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Putting atoms into a tube

probe
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Guiding atoms to the fiber

MOT dark SPOT dark funnel

Jadwndap

slowest atoms gather in shadow
no light-assisted collisions
Ketterle et al., Phys. Rev. Lett. 70, 2253-2256 (1993). > denSiTy increases
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o .
2 " MOT loading phase |
[%2]
é _quadrupole gradient
% trapping
o
=|
% offset B-field J
0 50 0975 1000 1025 1050 1075
time in ms
"purge“ repumper: measurement sequence
pump atomS .%‘ | measurement| |
above fiber to F=2 £
detect atoms E Hgat& H H
in F=1 : | |
1050.020 1050.025 1050.030
time in ms

F. Blatt, Th. Halfmann, and Th. Peters, "One-dimensional ultracold medium of
extreme optical depth," Opt. Lett. 39, 446-449 (2014)
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Theory: Tight 2D transverse

confinement of atoms & light
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Crystallization of strongly interacting photons in a nonlinear optical fibre

D. Chang, V. Gritsev, G. Morigi, V. Vuletic, M. Lukin, E. Demler, Nature Physics 4, 884 (2008)
Quantum transport of strongly interacting photons in a one-dimensional

nonlinear waveguide

M. Hafezi, D. Chang, V. Gritsev, E. Demler, M. Lukin Phys. Rev. A 85, 013822 (2012)
Quantum nonlinear optics — photon by photon

D. Chang, V. Vuleti¢, M. Lukin, Nature Photonic 8, 685 (2014)
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Atomic Raman transitions
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Three level system I | 1) Rotating wave Hamilton matrix:
with ground state 5 )
gre | Aes o %
dephasing , )
H = h 0 A

Qp Q.

- =2 U

1)
Two-photon detuning: 0 = w), — w, — wa1

One-photon detuning: A = w. — w39

Dark state: decouples from interaction
|D) = cosf|1) —sinf |2) at mixing angle: tanf = ,,/€..

M. Jain, A, Merriam, A. Kasapi, G. Yin, and,S. E. Harris Phys. Rev. Lett. 75, 4385 (1995)
M. Fieischhauer, A. Imamoglu, J. Marangos, Rev. Mod. Phys. 77, 633 (2005)
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Master equation
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: o foaat 1At oA A 1aat o
p=—H.p+ > TiGispb)s — 56156i3p — 350/30i3)
1=1
T (656, — 1.5 _ Llas .
(XA (X 11 1
+ 1, (0iipo 500 — 3P0
Rearranging the 9 matrixelements
0 = (p11, P12, P13, P21, P22 P23, P31, P325 P33)
0 0 % 0 0 0 _L% 0 il
_ 0 ily—d % 0 0 0 0 ~% 0
0:0 = 1L, L N 0 0 0. 0 —Z
_ 0 0 0 § 42, 0 L ~% 0 0
Stationary state L= 0o 0 0 o0 % 0 S
s 0 0 0 S L LA 0 0 -
0= Lo L 0 “2e 0 0 s+A+il 0 2
0 T 0 R 0 A+id e
0 0 2 0 % L L (I 4Ty)
2019_05_09
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Electromag. induced transparency -

<f7; TECHNISCHE
7 UNIVERSITAT
'j ~ DARMSTADT

Atomic polarization:

P,(w) = nedi3p5; = €o X(l)(w)Ep(w) + ...

Probe pulse susceptibility:

(1) _ (1) _ _
=x0 J X = NeQp, 2echT

el —5(5+ A) +i

A 5° 2A
—5(1+= — (14 2=
é<+ré>+22(+ré>+

0

= 0/0g1T, ORIT =
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Light propagation in a HCF
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inhomogeneous Helmholtz equation: ¢, =1+ x

(V? + ke, (x,w)) Ep(x,w) = — LB~ e, ),

Fiber parameter: 3.5 1m < ag < 25 pm

a
V= — 25> 1
Ap
Slowly varying enevelope:

E,(x,w) = e,e™*&,(x,w),

optical Schrodinger equation X <+ h, z < t:

iXp0:Ep (X, w) = { A A %X(l)(x,w)} Ep

M. Born and E. Wolf, Principles of Optics (Cambridge Univ. Press)

M. Lax, Phys. Rev. A 11, 1365 (1975).
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Adiabatic eigenmode . Nomicdensityng(rz)
_ig( h VN w(8)
Ep(ryp,2;0) =e o )u("“a%Z;fs)gp(é)a 0.8/ C—
< 06l — GauB
(35(2) — / dC Qp5(C;5) S / \ _ Two-layer -
_ 0 5 0.4 \ N-layer -
with ¢, = k,/2v 02
2D Eigen-modes and complex dispersion 10  -05 0.0 05 1.0
e(z;0)u(r,z,0;0) = [—AL +w(r,z;0)|u r
Optical potential iai 0s
w(r, z0) = —v*na(r, oo f(0, A, 1Q(r)), 7 .
r? 1.0O
Atomic density: n,(r,2) = ng(z)e “i T s
g 0.0
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Complex dispersion <(9)

Complex transfer function:
£ (6) = T(5)E5™(9),
T(0) = /O, k(0) = kp — qpe(0)

Finding the complex dispersion
 Numerically: GaulB density
« Analytically: two-layer density

Homogeneous potential:

u(r) = aJo(kr) + bYy(kr)

K2=ec—weC

Homogeneously filled HCF & BC
W™ (156) = Jo (1),
e™(6) = j2, +w(d)

W

W

W
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Implicit function theorem

Implicit function

H(w(8), £(9)) = 0 ' T~
Implicit function theorem 08
05 H(w(0),£(0)) =0 W

Explicit expressions for 04 <,

d5e(d =0) 0.2

Taylor series for complex dispersion 0'(_)'1-_0 08 06 04 —05 00 02 04

t W

e() = e+ €d+ %52 + 0%,
Two-layer model: quantization condition from boundary condition

_Jo(k1r1)J1(kar) ke B Go(kar1) — Go(ke) o(0) — 9
"= Jo(kor1)J1(kir1)kr  Gi(kari) — Go(ka)' (w(0) = 0,£(0) )
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Spectral response for pulses
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Intensity transmission: I(8) = |£(8)|*:
ou 2 iIl _dopt 5
L (0) = |T@)PL™ (8), T(8) = e™%er®),

Optical density (Beer' law) 6 = g, L
dopt (0) = —20T£(0) > 0, dop (0) = 07

EIT optical density and 1/e full width

25 \ 2 2
dopt (0) = + ... —
pt( ) (UEIT> BT vV —O03€e’

Universal result as homogeneous system

g 1Q.|*L > 1 1Q2,.|?
— . 0] = —
EIT F’Ug EIT T dEIT
1 1

GFOUp VElOCityZ Vg = m = _qp.SRE'(O)
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Real time pulses: delay, distortion

Output power:

P (t) = 2¢e0| £ ()|
OUT field for Gaussian IN field
gggout)(t) _ e—i[wpt—ka—n](I)(t)gm

52
w

00 —i0e()—itd— 2
B(t) = / do & . r r r
C oo 2/TAw - . "

Parameter 5 (I)

(a)ry = 0.301,wy =12.5,Q. =T,A=0

(b) Tp = 150 ns, wo = 25.0, dopy = 100 = o]
. S Distortian

one-photon detuning;: Sosh o —

A/T =—1(s),—05 («),0 (4),0.5 (M) = »f
=

M. Noaman, M. Langbecker, P. Windpassinger,
Opt. Lett. 43, 3925 (2018); 0 , _
A.Hilton, C. Perrella, F. Benabid, B. Sparkes, A. Luiten, 1 2 3 4

P. Light, Phys. Rev. Applied 10, 044034 (2018) t(jus) 18/21

1£0) |(arb.au.)
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Gaussian approximation

Real time resonse

. (t Tla )
—196—2—5
T4(144€)
e p 20
(I)(t)z . ,52—26"60
21+ 1€ T
Time lag Group velocity two-layer model
L 2
Te = —06 = — >0 1 €2 "X
s v ’ vg(r1) =
g p(ry) 2nqaq
Light speed reduction to 17 metres
per second, L. Hau, S. E. Harris,
. Co. Z. Dutton, C. Behroozi, Nature
Pulse width can be minimized 397, 594 (1999)
2 -\ 2
(Tout)Q _ (1 =S¢ + (R¢) 2> 2
p — 1— ¢ p = 'p’
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Mitigation of lensing effects

Minimal pulse width
Re"(6 =0,A,7r1,n4,...) =0
E. g., optimal one-photon detuning

A((f;)(rl) = Faofvznac(m)(rl),
HEEH’LU . H’LUE H’U)w

(m) _
G 2H?  H. | 2H,
Or, minimize deviation

A (1) = Tagv?ne ™ (r1)]

opt

C(rn) (10—2)

by modifying density

ng (em™3)

o Nu C (1)
L r?

A(()L)t(rl) = lagv

N,=const
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