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Quantum Halos
„Live in the tunnel“

What happens to a 3 body system
under this condition?



Efimov effect (prediction 1970)

Vitaly Efimov in front of the 
experimental setup (group of Prof. 
Grimm, Uni Innsbruck), on which the 
“Efimov” effect was observed 35 years 
after the theoretical prediction
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Efimov states

• Universal phenomenon (does not depend on the 
details of the underlying two-body interaction); 
nuclear, atomic, condensed matter and biological 
physics

• Increase in the two-body attraction leads to 
decrease in the number of Efimov states

• Scaling: binding energy (tiny) = (22.7)2; size (huge) = 
22.7
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Experimental evidence for Efimov states, 2005
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Predicted in >50 theory papers

8 times larger than the ground state



4He trimer & experiment

• Preparation (tiny binding energies and huge 
spatial extents)

• Detection: no rotational states, only two 
vibrational states (one transition, 2.66GHz, 
with a very weak Franck-Condon overlap), no 
dipole moment
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Searching for the elusive 4He trimer

Oleg Kornilov and J. Peter Toennies
Europhysics News Vol. 38, No. 1, 2007, pp. 22-27
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de-Broglie wavelength:

λdb = h/mν = h/NmHeν
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Experimental method: Preparation in a supersonic jet

d = 5µm

T0 = 8K

P0 = 0.2-4bar

speed ratio > 100

T∞ < 1 mK
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M. Barr et al.,
Meas. Sci. Technol. 23,
105901 (2012)

L. W. Bruch et al.,
J. Chem. Phys. 117,
1544–1566 (2002)
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acquired momenta (or KER)       structural information

distance

momentum

Experimental method: Detection by
Coulomb Explosion Imaging
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acquired momenta (or KER)       structural information

distance

momentum

Experimental method: Detection by
Coulomb Explosion Imaging

Kinetic Energy Release (KER) ≡ E1 + E2 +E3 =
= 1/R12 + 1/R13 + 1/R23
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Experimental: COLd Target Recoil Ion Momentum 
Spectroscopy (COLTRIMS ≡ Reaction Microscope)

electron ion

molecular beamfs laser

E & B

• single molecule experiment
• coincident measurement of 3D momenta of all charged products 

after ionization



Experimental method: cluster separation + COLTRIMS

15

separation of different He clusters

momenta of ions measured by COLTRIMS

Observation of the Efimov state of the helium trimer M. Kunitski / 26



Outline

16Observation of the Efimov state of the helium trimer M. Kunitski

1. Efimov effect & He trimer

2. Experimental method

3. Results on the Efimov state of He3: 

• size
• binding energy
• structure

/ 26



Results: nozzle temperature T0=8K
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Results: nozzle temperature T0=8K

17

P0 = 1.39 bar

~50 events per hour, ~80 Å
1% with respect to the ground state

P1,min

ground state

P0 = 0.33 bar

ground state

excited state

He2+He
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Results: T0=8K, KER=E1+E2+E3
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Science, 348, p.551, 2015
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ground state
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Results: T0=8K, KER=E1+E2+E3

18Observation of the Efimov state of the helium trimer M. Kunitski / 26

Science, 348, p.551, 2015

P=1.7bar

P=0.33bar

excited Efimov state

ground state

the excited state is about 8 times larger
than the ground state



Results: T0=8K, pressure scan
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Results: T0=8K, pressure scan
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He2 + He2 He3
* + He
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He-He pair distance distribution
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Theory
Exp 1
Exp 2
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parvovirus B19



The binding energy of the excited state of He3

  RB

pair eRP
222 /



ΔB = B(He3
*)-B(He2)

B(He3
*)=2.6±0.2mK

21Observation of the Efimov state of the helium trimer M. Kunitski / 26



22Observation of the Efimov state of the helium trimer M. Kunitski

Structures

zoom x10a

bc

/ 26



22Observation of the Efimov state of the helium trimer M. Kunitski

Structures

zoom x10a

bc

/ 26



22Observation of the Efimov state of the helium trimer M. Kunitski

Structures

zoom x10a

bc

/ 26



22Observation of the Efimov state of the helium trimer M. Kunitski

Structures

zoom x10a

bc

/ 26



22Observation of the Efimov state of the helium trimer M. Kunitski

Structures

zoom x10a

bc

/ 26



22Observation of the Efimov state of the helium trimer M. Kunitski

Structures

zoom x10a

bc

/ 26



23Observation of the Efimov state of the helium trimer M. Kunitski

Structure of He3*: shortest & longest bonds

/ 26



23Observation of the Efimov state of the helium trimer M. Kunitski

Structure of He3*: shortest & longest bonds

/ 26



He2

He3*
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He2

He3*
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Structure of an Efimov state
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Rmin/Rmax distribution of He3
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Conlcusions
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Science, 348, p.551, 2015

excited Efimov state

ground state

• The Efimov state of the helium trimer has been 

observed

• The structure of the Efimov state spread out over 

300A

• The binding energy of the Efimov state of He3 is 

determined to be 2.6±0.2mK

• The typical shape of the Efimov state of He3 is the 

He2 with the third He atom attached farther away
He2

He3*

parvovirus B19
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