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16293 B, and 121.11-111.10 and 161.16-151.15 transitions in IRAS2A. Most of the
transitions in are both the substates. The comparison of frequencies shows that
all these nine transitions belong to the 0+ substate.

Using the spectroscopic data (rotational and centrifugal distortion constants,
and electric dipole moment), we have calculated energies of 120 rotational levels
of each specie in each substate and the radiative transition probabilities (Einstein
A and B coefficients) for radiative transitions between the levels by using the
computer code ASROT [15]. The radiative transition probabilities in conjunction
with scaled values of collisional rate coefficients are used for solving a set of 120
statistical equilibrium equations coupled with the equations of radiative transfer.
Out of a large number of lines, we have considered the strongest emission and
absorption lines. In each substate, three doublets, 110-111, 211-212, 312-313 are found
to show anomalous absorption at high temperature and weak MASER action at
low temperature. In each substate, nine transitions, 414-313, 515-414, 616-515, 303-202,
404-303, 505-404, 707-606, 808-707, 909-808 are found to show emission feature. The
intensities of observed lines are found weaker than the lines discussed here. These
lines, along with the observed ones, may play important role in the detection of
cyanamide in a cosmic object.

2. Model. The model used here is the same as discussed by Sharma et al.
[16-20]. In the Large Velocity Gradient (LVG) analysis, a set of statistical
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ROTATIONAL AND CENTRIFUGAL DISTORTION CONSTANTS
OF NH2CN IN MHz
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equilibrium equations coupled with the equations of radiative transfer is written
as the following.
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where n denotes the population density of energy level and the parameter P is
as the following.
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Here, A and B are the Einstein coefficients, C the rate coefficient for collisional
transition and 

2Hn  the density of molecular hydrogen. The escape probability 
for the transition is
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where  drd rv  denotes the velocity gradient in the region. This is non-linear
set of equations.

The external radiation field impinging on the volume element, generating the
lines, is the cosmic microwave background (CMB) only, which corresponds to the
background temperature T

bg
 = 2.73 K. The parameter   is expressed as

 drdn rmol v . Here, n
mol

 is the density of the species of cyanamide and
 drd rv  the velocity gradient in the object. Equation (1) is a set of homogeneous
equations which does not have unique solution. In order to make the set of
equations inhomogeneous, the last statistical equilibrium equation is replaced by
the following equation, showing conservation.
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Using the values of radiative and collisional transition probabilities, each set of
non-linear equations is solved through iterative procedure where the initial popu-
lation densities of levels are taken as the thermal populations, corresponding to
the kinetic temperature.
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2.1. Radiative transitions in cyanamide. In each substate, the electric
dipole moment is along a-axis of inertia. The radiative transitions are governed
by the selection rules:

. odd odd,even odd,: ,
odd even,even  even,: ,

1 ,0:
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For 120 rotational levels, for each specie in each substate, the 0+ substate has
309 ortho and 310 para transitions whereas in the 0

_
 substate, there are 308 ortho

and 309 para transitions. For the given values of rotational and centrifugal
distortion constants, and electric dipole moment, we have calculated energies of
120 rotational levels and line strengths for radiative transitions between the levels
with the help of the software ASROT [15].

For a radiative transition from upper level u to lower level l, the line-strength
S
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where g
u
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u
 + 1) is the statistical weight of upper level with rotational quantum

number J
u
, 1  is component of electric dipole moment and ul  the frequency

of transition. The Einstein A and B coefficients are related through the relations:
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where g
l
 denotes the statistical weights for the lower level.

2.2. Collisional transitions. Though the collisional transitions, contrary
to the radiative transitions, between the rotational levels do not follow any selection
rules, the calculation of collisional rate coefficients for the transitions is a difficult
task [21-23]. The collisional rate coefficients for cyanamide are not available,
therefore, they are estimated following the procedure discussed by Sharma et al.
[16,17,19,20,24].
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This expression is equivalent to the cross section times the relative velocity of
collision partner, which is generally taken as the molecular hydrogen H2, whose
abundance is the largest in a molecular region. These collisional rate coefficients
are such that they do not generate any anomalous phenomenon from their own.

3. Results and discussion. In order to consider a large number of cosmic
objects, where the cyanamide may be found, the calculations are done for wide
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ranges of physical quantities. The molecular hydrogen density 
2Hn  is taken from

102 to 106
 cm-3; the kinetic temperatures T are 20, 40, 60, 80, 100 K. However,

in figures we have given the values for 40 and 100 K. Two values of   drdn rmol v
are taken as 10-5 and 10-6

 cm-3 (km/s)-1
 pc. Here, n

mol
 is the density of the species

of NH2CN and  drd rv  the velocity-gradient in the region.
In Fig.1, we have plotted brightness temperature versus hydrogen density for

two temperatures, 40 and 100 K (written on the top) for six para transitions
(written on the left) in 0+ substate. Fig.2, is the same as Fig.1, but for six ortho
transitions in 0+ substate. Fig.3 and 4 are for ortho and para transitions,
respectively, in the 0

_
 substate. The kinks in the plots are due to numerical

instabilities. Interesting to note that Fig.1 and 3 are very similar whereas Fig.2
and 4 are very similar.

Three doublets, 110-111, 211-212, 312-313 in each substate are found to show
anomalous absorption at high temperature and weak MASER action at low
temperature. The transition 110-111, in particular, may be utilized as a probe for
the search of molecule. In each substate, nine transitions, 414-313, 515-414, 616-515,
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Fig.1. Variation of brightness temperatures TB (K) versus molecular hydrogen density 
2H

n  for
kinetic temperatures 40 and 100 K (written at the top) for six para transitions (written on the left)
in 0+ substate of NH2CN. Solid line is for 510  cm-3

 (km/s)-1
 pc, and dotted line for 610

cm-3
 (km/s)-1

 pc.
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Fig.2. Same as for Fig.1, but for six ortho transitions (written on the left) in 0+ substate of NH2CN.
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Table 2

FREQUENCY, EINSTEIN A-COEFFICIENT, ENERGY OF UPPER
LEVEL, RADIATIVE LIFE-TIMES OF UPPER AND LOWER LEVELS

FOR TRANSITIONS IN 0+ SUBSTATE OF NH2CN
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Fig.3. Same as for Fig.1, but for six ortho transitions (written on the left) in 0_ substate of NH2CN.
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Table 3

FREQUENCY, EINSTEIN A-COEFFICIENT, ENERGY OF UPPER
LEVEL, RADIATIVE LIFE-TIMES OF UPPER AND LOWER LEVELS

FOR TRANSITIONS IN 0
_
 SUBSTATE OF NH2CN
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303-202, 404-303, 505-404, 707-606, 808-707, 909-808 are found to show emission feature.
The intensity of a transition is found to increase with the increase of density and
kinetic temperature. Parameters for these transitions are given in Tables 2 and
3 for 0+ and 0

_
 substate, respectively. For all 24 transitions, the life time of lower

level is found larger than that of the upper level. Still finding MASER action
is interesting feature.

All nine observed lines, 170.17-160.16, 172.15-162.14, 181.18-171.17, 182.16-172.15, 183.16-
173.15, 183.15-173.14, 181.17-171.16, 121.11-111.10 and 161.16-151.15 in 0+ substate are found
to have weaker intensity as compared to those discussed above. Besides the observed
lines, the lines discussed here may play important role in the detection of
cyanamide in a cosmic object.

4. Conclusions. The LVG analysis carried out for 0+ and 0
_
 substates of

NH2CN has found 12 additional transitions, 110-111, 211-212, 312-313, 515-414, 616-
515, 303-202, 404-303, 505-404, 707-606, 808-707, 909-808 transitions, for each state, which
may help in the identification of cyanamide in a cosmic object.
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ÖÈÀÍÀÌÈÄ (NH2CN) Â ÌÅÆÇÂÅÇÄÍÎÉ ÑÐÅÄÅ:
ÂÎÇÌÎÆÍÛÅ ÑÏÅÊÒÐÀËÜÍÛÅ ËÈÍÈÈ

Ì.Ê.ØÀÐÌÀ

Öèàíàìèä (NH2CN) èìååò ïèðàìèäàëüíóþ ñòðóêòóðó ðàâíîâåñèÿ ñ äâóìÿ
ïîäñîñòîÿíèÿìè, îáîçíà÷åííûìè 0+ è 0-. Äëÿ êàæäîãî ñîñòîÿíèÿ NH2CN,
çíàÿ êîíñòàíòû âðàùàòåëüíîãî è öåíòðîáåæíîãî äèñòîðñèé â ñî÷åòàíèè ñ
ýëåêòðè÷åñêèì äèïîëüíûì ìîìåíòîì, âû÷èñëåíû ýíåðãèè âðàùàòåëüíûõ
óðîâíåé è âåðîÿòíîñòè ðàäèàöèîííûõ ïåðåõîäîâ ìåæäó óðîâíÿìè. Èñïîëüçóÿ
âåðîÿòíîñòè ðàäèàöèîííûõ ïåðåõîäîâ â ñî÷åòàíèè ñ ìàñøòàáèðîâàííûìè
çíà÷åíèÿìè êîýôôèöèåíòîâ ñêîðîñòè äëÿ ñòîëêíîâèòåëüíûõ ïåðåõîäîâ ìåæäó
óðîâíÿìè, âûïîëíåí LVG àíàëèç äëÿ êàæäîãî ïîäñîñòîÿíèÿ. Äëÿ êàæäîãî
ïîäñîñòîÿíèÿ ìû îáíàðóæèëè àíîìàëüíîå ïîãëîùåíèå â òðåõ äóáëåòàõ ïðè
âûñîêîé òåìïåðàòóðå è ñëàáûé ìàçåðíûé ýôôåêò ïðè íèçêîé òåìïåðàòóðå.

Ìû òàêæå îáíàðóæèëè îñîáåííîñòè èçëó÷åíèÿ â äåâÿòè ïåðåõîäàõ â
êàæäîì ïîäñîñòîÿíèè. Ýòè ïåðåõîäû, íàðÿäó ñ íàáëþäàåìûìè, ìîãóò èãðàòü
âàæíóþ ðîëü äëÿ èäåíòèôèêàöèè NH2CN â àñòðîôèçè÷åñêèõ îáúåêòàõ.

Êëþ÷åâûå ñëîâà ISM: ìîëåêóëû, NH
2
CN: A-êîýôôèöèåíòû Ýéíøòåéíà:

ïåðåíîñ èçëó÷åíèÿ
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