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“Readme” file for the RAM36hf code
(Rho-Axis Method for 3 and 6 fold barriers with
nuclear quadrupole hyper-fine structure)

This is a “readme” file for a modification of the RAM36 program for fitting rotation—torsion
energy levels in molecules in which the frame has C2v or Cs symmetry and the top has C3v
symmetry (V6 mode and V3 mode). The modification gives an opportunity to treat nuclear
quadrupole coupling due to one nucleus with nonzero electric quadrupole moment in the first order
of perturbation treatment (both for 3 and 6 fold barriers).

Details of the RAM36 theoretical approach are given in Ref. 1, where the V6 mode of the
code is applied to the analysis of the toluene spectrum (6 fold barrier). The first application of the
RAM36 code in the case of 3 fold barrier may be found in Ref. 2.

The first application of the RAM36hf code to the analysis of a molecule with nuclear
quadrupole hyperfine structure and a 6 fold barrier (nitromethane) may be found in Ref. 3, whereas
the first application of the RAM36hf code to the analysis of a molecule with nuclear quadrupole
hyperfine structure and a 3 fold barrier (N-methylformamide) may be found in Ref. 4. These two
references [3,4] should be used to cite the RAM36hf code.

The RAM36 code uses a general expression of the form

H = (1/2) Snpars Beaparso [379,"3P3y %" cos(3s) + cos(3sa) pa/dy1Pd;"0%]
+ (112) Skopart Braparor [13"3°3 %" sin(3ta) + sin(3ta) po'dy™,°3,"3%, (1)

which makes it possible to include almost any symmetry allowed torsion-rotation Hamiltonian term
in the fitting Hamiltonian. By “almost any” we mean that we checked for overflows up to the 12"
order of the parameters. It is possible that higher orders will be also ok, but we didn’t check this.
We use the standard first order perturbation treatment expression for the hyperfine energies:

E(1,3,F) [Z;(,,<JZ>+ > (20 0,9 J}>]2f(|,J,|:)/J(J+1) @)

i=x,y,z i#j=x,y,z
where f(1I, J, F) is the Casimir function, {A,B}=AB+BA, and the expectation values<J > < {J.,J,}>

are calculated in the rho axis system, which in the case of the Cs, top and C,, frame (like in the case
of nitromethane) coincides with the principal axis system.

For example in V6 mode of the code for nitromethane [3] we used following expression for the
hyperfine energies:

B (1,3, F) = [zaa(32) + 20(38) ~ (taa + 200)(92 121 (1,3, F)1 33 +1) 3)
In V3 mode of the code for N-methylformamide [4] we used the expression as written below:
Ep (1.3,F) Z[Zaa<~]§>+}(bb< > (Xaa +be)< >+ﬂ(ab<~] Jp+3pd )2 (1,3, F)13+D) (&)

The modified version of the RAMS36 code, i.e. RAMS36hf, allows fitting together individual
hyperfine components as well as torsion-rotation transitions with unresolved hyperfine structure. So,
the hyperfine structure and the fine torsion-rotation structure of the spectrum are treated



simultaneously, in contrast to the approach applied in some other studies where hyperfine shifts are
removed and hypothetical hyperfine free transition frequencies are fit using the theoretical models
that take into account large amplitude motions in the molecule.

The program can treat the data both in MHz and in cm™, and provides the usual least squares
fit, where the data are weighted by the inverse of their measurement uncertainties squared. There is a
special treatment of blended transitions. If several transitions in the input file have the same
frequency, then such transitions are considered to be blended, and the intensity weighted average of
the calculated transition frequencies is put in correspondence to the measured line frequency in the
fit. Two additional fitting options are built into the program. The first one is the robust fitting option,
where the weighting scheme from Ref. 5 is implemented. The second one is the possibility to set a
cut off for obs-calc in the fit, which excludes from fitting in the current iteration all transitions which
have ratio of (obs.-cal.)/uncertainty larger than the selected cut-off.

In addition to the fitting option, the program has a prediction option which provides a
calculation of the spectrum for a selected range of J quantum numbers and a selected frequency
region. Since, particularly for the low-barrier case, normal asymmetric-rotor selection rules are not
always a good guide for deciding which lines are the strongest, the program calculates all possible
AK,,AK, transition frequencies and intensities allowed by symmetry for a given pair of upper and
lower-state J values, and displays all transitions with intensities above a user-set cutoff. In the
RAM36hf version of the code there are two options, one provides calculation with hyperfine
splittings of torsion-rotation transitions and one provides a calculation of hyperfine free transitions
(hyperfine splittings ignored)

The rest of the “readme” file will be devoted to a brief description of the input file and the
output generated by the program.



Input file

The input file should be present in the same directory as the *.exe file containing the V6 code.
Its name should be “input.txt”.

The first 4 lines look as follows:

3, 6, 1.do, lisigma, idelm, spin

10, 9, O, Tktronc, nvt, ispecRHO

251, 30000, 50, O, 'numpar, numlines, numcategories, norder

0.1E-04, 20.dO Istopping criteria; maximum ratio (o-c)/uncertainty for fitted lines

The first line as the first two numbers should contain 3, 6 for V6 mode of the program and 1,
3 for V3 mode of the program. This is the only key that switches the program between V6 and V3
modes. The last number (1.dO in the example above) gives the spin value for the nucleaus with
nonzero electric quadrupole moment.

The second line sets up: (1) the number of states treated in the first diagonalization step
(ktronc =10 in the current example means that the number of torsional basis states is 2*ktronc+1);
(2) the number of states treated in the second diagonalization step (nvt=9 in the current example
means that the lowest 9 torsional energy levels of a given symmetry are included); and (3) a switch 0
or +1 between two rather different definitions for the parameter RHO. If this switch ispecRHO=0
then the F and RHO will appear in the fit as Fpa**2+RHO*pa*Jz, so that RHO has the same energy
units as F. If ispecRHO=1 then F and RHO will appear as F*(pa+RHO*Jz)**2, so that RHO is
unitless. If ispecRHO= -1 then F and RHO will appear as F*(pa-RHO*Jz)**2, with RHO is again
unitless.

The third line gives: the number of allowed parameters (numpar=251), the number of lines
(numlines=30000), the number of data categories grouped by uncertainties (numcategories=50) and
the order of Hamiltonian parameters (norder=0). The first three may be any reasonable positive
integer you want, but you should make sure that the actual number of parameters, lines, and different
data group uncertainties in the input file will be less then these numbers. The last one - norder -
determines the maximum order of terms which will be generated by the program to provide you a list
of all possible symmetry allowed terms up to the selected order (again checked to work up to 12"
order). This list will appear in a separate file “testparam.txt”.

The fourth line contains the stopping criterion and the maximum obs.-cal. which is allowed
during fitting iterations. The fit stops if the change (compared to the previous iteration) in the sum of
obs.-cal. residuals squared is less than 0.1E-04 in the current example. The meaning of maximum
ratio (obs.-cal.)/uncertainty allowed in the fitting process is described above.



The next 6 lines should be kept as they are. They are skipped by the program and simply
remind the user of the format of the Hamiltonian parameters. The operator expression below will be
referred to as Exp. (1).

H=Sum{1/2(J3**2k*Jz**n*Ix**p*Jy**g*pal fa**r*cos(3s*alfa)*sin(3*t*alfa)+
+sin(3*t*alfa)*cos(6s*alfa)*pal fa**r*Jy**q*Ix**p*Jz**n*J**2k) }

Then the list of parameters used in the fit is given. The line &&&END,,,,,,1111011001100100, SIGNAIS
the end of this list. The parameter values should be given in cm-1. A very brief example is:

muz 0, 1, 0, 0, 0, 0, 0, 0.37500000000000000E+01 , o, 0,
chi_aa 0, 2, 0, 0, 0, 0, 0, -0.39599576052998954E-04 , -1, 1,
chi_aa 0, 0, 0, 2, 0, 0, 0, -0.10000000000000000E+01 , -1, -1,
chi_bb 0, 0, 2, 0, 0, 0, 0, 0.11097768582758496E-04 , -1, 1,
chi_bb 0, 0, 0, 2, 0, 0, 0, -0.10000000000000000E+01 , -1, -1,
F 0, 0, 0, 0, 2, 0, 0, 0.55614653108454508E+01 , 1, 1,
-2*RHO*F 0, 1, 0, 0, 1, 0, 0, -0.88599429535402541E+00 , 1, 1,
0.5V6 0, 0, 0, 0, 0, 0, 0, 0.10498225184991175E+01 , 1, 1,
0.5V6 o, o, o, o, o, 2, o, 0.10000000000000000E+01 , 1, -1,
A-0.5(B+C) o, 2, o, o, o, o, o, 0.17113439460743321E+00 , 2, 1,
0.5(B+C) 1, 0, 0, 0, 0, 0, 0, 0.27387491496279232E+00 , 2, 1,
0.5(B-0C) 0, 0, 2, 0, 0, 0, 0, 0.77867356508553615E-01 , 2, 1,
0.5(B-0C) o, o, o, 2, o, o, 0, -0.10000000000000000E+01 , 2, -1,
&&&END,,,11y1100000011001001000

Each line with a Hamiltonian parameter contains the parameter name, a set of 7 integers that
define the associated quantum mechanical operator, a value for the parameter (i.e., for the coefficient
of this operator), the diagonalization stage in which the particular parameter is used, and a float/fix
flag. '-1' in the position where diagonalization stage is given means that these are quadrupole
coupling parameters. '0" in the position where diagonalization stage is given means that these are
dipole moment components.

The name of the parameter may be anything you like, anything which helps you to remember
what type of parameter you are using. The actual term is encoded by the set of 7 integers, which are
the powers of operators from Exp. (1) above. Thus:

k — (the first integer) corresponds to the power of J**2,

n — (the second integer) corresponds to the power of J,,

p,q — are powers of Jy, Jy,

r — is the power of pa,

s — (the sixth integer) defines the argument of cos(3sa),

t — (the seventh integer) defines the argument of sin(3ta).

On input, the program checks the set of these powers for conformity with symmetry
requirements. The product of cos(3sa)*sin(3ta) is not allowed since this can be represented as a sum
of cos(3s’a) and sin(3t’a) terms.

The value of the parameter is followed by a number that defines the stage in the
diagonalization process in which the current parameter should be introduced (1 or 2). Usually the F,
V6, and Rho terms are put in the first diagonalization stage. It is assumed, however, that at least
Fpa**2 is put into the first diagonalization stage, in order to provide the eigenvectors which are
necessary for the second diagonalization step. In the first stage only terms that do not contain Jx,Jy
(i.e., only terms diagonal in the K quantum number) are allowed. Terms non diagonal in K should be
put in the second diagonalization stage. '-1' in the position where diagonalization stage is given



means that these are quadrupole coupling parameters. '0" in the position where diagonalization stage
is given means that these are dipole moment components.

The last column of integers defines whether the particular parameter is fixed or floated in the
fit (0 or 1) and also gives an opportunity to group Hamiltonian terms and fit a coefficient in front of a
group of terms connected by a fixed linear relationship. Let’s consider an example of such a
“composite” Hamiltonian term.

0.5(B-C) , 0, 0, 2, 0, 0, 0, 0, 0.22615184835355637E-02 , 2, 1,
0.5(B-0C) , o, o, o, 2, o, o, 0, -0.10000000000000000E+01 , 2, -1,

These two lines together encode the Jx**2-Jy**2 term. The first line encodes Jx**2, the
second line encodes Jy**2. The parameter value in the second line fixes the relationship between
Jx**2 and Jy**2 (in our case the second line is subtracted from the first line i.e. the value is -1.0).
The parameter value in the first line is the actual value of the composite parameter which is fit. The
last column in the second line contains the integer -1, which says that the parameter value by which
the Jy**2 term should be multiplied is taken from previous line (so we take the parameter value from
the previous line and multiply it by the “parameter value” from current line (in our case this is -1.0)
and we get the parameter which will go with Jy**2 in the Hamiltonian matrix).

The composite term may contain more than two components like in the example below.

V3bc o, 0 2, o, o, o, 0, -0.18859985631650738E-03 , 2, 1,
V3bc 0, 0 0, 2, 0, 0, 0, -0.10000000000000000E+01 , 2, -1,
V3bc 0, 0 2, 0, 0, 1, 0, -0.10000000000000000E+01 , 2, -2,
V3bc o, 0 0, 2, o, 1, o, 0.10000000000000000E+01 , 2, -3,

In this case the last integer increases its negative value (or to be more correct decreases it,
since it is negative) each time by 1 with each new line, so that the parameter value (before
modification) is always taken from the first line.

All components of the composite parameter should be put into the same diagonalization stage.
Whether this composite parameter will be included or not is determined by the first line of the
composite parameter. The composite parameter should go as one group.

A comment should be made about dipole moment components. The line which defines the
dipole moment component should have zeros in last two columns.

muz , 0, 1, 0, 0, 0, 0, 0, 0.28599999999999999E+01 , 0, 0,

Whether it is the mu,, muy, or muy component of dipole moment is determined by a unity
(integer 1) in the 2, 3, or 4 position, respectively (these positions correspond for the Hamiltonian
terms to the J;, Jx, and Jy operators). Therefore if you put unity in the second position like in the
example above, then you work with the mu, component of the dipole moment. If you put ‘1’ in
position 3 then you work with mux, and unity in the 4™ position corresponds to muy. Certainly the
permanent muy and muy components are not allowed by symmetry in the V6 mode of the program.
But some cos(3sa) or sin(3ta) corrections to the dipole moment function containing mux or muy are
allowed and also may be used in calculations by putting in addition to unity in the z,x,y position an
appropriate integer in the 6 or 7 position to get a cos(3sa) or sin(3ta) variation of the component.



Finally, let's consider in more details the quadrupole coupling parameters of nitromethane. '-1' in the
position where diagonalization stage is given means that these are quadrupole coupling parameters.
Because Laplace's equation holds yaat oot %cc=0, and we can write ycc= -(Yaa™ Yob)- If We look at the
nitromethane expample given in Eq.(3) we will see that y,, parameter is multiplied by expectation

values of <J§> and —<J§> , Whereas ypp parameter is multiplied by expectation values of <J§> and

—<Jc2> (z,x,y correspond to a,b,c). The corresponding encoding for y,, parameter shows that we
should take the expectation value for Jz**2 (first line for chi_aa) subtract the expectation value for
Jy**2 (second line for chi_aa) and multiply it by the current value for chi_aa.

chi_aa , o, 2, o, o, o, o, 0, -0.39599576052998954E-04 , -1, 1,
chi_aa , 0, 0, 0, 2, 0, 0, 0, -0.10000000000000000E+01 , -1, -1,

For ypp parameter we should take the expectation value for Jx**2 (first line for chi_bb) subtract the
expectation value for Jy**2 (second line for chi_bb) and multiply it by the current value for chi_bb.
chi_bb , 0, 0, 2, 0, 0, 0, 0, 0.11097768582758496E-04 , -1, 1,
chi_bb , o, o, o, 2, o, o, 0, -0.10000000000000000E+01 , -1, -1,

If we have a nondiagonal term like in the case of Eq.(4) (N-methylformamide) the principle of
encoding is the same: we should encode that operator which expectation value we would like to see
in the standard first order perturbation treatment expression for the hyperfine energies.

2chi_ab , 0, 1, 1, 0, 0, 0, 0, 0.17545391818130986E-04 , -1, 1,

Here we should note that since the program uses a general expression for possible
Hamiltonian terms the off-diagonal operator which expectation value we multiply by y; is

%(3;3; +3;3;). Therefore, the off-diagonal parameter will be equal to 2y, since Eq.(4) does not

have % in front of (Jan + JbJa> . Namely this fact is reflected in the name of the off-diagonal
parameter 2chi_ab.

And the very last comment. It is the total number of lines (i.e. the lines in the composite

parameters must also be counted) that should be less than “numpar’ specified in the third line of the
input file.

The next 7 lines contain the following information.

55 1JImax

7 INumber of iterations

300.d0, 1.d-5, 1.d-5, ! Temperature, linestrength cutoff, intensity cutoff

4, 0, O, 4, 1 V6 mode: stat.weights for Al1/A2, B1/B2, E1l, E2 species; V3 mode - ignored
1000.d0, 300000.d0, 0O, ! lower, upper frequency limits, predictions in MHz=0 or cm-1=1

o, 10, 0, 2, 1 Jlow, Jup, vtlow, vtup

1, O, 1+/-1 Make prediction; 0 do not make predictions; +1 only deltavt=0; -1 deltavt=/=0 also

The first line is the maximum J value for the transitions included in the fit, the second line
defines the maximum number of iterations in the fit allowed if the stopping criterion will be not
satisfied. If this number is negative, then the robust weighting scheme is used (see Ref. 5). If this
number equals 0, then only a calculation will be done.

The next lines define parameters for the predictions. The third line contains the temperature,
line strength cut-off, and intensity cut-off. If the temperature is less then 20K then a separate lowest
energy is used in intensity calculations for each symmetry species. The 4-th line contains the nuclear



statistical weights for torsion—rotation levels of the species indicated (the order should be as
indicated in the comment, i.e. A1/A2, B1/B2, E1, E2). This line is important for intensity
calculations in V6 mode. In V3 mode it is assumed that A:E lines have 1:1 ratio and this line is
skipped by the program. The 5th line contains lower and upper frequency limits for the calculations
and a MHz/cm™ switch. If the switch = 0 then predictions are made in MHz; if it equals 1 then
predictions are made in cm-1. The frequency limits should be in the desired frequency units. The
next line contains: Jlow, Jup, vtlow, vtup, i.e., contains the lower and upper limits for the J and vt
quantum numbers. The ground vt=0, first vt=1 and up to vt=4 excited states are allowed at the
moment by the labeling procedure used in the program.

The last line contains two switches. The first switch has six positions. 0,1,-1,2,-2,3. If it
equals 0, then no prediction is made. If it equals 1, then only the transitions within each torsional
state will be calculated. If it equals -1, then the transitions between different torsional states will be
calculated also. If it equals 2 or -2, then hyperfine free torsion-rotation transitions will be calculated
(plus and minus again regulate whether the transitions only within torsional states or also in between
will be calculated). The predictions will be put in separate files predictdvt0.txt and predictdvtl.txt.
The first one will contain the transitions within torsional states and the second one will contain
transitions between torsional states. If the first switch is equal 3, then the torsion-rotation part of the
partition function is calculated via direct summation over energy levels (the result appears in the end
of the output file). The calculation is made up to Jup (for each J a cumulative result including all
previous J values is given to have an idea whether Jup is high enough to provide convergence of the
calculation for the current temperature) and all torsional states included at the second diagonalization
stage are taken into account. The partition function is calculated in steps of 10K up to the
temperature which is given in the line with Temperature, linestrength cutoff, intensity cutoff. Also at
each J value a number of energy levels which have energies less than lowest energy at J=0 is given
as number of omitted states. If this number is not equal to O then there is a problem with
extrapolation of calculations with used parameter set to the higher values of J quantum number.

The last switch has two positions 0 and 1, and regulates whether the impact of different
Hamiltonian parameters to the predicted transition frequencies will be calculated or not (0-not, 1-yes).
The impact of the parameter is estimated as the expectation value of the corresponding operator,
calculated using the eigenvectors of the upper and lower states of the transition. If the calculation is
requested, then the result will be in separate files expectdvt0.txt and expectdvtl.txt, again for the
transitions inside torsional states and between torsional states, respectively.

The next three lines are ignored by the program and simply remind the user of the format for
the measured lines used in the fit

meas.freq mut Fu Ju Kau Kcu mlt FI Jl Kal Kcl ifit weight comments

The measured transition frequencies should be given as follows.

9648.4500 0 -1.0 12 8 4 0 -1.0 12 8 5 1 0.2500 JMS75
10527 .0000 0 -1.0 3 2 1 0 -1.0 3 2 2 1 0.2500 JMS75
11217.2300 0 -1.0 9 6 3 0 -1.0 9 6 4 1 0.2500 JMS75
11812.8700 0 -1.0 6 4 2 0 -1.0 6 4 3 1 0.2500 JMS75
16419.7400 0 1.0 1 0 1 0 1.0 0 0 0 1 0.0500 Nature71l
16420.0800 0o 2.0 1 0 1 0 1.0 0 0 0 1 0.0500 Nature71
16420.6500 0 0.0 1 0 1 0 1.0 0 0 0 1 0.0500 Nature71l

Here it is crucial to follow the format of the line.

First a measured frequency is given. Then the assignment quantum numbers are given. They
are followed by the include/exclude switch “ifit” and by the measurement uncertainty. After that



space for a comment is reserved. A negative measurement uncertainty means that the current
measurement is in cm-1, whereas a positive uncertainty assumes measured frequencies in MHz. If
ifit=1 then the transition is used in the fit, if ifit=0 the transition is omitted from the fit.

The assignment consists of m, F, J, Ka, Kc quantum numbers. First the upper level is given
then the lower level is given. The labelling procedure in the program determines from the
eigenvector composition the levels which belong to each particular m-state and then assigns Ka,Kc
labels within each m state according to the usual asymmetric top energy ordering scheme. F =-1.0
means that this transitions is considered as hyperfine free, i.e. that its hyperfine structure is not
resolved.

The m labeling scheme is as follows. Each symmetry species is characterized by =0, 1, 2
or 3. For the four symmetry components of the vt=0 ground state we choose m = . The four
components of the first excited vt=1 state corresponds to m = o— 6, and the second excited state
correspond to o+ 6. Therefore in the V6 mode we have the following m states: for c=0 we have
m=0, m=-6, m=6; for o= 1 we have m=1, m=-5, m=7, for =2 we have m=2, m=-4, m=8 and for &
=3 we have m=3, m=-3, m=9.

For the V3 mode we have following encoding for the torsional states of A and E symmetry species.

A-species: vt=0 -> m=0; vt=1->m=-3; vt=2 ->m=3
E-species: vt=0 -> m=1; vt=1->m=-2; vt=2->m=4

The list of transitions is read by the program up to the end of the file. If it is necessary to stop
reading earlier it is necessary to put a negative Jup after the last line you would like to be read.



Output file

By default the output is directed to the screen. Certainly it is possible to redirect the output to
a file with some desired name (RAM36hf.exe > output.txt).

The output file is organized as follows. First the initial values of parameters as well as
different statistics on the experimental data (number of transitions, number of blended transitions,
number of levels included in the fit etc.) are given. Then, for each iteration, the information on the
parameter changes and current rms deviation for different groups of data are given. Then the list of
the parameter values for the next iteration is presented in the format suitable for the input file (so it
can be copied and pasted easily to the input file).

At each iteration the information on the fitted Hamiltonian parameters is given in the
following format.

0.5V6 0O 0 0 OO OO 0.1614974468338617E+01  0.53E-07 0.16E-05 0.33E-01 0.10E+07 1
A-0.5(B+C) 0 2 0 0 O O O 0.1593916967236937E+00  0.15E-09 0.15E-07 0.10E-01 0.11E+08 2
0.5(B+C) 1 0 0 0 0 0O 0.2930018217087762E-01 -.20E-10 0.77E-09 -0.26E-01 0.38E+08 2
0.5(B-C) 0 0 2 0 0 0 O 0.2261518449993083E-02 -.34E-10 0.55E-09 -0.61E-01 0.41E+07 2
F 0O 0 0 0 2 0 O 0.3771351672264470E+00 0.21E-08 0.50E-07 0.43E-01 0.76E+07 1

The composite parameters are represented only by their first line in this table. First the name
and integer number encoding is given, then the current value of the parameter (after addition of the
correction from the current iteration) is given followed by the correction itself (from the current
iteration of the least square fit) and the statistical uncertainty for the current parameter. Then two
ratios are given. First is the ratio of the last change to the statistical uncertainty and the second is the
ratio of the parameter value to the statistical uncertainty. Usually it is considered that if the last ratio
is greater than 100 then the parameter is satisfactorily determined from the point of view of
confidence intervals.

When the fit has converged or the maximum allowed number of iterations has passed the
output of obtained results is given. The list of transitions with J<Jmax from the input file is given
three times. First it is given in order of frequency, second it is given in the order it appears in the
input file, and third it is given sorted by spectroscopic branches. In these lists the assignments of the
levels are augmented by the symmetry species labels from the G12 group (for V6) or from the G6
group (for V3). When the list of transitions is presented sorted by branch the expectation value of the
(23)* operation is given and also if the transition is blended you will find in the end of the line the
letter *b” with the residual calculated from the special treatment of blends.

In between these three lists information on the rms deviations of different groups of data
(grouped by uncertainty, by symmetry species etc.) as well as some statistical analysis (like the
correlation table, or singular value decomposition analysis) can be found. One warning should be
given, however. Whereas the weighted rms deviation as well as the rms deviation of the data groups
grouped according to measurement uncertainty is calculated taking into account the special treatment
of blends the rms deviation for transitions grouped by m-state and by symmetry species is calculated
without this special treatment since if the components of a blended transition belong to different
groups it is not completely clear what residual should be taken if you would like to calculate rms
deviation for this particular group. Nevertheless, in the end of the output file the rms deviation for
transitions grouped by m-state and by symmetry species is calculated with special treatment of
blends, when for all transitions in the blend the difference between measured frequency and intensity
weighted average of the calculated transition frequencies is taken for rms calculation.

Also after the output of transitions in order of frequency the list of Hamiltonian parameters
with confidence intervals is given both in MHz and cm™.



An output file called obscal.txt is also generated. This file contains all transitions included in
the fit and gives for each transition its assignment, measured frequency, measurement uncertainty,
and ratio |(obs.-cal.)/(measurement uncertainty)|. By sorting this file over the last column which
contains |(obs.-cal.)/(measurement uncertainty)| one can easily locate most problem lines in the fit.

Tips inspired by user questions:

1) If you would like to get just a calculation of the transition frequencies using current set of
parameters without fitting put zero as the number of allowed iterations.

2) Keep in mind that the statement above “the program uses a general expression” means that indeed
one expression is coded inside the program and you only select the powers of different operators. In
practice this means that attention should be paid on exact form of operator which multiplies fitted
parameter. This is important when you would like to compare obtained parameter values with
parameter values obtained using other programs (i.e. with BELGI program when V3 mode of
RAMS36 is used). As an example of peculiarities which may appear we may take the case of diagonal
quartic centrifugal distortion constants. In commonly used definition it is assumed that A;, A, Ak
are multiplied by —J*, =J%3,2, =J,%, respectively, whereas general expression used in RAM36 allows
only J*, J%J,2, J,* expressions, i.e. they do not include minus sign. So, when you use in the list of
parameters following three lines to encode A;, Ak, Ak:

-Deltal , 2, 0, 0 0, 0 0 0, -0.30661003234599568E-06 , 2, 1,
-DeltaJK , 1, 2, 0 0, 0 0 0, 0.55979097051184501E-05 , 2, 1,
-DeltaK 0 4 0 0, 0 0 0, -0.12945159093675880E-03 , 2, 1

the minus sign will go to the values of obtained parameter values (that is why the names of diagonal
centrifugal distortion parameters in the example above are given as -AJ, -AJK, -AK to attract
attention to this fact). This fact should be taken into account when you try to compare obtained
parameter values with ab initio results or fits obtained using other programs.
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