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1. Getting Started

1.1. Description

K-&! >8(&$,A&3(! ?,((,3A! @:! *4&6("0! >82@*P! ,1! 0! 19:(;0'&! 406d0A&! ;" ((&3!,3! WHKG#UES!
3(&3=&=!:9"! :((,3A! 9:! 14&6(*0! ;,(-! +035! *'&193036&18! ,3! 9"=&"! (9! %&((&"! eCO3(,:5! 4&0d!
0+45,(C=&1! 03=! ,3(&A'0818! ,+4"9<&! 4&0d! 491,(,93,3A! 03=! ,+4'9<&! =&3(,:,60(,93! 03=!
1&40'0(,93! 9:! 480d18! 01! 69+40'&=! (9! +&(-9=1! 1C6-! 01! ,3(&A'0(,93! 03=! 1(03=0"=! 4&0d!
4,6d,3A)»>87?@*!,1! 0%3&! (9! -03=$&!$0"A&! 14&6("0! 03=!0"A&! 3C+%&"1! 9:!14&0d1! %5! %"&0d,3A!
1486("0!,3(9!40°(1103=!:,((,3A! (-&! 1C%I14&6(" 08! 03=! ,(&"0(,<&$5! *8&69+%,3,3A1 03=!"&:,((,3A! (-&!
1&6(,931)! #==,(,930%58! >82@*! C18&1! 4'&I60S6CI0(&=! §,3&1-0481! (9! 066858 0(&! 14&6(*C+!
60$6C30(,93)! F'96&11,3A! 03=! 06eC,1,(,93! ,3:9'+0(,93! ,1! C1&=! (9! A&3&'0(&! §,3&1-04&1! :9"!
- ((3AB! (-&'8:9'&! 4'9=C6,3A! ,+4'9<8=! :,(1)! @4(,9308! 4&0d! 4,6d,3A! 1! =93&! ,(&'0(,<&5! ,3!
69+%,30(,93! 7 ,(-!:,((,3Af1 4&",9=,6! 0==(,938! " &+9<O0B! 145,((,3AB! 03=! 69+%,30(,93!9:!4&0d1! 0"&!
3(&"$80<&=! 5 (~!"&I94(,+,70(,9319:1(-8&!14&6("C+!:,()1*(0(, 1(,6 08! +&(-9=110"&!C1&=!(9'&1(0%S, 1!
(-81$&<8819:139,1&!103=19:14&0d18!03=! 319" =&"1 (9! =&(&"+,3&! ; -&(-&"114&6(* 08! :&0(C"&1!"&1CY!
:'9+1938&19'1+9'81480d1)>87@*169+%,3811&018&!9:1C1&! 5 ,(-1:5&g,%,5, (51 08! 1&((,3A1!:9"1:,((,3A!
603! %&! 60S6CI0(&=! ,3(&"30%5! %5! (-&! 4'9A"0+B! -9 ; &<&'B! 05+91(! 0! 1 ((,3A! 1&((,3A1! 603! %&!
693("9%&=!195! (-&! C1&"1,319'=8&"1 (9! &,(-&"! ,+4"9<&! :,((,3A! 9"1 066&5&"0(&! 6056CS0(,931)! 2C*(-&!
=&(0,§1!03=1&g0+4$&1!9:10445,60(,931!0"&!4"9<,=&=!,3!(-&!0669+4035,3A!4C%$,60(,93)!

1.2. Basic fitting: the FitSpec function
?,((;3A10!14&6(*C+!+05!%&!=93&!69+48&(&S5! ; ,(-,3!(-&!?,(*4&6!:C36(,93)! ?,(*4&6!+05!&,(-&"!
94(,+,7&!0!1A <&3!4&0d!5,1(1%5!<0"5,3A!491,(,938! 0+45,(C=&B! 03=h9"1§,3& ; ,=(-B! 9" +05! 4&":9" +!
(-&!48&0d!4,6d,3A!01! ; &8B! ; (-14&",9=,6!+9=,: 60(,93!9:!(-&!4&0d!$,1(!(9'94(,+,78&!(-&!14&6("C+!
S)lcé! ; 81'&:&M(91(-&!1:9"+&"1601&!01!0! fixed peak list 03=!(-&!50((&"!01!0!dynamic peak list)!
==,(,930%58! 1&((,3A1! 693("9%,3A! (-&! %&-0<,9"19:! ? (*4&6! +05! %&! =&(&"+,3&=",3(&"30%5! 9'!

5 (((3A131("C6(,931!+05!%&!4'9<,=&=!%5!(-&!C1&")!K-&!69++03=110"&!:9"+0((&=!01!:9%9 ; 1)!
C,(-'0'=530+,6!4&0d!$,1(8! ; ,(-9C('035!C1&"!,31(*C6(,931/!

fit=FitSpec(spec);
9'l; (-101=530+,6!4&0d!5,1(8! ; ,(-!0==,(,930§!C1&"!,31(*C6(,931/!

fit=FitSpec(spec,par);
>31(-&!:,"1(1601&B! (-&!4"9A0+!C1&1!1 08! =&:0CH(194(,9318! 19+&!9:! ; - 6-10"&!60§6CI0(&=!=C",3A!
the program run depending on properties determined from the ‘spec’ structure. In the

second case, the user determines some of these options, and specifies them in the ‘par’
! T



structure. The ‘spec’ structure contains the!&g4&",+&3(08! 14&6('C+!03=!:"&eC&365!0g&1!1,3!
44+P3103=!0§19!+05!693(0,3!06eC,1,(,93!03=14'96&11,3A! ,3:9"+0(,93!:9"! (- &! 14&6('C+)! K-&!
fields and their form for ‘spec’0'&!=&(0,5&=!,3!Q)"". The ‘par’ structure contains instructions
:9'11486("C+!:,((,3AB! ; -,6-!,11=&(0,5&=!,3!Q)Q)! The output structure, fit’, contains lists of peak
491,(,9318! §,3& ; ,=(-1B! 0+4$,(C=&18! 03=! ,3(&A"051B! 01! ; &$! 01! (-&! 6086CI0(&=! 14&6(*C+! 03=!
&''9'114&6(*C+8103=1,3:9"+0(,93!93!(-&!030§51,1!9:1(-&!:,()!R&(0,§1!0"&!:9C3=!,3IQ)V)!
c,(-!0!;,0&=14&0d!,1(8! ; ,(-9C('035!C1&"!,31(*C6(,931/!

fit=FitSpec(spec,[],fito);
9'l; ,(-0!:,0&=14&0d!5,1(8! ; ,(-'0==,(,9308!C1&"!,31(*C6(,931/!

fit=FitSpec(spec,par,fito);
As before, the ‘par’ structure is optional, but now an initial fit is given in it0’. fit0’ has 0!<&"5!
similar form as fit’, and one may use the output of another fitting run in the fit0’ 0*'AC+&3()!
fit0’ also may containing additional fields to restrict how variables a'&! 6-03A&=!I:,g,3A!
40"0+&(&'119"11&((,3A!"03A&1193! (-&!40"0+&(&"1P)I K-, 1!, 11=&16" %&=!,3!Q)T)! 89(&! (-0(! ; -&3!
fit0’!,114"9<,=&=B! (-&3! 4&0d! 491,(,93,3& ; ,=(-h0+4$,(C=&' 0" &! 94(,+,7&=B! %C(! %5' =&:0C$(B! (-&!
4&0d!§,1(!,(1&5:1,1139(16-03A&="139!4&0d1! 0==&=!9"1 "&+9<&=P)! K-,11 603! %&! 9<&"*,==&3! ; ,(-!

user settings in the ‘par’ structure.!

1.3. Summary of options

L&'&! ; &I1C++0"78!1(-8194(,931!:9"1(-&!?,(*4&6!:C36(,93)! #4!94(,931!-0<&!=&:0CH(!<0$C&18! 19!
=9139(13&&=!(9!%&! C18"114&6,:,&=81%C(!,(!,1!9:(&3! C1&:C$! (9! -0<&! 693(" 951 9<&"119+&19:! (-&18)!
R&(0,81'93!1&((,3A!(-&!,3=,<,=C0¥!:,&5=11:9C3=!3!the ‘spec’, ‘par’, and *fit0’ structures 0'&!A,<&3!
31186(,93!1Q)!!

1.3.1.  Restricting fit variables

K-&!7?,(*4&6!:C36(,93!0%9 ; 1!"&1("*,6(,93!9:!:,(1<0",0%5&18!&,(-&"1%5! &1 (0%5,1-,3A!0%9 ; &=!"03A&1!
:9"1(-91&! <0",0%$&1! 91 %5! §96d,3A! <0*,0%&1! 3! 4506&)! >:1 03! ,3,(,08! fit is given, then the it0’
structure may contain the field ‘fit0.fixed’!(or alternatively, ‘par’ may contain ‘par.fixed’))!K-,1!
<0",0%5&! 09 ; 11 93&! (9!$96d! O%! ,3(&31,(,&18! 480d! 491,(,9318! 03=h9"1§,3& ; ,=(-1! 1&40"0(&$5! :9"!
&06-!=,+&31,93)! #§198! ,:1 03! 3itial fit is given, then fit0’ may have fields ‘fit0.rangeX’ and
fit0.lw_rangeX’ which give upper and lower bounds for peak position and linewidth,
'8&1486(,<&$58!:9"1&06-14&0d! la!,1!(-&!=,+8&31,93!3C+%&"P)!K-&38!193&!+05!"&1(*,6(!&06-!4&0d!
=,:&"&3(35!,:1=&1,"&=)'K54,60858! ,(!,1!39(!0'A99=! =&0! (9! C1&! (-&1&!94(,931! :! (-&! 4&0d!$,1(! 1!
39(":,0&=!1,)&)!'4&0d1!0'&'A9,3A!(9!%&!0==&="=C" 3A!(-&!:,(PB!0§(-9CA-!,(1,1!4911 %5&)"



! #3(&"30(,<&85, one may specify restrictions on fit variables in the ‘par’ structure.
‘par.rangeX’ and ‘par.lw_rangeX’ restrict peak position and linewidth, but are a single
element in the ‘par’ structure, and restrict the variation of peak position and linewidth from
,(11,3,(,081491,(,93! ih—!-0§:!the value given in ‘par.rangeX’ or ’par.lw_rangeX’). One may also
restrict the maximum and minimum linewidths of all peaks using ‘par.maxj§; X and
‘par.minj$; X’. These options may be used with nonll:,g&=!48&0d!§,1(18! %C(! 60"&! 1-9Cs=! %&!
(0d&3!(9!39(19<&" &1 (",6(!(-&!:,()!

1.3.2.  Lineshape settings

FO'0+&(&'1!'=&16" %,3A!§,3&1-04&1! :9"1 0! A <&3! =,+&31,93! +05! %&! 4506&=",3! (; 9! =,::&"&3(!
locations. The ‘spec’ structure stores these in ‘spec.par.dX’, and the ‘par’ structure stores
them in ‘par.dX’. If the FitSpec function encounters the same parameter in both structu&15!
it will use the value in ‘par.dX’. K54,60858!93&!1(9'&1!06eC,1,(,93!03=14"96&11,3A!,3:9"+0(,93!
in the ‘spec’ structure, but specifies the type of signal decay in the ‘par’ structure, although
(-&!?,(*4&6!:C36(,93!=9&1!39(!"&eC,"&!(-,1!1693<&3(,93)!

! HC""&3($58! >8?2@*! 4'9<,=&1! ,+49°(! :C36(,931! :9"! U'Cd&"'! K9414,3! =0(08! ;-,6-! 1!
=&16" %&=! ,3! 1&6(,93! V)'")")! K-,1! ,+49'(1! 0f! 3&6&110°5! 06eC,1,(,93! 03=! 4'96&11,3A!
40'0+&(&'1)! K-&! =&:,3,(,931! :9'! (-&1&! 40'0+&(&'1! 0'&! =&(0,8&=! ,3! Q)V)! >3! 0==,(,93! (9!
06eC,1,(,93!103=14"96&11,3A!40'0+&(&" 18! (-&! (54&!9:1=&605! +05!%&! 14&6,:,&=)' L&" &8B! 94(,931!
0'&! D0C11,03!03=!G9"&3(7,03! =&605! 169'*&1493=,3A! (9! 1,A3051! (-0(! =&605! ; ,(-! DOC11,03!
03=1&g493&3(,08!:C36(,931P)!K-,1!is specified in ‘par.dX.Broad’, as ‘gauss’ or ‘lorentz’. One
+05!0§19!14&6,:5'0!:,g&=!+,9(C'&!9:!D0C11,03!03=!G9"&3(7,03!%"90=&3,3A8!0s ‘mixXX’ where
aah"” ! 1!(-&!:"06(,93!9:! D0OC11,03!%'90=&3,3A)! @3&! +05! 0§$19! ,365C=&! 0! :,g&=! 0+9C3(! 9:!
Lorentzian or Gaussian linewidth, specified in ‘par.dX.lorentz0’ and ‘par.dX.gauss0’. The
=&:0CY(1,:139(114&6,:,&=!1,114C*&!D0OC11,03!=&605)!!

1.3.3.  lteration settings

K-&! ?,(*4&6! :C36(,93! C1&1! ,(&"0(,<&! :,((,3A! %9(-! ; -&3! C1,3A! 0! :,g&=! 4&0d! §,1(8! 03=! ; -&3!
adding peaks. When using a fixed peak list, ‘par.lterFact’ and ‘par.n_iter’ control the number
9:1,(&'0(,931! ; ,(-,3'0!'1CY%N14&6("C+!:,(103=!3C+%&"19:!:,(!,(&"0(,931!9<& " (-&! ; -9$&!148&6('C+)!
Cc-&3! C1,3A! 0! =530+,6! 4&0d!§,1(8! On additional parameter, ‘par.0==j4&0d1’, controls the
3C+%&"9:1(,+8&1!(-0('4&0d1! ; $1%&!0==£=103=!"&+9<&=)!*&((,3A!(-,1!&eCO0S!(9!7&"9! ; !, g!(-&!
4&0d!§,1(8! ; -,6-!is the default if fit0’ is prov,=&=)! *&&! 1&6(,93! Q)Q! for details of the ‘par’
1("C6(C'&)!



1.3.4. Peak addition/removal settings

>:1(-&148&0d15,1(!,11%&,3A1&=,(&=!=C",3A!:,((,3AB! (-&3!:9C"1:C36(,931!0"&! C1&=!(9! +9=:5!(-&!§,1(B!
93&! ;-,6-! 0==1! 4&0d1! (9! %0=$5! :,(! '&A,931B! 93&! ;-,6-! "&+9<&1! 4&0d1! (-O(! =9! 39(!
1,A3,:,603(85! ,+4"9<&! (-&!:,(8! 93&! ; -,6-!14§,(1! 1,3A8&! 4&0d1!,3(9! +C§(,45&! 4&0d18! 03=!93&!
;—,6-169+%,3&1!40,"119:14&0d1!,3(9!1,3Ai&! 4&0d1)! R&6,1,931! (9! 0==B! "&+9<&8!9"1145,(14&0d1!
A1 =&(&"+,3&=! %01&=! 93! ;-&(-&"! 9" 39(! 39,1&! &g6&&=1! 0! A,<&3! 6C(9::B! 14&6,:,&=! %5!
‘par.cutoff’. Decisions to combine peaks are determined by calculating whether peak
69+%,30(,93!"0,1&1!(-&!39,1&!§&<&S1$&11!(-03!,11&g4&6(&=!:"9+!"&+9<,3A! 0! 39,1&!4&0d)! K- &!
40'0+&(&"A <, 3AI(-&!"&S0(,<&!&g48&6(&=!6-03A&!,1!(-&!noise per peak, given in ‘par.3pp’. !

! #(18&06-11(&4'9:1480d!0==,(,938!0==B!"&+9<&B!14$,(8!03=169+%,3&!:C36(,931!+05!%&!"C3)!
U5!=&:0C§(8!393&!9:!(-&1&!"C3!0:(&"!(-&'01(!:,(194(,+,70(,93'11C6-!(-0(14&0d1!0"&!39(10==&=!19"!
'&+9<&=!;,(-9C(1039(-&"16-036&! (9! 94(,+,7&! 40" 0+&(&"1PB! 03=! 935! "&+9<&! 03=!69+7%,3&!
:C36(,931! 'C3! ,++&=,0(&5! %&:9"&! (-&! $01(! :,(! 94(,+,70(,93)! @(-&" ;,1&B! O%! :C36(,931! *C3)!
L9;&<&"! (-&! C1&"! +05! (0d&! :CS! 693("9%! 9<&"! ;-,6-!:C36(,931! 'C3! O(! &06-! 1(&4! ,3! (-&!
‘par.control’ field, described in Q)Q)[)!!

! K-&!:,30§194(,93!,3!14&0d!0==,(,93!,1!(-&! 1,A3!9:14&0d1)! F&0d1! +05!%&! 08! 491,(,<&8! O%!

negative, or both. This is determined in the ‘par.sign’ field (‘+’,—',’+-). |

1.3.5.  Advanced options

As a fourth argument to the FitSpec function, one may provide a cell, ‘shapesQ’, which
0%9 ; 1!1C10A&!9:!1C1&"I1=&:,3&=15,3&1-04&1)! E10A&!03=!(-&!:9"+!19:1(-,116&%!0" &!=&(0,$&=!,3!Q)Y)!
A fifth argument, ‘shapes’, may be also provided, which conta,31!$,3&1-04&1!:9"11C%l14&6("O!
03=11-9Ci=1%&!A&3&"'0(&=!; ,(-!(-&!?,(*4&6!:C36(,93!01!=,16C11&=!,3!Q)_)!

1.4. Additional programs

>8?2@*! 4'9<,=&1! 0==,(,9305! :,((,3A! 4'9A"0+1! (-0(! 1&(C4! 03=! C1&! (-&! ?,(*4&6! :C36(,93! :9"!
40'(,6C50"! 0445,60(,931)! K-&! :,"1(1 9:1 (-&18&! 1! (-&! ?,(K'06&! :C36(,93! 11&6(,93! V)Y)QPB! ; - 6-!
1,+C$03&9C185! : (1! O! 1&",&1! 9:! 14&6(°0! :9"! ;-,6-! (-&! 0+4§,(C=&1! ,3! (-91&! 14&6(*0! 0*&!
=&16" %&=!%5!19+¢&!C1&"1=&:,3&=":C36(,938!:9"1&g0+4$&!:9"!:,((,3A! &g493&3(,08!=&605!,3! 0! (, +&!
1&",&1! 9:1 1486('0)! K-&! 1&693=! 4'9A'0+! 1! ?,(J""9"! 11&6(,93! V)Y)ZPB! ; -,6-! 030§57&1! 0! : (!
60$6CI0(&=! 7 ,(-!(~&!?,(*486!:C36(,93!(9!=&(&"+,3&!(-8!10449g,+0(&!&"'9"193!(-&!<0" 9C1!: ((,3A!
40"0+&(&"1)!?2,30%58!?,(J=,(9"QR!11&6(,93!V)Y)""P16031%&!C1&=!(9!,3(&" 06(,<&$5!&=,(10!:,(19:10!QR!
1486("C+)!



1.5. Features and limitations

1.5.1.  Handling of large spectra

K-&1>8?@*!:,((,3AI 05A9",(-+!,11 0%&! (9! -03=5&! :,((,3A! 9:1§0"A&! 14&6(*0! ; ,(-!+035!4&0d1! %5!
%"&0d,3A! (-&!14&6("C+!,3(9!1&6(,931!03=!:,((,3A! &06-!19:! (-&1&)! U*&0d,3A! (-&! 14&6("C+!,3(9!
1+08§! 1C%14&6(°0! +0d&l! (-&' ,3=,<,=CO§! : (! 94(,+,70(,93! 1,+4%&"! 03=! (-&'&:9'&! §&11!
=&+03=,3A!193!+&+9'5!03=169+4C(&"! (,+&)'L9 ; &<&'B!,:11&6(,931! %&69+&! (99! 1+08B! 4&0d1!
9<&'504! %&(; &&3! 1&6(,931! 03=! :,((,3A! %&69+&1! ;9188 1,368&! :,(1! 9:! ,3=<,=CO§! 1&6(,931!
%&69+8&! -, A-5!,3(&"'=8&48&3=&3()! K-&! ?,(*4&6!:C36(,93!606CI0(&1!1,78&1!9:! (-&! 1C%N14&6("C+8B!
;-,6-1,1194(,+,7&=":9"1+91(1 14&6('0)! L9 ; &<&'B! 14&6(*0! ; ,(-! +035! 4&0d1! %5! =&:0C§(! -0<&!
1+08&" 1C%N14&6("08! ; -,6-!+0d&1!: ((,3A!9:1%'90=!4&0d1! +9"&! =,::,6C()!>3! (-&! 601&! (-O(! O!
$0"A&!"03A&!9:15,3& ; ,=(-1'&g,1(1!,3'0!14&6("C+B! (-&3!+05!%&!C1&:C! (9!=&6"8&01&! (-&! 3C+%&"!

9:11C%lispectra from the default, using ‘par.grid’ (see section!Q)QP)!!

1.6.2.  Shape generation from acquisition and processing information
>87@*!,+4"9<&1!:,(1eC0§,(5! %5! A&3&"0(,3A1§,3&1-04&1!%01&=!93!06eC,1,(,93!03=14"96&11,3A!
,3:9"+0(,93)!*-04&1!0"&!A&3&"0(&="%5!4"96&11,3A!&,(-&"'D0OC11,03!03=h9"1G9"&3(7,03!1,A30¢!
=&6058! 0669'=,3A! (9! (-&! 06eC,1,(,93! (,+&B! 14&6('C+! ; ,=(-B! 4'96&11&=!"&195C(,938! 03=! (-&!
049=,70(,93!:C36(,93)!K-&! 1-04&1!0"&! (-&3! A&3&'0(&=!:9"10! "03A&! 9:1§,3& ; ,=(- 18! ; -,6-10"&!
0445,&=!31(-&!14&6("C+!:,((,3A)'K-,116086C$0(,93!,1!=93&!=C*,3A! 1&(C48! 03=!(-&3!,1!11(9&=!:9"!
$0(&"1C1&!,3!1(-&!4"9A"0+B!693(",%C(,3A!1,A3,:,603($5!(9!(-&!:,((,3A!14&&=)!!

! U&60C1&! §,3&1-04&! 6056CI0(,931! 0'&! =93&! =C",3A! 1&(C4! 03=! 1(9"&=B! (-&! ?,(*4&6!
:C36(,93!,115,+,(&=!(9'93§5!93&!<0",0%$&! =& 16" %,3A! (-&!$,3& ; ,=(-)!K-&"&:9"&8!94(,+,7,3Al +,g&1!
9:!D0C11,03!03=!G9"&3(7,03!§,3&1-04&1!1&40"0(&$5!:9"1&06-14&0d!,1139(14911,%$&)! L9 ; &<&B!
93&!+05!14&6,:5'0!:,0&=!0+9C3(!19:!D0C11,03!9"1G9"&3(7,03!§,3&M%*90=&3,3A! (9!%&! 0445,&=!(9!
0%! 480d18! 03=! 94(,+,7&! (-&! 9(-&"! (54&! 9:! %*90=&3,3A)! #==,(,930858! 93&! +05! 14&6,:5! O!
40'(,6C30"! :"06(,93! 9:! DOC11,03! 03=! G9'&3(7,03! %"90=&3,3A8! 19! (-0O(! %9(-! ;,=(-1! <0'5!
4'949'(,930%5! 0669'=,3A! (9! (-&!' A,<&3!:"06(,93)! *4&6,:,60(,93!9:! 06eC,1,(,93! 03=!4"96&11,3A!
40'0+&(&"18103=!1,A30§8!=&605!,1!1=&16",%&=",3!1&6(,93!Q)V)! @3&! +05! A9!:C*(-&"'103=!114&6,:5!
0'%,("0"5!$,3&1-04&1)! K-,1!,116931,=&"0%$5! +9'&! 69+4$,60(&="! (9! 1&(C4B! %C(! ,1! &g&6C(&=! %5!
giving a cell, ‘shapes0’, wh,6-!693(0,31! 1(*C6(C*&1! :9"! &06-! =,+&31,93! (-0(! 693(0,3! (-&!
§,3&1-04&1)IK-,1!6&%!,11=&16" %&=",3!1&6(,93!Q)Y)!

! K-& +0k9'! §+,0(,93! (9! (-,1! +&(-9=! 9:! §,3&1-04&! A&3&'0(,93! ,1! (-O(! 93§5! 93¢&!
94(,+,70(,93!<0",0%$&! +05!=&16" %&! (-&!$,3&1-04&)!K-,1! 1! -&$4&="%5! (- &! 0%$,(5! (9! 0==119+¢&!
G9'&3(7,03!6-0"06(&"! (9! DOC11,03!§,3&1-04&1! 03=! <,6&! <&"'10)! #! 1&693=!§,+,0(,93! 1! (-0(!

! \



$,381-04&1! +05! 39(1%8&! 69" &S0(8:=1%&( ; 8&3!=,+&31,931)! 29" &gO+4583! ;1 015,3&1-04&! 1! (-&!
'&1C(19:101499"1 1- +1580<,3A1 01:99(8! (-&3! (-0(! :99(! 1-9C4=! &g(&3=!=,0A93085! %&( ; &&3! (3 9!
= +&31,931)! L9 ; 8<&'B!&<&3!,:10310'%,('05!$,3&1-04&! 111486 : &=1%5! (-8 C1&"1(9!,36$C=8! (~&!
:99(8!(! 5 $139(1044&0"1=,0A93045!06°911!(~&!=,+&31,931!1,368&!(-,1! ; 9Cs=I"&eC,'&!69"*&$0(,93!
9:15,381-04&11%&( ; &83!(-&!=,+&31,931)!

1.5.3.  Peak addition, removal, splitting, and combination
>:10!:,0&=14&0d!5,1(!,1!39(!C1&=8!(-&3»>8?@*!0((&+4(1!(9!94(,+,7&! (-&!4&0d!$,1 (8! 1C6-!(-O(!(-&!
14&6("C+!,1! ; &§!:,(B1%C(!:,((,3A19:139,1&!,1!+,3,+,78=)!1#!6C(9::!,1!1C1&=!(9!=&(&"+,3&! ; -0(!4&0d!
-& A-(1,1!391§93A&" 6931,=&"&="39,1&8! 03=! ,1! C1&=! (9! O==h"&+9<&N14S,(! 4&0d1)! >:! 39! C1&"!
1&((,3A1! 0"&! A,<&3B! (-&3! (-&! ?,(*4&6! :C36(,93! ; §! 030§57&! (-&! 39,1&! §&<&B! 03=! (-&! 4&0d!
-&A-(1103=!0((&+4(' (9! 1&(! (-&!6C(9::1:9"139,1&! 1C6-! (-O(! 1"'m!9:!14&0d1! (-0(! 0"&! :,((&='0"&!
1(0(,1(,6085!5,d&$5! (9!%&! 39,1&)! ?C*(-&"+9"&B! ?2,(*48&6! ; §1=&(&"+,3&!-9 ;! ; &1 0!4&0d! 603! :,(!
(-&! 39,1&! 3! (-&! 14&6("C+B! 03=! C1&! (-,1!,3:9"+0(,93! (9! =&6,=&! ;-&3! 69+%,3,3A! 4&0d1!
'&=C68&119<&":,((,3A19:!(-&!148&6('C+)!

! K-&1&!+8&(-9=119:1&<0CO(,3A!(-&!39,1&!:9"!: ((,3Al0"&!149 ; &":C$!,319%(0,3,3A194(,+08!: (1!
9:114&6("0)! L9 ; &<&'8! (-&! +0,3!'§,+,(0(,93! -&"&! ,1! (-0(! (-&5! 0<9,=! 9<&"M:,((,3A! 93§5! 39,1&)!
K-&'&:9°&810°(,:06(1!0%9<&!(-&!39,1&!18&<&S! ; $1%&!:,()IF99'1%01&5,3&1!0°&!0!1&<&"&! 4" 9%8&+!,3!
(-,1'601&)! #!6931(03(!9::1&(! ; ! 60C1&! +,11&<0CO(,93!9:! 39,1&88! 03=! C3&<&3!%01&$,3&1! ; !
+0d&!=&:,3,3A!10'1A99=139,1&!6C(9::!,+4911 %$&)! #==,(,9308! 4" 9%s&+1! ; $!10",1&!:!(-&! 1&$&6(&=!
§,3&1-04¢&!(ype (‘gauss’, ‘lorentz’, ‘mixXX’) is not a good match for the experimental data, so
(-0(1?,(*48&6! ; $10==1&g(*0!4&0d1!(9!:,('9C(!(-&!+,1+0(6-)!!

1.5.4.  Notes on parallelization

>87@*! C1&1!4070%&$,70(,93!:9"1 19+&! 6056CI0(,931! if a ‘Matlabpool’ is avaii0%$&s! C1,3A! (-&!
‘parfor’ function. L9 ; &<&'8!39(10%!94&'0(,931!,31>8?2@*!0"&!4911,%8&!,3! 40" 0%&S)! K-&"&:9"&B!
40'08&5,70(,93! ; $ICLCOK5!14&&=!C41>8?@*!6086CI0(,938!%C(!:9"18!69'&181>8?@*! +05!%&!:0"!
"9+1A0,3,3A! (-&! :CH! 8g! 14&&=lIC4! =&1,"&=)! K-,1! 1-9Cf=! %&! 6931,=&"&=! ; -&3! 'C33,3A! 93!
1-0"&=!165C1(&"18!9"1035!151(&+":9'! ; -,6-1"&19C"6&1!69Ci=1%&!C1&=!+9"&!&::,6,&3($5)!!

! *486,:,60%58!(-&!?,(*4&6':C36(,93!:,(111C%N14&6("0!,3!40"03&$B!%C(!+C1(!"&6931("C6(!(-&!
1,(103=1148&6("C+!,31%&( ; &&3!:,((,3A!,(&"0(,931!,3!1&",&18103=!+C1(10§19!4&":9"+1=530+,6!4&0d!
§1('&=,(,3A1,311&",&1)1>31693(*01 (B! (-&! ?,(I""9"1:C36(,93! "C31!:C¥5!,3!140"0%&$! 03=!,1!C1COK5! 03!
&::,6,&3(!C10A&!9:140"0%&$,70(,93)!K-&!?,(K*'06&!:C36(,93!"'C31!,3,(,08!:,((,3A!:C$5!,31 40" 0%&S! 1 1 &&.!
1&6(,93!V)Y)QPBI%C(! (-&!$0((&"!:,(((3A!9:1(-&!:CH114&6("C+!"C31! ; (- !(-&!10+&!15,+,(0(,931!01!(-&!
2 (*48&6!:C36(,93)!?,304581938&!1-9Cs=139(&! (-0(!:,(11:9"! ; - 6-1+035140'0+&(&"110"&!:,g&=B! (-&!

| [



'0(,9!9:169++C3,60(,93!9<&"-&0=!(9!(-&!69"&1!<&"1C1!(,+&!10<,3A1! :"9+140"0%&$,70(,93! 603!
become unfavorable. Alternatively, if multiple spectra must be fit, using a ‘parfor’ loop
0'9C3=!(-&!:,(1!,11(54,60%5!(-&!+9'&!&::,6,&3(!C10A&!9:169+4C(0(,9305! '&19C"6&1) ! *&&!1&6(,93!
Q)Q)""\!:9"1=£&(0,§1193!693("9%,3A!40" 0%&$,70(,93)!

2. FitSpec Input and Output Structures

2.1. ‘spec’ structure: Spectrum, acquisition, and processing Information

K-&! spectrum is stored in the ‘spec’ structure, in addition to all relevant acquisition and
4'96&11,3A!,3:9"+0(,93)! K-&! C1&"! +05! 0§19! 94(! (9! 1(9*&! 1,A308! =&605! ,3:9"+0(,93! ,3! (-&!
‘spec’ structure, but si36&!(-,1!,3:9"+0(,93!,1!39(19%(0,3&=":"9+!(-&!&g4&",+&3(08!=0(0!: $&1B! (!
is more typically stored in the ‘par’ structure.!K-&!:9%9 ; ,3A1=&16",%&1!(-&!:,&=1!19!(-0(! (-&!!
user may create the ‘spec’ structure, but it may also be quickly generated from Topspin files
5 (-1(-&VA&(*4&6U'Cd&"!:C36(,938!1=&16",%&=!,31V)"")"")!!

2.1.1. spec.tX
K-&1&!<&6(9'1!la!,1!(-&!=,+&31,93!3C+%&"PIA <&!(-&!:"&eC&365!0g,18!,3!44+8!:9"1806-19:!(-&!
=,+&31,931) K-&! 1,7&! 1! "1 al 38!:9'1 O! =,+&31,93! ; (-! 3! 49,3(18! 03=! (-&! 49,3(1! 0'&! ,3!
016&3=,3A19"=&")!

2.1.2. spec.S

K-,1!,11 03! 0"'05! 693(0,3,3A! (-&'! ,3(&31,(5! =0(0! 9:! (-&! "&0§! 40°(! 9:! (-&! 14&6('C+)! K-&!
=,+&31,9304,(5! 9:! (-&! +0(",g! 3&&=1! (9! +0(6-! (-&! =,+&31,9305,(5! 9:! (-&! 14&6(*C+B! 03=! (-&!
0""05!=,+&31,931!1-9C$=169"'&1493=!1,3!1,7&!03=19"=&"! ; ,(-!(-&!14&6):a!<&6(9"1!

2.1.3.  spec.NucX

This is a string specifying the nucleus, typically in the form “1H’ or “15N’ for example. These
1,&8=110"&!39(13&6&110"5!:9"114&6("C+!:,((,3AB!%C(!+05150(& "1 %&! C1&:C§!:9"1&g49"(,3A!"&1C§(18!9°!
,31:01(&"150%&$,3A19:114&6(*C+1459(1)!

2.1.4. spec.par

This field contains the fields ‘spec.par.dX’ for each dimension, which then contain relevant
06eC,1,(,93!03=14"96&11,3A!,3:9"+0(,938!03=!0"&!:C*(-&"1=&16",%&=!,3!Q)V)!K-&5!0"&!94(,930%5!
provided in the ‘spec.par’ parameter or in the ‘par’ parameter for the FitSpec function. This
,3:9"+0(,93! +05! %&! 9+,((&=8! ,3! ; -,6-!601&! (-&! 4"9A'0+! ; %! =&:0CH(! (9! :,((,3A! ;,(-!4C'&!



DO0C11,03!5,3&1-04&1!19°1G9'&3(7,03! ,:114&6,:,&=PB! %C(! %&((&"! 4&":9"+036&! ,1! &g4&6(&=!,:! (-&!
,3:9"+0(,93!,114'9<,=&=)!

2.1.5. spec.title
K-,1!:,&8=14"9<,=&1! (-& (,(8&!:9"! (-&! 14&6(*C+)! K-,1!1 11 39(! C1&=!:9"1 14&6("C+!:,((,3AB! %C(! ,1!
C1&:C§:9'150%&S$,3A19:14$9(18103=! ; $1%&!&g49°(&=!,:! ; *,(,3A!(9!(-&!K9414,3!:9"+0()!

2.2. ‘par’ structure: User instructions for FitSpec
K-&!?,(*4&6!:C36(,93!,1!6040%3&!9:!:C85!0C(9+0(&="14&6("C+!:,((,3A8! ; ,(-9C(10==,(,930§! C1&"!
31(*C6(,931! 01,=&! :"9+! (-&! 14&6(*C+! ,(1&5:)! L9 ; &<&'B! +035! 1,(CO(,931! ; %! ‘&eC,"&! 19+&!
adjustments by the user to fully optimize the fitting. The ‘par’ structure gives the user control
9<&"+91(1014&6(1!9:!(-&!14&6(*C+!:,((,3A)! K-&!=&(0,§1!9:1&06-! :,&§=1:9"1C1&"!,31(*C6(,931!,1!
A<&3! -&"'&B! O§(-9CA-! 93&! 1-9Cs=! 0519! 39(&! (-0(! (-e ‘par’ field is output by the ?,(*4&6!
function as ‘fit.par’8!03=1693(0,31! (-&!1&((,3A1! &,(-&"16-91&3!%5! ?,(*4&6!9"1 1&(1 %5! (-&! C1&")!
K-,1!',1!I C1&:C§! ;-&3! 94(,+,7,3A! :,((,3A! 40"0+&(&"18! 01! 93&! 603! 1&&! (-&!,3,(,08! 40"0+&(&"!
1&((,3A11=&(&"+,38&=1%5!?,(*48&68!03=!(-&3!94(,+,7&!(-91&!=8&+&=(91%&!1C%94(,+03)!

2.2.1. par.grid
K-&!?,(*4&6!:.C36(,93!%'&0d1!(-&!14&6('C+!,3(9!1C%N14&6(" 08! ; -,6-10"&!:,((&=!,3=,<,=CO%58!03=!
(-&3!4&",9=,6085!"&69+%,38=)!K-&! 3C+%&"19:!1C%hlIspectra is determined by ‘par.grid’, which
,110I""1a!8!vector, where N is the number of dimensions. Each element of ‘par.grid’ specifies
-9;1+035!40"(1!(-0(!=,+&31,93! 1-9C$=!%&! 1&40"0(&=",3(98! 19! (-O(! (-&! (9(08! 3C+%&"1 9:1 1C%M
spectra is the product of the values in ‘par.grid’. Large values in ‘par.grid’ will ac6&$&"0(&!
(((3AB!1,368&!(-&!1,7&19:1&06-!1C%N14&6("C+!,1!"&=C6&=8'%C(!4&0d1!(-0(19<&'$04! 1("93As5!,3(9!
9(-&"11&6(,931! ; H1%&!:,(15&111066C"0(&$5)! E1COK58! =&:0CH(! 1&((,3A1!0&!1C::,6,&3(8!%C(! 14&6(*O!
;,(-14&0d1! (-0('0'&! eC,(&!%'90=!,3!69+40",193! (9! (-&! 14&6(*C+! "&19IC(,93! +05! 39(! : (! ; &H!
with the default values of ‘par.grid’. The best remedy for this is to process with fewer data
49,3(181%C(! ! (-,1!,1139(1 4911,%$&! =C&! (9! 0! +,9! 9:1%'90=!03=!30""9 ; 1 4&0d 18! (-&3! 93&! +05!
reduce the values of ‘par.grid’. !
!
VI&3(",&1!1:9"10'VR!14&6("C+/!

par.grid=[10 10 5];



2.2.2. par.lterFact
J06-!1C%N14&6(*C+!,1!:,((&="'1&40"0(&$58! C1,3A! 0! A'0=,&3(I%01&=! +,3,+,70(,93! "9C(,3&)! K-&!
3C+%&" 9:1 1,(((3A! (&"0(,931! ,3! (-, 1! :,((,3A! "9C(,3&! 1! =&(&"+,3&=! %5! (0d,3A! (-&! 4*9=C6(! 9:!
‘par.lterFact’ w,(-!(-& 3C+%&"19:!:,((,3A! <0",0%&1! =&16",%,3A! (-&! 1C%lI14&6('C+)!>36°&01,3A!
‘par.lterFact’ will improve fitting accuracy, but often returns are diminishing.!
!
"1&3("5/!

par.IterFact=3

2.2.3. par.add _peaks
When using a dynamic peak list, ‘par.add_peaks’ determines how many times the peak list
5 919%&!&=,(&=)!#:(&"!,3,(,08!4&0d! 4,6d,3AB!03=!: ((,3A!(-&!,3,(,08!4&0d 18! (- &!4&0d!$,1(!, 1! &=,(&=!(9!
try to optimize the fit. This is given by a single value in ‘par.add_peaks’, so that the total
number of loops over the fitting step is ‘par.add_peaks’+1. Complicated spectra may benefit
from additional peak addition steps, so ‘par.add_peaks’ may be increased. Also, if an initial
(11T A<&3! (9! (-&! 4'9ATO+B! (-&3! %5! =&:0C(B! ?,(*4&6! 011C+&1! 0! :,g&=!4&0d! §,1(8! 19! (-0O(!
‘par.add_peaks’ is set to zero, although this ;! %& 9<&" ==&3! 3! (-& C1&" 1&(1!
‘par.add_peaks’ to be nonli7&9)!
!
29'1V11(&4119:14&0d!0==,(,93!1=530+,6!480d!,1(P/!

par.add peaks=3;

2.2.4. par.n_iter

#:(&"1806-1 1CUHNIL4&6(*C+!,11: ((8=B! (-&! :,(1,1! *&69+%,3&=! (9! 69" *&6(! :9'1 480d! 9<&*504! 0+93A!
1C%N14&6("08!0:(&"! 5 -,6-1(=&!:,((,3A19:11C%N14&6("0!,1!"&4&0(&=)'K-&! 3C+%&"19:!"&4&(,(,931!,1!
determined by ‘par.n_iter’. If a dynamic peak list is being used, then the iterative :,((,3A!,1!
'8&480(&="0:(&"1&06-!48&0d! 0==,(,93n"&+9<0§! 1(&4)'K-,1! +&031! (-O(! (-&! 3C+%& "1 9:!,(&"0(,931!
must be specified at each step. Thus, the number of elements in ‘par.n_iter’ must be equal
to ‘par.0==34&0d1'+1. As with ‘par.lterFact’, increasing the values in ‘par.n_iter’ will improve
S((3AB! %C(! ,+479<&+&3(1! ; B! %&! '&=C6&=! 01! <0IC&1L! A&(! -,A-&")! L9 ;&<&"! %&60C1&!
‘par.n_iter changes the number of iterations that include corrections for peak overlap,
increasing the value of ‘par.n_iter’ is often more bené&:,6,08! (-03!,36'&01,3A! (-&! <0$C&! 9:!

‘par.lterFact’.!
!



For ‘par.0==j4&0d1=5":!
par.n_iter=[3 3 3 3 3 6];

2.2.5.  par.cutoff
c-&3! C1,3A! 0! =530+,6! 4&0d! §,1(8! (-&! ?,(*4&6! :C36(,93! =&:,3&1! 0! 40*(,6Cs0"! 4&0d! -& A-(!
;—,6-8! ;-&3! &g6&&=&=8! 6931,=&"1! 0! 4&0d! 01! 1,A30%! 03=! ;-&3! %&9;! (-,1! -&A-(B! ,1!
6931,=&"&=! 01! 39,1&)! K-,1! =&:,3,(,93! <0",&18! 03=! ,1! A<&3! 93&! <0C&! :9"! (-&!,3,(,08! 4&0d!
4,6d,3AB!103=!(-&3!,1!(54,60%5!=&6'&01&=!0(! (-&!:,"1(! 1&<&"0§! 1(&41!9:14&0d!§,1(! &=,(,3A)! K-C1B!
par.cutoff must be a vector with ‘par.0==J4&0d1'+2 elements. ‘par.cutoff’ is defined relative
(9!(-&!'+0g,+C+!14&0d! -& A-(!,3!(-&!14&6('C+B! 19! (-0(193&!A,<&1! (-&!:"06(,93!9:! (-&!50"A&L(!
peak to be defined as the cutoff. The last value in the ‘par.cutoff’ vector indicates the cutoff
:9"10==,3An"&+9<,3A!1 4&0d1! 0:(&"! (-&!'$01(!:,((,3A! ,(&"0(,93)! *,36&! (-,1!,1! (54,60%5! C3=&1," 0%3&!
for fitting, the default for the last value is ‘NaN’ (not a number, which is an allowed value in
WHKG#UP)!!
! 89(&!(-0('during the program run, ‘par.cutoff’ must take on 1&<&'0§!=,::&"&3(! <0SC&1B!
-9; &<&'B!(-&!C1&"1+05!14&6,:5!0!1,3A8&!<05C&8!, 3! ; -,6-1601&!(-,1! ; $1%&! 1&(1(9!(-&!1&693=!(9!
last value of ‘par.cutoff’ (the last value is NaN), and the other values will be calculated by
?,(*48&6)!E1CO858! (-, 11, 11(-&!1,+48&1(1+&(-9=19:11&((,3A!(-&!6C(9::)!!
! K-&!7?,(*4&6!:C36(,93! ; ,$!16086CS0(&! (-&!6C(9::!1<0SC&1!1%5!=&:0C§(8!6931,=&",3A 39,1&! 3!
(-&!14&6("C+)!K-&!<05C&!,1!4,6d&="'19!(-0('044'99g,+0(&5! ""m!9:1 (-&!:,((&=!4&0d1!0"&! 39,1&)!
L9; &<&"! ?,(*4&6!,1! 39(! 0%5&! (9! (0d&! 14&6(*C+!0"(,:06(1!,3(9! 0669C3(! 14,6dC48! 369+ 45&(&!
4-01&!6568,3A8! '&1,=CO$! ; 0(&"!4&0dB! &(6)PB! 03=!=&<,0(,931!9:!(-&! &g4é&",+&3(0$! 4&0d! 1-04&1!
:"9+1(-&!16086C50(&="14&0d!1-04&1!0°&!39(16931,=&"&=)!?9"!(-,1!"&01938!(-&!C1&"!1+05!:,3=!(-0O(!
increasing ‘par.cutoff’ from the default vOSC&!$&0=1!(9!:& ; &"!:,((,3A1!9:!10"(,:06(1!03=!,""&ACIO"!
480d!1-04&1)'1#8198!=,::&"&3(1=&A"&&119:139,1&!:,((,3A! +05!%&!=&1,"&=B! ; -,6-1603!%&!0=kC1(&=!
=,"&6($5!with ‘par.cutoff’, or with the ‘par.n_noise pks’ and ‘par.noise_frac’ fields.!
!
For ‘40")0==§4&0d1nT’:!

par.cutoff=[.2 .1 .05 .05 .05 .05 NaN];

2.2.6. par.noise_frac, par.n_noise_pks

‘par.noise_frac’ and ‘par.n_noise_pks’ are indirect methods of setting the cutoff level. When
&,(-&"140'0+&(&",1!148&6,:,&=B!(-&! ?,(*4&6!:C36(,93! ; §'=&(&"+,3&!0!4"9%0%,5,(5'=,1(",%C(,93!9:!
(-&!39,1&!4&0d1!,3!(-&!14&6("C+B!:"9+! ; - 6-!1,(1603!&1(,+0(&! (-&!3C+%&"19:139,1&!4&0d1!(-0(!

will be above a given cutoff level. If ‘par.n_noise_pks’ is set, then this estimate can be used

! 4



(911&(1(-&!6C(9::119!(-0(!(-&!&g4&6(0(,93!<05C&!9:!(-&!3C+%&"19:139,1&!4&0d1!0%9<&! (- &!6C(9::!
is approximately equal to ‘par.n_noise pks’ (the &g06(! &g4&6(0(,93! <0C&! 1! A<&3! 3!
fit.noise.n_fit_noise_pks’). If ‘par.noise_frac’ is set, then the cutoff is set by estimating the
3C+%&"9:139,1&!4&0d1!03=!(9(0§! 3C+%&"19:14&0d1!(91%&!:,((&=B'03=1044"9g,+0(&1!(-&,"!"0O(,9!
to be equal to ‘par.noise_frac’. Since it is not straightforward to estimate the total number of
4&0d1! (-0(! ; 1 %&! :,((&=B! (-,1! ; 1 39(! %&! &gO6($5! 69°*&6(B! %C(! (-&! &g4&6(0(,93! <0SC&! 9:! (-&!
3C+%&"9::itted noise peaks is still returned in ‘fit.noise.n_fit_noise_pks’.!
!
?9'17)TIm!9:14&0d1!:,(1(9'%&!39,18&/!

par.noise_frac=.005;
?9°'1"7139,1&14&0d1!(91%&!:,(/!

par.n_noise pks=10;
?9'139!139,1&!1044"9¢g,+0(&$5P!(91%&!: (/!

par.n_noise pks=0;

2.2.7. par.npp
‘par.npp’, which stands for ‘noise per peak’ controls when two peaks are combined into a
1,3A8&! 4&0dB! =C" ,3A! (-&! 4&0d! 0==,(,93h"&+9<0§! 1(&41)! 89,1&! 4&'1 4&0d! ,3=,60(&1! -9 ; ! +C6-!
39,1&!0!1,3A8&!4&0d! 603! ;,(8! 93! 0<&"'0A&)! K-&"&:9"&8! ;! -0<,3A! (; 91 4&0d1! 69+40"&=! (9! 93&!
peak fails to reduce the error by at least the value given in ‘par.npp’, then the peaks will be
69-+%,3&=8!1,36&!(-,1!,3=,60(&1!(-0(!-0<,3A!(; 9!1&40"0(&!4&0d1!,1!§,d&$5!'03!9<&":,()! 89(&! (-O(!
the input value of ‘par.npp’ is scaled relative to the max,+C+!4&0d!-& A-()!'K-&"&:9"&B! (-&!
value is typically on the order of magnitude of ‘par.cutoff. ?,(*4&6! ;! 0C(9+0(,60%5!
calculate ‘par.npp’, but it may be manually input. Larger values will result in more frequency
69+%,30(,9319:1480d1!1:& ; &'!:,((&='4&0d 1P)!!
!
?9'10!(54,608!:,((,3AI*h8 1" ~P/!

par.npp=.08;

2.2.8.  par.control

c-&3! C1,3A! 0! =530+,6! 4&0d! §,1(8! &06-! 1(&4! 9:! 4&0d! 0==,(,93! (54,60%5! &g&6C(&1! 4&0d!
==,(,9381 1C%(*06(,938! 145,((,3AB! 03=!69+%,3,3A)! K-&! &g6&4(,93!,11%&:9"&! (-&!$501(!:,(!,(&"O(,938!

93§5!4&0d!*&+9<0§!03=!69+%,30(,93!0"&! &g&6C(&=)! L9 ; &<&"B! (-&1&! 1&((,3AL! +05!%&! &=, (&=!

with the ‘par.control’ parameter. ‘par.control’ is a 4 x (par.0==j4&0d1i1"P!1,7&=!0""05! ; (-!

$OA, 6081 <0SC&1)! #:(&"1(-&! 3C1: ((,3AB! (-&! 3T1695C+3!=&(&" +,3&1! ; -,6-19:!(-&!:9C"14&0d! &=, (,3A!

! IIT



1(&41'0°&148&":9"+&=)IK-&!"'9; 110"&!,3!(-&!:9%9 ; ,3A19'=&"/10==14&0d 18! 1C%(*06(! 4&0d18! 145 (!
480d18!69+%,3&!4&0d1!1"'nC1&!+&(-9=B!" n=9!39(IC1&!+&(-9=P)!
!
For ‘par.add_peaks'=4:!
par.control=[11100;11110;11100;11110];

2.2.9. par.sign

U5!=&:0C(! ?,(*4&6!011C+&1!0§!14&0d1!0°&!491,(,<&)'L9 ; &<&'B'1&((,3A!‘par.sign’ to ‘+’, ‘', or
“+—* will 6-03A&!(~,1/(9!1491,(,<&3!3&A0(,<&3!9'11491 (,<&!03=138A0(,<&!4&0d1)!

!

?9'1491 (,<&!03=!3&A0(,<&!4&0d1/!

par.sign=‘+-’;

2.2.10. par.noise
K-&!?,(*4&6! function analyzes the spectrum noise for the determination of the ‘par.cutoff’
and ‘par.npp’ parameters, and later returns the noise analysis. If ‘par.noise’ is not specified,
(-&3! (-&! &3(,"&! 14&6("C+!,11 10+45&=!:9"139,1&)! K9! : §(&"! 9C(! "&0$! 4&0d18! 39,1&! 4&0d1! 0'&!
determined to be those which are concave up and negative if ‘par.sign’ is set to ‘+’, and the
opposite if set to ‘—'. If ‘par.sign’ is set to ‘+-, then all peaks are taken. However, ‘par.noise’
+05!%&!C1&=!1(9!14&6,:5!0!"&A,93!91"&A,931!19:10!14&ctrum that contain only noise. ‘par.noise’
1101<&6(9'819"16&8819:1<&6(9°1! 1 +CH(,4%&! "&A,931!10°&! 14&6,:,&=)' J06-1<&6(916931,1(1!19:1:," 1(!
(-&189 ; &"1%9C3=19:1(-&!"&A,93!,3!(-&!:,"1(!=,+&31,938!:9%9 ; &=1%5!(-&!C44&"1%9C3=19:!(-&!:,"1(!
=,+&31,938!103=!(-&3":9%9 ; &=!1,+ §0"$5!,3!11C%1&eC&3(!=,+&31,931)!
!
?9'1(-'&&!39,1&!"&A,9318!14&6,:,&=!,3!0!QR!14&6(*C+/!

par.noise={[75 120 75 120],[75 120 140 170],[140 170 75 120]};

2.2.11. par.verbose
U5!=&:0C$(8!?,(*4&6'9C(4C(1!0!1(0(C1'0(!(-&!&3="19:1&06-!:,((,3A!1(&4)'K-,11+05!%&!1C44'&11&=!
using ‘par.verbose’.!

!

?9"13919C(4C(/!

par.verbose=0;



2.2.12. par.rangeX

?9'1&06-!=,+&31,93p! aB! 93&! +05! 148&6,:5! (-&! "03A&! 1,31 44+P! (-0(! (-&! 4&0d!491,(,931! +05!
<0'5)'E1,3A!0!4&0d!$,1(!with initial peak positions fit0.deltaX’, the peaks may then move only
between ‘fit0.deltaX—par.rangeX/2’ and ‘fit0.deltaX+par.rangeX/2’. K-,1!,1!1C1&:C$!,:!(-&!4&0d!
491,(,931!0"&!044'9¢g,+0(&$5!d39 ; 3B!%C(119+&!<0",0%,(5!,1! 3&&=!(9!94(,+,7&! (-&!:,((,3A)! @3&!
(54,6085! 935! C1&1! (-,1! 1&((,3A! ;,(-!:,0&=!4&0d!$,1(18! 0§(-9CA-! ; -&3! C1&=! ;,(-!0!=530+,6!
4&0d!'§,1(8! (-&3! (-,1! ;%! "&1(",6(! (-&! 4&0d! 491,(,931! "&S0(,<&! (9! (-&,"!,3,(,08! 4506&+&3()! K-,1!
C10A&!+05!60C1&!499"!:,((,3AB! -9 ; &<&'8!1,36&!(-&!,3,(,0814&0d! 4506 &+&3(! +05!%&! 19+& ; -0(!
far from the correct position. ‘par.rangeX’ only accepts one argument.!

!

29'1(-&!"1=,+&31,93/!

par.rangel=.5;

2.2.13. par.lw_rangeX

?9'1806-1=,+&31,938! @Bl 93&! +05!"&1(*,6(! (-&! "03A&!1,3144+P! (-0(! (-&!§,3& 5 ,=(-!+05!<0"5)!>:!
‘par.lw_rangeX’ is specified, then the linewidth may vary approximately between fit0.lwX—
par.lw_rangeX/2’ and fit0.lwX+par.lw_rangeX/2’. Note!(-0(!(-,1!,1!93§5! 044"9g,+0(&8! 1,36&!
(-&'0%9 ; &=1§,3& ; ,=(-110"&!=,16"&(&!<0C&1B! 03=!19! ?,(*4&6!6-991&1! (-&! 3&0"&1(!$,3& ; ,.=(-)!
#1!with ‘par.rangeX’, this is typically used only with fixed peak lists, although if specified
; -&3!C1,3A10!=530+,6!4&0d!5,1(8!,(! ; 8" &1(",6(!(-&,3& 5 ,=(-1!"&$0(,<&!(9!(-&,"!,3,(,08!<0C&1)!

!

29'1(-&!10%1=,+&31,93!

par.lw_range2=.25;

2.2.14. par.min_IwX, par.max_IwX
?9'1806-1=,+8&31,938!aB!93&!+05!14&6,:5! 0! +0g,+C+!03=h9"10! +,3,+C+!§,3& ; ,=(-'1,3!44+Pp!
using ‘par.min_lwX' and ‘par.max_IwX'. This will affect the lineshape generation, so that
lineshapes are only calculated between the values of ‘par.min_IwX' and ‘par.max_IwX’, or if
93§5!93&!19:1(-&1&!,1!14&6,:,&=8!(-&3!0!=&:0C§(!<0§C&!,1!C1&=":9"1(-&!9(-&")!89(&!(-0(!14&6,:5,3A!
‘par.max_lwX' will also cause some peaks to be split after peak picking, if their initial
§,3&;,=(-1,11%"90=&"(-03!(-&!14&6,:,&=!+0g,+C+!<0§C&)!
!
29"1(-&!" 1= +&31,938!"&1(",6(,3A1%9(~!+,3,+C+103=!+0g,+C+/!

par.min_lwl=.25;

par.max_lwl=2;



2.2.15. par.fixed

>:193&!,11C1,3A10!:,0&=14&0d!$,1(8!,(1,114911,%8&! (91" &1(",6(! ; -,6-1<0",0%5&1!603!%&!6-03A&=B!%5!

specifying ‘par.fixed’, or alternatively fit0.fixed’ (both fields are equivalent). The ‘.fixed’ field!

,1101$9A,608! ; ,(-'Q8 1" &3(",&18! 8!%&,3A! (-&! 3C+%&"19:!1=,+&31,931)!K-&!:,"1(1&3("5! 14&6,:,&1!

; —&(-&"1(-&'4&0d!0+44,(C=&1!0"&! :,0&=B! (-&! 1&693=!03=!(-,"=1&3(",&1!14&6,:5! ; -&(-&"!(9!:,g!

(-&! 4&0d! 491,(,931! 03=!§,3& ; ,=(- 18! "&14&6(,<&S$58! 9:! (-&! :,"1(! =,+&31,938! 03=! 1C%1&eC&3(!

=,+&31,931!:9§9 ; )

!

?9"10IQR!14&6(*C+B! ; (-!(-&!0+45,(C=&1!03=1§,3& 5 ,=(-1!<0",0%$&8!%C(1491,(,931!:,9&=/!
par.fixed=[0 1 0 1 90];

0#+45,(C=&B'F91,(,93!"8!G,3& ; ,=(-!""B'"F91,(,93!QB!G,3& ; ,.=(-'Qp!

2.2.16. par.accur

‘par.accur’ specifies the accuracy for which peak shapes are calculated. Specifically, when
§,3&1-048&1'0"&!,3,(,0%5! 60$6CS0(&=B! ,:! (-&! "0(,9! 9:! (-&! <0$C&! O(! 0! 40°(,6C50"1 491,(,93! 03=! (-&!
maximum of the lineshape falls below ‘par.accur’, then the vaiC&! 0(!(-0('491,(,93!,1! 1&(! (9!
7&'9)! Therefore, the closer ‘par.accur’ is to zero, the fewer truncation artifacts. D&:0C§(1!0"&!
1% of the minimum of ‘par.cutoff’, when using a dynamic peak list, or 1% of the ratio of the
+,3,+C+!,3,(,0§814&0d! -& A-(103=!+0g,+C+!,3,(,0§14&0d! -& A-(8! ; -&3!C1,3A!0!:,g&=14&0d!$,1()!
Higher values of ‘par.accur’ will accelerate calculation of full spectra in the ?,(*4&6!:C36(,938!
0%(-9CA-1&<&3(CO%5!+05!8&0=!(9!1,A3,:,603('0"(,:06(1!,3!(-&!6086CI0(&=!14&6("0)!

!

?9'1391§,3&1-04&!(*C360(,93/!

par.accur=0;

2.2.17. par.setup_only

‘par.setup_only’!accepts a string, ‘y’, or ‘n’. When set to ‘y’, the ?,(*4&6!:C36(,93! ; $!39(!: (!
the given spectrum, but rather will only determine the parameters in the ‘par’ structure and
48"9"+!(-&!,3,(,081480d!4,6d8,3& ; ,=(-!+&01C'&+&3()!K-,1!,11C1&:CS! :193&! ; 03(1!(9!1&&!-9;!
(&=,(15 $81%&!11&(C41%&:9"&!"C33,3Al(-&!&3(,"&!:,((,3AI"9C(,3&)!!

!

?9'11&(C4193§5/!

par.setup_only="y’;



2.2.18. par.noise_eval

US! =&:0C§(B! (-&! ?,(*4&6! :C36(,93! 935! 4&":9"+1! 39,1&! 030§51,1! 11&&! 1&6(,93! Q)Z)QP! ,:! (! ,1!
necessary for setting the fitting parameters (‘par.cutoff’ and ‘par.npp’). Therefore, if a fixe=!
peak list is used, or the user specifies both ‘par.npp’ and ‘par.cutoff’, then ?,(*4&6!=9&1!39(!
perform noise analysis. However, if ‘par.noise_eval’ is set to ‘y’, then 030§51,1! ; 8! %&!
4&':9"+&=1035; 05)!

!

?9"139,1&1&<03C0O(,93/!

par.noise_eval="y’;

2.2.19. par.parallel

INFOS will automatically use parallelization if a ‘Matlabpool’ is available (via the ‘parfor’
:C36(,93P)! >(! ;%! 39(! 1(0*(! (-&! 499%! OC(9+0(,6085)! K-&! C1&"! +05! 9<&**,=&! (-&! 0C(9+0(,6!
settings by setting ‘par.parallel’ to ‘y’ or ‘n’. This will either force INFOS to use a ‘parfor’ loop
or a ‘for’ loop, respectively. !

!

K9!=,10%5&!40"08&S$,70(,93!

par.parallel="n’;

2.3. d1,..., dn sub-structures: Lineshape information

?9'1&06-!=,+&31,938! (-&!§,3&1-04&1!0'&! 148&6,:,&=!%5!1C44$5,3A! 06eC,1,(,93!03=!4"96&11,3A!
,3:9"+0(,938!03=10§19!%5!14&6,:5,3A! (-&! (54&!9:11,A30§! =&605! 1G9"&3(7,03!03=!D0C11,038! :9"!
example). This information is provided, for dimension X, in the substructures ‘spec.par.dX’,
or ‘par.dX’. Both locations may be used simultaneously, although if a paramete®!,1114&6,:,&=!
twice, then the value in ‘par.dX’ takes priority. Typically, one specifies the acquisition and
processing information in ‘spec.par.dX’, since this information is known!:9"!(-&!40°(,6C$0"!
148&6("C+!103=! ; #! 39(1 6-03A&8! 03=!,3:9"+0(,93! 93! 1,A30I decay in the ‘par.dX’ structure,
1,36&!93&!+05!; 03(1(9!(&1(!=,::&"&3(!<0§C&1!-&" &!(9!,+4"9<&!: ((,3A)!

2.3.1.  Acquisition and processing information

This information is loaded by the ‘getSpecBruker’ function, so usually does not need to be
148&6,:,&='%5!(-&!C1&"8!%C(!19(-&":9"+0(1!+05!"&eC,"&!+03C0§!144&6,:,60(,93)!

! dX.WDWI  *48&6,:,&1!(-&! ;,3=9;:C36(,93)!W05!%&!0'1(",3A19"13C+%&")!*&&!Q)V)V)!

! dX.SSB/!  * 3&%&$!1%"90=&3,3A140"0+&(&")!

! dX.GB/ D0C11,03!%"'90=,3A!140"0+&(&")!



! dX.LB/

! dX.AQ/!

! dX.SiN

! dX.Slpl!

! dX.TDI"

! dX.SF/!

! dX.SWH/!
! dX.SW/!

! dX.userl/!

! dX.PHC1/

! dX.LPC/
! !

69'&3(7,03!%'90=83,3A140"0+& (88!, 3IL7)!
F'968118=106eC,1,(,93!(,+&3!,3!s)!
F'968118=!1,7&1%&:9"&!14&6('C+!('C360(,93)!
F'968118=!11,7&10:(8"'114&6(*C+!(*C360(,93)!
8C+%&'19:14'96&11&=149,3(1!,3!(,+&!=9+0,3!I'€05i,+0A,30'5P)!
*486("9+8(8'1:'&eC&365!9:1=,+8&31,938!, 3IWL 7)!

F'968118=!17; &841 ; =(-BIA <&3!,31L7)!

F'968118=!1; &841 ; =(-BIA <&3!,3144+)!

~8&6(9'14'9<,= 3AIC1& II=&:,38=1049=,70(,93!:C36(,931!I=a)KRIQ!49,3(1P!
G,380"14-018169"'&6(,9310445 &=3! 31=8A"&&1)!

Compensate for linear phase correction in fitting (‘y’!,1!=&:0C$(

2.3.2.  Signal decay information
#1,=&1:"9+106€eC,1,(,93!03=14"96&11,3A!,3:9"+0(,938!$,3&1-04&1! 0"&! =&(&"+,3&=!%5! -9 ; ! (-&!
1,A30§! =&6051)! K54,60858! 93&!6-991&1! &,(-&"1 G9"&3(7,03! 18&9493&3(,08! =&605P8! 91 DOC11,03!
ID0C11,03!=&605P!§,3&1-04&1)! L9 ; &<&'8!0=<036&='94(,931!0%9 ; | 0==,3A!0!:,g&=!0+9C3(!9:!
G9'&3(7,03!9'ID0C11,03!6-0"06(&"8!9"10!:,g&="!+,9(C"&!9"1G9"&3(7,03!03=!D0C11,03!=&605)!

dX.Broad/!

dX.gauss0!/!

dX.lorentz0l!

‘dX.Broad’ is a string, specifying the type of decay which is varied
during the fitting. This is set to ‘lorentz’, ‘gauss’, or ‘+,gaa’. The first
(59! 94(,931! 69''&1493=! (9! 4C'&! G9'&3(7,03! 9'! DOC11,03! =&6058!
respectively. ‘mixaa’ gives a fixed mixture of Gaussian and Lorentzian
03=!=&6058! 1C6-! (-0(! (-&!:"06(,93!9:!D0C11,03!§,3&; ,=(-!,1!..h" " ~103=!
(-&!:"06(,93!9:1G9"&3(7,03!§,3& ; ,=(-!, 1! ""—aah™ " "11035! 3C+%&"1 9:1=A,(1!
+05!%&!C1&=B!19!(-0(!(-e fraction is given by 0.XX...).!

If ‘dX.gauss0’ is specified, a fixed amount of Gaussian broadening!l,3!
44+P! 110==&=1(9!0%!5,3&1-04&1)'K-&!9C(4C(1$,3& ; ,.=(-1";,()§ ; @’P'=9&1!39(!
,365C=&!(-&!:,0&=!0+9C3(!9:!D0C11,03!%"90=&3,3AB! 0§(-9CA-!(-&! 2 LW!
9:1&06-19C(4C('4&0d!I;,()?c LWa’P!+C1(!,365C=&!0%!693(",%C(,931! (9! (-&!
§,3&3,=(-)!

If ‘=a)$9°'&3(z0’ is specified, a fixed amount of Lorentzian broadening!l,3!
44+Pp! 1! 0==&=! (9! Of! §,3&1-04&1)! As with ‘dX.gauss0Q’, the output
§3&;,=(-"1',08; a’P' =9&1! 39(! ,365C=&! (-,1! :,g&=! 0+9C3(! 9:! G9'&3(7,03!
%'90=&3,3AB1%C(!,(1,1!,365C=8=!,3!(-&!2C LW!I*;,()2Cc LWa’P)!

0



2.3.3.

Apodization function definitions

K-&!:9%9 ; ,3A! =&:,3&1! (-&! 049=,70(,93! :C36(,931! C1&=! 3! (-&!>8?@*! 19:(; 0'&)! K-&1&! 0'&!
1&(C41(91+0(6-!(-&!=&:,3,(,931!C1&=1%5!U"Cdé&"1K9414,3)! ?9"1&06-!=,+&31,93B! aB! (-&!<0",0%5&!
‘t runs from 0 to ‘dX.AQ’, with ‘dX.TD’ points in between. The (54&!9:1049=,70(,93!:C36(,93!,1!
specified in the ‘par.dX.WDW’ or ‘spec.par.dX.WDW’ field, using an index or a string, which
0'&!A,<&3!%&$9 ; B10S93A! ; (-!(-&!:C36(,93!=&:,3,(,93)'K-&!9(-&"140"0+&(&" 1! IGUB! DUB!# ] BI&(6)P!

are also provided in either ‘par.dX’ or ‘spec.par.dX’. !

No Apodization:
dX.WDW=0; dx.WDW="no’;
Japoa =11

Exponential:!
dX.WDW=1; dX.WDW=’em’;

SomaO)=exp(=7* LB*1)!
Gaussian:!
dX.WDW=2; dX.WDW=’gm’;

7*LB*¢* ]
H=exp| —7*LB*t+——|!I
ft‘zpod() p( 2*GB*AQ
Sine:
dX.WDW=3; dX.WDW=’sine’;
SSB>2
1 t 4
H)=sin| | 1- ] + j
f“‘"’d() [ ( SSB/ AQ SSB |
SSB<2 )
. t
fapod(t)zsm[ﬂEj
Squared Sine:
dX.WDW=4; dX.WDW=’qgsine’;
SSB > 2
1 t T
t =sin2(7r[1— ) + ]
f"P”d() SSB/ AQ SSB |
SSB<?2 )
. t
fapod(t):sln (7[@)
Sinc:

dX.WDW=7; dX.WDW=’sinc”’;



fapod(t) = Sin[zﬂ*SSB(i - GB]}

! Squared Sinc:
dX.WDW=8; dX=WDW=’qgsinc’;

Jopoa(t) = sin” (M*SSB[t _ GBD

User defined apodization function:
dX.WDW="user’;

fupea =dX . apod

Note that dX.apod must have the correct length, based on the acquisition time and

sweep width of the dimension

2.3.4. Linear phase compensation

>8?2@*! ; #! 60§6CS0(&! §,3&1-04&1! (-0(!,369'49'0(&! =,1(9"(,931! =C&! (9! =&$05! ,3! 06eC,1,(,938!
1989 ; &=1%5!$,3&0"14-01,3A! (9! 69"'&6(!:9"! (-91&! =&§051)!' K-,1!,11 06(,<0(&="%5! 14&6,:5,3A! (-&!
1,7819:1(-&!15,3&0"14-01&!69"'&6(,93!1,3!=8A"&& 18! 1&&!Q)V)""PBI%C(1603!%&! =&06(,<0(&=!%5!1&((,3A!
‘par.dX.LPC’ to ‘n’ or 0. The delay is calculated as!

__PHC1/360,
delay ~— SWHO '

where ‘PHC1’ is the provided phase (difference of!4-01&!:"9+18&:(!(9!",A-(11,=&!9:114&6("C+!
before truncation), and ‘SWHO’ is the sweep width of the spectrum (in Hz, before spectrum
(*C360(,93P)!89(&!(-0(!(-,1!603!159 ; 1=9 ; 3! ((,3A!9:169+4,60(&='148&6("0!6931,=&"0%$5)!

2.4. ‘fit’ structure: Output of FitSpec
E493169+4§&(,93!9:1(-&!:,((,3A"9C(,3&B!(-&!?,(*4&6!function returns a structured variable, ‘fit'.
K-,1!693(0,31!40"0+&(&"1!:9"!:,((,3A! &06-! 4&0dB! 03=!,3:9"+0(,93! 93! (-&! :,((,3A! 1&((,3A1! 03=!
"&1CY(1)!K-&!,3=,<,=CO0s!:,&$=110"&!=&(0,5&=!-&"&)!

2.4.1. Peak parameters

K-&!:9%9 ; ,3AI0"&!(-&!40"0+&(&"1!(-0('=&16",%&!&06-14&0d!,3!(-&!14&6("'C+)!
fit.I:1! F&0d!0+43,(C=&18'A,<&3!,3!0"%,("0"5!C3,(1)!
fit.deltaXl F&0d!491,(,931!,3!=,+&31,93!aB!A <&3!,3144+)!



fit.lwX:

fit. FWHMX]!

fit)ylw_indX:!

fit.int:!

G,3&;,=(-1! 3! =+&31,93! aB! A<&3! 3! 44+) 89(&! (-0( (-,1! ,1! (-&!
C34'96&11&=! §,3&; =(-f! :9"! &gO+4&B! :9'! 0! 14&6('C+! :,((&=! ;,(-!
Lorentzian broadening, the value returned in fitlwX' will be 1/(zT,)!
;-&'& T, 111 (-&! (,+&! 6931(03(! =&16",%,3A! (-&! 1,A308! =&605! %&:9"&!
apodization. Therefore, the fitted values in fitlwX’ are, in principle,
,3=8&48&3=&3(19:!(-&!06eC,1,(,93!03=!4"96&11,3A! 1&((,3A1)!1>3!4'06(,6&8! (-&!
accuracy of fit.lwX' values can be affected by acqu,1,(,93! 03=!
4'96&11,3A11&((,3A18!03=!0§19! ; %! %&! +9'&!066C"0(&! :! (-&! 1&((,3A1!:9"!
1,A30§!=&605!0"&! ; &$§!+0(6-&=!(9!(-&!"&0§!(54&!9:11,A30§!=&605)!

?C%! 5 ,=(-10(!-08:!+0g,+C+!:9"1&06-14&0d!,3!=,+&31,93!aB!A <&3!,3!144+)!
K-,1!111(-&!4'96&11&=!4,3& ; ,=(-B! 03=!,36§C=&1! %"90=&3,3A! (-0(! "&1C§(1!
:"'9+106eC,1,(,93!03=14"96&11,3A!1&((,3A1)'K-&"&:9"&B!:9"1,1950(&=!4&0d 18!
the values returned in ‘fit FWHMX' should approximately match the
measured linewidth, whereas the values returned in ‘fit.IwX' often will
=& "9+! (-&! +&01C'&=! §,3& 5 ,=(-B! =&4&3=,3A! 93! 06eC,1,(,93! 03=!
4'96&11,3A11&((,3A1)

* 36&!$,3&1-04&1!0"&!4"&N60S6CI0(&=B! 03=! (-&3! "'&60%&=":9"!:,((,3AB! &06-!
§$,3&;,=(-169""&1493=1!(9!0!40°(,6CI0"! ,3=&Qg)!' K-,1!,3=&g! (-&3! A,<&1! (-&!
491,(,93!,3! (he ‘shapesQ’ structure (section Q)YP!(9!:,3=!(-&!40"(,6C0"!
§,381-04&)! K-,11 603! %&! C1&:C§! :9"1 066&$8"0(,3A! 14&6("C+! 6086CI0(,93! !
the ‘shapesQ’ structure is store=g! 03=! 1! C1&=! %5! (-&! ?,(J=,(9'QR!
4'9A0+! IV)Y)"'PB! 0$(-9CA-! (-,1! 40"0+&(&"! =9&1! 39(! -0<&! "&§&<036&!
9C(1,=&!(-&»>8?@*!19:(; 0'&)!

>3(&A'051! 9:! &06-! 4&0d)! 89(&! (-0(! (-,1! <0SC&! ,1! 1,+4$5! (-&! 1C+! 9:!
3(&31,(,&1!9:18&06-14&0d!06"911!(-&!14&6("C+)!K-,1!,1194491&=1(9!%&,3A!
0!%9g&=!,3(&A"08I'1,36&!,(!,110!:,(8!,(!,1!14911,%8&!(9!,365C=&! (-&!&3(,"&!4&0d!
<9C+&! ;,(-9C(!1-0<,3A1(9!16931,=&")!'89(&! (-O(! (-&! <9¥C+&!,1139(! 1605&=!
%5! Af1'&194C(,93!,31&06-!=,+&31,93P)!!

Noise analysis and error evaluation

K-&! ?,(*4&6! 0SA9" (-+! C1&1! 39,1&! 030851,1! :9°! 1&((,3A! 19+8&! 9:! (-&! :,((,3A! 40'0+&(&"1!
(‘par.cutoff and ‘par.npp’))! >! 39,1&! 030$51,1! 1! 4&":9"+&=8! &(-&"! (9! =&(&"+,3&! (-&18&!
parameters or because the user sets ‘par.noise_eval to ‘y’, then t-&!'&1C§(!,1!*&(C*3&=!,3!
fit.noise’, and also a calculation of the reducedll y*!9:!(-&! 14&6(*C+!:,(!,1! "&(C'3&=)! 89,1&!
030$51,1! 6931,1(1! 9:! :"1(! A&3&'0(,3A! 153(-&(,6! 39,1&B8! 03=! =&(&"+,3,3A! 0! 4'9%0%,,(5!
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=1(",%C(,93!9:! (-&! -&,A-(1!9:139,1&! 48&0d18! 03=! 1&693=0" 58! : "9+ : ((,3A! (-O(! =,1(",%C(,93! (9!
&g4&',+&3(0§14&0d1)! The fields in ‘fit.noise’ are summarized bel9 ;)!

noise.x:

noise.fx:!

noise.x_exp:

K-,1!',1! (-&! gli0g,1! :9"! (-&! 6086CI0(&=! 4*9%0%,5,(5! =,1(",%C(,93! 9:! 4&0d!
heights, such that the values in ‘noise.x’ are peak amplitudes. The
values in ‘noise.x’ have been scaled to be a best fit to the experimental
4&0d1)! 89(&! (-0(! (-,1! =,1(*,%C(,93! 93§5! ,36§C=&1! 69360<&! =9 ; 3! 39,1&!
48&0d18!0§(-9CA-1(-&!69360<&!C4!14&0d1! ; 9Ci=!-0<&!03!gl0g,1!&eCOs!(9!—
39,1&)9)!

This is the probability density corresponding to each value in ‘noise.x’.
The distribution is normalized such that the values in ‘noise.fx’ add up
(9193&)!

K-,11,1!(-&!gl0g,1!:9"! (-&! &g4&",+&3(0§! 39,1&! 4&0d18! ; -,6-!-0<&! %&&3!
grouped using a histogram (‘histc’ function).!As with ‘noise.x’, this then
69''&1493=11(91&g4&",+&3(0§!39,1&!14&0d!0+44,(C=&1)!

noise.count_exp:

noise.np:!

K-1I A<&l! (-&! 3C+%&"! 9:! &g4&",+&3(0§! 4&0d1! O(! 0+45,(C=&! A <&3! 3!
‘noise.x_exp’. Note that the total count has been scaled so that the
values in ‘noise.fxX’ and ‘noise.count_exp’ 69''&1493=)! K-&! C3li160§&=!
69C3(1603!%&!9%(0,3&=!; ,(-!(-&!:9%9 ; ,3A/!
noise.count_exp*noise.np_exp/sum(noise.count_exp)

K-,11,11 (-&! 3C+%&"! 9:1 153(-&(,6! 39,1&! 4&0d1! +&01C*&=)! K-,1! 3C+%&"!
,365C=&1!1%9(-!491,(,<&! 03=! 3&A0(,<&! 169360<&! C4! 03=!69360<&! =9 ; 3P!
39,1&! 4&0d1)! >(! ,1! 0! A99=! &1(,+0(&! :9"! (-&! 3C+%&"! 9:! 39,1&! 4&0d1!
&g486(&=!3!(-&!&g4&",+&3(0§! 14&6("C+8!39(16931,=&",3A! (-0(!"&05! 4&0d1!
5 .5811,(1931(94!9:1(-&!39,1&!4&0d1)!

noise.np_exp:

noise.rms:

K-,1! 1! (-&! 3C+%&"! 9:! &g4&",+&3(08! 4&0d1! 6931,=&'&=! 3! (-&! 39,1&!
030851,1)!K-,1! ; $1<0*5!6931,=&"0%$58! =&4&3=,3A193! ; -&(-&"!"&A,931!9:!
noise were specified, and on the ‘par.sign’ setting.!

K-,1111(-&!"99(! +&03!1eC0"&! 9:! (-&! 0+4$,(C=&!9:114&6(*C+139,1&)!>(!, 1!
=&(&"+,3&=!:"9+! (-&! :,((,3A! 9:1 153(-&(,6! 39,1&! (9! &g4&",+&3(08! 39,1&)!
K-&'&:9"&8! (1 1-9C§=! 39(! %&! -&0<,$5! %,01&=! %5! 0*(,:06(1! 9*! *&05! 4&0d 15!
&<&3!,:139139,1&!"&A,93!-01!%&&3!14&6,:,&=)!
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noise.noise:! K-,1! 11(-&!"99(1+&03!1eC0'&!9:139,1&!4&0d18!03=119! 1!- A-&"!(-03!(-&!
<0§C&! 9:139,1&)"+18! 1,36&! ,(!,1! 1&5&6(,<&! :9'! §960§! +0g,+0)! >(! ,1! 0§19!
9%(0,3&=!%5!:,((,3A!153(-&(,6!39,1&!(9!&g4&",+&3(0§!39,1&)!

noise.n_fit_noise _pks:
! K-,1!1,1103!&1(,+0(&! 9:! (-&! 3C+%&"! 9:1 39,1&! 4&0d1! (-0(! ;%! %&! 0%9<&!
‘par.cutoff’ in the final peak picking step. This is based on the fitting of
(-&! 153(-&(,6! 39,1&! =1(",%C(,93! (9! (-&! &g4&",+&3(08! 39,1&! 03=! (-&!
number of synthetic noise peaks measured (‘noise.np’). If ?,(*4&6!,1!
calculating the value of ‘par.cutoff’, then it attempts to set this
parameter to a particular amount (see ‘par.noise frac’ and
‘par.n_noise_pks’ in Q)Q)YP)!
!
K-&153(-&(,6!'39,1&!=,1(",%C(,93!03=!,(1!:,(!(9!(-&!&g4&" ,+&3(0§!39,1&!603!&01,$5!%5!69+40"&=!
C1,3A1(-&!:9%9 ; ,3A/!

bar(fit.noise.x_exp,fit.noise.count_exp);

hold all

plot(fit.noise.x,fit.noise.fx)

@3&!C1CON5!19%1&"<&1!=,::&"&36&1!%&( ; &&3!(-&!153(-&(,6!03=1&g4&",+&3(0§!39,1&)! FO* ($58! (-, 1!
A1=C&!(9!(-&!"&195C(,93!9:!(-&! -, 1(9A'0+!9:1(-&!&g4&",+&3(0$!139,1&8!%C(10$19!966C" 1!%&60C1&!
(-&! &g4&*,+&3(0§! 39,1&! 0§19! C1COK5L! ,36§C=&1! <0*,9C1! 14&6(*C+! 0*(,:06(18! (-0(' 0*&! 39(!
4'9=C6&=!,3!(-&!153(-&(,6! 39,1&!=,1(",%C(,93)! RC&! (9! (-&!:,((,3A! 9:1 153(-&(,6! (9! &g4&",+&3(0$!
39,18B8!-9 ; &<&"B!(-&1&!07(,:06(1!-0<&!<&"5Y,(($&!&::&6(193!39,1&!6-0"06(&",70(,93)!
!
Aside from the ‘noise’ structure, the following fi&§=1!0"&!0§19!"&49"(&=!,3!(-&!9C(4C(!1(*C6(C*&B!
fit’.!
!

fit.chi_red:! K-&!"&=C6&=ll y*!,1!"&(C'3&=!,:!139,1&!030§51,1!,114&":9"+&=)! K-&! <0$C&!

"&(C*3&=!for ‘fit.chi_red’!,1160$6CS0(&='0669"=,3A!(9/!

( e — Icalc)

N
2
Kred = N_ n, z

i=1
! Lé&'&B!rmslis the value returned in ffit.noise.rms’ (see Q)Z)QP)! /77 1103=!
I 108! (-&! ,3(&31,(,&1! O(' &06-! 49,3(' 3! (-&!' 14&6('C+! 9:! (-&!
&g4&",+&3(08103=16086CI0(&="14&6("0B! "&148&6(,<&$5)! N1, 1!(-&! 3C+%&"!9:!

! QT



fit.resnorm:

49,3(1!,3!(-&!14&6(*C+B103=!n 1, 11(-&! (9(08! 3C+%&"19:1:,(1<0",0%5& 1! %&, 3A!
C1&=1(9!(-&":,({(-&!14&6('C+)!

‘fit.resnorm’ returns the value of the squared 239" +!9:I(-&!:,(!"&1,=COS®!
01'A,<&3!%5!

i=1

N
\/ Z( 1 - I[calc )2 Bl

where the parameters are the same as those for fit.chi_red’.!

2.4.3.  Other outputs

K-&!?,(*4&6!function includes several other useful outputs in the ‘fit' structure, which are

=8(0,48=1-&'8)!
I

fit.par:!

fit.spec:

fit.resid:

This is the full ‘par’ structure which is used internally by the ?,(*4&6!
:C36(,93)!K-,1!+05!%&!C1&=!(9!&g0+,3&! -9 ; !:,((,3A! ; 01!=93&8!03=!+05!
%&! C1&=!01!03!,34C(! (9! 039(-&"! :,((,3A8! ;3! 9"=&"! (9! "&45,60(&! O%! :,((,3A!
693=,(,931! I(-,1! ,365C=&1! 06eC,1,(,93! 03=! 4'96&11,3A! 40'0+&(&"1M!
remove par.di...par.dN if spectra with different processing and
06eC,1,(,93!0"&1%&,3AIC1&=P)!

K-, 11,11 (-&! %&1()I: (1 6086CI0(&=! 14&6("C+! =&(&"+,3&=! 0(! (-&! &3=!9:! (-&!
4'9A'0+)!K-,1! ,365C=&1! O%! O:! (-&! :,&$=1!=&16" %&=",3! 1&6(,93! Q)"'8! 03=!
603!%&!(*&0(&=!01!0!39"+05!14&6("C+)!

K-,11 1! (-&! =,::&'&36&! 1486("C+! %&( ; &&3! (-&! &g4&" +&3(05! 14&6(*C+!
03=!(-&!606CS0(&=114&6("C+)!>(10§19!,365C=&1!0%!:,&5=1":"9+11&6(,93!Q)"*B!
03=1603!%&!(*&0(&='01!10!14&6('C+)!

fit.fixed, fit.rangeX, fit.L|_rangeX:

Restrictions on the fitting variables are returned in the ‘fit' structure
1&g65C=,3A!l(-&!'max_IwX" and ‘min_IwX’ settings, which are *&(C*3&=!,3!
fit.par’). This includes ffit.fixed” (Q)Q)"T), ‘fit.rangeX (Q)Q)"QP! 03=!
fit.w_rangeX’ (Q)Q)"'VP)! K-&!'§O((&"! (59! &3(",&1! 0'&! 14&6,:,&=!:9"! &06-!
peak, with a lower and upper bound. fit.LI_rangeX’ is the range for the
,3=80'9:1(-&!§,3& ; ,=(-8'03=!(-&"&:9"&!=9&1! 39(' A <&! (-&! 06(COS! *03A&! 9:!
(-&18,3& ;5 ,=(-1)!!
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2.5. ‘fit0’ structure: Initial fits and controlling fit variables

The it0’ variable is input to give the ?,(*4&6!'4'9A'0+!03!,3,(,08!AC&11!:9"(-&! 14&6(*C+!:,(B!
which will then be refined. By default, if fit0’ is provided, ?,(*4&6! ; $!C1&!0!:,0&=!4&0d!$,1()!
However, the user may override this by setting ‘par.add_peaks’ to a nonli7&'9!<0C&)! @3&!
+05!0§19!4'9<,=&!<0",9C1!"&1(",6(,931!93!-9 ; I(-&!:,((,3A!40"0+&(&"1!+05!%&! 6 -03A&="%5! (-&!
4'9A'0+8!,365C=,3A!"03A&1!03=!:,0,3A19:1<0" ,0%$&1)!

2.5.1.  Initial guess
K-&!,34C(1!:9"103!,3,(,08! AC&11!0"&! 01!:989 ; 18! ; -&"&! (-&!=,+&31,931!9:10§!,34C(1!0"&! Inp!g!
"'PBI341%&,3A! (-&! 3C+%&"19:14&0d1!,3!(-&!,3,(,08! AC&11)! 89(&! (-O(! (-&!9385! *&eC,"&=!:,&§=11:9"]
the initial guess are the fit0.deltaX’ fields. INFO*! ; $!&1(,+0(&!03!,3,(,08!<0$C&!: 9" (-&!9(-&"!
S &8=11 019+ ((&=)! *&&! 1&6(,93! Q)Z2)"'B! 01! (-&! ,34C(! fit0’ variable has (-&' 10+&! 40"0+&(&"!
:9"+0(101!(-&!?,(*4&6!9C(4C()!

fit0.deltaX: F&0d!491,(,931!1'&eC,"&=P!

fit0.1: F&0d!0+43,(C=&1!

!

@3$5!93&!19:1(-&!:9%9 ; ,3A!,1IC1&=/!

fit0.lwX: F&0d!$,3& ; =,(-!

fit0. FWHMX:!'F&Od!?c LW!

fit0.Ilw_indX: 'F&0d!,3=&9)!K-,1!1+05!9385!%&!used if the ‘shapesQ’ variable is provided

11&&!"")V)T!03=!IQ)YP!

2.5.2.  Fitting restrictions
?,((3A"&1(",6(,931!+05!%&!0444,&=!via the fit0’ variable, in a similar manner as is done with
the ‘par’ variable (see Q)Q)""QB!Q)Q)""VB!03=!Q)Q)"'T). fit0’ allows one to fix each variable type
1&40°0(&$5!'1,3(&31,(58!03=1491,(,93!03=1§,3& ; ,=(-!,3!&06-!=,+&31,93PB!9"1(9!" &1(",6(' "03A&1!93!
(-&! 491,(,93! 03=!§,3&; ,=(-! :9"! &06-! 4&0d! ,3=,<,=C0%5)! 89(&! (-0(! =&:,3,3A! +,3,+C+! 03=!
maximum linewidths must be done using the ‘par’ variable (see Q)Q)"'ZP)!
fit0.fixed:!!  Same as ‘par.fixed’ (see Q)Q)"TP8! 0%9; 1! :,g,3A! 9:! O%! 0+4$,(C=&18!
491,(,931!,3!&06-!=,+&31,938!03=h9"1§,3& ; ,=(-1!,3!&06-!=,+&31,93)!
fit0."03A&a/! S03A&!:9'!(-&!4&0d!491,(,93!,3!=,+&31,93!a)! K-,1! 603! %&! A,<&3! 01! 0!
1,3A8&! O'AC+&3(! (9! "&1(",6(! (-&! 491,(,931! ; ,(-! "&14&6(! (9! (-&,"! ,3,(,08!
491,(,93s, as is done using ‘par.rangeX’!11&&!Q)Q)""QP)!#5(&"30(,<&$58! 93&!
+05!14&6,:5!03!8!g!Q!1,7&=1<&6(9°8! ; -&'&!8!,1!(-&!3C+%&"19:14&0d 18! 19!
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(-0(' &06-! "9;! 14&6,.,&1! (-&' §9;&' 03=! C44&'" %9C3=! 9:! (-&!
69''&1493=,3A1491,(,93)!

fit0.lw_rangeX:
S03A&!:9' (-&!4&0d!§,3& ; ,=(-!,3!=,+&31,93! a)! K-,1! 603! %&! A,<&! 01! 0!
1,3A8&! 0'AC+&3(! (9! "&1(",6(! (-&!$,3& 3 ,=(-1! 7 (! "&14&6(! (9! (-&,"! ,3,(,08!
linewidths, as is done using ‘par.lw_rangeX’ (see Q)Q)""VP)!#$(&"30(,<&S58!
93&! +05! 14&6,:5! 03! 8! g! Q! 1,7&=! <&6(9"8! ;-&'&! 8! 1! (-&! 3C+%&"! 9:!
4&0d18' 19! (-0(! &06-! "9 ;114&6,:,&1! (-&!$9 ; &'1 03=! C44&"1 %9C3=! 9:! (-&!
69"'&1493=,3A1,3& ; ,=(-)!
|

2.6. ‘shapesO0’ cell: User specified lineshapes
K-&!7?,(*48&6!:C36(,93!C1&1!4"&N60$6CI0(&=!§,3&1-04&1!(9!4&":9"+!16086CI0(,93!9:! (-&! 14&6(*0)!
K-,11 089 ; 1! :01(! 606CS0(,938! 03=! (-&'&:9"&! &::,6,&3(! 14&6(*C+! :,((,3A)! K-&! 4'&N60S6CI0(&=!
lineshapes are stored internally in the ‘shapesQ’ variable in ?,(*4&6B!'03=!+05!%&! 9%(0,3&=!
%5!(-&!C1&"1%5!1&((,3A!0!1&693=19C(4C(10"AC+&3(! ; -&3!60%,3A!(-&! ?,(*48&6!:C36(,93)!
[fit shapes@]=FitSpec(spec,par,..);
>:193&!1,11: (((3A!+CH(,48&! 14&6("0!(-0(10"&!06eC,"&=!03=!4"96&11&=!C3=&"!(-&!10+&!693=,(,931!
103=! -0<&! (-&! 10+&! (54&! 9:! 1,A308! =&6058! 1&&! Q)V)Q), then the ‘shapesO’ cell may be
recycled. Then, one may enter ‘shapesQ’ as a fourth argument to the ?,(*4&6!:C36(,93)!
fit=FitSpec(spec,par,fit0,shapes0);
Note that both ‘par’ and fitO’ may be replaced by [ ] if the user wants to omit these
0'AC+&3(1)!
! #=<036&=! C1&"'1! +05! 019! ;03(! (9! =&:,3&! (-&,"! 9; 3! §,3&1-04&1! (9! %&! C1&=! 3!
14&6("C+! : ((3A)! K-,1! ; §! 60C1&! ?,(*4&6! (9! ,A39'&! Of! 14&6,:,60(,931! 9:! 06eC,1,(,93! 03=!
4'96&11,3A! ,3:9"+0(,938! 01! ;&1 01! 1,A308! =&605! 11&&! 1&6(,93! Q)VPB! 03=! 1,+4$5! C1&! (-&!
1486,:,&=! 1-04&1)! This requires generating the ‘shapesQ’ structure independently and
4'9<,=,3A1,(101103!,34C(1(9!(-&!?,(*4&6!:C36(,93)!K-&!"&eC,"&+8&3(1!0"'&!=816" %&=!-&"&)!
!
! The ‘shapes0’ cell is a 1 x N cell, where N is the number of dimensions in the
148&6('C+)! K-&3B! &06-! element of the ‘shapesQ’ cell corresponds to a dimension
(‘shapes0{1} corresponds to dimension 1, ‘shapes0{2} to dimension 2, and so on). Each
element of the ‘shapes0Q’ cell the3!+C1(! -0<&! (-&!:,&=1!(-0(' 0"&! =&16",%&="%&S9 ; )! K-&1&!
A<&!(-&!06(C051$,3&1-04&18!03=!10§19!(-&!$,3& ; ,=(-1!03=!:"&eC&365!0g,1!:9"1&06-!=,+&31,93)!
shapesO{X}.f:
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K-,1111(-&!:"&eC&365!0g,1! 9:! (-&! 1-04&1! 1(*C6(C*&! 191 =,+&31,93! a)!>:!
=+&31,93!al 9:!(-&! 14&6('C+!%&,3A! :,((&=!-01!0!1,7&! 9:1"*1 g! 81 49,3(18!
(-&3!(-,1'0g,1! +C1(! -0<&!0!1,7&!9:1""1 g1 Q81 [ 49,3(1)! *&693=0" $58! (-&!
1406,3A! %&(; &&3! 49,3(1! +C1(! +0(6-! (-0(' 9:! (-&! 9",A,30§! 14&6('C+!
=,+&31,938103=!(-&!<05C&1! +C1(!%&!016&3=,3A)! ?,30858! (-&!49,3(!:9C3=!
31(-&1491,(,93!8 1 T!+C1(1%&!7&"9)!!

shapes0{X}.f0:!

! K-,1!,11 03! 0%%"&<,0(&="!:9"+! 9:! ‘shapesO{X}.f’, and always has three
entries (1 x 3). The first entry is the first value in ‘shapesO0{X}.f (the
§9;&1(! <0SC&P)! K-&! 1&693=! &3(*5! ,1! (-&! 1406,3A! %&( ; &&3! 49,3(1! ,3!
‘shapes0{X}.f". Finally, the last argument is the length of ‘shapesO{x}.f".!
K9!6086CI0(&!(-&!<05C& 1!, 3IWHKGHU/!

shapes@{X}.fo=...

[shapes@{X}.f(1) diff(shapeso{X}.f([1 2])) ...

length(shapes@{X}.f)];

shapesO{X}.lw:

K-,11,1101""1g!81<&6(9'19:1§,3& ; ,=(- 18! ; -&'&!8!,1!(-&!3C+%&"19:!=,::&"&3(!
§,3&1-04&1114&6,:,&=)11>314" 36,48&8!(-&!C1&"1+05!=&:,3&!(-,11,1(1-9 ; &<&"!
=&1,"&=)'K54,60%58! -9 ; &<&"8! (1,1!14&6,:,&=! ; ,(-! &eCO¥5! 1406&="<0§C&1!
"9+!119+&! +,3,+C+! (9! 19+&! +0g,+C+!§3&; ,=(-B! 03=! 1-9Ci=! -0<&!
19+&!1"&50(,931-,4! (9! (-&!%"&0=(-19:1(-&!§,3&)! 89(&! (-O(!<0§C&1! *&(C"3&=!
in fit.lwX’ and values used ‘par.lw_rangeX’ or ‘fit0.lw_rangeX’ refer to
(-,11<&6(9")!

shapes0{X}.IwQ:!

! This is an abbreviated form of ‘shapes0{X}.lw0’. The first value is the
initial value in ‘shapesO{X}.lw’, the second is the spacing between
values in ‘shapes0{X}.lw’, and the third is the length of ‘shapes0{X}.lw’.
>31:06(8!?,(*4&6!only uses the third value, so if values in ‘shapes0{X}.lw’
0'&!39(! &eCO%5! 1406&=8! 93&! +05! 1,+4$5! 4506&! 0! 7&'9! ,3! (-&! 1&693=!
&3("5)!

shapesO{X}.FWHM:!

! K-,11,110! "I g! 8! <&6(9"1 9:! 2CLW! <0iC&18! ; -&'&! 8!,1! (-&! 3C+%&"! 9:!
different lineshapes specified. Typically, this should give the ‘full width

at half maximum’ of each defined lineshape. Values returned in
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fit. FWHMX’ refer to this vector, and also this vector is used when an
,3,(,08!AC&11!,11+0=&!0(!(-&!%"&0=(-19:10!4&0d)!
shapesO0{X}.shape:!
! K-,110""05!1(9"&1!(-&!06(C0$!5,3&1-04&1)! J06-169IC+3!69"'&1493=1!(9!0!
different linewidth, so that if there are M elements in ‘shapes0{X}.f and
N elements in ‘shapes0{X}.lw’, then this should be an M x N array. For
&06-1§,3&1-04&8! (-&! +0g,+C+!,1!(54,6085! 1&(! (9! %&! :9C3=!0(! (-&! 7&"9!
position in ‘shapes0{X}.f. Also, each lineshape should be normalized
19!(-0(!,(1!+0g,+C+!,11938&)!
!
! When generating the ‘shapes(Q’ cell, one should take consideration of how the
=,1:&'&3(1&8&+&3(1!10"&!C1&=!%5!?,(*4&6)! c-&3!C1,3A!0!=530+,6!4&0d!$,1 (B! ?,(*4&6! 3&&=1!(9!
+0d&!,3,(,08' AC&11&1! 01! (9! ; -&'&! 4&0d1! 1-9Ci=! %&! 4506&=8! 03=! ; -O(! (-&,"!§,3& 5 ,=(- 1! 03=!
0+45,(C=&111-9C§=1%&)>319"=&"1(9!=9!(-,1B! ?,(*4&6!:,3=110!$960§! +0g,+C+B!03=!&1(,+0(&1!,(1!
FWHM and amplitude. It then places a peak from the ‘shapes0’ cell, which has a value in
‘shapesO{X}.FWHM'’ that is closest to the measured value, and also aligns the zero position
of the ‘shapes0{X}.f' to the measured peak position. Finally, it sets the a+4$,(C=&!&eC0$! (9!
(-&!'+801C'&=!0+4$,(C=&8! ; -,6-!'&eC,'&1!39"+05,7&=!480d! 1-04&1)' K-&'&:9"&8! ;! 93&! C1&1!
1-048&1! (-0(! =9! 39(! -0<&! (-&,"! +0g,+C+! 0! (-&! 6&3(&" 9:! (-& 4&0d! 139(! :9C3=! (!
‘shapes0{X}.f=0’), then initial guesses will be inaccurate. Similarly, if (-&' <0§C&1! 3!
‘shapes0{X}.FWHM’ are not corresponding to the measured width, then initial values will be
,3066C"0(&)!
! K-&1&!"&1("*,6(,93110"&!,:(&=B!-9 ; &<&'8!,:10!:,0&=14&0d!$,1(!,1!C1&=)'K-&3B! ?,(*4&6!=9&1!
39(! 3&&=! (9! +0d&! ,3,(,08' AC&11&1! O(! (-&' 4&0d! 491,(,9318! 19! (-&! 4&0d! +0g,+C+!=9&1! 39(!
38&&=!(9!69"'&1493=!(9!(-&!4&0d!6&3(&"'8!03=!(-&! ?2C LW!=9&1!39(!3&&=!(9!%&! ; &§'=&:,3&=!1,(!
still must be included in ‘shapes0’, but will not effect fitting quality). This allows one to use
1-04&1! (-0(! +,A- (1 %&! 145,(!,3(9! +9°&! (-03!93&!§960§! +0g,+C+B! 9'1 9(-&"! ,"*&ACI0"! 1-04&1)!
89(&! (-0(' A'0=,&3(! %01&=!:,((,3A! ; §!:03! ;1 6-03A&1! %&( ; &&3! 0=k06&3(!$,3&1-04&1! 0*&! 39(!
19+&; -0(1693(,3CoC1)!

2.7. ‘shapes’ cell: Recycling lineshapes for similar spectra

The ‘shapes’ cell is used to build! 1C%lI1486(°0! ,3! (-&! ?,(*4&6! *9C(,3&)! >(! 1! (-&"&:9"&!
calculated from ‘shapesQ’, and is expanded into all dimensions. For spectra with the same
06eC,1,(,93!103=1496&11,3A!40"0+&(&"18103=!(-&! 10+&!(54&!9:11,A30§8! =&605! 11&&! Q)VPB! 93&!

may recycle the ‘shapes’ cell to accelerate spectrum fitting (primarily useful when setup and
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actual fitting taking similar lengths of time). The content of the ‘shapes’ cell, however, is n9(!
=&16" %&="-&"&8!01!69"*&6(!6056CI0(,93!9:! (-&! 6&$! ,1!=,::,6CI(8! 03=!C33&6&110"5!:9"! (-&! C1&")!
One may obtain the ‘shapes’ cell, however, by setting three output arguments for the
?,(*48&6!:C36(,93)!

[fit shapes® shapes]=FitSpec(spec,..);
The ‘shapes’ cell!+05!(-&3!%&!,34C(!:9"1039(-&"!:,((,3AB1%C(!+C1(!%&!C1&=!,3!693kC36(,93! ; ,(-!
the ‘shapesO’ cell.!

fit=FitSpec(spec,par,fit0,shapes0,shapes);

As always, one may omit the ‘par’ and fitO’ variables by replacing either with []. !

3. Supplementary Programs

3.1. Data import and export

HC"&3($58! 14&6(*C+!,+49'(103=1&9g49°(!,1!1C449"(&=!:9" (-&'U'Cd& " K94*4,3! 03=! BWSF,4&!
:9"+0()! Jg49" (16040%,,(5!,3!(-,11:9"+0(10519!0%9 ; 11$90=,3A114&6("0!,3(9!(-&' HHF8!19:(; 0"&)!
K-&!aJ015!:9"+0(1:9'14&0d!5,1(11&g49"(,3A!,110§1911C449" (&=)!

3.1.1. getSpecBruker
K-,114'9A'0+!§90=1! 14&6(*0! :"9+! (-&! U'Cd&"! K94*4,3! :9'+0(p! ,3! 0==,(,93! (9! O%! "&$&<03(!
06eC,1,(,93!03=14"96&11,3A!40"0+&(&"1810669"=,3A! (9! (-&! =&:,3,(,931! A,<&3!,3! 1&6(,93! Q)™)!X(!
1-9Ci=1%&! 39(&=!(-0('39(! 0%! 40" 0+&(&"1=&:,3,(,931!,31K9414,3! &g06($5! +0(6-! (-91&! C1&=!,3!
the INFOS software. ‘getSpecBruker’ will fix the discrepencies, however. ‘getSpecBruker’
+05! %&! C1&=!%5! 1,+4$5! 14&6,:5,3A! (-&! =0(0! §960(,938! %C(! 0§19! -01! 1&<&'0§! 94(,931)! K-&!
1989 ; ,3A1:9"+0(!,1!C1&=":9"1§90=,3A!14&6("0/!
!
E1,3A108!=&:0C3(1/!
spec=getSpecBruker(location);
89(&!(-0(11960(,93'114&6,:,&1!(-&!§960(,93!0!:95=&"I1&,(-&"!(-&!!06eC,1,(,93!:9§=&"8!9"10!14&6,:,6!
4'96&11,3A!:95=&"N%C(139(!(-&!=0(0!: $&!,(1&5:1139(!(-&!Q"*!: §&8!:9" 1&g 0+ 43&P)!
!
U5!114&6,:5,3A10!140°(,6CS0" 1" 03A&!9:1(-&!14&6("C+/!
spec=getSpecBruker(location,range);
9'1%5!14&6,:5,3A118&<&'0§194(,931/!

spec=getSpecBruker(location,opt);



L&'&8! 93&! +05! 1,+485! §90=! (-&! 14&6(*C+!01! 18! (*C360(&! (-&! 14&6(*C+! 0669'=,3A! (9! (-&!
0'AC+&3(! ‘range’, or specify several options using the structure ‘opt’.!K-&!'0*AC+&3(1!:9"!

‘getSpecBruker’ are detailed here.!

location:

range.!

opt.range:

opt.proc_no:

opt.phase:

@3&!+05!14&6,:5!(-&!40(- ; 05!(9!(-&!:older containing the ‘pdata’ folder,
3! ;-,6-1601&! (-&! C1&"! +05! 14&6,:5! (-&! 4'96&11,3A! :95=&"! 3C+%&"! 3!
‘opt’, or the processing folder ‘1’ is used if unspecified. Alternatively,
93&! +05! 14&6,:5! (-&! :CH! 40(-! (9! (-&! 4'96&11&=! =0(0! :9%=&"8! ,3! ; -,6-!
601&!035!4'96&11,3A13C+%&"!,11,A39"&=)!

G,1(19:1(-&!89; &'103=1C44&"1%9C3=1!9:1&06-!:"&eC&365! 0g,1)! *4&6,:,&=!
01!1:9%9 ; 1/!

range=[LB1 UB1 LB2 UB2 ...];

where ‘LBX’, ‘UBX are the lower and upper bounds for each
=,+&31,93)!

Same as ‘range’ 0"'AC+&3()!

*486,:5!(-&!4"96&11,3A13C+%&'8101! 0! 3C+&",6!0"AC+&3(!1139(10! 1(*,3AP)!
@3$5!C1&=!,:1:C§140(- ; 05!(9!14"96&11,3A!:95=&"1,1139(IA,<&3)!

Set to 'y’ or ‘n’. Iflset to ‘y’B!(-&3!69+48&g!=0(0! ; $!%&!$90=&=!,3!0==,(,93!
(9! (-&! "&0S! <alued data. In the case of 1D spectra, ‘spec.S’ will be
complex valued. For 2D spectra, ‘spec.S’ will be real valued, but
additional fields ‘spec.Sri’, ‘spec.Sir’, and ‘spec.Sii’ will be loaded to
693(0,3!(-&!-54&"169+44&9!=0(0)! 29" IVR!14&6(" 08!93§5! (- &!69+43&g!=0(0!
in the direct dimension will be loaded, in ‘spec.Srri’. Higher dimensional
69+4$89'=0(0!,1!39(!6C""&3($5!1C449" (&=)!

3.1.2. getSpecPipe

K-,114'9A'0+!§90=1!14&6('0!:"9+!BWSF,4&! IR&S0AS,9!&(10§)! J. Biomol. NMR, YIVP, 277P8! 3!
==,(,93! (9! "&$&<03(!,3:9"+0(,93! 93! 4'96&11,3A)! #'AC+&3(1! 0'&! (-&! =0(0!§960(,93! 03=! (-&!
'03A&!19:1(-&!114&6("C+!(91%&!1§90=&=)!

location:

K-&140(- ; 05!(9!(-&14'96&11&=1=0(0!+C1(1%&!14&6,:,&=)!>:1=0(0!, 1! 1(9"&=!
31 +CH(, 498! 1 $&18! (-, 1! 0'AC+&3(! +05! %&! A<&3! ;,(-! 0! 3 §=60"=)! 29!
8gO+A588! 11 - 8811 0'&! (&L(™™"):(VB! (&L(" " Q):(VB! &(B)8! (-&3! (-&! $960(,93!
1-9Cs=1%&IA <&31011(&1(.):(V)!
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range:! G,1('9:!(-&!89;&"103=1C44& "1 %9C3=1!9:1&06-!:"&eC&365!0g,1)! *4&6,:,&=!
01!:9%9 ; 1/!

range=[LB1 UB1 LB2 UB2 ...];

where ‘LBX, ‘UBX are the lower and! C44&' %9C3=1! :9'! &06-!
=,+&31,93)!
E1,3A108!=&:0C3(1/!
spec=getSpecBruker(location);
*486,:5,3A!0!"03A&!

spec=getSpecBruker(location,range);

3.1.3. spec2Bruker
‘spec2Bruker’ writes spectra in the INFOS spectrum format into the TopSpin f9*'+0()!K-,1!
+05!%&!C1&=!(9!<,& ; 1%9(-!"&0§!14&6(*0!03=!60§6CI0(&="14&6("0!,3!9(-&"119:(; 0"&B!,3!40"(,6CI0"!
U'Cd&''K94*4,3!03='HHF8)! 89(&! (-0(!,:! 0! 14&6('C+! -01!%&&3!$90=&=",3(9! WHKG#U! ; ,(-!
A&(*4&6U'Cd&'B! 03=! (-&3! 1! §0(&"! &g49'(&=! %06d! ,3(9! K94*4,38! 935! (-&! 06eC,1,(,93! 03=!
4'96&11,3A! 40'0+&(&"1! C1&=! %5! >8?2@*! ; & %&! ;",((&3!,3! (-&! 3& ;! :5&B! ; -&"'&01! 9(-&"!
40'0+&(&"1!+05!(0d&!93!0"%,(*0"5!<0$C&1)1>34C(1:9"+0(!,1!01!:9%9 ; 1/!
!

spec2Bruker(directory, spec);
>1(-&!'=,"&6(9"5! (91 %&! ; *,((&3!(9!0§'&0=5!&g,1(1B!03=!(-&! C1&"! ;,1-&1!(9!9<&" ; *,(&! (! without!
%&,3A14'9+4(&=!139"+0§58!0! ; 0"3,3A14"9+4(!,11A,<&3P!

spec2Bruker(directory, spec,’overwrite’);
89(&!(-0(!(-&!:95=&"16"&0(&=! ; ,$!693(0,3!%9(-!06eC,1,(,93!03=!4"96&11,3A!: $&18!19!(-0(!,(!603!
%&!94838&=!,31K94*4,3! ; (-9C(! A&3&'0(,3A! &""9"1)! L9 ; &<&'B!' 935! (-&! 40" 0+&(& 1! C1&=! %5!
>87@*! ; $1%&!11&(169""&6(85!,3!(-&1&!: $&1)!"'spec2Bruker’ will not write imaginary data.!

3.1.4. XEasy write
‘XEasy_write’ generates a peak list file from the ‘fit’ structure for exporting peaks into other
4'9A'0+18!IC1,3Al(-&! XEasy!:9"+0()!E10A&!,1!01!:9%9 ; 18! ; -&"&!40(-!,1!(-&!$960(,93!:9'! ; -,6-!

the file will be saved, and ‘fit’ is the usual spectrum fitting variable.!

! W



XEasy_write(path,fit);

K9!6-03A&! (-&!9"'=&"19:1=,+&31,931!:9"(-&!9C(4C(!: $&8! 93&! +05!14&6,:5!03!9C(4C(19'=&",3A!
as a vector with the desired dimension order For example, ‘order=[1 3 2] will output the first
=,+&31,9319:1(=&!:,(1:, 18! (-&! (-, =!=,+&31,93!19:1(-&!:,(11&693=B!03=!(-&!1&693=!=,+&31,93!9:!
(=&:,((=,"=)!
!

XEasy_write(path,fit,order);
Finally, as with ‘spec2Bruker’, one may overwrite existing files without being prompted by
14&6,:5,3A!

XEasy write(path,fit,order,’overwrite’);
Here, ‘order’ may be replaced with ‘[ ], which will (-&3!C1&!(-&!=&:0C§(!9"=&",3A)!

3.2. Peak picking and linewidth measurement
>87@*!4'9<,=&1! <&'5! %01,6! 4'9A'0+1!:9' eC,6d5! 1&0'6-,3A! :9*14&0d1! 03=!:9"! +&01C",3A!
linewidths. This includes the ‘peaks_nD’ program, and the ‘FWHM_nD’ program.!

3.2.1. peaks_nD

‘peaks_nD’ retu’31!0%!$960§!+0g,+0!03=h9"!+,3,+0!0%9<&! 0! A <&3!(-"&1-9§=)!K- 1!(-"&1-9¢=!

is given as a variable, ‘cutoff’, which is the fraction of the maximum (or minimum) of the

spectrum that should be returned in the peak list. For example, if ‘par.cutoff=.05’, and t-&!

148&6('C+!+0g,+C+!,11"T" " "Bl (-&3! 08! 4&0d1! ; (-10+45,(C=&110%9<&! T7!; $1%&! "&(C*3&=)!

‘peaks_nD’, by default, will only return positive peaks, but one may specify the ‘sign’ as ‘+’,

‘~*, or “+=" which will return only positive, only negative, or both. T-&1&!94(,931!0°&!14&6,:,&=!

in the ‘par’ structure.! ‘peaks_nD’ then returns a list of peak positions (one for each

=,+&31,93P!0!§,1(19:1,3(&31,(,&1! O(! &06-!4&0d! 491,(,938! 03=! 0! {9A,608! ,3=&g! ;,(-!(-&' 10+&!

dimensions as the spectrum, with ‘true’ at each pead!491,(,93)!

!

par.cutoff:!  K-,11,11+C§(,49,&="%5!(-&!14&6('C+!+0g,+C+h+ 3,+C+!(9!=&(&"+,3&! (-&!

480d!(-"&1-95=)!89(&!(-0(!,:11&0"6-,3A!:9"138&A0(,<&!4&0d18!193&! 1(,$!C1&1!
a positive value for ‘par.cutoff. The exception is if one wants all
69360<&! =9 ; 3! 4&0d1! IC4 ; 0'=! 49,3(,3A! 4&0d1P! (-0(! -0<&! 0+4$,(C=&1!
A'&0(&" (-03! 19+&! negative! <OSC&B! (-&3! 93&! +C1(! 14&6,:5! 0! 3&A0(,<&!



6C(9::! 193&! +05! 0§19! =9! (-&! 10+&! :9'"! 69360<&! C4! 4&0d1! ;,(-!
0+4§,(C=&1%&11!(-03!19+&!491,(,<&!<0SC&P)!
par.sign:! *486,.,&1!(-&!1,A3!9:1(-&!4&0d1! (9!%&! 1&076-&=":9")!D,<&3! 01! 0! 1(*,3A8!
either ‘+’, ‘', or ‘+-'.1
89(&!(-0(!(9!"&(C*3lall'peaks of a given sign, one should specify ‘par.cutoff=MInf’, rather than
‘par.cutoff=0'8! 1,36&! :9'! &gO+45&8! 19+&! 491,(,<&! 4&0d1! 169360<&! =9 ; 3P! +05! 1(,$! -0<&!

38A0(<&10+44,(C=81)!

3.2.2. FWHM_nD
‘FWHM_nD’ returns an estimation of the full width at ha$:! +0g,+C+!9:!0! A <&3! 4&0d!§,1(8!
which may be generated with ‘peaks_nD’. For each peak, ‘FWHM_nD’ measures the peak
-& A-(8103=!(-&3!+9<&1!0 ; 05!:"9+!(-&!4&0d!,3!&06-!=,+8&31,93!03=!,31%9(-!=,"&6(,931B! C3( !
(1:,3=110!49,3(13&0"&1(1(9!-08:!(-&!0+45,(C=&!9:1(-&!4&0d)! ?9"10!A,<&3!4&0d!03=!=,+&31,938!,:!
(-&!=,1(036&!,3!%9(-!=,"&6(,931!,1! ; ,(-,3!Q "m!9:1&06-19(- & B! (-&3!(-&!=,1(036&!%&( ; &&3!(-&1&!
(;9149,3(1!,11A <&3!01!(-& 2CLW)! L9 ; &<&'B!,:193&!=,1(036&! 1! +9'&! (-03!Q~m!$0"A&"! (-03!
(-&!9(-&"8!(-&3!(-&!?c LW!,1!A <&3!01!Qg!(-&!1+08&"!=,1(036&)!K-,1!0((&+4(1!(9!0669C3(!:9"!
19+&!1=,1(97(,931!=C&!(9!4&0d!9<&'$041(9!93&!1,=&!9:10!4&0d)!89(&! (-0(139!5,3&0"14"&=,6(,93!,1!
C1&=! (9! O((&+4(! (9! 0669C3(!:9"1§,3& ; ,=(-! &""9"! :"9+! 14&6("C+!=,A(,70(,93)! K-&"&:9"&8! (-,1!
4'9A'0+!11-9C=19351%&!C1&=":9"1,3,(,081&1(,+0(&18!&<&3!:9"! ; &M, 1950(&="4&0d1)! E10A&!,1!01!
follows, with ‘peaks_nD’ being used to generate the initial peak list.!

par.cutoff=.05;

par.sign="+";

pks=peaks_nD(spec,par)

FWHM=FWHM_nD(spec,pks);
The output then includes a ‘FWHM’ for each dimension and each peak, and also returns the
0-+44§,(C=&19:1&06-14&0d)!
|

3.3. Spectrum manipulation

K-&!:9%9 ; ,3A1 4'9A'0+1! 0"&! C1&=!:9"1 +03,4CI0(,3A! 14&6("0! I(*C360(,3A8! 6056CSO(,3A! 15,6& 18!
&(6)PBI03=! ; $1+0,3(0,3!(-&!69"*&6(1:9"+0(19:!(-&!'spec’! 1(*C6(C'&!:9'1C1&!,3!19(-& 14" 9A"0+1!,3!
(-&»>8?@*!406d0A&)#§14"'9A'0+1! ; 9'd!193!14&6("0!9:10"%,("0"5!=,+&31,9305,(5)!



3.3.1. clip_spec_nD

The ‘clip_spec_nD’ program allows one to truncate a spectrum to a particul0*!"&A,93)!K-,1!,1!
called by providing the initial spectrum, followed by a range. The ‘range’ variable is a vector
with 2 entries for each dimension, order as [LB1 UB1 LB2 UB2 ...], where LBX and UBX
0'&! (-&!'§9; &'103=IC44&" %9C3=1!,3!44+!:9"1&06-!=,+&31,93)! ‘clip_spec_nD’ is called as
19§89 ; 1/!

spec=clip_spec_nD(spec@,range);

3.3.2.  proj_nD
The ‘proj_nD’ :C36(,93!4&":9"+110!4"9(&6(,93!06911!193&!9"1+9'&!=,+&31,931)! @3&!14&6,:,&1!
(-&!'=,+&31,9311P! (9! %&! "&+9<&=!<,0!'4"9k&6(,93!in a vector, ‘dim’, and optionally one may
4'9<,=&! (-&! "03A&! 9:! (-&! 14&6("C+! (9! %&! 4'9k&6(&=!9<&"! 1Q! &3(",&18! GU! 03=! EUB! :9"! &06-!
=,+&31,93!(9!1%&!4"9k&6(&=!9<&'P)!I>:Ithe ‘range’ variable is omittedB! (-&3!(-&!4"9&6(,931!10°&!
48"9"+&=106"911!(-&!&3(,"&!=,+8&31,93)!#§(&"30(,<&$58!4 " 9kj 3R!+05!%&!C1&="(9!9%(0,3!15,6& 18!
in which case one provides only one value per dimension in the ‘range’ argument. This will
"&(C"3!1(-&!115,6&!3&0"&1(!(9!(-&!A,<&3!:"&eC&365!491,(,93)!!
!
K919%(0,3!0!QR!4"9(&6(,93106"911!1(-&! ; -98&!Q71=,+8&31,93!19:10!VR!14&6("C+/!
spec2D=proj_nD(spec3D,2);
K919%(0,3!10!" R14"9(&6(,93106'911140" (19:1(-&!""1103=1Q%1=,+831,93119:I0IVR!148&6("C+/!
speclD=proj_nD(spec3D,[1 2],[40 70 100 105]);
K9! 9%(0,3! 0! ""R! 1$,6&! :*9+! 40"(,6C30"! 491,(,931! ,3! (-&! Q*103=! VI =,+&31,931! 9:! 0! VR!
1486("C+!
speclD=proj_nD(spec3D,[2 3],[50 103]);

3.3.3. slice_nD

The ‘slice_nD’ function extracts slices from one or more dimensions in a spectrum. It

C($,7&1!§,3&0"! 4'&=,6(,93! C3$&11! (-&! 15,6&! (9! %&! &g(*06(&=! &gO6($5! +0(6-&1! 0! :*&eC&365!

491,(,93!,3!(-&!9",A,308! 14&6('C+)! To avoid using linear prediction, use ‘proj_nD’! ; (-193&!

:'&eC&365! 491,(,93! 4&' =+&31,93)! ‘slice_nD’ requires an argument specifying the

=,+&31,9311P! (9! &g("06(! 1§,6&1! :"9+8! 03=! 0! 1&693=! O'AC+&3(! 14&6,:5,3A! (-&! :"&eC&365!

491,(,9311P10(! ; -,6-1(9'&g("06(!(-&!15,6&1)!

!

K919%(0,3!0!"' R!1§,6&!:'9+!0IVR!148&6("C+8l0(1491,(,931!,3!(-&!""103=1V 1= +&31,931/!
speclD=slice nD(spec3D,[1 3],[45 110]);



3.3.4. add_spec_nD
The ‘add_spec_nD’ function sums a series of spectra together. If the spectra do not have
&g06(55! (-&!10+&!1&(19:!:'&eC&365! 0g&1B! (-&3!(-,1!:C36(,93! ; %! 606CS0(&! 0! 69++93!1&(19:!
0gé&1! 03=! §,3&0"5! &g(*04950(&! (-&! 0+4,(C=&1! ,3! (-&! ,3=,<,=CO8! 14&6(*0! (9! 9%(0,3! (-&!
0+4§,(C=&!:9"1(-&!69++93!1&(19:!0g&1!%&:9'&! 0==,3A! (-&! 14&6("0! (9A&(-&")! #6eC,1,(,93!03=!
4'96&11,3A140"0+&(&"1! ; $!1%&!(0d&3!:"9+!(-&!:,"1(114&6('C+! 3! (-&! 1&" &1 39(&! (-O(10==,3A!
14&6('0! (9A&(-&" ;,(-! =::&"&3(! 06eC,1,(,93! 03=! 4'96&11,3A! 40'0+&(&"1! ; 3! §&0=! (9! $&11!
*&5,0%8&!:,((,3A)!#! ; & A-(1+05!05191%&!,365C=&=)!
!
K9!9%(0,3!0!'1C+19:114&6(*0!1(9"&=!,3!0!6&5!

spec_sum=add_spec_nD(spec_cell{:});
K9!(0d&!(-&!=,::&"&36&!9:1(; 9114&6("08!C1,3A!0! ; & A-('0"AC+&3(!

spec_diff=add spec_nD(specl,spec2,[1 -1]);

3.3.5. combine_specs

The ‘combine_specs’ function takes a series of spectra and combines them into a single
14&6("C+B! %5! 0==,3A! 0! =,+&31,93! (9! (-&! 14&6('0)! K-&'! 0==,(,930§! =,+&31,93! ,1! A,<&3! 0!
:'8&eC&365!0g,1!(-0(!,111,+4$5!3C+%&"&=":"9+!1""1(9!(-&! 3C+%&"19:114&6("0)! E1&:CS!:9"1459((,3A!
01&"&119:1QR!14&6(*0!01!0VR!459()!

spec=combine_specs(specl,spec2,...);

3.3.6. baseline _corr

K-,1!"baseline_corr’ :C36(,93!+&01C"&1!(-&!0<&'0A&!0+45,(C=&!9:10!"&A,93!19"1"&A,931P! ; -,6-!

0'&!14&6,:,&=1011%01&$,3&! "&A,931!%5! (-&! C1&"8!03=!(-&3!69""&6(1! (-&! 14&6(*C+!19! (-0O(! (-&!

0<&'0A&!0+45,(C=&!9:!(-&1&!"&A,931!,117&"9)! L0<,3A!%018$,3&!69""&6(&=!14&6("0!,1!,+49"(03(!

:9°139,1&!=&(&"+,30(,93!%&:9"&!:,((,3AB! 0§(-9CA-139(&! (-0(1499"1%01&$,3&!,19:(&3!,3=,60(,<&!9:!

§0"A&"14796&11,3A19'106eC,1,(,93!4"9%i&+1)!!

!

K91%01&$,3&!69""&6(!0!QR!14&6("C+B! ; - $&!14&6,:5,3A1(; 91%01&5,3&!"&A,931!
spec=baseline_corr(speco,{[80 120 80 120],[80 100 140 160]});

3.4. Spectrum generation
>82@*14'9<,=&1!(; 914"9A"0+1!:9"160$6CI0(,3A! 14&6("0! 9C(1,=&! 9:1(-&! ?,(*4&6!:C36(,93)! K-&!
5,'1(1,11:9"16086CI0(,3A! 14&6("0!:"9+!10!1§,1(19:14&0d!491,(,9318!$,3& ; ,=(-18!03=!,3(&31,(,&18!' 03=!



(-&! 1&693=! 4'9A'0+! 1! :9'! A&3&'0(,3A! 14&6('C+! 39,1&! 0669'=,3A! (9! 4'96&11,3A! 03=!
06€C,1,(,93140'0+&(& 1)!!!

3.4.1.  FullSpecCalc

The ‘FullSpecCalc’ function generates spectra from a list of peak positions, linewidths, and

3(&31,(,&1!:9"10"%,("0"5! 14&6("C+! =,+8&31,931)! K-,1! ,3:9"+0(,93!,1! 4'9<,=&=! 31 0! 1(*C6(C"&8!

‘spec_par’. Then, ‘spec_par must have fields ‘spec_par.l’ to specify the intensity, and for

each dimension, X, it must have the field ‘spec_par.deltaX’ to specify the position and

either ‘spec_par.lwX’ or ‘spec_par.FWHMX’ to specify the linewidth)!K-&1&!:,&=1!:9%9 ; 1!(-&!

10+&!:9"+0((,3A! 01! ,3!the fit' variable (section Q)Z)"P)! @3&! +C1(! 0§19!4°9<,=&!4'96&11,3A!

03=106eC,1,(,93!,3:9"+0(,938!03=!1,A30§!=&605!,3:9"+0(,93!11&&!1&6(,93! Q) VP)!K -, 11,114 9<,=&=!

in a ‘par’ variable, which contains fields ‘par.dX’ for each dimension, X (see section Q)V!:9'!

:9"+0((,3AP)! Alternatively, one may provide a ‘shapesQ’ structure, either being user

A&3&'0(&="11&&!1&6(,93!Q)YPBI9"IA&3& " O(&=1%5!?,(*4&6)! ?,30%58! (-&!89 ; &1(144+1<05C&!,3!&06-!

=+&31,93! +C1(!%&! 4'9<,=&=!,3!0!<&6(or, ', so that " has one entry for each dimension.

This is required because the ‘par’ variable or the ‘shapesQ’ variable provide information on

1486('C+1%'&0=(-103=!3C+%&"19:149,3(1!,3!(-&!14&6(*C+B!%C(!1=9139(114&6,:5!,(1!491,(,93)!

!

K9!60§6C50(&!0!'14&6trum from ‘spec_par’ and ‘par’ variables:!
calc_spec=FullSpecCalc(spec_par,par,f);

To calculate a spectrum from ‘spec_par’ and ‘shapesQ’ variables:!
calc_spec=FullSpecCalc(spec_par,shapeso,f);

!

Alternatively, if the ‘spec_par’ variable can be replaced by a fit’ variable (the output from

‘FitSpec’). Then, INFOS can determine ‘¥ and ‘par’ from information stored in fit' (assuming

(1 -011 39(! %&&3! =&$&(&=! %5! (-&! C1&'P)! K-&! C1&"! +05! &=,(! (-&! 491,(,9318! ,3(&31,(,&18! 03=!

linewidths in the fit’ to calculate diff&'&36&1!,3!(-&!14&6("C+)!!

3.4.2. noise_gen

The ‘noise_gen’ function generates 0!14&6("C+!9:139,1&)'K-,1!,11=93&!%5!(0d,3A! ; -,(&!39,1&!
139"+0%5! =,1(",%C(&=8! C369""&0(&=P! ,.3! (-&! (,+&!=9+0,3!03=14"'96&11,3A! ,(10669"'=,3A! (9! (-&!
06eC,1,(,93! 03=14"96&11,3A! 40"0+&(&"1!:9"1 0! A <&3! 14&6('C+)! #6€C,1,(,93! 03=!4'96&11,3A!
information is provided in a ‘par structure, which contains the fields ‘par.dX’ for each
=,+&31,93!a)!'K-,1!,11=&16"%&=",3! 1&6(,93! Q)VB! 0§(-9CA-!39(&! (-0(! 39!,3:9"+0(,93! 93! 1,A30¢!
=&605! ,1! 3&6&110'5)! K-&!' "&1CY(! ,1! (-&3! <&'5! 1,+50"! (9! 14&6('C+! 39,1&8' 03(-9CA-!

! VL



=,16"8&4036,&1! +05!'966C"! %&60C1&! 9:! (-&!4'&1&36&!9:10°(,:06(18! 03=!035! :"&eC&365! : §(&",3A!
5.(—-31(-&114&6(°08! ; ,=(-)! The format of the output of ‘noise_gen’ follows that of all ‘spec’
<0",0%$&1!11&&!1&6(,93!Q)"'P)! 89(&! (-0(! (-&!:"&eC&365!0g&1!0&!0%,("0"58! 19! (-&5! ; ,§!0§ ; 051!
%&!6&3(&"'&=10(!0!:"&eC&365!9:17&'9)! The noise returned by ‘noise_gen’ will always have an
"+119:1")!

!

K9!A&3&'0(&!0!39,1&!14&6("C+/!

noise_spec=noise_gen(par);

! 89,1&!A&3&'0(,93!,1!C1&:Cs!:9"1<,1C081&<08CO(,93!19:!:,(1eC0§,(5)'K-,1!,11%&60C1&! (-&!: 9" +!
9:1(-&!'14&6('C+!139,1&! -&0<,$5!,3:§C&36&1! (-&! 044&0°036&! 9:1§,3&1-04&1! ; (-1§9 5 11,A308! (9!
39,1&)!?C*(-&"+9"&B! (-&! ?,(*4&6!:C36(,93!+05!94(1(9!:,(10!14&6(*C+!:&0(C"&! (-0(1044&0" 1! (9!
%&! (-&!"&1C5(19:19<&"5044,3A!1 4&0d1! ; ,(-19385! 0! 1,3A8&! 4&0dB! 03=! ; -&3!0!:,(1,1!1<,& ; &=! 5 ,(-!
14&6("'C+139,1&8!,(1%&69+&1!0440"&3(!(-0(!(-&!:&0(C"&!,115,d&$5!(91%&!0!"&1CH(19:10!1,3A8&!4&0d!
03=!14&6("C+!39,1&)! K-&!:9%9 ; ,3A! &g0+4§&! =&+931(*0(&1! -9 ;! (9! A&3&'0(&! 0! 6036CI0(&=!
1486('C+!;,(-139,1&!10:(&"114&6("C+!:,((,3A)!89(&! (-0(!,:1?,(*4&6!"C3110!39,1&!&<05CO(,938! (-&3!
the output variable, fit’, contains the rms of the ,34C(114&6(*C+)!
!

fit=FitSpec(spec);

calc_spec=fit.spec;

noise_spec=noise_gen(calc_spec.par);

calc_spec.S=add_spec_nD(calc_spec,noise_spec,[1l fit.noise.rms]);

L&'&B! ; &! -0<&! (0d&3! (-&! :,((&=!14&6("C+!9C(! 9:! (-&! "&1CH(1! :"9+! ?,(*4&6)! K-&3B! 0! 39,1&!
14&6("C+!,11A&3&"0(&=B!C1,3A! (-&!06eC,1,(,93!03=14"96&11,3A1 40" 0+&(&"1! 9:!(-&! 60$6CI0(&=!
1486('C+!1(-&1&!0&! (-&! 10+&! 01! (-&! 9" A, 308! 14&6(*C+P)! ?,30858! (-&! 60§6CI0(&=! 14&6(*C+!
and the noise spectrum are added together, using ‘add_spec_nD’ (section V)V)zPs! ; ,(-!0!
5 &A-(19:1"1:9"1(-&!6096CS0(8=114&6("C+!103=10! ; & A—(19:!(-&!14&6("C+ISW*II:,()39,1&)"+1P!:9"!
(-&!39,1&!14&6(*C+B!19!(-0(!(-&!153(-&(,6!14&6(*C+!-01!(-&!10+&!39,1&!§&<&§!01!(-&!9",A, 308!
8g48&",+&3(05114&6('C+)!

3.5. Plotting
>3! 0==,(,93! (9! 4'9<,=,3A! 0! <0",&(5! 9:! :C36(,931! :9"! :,((,3A8! >8?@*! 0519! 4'9<,=&1! 1&<&"0Of!
A'04-,60§14"9A'0+1!:9"<.& ; ,3AIQR!03=!VR!14&6("0)!



3.5.1.  quik_2Dplot

‘quik_2Dplot’ plots 2D spectra using default settings, or according to user specified settings,
provided in a ‘plotpar’ variable. Note that ‘quik_2Dplot’ supports overlaying spectra! 3!
$9A0",(-+,6!'+9=&!l,:!(-&!Cler specifies ‘hold all’ for the axis), and by default will change the
459((,3A1699°1:9"13& ; 114&6(*0)!

plotpar.n_contours:

! * 3Ai&!,3(&A&"1C1&=1(9!14&6,:5!(-&! 3C+%&"19:1693(9C"18&<&$1! (91%&! C1&=!
31489((,3A)!

plotpar.cutoff:!

! * 3Ai&! <0SC&! %&(;&&3! "1 03=! "I (9! 148&6,:5! (-&! +,3,+C+! 14&6('C+!
0+4§,(C=&!(9'4$9(8!01!0!:"06(,93!9:!(-&! +0g,+C+!19:!(-&! 14&6("C+)!1>:1 1&(!
(9103!0"05! ; ,(-1(59'&3(",&1M%9(-!%&( ; &&3! ~103=!""PBI (-&!:,"1(1&3("5! ; !
1486,:5! (-& +,3,+C+! 0+45,(C=&! (9! 49(! 03=! (-&! 1&693=! &3(*5! (-&!
+0g,+C+!10+45,(C=&!(9!4$9()!!

plotpar.mode.!

! String specifying the plotting mode, which is either linear (‘linear’) or
logarithmic (‘log’).!

plotpar.colormap.!

! G,1(19:169§9"1! C1&=!,3! 459((,3AB! 14&6,:,&='01! 03! 8! ¢! V! 0**058! ,3! SDU!
:9"+0()!G9AQ",(-+,6!489((,3A! ; $193§5!C1&!Q!69§9"1!1Q!g! VIO 058!:,"1(1"9 ; !
:9°1491,(,<&8!1&693=!"9 ; 1:9"13&A0(,<&!0+45,(C=&1P!

plotpar.range:

S03A&! 9:! (-&! 14&6("C+! 459()! *-9Cs=! %&! ,3! (-&! 9"=&"1 oGU""I EU™"! GUQ!
EUQy)!

plotpar.dim: String specifying the plotting order. Default is ‘21°, which places
=,+&31,93!""193!(-&!5l0g,1)!

plotpar.scaled:!

! String, set to ‘y’ or ‘n’. This is used for overlaying spectra. When set to
‘y’, overlayed spectra will take on the same contour levels as the
4'8<,9C1! 489((&=! 14&6('C+! 19! (-0(' 0+4§(C=&! 69+40'1931! 0'&!
1("0,A-(:9"; 0"'=)! R&:ault setting is ‘n’, but when set to ‘y’, this will
override ‘par.cutoff and ‘par.n_contours’ settings.!

!

For a plot with user settings in ‘4§9(par’:!

quik_2Dplot(spec,plotpar);



3.56.2. qk_3Dplot
‘gk_3Dplot’ allows quick plotting of slices of a 3D spectrum as a 2D 4§9()!@3&!14&6,:,&1!(-&!
plotting settings the same way as for ‘quik_2Dplot’ (V)T)"P)! K-&! 935! &g6&4(,93! ,1! (-0(!
‘par.dim’ must be a string with 3 numbers (‘321’ is =&:0C§(P)!K-&!:,"1(!(; 9'§,1(&=!=,+&31,931!
5 91%&! 459((&=8'03=!(-&! 1§,6&! ,1! &g(*06(&=!:"9+! (-&! (-,"=!=,+&31,93)! @3&! +C1(! 0==,(,930%5!
1486,:5!(-&!:"&eC&365!,3!(-&!(-,"=!=,+&31,93!(9!%&!&g("06(&=)'#!"03A&! +05!0§191%&! 4$9((&=B!,3!
;—,6-1601&!03!9<&"505! 9:1 08! 14&6(*0! ; (-, 3! (-&!A,<&3!"03A&! ; §!%&!=,14305&=)! U5! =&:0CS(B!
gk_3Dplot will set ‘plotpar.scaled’ to ‘y’, so that overlaid plots will always have the same
693(9C"15&<&$1)!
!
K9!4§9(10115,6&!%&( ; &&3!:'&eC&365!491,(,931!"** " 103=!"""""144+/!

gk _3Dplot(spec,par,[110 111]);

3.5.3. gk _iso3Dplot

‘gk_iso3Dplot’ creates a 3li=,+&31,930§!<,1C0§,70(,93! 9:! 0! VR! 14&6(*C+)!>191C*:06&1! 9:! (-&!

148&6("C+!10"&!=,145058&=!:9"10!40"(,6C0"114&6("C+!10+43,(C=&!10%!49,3(1!,3!(-&!14&6('C+! ; ,(-!0!

A<&3!0+4§,(C=&!0"&!1-9; 3!01!10!'1C":06&P)!K-,1!,1!1et with the ‘level’ variable. K-&!C1&"!+05!

1486,:5!:.C*(-&"11&((,3As in the ‘plotpar’ variable.!!

!

Plotting if ‘plotpar’ structure is provided:!

gk_iso3Dplot(spec,plotpar);
FSO((,3A! ;- $&! 93§5! 4'9<,=,3A! 0! §&<&HB! -&"&! ;,(-! %9(-! 491,(,<&! 03=! 3&A0(,<&! 0+45,(C=&1!
(‘level=[I.4 .4])!
gk_iso3Dplot(spec,[-.4 .4]);
!
The fields of ‘plotpar’ are described below.!
level: K-,11693("9%1! (-&!$&<&$!19:1(-&!,191C*:06&)' K-,1!,11A,<&3!01!0!:"06(,93!9:!

(-&!+0g,+C+!114&6('C+!0+45,(C=£8!03=!19!1-9Cs=! (0d&! 93! 19+&! <0IC&!
0&(; &&3! N1 03=! "1 171 11 4'9- %,(&=P)! #! 491,(<&! <0SC&! ; M "&1(*,6( (-&!
459((,3A! (9! 491,(,<&! 0+45,(C=&18! 14&6,:5,3A! (! 01! 3&AO(,<&! ; %! "&1(",6(!
459((,3A! (9! 3&A0(,<&! 0+45,(C=&1)! @3&! +05! 0§19! &3(&"! (; 9! <0sC&1! ,3(9!
‘plotpar.level’ (one positive, one negative) to plot both p91,(<&! 03=!
3&A0(,<&! 0+45,(C=&! 4&0d1)! U5! =&:0C§(8! 93$5! 491,(,<&! 0+4$,(C=&1! 0'&!

plotted, which are 30% of the spectrum maximum (‘plotpar.level=.3’).!



plotpar.level:!Same as ‘level, but entered into the ‘plotpar’ structure to allow control
9:19(-&"11&((,3A1)!

plotpar.color:'K-,11693(*9§1!(-&!49((,3A169§9"19:1(-&!14&6(*C+)!I3(*5! 1-9Cs=1%&!0!"*Ig!V!
0"'05!,:193§5!C1,3A1491,(,<&!9"193§5! 3&A0(,<&!4&0d1)! @(-&" ; ,1&8!,(11-9C8=!
%&!10!Q!g!VI0"058!:9"! ; -,6-1(-&!:,"1(1"9 ; 1A <&1!(-&!491,(,<&!6959"!,3! SDU!
:9"+0(8!03=!(-&!1&693=!"9 ; 1A <&1!(-&!3&A0(,<&!6959")!

par.dim:! This string gives the plotting order of the dimensions. Default is “123’.!

par.range:  K-,11<&6(9°1148&6,:,&1!(-&!"03A&! (9!%&!4§9((&=)!*-9Ci=1%&!0!"*Ig!Y!<&6(9"!
5.(-19"=&"GU"IEU""IGUQ!EUQ!GUV!IEUV))!

3.5.4. slice_disp
The ‘slice_disp’ program is a tool for viewing and extracting 1D slices of a 2D spectrum.
One executes ‘slice_disp’ exactly the same way as ‘quik_2Dplot’ (see V)T)"), using a ‘spec’
variable and a ‘4§9(par’ variable. ‘slice_disp’ will then show the spectrum, but also includes
"R!4§9(1!0%9<&! 03=1%&1,=&! (-&! 14&6('C+)! K-&1&!,3,(,085! 1-9 ; ! (-&! 4" 9k&6(,93! 06'911! &06-!
14&6('C+! =,+&31,938! %C(! (-&! C1&"! +05! (-&3! 65,6d! 93! (-&! QR! 14&6(*C+! (9! 9%(0,3! 15,6&1!
(-"9CA-1%9(-!=,+&31,931)! 291 799+ ,3A8! 93&! +05! C1&! (-&! WHKG#U! 799+!1(99§! 01! C1CO3)!>3!
order to store the slices, one must call ‘slice_disp’ with one or two outputs, and ‘slice_disp’
5 81089 ; 1 (-&! C1&"1(9!18$86(10149,3(!,3! (-&! 14&6("C+1(9!15,6&)! c -&3!1(9",3A! 1&5&6(&=! 1§,6&18!
(he program will terminate after the user responds ‘y’ on the command line.!
!
K9!1(9'&!%9(-!""R!1§,6&1!,3!10!6&3/!

slices=slice _disp(spec,plotpar);
K9!1(9'&!&06-115,6&!1&40"0(&S5/!

[slicel slice2]=slice disp(spec,plotpar);
K9!=,14505!1,681! 5 ,(-9C(11(9",3Al(-&!"&1CH(1/!

slice disp(spec,plotpar)

3.6. Additional fitting programs
3.6.1.  FitEditor2D
K-&!?,(J=,(9"QR!,1103! 3(8&'06(,<&! 4'9A"0+! C1&=!:9"1<,& ; ,3A! 03=! &=,(,3A! QR! 14&6("C+! :,(1)!

@3&!+05!60%! ?,(J=,(9"QR!with the variable ‘fit’, which is the output of the ?,(*4&6!4'9A0+)!
==,(,930§5!93&! +05!94(,93085! specify plotting parameters (‘plotpar’), as are described for
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the ‘quik_2Dplot’ program (section V)T)"'P8!03=!603!94(,930%5! provide the ‘shapes0’ variable
11&6(,93!Q)YP)!!
FitEditor2D(fit,plotpar)

@36&! 60%&=8! ?,(J=,(9"QR! ; %! 94&3! : AC'&1! Q! 03=! Q"'B! 03=! ;! -0<&! (-& :9%9 ; 3Al
044&0'036&/
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2AC' &1 Q1 I(=&1 ;" 1(! 2 AC &PB! =, 1450511 (-&! &g4&" +8&3(05! 14&6("C+B! 03=! (-&! *&1,=COf! 9:! (~&!
1486("C+! 1,(B O1! ;&1 01! 0! 693("981! 9:1 (-&! ?,(J=,(9'QR! 4'9A'0+)! 2,AC'&! Q"' 1-9 7 1! (-&!
B0SBCI0(&=!14&6('C+)1#481450(1!,365C=&!01693(9C"1459(!03=10!160((&"1459(19:108149,3(18!03= (=&




‘current’ point ,1!,3=,60(&=! ; (103! a)! 89(&! (-0(1:9"1 14&6(*0! 5 (-1 +035!480d1! 1" PBl (-&!
WHKGHU!160((&"1459(1%&69+&1!,3&::,6,8&3(103=119!(-, 11+05!%&!1159 5 )!

! K-&'&10'8118<8"081693(" 951! 31(~&! ?,(J=,(9"QR!4"9A"0+B! 7 6! 7 &1=816" %&!-&"&)1#19!
39(&! (-0(1 0%! (-"&&! 459(11 0"&!  3(&'06(,<&3! 03=!603!%&! 65,608=! 93! (9! 185&6(! 4&0d 18! 9'! (9! 45068/

3&;14&0d1)!
Buttons:
Add Peaks:!

K-, 11%C((93'83(&"1!(-&!480d!0== (,931+9=8)1>3! (-&!4&0d! 0==,(,93! +9=&3!

806-1+9C1&! 63,6d! 93! 035! 9:1 (-&! 489(1! 7 §! 0==! 0! 3& 3! 4&0d! O(! (-O(!

491,(,938! 7 ,(-1(-81$,3& 5 ,=(-103=!,3(&31,(5!&1(,+0(&=%5!(-&!4"9A'0+11603!

%&! C18" &=,(&=! 0:(&'! 0==,(,93P)! H5,6d! ‘Add Peaks’ 0A0,3! (9! &g,(! 4&0d!
==(,93!49=8)!

Remove Peaks:IK-11%C((93! 5 §!"&+9<&!(~&!6C""&3($5!18&6(&=14&0d)!

Undo:!

Recalculate:!

Fit:!

Quit:!

Entry Fields

K-,1! ; §! C3=9! (-&!$01(! C1&"! 06(,93! 14&0d! 0==,(,93p! "&+9<08! &=,(,3AP)!
89(&! (-0(! ,:! 1&<&08! &=,(,3A! 1(&41! 93! 93&! 4&0d! -0<&! %&&3! +0=&!
1C%1&eC&3($5B10%! ; $1%&!C3=93&)!#§198!C3=9!,3!4&0d!0==,(,93!+9=&!9345!
;9'd1!011$93A!01!193&!"&+0,31!,3!(-,1!4+9=&)!

K-11 ; %! "&hMdso(! (-&! 14&6('0! 0:(&"! &=,(,3A)! K-,1! =9&1! 39(! -044&3!
0C(9+0(,60%5! 0:(&"! &=,(,3A! %&60C1&! (-&! WHKGHU! 459((,3A! 1! 19+¢& ; -0(!
159 ;8 19! (-&! C1&'! =&0%5! 603! (0d&! 1&<&'0§! &=(,3A! 1(&41! %&:9'&!
"&6036CI0(,3A)!

K-11 ;8. (-& 14&6("C+B! C1,3A! (-&! FO'(,082,(! "9C(,3&B! ;-&'&! (-&!
?,(3=,(9'QR!:C36(,93! ; $!1=&(&"+,3&! ; -0(!"03A&!(9!"&:,()I>:!(-&!C1&™! ; 03(1!
to refit the full spectrum, the the ‘Full Fit’ check box 1-9Ci=1%&!1&$&6(&=)!
K-,1!1+05!%&! 38&6&110'5!:9"! -&0<,$5! 9<&'$044&=""&A,931! IC1&! ;:!:,(' A&(1!
;9'1&! ; -&3!(-&!407(,08! :,(1, 11 "C3P)! *&((,3AL!:9" 1 ((,3AI C1&! &,(-&" 1 =&:0CY(!
settings or settings controlled by the user via the ‘Fit Par’ entry field
11&&1%&59 ; P)!

K-1'eC,(1!(-&!?,(J=,(9"QR!4"9A'0+)! E493!&g,(B! (-&!4"9A"0+! ; §!19C(4C(!
(-&! 6C*"&3(! :,(8! &,(-&"! 01! 0! <0*,0%$&! 30+&=! ‘FE2D_fit’, or in a user
specified name, which is entered in the ‘Output’ entry field. Also, this
5 $16&0"1(-&!+&+9"5!C1&=1%5!?,(J=,(9"QR)!!

I, deltal, delta2, Iw1, Iw2:!

K-&18&! :&=1! A<&! ,3:9'+0(,93! 0%9C(! (-& 6C'"&3($5! 1&&6(&=" 4&0d!
10+45,(C=88! 491,938 03=! §3&;,=(-P)! K-& CI1&1 +05! 0§19! &3(&"!
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,3:9"+0(,93!,3(9!(-&!:,&=11(9!&=,(! (-&!6C" " &3($5! 1&$&6(&=!4&0d! 114&6(*C+!
5 8139(1C4=0(&!,++&=,0(&$58!0§(-9CA-!+0"d&"! ; ,§%P)!

Plot Par:! K-,11:,&5=10%9 ; 1! (-&! C1&"1 (9! C4=0(&! (-&! 459((,3A! 1&((,3A1!=C*,3A! C1&!9:!
(=& (Y 4"9AT0+! 11&&! 1&6(,93! V)T)"'! :9"! 0! =&16",4(,93! 9:! (-&! 439((,3A!
settings). One may generate and edit a ‘plotpar’ variable on the
69++03=1§,3&)!@3&! (-&3!1-9Ci=1&3(&"! (-&!<0",0%5&! 30+&!,3!(-,1!:,&8=!(9!
"&M4S9(1(-&!148&6("0! ; ,(-13& ;1 1&((,3AL)!>(1,11081914911 %s&! (9! A&3&"O(&! (-&!
4§9(40'! <0",0%3&! ,3! (-&! ;,3=9 ;B! %5! 6931(*C6(,3A! 0! 1(*C6(C"&! ;,(-! (-&!
‘struct’ function.!

Fit Par: K-,1!:,&5=10%9 ; 1! (-&! C1&"1 (9! 693(" 98! (-&! :,((,3AI L&((,3AL! 9:1 (-&! ?,(*4&6!
4'9A'0+. One may create a ‘par’ variable at the command line!9*!C1,3A!
the ‘struct’ function in the ;,3=9;B! C1,3A! (-&! 1&((,3A1! =&16",%&=!,3!
1&6(,93!Q)QB!03=!&3(&"!,(1!130+&!,3(9!(-,1!:,&5=)!

Output:! K-1!:,&5=10%9 ; 1!(-&!C1&"1(9!6'&0(&!0!<0",0%$&! (-0(1693(0,31!,3:9"+0(,93!
93! (-&! 6C*"&3(! :,()! E493! &3(&",3A! 0! 30+&! -&'&B! ?,(J=,(9'QR! ; %!
,++8&=,0(&5! 9C(4C(! (-&! 6C""&3(! :,(! (9! 0! <O, 0%$&! ; ,(-!(-&!' A,<&3! 30+&)!
#§1981 C493!1 &g, (8! (-&! 6C™ " &3(! (! 5 91 %&! 5 *,((&3!(9! (-&! <0*,0%5&! 14&6,:,&=!
-&'&) K-&'&:9"&8! ;! (-&! C1&"! ; 03(1! (9! 1(9'&! =,::&"&3(! :,(18! (-&5! 1-9Cs=!
6-03A&! (-&!30+&! -&"&! %&:9"&!1 4"9A'0+!1&g,(M19(-&" 5 ,1&! (! ; $19<&" ; *\(&!
(-&1801(!:,(P)!

Other Fields
int:! D,<&1!(-&!4&0d!,3(8&A"05)! @3$5! 6086CI0(&=" 0:(&"! 14&6("C+!:,((,3AB! 19! (-O(!
&=,(&=19"13& ; §5!0==&=14&0d1! ; $!39(!-0<&!C4N(9M=0(&!,3(&A"05!<0SC&1!
index:! D,<&1! (-&! 3C+%&"! 9:! (-&! 6C*"&3(! 4&0d! ,3=&gB! 19! (-O(! (-&! C1&"! +05!
find/edit the peak in the ‘fit’ <0 ,0%3&)!
Full Fit:! If this checkbox is selected, when using the ‘Fit’ button, the full

1486("C+! 5 $1%8&1"&:, (31 "0(-&"1 (-0314&":9"+ 3A1 93$5! - (11 0"9C3=! "&6&3(S5!
8=,(8=14800d1)!K -, 1180=11(91%&((&"!:,((, 3AI%C(1 159 ; &'14&":9"+0368&!

Lock Axes: »:1(~,116-&60%9g!, 111886(8=81799+ 3A!,3193193&!459(! ; $160C1&!(-&!9(-&"!
(5 91489(11(9105191799+1,31(91-0<&!(-&!10+&10g&1)!

3.6.2. FitTrace
K-&!?,(K'06&!:C36(,93!0%9 ; 1!(-&!C1&"(9!:,(!0!1&",&1!9:114&6(*0!1,+CH03&9C1$58! :9"! ; - ,6-1(-&!
0+45,(C=&1!,3!(-91&!14&6('0!603!%&!=&16" %&=!%5! 19+&! C1&"N=&:,3&=":C36(,93)!>3!(-,1!601&B!
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(-&!IC1&"+C1(14'9<,=&! (-&!' 1&",&1'9:114&6("0B! 0! +0(",9! =&16" %,3A! (-&! C1&"NI=&:,3&=!:C36(,938!
5, (((3A!140°0+&(&"18103=103!,3,(,08!:,()!'K-&1&!0"&!=&(0,5&=1%&$9 3 )!

fit = FitTrace(spec,trace,par,fito);
L&"&B!°14&61693(0,31! (-&!1&",&119:114&6(70B! (*06& T A,<&1! (-&! C1&"1 =&:,3&=":C36(,938! ‘40"’ 1!
(-&!C1CO81&(19:1: ((,3AI1&((,3A1B!03="",(""1,1103!,3,(,08!AC&1119: ! (-&!:,()!!

spec:!

trace.x:

trace.Fx:

par:

K-&!"148&6'1<0",0%$&!,116931(*C6(&=!,3193&!9:!(; 9! ; 051)!K-&!:,"1(194(,93!,1!
(-0(' (-&!' 1&",&1!19:1 14&6("0! , 1! 1(9"&=!,3! 0! 6&$B! ;,(-!93&! 6&Sf! &3(*5! 4&"!
1486('C+)!'K-&!,3=,<,=C0§! 14&6(*0! 0"&! (-&3!'1(*C6(C"&1! 01! =&16" %&=!,3!
Q)")!K-&!1&693=194(,93!,1!(-0(!0!1,3A8&! 1("C6(C*&!,1!6"&0(&=B! ; -&"&! (-&!
field ‘S’ has an additional dimension to contain the series of spectra.
K-11=,+&31,93! +C1(!%&! (-&!501(! =,+&31,93)! #§198! (! 1-9C$=! 39(! -0<&! 0!
69''&1493=,3A! :"&eC&365! 0g,1! ,3! (-&! 14&6! 1("C6(C'&! 1:9"! &gO-+43&8! O!
1&',&119:10R!14&6("0'1-9C8=!139(!1-0<&!0!:,&5=!"14&6):V’P)!!
K-,11,110!"g8!<&6(9'! ; -,6-1693(0,31!0!'40"0+&(&" =&16" %,3A! (-&! C1&"N
=&:,3&=!:C36(,93!(9!%&!:,((&=)!?9"1&g0+43&p! :193&!:,(1!(9' 03! &g493&3(,08!
=&6058! ‘("06&)g’! ;9CI=!693(0,3! O%! 4911 %&! "0(&1! 9:! =&605)! 89(&! (-0O(!
?,(K'06&! ;%! 39(' &g("049%0(&! %&( ; &&3! <0C&1! 3! ‘(*06&)g’8! 19! (-0(! (-,1!
<0",0%5&! +C1(! %&!=&:,3&=!:,3&$5! &39CA-! (9! A&(! (-&! "&eC,"&=14"&6,1,93)!
L9;&<&™! (99! +035! <0C&l! 3! ‘(*06&)g’! ; ® ,36'&01&! +&+9'5!
'&eC,"&+8&3(1)!

K-,11,11 03! Wg8! +0(",g)! J06-! 69§C+3! 9:! {("06&)?g’! 69''&1493=1! (9! 0!
<0$C&!,3!'("06&)g’,! A,<,3A!l (-&!:9"+!9:1 (-&! C1&N=&:,3&=":C36(,93!:9"! (-0(!
<0$C&!9:1°("06&)0’) K-&"&:9" &B! (-&!$5&3A(-19:! (-&! 1&693=!=,+&31,93! +C1(!
+0(6-! (-&' 3C+%&"! 9:1 &$&+&3(1!,3! ("06&)g")! K-&! :,"1(! =,+&31,93! +C1(!
-0<&!(-&!10+&!3C+%&"19:!&5&+&3(1101!(-&'&!0"&! 14&6('0! 3! (-&! 1&",&1)!
89(&!(-0(!(-&!C1&"M=&:,3&=!:C36(,93! +C1(1%&! =,::&"&3(,0%$&! ; ,(-!"&14&6(!
to ‘trace.x’ (since it is numeric, this is necessarily the case, but sharp
changes in ‘trace.Fx’ will yield poor performance)!

The ‘par’ structure functions the same way as described in section Q)Q)!
89(&!(-0(11&(C4!1-9Cs=1%&!=93&!01!,:!:9"1(-&!1,3A8&!14&6("0!119!0!1&" &1!
9:1Q0R!148&6("08! &<&3!,:!169+%,3&=!,3(9! 0! VR! 1("C6(C"&B! 1-9Cs=! %&! A,<&3!
2D setup parameters). The ‘par.fixed’ field may contain one 0==,(,9304!
&3("5!'0(! (-&! &3=B! 089 ; ,3A!1 93&! (9! :,g! (-&! <0",0%5&! 93! (-&! C1&"N=&:,3&=!

ZY



:C36(,93! 10§(-9CA-! (-, 1! 94(,93! ,1! 39(! C1CO%5! C1&:CHlil 1,368&! (- 1! 1! (-&!
<0, 0%$&!1938&IC1CO%5! ; 03(11(91&g(*06(P!

fit0:! The ‘fit0’ structure is required for the ?,K'06&! :C36(,93! IC3§,d&! (-&!
?,(*4&6! :C36(,93P)! *&(C4! ,1! (-& 10+&! 01! =&16" %&=" ,3! 1&6(,93! Q)T8!
0%(-9CA-193&!193§5!4'9<,=&1103!,3,(,08!:,(1:9"1(-&!1,3A8&!14&6("0)! @3&! +05!
94(,9308ly include a vector fit0.x’ which provides an initial value for the
<0",0%$&! =&16"%,3A! (-&! C1&"NI=&:,3&=!:C36(,93)! K-,1! ; §! 60CL&! (-&!:,"1(!
1(&4!=&16" %&=1%&$9 ; 1(9!%&!1d,44&=!

fit:! The output variable, fit', is the same as described in section Q)zp!
except that it contains an additional field, fit.x’, which contains the fitted
<0§C&1!":9"(-&!C1&"I=&:,3&=":C36(,93)!!
!
K-&!?,(K'06&!:C36(,93!,1!0!14&6,08!,+45&+&3(0(,93!9:!(-&! ?,(*4&6!function. If the field fit0.x’
is not provided, then the function begins by estimating the value of fit0.x. This is done by
'C33,3A!:,(119:1(-&!,3=,<,=C0§! 14&6(" 08! ; ,(-14&0d!491,(,93!03=1§,3& ; ,.=(-!:,0&=B!19!(-0('93§5! (- &!
0+44,(C=&!,110%9 ; &=!(9!<0'5)!K-&!"&1CS(,3A!0+45,(C=&1!9:1806-14&0d!0"&! (-&3!:,(1(9!(-&!C1&" M
=&:,3&=!:C36(,93!(9!9%(0,3!,3,(,08! <0sC&1! 9:!:,(7)g)! ?2,(K'06&! (-&3!6931("C6(1! 0! 3& ; ! 14&6(*C+!
;-,6-1693(0,31!(-&!1&",&1!9:114&6(*0)! K-&!$01(! =,+&31,93! %&69+8&1! (-&!:,((,3A! =,+&31,93!9:!
(-&! C1&'M=&:,3&=! :C36(,93)! ?,(K'06&! 1&(1! (-,1! =,+&31,93! C4! 19! (-0(! (-&! 491,(,93! ,3! (-,1!
=,+&31,93!=9&1!39(1<0"58! 03=! (-&!§,3& ; ,=(-!,3!(-,1!=,+&31,93! 11 C1&=! 01! (-&! C1&"N=&:,3&=!
<0",0%$&)!U&60C1L&! (-&!CL1& " I=&:,3&=":C36(,93!&g(&3=119<&"!(-,1!1&3(,"&!=,+&31,938!,(1391§93A&"!
makes sense to break the dimension into sections (see ‘par.grid’, Q)Q)"f! (-&! 9(-&"!
=,+&31,931!0"&! 1(,%!%"9d&3!C4P)IK-,1!,36"'&01&1! (-&! +&+9'5!"&eC, ' &+&3(18!' 19! (-0(! ?,(K"06&!
C1&1!+9'&!A" =11&6(,931!,3!(-&!9(-&"1=,+&31,931!(-03!?,(*4&6)!K-,11603!%&!C1& "1 0=kC1(&=!(9!
&3 &"IA" =11&6(,931! 14" 9%s&+11 31 ((,3A10",1&)!89(&!(-0(!,:1 +&+9'5!"&eC, " &+&3(1!:9"1 2 (K" 06&!
A&(1(9!- A-B!,(14+051%&1%&3&:,6,08!(9!=,10%&!40° 0%&5,70(,93!11&&!186(,93!Q)Q)""\P)!
! 89(&! (-0(! 19+&! 1&",&1! 9:!1 14&6(*0! +05! ,36C=&! "&4&(,(,93! 9:! (-&! 10+&! 14&6(0!
1'&4&(,(,93!9:1(,+&!49,3(1!,3!0!=&605!6C"<&B!:9"1&g0+48&P)!K-,1!,11&01 5! +030A&=!,3!?,(K* 06&B!
simply by repeating rows in ‘trace.Fx’ (9169'°&1493=!; (-!(-&!"&4&0(&='&g4&",+&3(1)!

3.6.3. PartialFit
K-&!FO"(,08?,(1:C36(,93! 089 ; 1!(-&!C1&"1 (9! 185&6(! 93§51 40" (19:10! 14&6("C+103=!:,(1(-0(1"&A,93)!
@38! +C1(! 1486,:5! (-&! "&A,93! (9! %&! : (&= 03=! 94(,930%5! +05! 18886(! ; -,6-! 4&0d1!,3! (-0(!
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'&A,9311-9C3=1%&!:,()'K-&!0=<03(0A&!9:!C1,3A!(-,1!:C36(,93!01!94491&=1(9!1,+4$5!6§,44,3 Al (- &!
spectrum (see ‘clip_spec_nD’, section V)V)"P!03=!:,((,3A8!,1!(-0('FO"(,0?,('(0d&1!,3(9!'0669C3(!
480d1! 3&A-%9" 3A! (-&! "&A,93! (9! %&! :,((&=! &,(-&"! %5! "&:&"'&36,3A! (9! 03! ,3,(,08 (! 9" %5!
449"+ 3A103!044'9¢g,+0(&!4&0d!4,6d!03=1§,3& ; ,=(-!&1(,+0(,93!9:11C""9C3=,3A!4&0d1!%&:9" &!
L((3A)! 89(&! (-O(! (-&! FO*(,082,(1:C36(,93!,1! 0! 6*,(,608! 69+493&3(! (9! (-&! ?,(I=,(9"QR! 03=! (-&!
?,(3""9"1:C36(,931)!'F0"(,0§?,(!,1!608&=101!:9%9 ; 1/!
fit = PartialFit(spec,par,fito)
where the ‘par’ and fit0’ variables are optional. A fourth argument, ‘shapes0’, can be also
4'9<,=&="11&6(,93!Q)Y). The ‘spec’ and fit0’ are the same as described in sections Q)"'!03=!
Q)Q. ‘par’ -01!(-&!10+&!:,&=1!1011=&16",%&=",3!1&6(,93!Q) TB!45C1!( ; 9!0==,(,9308!:,&5=1)!
!
par.fit_ range:! This is given in a vector with entries [LB1 UB1 LB2 UB2 ...] where LB
03=! EU! ,.3=,60(&! (-&! §9;&"! 03=! C44&"! %9C3=1! 9:! &06-! =,+&31,93)!
K-&'&:9"&B!(-,1!1+C1(!-0<&!0!1,7&!9:1Q'a!q!9:!1=,+&31,931)!
par.index:! K-,1!,11 03! 94(,930¢! :,&$=B! 935! 0<0,50%8&! ,:! 03!,3,(,08! :,(! , 1! A,<&3)! K-,1!
089 ; 11(-&!C1&"1(9!6-991&! ; -,6-14&0d1!1-9Cs=1%&!:,((&=)'K-&"&:9" &B! (-, 1!
11&,(-&"10189A,608!,3=&9! ; ,(-103!&3("5!:9"1&06-14&0d! I +C1(1%&!10+&!1,78&!
as fit0.I', fit0.delta?’, etc.), or a list of numbers for all the peaks that
1-9CH=1%&!:,((&=!(9":,(14&0d1!""BVB™ "BI(-&3!:,(7),3=&gno*" IVI** ~pP!

3.6.4.  FitError

K-& ?,(J3""9":C36(,93! ,1! C1&=!:9"1 &1(,+0(,3A! &""9"! 9:! (-&! :,((,3A! 40"0+&(&"1)! K54,60%58! (!
1-9C8=1%&!"'C3!C1,3A! (-&! 10+&!:,(((3A! 1&((,3A1! 01! (-&!,3,(,08!:,(! ; 01!06eC,"&=! ; ,(-B!,3!19"=&"! (9!
9%(0,3! 066C"0(&! &'"9"! 030851,1)! K-&! :C36(,93! (0d&1! O! 14&6('C+! : (! 03=! (-&! 6036CI0(&=!
14&6("C+!:"9+!(-0(!:,(8'0==1!39,1&! (9!,(8!03=!"&:,(1!,()!' K-,1!,11=93&! +035! (,+&1! [ 1"~ ~1p8! 3!
9'=&"1(9!&1(,+0(&! (-&!&::&6(! (-0(! &g4&",+&3(08! 39,1&! -011 93! ((&=! 40" 0+&(&"1)! *(0(,1(,61! 9:!
(-&!"&:,(140"0+&(&"1!603!%&!C1&=!(9!&1(,+0(&!1(0(,1(,61!9:!(-&!&g4&" ,+&3(05!40"0+&(&"1)!89(&!
(-0(10444,60(,93!9:! (-, 1! +&(-9=!,115,+,(&=B! -9 ; &<&")! ?,"1(8! ,('011C+&=!(-0(' 39,1&! 3! (-&! (,+&!
=9+0,3!,1!C369"'&S0(&=H! ; -,(&!39,1&8!19!(-0('&""9"!,3=C6&="%5!14&6(*C+!10"(,:06(18!,369+43&(&!
4-018&!6565,3A8! &(6)! ; 3! 39(! %&! 0669C3(&=":9")! *&693=B! (-&! &"*9"1 <0IC&1! 4'9=C6&=!0"&! (-&!
'84'81&3(0(,<&!9:1&g48&",+8&3(08! &' 9193851 if the fit is a good representation of the ‘correct’
<0§C&1!9:!(-&!4&0d!40"0+&(&"1)!K-&"&:9"&B! 31"&A,931! ; -&'&!(-&"&!0"&!+,11,3A14&0d18!9"! ;10!
480d! 1! 4,6d&=! ;-,6-!1,1! 06(CO%5! 39,1&8! (-&3! (-&! &"*9"! 3! (-91&! 1,(CO(,931! ; %! §,d&S5! 39(!
'84'81&3(! (-&! "&0%! &'"9'! (one can consider the ‘FitError function to be simulating
&g4é&" +8&3(08!"&4&(,(,93P)'K-,11,11=,16C11&=!,3!+9"&!=&(0 §!,3!(-&!0669+4035,3A!4C%$,60(,93)!!
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! K-&!'?,(J3"9"1:C36(,93! =9&1! 39(! "'&4&0(&=$5! "&:,(! (-&! :C8! 14&6(*C+)! SO(-&"8! :9*! &06-!
480d!(-0(!,1!&<05CO(&=!:9"1&""9"8! ?,(J""9"!:,(110!40"(,08! 14&6('C+!0"9C3=!(-0(!4&0dB! C1,3A! (- &!
FO*(,08?,(1:C36(,93)!?,(J*'9"1"&eC,"&1!(-0(!,:!(-&!&""9"19:10!4&0d!, 1!=&(&"+,3&=":"9+10!40"(,08!:, (B!
(-&3!(-0(140*(,08!:,('+C1(10819!,365C=&!3&,A-%9", 3A!4&0d1!(-0(!:0%! ; ,(-,3!0!6&"(0,3!"03A&!9:!(-&!
peak of interest (see ‘par.NB_cutoff’ below). Also, the region fitted around the peak and its
neighbors must have a certain width (see ‘par.H_cutoff’). However, since now some
1&6(,931!+C1(1693(0,3!+C§(,4%&!4&0d18! (1,1!10==,(,930%5!4911,%$&!(9!030§57&! (-&!&"*9"19:1(-91&!
4&0d1M! ;! (-&! 1&6(,93! 603! %&! +9=,:,&=! 19! (-0(! (-&1&! 0==,(,930§! 4&0d1! 0§19! -0<&! (-&,"!
3&,A-%9"1!103=!0! ; ,=&!&39CA-1"03A&!0"9C3=!(-&!4&0d)!K-,1!1&(19:14&0d1!,1!"&:&"&""&=!(9!01!0!
A'9C4!,31>8?2@*)! K9!4'&<&3(! 0! A*9C4! :"9+!1%&69+,3A!1 (99!50"A&! 103=! (-&"&:9"&! 159 ; I (9! :,(PB!
2,379 "&1(",6(1! (-&! 3C+%&™! 9:1 4&0d1! 03=! (-&! :"&eC&365! "03A&! (‘par.max_peaks’ and
‘par.max_width’). These restri6(,931! +&03! (-0(! (-&! :,((;3A! 9:! ,3=,<,=CO§! A*9C41! 603! %&!
48"9"+&="; (-9C(1%"&0d,3A!(-&!148&6('C+!,3(9!:C*(-&"1 1C%N14&6(" C+B!&S,+,30(,3A! (-&!3&8&=":9"!
+C§(,4%&! ,(&'0(,931! 9:! :,((,3A)! U&BOC1&! (-&! 3C+%&"! 9:! 40°0+&(&"1! 1! §,+,(&=B! (-&! :,((,3A! ,1!
"&50(,<&$5!:01()! 89(&! (-0(!,(1,11(-&3!4911,%8&! (-0(!1 0! 4&0d! ; $!1%&!:,((&=!,3!0I A"9C4BI%C(!,(!,1!39(!
4911 %&!(9!1,365C=&!,(1!3&,A-%9"18!19!(-0('&""9"1030851,1!,1139(14&":9" +&=193!(-0(!4&0d) »3!(-,1!
601&8! (-0(! 4&0d! ; %! -0<&! (1! 9; 3! A'9C48! 3! 9'=&"! (9! 9%(0,3! 1(0(,1(,61)! K-,1! ; $! §&0O=! (9!
'&=C3=0365!,3!:,((,3A119+&!4&0d18!%C(!,3!14,(&!9:!(-,18!%'&0d,3A! (-&! 14&6(*C+!,3(9! A"9C4 1! 1!
1,A3,:,603(85!:01(&"!(-03!"&4&0(,3A!(-&!:,(19:1(-&!69+4$&(&!14&6("C+!+035!(,+&1) 1#:(&"":,((,3A!0!
14&6(*'C+B817?,(J""9"16031%&!60%&=1011:9%9 ; 1!

fit=FitSpec(spec,fitpar);

err=FitError(fit,par);
>(1,1! 0519! 4911 %$&! (9! 608! ;,(-9C(! 035! 40"0+&(&"1! 193&! 9" %9(-! 9:! (-&! :,((,3A! 40"0+&(&"!
0'AC+&3(1!603!%&!$&:(19C()!

fit=FitSpec(spec);

err=FitError(fit);
The fit’ structure is simply the output of the FitSpec function. The ‘par’ structure can be
6931('C6(&='01!=&16",%&=!,3!1&6(,93!Q)Q. However, note that the values in ‘par’ used during
(-&,3,(,08! : (' 0"&! 4011&=! (9! (-&! ?,(Error function via the substructure ‘fit.par’. Since one
1-9Cs=! C1&! (-&! 10+&! :,((,3A! 40"0+&(&"1! 3! (-&!,3,(,08! :,(1 03=! ,3! (=& ?,(I""9"! 030§51,18! (!
typically is not a good idea to pass new parameters via the ‘par’ structure. The exception is
(-0('0!:& ;10==,(,9308!140"0+&(&"1!0"&! C1&=1%5!?,(J"*9"1:9" 1 =&(&"+,3,3A! 3C+%&"1 9:1"&:,(1103=!
:9'1:9"+ 3AI(-&!A'9C41!9:1480d1!(91%&!:,()!89(&!(-&1&!40"0+&(&" 108! -0<&!=&:0C§(!<0§C&1B!03=!
19!=9139(13&&=!(91%&!4"9<,=&=)!
|



par.N: K-,11,11(-&!13C+%&"19:1(,+&1!(-&!"&:,((,3A!1-9CI=1%&!4&":9"+&=)IR&: 0CY(!, 1!
TR 5 -,6-1 A<&1! '8&01930%8&! &1(,4+0(&1! 9:! (-&! 1(03=0"=! =£<,0(,93! ,3!
+91(1601&1)! L9 ; &<&'8!,:10!:CH! =,1(*,%C(,93!9:10!40'0+&(&"1!,1! "&eC,"&=!
1:9'1 &gO+4%&8! ;! =/1(",%C(,93! ,1! 39(! 0! 39"+0§! =,1(*,%C(,93P8! (-&3! +035!
+9"&!1"" " 7PL(&'0(,931!+05!%&!3&8&=&=)!!

par.NB_cutoff: K-1!:6&§=! 1! =&&"'+,3&1! -9;!:0"! (9! 1&0'6-! 0'9C3=! 0! 4&0d! :9"! (1!
neighbors. For a peak of interest, ‘par.NB_cutoff’ is multiplied by that
peak’s height. Then, in each dimens, 93B! ?,(J3"'9"! =&(&"+,3&1! ;-0(!
=,1(036&! :*9+! (-&! 4&0d! 6&3(&"! (-&! 4&0d! :081! %&9 ;! (-,1! 0O+4§,(C=&)!
8&,A-%9",3A! 450d1! 0'&! (-&3! =&:,3&=! 01! 035! 4&0d! :08,3A! ; ,(-,3! (-,1!
'03A&!, 3! 08! =,+&31,931)! R&:0C§(! 1! """ m! 9:! (-&! +0g,+C+!48&0d! -& A-(!
(‘par.NB_cutoff=0.1").!

par.H_cutoff!!  K-1!: &=1=&(&"+,3&1!-9;!; =&!(-&!",((&=!0"&0!'0"9C3=14&0d1!,3!0!A"9C4!
needs to be. The value is defined similarly to ‘par.NB_cutoff’, with the
;. =(-!'&eC,"&=! %&,3A! =&(&"+,3&=! :"9+! 0! :"06(,93! 9:! (-&! 4&0d! -& A-()!
K-&3BI0!A'9CA!I+C1(1%&! ; ,=&!&39CA-!(-0(108!4&0d1!,3!(-&!A'9C4!-0<&!0(!
least the width around them defined by ‘par.H_cutoff’)!

par.max_width K- 11,11(-&!+0g,+C+!14&6("08! ; ,=(~!0!A'9C4!+05!-0<&)!K-,1!+C1(!-0<&!
93&1&3("5!48'1148&6(*C+!=,+8&31,93)!189(&!(-0(! ; ~&3!0!A'9CA4!,11:9"+&=! (!
114911 ,%8&! (-0(! (-&! 3&,A-%9'11 0"9C3=! (-&!:,"1(! 4&0d! 3! (-&! A*9C4! 0" &!
14'&0=19C(!&39CA-!1(9!0§'&0=5!&g6&&=!(-&!+0g,+C+! ; ,=(-)»>3!(-,1!1601&B!
‘par.max_width’ will be overridden, although no further peaks will be
0==&=!(9!1C6-!0!A"9C4)!R&:0CS(!,1!")Tg!(-&!1,78!148&6,:,&="by ‘par.grid’ in
(-&!,3,(,08114&6(*"C+!:,()!

par.max_peaks: K-,1! 1! (-& +0g,+C+! 3C+%&"! 9:! 48&0d1! 0%9 ; &=!,3! 0! A"9C4)! #1! ; (-!
‘par.max_width’, if the first peak has more neighbors than allowed by
‘par.max_peaks’, then this parameter will be overridden. Defaul(!,1!"~)!

par.index:! K-,1! 0%9 ;1! (-&! C1&"! (9! =&(&"+,3&! ;-,6-! 4&0d1! 1-9Cf=! -0<&! &"*9"!
030$51,1!4&":9"+&=)1? &s=!,11(-&! 10+&! (-0(!:9"'FO"(,08,('11&6(,93! V)Y)VP)!
It should either be a logical index with the same size as fit.I', 910!
<&6(9'1,1(,3A! ; -,6-14&0d1!1-9Cs=1%&!030$57&=":9"1&""9")!!!

[
K-&!9C(4C(19:1?,(3""9"1(-&3!693(0,31!1(0(,1(,61!6086C$0(&=":9"1(-&!,3=,<,=CO8!:,((,3A!40" 0+ &(&" 18!
,310==,(,93!(9!0!"&69"=!0of the fitting results of all ‘par.N’ fitting iterations)!K-&1&!0°&!1(9'&=!,3!
(-&!:9%9 ; ,3Al: &=1!
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err.par:! Contains values used for error analysis as described above (‘par.N’,
‘par.NB_cutoff’, etc.) !
err.fit: S&(C*31!(-&!,3,(,08!:,(111,+455!(-&!,34C(!<0",0%5&! " &(C* 3&=P!
err.l_std: *(03=0"=!=&<,0(,931!9:!(-&!4&0d!0+45$,(C=&1!
err.deltaX_std  *(03=0'=1=8<,0(,931!19:!(-&!4&0d!491,(,93! 3!(-&!a"" 1=, +&31,93!
err.lwX_std *(03=0"=1=8<,0(,93119:1(-&!4&0d,3& ; ,=(-!,3!(-&!a"1=,+&31,93!
err. FWHMX_std *(03=0"=1=8<,0(,93119:/(-&!4&0d!?c LW! 3!(-&!a"1=,+&31,93!
err.int_std *(03=0"=1=8<,0(,93119:!(-&!4&0d!,3(&A"08!,3!(-&!a’"I=,+&31,93!
err.groups HE&H! 5 ,(-!(-&!"&1CH(119:1:,((,3A!&06-19:1(-&!A'9C41!1-01!10+&! 3C+%&"19:!
elements as the number of groups). Inside each cell of ‘err.groups’, the
results of the ‘par.N’ refittings are stored. Therefore, this contains all
the same fields as in the usual fit' structure (section Q)ZP8! &g6&4(,3A!
(hat the spectra (‘fit.spec’, fit.resid’) have been removed to reduce the
variable size. However, each fit parameter (fit.I', fit.deltal’, etc.) is now
03!8g40")8!+0(" 08! 5 ,(-!81%&,3A!(-&!3C+%&"19:14&0d1!,3!(-&!A*9C48103=!
408! (-&! 3C+%&" 9:! *&4&(,(,931)! K-&'&! ,1! 0§19! 03! 0==,(,930%! :,&=B!
‘err.groups{k}.calc_list’ which lists for each peak in the group its index
in the original fit. Note that the field ‘err.groups{k}.par’ is as described in
1&6(,93!Q)Q, but also includes fields ‘err.groups{k}.par.fit_range’ which
,3=,60(&1! (-&!' '03A&! 9:! (-& 14&6('C+! (-0(! -01! %&&3! :,((&=B! 03=!
‘err.groups{k}.par.index’ which indicates which peaks are fitted in a
A'9C4)!
err.group_index! K-,11§1(! ,3=,60(&1! ; -,6-! A*9C4! 693(0,31! &06-! 4&0d)! 89(&! (-0(! 19+&!
480d1!603!%&!693(0,3&=!,3!+9'&! (-03!93&! A"9C48! %C(! 1(0(,1(,61! 1-9Cs=!
%&!1030857&=":"9+1(-&!A"9C4!,3=,60(&=!-&"8&)!
err.subgroup_index  K-11§1(!,3=,60(&1!:9"! &06-! 4&0dB! ; -,6-! &&+&3(! 9:! (-&! A*9C4!
69''&1493=1!(9!(-,1!4&0d!
! !
K9! C3=&"1(03=! ,3=&g,3A! 9:! A*9C41! %&((&'8! O! eC,6d! &gO+4$&! 93! -9 ;! (9! =&(&"+,3&! (-&!
histogram of a peak’s amplitude is shown. Suppose that X’ is an edges vector for a
-, 1(9A'0+!11&&! -,1(6)+PBI03=! ; &! ; 03(!(-&'-,1(9A'0+!9:!(-&!4&ak with index ‘k’. Then, the
-,1(9A'0+!,1!A <&3!%5!
h=

histc(err.groups{err.group_index(k)}.I(err.group_subindex(k),:),



x-diff(x(1:2))/2);
One sees that the correct group was found with the index ‘err.group_index(k)’, and the
69°'&6(1&5&+&3(19:1(-0('A"9C4!was found with the index ‘err.group_subindex(k)'. In the latter,
case, the full row must be extracted for use in the histogram calculation, so the “:’ operator

was used. The edges vector (X’) is shifted by half a unit!(9!6&3(&"!(-&!-,1(9A'0+)!
!

TQ



