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4. Towards YbRDb In the ground state:
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1. Introduction:
The Yb-Rb system
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Why Ytterbium and Rubidium? epnsicrpene

Yb + Rb as a mixture YbRb as a molecule

paramagnetic diamagnetic

e unexplored interactions

e independent manipulation
e heteronuclear

e 2¥,,» ground state

_ e electric and magnetic dipole
» 5 stable bosonic and 2 stable - . .
e toolbox* for spin lattice

fermionic Yb isotopes modelsl

e optical and (possibly) magnetic
Feshbach resonances

1) Micheli et al., Nature Physics 2, 341 (2006)
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Properties of Yb-Rb mixtures
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Heteronuclear scattering length

87Rb (fictitious values)

-+

Bosons: 168Yh, 170Yp,
172yp, 174Yp,
176Yb

162 ‘_[—b 170 '\["b

Fermions: 171Yb, 173YD SRb 7R}

scattering length a

Mass m

= Wide range of interaction properties expected
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YbRb-Molecules e

Ab-initio potentials:
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Sorensen et al., J. Phys. Chem. A 113, 12607 (2009)
Santa Barbara 26th February 2013
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dipole trap
o =t
q ]
webcam

MOT-beams /)

YDsee YDsss slowing

>\\ beam Yb .
magnetic

slowing
t imaging beam

Santa Barbara 26th February 2013
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2. Yb + Rb: Interactions
IN a conservative trap
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magnetic
field coils

532 nm

beam
ALY L

] 1064 nm
beam

Santa Barbara 26th February 2013
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Bichromatic optical dipole trap 7
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4
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Rb:

Uaoor(532 nm)

LT = A

399 Nm < 532 nm

Uoor (1064 nm)

< }"Rb
780 nm
s 795 nm

Santa Barbara

o

Ugiopr [HKI

Ugior [HKI

< 1064 nm

50 " -1000

Usso (r = 0) = Uyggy (r = 0)

26th February 2013
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.Real” potential:

0
-500 0 500

Z [um]

Santa Barbara 26th February 2013
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Collisions at pK-temperatures = enrcrnen
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Pure s-wave collisions (p-wave threshold — 60 pK)

defined spatial overlap
between Yb and Rb cloud

(lllustration)



temperature [pK]
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Thermalization TN
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... between 170Yb, 172Yp, 173Yb, 174Yb, 176Yb and 8’Rb
= strong istotope dependence

| *Yb without Rb *Yb with Rb ® Rb |

temperature [pK]
B

]

temperature [pK]

" 1 1 " 1 " ﬂ " 1 " 1 i 1 L 1 i 1 A 1 A 1
0 500 1000 1500 2000 0 100 200 300 400 500 0 500 1000
contact time [ms] contact time [ms] contact timet [ms]

Santa Barbara 26th February 2013
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Thermalization e
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... between 170YDp, 172Yp, 173yp, 174Yp, 176Yph and 87Rb

- - - | *Yb without Rb *Yb with Rb * Rb |
guantitative analysis: : ' '
17 Yb
10 : : . .
thermalization rate Yb-Rb scattering cross section 8 }}{{}
overlap integral ?
/ g
a
L] E
7th % Nybry * O yiro S
% ' 500 | 1000

contact timet [ms]

IN this trap geometry:

Nyyrp Nard to control

= only relative values for oyz,
can be reliably deduced

Santa Barbara 26th February 2013



Thermalization

- . s"._.x_-’f’:- """"
e J
r./

" HEINRICH HEINE

UNIVERSITAT DUSSELDORF

... between 179YDb, 172Yp, 173Yp, 174Yp, 176Yph and 87’Rb

-50

X [um]

-500

‘I?{]Yb
6

temperature [uK]

0 500

1000 1500 2000

contact time [ms]

Santa Barbara

170Yp does not thermalize at all

= (extremely) small elastic

scattering cross section for this
Isotope

26th February 2013
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Thermalization

... between 179YDb, 172Yp, 173Yp, 174Yp, 176Yph and 87’Rb

‘IT{]Yb
6

€ byt fop Heady g
® i 173 ¢
g
@
= o --_._t_-—-'“'-‘.
E .k s ou ¥ 1
e L A
ﬂ (] M (] M 1 i | i (]
0 500 1000 1500 2000
an ~ 1019 1011 cm3 contact time [ms]

X [pm] ' 0
P04 120 ETW kT

-9500

Santa Barbara 26th February 2013



b o

- - .,},f;:i _,-"_ﬁ;}fjﬂ._,;m,
Thermalization |

HEINRICH HEINE

UNIVERSITAT DUSSELDORF

... between 179YDb, 172Yp, 173Yp, 174Yp, 176Yph and 87’Rb

YD, P,y =120 mW
I s e e

temperature [uK]

0 500 1000 1500 2000 2500 3000
an ~ 1010_ B 1011 Cm-3 contact time [ms]

X [um]

l 0
| Z |um)|

-9500

Santa Barbara 26th February 2013
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... between 179YDb, 172Yp, 173Yp, 174Yp, 176Yph and 87’Rb

YD, P,y =120 mW

sl Y T v T v T Y r-

z better control of Ny,

°©

8 = Oyppp = 4 T @2

Q

(=8

15 — scattering length:
. |a,70.571 — 10 ag

0 500 1000 1500 2000 2500 3000
an ~ 1010_ B 1011 Cm-3 contact time [ms]

...10% cm?3

x [pum] ' 0
P10ga~ 120 ETW E

-9500

Santa Barbara

26th February 2013
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Thermalization

. between 179Yp, 172Yp, 173Yp, 174Yp, 176Yb and 8’Rb

1deb

L ]

= $ 3 LS

S 4t :

o

3

22 3§ 3 " T
13 o o o 5 s 3 3 o 3 §

D [ i 1 i 1 i |

20 40 60 80 100 120
contact time [ms]

174Yp thermalizes instantaneously

= (extremly) large elastic

scattering cross section for this
Isotope

Santa Barbara 26th February 2013
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174Yb — 8’Rb mixture at large Ng,, e e
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Nk, ~ 1010...10% cm-3 Ng, = 1013...10% cm3

D

[ 30

.JD %E

-5
U 500

AU z [pm|

-250

50 .- —s500

174Yp thermalized with 87Rb » ?
trap frequencies:
o, — 1 kHz, o, — 10 Hz

Santa Barbara 26th February 2013
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174Yb — 8’Rb mixture at large ngy, e
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51.5" g»].,ﬁ.... -
ia . e %o,

Z g,

s 4k & . ol e, g

£ hold time [ms] 200

c

-

S05¢F Il

©

L

2

[ t=(210+£15)ms
0 i 1 i 1 L 1 L 1 L 1 i 1 i
0 100 200 300 400 500

hold time [ms]

= fast loss of 174Yb attributed to large 3-body loss

Santa Barbara 26th February 2013
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T ~ 3 K
Ny, = 10°

Ngp =

(a) 7 x 10°
(b) 3 x 10¢%
(c) 7 x 10

Increasing Rb density

-50

0
% [pm] 2 i)

-250

30 L~ —500
Santa Barbara 26th February 2013

F. Baumer et al., PRA 83, 040702(R) (2011)
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Spatial separation of 174Yb and 87Rb o e
Ny, = 10°
Ngp ~
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e Yb Rb Yb | |
0 b & |
-600 i { (c) 7 x 106

(a) 7 x 10°
(b) 3 x 108
0 200 0 200 0 200 0 200 0 200 0 200 integrated density
r [pm] (not to scale)

Increasing Rb density

T~ 3 pK

Z [um]

e separation of the 174Yb-cloud and the (smaller) 8’Rb-cloud located in
the trap center observed at temperatures 1.5 ... 7 pK

e due to Ny, « Ng,, NO detectable effect on 8’Rb

= unusually strong interactions between 8’Rb and 174Yb

F. Baumer et al., PRA 83, 040702(R) (2011) O T, 26th February 2013



- ! il o
Diffusion model 7 HEINRICH HEINE

UMIVERSITAT DUSSELDORF

Rb cloud optical trap
* large Gvirp

— motion of Yb is slowed

* large K,
— |loss of Yb due to

Rb+Rb+Yb collisions
primarily in trap center

» Slowed, spatially

dependent Yb loss
= ,hole” in Yb distribution



Diffusion model
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Calculated axial density distribution for 1D diffusion model

10’

10°} ) 1
2'c
D e -
£ . gg
= 10°} )

lifetime 1/
=

o
oo

\ & e 9
ol v B O

10°F 1
10? & - - .
10-32 1 0-3(! 10-2E 10-2«
K, (cm®s™)

Assumption: unitarity-limited oygp, Nrp = 3 X 104 cm

Santa Barbara 26th February 2013
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3. YbRb: Photoassociation
Spectroscopy
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Photoassociative production of YDRD™ uenricr e

1-Photon photoassociation

A YbRb Rb
molecule atom
Ro5Pyp | \ 2
+Yb 6'S, =
« 52P1a’2
_ 5
(_-'-’ -
N -
o PA
L] w1 (A=795nm)
V=
1|,‘|I' b=t
F=2
Rb5*S, (. ) il
1 T o -
+ Yb 6 Su 5281!’2
--------- -.-

internuclear separation
Santa Barbara 26th February 2013
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e PA-laser induces loss
e Rb-loss = Rb, formation
e Yb-loss = YbRb* formation

Santa Barbara 26th February 2013

Continuously loaded
simultaneous MOTSs:

e Yb — ,,green” MOT:
~ 10° atoms (loaded directly
from slower)

e Rb - Dark Spot MOT-:
~ 10° atoms; n — 1010-1011 cm-3
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Photoassociative production of YDbRID™ uenricr reine
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176Yb87Rb

-7 -6 —5~ ]

[rel. units]

e e e

Rb D1-line
@ 795 nm

Santa Barbara 26th February 2013
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YbRb*™ photoassociation

Resolved structure of vibrational level:

rotational splitting

0 _Av;;—7 g, |
09 L AW f v " -
0.8
0.7~ F’l\l Py

—1.36 —1.34

A A [cm —1]

hyperfine splitting

Santa Barbara 26th February 2013



2

by Ao F T ~
YbRb* photoassociation " HEINRICH HEINE

Splitting of rotational levels:

AV=—11 01 2 AV=—15 0 1 2
09 + | S 09 1
0.8 'y a 0.8
0.7 F'=1 F=p! o 0.7 F=1 F'=2

Y TR B8 1222 y2iz 1218

1 A, [em ]
APA [cm —!] PA
explanation: coupling of F* to R (Hund‘s case (e))

\

Rb total angular nuclear
momentum rotation



INnterpretation of results:

Leroy-Bernstein Fit
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Fit to Leroy-Bernstein

o o T6YBOTRD* formulal

S, 174y p87Rp* .

= s gl 2
3 A i 2R F(1+1/n) n 1 : n—2
5 ! E{”_ﬂ_(Jt (T> I'(3+1/n) cM/” e 2n )
ﬂE -20 . ]

_25 T - - L

Al assuming potential:

=35 . . i i V(r) — - C6/R6

~20 15 -10 =5
’: 0.02 3 =
§ 513 PP Biiy .
5%, = Cg-coefficient for
'f ~0.02 t ¥ 3§ YbRb*:
& 004} ) t i
. ‘_.210 ........ _115 ........ _11{) ........ _; = CG — 5684 a-u.
AV =y

Nemitz et al., PRA 79, 061403 (2009)

1) R. J. LeRoy and R. B. Bernstein, J. Chem. Phys. 52,
3869 (1970).



2-Photon PA-spectroscopy
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fffffff

binding energy
of ground state level

/

(

\_

N
VeA ~ Vprobe = E(V)/D

(+ VHyperﬁne)
J

Probe laser only couples to

transitions with AR = R-R* =0

Santa Barbara

Yb-Rb* Rb
molecule atom
¥V = 1"'Il'u.w: H F'_z 2
1 T __F=1 P
2| o E(V)
ere Y
- 2
1E
E|l=
V=3 Probe PA laser
e laser ~ 795nm
v=0
-F;._-z
2
\ V= Vg - =1 Swz
\ v E (V)
v=2
v=1
Yb-Rb r— oo
molecule individual
L i \\ atoms
r.* [

internuclear separation r

26th February 2013
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Experimental scheme e

 PA laser frequency set to
single photon resonance
[Vea= vp1- E(V))/N]

= continuous trap loss

* if Vorope = Vpa- E(V)/D

= reduced trap loss due to
light shift of probe beam on
molecular transition v — V'

Santa Barbara 26th February 2013



2-Photon PA-spectroscopy

-~ .:..-f-*“

= _’.;r._.;_-.t-‘

.-/‘i.:'rf""’:’

:;f / /
HEINRICH HEINE

UMIVERSITAT DUSSELDORF

Single-photon PA resonances used:

Yb fluorescence [rel. u.]

08 |-

0.7 |-

06 -

05 |

0.4

1.0

09 -

Santa Barbara

¥b fluorescence [rel. u.]

AV = -11
1-{] B ] T L T T T T L T T T =
R‘=0 VN - R‘'=1
L -IH ! .1r“| J‘\’l v
0.9 Iﬂ' JII II\
i \ | ! flr\l" . f i
| .’*I :' | "1','; “ /
.ul \ r II |If { ’I
08 | ! 1' ! \ .
\ / \ /
07k 1'5," i

-4.897 -4.896 -4.895 -4.894

26th February 2013

-4.893 -4.892 -4.891 -4.890 -4.889

=1
A, [em ]
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AV = V-V
A Yb-Rb* Rb
molecule atom
—= P, /
o o = 1.0 T T T T T T T T T
_E %} ‘ - L 9
= : 5 09} F=1 . 176Yb87Rb |
El S o = Bal J
PA laser ; 0.8 |- F=2 AvVi = -9 -
~ 795nm g - 5 .
8 07 -3 (-4) 5 -3 ]
O I A -2 2
5 06} -6 4 _
5 L -1
=
o 0.5 _
> L
vih 04 | _
| | ] | N | N | N | N |
Ytl-Rb I =% o
molecule "‘ft"-\"r';'f" -1.0 -0.8 -0. -04 -0.2 0.0 0.2

T 1 |
. . internuciear separation r

e PA laser is fixed
e probe laser is scanned

Munchow et al., Phys.Chem.Chem.Phys. 13,18734 (2011)

1
A2photon [Cm ]

(ground state)
hyperfine splitting
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T T T T T Assuming
YV imypeRD | Long-range potential:
[ I Lo 6
S | V(R) = -C4/R
= el 2\ r(+1fm) n 02 3
.Eu- B u l_(%—e—lfn)('f_ Tl A
=
1.5 = -
206 1 = Cs~2600a.u.
el L Al (S N
— =T & = 1" =Tl L
< _ 0.008 = -
S v v h
0 . ¥ v _
B 0000 p-b oo S e gl e 3 -
o a -
2 -0.004 |- —
e L . ' =
e ] W, il o T A S 1| e
7 S -4 3 2 1



Binding energies of XYb3/Rb
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-1
A [em ]

residuals [10” cm']

0.00

-0.01

-0.02

-0.03

-0.04

-0.05

-0.06

-0.07

=
s

=
ha

=
o

o
(¥

o
=

l?D\r—h il

I?E\rrb
1?4Yh
I?E\fb

Av

e binding energy of
high-lying levels detected
with £10 MHz inaccuracy

» Vv, adjusted for each Yb
Isotope (corresponding to
mass scaling)
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Theoretical modelling by M. Borkowski, P. ZuchowskKiI,
R. Ciurylo, P. Julienne™*

Binding energies are fit by:

scaling parameter . :
\ switching function

/

V(r) = dvﬁll(”{ | = f“')) = f(!') ((thﬁﬁ - = (_‘:-;R_H)
ab-initio potential

Fit parameters:Cg, Cg, d (corresponding to D,)

*M. Borkowski et al., (in preparation)
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5[}‘}[] ] ] T 1 1 ] | T ] T 1 ]
0 )
I 1 Best fit:
-5000 M .
Cs = 2813 a.u.
- I !
T soaml | Cg=4.37 x 10° a.u.
% i Dg=761cm1
& -15000 / — Hybrid potentials il
= — Best fit
I 7/ Ab initio potential .
225000 “f /4 _
-30000 — ' ! : 1|n : . - . ll{ . ! . —
R/a,

*M. Borkowski et al., (in preparation)

Santa Barbara 26th February 2013
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— scattering length given by*

T
a = Ul 11 3

with background scattering length:

- _ _; '\f_l]
(? I — “r{.ﬂ_“(‘- Cﬁ/h )'l

and phase:

h

2 f o0
b = f f V=V (r)dr.
JvR

in

*G. F. Gribakin and V. V. Flambaum, PRA 48, 546 (1993).
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From best fit:

600

400

g7, 174 — 840 a

200

0

il-ﬁ”

-200 |-

= good agreement with

400 |-

85 A . .
: gﬁ;\,‘h‘; thermalization measurements

1 (AMU)

Santa Barbara 26th February 2013
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transition dressed by splitting of line
coupling laser

\

\ s g
)\ c
QO
-
O
o |
()
S
c
T - -
Splitting
iy = J 52+ Q5

S. H. Autler and C. H. Townes, Phys. Rev. 100, 703 (1955).



Autler-Townes Spectroscopy
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cA

Yb-Rb* Rb
\ molecule atom
V= W F'-2
" E=1 Py
E(v)

n

_.&; k.

3 &

5

-
Probe PA laser
laser ~795nm
F=2
2
\ V=EVou I"'p— F=1 8”2
]l\ Vﬂﬁ E(v)
V=2
v=1

Yb-Rb r—oo:
molecule individual

1 1 1\ atoms
o internuclear separation r

Ultracold Group 2 Atoms Tokyo

* probe laser couples to a
bound-bound transition

* PA laser scanned over
1-Photon-PA resonance

(free — bound)
= observation of splitting
= determination of Rabi

frequency

12th October 2012



Autler-Townes Spectroscopy
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1-photon PA spectrum
without coupling laser
(Av= - 6 -> AV = -11)

Yb fluorescence [rel. u.]

0.8

0.7

r‘l."ll',\ AA A R'=0 LA A R=1 ﬁ "|I
W 'il-._." L |'.. | y [
I'-._N*I III u'l__ll'l. "'.'.'V'"'I f
M I.l \
\ \
\ |
L | I|I i =
\ | | l"'n\.‘l JI
| 'I |' L'I "'nl-
L \ (VMY
\ I | | /
H \ |}
._ JUl )
. [ ]
)
- .J =
1 i 1 L 1 i 1 L | i 1 i 1 L 1 i 1
-4.897 -4896 -4.895 -4894 -4893 -4.892 -4891 -4890 -4.889

A, [em™]
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Autler-Townes Spectroscopy " HEINRICH HEINE
relevant levels for coupling laser
mg =+1 A
excited state  p_4/ =0 -
AV :
mR{=_1 A
AR'
R'=0 A
_ Y V VY
ground state o]
Av AR
R=0—

Ultracold Group 2 Atoms Tokyo 12th October 2012
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1-photon PA spectrum g | | P o Ilf
with coupling laser ; |

el.

Yb fluorescence

Yb fluorescence [a.u.]

| L | L | L | | |
4,898 4,896 4,894 4,892 4,890

-1
A, fem ]

coupling laser
(Av=-6 -> Av‘=-11)
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Autler-Townes Spectroscopy " HEINRICH HEINE

1-photon PA spectrum
with coupling laser

Yb fluorescence

Yb fluorescence [a.u.]

coupling laser
(Av=-6 -=> Av‘=-11)
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Yb fluorescence

Autler-Townes Spectroscopy " HEINRICH HEINE
1-photon PA spectrum 1
with coupling laser

= L

coupling laser [T | | e—— i

(AV:—6 - Av‘:_ll) -4,900 -4,898 -4,896 -4,894 -4,892 -4,890

=
A, [cm]
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— coupling laser couples R=1 and R= O transitions

mg'=+1 A
excited state - =
AV R=1 mg=0 ‘ A
m,,'=-1 i
AR
[
R'=0 —% Y
R=1 YV v
ground state 4
Av AR
R=0 —Y v

= AR — AR’

= similar classical outer turning points for
ground and excited state
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Intensity-dependent splitting

S5k

S,

@ X

@ =\

o -\

g E N =

0 : -

@ A i

G _— —

- - -

o= L -

a C \/ | —omw J

> L —12 mW —
- ——20 mW 2
e —— 40 mW -
| | | : | , | . 4

-4.902 -4.900 -4.898 ] -4.896 -4.894
A, fem ]

coupling laser
(Av=-7 -=> Av‘=-11)

Ultracold Group 2 Atoms Tokyo 12th October 2012
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Rabi frequency:

(o = a|[(by|ba)]| 1

§

_'ljbii’lt

40 |

L
o

Splitting [MHZz]
P
=

-
o

2 4 6 8 10
2 2
power"” [mW "]

coupling laser
(Av=-7 -=> Av‘'=-11)
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Franck-Condon factor

Av'

—1
Abind ( 11 )

fre (rel.units)

-11

-0.390
-1.248
-1.248
-1.954

0.036 £ 0.008
0.35 = 0.10
0.17 = 0.03
0.030 £ 0.002

-9

-0.751

-0.751

0.37 = 0.04
0.41 4+ 0.02

Ultracold Group 2 Atoms

Tokyo

12th October 2012
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4. YDbRDb In the ground state:
Feshbach resonances and/or
Photoassociation
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Hybrid trap

+ Independent manipulation

-+ similar trap dephts for Yb
and Rb

magnetic
field coils

Rb

fm":ﬂ‘ - lm’@:}‘ » imperfect overlap
iiih@@) :51:5;5;;@@) s2on - hard to control
B . mmn; experimentally
S S

E

XY
t»"

i.
L

beam

S

Santa Barbara 26th February 2013
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or simple optical trap?

+ experimentally simple

-+ automatic overlap of
atomic clouds (for tight
confinement)

- 5 x deeper trap for Rb

- no iIndependent
manipulation

Santa Barbara 26th February 2013
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Back to the conservative trap

1st try: simple optical trap

1st goal: Find Route to create vibrationally excited molecules

e N

Feshbach Photoassociation

Santa Barbara 26th February 2013
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mng?

v/

last bound
state position?

Santa Barbara 26th February 2013



Predictions for SrRb

Afp ™

(4

HEINRICH HEINE
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energy (GHz)

energy (GHz)

ra—— = i I |

20HMD 3000

magnetic field (G)

SO0 SO0

Santa Barbara

87 Rbﬂ-ls r

87 RbHﬁS r

87 Rb.‘l?sr

87 Rhﬂﬁsr

B (G) Apg AB (mG)
477 1715.0 141
1959 1700.3 — 122
1036 35.0 —0.209
1896 55.0 — 1.08
3472 55.0 —2.29
1660 3.2 — (.636
2608 31.5 M |
4096 3.5 — 3.79
2281 1.6 —33.6
3280 1.6 — 101
4716 1.5 — 153

P. Zuchowski et al., PRL 105, 153201 (2010)
for YbLi see D. Brue et al., PRL 108, 043201 (2012).

26th February 2013



g

. i F T -
Feshbach resonances in XYb8/RIb  renricrrene

UMIVERSITAT DUSSELDORF

174Yb87Rb
e B S FENL R ([ N (SENL S DU SR N A '..!_.' L '_ boson|c Yb:
open PSR S | 1 =y =
h | -7000 - < 7
channe _ o - { = only Amg =0
2000 - T B y resonances
N 9000 |- - e P
> -10000 [ o -
W -11000 m_= +2| 4
" I"I‘IF=+1
closed ) gt
channel -13000 |- | m:=—2 -
E i 1 i 1 L | = i 1 i 1 i 1 i 1 i 1 i
(AV 3 ‘4) 0 500 1000 1500 2000 2500 3000 3500 4000 4500

magnetic field [Gauss]
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172Yph87Rb
L R S~ A*KNNestresonances
open el 1 with 87Rb:
channel —— P |
7000 F— - 5 168yp —~ 850 G
8000 |- ~ - 1 170Yp ~ 1250 G
- i - ol © ,

| | 172yp —~ 1650 G
-10000 | == s o 174yp —~ 2000 G
| =sl] 176yp —~ 2500 G

nergy [MHz]
S
3
|

Q
O
)]
D
Q
x
=)
o
o
L] L] I L]
33333
wouwowowon
o + +
- N
1

i 1
[ % -y

channel

000 . s 17lYh ~ 1150 G
AV = -4) e o o T

( 0 500 1000 1500 2000 2500 3000 3500 4000 4500 173Yb 1 1 550 G
magnetic field [Gauss]

* values derived from simplified model
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closed
channel

172Yb85Rb

(Av = -2)
-2500

open

channel ~3900

-4000

-4500

Energy [MHZz]

-5000
closed

=3

I

-3000 fe

Q
13333333
L}

channel ——%T

-

(AV - _3) -6000

=

—

0

200

400

600

800 1000 1200 1400 1600 1800 2000

magnetic field [Gauss]

®lowest resonances

with 8°Rb :
168Yp 1078 |2, 2 (a)
170yp 1323 |2, 2 (a)
172yp 348 2, -2 (e)
174y 98 2, -2 (e)
176Yp 111 2, 2 (a)
171Yp 539 2, -2 (e)
173Yp 215 2, -2 (e)

® from model potential
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Searching Feshbach resonances - enscriene

174Ypb and ®°Rb in single-beam optical trap

+ tunable magnetic field

— Feshbach loss spectroscopy

Santa Barbara 26th February 2013
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85Rb + 8°Rb Feshbach resonance

el ] theoretical width?:

mmf ]I}M [“HH A ~—1.8mG

o
o
g :
Ox10° < |
1
20x10" } } {
0.0

I ¥ T T T J T L T J I L
2956 2958 2960 2962 2964 2966 2968
B [G]

1C.Blackley et al. , arXiv:1212.5446



Searching Feshbach resonances
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Search for 8°Rb + 174Ypb Feshbach resonance

100000

80000

60000

NRD

40000

20000

85 9 95 100 105 110 115 120 125 130 135
B (G)

= NoO Yb-Rb resonances observed so far

Santa Barbara 26th February 2013



Alternative Route:
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" HEINRICH HEINE

1_Ph0ton PA + Spontaneous decay UNIVERSITAT DUSSELDORF
Yb-Rb* Rb
molecule atom AR
\ - Excitation of YbRb* (or Yb*Rb)
\ —\—_ P, by single-photon PA
: A
]
: e Make use of large FC-Factors to
: poulate only few vibrational
g 1-photon PA levels of the ground state
i
spunt:aneuus
decay
|
|
|
\ v=v,, e T 2Swz

A

< <<
Inun
L= ¥

Santa Barbara

26th February 2013



Final Step: S D

HEINRICH HEINE

STIRAP to lowest vibrational level

\

— e STIRAP to v=0 by choice of
\ appropriate intermediate level

 YbRb is not chemically stable

e Possible environment: optical
lattice @ 2 pm

\T”'

= =<
n nin
o 2N

Santa Barbara 26th February 2013
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