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Overview

CANDELA
setup

Statistics on
polarization
measurements

Perspective:
ASTRO-H

2 | Daniel Maier



CANDELA setup

onboard data
electronics analysis

sources optics detector
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CANDELA setup

onboard data

sources optics detector . .
electronics analysis

D ¢

Am-241
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CANDELA setup

300 mm " 5-15mm
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Low energy detector (LED)

* silicon based (Z = 14)
* active pixel matrix 64 x 64

* Same technology as for
ATHENA WFI
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LED pixel structure
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- active pixel matrix 64 x 64 dfa‘i? _?_;f;r
* DePFET pixel: external
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- additional CLEAR FET
* macro pixel
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LED matrix structure

SWITCHER  common SWITCHER

CHIP 1 DRAIN column row\ CHIP 2 < 38 ps >
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ot ] R
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CG off :7& :7& :7& G on
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GGo?fn CAMEX ADC

* SWITCHER controller chips * CAMEX readout chip (same as
- switch gate, clear gate, for SVOM MXT)
and clear potentials - signal amplification
- correlated double sampling
- multiplexing to ADC
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LED electronics
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LED electronics: EPP

RAM RAM
offset map energy-threshold map
bad map neighbor-threshold map
| | 4
[ 14bit Al @ﬁt ot 3£t < el 32Jbit Hla Bﬂt i 64 bit>
pixel address T pixel T common mode energy threshold T pattern & trace T programable
generator unit correction unit correction unit analyzer unit analyzer unit pixel filter unit
input: output:
frame based event building event based
- pixel individual energy - position

- pulse height

tresholds .
- time
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LED energy calibration

Counts flux (1/(s*keV*cm2))
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LED energy calibration
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LED spectra

photon flux F [1/(s * keV * cm 2)]
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1000 4409 42 144 10 168 - - -50 79.5 183 0.59 0.55
62 3802 32 336 19 1958 - - +30  80.¥y 17.3 046 0.43
33 3568 23 368 33 207 342 - +60 83.9 145 0.25 0.19
21 3292 20 H28 =60 342 344 352 50 RB4.3 142 0.18 0.17
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LED spectra
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LED spectra
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LED spectra

photon flux F [1/(s * keV * cm 2)]
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High energy detector (HED)

+. side view top view
H E D: < Pt guard ring
* CdTe based (Z =48 & 52)
- 8 x 8 Schottky diodes CdTe
* triggered readout mode AN A
* polarization effect **ft jj * *

%antdf;sé -

|O-ports
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High energy detector (HED)
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HED: energy calibration

* energy calibration via correlation (ECC)
- build a synthetic energy spectrum

- assume a transformation eV < ADU: E = g*PHA + E 4
- build several synthetic pulse-height spectra
- compare the observed with the PHA s
synthetic spectra via correlation cor = Z Segm(PHAY = Sgpe| PHA)
PHA=0
I A I A
14 14 emission line spectrum
synthetic energy spectrum
*
‘ A
. LYV N
E [eV] E [eV]

OPHA,1 OpHa 2 OpHA,1
I A g I A 91 I A 92
11 11 11
/\ /\/\/\ > ]\ /\/\/\ > j\

PHA [ADU] PHA [ADU] PHA [ADU
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HED: energy calibration

* energy calibration via correlation (ECC)
- build a synthetic energy spectrum

- assume a transformation eV < ADU: E = g*PHA + E 4
- build several synthetic pulse-height spectra
- compare the observed with the PHA o
synthetic spectra via correlation  cor = ) Sen(PHA) - Sons(PHA)
PHA=0

70

65

g [eVIADU]
g [eV/IADU]

il

50 100 150 200 250 300 350
Opua [ADU]
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HED: energy calibration

* energy calibration via correlation (ECC)
- build a synthetic energy spectrum

- assume a transformation eV < ADU: E =g*PHA + E 4
- build several synthetic pulse-height spectra
- compare the observed with the PHA s
synthetic spectra via correlation  cor = ) Sen(PHA) - Sons(PHA)
PHA=0
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HED: energy calibration

non-linear ECC E=gqg- (PHA — OPHA)d

distortion
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HED spectra
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HED spectra
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HED spectra
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CANDELA: a stacked setup

HED LED HED + LED

(heating absorptloD
mutual influences?
@rical crosstalk quorescence
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LED-HED mutual influences

LED mean noise LED offset difference map
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LED-HED mutual influences

LED mean offset LED mean noise LED offset difference map
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LED-HED mutual influences

fluorescence:

- no Si fluorescence in the HED

— fluorescence yield

- Cd and Te fluorescence in the LED

S IN SERREERE RN : : ; K-vacancy:

fluorescence yield

fluor.
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T T L I e R
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LED-HED (positive) interactions

* time coincident events

LED fluorescence <« HED escape

canceling the fluorescence peaks in the LED
reducing the escape peaks in the HED by 25.4 %
reducing the low energetic background in the LED
caused by compton forward scattering

* CANDELA: At=3.0ms

el | 3 g ; : __ measurement g, =21%
; : : : : : : : ’ Geant4 simulation

sVl

photon flux F [1/(s * keV * cm?)]

o
o
o
=

0 5 10
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Compton forward scattering

6(1'{70, Qmin: Qmax) — PLED(kO)

Compton
scattering
in the LED

00 e
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Compton forward scattering

E(k[)a Qmina 6]11'1«1—,\,x) —
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scattering
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Compton forward scattering
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scattering
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Compton forward scattering

E(k[)a Qmina 6’11'1&}{) —
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Compton
scattering
in the LED

’ Ptrack (kO)
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the LED
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to the HED
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by the HED
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Compton forward scattering
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Compton camera

Sate ole. o

D < D, D> D,
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Compton polarimeter

LED

HED

A o
dCide ' oy
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£ 0° B —
v - 90° 180°
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Compton polarimeter

LED

HED

configuration  Omax 0% fimax (%] T [%] P (%] 7i/Ps sensitivity gain

current 26.6° 15.2° 11.13 6.98 14.11  2.62 1.0
A 45.0° 25.7°  33.07  20.61 22.88  9.86 3.8
B 68.2° 38.9° 72.66  47.61 29.79  25.99 9.9
optimum 90.0° 51.3°  90.08  73.16 33.92 42.61 16.3
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Statistics & polarimetry

instrument

degree of polarization P = 4/q? + u? # 1
. ) _ p p— P . ﬂ ¢ —

angle of polarization ¥ = 0.5arctan(u/q) T T

source observation

point estimations interval estimations

-y T T T T T T T

no correction e i
maximum ——
ebal

median
mean

max. likelihood
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Statistics & polarimetry

instrument

degree of polarization P = 4/q? + u? # 1
—P.y- —

angle of polarization ¥ = 0.5arctan(u/q) P T H O

interval estimations source  observation

| T T
fof -
0z
T3

MC 0,004 = ¥ -

Maier et al. 2014: Point and interval estimations for the degree and the
angle of polarization. A Bayesian approach.
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Perspective: ASTRO-H

* soft X-ray imager SXI
* soft X-ray spectrometer SXS
* hard X-ray imager HXI

* soft gamma ray detector SGD

* supported by DSSD
ESA & CNES
* launch 2016
* 550 km LEO
‘m=24t
*L=14m
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Comparison

CANDELA setup ASTRO-H setup

& - /| _‘-ﬂ
i — /i T
.l-..-' ] v _..‘:f‘-\ —

£

* Si+ CdTe * CdTe + CdTe
* pixelized detectors * strip detectors
* timing: 3 ms * timing: ~ 1 us

* to do (hardware):
- adding the 2nd detector
- test long term operation
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To do: (Science) HXI & SGD

* proposals
* AGN & CXB
* polarization

1l

Eo
—_——

) -
A=

g
L0
L

| | | ': 4

Vg
CdTe E;

-+—— 5 cm —»

(/‘_ corona/
-
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Thank you.

Contact:

Daniel Maier
room: P.160

daniel.maier@cea.fr
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Astrophysical X-ray sources

* active galactic nuclei (AGN)

- X-ray sources:
* soft X-ray emission of the disc
* inv. Compton scattering in the corona
* fluorescence emission of the disc ~6.4 keV
* Compton reflection hump ~30 keV

corona

- fields of research Centaurus A, Chandra observation

* galaxy evolution
* feedback on the interstellar &
intracluster medium
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LED configuration

dark-frame update EPP flat-field update ; source
measurement (normal mode) measurement EPP measurement
bad1 map J ‘
offset map
energy-threshold map S BT
neighbor-threshold map
offset map noise map bad map
y LA} w 1
%09 - 1 -
40 i
L :
30 | « J
[
n | |

2000 3000 4000 5000

6000

30

40 50

60
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LED analysis: bad pixel

A B C D
accepted accepted rejected rejected but
legal event but possibly legal event possibly

illegal pattern legal event

E F
rejected rejected
(possible (possible

split event) illegal pattern)

BOE RN
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LED data analysis: bad pixel

A B C D E F
accepted accepted rejected rejected but rejected rejected
legal event but possibly legal event possibly (possible (possible

illegal pattern legal event split event) illegal pattern)

A+B+C+D+E+F
A+B+C+D
A+B+C

A+B

200

150

100

50

PHA [ADU]

AtoF AtoD A+B+C A+C A+B A

abs. cnt. 280197 544128 543082 041589 533465 531995
rel. cnt. [%] 100 93.8 93.6 93.3 91.9 91.7
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LED spectra

;'-";l-l{p{ 1.2 C—(l-Lq 1.2 SH-LR 1.2 TE?-LR 1.2 Mn-l{m EEe Ti-Km 1.2 Ti-Kﬁ 1.4

Ey [eV] 1487 3133 3443 3768 1155 4509 4932
E [eV] 1493 3085 3475 3732 4186 4519 4955
AE [eV] +6 48 +32 -36 +31 +10 +23

CI_I-KD:LQ 2 :‘\III-]{&]_Q NF"]‘HBU _\JI']-IJBQ Nh-]{ﬁ]_g_g

Ey [eV] 8041 11790 15996 16340 18656
E V] 8086 11799 15970 16927 18702
AE [V  +45 -9 -26 +87 46
AFE.1  [eV] 1551 0 1754 910 906
{jd—Kq 1,2 Sll—l{q'l‘g T{-E‘I{ccl.'_)‘ SII—Kﬁ 1,3 Am-33
Ey eV] 23108 25193 27377 28471 33196
E eV] 23216 25252 27447 28548 33594
AE  [&V]  +108 59 +70 77 1308
AFE. [eV] 2324 1152 1032 2126 6851
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LED Am spectrum

£flux (1/(s*keV*cm2))
35 - - — — —— e E——

o —

25 —pl-o----4 SR PR SR T R T S

zo—-ddl s s S enees
L S I S A J_—

enerqgy [keV]
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HED: polarization effect

E

* CdTe: many mid-gap levels —
* band bending due to Schottky contact 2
* increased n,,, — rearrangement of the -O—O—OE—T} E

electric field inside the crystal o 0.0k I
+ 4+ + '

p-type metal p-type metal p-type metal

semiconductor (Al) semiconductor (Al semiconductor (Al

ohmic contact

cathode

- [+ U=0V - |+ U=300V
1 1
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HED: polarization effect

* spectroscopic effect
- reduced charge

. ~ cnt | |
collection eff|C|ency 200 ] M
efficiency

0 < t[s] < 1000

2000 <t [s] <3000
10 -

4000 < t [s] < 5000 s
5000 < t [s] < 6000 Al
6000 < t [s] < 7000 2 "|‘ ( - i

| | : :
7000 < t[s] <8000 T l | k

1050 1100 1150 PHA [ADU]
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LED: Geant4 simulation

G 1171 0] PSP - PRV S|

10 4.

0.01

photon flux F [1/(s * keV * cm?)]

0.001 eovvviiiiiiiiiiiie b o RS L

measurement g, =21% - :
Geant4 simulation

425
IMH&
|

i i i
0 5 10 15

Nl ..‘,23

\ :2

LAl WN\J
25 30

20

credit: S. Purckhauer, 2015

15) Np'LY1,z
16) Np-Ly,,
17) Ag-Ka, ,
18) Cd-Ka,,
19) Sn-Ka,,
20) Am-26
21) Te-Ka,,
22) Sn-KB, ,
23) Sn-KB,
24) Te-KB, 5
25) Te-KB,
26) Am-33

27) Compton re-
processing of 29

28) Am-59, esc
29) Am-59
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CANDELA: Compton kinematics

100 [

10 |

E [keV]

90 ED [keV]

30 40 50 60 70 80

0 10 20

100 F

E [keV]

30

40

Eq

E,=Fy—F

1 + 511 keV

(1 — COS (9))

50

60

70

80

o0 Eo[keV]
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LED energy calibration

photon flux F [(s keV cm?)™]

1000

100
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o
1

=
|

0.01
T T T T
4500 5000 5500 6000 6500 E [eV]

Eor =-50 eV
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|

Ex=0eV

1000

100

10

1
| T T T
4500 5000 5500 6000 6500 E [eV]
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1000

100 -
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Es=+100 eV

1000

100
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1 T T T
4500 5000 5500 6000 6500 E [eV]
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Compton forward scattering

photon interaction with Si (Z = 14)

* photoelectric absorption T vt —
> detection of time s\ e —

total

coincident events

* Compton electron must be
detected by the LED
— CAMEX gain

1000 10000 kg [keV]

Ll

1 10 100

0.1 &

1072 |

103 B[ ..,'.'... O SO T

104 |
10 , ] \ ] . | . I . A \ ] \ | . | . | .
0 50 100 150 200 250 300 350 400 450 Ko [keV]
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Compton polarimeter

dCide l l f l 2205
- : a=1--——
N |
g
S
O
25 e
: : E
0 i i i | \ J 1

-180°  -135°

ko, 0) =

-90° -45° 0° 45° 90° 135° ¢

modulation factor:
Cmax_Cmin

l’l = Cmux+Cmin

& (ko, 0,0 = 90°) —

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

ko =400 keV =-=-- |
) \ ....... _
L
L
"_. - -
A3
AN
AN 7
M \G
LA NR _
: .\ X
N
N
-~

- ko=100 keV - = = _|

1 T
ko= 50 keV -owees

ko = 200 keV

UgI)S (kOn 9? ¢ — OO)

90

Omax

M(km 8) do

105 120 135 150  6[°]

sin?(0)

d‘”s o (Fo, 0,0 = 90°) +

15 (ko, 0,0 = 0°)

_I_J

sin”(0)
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Compton polarimeter

modulation

09

T I I

ko = 200 keV

efficiency

Ois ¢ [b/atom]

IIIIIFIII!IITII'I'III'I

Ko =200 keV |

PR N A NN AN T AN N N AT MO A

75 90 105 120 135 150  ©@[°]

0% (deg) =~ 0.57 - Omax(deg)  (Muleri & Campana, 2012)
configuration  Omax 000y fimax (%] T (%] Po [%] 7iv/Ps sensitivity gain
current 26.6° 15.2° 11.13 6.98 14.11 2.62 1.0
A 45.0°  25.7° 33.07 20.61 22.88 9.86 3.8
B 68.2° 38.9° 72.66 47.61 29.79  25.99 9.9
optimum 90.0° 5H1.3° 90.08 73.16 33.92 42.61 16.3

1 1
0 10 20 30 40 50 60 70 80 90 100110120130 140 150 160 9[°]
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Summary and outlook

* LED 64x64
- energy range: 150 eV — 15keV
- AE=168eV @ 6 keV
- AE =352 eV @ 60 keV
- systematic error < 100 eV for
6 keV < E < 28 keV
- At = 2.44 ms — window mode

* HED 8x8
- energy range: 3 — 150 keV
- AE =1 keV @ 60 keV

- systematic error < 100 eV for
14 keV < E <60 keV
- At<7 s

* broad band energy range: 150 eV < E < 150 keV
* status: time coincident events can be measured

- next: Compton camera

= test the 3d source positioning

= study the imaging accuracy — interval estimations?
- next, next: Compton polarimeter

= validate the predicted modulation factor

» check the predicted point and interval estimations
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