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Floquet Engineering
mggb = ( 2mA + Vi (r, ) + 470 "’ )2 )

Tunable parameters

o Kinetic energy

e Trap, optical lattice

@ Interaction via Feshbach resonance

e Magnetic Feshbach resonance
o Optical Feshbach resonance
o Driving induced scattering resonance [1,2]
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Theory Floquet Scattering

[ AQrvaNy Floquet Scattering [.E TESHAISCHE UNNERSITRT
o Time-periodic scattering potential: v(r,t) = > 02 e "y, (r)
o Floquet approach: 1(r,t) = e7it/h 3> e=inwty (r)
o Floquet-partial wave expansion: ¢, (r) = > ;> Ry (1) Pi(cosf)
o Radial-Floquet equation:
(A K2 = 0 (1)) Rua(r) = S 0 () Rinn (1)
H H ) H P9t
o Dispersion 5k, = ¢ + nhw
@ Asymptotic wave function: v

1 Jikn T
¢n(l‘) = (571,0€Lkr + fnc p vio
o Critical index: n. = [—+=]
o Free states, if n > n.: k, € R

o Bound states, if n < n¢: k, € C

n=1

n=0

n=-1

@ Time averaged scattering length [1]

Ascatt = _lll)% fO

n=-2

[1] Smith PRL 115, 193002 (2015)
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Agé\;;’,;s M‘m Floquet Scattering by Contact Potential [ = Fidsce NvEsei
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o Contact potential, s-wave scattering length a(t) = @ + a1 cos(wt)
2a(t _ 2a [é) 9
v(r,t) = )6( )Brr = vo(r) = ()51, ver(r) = Bo(r) 57
° RadiaI—Fquuet equation, [ = 0 (low-energy Iim|t)
[AT + ki - UO(T)] Rl:O’n(r) = Zm::tl Um (T)RIZO,nfm(T)
[J
[J
(]
e Floquet modes [3]: l% g
R ( )_6n,0i€_ik"’r D ietknr @ =2
l:O,n r)= 2 knr n kn"' 11271 (b(lmt
@ Evaluation of d-function and continuity &-p“v‘\v%%‘\vﬂv%w)nzl
condition; R ggut
kia 71) Dn*%(Dn—H‘}’Dn—l):'}/ﬂ “ D é{)ﬂ n=0
2
@ Solution via continued fraction a { n=-1
a; bound
@ Calculate scattering properties a 'z o ,
—1 n=—
fn = ﬁ (Dn - 5n,0%) 4%1 ¢}1°2und

°
3
>

[3] S. Reyes et al. NJP 19, 043029 (2017)
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Results Enhancement of Scattering
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@ Lines of resonances in w-a; plane for positive a
@ Incoming particle has energy ¢
o Length scale: a

2
o Energy scale: Ep = 22,

e Amplitude determines elastic scattering: < o >>¢= 47| fo|?

@ Total cross section via Floquet-optical theorem [2]: <« o >>: 47r'm—kof—°
-Re fo/a at e=0.1 B

5 5 -Im fy/a at e = 0.1 2ma2
s i |
<Iz4 L <54 s
© 3 s 3 ‘
2 0 8 /
g2 g2 /
=} =} /'
g1 1 g1
3 3
0 0

0 0.5 1
a; in units of @

o

0.5
a; in units of a

[2] Sykes et al. PRA 05, 062705 (2018)
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Results Enhancement of Scattering
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Low-energy physics: Scattering length around resonance:

ascatt(w) ~apg (11— w_éwo

o Energy scale is determined
by choosing a

@ Resonance width §(™) is
set by a;

wmits of 7i/(2ma?)

o Enhancement of scattering
length by choosing w
relative to w!"

 e———

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
ay in units of a
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o

@ =0

=1
|
I
)

@ Explanation in coupled
channel picture: .

ot =0

o
I

k2 g
Fano-Feshbach resonance o e =0
o 0
involving dynamically bound L n=-1
. . 4bound
states in side system . ) =
side- ai — n=-2
( ) system o )

® Resonances if e = ¢,/ 4

o For small a;: "
M !
bound ™ :o:usnd (rbn;uznd (';o:u‘nd
—FEp + |m|fw + C(m)a% 05 \
@ No losses through inelastic T, S
scattering at resonance ° /
position 14 Re 2.y

-1
02 04 06 08 1 12 14
w in units of fi/(2ma”)
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Higher Harmonics Two-Colour Drive
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10°
@ Drive with 2nd harmonic: 3

a(t) = a4+ a;y cos(wt) 4 as cos(2wt)
° Reqursion relation:
(kza_l)Dn_Zm +142 25 Dn-m = I

~ in units of 1/a

0 0.2 0.4 0.6
° Scattermg length near resonance: as/ay
1 1 wowo G134 4
ascatt( ) apg w—wo—96/h +Z’7 m§
£132
Queart /@ for @) = 0.4 and @ = 0.16 3 1.3
10 é
. sf J 2128
H aJ — . A
< ?1.26 -
51 0 0.2 0.4 0.6
10 . . . . . . . . , ay/ay
0.4 06 0.8 1 1.2 1.4 1.6 18 2
w in units of h/(2ma?) (\‘/.; 0.1 g
o Finite maximal enhancement of scattering < o0e
max Re Gscats = 1/(27) s
£ 0.06
@ Resonance position shifts E
5 0.04

Width of resonance decreases o 02 04 06

ao/a

l
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Higher Harmonics Multicolour Drive
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@ Harmonically modulated B-field: a(t) = apg (1 — m)

Drive with multiple Fourier coefficients a.,

°
e 133Cs, By =547 G, A =175 G [4]
e n/(2ma?) ~ 3 kHz
Position and width . Maximal Scattering
—uptoa ,/' 10

&0

5

S 1.3 —uwtoa . ‘4 g

§ ‘, =

<

= 1.2 5103

z &

5 1.1 :

3 1 102

0 - 02 0.4 0 01 02 03 04 05
By in units of |B; — By By in units of |B; — By

[4] C. Chin et al. RMP 82, 1225 (2010)
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Outlook Two-Channel Model
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600 T 3500
400 + 3000

o Add internal degrees of freedom

(l+1) ¢H’0 e 2

|:A + kj2 0(7")] Rl,n(?") = £ o{bpeey /\\v\ﬂ‘j\[ zooog
é B 4 1500%

Zm#O gm( )Rl,n—m (7") g _iz: \/'\J'," 1000 ©

500

hift AU/h [Hz]
N
S
8

o Model potential:M: E,,—m_so - ‘0 _
_VOO(RO - T) Q(t) [6] Detuning A [2 MHz]
2(t) A(t) = Vifa(r) v

o Magnetic Feshbach resonance [5]

° fi(r)=O(R1 —r)

o A(t) = AuB(t) A(t)
e (2(t) = const. hyperfine-interaction N\— Uscate (T, )
o Rydberg optical Feshbach resonance [6] o | 5B, Ch-1
° fi(r) = I —=——
1,—6R1/2 <7+ Ry < +0R1/2 Ro I’y

0, otherwise
o A(t) detuning

HR [5] R. Duine et al. Phys. Rep. 396, 115 (2004)
° “Q(t) Rab' frequency [6] O. Thomas et al. Nat. Comm. 9, 2238

2018
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