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PHOnNon Excitation by Nuclear Inelastic X-ray scattermg

Software for the evaluation of
Nuclear Inelastic X-ray Scattering Spectra

Wolfgang Sturhahn

wolfgang@nrixs.net



About PHOENIX:

» developed 1995 by W. Sturhahn at the APS

% Incoherent inelastic nuclear resonant scattering
v explain first NRIXS experiments (Sturhahn et al. PRL 74, 1995)
% FORTRAN code implemented on Sun UNIX

» improved 1995-2010 by W. Sturhahn at the APS

% resolution function subtraction, 1997

v ported to Linux in 2004

v sound velocity treatment, 2007

v¢ Visualization support, version 2.0.0 (2009)

» improved 2010- by W. Sturhahn and NRIXS software

% inverse construction (DOS to spectrum), version 2.1.0 (2012)
v API for variable data input formats, version 2.1.0, (2012)

publications related to PHOENIX:
W. Sturhahn, Hyperfine Interact 125 (2000)
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PHOENIX now supports:

A\

all MGssbauer isotopes
addition of raw data sets including normalization

creation of energy scale from angle/temperature data

flexible procedure for subtraction of elastic peak

data normalization

detailed balance, energy calibration, and moment calculation
correction routine for limited-range spectra

partial phonon density-of-states extraction with Fourier-Log method
consistency checks of moment and PDOS results
optional deconvolution with resolution function

flexible extrapolation scheme for Debye sound velocity extraction
aggregate compressional and shear sound velocities

reconstruction of spectra from measured or theoretical PDOS
calculation of various thermodynamic quantities from PDOS

VV VYV VVV VVVVY V V
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More on PHOENIX:

has been used for data evaluation in numerous publications
distributed under GPL, source code public, evaluations traceable

can be obtained per e-mail from Wolfgang Sturhahn, no charge

vV VYV V V

a major upgrade, PHOENIX-2.0.0, was released in 2009

» PHOENIX-2.0.0

% has a simple installation procedure for Unix and Mac OS X
v Offers all previous capabilities of PHOENIX
v features run-time graphics

» PHOENIX-2.1.0

v API for custom data input formats, e.g., SPEC or mda
Y inverse calculations, i.e., NRIXS spectra from DOS
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PHOX app screen shot:
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general information

(1% w6

(1) transition energu / keV it 14,4125
(23 recoil energy Jomedorr o 1,95
*

input data specific information

P

(3.1) sample temperature f K 13 207

syntax of data field @
<file name> <column for energy> <column for counts:

(3.2) input data file name it Fe.dat 123

Prare—

hackground contribution in each input bin. Specify either
the value or 'auto <numd' to have phox calculate this number
from the first <num> bins on the low energu side.

normalization correction {optional) follows background specification

PRI

(3.3) data hackground; normalization correction :: 0.45 0
*

output data specific information

syntax of data field @

<prefixy <print_options>

| Imc-020285, /mp/launch-gAxOH%/org<0, Untitled

= jL;serst'wslurhah[F"HOEN\XfZ‘D.O,‘examp\es,’bche

Name

Bl

Fe.2ph
Fe.3ph

" Fe.pst

U g G

in_phox
in_psvl
mono.res
raw.112.dat.mon
1 raw.115.dat.mon
| raw.118.dat.mon
" raw.119.dat.mon
" README
5 raw.112.dat.shf
5 raw.115.dat.shf
% raw.118.dat.shf
% raw.119.dat.shf
Fe.dat
| Fe.ptl
7 raw.112.dat
raw.115.dat

Eﬂg software

1 of 28 selected, 434.16 GB available

Size Kind
37 KB Document
37 KB Document
37 KB Document
12 KB Document
8 KB Document
29 KB Document
53 KB Document
53 KB Document
37 KB Document
12 KB Document
8 KB Document
4 KB Document
4 KB Document
20 KB Document
20KB Document
20 KB Document
20 KB Document
20 KB Document
20 KB PGP Key Shar
20 KB PGP Key Shar
20 KB PGP Key Shar
20 KB PCP Key Shar
29 KB XEmacs Wr...

4 KB XEmacs Wr...
127 KB XEmacs Wr...
127 KB XEmacs Wr...

e File
e File
e File
e File
Document
Document
Document
Document

The value of <prefix> iz used as prefix to gernerate the
names of output files,

The string <print_options» consists of a list of strings
zeparated by spaces, The first character of each substring
selects a print options according to the following table

option file content file name
b,B : detailed balance asuymmetry <pref ixe . dbl
fit to above <prefixs,dbt
d,0 1 phonon density of states <pref x> dos
e,BE : vibrational entropy vs, temperature <prefix>.etp
f,F 1 recoilless fraction vs. temperature <grefix:. flm
g,G ¢ free energy v=, temperature <prefixs  fre
h,H @ specific heat c_V ws. temperature  <prefisr.ovi
k,K : kirnetic energy vs, temperature <pref i ket
n,N 1 normalized data after peak removal <prefix>.psn
PPt protocol of program execution <pref ixr.ptl
r,R @ fitted resolution function <prefise . rfo
=,5 ¢ input data after pesk removal <pref iy .pst
t, T : time-dep, displacement <prefise,dun
1 t one-phonon part of input data <pref ixr.1ph
2 :  two-phonon part of input data <prefixe, 2ph
3 + three-phonon part of input data <pref ix>.3ph

B R MK W O M OB MM M B M N W OB M K M MM MM MM MK RN MK N

(3.4) prefix, print options t:Fe p123dnrsh
*

Fit of the elastic peak

1) the range of fitting of the elastic peak
nlis/ninus this valum relativ tn nerak onsitinn
(Fundamental PenDel)----L31--C0—-13%--——---————-

*

*

*

*

£ (3.5) : tuo values:
* (

*

I

fffff HEmacs: in_phox
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PHOENIX modules:

» padd
v interface between data acquisition and user evaluation
% creates energy scale, adds scans, normalizes data
v features customizable API for arbitrary data formats

» phox
v extracts phonon DOS from NRIXS spectrum
v calculates moments of NRIXS spectrum
v performs consistency checks

> psvi
% extracts aggregate sound velocities from partial phonon DOS

» psth
v creates NRIXS spectrum from phonon DOS
% calculates temperature dependent contractions of phonon DOS
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example 1.1:

» add data of several NRIXS scans on bcc-Fe, ASCII input format

counts
T TTO T T TTT]

100 -50 0 50
energy (meV)

@DBDES software

. -
o ] IIIIIII| ] IIIIIIII ] IIIIIII| ] IIIIIII|
o

v construct the input file in_padd

¥ Inspect output files
*.shf, *.mon, *.ptp

Command:

padd
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example 1.2:

> add data of several NRIXS scans on hcp-Fe,

ASCII input format,

simultaneous creation of resolution function

10

10

counts
S

—_
o
IIIII|

“I‘I [ (LR
-50

@DBDHS software

|W | bl

0
energy (meV)

l( ol W
50

v construct the input file in_padd

% inspect output directories/files

Command:

mpadd NRIXS:11 NFS:9
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example 2.1:

> extract phonon DOS from bcc-Fe spectrum created in exp. 1.1

B I I I I I I I I ]
200 [ - ¥ construct the input file in_phox
B 5l 1 % inspect output files
5 L i
o I i
()] — _
c 100 — —
(@) — _
< - ]
(@)
c — .
o L -
50 — . _
- - Command:
0 _ FCRETE \uel.oﬂ' f:;:;\,sﬁg‘;’\e S & \\(ﬁlﬁlﬁﬁ"ftfﬁ:(c.f;';.' —_ p hOX
0 50 100

energy (meV)
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example 2.2:

> extract phonon DOS from hcp-Fe spectrum created in exp. 1.2
using data and resolution function

I I I I I I I
I | |1 % construct the input file in_phox
B et ‘Ilol. ]
L R 'l | - :
%100_ { & & % inspect output files
) ) |:|(.. o L ]
o T )
a n i
c
S 50+ -
o L _
S g |
I I Command:
! | | | | ! ¥ | L
0 50

energy (meV)
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example 3.1:

> extract sound velocities from phonon DOS created in exp. 2.1

[ [ [ [ | [ [ I [ I [ [ [ [ [ | [ [ I [ [ [ |
361 |
232k .
- W
§ 3.0 ; + ]

. ¢ ! ¢
el | | | % lﬁ%ﬁ‘# % B
0 | | | | 5 | | | | 10 | | | | 15 | | | | 20| | | | 25

energy (meV)

@DBDHS software

v construct the input file in_psvl

¥ Inspect output files

Command:

psvl
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example 3.2:

> extract sound velocities from phonon DOS created in exp. 2.2

L L L L L L L ]
5.5 _
— i % construct the input file in_psvl
n c
£ 5ol '|||I'I||| ~~w~-“" i N | .
> b ‘Wﬁ pllsisy ~||||. _ % Inspect output files
S i i
()
> 4.5t —
2 N .
> Il o} _
o N
()] 1 9:,,.‘
_%. 4.0 Li.% 4 5
a | i) U Command:
- = g
35 B ‘."vm, .0...‘..\.. )
[ | I I | | L1 1 1 | I I | | I .| | I I | l I .| I I | N pSV-I
0 5 10 15 20 25 30 35

energy (meV)
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example 4.1:

> calculate temperature dependent functions
from phonon DOS created in exp. 2.1

v construct the input file in_psth

% inspect output files

[

01|Jx|\|11 L -
1500 2000

1 1 1
0 500 1000
temperature (K)

Command:

-
o
o

Lamb-Méssbauer factor

psth

m/Am x Inp (0.1%)
5

©
=

O T T T TTTI T T T

L | L 1 Il
1000
temperature (K)

L 1 L 1 1 | 1
005 500

1 1 Il 1 Il
1500 2000

L 1 L J
500

1 1 1 1
1000
temperature (K)

L \ 1 L L 1 ]
1500 2000
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example 4.2:

> calculate normalized NRIXS spectrum
from a theoretical phonon DOS

v construct the input file in_psth

T T TTTTII
L 111111l

% inspect output files

n-phonon terms (1/eV)
o

Command:

psth

energy (meV)
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