C Ur’r' (I'munJ) MJ]H_ on

Foil Mirror, >20x ASTRO—H area, 1’ PSF

XMS h1gh—rate, ” 5eV/ 10eV 2 / 8 FOV
47.;.9;..

10m Focal Length

‘-
»
'.v i s T
i, 5 E ;
AL i
> -”‘. -
o L -
. 'i K »
> e
- L
ik =
e oy
a5 b
v

& ; 7" I e * .
48 - S .- ol Y '
A o W SR : ::
PRy . v N . , ? e
:'. - ; A

‘gomg to see” (~2 years on XMS)

L]


Presenter
Presentation Notes
Foil mirror with flight strong flight heritage to ASCA and ASTRO-H:  TRL9
BUT 20x the area of ASTRO-H, with a similar 1 arcmin PSF

XMS with a inner array that can count up to 3 Crabs and gives 2.5 eV (probably better)
Outer HYDRA covers out to 8 arcmin FOV with 10 eV resolution
10m focal length to give good response at the critical IRON K line

Quoting from yesterdays political news about a different subject, but
Totally appropriate here:
‘as close…. Shovel ready’   for a mission that does a wide swath of the IXO science,
In particular with a calorimeter and large mirror



NWNH & EOS Panel

ay Telescopes:’
omes mainly from spectroscopy’
(NWNH EOS p 278)
d a calorimeter with...
wuch larger area’ (p 287)
he key component is ... XMS ... with R=1000’
' (NWMH p 214)
about spectra:
S, XGS, HXT, 15" HPD: IXO added imaging:
5 HPD, WFI
: ‘Area of particular concern ...
achieving 5" (p 214) > $5B
NWHN EOS: ‘science... not heavily compromised
@ 10" (p 288)

EPE ($34B) could start in 1-2 years; avoids optics ‘tall pole’
and can do a large part of IXO science

12/14/2011, Public Release M. Garcia, EPE 2
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Presentation Notes
Preaching to the choir – but worth repeating from NWHM (=bible)

X-ray astronomy needs a spectrograph!  Goes back to 1980s and AXAF-I/S
We already have great imagers. 


Effective Area

Tech devel!

TRL 7-9

Area, square meters

Energy, keV

20(200) times ASTRO-H SXS =>AXSIO >5 keV

12/14/2001, Released for Public M. Garcia, EPE 3


Presenter
Presentation Notes
Area > AXSIO above 6 keV
Because no need for diffusing optic, effective area > 6keV matches IXO,
Which had 30% throughput diffusing for bright sources. 

AREA 20x ASTRO-H, the only mission currently in devel with US participation. 

Will concentrate on foil optics from now on, unless otherwise stated


onsive to RFI, IXO Science (FOM?)

Science Question IXO Measurement EPE Reach

What happens closetoa  Time resolved high resolution spectroscopy =~ Time resolved high resolution spectroscopy of

black hole? of stellar mass and ~20 super-massive black  stellar mass and >20 (foil) or >60(MCPO) SMBH
holes (SMBH)
When and how did Measure the spin in >300 SMBH withinz<  Measure spin in >100(foil) to ~1000(MCPO)
SMBH grow? 0.2 SMBH
How does large scale (i.) Find the missing baryons via absorption Detection threshold ~70% of IXO; expect
structure evolve? line spectroscopy of the WHIM over many detections on 20 lines of sight and of ~100
lines of sight using AGN as illumination absorbers
sources.
(ii.) Measure the mass and composition of Measure the mass and composition of the 100
~500 clusters of galaxies at redshift < 2 brightest clusters from the REFLEX catalog
Connection between Measure the metallicity and velocity Spatially resolved measurements in several
SMBH and large scale structure of hot gas in galaxies and clusters. ~ dozen starbursts, ~6 nearby cluster bubbles;
structure ? energetics of warm absorbers
How does matter behave  Measure the equation of state of neutron Unique timing/spectral capability allows phase
at very high density? stars through (i.) spectroscopy and binning on ms period rotation rates
(ii.) timing 80% throughput a few Crab fluxes- no diffusing

optic, so area matches IXO above 5 keV

-H: First ‘integral field” spectra, EPE: Significant Samples within classes

12/14/2011, Released for Public M. Garcia, EPE



What Happens close to a
Black Hole (GR)?

500

Emission from
a single
orbiting spot

50 100 200

“IXO Limit

20

. . EPE-MCPO
Limit

10

Figure of Merit (Flux * Orbital Timescale)
5

7.5 10
Time (ksec)

o R o o "
Time (ksec)

50 100 500

Timescale at 10Rg (ks)

Time axis scaled by 3x for EPE area BAT-58 month update by T. J. Turner
More than 20 reachable with EPE
ASTRO-H requires FOM=3000

12/14/2011: Released for Public M. Garcia, EPE 5
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Presentation Notes
MATCHES AXSIO – since area same or more above 6 keV

MDH sims from Reynolds, Brenneman.  Hot spots are lit up via FeK flourescence emission. 

FIRST time AND space resolved GR measurements – velocity gives space – simply no 
Measurements in this strong field limit done yet. 

We are just now seeing hints of these SINGLE hot spots 
In the brightest AGN, using XMM.   

At any one time there are ~10 hot spots orbiting, and each
Lasts for ~one orbit before diffusing away.   

EPE and AXSIO limit same – few dozen.  Astro-H FOM = 3000, at top of chart – maybe one reachable

BAT 58 month catalog ~doubled number of these known vs. NWNH submission.




What Happens close to a
Black Hole (accretion)?

R -

~ EPE/XMS

o
o

XO/HETG

50ks

normalized counts s-' keV-!

75

Energy (keV)

Premier HETGS results: Magnetic wind. High-rate XMS, 300x count rate,
gives terrific diagnostics (new J. Miller simulation)

12/14/2011: Released for Public M. Garcia, EPE




How do SMBH Grow?

41 Simulated SMBH spins following
“Mergers plus Accretion” distribution

Mergers Only
Mergers plus Accretion
Mergers plus Chaotic Accretion

based on Berti & Volonteri (2008)

W E
o
=
(¥p]
Y—
o]
L
()]
e
E
- |
.

02 04 06 08
Spin (Fraction of Maximal Value)

>40 pre-BAT, >100 with BAT-58 month, NEED XMS due to absorption!
New simulations by L. Brenneman, spin to 10% needs 10° counts if clean, 10 if complex,
Spin for ~200 in 10Ms (198 Seyfert 1.0s in BAT-58),

12/14/2011: Released for Public M. Garcia, EPE 7
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Presentation Notes
Answer to one of the questions, about what is the effect of loosing >10keV area

AGAIN, matches AXSIO



Evolution of Large Scale
Structure: WHIM

EPE- foil

(04]

Counts s~ keV'

040 045 050 055 060 065 070 0.75
Energy (keV)

New simulations by E. Ursino & M. Galeazzi; 20 bright AGN x 0.5ms@, 100 filaments
See here and . EPE has 70% capacity of IXO for this.

12/14/2011: Released for Public M. Garcia, EPE 8
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Presentation Notes
Answer to another question:

Increase in effective area makes up or lower resolution – can still
Easily see few eV EW absorption.  

AGAIN, matches AXSIO



Enrichment of WHIM /Starbursts

Melx Hea
triplet

0.2 0.92
Energy (kel)

=
3
-
tn
1
E
2
]
L
(e

Chandra
ACIS-5 =100

XMS resolution critical to starburst winds:
abundances, density, velocity, temperature

Spatially resolve >dozen,
integrated properties in 2 dozen (vs few for ASTRO-H)

12/14/2011: Released for Public M. Garcia, EPE


Presenter
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Adapted Dave Strickland simulation… shows power of XMS. 

Abundances will tell you if SNIa or SNII are dominant – charts from AXSIO Randall/Jay earlier. 

Here the PSF of 1 arcmin does hurt us – but we still do much better than ASTRO-H because of 20x area/speed, and
Can get a good sample of 3 dozen as compared to the few in the ASTRO-H observing plan.





Gluster Mass/Composition

w
o

Clusters with
Fy(0.1-2.4 keV) > 9x10™ cgs

in the Southern sky REFLEX
catalog

Abell 2734 core
EPE, 100 ksec

—
w

Thermal Broadening Only

(20 Limit <100 km/s)\
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Number of Bright Clusters

o

5 10 15 20
Radius at 400 kpc (arcmin)

o

Turbulence/Non-Thermal
Mostly low-z: Pressure support = Resolve

100 REFLEX clusters easy to 1/3 Rs, Important unknown in cluster masses
RESOLVED with 1" PSF, 8 FOV(HYDRA!) Images from ROSAT

Expect ~dozen with ASTRO-H
Feedback: Warm absorber/outflows,

Resolve bubbles only in ~6 largest

12/14/2011: Released for Public M. Garcia, EPE 10
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Presentation Notes
Surprising how much you can do with 1 arcmin beam on clusters. 

But clear you will be limited here. 

Even integrated turbulence could take on importance similar to temperatures – will
Be concentrated on core where brightest, and dependent upon models 



lister Mass/Composition vs z?

5 BG=2x10" (0.02 c/s) ergs/cm?/s/arcmin?

& >50 clusters at 0.2<z<0.5 with core surface
brightness much higher than BG

REFLEX Catalog distances REFLEX Catalog, z>0.2

12/14/2011: Released for Public M. Garcia, EPE 11
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Presentation Notes
Another question – how far out in Z can you go with clusters abundances?
Clearly we are limited, but still:

>50 with z between 0.2 and 0.5, surface brightness in all >> BG in core




Neutron Star Science

0
2
[ =
S
o
(&)
©
=
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o

Time Averaged Spectrum

Fe XXVI Lya

Fe XXV Lya *

Phase Binned Spectrum

5.1

Energy (keV)

= Phase binning on fast rotators ( rates ~> RXTE)

= Lines intrinsically narrow (slow rotators easy, Terzan 5)

@ Timing, resolution of calorimeter allows!

8/25/2001

M. Garcia, SPIE, EPE/MCPO
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Presentation Notes
LAST Topic:   1 arcmin beam HELPS rather than hurts, and we do BETTER
Than AXSIO and/or IXO, in that we for the first time combine
High time resolution AND high spectral resolution – this is a breakthough capability.

EPE allows these lines to be detected even in the RAPIDLY spinning NS – because is
For the first time combines both high spectral and temporal resolution with large effective area. 

Dozens of NS accessible – over an expected wide range of masses.  ALSO allows 
Independent measure of both M and R (not just M/R), as time averaged detection of lines gives. 

Burst STARTS in hot spot, spread across surface. 
Assymetry causes pulsations – seen in figure below.
LINES in hot spot smeared by 500hz rotation.
But since oscillations can be seen -> could take out smearing IF sufficient s/n – as shown

Amplitide of doppler shift give Radius, z then gives mass

This sim for 4U1728-34, which bursts every few hours – so you would stare at it for 100ks
Or so, catching bursts. 

AGAIN, not only matches but actually IMPROVES on AXSIO by 70k/15k cps!!


1Igh 1 RL Mirror

*Astro H Test model *Scaled Up Astro H Design, >20x area
1.1 arcmin PSF measured *Focal Length Changed to 10 Meters
eLaunch Feb 2014 *Additional Mirror Sectors Added
*High TRL! (8) *Need to design 2x longer reflectors
*LOW cost - $2.6m eSegment into 2 (4 total) pieces



Presenter
Presentation Notes
Effectively no technology funding needed – BUT DO need design funding. 
Completely  avoids the ‘tall pole’ for IXO, which added risk and significant cost at Decadal review. 

Cost for ASTRO-H mirror $2.6m…. Scaling to larger size of EPE, expect $13m.
We very conservatively allow 100% cost growth and allocate $26m


*40m Focal Length

e4.2m diameter MCPO *‘Tensegrity’ boom, TRL~7
4m2 at 1keV, 2.5m2 at 6keV (1) *Adds $169m to cost rack-up
LOW TRL, 2-3

*Extensive technology development
sLatest results (Bepi-Columbo) 5’-6’

12/14/2011: Released for Public M. Garcia, EPE 14



Calorimeter

b, 70,000 ¢/s \

2, 40x40 s
e \\ \\ g
150 ¢/s \\\\\ \\\\\

\

FWHM: 1.58 + 0.07 eV
300 Absorber : 57 pum x 57 um 4.5 um
Counts: 19,049

Current Results: i
75u, 32x32 array :
1.6eV FWHM )

5880 5890 5900 5910 5920eV

12/14/2011: Released for Public M. Garcia, EPE 15



SPACECRAFT/LAUNCHER

Fixed 10 Meter
Optical Bench
(Wrapped with MLI)

Aft Deployable
Cover

High Gain Antenna

Fwd Deployable
Falcon 9 N\ ! Door/Shade

Two 1500 Watt S/A 5, g >\
Wings (3000 Watts ' '
Total)

*OM / Spacecraft ' ' > | \

SADA’s for Large Field of Regard

6 Point to 18 Point Booster Adapter
with 6 Point NEA Release

1.3 m Diameter OM

T3302 PAF — SpaceX Version 12/14/2011: Released for public



Rack-up

QUGT. S
. Basic Mass Predicted Mass
Unit mass (Kg's) 1t . MGA (% MGA (Kg's] .\
(Kg's) Qty (Kg's) (%0 (Kg's) (Kg's)
Assembly Level
Level 1 |Leve| 2 |Lewel 3 |Lewel4 |Lewl5 Level 6 Level 7 Level 8
EPE Observatory - Wet 1234.05] 22% 268.05 1502.10
Propellant - Monoprop 78.03 21.7% 16.95 94.98
EPE Payload | | 569.68 | 21.7% 123.83 693.51
Optics Module Assy 308.76 22.2% 68.46 377.22
FMA | 259.84 16.6% 57.38 317.21
Bore Sight STA 3.87 14.0% 0.32 4.19
Spare Line 0.00 0 0.00 30.0% 0.00 0.00
Misc Hardwre 2.00 1 2.00 30.0% 0.60 2.60
Harness OM 3.00 1 3.00 30.0% 0.90 3.90
Deployable Door/Shade 12.55 30.0% 3.77 16.32
Deployable Cover - Aft 20.00 1 20.00 20.0% 4.00 24.00
FMA MLI| 7.50 1 7.50 20.0% 1.50 9.00
Instrument Module Assy 250.27 21.3% 53.42 303.68
Instrument Module 243.59 21.1% 51.41 295.00
IM Truss 35.67 1 35.67 30.0% 10.70 46.36
IM Equipment Panels 21.17 30.0% 6.35 27.52
XMS Assy| 154.75 16.3% 25.24 179.99
Payload Accomodation - Misc 2.00 1 2.00 6.0% 0.12 2.12
Thermal Hardware | 10.00 1 10.00 30.0% 3.00 13.00
IM Harness [ 20.00 1 20.00 30.0% 6.00 26.00
Cryo Cooler Ambient Radiator Assy 4.68 30.0% 1.40 6.08
Cryo Cooler Ambient Radiator 2.83 1 2.83 30.0% 0.85 3.68
OSRs | 0.89 1 0.89 30.0% 0.27 1.15
Adhesive_| 0.46 1 0.46 30.0% 0.14 0.60
Interface Structure 0.50 1 0.50 30.0% 0.15 0.65
IM MLI 2.00 1 2.00 30.0% 0.60 2.60
Payload Misc. 10.65 18.3% 1.95 12.60
Primary Intergating Structural Assy 235.51 30.0% 70.65 306.17
Forward Hexagonal Box Truss 80.02 30.0% 24.00 104.02
Tower Truss 155.50 30.0% 46.65 202.14
EPE Spacecraft (Dry) 350.83 16.1% 56.61 407.45
Spacecraft Secondary Structures & Mechanisms 68.63 27.8% 19.07 87.71
Avionics [ 217.70 10.5% 25.53 243.23
Propulsion 26.518 7.6% 2.019 28.538
Thermal | 26.5%
Payload Support Misc. 25.0%

Close to MEL - so could to PRICE-H costing

12/14/2011: Released for Public M. Garcia, EPE



ROM Costing - Grass Roots and

viass-only Model (s/c)

WBS #

N4

Description $M (FY11) Notes

Management 1,2,3 50 15% wrap on optics, detector, and s/c

Science 4 59 Science team starts L-2 years, goes L+4

Optics 5 26 ASTRO-H scaled and then doubled

XMS+cryo 5 136 +70m | Single string cryo, redunant electronics, ICU included in S/C  4+8” F(]
SIC 6 178 NGAS mass, JSC SVLCM mass only model (-NASCOM) FY2011

Ops 7 30

v 8 100 Falcon 9

GDS 9 20

MSI&T

10

20

EPO 11 5

Tortal, no reserves 620

Reserves 149 309%, no reserves on GO, LV, EPO

Grand Total 774 784 +& FOV

GO Program 225 Assumes 150 $50K grants/year, included in WBS 4 cost above

Science program includes GO and $4M/year in science and support by GTO team

% Billion seems be common for Medium calorimeter or grating missions

12/14/2011: Released for Public

M. Garcia, EPE
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Presentation Notes
Optics – very comfortable at $26m
XMS same as others
s/c based SOLEY on mass
Standard 30% reserves
¾ of a billion is what all of the other capable mid missions come in at with calorimeters…
SAHARA, AEGIS


Q/A

her collecting area of EPE compensate for reduced spectral
NVHIM measurements?

ion lines scales like sqrt(DeltaE/Area). Putting in the
, for EPE and e find that EPE has 70% of the power of the

s. The simulations showr ¢ 6 were done using the EPE response and
AGN and 100 filaments are detectable with a 10ms program, essentially

e return that could have been done with 1XO.

sasurements on arc minute scales of turbulent velocities in clusters of
rain models?

&
O

Global turbulence values will be significant. The values will be weighted towards the
atral regions of clusters (since emissivity scales as density squared), but the

results will be sensitive to models. Global turbulence is dominated by cluster dynamics

(mergers, infall and internal dynamics). 1) Higher effective viscosity will reduce the

global value, so global levels are a probe of that (very poorly known) quantity. 2)

Turbulence levels will be a probe of dynamical state. If these values were available,

they would take on a significance similar to temperatures.
Cleared for public release M. Garcia, SPIE, EPE/MCPO 19




Q/A

esolution, how can it be determined if measurements of gas
e to AGN outbursts rather than to mergers?

imitations of the 1 arcmin PSF. With this PSF, EPE
01711 nts on nearby clusters, ie, the REFLEX survey

1 are much bigger tha in. Since these clusters are resolved, one
‘bulence to see if it is higher in association with radio lobes (indicating

r higher along an extended feature (shock front). Note that the RELFEX
idy been imaged with ROSAT. Figure 9 shows that 200 kmy/sec

ly measured, matching what could be done with IXO. While EPE is

, it represents a very significant advance (20x more area) over the only
lanned cal or mission with US involvement, ASTRO-H.

> these

n't clear how observations of bursting neutron stars are carried out. Is the idea to
stare at a burster with a high burst rate, or to trigger an observation with some other
indication of bursting activity?

Both techniques could work. The simulations shown in Figure 10 are based on 4U1728-
34, which bursts every few hours so a long stare would be highly effective.
Cleared for public release M. Garcia, SPIE, EPE/MCPO 20




Over what range of redshift will the metal enrichment measurements be made? Over
what redshift range are measurements required to determine when and how the
metals are produced?

For nearby galaxies, the spectral resolution of the calorimeter will allow the relative

fraction of SNIa and SNII to be determined via abundance differences.

The EPE background is estimated to be 2 x 10-14 ergs/cm2/s/arcmin2 (0.3-10keV),
corresponding to 0.02 ¢/s in the 1 arcmin beam. The RELFEX catalog does contain ~50
clusters at 0.2<z<0.5 , and the core surface brightness of these clusters is well above this

limit. These may not be resolved with EPE, but integrated abundances can be measured.
See the figures below on the z distribution and core radius of REFLEX clusters.

REFLEX Catalog, z>0.2
REFLEX Catalog distances

i)
E=4
@
=
g
[y

M. Garcia, SPIE, EPE/MCPO ‘ 21
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Q/A

e detector field of view, how would instrument background
ective area curves account for the fraction of the collecting
e detector plane?

sery far from optimized. The solution to this (and
es MS arrangement used in several of the RFIs.
ould surround the inner 2 arcmin array with a 2x2 hydra outer array of
on pixels with 10eV resolution, extending the FOV out to 8 arcmin. This
other 20x20 TES, would add ~$10m to the cost, and would bring the
ES to 1975, still less than planned for IXO. This then allows for the
measured and the area curves are approximately correct as shown.
non-sky instrument background can be determined from spectra taken
he cryostat gate valve - just as for Astro-E2 and Astro-H, and the

[ter wheel could block all external x-rays for repeated background

S 15 the

7107 oper
dition of a simp
urements.

Cleared for public release M. Garcia, SPIE, EPE/MCPO 22




esponds to delta v of 117 km/s at 6.4 keV. How can the
n/s gas velocities (p. 6)?

0 imply that 117 km/sec can be resolved, only that
XMS that 100 km/sec turbulence can be well
based on a simulation folded through the EPE
s0 show the same thing (ie, AXSIO,

hat many of the other

ational status of the “code division multiplexing” technique?

s APRA and internally funded programs that should bring this to TRL 6

ithin 2 yeay
channel CD d-out has been demonstrated on pixels slower than is needed for EPE
(see pdf attached). We have demonstrated 4-channel CDM while reading out 4 pixels of
the faster type of pixels upon which the EPE design is based (75-micron pixels), and
achieved under 4 eV energy resolution at 6 keV for this demonstration.
There is no doubt that greater development of this CDM multiplexing capability is
needed for EPE - the same development that is also assumed for the AXSIO central

array.
8/25/2001 M. Garcia, SPIE, EPE/MCPO
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Q/A

of energy resolution on the existing 32x32 pixel TES arrays?

be possible to calibrate this to sufficient accuracy to carry
eIt
ve been fabricated but not yet tested. The
of these pixels with a lower Tc seems at least

or regular sized TES ays with planar wiring, and arrays with
should improve uniformity rther (stray magnetic fields from
1 regular "planar" wiring has the potential to degrade uniformity).
micron pixels with stripline wiring to all 1024 pixels have been
ntly are being fabricated. In general, the potential problem of fields
t are closer to TESs in small pitch designs appears to be more than
1ntigated | wich smaller area of TESs - ie. the smaller TESs are much less
1sitive to magnetic fields than larger ones. In addition, the 150-micron pitch of EPE
[ reduce this sensitivity further over 75-micron devices.

8/25/2001 M. Garcia, SPIE, EPE/MCPO 24




on Code Division multiplexer (CDM)

ess on CDM. In the figure below (a) we show results from an 8-pixel CDM demonstration. The seven

As is usual in CDM, pixel O is not switched like the other pixels, and so it has degraded resolution due to

e it here for completeness. Just as for the recent TDM measurements, the frame rate is t_row = 400 ns.
te is currently limited by the inability to pass data out through the digital feedback electronics any faster
i re hardware necessary for this will be available soon. The 400 ns frame rate used for these measurements
conservative al it yet optimized. We estimate that it could currently be reduced down to 360 ns straightforwardly.

Mn Ka fluorescence with 8

Best fit lines
- Natural line shape

TES0":3.39 eV

TES 1: 2.97 eV

TES 2:2.39 eV

TES 3:2.64 eV

TES 4:2.54 eV

TES5:2.52eV

e g +{ e sauip
_ - Switch

TES7:2.25 eV

(a) The resulting MnK( spectra from an 8-pixel CDM experiment using flux-couple code division
multiplexing. (b) Fluxed coupled CDM circuit when just 2 TESs are coupled.

The amount of energy resolution degradation from CDM multiplexing can in principle be reduced
by up to a factor of 5.7 over TDM for the read-out of 32 rows, and this factor reduces to 2.8 when
considering 8 rows. A full characterization of the detector array that produced this result has not
yet been completed and only rough estimates have been made of levels of energy resolution
degradation that was due to the CDM read-out of between 0.2 and 0.4 eV.

Cleared for public release M. Garcia, SPIE, EPE/MCPO 25
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gedback: Cluster Bubbles

W

Wise et al 2007

Hydra-A, 5 arcmin box
~dozen cluster/groups bubbles >1 arcmin,
~dozen clusters/groups bubbles ~0.5 arcmin
(Birzan etal 2008)
10/5/2011 ASTRO=H; #10ckasters 27
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Eeedback: Turbulence

Hydra A core, 100 ksec

Thermal (3.5 KeV) ammmmmmmemr——""%""
Broadening Only

IXO/XMS Simulation
with 150 km/s Turbulence

Flux (cts/s/keV)

With 200 km/s Turbulence

Energy (keV)

~300ks with EPE (6keV area ~1/3 IXO)
Measure Non-virial pressure support
Measure bulk motions

10/5/2011 M. Garcia, GSFC, EPE
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normalized ¢/s/keV/mm

8/25/2001

Energy (keV)

40m: Dominated by non-rejected particles
(or secondaries), 0.24 c/s/PSF,
Equivalent to 3 x 10 erg/cm?/s (2-10 keV)
Full ~20,000 Sources in RASS reachable
(limit 5 x 103 erg/cm?/s (0.5-2.0 keV)

10m: Particle BG ~ 0.016 ¢/s/PSF
Equivalent to 3x10-!4 erg/cm?/s (2-10 keV)

M. Garcia, SPIE, EPE/MCPO 30
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Presentation Notes
Background must be ~< source for science described previously.

Here is an estimate, based on ONLY calormiter yet to orbit – the Suzaku XRS. 

LEO -> L2 gives 4x increase in BG rate, based on suzaku->Chandra CCD rates

Fig on left is Suzaku, with gate valve closed so no sky BG – internal, non-vetoed particle and secondaries only

Fig on right is L2 orbit cartoon for EPE – actually IXO, but EPE would be same – goes in/out of magnetic bow shock

Total rate is ~1/4 count/sec per PSF, equal to 3e-14 erg/sec/cm^2 – about 10x below RASS flux of 5e-13



.._s‘*.

umman (NDA)
ench

ass ~1500kg to 1900kg with MGA

ic mass ~same as foil (but 10x area)

ed bench

ss ~1200kg to 1500kg with MGA

- 8 s/ccomponents all “off the shelf’, should come in

- <$1lm/kg

10/5/2011 M. Garcia, GSFC, EPE
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Cost Rackup

Mission Life 3

changes for v4

WBS EPE-v4
WBS 1,2,3 123 45
science 47 science team starts L-2 years, goes L+4
Optics 26 Astro-H scaled and then doubled
XMS+cryo 172
S/C 100
Ops 30
LV 100 Falcon 9
GDS 20
MSI&T 18 6% on optics, detector, and s/c
TOTAL 557
EPO 11 5

562

RESERVES 130 30%, no reserves on go, lv, epo

Grand Total 692

Cwwo~Nouu A~

=t

GO Program: 22.5
(assumes 150 50K grants/year)
Science program also assumes $4M/year in science by GTO team

10/5/2011 M. Garcia, GSFC, EPE



= Large Area, MIDEX:
Require very light optics
effective area - thin substrate

Low cost(. — production line manufacturing

igid, simplifying mounting
' Bavdaz et al 2010

Chandra IXO-SPO MCPO
18500 kg/m* 2300 kg/m? 200 kg/m? 5-25 kg/m*

250mm 3-7 mm(Ni) 0.17mm 0.006mm

8/25/2001 M. Garcia, SPIE, EPE/MCPO 33
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Presentation Notes
To do this science in a MIDEX envelope requires very light weight, but modest
Spatial resolution, optics, giving several square meters of area, up to and beyond the  6 keV Fe K-alpha line.

Since the upper bound of the energy band sets the graze angle, the only way to make the
Optics light is to make the substrate which carries the high-z reflector thin. 

Successive generations of optics have moved in this direction – giving lower mass per effective area
From thinner substraights –

Chandra 1 inch (but ½ arc sec)… xmm, 3 to 7 mm on a Ni substraight, IXO SPO (now Athena), 
And finally MCPO, with several micron substright






MCPO= Realization of Lobster Eye
deSign (Angel 1979)

roposed as ISS/Lobster-ASM

Préposed as part of Super-Swift
Explorer from GSFC

Proposed as STORM Solar-Wind
Monitor, GSFC space physics

Considered as XEUS/IXO mirror

ESA invested $1m+ in Photonis
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Mission like EPE not possible without MCPO –

These have been around for a long time, origin in 1979 ‘lobster’ of Angel

Micrographs of Photonis plate: Typical substraight is 6 microns, with 20 micron pores
Top of Photonis draw tower
 




VICPO Flight Missions

= Bepi-Columbo, 2013 Launch, +6y to Mercury
g SVOM GRB mission (France/China, 2013)

1000 mm

Focal Flane assemblies

Bégunting paned not shown

~Wolter-1 optics, ~5 arcmin PSF, ~50cm”2, 0.5-7.5 keV, 9kg(!)

8/25/2001 M. Garcia, SPIE, EPE/MCPO
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And now selected for 2 flight missions, both to launch in next two year

9kg for entire telescope consisting of wolter-1 and collimator/concentrator with support plate and detector





Wolter-1 vs Lobster
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Radial Packing,

Wolter-1 Optics
(conical approx)
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MCPO can be packed in traditional Lobster geometry, or
In a radial fashion – making a connical approx to a true wolter-1 optic.



Wolter-1 packing

Block of radially
stacked multifibres is
sliced and etched to
form plates

Wallace et al 2006

=

~arc-min HEW over
small sections,
Defects at multi-fiber
boundaries

Il 3 IhA LI RA
HEW @ k2
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One possible problem with the radial packing is at the boundaries, as you are
Trying to fit a square peg in a round hole – there are gaps/distortions at boundaries of multifibers,

Within the multi-fibers psf has been measured to be ~< arc-min




Radial Packing

lem = 0.85 arc-min
at 40m focal length

60u pores, 6u
webbing good

match for 40m

I./D 60-160
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For EPE, with the 40m focal length, on may use square tiles 1cm on a side, arranged on a 
Frame in a radial pattern.  This approx would add 0.85 arc-min to the PSF – acceptable given goal of arcmin resolution.



-oatings for Improved Area

Atomic Layer
Deposition allows
conformal mono-
layers of high-Z
reflectors (Ir),
uniform to great

depth.

Multi-layers possible
(Si/W), very high
energies?
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Sputtering high-z often used to coat x-ray mirrors – line of sight – will not work
For very high l/d ratios of mcpo

Atomic layer deposition works – can put Ir on, or multi-layers Silicon/tungstun 

Note gold not possible with ALD




“PE: MIDEX Mass,
remier Science

ng calorimeter

i)

er BH and NS Science: :
ym? at 6keV - Resolve orbits at Event Horizon,
ns of sources
12 at 10keV - BH Spin survey vs. time, 1000 sources
,‘ ing + spectral resolution - NS EOS via absorption
~lines, straightforward and robust

*Modest Back-ground with ~1 arc-min PSF
*Spectra of all ~20,000 RASS sources
*BG < RASS flux, RASS sources ~1 ¢/s
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Summary = 


2.1 m radius optic Area

Assumptions:

Wolter-1 conical approx
60% OAR (83% possible)
Random pair alignment
25% support obscuration
(maximum for IXO)
perfectly smooth

EPE Wolter-1 Optic, FL=40m, Radius=2.1m

Area, square meters

4m? at 1.25 keV
2.5m? at 6 keV
>Tm? at 10keV

5

Energy, keV
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So… here is a representative effective area curve. 

2.1m radius – fits in 5m diameter Atlas 5 or Falcon 9 launcher

4 sq meters at below 2 keV, 
2 ½ sq meters at 6keV – Fe Kalpha line
More than 1 m sq at 10keV, allowing good continuum measure above Fe Ka line

Assuming 60% open area ratio, corresponding to 20u/6u – but design with 60u/6u would give 83%, since
Two plates back to back – substantial increase possible (being conservative here)

Allowing for ‘random’ alignment of P/H pairs, which introduces additinoal geometric obstruction. 

25% support is max for IXO design, which ran from 11% to 24% depending upon axial position of segments

Not accounting for surface roughness – which is not well known at this point. 




100x10°°

normalized ¢/s/keV/mm

Background Estimate

RS (LEO) -> x4 for L2 orbit (Suzaku/CXO ccd rates)

Bow Shock /ﬁ/

X Magnetosheath
g \ /
\k/\
Solar Wind
Halo Orbit

Energy (keV)

50 100 150 200 250 300

Dominated by non-rejected particles (or secondaries), 0.24 c¢/s/PSF,

Equivalent to 3 x 10 erg/cm?/s (2-10 keV)

Full ~20,000 Sources in RASS reachable (limit 5 x 10-1% erg/cm?/s (0.5-2.0 keV)

8/25/2001

M. Garcia, SPIE, EPE/MCPO
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Background must be ~< source for science described previously.

Here is an estimate, based on ONLY calormiter yet to orbit – the Suzaku XRS. 

LEO -> L2 gives 4x increase in BG rate, based on suzaku->Chandra CCD rates

Fig on left is Suzaku, with gate valve closed so no sky BG – internal, non-vetoed particle and secondaries only

Fig on right is L2 orbit cartoon for EPE – actually IXO, but EPE would be same – goes in/out of magnetic bow shock

Total rate is ~1/4 count/sec per PSF, equal to 3e-14 erg/sec/cm^2 – about 10x below RASS flux of 5e-13
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