 

Gravitational Waves + gamma rays:  
Identified the first counterpart  
to a gravitational wave event

High energy neutrinos + gamma rays: 
Identified the first source 
 of high energy neutrinos  

outside the galaxy

Measuring fundamental 
parameters of spacetime

Discovering one of the most extreme 
accelerators in the universe

From stellar mass to supermassive black holes:  
multimessenger sources are gamma-ray sources

J. McEnery et al. Astro2020

CF LOIs: 046, 121, 122, 143, 151, 176, 182, 214



C. Kierans, NASA Goddard | Snomass2021 CPM, Oct 6th, 2020  3

AMEGO – Instrument Design
Tracker  
Incoming photon undergoes pair production or 
Compton scattering. Measure energy and  
track of electrons and positrons 

•60 layer DSSD, spaced 1 cm  
•Strip pitch 0.5mm 

Segment of DSSD  

tracker

CsI Calorimeter

CsI Calorimeter 
Extends upper energy range 

•6 planes of 1.5cm x 1.5 cm CsI(Tl) bars

Pair  event

Pair  event

e-

Compton telescope ≲10 MeV

Anti-Coincidence Detector
Anti-Coincidence Detector 
Plastic scintillator with SiPM 
readout vetos cosmic ray events

CZT Calorimeter 
Measures location and energy of Compton 
scattered photons, and head of the shower for 
pair events 

•Array of 0.6 x 0.6 x 3 cm  
position sensitive CdZnTe bars 

IF LOIs: 100, 115, 127, 154, 170
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CsI Calorimeter

CsI Calorimeter 
Extends upper energy range 
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GammaTPC: a new liquid argon time 
projection chamber based MeV 

gamma ray instrument

T. Shutt, SLAC

Snowmass CPM, CF7 breakout

10/6/2020

1

D.S. Akerib, S. Breur, M. Buuck, A. Dragone, S.W. Digel, G. Haller, O.A. Hitchcock, R. Linehan, S. Luitz, G.M. Madejski, M.E. Monzani, G. Petrillo, M.J. Pivovaroff, 
T. Shutt, H.A. Tanaka, L. Tompkins, B. Trbalic, and Y.-T. Tsai 



T. Shutt, Snowmass CPM, CF7, 10/6/2020 - GammaTPC 

Why a liquid Ar TPC Compton Camera?

2

• Exciting, largely unexplored energy window 
with significant discovery potential.

• Large area instrument excellent for multi-
messenger 

• Challenge: fine grained read out of large mass

• Time Projection Chamber (TPC)
- Uniform active volume: High fidelity event 

reconstruction, background rejection

- 3D readout with 2D instrumentation: large 
mass with modest power and channel count

• Liquid Ar - optimal target

MeV



T. Shutt, Snowmass CPM, CF7, 10/6/2020 - GammaTPC 

GammaTPC

3

• Design very much in progress

• Multi-level trigger
- Handle high rate with ~200 µs drift

- Reduce power: grids turn on after light signal

• Pixel readout
- Coarse grid trigger allows true pixel readout

- Requires development of new true power-off state

2 m

unit 
cells

field cage

~35 cm 

coarse grid + 
pixel charge 
readout

light readout 
(SiPMs?)+ coarse 
charge

reflective 
sheets

carbon fiber vessel

unit cell

head

1 MeV electron track 

300 µm pitch pixels Pointing vs  position (5 MeV)σ



T. Shutt, Snowmass CPM, CF7, 10/6/2020 - GammaTPC 

Prospects

4

• Initial studies look promising
- Pointing on degree scale or better, depending on E

- Energy resolution ~2% fwhm ∆E/E at 1 MeV 

- Effective area / actual area appears high 

• Significant issues to be address, including:
- Pixel readout, extreme low power electronics

- Liquid noble handling in space

• Leverages 20+ years liquid noble development for DM and 

• Appears worth pursuing as successor to mature Si technology
ν



CTA Slides for Snowmass 
session 140

Jamie Holder, for the CTA Consortium



https://www.cta-observatory.org/about/how-cta-works/

Northern site: La Palma
Phase I: 4 Large, 5 Medium
Baseline: 4 Large, 15 Medium

Southern Site: Paranal, Chile
Phase I: 15 Medium, 50 Small
Baseline: 4 Large, 25 Medium, 70 Small

Energy range: 30 GeV to 300 TeV
Sensitivity improvement: ⨉5 to ⨉20 (mCrab)
Angular resolution: 3 arcmin at 1 TeV
Energy resolution: 7% at  1 TeV

https://www.cta-observatory.org/about/how-cta-works/


https://cta-psct.physics.ucla.edu/

U.S. group’s planned contribution:
• ≥10 Medium-sized Schwarzschild-Couder telescopes.
• Ground-breaking new design.
• Prototype in operation at VERITAS site.
• First source detection recently announced.

https://cta-psct.physics.ucla.edu/


CTA Key Science

https://arxiv.org/abs/1709.07997

• Axion-Like Particles
• Lorentz Invariance Violation
• Extragalactic background light
• Intergalactic B-fields

• Dark Matter 
studies

• Galactic Centre Survey
• LMC Survey
• Galaxy Clusters

• Galactic Plane Survey 
• Transients 
• PeVatrons
• Star Forming Systems
• Capabilities beyond 

gamma-rays

• Extragalactic Survey 
• Active Galactic Nuclei

• Electron/positron spectrum
• Multimessenger science
• Synergy with aLIGO, IceCube Gen2, 

Rubin Observatory, Fermi Space 
Telescope, AMEGO, SWGO, Auger, 
etc…

https://arxiv.org/abs/1709.07997


Slide from U. Barres Centro Brasileiro de Pesquisas Físicas | CBPF (2020)



Slide from U. Barres Centro Brasileiro de Pesquisas Físicas | CBPF (2020)

Science Case White Paper arXiv:1902.08429



Slide from U. Barres Centro Brasileiro de Pesquisas Físicas | CBPF (2020)
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Hybrid Detection of Air ShowersHybrid Detection of Air Showers

[6 of 30]

The Pierre Auger Observatory

• 1660 water Cherenkov detector
stations, spread out over 3000 km2

(Surface Detector, SD)
• 27 fluorescence telescopes

(Fluorescence Detector, FD)
• Taking data since 2004, currently

undergoing a major detector
upgrade (AugerPrime)
• Plastic scintillators on top of

each SD station
• Radio upgrade
• Main goal: enhance

composition sensitivity M. Niechciol (University of Siegen) for the Pierre Auger Collaboration, 6 October 2020



Ultra-high-energy (UHE) photons at Auger: (some) scientific goals

possibility of complex chemistry if the electroweak scale was too far from the confinement scale of QCD27.
In this case, there would no longer be any real reason for DM to be linked directly or indirectly to the
electroweak scale. Although the structure formation constrains the DM density, it leaves a “carte blanche”
for the mass spectrum of DM. The dark sector would be as natural as possible if the DM scale is related to
the Planck scale or to the GUT scale.

Figure 1: Constraints on the mass and lifetime of
super-heavy DM particles from the absence of UHE
photons (green) and from the absence of CR with en-
ergy above 1020.2 eV (blue). The allowed region lies
above the curves. For illustration purpose, the 95%
CL upper limit on mass obtained from the possible
value of the Hubble rate at the end of inflation for a
reheating efficiency of 1% (10%) is shown as the ver-
tical dashed (dotted) line11.

SHDM particles that are only gravitationally
coupled could have been produced at the end of in-
flation via the “freeze-in mechanism”28–30, which
relies on annihilations of the standard model parti-
cles to populate the dark sector. An interesting con-
sequence is that, so as to produce enough such very
feebly coupled heavy particles, the reheating tem-
perature must be relatively high, which implies a
tensor/scalar ratio of the primordial modes possibly
detectable in the power spectrum of the CMB. The
limits inferred from the Planck satellite on this ratio
thus constrain the possible phase space for the mass
of the particles and the value of the Hubble rate at
the end of inflation25. The corresponding 95% CL
upper limits on the mass of SHDM, obtained from
the Hubble rate at the end of inflation not to over-
shoot the CMB bounds on tensor modes, are shown
as the vertical dashed and dotted lines in Figure 1
for reheating efficiencies of 1% and 10%, respec-
tively11. They are complementary to those obtained
from the upper limits on UHE-photon fluxes. Con-
versely, the absence of photons can be combined
with cosmological models and data to constrain fur-
ther the Hubble rate at the end of inflation as a func-
tion of the particle lifetime.

Alternatively to the freeze-in mechanism to produce super-heavy DM particles, it is worth noting that
a thermal freeze-out production could also be at play. Dynamical DM has been proposed, where different
dark-matter components can interact and decay throughout the current epoch31,32. On the other hand, an
annihilation rate that is exponentially enhanced relative to standard WIMPs could indeed be taking place if
an additional hidden sector exists, through a co-annihilation with the lighter slightly-unstable hidden-sector
species33. In this case, DM decouples once the number density of the lighter species is sufficiently diluted
by Hubble expansion, effectively delaying freeze-out. Then the search for UHE photons can also be used to
constrain the parameter governing the decay of the lightest state in the hidden sector into visible-sector final
states.

Summary. It is now beyond doubt that accelerated particles by electromagnetic processes in astrophys-
ical sites are responsible for the bulk of UHECRs. Yet a sub-dominant component could come from decay
products of SHDM particles. The continuous hunt for UHE photons with current and future UHECR de-
tectors could thus lead to a serendipitous discovery of DM. The sensitivity to such a scenario is growing
through, mainly, the bounds on UHE photons and the highest-energetic particles. The constraints are being
more restrictive and the allowed parameter space is shrinking.
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• Pose constraints on the origin of UHE cosmic rays and the properties of their sources in conventional bottom-up
models: expected flux of cosmogenic (GZK) photons depends on e.g. primary composition and source properties

• Constrain exotic top-down models for the origin of UHECRs: Super-heavy dark matter (SHDM) provides a  link 
between cosmology and astroparticle physics, relating the expected flux of UHE photons to the lifetime-and-mass
parameter space of SHDM particles

• Test new-physics scenarios, e.g. Lorentz invariance violation

Auger Letters of Interest related to UHE photons:
SNOWMASS21-CF7_CF3-NF4_NF0_Jaime_Alvarez-Muniz-140
SNOWMASS21-CF1_CF7-203

Extension to lower energies!
M. Niechciol (University of Siegen) for the Pierre Auger Collaboration, 6 October 2020
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