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What is GRAMS?
A2 GRAMS which stands for Gamma-Ray and Anti-Matter Survey is an experiment '
ff* that will search for both gamma-rays directly dark matter indirectly through the .
detection of antimatter. -
A It will be a ballon/satellite mission, the prototype ballon is projected to fly by the 2
5 end of 2025.
The detector will be the same as modern accelerator neutrino experiments, a
LArTPC (Liquid Argon Time Projection Chamber). By
¢ ::1"‘ 2
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In 1909 Theodore Wulf developed a device to measure the radiation at the base
of the Eiffel Tower and at the top. The results were inconclusive even though
the radiaon at the top was higher.

Cosmic Rays were discovered by Victor Hess in 1912 during a ballon flight.
During the ballon flight it was seen that the higher the altitude the more
— radiation there was, in order to validate the results Hess did the same
experiment during a solar eclipse.
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There is lack of observation in the MeV range of

gamma-ray energies.

Additionally Compton scattering occurs in the MeV
energy range. By looking at the MeV range GRAMS is
expected to improve sensitivity of MeV gammas by an

order of magnitude over previous experiments.

It allows us to study some physics process like
nucleosynthesis, annihilating/decaying DM.

A crucial component to detect cosmic ray sources.
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Continuum Sensitivity x E? [MeV/cm?/s]

G

amma-Ray Observations

AE/E = 0.5
100 mCrab 7 Takahashi et al., 2013

COMPTEL
10 mCrab i
SPl '/
1 EGRET-
1 mCrab : s

Fermi

GRAMS (1 LDB flight, T4 = 35 days)
- GRAMS (Satellite with detector upgrades, T.# = 1 year)
MeV-gap Aramaki et al., 2020
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A LArTPC detects charged particles that are in the

detector.

For GRAMS the incoming photon will interact with
the Argon nucleus and the charged particles from
this interaction are the ones that we will see.

The charged particles will drift towards the anode
plane because of the electric field that is applied

to the detector.

Once they make it to the wires this will give the
position of the particles allowing for an event

reconstruction.

LArTPC

harged Particle

Gamma Ray: Compton Scattering

Anode wires/pads/pixel
(X-Y plane)

Pair-Production




LAI'TPC have been used for neutrino and dark matter experiments 3.5m
making them reliable while obtaining valuebale information. They u -
also allow 3D reconstruction of events throughout the detector, this Plastic Scintillators ‘

allows us to study the incoming gamma-rays. ~ |5m

The Time of Flight Plastic Scintillators (TOF) measure the velocity and l
angle of the incoming charged particle.

Silicon Photo-Multipliers (SiPMs) are used to measure the time of events
in the detector.

Once the particle makes it to the detector the ionization electrons will
drift due to the electric field towards the anode plane where it will be
readout.




- -
2
= L0
-
- -
’
» .
- = -
.
-
P
.
- -
-
e
> 4
P’
- -
~ -
-
Z
.
e -
L »
Lg
<.
b -
-
-
-
<
=
> vr
> s
* 5 ‘o
-
z
7y
” -
= -
-
- v
. .
. -
4
-
',/
-
.
-~
’ 2
e

-

“”

S W

- - - =X » s
- - , & - - s
- - > -
- - - - ’ -
- - -
d < s A - -
- - > -
= oo - - P st -
¥ s - ;- - -
A - e 7 -
- 3 o - 2 -
-
- > - o
e e - -
/ . P
, ra -
- - @
- - - -

- -
-
-
- > -
-

-
“
4
-
P
-
-
-
- -
-
¢
SR
2 P
-
“
.
o de
-
-
4
-
-
-
e
-

- - -
-
/ - -
i
- i . -
- ” e ’
- - z
v o N -
gt e
< s o
5 O,r/ J
P A crTis &
s €7, 2 -
s = -
o o’ ’ .
v > I
- . .
- x P>
4 ’o

Compton Scattering

Incident photon (p,, E, 2)

Electron
at rest

(m,)

h
Al = —— (1 —cos8)

: Change in photon’s wavelength
. Planck’s constant

. Speed of light

: Rest mass of the electron

: Angle of scattering

Scattered photon

(P, E\ A7)

Scattered
electron
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¥ Compton scatters happen in the MeV range, which gives

One Compton Scattering Two Compton Scatterings Three Compton Scatterings
- - - + Photoabsorption > . -
.| us the advantage of being able to know the direction of ; ~ o RPN “EVRat LiRLYS
~ | the incoming gamma-ray. 7’ '-

2] Campton Scattareg Compton Scatlo’i”‘!,-': e
| The incoming gamma-ray source direction can be ] :
“. reconstructed when two or more Compton scatters occur. fi T o
- : Pho(oahsg;;t? S : - é_ -
; It is possible to add a calorimeter to the detector in order " " AN
-] to measure the gamma-rays that escaped. ey
»
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Experiment Timeline

* engineering balloon flight eGRAMS (JAXA, 2023)
* anti-particle identification beam test (J-PARC, 2024-2025)

* NanoGRAMS gamma-ray imaging test

i Concept studies
Preparation

Mini-GRAMS
* prototype flight pGRAMS (Arizona, 2025-2026) «+ NASA/APRA funded!

* science flight (NASA, JAXA)

Full-scale mission
» multiple long-duration flights (NASA)

* Antarctica, New Zealand, Arctic

Science proof

Balloon
GRAMS-| (balloon)

GRAMS-|| (satellite)
NASA MIDEX-cl

* All-sky gamma-ray survey
* Long-term antiparticle survey

GRAMS-I| production
Satellite

2040 2045

"

.



e Using simulation software will help design and tune the electronics
components of the data acquisition system (DAQ).

o Tuning of signal shaping, readout configuration, triggering.
o From this simulation the occupancy and hit rates can be
calculated.

o The occupancy and hit rates are necessary in order to determine
how much disk space is needed.
e The simulation software will also allow to study the feasibility of the
physics goals for the experiment.
e Additionally there are going to be many particles going through the
detector and it is important to know how much to account for.
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GramsSim

GramsSim is a simulation software the allows you to run simulations of the
detector throughout different stages of an event

Gray text = still

thinking about this This may be three

programs, depending
on electronics design

Please checkout only the develop version; the master will be reserved for Production

™

/I'

GramsSky

(Optional) Sky simulation

GramsG4

Particle transport through detector

GramsElecSim

Signal shaping, noise, etc.

GramsReadoutSim
Readout (tile/pixel/wire)
response to electron clusters

GramsDetSim

LAr response to ionization:
recombination, attenuation, diffusion

GramsTriggerSim

Dead time, etc.

GramsOpticalSim
LArHits | SiPM response to optical photons

GramsReco
Digits->(x,y,z,E) data

ComptonSoft

GramsScintSim

ScintillatorHits Response of scintillator strips
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The Geant4 (G4) simulation models the
particle transport in the detector.

The redline is a “Compton” electron and the
reen line is the photons trajectory. Eachred
ine represents a track and the yellow dots

are the steps.

This is a zoomed in image of a track, the

maximum step size is 0.2mm.
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G4 Event Visualization
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Detector Models

As the ionization electrons are drifted to the anode there are three models that are applied during
this stage of the simulation. The first model that is applied is the recombination model, then the

absorption model is applied, and the last model is the diffusion model.

For recombination the modified box modeled was used, this models the effect of electrons being

absorbed by an Argon atom.

Absorption models electrons being absorbed by the liquid argon impurities.

Diffusion models how much the ionization electrons spread as they drift towards the anode

-
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Detector Models

Recombination

» B, a, Ag, and kg are material- and detector-based parameters that must be measured empirically;

g is the electric field;
¢ is the effective electric field;
p is the density of the liquid argon;

dE/dx is the ionization energy per unit length.

Absorption

* S4rift = the drift distance between the ionization hit in the TPC to the anode;

* Vqrift = the drift velocity;

e toec = the electron lifetime in the liquid argon.

Sdrift

tdrit’t o Vit
rift

Rabs — e'ldrift/telec




energy from readout sim

calculaled energy

'—}_J'TC*_[—'_%*—D—P:I —

20 25
Energy Ratio
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For pGRAMS the readout anode w
When an electron reaches the anode the whole str
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Event: 9 energy of incoming gamma ray 197.437 MeV
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Readout Anode

Reconstruction

The readout anode will have the x and y position of
the ionization electrons clusters.

Every-time there is an electron that makes it to the
anode a channel will be triggered.

f and x and y pixel intersect both strips will light up

y position (cm)

L]

R I R R R R R L R R R

eadout Reconstruction

B0 B2 B4 B B0 90 53 BI BE 100 P02 104 106 08 110 192 154 196 118 30 122 124 136 128 130 132 134 136 138 185 143 144 146 148 150

X position (cm)

This is a reconstructed x and y position from simulated
raw waveforms
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Energies at the

During the readout stage of the simulationitis
expected to see less events. Not all gammas will
make it to the detector.

Lower energy gamma-rays have a smaller cross
section, thus the probability of an interaction
happening is unlikely.

Higher energy gammas will lose energy due to
absorption in the detector.

>
e
=

Initial Energies

—— G4 Energy

—— Readout Energy




photons

electrons
- protons

helium

EXPACS Fluxes
Energy (MeV)

=
—4

(APW/S/ZWD/SIUaAa) IP/NP
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Hits for Different Particles

Once the code was developed, other particles

Averaged Hits
were simulated to see how much cosmics the

: —— Photon

Electron

detector is going to have. Posiron
alpha

Knowing the rate of the incoming particles is

crucial in order to determine accurate data
rates.

The fluxes from these particles are well known, | | | ;

P, B

f e | L e i it
therefore they are a good way to check the T e 80 00 26

Time (us) :
simulation data.
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80.0
Time (us)

82.5

Hit ID -1999997
Hit ID -1999996
Hit ID -1000001
Hit ID -1000000
Hit ID -999999
Hit ID -999997

Hit ID -1
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0.00000:0-10.000000 MeV

10.000000-50.000000 MaV

50.0000:00-100.000000 MeV

100.000:000-200.000000 MeV

I I | I | | |
14 16 18 20 22
Number of Non Zero ADC Values
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Conclusion
. An end to end check for GramsSim verification was done. |
_‘ o GramsSim energy calculations for the readout system are correct.
: o« Higher energy gammas are more likely to make it to the LArTPC and be
¥ readout. i
e Thetracks during the event reconstruction match the measurements of _
the prototype TPC.
o Developed code for event reconstruction at different stages.
1 e Developed a simulation chain to calculate occupancy for any incoming a
flux. g
C Results shown here are for the prototype balloon flight. z |
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Next Steps

Develop a more refined version of the electronics

simulation.

Run the simulations for more event to get better statistics

of the results.

Simulate muons as the incoming particle in the detector.
Produce waveform plots once the electronics simulation

code is more developed.

The injection of the particles during the G4 needs to be

investigated more, especially for muons and alpha
particles
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