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New In Excitations and Interactions

= Spin physics is now much deeper integrated into our
model systems

= Dynamical aspects now much expanded and
strengthened

= Polaronic excitations are studied in a variety of model
systems (presented by Michael Fleischhauer)

= We now have much better systems to use tunability
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Excitations and Interactions

= Magnon gases

= Spin physics
= Quantum magnets

= Synthesis EREE

= Spectroscopy

— . Transregio 49
. . Frankfurt / Kaiserslautern / Mainz 3



Excitations and Interactions

Experiment

Collective effects and in-
stabilities of a magnon gas

Ultracold Bose gases with

variable interactions

Designing spin-spin inter-

actions in cold ion crystals

Multi-polaron effects with

spinless and spinful
impurities in a bosonic
quantum gas

Interacting magnetic exci-

tations in quantum spin
systems — thermo-
dynamic investigations
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Vorführender
Präsentationsnotizen
Hier vorrangig Modellsysteme	
B-Projekte werden von Gerd vorgestellt


Excitations and Interactions

Experiment Theory

Collective effects and in-
stabilities of a magnon gas

Inhomogeneous quantum
phases and dynamics in

ultracold gases and hybrid

Ultracold Bose gases with atom-ion systems
variable interactions

Designing spin-spin inter-

actions in cold ion crystals

Advanced numerical methods
for correlated quantum gases

Multi-polaron effects with Interacting magnons and

§p|nle_s_s a’.‘d sl _ critical behaviour of bosons
impurities in a bosonic

quantum gas

Interacting magnetic exci- Correlations in antiferromagnets

tations in quantum spin
systems — thermo-
dynamic investigations
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Excitations and Interactions

Experiment

Collective effects and in-
stabilities of a magnon gas

Ultracold Bose gases with

variable interactions

Designing spin-spin inter-

actions in cold ion crystals

Multi-polaron effects with

spinless and spinful
impurities in a bosonic
guantum gas

Interacting magnetic exci-

tations in quantum spin
systems — thermo-
dynamic investigations

Theory

Inhomogeneous quantum
phases and dynamics in
ultracold gases and hybrid
atom-ion systems

DMFT and variational techniques

Advanced numerical methods
for correlated quantum gases
1D and 2D systems at T=0
strongly correlated systems

Interacting magnons and
critical behaviour of bosons
Non-equilibrium dynamics
weakly correlated systems

Correlations in antiferromagnets
Excitations near critical points in
boson and spin systems
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Excitations and Interactions

Experiment Theory

Collective effects and in-
stabilities of a magnon gas

Inhomogeneous quantum
phases and dynamics in

ultracold gases and hybrid

Ultracold Bose gases with \ ( atom-ion systems .
“ / DMFT and variational techniques

variable interactions \ ‘
\ ‘\ 0\ JiN%eY Advanced numerical methods
Designing spin-spin inter- A\ A'A for correlated quantum gases
actions in cold ion crystals ‘V “' 1D and 2D systems at T=0
" strongly correlated systems

»
Multi-polaron effects with / (\\ Interacting magnons and

spinless and spinful critical behaviour of bosons
impurities in a bosonic Non-equilibrium dynamics
quantum gas \ weakly correlated systems
Interacting magnetic exci- Correla}tions I anti.f(_erroma.gne’_ts
tations in quantum spin EXxcitations hear critical points in
systems — thermo- boson and spin systems

dynamic investigations
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Vorführender
Präsentationsnotizen
Wegen der Kürze der Zeit werden hier die teilweise recht intensiven Zusammenarbeiten zwischen den experimentellen Projekten bzw. zwischen den Theorieprojekten nicht vorgestellt.


Excitations and Interactions

= Magnon gases
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Magnon gases — magnon-lattice interactions

Magneto-elastic modes and lifetime of magnons
in yttrium-iron garnet films

BLS laser
\

Experimental
method
Time-, space- and
wavevector-resolved

Phonon-magnon
spectrum & damping
Phys. Rev. B (2014)

i Microstrip
of parametrically tor
injected magnons resonator Pumping

Highlight: Condensation of hybridized magnon-phonon states

Gaseous magnons

Magnon-phonon THN ! s A
hybridization ' : :

o
(0)]
Wavenumber q (10° rad/cm)

65 6.0 55 50 0 500 1000 1500 2000
Frequency (GHz) Time (ns)
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Magnon gases —thermalization, electric detection

Highlight: Thermalization of the free evolving magnon gas in YIG
due to coupling to a phonon bath

t=670ns

0.5
gl @3 GHz
kJ./'kmin .

—0.5

0 15 0 05 10 15 w0 05 10 15 .0 05 1.0 15
kllszmim kll;’kmin k”/‘kmm k“;’lkmin

Phys. Rev. B 86, 184417 (2012)

00 05 1

Highlight: Electric detection of magnon gas dynamics and its coherency Ji\g

— 1.01 AL 100 1 'z
% ] | > — iSHE voltage | c
g 0.5 © 80-_ “ == BLSsignal 8
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3 ] @
S 05 w 407 =
W dipolar- (-}_-) >
T 1 0' exchange \ !f dipolar| = 207 2
0 -1.01 :
Probing beam - mtagncfns , r?'nagr?ons 0 0
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Magnetic field H (kOe) Time (us)
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Magnon gases — evidence of a supercurrent

H
\l

Evolution of the magnon BEC, gaseous magnon phase,
and magneto-elastic mode in a local temperature iradient

Next: Magnon Supercurrent — jointly with

Magneto-
elastic
magnon

Pumping
pulse

BLS intensity (counts)

Magneto-
elastic
magnon
mode

BEC
position

i
i

Pumping
pulse

Wavenumber (x10°rad/cm) Wavenumber (x10°rad/cm)
emmeneziiosoneos

Time (us)
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increases with increase

Relaxation of magnon BECJ

Pumping pulse
104’@ M N of local heating
1 Hot spot
104 temperature: _
; Laser light
] T>1.>T>T, induced hot spot
2_- Relaxation
10 ; of gaseous magnon phase - .
no temperature dependence |
L f,/f I ] ] | I 1
0 05 9.5 10.0 10.5 11.0 11.5 12.0
Time (ps)
Fast relaxation of the magnon BEC
due to the magnon leakage caused by
a phase induced magnon supercurrent
11




Excitations and Interactions

= Spin physics

* . [lransregio 49
. . Frankfurt / Kaiserslautern / Mainz 13



Excitation and dynamics of a Rydberg super-atom

Highlight: preparation, characterization and theoretical understanding of a
mesoscopic superatom

1,1

10l
experiment
0,8
07|
0,6 F
05}
0,4
0,3
0,2
0,1
0,0

¢ Nature Physics 2015

g (r)

0 I 2l0 I 4lD | 6l0 | 8l0 I 100
T(us)
= Superatom = ingredient to study spin physics with long-range interactions
- first preparation of isolated superatom, only one excitation g?(0) - 0.08 +0.06
(strong anti-bunching due to Rydberg blockade)

- quantitative theoretical modeling and understanding i\

= -, Transregio 49
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Vorführender
Präsentationsnotizen
Cloud of 150 atoms, only one Rydberg state fits into cloud (Rydberg blockade)  – „anti-bunching“


Rydberg gases in optical lattices

Competing ordered structures in effective lattices Stelitetiietite $80080s80es044e

vvvvvvvvvvvvvvvv
vvvvvvvvvvvvvvvvvvvvvvvv

= preparation of lattice structures with varying s .oeoe o - Siiiiiiissssiiis

UUUUUUUUUUUUUUUU
uuuuuuuuuuuuuuuuuuuuuuuu

lattice spacing by e-beam depletion 3p3rIsar s s S ase et ssessass
$O[$014141414 I

= analysis of structural transitions cubic — triangular transition

Crystalline and magnetic order in lattice gases

= crystalline, supersolid and magnetic phases WW\%/

& dynamics of their formation
canted Ising antiferromagnet

= |ncluding kinetic energy
beyond ,frozen Rydberg gas*

= excitation (s-p) transport in lattice gases supersolid
S _5
@ @ J..U v @
@ © e\@ -
g o L B v v v v @
— Transregio 49
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Vorführender
Präsentationsnotizen
Röhren werden enger, dadurch wird WW-Stärke kleiner


Engineering interactions mediated by a BEC

Bath mediated interaction: Beyond the single polaron description

= Characterize mediated impurity-impurity A12
interaction

BEC

Impurities

= Study impurity dynamics and properties in
the strongly interacting regime

Effective spin-spin interaction between two impurities

= Exploit hyperfine ground states as quasi-spin -

= Study spin-dependent impurity-bath interaction

Bath-mediated interaction

Quasi-spin ¥2 Cs impurity
= Induce and control effective spin-spin interaction immersed in Rb bath

= A model system for interacting dimers A (1D 5’ 5’

|00 ““ Bath mediated
—e—— Transregio49 T spin-spin interaction
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Vorführender
Präsentationsnotizen
Röhren werden enger, dadurch wird WW-Stärke kleiner

Kommentare Artur Widera:

W5: Allgemeine Kommentare zur Folie: Einige Ziele sind fast identisch zu A10: Die Kopplung eines einzelnen quasi-spins an ein BEC und Beobachten der internen Dynamik.
Die Reihenfolge passt so auch gut zu der Argumentation von Cornelius Krellner: Er wird  Bilder von mir und von Ferdinand als Modellsysteme für Dimer- und Trimer WW nehmen, worauf Du Dich hier wieder beziehen kannst.

W2: Hier kannst Du an Michael Fleischhauers Teil anknüpfen: Interaction between individual ultracold atoms can also be engineered by exploiting control over  the polaronic quasi-particles, which have been introduced by Michael Fleischhauer. Neutral atoms at ultracold temperatures interact via a contact, Delta-type potential. A surrounding quantum bath, however, can mediate an effective impurity-impurity interaction, which project A12 aims on realizing. Properties and dynamics of the interacting impurities will be modelled in projects A3 and A5, and experimentally investigated in A12.

W3: Adding spin degree-of-freedom by exploring the hyperfine manifold of Rb and Cs atoms used, an effective spin-spin interaction between impurities will be induced and controlled in project A12.  Feshbach resonance tuning

W4: Abbildung: The bath can lead to a non-linear change in the spin-dependent interaction energies, which leads to the build-up of quantum correlations between the impurities.




Designing spin-spin interactions in ion crystals

Advantages of trapped ion crystals JAWKS; N :
S E—— . R

= linear or two-dimensional structures available J<i ‘

= Strong and long range interactions, m
salored by design of vibrational modes _8 A & & I

= trigonal symmetry allows for spin-frustration Islam et al., Science 340,

583 (2013)
3,

h Planar crystal with 100 ions

current
WIES

Next: Spin-dependent tailored forces

= optical dipole force in standing wave

novel chip trap, = Stern-Gerlach force on ion spins in gradient B
realized in Mainz

| . _ = Implementation in micro-structured planar trap
¢ Transregio 49
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Vorführender
Präsentationsnotizen
Für Hofstetter / Ott : Prelim Work
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Quantum magnetism — J,-J, ladder system

Ladder spin system in a zigzag ion crystal N -1

= Controlled sign-change of Jef m

= Effective Hamiltonian

N—-2 N
L eff .z —z X Ladder spin
Hegr = Z i 00k h): O; system
J#k J
ferromagnetic | anti-ferromagnetic
1
: :
Jy <0 J <0 :l": :“:
=2 %3
‘;—_‘_‘_‘.r'-_ :‘1-
Jo =0
0 —1 -
—15 J—Jo 15 5

—-15 ‘ J - Jo | 15
= Complex phase diagram in frustrated Ising model: paramagnetic, ferro and
anti-ferromagnetic, dipolar and floating phase

= Simulation of effects of tunable frustration in complex geometric structures

9

R x °v°v°vev°vgv°v X Kagome
. Transregio 49 system
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Vorführender
Präsentationsnotizen
Für Hofstetter / Ott : Prelim Work



Excitations and Interactions

= Quantum magnets
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Quantum magnets

Novel interaction-driven cooling processes
in ultra cold quantum gases and solid state systems

Samples

prepared in

Int. J. Mod. Phys.
= accumulation of entropy (2014)

around a B-induced

guantum-critical point Th iical ¢
=>» efficient magnetic cooling coretical aspects
of magnetic cooling

Bl

solid state systems:

Proc. Natl. Acad. Sci. USA
(2011)

= proof of principle:
=» antiferromagnetic S = %2 Heisenberg spin chain (AFHC)

= Cooling efficiency: paramagnet: ~10%; AFHC: ~ 25%; 2d frustrated afm: ~ 50%

Next: 2d frustrated quantum magnets such as Cs,CuCl,

— Transregio 49

. ° . Frankfurt/ Kaiserslautern / Mainz Phys. Status Solidi B 250 (2013) 20



Quantum magnets

Coupled S=1/2 dimer systems: effects of 2D excitations Nature Comm. 5, 5169 (2014)
with S. Wessel, Aachen

= Cu-coordination polymer

(TK91) _
:g LN —— S
. . g LS el AT a4
= excitations reveal a = N NN
. . PEZ2s=~NNA D hindald
distinctly 2D character SO j?:):(iifi
VAN~ s I L7 ==
ANANNSN = s S P AP A S L L N}
= Berezinskii-Kosterlitz- NN A A PR
Thouless scenario
- occurrence of vortex and
anti-vortex excitations g
6.4 : §§
= theory of the critical behavior € O e oively-coupiod
£ 62 @ 2D dimer state

and the magnetocaloric effect :
=i

02 Y * Tamr 4 .
= =iy "-._ 3 Bt e ]
- 0.001
arX|V14120266 - 060 070 0.80 080 1.00 1.10 120 1.30 140 150 B a0 Tee. Te0 %D em rén
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Next:

= new materials with extented range of field B5
induced order (stable organic radicals)

L Transregio 49 _ _
" . Frankfurt/ Kaiserslautern / Mainz = Simulations on coupled clusters B3
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