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D,(H,)= E(H,)+E (H,")-2E ,(H)

E.(H) =109678.77174307(10) cm-1
~3 kHz

E,(H,+) =131058.1219937(6) cm-1
~18 kHz

E.(H,) =124417.49113(37) cm-1
~11 MHz

D,(H,) = 36118.0696(4) cm-1
~11MHz

Korobov, PRL 2017
Mohr, RMP 2016
Liu, JCP 2009
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Uncertainty

E(H)  3kHz
E(H,+) 18 kHz
E(H,) 11 MHz
Dy(H,) 11 MHz

Korobov, PRL 2017
Mohr, RMP 2016
Liu, JCP 2009
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D. Sprecher et al. Faraday Discuss. Chem. Soc. 150, 51 (2011)
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lonization continuum
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2"d harmonic from 716 nm laser
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VUV generation High power, high accuracy
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VUV generation
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GK(v=1, N=1) - X(v=0, N=1), chirp compensated shot-by-shot.
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Changing O
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Changing O
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For GK(v=1, N=1) - X(v=0, N=1) (ortho-H,)

Measured frequency 3348281018.58(49) MHz
Effect Correction Uncertainty
Chirp (<490kHZ)
Residual 1t order Doppler 350kHz
2"d order Doppler <30kHz
AC Stark red -40kHz 90kHz
AC Stark VUV -190kHz 200kHz
Hyperfine structure <100kHz
Total systematic uncertainty 426kHz

Final frequency 3348281018.35(49)4,1(43)sys MHZ




For GK(v=1, N=1) - X(v=0, N=1) (ortho-H,)

Measured frequency 3348281018.58(49) MHz
Effect Correction Uncertainty
Chirn (- AQN1 L1\

Total accuracy is 650 kHz:
2x10710 for GK-X

Total systematic uncertainty 426kHz
Final frequency 3348281018.35(49)4,1(43)sys MHZ
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This work:

“Dissociation energy of the hydrogen molecule at 10~ accuracy”

C. Cheng, J. Hussels, ..., N. Holsch, et al. accepted Phys. Rev. Lett. (2018),
arXiv: 1804.11143v1.



* GK-X Q(1) has been measured directly for the first
time. An accuracy of 0.65 MHz was achieved.

* Dy(ortho-H,) determination has been improved by
an order of magnitude to 0.8 MHz

* Now: measure GK-X S(0) to improve Dy(para-H,)
* Future: Similar measurement for HD and D,
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Chirp measurement
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Residual systematical and statistical
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lonization continuum
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Improvement of the Dissociation
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Para-H, and ortho-H,
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Direct measurement of D,

120 : H(1s) + H12s) - ~0.01cm?
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Transition measurement on H,
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Signal, a.u.

Pulse generation and metrology problem
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Chirp measurement
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Allan deviation, MHz

Development of anti-chirp
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Power range:
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Power range:

0.05-1.0mJ (633nm)
About

18 — 350 kW/cm?
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Test QED in H, system

Ground state Ee = Ego + Eap + Enap + Erer + Eqep

Non- Relativistic ll l Relativistic

Electron’s self energy &

Born-Oppenheimer vacuum field

Eso= Eeie + (EvistEror) ! ~ 10 of BO
Adiabatic Relativistic corrections for
finite nuclear mass correction orbiting electron
~1040ofBO  ~1070fBO
Non-Adiabatic 1cm1~30GHz

Couples electronic and nuclear motion
~104-10° of BO

¢ Current calculation accuracy 3~30MHz, including QED
+ Proton size kicks in when accuracy reaches 0.01~0.1MHz

Jacek Komasa, Krzysztof Pachucki, et.al.
J. Chem. Theory Comput. 7, 3105-3115 (2011)



