Ditferential Emission Measure (DEM)
analysis

e One of the most widely used methods available for the interpretation
of astronomical spectral lines is the Differential Emission Measure
(DEM) technique.

e Although this method is less familiar in spectroscopic studies of fusion
plasma, it can be applied to determine impurity concentration, impurity
variation in time and impurity influx in fusion.



What is DEM

Intensity of spectral line of optically thin plasma:

DEM
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A realistic study of line emission through DEM requires:
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Requirements for a DEM analysis

ADASG601: DEM estimated by data adaptive smoothing approach, using the
integral inversion algorithm of Thompson (1990, 1991).

Input data

« Set of observed intensities |,
« Elemental abundances A(Z)

 Contribution functions G;(T)



Scheme of DEM analysis in ADAS
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Generating ADF20

e Code ADAS412 allows the calculation of G(Te) functions and collects
them in the ADF20 format.

e It does this by carrying out the excited population calculation from an
ADF04 dataset in the manner of ADAS205 and generating an
lonisation balance from ADF11 datasets in the manner of ADAS405.
Finally it assembles the G(Te) functions.



ADAS412 input

select adf04

select adfll



ADAS5412 processing

select
select T, N, transitions
and N/N,

select
wavelength
range




ADAS412 output

ADAS412 OUTPUT OPTIONS = | a | X

graph
output
choices




DAS5412 gra




energy
levels

contribution
functions
versus T,

Example of ADF2

L (PINITE DENSITY IONISATION BALANCE =YES)

+ 4 /NLEVELS= 11/NENOTS= O94/NLINES= 6/
SOURCE FILES:
IONISATION BALANCE DATA - /ADAS/adas/adfll. <>cdB5#C. dat
SPECIFIC ION FILE DATA - JBDAS adas fadf04/helike/helike_wijd9Z#c. dat
PROCESSING CODE DATE USER IDENTIFIER
GOFT V2.0 18-Tul-96 Alessandro Lanzafame
ENERGY LEVEL INDEXING
INDE CODE 5L II
1 152 1(¢0) 0.0
2 151 251 3(0y 1.0
g Mo ikéjlé:ﬁ .............................................
11 1(1y 1.0

0G (NE})

10.00
10.00

3 247.3
non 0.0a0

8
0.a
0.000

1}
0o

[ [=E=0

plasma model:
N, =const. or
T.N.=P, = cons

line

b T I |
0 <+ 1

-1e 1.8690-16
-15 5.428D-16

-14 1.383D-14

-14 1.683D-14

NE (CM-3) P (KECM-3) NH./NE TIME (5} LOG(TE) L
2.240+04 1.000+10 2.24D+14  1.030+00
'5.01D+08  1.000+10 8. 01D+18 8.270-01 4 _
1.000+09 1.000+10 1.00D+19  €.270-01 9.00
TAELE OF G(T) VALUES (CM3 5-1) FOR C W
TRANS INDEX 1 2 3 4 5
APPROX VLENGTH  260.2 271.9 227.2 248.7 267
SPECTE WLENGTH 0. 000 0. 000 0. 000 0. 000 0
[TRANSITION 4- 6 5- 7 2- 8 4- 3 5-1
ILOG (TE (E) )
£ 60 3,3660-15 B, 406D-15 5. 2330-15 E.1670-15 7.630D
EES 0.269D-15 2. 400D-15 1.483D-14 1.4430-14 2.075D
................ s
TD93D-13 6.7480-14 3.789D-13 3.325D-13 4. 279D
TRANSITION LIST FOR C WV
IND TRANSITION BPP. WVL. (&) EXACT WVL. (&) LOWER ST
1 4- & 260. 2 0.0 3(1) 4.0
2 5- 7 2710 0.0 101} 1.0
3 2- 3 227. 2 0.0 3(0) 1.0
4 4- 9 248 7 0.0 3(1) 4.0
5 5 - 10 267. 3 0.0 1(1) 1.0
6 3- 11 247.3 0.0 1(0) 0.0

0. 000o+00
0. 000D+00

0. 000D+00
0. 000D+00

o=
0. 000o+00
0. 000D+00

0. 000D+00
0. 000D+00

0. 000o+00
0. 000D+00

0. 000D+00
0. 000D+00

oo o

0. 000D+00
0. 000D+00

0. 000D+00
0. 000D+00

specification




Creating the collection file (kernel)

e Code ADASS506 interrogates G(Te) files of the type ADF20.

e It gives the collection file (archived in ARCH601) which is composed
of blocks of data for each spectrum line. This is one of the input for
the differential emission measure analysis performed by ADAS601.




ADAS506 input

select
ADF20




ADAS506 processing

ADASS506 PROCESSING OPTIONS

Title for Rum II

Data File Name: /fhomefadas/adas/adf20/gft95¢hesgft954he_al#cd plel5.dat

Browse Comments

Mmtber of Transitioms : 6
Murber of Index Energy levels : 11

Polynonial Fitting

o Fib Polvoeesisl kg f ol

Select Transition

TRAHSITION @ ———— LOWER LEVEL ————— =  ————— VPFER LEVEL ————— APPROXIMATE SPECTROSCOPIC
IKDEX IKDEX DESIGHATION IKDEX DESIGHATION WAVELEWGTH WAVELEWGETH
]\ 2 1s1 251 (3350 1.0} ¢ 1s1 31 (3)e( 4.0} 227200 0. 000
1 \ 4 151 2Pl (F)E( 4.0) 6 1s1 351 (F)s( 1.0) Z60._ 200 0. 000 A
z 5 1s1 2pl (Lpd 1.0) 7 1s1 351 (18 0.0) Z71. 300 0. 000 J
E] 2 (F)s( 1.0) [ [ETEEN )] N N
4 4 151 2pl (FPC 4.0) 9 1s1 30l (2 7.0) 248700 0. 000 F

Select Tewperatures for ontput files |7

Select

output Electrom Temperatures

IKDEX output Input ﬁ
i 2. 240e+04 2 2HE+DS Output Te
2 2.510e+04 2. 510E+04
3 2. B20E+ 5
4 2_160E+04 3 _160E+D4 i

5 =

I Temperature Tnits: Kelwin

Edit Table

Defanlt Temperature Values




ADASS506 output

graphical
setup

creating
collection file for
archiving in
ARCH601




ADAS506 graph

Print | Done Done hut retain



Example of collection file (kernel

[FE+10 /ITE&NS= 14/NTEMP= B8 /APPYAV= 308. 500 /SPWAV=
Fhomed5 facl fadas fadf20 Agf £A54s /gf £95#=_al#fell nlell. dat
4. 654,70 4 754 80 4 854 904 95571005055 10 515 5.
1. 0000E-99 2. 5650E-98 6. 97T7O0E-37 5. 4490E-T77 6. 0270E-6S 3
FE+12 /FITRANS= Z22/NTEMP= 84/ /APPWAV= 311. 600/SPWAY=
fhomef5 facl fadas /2df 20 Agf £A5#s1 Agf £05#51_al#fell nlell. dat

4,85 4,80 4,85 5,00 5.05 5.10 5,15 5.2005.25 5,30 5.35 5.40 &

1.0000E-99 2.5190E-97 3. 3010E-86 1.7300E-T6 4. 9700E-65 1
MG+ T /ITRANS= 13/NTEMP= O0/APPWAV= 311. B00/5PWAV=
fhome85 facl fadas /adf 20 gf £95#h /gf £85#h_ald#mgT nlell. dat

4.55 4.604.654.704.75 4.804.854.904.8955005.055.

1.0000E-99 2. 3230E-96 1.9580E-85 1.0250E-TE 4.E730E-&7 1.
MG+ T FITRANS= 11/NTEMP= O0/4PPWAV= 313. T00/5PWaY=
Fhomed5 facl fadas fadf20 /gf tA54#h /gf £95#h al#émgT nlell. dat

455 4.604.654. 70475 4.804.854.904.855005.055.

1.0000E-99 4. 6340E-96 3. 3750E-85 2. 0130E-T5 8. 9200E-67 3.
SI+ 7 /ITRANS= 13/NTEMP= OJ1/APPWAV= 314. 300/5PWav=
fhomef5 facl fadas /2df 20 gf £A5#n /gf £95#n al#siT nlell. dat

4 E0 4554604654 704 754804 85490°495500E.

1.0000E-99 1.0000E-99 5. 2670E-90 1.0810E-T79 1.5450E-T0 1
MG+ T /ITRANS= 14/NTEMP= O90/APPWAV= 315. 000 /SPWAV=
fhomed5 facl fadas fadf 20 /gf £954b /gf£954h al#mgT nlell. dat

4.55 4.604.654.704.75 4.804.854.904.855005.055.

1.0000E-599 1.1770E-95 9. 9210E-85 5.1910E-75 2. 3170E-66 9.
5I+ T JITRANS= 9/NTEMP= 091 /aPPWAV= 316. 200/5PWAY=
Fhomed5 facl fadas fadf20 /gf tA5#n /gf £95#n al#siT nlell. dat

4. E0 4. 55 4 60 4 65 4.70 4 754 80 4 85 4, 904 35 5 00 5.

1.0000E-99 1.0000E-99 1.0430E-89 2. 1240E-T79 3.0120E-T0 3

MG+ T  FITRANS= 12/NTEMP= S0/APPWAV= 317. 000/SPWav=
shome85 facl fadas /adf 20 gf £95#b /gf £95#h_al#mgT nlell. dat

4 .55 4.60 4.65 4.70 4.75 4,80 4.85 4.90 4,95 5.00 5.05 &

1.0000E-99 Z.9510E-96 2. 4630E-85 1.2B20E-T75 5. 6800E-67T 2
MG+ & FITRANS= 27/NTEMP= O3 /APPWAV= 319, 000 /5PWAV=
fhomed5 facl fadas fadf 20 /gf £954c /gf £95#c_al#mge nlell. dat

4.40 4.45 4. 50 4. 55 4.60 4.65 4.70 4. 75 4.80 4.85 4.90 4.

1. 0000E-99 4. 6500E-99 5. 8970E-88 4. 5910E-78 E2.B6TOE-69 1

5I+ T JITRANS= L/NTEME= 01 /APPWAV= 319. 300 /5PWaAY=
fhomef5 facl fadas fadf 20 Agf £954n /gf £954#n_al#siT nlell. dat

4. E0 4 55 4 60 4 65 4.70 4. 75 4 80 4 85 4, 9074 35 5. 00 5.

1.0000E-99 1.0000E-99 1. 7740E-89 3.5680E-79 5. 007OE-T0 6

20 5.25 5.30 5.35 5.

3460E-60 1. 8910E-53
311. 5527

1270E-60 2.
311. 7724

10 5.15 5.20 5. 25 5.

Q330E-59 2. 4120E-53
3137435

10 5.15 5.20 5 25 5.

T460E-59 1. 6210E-52
314. 3565

Nt 5.10 5.15 5. 20 &

9730E-62 2. 4T00E-E5
315. 0154

10 5.15 5.20 5.25 5.

TO30E-59 4. 2e40E-52
316, 2185

05 5.10 5.15 5. 20 5.

S220E-62 4. T610E-E5
317. 0285

10 5.15 5.20 5. 25 E.

3J850E-59 1. 0320E-52
319. 0181

95 5.00 5.05 5.10 5.

Q290E-61 1. 83T0E-54
319, 8397

05 5.10 5.15 5. 20 5.

2910E-62 7. T6TOE-E5

40 5.45 5.50

1. 3540E-47T 1.

.60 5 g5 5.70
1.1890E-48 1.

30 5.35 &5,

£ 1930E-47 6.

a0 5.35 5.40

9. 84p0E-47 1.

2L 5,30 5. 35

3.1930E-49 5.

30 5.35 5.40

2.6310E-46 3.

25 5.30 5.35

6.1270E-49 1.

30 5.35 540

6. 3340E-47 T.

15 5.20 5. 25

3. 0770E-458 9.

a5 5.30 5.35

9. 9100E-49 1.

il
S400E-42 3. 6250E-38

E 75 5,80 5. B85 §.90
N270E-43 2. 3140E-39

~45 5.50 5.55 5.60
4010E= . 9340E-37

5.45 5.50 5.55 §5.60
Z2200E-41 3.6700E-3T

£.40 5,45 5 B0 §.E5
BOTOE-44 2. 0290E-39

5.45 5.50 5.55 §5.60
2430E-41 9. 79T0E-37

5.40 5.45 5.50 5.55
0720E-43 3. 8700E-39

E.45 5 B0 5 E5 § &0
TEAOE-42 2. 33T0E-37

5.30 5.35 5.40 5.45
4210E-43 5. 3860E-38

5.40 5.45 5.50 5.55
T210E-43 6. 1670E-39

.15

.65
.512

.60
937

.65
023

.50
297

.60
. 233

line
specification

ADF20 source



Performing DEM

e Given a set of observed spectral line intensities, G(Te) functions and
elemental abundances, ADAS601 evaluates an estimate for the
differential emission measure in temperature.

e The output consists of a graphical display of the DEM as a function of
electron temperature and a text file which includes also a list of the
lines used for the integral inversion and the ratios between
reconstructed and observed spectral intensities.




ADAS60]1 input

ADAS 601 V1.8 - BETA - | O

select

abundance \H{Tmemhue Weight Smoothing Noise Plot Fm perform the
———— p—— . .
Inversion or
Abwndance fila: Thome/asgi adas/archE01/ abumdance/abmdance_thesis/test_ab/abimd. osinecfe wmaarcas the abundance
analysis
Intensity file: ihome/ asy/ adas/ avchB01/ intensity/ intensity_thesis/mew_intensity op_s e_e_sbtest ciiil176_fex184 oiv?

select
intensity

Femel file: / Yhome/ asgf adas/ archE0l/kemel/kemel _thesis/kemel thesis newgft_si pdel5. dat

/

Z

Ko n%mhu\e Points: IE:um Tmin: |i 1.0000e+04 Tmax: |i 1.0000e+07

Z

/ Step in LogiT): I 2.020%2e-02 Log(T-min): |{ 4 0000e+00 Log(T-max): |! 7.0000e+00

smoothing: Gutomatic Haisg vl Doh oEiSe-0h

select (
kernel

Weight: From intemsity data file

status: Fready




select
abundance

DEM input selection

Input ahmdance

Data Root IE/?we:«@f.&.s»_gf.&é.&.w.&m?:ﬁe.‘imbzmémc@.f

Selection of abundance

Data File |ajd. cdsden_00~

L1

logarithmic scale:
A(H)=logN(H)=12

A(E)=logN(E)=
log[N(E)/N(H)]+1

Examples of abundance input file

H 12.0
HE 10.9
L 8.59
N .00
0 .83

.08
NE 6. 93
ME  7.90

SI .65
5 27
AR .58
CA oo
FE BT

B
B
B
b
T
AL, T7.00
T
T
B
T
T
NI 6. .84

H

E

Na
al
Ca
Cr
T1
ulel
M1
Fe
S51
an
5

E

C

Cl
0

N

Ar
HNe
He

(I e i W Nl e Y e e R R O R (Y S i S Y N e Y

. DOOE+0O
. TQ0E-O7
. 250E-06
. J00E-D6
. 540E-06
. O00E-0&
. TEOE-O7
. 940E-05
.650E-06
. T40E-05
.4Z0E-05
.010E-08
.080E-D5
. T50E-O7
.5TO0E-04
C200E-07
.4B0E-04
.4T0E-05
. 310E-06
.530E-05
. 310E-0Z




Selection of intensity

select
Intensity Examples of intensity input file

; ; ittt ittt ettt |
CERinputl=sEcticn spectr. confiquration confiquration G-in blnd ohserved ohserved uncert.
T Aoy I | wavelength I I I I I wavelength I intensity I | |
P : . “UNITS= CDUNTS/SEC/PIX
Data Root |i’“"*’*"*-%’m-*’mW-‘“-”“M“’f’ 0 +2 N 599 5og $05720p~2e~1D_{2}-852p~3-~1D_{2} B 0 500 611 1. 2596e+00 3. 3676e-02
Ne+3 I 543. 886 §23°20p~3e~ds_{3/2}-2s720p~de~dP_{5/2} I 543,041  3.2307e-01 8 .4847e-03
Central pata| User Data < Edit Path Hane 0 +4 N 629,732 $23~2e~T8_{0}-2s2p~~1P_{1} 0 620,817 1.1205e+01  1.9724e-01
Ne+d B 359,375 25"22p~26 $~38PT_2§-$2s2p~3§ §73855 1% 0 350357 8.0133e-02  4.1755e-03
Ne+6 B S61.720 2s2pe~3P_{2}-2p~2~"3B {2} 0 561.754 3. 21ede-01  1.9380e-02
Ca+d ] 557. 759 §3g+728_{1/2}-3p~"EP_{3/2} 0 557.810 6.4224e-01  1.5114e-02
2 0 +3 N 555 263 $2s"B2p~"BP_{3/2}-Es2p E~"ZP {1/Z} 0 555.319  9.6139e-01 2. 6456e-02
I* 5i+8 ] 341,950 25°22p~2% $°38PS_05-52s2p°3% $738D8_1% 0 341.933  1.0600e-01  5.516%-03
cds_ar atlas 1 51+11 ] 520. 662 §25+"25_{172}-2p~"2P {172} 0 G20.755  2.1358e-02  5.2103e-0F
cds_den 0 +2 N 525797 25°B2p*Eer1D_{2}-258p 3w~1P_{1} -25 0 525.855  6.803%9e-01  1.230%e-02
Bk Lt 0 +3 N 553329 $25°20p~"2P {1/2}-2s8p~2~~EP {3/2} -13 0 553.405  8.9942e-01  2.43594e-02
zﬁ—m—:z@ 0 +3 N 554.076 $25°20p~"2P {1/2}-2s8p~2~"RP {1/2} -11 0 554.143 1. 6043e+00  8.0473e-02
s o T al+7 ] 328. 230 25°22p~2% $°38PE_L3-3Esipt3% $°3ERE_18 -19 3
Data File |cds den_bokd Fe+l3 334,178 § 3s5723p% $~28PS_{1/2}8-83s3p~2§ §~28DS_{3/E}18 -6
cds_den_boks Fe+ll 0 338.263 3s ~E3p~3% $°2SDS_({5/2}$-83s3pr4$ $~R8DE_{5/21% -2 288 1.7945e-02 4. 3500e-03
cds,_den_bok? Ca+h K 339, 965 I5~23p~08 $~38PS_15-83s~23p3dd $38Ds 2§ -158
ey Fe+10 0 341113 3s°23p~d§ §~38P8_28-83s3p°5§ §738PS_1E -6 163 6.5387e-02  3.0576e-03
cds_dem_nis1 2.0 Ca+b E 342,304 35°23p~2% $~38PE_28-33s~23p3d8 §330%_3% -173
cds_den_oldeff 51+8 B 344 954 25°22p~26 $~38PS_15-$2s2p~35 §~35D8 185 -14 082 2.686le-01  1.1433e-02
intensity thesis
— 4 I R L R R SRR R R LR SRR R R LR R R R KRR RLEER
Brawse fsmmesis | Cancel m‘

Lines used fo
the integral
inversion



ADAS601 kernel graph

FERMEL FUNGTIONS *
ADAS  : ADAS RELEAS
INTENSITT OATA

T DATA

1~

ADAS 601 GRAPHICAL OUTPUT: KERNEL

TEMPERATURE 4
L1 PROGRAE ADRS B0 V1.8 DATE: & 2 TME: 03:12
Irtanaiy_op2 oo obtect olH1 178 fax ] B4 ok TAT N v ot
lmrnaltheam, benalthesm newgitaip4alS.dat

ilig
TEMPERSTURE [KELWIN)



ADAS601 DEM graph

ADAS 601 GRAPHICAL OUTPUT: D.E.M.

CEW RECONSTRUCTION VERSUS TEMPERSTURE

rteraty_np_a con_nbieetciiil 176 _foe] B4 o)
izl kernel thesls fkernieltheata_newgit sl pdelS.dat
piat: faburd,co neeled_nraoreas




Example of DEM text output

BDAS RELEASE: w3.1 PROGEAM: ADAS 601 V1.9 - BETA DATE: 07/08/12 TIME: 10:52
kEktdkdhbdbdbdbbrstd+ TRRULAR OUTPUT FROM INTEGRAL INVERSION - PROGRAM: ADAS 601 V1.9 - BETA - DATE: OT/08/12 +++&ddsdeddtdtdsded

INTENSITY DATA FILE NAME: /home/asg/adas/archbll/intensity/intensity_thesis/new_intensity_op_s_c_e_abtest ciiillT6_fexl84_oiwT87_fex256_vi. dat

KERNEL DATA FILE NAME: /home/asg/adas/arch60l/kernel/kernel thesis/kernel thesis_newqgft si plelh. dat
ABUNDANCE DATA FILE NAME: /home/fasg/adas/arch6ll/abundance/sbundance_thesis/ test_sb/sbund. osinecfel nnaarcas

CONSTANT VARIANCE

SMOOTHING PARAMETER 3.151109&
————————————————————————————————————————————————— G T R I R it Rt
ION  SPECTROSCOE. PEAK RECONSTE. 0OBESERVED RECONSTR. OBESEEVED

WAVELENGTH TEMP INTENSITY INTENSITY OFR INTENSITY  INTENSITY EFS 5IG DEV

log(T) ergfcmlfs erg/cml/s phicm2 /s phicni/s

0. 24583086 /

lines used for
the inversion

Ratios

CHISQUARE = 2.03811
NUMEER OF TRANSITION USED FOR THE INTEGEAL INVERSION = 11

———————————————————————————————————— PREDICTED INTENSITIES —-----==-=-== === —— o=
ION SPECTROSCOP. PEAK — RECONSTR.  OBSERVED RECONSTE.  OBSERVED

WAVELENGTH TEMP INTENSITY INTENSITY OFR INTENSITY INIE LEV
log(T) erg/fcmZfs erg/cml/s phicmZ /s cmi/ s

c+1 1334.532 4.45 1478, 155 1114, 748 . 930e+13  T7.48%+13 1.17%+02

o+ 2 1174.933 4.80 46. 364 46,395 2.T42e+12 2. 74de+12  3.302e-04

0+ 3 787.711 515 02, 726 75,372 3.677e+12  2.989e+12 6. Z216e+00

He+ T 770.409 5.75 104. 051 06, 682 4.035e+12  3.750e+12  5.470e+01

0+ 2 525.797 4.95 18. 463 23,685 4. 887e+11l 6.260e+11  1.54Z2e+02

0+ 4 £29.732 5.30 457,300 401. 595 1.450e+13 1.273e+13 5.096e+01

Br+ B 585.754 5.50 5.736 5. 325 1.691e+11 1.570e+11  3.692e-02

Br+ T 526.495 5.55 0.130 0.697 3.448e+09 1.847e+10 B Z68e+00
——————————————————————————————————————— DIFFEREENTIAL EMISSION MEASURE ———————————————————————————————————————I

i) TEMF DEH N TEMF DEM N TEMF DEH i) TEMF DEH N TEMF DEM

1 1.00e+04 2.17e+26 11 2. 0le+04 3.91e+24 21 4 04e+04 3. 62e+22 31 8 1le+04 1.11e+21 41 1.63e+05 3. 7T7e+20
2 1.07e+04 1.46e+26 12 2.15e+04 2. 56e+24 22 4 33e+04 2.1%=+22 32 8 TOe+04 9. 5le+20 42 1. 75e+05 3. 65e+20
3 1.15e+04 9.85e+25 13 2.31e+04 1. 66e+24 23 4 64e+04 1. 34e+22 33 9 33e+04 8 23e+20 43 1.8Te+05 3.5%9:+20
4 1.23e+04 6.63e+25 14 2.48e+04 1. 06e+24 24 4 08404 8 41e+21 34 1.00e+05 7. 10420 44 2.01e+05 3.5892+420
5 1. 32e+04 4.45e+25 15 Z.Bke+04 6.75e+23 25 5. 34e+04 5. 46e+21 35 1.07e+05 6. 34e+20 45 2, 15e+05 3. 6Ze+20

si+ 1 1300.276 4.30 131,890 131,859 9.603e+12  B.603e+12  0.17%e+11 8. T77e+10 8. 531e-00 bet
c+2 1174933 4.85 46. 364 46. 395 2.742e+12 2. 74de+12  7.185e+11 4.840e+10 3. 302e-04 etween
5iv 6 275667 5.75 g ald 2. 776| 10013 3. 005e+10 3 8E3eein’ 3 087erll B OFerAS—T230E=T reconstructed
Fe+ll 193.509 6.15 43.185 43,276\ 0.998 /9T T07e+11  4.216e+11 2.690e+10 4.240e+00 1.075e-02

Si+11 co0. 662 6. 85 3.702 1,663 9.704e+10 O.600e+10 6.093e+00 2.725e+00  3.548:-02 / and observed
———————————————————————————————————————————————————————————————————————— Intensities

set of
reconstructed
intensities

DEM
versus T,



