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High resolution X-ray detectors overview

leid state spectroscopic detectors: \
SDDs, CCDs operating in the energy
range 2-20 KeV
- Intrinsic resolution (FWHM ~ 120 eV

at 6 keV) __FwHM _
w

2.35
electronic noise Fano Factor

K See Miliucci's talk

ﬁlperconductmg Microcalorimeters:
TTHIISIUOI] Edge Seﬂsors desgn o i
(TES):

- Excellent resolution (FWHM ~ few eV

at 6 keV)
- very small active area
- working temperature ~50mK -

Crystal spectrometers:

A o

Detector

Gnlllmatnrs
|ﬁ = ,‘K;
Grystal
Matﬂhed
) filters nA = 2dsinB,

FWHM ~ 1-10 eV
(related to the quality of the crystal and the
detectors dimensions)

- Efficiencies range: 10~ - 108
- Typical d (Si) = 5.5 A (good for E < 6 keV)

See Okada's and Hashimoto's talks

Qgh costs of complex cryogenic system/

- Source size ~ 10-100 pm
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Motivation

v Several goals already achieved in the field of physics with strangeness:
the first measurements of gaseous kaonic helium-3 and kaonic helium-4 transitions to the
2p level and the most precise measurement of kaonic hydrogen transitions to the ground

level
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— It is not the end of the history: the increasing of the measurements precision could
help to solve, among the various item, the “kaon mass puzzle” or to investigate
primary problems concerning global symmetry breaking or to perform extreme
precision of kaonic atoms transitions that are of interest for BSSM searches with exotic
atoms
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Mosaic crystals

HAPG crystal

+ penetration
crystallites / ........... S o + depth
(mosaic blocks) . Xl ~

Mosaic crystals consist in a large number of
nearly perfect small crystallites

Mosaicity makes it possible that even for a
fixed incidence angle on the crystal surface,
an energetic distribution of photons can be
reflected — gain in efficiency (focusing) ~ 50

mosaic focusing

intrinsic reflection
broadening

radiation source image plane e

* AS

Pyrolitic Graphite mosaic crystals (d = 3.354 A)

/ \fee Grigorieva's talk

Highly Oriented Pyrolitic Graphite Highly Annealed Pyrolitic Graphite
(HOPG, AB~1°) (HAPG, AB~0.01°)

Both_types suitable to be used in the Von Hamos configuration
(to further increase the efficiency)




Von Hamos Configuration

Mosaic
crystal

Semi-Von Hamos
configuration

Activated L: ~

Target

Position

Detector

For each X-ray energy, the source-crystal (L1 ) and T Pc
the source-detector (L2 ) distances are determined by > 1= oinp n’
the Bragg angle (6, ) and the curvature radius of the
crystal (p_) _

Ly = Lysind.

Advantages:

* Focusing Disadvantages:
* Distance from the source (background....) * Absorption in air
* Perfect (linear) Bragg spectrum * ‘Point-like’ source needed (low geom. eff.)
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SVH Configuration — Horizontal plane

= To overcome the need of a point-like source two slits-system (S,,S,) has been developed

Setup box For a given A@', SO' pair :
front panel
.S . /
ZnsSh gpt Slit 2 o icot Aﬁ
7 Sl Z,y, Sz = S 2 g 2
R Mosaic Crystal

Effective .
source

9
S’

Production of an effective source with finite dimensions of the order of some
millimeter




SVH Configuration — Vertical plane

* The vertical spread of the X-ray beam is fixed by the slits positions (z1, z2) and their
frame size (As) together with the exit circular hole in the front panel of the setup box

(zh, Ah)
L
T A+ A
| | sli 19 = 5~ L
" 4 it2 2(7 - )
' - Slit1 . 22 7 Zh
\\\\\ ¢) A
‘ F S
E S
Z¢ 450 tgo
A
Effective source
HAPG
Z,,A,V2 Setup box 2, A,

Activated Target front panel
(Real source)  Zn A,

Ao = 2z1g¢ Vertical spread of the beam on the
target (A0) and on the HAPG

A. = 2(z. — zp)tgd crystal (Ac)



Experimental apparatus

MYTHENZ2
Strip Detector

]

HAPG crystal

.

S, >
. ey
4--:/ -
s : — =
s - P o

Spectrometer setup consisting of the X-ray tube, the source box, the slits, the HAPG
crystal and the MYTHEN2 detector equipped to a positioning motorized system
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Data analysis: peak fitting function study

Baooof  Ecarenyeniss oo Saono| SR g ok -
N oe00E E(C‘:JK%Z)=_484-17++f' 0.11 . N ool E(Cu Ka2): 484.74 +/- 0.10 A T e~ 252
O Teuarosiom  Lorentzfit | 2% é%gmsi-,zgzgg TES veigthit | () - & >
2 2000 Fit statistics: £ 2000 Fit statistics: v 27 r Pip
3. f 2ndf: 11.14 8 gt 4 7 / (x — x(]) i Z
© 15001 AlCe: 362.77 © 1500 Rice: ot ar
1000~ 1000F- . . o
: - Akaike Information Criteria:
500/~ 5001 / \ R
960 480 500 520 540 90— 480 500 520 540 AIC=2p+NIn (N)
strips strips
@ - @ = N = num of fitted points
23000F  E(CuKal): 511.26 +/- 0.06 23000F  E(CuKal): 511.24 +/- 0.06
= E 5(CuKal): 5.27 +/- 0.05 = C o(CuKal,2): 5.34 +/- 0.05 Common O p = num of fit parameters
N os0ok- E(Cg K}((12)2: flgats.gz 7/6 01.(1) 0 Nopggl.  E(CuKa2): 484.80 +/- 0.10
T ofuKa2rsss ko, Gauss fit ~  F o Gauss fit R=residuals r Z x; —yi)
‘UE) 2000} Fit statistics: % 2000:_ Fit statistics:
3 E 2/ndf: 2.02 3 E 2Indf: 2.11 A
© 1500}~ AlCe: 279.36 © 1500 Alce: 284,63 _ If N/p < 40:
1000~ 1000 ;
: : 2p(p+1
500F ' 500 AlCc = AIC + ( )
%50 480 500 520 540 960 480 500 520 540
strips strips
Gaussian fit chosen to describe the spectra since the small improvement in the }° value of
the voigtian with respect to the gaussian fit,is compensated by a small difference in the
AICc values 9
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[ ] [ J < 8r
Single element and multi-spectrum :.. —
‘;7'5? — 5,=09mm
x 73
3
T 65
S A In the limit of a 6
° - E(Cu Ka) : B047,78 +/- 0,06 eV e E
_— E(Cu Ka,) : 8027,83 +/- 0,1 eV e i background free pure '5:
E - o(CuKa, ) : 3,6 +-0,05eV : gaussian peak: 5
%1000 a »*Indf: 1,87 S, = 0,43 mm
o . AO=0,57° oE
800 p =206,7 mm OF = \/_—
C N -
u 0.9
600 ~
N X0.141
L O L
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~ 2000 — : - _
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Y 1800 — AB'=0,27 E(Cu Ka ) 8027,48 +/- 0,36 eV the peak pFEClSlon z %_1 02 03 04 05 06 07 08 059
SRR _ o(CuKa, ): 5,15 +-0,13 eV 03
—  S,=0mm 12 g |
2 = Rl E(Ni Kp) : 8264,64 +/- 0,21 eV <
Sq400 A0=02 o(Ni KB) : 6,02 +/- 0,24 eV Ol
8 C E(Zn Ka) : 8639,07 +/- 0,52 eV head !
1200~ B=1034mm E(Zn Ka.) : 8615,49 +/- 0,66 eV -
- o(Zn Ka,_) : 6,20 +/- 0,34 eV ook
1000 = ¥2Indf : 1 34 I
8001 Study performed in .-
600 j\f\ the energy range :
e 'i+ |u1 7 I “uH|+H Sy iy H, M’ H‘ it ’hm (T u u+l4+u’ fat S 4 i 0.1 5
p ‘ Y 6-20 keV *
200}~ A 0.05-
0\_ | 1 1 1 \ 4 1 1 \ 1 1 1 | Fov il il b i i L
8000 8200 8400 Xt ayagnogr av (V) 01 02 03 04 05 06 07 08 ABOI(?’]




Crystal parameters: mosaic spread

Orientation distributions for the HAPG (red) and HOPG
(black) crystals: the distributions are peaked around A0 = 0,
which represents the nominal Bragg angle
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Higher number of reflected photons
using the HAPG crystal with respect to using the HOPG one

E 2200? E(Fe Ka1): 6403.84 +/- 0.12 eV S’ =500 um
2 2000F-|  E(Fe Koz2): 6390.84 +/- 0.21 eV il MD
N 1800F|  ofFe Kal,2): 5.24 +/- 0.08 eV A6'= 0.18
:cé; 16002— Rate (Fe Ka1,2): 2,42 +/- 0.03 Hz p= 103.4 mm
S 1400F _
- A
© 1200¢ HAPG 4\
1000f- . o o 4/}
o (o=0. ol § X
a0 (@ =011°£001°) P/R
600} s \
4001 # +._
200F- J A
8320 6340 6360 6380 6400 6420 64;1—
? 1260 - [ E(Fe Kal): 6403.84 +1- 0.23 eV
& - | E(Fe Ka2): 6390.84 +/- 0.37 eV
o - | ofFe Kal,2): 6.26 +1- 0.15 eV
P 1000 - | Rate (Fe Ka1,2): 1.53 +- 0.02 Hz
45 800
S f HOPG SN
600 (LU =045 % 0030) ij i
4001 A
200~ /4 X
- " 7 W
g e o T S Yo ol
ESZCI 6340 6360 6380 6400 6420 6440
X-ray energy (eV)
Mosaic spread is
1 L] L]
e worsening resolution
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Crystal parameters: thickness

\lilI
I

@

Photons emitted from different part of the source with the
same A,, 6, can be reflected at different depths in the

crystal by two distinct crystallites

=
© 450
2
< 400

> 3505

£ 300

o

3 250
200

150k

100

E(Cu Ka1): B047.78 +/- 0.21 eV | .
o(Cu Ka1,2): 4.78 +/- 0.12 eV SU = 1000 um
E(Cu Ku:2): 8027.83 +/- 0.18 eV AB' = 05°
Rate (Cu Kal1,2): 0.82 +/- 0.02 Hz t= 20 wm
by
+". Jf ﬂ
AL
+ 4 fat "{_'_u i
50 *‘%“1‘;"} it Hae i et
E I I S [ A |___|_.L_.1 TN . " SR S TR N TR T . |
'H)BO 8000 8020 8040 8060 8080 8100
- | E(Cu Kul): 8047.78 +/- 0.04 eV .
3000  o(CuKal,2): 4.54 +/- 0.03 eV SO = 1000 wm
" | E(Cu Ka2): 8027.83 +/- 0.07 eV AR =i0L5"
2500 Rate (Cu Kt1,2): 5.74 +/- 0.04 Hz t=100 um
2000F- "
1500 [
1000E- - T 9
: ~ { )
500(- r"' \
;—‘r'—'r'ff-—i-‘"'.‘_']_”__:;: e i s .ﬁ“.'["_"f Sty
7%80 8000 8020 8040 8060 8080 8100

>
2 2500 E(Cu Kc:1): 8047.78 +/- 0.05 eV " w
- - o(Cu Kat1,2): 4.60 +/- 0.04 eV S, = 1000 um 53.
- 2000/~ E(Cu K2): 8027.83 +/- 0.07 eV A = 05° j
= " | Rate (Cu Ka1,2): 451 +/- 0.04 Hz ' a
'g' - t=40 um =
8 1500 ? : 8
1000}~ A
E ’{_? {- ‘-" .‘.
500( f Y/ !
R - A,
7%80 8000 8020 8040 8060 8080 8100

X-ray energy (eV)

The resolution worsening effect induced by the crystal thickness is not anymore predominant

The resolution broadening induced by the source size is still the leading one
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Reflection efficiency evaluation

oR AO'S!
AO' Sy T pi
AO' S!

E(Fe Ka,): 6403,84 +/-0,1 eV S, = 1200 um > 4500!
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Reflection Efficiency evaluation: exp results

§009;4§_ Cu — S, = 800 um
i - — S, =900 um
2 0.3F — S, = 1000 um
W 0.25¢- — Sp=1Hooum
S 0.2F L
8 0155
% E 2 1 . 2 2 M L 2 M L 2 1 2 . M 2 1 . 2 " " L " M . M [ 2 .
e OT—=83 07 05 06 07 08 QRB
A® (deg) oR o AB'.S,,
A9’ S| —
o D4 —S, = 1100 um 0 TairR%Qr S,R(S/B)AC
& 0.35F — S, = 1200 pum 90
S : — 8, = 1300 um
= 0.3F — S, = 1400 um
L : —— S, = 1500 um
_S 0.255—
g 02F —
£0-15'..|....|....|....|....|....|..

0.4 0.5 0.6 0.7 0.8 8.9
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22 G. Holzer et al., Phys. Rev. A, 1997, 56, 4554-4568.

Ray Tracing simulation

~ 50000
® 45000 e g” Oy Oy
N u oy, o
SHADOW3 + XOPPY (Oasys framework) 3 40000 7 Sim
3 35000
Target dimension and © 30000 3
B ront > source specifics (emission o :
LT D) P 20000 .
spectra) 15000 A I
10000 AN .
. . 5000 i AN
a 45° Target rotation Mythen detector AN
80 B0OO0 8020 B8040 8060 8080 8100
MYTHEN2 histograms Energy (eV)
Beam divergence t > 80000 — Foo, o,
- C - Fa oty Oy
MYTHEN2 2D plots - 20000 —-Fe oy, Oy
£ - —--Feuo,
H 3 40000 Sim |r7put
Box Hole © ;
= HAPG-MYTHENZ2 histograms 30000
t 20000}
Slitl \: 1000!33— i
== ; E S
3 HAPG-MYTHENZ 2D plots Co o L e 0 el 1
6340 6360 6380 6400 6420 6440 6460
Slit2 L Energy (eV)

IL Source-HAPG histograms

Crystal characteristics:
thickness, mosaicity, 6, .. 15
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Ray Tracing simulation

* Check on the XRF beam dimensions obtained with ray tracing simulations

wu |-
S .. FE(CuKa):8047,78 41-0,08 eV ||
3350 i
. . 2" LE(CuKa,):8027,83 +-0,12 eV || SIM
Physical source size 2.5x2.5 cm by
Effective source size XRF beam on HAPG M s S
~ 4000 - — 250L-
= ' - £ 15000 F
Z 3000 e 200~
> > 10000 -
2000 1501
1000 5000 WHE
0 0 50F-
-1000 E ; | i . et
—=5000 % 8000 8020 8040 8060 8080
—-2000 energy (eV)
-10000 2 F 2
-3000 3 350 E(Cu Ka,) : 8047,78 +/-007 eV [}
— : -15000 § | E(CuKa):8027,83+-011eV |\ SIM
- 5 300F- :
—400 -200 O 200 400 —-6000 —4000 —2000 O 2000 4000 6000 57 F olCuKa,,): 4,42 +-0,06 eV
X (um) X (um) BR0E:
2002
XRF shape on HAPG -
from MYTHEN2 point of view) XRF shape on MYTHEN?2 :
E ey L AT — > 100[~
= 1 ; E 4000 E
‘;’ 10000 T 50[
>- D_ 1 - -~ 1 M N N 1 M " 2 "1"‘L-u— 1
5000 2000 8000 8020 8040 8060 8080
energy (eV)
0 0 F
~3000F= E(Cu Ka,) : B047,78 +/-0,04 eV
8000 5 [ E(CuKa):8027,83+-0,07 eV EXP
—2000 2500 G(CuKa, ) : 4,18 +- 0,03 eV
3 r i :
S
-10000 2000
—4000 E f.{
1500~ &
—2000 0 2000 4000 0 500 1000 1500 2000 2500 E &
1000~ J
X (um) X (um) : o o
500 7 A I \
o, —p— U‘f; _jfi‘ Sy !
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Reflection efficiency: exp & sim data comparison

>004§§— —— S0=0.8mm :,,10042; Fe — S0=1.1mm
% 0_4; —— S0=0.9mm g 045_  S0=12mm
£ 03F — S0=1.1mm £ 03E ——S0=1.4mm
L S ——S0=12mm L =
c 0.25F - 0.25F —— S0 =1.5mm
2 0.2 I 1 I S 0.2F
& 0.15F 8 0.15E
© O0.1F @ 0.1
== T T T I T B = | | oy | | | L
82 03 04 05 06 07 08 o0 B304 05 06 07 08 09 T
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€ €
@ 0'35 —— S0=0.8mm 2 0'35
% 0.2 Cll —— S0=09 mm % 0.2
W or —— S0=1.0mm L -
> 0.1F — S0=1.1mm > 0.1F
8 E —— S0=1.2mm 5 E
s Op %l— s OF
0 —0.1F- 0 —0.1F
: Y
= -0.2 = 0.2
5 0.2E 3 :
.,,—__0 . N N T e T %_Oa‘ l l | . l l l .
903203 04 05 06 07 08  0¢ & 3 04 05 06 07 08 03 1
= A8 (deg) A6 (deg)

Good description of the simulated reflection efficiency wrt the

experimental one 17




Conclusions & Future perspectives

v The performance of the VOXES Von Hamos spectrometer based on mosaic
crystals of pyrolytic graphite (HAPG) has been analyzed.
Reported results demonstrated its capability to obtain precisions and
resolutions below 1 eV and 10 eV, respectively, when used with extended and
diffused isotropic sources (mm/cm).

v The response of this spectrometer has been compared also with the MC ray
tracing simulations showing consistent results between experimental and
simulated data.

v This scenario opens to a promising via for future applications like the
measurement of the isotopic shift or the kaon mass precise determination by
means of the simultaneous measurements of K**He(7,6,5,4,3 — 2) and
KN(12,11,10,9,8,7,6 — 7,6,5) transitions respectively

(“Fundamental physics at the strangeness frontier at DA®NE. Outline of a proposal for
future measurements”, arXiv:2104.06076v2 [nucl-ex]).

VOXES spectrometer has been included in that proposal for future
experiments to be carried on at DAPNE after SIDDHARTA-2.
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THANK YOU!!!
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VOXES: future plans at DA®NE

Example: Side view
30 cm cylindrical - -
. | ) targe.t arm}nd.the T T
] top view Position detector beampipe with inner Position detectors
TN\ \ trigger -
Shielding .
(5cm and 40 cm inner
and outern radii)
. z,AX, z,,AX,
e s AN~ —1 z 1
S, S, ‘LJ = I I 50 sz HAPG 3D view o
oL HABG cystal crystals and 10 cm2 Gaseous AE;
oy target cell
| Position Detectors N L
(total) AlEﬂ ls
—— . AE; | A% HAPG crystals
Position detectors
. ) e AE, Trigger layer
side view Position detector , ( (Scint + m
5 Lo N \\ AE,
| | Shielding
Z1 Ayl Zz’Ayz

Zj Completely new experiment / setup
., e consisting of 8 spectrometer arms devoted to a

specific energy range each

Real opportunity to apply for external fundings

Possibility to attract new interested institutes

—



Von Hamos configuration: improving solid angle

cylindrically bent
crystal

f i)

il{ 4
L

x.;;s\;"k

position
| sensitive
detector

¥
A
sample

Ei<E:<Es  sagittaly bent HAPG crystal

> rm

Source

Cylinder axis E: Es \

Image plane

distance: F = 400 mm in (004)-reflexion @ 8 keV (Cu K,)

40 pm HAPG

(flat)

40 pm HAPG
(bent)

Activated Target
(Real source)

VH configuration can further
improve the signal collection
efficiency.

In this configuration, also the vertical
dimension of the X-ray source can be

exploited

Slit 2

Mosaic
Crystal
Zz A
¢’ e

4

Spectral resolution of bent HAPG/HOPG crystal is comparable

to the flat one !

H. Legall, H. Stiel, I. Grigorieva, A. Antonov et al., FEL Proc. 2006

Effective

source

N
N;j:

45° (\

z,AN2

Setup box
front panel
2= 52,75 mm
A = 5,9 mm




[ ] [ ]
[ ]
VOXFS. enlarging the source size
X
1 v 4 HAPG crystal
’ = Edﬂ*ﬂ
fmg sl I
7152 g ms_o
Activated Target ol @ P .
(Real source O <D :'_:' —— 82 slit (XZ‘ZE)
[ e
[\ 0,00 Tt -
Effective — _::_: — Sl slit (Xl‘zl) X
source i
0,5 Real source >
¢ Setup box
front panel Effective source S0
z =52,75mm
§:D:5,9mm ?\\/@
C_:»O
&
A $O

The shape of the “signal” beam

can be optimized to increase the
Virtual point-like source

effective source size

On the other hand, this may lead
to a worsening of the resolution
How big can a source be keeping FWHM < 10 eV?
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VOXES: energy calibration

! = 540um and A6’ = 0,27°

m =
Z a = .
Mosaic Crystal % 1100F M(Cu Ka,) : 135,91 +/- 0,11 strl'ps
10005 M(C.u Ka)): 124,34 +/-0,21 StI:IFJS
& - M(Ni Kp) : 255,06 +/- 0,12 strips
£ 900 M(Zn Kat,) : 444,80 +/- 0,24 strips
= E i
8 800 1 433,53 +/- 0,34 strips

500
400F%, -
309_ 4 Dy 16 e0 ] pepey @) sl sy Lpagips 14 995 )
00 150 200 250 300 350 400 450 500
Strip
2 450 B . sin#{ A+ Bcotg &) 2 -
. . = E ~___ Strip= yndf = 0,53
Standard VH calibration: Ax =2p. - (corg6 — cotg®) B S i” E“I ok (a0 AICC = 6,03
E 8005 T2
. . . 2p, - (C(H‘gﬂg _ cofgﬂ} .sin® . 2502_ A: 16706,85 +/- 3,52 s!rips ﬁ' Cu Ka,
Semi VH calibration: Ayx® = Z£< < 200F B: 4061,40 +/- 0,86 strips NI Kp ~—_  CuKa
sin(5 — 6y — 0) 2 150E q:104,51 +/-0,08 ° ™
¥ 100==—137 126 128 13 132
D O(deqg)
. A+ B-cotg@)-sinb a = _ —
Parametric form: ave — haid 1 ) £ Io0F Sirip=A+BE+CE’ ¥Indf=070  _—
sin(a —0) 2 o AICc=771 —  ZnKa,
£ 300F NiKp _— Zn Ka
. _ S 250g CuKa, A 910912 +/- 0,92 strips
Given the small 8 values (Slne ~ e), € 200k CuKa, B: 1,73 +/- 0,0001 strips/eV
is it also possible to calibrate with a polynomial? L o lad ~ C:-0,00007 +/- 0,00000001 strips/eV*
P 8000 8100 8200 8300 8400 8500 8600
2 Energy (eV)

Information loss???
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VOXES:

energy calibration

> .
@ 1100 _sin 0 A+Beotg ) E(Cu Ka)) : 8047,89 +/- 0,19 eV . . . . .
g 1000 ey E(Cu Kt 8027,52 41036 oV The (small) information loss is not influencing
< 800 E(NiK) : B264,64 +/- 0,21 eV h k .
@ 700 E(Zn Kt ) : 8639,04 +/- 0,50 eV
3 99 E(Zn Kn.:) : 8616,55 +/- 0,70 eV the pea pOSIHOHS
O 400 : ; Poiingan e
3000 8000 8100 8200 8300 8400 8500 8600 8700
Energy (eV) S 5 =
v 10
2 1100 : E(Cu Kct,) : 8047,90 +/- 0,19 eV - 8E- Mo Ko, : 17479,34 eV
Strip= A+BE+CE’ : = E .
% 1900 = ELGI o) 2 A0REA0 e 0Ra Y g SE | MoKa,:17374,30 eV Nb Kp: 18622,50 eV
=+ 800 E(Ni KB) :8264,64 +/-0,21 eV o 4E- 2
2 700 E(Zn Kua,) : 8639,07 +/- 0,52 eV = 2
s 38 E(2n Ku,) : B615,49 +- 0,66 eV S O I----
© 400 : o Pt . 3 2E
3|:170900 80&)0 81bU 82b0 8300 8400 SSbO 8600 8700 g’ 4= 17400 17600 1 78'00 18600 1Bé00 1 34:1-00 18600
EAY (%) X-ray transition energy (eV)
s 08 < 0.08
S
. CuKa Zn Kot 2 -
= 52 [ i 2 = 004E- Cu Ka. : 8027,83 eV |
R L e sie |ox gumse | omesmer
§ -0.6 Cu Ka Zn Ka “:..0 02 =
2 1 c . —
i ‘ : . ; ; ; ; S-0.04E-
& 7500 8000 8100 8200 8300 8400 8500 8600 8700 ©-0.06 E-
X-ray transition energy (eV) 3-0 = L L " . . L L
o '%20 8025 8030 8035 8040 8045 8050 8055 8060

X-ray transition energy (eV)

0.4

0.2 Fe Ka,: 6390,84 eV Fe Ka, : 6403,84 eV

0.2
0.4

Deviation from fit (eV)

3III|III|III|I]I|III|I

6390 6395 6400 6405 6410
X-ray transition energy (eV)

(o2}
(5]

Also valid for higher and wider energy
ranges (and higher 6, A8 values)
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