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Hydrogen Spectroscopy

High Precision Measurements

for Fundamental Physics

15-2S Spectroscopy
Team

Research
Publications
Positions

1S-3S Spectroscopy
Team

Contact

Hansch Group Home

Welcome to the hydrogen spectroscopy
project

We are part of Prof. T.W. Hansch's Group and located at the Max-
Planck-Institute of Quantum Optics in Garching near Munich, Germany.

Precision spectroscopy of atomic hydrogen has motivated advances in
nonlinear laser spectroscopy and optical frequency metrology over
more than three decades, including the laser frequency comb
technique highlighted in the citation for the 2005 Nobel Prize in
physics. Past spectroscopic measurements of the ultraviolet 15-25
two-photon resonance in hydrogen and deuterium in our laboratory
have led to new tests of quantum electrodynamic theory, and they
have yielded accurate values of the Rydberg constant, the rms charge
radius of the proton, and the structure radius of the deuteron. In
addition, our measurements were among the first laboratory
experiments to set stringent limits to possible slow variations of
fundamental constants.

http://www.mpg.mpg.de/~abeyer/hydrogen/index.php/H1s2s/1s2s

The Lamb Shift (2 ET#H1E)

According to the hvdrogen Shrodinger eguation solution, the energy
levels of the hydrogen electron should depend only on the principal

uantum number 0 In 1951, Willis Lamb discoverad that this was not so
- that the 2p(1/2) state is slightly lower than the 25(1/2) state

resulting in a slight shift of the corresponding spectral line (the Lamb

shift).
_— 25y (1=}
[t might seem that such a tiny effect would 4 2
be desmed insignificant, but in this case that 437210 ey
shift probed the depths of cur understanding '
of electromagnetic theory. 2py (=1

http://hyperphysics.phy—astr.gsu.edu/hbase/qﬁantum/lamb.html



2017 TAR Ny a J—2LIGOMHBRE LU E K E A
2014 FIFE XKEiE PFMEZ FRENLFAA—FDHRER

(IEEE)2014 XY ybE AN, E—F
HBE G E = EMEDEH

2012702, TAVSUF F /AT DIREEZFIRY . HIS
FEEFX(EFaE 31—
2009 hA HI7A/\—(DEELKIE) (FEEFH—)
RAIL AR CCDO) #BH

2005 J50/N\— KDIE—LUADOEFER (BEFHE
"= Ao RRRBDLEMESOL—Y
—ZRW=-RBEN




2001 O—RIL TR —L . TATY FELETILA)EF
HATHDIR—X PA 13442 5efaDEIE
20007 )L73—A7 . JL—~<— FILHV/MAZHXIZFIAE
(FILE—) SNDFERATOREDHEFE (M BiH)
(B E)1999 ARA)L {EZFERICDEBIREZHTS
AN I
1997 Fa—. . O—I2 3AXD T4y TR
L—H —Z AV TRERFEBERITAENT ST
1989 T—AILL /D)L, T L¥— SRERFDILE

1986 JLRAH T FIA MR
E—=vkb.O0—5— EBERIVEFEMIER
1981 TLRNIVEFY  ov—0OD L—H—H3%=F
U—JIN—2 ERERENEFH L

1971 AHR—)L F~OFTS5T74—DFER



1966 AAL [RFHDNILY K

IS DI IE

1964 A9 X /\YD . TAKRAD A—H—_ L—H—0O KA

1958 FxL > 2L, T30

7

FL Y aHE

1955 HOwia BFDHMRE—AUFDHIE
5L KEOWMMHEBEDIAIOKIZEBAITE

1953 ¥I)L=4 {IHHEEMER

1952 J0Owrk #ZEK[EBRINIZEAEFZD
IN—TYIL BRE—AFDR|IE

1944 SE HBXICKEEFRDUK[E—AVEDAIE




1930

S SRR DOERR

EFE)1925 OV EF T4 OAAAR B HEDHE

PR 5} BRI IR

1922
1921
1919
1911
1909

1908
1907

h—7 RFOBEETORSICET HHE
SIRDERDHER

[I.UJI

TA 134 I8

aRILY GBEORYITS—uRE LU
VARIINRDFER

J4—>  BRSTHZEATHEBIOFERER

TIILOA—=.7o EREEDODFHREITHTLHEM

)Ty SEDOFHEEFRALE-RXABEE

RATIVYY FBEtOBEETNIZKSDLFE

1902 O—L Y., E£—7 2 WMEHIN T HHISENDEZEDIE

1901

LUNTY XIBOER



ftiz$

XIGE . a2 TR . XEE

IRILF—EF
LB IHB (5K

2002 =2 —KM) /XXX
2015 —a—hk1) /{RED

BRRXF ., FHERBS . XEBRXFE

IS

E

[

HEAHT . RA—IN—HZAHUT

T (Cherenkovii gt %I A)




20154 [ E R 4

EEHE S (UN) #2568 (2013412A20R) T,
2015F e NI DEFRFE (IYL2015) ETHTEZTEE

1015 £F

1815 £F

AT TIL-INAY LDFIZRET HHE
LR IL DR EER

1865 TOUVRVIILAFER BT OVWTOEMIER

1905%F FEBENR

1915 —RRARX IR

1965 &£ FHIMVOREEWIOHER
HIT7AN—RBEICETEHhADERE




J—RNI)VEFE Gram. £HTrLE—%E)

2008 A, F¥II4— . FTIV RERIEHEDHER L)
1997 R4V —. DA—H— RO— ATPHfE-EREZ D2
1988 9’(12//1'\ J7—.J—I/\—_ ZEtx)L
HERRICHIDZEET EEBEESERDIRTIEEDRE
1978 TvFxIL HFEIZHITHAIRILEF—ZTHOIHE
1961 AILI1> EMIZHITHHERDIAE
1938 I—> AAF/AREESLVEZZIVEHIZDODWWTOMERE
1937 /N\—R [RKIEMEEZZDCOEEIZEE T HEZE
Ho5— HAT/ARE, ITEVEBIUVEFIIVA,
EASUB2M & &I T HEEMTT
1930 TJqyiv— AZIDESOOT/ILDFEEIZEET S
T EIIIASDOESRE
1915 4L aTyR—
EMERYMERZIOOTJ ILIZDWWTOE

e




ANEITRILT—

HIkFZEADEIEE 3.0x 10 Jlyear
ANEDIRIILF—HEE 3.0x10%0 Jlyear
ik EDFXEERE 3.0x10% J/year

LA ERE MKRE~OHRBEDNDIOA R

KPS E £1366W/m?

X #hEKEREFE =Bk N Z(TERA T R JLF—1.74 X 107'W
=5.49 x 10%* Jlyear

KEBEOWMEBTAIRILET— ZD221{E(E

The total energy consumption of humanity in 1998 was 1.2x10% W.
3.8x10%° Jlyear



BA)EK

F B XD AILE ST
F—BE —DORELTHLONSEIRILY—ZFATSHXH
BB —DOEERTHLNSIZEIRIILX—ZFATSHXH
FEZEE —DOOJARTHLOASIEIRILT—EFATSHXH

£
o
—
o
i
—
v
=
e
)
(s
IS

Infrared Radiation A 4 A



AFEDXEHADIRTE LXK

HEKIZEYECAKELIRILTF—D
/103~ 4N IR ILF—%FIFF

R4 70.73 BH h—IL-t—H>
IRFEDAR—ADFBFRENGETIE

AATTETIZ100~2005

RATNETIZ1000~5000%
RATMETIZIOA~100F £




Bk FOT o rOF —
IohAE—IIE KT S

EMMREETING o
ERAEENLEBERES O TOET TE
S & B

12H,0 + 6CO, —C,H,,0, +6H,0+60,
I hOE—K T raOE—/p



Wik FOITbOE—
MELROIOE—EEAS S

05

EMREETINS BE - fAK—HEH - T

ifig;fﬁ EHRIREZRD XNIZFH— IR RS

12H,0 + 6CO, +48hv — CH,,0, + 6H,0 + 60, + E\iE &t
HRAK KUK

€39

hv —hv, +hv, +hy, +---

ARk =R
TokAE—/ T ohOE—X



HhEkm i1t

Rz, BERTHL.
“EERF.KERENEENRIRLGDIELGE ?

KEKDIFONKYBILVEENRAREWLVDNS
DIFEE?



44— DERLA
2898

Avrax LHEM] = m

T=5780K Ai~500nm M
T=300K A~10pm
I FMNR20EFIZHHE TorAE—EX

10000 g——t—

VII'I'I’ T T l|lvlll T T T Ty
R

woo k- /7 N STR0KI370Wm™)

HW%%@XAowawé/ \ E

lem
m™})
<
S

= 50 / : 300K(459Wm ) 3
EDHTRES = || 3

/ﬂ]llx /. = 10 k- / —
-

4 > F 1

s [ ]

= d: A 200K%\ 3

0> i \ (9VI1Wm™)\ 7

\ | I

‘)l I i 1 AlnAAll 1 ll':‘Lllll 1
T01 02 05 1 S 10 20 50 100

W (2em)




AT RILYR DL

RKEHNE BEHRE)
| =oT"
o 5.67x10°[W-m~-K™]

¥k Z300KD 2R ERGH(X,
BRSO EWETEMNKES




ERYIES

RIEDFRETELLID? KUY




( OP A
\aQi/

ROVIRUR D ERE oc

P: nFDOIBFE—AF
Q  HEEE




KESDLERT

KAFIEKABBFERF D, TRTOIRIE—FAXELHEEIER
y RS RN, BB 5T
! 0
N H/ \H e Oi\
A SV < H H
I =
SEMEIIRE o RH AR
v, 1592cm
v, 3652cm 2 v, 3756cm™




— bR =D EEIRE)
CO, LR BN EAR B T TIE T E— A M 2L

«~0=C=0— O=CTZ:O —~0=C=0
| |
R R IR B L AR R R IR &
v, 1340cm-?! v, 666cm™ . 2350cm-?
ESWBFE—AV BB FE—A b

(X4 AL HELS RN -EE 5T




=%, &

—0=0— «— N =N—
> e e HR BN O 7~
v, cmt

(X5

EL7ELY

B R+

Ak

LLID

e



[EERIC R HIEFER GEIRIRIL)

\ B EINT
C Az 9 2 & WIBEE— A MAVRE
k (BRLEERES T 3=11IT )

/O\ KDF
A 85 (2 K> TH TR IRUR



BlER([Z R HIFEFR

x o 5L THIBFE—AVLD
== RENIE ALY
(BRHLGEZRETLA UL =IRILLALY)




BlER([Z R HIFEFR

x B ERL THIBFE— A MDD
== (C == RENIELZLY
(BHLRZ ST L7a O =R YRL7E0Y)

:::A IREILGASEIEZLTHIOH T,
=5 B FE— A AR ES




Spectral Irradiance (W/m2/nm)

Solar Radiation Spectrum

2.5 : |
Uv |, Visible ; Infrared —=
| I
| [
2+ l ', Sunlight at Top of the Atmosphere

|
|
|
|

1.51 5250°C Blackbody Spectrum

/

Radiation at Sea Level

Absorption Bands
H20 co,

H,0

250 500 750 1000 1250 1500 1750 2000 2250 25I00
Wavelength (nm)



Transmittance

Transmittance

ARHDOZ

ik | LK D FE B

\OII
yas

Total

0.3

04 0506 08

11215 2 253 4 5 6 7891012 15 20 25 30 40

Wavelength [um]

50

Transmittance



MER D T RILF—INE

ARCLY F|icLY HEEmRMS
FH 6% R& 20% R& 4% 64% 6%

A% _ )
E " ZPARNS
R;QE]FEEHIB*JL:F $ﬁf\ﬁ[§:j

ARICLZRIR
16% -
Mo FH
A
d = (- L DIRIR
E el HERETHS
b RN
Bl A SO E) 15%
i— L5 EiR 7%
KO FE(_fFL
HhEk X (M - e dndd) AT
( LBIRIY 51% : 1B 23%



ANEXETorAE—DEVDIRILF—

Q9 T,,,=6000K T =300K
TSun TEarth

e KIBR

T ETIvkOE—

FFS BTLOF—

m e
‘:ﬁ s
=
HIkOE—

(I AEABEI R LE—ERALY
LEE

LB IR —FH AT

Skt EEAXMSEADT

wFOE—S$EOHihn—8% .

AHECRBATLIIETHRS. (LA BEI ALY —%RALT
MEEEET LIRS

2 KEXHroBOFRICELESEL o —-DOBERE

AH-AF KREIRILF—HE~DRE



HEEHGEDFENTRILT—ER
400 N 5700 nmMA[FRIEH ?
(380—-780 nm)




KNIGIEDARTE)L

3.0 E—% 500 nm

| A EANDRERAA" I, .

S AR TH L F —
£AD43%

ROy, B, K
-. TZIAEE DN DM

th3e_F AR

A : -

i . 1@ A

M EDITRTOIRILF—DT(RFA, hEh, #5 HZxhR<



A& REL—H —

Laser (1,064 nm)

. A o Output Puwar meter
-:;jO[:::- coupler
£ 7 4
1, E]Ed nm filter

\'\ | fs.re?:r:r:gtal Guullng water 2 4 W

W vy
AR—T3n3&12.5%
Figure 2 A schematic of the solar-powered laser design. A high-performance 1.3-m? Fresnel lens collects the light

and a highly efficient, broad-absorption-band chromium-doped Nd:YAG ceramic laser gain medium enables most
of the Sun’s wide spectrum to be captured.

Fresnel lens

Mg+H,0 — MgO+H,+86kcal
H,+O,/2 — H,O+57.8kcal

MgO — Mg+ O
4000K
RT K KEZ

Figure 1 The test-bed centre at Chitose airport in Hokkaido.
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W. Shockley, and H. J. Queisser, "Detailed balance limit of efficiency of
p-n junction solar cells.” J. Appl. Phys. 32, 510-519 (1961).
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Solar energy conversion efficiencies for crop plants
In both temperate and tropical zones typically do not
exceed 1%, a value that falls far below the
benchmark for PV-driven electrolysis. Higher 3%
annual yields are reported for microalgae grown in
bioreactors. Short-term (rapid growth phase)
efficiencies measured during the growing season are
nigher, reaching 3.5% for C3 and 4.3% for C4

nlants, and perhaps 5 to 7% for microalgae
In bubbled bioreactors.

Comparing Photosynthetic and Photovoltaic Efficiencies and
Recognizing the Potential for Improvement, Science 332, 805(2011)
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Four-Junction Wafer-Bonded Concentrator Solar Cells
|EEE J. Photovoltaics 6, 343-349 (2016)
The highest solar cell conversion efficiencies are achieved
with four-junction devices under concentrated sunlight
Illumination ... an ideal bandgap combination close to 1.9, 1.4,
1.0, and 0.7 eV. The modeled efficiency potential at 500 suns
IS In the range of 49-54%. An efficiency of 46% at 508 suns
was already measured by AIST in Japan for a GaInP/GaAs/

/GalnAsP/GalnAs solar cell
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Jt = F R Z E (photon flux density)
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Fig. 1. The photon flux spectrum of solar radiation reaching Earth’s surface (plotted
in black) (66) and the transmission spectra of a natural photosynthetic organism,
the cyanobacterium Synechocystis PCC 6803 (green dot-dashed line) and of crys-
talline silicon [red dashed line, redrawn with permission from (67)]. The transmis-
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Coherently wired light-harvesting in
photosynthetic marine algae at ambient
temperature

Nature 463, 644647 (2010)
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