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Energetic atom propagating through 
strongly-interacting atomic gases

✓  energetic atom  =>  many-body system
✓  energetic atom  <=  many-body system
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Energetic atom propagating through 
strongly-interacting atomic gases

3

1. Motivations
✓  close connection to nuclear physics
✓  useful to locally probe many-body physics

2. Ideas & methods
✓  large-momentum expansion à la OPE

3. Results and discussions
✓  energetic atom  =>  many-body system
✓  energetic atom  <=  many-body system
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Motivations
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Typically in ultracold atoms,
light is used to probe atoms
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JLab, Science 320, 1476 (2008)

Often in nuclear and particle physics,
“hard probes” (= high-energy particles)
are used to probe target systems

How to probe target systems ?
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“Hard probes” (= enegetic atoms) may
  be useful to probe target atomic gases

How to probe target systems ?

•  Microscopic Hamiltonian is simple

•  Systematic approach is possible to develop
    strict results  (without relying on phenomenology)

•  Seen as an idealization of  nuclear physics
    (by neglecting relativistic effects, isospins,
     finite range of  interactions, 3-body forces, ...)
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What can be probed ?   And how ?
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Energetic atom  =>
many-body system
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Shoot a probe atom into the target atomic gas
and measure its differential scattering rate

What can we learn from the scattering data
on the (strongly-interacting) target atomic gas ? 

target
atomic

gas

θprobe atom
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n-1/3

k-1

Large k >> n1/3  =>  Few-body scattering problems

d�(k)
d⌦

= · · ·

Shoot a probe atom into the target atomic gas
and measure its differential scattering rate
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k-1

d�(k)
d⌦

= f(✓)
n
k

+ · · ·

Large k >> n1/3  =>  Few-body scattering problems

Shoot a probe atom into the target atomic gas
and measure its differential scattering rate
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Large k >> n1/3  =>  Few-body scattering problems

Shoot a probe atom into the target atomic gas
and measure its differential scattering rate
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What is “C” ? 13

Anomalously enhanced probability is
quantified by the “contact density” C

•  noninteracting gas : 

Probability of  finding 2 particles at small separation

•  interacting gas : 

S. Tan, Ann. Phys. (2009);  E. Braaten & L. Platter PRL (2008)

Important characteristic of  strongly-int atomic gases
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•  scattering rate : 

Lowest few Oi are needed at large k

Systematic large-k expansion !

•  optical theorem : 

�(k) = �2 Im⌃(k)
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Many-body physics

Few-body physics

Few-body physics plays an important role
to probe many-body physics !
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Differential scattering rate 17
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backward scattering
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For zero-range interactions
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Efimov effect
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For zero-range interactions

New local probe of  strongly-int atomic gases

Backward scattering rate measures contact density
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Azimuthal (𝜑) anisotropy reveals
 currents in many-body states
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B Energy-momentum dispersionA Three-level coupling scheme

C Schematic of scattering halo

tZ

tZ

5S1/2
F = 1  n = -1

 n = 0

 n = +1

 0 0
 1

 2
 1

 2

 -1
 -2  -1

 -2

 0

 10

 20

 30

 -10

x 
y 

z 

Raman 

Raman 

B 0 

ky  /kL kx /
kL

E /EL

20

Otago (2012)

Ultracold atom “colliders”

MIT (2011)

Duke (2011) NIST (2012)

b

c

a

Time  (1  ms  per  frame)

d

1.
3  
m
m

1.
3  
m
m



/ 3121

University of  Otago
(New Zeeland)

Optics Letters (2012)

Ultracold atom “colliders”
“A laser based accelerator for ultracold atoms”
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Energetic atom  =>
many-body system
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Energetic atom  <=
many-body system
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k↑

Energetic spin-↑ fermion
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E"(k) =
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Energetic spin-↑ fermion
in a Fermi gas with scattering length a
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Energetic spin-↑ fermion
in a Fermi gas with scattering length a
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Comparison of                   with QMC  P. Magierski et al., PRL (2011)

Reasonable agreement even at  k / kF > 1.5 !
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- Energetic atoms  =>  New tool to locally
   probe strongly-interacting atomic gases

- Systematic large-k expansions are possible

✓ backward scattering   =>  contact density
✓ azimuthal anisotropy  =>  current density

target
atomic

gas

probe atom
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- Energetic atoms  =>  New tool to locally
   probe strongly-interacting atomic gases

- Systematic large-k expansions are possible

✓ backward scattering   =>  contact density
✓ azimuthal anisotropy  =>  current density

- Close connection to nuclear/particle physics
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- Energetic atoms  =>  New tool to locally
   probe strongly-interacting atomic gases

- Systematic large-k expansions are possible

✓ backward scattering   =>  contact density
✓ azimuthal anisotropy  =>  current density

- Close connection to nuclear/particle physics
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“Hard probes” are
useful to reveal
short-range pair 

correlations
both in nuclei

and atomic gases
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Nuclear physics Ultracold atoms

Summary of  this talk

New ideas wanted !


