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Influence of slowing-down on the spectral and angular distribution of 
Cherenkov radiation:
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Taking account of Relativistic Heavy Ions (RHI) slowing-down in a plate leads to additional
broadening and appearance of the specific diffraction-like structures in both spectral and
angular distributions of Cherenkov Radiation (ChR) [1-5] compared to the standard Tamm-
Frank theory (without taking account of RHI slowing-down).
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TR from a plate: schematics of generation

• In the standard theory of X-Ray Transition Radiation (X-Ray TR) [1-3] there arise
two interfering waves emitted at entrance and exit of the plate by a charged particle
crossing a plate of thickness L with a constant velocity v1. The first X-Ray TR wave is
partially absorbed on the way to exit from a plate. Δt – RHI penetration time through
a plate.

а b

[1] Ginzburg V.L., Tsytovich V.N., Transition Radiation and Transition Scattering, Adam Hilger, Bristol and New York, 1990.
[2] Rullhusen P., Artru X., Dhez P., Novel Radiation Sources using Relativistic Electrons, World Scientific Publishing Co. Pte., 
Ltd., 1998.
[3] Garibyan G.M., Yan Shi. X-Ray Transition Radiatio, Erevan, 1983.
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TR from a plate: schematics of generation

а b

All these factors – partial absorption of the first X-Ray TR wave in the bulk of the plate, 
different velocities at entrance and exit (defining two formation lengths), and extended 

penetration time – lead to a change of the condition of constructive interference between 
two X-Ray TR waves compared to the standard (without slowing-down) theory of X-Ray TR 

in a plate

• In the case of RHI an influence of slowing-down (ionization energy loss) is not
negligible – the RHI velocity decreases during its penetration through a plate (v2 < v1),
therefore the two X-Ray TR waves are emitted at slightly different velocities when
crossing the boundaries vacuum-plate and plate-vacuum, respectively. In addition, RHI
penetration time in a plate increases: Δts > Δt which changes the phase shift between
two TR waves.
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- Spectral-angular distribution of TR intensity

- - corresponds to TR from a single interface of a
plate

- - corresponds to the coherent
summation of TR waves
emitted at entrance and exit
of a plate.

- - formation length in vacuum and plate material

- - refractive index depending on the radiation frequency

- - X-Ray linear absorption coefficient of a plate material

[1] M. Moran et.al. // Proceedings of RREPS-93, 1993, c. 96.
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TR from a plate: general formulae [1]
Constant RHI velocity
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X-Ray TR angular distribution:
• From a plate without taking 
account of absorption
• From a plate taking account 
of absorption
• From single interface of a plate

1-µm Be target, RHI Au

1μm55.1)( 

X-Ray TR angular 
distributions

Constant RHI velocity 

initial energy 9200 MeV/u

initial energy
2000 MeV/u

11

3
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1 mm 
W (Tungsten) target
RHI Au 3000 GeV/u

X-Ray TR spectral 
distribution from a plate: 

constant RHI velocity

1 mm Be target
RHI Au 3000 GeV/u

emission angle θ=1/ϒ

3000
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A combination of parameters:

• RHI initial energy
• Plate material and thickness
• Linear absorption coefficient (depends on the plate material)
• X-Ray TR photons energy

define whether the interference effects in X-Ray TR spectral and angular
distributions will manifest itself or not.

The X-Ray TR photons absorption leads to the “washing out” of interference
structure of X-Ray TR spectral and angular distributions and decreasing of the X-
Ray TR intensity.

As our calculations have shown, interferential structure in X-Ray TR spectral
distributions appears only at the very high RHI energies.

8X-Ray TR spectral-angular distributions
Constant RHI velocity
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Modification of the standard formula:

- - RHI velocity at entrance and exit from a plate

Slowing-down leads to increasing of the penetration time through a
plate:

- phase shift of the second X-Ray TR wave, calculated taking account of slowing-down
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X-Ray TR from a plate: 
taking account of RHI slowing-down

The two effects due to slowing-down are expected: change of constructive 
interference between two TR waves (due to a change of the phase shift) and a 

change of emission amplitude at the second (exit) boundary
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To calculate one can divide a plate into N >> 1 equal slices:

- RHI penetration time through each
slice









 )(cos

c

L
tS

RHI RHI
x x x x x

i

i

v

L









 





N

i i

i

c

L

v

L

1

)(cos


L

S xvxt
0

)(d

X-Ray TR from a plate: 
taking account of RHI slowing-down
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• 1 – without slowing-down
• 2 – taking account of slowing 

down

1-mm W (Tungsten) target
RHI Au 3000 MeV/u

X-Ray TR Angular and 
spectral distributions 

from a plate: taking 
account of RHI slowing-down

Emission angle 1/ϒ

X-Ray TR angular distributions

1

1

2

2

4

X-Ray TR spectral distributions
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• 1 – without slowing-down
• 2 – taking account of slowing 

down

1-mm W (Tungsten) target
RHI Au 1500 MeV/u

X-Ray TR Angular and 
spectral distributions 

from a plate: taking 
account of RHI slowing-down

Emission angle 1/ϒ

X-Ray TR angular distributions

1

1

2

2

2

X-Ray TR spectral distributions
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• 1 – without slowing-down
• 2 – taking account of slowing 

down

10-mm W (Tungsten) target
RHI Au 3000 MeV/u

X-Ray TR Angular and 
spectral distributions 

from a plate: taking 
account of RHI slowing-down

Emission angle 1/ϒ

X-Ray TR angular distributions

X-Ray TR spectral distributions

1

1

2

2

4
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Conclusion

• Besides traditional parameters defining the spectral-angular distribution of
X-Ray TR, i.e. a plasma frequency of the plate, TR photon energy, linear photon
absorption coefficient, the thickness of a plate, in the case of RHI there
appears a new parameter – the stopping power of RHI in a plate, which is a
complicated function of the RHI energy, charge and mass.

• The combined effect of RHI slowing down and TR photons absorption leads
to the “washing out” of interference structure of TR angular distributions
and overall decrease of the TR intensity.

• The combination of parameters – the plate material and thickness, the linear
absorption coefficient (depending on the material of the plate), the slowing-down
(strongly depending on the RHI charge and its energy) and X-Ray TR photon
energy define whether the interferential effects in angular and spectral
distributions of X-Ray TR from RHI will manifest itself or not.

• The RHI energy loss and velocity decrease in the single thin plate are small. The
effect of RHI slowing-down should manifest itself more brilliant in the case of a
multiple-foil target (Resonant Transition Radiation).

14
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15

• http://physics.nist.gov/PhysRefData/XrayMassCoef/ElemTab/z04.html 
• http://henke.lbl.gov/optical_constants/atten2.html

Absorption coefficients 

for Be and Tungsten targets
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keV4.0 keV1

keV2

X-Ray TR angular distributions:
• From a plate taking account of absorption
• From a single interface of a plate

1-µm Be target, RHI Au 9200 MeV/u

1μm55.1)(  1μm11.0)( 

1μm014.0)( 

X-Ray TR angular distributions – different photon energies.
Constant RHI velocity (FAIR energy region)
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Thank you for attention !
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