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Atomic energy levels
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Atomic levels

Lifetimes:
22Mg “0Ca 8Sr 13Bg 174Yb

P, (nS)| 202 459 498 840 5.68

3P, (Mms) 23 048
(us) 21 14 088

Linewidths: T';, /2 p
Mg Ca S Ba YD

1P, (MHz)| 788 347 320 189 280
3P, (kHz) |0.031 033 75 120 181

d? (a.u.) ‘ 57 81 97 100 55
A
V|0nf range(R) - -C3/ R3and C3 — 3 Gat I 3/ 4 -
d
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Cooling limits
Doppler cooling limit, G,
[2Kg:

Mg Ca Sr Ba Yb
1P, (mK) 19 083 077 045 067
P, (nK)| 075 80 179

(LK) 28 44

Recail caoling limit,  7#2k?/mkg:

Mg Ca Sr Ba Yb
1P, (1K) |98 27 10 045 0.69
3P, (iK) '38 11 046 022 0.36
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Light induced collisions
State change at small R

DE>>1000K

Radiative mechnisms
A) DE > 1K
Trap loss
Radiative
escape

B) DE < 1K
Radiative
heating
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L ong range singlet

L ares
Relativistic retardation:

Vg, (R) = 2R3[cos(R)+Rsm(R)]

vpg(fe)_- [COS(R)+RS|n(R) R cos(R)|

4R3

Internuclear separation scaledR= R/%
I =1/2p
| : the wavelength of the 1P,® 'S, transition

Relativistic retardation important:
R>0.354
Molecular linewidths:

G, (R) Gatll ~3[Rcos(R) sm(R)]%
=i
Gpg(R):Gat%l- ﬁ[Rcos(R)- 1- R?) sm(R)]%
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Retarded l1newidths

Linewidth in units of G,

Linewidth in units of G,
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Condon Point

Detuning Din unitsof G
15: P

D=1 R.=132F 0.85t
D=5 R.=0.72F¢ 051t
D=10 R, = 0.56F 041t
D=30R. = 0.38F 0.29t
Waveength for P,® 1S

Mg Ca & Ba Yb
| (nm)| 285 422 460 554 399
[ (ay) | 858 1271 1386 1665 1199
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Mg, potentials
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State change coupling

2
St %
z isthe FS splitting of the 'P-states
3P, - 3P,
(inau.) (incm %)
Mg 2.8 -104 60
Ca 7.2 104 158
Sr 2.7 103 582
Ba 5.7 103 1249
Yb 1.1 107 2414
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Radiative coupling scheme
 Linearly polarized laser field

e |gN ground state: S

» e excited states:

S-state: P & Rbranches

P-state: P, Q& R branches

J 0 2 3 4

NN

\/\?eak field approach

Independent sum over ground state
partial waves and branches

(no partial wave "ladder climbing")
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Complex potential approach

Solve the time-independent Schrodinger
equation for 3 coupled states:.
9N [eN(*S/*P ;) and a probe state (SC/RE)
Kinetic term
Molecular potentials
Laser coupling of |g> and |e> states
Coupling at small R for SC
Collision energy
Complex decay term

J—1

\
( ??;?%]éﬁU (R) +V(R)+H € -ihC—I(R) Y (R)=0

Find S-matrix elements for transfer between
the |g> and SC state, > 2500 grid points in
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Trap loss rates

Lossrate for 1 energy e and detuning

D KgT 2
K@Ae)= = ¥ @I +] E\sgp(e,A,l,B)\
thT ) leven B=PO R
Bl =¢

Energy averag@dfor 1 temperature:

KAT) = <8 98 ek oT)
hQrd kgT

«S@+)  SlspeAlB)f

| even B=PQ R

200 - 600 e -values

< 80 partial waves, 2-3 branches
Up to 140 000 Sy, per D

1P _densegridineand D
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M J, T:Tdoppler
State Change 'S *

D (MHZ)
200 1000 2000 3000
_ECOII » 1.9 mK ]
- —T =19 MK
15 - -
10 -

K (10 cm3sec?)

D(G,)
<>
Mainly decay
at long range

Vibration in potential well
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M 9, T:Tdoppler
State Change 'P

D (MH2)
0 500 1000 1500
1013 '
)
- WA
L i |
v 10716 —E_, » L9mK b
. —T=19nmK ]
-17 | I R S R
e S 10 15 20 25
D(G,)

If excitation to 'P , then little decay
P high trap loss for small detunings
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Calculation method RE

* Probe and excited states cross at
1K (trap depth set to T = 0.5 K)

* Probe state depends on partial
wave and detuning

 Factorization of trap loss

probability: |S|Og|2 = Pye Je Pep
I:)RE — I:)g-e ‘]e I:)decay R,
G(R)
I:)decay - (1' e-a) a=2 OdRV( )
R
K
P.,dependonl, eand D

Use:
No complextermb J, =1
Saturate excitationp P, » 1
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M J, T:Tdoppler
State Change & Radiative
Escape

D(G,)

Relative magnitude of SC Sand RE S
determined by the short range SC coupling
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Ca Sr,Baand Yb

3 state models
* Exact long range potentials

* One SC channel to account for
complex short range structure

« SC coupling scaled by the
splitting of the 3P states

« SC transition probabilities:

1S, 1P
Mg 1.8-2.3% 0.01-1%
Ca 40-47%  0.2-40%
S 29-33%  2-100 %
Ba 32-36 %  0.3-40%
Yb 61-68% 0.3-10%
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Lower temperature: ‘P,
M Taoppier = LI MK Teqy = 1.9 1K

D (MHz2)
500 1000 1500

Pure s-wave scattering  °
closetothe T, :
8
. &
At Tdoppler . S
vibrational
structure
ro-vibrational jg
structure g
4
0510D(Ga1)152025
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Lower temperature: 1S,
Relative magnitude of RE and SC

Mg, T=19nK

K (cm3sec?)

5

KSC/KREIHCI’eaSGS by
as T decreases

S, T=77nK

K (cm3sec?)
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Experimental values,

M
 Madsen & Thon%en:
Mg: 61010 cm?3/s
D =Gy
| =400 mW/cm?
T> TDoppIer
e Theory
3*1013 cm3/s
|I=1 mW/cm?
T:Tdoppler
Assume linear Scaling with |
=> 1019 cm3/s
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Experimental values, Sr

e Gallagher et al:
Sr: 4.5% 1019 cm?3/s (7%/25%)
D=175G;
| = 60 mMW/cm?
T~4T
e Theory
5*10-10 cm?/s
|=1 mW/cm?
T:Tdoppler
Assume linear Scaling with |
=> 3*108 cm’/s
Saturation of ‘P, excitation?

SC probability << unity? Most
likely

vete vl €rEnce due to temperature?

Doppler
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