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1. special relativity
2. Lorentz transformation
3. Doppler effect and broadening
4. γ- and electron detection
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Efficiency versus resolution

With a source at rest, the intrinsic 
resolution of the detector can be reached; 

efficiency decreases with the increasing 
detector-source distance.

With a moving source also the 
effective energy resolution depends 
on the detector-source distance 
(Doppler effect)
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Energy resolution

The major factors affecting the final energy resolution (FWHM) at a particular energy are as follows:

Δ𝐸𝐸𝛾𝛾
𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 = Δ𝐸𝐸𝐼𝐼𝐼𝐼𝐼𝐼2 + Δ𝜃𝜃𝑑𝑑𝑑𝑑𝑑𝑑2 + Δ𝜃𝜃𝑁𝑁2 + Δ𝑣𝑣2

⁄1 2

Δ𝐸𝐸𝐼𝐼𝐼𝐼𝐼𝐼 − The intrinsic resolution of the detector system.
It includes contributions from the detector itself and  
the electronic components used to process the signal.

Δ𝜃𝜃𝑑𝑑𝑑𝑑𝑑𝑑 − The Doppler broadening arising from the opening angle of  
the detectors

Δ𝜃𝜃𝑁𝑁 − The Doppler broadening arising from the angular spread of the 
recoils in the target

Δ𝑣𝑣 − The Doppler broadening arising from the velocity (energy) 
variation of the excited nucleus

Δ𝜃𝜃𝑑𝑑𝑑𝑑𝑑𝑑

Δ𝜃𝜃𝑁𝑁

𝑣𝑣 ± ∆𝑣𝑣
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Special relativity
Lorentz transformation:
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Lorentz transformation

rest system laboratory system

P* = const.

total energy:

𝐸𝐸∗ = 𝛾𝛾 � 𝐸𝐸 − 𝛾𝛾 � 𝑣𝑣 � 𝑃𝑃 � 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
with

𝐸𝐸 = 𝑚𝑚𝑐𝑐2 2 + 𝑃𝑃𝑐𝑐 2

E*, P* total energy and momentum in the rest system
E, P    total energy and momentum in the laboratory system

Doppler formula for zero-mass particle (photon):          E=Pc

𝐸𝐸∗ = 𝛾𝛾 � 𝐸𝐸 − 𝛾𝛾 � 𝛽𝛽 � 𝐸𝐸 � 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

𝐸𝐸∗ = 𝛾𝛾 � 𝐸𝐸 1 − 𝛽𝛽 � 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

E. Byckling, K. Kajantie J. Wiley & Sons   London

Hendrik Lorentz
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Electron detection

Doppler broadening
Δϑe = 200

target – Mini-Orange: 19 cm
Mini-Orange – Si detector: 6 cm

For projectile excitation:

𝑇𝑇𝑒𝑒∗ = 𝛾𝛾 � 𝑇𝑇𝑒𝑒 � 1 − 𝛽𝛽1 � 1 + 2𝑚𝑚𝑒𝑒 ⁄𝑐𝑐2 𝑇𝑇𝑒𝑒 � 𝑐𝑐𝑐𝑐𝑐𝑐𝜃𝜃𝑒𝑒𝑒 + 𝑚𝑚𝑒𝑒𝑐𝑐2 � 𝛾𝛾 − 1

with

𝑐𝑐𝑐𝑐𝑐𝑐𝜃𝜃𝑒𝑒𝑒 = 𝑐𝑐𝑐𝑐𝑐𝑐𝜗𝜗1𝑐𝑐𝑐𝑐𝑐𝑐𝜗𝜗𝑒𝑒 + 𝑠𝑠𝑠𝑠𝑠𝑠𝜗𝜗1𝑠𝑠𝑠𝑠𝑠𝑠𝜗𝜗𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐 𝜑𝜑𝑒𝑒 − 𝜑𝜑1
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Doppler effect
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Doppler broadening and position resolution

Position resolution

Angular resolution

Energy resolution

beam projectile

γ ray
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Doppler broadening (opening angle of detector)
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Doppler broadening (velocity variation)
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Experimental arrangement

experimental problem:
Doppler broadening due to finite size of Ge-detector
∆𝐸𝐸
𝐸𝐸

~1% ∆𝜗𝜗𝛾𝛾 = 200 𝛽𝛽1 ≅ 10%for

For projectile excitation:

𝐸𝐸∗ = 𝛾𝛾 � 𝐸𝐸 � 1 − 𝛽𝛽1 � 𝑐𝑐𝑐𝑐𝑐𝑐𝜃𝜃𝛾𝛾𝛾
with

𝑐𝑐𝑐𝑐𝑐𝑐𝜃𝜃𝛾𝛾𝛾 = 𝑐𝑐𝑐𝑐𝑐𝑐𝜗𝜗1𝑐𝑐𝑐𝑐𝑐𝑐𝜗𝜗𝛾𝛾 + 𝑠𝑠𝑠𝑠𝑠𝑠𝜗𝜗1𝑠𝑠𝑠𝑠𝑠𝑠𝜗𝜗𝛾𝛾𝑐𝑐𝑐𝑐𝑐𝑐 𝜑𝜑𝛾𝛾 − 𝜑𝜑1

Δ𝐸𝐸 ≅ 𝐸𝐸∗ � 𝛽𝛽1 � 𝑠𝑠𝑠𝑠𝑠𝑠𝜃𝜃𝛾𝛾𝛾 � ∆𝜃𝜃𝛾𝛾𝛾

Doppler shift

Doppler broadening
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Example: inelastic heavy-ion scattering

raw γ-ray spectrum

181Ta

238U
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Lorentz transformation

γ-ray angular 
distribution

Contraction of the solid angle element in the laboratory system

𝑑𝑑Ω
𝑑𝑑Ω∗

=
𝐸𝐸∗

𝐸𝐸

2

with

𝐸𝐸∗ = 𝛾𝛾 � 𝐸𝐸 � 1 − 𝛽𝛽 � 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 Doppler formula
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Experimental arrangement (electron detection)

Doppler broadening
Δϑe = 200

target – Mini-Orange: 19 cm
Mini-Orange – Si detector: 6 cm

For projectile excitation:

𝑇𝑇𝑒𝑒∗ = 𝛾𝛾 � 𝑇𝑇𝑒𝑒 � 1 − 𝛽𝛽1 � 1 + 2𝑚𝑚𝑒𝑒 ⁄𝑐𝑐2 𝑇𝑇𝑒𝑒 � 𝑐𝑐𝑐𝑐𝑐𝑐𝜃𝜃𝑒𝑒𝑒 + 𝑚𝑚𝑒𝑒𝑐𝑐2 � 𝛾𝛾 − 1

with

𝑐𝑐𝑐𝑐𝑐𝑐𝜃𝜃𝑒𝑒𝑒 = 𝑐𝑐𝑐𝑐𝑐𝑐𝜗𝜗1𝑐𝑐𝑐𝑐𝑐𝑐𝜗𝜗𝑒𝑒 + 𝑠𝑠𝑠𝑠𝑠𝑠𝜗𝜗1𝑠𝑠𝑠𝑠𝑠𝑠𝜗𝜗𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐 𝜑𝜑𝑒𝑒 − 𝜑𝜑1
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Lorentz transformation

γ-rays

γ-rays

energy shift

solid angle contraction

10%

20%
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Segmented detectors

beam

target
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Recoil distance method

𝐼𝐼𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 = 𝐼𝐼 � 𝑒𝑒− �𝑑𝑑 𝑣𝑣𝑣𝑣

𝐼𝐼𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 = 1 − 𝑒𝑒− �𝑑𝑑 𝑣𝑣𝜏𝜏

𝐼𝐼𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑
𝐼𝐼𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 + 𝐼𝐼𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

= 𝑒𝑒− �𝑑𝑑 𝑣𝑣𝜏𝜏
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Doppler Shift Attenuation Method

target stopper

beam

Germanium
detector


	Outline: Doppler effect
	Efficiency versus resolution
	Energy resolution
	Special relativity
	Lorentz transformation
	Electron detection
	Doppler effect
	Doppler broadening and position resolution
	Doppler broadening (opening angle of detector)
	Doppler broadening (velocity variation)
	Experimental arrangement
	Example: inelastic heavy-ion scattering
	Lorentz transformation
	Experimental arrangement (electron detection)
	Lorentz transformation
	Segmented detectors
	Recoil distance method
	Doppler Shift Attenuation Method

