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Why X-ray Astrophysical Polarimetry ?

Polarization from celestial sources may derive from:

*Emission processes themselves:
cyclotron, synchrotron, non-thermal
bremsstrahlung

(Westfold, 1959; Gnedin & Sunyaev, 1974; Rees, 1975)

*Scattering on aspherical accreting plasmas:
disks, blobs, columns.

(1975; Sunyaev & Titarchuk, 1985; Mészaros, P. et al. 1988)

*Vacuum polarization and birefringence through
extreme magnetic fields

(Gnedin et al., 1978; Ventura, 1979; Mészaros & Ventura, 1979)
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Two new observables

usual techniques in X-ray astronomy are: imaging, spectroscopy and timing

Opening an ‘almost’ new window in the X-ray sky
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Two new observables
* Polarization degree.

* Polarization angle.
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The conventional formalism

Modulated Term B

7
g
Fit function: M (CJ] = A | B (.'(JHIJ ((:3 o= f.{l‘ﬁ} g
' 2%
Modulation: Zmax = Mumin _ D
-"lell.'ri."t L -"'w min B | 23'1.
Modulation curve
Polarization: l L !_1 is the modulation factor, i.e. the modulation
ubB 24 or 100% polarized radiation

Or by Using Stokes Parameters

S(e) = 1|+ Qsin (2¢) + U cos (29) .
I =(A+ B/2), @ = (B/2)sin(2¢n), and U = (B/2) cos(2ad0),

_/QQQQ0 _ 1 Q
P=—= ® 7 W,

No V — no circular polarization with present techniques
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The first limit: In polarimetry the sensitivity is a matter of photons

Minimum Detectable Polarization (MDP)

wpp - 422 [Rs+Rs
_LLRS\} ¥

R is the Source rate, Ryis the Background rate, T is the observing time
U is the modulation factor: the response of the polarimeter to a 100% polarized beam
(spanning from 0 or no sensitivity, to 1 or maximum sensitivity)

4.29

H/ -;Vph.

7
To reach MDP=1% with u=05: N, — 2.29 =736 10° ph
: i« MDP
Source detection > 10 counts
Source spectral slope > 100 counts
Source polarization > 100.000 counts

If background is negligible: MDP —

Caution: the MDP describes the capability of rejecting the null hypothesis (no polarization) at
99% confidence. For a 3-sigma meaurement an observing time 2.2 times longer is needed
while the 1-sigma error scales like : 28°.5/S/N
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SOLAR PANEL
ALWAYS FACING SUN

A\ To sPIN axis

SPINNING WHEEL

SPIN AXIS |
POINTED TOWARDS
SOURGE OF INTEREST —'I

#e—— STELLAR X-RAY SOURCE

COLLIMATOR
INCIDENT X-RAY

POLARIMETERS
ORIENTED PARALLEL

GRAPHI

468 mosaic graphite mosaic crystals mounted to a sector of parabolic
surface of revolution.

Mosaic spread of 0.8° Bandpass =40 eV (2.62 keV)

Bragg angles allowed between 40° and 50°
Overall band-pass 400 eV (2.62 keV)
u =0.94

Projected crystal Area = 2 x 140 cm? ; Detector area = 2 x5 cm?; FOV = 2°
B =2 x 3 102 counts/s in each order (pulse shape analysis +
antincoincidence)

Positive measurement: of X-ray polarization of the Crab Nebula
without pulsar contamination (by lunar occultation, Weisskopf et
al., 1978).

— TE
s CRYSTAL REFLECTOR

PREAMP AND
NETWORK UNIT

COUNTER 1

55re SOURCES

OSO-8 satellite (top) and

polarimeter (bottom)
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POWER SUPPLY Crab Nebula. Surrounding

P=19.2+1.0%; 6=156.4°%1.4° (2.6 keV)

(a) 2.6 kev o

—— COUNTER 2 30

Polarization vector for the

the vectors in order of
increasing size are 67 %
and 99 % confidence
contour. The radial scale is
the polarization in percent
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Other OS0O-8 results.
-

« Upper Limit (20% 99 % confidence level) on Crab Pulsar X-ray emission
(Silver et al., 1978).

* Precision ‘zero’ X-ray polarization determination from Sco X-1
(0.39 % £0.20% at 2.6 keV and 1.31 % £0.40% at 5.2 keV, Long et al. 1979).

* Low significance polarization measurement on Cyg X-1 2.4 % £1.1 % at
2.6 keV and 5.3 % £ 2.5 % at 5.2 keV.

* Other upper limits (99% level) on a number of sources (Hughes et al.,
1984) . PoLarizATION UppER LiviTs

ENERGY -
2.6 keV 5.2 keV

I Upper 1 Uppcr
SOURCE YEAR (cts per 1000 s) n Limit (cts per 1000 s} ™ Limit

(1) @) (3) @ ®) @ ®

4U0316+41................... 1976 24.62 + 513 0.58 2549, Not detected
1977 21.34 + 0.63 0.62 1597 7.14 £ 0.50 0.40 34.5%

.Comb 21.39 + 0.63 0.88 12.6%
AU T8 —60" .o, 1975 44.69 + 093 0.55 14.1% 21.25 £ 0.74 0.87 198%
1978 11.75 £ 1.06 0.16 71.6%, 3.85 + 0.89 0.43 100.0%;
Comb 30.36 + 0.70- 0.18 18.2%, 14.14 £ 0.57 0.49 2707,
AU 163653 ... 1976 3625 + 1.00 083  153% = 7824072 033 60.1%
AU 1636435 ... 1975 10.76 + 1.26 0.96 62.1%, 3274 1.13 0.20 100,02,
4U 1658 —48 ...l 1978 4819 + 1.09 0.95 1049, 2.17+0.70 0.17 100.0%;
AU IT02—-36........oe 1975 19425 + 3.45 0.92 9.2%, 58.67 + 2.17 0.55 22.0°%,

AU 1758257 1975 25497 + 296 80.99 £ 1.92
4U 182030 ... 1976 66.87 + 0.96 0.64 6.0% 18.11 + 0.77 0.48 14.4%;
1978 85.18 + 1.15 0.40 8.0%; 2305+ 076 0.72 15.7%
Comb 74.39 + 0.74 0.50 47%, 20.61 1 0.54 042 10.8%;
AU 1837+04 ... 1975 7335+ 2.19 0.62 17.9% 1721 + 144 0.04 6487,
AU 2321458 . 1976 30.88 + 3.24 0.66 264% 240 +242 0.26 100.0%

© * Binary eclipse background data subtracted from /, @, and U.
* Contaminated by off-axis source 4U 1744 —26.
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Today’s X-ray polarimetry in the world.

Photoelectric : GPD (ltaly, China) ; TPC (USA, China).
Scattering : (France, ltaly, Germany, Sweden, Switzerland, India, USA, Japan)
Bragg diffraction : (China, USA)
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Modern techniques : photoelectric effect

Polarimetry based on photoelectric effect was tempted very long ago but it is now a
mature technology.

An X-ray photon directed along the Z

Heitler W.,The Quantum Theory of Radiation axis with the electric vector along the Y

Zdiacton TN\ centes Miokn axis, is absorbed by an atom.
e z Bk The photoelectron is ejected at an angle
Loluization o Lodoriemon 0 (the polar angle) with respect the
E\ incident photon direction and at an
Ejacted Photo-slectron azimuthal angle ¢ with respect to the

electric vector.

s grovoipmiopny S TR L If the ejected electron is in ‘s’ state (as

X for the K-shell) the differential cross
¥ direction . 2 .
Distribution In space of K-sheil section depends on cos” (¢), therefore it

photo-electrons after the absorption of s preferentially emitted in the direction
a polarized photon beam. of the electric field.

Costa, Nature, 2001

A N .2 2
= oo mc 442 0
p=vic 2 ( ) sin (9)cos () Being the cross section always null for

v ) 4
? 137 _
OI? hv) .(1 ﬂ cos?@)) ¢ = 90° the modulation factor p equals 1
By measuring the angular distribution of the g4, apy polar angle.
ejected photoelectrons (the modulation curve) it

is possible to derive the X-ray polarization.
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Many proposed X-ray polarimetry missions

From 2002 to 2008 missions proposed to NASA, ESA, ASI, JAXA and
CNSA

A polarimeter was supposed to fly on XEUS/IXO. -> Athena without a polarimeter was selected
for L2

POLARIX was one of the two missions selected as italian small mission, but the whole program
was later dropped.

GEMS was selected by NASA on May 2008 to fly on 2014 but stopped in 2012 for
programmatic reasons.
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What’s next ?

ESA

In 2014 ESA issued an AOO for the 4th Scientific Mission of Medium Size (M4) with a budget of 450
ME€ (+ national contributions).
3 missions have been selected on 2015 for phase A study:
1) XIPE: and X-ray Imaging Polarimeter based on GPD
2) ARIEL: a mission for the spectroscopy of Exoplanets
3) Thor: a mission to study turbolence on Solar Wind
On May/June 2017 one of these 3 missions will be selected for flight

Launch in 2026

NASA

In 2014 NASA issued an AOO for a Small Explorer Mission (budget of ~ 175 M$)
On july 30 2015 NASA selected 3 missions for phase A study
1) IXPE: a Mission of X-ray Polarimetry based on GPD
2) Praxys: a Mission of X-ray Polarimetry based on TPC
3) SPHEREXx: a Mission of All Sky Survey of NearIR spectroscopy
On January 2017 NASA will select one of the 3 missions to flight

Launch in 2020

Three out of 6 missions under study are of X-ray Polarimetry
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Let us focus on XIPE

XIPE is the most sensitive of the
3 missions under study.
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IXPE e PRAXyS

Two X-ray polarimeters in competition

GSFC/NASA
Gas Pixel Detector
I I Costa et al. 2001
Bellazzini et al. 2006, 2007
E Twn-a:ﬁ«:j;cmﬂhﬂmber
- 3 GPDs e
+ 3 X-ray optics MSFC 2 TPCs, 2 Optics
« About 350 kg limit (Pegasus) About 350 kg limit (Pegasus)
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IXPE SMEX Timeline
e

Activity  [Date
PHASE A REPORT DUE 19/07/2016

Site-visit NASA 21 Nov. 2016

NASA DOWN SELECTION Jan 2017

Bridge Phase Feb-Jun 2017

Phase B July 2017-Feb 2018

Delivery Italian Payload Dec 2018

Phase C/D Feb 2018-Dec 2020

Launch End 2020
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Italian Contribution to IXPE:

Detector Unit Gas Pixel 3 Proto-flight, 1 Spare
Detectors
Back end 1 EM, 3 Proto-flight, 1 Spare
electronics

Filter Wheels 1 EM, 3 Proto-flight, 1 Spare
Housing & 1STM, 3 Proto-flight, 1 Spare

Straylight

collimator
Computer P/L Computer 1EM, 1 Protoflight
Test equipments One TE
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X-ray Imaging Polarimetry Explorer

Proposed by
Paolo Soffitta, Ronaldo Bellazzini, Enrico Bozzo, Vadim Burwitz, Alberto J.
Castro-Tirado, Enrico Costa, Thierry J-L. Courvoisier, Hua Feng, Szymon
Gburek, René Goosmann, Vladimir Karas, Giorgio Matt, Fabio Muleri,
Kirpal Nandra, Mark Pearce, Juri Poutanen, Victor Reglero, Maria Dolores
Sabau, Andrea Santangelo, Gianpiero Tagliaferri, Christoph Tenzer, Martin
C. Weisskopf, Silvia Zane

XIPE Science Team

Agudo, Ivan; Aloisio, Roberto; Amato, Elena; Antonelli, Angelo; Atteia, Jean-Luc; Axelsson, Magnus; Bandiera,
Rino; Barcons, Xavier; Bianchi, Stefano; Blasi, Pasquale; Boér, Michel; Bozzo, Enrico; Braga, Joao; Bucciantini,
Niccolo'; Burderi, Luciano; Bykov, Andrey; Campana, Sergio; Campana, Riccardo; Cappi, Massimo; Cardillo,
Martina; Casella, Piergiorgio; Castro-Tirado, Alberto J.; Chen, Yang; Churazov, Eugene; Connell, Paul; Courvoisier,
Thierry; Covino, Stefano; Cui, Wei; Cusumano, Giancarlo; Dadina, Mauro; De Rosa, Alessandra; Del Zanna, Luca;
Di Salvo, Tiziana; Donnarumma, Immacolata; Dovciak, Michal; Elsner, Ronald; Eyles, Chris; Fabiani, Sergio; Fan,
Yizhong; Feng, Hua; Ghisellini, Gabriele; Goosmann, René W.; Gou, Lijun; Grandi, Paola; Grosso, Nicolas;
Hernanz, Margarita; Ho, Luis; Hu, Jian; Huovelin, Juhani; laria, Rosario; Jackson, Miranda; Ji, Li; Jorstad, Svetlana;
Kaaret, Philip; Karas, Vladimir; Lai, Dong; Larsson, Josefin; Li, Li-Xin; Li, Tipei; Malzac, Julien; Marin, Frédéric;
Marscher, Alan; Massaro, Francesco; Matt, Giorgio; Mineo, Teresa; Miniutti, Giovanni; Morlino, Giovanni;
Mundell, Carole; Nandra, Kirpal; O'Dell, Steve; Olmi, Barbara; Pacciani, Luigi; Paul, Biswajit; Perna, Rosalba;
Petrucci, Pierre-Olivier; Pili, Antonio Graziano; Porquet, Delphine; Poutanen, Juri; Ramsey, Brian; Razzano,
Massimiliano; Rea, Nanda; Reglero, Victor; Rosswog, Stephan; Rozanska, Agata; Ryde, Felix; Sabau, Maria
Dolores; Salvati, Marco; Silver, Eric; Sunyaev, Rashid; Tamborra, Francesco; Tavecchio, Fabrizio; Taverna,
Roberto; Tong, Hao; Turolla, Roberto; Vink, Jacco; Wang, Chen; Weisskopf, Martin C.; Wu, Kinwah; Wu, Xuefeng;
Xu, Renxin; Yu, Wenfei; Yuan, Feng; Zane, Silvia; Zdziarski, Andrzej A.; Zhang, Shuangnan; Zhang, Shu.

XIPE Instrument Team

Baldini, Luca; Basso, Stefano; Bellazzini, Ronaldo; Bozzo, Enrico; Brez, Alessandro; Burwitz, Vadim; Costa, Enrico;
Cui, Wei; de Ruvo, Luca; Del Monte, Ettore; Di Cosimo, Sergio; Di Persio, Giuseppe; Dias, Teresa H. V. T.; Escada,
Jose; Evangelista, Yuri; Eyles, Chris; Feng, Hua; Gburek, Szymon; Kiss, Mdzsi; Korpela, Seppo; Kowaliski, Miroslaw;
Kuss, Michael; Latronico, Luca; Li, Hong; Maia, Jorge; Minuti, Massimo; Muleri, Fabio; Nenonen, Seppo; Omodei,
Nicola; Pareschi, Giovanni; Pearce, Mark; Pesce-Rollins, Melissa; Pinchera, Michele; Reglero, Victor; Rubini, Alda;
Sabau, Maria Dolores; Santangelo, Andrea; Sgro, Carmelo; Silva, Rui; Soffitta, Paolo; Spandre, Gloria; Spiga,
Daniele; Tagliaferri, Gianpiero; Tenzer, Christoph; Wang, Zhanshan; Winter, Berend; Zane, Silvia.

XIPE uniqueness: Time-, spectrally-, spatially-resolved X-
ray polarimetry as a breakthrough in high energy
astrophysics and fundamental physics

Xipe % IO 1=

XIPE participating Institutions
BR: INPE; CH: ISDC - Univ. of Geneva; CN: IHEP, NAOC, NJU, PKU,
PMO, Purdue Univ., SHAO, Tongji Univ, Tsinghua Univ., XAO; CZ:
Astron. Institute of the CAS; DE: IAAT Uni Tubingen, MPA, MPE; ES:
CSIC, CSIC-IAA, CSIC-IEEC, CSIC-INTA, IFCA (CSIC-UC), INTA,
Univ. de Valencia; Fl: Oxford Instruments Analytical Oy, Univ. of
Helsinki, Univ. of Turku; FR: CNRS/ARTEMIS, IPAG-Univ. of
Grenoble/CNRS, IRAP, Obs. Astron. de Strasbourg, IN: Raman
Research Institute, Bangalore; IT: Gran Sasso Science Institute,
L'Aquila, INAF/IAPS, INAF/IASF-Bo, INAF/IASF-Pa, INAF-OAA, INAF-
OABr, INAF-OAR, INFN-Pi, INFN-Torino, INFN-Ts, Univ of Pisa, Univ.
Cagliari, Univ. of Florence, Univ. of Padova, Univ. of Palermo, Univ.
Roma Tre, Univ. Torino; NL: JIVE, Univ. of Amsterdam;
PL:CopernicusAstr. Ctr., SRC-PAS; PT: LIP/Univ. of Beira-Interior,
LIP/Univ. of Coimbra; RU: loffe Institute, St.Petersburg: SE: KTH Royal
Institute of Technology. Stockholm Univ.: UK: Cardiff Univ., UCL-MSSL,
Univ. of Bath; US: CFA, Cornell Univ., NASA-MSFC, Stony Brook Univ.,

=== Univ. of lowa, Boston Univ., Institute for Astrophysical Research,
™= Boston Univ., Stanford Univ./KIPAC.
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The X-ray Imaging Polarimetry Explorer

A large number of scientific topics and

observable sources: L
A large community involved:
Astrophysics
Acceleration phenomena
Pulsar wind nebulae
SNRs
Jets Blazars
Emission in strong magnetic fields
Magnetic cataclysmic variables
Accreting millisecond pulsars
Accreting X-ray pulsars
Magnetar
Scattering in aspherical situations

X-ray binaries
Radio-quiet AGN ’\

X-ray reflection nebulae

17 countries

146 scientists

68 institutes around the world

Fundamental Physics
Matter in Extreme Magnetic Fields: QED effects

Magnetars ’ 9
Matter in Extreme Gravitational Fields: GR effects "5 w
Galactic black hole system & AGNs :
Quantum Gravity q-
Search for axion-like particles
Basically, XIPE will observe almost all classes of X-
ray sources.
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XIPE design guidelines

A light and simple mission

* Three telescopes with 3.5 m (possibly 4m) focal length to fit within the Vega fairing.
Long heritage: SAX > XMM - Swift - eROSITA - XIPE
* Detectors: conventional proportional counter but with a revolutionary readout.
* Mild mission requirements: 1 mm alignment, 1 arcmin pointing.
* Fixed solar panel. No deployable structure. No cryogenics. No movable part except for the filter wheels.
* Low payload mass: 265 kg with margins. Low power consumption: 129 W with margins.
* Three years nominal operation life. No consumables.
* Low Earth equatorial orbit.

105k, 0.18 om, self-triggering

Bellazzini et al. 2006, 2007
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ESA CDF

« Configuration of the proposal basically
confirmed

* Vega Launcher confirmed for 3.5 m focal
length. A possible longer focal length will be
studied (Goal 4 m)

* Orbit confirmed.

« Efficiency requirement met.

« Power and mass confirmed.

» Estimated cost well within the cap.

* Low risk mission.

* Flightready { -

7o
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XIPE Payload tree

Xipe TR

All Europe and more

XIPE M4
I T Pr— T — 1
@ | Eadiation “rationa 7 | nch
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The distribution of activities

O+ | S, o | | s | o= 20



The XIPE ingredients

X-RAY
OPTICS

FW k‘l%
TN

s 1
Laboratory DAaQ

End to End

Calibration
AlV & Launc
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XIPE Instrument

The instrument is the Payload Module part under the XIPE consortium responsibility.

210 mm

Conceptual design; under revision for alignment, accessibility and AIV/T aspects

Focal Plane (FP):
* 3 Detector Units (3x DUs, blue boxes)
* 3 Back End Electronic Units (3x BEEUs, green
boxes)
* 1 Focal Plane Structure (FPS, gray)
* Harness connecting each DU and the
corresponding BEEUs (not shown)

Instrument Control Unit (ICU):
* 1 unit interfacing the Service Module
(SM) with the 3 BEEUs
* Harness connecting the ICU and the 3
BEEUs

Can be located everywhere on the SM.

Located at the external end of the Structural Tube
Xipe ::# O+ et S = § N . P = 22



Detector Unit
Detector Unit
* 1 Gas Pixel Detector (GPD)
* ASIC
* Gas cell

* Peltier
* 1 Filter Wheel (FW) with 8 positions

65 5 (TBE)

OFEN posithon” to Debectodr Be wirddaw

* 4 calibration sources, 3 filters, 1 open |
position é_ i Dﬁ:ﬂ't:::umbnﬂmﬁ
* 1 Stray-Light Collimator (SLC) | oecar e
* 1 Housing i s et 775 :

source reserved dlearance to Detector Ti_drift_frame GFO IF

FW: MSSL/UCL

Item Mass (with margins) Power (maximum)
GPD 0.7 kg 3.0W
FW 6.0 W occasionally
1.9 kg
SLC
Housing 2.2 kg -
Total 4.8 kg (3.0 + 6.0) W
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Instrument mass and power budget

Total mass (kg)

Summary

Item

Mass (kg)

Total mass of the FP (kg)

DU 4.8 14.4
BEEU 1.9 5.7
FPS 25.2 25.2
Total 45.3 45.3
ICU 7.8

Total

Item Power (W) Total power of the FP (W)  Total power (W)
FP
DU 9.0 27.0
BEEU 6.8 20.4
Total 47.4 47.4

78.6 W

Budget substantially confirmed during CDF

X|Pe P
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XIPE facts

Polarisation sensitivity

Spurious polarization
Angular resolution
Field of View

Spectral resolution
Timing

Stability
Energy range

Background

Xipe e

3 of these optics ————————> e

1.2% MDP for 2x101° erg/s cm?
(10 mCrab) in 300 ks

<0.5 % (goal: <0.1%)
<26 arcsec

15x15 arcmin?

16% @ 5.9 keV
Resolution <8 us
Dead time 180 us
>3 yr

2-8 keV

2x10° c¢/s or 4 nCrab

00— AIPE Soft K-ray module design, 4 & roughness,
P (20 aAm) + C {10 Am) coating, onaxs, snalytical
6501y g ¥
== f=35m, 27 shalls, 40 kg (baseling)
f=4m, 27 shells, 42 kg
550 1= 3.5 m, 30 shells, 47 kg
= =4 m, 20 shillg, 49 kg
SO0+
i 4 =1
E S0
= 400
; 250
:
= 200~
&
w250
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150
100 =
50 -
0 I I ] ] I I I ] I
1 2 3 4 1 ] 7 ] 9
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—~ ¢, -
¥ 10,0} Bt-boe W
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9 - R
o - "% MCG-6-30-15
S B 4U 01424614 (AXP)x -
£ - ]
5 10 Her% :\‘*
= ~E ™
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i GX339—41%_ E
0.1 s ]
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Flux 2.0 — 8.0 keV (erg cm™2 s™")
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M4 Timeline

Activity Date
Phase 0 kick-off Jun-2015
Phase 0 completed (ARIEL. THOR. XIPE) Oct-Nov 2015
ITT for Phase A industnal studies Nov-2015
Phase A kick-off Mar-2016
Prelinunary Requurement Review completed Apr-2017
Down-selection recommendanon for M4 nussion May-2017
SPC selection of M4 mission Jun-2017
Phase B1 kick-off for the selected M4 nussion Jul-2017
Phase B1 completed Sep-2018
SPC adoption of M4 nussion Nov-2018
Phase B2/C/D kick-off 2019
Launch 2026

Table 1: Tentative timeline for M4 activities
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The XIPE energy band

Scientific goal Sources >10 keV

Acceleration phenomena PWN yes yes yes
SNR no yes yes
Jet (Microguasars) yes yes yes
Jet (Blazars) yes yes yes

Emission in strong WD yes yes
magnetic fields AMS no yes yes
X-ray pulsator yes yes
Magnetar yes (better) yes no

Scattering in aspherical Corona in XRB & AGNs yes yes

geometries X-ray reflection nebulae no yes yes
Fundamental Physics QED (magnetar) yes (better) yes no
GR(BH) no yes no
QG (Blazars) yes yes

Axions (Blazars, Clusters) yes? yes

1 keV 10 keV 100 keV

E—— |

Photoelectric effect

B

Diffraction on

multilayer mirrors Compton scattering
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XIPE scientific goals

Astrophysics: Acceleration: PWN

Radio (VLA) Optical (Palomar) X-rays (Chandra)

.....

P=19% integrated over
the entire nebula
(Weisskopf et al. 1978)

-----------

Radio polarisation IR polarisation Optical polarisation X-ray polarisation

X-rays probe freshly accelerated electrons and their acceleration site.
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XIPE scientific goals

Astrophysics: Acceleration: PWN

Region odegree gangle MDP
(%) (deg)

20 ks with XIPE

Inner ring

*The OSO-8 observation, integrated over the entire nebula, measured a position angle that is tilted with
respect to the jets and torus axes.

*What is the role of the magnetic field (turbulent or not?) in accelerating particles and forming
structures?

*XIPE imaging capabilities will allow us to measure the pulsar polarisation by separating it from the much
brighter nebula emission.

*Other PWN, up to 5 or 6, are accessible for larger exposure times (e.g. Vela or the “Hand of God”).
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XIPE scientific goals

Astrophysics: Acceleration: SNR

Map of the magnetic field

Spectral imaging allows to separate the
thermalised plasma from the regions
where shocks accelerate particles.

XIPE PSF

What is the orientation of the magnetic
field? How ordered is it? The spectrum
cannot tell...

FoV 15 arcmin FoV 15 arcmin
< > [€

Region MDP odegree  oangle
(%) (%) | (deq)
if P=11%
3.7 B3 T
4.3 S e
B s +1.0 +2.8
4.6 +1.4 +4.1
B 30 +0.9 +2.6
5 i | ot S 4.5
, , 5.4 +1.7 +4.5
4-6 keV image of Cas A blurred with the
PSF of XIPE 2 Ms observation with XIPE
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XIPE scientific goals

Astrophysics: Acceleration: Unresolved Jets in Blazars

ﬁEad i lupud
Qso

Schematic view of an AGN

[

Blazars are those AGN which not only have a
jet (like all radiogalaxies), but it is directed

towards us.

Due to a Special Relativity effect (aberration),
the jet emission dominates over other

emission components

Radio Quiat
Qs

-
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XIPE scientific goals

Astrophysics: Acceleration: Unresolved Jets in Blazars

Blazars are extreme accelerators in the

Universe, but the emission mechanism is far Sync. Peak IC Peak
from being understood. The "blazar seguence ’”
[ T I T L T T r L] T T L I 1-' i — l T '| T T :
In inverse Compton dominated Blazars, a D _ FSRQ: i\l —f
XIPE observation can determine the origin C P E;% ]
of the seed photons: e i SR E
T oas [ NN
» Synchrotron-Self Compton (SSC) ? & E X/ st %
The polarization angle is the same as forthe = - ol / D
synchrotron peak. Faap/ 0 i\
43 f— HBL é
* External Compton (EC) ? : P& :
The polarization angle may be different. *i __ Fossati bt al. 1998: Donato et al. 2001 E
41 L @ | P TR S| v
10 =0 =25
The polarization degree determines th [Hz]

electron temperature in the jet.
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XIPE scientific goals

Astrophysics: Acceleration: Unresolved Jets in Blazars

Blazars are extreme accelerators in the

Universe, but the emission mechanism is far Sync. Peak IC Peak
from being understood. The "blazar seguence ’”
N P A O T T AT A R PP ey SR R R Rt
In synchrotron-dominated X-ray Blazars, o 3 Fekas T:E E
multi-A polarimetry probes the structure ar | - —
of the magnetic field along the jet. — - I R ¢ ]
w 46 |- S SN =
20 - o ]
Models predict a larger and more f 45 &P / N
variable polarisation in X-rays than in the gn a4 F c ' W3
optical. B - oo Wi
43 - ?_Jj- HBL y E
Coordinated multi-wavelength az [ i
campaigns are crucial for blazars. & Fossati gt ol. 1998; Donato et al. 2001
+1 10 =20 =25

Such campaigns (including polarimetry)
are routinely organised and it will be
easy for XIPE to join them.
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Acceleration phenomena: Resolved jets

XIPE can, map the X-ray polarisation and thus the magnetic
field of resolved X-ray emitting jets.

MDP for the jet is 5% in 1 Ms of observation
in 5 regions.

Blurred Chandra image

Cen A Simulated at IXPE Resolution
with Diffuse Component Subtractad

ULX

ULX

The extended (4’) radio jet in Cen A.
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XIPE scientific goals
Astrophysics: Strong Magnetic Fields: Accreting Millisecond Pulsars
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Emission in strong magnetic field: Binary X-ray pulsars

Disentangling geometric parameters from physical ones

Emission process: e %
—
* cyclotron = A ,
. . . — ” w
® opacity on highly magnetised plasma: kL < k" S & - 1
- B AR
. . . E ks ] SkeV
From the swing of the polarisation angle: = e .8 k
* Orientation of the rotation axis : b~ 1.6keV
* Inclination of the magnetic field wrs to the rotation axis +
* Geometry of the accretion column: “fan” beam vs “pencil” beam o TW
= N ]
- - :"‘-—-—:—M
"fan beam" “pencil beam” g
I 3 L~V eV
;o ‘- | = {rea [afing plasma ———_ H ": = P 3 -
sheck ' - § 116 keV
" '. dma &
[ ] -
| * -
| | o0 —
| layer of redisbon — (@) _—
: N ;
. — e
© S 2 :
- = 9 keV
3] - ]
-] oo
o)
= -—
g 3 1.6 keV
i v o I8 1.
For the best class of XIPE candidates we use a paper 27 y old! S -
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XIPE scientific goals
Astrophysics: Strong Magnetic Fields: Accreting X-ray Pulsars
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XIPE scientific goals
Astrophysics: Scattering: Coronae in X-ray binaries & AGN

The geometry of the hot corona, considered to be responsible for the X-ray
emission in binaries and AGN, is largely unconstrained.

The geometry is related to the corona
origin:

* Slab — high polarisation (up to more
than 10%): disc instabilities?

* Sphere — very low polarisation:
aborted jet?
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XIPE scientific goals
Astrophysics: Scattering: Coronae in X-ray binaries & AGN

The geometry of the hot corona, considered to be responsible for the (non-disc)

X-ray

The
origi

X|Pe 5o

emission in binaries and AGN, is largely unconstrained.

SLAB
geometry is related to the corona
n: SPHERE
* Slab — high polarisation (up to more
than 10%): disc instabilities? .
* Sphere — very low polarisation: Marin & Tamborra 2014

aborted jet?

-0 _ = — S SN2
®: (O [+ [ ) [ e | @ | =
®e - = — e



Scattering: X-ray reflection nebulae in the GC

Was in the past the galactic center a faint AGN ?

Cold molecular clouds around Sgr A* (i.e. the supermassive black hole at the centre of our
own Galaxy) show a neutral iron line and a Compton bump - Reflection from an external

sourcel?!

No bright enough sources are in the surroundings. Are they reflecting X-rays from Sgr A*?
so, was it one million times brighter a few hundreds vyears ago?

Polarimetry can tell!

117 arcmin; color code : 1-3 keV ; 3-5 keV; 5-8 kel

UdIE g9g

e
| Centler Nebular Zone © Sunyaey et al., 1993
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XIPE scientific goals

Astrophysics: Scattering: X-ray reflection nebulae in the GC

Polarization by scattering from Sgr B complex, Sgr C complex

* The angle of polarisation pinpoints the source of X-rays
* The degree of polarization measures the scattering angle and determines the true

distance of the clouds from Sgr A*.

! 0.00 0.25 0.50 0.75 1.00
Sgr A* " [
[ ]
SgrBE‘(’/ v Offset x (arcmin)
. - s i Malrin et al. 2014 ©
04 1 1 1 1 1 1 [ ' 1 | ! i 1
|XIPE FaV iy
02 4 U n 9 &
0 ' 4 N
0 | 1 | 1 ! =N o
0 30 80 90 120 150 180 — P
0 (degrees) ) o
s o
oS ¥
Observer 5
I 1 T '| T I 1 r L 1 I
= 10 =30 1] [} 1HI
Offset x (pc)
Observation Value 1D Condition Level
Duration (range seconds)
Definition The durafion of a sclence observafion for any farget (exluding monitoring (300 5))
Requirement sks— 1 Ms S5CI-OB5-R-z27o0 | Minimum due fo seffling | 2b
and set-up time, and the
maximum  according  to
target visibility

Justification Amimmum observanorn durafon allows Tor efficlent use of bright targets (8.2,
Crab, also for calibration purposes), and a sufficient statistics can be colle ded for faint sources
(e.z. Galactic Cenfre or supernova renmants)
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XIPE scientific goals

Fundamental Physics: Matter in extreme magnetic fields: QED effects

Magnetars
are isolated neutron stars with likely a huge magnetic field (B up to

15
10 Gauss).

It heats the star crust and explains why the X-ray luminosity largely
exceeds the spin down energy loss.

QED foresees vacuum birefringence, an effect predicted 80 years ago
(Eisenberg & Euler 1936), expected in such a strong magnetic field and

never S .
cve deteCtedLYéﬁt curve Polarisation degree Polarisation angle
= : L
2.0t }
B sl ¥ 80 g |
§ | e
= T 60| g
! . QED-ON fit
! 1 | 1 ' : qiilJL:UFF FiL :
:':':.{:L......._........|....|...|........._._.......|.........|__! {.Ji...--.---.i..-.-.--...-.-..-..-I----.-.--..--|----u...-----... 5][]L........|_................,........’.{..‘?...I..........._._.'
4] 1 2 3 4 & @ 0 | 2 3 4 5 6 0 1 2 3 4 5 &
Phase I:rud]l Phase I[rud}l Phase {rad_:l

Such an effect is only visible in the phase dependent polarization degree and angle.
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Fundamental Physics: constraining black hole spin with XIPE

An overdetermined problem: let us increase the confusion

So far, three methods have been used to measure the BH spin in XRBs:

1. Relativistic reflection (still debated, required accurate spectral decomposition);

2. Continuum fitting (required knowledge of the mass, distance and inclination);

3. QPOs (three QPOs needed for completely determining the parameters, so far applied only
to two sources).

Problem: for a number of XRBs, the methods do not agree!

For J1655-40: QPO: a = J/J . = 0.290£0.003
Continuum: a=JJ, = 0.7£0.1
Iron line: a=JJ > 0.95

C'_|||||||||

A fourth method (to increase the mess...!?)
Energy dependent rotation of the X-ray
polarisation plane

A0

» Two observables: polarisation degree &

Rotation of polarization position angle [deg]

. Y . . . i s
Two parameters. disc inclination & black [ Simulsted XIPE observaton 1z g 1
hole spin “Y[ of a GRS 1915+105 type source E

- in the soft state : 1
.25 :_ - exposure time 500 ksec MaXIma”y i

GRO J1655'4O; GX 339'4; Cyg X'1, GRS - MDP < 0.36% in all energy bins rotating BH -

1915+105 [ -expected polarization > 4% in all energy bins ]
’ i I | I | I | 1 11 1 | | | I | 1 11 | | 1 1 11 ]
XTE J1550-564, ... 30 2 3 4 5 6 7 8 9

photon energy [keV]
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A world-wide open European observatory

CP: Core Program (25%):
* To ensure that the key scientific goals are reached by observing a set of representative candidates
for each class.
GO: Guest Observer program on competitive base (75%):
* To complete the CP with a fair sample of sources for each class;
* To explore the discovery space and allow for new ideas;
* To engage a community as wide as possible.

In organising the GO, a fair time for each class will be assigned. This will ensure “population studies” in
the different science topics of X-ray polarimetry.
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Many sources in each class available for XIPE

100 — 150 quoted in the proposal:
* 500 days of net exposure time in 3 years;
* average observing time of 3 days;
* re-visiting for some of those.

What number for each cIass?

days e (Ms 3 ears available

219 0.3 127
XRBs
(low+high 91 0.1 <3 91 160
mass)
SNRe 80 1.0 <15 % (10 regions) 8 8
(0]
PWN 30 0.5 <10 % (more than 5 5 5
regions)
<10 % (i h
Magnetars 50 0.5 0% (|n.moret an s 10 10
bins)
Molecular 30 1.0 <10 % 2 complexes or 2 complexes
clouds 5 clouds or 5 clouds
Total 500 193 316

From catalogues: Liu et al. 2006, 2007 for X-ray binaries; and XMM slew survey 1.6 for AGNSs.
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Working groups set: about 300 scientists signed for participation.

WGH1. Acceleration mechanisms: Giampiero Taglaferri(1), Jacco Vink(2)
(1) Osservatorio Astronomico di Brera INAF, Italy, (2) Astronomical Institute Anton Pannekoek, The Netherlands

WGH1.1 Pulsar Wind Nebulae: Emma de Ona Wilhelmi, ICE, Spain

WG1.2 Supernova Remnants: Andrei Bykov, loffe Physical-Technical Institute, Russia

WG1.3 Blazars: Ivan Agudo, Instituto de Astrofisica de Andalucia, Spain

WG1.4 Micro-QSOs: Elena Gallo, University of California, Santa Barbara, USA

WG1.5 Gamma Ray Bursts: Carol Mundell, University of Bath, UK

WG1.6 Tidal Disruption Events: Immacolata Donnarumma, IAPS/INAF, Italy

WG1.7 Active Stars: Nicholas Grosso, Astronomical Observatory in Strasbourg, France

WG1.8 Clusters of Galaxy: Sergey Sazonov, Space Research Institute, Russian Academy of Sciences, Russia

WG2. Magnetic Fields in compact objects: Andrea Santangelo (1), Silvia Zane (2)
(1) Institut fiir Astronomie und Astrophysik Tuebingen, (2) University College London/MSSL, UK

WG2.1 Magnetic Cataclismic Variables: Domitilla De Martino, Osservatorio di Capodimonte, taly
WG2.2 Accreting Millisecond Pulsars: Juri Poutanen, Finland Tuorla Observatory, U. of Turku,Finland
WG2.3 Accreting X-ray Pulsars: Victor Doroshenko, IAAT, Germany

WG2.4 Magnetars: Roberto Turolla, University of Padua, Italy

WG3. Scattering in aspherical geometries and accretion Physics: Eugene. Churazov (1), Rene* Goosmann(2)
(1)Max-Planck-Institut fir Astrophysik, Germany (2) Astronomical Observatory in Strasbourg, France

WG3.1 X-ray binaries and QPOs: Julien Malzac, CESR/CNRS, France

WG3.2 AGNs: Pierre Olivier Petrucci, Institut de Planétologie et d’Astrophysique de Grenoble, France

WG3.3 Molecular Clouds & SgrA*: Frédéric Marin, Astronomical Institute of the Academy of Sciences, Czech Republic
WG3.4 Ultra Luminous X-ray sources: Hua Feng, Tsinghua University, Beijing, China

WG4. Fundamental Physics: Enrico Costa (1), Giorgio Matt (2)
(1) INAF/IAPS, Italy (2) Universita' Roma Tre, Italy

WG4.1 QED and X-ray polarimetry: Rosalba Perna, Stony Brook University, USA

WG4.2 Strong Gravity: Jifi Svoboda, Astronomical Institute of the Academy of Sciences, Czech Republic
WG4.3 Quantum Gravity: Philip E. Kaaret, lowa University, USA

WG4.4 Axion-like particles: Marco Roncadelli, University of Pavia , Italy
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Next meetings, workshop

First XIPE Science Meeting 24-26 May 2016, Valencia

COSPAR E1.15 "X-ray Polarimetry: Experiments and Science Prospects”
30 July 2016 - 7 August 2016, Istanbul

http://www.isdc.unige.ch/xipe/

We closed the registration to the Working Group but if anybody wants to join, please contact
the chair of the WGs of interest.
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