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0 Introduction: Tunable multimode Cavity QED
@ Many body cavity QED
@ Multimode cavity QED

9 Experimental results: supermode density wave polariton condensation

e Theoretical results: Meissner-like effect
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Synthetic cavity QED: Raman driving

@ Tunable coupling via Raman
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Synthetic cavity QED: Raman driving

@ Tunable coupling via Raman

@ Real systems: loss 0ip = —i[H, p] + xL[a, p] +

@ To balance loss, counter-rotating:
o da

f‘

0
2 level'system

[Dimer et al. PRA '07]
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Possibilities

@ XY vslsing
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Possibilities
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@ XY vslsing
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2 level'system

@ Momentum state vs hyperfine state
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@ Single mode vs multimode ‘,

Credit: Alan Stunsbreaksr Physms 3, 88 (2010)
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Possibilities

@ XY vslsing

p,
2 level'system

@ Momentum state vs hyperfine state l

@ Single mode vs multimode ’ffj’///////c ’

Credit: Alan Stunsbrsaksr Physms 3, 88 (2010)
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@ Thermal gas vs BEC vs disorder localised
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Multimode cavities

Confocal cavity L = R:
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Multimode cavities

Confocal cavity L = R:

C)

@ Modes =) ,(r) = H(X)Hm(y), I + m
fixed parity
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@ Extra distinction:
degenerate vs non-degenerate

Single mode: L>R
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Multimode cavity QED

Hyperfine states:

@ Full model:
Hot = Y ( —wp)ala, + 32 Lo7 + 0 Y= (r)ox(a+ &)
2 S N ~—
Geff

[Gopalakrishnan, Lev, Goldbart. Nat. Phys '09, PRA ’10]

@ Canreach 02, < Ges

o F = E = DAl
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Degenerate multimode: Liquid crystal physics

@ Spatial states of atoms
Y(r) = Py (r) + 4 (r) cos(kx) cos(kz)

@ Coupled dynamics of a(r) = Zu(éﬂ)zu(r),
and <o 1(r)

[Gopalakrishnan, Lev, Goldbart. Nat. Phys ‘09, PRA ’10]
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Degenerate multimode: Liquid crystal physics

@ Spatial states of atoms
Y(r) = Py (r) + 4 (r) cos(kx) cos(kz)

@ Coupled dynamics of a(r) = - (&,)=,(r),
and <o 1(r)

@ Degenerate limit, transverse pump:
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Degenerate multimode: Liquid crystal physics

@ Spatial states of atoms
Y(r) = Py (r) + 4 (r) cos(kx) cos(kz)

@ Coupled dynamics of a(r) = - (&,)=,(r),
and <o 1(r)

@ Degenerate limit, transverse pump:

OV = [A + A(IK| - Q)z} Vi + Ucontact Z Wi:/.;_qwk'wk—q
k’,q

@ Smectic Brazovskii transition

g Superradiant
p n:_’ 2nd order tad
? i
Normal
) . ) 0 # Modes oo
[Gopalakrishnan, Lev, Goldbart. Nat. Phys '09, PRA ’10] >>K Mode spacing 0
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Experimental results: supermode density wave polariton
condensation

@ Experimental results: supermode density wave polariton condensation
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Superradiance in multimode cavity: Even family
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Superradiance in multimode cavity: Even family
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Superradiance in multimode cavity: Odd family

@ Dependence on cloud position
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Superradiance in multimode cavity: Odd family

@ Dependence on cloud position
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@ Near-degeneracy of
(1,0),(0, 1) modes broken by
matter-light coupling.
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Superradiance in multimode cavity: Odd family

@ Atomic time-of-flight — structure factor

Cavity output: Atomic time-of-flight:

@ Dependence on cloud position TEMao
a b [ 5 TEMoo
a o A o P
= L
3 4 y Y
i e L2 |
TEMo+
T_»)( LX ‘ TEMo1

@ Near-degeneracy of
(1,0), (0, 1) modes broken by
matter-light coupling.
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Supermode density-wave polariton condensation

Supermode density-wave polariton:
@ Hybrid cavity photon and atomic density wave
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Supermode density-wave polariton condensation

Supermode density-wave polariton:

@ Hybrid cavity photon and atomic density wave
@ Atoms remix cavity modes — superposition
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Supermode density-wave polariton condensation

Supermode density-wave polariton:
@ Hybrid cavity photon and atomic density wave
@ Atoms remix cavity modes — superposition
@ Condensation of polaritons remixes again

' ‘ +
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Theoretical results: Meissner-like effect

e Theoretical results: Meissner-like effect
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Meissner-like physics: idea

@ Multimode cQED — local matter-light coupling

' See poster by Kyle Ballantine | [Ballantine et al. arXiv:1608.07246]
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Meissner-like physics: idea

@ Multimode cQED — local matter-light coupling
@ Variable profile synthetic gauge field?

' See poster by Kyle Ballantine | [Ballantine et al. arXiv:1608.07246]
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Meissner-like physics: idea

@ Multimode cQED — local matter-light coupling
@ Variable profile synthetic gauge field?
@ Raman-based scheme

| See poster by Kyle Ballantine | [Ballantine et al. arXiv:1608.07246]
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Meissner-like physics: idea

@ Multimode cQED — local matter-light coupling
@ Variable profile synthetic gauge field?
@ Raman-based scheme

D780 Spys » Follow Spielman, PRA *09.
Deros e D N 5p1j2 . Ea + (V — 05\()2 Q 'QDA
AV H = (a 1/)5)( Q Ep+(V+Qx)?2) \ys
ol )
el r
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| See poster by Kyle Ballantine | [Ballantine et al. arXiv:1608.07246]
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Meissner-like physics: idea

@ Multimode cQED — local matter-light coupling
@ Variable profile synthetic gauge field?
@ Raman-based scheme

D0 g » Follow Spielman, PRA *09.
T T Ak
Dy:795 5p1/2 . Ea + (v - 02)2 Q "’bA
n: T \o- 7®| \o— '7; H - (/l/)A /l/)B) ( Q Eb + (V + Qj\()z d)B
eal' =Ltz B) g
A\ . o » New feature: E,, Eg from cavity-light Stark shift
mF:O_ F=1

| See poster by Kyle Ballantine | [Ballantine et al. arXiv:1608.07246]
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Meissner-like physics: idea

@ Multimode cQED — local matter-light coupling
@ Variable profile synthetic gauge field?
@ Raman-based scheme

Dy:780 P32 » Follow Spielman, PRA ’09.

Boi '"'ZﬁﬁﬁﬁIIﬁﬁﬁﬁZIﬁﬁﬁﬁiiipAm/él N
Dy:795 5p1/2 . Ea + (V - QX)2 Q 'QDA

a: T \o- 7 \o— '7; H= (/l/)A /l/)B) ( Q Eb + (V + Qj\()z d)B
551’1”}‘74rl |B) zg:
A\ . - » New feature: E,, Eg from cavity-light Stark shift
mF:O_ F=1
» Ground state v_, E_(k) = (k— QX[¢[?)? + ...

| See poster by Kyle Ballantine | [Ballantine et al. arXiv:1608.07246]
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Meissner-like physics: idea

@ Multimode cQED — local matter-light coupling
@ Variable profile synthetic gauge field?
@ Raman-based scheme

D780 5732 » Follow Spielman, PRA *09.
A O | 1
Dy:795 5p1/2 . Ea + (V - 02)2 Q ¢A
1N N H=(va ve) ( Q Ep+ (V + Q%)2) \vs
sﬂlr;rH |B) é
) . » New feature: Ex, Eg from cavity-light Stark shift
=0 F=1
e » Ground state vv_, E_(K) = (k — QX|p|*)? + ...

Reciprocity: matter affects field
| See poster by Kyle Ballantine | [Ballantine et al. arXiv:1608.07246]
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Meissner-like physics: setup

o (A [ VP —Enlpl? +idoy Q/2 VA
@ Atoms: lat(w5>—[——+( Q/2 8A|¢|2—i%8x + ... v

See poster by Kyle Ballantine \ [Ballantine et al. arXiv:1608.07246]
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Meissner-like physics: setup

@ Atoms: /at (¢A> _ |: v2 + (_SA‘gplz + I%ax Q/2 ) + :| (¢A> )

VB - 2m Q/2 Enlpl? — iE0x VB
. ) 5 r2 )
o Light: iy, — {5 (—/2v2 + ,—2) — Ao — ir— NEA(|UA? |¢Brz)] o+ £(r).

| See poster by Kyle Ballantine | [Ballantine et . arXiv:1608.07246]
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Meissner-like physics: setup

y

@ Atoms: Iat (¢A) _ |: v2 + (—gA‘Qplz + I%ax Q/2 ) + :| (¢A) )

VB - 2m Q/2 Enlpl? — iE0x VB
. ) 5 r2 )
o Light: iy, — {5 (_/2v2 + ,—2) — Ao — ir— NEA(|UA? |¢Brz)] o+ £(r).

| See poster by Kyle Ballantine | [Ballantine et . arXiv:1608.07246]
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Meissner-like physics: numerical simulations

10 = 0.03 ‘\u"—
0.025
s
Atoms ' l%
o @ Consider f(r) such that
z |l o .
< @ Without feedback (Ea = 0) for
Cavity light s field
Synthetic field &)

See poster by Kyle Ballantine | [Ballantine et al. arXiv:1608.07246]
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Meissner-like physics: numerical simulations

) 0.03 ‘T"—
- 0‘025
s
Atoms °'°1~é
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' E |l o .
Cavity light I; g
0 @ With feedback
= Hg N
0 S
Synthetic field e

-10
-10 -5 0 5 10-10 -5
x/ao

See poster by Kyle Ballantine | [Ballantine et al. arXiv:1608.07246]
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Meissner-like physics: numerical simulations

Atoms

Cavity light

Synthetic field

0.03

5 10-10 -5

0 5 10
x/ay

[@2/1fol? [a0]

lwal*+lwsl* [a0™]

@ Consider f(r) such that
|pf? o< y.

@ With feedback
» Field expelled

See poster by Kyle Ballantine | [Ballantine et al. arXiv:1608.07246]
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Meissner-like physics: numerical simulations

0.03

0‘025
s
Atoms 0'01%
& e Consider f(r) such that
5 |pf? o< y.
<
Cavity light T
@ With feedback
. » Field expelled
< » Cloud shrinks
Synthetic field =
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See poster by Kyle Ballantine | [Ballantine et al. arXiv:1608.07246]
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Summary

@ Many possibilities of multimode cavity QED
» Spin glass (XY/Ising); Soft-matter physics with spatial DoF, .

[Gopalakrishnan, Lev and Goldbart. PRL 11, Phil. Mag. '12, Nat. Phys '09, PRA *10]
@ Working multimode cavity [Kollar, et al. NJP '15]
@ Supermode densﬂy wave polarlton condensatlon

- E$.- 2] EEIM
— T - .
/i ] I - | H ﬂ H H I - . - Em

[Kollar et al. arXiv:1606.04127]
@ Meissner like effect -

[Ballantine et al. arXiv:1608.07246] | See poster by Kyle Ballantine |
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