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HARPO

* Motivation for a MeV-GeV high performance
telescope and polarimeter

* Working principles of the HARPO detector
* Polarisation measurement in a gamma ray beam
* Gas stability

* Conclusions and Perspectives
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__V_
Polarimetry

» Separating leptonic and
hadronic processes

RX JO648.7+1516
1NA

* Difference only >1MeV

H. Zhang and M. Bottcher,
A.P. J. 774, 18 (2013)

x =60°, o =130°
T T

 More sensitive to EM
geometry and location of
emission

Stokes parameters

e Predicted by PIC models

B. Cerutti et al.,
arXiv:1609.00021 (2016)
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"HARPO

B

The incoming photon interacts with the gas and
decays into an electron-positron pair

yZ e'e Z°
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"HARPO

TPC:
(Gas 1onisation

2016-09-12

e

The electron and positron travel through the gas

(mostly Argon) and ionises it, freeing many electrons
and positive ions

This takes a few nanoseconds
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TPC:
Drift and Readout

"HARPO
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TPC:
Drift and Readout

"HARPO

=300 -
=) C
> 250 - ﬁ
200 ; - _
1507 / B
100 f— \-—-‘\
50 f_ ——R__#\
- N 7
0_|\\||H|\l\\||\||||H||\||||H|\\||||\\|\||||\ -
0 50 100 150 200 250 300 350 400 450 500
time [t.b.]
=300 -
o r
> 301 The electrons drift
200 — along the electric field
ok In a few microseconds.
- = The are amplified and
100E = read out on the readout
50 — = plane
00750 100 150 200 250 300 350 400 450 500
time [t.b.]
Polarimetry in the pair regime with HARPO
2016-09-12 Philippe Gros, LLR, CNRS/IN2P3, France

TeVPA2016, CERN 7/22



TPC:
Drift and Readout

"HARPO
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TPC:
Drift and Readout

"HARPO
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Polarisation
measurement

"HARPO
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Examples of events
13 Energy points, 1.74 to 74 MeV

* Experimental setup presented at TeVPA 2015 in Kashiwa
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Examples of events
13 Energy points, 1.74 to 74 MeV

* Experimental setup presented at TeVPA 2015 in Kashiwa
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Examples of events
13 Energy points, 1.74 to 74 MeV

* Experimental setup presented at TeVPA 2015 in Kashiwa

E, =72 MeV .
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Reconstruction_ '
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_HARPO Polarisation
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"HARPO

Polarisation: DATA
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"HARPO

Polarisation: MC
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Gas stability
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Conclusions

* A gaseous detector such as a TPC is a good candidate for
high resolution telescope and polarimeter in the MeV-GeV
range

* A demonstrator has been successfully operated in a
polarised beam 1.74-74 MeV and maintain with good gas
quality over > 6 months

* Polarisation modulation has been measured with high
precision, with good agreement with simulation

* This paves the way for a high resolution gamma-
ray space telescope and opens the field of gamma
polarimetry!!!
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Backup
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Polarisation

* Modulation of the azimuthal angle w

d—roc1+ACOS(2((D—(DO))
dw
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"HARPO

DATA/MC
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HARPO Angular resolution
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__V__
Angular resolution I_/I/(L.

« Agreement with theoretical prediction
— relatively small contribution of tracking
» Excellent agreement with simulation

— effect of saturation dominates at high energy

* Potential for improvement

— estimation of track momentum

- even 100% resolution should significantly improve
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Circulator
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"HARPO

Triplet event

X channel

Y channel
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Vertex Finder
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Vertex Fitting I_/I/(L.

» Polar charge distribution around vertex

delta electron
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p [mm]
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HARPO Vertex Fitting

* Clean up: keep only straight lines
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Vertex Fitting L/I/(L.

e Simple
e Robust:

— ignores obvious scattering and background

- potential for small opening angle

* Potential for improvement

- better peak finding

— use of distance info (focus on short distance for
large opening angle, long distance for small)
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_V__
Vertex Matching L/I/(L.

* As before: compare charge profile

— 1: match vertexes if there are several with same Z
position

— 2: match the tracks in the vertex (simple: only 2
possibilities)
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Vertex Matching I_/I/(L.

» Assign signal to tracks
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Vertex Matching

* Compare profiles: X(1,2) & Y(1,2) “same”
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Vertex Matching

 Compare profiles: X(1,2) ©Y(2,1) “switch”
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HARPO Efficiency

g 100 :
— 90 :— .............................. :} ———————— {:II
9 80 AT e .
L - e« e T 5
2 70 :— _______________ .
am = S
T 60 5
50 E-
40 £
— e  TELCCEEY Sim Reconstructed (no saturation)
30 E_ ------- Trmemee Sim Reconstructed (with saturation)
20 = —e—— Data
10 f_ ------- S ARIELELY p%tch 2mm
: 1 1 1 1 1 II| 1 1 1 1 1 1 1 I| pltCh 4mm
| 10 107 10

Egamma [MGV]

Polarimetry in the pair regime with HARPO
Philippe Gros, LLR, CNRS/IN2P3, France
2016-09-12 TeVPA2016, CERN 38/22



U8 Polarisation asymmetry
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{IIY] HARPO Demonstrator l/l/(L‘

scintillators

micromegas
+GEM

readout strips field cage
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Expected performance
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Current status

* Demonstrator built and tested in polarised
photon beam in NewSUBARU, Japan

- 13 Energy points, 1.74 to 74MeV, ~60Mevents

electron storage ring

!.)*

gamma-
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_HARPO The HARPO TPC
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