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IXPE .
Sl | XPE Mission

Polarimetry
.. Explorer

The first mission devoted to spatially-resolved

X-ray polarimetry “("MM“)"m \ S
e NASA SMEX mission, launched in 2021 Dec Deployable Boom
o Bilateral collaboration between NASA/MSFC  racoomarss] o Pesambny () 1
and Italian Space Agency (w/ Japanese group
providing key devices) _ ——
e 2 year mission (baseline) + Guest Observer =
Program; (2024 Feb.-) S
e Data are archived by NASA's HEASARC, sl Spacecraf Top Deck
released 1 week after the completion of the (see Weisskopf 18)

observation
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o IXPE

IXPE Instruments

(see Soffitta+21 and Baldini+21)

2-8 keV, 3 Mirror Module Assemblies (MMASs) and Detector Unites (DUs)
e MMAs: each has >200 cm? (3-6 keV)
e DuUs: Gas pixel detector, measure photoelectron track (polarization) direction

o FOV=12.9'x 12.9’, HPD=25", y,00>0.5 achieved. (Aeff*u,,,~20 cm?, AE~20%@3 keV)
o Event-by-event Stokes param. to use imaging-polarimetry capability (Kislat+15, Vink & Zhou 18)
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o IXPE

y
Polonmetry
.. Explorer

Mission Status

Baseline mission completed successfully
e Almost all classes of sources observed; >70 discovery papers (3 in Nature, 2 in Science)
e Data are released 1 week after completion of obs.

GO phase started in 2024/Feb, now cycle 2 (2025/Feb-), cycle 3 will start in 2026/Feb

e Call for proposals (incl. ToOs) just closed and being selected

(as of 20023'0l9J)nan’t|C|pated ToOs can be requested via the IXPE ToO website

Average Time per . IXPE Target of Opportunity (ToO)
Category Sources [#] Observations [#]
Source [ks] IXPE ToO observation requests will ot be considered for events or sources that could have been predicted or proposed for in advance. If the ToO is accepted, it will take 3 calendar days or so from the time you submit this
form until IXPE can slew to the target and start observing.
PW N 4 7 IXPE should not be used just to measure the X-ray flux of a source. IXPE is intended to measure the polarization of X rays, which requires a large number of counts. It will help your proposal if you can estimate the
940 level of polarization you expect to see from your source. In any case, you must estimate the Minimum Detectable Polarization (MDP) you expect to achieve with this observation. Both the source count rate and MDP can be
estimated using WebPIMMS .
SNR 800 5 The ability to get data off the spacecraft is limited and this limits how long a bright source can be observed before we need to switch to a faint target, For example, the Crab can only be observed for 2 days before the on-
board storage is filled (assuming it was empty at the start) and it will take up to a week to download the data. Therefore, proposers also need to estimate the source counting ate in the full IXPE band using WebPIMMS .
stellar BH 670 7 15 Please review the IXPE Long Term Plan to see if your proposed target is not already lsted.
Please check to see if your target is currently observable with IXPE using viewing.
N S LM x B 1 5 0 9 1 1 IXPE data associated with ToO requests will have no exclusive use period and will be available via the public archive at the HEASARC nominally within one week of completion of the observation.
In the first two years, we encourage the community to collaborate with the IXPE science team, If the mission is extended a fll GO program vill be implemented.
Accreting Pulsar 420 9 17 :
Magnetar 970 4 4 \
i
[
i Primary Email add
Blazar | Radio Gal 390 12 17 (acditor mlaemalrsd:ressscanbesuppled Remars secton blow).Not, if o o ot get an emai sent o this [
. . address, the ToO form also was not e IXPE
Radio Quiet AGN | Sgr A 820 5 6 Best way o reach me (emal, phane) \
Phone numbers etc |
G R B 1 00 1 1 24 hr Contact info J
Total 540 56 85  Object type
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IXPE

&2l Notes on Detector Performance

Polarimetry
.. Explorer

GPD pressure decrease gradually (known

issue before the launch)
e will affect efficiency, track length, and gain
(and instrumental response)
e We continuously monitor the efficiency and
update responses
e User shall use adequate response files
(“quzcif” will help you)
DU2 anomaly since 2025.04
e Part of readout ASIC not work
e We continuously take data, but need to re-
calibrate the spurious modulation correction
e DU2 date (after 2025.05) removed temporary.

Stay tuned
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IXPE

Imaging

N X-Ray
Polarimetry
.. Explorer

GPD pressure decrease gradually (known
issue before the launch)

will affect efficiency, track length, and gain
(and instrumental response)

We continuously monitor the efficiency and
update responses

User shall use adequate response files
(“quzcif” will help you)

DU2 anomaly since 2025.04

T. Mizuno

Part of readout ASIC not work
We continuously take data, but need to re-
calibrate the spurious modulation correction

DU2 date (after 2025.05) removed temporary.

Stay tuned
2025.09.17
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IXPE

) B For “Do It Yourself” Persons

IXPE Data archived by NASA's HEASARC

Data format and HEASOFT analysis tool well documented
Alternative package (ixpeobssim) also available (link under GOF “Contributed IXPE
Software” page < o s Clm—— D - =

NASA National Aeronautics and Space Administration [Advanced Search]
) Goddard Space Flight Center HEASARC Quick Links

Sciences and Exploration ---Quick Links--- 4

Much of analysis can be done in Xspec T .

CIXPE- |
Imaging X-ray Polarimetry Explorer 4
' e

About IXPE FAQ/ Help Related Sites Gallery Students/Teachers/Public

January 2024 - IXPE wins Bruno Rossi Prize! Latest News

The 2024 HEAD Bruno Rossi Prize has been awarded to Martin Weisskopf, Paolo Soffitta and the « Updates to IXPE tools
IXPE team for their development of the Imaging X-ray Polarimetry Explorer whose novel (04 Sep 2024)
measurements advance our understanding of particle acceleration and emission from astrophysical ~ HEASOft 6.34 has been released and

contains updates to the IXPE software
shocks, black holes and neutron stars. tools. This release also includes a new

Rz " - P —— tool for flagging background events.
The Bruno Rossi Prize is awarded annually in honor of Bruno Rossi "for a significant contribution to Please see the release notes for more
High Energy Astrophysics, with particular emphasis on recent, original work" and is the highest honor details. Downloads are available from
specifically in high-energy astrophysics. the HEASoft page. IXPE users are
recommended to use the latest version
of HEASoft for their analysis.
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@ IXTE

wall For “Do It Yourself” Persons (Cont'd)

Pobnmehy
.. Explorer

You may use xselect to read/filter events and extract spectrum
xsel> read event "./ixpe01004701_detl_evt2_vO01l.fits.gz"
xsel> filter region "src.reg"
xsel> extract SPEC stokes=NEFF
xsel> save spec ixpe_detl_src_

Or, use ixpeobssim (xpselect, xpbin) to read/select events and bin spectrum

xpselect —regfile src.reg -sufix sel ixpe01004701_det1_evt2_v01.fits

xpbin —algorithm PHA1Q --irfname ixpe:obssim:alpha075_v012 --weights True
ixpe01004701_det1_evt2_v01_sel fits

You will have 3 outputs: Stokes-I/Q/U spectra

T. Mizuno 2025.09.17 7/11



IXPE

s=xll For “Do It Yourself” Persons (Cont'd)

Polarimetry
,,,,,,,,,,,,,,,,,,, .. Explorer

3 responses (not 2) required for each detector: rmf, arf, and mrf

ixpecalcarf \
L mrf = arf*|.,|—|00 :vtfgle=ixp901004701_det1_evt2_v01.fits.gz \
. attfile=ixpe01004701_detl_att_v01l.fits.gz \
e use ixpecalcarf to generate arf/mrf arfout=ixpe_detl_src Q.mrf \

specfile=none radius=1.0 weight=1  resptype=mrf

mrf shall be read instead of arf for Stokes-Q or U spectra. Then you may fit
3 spectra simultaneously with, e.g., TBabs*polconst*powerlaw

Stokes-I (black)

4 o | Stokes-Q (red)

w .1 | Stokes-U (green; negative and not shown in upper panel)
T T g (use adequate response files by looking at filename or

. ﬁﬂwﬁﬂ | W% consulting “quzcif” command)

C 7
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Sl Science w/ IXPE : Multi-A Polarimetry of Mrk 421

Eogmony
, 2024/04/28  5/14
High-synchrotron-peaked blazar (at z=0.031) )
Flux increased by x10; Coordinated polarimetry in

IR&opt. (Kanata) and X-ray (IXPE) (Tochihara+25 @ASJ meeting)

0.5
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Significant change of PD, by Q/U analysis i
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IXPE

g ;r(v_wging

Three contributions to this JPS meeting
e Crab PWN B structure in west bay (imaging polarimetry w/ instr. response considered)
e Crab PWN B structure in torus (imaging polarimetry w/ instr. response considered)
e Cyg X-1 corona geometry (dedicated polarization simulation of corona in BHB)

6 BX BEAESFRNSEIXPEOBAT —SRUSZ1L—>3 >ERAVE THICEBE - JULY—1 OWest Bay DS i
REX, WAEKA, S4E3C#A B, Stanford Univ. ©, INAFD
SRR, kFED, EASTTA, BEe—A, Eeme A, AZFE®, ). Wong®, N. Bucciantini®, @FHIXPEBRIZF —A

ka8 (15:00~15:15)

7/ Polarization LeakageM#&%# &l L 7z Crabd b—3 A §Als TOXIRRE MARHT [
WA, LEAA, BB, BRAC, 2HBAD, TEAE, AIRKF, ®AC, NASA/MSFCH, 1APS/Rome!, INFN/Pisa’, Stanford Univ. ¥
Gzl o, mane, kevasA, zhang sixuan?, SEAIRA, FEAEA, RESA, S A, REWEA, TNIMS, LOHIES, ALEKS ©, Z5HZ
D HE=ED, 5t0%E, #mE", P88 C, Brian Ramsey ™, Philip KaaretH, Steven EhlertH, Steve 0'Dell™, Paolo Soffittal, Luca Baldini?, Roger W.
Romani K (FHIXPE BHEF — A
® 3 cConstraints on the Corona Geometry of Cyg X-1 in the hard state with Spectrum and Polarimetric Observations in X-rays in 2022
Hiroshima Univ., Ichinoseki Col.”, Univ. of Durham®, Univ. of Tsukuba €

izuno Tsunefumi, Fukazawa Yasushi, Takahashi Hiromitsu, Kawashima Tomohisa”®, Done Chris®, Komine Ryusei®, Takebayashi Koudai®,
Ohsuga Ken©
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IXPE . S ‘
s=wi-ill Science w/ IXPE : Other Activities of Japanese Group /.

g \SD Pc-Jlorimetry
,,,,,,,,,,,,,,,,,,, .. Explorer

Three contributions to this JPS meeting
e Crab PWN B structure in west bay (imaging polarimetry w/ instr. response considered)
e Crab PWN B structure in torus (imaging polarimetry w/ instr. response considered)
e Cyg X-1 corona geometry (dedicated polarization simulation of corona in BHB)

6  EX SEABSENGEIXPEOFRAF—IRUII1L—>3 YERVE THICEE - JULY—] OWest BayDHiiisF(f
REX, WAEKA, S4E3C#A B, Stanford Univ. ©, INAFD
SRR, kFED, EASTTA, BEe—A, Eeme A, AZFE®, ). Wong®, N. Bucciantini®, @FHIXPEBRIZF —A

Please listen to their talk and give questions!

7/ Polarization LeakageM#&%# &l L 7z Crabd b—3 A §Als TOXIRRE MARHT [
WA, LEAA, BB, BRAC, 2HBAD, TEAE, AIRKF, ®AC, NASA/MSFCH, 1APS/Rome!, INFN/Pisa’, Stanford Univ. ¥
Gzl o, mane, kevasA, zhang sixuan?, SEAIRA, FEAEA, RESA, S A, REWEA, TNIMS, LOHIES, ALEKS ©, Z5HZ
D HE=ED, 5t0%E, #mE", P88 C, Brian Ramsey ™, Philip KaaretH, Steven EhlertH, Steve 0'Dell™, Paolo Soffittal, Luca Baldini?, Roger W.
Romani K (FHIXPE BHEF — A
® 3 cConstraints on the Corona Geometry of Cyg X-1 in the hard state with Spectrum and Polarimetric Observations in X-rays in 2022
Hiroshima Univ., Ichinoseki Col.”, Univ. of Durham®, Univ. of Tsukuba €

izuno Tsunefumi, Fukazawa Yasushi, Takahashi Hiromitsu, Kawashima Tomohisa”®, Done Chris®, Komine Ryusei®, Takebayashi Koudai®,
Ohsuga Ken©
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Summary and Take-Home Message

IXPE is the first mission devoted to spatially-resolved polarimetry in soft X-rays
e It has observed almost all classes of sources and provided strong constraints on source
geometries (of B, disk&corona, torus) and particle acceleration

If you are interested in, please join us in the analysis/interpretation
e Data are made public after completion of observation. ToO also possible upon request
e Analysis tools (heasoft/ixpeobssim) are made public; you may do-it-yourself

Some tips for the analysis presented for reference
e GPD pressure change and DU2 anomaly (no need to worry once you understand them)
e Stokes Q/U based analysis is useful to adequately evaluate significance and imaging
polarimetry

Thank you for your attention
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References & Useful Links

.. Explorer

T. Mizuno

IXPE Archive (https://heasarc.gsfc.nasa.gov/docs/ixpe/archive/)

IXPE technical information (https://heasarc.gsfc.nasa.gov/docs/ixpe/analysis/)
Weisskopf et al. 1978, Apd 220, L117

Soffitta et al. 2021, AJ 162, 208; Baldini et al. 2021, Astropart. Phys. 133,
102628

Weisskopf 2018, Galaxies 6,33

Kislat et al. 2015, Astroparticle Physics 68, 45; Vink & Zhoug 2018, Galaxies
6, 46; Mizuno et al. 2023, PASJ 75, 2023

Xi et al. 2022; Nature 612, 658; Liodakis et al. 2022, Nature 611, 677
Baldini et al. 2022, Software X 19, 101194

Negro et al. 2023, ApJ 946, 21
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@ IXPE

X-Ray
Polonmetry
.. Explorer

Polarization is a vector - measures geometry
Electric vector position angle = EVPA T S s
- e Electron with acceleration

a (L to B), velocity v,
pitch angle a (not shown)

Synchrotron radiation -
EVPA perpendicular to magnetic field lines

Scattering/reflection =
EVPA perpendicular to scattering plane

B ! 4 . Polarisation
* Strong magnetic fields = @ \"
Opacity different parallel vs perpendicular to B Synchroteon
EVPA transported along B in strong B radiation Nl

Strong gravitational fields =

EVPA parallel-transported along space-time geodesics (Slide by P. Kaaret)
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Electrons + magnetic field produce

synchrotron radiation

Unique probe for B (and accelerated
electrons)

High polarization degree is expected

(HmaX:=

p+7/3

p+1

~0.7)

X-ray polarimetry (by IXPE) can

probe B-field configuration around

freshlv-accelerated electrons
(hwp~0. 29

T. Mizuno
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X-ray Polarization for Probing Disk Geometry

Scattered photons are polarized

(cos 0)? 9
( = 1+(cos 6)2 ) { 0
Unique probe for geometry of compact WUZU“U“U‘ .
objects (corona and accretion disk not a

accessible by imaging)

Also probes relativistic effects (light
bending) around a black hole (BH)

We can investigate corona, disk and
space-time geometry close to BH using

X-ray polarimetry
T. Mizuno 2025.09.17
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Event-by-event Stokes parameters:
e i=1,q,=2c0s20,, u,=2sin28,

Stokes parameters of the entire data: Rt T
([ J I=Zik, Q=zqk, U=ZUk ::%: He?ﬁ;iq-l:::fsm
Normalized Stokes parameters, PD & PA: B

o Q=Q/I, Uy=U/l, PD=(1/m,q,)sqrt(Qy2+Ux2), PA=(1/2) arctan2(U, Q)

Erros:
o V(Q)=Zg?, V(U)=Zu,?

Aeff, m,,, , and reconstruction quality of each event can also be taken into account

(unlike PD/PA, Stokes params. are additive and allow flexible binning in space and time)

T. Mizuno 2025.09.17 17/11



IXPE
@ w4 Note On Statistics

Polonmetry
.. Explorer

Since PD shall be >=0, PD-PA contour will be skewed when the significance is not
so high (0<=3)

If so, examine Stokes-Q/U plane instead of PD/PA (w/ ixpeobssim) ; error
contours are circular and you can adequately evaluate significance and errors

e PD=sqrt(Q2+U\?), PA=(1/2) arctan2(U, Q) e A
Use ixpeobssim and Stokes-Q/U for imaging- e X N
polarimetry analysis [ AN

e See Kislat+15 and Vink&Zhou18 for the formalism N I R , "

(Mizuno+23 may also be useful) ol A\ XA <Y
-0.3 (Negr’0+23)ﬁ S

-03 -02 -01 00 01 02 03
an
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IXPE .
@ IXPERIZE TH=7ILAY) T 2421

S focmety
o FECEENDHFANDEEARIT ST Y IHR—IL, 4A00AERAICHAT-ORAIC
LMRZ ALY
o BHLUFEHIIYVKRIXYEENOGHUIBRETHLW A ERTIELS, Xig
ETozzy FOREMNSGHTULS
o TR - T - XIETRAERZ L, IXPEAEL (BB DEZDTILEHRR

BHRBDEL IXPE (Xi)

400

% IXPE 46 June ' v 2
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= 200l IRAM (3.5 mm) ° i
>
® ’_. Ré¢— 000
100 .
=
or * i 3 1 i 1 1 7

(Little Astronomys J2 ('Slone Digital Survey) 6d (2022@6ﬂ )
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IXPE .
UL PEBE AT A Y T 421 (2)

gg i) Polarimetry
Explorer

o RESCFENHANDEEXRTI S vIiR—IL, FEHY T Y FICKYERN,DSA
URIRETHLRDRETHES, XRED Y FORENGHTWNS
o TR - B - XBRTRABAZ L, IXPENENL (Hil5) DRESDEEZHR
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