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OUTLINE

» THE SENSITIVITY GAP AT MEV ENERGIES

* ATPC AS AN MEV TELESCOPE

» HARPO: GROUND PHASE / PROOF OF CONCEPT

* ST3G : BALLOON PHASE / TRIGGERING IN SPACE

* MEV SCIENCE

Deirdre HORAN, Laboratoire Leprince Ringuet (IN2P3/CNRS), Tth International Fermi Symposium, Garmisch-Partenkirchen, 20.10.2017



The MeVY ,
Gap* oy

-

46-47.5
#8 [G5 46
44-45 . Rae
43-448F

—
(@)

Log vL, [erg s~]
N
kS

—
N

10 15
Log v [rest frame]

90980609 | -AlXJe 1Ul][esIyD)

“using blazars to
illustrate the gap
since these are

broadband emitters
from radio all the
way up to gamma
rays

Deirdre HORAN, Laboratoire Leprince Ringuet (IN2P3/CNRS), Tth International Fermi Symposium, Garmisch-Partenkirchen, 20.10.2017



The MeV ,
Gap

—
(@)

Log vL, [erg s~]
N
kS

approximate

s/
'r’fi.:‘.—.';"-'::
10 15

Log v [rest frame]

cncr‘%y ran(%c

40

T | T ad & a0 T | I |
* Og Lo—f=il
46-47.5
48 45—-46
44-45 S8

90980609 | -AlXJe 1Ul][esIyD)

“using blazars to
illustrate the gap
since these are

broadband emitters
from radio all the
way up to gamma
rays

Deirdre HORAN, Laboratoire Leprince Ringuet (IN2P3/CNRS), Tth International Fermi Symposium, Garmisch-Partenkirchen, 20.10.2017



The MeV sensitivity gap can be thought of
as an angular-resolution issue ...

B ———

- At these energies (E>MeV), gamma rays interact predominantly by pair
producing

- To increase the probability of pair production occurring (and therefore
our effective area), we want the gamma, ray to pass through as much
matter as possible - we choose a high-Z material

High-Z materials introduce multiple scattering of the e*e” pairs and we
lose information about the geometry of the pair-production interaction

This is not as significant a problem at energies above about 100 MeV (it
becomes just about acceptable at 100 MeV: we are able to determine the
direction of the gamma ray to within about 5°) but at lower energies, it
renders the reconstruction of the gamma-ray direction, never mind the
azimuthal information necessary to deduce the polarisation, infeasible -
hence the sensitivity gap
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TPC

TPC (time projection chamber)

- simple robust particle detector

- widely used in HE physics

- a volume of matter is immersed in an E-field
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The anode is segmented (x-y coordinates)
TPC - provides a "2D image" (2 x 1D slices) of the
e’s that drift on to it as a function of drift time

- the measurement of the drift time provides
the third "z" coordinate
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The anode is segmented (x-y coordinates)
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The anode is segmented (x-y coordinates)
TPC - provides a "2D image" (2 x 1D slices) of the
e’s that drift on to it as a function of drift time

- the measurement of the drift time provides
the third "z" coordinate

A The electric field is uniform

- e- trajectories are straight lines
- e- drift velocity is constant and uniform

are very convenient as they allow
| free electrons to drift freely over long distances.

TPC (time projection chamber)

simple robust particle detector

widely used in HE physics

a volume of matter is immersed in an E-field

the ionisation es produced by passage of HE charged
particles drift and are collected on an anode plate
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* TPC = CONVERTOR + TRACKER —» 100% "INSTRUMENTED"

TPC is an active target - it is at the same time:

- the converter in which the gamma ray converts

- the tracker in which the two lepton trajectories
are measured
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the Hermetic ARgon POlarimeter

a demonctrator of the ?em‘:ormmnce of a TPC for meacuring ?olmriged gAmMMA YoNe

scintillators

micromegas
+GEM

readout strips fix’eld cage
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the Hermetic ARgon POlarimeter
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scintillators
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readout strips fi'.éld cage

 designed for validation on the ground in a photon beam
 the most critical constraints related to space operation were taken into account
* reduced no. channels, gas-quality preservation
e 30 cm? cubic TPC (Ar:isobutane, 95:5, @ 2.1bar)
 drift cage provided 220 V/cm drift field (varic approx. 3.3 cm/ps)
« readout plane: 2 Gas Electron Multipliers (GEMs) and one Micromesh Gas Structure (Micromegas)
« amplified e signal collected by 2 sets of perpendicular strips (1Tmm pitch; X-dir: strips; Y-dir: pads)
« signals read out and digitised with a set of AFTER chips and associated Front End Cards (FECs)
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the Hermetic ARgon POlarimeter

a demonctrator of the ?em‘:ormmnce of a TPC for meacuring ?olmriged gAmMMA YoNe

scintillators

micromegas
+GEM

————
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readout strips fi'.éld cage

« set up in NewSUBARU polarised photon beam line in November 2014

«  photon beam produced by Laser Compton Scattering of an optical laser on a high energy e” beam
* 0.6-1.5GeV e beam

+ lasers of different wavelengths + different energy e- beam
13 photon energies from 1.74 MeV to 74.3 MeV

Deirdre HORAN, Laboratoire Leprince Ringuet (IN2P3/CNRS), Tth International Fermi Symposium, Garmisch-Partenkirchen, 20.10.2017




Nl the Hermetic ARgon POlarimeter

; Compton - f : ~F  Pair - E PreCiSG measyre
1.68 MeV ¢ 1 = 1.68MeV B o ol

1500
S — T —

e W21 T of e'e” tracks

LI

[1mm
|
|
¥
|
”
|

Wo A Twe a0 s “o T a amT wwo <o
tme [3ns bae ume [ 3kas ban)
£ . 3
g :
. Triplet
_ =l '74.3MeV
e
5
-

lll

. '< e FROM "PERFORMANCE

MEASUREMENT OF HARPO:

=% ATIME PROJECTION CHAMBER AS

A GAMMA-RAY TELESCOPE AND
3 = POLARIMETER' GROS P ET AL
R & ARXIV 170606483

Deirdre HORAN, Laboratoire Leprince Ringuet (IN2P3/CNRS), Tth International Fermi Symposium, Garmisch-Partenkirchen, 20.10.2017



Nl the Hermetic ARgon POlarimeter

. 4000 low-energy

- ~
= !
: ' -
g » - 393 MeV sw | event: 3.93 MeV
" oo E — 3000
: = 2500
150 - ! 2000
100 f— — 1500
. 1000
50 — 500
— 0 : i 1 1
::;: ' 4000
g 250 | 3500
B s E_ — 3000
= — 2500
150 ’j— 2000
100 _— — 1500
N 1000
l'o |
E 500
0 L. L BT U S S R s o 0 s 4 4 o 01
¢ 100 200 300 400 500
D time [30ns bin]
CARXIV 1706.06483
e — N

Deirdre HORAN, Laboratoire Leprince Ringuet (IN2P3/CNRS), Tth International Fermi Symposium, Garmisch-Partenkirchen, 20.10.2017



o the measurement of the tracks
e enables us toreconstruct the angles
TPC of the pair production interaction

/ thus giving us access to the

polarisation information of the
intitial gamma ray
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TPC

the measurement of the tracks
enables us to reconstruct the angles
of the pair production interaction

yray

/ thus giving us access to the

polarisation information of the
intitial gamma ray

since the final state is determined
by five variables, the definition of
“the” azimuthal angle of the event
can be done in several ways ...
examination of the precision of the

measurement shows that the
optimal choice is the azimuthal angle
of the bisectrix of the direction of
the electron and of the positron
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https://asd.gsfc.nasa.gov/conferences/fgo2/program/DBernard.pdf
https://asd.gsfc.nasa.gov/conferences/fgo2/program/DBernard.pdf

the measurement of the tracks
enables us to reconstruct the
TPC of the pair production interaction

/ thus giving us access to the

polarisation information of the
intitial gamma ray

j_; x (1 + A X Pcos(Q(i— fg)))

A1 polarisation asymmetry of conversion process

polarisation of incoming radiation
 : azimuthal angle of the event
(o : polarisation angle of incoming radiation
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The first measurement of the polarisation

of MeV gamma rays using a TPC
11.8 MeV
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Ground phase

_V_
HARPO
—
2012 2013 2014 2015 2016 2017

the Hermetic ARgon POlarimeter (2012 - 2017)
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Balloon phase

oT3G

DEVELOP TRIGGER
SYSTEM FOR TPC
IN SPACE

 develop scientific case

balloon flight

eventual space-based instrument
* perform simulations to develop trigger
design and build trigger system

test In lab
build iInstrument for bal
run trigger in "real" s

oon flight

nace environment

can we self-trigger a TPC efficiently?

Selt-iriggering TPC telescope for gamma-rays
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KEY CHARACTERISTICS

- ENERGY: A FEW MEV - GEV
» POLARISATION CAPABILITIES

- HIGH ANGULAR RESOLUTION
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ENERGY: A FEW MEV - GEV
POLARISATION CAPABILITIES

HIGH ANGULAR RESOLUTION

WE WILL ONLY HAVE
LIMITED CAPABILITIES
DURING A BALLOON FLIGHT
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+ b4 MODULES
+ | MODULE = HARPO
- e TPCS
+ /4 MODULES WITH A COMMON
CATHODE
+ 4 BAR ARGON GAS
+ READOUT CHIP AoTRE

single amplification plane

A
12 M double amplification plane
12 M cathode(s)
/ drift cage
:
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KEY CHALLENGE:
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-
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= oELF TRIGGERING .. IN REAL TIME .. IN SPACE
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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 oYoTEM
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Asymmetry as a function of energy 0V 0T

Experimental effects affect the measurement of ¢, which teads to an effective
osymmetry, Aere thot is lower than the QED asymmetry A Their ratio D = Aqe/A IS

hamed the asymmetry dilution dve to the experimental effects, 0 < D < 1.
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