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‘G;ifr'mt, Outline
« Dark matter & dark matter candidates

» Types of dark matter searches and complementarity

Indirect searches for weakly-interacting massive particles (WIMPs)
« Astrophysical backgrounds
» Types of limiting factors for search sensitivity

Current & planned instruments

Selected WIMP search targets
« Summary of search sensitivity and limiting factors

Summary & Conclusions



DARK MATTER AND DARK MATTER
CANDIDATES
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Cosmological Constraints on Dark Matter
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» No Standard Model particle matches the known properties of dark matter
« Many candidate particles have been proposed:

* |n this talk | will focus on WIMPs

« Current instruments also sensitive to axion-like particles, primordial black
holes, Q-balls
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 What we observe are stable final-state annihilation products
« Charged particles (e*,e",p,anti-p) diffuse in the Galactic magnetic field
* Neutral particles (y, v) travel directly to us
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@ss, ermi WIMP Dark Matter as a Thermal Relic
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« The calculation of the thermally averaged cross-section <ov> needed to
obtain the relic density is robust and gives <ov> ~ 3 1026 cm3s-"

« At that cross-section limits start to put constraints on model space
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«?m Role of Indirect Detection Dark Matter Searches
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Compared to collider searches: indirect detection is sensitive to high
mass scales (particles already exist, stable final state particle spectrum
peaks at ~10% of m,)

Compared to direct detection: indirect detection is sensitive to
annihilation rather than scattering off of nuclei (i.e., more sensitive when
% couples more to heavy quarks and vector bosons than to light quarks

and gluons)



INDIRECT SEARCHES FOR WEAKLY-
INTERACTING MASSIVE PARTICLES
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Note: J-factor includes distance, i.e., J-factor would decrease by four if a
point-like source were twice as far away

Note: the key factor of 1/mX2 is b/c we express the J-factor as a function
of mass density (which we can measure), not number density
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@, ermi Dark Matter Search Strategies
Satellites Galactic Center
Low background and good Good statistics, but source
source id, but low statistics confusion/diffuse background

Isotropic contributions
Large statistics, but astrophysics,
galactic diffuse background

Dark Matter simulation:
Pieri+(2009) arXiv:0908.0195
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Search Strategies (against the y-ray Sky)

' Galactic Center :
Satellites e Milky Way Halo
Low background and good Good statistics, but source . )
] ] Large statistics, but diffuse
source id, but low statistics confusion/diffuse background

background

; q’&f’i

Spectral Lines |
Little or no astrophysical uncertainties, good

Isotropic contributions
Large statistics, but astrophysics,
galactic diffuse background

source id, but low sensitivity because of
expected small branching ratio Galaxy Clusters
Low background, but low statistics LAT 7 Years Sky > 1 GeV



Astrophysical Backgrounds (GeV)

Diffuse Backgrounds:

« Source Backgrounds:
Cosmic-ray interactions with « Blazars and Active Galactic
dust, gas and radiation fields Nuclel

* Pulsars

« Supernova Remnants
« (Galaxies (starburst galaxies)

Unresolved Sources



Astrophysical Backgrounds (TeV)

TeV sources from TeVCAT: http://tevcat.uchicago.edu/

« Diffuse Backgrounds: « Source Backgrounds:
« Cosmic-ray interactions with « Blazars and Active Galactic
dust, gas and radiation fields Nuclei ( z<~0.5)
» Diffuse spectra softer than * Pulsars
typical source spectra « Supernova Remnants

» Galaxies (starburst galaxies)

 Unresolved Sources
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es.mi  Aside: Limiting Factors for Search Sensitivity

Gar“ma ray

/' Space Telescope

1. Systematics-limited: limited by uncertainties of modeling either the
background or the dark matter target. Additional data will help to the
extent that it improves the modeling uncertainties.

2. Background-limited.: limited by the noise-fluctuations of the background.
Additional data will improve sensitivity as sqrt(N)

3. Signal-limited: limited by the magnitude of the expected signal.
Additional data will improve sensitivity linearly
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s ermi Limiting Factors Feed into Instrument Design
7 Space Telescope
* For systematics-limited and background-limited searches we probably
want to focus first on the background
 Reduce background:

« Better particle type identification (e.g., reduce cosmic-ray
contamination of gamma-ray data)

» Improve point-spread function, reducing area of sky within the
signal target

« Improve understanding / modeling of background
« Reduce modeling uncertainties, constrain intensity of background
* For signal-limited searches we want more data:

* Increase size, efficiency, duty cycle of detector, find more search
targets

18



CURRENT & NEXT GENERATION
INSTRUMENTATION



s ermi High Energy Astrophysics Instruments

Pair-conversion telescopes: Cosmic-ray detectors:
Fermi, AGILE, PAMELA, AMS-02,

Imaging Atmospheric
Cherenkov Telescopes:

HESS, MAGIC, VERITAS, Water Cherenkov
CTA Telescopes:

HAWC, ICE-Cube

Hybrid cosmic-ray detectors:
Auger
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@, ermi Driving Factors in Instrument Development

« Space-based. performance constrained by mass (~< 10000 kg), power
budget (~< 3kW), bandwidth (~< 10 MHz averaged). Must survive launch

(vibrational / acoustic noise), space radiation environment.

» Ground-based: performance constrained by light collection area, array
size and in-fill factor, (air-showers arrays: night-sky brightness)

In both cases we are pushed toward modifying well-established technology
to meet the instrument design challenges & optimize scientific return.
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Gamma-ray
Space Telescope

Effective area (m?)
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on-axis effective area
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The on-axis cross-sectional area of the
LAT is ~2.25 m?

The tracker is 1.4 X, deep: roughly 2/3 of
on-axis y rays convert in the tracker,
giving a maximum effective area of ~ 1.5

m2
Actual effective area is ~1m?
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@, ermi Optimizing Pair-Conversion Telescopes

716.4 g cm™2A
Z(Z 4+ 1) In(287/VZ)

Radiation length sets scale for both /
scattering and pair conversion
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Is there a technology
that allows monolithic
design for > 2x field of
view?
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Differential sensitivity (C.U.)

« CTA design extends energy band-pass by using different types of

10

0.1

0.01

Optimizing Ground-based Telescopes

CTA sensitivity (in units of the Crab flux)

- Array | 50 hours LST —=— /

- 5 sigma MST -

[ SST o i
all —=—

E background and A

- systematics limited rate (=area) limited '

% background limited

telescopes to cover different energy ranges

» Low-energy, need more sensitivity to detect Cerenkov light -> few large

telescopes

* High-energy, need more area to compensate for falling rate -> lots of

small telescopes

25



‘s, ermi Optimizing Cosmic-Ray Detectors

ace Telescope

Large cosmic-ray fluxes, key is particle identification

« Design multiple sub-systems to provide redundant information about
particle charge, momentum, energy

26
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«seomi  Optimizing PSF (Resolution) v. A (Efficiency)
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Celestial background y rays above a given energy inside the PSF
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* Once we are signal limited, efficiency becomes more important than background
rejection

- Signal limited: expect < 1 background y ray inside the PSF
— Background limited: lots of background photons

- we should favor spatial resolution over detection area to allow us to
disentangle complex regions like the Galactic center



/'

3 o Alternate Technologies for Pair-conversion 28
S erml
e, Telescopes
| Gamma Cube design concept
y-ray Optical
Scintillator device Ima{ger
AN
Electron
tracks \\
‘\) \\ : ~

3D tracking: use gas drift chambers or noble liquid TPCs: increase the
density of spatial measurement; e.g., LaRGO, AJEPT.

Tracking Calorimeters: highly segmented scintillator, e.g., HERD.
» Fiber Tracker: scintillating fibers as sensor material, e.g., APT

Active masks / collimators: like coded mask, but rather than try to
shield the sensors against y rays, use an active veto

Solid State Bubble Chamber. imaging the scintillation light from a solid
plastic scintillator, e.g., Gamma Cube
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ity @ Actual system “flight proven” through successful
—_— 1 [E mission operations
TRL 8 Actual system completed and “flight qualified”
b del - through test and demonstration (Ground or Flight)
TRL 7 System prototype demonstration in a space
TeChnOIOgy — environment
Technology |_ i
Demonstration System/subsystem model or prototype demonstration
adopted from _— = — in a relevant environment (Ground or Space)
Other H EP B o Component and/or breadboard validation in relevant
a ppl icationS Developmge‘;“ environment
. Component and/or breadboard validation in laboratory
Comes In here Research to Prove environment
Feasibility Analytical and experimental critical function and/or
| =il characteristic proof-of-concept
Basic Technology | | Technology concept and/or application formulated

Research

Basic principles observed and reported

 NASA has a well-defined R&D program designed to adapt suitable
technologies for space missions

 NASA accepts proposals for technologies at all TRLs

 What is missing is LDRD-type funding to survey existing technologies
and prepare competitive NASA R&D proposals.



WIMP SEARCHES TARGETING THE
GALACTIC CENTER

30



/
@, ermi Observing the Galactic Center

Gamma-ray

/ Space Telescope

LAT Counts: 4 years, 1-100 GeV

Ualacuc lautuae (aeg)
=3

6 4 2 0 358 356 354
Galactic longitude (deg)

0 40 80 120160

« Observations of the Galactic center include strong astrophysical
foreground and backgrounds along the line-of-sight

* Inthe 1-100 GeV energy band these account ~85% of the y-rays in a
15°x15° box around the Galactic center

31



- / c Estimating the astrophysical modeling
oy uncertainties

Gamma-ray

/ Space Telescope

Spectral Excesses w.r.t. diffuse emission model in as a function of Galactic longitude
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« Excess emission w.r.t. standard diffuse emission models peaking
around a few GeV near the Galactic center is well-established

« The interpretation of the excess is not-clear (similar size excesses
attributed to local sources of cosmic rays are present elsewhere)
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«s..rmi DM Search targeting GC is systematics-limited

Gamma-ray
Spa(é Te-le:.rope

Expected ULs on DM from the GC assuming different levels of systematic uncertainties (LAT: 6 years)
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10—29 ?(?(| ] Lol ] 1 ] [ N I |
2 3
10 10 10
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» Express the expected uncertainties as a function of the “effective background”,
i.e., the background that overlaps with the dark matter profile

» Testing current signal claims require understanding the background at the few
percent level (studies of control regions suggest we are at the ~10-20% level)



WIMP SEARCHES TARGETING
DWARF GALAXIES
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<@, ermi Dark Matter Searches in MW Dwarf Galaxies

GJI’"YT\B ray

/ Spa(e Téleampé

CVnll

The Milky Way is
surrounded by small
( “UMal satellite galaxies

Sextans | Close to Earth
(25 kpc to 250 kpc)

Ursa Minor
- Draco

C(’"ml' 1“’] 'Here %
317 > A Luminosities range
! Ma
, ™M from 107 Lo to 103 Lo
IMilky Way,etssslss,

Astrophysically
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Most dark matter
dominated objects
known

D. Malin .

(Bullock, Geha, Powell)
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Limits from Dwarf Galaxy DM Searches

36

— LAT.dSphs
- = HESS: dSphs
- MAGIC: Segue |

— CTA: Segue |

Veritas: Segue |~

- HAWC: dSphs

Published upper limits on DM from searches targeting dwarf galaxies (and CTA projection)

iermal Relic

* Limits are dominated by LAT up to a few TeV

¢ -> bb channel -

10! 10°

10°

M, [GeV]

10°

« LAT limits are background-limited up to ~100 GeV, signal-limited above
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s ermi Rapidly Growing Dwarf Galaxy Population

50 DES Year 2 Data:
50 Drlica-Wagner+,
arXiv:1508.03622
40}
i a0l | DECam Installed DES Year 1 Data:
Q Bechtol+:
25, 30} 1 arXiv:1503.02584
Q
2 30F Koposov+:
= 20l | | arXiv:1503.02079
g 2015)Jan 1 2015 Jul 1 2016 Jan 1
(@)
SDSS Begins 4
10} ]
,—j e Confirmed
o Candidate
1920 1940 1960 1980 2000 2020

Year

« Advent of survey era in optical astronomy has lead to the discovery of
numerous new Milky Way-satellite dwarf galaxies

« LSST & other surveys will continue to find new dwarf galaxies after
Fermi is decomissioned (more on this later)



WIMP SEARCHES TARGETING
UNRESOLVED DARK MATTER
STRUCTURES

38
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Gar*rna ray

/l Spa(é Te-le:.mpe

Zoom sequence of DM structure on Cosmo. Scales Milky Way like halo and several sub-halos

We can probe DM by looking for
signal contributions from halos:
» On cosmological scales (left)
* In the Milky Way virial radius
(~300 kpc, right)
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Gamma-ray

/ Space Telescope
Fermi LAT Extragalactic Gamma-ray Background
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“—=ssermil
/ Gamoco Background
/ Space Telescope
Comparison of extragalactic gamma-ray background to contributions from sources
[~ a EGB Spectrum (Ackermann et al., 2014b) :
— B Sum of components 7 Aje|_|0+’
}a 106K @ Al Blazars - this work = arXiv:1501.05301
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T - 55555 Radio Galaxies (Inoue 2011)
[ Star-forming Gal. (Ackermann et al. 2012) 7
10, T R :
3 1.8 Sum of Components/EGB =
b }2 B Foreground Modeling Uncertainty =
S q2E =
g oiF :
8 osE =
w 04E- =
0.25

—
Okl
w

102

-y
(=13
p

Energy E&eV] _

« Estimating the contribution from unresolved sources requires fitting the
cumulative luminosity function N(Flux > Threshold) as a function of the
threshold (log N — log S in astronomy parlance)

« Good knowledge of the log N —log S can also constrain the DM emission
from local DM halos
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Published Limits from Cosmological Halos & 42

10-20

10'21 |

10-22 |

-23

=
o

-24

=
o

-25

=
o

107261

10'27

10'28

Local Sub-Halos

...... -- LAT:Unid. (Berlin+2013)
-~ LAT: Unid. (Bertoni+ 2015)
-« LAT: Isotropic
S o CLemTET U paylan+ 2014 The

rmal Relic

"‘57——-—5"' : — Gordon & Macias 2013

cppelesSgEt T Calore+2014 |
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-----

10t 10° 10° 10*
M, [GeV]

 These methods only work for sky-survey instruments (i.e., Fermi and

HAWC)

« Sensitivity is set by the point-source detection threshold



WIMP SEARCHES TARGETING
CosMiIC RAYS

43
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Gamma ay
I/‘ Sp:l(t“T le: op . ——— 0 o
AMS-02 electron and positron fluxes 3AMS-02 and PAMELA anti-proton fraction
BO0pr e e 10~ ' — —
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© 100F ¢ & Positrons t ++ *10— S —  Fiducial
[s2] -~ [ ) 1 ¥ .
L - .o 1 Tu ( Uncertainty from: Cross-sections
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50: e° 5: B Primary slopes
C . .l. | l ] Solar modulation
olalu L M M —6 . ‘ . . .
1 10 102 103 10 1 5 10 50 100
Energy [GeV] Kinetic energy T [GeV]
Geisen+

arXiv:1504.04276

« Extracting constraints on DM cross section from anti-particle fluxes
requires detailed modeling (see sources of uncertainty on right figure).
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@s, ermi Published Limits from anti-proton Spectra
Gamma ay
./‘ Space Telescop
10-20
10'21 I - AMS: antiproton (Giesen+ 2015)
- AMS: antiproton (Hooper+ 2014)
- © AMS: antiproton (Jin+ 2015)

10722} SR L .
|
= -24
E 10
g 1025 ‘ .
~ '~ payian+ 2014 Thermal Relic
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1072°} hoaa e f o e Calore+ 2014
— Abazajian+ 2014
1072/
Lool XX bb channel | |
10 10° 10° 10"
M, [GeV]

« All of these limit curves were derived from the same anti-proton
spectrum (and similar cosmic-ray propagation models)

« Large variation in the limits suggests large systematic uncertainties from
input source and propagation modeling

45



SUMMARY OF WIMP SEARCHES

46
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Gamma-ray
Space Telescope

Projected Limits from Best Targets

45 dSphs. 6 Years
45 dSphs. 15 Years
= LAT Combined dSphs (15 dSphs, 6 Years)
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Gar“ma ray

/‘ Space Telescope
« ltis likely that the DM sensitivity from the current crop of instruments
and CTA will largely be set by two types of searches
 Fermi-LAT searches targeting dwarf galaxies

* This search is background-limited at lower energies (m, < 100 GeV)
and signal-limited at higher energies

« Searches targeting halos both on cosmological scales and Galactic
scales are competitive with dwarfs and are limited by the LAT point-
source sensitivity

 CTA searches targeting the Galactic center

* This search is systematics limited, possibly by both instrumental
systematics and uncertainties of the TeV diffuse Galactic emission
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s, crmi Room for Improvement

« Main room for improvement for pair-conversion telescopes:
* More collecting area (bigger)
« Larger field-of-view (monolithic technologies?)
* More target dwarf galaxies (LSST...)
 Reasonable target for next generation-telescope:
« 10x LAT = 25 m2sr acceptance
* Main room for improvement for IACTs:
« Better y-hadron separation (more telescopes, greater infill)
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SEARCHES FOR NON-WIMP DARK
MATTER
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e, ermi Searches for Primordial Black Holes and Axions

Spectra over remaining lifetime of PBH Spectrum from Blazar PKS1424+240
- — 0.001 s (77.75 TeV) || I ]
—— 0.01s(36.1 TeV)
-10 |
= ok — 0.1s(16.75TeV) || 1077
L 1.0 s (7.77 TeV) R ?
8 — 10.0 s (3.61 TeV) T, i
9wk 100.0 s (1.67 TeV) || g
-1
£ T, 10
¢ 10% 2
] o0
S ) T
FU 10% S5 —— Fermi-LAT power-law fit {
& w 10>12 F B Fermi-LAT extrapolation
L s —e— VERITAS spectrum, observed
E 10 - —e— VERITAS spectrum, deabsorbed w/o ALPs
% [ VERITAS spectrum, deabsorbed w/ ALPs (median),
10 T g, =5x107" GeV!
10' 10°
Energy (GeV)

 PBH Evaporation: best limits come from considering the total
contributions to the isotropic emission over the entire lifetime of the PBH

« The “burst” at the end of the PBH life is dramatic, but for every dying
PBH there are millions that are emitting MeV vy rays

» Axion-like particles: search for TeV gamma-rays that reach us from
distant Blazars where the optical depth from attenuation from interactions
with extra-galactic background light is large (Tt >> 1)

« Other search methods consider spectral distortions of nearby Blazars
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@S5, erml Summary
Gammaray

/' Space Telescope

« The sensitivity of indirect DM searches from current instruments and
CTA will likely be set by:

« LAT searches targeting dwarf galaxies (below~ 500 GeV to 1TeV)
« These will probe the thermal relic cross section up to ~400 GeV
» Improving on these will require larger area ( or more targets )
 CTA searches targeting the Galactic center

« Depending on control of systematic uncertainties these may probe
the thermal relic up to 10 TeV

« Keys to reducing systematic uncertainties are to improve hadron
rejection and understanding of TeV galactic diffuse emission

« Design of next-generation instruments for indirect DM searches will
focus on scalability issues such as:

« Building a pair-telescope with 25 m?sr acceptance
* Infilling CTA to better image the entire air-shower
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@, ermi Comments for the CPAD Panelists
7 Space Telescope
* Indirect DM detection is poorly represented in DOE portfolio
 Little or no presence post Fermi, few or no ongoing R&D projects

* Instrumental R&D for indirect DM detection will likely focus primarily on
scaling existing technologies for use in future instruments

» Cost per channel, data volume and rate, and instrument infrastructure
will be key factors

« Space-based instruments have the additional constraints (in particular
power budget)

« Exceptions do exist; e.g., Gamma cube concept is extremely novel

» Adapting existing technologies for scalable, low-cost, applications takes
time, effort and resources

 NASA has a well established R & D program to adapt technologies for
space missions

« Missing LDRD-type funding to survey existing technologies and
prepare competitive NASA R&D proposals (i.e., ~$100k grants)

« Missing LDRD-type funding identify how to scale up existing
technologies to mutli-km? scales for air shower arrays
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s, ermi Radiation Length

Gamm

damma-ray
/ Spm‘e Tele:.mp?

716.4 g cm™ %A

Xo =

The radiation length is the distance over which:

1.
2.
3.

Electrons lose 1/e of their energy to Bremsstrahlung.
94% of high-energy vy rays will pair convert.

Z(Z +1)1n(287/VZ)

An average 1 GeV particle will change direction by 1.1° due to

multiple Coulomb scattering.

X, / p values:

Si: 9.5cm
Ge: 2.4 cm
Csl: 1.7 cm

W: 0.4cm
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@ ermi Multiple Coulomb Scattering

Gamm

amma-ray
/ Space Telescope

e V2 13.6 MeVrad
Ospace = 5 v/ Xo|l+ 0.038In(x/Xp)].

For 100 MeV e*: 0.006 X, => 1° of MCS
For 20 MeV e*:  0.006 X, => 5° of MCS

Key design question:

How much information ( positional accuracy * lever-arm * sqrt(N) ) can we
extract from the instrument before the particles are MCS dominated?
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@, ermi Electromagnetic Shower Development

Gamma-ray

/ Space Telescope

Key longitudinal parameter, shower maximum:

Tmax = Xo(log(E/E.) + 0.5).

Energy resolution improves markedly if the shower maximum
Is contained in the detector.

Key transverse parameter, Moliere Radius:

21.2MeV
E.

> 99% of EM shower energy is < 3 R, from shower axis.

Ry = Xo
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AdEPT Instrument Development

« 2015-18 ROSES-APRA
—50 x 50 x 100 cm3® AdEPT prototype

* Multi-core processor to discriminate gamma-rays from background
— Determine gamma-ray direction, energy, polarization, and time of arrival

* Large area MWD integration
» FEE ASIC

—Calibrate at accelerator with
polarized gamma rays, 5 - ~90 MeV

+ Determine electron energy from
Coulomb scattering

* LArGO design elements

- astack of 32 very thin (6.5 mm) - Pitch of the drift charge readout plane ° Me'asur'_e 0’}9”'“" re'sf)'fiﬁon and
LAr-TPCs (TPC-layers), p =100 ym Polarization sensitivity
- Inter-layer distance 2.5 cm - Spatial resolution 25 pm
* the e*e tracks by 1 GeV photon ¢ Current LAr-TPC have pitch and spatial
converted in a TPC-layer are resolution of ~1 mm, ° Fu'rur-e NASA mlss|on|
separated at the underlying layer  _ | Ar close to triple point (84 K, 70 kPa)

by twice the TPC pitch. X =20 Mini ttiol tteri
_ 41X dilutedin1m » X, =20 cm. Minimum multiple scattering

6 February 2015 AdEPT Gamma Ray Polarimeter 11

» These designs optimize the amount of active to passive sensor material in the
detector fiducial volume by using drift chamber technologies

* LArGO: Liquid Argon. AdEPT: gas, HARPO: high-pressure gas
» Expect excellent performance for polarization

» Challenges arise for operation in space, must reject large induced backgrounds
from pressure vessel

« AdEPT approved for balloon flight for prototype
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Cp—, “Fermi-Lite” concepts

Gamma 400 5| ASTROGAM Payload

N— Si-Hat 10-30 x-y Si-planes o iSSI:_ :;i(t:::\i,rlles fti')r t:e I.VI4ICa'II interprete: at. fac:e1 valze ;o )
‘ (thickness: 0.5 mm) payload (single instrument) designed to fa, g
& P + electronics

no passive converter AC system

Tracker
. Calorimeter

1000 $1(TOF)

500

$2 (TOF)

Payload Data S
% =~ 10% X, of total conversion Handling Unit
additional ~400 cm? of 44 Power Supply Unit
at £ ~100 MeV

+ back-end electronics

with ~1° of PSF at 100 MeV.

« These concepts are similar to Fermi with the Tungsten convertors removed
* Good PSF at 100 MeV

* not quite as good as AJEPT, but larger A, and simpler design
* Proposals to European Space Agency, also PANGU (China)
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@s,.rmi Compton / Pair-production concept (ComPair)

GJI’"‘!T\B ray

/‘ Spa(é Te-le:.fope

ACD

Instrument layout —
3 Si Tracker, 50 DSSS planes, spaced @
& by 1 cm apart 5 .
o o S
< < o
= [1100cm = o
-Iq; < > 4‘?; o0
- -
5 | E——

CZT -strips, 6 planes, 1.9X,, thick total
Csl(Tl) orthogonal logs, 2.6X, thick total

» Sensitivity to both Compton scattering and pair-conversions

« CZT strips surrounding Si Tracker to achieve full absorption of Compton
scattered photon

» Approved for balloon-flight prototype development
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@, ermi Advanced pair telescope concept

Gamma-ray

/ Space Telescope
APT Concept

APT Proposal (2007): submitted to Astrophysics
Strategic Mission Concepts RFP, J. Buckley, W. R.
Binns, G. DeNolfo, A. Drlica-Wagner, N. Gehrels,
S. Hunter, H. Krawczynski, J. Link, J. McEnery, G.
Varner

ACD Tiles
: / TGT Thin Gas Tracker
= T |

TFTC Tracker

TFTC Calorimeter

DACPU Electronics & Power Modules

« Optimized for Fermi-LAT energy range, trades energy resolution for
larger tracking volume and improved spatial resolution

« Aims for > 10x sensitivity improvement in GeV energy range
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@, ermdi Segmented Calorimeter instrument concept

Gamma-ray
/ Space Telescope

HERD Conceptual Design nl ==

LYSO calorimeter

o/y energy detection

CR nuclei energy detection
e/p separation

Silicon-Tungsten Tracker + LYSO 3D Calorimeter
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