MEP 2003

IODINE (A~ 612 nm)

Absorbing molecule '*’I,, a; component, R(47) 9-2 transition "

CIPM recommended values

The values =489 880 354.9 MHz
A=611970770.0 fm

with a relative standard uncertainty of 3 x 107 apply to the radiation of a He-Ne laser stabilized with an iodine cell,
within or external to the laser, having a cold-finger temperature of (=5 + 2) °C .

Source data

Adopted value f =489 880 354.93 (15) MHz ufy=3.0x10"
for which:
A=611970 769.97 (18) fm ufy=3.0x10"

calculated from

f/kHz uly source data
489 880 354 979 1x107"° 2.1

489 880 354 728 2.1x107" 2.2

489 880 355 026 83x 107" 2.3

489 880 355 062 3.0x107"° 2.4

489 880 358 850 85x 107" 2.5
Unweighted mean: f =489 880354 929 kHz

Other available values having relative uncertainties higher than 3.0 x 10™'° have not been used. The relative standard
uncertainty calculated from the dispersion of the six values is 2.8 x 107'°, which the CCL preferred to round up to
3.0x 10

Source data

2.1 Reference [1] gives fi7/ f; = 1.034 349 072 43 ufy=1x107"°.

Using the recommended value of the absorbing molecule 127, ajgor £ component, R(127) 11-5 transition (see iodine
at A~ 633 nm and frequency differences listed in corresponding Table 1) one obtains

fi=473 612214 712 kHz Uy =22x10",

one calculates fi7 =489 880 354 979 kHz ufy=1x107"°.

m All transitions in I, refer to the B’TT o — X' Y, system.

@ For the specification of operating conditions, such as temperature, modulation width and laser power, the

symbols + refer to a tolerance, not an uncertainty.
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2.2 Reference [2] gives fi7/ f; = 1.034 349 071 90 ufy=2.1x107"°.

Using the recommended value of the absorbing molecule 271, agor f component, R(127) 11-5 transition (see iodine
at A = 633 nm and frequency differences listed in corresponding Table 1) one obtains

fi=473 612214 712 kHz ufy=22x10",
one calculates fur =489 880 354 728 kHz ufy=2.1x107"
2.3 Bonsch et al. [3] give pis/A; = 0.966 791 921 43 ufy=8x 107"

Using the recommended value of the absorbing molecule %I, a;¢ or f component, R(127) 11-5 transition (see iodine
at A=~ 633 nm and frequency differences listed in corresponding Table 1) one obtains

f=473 612214 712 kHz ufy=22x10",
one calculates fors =489 880 194 708 kHz ufy=83x10",
From the measured value (see Table 40 below) fi,15— f,7 =—160 318 kHz u.=3 kHz
one calculates fur =489 880 355 026 kHz uly=83x10".
2.4 Vitushkin et al. [4] give Aq/A.7 = 1.034 348 712 uly=3x107"°.

Using the recommended value of the absorbing molecule 127, ajgor £ component, R(127) 11-5 transition (see iodine
at A~ 633 nm and frequency differences listed in corresponding Table 1) one obtains

fi=473 612379 828 kHz ufy=22x10",
one calculates f7 =489 880 355 062 kHz uly=3.0%x107".
2.5 Himbert et al. [5] give f,15 = 489 880 604 541 kHz u, = 88 kHz.

This value is a result of the frequency ratio f;;3/f., to which the recommended value adopted by the CIPM in 1983 [6,
7] was applied, i.e. f; = 473 612 214.8 MHz. (see iodine at 4 = 633 nm and frequency differences listed in
corresponding Table 1)

fo—fi=152255kHz u.=5kHz,

one obtains f.=473 612 367 055 kHz,
and hence fuz ! fo=1.034 349 267 uy=28x 107",

Using the recommended value of the absorbing molecule '*'I, a;¢ or f component, R(127) 11-5 transition (see iodine
at A= 633 nm and frequency differences listed in corresponding Table 1) one obtains

f.=473 612 366 967 kHz uy=22x10",
one calculates fuiz =489 880 604 450 ufly=83x10".
Knowing the frequency difference (see Table 1) fa7—fa13 =—249 600 kHz u.= 10 kHz,
one obtains fur =489 880 354 850 ufy=8.5x10",
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Absolute frequency of the other transitions related to those adopted as recommended and
frequency intervals between transitions and hyperfine components

These tables replace those published in BIPM Com. Cons. Long., 2001, 10, 184-187 and Metrologia, 2003, 40, 127-
128.

The notation for the transitions and the components is that used in the source references. The values adopted for the
frequency intervals are the weighted means of the values given in the references.

For the uncertainties, account has been taken of:

e the uncertainties given by the authors;

e the spread in the different determinations of a single component;

o the effect of any perturbing components;

e the difference between the calculated and the measured values.

In the tables, u, represents the estimated combined standard uncertainty (1 o).

All transitions in molecular iodine refer to the B-X system.

Table 1

A~612nm 'Y, R(47) 9-2

a,  x  [f(a)—/(a))/MHz u/MHz &, x  [f(a)—f(a;))/MHz e MHz
a u -357.16 0.02 ap 219.602 0.006
a t -333.97 0.01 a;; i 249.60 0.01
a3 s —312.46 0.02 a4y h 284.30 0.01
ay r —86.168 0.007 as g 358.37 0.03
as q -47.274 0.004 ae f 384.66 0.01
ag p -36.773 0.003 ay; e 403.76 0.02
a; 0 0 — ag d 429.99 0.02
ag n 81.452 0.003 a9 € 527.16 0.02
ag m 99.103 0.003 ay b 539.22 0.02
ap |1 107.463 0.005 a a 555.09 0.02
anp  k 119.045 0.006

Frequency referenced to a;, R(47) 9-2, "'I,: f=489 880 354.9 MHz [8]

Ref. [9, 10-14]
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Table 2

A~612nm 'V, P(48) 11-3

b, [ (b,) —f (a7)/MHz u./MHz b, [/ (b,) — f (a7)/MHz u./MHz
b, ~1034.75 0.07 bo -579.91 0.01
b, ~755.86 0.05 bio ~452.163 0.005
bs —748.28 0.03 by, -316.6 0.4
by —738.35 0.04 by -315.8 0.4
bs ~731.396 0.006 by —297.42 0.03
be —616.01 0.03 by —294.72 0.03
b, —602.42 0.03 bis ~160.318 0.003
bg -593.98 0.01
Frequency referenced to  a;, R(47) 9-2, *'L,: f= 489 880 354.9 MHz [8]
Ref. [9, 10, 12-15]
Table 3

A~612nm 'Y, R(48) 15-5
c, [/ (c,) - f (a7)/MHz u./MHz ¢, [ (c») - f (a7)/MHz u./MHz
¢ ~513.83 0.03 cs —209.96 0.03
¢ —237.40 0.03 Co -97.74 0.03
cs —228.08 0.03 cs ~73.92 0.03
Cy —218.78 0.03 Co -59.30 0.03
Frequency referenced to a;, R(47) 9-2, ''I,: f=489 880 354.9 MHz (8]

Ref. [10]
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Table 4

A~612nm '®I, P(110) 10-2

a, x [f(@)—f(a{""L})yMHz u/MHz a, X [f(@)—f(ar{ "I} )yMHz u/MHz
a, b -376.29 0.05 a;s  n 1.61 0.20
a, a' —244.76 0.10 ag m 10.63 0.15
a3z —230.79 0.20 a; 1 15.82 0.20
a, y —229.40 0.20 a;g  k 25.32 0.10
as X -216.10 0.05 a 49.44 0.15
ag W -149.37 0.10 ay i 54.66 0.20
a; v ~134.68 0.10 ay h 69.02 0.10
ag u -130.98 0.10 ay g 74.47 0.15
a,  t -116.67 0.05 a; f 110.60 0.10
a s —96.26 0.20 ay e 153.09 0.20
ayy T -90.70 0.20 as d 154.70 0.20
an q —84.12 0.20 ax 163.98 0.20
a3 P ~71.79 0.20 a;; b 166.22 0.20
ay o ~72.70 0.20 ay a 208.29 0.10
Frequency referenced to a;, R(47) 9-2, '*'I,: =489 880 354.9 MHz [8]
Ref. [16-18]
Table 5

A~612nm I, R(113) 14-4
b, x [(b)—f(ar{ "L} ) MHz u/MHz b, x [/ (b)) —/(ar{*'L})MHz u/MHz
b T —410.4 0.3 by i —289.4 0.5
bw q -390.0 0.3 by h —273.1 0.3
by p -383.9 0.5 by g —255.7 0.5
bn o —-362.8 0.3 by f 247 5
by n -352.9 0.3 by e 237 5
by m 3464 0.3 by d -223 5
by 1 -330.0 0.3 by ¢ -198.6 0.3
by  k -324.9 0.3 bis b -193.1 0.3
by j -304.7 0.3 by a -187.0 0.3

Frequency referenced to a;, R(47) 9-2, 12712: f=489 880 354.9 MHz

Ref. [17, 18]
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