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The of AMO physics

cBEREE?--————-- |s there an EDM?
'BEUEI? How large will it be?
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Supersymmetric Left-Right Higgs
flavor-change 2002. TI
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B ... B+ Proton

Fﬁﬁ fW_]::El’]EE E }ﬁp’ n,e o° Class_h_‘ication: Baryon

Composition: 2 up quarks, 1 down quark
15 ibﬂiﬂ E EI’J T ﬁ*» = ?l] E—' ? Particle statistics: Fermionic

Symbol(s): p, p+, N+

Theorized: William Prout (1815)
Discovered: Ernest Rutherford (1919)

Mass: 1.672621637(83)x10-27 kg
Mean lifetime: >2.1x102%° yr (stap
Electric charge: 1.602176487(/ge wieanion
Charge radius: 0.877 (7) fm T2 RER
Magnetic moment: 2.7928473
Magnetic polarizability: 1.9(5)x10-* fm3
Spin: 172 Isospin: 172 Parity: +1

Electric dipole moment: <5.4x10-24 e:cm
Electric polarizability: 1.20(6)x10-3 fm?
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Uncertainty/Lamb Shift

7 J

I SO 2RI AR I Fk E

N
/
—

10°
Spectrograph
1 | Angstrom (Gross Structure) o ,
VO Lsisonsunnipsinninssnss P aganss smannsnmmas oo et o s s s s Al UV XA S SO RN S MS (N Py Relativity & spin
0 | N - (- O S QED

Interferometer )
(2P Fine Structure) Hansch

........................................................................................

1 | RO ooy (o) - [l oy

T 5t T <.
Radio-Frequency

[0 o= S S - SR, (SO

Finite nucleus

1840 1860 1880 1900 1920 1940 1960 1980 2000 ~2Istcentury

Year



2R T

AllE

ABEE. . IRE/MTE=E

: --E B AR [iF A= 1157 2] [E5
R R IR B B EEI’\J Hix 1!

\

- %'-H’Jfﬁﬁ e iR —
1‘%%&%-1‘%%3@%&@%@ A ZERS50, 507

—- 2| B /S 1E 3R 7S

AHE— SR EREE—#E?

>z BT ERT SR
£ = % Hwg ¢



By

>

=
-
= N

7

=11

——

*EE A L \\/‘ E

—~

F(1S—2S) = 2466061 413 187 074(34) Hz
L(18) = 8 172840(22) kHz

T. Hansch

(Max-Planck-Institut fiir Quantenoptik )
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QED test and RMS of the proton charge radius
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transition energy=theory + proton size

—> proton size=transition energy - theory



Recognized value of
proton charge radius

The Committee on Data

/for Science and Technoloy

® H-spectroscopy (CODATA): 0.8768+0.0069 fm

® Electron-proton scattering :0.897 £ 0.018 fm

® (0.8% accuracy
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Lamb shift and rp

8.4 meV
2I:’3/2 F'2
S state = F=1
E 2I:’1/2 1
lectron — F=0
O tep~ 51070 m 1, ~ 310 B m
rp ~ 1071 m
m, =200-m, = 1y = 72%16
More sensitive to the
P state T
structure of proton !!!! fin. size:
3.7 meV F1
F=0

AE=209.9779(49)-5.2262 rp? +0.0347 rp > meV
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Principle

Cascade and detection mechanism

Hydrogen

Prompt X-ray

1.32x10° events

STIoIS
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Signal!!!
delay X-ray
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Generation of Cold muonic hydrogen




Results
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muonic hydrogen 2S Lamb shift
Collaboration

----- 12 Institutes from 6 countries

F.D Amaro, A. Antognini, F.Biraben, J.M.R. Cardoso, D.S. Covita, A. Dax, S. Dhawan,
L.M.P. Fernandes, A. Giesen, T. Graf, T.W. Hansch, P. Indelicato, L.Julien, C.-Y. Kao,
P.E. Knowles, F. Kottmann, J.A.M. Lopes, E. Le Bigot, Y.-W. Liu, L. Ludhova,
C.M.B. Monteiro, F. Mulhauser, T. Nebel, F. Nez, R. Pohl, P. Rabinowitz,

J.M.F. dos Santos, L.A. Schaller, K. Schuhmann, C. Schwob, D. Taqqu, J.F.C.A. Veloso

Laboratoire Kastler Brossel
\ \ Physique quantique et applications ,l;!,,PmC
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OIL SPILLS
There's more
tocome

PLAGIARISM
It's worse than
you think

CHIMPANZEES
The battle for
survival

SHRINKING
¥ THEPROTON

New value from exotic atom
trims radius by four per cent
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Direct Link with Optical Frequency
Comb

ANEHE
Cs clock on Satellite
l i=f: Y
GPS Receiver| — Optical frequency — Optip al frequency
Comb (Visible to NIR)
Mode-lock Laser| __. | Nonlinear fiber
Short pulse =2 Expand the range even further
simultaneously output discrete (From NIR to Green)

frequency components
in a wide range. Each one has a

equal frequency spacing and
with coherence



What is the spectral phase anyway?

‘ The spectral phase is the abs phase of each frequency in the wave-form.

/3

All of these
frequencies have
zero phase. So
this pulse has:

p(w) =0

Note that this
wave-form sees
constructive
interference, and
hence peaks, at
t=0.

And it has
cancellation
everywhere else.



Now try a linear spectral phase: ¢(w) = aw.

By the Shift Theorem, a linear spectral phase is just a delay in time.

And this is what occurs!
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Mode-lock laser as frequency comb
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