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Atom Chip Experiment
Non-Linear Spectroscopy

30 mm

Hyperfine state
Stern-Gerlach discrimination
discrimination F=2 F=1

23 mm

» Compact, easy-to-use and stable setup
» From zero to BEC in 8 seconds

» Integrated auxiliary conductors as RF antennae

“Degenerate Quantum Gases Manipulation on Atom-chips”
|. Herrera, J. Petrovic, P.Lombardi, S. Bartalini and F.S. Cataliotti
Physica Scripta T149, 014002 (2012).

A  multi-state  interferometer on an atom chip

J. Petrovic, |. Herrera, P. Lombardi, F. Schaefer, F. S. Cataliotti
New Journal of Physics 15 (4), 043002 (2013)
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koo The system
—”
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. Lens Constant pulse

Non-Linear Spectroscopy

N 4 | evolution

Energies of the levels are given by the Breit-
Rabi formula.
L hAW AW ZmFm
ﬁEp=;=|=1,'2 = 2027 + 1} + ppgymeBd £ —— 7 1+ ja l,l"ﬂ
z= ”—”Eh{ig %) aw=a (I+ %)
w,(B) - 2w Q 0 0 0
Q w;(B)-w ‘[3/_2 0 0 0
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0 0 S320 w4B)+w 0
0 0 0 0 w_y(B) + 20

L= 1 kL]

e ﬁ'U [V {O
EGAS 46 FING: @ 0000 W



rrrrrrrrrrrrrrrrrrrrr

EGAS 46

71
Optimal control of Quantum dynamics A4

C. Lo vecchio et al. arXiv:1405.6918

CRAB optimization
o= 5P e g (ee01)
' pi = pi(T)

* b, target state population

Experimental constraints

o o (t)e2m[4150,4600] kHz
* B =6.1794 Gauss

o ()=2m60kHz

* T=100ps
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European Laboratory for
Non-Linear Spectroscopy

Target states

.’ C. Lo vecchio et al. arXiv:1405.6918
soie | M My by Py | B
A 1/2 0 0 1/2
B 1/2 0 1/2 0
C 0 1/2 1/2 0
D 12 | 12 0 0
E 0 1/3 1/3 1/3 0
F 1/5 | 1/5 1/5 1/5 1/5
G 0 1 0 0 0
H 0 0 0 1
I 0 0 0 0
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Non-Linear Spectroscopy

C. Lo vecchio et al. arXiv:1405.6918

Homogeneous
magnetic field

FM modulated
|1/)m > = |mF =2 > RF driVing field wjout > p” — EE

Time
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A
ELsLenfS Outcome /,,"
7 C. Lo vecchio et al. arXiv:1405.6918 s
Target State 7 &g F

A 0,04(3) 0,07(1) 0,71

B 0,04(2) 0,02(1) 0,67

C 0,04(3) 0,04(1) 0,11

D 0,03(2) 0,02(1) 0,71

E 0,04(2) 0,03(1) 0,02

F 0,02(1) 0,03(1) 0,45

G 0,05(4) 0,04(1) 0,15

H 0,04(3) 0,03(1) 0,07

I 0,07(3) 0,07(1) 0,15

v Flpo,pr) = Trypo2prpe2  Uhlman fidelity

rUTURC 2

easas cs2e €3 0000




\

lens Reducing the pulse length
u C. Lo vecchio et al. arXiv:1405.6918
06 10 ! | | ! | ! |
N m( éf%‘ WJR s
. o 08_ & “WU & LR g o [ i
State 054"
0.6- |
preparation A | -t
04 |
0.4' 1l 9 ]
02-“ M o 23
14178 ;"s:% ﬁsﬂ :j; ::g%um“a"i de RN
* leferent W 0.3'_0'? -(_l)g N 20 40 60 80 160‘
optimized 1 R
pulse length T 0.2 . constant pulse™ ™~ ]
- 8
0.1- -
 Same s .
constraints for ' X |
all pulses 0 0 40 8 100
Pulse length Iy
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. Lens Checking coherence
u C. Lo vecchio et al. arXiv:1405.6918
Excited and ground state of the RF LT
driven Hamiltonian t\ A Ground state
\ | 9 Excited state
0.8 ¥
0, -20 0 0 0 0
0 w-e (320 0 0 0.6- wz J
Hta)=h| 0 320w, 320 0 | | :,ra/ "
0 0 B20 wqte 0 | g
0 0 0 Q0 w,t20 04 % #
C!)n = C!)n (B ) O 2 _ I'Ilb '\\ ; /IJ
* B =6,1794 Gauss ' \ ﬁﬁu
* o =42323MHz 0.0 S———
0 5 10
time [Us
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e R Inverting the time evolution

e

A
e TSN
//ﬁ% R s ) /'/IA/S‘hakillg d l
20 ) _— ' ar (t) = —;[Hﬂ + Hp(t), p(t)]

) 12,-1) —-—) __,//: ; 1
((\lz'—z) ) = //j/ Time Reverse

Vi @-@-@

\. Optimal Control
Starting state After After After
OC pulse OC pulse — OC pulse OC pulse + OR pulse
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Non-Linear Spectroscopy

Inverting the time evolution

—r”

Optllma]h Eonln-ollled I])}—anljcs ||Imll)r0[|)er 'Il"iu:lne Rlevelrselli D_\!nallnir
0.8

o
(]
I

0.0 S > — ', R e o 0.0 AT s o< . 3 S .. .
0 20 40 60 80 100 120 140 160 180 200 0 20 40 60 80 100 120 140 160 180 200
time (s) time (us)
1.0 T T i Iy T ™ T T T T T T
° 0.8 [l Optimally reversed (theo)
A .
0.8 4 Optimally reversed (theo) . =0Wﬂguli:1uﬁ::1?§%§x)p )
e QOptimally reversed (exp) o 0.6 y P
2 Wrongly inverted (theo) :

< 06- o Wrongly inverted (exp) _ —
S =
5 (50.41

044 - % i

’ i
0_2_ % x - 02_
S S ]
x 3 4 L
00i% = — 0.0-
20 40 60 80 100 A B C
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e Separating subspaces via Quantum

Non-Linear Spectrosco py

- Zeno dynamics

F. Schaefer et al Nat. Comm. 5:3194 (2014)

_ =/
F=2 _\/_\/ =/

RF
F=1 —
o= 5 -
200
Hep=| 0 %0
0 0
0 0
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Separating subspaces via Quantum
Y 4 Zeno dynamics

F. Schaefer et al Nat. Comm. 5:3194 (2014)

Emp=+2 EmF=D Emp=-2
ElITIF=+1 |I.|mF=-1

Relative population

Pulse length (us)
» RF pulse: Olgp = 2715 kHz

» Raman beams: off
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e Separating subspaces via Quantum

Non-Linear Spectrosco py

- Zeno dynamics

F. Schaefer et al Nat. Comm. 5:3194 (2014)

A_J
- —_—
F=2 '—\'_/_\./ </
RF Raman
1 X —

Subspace projections:

F

1 0000 00000
01000 00000
P=| 00000 P=| 00100
00010 00000
00001 00000
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oo Separating subspaces via Quantum

\/ Zeno dynamics

F. Schaefer et al Nat. Comm. 5:3194 (2014)

F=1 \)(/— Subs ics:
\x/_ pace dynamics:

0 a0 0 0

40 0 0 0 0

PHryP=| 0 0 0 0 0
0 0 0 0 YO

0 0 0 £ 0
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Separating subspaces via Quantum
N 4 Zeno dynamics

F. Schaefer et al Nat. Comm. 5:3194 (2014)

. m|:=+2 . mF=U . mF='2

Relative population

Pulse length (ps)
> QRF =27 15 kHZ, QRaman = 27 200 kHz

> Bifetime = 00 MS, gepnh = 3.1 ms
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Separating subspaces via Quantum
4 Zeno dynamics

F. Schaefer et al Nat. Comm. 5:3194 (2014) —

z1w00F [ -

L ]

= RN

| i IE TR » Observe a strong
& 2 transition from free
D =

to Zeno dynamics

» Lifetime increases
by factor ~= 100

Lifetime (ms)

» Dephasing time
approx. constant

100 150 200 250
Raman coupling (kHz)
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Conclusions

Optimal control strategy allow to reach any point of the
Hilbert space of interest.

The error in the states preparation depends on the time
length of the optimized evolution.

Different states can improve an atomic interferometer
sensitivity.

Population evolves passing through all the levels

Returning to the initial state requires control also of return
dynamics
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Non-Linear Spectroscopy o n c u S I O n S

» Frequent observations with negative results can confine
the dynamics to a subspace of the complete Hilbert space.

» The lifetime in the subspace depends strongly on the rate
of observation.

» The coherence in the subspace decays only slowly.

» Resulting dynamics of different “measurement” schemes
are observed to be similar.

» We created a dynamically protected Qubit.
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