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Abstract: | will review the published quasar absorption line constraints on variations in the fine-structure constant, alpha, focusing on the apparent
disagreement between those derived from Keck/HIRES and VLT/UVES spectra which have provided evidence for and against alpha variation,
respectively. | demonstrate ssmple yet fundamental flaws in the UVES constraints which preclude reliable comparison with those from HIRES. |
will outline our program to obtain a definitive UVES measurement. | will also present several new absorption line constraints on variations in the
proton-to-electron mass ratio, mu. For the two molecular hydrogen absorbers from which previous authors found tentative evidence for
mu-variation, we find robustly null results. A further two molecular hydrogen absorbers, including an entirely new system, also yield tight, null
congtraints. Finally, | present new, detailed comparison of a radio absorption system containing ammonia inversion and molecular rotational
transitions which yields the strongest current astrophysical constraint on mu-variation,
dmu/mu=[mu(z)-mu(lab)]/mu(lab)=[+0.74+/-0.47(stat)+/-0.76(sys)]x10"-6, at redshift z=0.685.
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iutline:
'Keck/HIRES constraints on a: Ac/a+07?

'VLT/UVES constraints on a: Aa/a=07
‘Ammonia constraint(s) on u: Au/u=07?
'Future measurements

‘New instruments & telescopes

‘Astronomical frequency combs — a reality!
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43 Keck/HIRES absorbers:
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43 Keck/HIRES absorbers:

Time since Big Bang [Gyrs]
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ianand/Chand et al. (2004):

o~ Chand et al. (2004) Aa/a=(-0.06 +0.06) x 105
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ianand/Chand et al. (2004):

| +~e~ Chand et al. (2004) Aa/a = (-0.06 +0.06) x 10-5
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curves should be smooth:

n scales similar to the 1-c error, the 2 curve
UST be SMOOTH and near-parabolic.
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> curves should be smooth:

n scales similar to the 1-c error, the ¥2 curve
UST be SMOOTH and near-parabolic.
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> curves should be smooth:

n scales similar to the 1-c error, the 2 curve
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evise with robust ¢ minimization:

e~ Robust ¥ min. Aa/a = (-0.44 £ 0.16) X 1075 |
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W m

pectroscopic asar Dbsorption atabase
~ Uniform reduction of ALL ~500 UVES QSO spectra
- Repeatable reduction
Publicly available

‘Initial analysis of >100 high-S/N absorbers
80 spectra already complete
'Predicted precision of é6(Ac/a) = 0.05 x 10
'‘Blind analysis
- Perturb wavelength calib. before profile fitting

00000000000

- Apply fit to re-calibrated spectra to obtain Ag/g
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> curves should be smooth:

n scales similar to the 1-c error, the 2 curve
UST be SMOOTH and near-parabolic.

72

Q0122 380 z,,_—l 2433

T
—l-—'l'h.ls Inrk —A—Cha.nd et a.l (2004)

Q0453—-423 z__=0.9084

L] L L] I L] L] L] L] I L] L] L] L] I L] L] L] L] I L] L] ¥
~ —e—Thiswork —Chand et al. (2004) -




b mn

pectroscopic asar bsorption atabase
Uniform reduction of ALL ~500 UVES QSO spectra
Repeatable reduction
- Publicly available

‘Initial analysis of >100 high-S/N absorbers

80 spectra already complete
'Predicted precision of é6(Ac/a) = 0.05 x 10
'‘Blind analysis

- Perturb wavelength calib. before profile fitting

00000000000

- Apply fit to re-calibrated spectra to obtain Ag/g
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pectroscopic asar bsorption atabase
- Uniform reduction of ALL ~500 UVES QSO spectra
Repeatable reduction
- Publicly available

‘Initial analysis of >100 high-S/N absorbers

80 spectra already complete
'Predicted precision of é(Ac/a) = 0.05 x 10
'‘Blind analysis

Perturb wavelength calib. before profile fitting

00000000000

- Apply fit to re-calibrated spectra to obtain Ag/g
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ew Zn/CrlIl constraints:
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’roton-to-electron mass ratio, u,

s effectively the ratio of strong
ind electro-weak scales.




olecules and varying pu.:

Transition i's sensitivity to p-variation:

H, UV transitions:

Ammonia vs. molecular rotational transitions:

Flambaum & Kozlov (2007):
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ew NH, constraints on Ap/u:

New measurement @ z=0.685:




‘New VLT concept:
chelle pectrograph for cise uper- table bservations

Vacuum-sealed, in stable coude room

Fibre feed, image slicing & beam
homogenization

- Higher resolution (R > 150,000)

Fed by all 4 VLTs! (or any "available one”)

'European ELT concept:
smic ynamics periment

42-m telescope
Super-ESPRESSO
“=Aitn for cm s* reproducibility over decades







raditional echelle calibration:
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omb echelle simulation:

1 h

lmnn«mnmm.nmn il lMlHdhuHﬂh mthhllhmth

IIIIIIIIIIIIIIIIIII

llllllllllllllllllll

IIIIIIIIIIIIIIIIIIII

4999.8 2000 2000.2
Wavelength [A]

ecision integrated over 3800—-8200A is ~1cm s,




comb on the VTIT (R=250k):

of

-
LR

Pirsa: 08070008



1583.60713(3) nm
5 (nm)

2
g

189 2% 18930
189.312509989(10) THZ__

1584 1582 : 1580 1578 1576 (nm)
= 5 =151 : =
- - - - - o s

1
Page 60/66

Pirsa: 080700




ummary:

|l ook out for false positives AND false negatives.

No robust UVES constraints; large sample soon.
NH, constraint on p-variation @ z=0.685:

Need more NH, absorbers (and H, absorbers)!

ESPRESSO & CODEX:

Frequency combs:
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ummary:

L ook out for false positives AND false negatives.

No robust UVES constraints; large sample soon.
NH, constraint on p-variation @ z=0.685:

Need more NH, absorbers (and H, absorbers)!

ESPRESSO & CODEX:

Frequency combs:
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Juasar absorption line constraints
n variable fundamental
onstants

5" ‘ . Collaborators:
;_‘ n Webb unsw (Sydney)
*%5" - Victor flambaum UNSW (Sydney)

IR N - "‘* r¥ ‘ Bob CarSwell 10A (Cambridge)
- a i 3 e O Sebastien Muller AsiAA (Teipei)
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