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Crystal-Assisted Virtual X-Ray Spectroscopy
U.Tokyo & RIKEN Y.Yamazaki

Resonant Excitation with Virtual Photons Atomic & Nuclear Systems
AE = hv = ynhv/a ("10°X10°/10™ ny = 10° ny eV)

High Resolution ~20ppm (->1ppm)

Absolute Value

High Sensitivity Highly Charged lons, Short Lived Ris, etc

X-ray Dressed States

V.V.Okorokov : Yad. Fiz. 2,1009(1965) [Sov. J. Nucl. Phys. 2, 719(1966)]
SDatz et al : Phys. Rev. Lett. 40, 843(1978)
T.Azuma et. al. : Phys. Rev. Lett. 83, 528(1999)



Resonant Coherent Excitation under Planar Channeling Condition
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E = a A B 0 : angle between 1on velocity &
crystal string in the plane
Y =(1- (u/c)2 )'1/ 2 a : lattice constant

v : 1on velocity k,l : integer



HIMAC Accelerator Configuiation

B  synchrotrons




Experimental Setup for Virtual Photon Spectroscopy
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Deposition Energy Differential Excitation
Transition energy (keV)
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Emission Angle Differential Excitation

422.857MeV/u Fe® + Si(220)
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AE/E_  ~ 6%

FWHM
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Energy Resolution FWHM) (%)
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Corrections : Crystal Potential

Ae=  1s|U|ls> - <n|Ujn> ~ k(n’/q)*/2  (~0.4eV for Arls-2p in Si)

Rabi1 Oscillation :

T =2M" sin(Qt)/Q (~6um for 390MeV/u Ar in Si)
where Q=(A*+4M?)"2, A=(&,-€1)-2mnyv/a

(Virtual-) Photon Flux ~ 10** photons/mm®/sec/eV
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Spectroscopy of He-like Fe“*" 1on
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Cheng et al Drake Plante et. al. Indelicate et al. | Beiersdorfer et al. Briand et al. present
Fe™*' Rel. CI Unif. th. All-order MCDF
PRAS50,2150(°94) | Can. J.Phys.| unpub. (’94) J Phys.B20, PRA40,150(°89) | PRA29,3143(°84)
66,586(°88) 651(°’87)
P, 6700.539 6700.404 6700.427 6700.603 6700.73 +-0.20 6700.90 +- 0.25 6700.22 +-0.16
*p, 6667.692 6667.552 6667.567 6667.669 6667.50 +- 0.25 6667.52 +-0.17
Cheng et al Drake Plante et. al. Indelicate et al. Deslattes et al. Briand et al. present
Ar'®* Rel. CI Unif. th. All-order MCDF
PRAS50,2150(°94) | Can. J.Phys.| unpub. (*94) J.Phys.B20, J.Phys.B17 PRA28,1413(°83)
66,586(°88) 651(°’87) L689(°84)
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P, 3123.574 3123.530 3123.534 3123.567 3123.52 +- 0.04 3123.60 +- 0.25 3123.30 +-0.16




Limiting Factors of the Resolution

Coherent Length:
lion ~ (4" PaiGion(V/q)/n")! (~15um for 390MeV/u Ar(2p) in Si[110])
ldexe ~ 25(yv/a’q’) (~4.6pm for 390MeV/u Ar(2p) in Si[110])
lose ~ V/®oge (~2pum for 390MeV/u Ar in Si[110])

®ose ~ (kq/my)"? (U=kx*/2: k~0.033a.u. for Si[110])

Ag/e ~ all pin (~10 for 390MeV/u Ar in Si[110])
Energy Loss:
AVE 1oss/V (~ 3x10°/um for 390MeV/u Ar in Si[110])

Thermal Expansion
K (~2.5x107%/K)



Case Study: Possible Accuracy of 1s Lamb Shift
R~ ramb 1s2p~ 10°Z* /77 g~10°Z7

If 152, 15 determined with the precision of ppm, relative accuracy of 1s Lamb shift could be

2
RLamb ~ Lamb Lamb™ V4
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Excitation Dynamics : X-rays & Convoy Electrons
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17 .
390MeV/u Ar  Resonance Profile for Charge State, Convoy, & X-ray Yields
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Relative yield
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Resonance Energy (MeV/u)
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X-ray energies from rce process for relativistic ions

anguiar distribution

e=v(1 + B cos 6) AE

@20GeV/u U
e ~ 3MeV
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Summary

New Way of High Resolution Spectroscopy in X-ray Range

1-10 Milion lons are Enough HCI, Short-Lived Nuclei

Dynamics in lon-Crystal Interaction
X-ray Dressed States

New Polarized Gamma Ray Source Conversion from Virtual Photon to Real Photon






Angular Distribution of X-rays
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