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VARYING CONSTANTS

2
e 1
Dimensionless quantities: o = =
Ame hc 137
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U= =1836.15267245(75)
M.
AV A,u The shifting power is expressed via sensitivity
= = K

coefficients Ku.

At least two lines with different sensitivities are

| necessary to constrain Au/p.
Calculate

Measure Determine  Suitable molecules are H,, CH;0H, CO, NH..



MOLECULES

Two basic requirements:
1. sensitive transitions <> K, # 0
2. Detectable at intermediate — high redshift

‘Metal® absorption lines
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Wavelength (Angstroms)
Molecular hydrogen - H, Methanol — CH,0OH
K,=-0.05 to +0.02 - weak sensitivity K,=-42 to +53 — high sensitivity

High redshift z > 2 Intermediate redshift z = 0.89



MOLECULAR HYDROGEN

118 H, lines are detected in three 1.0 —“NV"\—M{ APV - - 1 -
absorbers towards QSO J1237+0647 at 0.8} !
redshift: 0.6 :
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, — GENERIC - Ap/p = (-0.35 + 1.33)-107
- (S PU— WARM STATES - AP/l = (-0.03 + 1.32)-1 0’

- : . | CoLp sTATES - Ap/p = (-0.99 + 3.10)-107
- : . | 1sT ABSORBER - Ap/p = (0.73 £ 2.21 )10

- | 2ND ABSORBER - A/p = (-2.73 £ 1 .97)-107
- | . | 3RD ABSORBER - A/ = (3.50 + 3.18)-107
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METHANOL

Methanol is only detected in the lensing galaxy towards QSO PKS1830-211 at
redshift z,, . = 0.89

Transition v [GHz| . Obs. date
3,2 E 646 -32.8  Feb. 2012
Nov. 2012
May 2013
Op-1p AT 25.65 Dec. 2011
Apr. 2012
Mar. 2013
Apr. 2013
0p-1g B 9565 -1.0 Dec. 2011
Apr. 2012
Mar, 2013
Apr. 2013
2.4-1p E 3210 -7.4 Mar. 2012
Transition v [GHz] . Obs. date
30-27 A* 83.04 -2.7 Aug. 2012
1-1g E 83.40 -3.5 Aug. 2012
2.- 2 E 83.40 -3.5 Aung. 2012
3.0-%E 83.40 -3.5 Aug. 2012
15-1; At/ 160.87 - Aung. 2012
Transition v [GHz| . Obs. date
Jo0-41 AT 261.04 -1.6  Jun. 2012
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HIGHLIGHTS

Look—back time [G}rr]
*J1237+0647 0123456 7 B 9 10

Constraint on AH/IJ.from 118 H2 el UL LU LY LA I RN LI N L B B B |
lines molecular hydrogen of: _
Ap/p=(-0.35 + 1.33__,)-10° 20 = T

*J1237+0647
Use CO lines to derive another
constraint on Ap/p

Au/p [1078]

* PKS1830-211
Constraint on Ap/u from 17
methanol lines of: I I I I | I I I I | ] I I

Ap/p=(-1.0£0.8,,,+1.0 )10 0 1 2
Redshift
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