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3.What are the fundamental physical laws of the Universe?
3.1 Explore the limits of contemporary physics
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3.2 The gravitational wave Universe

Make a key step toward detecting the gravitational radiation background
generated at the Big Bang

3.3 Matter under extreme conditions

Probe gravity theory in the very strong field environment of black holes and
other compact objects, and the state of matter at supra-nuclear energies in

peutron stars

How can we reach these goals?
X-ray timing

X-ray observations of compact objects (NSs, BHs) with high-time-resolution
provide a unique tool to investigate strong-field gravity, and give direct access to
measurements of black hole masses and spins, and to the equation of state of ultra
dense matter - NS
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Timing studies limited by insufficient effective area
and spectral resolution

= step forward in effective area and spectral
resolution required

* Crucial: detectors with low mass per unit surface,
~10 kg/m2 to be compared with RXTE/PCA: >100
kg/m2

* Sensitive but light experiment: large-area Silicon
Drift Detectors (SDDs) designed on the heritage of
the ALICE experiment at CERN/LHC
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LOFT: Large Observatory For X-ray Timing
ESA's M3: selected in 2011 for feasibility study
Yellow Book: Dec. 2013

T

~ LOFT ADDRESSES THE COSMIC VISION THEME
“Matter Under Extreme Conditions”

Probe the state of matter at supra nuclear
densities in Neutron Stars
("Dense Matter”)

Probe gravity theory in the very strong field
environment of Black Holes

Core Science

("Strong Gravity”)

Probe physics of hundreds of galactic and
bright extragalactic cosmic sources
("Observatory Science”)

JACETIME AND MATTER UNDER EXTREME CONDITIONS




LOFT: Large Observatory For X-ray Timing (ESA/M3)
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Two instruments: Large Area
Detector (LAD)

and Wide Field Monitor (WFM)

sharing same detector technology
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Our group at ICE (co-Pl WFM) - Mechanical and thermal design of the WFM:
detector tray, collimator, coded mask




WEFM: a coded mask instrument

* The two recent ESA high energy missions

» XMM Newton: focusing optics, not like the WFM
» INTEGRAL: coded mask imaging, like the WFM

Focusing optics: Coded mask optics:
« Low background « Relatively high background
« Small field of view « Large field of view




WFM optical design: coded mask

 The X-ray source casts a - -
“shadowgram” of the mask T |
onto the detector plane

« The sky image is derived from
the “shadowgram” since mask
pattern is known

 WFM detector plane based on ., ..,
the same Silicon Drift
Detector (SDD) technology as
the LAD, but providing 2D

photon positions

{

WFM tungsten mask with 150 pm thickness and pitch of the slits
250 um x 16.4 mm, matching the detector position resolution.

~25% of the 1046x16 mask elements are open (250 ym x 14 mm) for
optimizing the sensitivity to weak sources over the cosmic diffuse g
background.



The WFM camera

« Each camera contains 4 Si drift detector modules

e 1.5D position resolution
» Fine position resolution in anode direction <60um
» Coarse position resolution in drift direction <8mm
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Detecting X-ray photons

O An X-ray interaction creates a
charge cloud drifted towards the 1 of the 4 SDD tiles in the

anodes WFM camera detector plane
« Max drift length: 35 mm

« Anode pitch: 169 pm (vs. 970 um

for the LAD) D00000D00000000000000000000000000000] | |4

e« 448 anodes on each SDD half
* Read-out by 7 ASICs on each side s regn

35

« Photon energy is proportional to the
collected charge. E resolution < 300
eV at 6 keV

« X-position is the center of the
charge cloud (<60um, fine
resolution)

« Y-position is proportional to the |
width of the charge cloud (<8mm, @ —
coarse resolution) )

« Time is recorded by the Back End

Electronics at the trigger (<10pus) 0 |CE “CSIC IEEC Y

35

/ incident photons
O Measure for each photon (E,X,Y,T): | ; ;

coarse resolution

__ pitch
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The WFM camera

« Each camera contains 4 Si drift detector modules

e 1.5D position resolution
» Fine position resolution in anode direction <60um
» Coarse position resolution in drift direction <8mm

« 2 crossed cameras with perpendicular orientations
constitute a WFM unit/pair

» 2D position resolution
* 90 x 90 degree zero response field of view
« 32 x 32 degree fully illuminated field of view
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WFM imaging

Each WFM camera produces a shadowgram convolved sky
image with PSF ~5 arcmin x 5 degrees: “1.5D image”

» 2D position is found by combining the two independent
orthogonal positions found by the cameras in a pair

Note: positions and intensities are independently determined in each camera in a pair
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WFM camera design: main components - Coded mask sample

Silicon Drift /- Beryllium filter
Detectors ™
Detector Tray
Support Structure
Back End with Detector Tray
Electronics

Our group at ICE (Pl WFEM) - Mechanical and thermal design of the WFM:
detector tray, collimator, coded mask




eXTP: The enhanced X-ray Timing and Polarimetry
mission

0.5-10
PFA Ni 2-10
LAD collimator  2-30
WFM coded mask 2-50

https://www.isdc.unige.ch/extp/

. . Expected .
Payload Configuration eff. area (m?)

Spectroscopic Focusing Array (SFA) 9 telescopes 0.74 m2@2keV GRAVITAS
Large Area Detector (LAD) 40 modules 3.4 m*@8keV LOFT
. Polarimetry Focusing Array (PFA) 4 telescopes 0.5 m*@3keV XIPE

Wide Field Monitor (WFM) 6 cameras 4.1 sr (FOV) LOFT



WFM on eXTP summary

The WFM is a coded mask instrument with energy range

(2-50) keV

Detector type Si Drift
Mass, including margins 11.2 kg per camera

78,5 kg for 3 pairs, including ICU
Nominal Power, 3 pairs + ICU 72 W
Detector Operating T <-20°C
Total Detector Effective Area 180 cm? per camera
(3 camera pairs) 3 pairs 1080 cm?
Energy range 2-50 keV
Energy resolution [FWHM] <500 eV @ 6 keV
Mask pixel size 250 pm x 16 mm
Field of View Camera: 90° x 90° FWZR

3 pairs: 180° x 90° FWZR
Angular Resolution <5 arcmin
Typical/Max data rate 40/80 kbits/s(after compression)

M. Hernanz  Instrumentacion astron. en ESP, Madrid, 3-5/10/2018 ICE cs lc I E E c g



eXTP/WFM Product Tree
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eXTP Science Drivers

Dense matter

l Strong magnetism




The current eXTP European Consortium

italy: Ve ma Y ng
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Germany: w. I\lll‘.ll{l)'ll\'l @/7 FAU o
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France: Consortium
_ | members
Spain: csic IEECT potentially
Switzerland: iE) UNIVERSITE providing
T hardware
_ DTU : i
Denmark: contributions

Poland: 0) e

Czech Repub"c & insaitote

Contribution to new analysis techniques
and software and to simulations

. UNIVERSITY OF AVSTERDAN SQON

Q'_%_ 5 }’,‘2}2’2‘5’{2, LOFT design heritage and science.

_ | Adapted from ASI presentation, Sep. 2018
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eXTP key programmatic milestones

Q December 2018: Completion of extended Phase A by CAS.
Letters of Intent by the participating agencies.

(J January 2019: CAS final approval of eXTP and start of Phase B.

(J December 2019: end of Phase B and Letters of Commitment by
the participating agencies.

 January 2020: eXTP mission adoption and start of Phase C.



Scientific objectives and Spanish involvement
[LOFT + XIPE - eXTP] **to be updated**

Core Science

LOFT simulations: NS mass and radius: U. Alicante, U.
Salamanca, U. Valencia, CSIC-IEEC - UPC: X-ray bursts

LOFT simulations: probing NS crust properties from magnetars’
flares: U. Alicante, U. Valencia, CSIC-IEEC

LOFT simulations: BH mass and spin: UB, CSIC-IEEC

LOFT sims.: Lense-Thirring precession: UB, CAB, IFCA

Observatory Science

X-ray binaries: UA, UV, IAC

CVs, novae: IAC, CSIC-IEEC, INTA

GRBs: IAA
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