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Resonant Excitation with Virtual Photons・・・・Atomic & Nuclear Systems 

∆E = hν = γnhυ/a (̃10-15X108/10-10 nγ = 103 nγ eV) 
High Resolution ・・・・ ̃20ppm (->1ppm) 

Absolute Value 

High Sensitivity・・・・Highly Charged Ions, Short Lived Ris, etc 

X-ray Dressed States 
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Resonant Coherent Excitation under Planar Channeling Condition

Ion

E =         (                ) 
k cos θ  + l sin θ

A B
γ h n

a θ : angle between ion velocity & 
  crystal string in the plane

γ =(1- (  /c)  )υ 2 -1/2

υ : ion velocity

a : lattice constant

k,l : integer
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Experimental Setup for Virtual Photon Spectroscopy
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Deposition Energy Differential Excitation



-4

-2

0

2

4

Po
si

tio
n 

(a
rb

.u
ni

ts
)

699069806970696069506940
Transition energy (eV)

422.857MeV/u Fe   + Si(220)25+

Emission Angle Differential Excitation
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Corrections : Crystal Potential 
 

∆ε = ＜1s|U|1s> - <n|U|n> ~ k(n2/q)2/2   (~0.4eV for Ar1s-2p in Si)  

 
 

Rabi Oscillation :  
 

τ = 2M2 sin(Ωt)/Ω                  (~6µm for 390MeV/u Ar in Si) 

where Ω=(∆2+4M2)1/2, ∆=(ε2-ε1)-2πnγυ/a 

 
(Virtual-) Photon Flux ~ 1024 photons/mm2/sec/eV 



Spectroscopy of He-like Fe24+ ion
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Limiting Factors of the Resolution  
 
Coherent Length: 

lion ~ (q4ρelσion(υ/q)/n4)-1       (~15µm for 390MeV/u Ar(2p) in Si[110]) 
 
ldexc ~ 25(γυ/a3q4)          (~4.6µm for 390MeV/u Ar(2p) in Si[110]) 
 
losc ~ υ/ωosc      (~2µm for 390MeV/u Ar in Si[110]) 
   ωosc ~ (kq/mγ)1/2 ( U=kx2/2: k~0.033a.u. for Si[110]) 
 
∆ε/ε ~ a/lmin              (~10-5 for 390MeV/u Ar in Si[110])  
 
Energy Loss: 
∆υE-loss/υ                (~ 3x10-6/µm for 390MeV/u Ar in Si[110]) 
 
Thermal Expansion 
κ                      (~ 2.5x10−6/K) 
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Case Study: Possible Accuracy of 1s Lamb Shift 
R ~ Lamb 1s-2p ~ 10-6Z4

R/Z2 R ~ 10-6Z2 
If 1s-2p is determined with the precision of ppm, relative accuracy of 1s Lamb shift could be 

RLamb ~ Lamb Lamb ~ Z-2 



Excitation Dynamics : X-rays & Convoy Electrons

RCERCE RCDRCD Radiative 
deexcitation

Ionization

Ionization

n=2

n=1
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X-ray Emission from Fe   &  Fe25+ 24+





Resonance Energy of 1s-2p in Si[110]
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θ

angular distribution : θ ∼ 1/γ

@20GeV/u U
   ε ~ 3MeV

X-ray energies from rce process for relativistic ions 

 γ (1 + β cos θ) ∆Eε = (2γ  − γ θ /2  ) ∆E2

γ οο
θ 0





                           

Summary 
 

 

New Way of High Resolution Spectroscopy in X-ray Range 

 

1-10 Million Ions are Enough・・・HCI, Short-Lived Nuclei 

 

 

Dynamics in Ion-Crystal Interaction 

 

X-ray Dressed States 

 

New Polarized Gamma Ray Source・・・Conversion from Virtual Photon to Real Photon 
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I (θ') = A cos θ'

tan θ =
(1 - β  )   sin θ'

cos θ' + β

2 1/2

Angular Distribution of X-rays




