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Overview

« Short introduction of theory behind variation
* How Is variation reflected in observations?
* Molecular Hydrogen H,

« Methods involved

« Analysis

« Summary and Outlook
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Theory of shilly-shally constants

Kaluza-Klein theories

« Theodor Kaluza: generalisation of Einstein’s
GTR and the Maxwell equations In five
dimensions in 1921

« Oscar Klein: fifth dimension possibly curled
up

» fundamental constants only constant in e.qg.
five-dimensional space

* observed constants a mere projection

« another byproduct: scalar field as possible
source for acceleration
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How to measure variation?

 possible variation of the finestructure
constant o = e*/4rhc ~ 1/137.
Results under heavy debate.

« variation of the gravitational constant G .
Recent paper last week:

Gn/Gn < 107 yr 1,
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How to measure variation?

 possible variation of the proton-to-electron

mass ratio p = —=-.

Me

1o = 1836.15267261(85) (Mohr & Taylor 2000)

 |laboratory experiments not yet very accurate
(5 years)

e measure possible variation on cosmological
scales
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How to measure variation?

molecular hydrogen H, - energy levels

° Etotal — Eelectronic + Evibration + Erotation (BOA)
- vibrational: E, = (v + 1) s

: 1 k
- Wlth CUOSC — % ¢ ﬁ

» the classical osclillation frequency dependent
on the reduced mass as 1 2.
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How to measure variation?

molecular hydrogen H, - energy levels

- rotational: [ = "2 2 = 2

m1+1Mmo
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How to measure variation?

molecular hydrogen H, - energy levels

- rotational: [ = ™2 p2 — /p?

mi-+mo
« E;=BJ(J+1);J=0,1,2,3,...
B =l

- rotational transitions are proportional to p
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How to measure variation?

e homonuclear molecule - no detectable mere
vibrational or rotational spectrum

» only observable in combinations with
electronic transitions (UV-Band)

« UV radiation is a very efficient dissociator of
H,, so any H, that survived would presumably
be located inside very dense interstellar
clouds.

e So far observations have borne out this
supposition.
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How to measure variation?

molecular hydrogen Hs

« electron-vibro-rotational transitions depend
on reduced mass of molecule

« different dependence for different transitions

« distinguish cosmaological redshift of a line from
the shift caused by possible variation of

° Aobs = Arest X (1 + ZabS)(l + K %)

(Varshalovich & Levshakov 1993)
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How to measure variation?

din\Y
diln

sensitivity coefficient i; =
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How to measure variation?

. . . dln}\()
sensitivity coefficient K; = @
diln
0.05
0.04 r
v s
c
Q 0.03 r
S
=
GJ [}
3 002} °° %
> °
S . “ . Lyman
E 001 B ..
3 Werner
n
0.00 r
_001 : L 1 |
1510) 1000 1050 1100

restframe wavelength [A]

(Reinhold et al. 2006)
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extragalactic H-

* |local observations with UV-satellite
COPERNI CUS

« the most abundant molecule in space
 formation on dust grains
 shielding from UVB vs. dust obscuration

e transitions in UV (restframe) — redshiftet into
visual band



extragalactic H-
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 highly inhomogeneous, clumpy distribution 1]

[1] H.Hirashita, A.Ferrara, K.Wada, P.Richter,P.2003, MNRAS, 341, L18
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extragalactic H-

720 A
-
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- P _
890 | ’
680 | /! .

680 680 700 Vi0 720
pe

 highly inhomogeneous, clumpy distribution 1]
» observable only in dense systems

[1] H.Hirashita, A.Ferrara, K.Wada, P.Richter,P.2003, MNRAS, 341, L18
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O
o O
rotating massive hot, dense
black hole / accretion disk

0 \

@)
O torus of cooler
o gas and dust
small dense_~ .
emission line accelerated jets

clouds of relativistic particles

o o

i to large—scale
radio lobes
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Quasar absorption line
Spectroscopy

« cosmological redshift z due to expansion of
space.

)\obs — )\rest X (1 + Zabs)

» Quasars as bright distant background
sources against which intervening gas can be
observed.

e.g., the Lya transition at A\ = 1215.67 A
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Quasar absorption line
Spectroscopy
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(Springel et. al 2006)
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Quasar absorption line spectra -
probing the universe

Q 0347-383
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Quasar absorption line spectra -
probing the universe

* H, lines in DLA systems
e contaminated continuum
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observed wavelength [A]

(lvanchik et al. 2005)
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probing the universe

simulated fits to estimate accuracy



true positioning error [A]
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true positioning error [A]

Quasar absorption line spectra -
probing the universe
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relative redshift z; x 10°
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Merely transitions with high vibrational qguantum numbers
In the first rotational level contribute to a positive result

Variability of the proton-to-electron mass ratio on cosmological scales — p. -



redshift z;

Naws or noise?
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Naws or noise?

3.02492

3.02491 +

}w ﬁ Hﬁ% 3# % l
} }

3.02488

redshift z;

0.01 0.00 0.01 0.02 0.03 0.04 0.05
Ki

no detectable correlation in a 85% subset

|Ap/p| < 4.9 x 107° over the period of ~ 11.5 Gyr
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* In general attach more importance to data
reduction
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Outlook

* line lists of required accuracy just available
= Increased need for high resolution

* In general attach more importance to data
reduction

 search for more quasar spectra with DLA and
H, signatures

« further simulations of detectability of variation
 better understanding of the nature of DLAS
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The Ratio of Proton and Electron Masses

Friepricy LeEnZ
Diisseldorf, Germany
(Received April §, 1951)

HE most exact value at present! for the ratio of proton to
electron mass is 1836.12:£:0,05, It may be of interest to note
that this number coincides with 6=%=1836.12.

1 Sommer, Thomas, and Hipple, Phys. Rev. 80, 487 {1950},
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