System-Contin oupling:

Engineering a Bound State i Continuum
" DAMOPProviden‘6/ 26

Alexander Guthmann RPTU Kaiserslautern and UC Santa Barbara




Rheinland-Pfélzische
T lj Technische Universitat
Kaiserslautern
P Landau




T lj Rheinland-Pfélzische
Technische Universitat

P Kaiserslautern
Landau

Alexander Guthmann - guthmann@rptu.de 3



R

P

TU

Rheinland-Pfélzische

Kaiserslautern
Landau

—  Quantum Scattering

Single potential b
Bound and scattering states

Two potentials

Feshbach resonances

Energy

N
o

Internuclear distance r

Alexander Guthmann - guthmann@rptu.de

Internuclear distance r

UCSB



R

P

TU

Rheinland-Pfélzische
Techni h Uni
Kaiserslau tern

itat

Feshbach Resonances
B(t) = By

N, rel

0.5
400
200 f
E 0 B
O L
a9 !
—200 |
: (1=2)
—400 ] ] | ] ] ] ]
530 540 550 560 570 580
Magnetic field By (G)

Alexander Guthmann

- guthmann@rptu.de

Energy E/h (GHz)

| "—— Threshold

[ — () level

|| = I=2level |

0 500
Magnetic field By (G)



R

TU

Rheinland-Pfélzische
Techni h Uni
Kaiserslau tern
Landau

itat

Floquet-Feshbach Resonances ——

N, rel

0.5

400 |

B(t) = By + BI(,?) cos 2mut

200 |

Energy E /h (GHz)

M T R S
540 560 580

. Re(ay) (A)
-}

200 |

—400 L

Im(a,) (A)

Magnetic field By (G)

(I =2,Ay =0) (I=0,Ay=+1) |

| I | | I L]

540 550 560 570 580
Magnetic field By (G)

A.G. etal. Sci. Adv.11, eadw3856 (2025)

Alexander Guthmann - guthmann@rptu.de 6



T lJ Rheinland-Pfélzische
Technische Universitat

g Floguet-Feshbach Resonances

Landau

— ...I....Iég.o..l....I....I....I....I....I.
! —————— ]
620 [ : i
(I=0,Ay=+1) o L E
O [ ] )
O 600 | O | _ IV S
3 [ L — i .
Q I 5) 1 ]
= 580 F = -
g ® p (I =207 ~1)
Z [(1=0,Ay = +2) @ ]
2 560 Mo : -
D] [ SN ]
Q 7(}"' 4
% [ J o (I=2,Ay=0) ]
g 540 g
O
520 (© 2:«{14,‘\ :2!AN:+1) -
L ‘\7‘3) f::‘?ml
W&+2)
500|||||| i~ 1]

0 10 20 30 40 50 60 70 80
Modulation frequency v (MHz)

Alexander Guthmann - guthmann@rptu.de




R inland-Pfélzische ° °
- Ve Bound State in the Continuum

Landau

PHYSICAL REVIEW A VOLUME 32, NUMBER 6 DECEMBER 1985

Interfering resonances and bound states in the continuum

H. Friedrich and D. Wintgen
Physik Department, Technische Universitat Miinchen, D-8046 Garching, West Germany
(Received 24 June 1985)

We use Feshbach’s theory of resonances to demonstrate that bound states in the continuum
(BIC’s) can occur due to the interference of resonances belonging to different channels. If two reso-
nances pass each other as a function of a continuous parameter, then interference causes an avoided
crossing of the resonance positions and for a given value of the continuous parameter one resonance
has exactly vanishing width and hence becomes a BIC. The condition for a BIC relates the positions
of the noninterfering resonances with the coupling matrix elements between the various channels.
In the neighborhood of the BIC point one resonance remains anomalously narrow for a finite range
of values of the separation of the noninterfering resonances. Whether or not two resonances inter-
fere is not directly related to whether or not they overlap. All these results, including the occurrence
of exactly bound states in the continuum, are not consequences of approximations inherent in
Feshbach’s theory but are general features of a coupled-channel Schrédinger equation with only one
open channel. We illustrate the results in a simple but realistic model, where all matrix elements in-
volved can be calculated analytically. We also discuss the case of coupled Coulombic channels
where BIC’s are caused by perturbations interfering with a Rydberg series of autoionizing reso-
nances. Below the continuum threshold the analogy to a BIC is an infinitely narrow perturbation of
the bound-state spectrum. Near such an infinitely narrow perturbation we may observe approxi-
mate level crossings.

Alexander Guthmann - guthmann@rptu.de




R inland-Pfélzische ° °
- Ve Bound State in the Continuum

Landau

T T |égb"|""|""| T T
B I T T T T I T
620 [
(I=0,Ay=+1) 2o L E

aqu [ ] )
S 600 f o - - e
2 [ 578 bl -
Q I 3) 1
= 580 F =
g ® =2 =Y
'g | (1=0,Ay = +2) @
2 560 Mo :
(D) I S
Q L 7(%
% | Q‘ - (I:2"AN:0)
g 540_‘
&

520 B (C) e}d/lfx\ :2:AN:+I)

L ‘\7‘3) f::‘?ml
W&+2)
500'.|....|....|....|....|....|... LS

0 10 20 30 40 50 60 70 80
Modulation frequency v (MHz)

Alexander Guthmann - guthmann@rptu.de




R

P

TU

Technische Univer

Kaisers lautern

620 -

600 |

580 |

ition Bres (G)

540

520

500 =

7~
2’4A/<+

1 1 1 1 1 1 1
10 20 30 40 50 60 70 80
Modulation frequency v (MHz)

agnetic field B

!l

544

S3 T TBIC

s
mlr
ol

0z

o

e

; I:IIH;‘luliJ 'I 1 Ll Il‘w:”\ﬂ\llu

N
N
N
@)
N
-

““““ Bound State in the Continuum

'8 (I1=0,Ay=
2560 E
8 2D

7

I.IIII I -’\l\l‘l\

Iy
Ve

1.0

Relative number of atoms N,q|

58 59

Modulation frequency v (MHz)

Alexander Guthmann - guthmann@rptu.de

A. G. etal. arXiv, 2602.07809 (2026)

10



T l, Rheinland-Pfélzische
Technische Universitat

P Kaiserslautern
Landau

RElative number of atoms N

Modulation frequency v (MHz)

400 —gor—wgy 54335 ———— 500 542.475
200 250 542.500 ]
400 30| 500
AR 54330 . = 542525 F@ |4 s
o 200 % I _ = 250 % '
= 400 ; _____________ f‘?’_)__ 5 500 ; 542.550 .
b [5) R ® | b o [T
2 200 ARl W J _______ i £ 250 G 542,575 :
S 400 15 © 2 500 |52 S W
= ) W S— - = & ]
2 [ @ 2 542.600
200 ] 2 543.20 {—------f---=--=- - 250 . EsS E
400 f——t—r] - 500 542.625 .
200F © A ﬁ 250F  ® 1 542.650 =
| 543.15 T PR P PR BT
0 60 50 100 0 60 ~5000 0 5000 25 5.0
T (ms) Re(ay) (A) T (ms) Re(ay) (A) Ay

Alexander Guthmann - guthmann@rptu.de arXiv, 2602.07809 (2026)




R 620 T T I580 II T T T T T T
TU ol ke AN
3 600 F e ]
Ze\':’} > 578 L =2 ”
Cey o 14
P = 580 B
Lcg € ==Y
‘Z (1=0,8y=+2) @
g 560 F A <
38 1»‘4’ 2
g I\ =2 0)
§ 540
o] °
~ tel B
520 © 4, . ™~ U=24y= 4
Y . /v:+2)
500 Lt ! | ) ! | " M !
0 10 20 30 40 50 60 70 80

Modulation frequency v (MHz)

545 £ sasy ] R
[}
= <
Q S O g
< 44 = 544 o
O =" (- q o
3= E © = S
2 — g 2 15 3
o 43 e 'g 2 543 <105 7
& = = = ©
< - | 5 = = F = S e o
2 !- _.—- =_= == g 2 a
542 = e i = 542 - - k=
- s =
g | s o) E
- B S-R——._ Y
TR = Ji-on - _
541 & = Sqp b 0

55 56 57 58 59
Modulation frequency v (MHz)

Modulation frequency v (MHz)

Alexander Guthmann - guthmann@rptu.de arXiv, 2602.07809 (2026) 12




R 620 SR ' | |
Rk (1=0av=+1) Lot ] B
lj T 600 | ® am=e
5 578 bt 5= -
Keey %) 4
L5 S8OF 0
2 S e
z 60 (1:0,A,,:+z)\ @
A % ]
§ A3 o 2
2 a : (1=2,8y=0)
£ 540
4 T{ °
-4 S
520 @ 2 C2ar= 4y
)
+2)
500

) ! | L ! | M !
0 10 20 30 40 50 60 70 80
Modulation frequency v (MHz)

300 F -

Q (kHz)
o
S
S
|

100 F .

Magnetic field By
vo (MHz)
W
oy
o

Relative number of atoms Ny
N
N
)
1
|

=

=
==
=

56.0 2= TP DR
25 5 75 10

Modulation frequency v (MHz) By (G)

Alexander Guthmann - guthmann@rptu.de arXiv, 2602.07809 (2026) 13




R inland-Pfélzische . ° . .
- Non-Hermitian Hamiltonian veob

d Effective non-Hermitian

two-level system
\ % H.g = L L Y1+ 71 V12 + Vs
’ Q@ E2) 2 \ymrz+ VN V2 + V2

Has eigenvalue with minimal 5 _ p  p _ oM =72+~ %

imaginary part when: V12 + /Y15

a
~

Energy continuum
~ "
o)
:3& 0)1‘3

(=3

—_
=]

545 |

o
oo

|
)

o
o

544 F

<
~

Magnetic field By

<
to

Relative number of atoms Ny

ot
o

543 H1=2.4y=0)

©
o

55 56 57 58 59

N

Modulation frequency v (MHz)

Resonance width A (mG)
n

Resonance position Byes (G

542 F |

50 60 50 60
Mod. frequency v (MHz) Mod. frequency v (MHz)

14




Tl Rheinland-Pfalzische
Technische Universitat

P Kaiserslautern
Landau ”

Artur Widera David Weld (C11)

Louisa Marie Kienesberger Xiao Chai

(poster tues.) Jared Pagett (P12.007)

Jonas Witzenrath (poster thurs.) Jeremy Tanlimco (N04.009)
Tobias Patkau (poster Thurs.) Eber Nolasco-Martinez

Jonas Gutsche Yifei Bai

Eleonora Lippi Jeremy Estes

Eva Rexigel Anna Dardia (B11.4)

Sabrina Burgardt Madeleine Bow Jun Leibovitch
David Gopalan (poster thurs.)

Stefan Johansson Nicole Halawani (poster thurs.)
Marco Decker Petros Kousis (poster tues.)
Luca Granert Jing-Wei Yang (poster thurs.)
Alena Erlenbach Carson Convery

Felix Lang Jack Kingdon

Julian Fef3 Eric Zhu (C10.008)

Silvia Hiebel Shravan Ramanand

Dennis Lonard Roshan Sajjad




	Folie 1: Turning Off System-Continuum Coupling: Engineering a Bound State in the Continuum
	Folie 2
	Folie 3
	Folie 4: Quantum Scattering
	Folie 5: Feshbach Resonances
	Folie 6: Floquet-Feshbach Resonances
	Folie 7: Floquet-Feshbach Resonances
	Folie 8: Bound State in the Continuum
	Folie 9: Bound State in the Continuum
	Folie 10
	Folie 11
	Folie 12
	Folie 13
	Folie 14: Non-Hermitian Hamiltonian
	Folie 15

