ecent advancements
- in radiation detectors
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- ' forprecision
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y experiments

-~ (and what do we use them for)
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Transition Edge Sensors (TES): Microcalorimetry Bragg Spectrometers

=
Silicon Detectors
CdZnTe Detectors Semiconductors

Ge Detectors

Wavelength (m)
193 192 10 1 1007 102 19*3 19'4 19'5 19-'(1{;7 19'8 1 10\ 10} 10;"'

1km im imm 1m 1 1 1pm
@G0 Waves -
: isible - P,
Frequency (Hz)
1MHz 1GHz

106 107 108 10° 10'0 10" 10'2 10" 10'4 10'S 10'¢ 10'7 |j10'8 911
Energy (eV) \ J
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What do we want (could) measure...

Energy Position Multiplicity

()
I

%

—
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... and how

Obiect Photon absorption is a binary process
Photons
~ s E .
AT AN aTTENUATION No energy loss like for charged particles
~ Aoxe ~S m\\
~4 o TR =
o~ M| A A |~ PENETRATION > e )
] L 1 I I I 1 I 1 I 1 I I I '
f % 0 . I | :
/ = = i : : g
Photon Energy = F pair production i
Thickness 10 E ——
Density = =
Atomic Number (Z) = =
| E Compton scattering 2
Photoelectric effect: main effect for I .
visible, X and gamma radiation ‘ 7
TO BE MAXIMIZED 10 E E
Compton effect: unwanted, source of : (photoabsorption ) !
background and loss in resolution 1072 =
. | 3
TO BE MINIMIZED g R =
E \_ ' E3 ) -
Pair generation: main effect for HEP o3l Ly A
experiments 20 40 60 80
NOT INTERESTING FOR OUR RANGES Z
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What do we want (could) measure...

( Energy

()
I

\

Position

Rates
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Silicon Detectors

QdZnTe Detectors Semiconductors

~  Ge Detectors

Wavelength (m)
193 192 10 1 10! 1q-2 19‘3 19-4 1{_1-5 19-3 1q7 19-3 19-9 1q-1° 10:" 1q-'2

1
Ll '

tl. 1km im imm um inm 1A ipm
' BERUIET . | Ultraviolet] _
Visible 2 chos m
Frequency (Hz)
1MHz 1GHz
106 107 108 102 10'0 10" 10'2 10'3 10" 10'S 10'® 10'7 10'® 10'® 1020
Energy (eV)

%
109 10% 107 10€ 105 104 10° 102 107 1eV 10 102 1keV 10* 10° 1MeV

‘\Ikmd ﬁton;i-\jecision tests of Quantirﬁ Gravity i!pired models” /ﬁSc?rdo, ECT* (Trento), 22/09/2023




Semiconductor detectors

Energy of
electrons

Conduction Band

Fermi level in gap.

Qnsulator

The large energy gap
between the valence
and conduction bands
in an insulator says
that at ordinary
temperatures, no
electrons can reach
the conduction band.

In semiconductors, the band

gap is small enough that thermal
energy can bridge the gap for a
small fraction of the electrons. In
conductors, there is no band gap
since the valence band overlaps

8

the conduction band.

Conduction Band

Fermi

N

level

b. Semiconductor

N

Conduction Band

o/

c. Conduct

1

HE) = (E - E.)/KT
S +

probability that a given available electron
energy state will be occupied at a given

temperature

k,T~0.025 eV @ 300 K

Playing with
Temperature allows
moving the Fermi

Level

. L gap.
“Nuclear and Atomic_hgp_o;atories for high pre

—

Mo electrons can be above the Fermi
level at 0K, since none have energy
above the Fermi level and there are

Conduction Conduction
Band Band
Egap A I Some electrons have
t absolute energy above the Fermi
! zero, OK
Fermi | | "w,
Level
f(E) f(E)
Valence Band |- Valence Band |-
[l =

no available energy states in the band

Conduction
Band

High
Temperature

- f(E)

Valence Band |-
(=]

At high temperatures, some electrons
can reach the conduction band and
contribute to electric current.
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Semiconductor detectors

Energy of
electrons

Conduction Band

Fermi level in gap.

Qnsulator

The large energy gap
between the valence
and conduction bands
in an insulator says
that at ordinary
temperatures, no
electrons can reach
the conduction band.

In semiconductors, the band

gap is small enough that thermal \

energy can bridge the gap for a
small fraction of the electrons. In
conductors, there is no band gap
since the valence band overlaps
the conduction band.

8

Fermi

b. Semiconductor

Conduction Band
/ level \

Conduction Band

.‘ B -_I
This is why Silicon
and, most of all,
Germanium
detectors need to be
cooled down

P(T)=CT e

~E, /2ksT

Probability to thermally promote an
electron in the conduction band

k,T~0.025 eV 300 K
C. Cunductr_y & @

Periodic table
environment of

=

“Nuclear and Atomih
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semiconductors
5 [Ca]n
Al SSDL P
Ga E‘E As
In *;5;)'3 Sb

Pb 6

— |\

Energy

Carbon (diamond)
Insulator

Band gap
region

Vacant
(Conduction :
band)

1.1eV gap

Filled

~

l Sn 0.1 eV gap
5 '

Silicon
Semiconductor

'
. Ge 0.7eVgap

=
1111
et
.

r(nm)

0.24 |

Pb no gap, levels
overlap, making it a
metallic conductor




Physicians must be smart and clever....

EEEmsssss————) holes !!!

=
=4
N . w
i
< i
o
- -

ories for high precision tests of Quantum Gravity inspired models” A. Scordo, ECT* (Trento), 22/09/2023
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Semiconductor detectors

N-Type P-Type \
. ‘ o e Acceptor Extra
. : ‘ Donor impurity ' L":::tgts?a Conduction Conduction hole
b Si contributes ¢ S| @ noke Fermi= 55 s 5o s s 555 energy
. L . free electrons - _ . lavel lavels.
qll- q:q/ Extra ...q.n.n.n.n.ﬁ.a.n.n.p.......::errlni
. - o i F X . . . electron evel
..L SI 1. III III ill SI ? .‘L Sl 1. III B III I: Sl I“ Enargy - -
RN _.i",. ..... o L ‘i levels
i :.-‘ Srement ‘L'. e gyt eeaa “~I i e N'T}"pe p-T}-‘pE
Antimony g A ¥ - - .
addecos @ OI ® Bon . ® Si @

impurity impurity .,
L T Yea ' T *
4 ¥ v
[ I Negative ion from Positive ion from

@® Electron O Hole

LIPS filling of p-type removal of electron
°® vacancy. from n-type impurity.
o ®

Near a junction, electrons diffuse across
to combine with holes, creating a "
depletion region" which inhibits any
further electron transfer unless it is

‘ helped by putting a forward bias on the
—— junction.
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http://hyperphysics.phy-astr.gsu.edu/hbase/Solids/pnjun.html#c2
http://hyperphysics.phy-astr.gsu.edu/hbase/Solids/pnjun.html#c2
http://hyperphysics.phy-astr.gsu.edu/hbase/Solids/pnjun.html#c2
http://hyperphysics.phy-astr.gsu.edu/hbase/Solids/pnjun2.html#c3
http://hyperphysics.phy-astr.gsu.edu/hbase/Solids/pnjun2.html#c3
http://hyperphysics.phy-astr.gsu.edu/hbase/Solids/pnjun2.html#c3

Semiconductor detectors

n-type
silicon

p-n junction

Breakdown voltage
Vbr

Situation at equilibrium

b1

°J ®
B

p n

{_ Conduction Band

Energy bands at equilibrium

Force on electron from
externally applied voltage.

S—

PN junction is the elemental

BWD

\_
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v, brick for all semiconductor
devices
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Silicon Drift Detectors

Perfect linearity and easy calibration

Last Ring

Large area and geometrical efficiency TR
L

Fast readout for triggering e = ‘;?

path of

Suitable for 4-20 keV | N —————— n$| T --%@e%_glgftrons
(450 um thickness)

Resolution limited to ~120 eV

@ S ? Sr
Emuﬂﬂ ﬁ Sr D 14000 >
@ I > .
< 8000 = g-— o
3 @ 12000 e
S— f | i
2 ' Br I I
S 6000 i 10000 — i
3 I 1 | Cu -
<+ 4000 |Cu | | 8000 | .y
f . | | Fe -
|| | f i
2 Fe ' | '[\ e 1
000 ; ] F
\Ti [i i | ),“ L L
| N fA j| l | :: | | 5 -
0 u-"lr W ] ".I I-'-—-.'f\‘-—: ‘."’I l"‘-"'lf .L-‘. vt :':"“"—"'Jl: k—!—/ \-1 1 L"I'"-J_)r \\""' m'?f j. | | { L |
2000 2500 3000 3500 4000 4500 5000 5500 2000 2500 3000 3500 4000 4500 5000 5500
ADC channel ADC channel
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)rift Detectors for kaonic atoms

W/
Hia 2 WsedC :
Myed
n >~ o
Me

; I=0 I - - mm“@ ~, i "’capmm
ﬂm’:" W :: it F _..._-:..::f: —

). “1 : /f Coulomb de-exeitation
; l. - ' :I f'i x«ff Auger effsct

X -radwation

Talk form
S. Manti

Shifts and widths with respect to pure
electromagnetic calculations provide [ gtk
information on the strong interaction _Z )
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Silicon Drift Detectors

-

—

o
[+

Vacuum chamber , = [(a K-p K
CFODF_'EF fU"_ s . _( ) EM value
Titanium foils 8" i
/ o« .
Target cell 510
Q

ot
w
| (" rTrrrroT T

0
x10° e
- (b) Hydrogen
% W 8 L i *
Degrader = Lead shield 3 racniehveres |
ER i / . ] © 8l 4 K"": KB transitions _
S e e § —if = i ]
. 6
all % | \ H 4
Kaon detector # Beam pipe 4-
10 em Kt ete  interaction point 2
f——
“-___“_-_

_(c) Deuterium ¢

Region of interest
of K-d X-rays
I

—
280
T T

Most precise
measurement of 1s

€15 = —283 £ 36(stat) + 6(syst) eV

Counts /50 [eV] ,,
no

and @75 = 541 4 89(stat) & 22(syst) eV, level shift and J [ B
| - - | [ | ‘ || Eneroy [keV]

T - width in KH JEPT 92 7 9N

- SETE

¥ ¥ X X ¥l

SIDDHARTA Collaboration / Physics Letters B 704 (2011) 113-117

—
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Jetectors

Measurement of 1s level shift and width of
KHe is one of the most wanted measurement
in our community but the transition is
S ; expected at ~30 keV

N Tlq

CImission

= 450um
== 800um
= 1000um
== 2000um

TN

ot
o

Thicker SDDs could be used to
extend the working range

©
~
.

Quantum Efficiency
/////
/A
/|

This is not trivial and there are 0.2 ~—
0 . 5 5 \
technological limitations to : T —~———
overcome o L
0 5 10 15 20 25 30 35 40

~—d Energy (keV)
- “Nuclear E2 res denum isotopes” — Symposium, A. Scordo, Frascati (online), 08/04/2022



kCounts

.;N ucg id Atomici

120

100 -

80 -

60 -

40

20

241Am

13.9keV

11

.8keV

~

17.8keV

~—1mm thick
—450um thick

30 40 50 60 70

First XRF tests
with known
targets show very
promising results

Efficiency @ 60
keV is increased
of 100%

1-2 mm SDDs already financed by
INFN CSN3

800um and 1mm SDDs prototypes
already produced by FBK for
ARDESIA (INFN)
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CdZnTe detectors

a
o
w

2500

X
g - . High efficiency and linearity in a broad
g % M EWHM = 3.5 keV energy range (optimizable between 20-
g 140 30 keV and 1-2 MeV)
8 Lo (5,9 % @ 60 keV)
100 Good energy resolutions with no need
CNpL 1
80— Pt for COO]lng
60— . .
- Fast readout for triggering
40 PbKa,, K,
20—
- More recent technology, not
| ‘ | | ‘ | | ‘ | | ‘ | | | | | ‘ | | ‘ h
% 20 40 60 80 100 120 140 “commercial” yet
Energy (keV)
> B Entries Cthto:T:6421ee+os
< 3500 — Mean 478
8 C Std Dev 50.86
S - %2 / ndf 343.6373/197
g 9000 o Srsoon
8 B Sigma 4.9122 + 0.0228
o -

FWHM = 11,6 keV

2000

1500

(2,2 % @ 511 keV)

1000

500

0

N
o
o
AN
a
o
[
o
o
[6)]
a
o

600
_ , Energy (keV)
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CZT: first tests @ DADPNE

Goal: background and resolution assessment in machine environment (first time)

CdZnTe
detector

fr——

—

*'Am source Light-tight box

Electronics

as 1aboratories for high precision tests of Quantum Gravity inspired models” A. Scordo, ECT* (Trento), 22/09/2023

“Nuclear and Atomic tran

22/06/2022:

First prototype installed
in DAD®NE

Promising results
obtained ON BEAM

First technical paper
submitted

New opportunities for kaonic atoms
measurements from CdZnTe detectors

L. Abbene!, M. Bettelli?, A. Buttacavoli', F. Pl‘illt'ip;llol. A.
Zappettini?, C. Amsler®, M. Bazzi?, D. Bosnar®, M.
Bragadireanu®, M. Cargnelli®, M. Carminati”, A. Clozza!, G.
Deda’, L. De Paolis?, R. Del Grande®*, L. Fabbietti®, C.

Iwasaki?, A. Khreptak?, S. Manti®, J. Marton®, M.
Miliucci?, P. Moskal'®!!, F. Napolitano?, S.
NiedZwiecki'®! H. Ohnishi!?, K. Piscicchial?4, Y.
Sada'?, F. Sgaramella®, H. Shi®, M. Silarski'!®!, D. L.
Sirghi!38, F. Sirghi®®, M. Skurzok!®!, A. Spallone?, K.
Toho'2, M. Tiichler*!*, O. Vazquez Doce?, C. Yoshida'?, J.
Zmeskal®, A. Scordo?” and C. Curceanu?



- _proposal for new measurements at DAPNE

E. Friedman et al. / Nuclear Physics AS79 (1994) 518-538 h Y 4

Table 1 —T

Compilation of K~ atomic data

Nucleus  Transition e (keV) T (keV) Y I, (eV)

He 32 —-0.04 +0.03 - - -
-0.035+0.012 003 +0.03 - -

Li 352 0.002+£0026  0.055+0.029  0.95+0.30 -

Be 32 -0.07940021  0.172+0.58 0254009  0.04+0.02

1og 352 -0.2084+0.035 0.810+0.100 - - Beampipe

ig 352 ~0.167+0.035 0.700+0.080 - -

C 32 ~0.590+0.080 173040150 00740013  0.99+0.20

0 43 -0.025+0018 0.017+0.014 - -

Mg 43 ~0.027+0.015 0.214+0015 0.78+0.06 0.08 +0.03

Al 43 ~0.130+0050 0490+0.160 - - cdzn .
~0076+0014 044240022 0.55+0.03 0.30+ 0.04 \

Si 43 ~0240+0050 0.810+0.120 - - Degrader
-0.130+0.015 0.800+0.033 0.49+0.03 0.5340.06 & ‘}elements target M I P

P 453 —-0330+008 144040120 0.26+003  1.89+0.30 A

S 43 ~0.55040.06 233040200 0.22+0.02 3.10+0.36
~0.43 +0.12 231040170 - - %
—0.462+0.054 1.96 +0.17 0.23+0.03 29 +05 netes

With CdZnTe detectors the present

database on kaonic atoms can be updated
and renewed, and new important

measurements can be done as well

“Nuclear and Atomic § for high precision tests of Quantum Gravity inspired models” A. Scordo, ECT* (Trento), 22/09/2023



HPGe detectors

Photons

025 rorm thick Be High resolutions in a very wide energy range
\ ¢ ¢ p* (0.3 umB)
5 £ Cryogenic cooling is needed
4 p-type h?Jf/_ P-njunction Subject to radiation damage
J Z ' _ The maximum depletion depth for the planar detectors is
"jmad (0.7 mmLi) limited to 1-2 cm.

5 cm is required for efficient detection of MeV photons.

“* Resolutions (FWHM) 5 5
" obtained with 60Co, 133Ba ] _____________________ ____________________ S — 2 ______________

p-type
Ge

[T i
=2

0.870 keV @ 81 keV
1.106 keV @ 302.9 keV
1.143 keV @ 356 keV
1.167 keV @ 1330 keV

“Nuclear and Atomic transitions as laboratories for high precision tests of Quantum Gravity inspired models” A. Scordo, ECT* (Trento), 22/09/2023




'CONNECTION WITH LEAD-TABLE (HIDDEN|

LEAD HPGe FILTER

KAON LUMINOMETER

E@WM

WEIGHTED AVERAGE
493.664+0.011 (Error scaled by 2.5)

Values above of weighted average, error,
and scale factor are based upon the data in
this ideogram only. They are not neces-
sarily the same as our "best' values,
obtained from a least-squares constrained fit
utilizing measurements of other (related)
quantities as additional information.

2
X
--------- DENISOV 91 20.5

i - GALL88  KPb 98 226
HH GALL88  KPb 11-10 02

| - -GALL88 KW 98 0.4
——+—> GALL88 KW 11-10 22
---------- LUM 81 0.2
---------- BARKOV 79 0.0
------------ CHENG75 KPb 9-8 1.1

----------- CHENG 75 KPb 10-9 0.1
------------ CHENG 75 KPb 11-10 0.5
-+ - CHENG75 KPb 12-11 3.6
-+ - CHENG 75 KPb 13-12 0.8
-------- BACKENSTO... 73 0.4
52.6
(Confidence Level 0.001)
\ \ | J
493.5 493.6 493.7 493.8 493.9 494

Required precision on Kaonic atoms transitions (eV)

12

10

HPGe detectors

B OF ~ 3 eV needed
— for SmK =5keV

KPb(9 - 8) : 290 keV

0 2000 4000

6000 8000 10000 12000 14000 16000 18000 20000
Precision on K mass determination (eV)

m2 1 105 oEE

M%{N?%’ 6 (% - %)

OMmg =

HPGe detector is used in DADPNE to
perform a new precise measurement of the

K- mass
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Bragg Spectrometers

Wavelength (m)

193 192 10 1 1[_:' 1q-2 19‘3 1-:_:-4 19-5 19-3 1q7 19'3 19'9 10:10 10:" 1q-‘2
1km im imm um inm 1A ipm

Visible m

Frequency (Hz)

1MHz 1GHz

106 107 108 102 10'0 10" 10'2 10'3 10" 10'S 10'® 10'7 10'® 10'® 1020
Energy (eV)
10° 108

107 10 105 104 10° 102 10" 1ev 10 102 1keV 10% 10° 1MeV
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Bragg spectrometers

Detector
\
Collimators /\E

Photons of different energies are reflected in different positions

I : (2 With a crystal and a position detector, energy spectra with ultra-
' B 3 8 0
I°g ':_f_\:; high resolution can be obtained
“Crystal
‘ ‘ :famhe{j _ For monochromatic sources, also directionality could be tested
ters i
nNA = 2dsind,

Ei<E:<Es  sagittaly bent HAPG crystal

Von Hamos geometry and mosaic
crystals can improve collection

EfflCIEHCy SOUCé Cylinder axis | Ey Es \
Image plane
cylindrically bent
_ crystal
position
sensitive c
[ detector FWHM of few eV with NO COOLING
ol AE

Energy range between 1-20 keV (n=1, depending
on the crystal)

sample

Extremely low efficiencies (solid angle)

“Nuclear and Atomic_t[&nﬁns as laboratories for high precision tests of Quantum Gravity inspired models” A. Scordo, ECT* (Trento), 22/09/2023



Spectrometer developed under CSN5 Young Researcher Grant (2016-2018)

L3
Setup box
HAPG crystal fl‘oﬂ; panel
Z;,°
| 152 Mosaic Crystal

..........

Effective
source
S’

i —— Sl Slft (}(1

T
F s |
|

A o

.

Real source
Effective source \ S

| Virual point-like source

] -
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Crystal spectrometers: VOXES

Table 3 Best achieved resolutions and precisions summary.

Element P (mm) Parameter value (eV) So/A8" (mm,”)
o(Kai,) 4,17+0,16  0,3/0,24
71,5 §(Kay) 0,11 0,6/0,44
S§(Kay) 0,18 0,6/0,44
o(Kai,) 4,05+£0,13  0,3/0,18
Fe 103,4 §(Kay) 0,09 0,7/0,34
S(Kay) 0,13 0,7/0,34
o(Kay ) 4,02+£0,08 1,1/0,60
206,7 S5(Kay) 0,1 1,2/0,70
5(Kay) 0,15 1,2/0,70
(Ko 2) 6,8 +0,07 0,3/0,16
71,5 S5(Kay) 0,07 0,6/0,32
5(Kay) 0,1 0,6/0,32
(K ) 4,77+0,05  0,3/0,16
Cu 103,4 8(Kay) 0,04 0,7/0,32
§(Kay) 0,07 0,7/0,32
o(Kay,) 3,60+0,05  0,8/0,60
206,7 S5(Kay) 0,04 1,1/0,70
5(Kap) 0,07 1,1/0,70
o(Kai,) 5,15+0,13 0,5/0,27
Cu 103,4 S(Kay) 0,10 0,6/0,22
§(Kay) 0,21 0,6/0,22
o(KP) 6,021£0,24  0,5/0,27
Ni 103,4 S(KB) 0,13 0,6/0,22
(Ko ) 6,20+0,34  0,5/0,27
Zn 103,4 §(Kay) 0,26 0,6/0,22
§(Kay) 0,42 0,6/0,22
o(Koy ) 21,1£0,8 1,6/0,80
Mo 71,5 8(Kay) 0,6 1,6/0,80
§(Kay) 2,0 1,6,/0,80
o(KPB) 36,9+ 1,3 1,6/0,80
Nb 71,5 S§(KB) 1,3 1,6/0,80

High precision measurements with VOXES in LNF Lab

~2000
[}
£1800

™
91600

c
= |
@]
®]

Counts/ 12.07 eV

1400
1200
1000
800
600
400
200
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IIII|II]|I|I|I|]|III|III|III

S, = 0,54 mm

A8'=0,27°

S, =0mm
AB=0,2°

p =103,4 mm

g 4 1y

-
it hth
R

E(Cu Ka,) : 8047,90 +/- 0,19 eV
E(Cu Kav) : 8027,48 +/- 0,36 eV
o(CuKa, ) : 5,15 +/- 0,13 eV

E(Ni KB) : 8264,64 +/- 0,21 eV
o(Ni KB) : 6,02 +/- 0,24 eV
E(Zn Ka,) : 8639,07 +/- 0,52 eV
E(Zn Ko) : 8615,49 +/- 0,66 eV
o(Zn Ka, ) : 6,20 +/-0,34 eV

¥ Indf: 1,34

- ittt bt

" - 1 g SEV—— ottt T uvﬂﬂj#ﬁu#ﬂra{nIWH‘}Hﬂm{*LHH;W g

- |

- [ 1 ‘

- [ ]\I I 1 | I I | I 1 |/\ I
8000 8200 8400 8600

X-ray energy (eV)

- E(Mo Ka,) : 17481,08 +/- 0,61 eV
- E(Mo Ka) : 17366,47 +/- 2,02 eV
-l (Mo Kar, ) : 21,08 +/-0,79 eV

T E(Nb Kp) :18622,42 +/- 1,42 eV
~ o(Nb Kp) : 36,95 +/- 1,32 eV
L Pindf: 1,27

S, =1,6 mm
AB'=0,8"°

S,=1,08 mm
AB=0,65°

| p=77,4mm

17000

Y% I" L
17500

18000

18500 19000
X-ray energy (eV)
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VOXES: applications

TRANSPORTABLE AND AGILE SPECTROMETER FOR METAL -l —-I[Fe(ll}(cr;nﬁl‘t'
TRACE IN EDIBLE LIQUIDS : TASTE [Fe(ll)(CN) >

= 04}
_Z _difference
s
2 0.05f
MITIQ0 :
[1b]
£
0-
| [ ;
. . . . . . N . . 0‘15_ ; :
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-“_VOXES: applications in DA®NE

. . Side vi
A new setup including several e
spectrometer arms could allow for - -
new and very precise HAPG crystals

Position detectors

measurements of kaonic atoms rays
transitions both from solid and
gaseous targets

3D view e
Gaseous s AE,
target cell AEg ]
i, ) AE,
] (
AE; ABs  HAPG crystals
Position detectors
AE, & Trigger layer
j [ (Scint + SiPMs)
AE,

“Nuclear and Atomicmif_o_r high precision tests of Quantum Gravity inspired models” A. Scordo, ECT* (Trento), 22/09/2023



Transition Edge Sensors (TES): Microcalorimetry

-
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Transition Edge Sensors

Ph b . . d . h a thermal detector measuring the energy of an incident
B R ERIoTISE The X-ray photon as a temperature rise (= E/C ~ 1 mK)

temperature of a thin film of
superconducting material above the Tc

Thermometer .
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' ‘ =C/G(~500
AT is proportional to the photon energy ( bs)

{ Absorber
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hlgh accuracy Thermal conductance : G ?

Low temperature heat sink
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Transition Edge Sensors

Ultra-High resolution
(FHWM ~0,03% @ 5900 eV)
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What do we want (could) measure...

\

Energy

()
I

Rates
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Strip & Pixel detectors

With strip detectors, 1D position spectra can be obtained

2D spectra are obtained from double sided strip detectors
or Pixel Detectors (like CCD)

p+ strip side/ /:

n+ strip side P* A

Full-Frame CCD Architecture

m—-single Pixel Element
Parallel CCD /

Shift Flegifter

Parallel Shift

Strip single-sided:

il

Parallel e Register Clock
Shift | Control
Direntinv i | 14 ,& \\ W

FIIARERERY

' el Serial Shift
Output

Register Clock

Serial CCD

ATIpNTee Shift Register __ Control
Figure 1

Strip double-sided

\

AN




What do we want (could) measure...

Energy Position
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Multi Pixel Photon Counters

Depletion
Region

Working in substrate '

avalanche
mode with
reverse bias

%]

P
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Multi Pixel Photon Counters

e e F /1/ 7 pe Signal “quantization” is even visible
e - on an oscilloscope
mﬂ\-- T //
SR E
800 R\
Hb;, \ 3 ADC
600 module
400 ' V\
|
Ja

0 . —
0 200 400 600 800 1000
ADC counts

No Cooling
No radiation damage
Working within magnetic fields

Few photons can be measured
Visible photon range (some attempts
with direct X-rays)

Electron charge can be measured
Saturation effects (non-linearity) (for StUdentS)
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S

Radiation detection technology
is evolving very fast, and new
experiments become feasible

} Triggers for new experiments on
» fundamental physics are very
welcome

———
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