LECTURE 2 - Quantum Magnetism with UCQG
Superexchange Interactions
Single Spin Impurity
Bound Magnons
AFM Order in the Fermi Hubbard Model
Probing Hidden AFM in 1D Hubbard Chains
Direct Imaging of Spin-Charge Separation
Imaging Polarons - Charge Impurities in an AFM

Incommensurate AFM in 1D

Origin of Spin-Spin Interactions — Exchange Interactions

Superexchange Interactions
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Important ionic solids with no direct exchange between
magnetic ions show magnetic ordering (MnO, CuO)!

sSuper<-exchange interactions must be at work!

PW.Anderson, Phys. Rev. 79, 350 (1950)

Deriving the Effective Spin Hamiltonian (1)

How do we get from —/ > a/a, +%U2ﬁ,(ﬁ, ~1) to H=—Jx Y Si‘S; ?
(i.j) i

%
7
VIR
Wy

U
1 + Xir




Direct Detection of Superexchange Interactions
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Superexchange Coupling in Quantum Dots

A 1um J.R. Petta et al., Science 309, 2180 (2005)

Coherent Manipulation of Coupled
Electron Spins in Semiconductor Quantum
Dots
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Superexchange induced flopping
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Mapping the Spins
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Initial AF order verified in the experiment!

Superexchange induced flopping

Population and spin imbalance
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Quantum Dynamic of Mobile Single Spin Impurity

T. Fukuhara, M. Endres, M. Cheneau P. Schauss, Ch. Gross, |. Bloch, S. Kuhr,

U. Schollwéck, A. Kantian, Th. Giamarchi

Sherson et al. Nature 467, 68 (2010),
see also Bakr et al. Nature (2009) & Bakr et al. Science (2010)

Spin/impurity dynamics

Quantum Magnetism

[2> = |F=2, m=-2>
[1> = |F=I, me=-1>

' Line-shaped light field created with DMD SLM

Sp inlimpurity dynamics

Quantum Magnetism
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Quantum Magnetism

Heisenberg Hamiltonian
H= o Y Si-S) = S X (SIS5+ )8+ 5757)
S J

‘]ex —_ —
S (sjsj +S S;’) -

H= —]Z (d;ﬁj + d,-d;r.) single particle tunneling

ex

=47




Quantum Magnetism

Coherent'quantum dynamics
ofisingle spin at zero temperature
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Quantum Magnetism
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Quantum Magnetism

Quantum Dynamics of Interacting Atoms/Spins

o Effect of Temperature/Holes on Dynamics

® Dynamics of Magnon bound states

® Domain Walls

® Higher Dimensions (1D, 2D, 3D)

® Entropy Transport

® Probe for Quantum Critical Transport

® Direct measurement of Green’s function

[ Gl t) o (1817005 (2, 0)] 1) ]

Outlook

Direct Observation of Magnon Bound States

T. Fukuhara, P. Schauss, S. Hild, J.Zeiher, M. Cheneau, M. Endres, |. Bloch, Ch. Gross

T. Fukuhara et al., Nature 502, 76 (2013)
for photons: 0. Firstenberg et al., Nature 502, 71 (2013)




Quantum Magnetism:

Magnon Bound States

Hans Bethe
(1906-2005) |-string bound states

H. Bethe, Z. Phys. (1931)
M.Wortis, Phys Rev. (1963)

There can be bound states in a Heisenberg spin chain!
Development of Bethe Ansatz.

H= _Jexz (8585 +8187) - AZS‘?S’?H
1 1

General

M.Takahashi & M. Suzuki Prog.Th. Phys. (1972)

M. Karbach, G. Miiller (1997)

see also: repulsively bound pairs & interacting atoms
K.Winkler et al. Nature (2006); S. Folling et al. Nature (2007);Y Lahini et al. PRA (2012)
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Magnon Bound States

Bound |-string

Eigenenergies:

Maximum propagation velocity:

Excitation spectrum:

|-string
LSy g
" sin(1v) e 0

(E-E

M. Karbach & G. Miiller (1997)

Bound magnon

' ' ‘LMU

Quantum Magnetism i Magnon Bound States

There can be bound states in a Heisenberg spin chain!
Development of Bethe Ansatz.

1

H= _Jexz (ﬁfﬁfﬁ-l +§z¥SAz¥+1) _AZSA?§§+1
l

——

Hans Bethe H=—— Z (Sjﬁ;l +SAI_§;:.1) - AZ‘§§§§+1
(1906-2005) i i

H. Bethe, Z. Phys. (1931)

M.Wortis, Phys Rev. (1963)

M.Takahashi & M. Suzuki Prog.Th. Phys. (1972)

M. Karbach, G. Miiller (1997)

see also: repulsively bound pairs & interacting atoms

K.Winkler et al. Nature (2006); S. Folling et al. Nature (2007);Y Lahini et al. PRA (2012)
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Magnon Bound States r A Challenge for CM Physics

Very difficult to observe in spectroscopic data in real materials!
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M. Kohno, Phys. Rev. Lett. 102, 037203 (2009) ‘




Magnon Bound State

Dynamical Evolution

Bound Magnon Motion

S

Breakup and Single Spin Motion

4444545454894

M. Ganahl et al., Phys. Rev. Lett. (2012) LMU

Magnon Bound State Dynamical Evolution

inital State: 44444444
Pair distribution evolution P(X1 ,xz)
A= 1|
Interacting
Isotropic Heisenberg
X1 "
X2
LMU

Magnon Bound State

Initial State: *FFFH+1HH44+¥|

Pair distribution evolution P(x1 ,xz)
A=
Non-Interacting
X1 s
X2

Dynamical Evolution

see also: two interacting atoms
Y. Lahini et al., PRA 86,011603 (2012)
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Magnon Bound State

Initial State: H+$—H—H—$—H—H|

Pair distribution evolution P(x1 ,xz)
A= 1.6
Interacting
Heisenberg
X1 L "
X2

Dynamical Evolution

LMU




Magnon Bound State Ex PE rriental Results

[ C(x1,x2) = P(x1,x2) — P(x1)P(x2) )
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Outlook

Quantum Magnetism

Quantum Dynamics of Interacting Atoms/Spins

o Effect of Temperature/Holes on Dynamics
® Dynamics of |-string bound states

® Domain Walls

® Higher Dimensions (1D, 2D, 3D)

® Entropy Transport

® Probe for Quantum Critical Transport

® Direct measurement of Green’s function

[ G(xixj,t) o< (11 IS (x},)8™ (x:,0)| 1) ] M. Knap et al. PRL 111, 147205 (2013)

Controlling and Detecting Spin Correlations

S. Trotzky et al., Phys. Rev. Lett 105, 265303 (2010)




Splitting a spin pair

« Spin pairs in |F=1, m,=+1y . |1),||)(repulsive)
» Barrier raised slowly to split
— Crossing a miniature Mott-transition: n o, = Ng;gy, =1

J. Sebby-Strabley et al., PRL 98 (2007)

1A
i ’ 1 A A 1

Details on the loading of the Spin-pairs: =
S.T., P. Cheinet et al., Science 319 (2008) g}\

LMU

Splitting a spin pair

* Spin pairsin [F=1,m, = £l) 1Ty L 14)

J. Sebby-Strabley et al, PRL 98 (2007)
— Crossing a miniature Mott-transition: N = Npigye =

EWAW,

* Bosons: Symmetric wavefunction — Triplet |t,)

« Barrier raised slowly to split

(Fermions: Antisymmetric wavefunction = Singlet |s) )

Details on the loading of the Spin-pairs:
S.T, P. Cheinet et al., Science 319 (2008)

LMU

Driving Triplet-Singlet oscillations

« Magnetic field gradient lifts degeneracy:
Agxa-ad.B,

| tp?

Driving Triplet-Singlet oscillations

» Magnetic field gradient lifts degeneracy:
Agxa-ad.B,

| tp)

+ Triplet-Singlet oscillations with frequency Ap /K

) = Is)




How to detect triplets and singlets

* Barrier lowered slowly to merge double-wells
— Triplet: both atoms reach the ground state

How to detect triplets and singlets

LMU

* Barrier lowered slowly to merge double-wells
— Triplet: both atoms reach the ground state

\a/ \/

— Singlet: needs anti-symm. spatial wavefunction (Bosons)
One atom transferred to higher vibrational band

LMU

How to detect triplets and singlets

* Barrier lowered slowly to merge double-wells
— Triplet: both atoms reach the ground state

w1

— Singlet: needs anti-symm. spatial wavefunction (Bosons)
One atom transferred to higher vibrational band

R

Band-mapping reveals singlet-contribution

in higher Brillouin-Zone

A sensitive probe of next-neighbor spin-correlations in Mott-

insulator type many-body systems

band excitations STO amplitude
bosons  fermions bosons  fermions
It) 0% 50% 50% 50%
Is) 50% 0% 50% 50%
1L, D 25% 25% 0% 0%
11, L 25% 25% 0% 0%
1. 0% 50% 0% 0%
14 0% 50% 0% 0%

— Capable of probing spin-order in strongly correlated
phases at low temperatures

Band-mapping reveals singlet-contribution

in higher Brillouin-Zone




Singlet-Triplet oscillations

04l = " ' 7 | - Load system and create
2 o.3\/\/\/\/\/\ jm spin pairs
5 g'f ) ‘ ' * 12041 | « Split pairs into triplets
= -0 2 4 6 8 |« Induce STO via gradient
5 Sj;" 1 | + Merging and band-mapping
S oof . . ] for detection
E oaf . e Ts0Al
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% oer : ] holdtime with gradient
o 0.25f <. ]
020 _6 = L 4°Aé' « Vary gradient coil current
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AFM BTheQuest for AFM Spin Order

Predicted phases at half filling for strong interactions U/12] > |

[ H= ) (c}ﬂé[-ﬂ + h.c.) +UY gy, ]
i

(i.j).o

AF Mi 9
QIIIII YIIIII VY VY
I I

>

Jex U Temperature

D. Greif et al., Science 340, 1307 (2013)
R. A. Hart et al., Nature 519, 211 (2015)

R. Jordens et al., Nature 455, 204 (2008),
U. Schneider et al., Science 322, 1520 (2008)

Singlet-Triplet oscillations

- Linear increase in Frequency with gradient strength
 Frequency = 2x single particle shift (independently meas.)
— confirms 2-particle nature of oscillations
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Li-Microscope Fermi-Hubbard - 2016-2017

o T TG
(b) "‘“{000 () J)EUDD
o 1 Lood i Lot

L. Cheuk et al. Science (2016)

LN

RO D. Greif et al. Science (2016)
’ } A.Omran et al. PRL (2015)
... - "’

(8]
in One Dim M. Boll et al. Science (2016)

P.Brown et al. Science (2017)

M. Parsons et al. Science (2016)

AFM Correlations (Short, Medium & Long Ranged) now visible!
A. Maruzenko et al. Nature (2017), M. Boll et al. Science (2016),T. Hilker et al. Science (2017),
L. Cheuk et al. Science (2016), P. Brown et al. Science (2017)




LA B0 nd eniin the Fermi Hubbard Model Li Microscope i Mott Insulators

Strange metal
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AFM BSphini&iChange Resolved Imaging AFM il V/ SpinsChange Resolved Detection

10

1D Hubbard Chains
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1D Chains (spin unresolved) Split 1D Chains (spin resolved) Reconstruction o0

M. Boll et al,; Science 353, pp. 1257 (2016) ‘ MU

Charge Resolved Spin Un-Resolved
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AFM ._nCharge Resolved Detection

Spin Resolved
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Charge Resolved

AFM
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Spinon Holon

Hole can move freely in AFM environment!

Spectroscopic determination:

C. Kim, et al. Phys. Rev. Lett. 77, 4054 (1996)
O.M. Auslaender et al. Science 308, 88 (2005) 3 LMU

AFM 4 Spin Correlations
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M. Boll et al,; Science 353, pp. 1257 (2016)
see also 2d work Harvard & MIT
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AFM Chal A S Spin Order around Hole

Minimize Energy l:|'> Two Conditions

P> Holes want to delocalise
P> Spins want to align antiferromagnetically
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AFM Micha Eopic Origin of SC —Separation

OO

Hole introduce domain wall
“parity” kinks in AFM background!
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T. Hilker, Science (in press)

Spin-spin correlations

AFM around Holes
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AFM B AEM with holes in between..
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AFM HiddenNTopological?) Ordenin the 1D Hubbard

00000000

Heisenberg AFM in “Squeezed Space”

[wxl, o xn) = Yor(xt, o) Friis (1, .,yM>]

F-Woynarovich |. Phys. C (1982)
M. Ogata & H. Shiba Phys. Rev. B (1990)

String Correlator

[omp = (FOD58,) ]

H.V.Kruis, |.P. McCulloch, Z. Nussinov & J. Zaanen EPL (2004)
H.V.Kruis, |.P. McCulloch, Z. Nussinov & J. Zaanen Phys. Rev. B (1990)

LMU

String Order

Stning Orderin 1D Systems

E.g.in ID gapped systems where <A(X)A(y)> decays exponentially with distance

However, they can show hidden non-local order:

lim (A(x)

|x—y|—o0

[I 8@ |Aw)=c

z€S(x,y)

We say the order is hidden, because a “global view” of the underlying state
is required. (Topological Order: X.-G.Wen)

Allows us to characterize state only via its ground state correlations!

M. den Nijs, K. Rommelse, Phys. Rev. B 40, 4709 (1989).
E.Kim, G. Fa’th, ). Solyom, D. Scalapino, Phys. Rev. B 62, 14965 (2000)

E. G. Dalla Torre, E. Berg, E.Altman, Phys. Rev. Lett. 97,260401 (2006)
F.Anfuso,A. Rosch, Phys. Rev. B 75, 144420 (2007) A
E.Berg, | E. DallaTorre, T. Giamarchi, E. Altman, Phys. Rev. B 77,2451 19 (2008) 3 LMU

String Order

Typical Order Parameter in Landau Paradigm of Phase Transition

Order Parameter:

General classification
scheme for
all phases of matter 2?

Examples:

Order Parameter Chara 1
Local ordering!

d State Correlations

Order Parameters

LMU

String Order ,‘\n :, C

E.G. Dalla Torre, E. Berg, E.Altman, Phys. Rev. Lett. 97,260401 (2006)
E.Berg, | E. DallaTorre, T. Giamarchi, E. Altman, Phys. Rev. B 77,245119 (2008)

Ut
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mplerHaldane Insulatorin 1D

(a)

8
Ata 1 L .
H = —JZ:((ZIQHd + hC) + iUXl:n,(TLl = 1) + VZninH_l j MI
2 // HI DW
Bose-Hubbard with next-neighour interaction L T E—
Vit
L
L0-100+100-10+1000-1
A Hidden Antiferromagnet!
Hidden Non-local Order Captured by String Correlator
li—j|—o0 ) )
i<k<j
LMU




ARM DWolRoint Correlator - Doped Chains AFM DWolRoint Correlator - Doped Chains
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Correlation C(d)
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AFM Incommensurate Magnetism
Density Doping Finite Magnetization
(S35%) ~ Ape~/%n cos(mnd) (S353) =~ Ape=/%m cos(m(1 —2m)d)

Incommensurate AFMin 1D

[ Luttinger Liquid Theory]

G. Salomon et al. arXiv:1803.08892 FD.M. Haldane J. Phys. C: Solid State Phys. 14 2585, 1981




AFM lncommensurate'Magnetism - Data Analysis AFM
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AFM DlantumiRomain Walls:

n=1m=0

n [] r
&) |F 1

n#1,m=0

O P Y - O Y
I I 5 1 O 0

Holon

Quantum Domain Walls

BompetingiEnergy Costs: Kinetic vs Magnetic

t>J
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Charge Impurities in 2D

energy cost

CompetinsiEnergy Costs: Kinetic vs Magnetic

Hopping events
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CombetingiEnergy Costs: Kinetic vs Magnetic Ground State?
Hopping events
b g pping . o
g unaffected AFM e
&) — background
0 1 P g |\Il> - : O ffected AFM
§ unaffected
00000 00000 00000 B e
00000 000090 000090 g i disturb d
spin disturbance dresses
00§ oo 0o00fo 0000§ hole/doublon locally
000090 000090 00000
00000 00000 00000
@)
o = 0) = O +
9 GCJ no polaron
& g
@ IS
5 £ +
magnetic kinetic magnetic kinetic magnetic kinetic i te Doping reduces AFM spin onder:
[Mazurenko et al, Nature 545 2017]
Polarons in the FHM
4 Semiclassical considerations
1 . -0.
R ~ (3) Auerbach, Springer 1994 > F ,( ),( ).( ).( ).( ),( ),_ 012
7 Nagaoka ferromagnetism U U U
Large t/| (large U): dressing becomes L, ' [@COeC o@D 0 0
ferromagnetic 2 04
Nagaoka, Phys. Rev. 147 1966 g
Lilecoeemme § 2 e—mme—e.
@ P Quasiparticle with bandwidth W=2] : g
% ‘ll/ /!/ Chernyshev and Wood, arXiv:cond-mat/0208541,2002 i o6
gy =1 v, \J \J U -
- O . 1 C OC HoamDeamne 0 ®
iy ]: P Attraction between polarons N
] 1A —— superconductivity, stripes?
. X . Lo 2 | @ @C D@ D@ D@ ) T Y ¥
spinon holon p Strlnlg pl([:]ture: spinon-holon binding S 5 = x . s : -0.18
Grusdt et al, PRX 8 2018 string lengt e\ 3 x - hopping distance (stes)
L~ |-
(3)
Lee et al, Rev. Mod. Phys. 78 2006 [Conditioned c() Correlator)
Schrieffer et al, PRB 39 1988




(@M ocallSy inlCorrelations around Doublon

Ij“or the colder data,
tive correlations i, Cia(r) away fri:-i
whi N

ich requires further theoretical investigation,

[Parsons et al, Science 353 201¢]

We observe g
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y - hopping distance (sites)
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> Polaron-Polaron correlations

B
» Timescale of polaron formation e

——’ (@) /y Lo
> Mixed dimensions j«/ Jj;

» Dynamical spin-charge separation ID

Dominik
. Grusdt et al, arXiv:1806.04426 2018
> Dynamical Nagaoka effect ruscrerdartiy

\*‘ ’ 0.03
oy | -
l‘ m \ [o)e) q“ .

Kanasz-Nagy et al, PRB 96 2017

Timon Joannis  Jayadev 1|.B. Christian Guillaume




Rydberg atoms

* hydrogen-like wave function 87Rb 43S,,,
¢ quantum defect

E ,.=— L 87Rb 5S1/2
T - s P ®
@ 0.5nm @ 250 nm

» Strong switchable interactions

Property Scaling 87Rb 43S
Radius (n*)2 2400 a, = 127nm
Lifetime (dominated by black (n*)2 45 us @ 20°C
body radiation for large n)
van der Waals coefficient (n¥)1t C,=—1.7x10%au.
Blockade radius (n*)2 ~5um
(Q=2x 200 kHz)
Saffman, Walker, & Malmer Rev. Mod. Phys. (2010) ;Z?d‘;vl‘l’)::gi“BE?;;M;?;:%”A:?"”'isea”‘ Stutigart,

Rydberg Crystals a ’ R)/d be rg blockade

R=3.6 um

two atoms

0.8 -

[nde radius
r than cloud size!

Excitation probability

T T T T T T T T T T T T T T T T T T
0] 40 80 120 160 200 240 280 320
Duration of the excitation (ns)

v/ N1 Rabi Oscillations speed up!

Each superatom:
1
VN

see work by A. Browaeys & Ph. Grangier, M.

Saffman, A.Kuzmich,T. Pfauu@
LMU

(‘r’070707"'>+‘07r’0707"'>+|07070""7r>)

Rydberg Crystals r Rydberg blockade

E

Ql: i)

I .
lgr>,lng >
la.g>

Y R

Blockade condition

C
Vvaw = —g > hmax(T", Q)
Each superatom: r
1

.0,0,0,...) +10,7,0,0,...) +0,0,0, ..., _ 6/Cs
\/N(\r )+10,r )+ ) ro = /ﬁ

M. Lukin et al. PRL 87,037901 (2001)

Jun

M. Lukin et al. PRL 87,037901 (2001)

DMD Adressing Ultimate Size Control in 2D

Digital Mirror Initial Ml Single Atom

Device (Size Control)

3x3 5x5 7x7 8x8

atoms

LMU




Rydberg e Ih elfrozen Rydbeng gas - long range QM
1
o5 le)
________ AN : .
05 1 15 2 25 3 35 4 no mechanical motion
. fime bl on the timescale of the
0 Q internal dynamics
3 35 4 %:: |g) —l—
3 35 4 o
- i ST D 0 Vi j060|— A 60
=32 (2 + Q) K ;7%% - ZG
T A T Single atom non-linearity controls !
. fine b dynamics of >50 atoms! / i \
£os N coherent coupling interaction between  "chemical potential"
Rydberg atoms
M e P e J. Zeiher et al., Phys. Rev. X 5,031015 (2015) —a
el L ., Phys. Rev. X 5, Vi = Cqlri — il
This work: =6, repulsive
LMU LMU

m=-172 4381 mel 43812
480 nm
ot
"""""""" 4 700 MHz -
F=3, me=-3 2 e 5P3p
* two-photon Rabi frequency: .
Q211 = 170(20) kHz 780 nm rem?val pulse cft'lratlon.olo Us oo
e resonant excitation: * survival probability: 0.1 % o
A=0
e 551 551
* blockade radius: F=2, mp=-2 F=2, me=-2
Ro =4.9(1) pm




ndidetection of the Rydberg atoms

Rydberg Crystal

Adiabatic preparation

vs. Pulsed excitation

Pohl et al., PRL 104, 043002 (2010)
Schachenmayer et al., New . Phys. 12, 103044 (2010)
Ji et al, PRL 107,060406 (201 1)

van Bijnen et al,, |. Phys. B 44, 184008 (201 1)
Garttner et al.,, arXiv:1203.2884v2 (2012)

LMU

my=-1/2
L 43S1n
480 nm
&
-------------------------- 5P

F=3, me=-3 2
* deexcitation pulse duration: 2 ps
* detection efficiency: 75(10) % ;?0 o
« overall resolution: ~ 500 nm

F=2, me=- 3Sin
PRL 104, 043002 (2010) PHYSICAL REVIEW LETTERS 29 JANUARY 3010

Dynamical Crystallization in the Dipole Blockade of Ultracold Atoms

T. Pohl,'? E. Demler,”* and M. D. Lukin®*

'Max Planck Institute for the Physics of Complex Systems, 01187 Dresden, Germany
*ITAMP-Harvard-Smithsonian Center for Astrophysics, Cambridge Massachusetts 02138, USA
3Physics Department, Harvard University, Cambridge Massachusetts 02138, USA
(Received 26 July 2009: revised manuscript received 23 October 2009; published 27 January 2010)
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Coherent Control of Many-Body
System through Adiabatic Sweeps

Theory see:

T. Pohl et al. PRL 2010; G. Pupillo et al. PRL 2010,

R.M.W van Bijnen et al. |. Phys. B:At. Mol. Opt. Phys. (2011)
see also: H.Weimer et al., PRL 2008

Rydberg Crystal El aF

Adiabatic preparation

vs. Pulsed excitation

T.Pohl et al., PRL 104, 043002 (2010)
). Schachenmayer et al., New |. Phys. 12, 103044 (2010)
Jiet al, PRL 107,060406 (201 1)

R.van Bijnen et dl.,|. Phys. B 44, 184008 (201 )

M. Garttner et al, PRA 88, 043410 (2012)

D. Petrosyan ). Phys. B 46, 141001 (2013)

LMU




Rydberg Crystal 1 imate Size Control in 2D

Fluctuating Size and

*Sub Shot Noise Atom Number Preparation

Digital Mirror
Device (Size Control)

*Geometric & atom number control
(crucial e.g. for quantum criticality)

eHard wall potentials realized
(crucial for edge states)

Size & atom number perfectly controlled

Rydberg

6 7 8

Rydberg Crystal configurations

Rydberg

Pulsed vs sweeped excitation - localization of excitations to border of system!
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Rydberg Crystals “Configurational Change
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crystal with one excitation in center ----- ,
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Number of Rydberg excitations in cloud of radius 11 sites

j,,.-A;diabatic Sweeps in 2D




Rydberg Alternative Systems

a 53 b
5&
g o Z, ordered
E E’ €00080008000e -
£Ee___ . & wnnmngy
> ERE]
c 9
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02) ©000008000000 s 5
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& 8 [Fomewavrgvees
& o 13
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______ ) 5
1
= - 0 4 8
Detuning (MHz)

Detuning (A/€)

H. Bernien et al. arXiv:1707.04344

]
0 05 1
Rydberg probability

LMU

Rydberg Crystals rF Outlook

Smaller Blockade/Larger Cloud
v Larger Rydberg Crystals
v Larger Rydberg Atoms cp. to Lattice Spacing
v Adiabatic Sweeps to Deterministically Prepare Crystal Structures
¥ Show Coherence of Crystalline Superpositions! a Quantum Crystal?

T.Pohl et al, (2010), van Bijnen et al. (201 1), Gértner et al. (2012),...

Larger Blockade/Smaller Cloud
v Collectively enhanced Rabi oscillations
v Large Entangled states (e.g. EIT schemes)

M. Lukin et al. (2001), D. Moller et al. (2008), M. Miiller et al. (2009), H.Weimer et al. (2009)...

Dressed Rydberg Atom Regime
¥ Admix controlled long range interactions

G. Pupillo et al, (2010), Henkel et al. (2010), Schachenmeyer et al. (2010), Honer et al. (2010), Cinti et al. (2010),
Johnson & Rolston (2010)...

Outlook

® Search for New Phases of Matter

® Extremely Strong Magnetic Field Physics

® Novel Quantum Magnets

® Controlled Quasiparticle Manipulations

® Non-Equilibrium Dynamics (Universality?)

® Thermalization in Isolated Quantum Systems

® Entanglement Measures in Dynamics

@ Supersolids

® Cosmology - Black Hole Models?

o High Energy Physics/String Theory

® New clocks/Navigation
Quantitative tesf
for theory!

Groups of: E.Altman, |. Bloch,
J-Dalibard & P. Zoller e |

o Ultracold quantum matter




