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What/Why is quasicrystal?

Crystal: translation symmetry and rotational symmetry (three-fold, Forbbiden rotational symmetries for a crystal:
four-fold, six-fold, ) five-fold, eight-fold,



Quasicrystals in condensed matter physics

-Ho-Mg-Zn icosahedral quasicrystal

Bindr B. et al,Science 324,1306-1309(2009)



Quantum simulation using ultracold atoms

(b)

Optical lattices Superfluid to Mott insulator transition

Greiner, M., et al. (2002). Nature, 415(6867), 39—44.
Bloch, I., et al. 2008, Rev. Mod. Phys. 80, 885-964
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Viebahn,..., Schneider. (2019). Phys. Rev. Lett., 122(11), 110404
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Superfluid to Bose glass transition in a quasicrystal

BG:O<u<A

SF:u>A

-Superfluid to Bose glass transition observed in the optical quasicrystal
Yu, ..., Schneider (2024) Nature, 633(8029), 338—343.



Superfluid to Bose glass transition
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-Superfluid to Bose glass transition observed in the optical quasicrystal

Yu,..., Schneider. (2024) Nature, 633(8029), 338—-343.



0 resolve atoms at the single site level

Viewport
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Addressing I
Asteria, ..., Weitenberg, (2021). Nature, 599(7886), 571-575.

Quanum gas N ICFOSCOPES Quantum gas masier

YGZ,..., Yuan, Pan (2022). Opt. Lett., 47, 4239.

also: Harvard, MPQ, Princeton, MIT, Strathclyde, Kyoto, Tokyo, KAIST, Barcelona, - Hamburg, Heidelberg,



Quantum gas magnifier -- how it works

Real space Momentum space M=Ff/f,

f2

Real space (magnified)

TOF in a harmonic trap for T /4 TOF in free space for T M = 8nt/T



Quantum gas magnifier at Cambridge

Specifications

-1065 nm dipole trap
-90 um waist, 5W
-890 Hz

-M~50




Quantum gas magnifier at Cambridge
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Quantum gas magnifier at Cambridge
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Quantum gas magn
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Quantum gas magnifier at Cambridge
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Quantum gas magnification of the quasicrystal

XYTD

XY
40
XYD
30 - 40 |
R _
20 - B G . 30 40
e e T
Feenents B af e e ge, 30 -
10 1 5 207 e
P £ Sl S n
S [ttt 4
0 : 10 - @ 20 -
0 20 >
x (Sites) 0 T 10 A
0 20
X (Sites) 0

20
X (Sites)

40



N
N
-
-
“
N
(N
LI 4 ¢ . & ¢
. ¢ ¢ . ¢ ¢
g Pummm e m---g
- B ‘8 B
- ¢ N
] (N R s
] ] [ [
' ' % pRg ] ] %
] ] . ¢ [ 8 . ¢
- i % o ] ] L AP
] ] * 8 [ c
] ] i [ i '
] ] i [ [ '
o M Tl M
T2 N H Y - '
¢ ¢ n -
¢ i ¢ . . [
¢ M ¢ N N H
’ ¢ [N (N
¢ LI - -« 1
¢ R4 - “ 3§ @
¢ R4 “ LIRS
¢ - oy
- pomsmmsm e m-
AN ’ o RS
(AR O ! i I ¢ RS
[ i ¥ ]
- ~ > 4 H H W 4 3 '
. ¢ ¢
; SR : : % ;
. ¢
L} * L} ] Pummmmm == ']
[ i [ i i ]
[ i i i [ [
- " illllllll\l ¥
- M 2 LN , M \\
- Cd s s
- ] 4 \‘, - - [} o
- & Py d . i / ¥
00 [ ] Q\ o’ e ] L} »
N ¢ € Y |
oo“s‘ \ - / "\
o e $mmmmmm -
s T I
& -« o » o .
¢ I B o 0 4 N
3 i - « K M o @
& £ ? ¥ P D
s i - » « ) “ »
@ " - . ¥ " v o ¥
P2 M - . ¥ » . . N
¢ £ “ ¢ . “ &
- ] (——.
] i [l d -
[ ] M ] E
n Y " I’ 8
o e
[ Re " i - ’
[ i i ’
H sss o'c H / - y
i [ R
¢ - ¢
iy N J iy
- Smmmm - —
(N ¢ .
. ¢ h .
- &’ s .
. S 2 .
- ¥ v
N Do \ .
. ¢
. ¢ X
-
"y d %
N N ’
H . ’
- . ’
- % . ’
] " . N
i -« > ¢ @
] L LT Y ®
[} (] d ] "
L} ] (] | B
lllllllﬂﬁo 1 i Bommmmmm-- s
" T i / # of V4 { £
’ (N 8 i ’ N . 9
¢ - i 2 - - @ .
‘ ’ s .
P . @ l’ 8 ’ \\\ )( [
\\ Ol ¥ " s £ . g ¥
P o iy - By
- Smmmm---- - s pmmmmm--- :
N oy i ¢ .
£ ra - P £ -
% o \ " \ .
- P i . o p .
. P i i N ’ p §
(N ¢ i \ i v s \ A
LR H ' A TR / B
Y ] ] Pmmmmm - - - B
s ' — - 8 -
. ' ’ - §
i Smm - . 5 i
] o or % “ o’ V4
N I N P
i o’ *a i o’
] \ss P N [ 1 p
H . 3 ’
10’ — o? “of F,,
IIIIIIII.ﬁIIIIIIII. [Hpeepp———

ooo / .

4

N

==t

]

&
AR 4
Fmmm -y
")
M A

i
]
]
]
]
]
]
£l

- -

LA

AR 4

-

¢
0
¢
’ N I 2t 8 s 0
g’ ..........7._, V4 (......../1
-— - " —
(A28 g ot s 1 -
] oa ss ] ] oo ss i i ] oo
“ N ¢ H 1 [N ¢ - . H N
P ] i - P i i i -
[ Pod 8 i L X ] ] [ S
T — ' i . & [ 8 i PN
i — i i r i L 1 b4
[ - 8 i i ] ] [ '
L} L} L} [ ] ] L} '
- Smmmmmwm--- 1 B o m i
. b ¢ Ty H G LY . H
N ¢ ¢ G ¢ -
8 ¥ S 4 ] T o R ]
or- P ¢ H ¢ ¢ N H
L] SS Q\ L} \\ S‘ OO "
¢ ¢ L0 ¢ (N u ¢
¢ ¢ ¢ s iy
- - - - - - -
- - 13 MY
- N N N
- N TN ]
& . “ [ - 8
G (N - (N
¢ - - i - i
¢ - - ] - i
s u heS hS 1 Yo o 1
_— (ORI —— i ¥ ]
[ 8 ] ] i i
¥ i ¥ ] ] - i
[ ] ] - '] -
1 LS 1 ' N . H 2T %
[ ~ ] i ~ 0 ] > 4
[ i i ]
e 8 ] S . ¢
1,? Y’ iy S oty i
- — - o o )
N ¢ 5 ¢ 5 N
N G PoAE G L 2-RCS N
N ’ o 1y ¢ o 17y (N
- ¢ e 10N ¢ ¢ 1N -
- ¢ ¢ - ¢ ¢ LN -
¢ ¢ i - ¢ ’ 1 - -
O G ¢ i S ¢ ¢ ] [N
¢ ¢ H . & ¢ M .~ @
¢ ¢ . ¢ N . ¢
S —_ - (] Pmmmwmw--- ] P ———r
a ] ] [ i ] i i
] n [ ¥ n i ]
] o [ i RN i ]
] ] &N i [ & %N ] ]
8 K4 AN ] ] R s, ] i
] [ [ i §
L} \Q ltl ] ] \\\ OO ] [ ]
G
1, i 1, : 1,
¢ N ¢ - ¢
pp—— T o (T p———,
. . Y . ¢ Tty
- . o N - Y S
D LN LN ¢ - LN ¢
[N N ¢ N N ’ ¢
N [N ¢ (N N ¢ ¢
¢ *s . g *. %% Re e
¢ - LI “ RN 2 ¢

Pmmmmm ===

. ¢

- -

i
¢
’

-

[ ]
]
]
]
]
]
2 ]
]
]
&

- -

")

¥ ]
¥ ]
] i
' '
¥ ¥
' ]
] ]
] ]
Tl
Y N
N N
N N
N N
N N
N %
N N
¢ 03
¢ ¢
¢ ¢
¢ ¢
¢ ¢
0 *
N34 e
Pmmm -
] [
i ¥
i i
8 i Re
] ] Re
- -
' 1 40
¢
: 1,
(N ¢
5 o
5 N
N N
IS N
] ) -
H N N
N N
' N N
H N (N
N -
] (R ———.
L) ]
M [
ey “
(N
~ i
i
1
N
i
.
B -
¢ ¢
0 0
¢ ’
¢ ¢
P P
¢ ¢
¢ ¢

“
- w
]

]
]
]
]
]
]
i
i
L

- -

-




) * - 7 \d - hJ i = - 4 \d e = N “ e L4
*-----’--.--* *-----* - - *-----*
¢ X - ¢ . ¢ “ ¢ ; - . e N ¢ R .

RS ¢
¢ ol 7y - - ¢
S0 N W
- . . ¢ ¢
*| *-----*-—---f
A i "
B 4 i i :
P e . 1 “~ 1w i
. - 1’ Y 7. Y - 1
R CELEDY TEEETE e o R - 4 LT COL AL
¢ e N . ¢ : ¢
’ ’ (N N ¢
. ‘e ¢ . e
. 0" ¢ . . ¢
pY YA " x...v-----.( (v YR
o 2% o’ RS
4 Tass o' [ X i
R WA P T :
] 1 - 1 1 .
’),‘.---...g‘ . ’)...-...'*‘ - p ——
¢ . - i ¢ ¢ . i
. . 1 e ’ .
. . 5 .° » “a -
P X - 5 S
R, £y pp— -
¢ ¥ 3 oy »
& . - & ’ &
’ Lt IS (8 o 1 'e
. ¢ e "5 s S I
Y - Yoy ' Pommmmagf
- - - ¥
i i A . i s i
. I 2 %o 1 Y i
i e . 1 e i
Wi 1,0 N1 1’ [
e RCEEEE J LEEET L XEEEEE o e
¢ 4 . 4 ¢ .,
s S o 37 o o * S
- e * ¢
p S—— (R - -
¢ ey ‘' .
¢ - ’ ’
- Vg ¢ ' : *. o’ : -
. & . ¢
] ] ] ] ]
Yom - - H - R - . Frm===
o) o= S "
(8 Ko, SN v

o
¢

.
)



Anisotropy of theragnifier
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Quantum gas magnification of the quasicrystal
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Configuration space
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Microscopy of the SF to BG transition
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Atom loss holding in the quasicrystal

40000 - 2Er lifetime=2231.0ms

— 3Er lifetime=858.5ms
35000 A —  4Er lifetime=727.6ms
— 5Er lifetime=460.2ms

6Er lifetime=623.0ms
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Local density in quasicrystals/square lattices
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Conclusion and Outlook

Site-resolved detection of the SF-BG transition in optical
quasicrystals

What's next?

“*Understanding atom loss mechanism in quasicrystals
“*Accessing 4D topological matter with 2D quasicrystals?
“*Quasiperiodicity protecting quantized transport...

Kraus, Ringel, Zilberberg, (2013). Phys. Rev. Lett., 111(22), 226401
Gottlob, Borgnia, Slager, Schneider, (2025). PRX Quantum, 6(2), 0203589.



