
S i m u l a t i o n  r e s u l t s

 Talbot-Lau interferometer Experimental implementation
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Magnetron sputter source
for clusters of variable size

time-of-flight mass spectrometervacuum pump

grating laser
from below
λ = 157 nm

buffer gas cell including 
ion trap set-up: cools particles
to increase de Broglie wavelength

T = L / vz

2’ mirror

setup length ca. 2 m

deflectometer electrodes

Towards trapping and co oling for  quantum optics  with 
massive clusters  and molecules

E x p e r i m e n t a l  p r o p o s a l

F o r  f u t u r e  e x p e r i m e n t s  i n  t h e  fi e l d  o f  q u a n t u m  o p t i c s  w i t h  l a r g e  
m o l e c u l e s  s l o w  a n d  i n t e r n a l l y  c o l d  p a r t i c l e s  a r e  n e c e s s a r y.
A s  s t a n d a r d  e ff u s i v e  s o u r c e s  d o  n o t  p r o v i d e  t h e  h i g h  b e a m  
q u a l i t i e s  n e e d e d ,  w e  p r o p o s e  t h e  f o l l o w i n g  e x p e r i m e n t a l  s t e p s  
f o r  t h e  c r e a t i o n  o f  n e u t r a l  m o l e c u l a r  b e a m s :

  A c c u m u l a t i o n  o f  s i n g l y  n e g a t i v e  c h a r g e d  m e t a l  c l u s t e r s

  i n s i d e  a  l i n e a r  q u a d r u p o l e  t r a p

  B u ff e r  g a s  c o o l i n g  t o  4 . . . 1 0  K

  N e u t r a l i z a t i o n  o f  c l u s t e r  b y  p h o t o n e u t r a l i z a t i o n

  Q u a n t u m  o p t i c s  e x p e r i m e n t

  I o n i z a t i o n  a n d  d e t e c t i o n  o f  t h e  i o n s

working in the time domain

T h e  g e n e r a t i o n  o f  c o l d  s a m p l e s  o f  n e u t r a l ,  l a r g e  m o l e c u l e s  a n d  v e r y  m a s s i v e  m e t a l  c l u s t e r s  i n  t h e  g a s  p h a s e  h a s  r e c e n t l y  b e c o m e  a n  i m p o r -
t a n t  c h a l l e n g e  f o r  e x p e r i m e n t s  o n  t h e  f o u n d a t i o n s  o f  p h y s i c s  s u c h  a s  m a t t e r  w a v e  i n t e r f e r o m e t r y  a n d  q u a n t u m  a s s i s t e d  m e t r o l o g y.
We  p r o p o s e  t h e  u s e  o f  a  c r y o g e n i c ,  b u ff e r - g a s  l o a d e d  i o n  t r a p  i n  c o m b i n a t i o n  w i t h  a  c l u s t e r  s o u r c e  a n d  t h e  s u b s e q u e n t  n e u t r a l i z a t i o n  b y  
p h o t o d e t a c h m e n t  t o  p r o d u c e  a  n e u t r a l ,  c o l d  c l o u d  o f  m a s s i v e  c l u s t e r s .

To  e s t a b l i s h  t h e  i m p o r t a n t  i o n  t r a p  p a r a m e t e r s  a s  w e l l  a s  t o  o b -
s e r v e  t h e  e ff e c t  o f  t r a p p i n g  a n d  c o o l i n g  t h e  i o n  b e a m ,  s i m u l a -
t i o n s  w e r e  p e r f o r m e d  u s i n g  S I M I O N  8 .
T h e  d e c r e a s e  o f  t h e  i o n  c l o u d ’s  p h a s e - s p a c e  i n s i d e  t h e  c u r r e n t l y  
u s e d  t r a p  g e o m e t r y  a p p e a r s  f e a s i b l e .

Ion injection from 
source

Accumulation, cooling 
and preparation

Neutralization 
and experiment

Detection

S c h e m a t i c  d r a w i n g  o f  t h e  
p r o p o s e d  e x p e r i m e n t a l  

g e o m e t r y

R e s u l t s  f o r  t y p i c a l  i o n  t r a j e c t o r i e s  o b t a i n e d  i n  
c u r r e n t  s i m u l a t i o n s

Philipp Schmid, Nadine Dörre, Philipp Geyer, Philipp Haslinger and Markus Arndt
Faculty of Physics, University of Vienna
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P r e s e n t l y,  t h e  f o l l o w i n g  r e s u l t s  c o u l d  b e  s h o w n  i n  t h e  i o n  
s i m u l a t i o n s :

  s t a b l e ,  l o n g - t e r m  t r a p p i n g :

  b u ff e r  g a s  c o o l i n g :

  o n - a x i s  e j e c t i o n  o f  i o n s :

  l o w  e n e r g y  ( < <  e V )  f r e e  fl i g h t :

radius / length

rf voltage

frequency

ion mass / charge

kin. energy initial / final

pressure buffer gas

temperature buffer gas

cross section ion-buffer gas

4.5 / 50 mm

700 V

0 4  amu / -1 C

10 ± 1.5 eV / few meV

1 Pa

10 K

~ 10 - 18 m 2

Tr a p  a n d  i o n  p a r a m e t e r s  u s e d  i n  t h e  
s i m u l a t i o n s

a / q parameter 0 / ~0.35

Outlook


