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EAGLE and its Optics System

s Configuration
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L\ xoray o
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Lo Lobster Eye Optics

7“ Micro-Pore type Optics(MPO)

Titanium frame

Aluminum s Characteristics

housing Items Parameters
pnCCD
image sensor Energy band (keV) 0.4-4 keV
TeANE, Field of Vi 0.5 steradi
_— ield of View .5 steradian
Sensitivity = 4e-10 (erg/cm2/s)For 100 sec
Read out board Effective area To be investigated

Position accuracy 3 arcmin at2o Goal of construction




Main issue of the Construction

*» Angle tuning of MPO segments » FY 2023 » FY 2025
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optics

After adjustment
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b Localization accuracy
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* Angle tuning for only X axis
I 2 MPO, 2 weeks




Construction / Evaluation in ISAS/JAXA

@27 m X-ray beamline in ISAS/JAXA

CMOS image
sensor

-

I

Pl oo bocing = < Construction of Optics System
- k 3 25 August- 7 September, 2025 ...selection, angle tuning of
n ' | N each segment

Detector system A J s Evaluation of Optics System

. 13-26 September 2025 ...measure localization
’ accuracy and effective area

Beamline system coordinate




Adjustment of Segment Angle
Selection of MPO Segments

MPO?2
¢ Best Focal Length

.....

277.6 mm 292.6 mm 307.6 mm ‘ | .) Adjust the angle of
Selected best 4 from . _ optics

7 MPO segments

< 6 arcmin precision

After adjustment ‘l—’ —

After rough After fine
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s Distortion in Angular Response
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Evaluation of Optics System



Testing Localization Accuracy

& Rotation of Frames and ¢ Detection of Focal point

N —

Detectors i Single gaussian fit
! bins >70% of peak height
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Testing Localization Accuracy

s Sampling
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Testing Localization Accuracy

image

3n

25

Residual Map (8.)
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Residual Map (6,)
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* Prediction of localization accuracy with measured Point Spread
Function and alighment precision >> under the investigation




Effective Area

*»» Experimental

setup
1.5 keV Al K-a
/ -
@A — ]
/ IZ|42.mm
sensor ‘\\\ 7 frame center st

MPO + optics frame

N;.cus: focused photon count rate
N:.. : irradiated photon count rate in the region of 1cm?

Effective area (cm?
= Nfocus (CtS s ) -~ Nf[ux (CtS cm-2s-1 )

| optics edge
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the beam
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Effective Area

¢ Double gaussian fitting & obtain counts

X projection - Double Gaussian fit
T

5000 azuj;g{,’\g?a?: X arm . .
te|  Gausst | s *» Effective area
Baunu i Yarm + . ) . . .
center No reflection by counting photons in the detector / integration of
/’ Gauss2 * gaussian
L , A e , , Scattered

Counts

Component effective area [cm?]

6000 = % g % g .
1.5 keV image 20 4 N Total counts in the 3.940 = 0.099
i detector
S 4 Xarm+ &% Ho "
center & center 1P Cross 3.157 = 0.082
e (focused) o . A 33 (=Total counts in the detector
. \ 18 \\i \‘ 5 - No reflection component )
é 2000 . E % DIl ittt o l)U
: X arm o} 4 /r 5 X arm + center 1.244 = 0.033
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s*Comparison with Theoretical Calculation

Effective Area [cm?]
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Effective Area vs Surface Roughness @1.5 keV

> Theoretical

"~‘ —e— Total

~

“u —e— Cross

= -m- A arm + A_focus
= -~k A noref
\\ ‘ o
—
~

0 2 4 6 8 10 12 14

Surface Roughness o [nm]

Uniform Optics, Considering reflectivity
for each incident angle
(Tamagawa et al. 2020)

v Experimental (Unknown surface roughness)

Total counts in the detector

Cross

(=Total counts in the detector
- No reflection component)

X /Y axis Arm and center

* At 0=1.1-4.3 nm, effective area of each componentis consistent with the prediction.

* We are currently inquiring real surface roughness to the supplier of optics
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Summary and Future Works

Summary
** We constructed and evaluated optics system prototype of EAGLE

** Achieved systematic localization accuracy of 3 arcmins with 92.1% of tested angles

*»* Measured effective area:

e 3.9403 £ 0.099 cm? for total
e 3.157 = 0.082 cm? for cross. >Consistent with theoretical value

Future Works
*» Investigate the best methodology of incident angle estimation in limited computer
resources of onboard software.

¢ From studying the relation of localization accuracy and MPO performance,
we set clear criteria on the best segment selection

>> make localization accuracy of 3 arcmins 92.1% - 95 %(20)
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‘ ° °
% Bea m sta b | llty (X-ray generator: 5 kV, 10mA)
100ms x 250 frame @reference CMOS
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s X-ray spectrum

Target: AL 1.5 keV
X-ray generator: 5 kV, T0mA

Single pixel event: red
Multi pixel event: blue
Total event: orange

"

| .

| .-

15 2.7 39 51 63 7.5 87 99
Energy [keV]
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** Tamagawa et al. 2020

> Effective area of each component

ANoRef(@:t:: ey)
AArmX(Ea @:t:: ey)
AArmY(Eg @:t:; @y)

AFocus(E; @:::; ey)

» geometrical fraction f:

* no reflection

fo(65) = {0

— %tan(ﬂj) 9_7' § t&ﬂil(
9_7' > ta,n_l(

gmax
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max min
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T 81!

* single reflection

0

S|E |8
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NzNv /9 §(E,05)frdo, / ¢(E, 6,)fldo,

%tan(ﬂj) 9_7 S tanfl(%)
) F(8;) =2 - Ltan(d;) tan~'(2) < 6; < tan~!(22)
Hj > t&l’l_l(sz)

A: size of pores

n: open fraction of pores
N: number of pores

¢: reflectivity

[: thickness of MPO

N w: width of micro pores
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»» Effective area in other GRB Lobster X-ray monitor
» WXT/Einstein Probe (Chengetal. 2025)

351 35
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Fig. 9 The effective area as a function of the energy of incident photons, measured in the direction
along the center of the four CMOS detectors aboard FM1 (CMOS 1-4). The blue dots are the

measurements at different energies and the black solid line denotes the simulated model over-plotted
for comparison.



‘*Geometry and focusing component

» number of reflection at wall (nx, ny) .
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[+ /’/, e . . .
reflection » Reflection in same x/y axis
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(b) : 1 reflection 2 reflection
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i
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1000 Xeell X
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x [pixel]

A
Tamagawa et al. (2020)
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¢ Testing PSF with double gaussian and Lorentzian, single gaussian

Al 1.5 keV on-axis event map
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Y [pixel]
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» Reflectivity and incident angle

1.0

Selected RMS Roughness Comparison

@1.5 keV

RMS Roughness [nm]
— 0 =0nm
— g =1 nm

o=3nm
o=5nm
o=8nm
m— g = 10 Nnm
— g = 14 nm

Grazing Angle [deg]
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> 3x3 MPO Effective area

Effective Area [cm?]

(eq. from Tamagawa et al. 2020)

I

w

o=0 nm
o=1nm

- 0=2 nm

N
1

o=3 nm
o=4 nm
o=5nm
0=8 nm
0=10 nm
o=13 nm

2 4 6 8

Energy [keV]

10
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Testing Localization Accuracy

s Comparison of the actual incident angles and the estimated incident
angles derived from the focal positions

Estimated Bz [arcmin)
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100 8, e
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Testing Localization Accuracy

CMOS  “S~o_ Q
image
sensor ey -
MPO + optics frame
O
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Sampling points
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[u!l;lj:ué]
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Residual Map (8.)

% [estimated angles (X,y) © (8, csts OY &s1)] - [incident angles (6, ;,, Oy ;,)]
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angles were within = 3 arcmin error region. ' !
N\ L2
. \
To achieve 95 %(20) as a goal, we need further Y e
investigation in both of construction and estimation '

method.
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**Simulate localization accuracy

for different a l|gn ment precision Color shows the range that contains 68% of
the centroid distribution (R68) for different
Define point spread function peak separations and photon counts

(PSF) of a double Gaussian 10000 Monte Carlo simulations,

calculate centroid of N photons

distance = 15 arcmin

8 3 4
Sample PSF . I <
300 s s 5
g6 ‘5 103 3%
g - C o
3 200 = 38 Q
= © 4 i [T c 4
5 L =) 2
- N b=
100 5 21
Z
11 / r
! , oLl | [0 I .
AT 50 b1 so 100 =50 25 0 25 S0 1020 ) > a4 - 6 ‘ P
Posl(mrll[:licmmj Position [arcmm] Distance betwee§ penks [apensin]

Separa'ti'on angle of peak=
alignment precision
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** Quadrant extrapolation of Event Map

Counts

A single Gaussian fit to the XY projection of the event map to find the boundary of quadrants.
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Alignment with X-ray measurement (2023)

(1) 1¢t X-ray measurement (3) 2"d X-ray measurement

Kanazawa University 5 m X-ray beamline X-ray focused Image from two LEOs
+Thermal vacuum chamber (103 Pa) >

(2) Adjustment 700

600

Entries 437041

X-ray image

sensor (CMOS) X shim: +0.12 mm

y shim:-0.03 mm

500

400

300

200

100

Focal movement
stage

P

700 0 0 100 200 300 400 500 600 700

100

L % X
n X-axis : ; : ; 5 e .
projection st dlon i axis | Distance between two cross center

----------- 2.67+/- 0.09 arcmin <<10 arcmin

X
Y 1.34 +/- 0.53 arcmin << 10 arcmin

. — =

Distance of cross center We can catch the transient in NIRT

dOx : 24.6 arcmin -
dOy : 5.4 arcmin at 99 % probablhty



Focal Length

» Focal length for each MPO segments

Focal length fitting (X & Y)

CMOS-MPO distance [mm]

— Xt . MPO ID X[mm] Y [mm] red: selected
— Yfit 2=3.463€-03 + 2.13e.05 segments
¢ Xdata b=292.052+0.033
s| © Ydata c=1.011+0.003 #19 300.47 294.32
2=3.489%e-03 + 2.51e-05
b=288.283+0.037
¢c=1.016+0.003
#4 282.51 285.95
4 -
£ #21 289.39 285.66
=
3
#7 296.45 292.35
#20 295.89 291.98
#18 287.90 296.31
280 o #6 295.98 293.19



Angular Response of MPO Seg
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 Selection of MPO

MPO ID X Y
#19 300.47
#4 282.51
#21 289.39
#7 296.45
#20 295.89
#18 287.90
#6 295.98
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Angular Response
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Alignment of MPO Segments
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Setup and Frames
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