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Erneo(151/,)= -3 288 086 857 127.6 (2.5) kHz.
Eexo(151/,-251,) = 2 466 061 413 187.018(11) kHz (MPQ 2013)



r, from H spectroscopy
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Bohr << QED << proton radius
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r, from hydrogen spectroscopy

r, using v(1S-2S) with another transition (15/2S-nS/P/D)
CODATA 2014 : Rev. Mod. Phys. 88, 035009 (2016)
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Outline

» 25-nS/nD hydrogen spectroscopy (1985-1997)

» 1S-3S hydrogen spectroscopy with a cw laser
(Sandrine Galtier)

» Future measurements in Paris (Simon Thomas)



r, from hydrogen spectroscopy

r, using v(1S-2S) with another transition (15/2S-nS/P/D)
CODATA 2014 : Rev. Mod. Phys. 88, 035009 (2016)
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25-nS/nD hydrogen/deuterium spectroscopy 1983-1999 :

H
two photon spectroscopy with /\/\W\P .e\/W\/\/\
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Eur. Phys. J. D 12, 61-93 (2000)
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Appl. Phys. B (2017) 123 :50.



25-nS/nD hydrogen/deuterium spectroscopy 1983-1999
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25-nS/nD hydrogen/deuterium spectroscopy : interaction chamber
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25-nS/nD hydrogen/deuterium spectroscopy

1 Rl RQ 61 02
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Eur. Phys. J. D 12, 61-93 (2000)
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25-nS/nD hydrogen/deuterium spectroscopy 1983-1999
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* low electronic excitation rate of H(1S) +
spread of H(2S) trajectories due to
electron recoil after excitation (20°)

* energy spread of the electrons emitted
by the tungsten wire : less efficiency

* residual electric filed at the edge of
electronic bombardment region :
guenching slow atoms (detected with
velocity distribution measurement) =
effective first diaphragm (R,) smaller

Rev Sci Instrum. vol 61, N°5, May 1990
https://tel.archives-ouvertes.fr/tel-00011903




25-nS/nD hydrogen/deuterium spectroscopy

atomic trajector
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v Simulation of misalignment : laser beam/atomic trajectory = uncertainty on misalignment

laser beam waist = 660um
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2mm

v’ atom attracted toward the axis of the laser beam : deviation of the trajectory few um

https://tel.archives-ouvertes.fr/tel-00011903, Eur. Phys. J. D 12, 61-93 (2000)



25-nS/nD hydrogen/deuterium spectroscopy

Signal (arbitrary unit;

> 29 order Doppler effect

- f(0) ~ " exp(~v?/20%)
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Fig. 5. Doppler broadened profile of the 25-6P transition
at 410 nm (the frequency is two times the frequency of the
titanium-sapphire laser at 820 nm).
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25-nS/nD hydrogen/deuterium spectroscopy 1983-1999
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25-nS/nD hydrogen/deuterium spectroscopy 1983-1999
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25-nS/nD hydrogen/deuterium spectroscopy

» Stray electric field

19D or 20D —— 743 or 737 nm

2S5 —

Av =A n(n-1)E
n : quantum number
E : electric field
A : constant

» Black Body radiation

Nombre d'atomes métastables (unilé arbitraire)
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transition = broadening shift

25—6S 1.2(0.1) kHz  —360(90) Hz
25-6D 1.7(0.2) kHz —430(105) Hz
25-8S 4.4(0.4) kHz  520(130) Hz
25-8D 5.5(0.5) kHz  650(160) Hz
25—12D 7.1(0.7) kHz  2.1(0.5) kHz

Eur. Phys. J. D 12,61 (2000), https.//tel.archives-ouvertes.fr/tel-00011903



25-nS/nD hydrogen/deuterium spectroscopy

2S,,, — 8D;,: 770 649 561 578.2 (2.8)kHz (NIST web site)
... 580 kHz (codata 2010)
... 584(6) kHz (measured)
... 566 kHz (new rp + R.,)
2S,,, —8S,,,: 770 649 350 016.1(2.8)kHz (NIST web site)
... 016 kHz (codata 2010)
... 012(9) kHz (measured)
... 003 kHz (new rp + R..)
2S5 — 12Dg,: 799 191 727 409,1 (2.8)kHz (NIST web site)
... 409,9 kHz (codata 2010)
... 403.7 (7.0) kHz (measured)
... 395.5 kHz (new rp + R,,)
2S5 — 12D, 799 191 710 481,7 (3.0)kHz (NIST web site)
... 482,7 kHz (codata 2010)
... 472.7 (9.4) kHz (measured)
... 468.3 kHz (new rp + R.,)
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’ \
(10 Hz)
u.(R..) : 25-nS/nD (n=8,12)
(~7 kHz)
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UV photomultipliers

Without Paris cR_ = 3 289 841 960 379.8 (48.0) kHz (14.6x102)

(from Codata98 Rev. Mod. Phys. 72, n°2, April 2000)

cR_ =3 289 841 960 360.9 (21.9) kHz (6.6x1012)

cR. =3289841960 250.9 (4.8) kHz (1.5x10°1?)
but ~ 5 o shift (3.3 x1011)




Outline

» 25-nS/nD hydrogen spectroscopy (1985-1997)
» cw 1S-3S hydrogen spectroscopy (1994-...)

» Future measurements in Paris (Simon Thomas)
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