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PoGOLite:
a hard X-ray
polarimeter

Elena Moretti KTH (OKC post-doc)
On behalf of the PoGOLite collaboration
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The collaboration:

PI: Mark Pearce (KTH)
Sweden: KTH & SU;

Japan: Hiroshima University, ISAS, Waseda University, Tokyo
Institute of Technology;

USA: SLAC/KIPAC, University of Hawaii;

External collaborators:
DST Control in Linkoping (attitude control system);

SSC Esrange (gondola, power and communication sys’rems and
campaign phase);

KTH Alfyen Labora’rory (Auroral monitor); i
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The collaboration:

KTH: Mark Pearce, Miranda Jackson, Stefan Rydstrom, Mozsi
Kiss, Elena Moretti, Merlin Kole and many MCs students which
gave important contributions;

SU: Goran Olofsson, Hans-Gustav Floren;

Japan: Tune Kamae, Hiromitsu Takahashi;

External collaborators:

DST Control: team led by Jan-Erik Stromberg;

SSC Esrange: team led by Torbjorn Eld; _
KTH AIFvén Laboratory: team led by Nickolay Ivchenko;
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Preparing the polarimeter

The collqbora-’f,iqn ‘has
worked on the

preparation and
‘development of the

ms’rrumen‘r from the

inner de’rec’ror to the
read ou’r elec’rronlcs :

from the coollng

= sys’rem to the
z pressurlsed s’rruc’rure.

rnpper plate
channels for th-E aling fluld
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The detection idea

Klein-Nishina description of a Compton scattering for polarised photons:

do o (E’ E )

| E = Eﬁ E -|' E - Eﬁiﬂgf}ﬂﬂﬂﬂq&l

==> the photon spatial distribution depends on the polarisation:

Paolarization Plane

Angular resolution using a detector
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Detector tuning against bkg

Applying the detfection idea
with in a
hexagonal-geometry array.

The signal is amplified from

10




Detector tuning against bkg

Slow scintillator tubes
collimate the received signal.

Applying the detfection idea
with in a
hexagonal-geometry array.

The signal is amplified from
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Detector tuning against bkg

il

Slow scinftillator tubes
collimate the received signal.

create and
anti-coincidence shield

Applying the detfection idea
with in a
niexagonal-geometry array.

The signal is amplified from
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Detector tuning against bkg

| “I a
|

Slow scinftillator tubes
collimate the received signal.

create and
anti-coincidence shield

Applying the detfection idea

with in a

nexagonal-geometry array.
;

The signal is dmpliﬁed from

A passive neutron shield in
polyethylene surrounds the
defector 13




Detector facts

‘/ Slow plastic scintillators

Side Anticoincidence
Shield (BGO crystals)

Fast plastic
scintllators

Bottom BGO crystals """"' o =

Energy range: 25 - 100 KeV

Slow Plastic ,,/'

Scintillator Callimatar

Fast Plastic Scintillator

BGO Scintillator

'\\1

Photomultiplier Tube

. Effective area: 200cm? @ 50 keV

Field of view: 2.5 deg

14



¥ Attitude Control System and
b Flight train aftaches here gon dOld

_ Polarimeter,

! | % 3| | |
! 0 =S = §
/ il / | !
.,|'II '|II ": -:-t / star trHCkers‘
4] y = =)
i, f -
i f =

~and auroral
| monitoring unit

Radiators | | Solarpanelskirt

b 2 Polar (on back end) /

Ny,
(X AT
olye’rhylene

N

—




T PP PR AR PR R L PP PR

By
m.

g

e k.
5 = e 3
4 =
=
- il
- 5
- = e .
# =
k3
= -

=R A

L

e

L
't
N e

-
LS

e VRL L R L e b

o, BT

]
o

]



~ The story

Uittt

i

jpllig

+ 2011 — flight duration 5h;
i Wesw  « 2012 — 5 day long flight planned;

e | | e 2012 — No launch opportunities due to
weather;

~* 2013 = new launch attempt for long7
~ flight;
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Why do we keep
doing this after
all this bad
luck?

18
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Answers!

1. The instrument works as expected!

Ground
measurement of
a %100%
polarised source
(not bkg
subtracted)

Distribution of scattering angles
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350

Azimuthal scattering angle (deg)
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Events/min

Answers!

1. The instrument works as expected!

Pfotzer peak

Flight 2011: measurement
of total event rate
(particles + photons) hitting
the central unit

20000 25000 30000
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Answers!

1. The instrument works as expected!

Event spahal dlsfrlbu’rlon
durlng the observa’rlon oF
Cygnus—Xl @ 35km '
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o T smula’red source phe’ron
— simulated neu’rron bkg
— ﬂlgh’r data

4 h
Distance from centre (PDC rings)
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Answers!

2. The science is at the frontier

In the past:

Good medsurements in optical (450-950nm): pol degree and
angle change with the phase;

Old measurement (1976) @ 2.6keV, 5.2keV;

Medasurements at 200-800keV but not a “real” polarimeter
— high systematics & bad fiming resolution.

With PoGol.ite:

First measurement of the in hard X-ray
with a dedicated polarimeter (low systematics and good
time resolution) ==> Independent information on the
particle acceleration mechanisms and the geometry in
the Nebula 22
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Answers!

2. The science is at the frontier

First measurement of the in hard X-ray
with a dedicated polarimeter (low systematics and good
time resolution) ==> Independent information on the
particle acceleration mechanisms in the Nebula

Possible measurement of the Crab pulsar ==>
complementary information to distinguish among
acceleration-emission models

Possible measurement of the polarisation of the binary
system Cygnus-X1 ==> In which case this system emits

polarised light? What is the geometry of the system? =



Epilogue

I hope to see you next
year with the happy
lglellgle

For references and more information check www.particle.kth.se/pogolite
' 24


http://www.particle.kth.se/pogolite

L Join us?

~— |- Postdoctoral scholarship in astroparticle physics at KTH (2 years)

Ii. Application deadline: 2012-12-10.

—‘—,j

I Ph.D. position in_astroparticle physics at KTH in Stockholm.

—"—,.J
| Application deadline: 2012-12-17.

—

=

—
——(The positions concern polarised X-ray astrophysics - focussing on

__|balloon-borne hard X-ray polarimetry (PoGOLite) and the development
‘| of new instrumentation.

|

| *English: http://www.kth.se/en/om/work-at-kth/vacancies
—
L *Swedish: http://www.kth.se/om/work-at-kth/lediga-anstallningar

|
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http://www.kth.se/en/om/work-at-kth/vacancies
http://www.kth.se/om/work-at-kth/lediga-anstallningar
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L, Crab nebula past measurements

= |

=

I et | Enegy | Pol.degre
i 450-95 ["I 11, Peaks: low Peaks: rapidly
I OPTIMA ~1-3 eV polarization, changing,
— (O ptir_ al) ~5-10% ~T0-170°

— 090s 6 keV (X-rays) | (19.2 + 1.0)% | (1564 + 1.4)°
K= T .3 keV (X-rays) | (19.5 + 2.8)% | (152.6 &= 4.0)°

Peaks: little or Peaks:

INTEGRAL 0.2-0.8 MeV no polarization N/A
(IBIS) (Gamma-rays) Off-pulse: Off-pulse:
~88% pol. (122 + 7.7)°
INTEGRAL 0.1-1 MeV Off-pulse: Off pulse:
(SPI) (Gamma-rays) (46 + 10)% (123 + 11)°

27
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ACS performances
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Pulsar models

null charge surface
-B=0-—

Polar cap
Numerical data: A. Harding
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