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ASTROPHYSICAL BACKGROUND

ESO/APEX & MSX/IPAC/NASA

@ 1% detection towards SgrB2
VAN DISHOEK et al., Astrophys. J. 416 (1993)
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ASTROPHYSICAL BACKGROUND

ESO/APEX & MSX/IPAC/NASA

@ 1% detection towards SgrB2
VAN DISHOEK et al., Astrophys. J. 416 (1993)

@ Recently detected by Herschel (HIFI) towards G10.6-0.4 (W31)
PERSSON et al., A&A 521 (2010)
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STATE OF THE ART

NH,: extensively studied from the sub-mm to the UV
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STATE OF THE ART

NH,: extensively studied from the sub-mm to the UV

@ Sub-mm / THz / FIR
MULLER et al., J. Mol. Spect. 195 (1999)
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STATE OF THE ART

NH,: extensively studied from the sub-mm to the UV

@ Sub-mm / THz / FIR
MULLER et al., J. Mol. Spect. 195 (1999)

@ FIR Fourier transform spectroscopy (one study up to date):
MORINO & KaAwAGuUcCHI et al., J. Mol. Spect. 182 (1997)

o R=0.007 cm™!
@ Absorption spectroscopy in the ground vibrational state
@ 200 pure rotational transitions reported (N,x=12)
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STATE OF THE ART
NH,: extensively studied from the sub-mm to the UV

@ Sub-mm / THz / FIR
MULLER et al., J. Mol. Spect. 195 (1999)

@ FIR Fourier transform spectroscopy (one study up to date):
MORINO & KaAwAGuUcCHI et al., J. Mol. Spect. 182 (1997)

o R=0.007 cm™!
@ Absorption spectroscopy in the ground vibrational state
@ 200 pure rotational transitions reported (N,x=12)

High resolution and high temperature
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THeE NHp RADICAL

SPECTROSCOPY OF THE NH, RADICAL

Electronic: fundamental state X 2B;

2%
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THeE NHp RADICAL

SPECTROSCOPY OF THE NH,; RADICAL
Electronic: fundamental state X 2B;

Vibrational: 3N — 6 = 3 vibration modes (v1, v2, 3)

SYMMETRIC STRETCHING BENDING ASYMMETRIC STRETCHING
9, ~. 9,7 &,
y L N \ 4 y
vy = 3219cm™! Vo = 1497cm ™1 v3 =3301cm™?
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THeE NHp RADICAL

SPECTROSCOPY OF THE NH,; RADICAL
Electronic: fundamental state X 2B;

Vibrational: 3N — 6 = 3 vibration modes (v1, v2, 3)

SYMMETRIC STRETCHING BENDING ASYMMETRIC STRETCHING
9 9,7 &,
y L N \ 4 y
v = 3219cm™! v, = 1497cm™! vs = 3301cm™?

Rotational: Asymmetric top rotor

@ Hund’s case (b)
@ Rotational quantum numbers: N, K, K.
@ (000), (010): b-type transitions
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2 RADICAL

ROTATIONAL STRUCTURE

N, K,
K,=0..N
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THeE NHp RADICAL

ROTATIONAL STRUCTURE

Asymmetric Splitting

Ke=N—K,
N7 Ka
Ka:O...N“-_.
o Ke=N41-K,
K, + K. =
NorN+1
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THeE NHp RADICAL

ROTATIONAL STRUCTURE

Asymmetric Splitting Fine Structure

J=N-1/2
. F2
Ke=N-K, -
N, K, - S U=NAL)2
Ky=0..N .. F
Ke=N+1-K, -
Spin
Rotation
Coupling
Ky + Ke = ._j = N + §
NorN+1 S=1/2 (®B1)
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THeE NHp RADICAL

ROTATIONAL STRUCTURE

Asymmetric Splitting Fine Structure Hyperfine Structure

. Fi=J-1
J=N-1/2 .-
Peeees Fi=J
F2
Fi=J+1
Ke=N—K, -
. Fi=J+1
N, K, J=N+1/2 '
. ' R Fi=J
Ka=0..N .. 3
- . Fi=J-1
L Ke=N+1-K, -
' Spin Nuclear spin
Rotation Rotation
Coupling Coupling
K+ Ke = J=N+5 Fo=J+Iy
NorN+1 S=1/2 (®B1) Iv=1 (*N)
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THeE NHp RADICAL

ROTATIONAL STRUCTURE

Asymmetric Splitting Fine Structure Hyperfine Structure

Ke=N-K, -

N K, -

K,=0...N .
Ke=N+1-K, -
K, + K. =
AN=0+1 NorN+1
AK,=0,+1 AK.=0,+1

M.A. MARTIN-DRUMEL

Fi=J-1
J=N-1/2
....... Fi=J
F2
F1:J+l
F=J+1
J=N+1/2
....... Fi=J
F
Fi=J—1
Spin Nuclear spin
Rotation Rotation
Coupling Coupling
J=N+S5 Fir=J+In
5=1/2 (*B1) Iv=1 (*N)
Fi+F; AF=0,+1
JUNE 23, 2011 5
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EXPERIMENTAL WORK

EXPERIMENTAL SET-UPS OBSERVED SPECTRA

EXPERIMENTAL SET-UPS

Emission Absorption
Interferometer Bruker IFS 125
Spectral range 15-700 cm~!
Precursor NH3
Discharge RF DC
Power 1000 W 1-3 kV, 0.6-2 A
Pressure ~10 mbar ~0.1 mbar (4 2 mbar He)
Light Source plasma SR
Resolution 4103 cm™! 1102 em™!
Accuracy (l.p.) < 5107* cm™! (12 MHz) < 1.107* em™! (3 MHz)
Length 0.7m 24 m
Rot. temp. 2500 K 300 K
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Emission Absorption
Interferometer Bruker IFS 125
Spectral range 15-700 cm~!
Precursor NH3
Discharge RF DC
Power 1000 W 1-3 kV, 0.6-2 A
Pressure ~10 mbar ~0.1 mbar (4 2 mbar He)
Light Source plasma SR
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Accuracy (l.p.) <510 % ecm™! (12 MHz) < 1.107* em™! (3 MHz)
Length 0.7m 24 m
Rot. temp. 2500 K 300 K
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EXPERIMENTAL SET-UPS

Emission Absorption
Interferometer Bruker IFS 125
Spectral range 15-700 cm~!
Precursor NH3
Discharge RF DC
Power 1000 W 1-3 kV, 0.6-2 A
Pressure ~10 mbar ~0.1 mbar (4 2 mbar He)
Light Source plasma SR
Resolution 4103 cm™t 1102 em™*
Accuracy (I.p.) < 5107% cm™' (12 mhz) <1107 em™! (3 mH2)
Length 0.7m 24 m
Rot. temp. 2500 K 300 K
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EXPERIMENTAL WORK

EXPERIMENTAL SET-UPS OBSERVED SPECTRA

EXPERIMENTAL SET-UPS

Emission Absorption
Interferometer Bruker IFS 125
Spectral range 15-700 cm~!
Precursor NH3
Discharge RF DC
Power 1000 W 1-3 kV, 0.6-2 A
Pressure ~10 mbar ~0.1 mbar (4 2 mbar He)
Light Source plasma SR
Resolution 41073 cm™! 1102 em™!
Accuracy (l.p.) < 5107* cm™" (12 mHz) < 1.107* em™! (3 MHz)
Length 0.7m 24 m
Rot. temp. 2500 K 300 K
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"ERIMENTAL WORK

EXPERIMENTAL SET-UPS OBSERVED SPECTRA

RESOLUTION OF THE ASYMMETRIC SPLITTING

1 .9®
9
34
=
224
8
g
g
=
£ 6, < 5,—
= 61 < 250
(F1-F1)
0 .
) ; <~ 150 MHz saturation level
previous assignment (unresolved)
Morino & Kawaguchi 1997
-1 T T T T T T T
260.17 260.18 260.19 260.20 260.21 260.22 260.23 260.24

Wavenumber (cm’l)

* Absorption: Resolution of the asymmetric splitting for several new lines )
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"ERIMENTAL WORK

EXPERIMENTAL SET-UPS OBSERVED SPECTRA

RESOLUTION OF THE FINE STRUCTURE

=
.2
£
2
£ F1-F1 F2-F2
=, [ -
J=7.5 «J"=6.5 J=6.5 < J'=5.5
04
previous assignment (unresolved) 110 MHz
Morino & Kawaguchi 1997 [
T T T
122.89 12290 12201 122.92 122.93 122.94 122,95
Wavenumber (cm’l)
* Absorption: Resolution of the fine structure for several new lines J

M.A. MARTIN-DRUMEL FIR spECTROSCOPY OF NHp JUNE 23, 2011 8




EXPERIMENTAL WORK

EXPERIMENTAL SET-UPS OBSERVED SPECTRA

RESOLUTION OF THE *N HYPERFINE STRUCTURE

1
8
J/.\J
6 422 < 313
< (F2-F2, J'=3.5 «— J"=2.5)
2
5
§4_ F'=25 «F" =15 —
= F'=3.5  F" =25
~— F =45« F"'=35
40 MHz . T
5 < 50 MHz
previous assignment (unresolved)
Morino & Kawaguchi 1997
152.72 15273 152.74 152.75 152.76

Wavenumber (cm™)

* Absorption: Resolution of the hyperfine structure for several new lines
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SRIMENTAL WORK

EXPERIMENTAL SET-UPS OBSERVED SPECTRA

TRANSITION INVOLVING EXCITED ENERGY LEVELS

-2,
010)5,, >4
(000)9,.—> 8, 010)5,, >4,
FI-F1  F2-F2 FI-F1 F2-F2
T T T T A T T T T
200.7 200.8 200.9 201.0 201.1 208.1 208.2 208.3 208.4 208.5 208.6

Wavenumber (cm™)

* Emission: Pure rotational transitions within (000) and 1, =1 J
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ANALYSIS

ANALYSIS (IN PROGRESS)

@ Use of the SPFIT/SPCAT suite
PICKETT et al., J. Mol. Spect. (1991)
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ANALYSIS

ANALYSIS (IN PROGRESS)

@ Use of the SPFIT/SPCAT suite
PICKETT et al., J. Mol. Spect. (1991)

@ Fit: pure rotational transitions within (000)
@ 684 previously reported transitions (0-2 THz ~ 0-60 cm~1!)
MULLER et al., J. Mol. Spect. 195 (1999)
o ~ 700 transitions observed at Soleil (20-700 cm~1)

€

Watson's A-reduced rotational Hamiltonian (1" representation)
o IR RMS=1.1.10"3 cm™!
RMS ERROR=1.58

©
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FiT

ANALYSIS

1191 lines (507 SOLEIL)
Nmax = 12 (K, = 3)
Kamax =9 (N =9)

73 parameters

IR RMS=0.00029 cm~!
RMS ERROR=1.66

1365 lines (681 SOLEIL)
Nmax = 24 (K5 = 2)
Kamax S 9 (N = 13)

86 parameters

IR RMS=0.00075 cm ™!
RMS ERROR=1.49

1385 lines (701 SOLEIL)
Nmax =24 (K, = 2)
Kamax = 11 (N = 13)

86 parameters

IR RMS=0.00112 cm™!
RMS ERROR=1.58
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FiT

ANALYSIS

1191 lines (507 SOLEIL)
Nmax = 12 (K, = 3)
Kamax =9 (N =9)

73 parameters

IR RMS=0.00029 cm~!
RMS ERROR=1.66

1365 lines (681 SOLEIL)
Nmax = 24 (K5 = 2)
Kamax S 9 (N = 13)

86 parameters

IR RMS=0.00075 cm ™!
RMS ERROR=1.49

1385 lines (701 SOLEIL)
Nmax =24 (K, = 2)
Kamax = 11 (N = 13)

86 parameters

IR RMS=0.00112 cm™!
RMS ERROR=1.58

@ Light molecule: anormal centrifugal distorsion

@ Renner-Teller effect
DRESSLER & RAMSAY, Ph. Trans. Roy. Soc. London 251 (1959)

@ Unidentified transitions within (000) and (010)...
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ROTATIONAL AND CENTRIFUGAL DISTORTION CONSTANTS (MHZ)

M.A. MARTIN-DRUMEL

Parameter Present Miiller et al.
A 710 302.011 4(104) 710 302.131 9(250)
B 388 280.646 8(113) 388 288.871 8(1491)
c 245 013.373 9(70) 245 013.954 4(1316)
Ay 659.752 41(262) 659.765 23(1561)
Ak -125.142 86(169) -125.045 19(1631)
Ay 31.686 89(50) 31.664 38(428)
5K 29.751 6(38) 29.375 5(761)
Sy 12.709 480(182) 12.701 85(208)
i - 10° 1991.01(34) 1 991.49(350)
Dy - 103 -283.00(46) -267.88(472)
Dk - 103 -49.337(121) -48.98(139)
oy - 10° 13.069 4(128) 12.518 3(1195)
by - 10° 539.25(37) 490.64(778)
K - 10 -15.742( 53) -18.655(1194)
én - 103 6.506 1(59) 6.294 3(432)
L - 10° -10 626.3(162) -10 156.(278)
Lynk - 108 63.68(139) 70.39(1281)
Ly - 10 -9.846(135) -4.786(792)
Ly - 10° -1 045.4(66) -736.9(1070)
Lk - 100 3 882.4(179) 2 472.(290)
Ig - 108 -4 646.3(161) -2 501.(208)
Ik - 108 72.0(32) 44.3(432)
Ink - 10° 3.889(256) 45.87(818)
Iy - 10° -4.891(67) -3.043(295)
Py - 100 44.16(41) 49.01(426)
Sy - 100 -0.119 4(38) -0.184 4(299)
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CONCLUSION

COMPLEMENT OF NH> DATABASE
~ 500 new transitions identified in (000)
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CONCLUSION

COMPLEMENT OF NH> DATABASE
~ 500 new transitions identified in (000)

o Emission:
Observation of transitions involving excited energy levels
o (000) Npax = 24 (K, = 2) et Kamax = 12 (N = 24)
@ (010) (in progress)
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CONCLUSION

COMPLEMENT OF NH> DATABASE
~ 500 new transitions identified in (000)

o Emission:
Observation of transitions involving excited energy levels
o (000) Npax = 24 (K, = 2) et Kamax = 12 (N = 24)
@ (010) (in progress)

@ Absorption:
High resolution and accuracy on line position

o 15t resolution of the rotational splitting for ~ 40 transitions //
(asymmetric splitting (10), fine (10) and hyperfine (20) structures)

@ Improvement on line position accuracy for lines already reported
(<3MHz/ ~1-10"*cm™")
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STUDY OF THE ®NH, ISOTOPE

Investigations on Y*N /5N ratio )

Objectives:

@ Observation of pure rotational transitions of the 1>NH, radical

@ |dentification on Herschel spectra ?

Collaboration:

@ Astrophysicians: OBSPM, Evelyne ROUEFF; LRA, Maryvonne GERIN
@ PhLAM: Laurent MARGULES, Stéphane BAILLEUX

@ ISMO-SOLEIL: Olivier PIRALI, Marie-Aline MARTIN-DRUMEL

The THz Cosmos, June 24, Laurent MARGULES (FA06, 10h27)
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