
Welcome to our workshop
Thanks for taking the time to travel from near and far to be here with us

Deirdre HORAN, TPC MeV Workshop, 12.04.2017

Speakers: please upload your talk to Indico 

• you must be logged in to Indico to do this 
• Instructions are provided on the webpage of the workshop 
• if you have any difficulty, please contact one of us 

➡ Deirdre, Denis, Philippe or Steve



we are here



Lunch (Thursday) - provided
• Club Magnan 
• we will walk there together 
Lunch (Friday) - not provided
➡ let us know if you want to have 

lunch on campus 
➡ 2 options: 

• canteen (10€ - must buy "ticket")* 
• café (various options)

Coffee breaks
• will be set up just outside the 

amphi 
• no food / drinks are allowed inside 

amphi

*https://www.polytechnique.edu/en/on-campus-dining-and-services

Dinner
• we have not arranged a workshop 

dinner 
• we are available to help with 

reservations/recommending restaurants 
- just come and see one of us

Amphi 
Painlevé 

Ground floor

https://www.polytechnique.edu/en/on-campus-dining-and-services


ST3G 
a protoype 

balloon detector

Self-triggering TPC telescope 
for gamma-rays

Deirdre HORAN, TPC MeV Workshop, 12.04.2017

"stègue"



Outline

• Scientific motivation 

• Brief introduction and history  

• ST3G - a prototype detector 

• Our plan

Deirdre HORAN, TPC MeV Workshop, 12.04.2017
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High Angular 
Resolution

MeV energy 
coverage

Polarization

Gamma-ray Astrophysics at MeV energies

Is Lorentz 
invariance 
violated?

How do 
supermassive 
black holes 

form?

Where do 
UHECRs get 

accelerated?

Supernova 
remnants

Pulsars 
?

Galactic 
centre

We hope to 
further develop 

our scientific 
ideas during 

this workshop   
... thanks to you

? ?

?

? ?



Overview 
of project
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2012 2013 2014 2015 2016 2017

Ground phase

the Hermatic ARgon POlarimeter (2012 - 2017)

• pair production 
➡ nucleus of AR atom 

• ionisation 
➡ drift 

• amplification + read out

e+ e-

γ-ray

argon*

*mostly

All of the details will be given in 

Philippe Gros' talk 
(Thursday)

TPC θ+- ...

• TPC = convertor + tracker 
➡ 100% "instrumented"
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• Energy: a few MeV - GeV 

• Polarisation capabilities 

• High angular resolution

Key Characteristics of ultimate instrument

• source geometry 
• distinguish between emission models 
• Lorentz invariance searches

• GRBs - peak of emission 
• MeV blazars 
• MeV dark matter

• Galactic centre 
• Supernova observations 
• Radio galaxies

ST3G
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* plan to switch to 3x4x5 (60 modules) due to 
the platform that CNES propose (CARMEN)Note: 

Credit: Mikaël Frotin
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Angular Resolution

from document circulated by Denis
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Angular Resolution

from document circulated by Denis

ST3G

See Denis 
Bernard's 

talk



Sensitivity

from document circulated by Denis

5 sigma 
3 years 
10 photons 
90 deg from gal. plane 
4 energy bins per decade

ST3G



➡  Self triggering ... in real time ... in space

Key challenge: 
ST3G
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Simulation of event in ST3G

Credit: Philippe GROS

ST3G
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• 1 week effective exposure with ST3G @35 km (Kirune) 
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ST3G
• We want to fly ST3G on a balloon to: 

• calibrate the instrument with actual cosmic data 

• understand the background 

• run the trigger in its real environment 

➡ measure the combined sensitivity of the trigger/
detector system
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• run the trigger in its real environment 

➡ measure the combined sensitivity of the trigger/
detector system
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• We plan to submit a proposal to 
construct the demonstrator of ST3G 

• We will not request a balloon flight at 
this point
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CNES Appel d'offre 2017: deadline - 21 April

• We plan to submit a proposal to 
construct the demonstrator of ST3G 

• We will not request a balloon flight at 
this point

Thanks for your attention
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and collaboration 

we hope!



https://www.universetoday.com/30594/blazars/ 
https://www.bu.edu/blazars/research.html 

https://futurism.com/pulsars-what-are-they-why-do-they-spin-so-fast-2/ 
https://en.wikipedia.org/wiki/Pulsar 

https://sites.google.com/site/visalacrossthegalaxy/the-galactic-centre 
https://www.nasa.gov/mission_pages/swift/bursts/supergiant-stars.html 

http://inspirehep.net/record/1381533 
https://www.mpi-hd.mpg.de/astrophysik/HEA/research/research.html 

https://en.wikipedia.org/wiki/Dark_matter 
https://en.wikipedia.org/wiki/Supernova_remnant 

https://www.nasa.gov/mission_pages/GLAST/news/gamma-ray-dragons.html 
http://earthsky.org/space/mind-boggling-fermi-bubbles-probed-via-quasar-light
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Is Lorentz Invariance violated?
Lorentz invariance is the fundamental symmetry of Einstein’s theory of relativity

i.e. the laws of physics remain the same for all observers that 
are moving with respect to each other at uniform velocity

• Lorentz invariance has been tested to a great level of detail but 
there exist grand unified theories (e.g. the Standard-Model 
Extension) where gravity is combined with the three other 
fundamental forces which allow for the breaking of Lorentz 
symmetry at the Planck scale 
• i.e. at very high energies - unattainable experimentally 

(1.22×1019GeV) 

• But minute deviations from Lorentz invariance might still be 
present at much lower energies 
• these deviations can accumulate over large distances 
• this makes astrophysical measurements the most sensitive 

tests of Lorentz symmetry



Is Lorentz Invariance violated?
In the photon sector violations of Lorentz symmetry include 

vacuum dispersion and vacuum birefringence

Vacuum dispersion
• if the speed of light in a vacuum is 

energy (frequency)-dependant 

• photons of different energies 
emitted from a high-z source will 
arrive on earth at different times 

• Fermi LAT observations of, e.g., 
distant GRBs has placed limits on 
this effect

Vacuum birefringence
• when the rotation symmetry of the 

vacuum is broken, light still has two 
polarisation components but they 
travel at different speeds  

• as a result, the net polarisation of 
the light changes as it propagates 

• change in polarisation depends on 
the energy (frequency) of the light 

δt ∝ δvL δφ ∝ ωδvL

sensitivity depends on L sensitivity gain of 1/ω compared to 
time-of-flight measurements



Is Lorentz Invariance violated?
In the photon sector violations of Lorentz symmetry include 

vacuum dispersion and vacuum birefringence

Vacuum birefringence
• light is shown propagating from a distant 

galaxy to the Earth 

• the instantaneous electric-field vector in a 
plane transverse to direction of motion is 
shown as a black arrow 

• the polarisation of the light is determined 
by 2 quantities: 
• the orientation of the ellipse (ω) 
• its shape (E1 and E2)  

• the breaking of rotation symmetry causes 
the polarisation and hence the orientation 
and shape of the ellipse to change as the 
light travels through spacehttp://www.physics.indiana.edu/~kostelec/mov.html#4

http://www.physics.indiana.edu/~kostelec/mov.html#4
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ST3G

Key challenge: self-triggering ... in real time ... in space



ST3G

a.s.l. = above sea level

35 km a.s.l.

Data recorded at Kiruna (Northern Sweden) 20.01.1996 
(Quotid Atmospheric Radiation Model (QARM))

35 km a.s.l.


