
Synchrotron Radiation

Xingyu Gao

Shanghai Synchrotron Facility



Content

What is synchrotron？

X-ray and synchrotron radiation

X-ray interaction with matter

Synchrotron beamlines

Shanghai Synchrotron Radiation 

Facility (SSRF) 



What is synchrotron？

01



What is synchrotron？

➢ Synchrotron radiation is the electromagnetic waves (light) radiated along 

the tangential direction when charged particles at a speed close to that 

of light change their direction of motion；

➢ Devices (radiation sources) used to change the direction of movement of 

charged particles can be bending magnets, undulator and wiggler.



In April 1947, F.R. Elder team observed the electromagnetic radiation from electrons for the first time at the 70MeV 
electron synchrotron at General Electric Laboratories in the United States, hence the name synchrotron radiation.
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synchrotron radiation

1950s, after a series of explorations, people discovered that SR is a very excellent light source.

Early 1960s, the application of synchrotron radiation began.

1965, first storage ring built in Frascati.

1970s ,the modern stage of synchrotron radiation application began.

History of synchrotron radiation

Beam direction



The major 

parts

◆ Storage ring with  

radiation sources

◆ Beamline

◆ End station 
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X-ray tube

1st

2nd

3rd

4th

Beijing Synchrotron 

Radiation Facility, BSRF

National Synchrotron 

Radiation Laboratory, 

NSRL

Shanghai Synchrotron 

Radiation Facility, SSRF

High Energy Photon 

Source, HEPS

Hefei Advanced Light 

Facility, HALF



The spectrum of synchrotron radiation covers a wide range from infrared to hard X-rays

λ=100-0.01Ǻ

λ=12.4/ε(keV)(Ǻ)

ε=0.124-1240keV

=124eV-1240keV

10Ǻ/1.24keV

To detect the structure of matter at a certain scale, light with a 

wavelength that matches it is needed.

To detect physical phenomena of a 

certain energy, we need light with 

energy that matches it.



Time structure of synchrotron radiation

To detect physical processes on a certain time scale, we need light with a temporal structure that matches it.

FEL or slice technology can achieve fs resolution



The X-ray (light) interacts with materials



Classification of synchrotron-based

characterization techniques

Imaging:
Spatial 
resolved

Spectroscopy:
Energy 
resoled

Scattering/
Diffraction:

Momentum 
Resolved

✓ Various techniques can 
be integrated

✓ Suitable for in-situ, 
dynamic, operando study 

✓ High throughput

Principle of X-ray photoelectron spectroscopy (XPS)

http://www.texample.net/media/tikz/examples/PDF/principle-of-x-ray-photoelectron-spectroscopy-xps.pdf


World wide Synchrotron Facilities

Faciality
Electro Energy

（GeV）

S

ASTRID 2 0.54

SOLARIS 1.5
MAX-IV 1.5

NSRL 0.8
BESSY-II 1.7

ALS 1.9

ELETTRA 2/2.4

T

SSRF 3.5

TPS 3

PLS-II 3
SLS 2.4

SOLEIL 2.75

CLS 2.9

ALBA 3

DIAMOND 3

MAX-IV 3

NSLS-II 3

AS 3

H

ESRF 6

PETRA-III 6

APS 7

SPring-8 8



X-ray and 
synchrotron radiation
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The discovery of X-ray

At the end of 1895,

German scientist

Wilhelm Conrad

Röntgen discovered

a mysterious

radiation- X-ray -

while studying

cathode ray tubes.

Cooling water Heavy metal

High speed e

X-ray

➢cathode ray 1858

➢Electron 1897

➢X-ray  1895

➢Radioactivity (α、β、γ) 

1896

Electromagnetic 

technology: high voltage 

electricity

Vacuum technology: 

obtaining vacuum



What is X-ray: its nature

✓ Wave：
transverse wave not Longitudinal wave：double scattering experiment

✓ particle：
Photoelectric effect: energy quantization

Compton scattering: energy and momentum quantization

XRD 1912

Double scattering

Unpolarized X-ray

First object

Maximum intensity

Second object

Polarized X-ray

Maximum intensity

0 intensity

0 intensity



Generation of X-ray

➢ The electrons in the inner 
shell of an atom are excited 
to form holes, and the 
electrons at the higher energy 
level jump to the energy level 
with holes, emitting high 
energy photons (X-ray)；

➢ Radiation produced by 
accelerated charged particles 
(electrons).
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γ

e-

γe-
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Atomic inner shell 
electron transition



Atomic photoemission

atomic 

spectrum

Hydrogen atomic spectrum

Balmer's Law：









−==

22

1

2

141

nB


n=3,4,5…

Balmer series

Rydberg equation：











−==

2

2

2

1

111

nn
RH




n1=1,2,3…Lyman, Balmer, 
Paschen
n2=n1+1,n1+2,…



Electron transitions within an atom

K
L

M

γ

e-

Different 

transitions 

correspond 

to different 
series



Electron transitions to the inner shells of an atom

X-rays: High-energy 
photons released when 
electrons in atoms 
transition to holes in their 
inner shells.

Moseley's law

√ν = a(Z - b), where ‘ν ' 

is the frequency of the 

emitted X-ray, 'Z' is the 

atomic number, 'a' is a 

constant, and 'b' is a 

screening constant



X-ray tube

Cooling water Heavy metal

High speed e

X-ray



X-ray characteristics generated by X-ray tubes: continuous spectrum

ejeiX EEE −=

In bremsstrahlung, the energy of the X-ray photon is 
equal to the energy lost by the electron：

Due to the different collision parameters, the energy 
loss by electrons in different collision processes is 
different, which is statistically continuous, so the 
photon energy spectrum of bremsstrahlung is also 
continuous.
The maximum energy of the photon (shortest 
wavelength) corresponds to the maximum energy 
of the electron:
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X-ray characteristics produced by X-ray tubes - discrete spectra

X-ray fluorescence spectroscopy: The atomic number Z can 
be obtained from X-rays, which pioneered the X-ray analysis 
method.

1）For X-ray tubes with the same high voltage and different 

target anodes, the short wavelength limit is the same；

2）The X-ray intensity produced by high-Z target anodes is 

higher than that produced by low-Z target anodes；

3）For the same X-ray tube, as the voltage increases, discrete 

spectra appear on the continuous spectrum.
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Wavelength (Å)

Moseley's Law

𝜈 ∝ 𝑍2

𝜈𝐾𝛼 = 0.248 × 1016 𝑍 − 𝑏 2 b≈1



X-ray notation



X-ray elemental spectrum

2p3/2 → 1s and 2p1/2 → 1s

K1,2 (inseparable)

h (eV) FWHM (eV)

Mg 1253.6 0.7

Al 1486.6 0.85

Ionized Mg or Al produces K3,4 

Higher photon energy thanK1,2

~9-10 eV

3p → 1s 

K

X-ray characteristic spectral lines of different elements



Radiation produced by 
accelerated electrons



Radiation produced by accelerated electrons
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I. The electric field of a moving charge

electrostatic field radiation field
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II. Energy flux density of the radiation field
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III. Radiated power distribution
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β = v/c



Acceleration is in the same direction as velocity (opposite direction)
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Linear motion: acceleration and velocity are in the same direction (opposite)

Radiated power is proportional to the square 

of acceleration

non-relativistic：β<<1 relativistic：β→1



Radiation intensity of electrons moving in a straight line

Radiation intensity and energy gain ratio：
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Radiation loss can be basically ignored

Electron Linear Accelerator Bremsstrahlung
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Much larger than the radiation power and 

energy change ratio in the electron linear 

accelerator



Synchrotron radiation is an electromagnetic wave (light) emitted by charged particles

(electrons) moving at close to the speed of light in an ultra-high vacuum environment

when they change their direction of motion.

The direction of acceleration is perpendicular to the 

direction of velocity: synchrotron radiation

Discovered in 1947 on a synchrotron (70MeV), so it is called "synchrotron radiation"



Radiation from circular motion of electrons
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Distribution of radiated power：

The angle between the observation 
direction n and the direction of β：θ



Radiation from the circular motion of electrons (non-relativistic)

1 1non-relativistic，                                

radiation power distribution：
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Radiated power is proportional to the square 
of acceleration。

Non-relativistic Radiation power 

distribution of circular motion electrons

Θ is the angle between the observation direction and the 
acceleration direction. In the plane of electron motion，
Radiated power distribution：
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Radiation from the circular motion of electrons (relativistic)
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aIn In the plane of the electron orbital，
Radiated power distribution：

Relativistic Radiation power distribution of 

circular motion electrons

Radiated power is proportional to the square 
of acceleration。



Radiation from the circular motion of electrons (relativistic)

The root mean square average of 𝜃
2

1
2

2

2

2 1





 





=





d
d

dP

d
d

dP
)()(511.0

1 2
2 2

1

mradGeVE
E

mc
e===




Radiation Distribution of Relativistic Electrons in Circular Motion

3.5 GeV



UndulatorBending magnet
Wiggler

Synchrotron radiation sources

Straight 
section Dipole 

magnet

high frequency cavity

Quadrupole 
magnet 



Bending magnet
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Radiated power:

The total energy radiated by an electron 

in one circle
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Electron energy： GeVEe 5.3=
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The total energy radiated by an electron in one circle
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The total power for beam current Ie(A)



Bending magnet: Energy Spectrum

GeVEe 5.3=

mR 186.9=

Δ𝑇 = 9.63 × 10−20 𝑠
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obtained by using Fourier transform

(Paricle Accelerator Physics

Helmut Wiedemann)
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Bending magnet: Energy Spectrum



The spectrum of SSRF bending magnet

𝜀𝑐 = 10.35𝑘𝑒𝑉

Electron energy 

GeVEe 5.3=

Magnetic field strength

TB 27.1=

𝜃2
ൗ1 2 = 0.146𝑚𝑟𝑎𝑑 = 0.0084°

Emission angle

The total radiation energy of an 
electron after one circle:

𝐸𝑟 = 1446𝑘𝑒𝑉

𝐼𝑒 = 200𝑚𝐴 𝑃 = 289𝑘𝑊

Calculation result

Actual measurement results

𝜀𝑐 = 10.35𝑘𝑒𝑉

Actual energy 
range of a beamline 

4-22keV



X-ray polarization from a bending magnet

Only when θ=0 (in the XZ plane) it is linear polarization.

The degree of 

polarization depends on 

the photon energy: the 

higher the energy, the 

stronger the horizontal 

component.

The greater the deviation 

from the electron orbital 

plane, the stronger the 

vertical component. 

Above this plane, linear 

polarization to elliptical 

polarization, to circular 

polarization.
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Insertion device：Wiggler

Composed of multiple pairs of magnets with opposite directions. The period of the magnets is longer and 
the period number N is smaller. The electrons do not emit light once like in the bent iron, but change the 
direction of movement many times and emit light in the same solid angle, but the photons have no 
correlation with each other (incoherent).The photon energy spectrum, characteristic energy and other 
parameters of the wiggler are the same as those of the bent iron light source with the same magnetic field 
strength, but the local magnetic field strength is increased, which can increase the photon energy. The total 
photon intensity is 2N times that of a single magnet： 𝐼𝑊 = 2𝑁𝐼𝐵𝑀

Monopole wiggler (frequency shifter): 
composed of 3 dipole magnets, which enhance the local 
magnetic field and increase the photon energy, while the 
electron orbit remains unchanged at the entrance and exit.

Multipolar Wiggle: consists of N magnetic 
field pairs with opposite polarities. 
(Equivalent to 2N bent iron light sources)



Undulator: composed of multiple magnet pairs. Its magnetic field strength is weak, but the period is 
short and the number of periods is large. Electrons move in a very small sine wave in a magnet group 
with opposite polarity. The radiation generated in each period is coherent.
In the final emitted light, the wavelength of light that meets the coherent enhancement condition will 
be enhanced, and its brightness is N2 times the brightness of a single-period magnet light source. The 
wavelength of light that does not meet the enhancement condition is weakened, so its spectrum is 
discontinuous.

The polarity of the magnet is not simply NS or SN.

Insertion device：Undulator



The spectrum of X-ray from a undulator
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)(GeVEe
)(mAI eAn electron beam with                   energy and                flux radiates photons per unit time and per unit energy width 

per unit solid angle.：
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The radiation intensity is proportional to the square of the 

number of magnetic field periods Nu.

When K<<1,                             quasi-monochromatic, coherent, parallel beam𝜆1 =
𝜆𝑢
2𝛾2

The equation of motion of the electron in the undulator is sinusoidal, and the energy spectrum obtained 

from the Fourier transform is a quasi-monochromatic spectrum. The wavelength that satisfies coherent 

enhancement is:
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The spectrum of X-ray from a undulator
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Adjusting K (magnetic field strength B) can 
change the maximum intensity wavelength

The spectrum of X-ray from a undulator
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IUV25 ：
B=0.95T@Gap=7 mm
T=25 mm
Nu=80

Even harmonics: 

caused by multiple 

frequency of 

electron motion

Energy spectrum of IVU source at SSRF



Angular distribution of the beam of an undulator source

The undulator is a plane undulator, that is, the electrons move in the XZ plane, and the 
radiation generated is linearly polarized in the XZ plane.
If the magnetic field is a spiral distribution rotating around a certain axis, elliptically 
polarized radiation can be generated.

Divergence angle of the undulator beam
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Comparison of the principles of three light sources

Bending magnet: fan-type radiation

Wiggler: disordered superposition

Undulator: orderly coherent



Comparison of the spectra of three light sources

BM

Wiggler

Undulator

B
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Wide energy spectrum: capable of producing full-band radiation from far infrared to hard X-rays;

Monochromatic: produced by electrons in an ultra-high vacuum environment and further 
monochromatized by the beamline optics.

High collimated: since the divergence angle of the emitted electron beam can be controlled to be very small, 
the divergence angle of the emitted light is also very small, with high collimation;

High brightness and high flux: since very high-power radiation is concentrated in a very small spot, 
synchrotron radiation has very high power (flux) and brightness

High polarization: synchrotron radiation is the emission of electrons in a magnetic field. By controlling the 
structure of the magnetic field and the extraction position of the light, a beam with good polarization can 
be obtained.

Stable time structure: since the energy of the electron bunch running in the accelerator is very stable, 
synchrotron radiation has a stable pulse time structure and can be used for time process research;

Precise predictability: since synchrotron radiation is radiation caused by precise charge movement, its 
energy spectrum, brightness and other parameters can be accurately calculated based on electron energy, 
beam current, magnetic field strength and other parameters, and can be used as a standard light source;

Coherence: partial coherence, quasi-coherence.

Advantages of synchrotron light sources



X-ray interaction with 
matter

03



Magnetic wave

atoms

electrons

X-ray matter

scattering

coherent Incoherent photoelectric effect electron pair effect

Eγ>1.022MeV

absorption

X-ray interaction with matter

Coherent/classical 

/Thomson scattering: 

direction may be 

changed, the 

frequency unchanged. 

Incoherent 

scattering: Direction 

and frequency 

change, the electron 

gains a certain 

amount of energy 

and momentum

Photoelectric effect

produce 

photoelectrons with 

a certain kinetic 

energy, and 

produces secondary 

characteristic 

fluorescence 

radiation or Auger 

electrons



X-ray Scattering



Coherent scattering (Thomson scattering)

I0

It

Is

Small angle scattering

I0 Is

It
Diffraction Laue Diffraction

Bragg Diffraction



X-ray scattering/Diffraction

Real space reciprocal space

Diffraction: long range order

Scattering: average microscopic morphology



Each electron in the material is subjected to vibration under the action of

the electric field of X-rays. In this way, the electrons generate

electromagnetic waves of the same frequency as the incoming X-rays in all

directions, and the interference between the coherent scattering from the

long-range neighboring lattices causes X-ray diffraction.

X-ray diffraction - interference of coherent scattering



X-ray Crystallographic Diffraction Structure Analysis

Crystal structure :  lattice + structural unit (basis)

Lattice parameter atomic position

peak intensitypeak position

Experimental results



nλ=2dsinθ

•Incident beam and lattice parameters： 

 θ d         a, b ，c， ,  
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Determine the position of the diffraction peak, the diffraction spectrum is the change of 

the diffraction intensity with the angle θ, or the change of the diffraction vector q, the 

diffraction angle and the wavelength: q=4πsinθ/λ

Bragg equation

Interplanar spacing, for Orthorhombic lattice



When a reciprocal lattice point intersects the

Ewald sphere, it means the conditions defined

by Bragg's law are met for that particular set of

crystal planes. By rotating the crystal (and thus

the reciprocal lattice) or changing the

wavelength of the incident X-rays, one can

bring different reciprocal lattice points into

contact with the Ewald sphere, resulting in

diffraction from different crystal planes.

C

O

K0

Kf

hkl

Ewald sphere



Eγ
Eγ/C

Eγ´
Eγ´/C

Ee
p

Compton scattering (incoherent scattering)

Conservation of energy:

Conservation of momentum:
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Nobel Prize in Physics 1927
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Coherent scattering Compton Scattering

Coherent scattering: scattering of photons by inner shell electrons.

Compton effect: scattering of photons by weakly bound electrons 

in the outer shell.

The larger the Z, the stronger the coherent scattering

Compton scattering

Silver Ka

Mo 

Ka



Photoelectric effect



Photoelectric effect

Be EhE −= Photoelectron 

kinetic energy：
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Auger electron

When the energy of a photon is greater

than the binding energy of an electron in

a certain orbit of an atom, the photon is

absorbed by the electron, causing the

electron of the atom to gain energy and

become a free electron



XRFAuger electron

Competition between the two secondary effects of the photoelectric effect



Angular distribution of photoelectrons

The direction of incoming photon



Z

E

Photoelectric effect cross section
cross section: the probability of interaction between microscopic particles: the probability of a particle 

colliding with another particle in a unit area perpendicular to the direction of motion per unit time. 

A geometric cross section equivalent to the probability of collision.



X-ray attenuation (absorption) in matter
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Linear Absorption Coefficient and Mass Absorption Coefficient
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The attenuation of X-rays (Compton scattering, photoelectric effect, electron pairs) is related to the 
total number of interacting atoms (electrons) and has nothing to do with their morphology (density).

The weighted sum of each component

Mass absorption coefficient

Mass thickness：

ttm =



Absorption edge

Absorption coefficient

⚫ X-ray absorption 

spectroscopy: XAS

⚫ Extended X-ray absorption 

fine spectroscopy: XAFS

⚫ X-ray near-edge absorption 

spectroscopy: XANSE

主要吸收机制

3

3
33




E

Z
Z 

Compton scattering absorption

Photoelectric absorption

Total absorption

electron pair effect



X-ray Absorption Near Edge Structure (XANES) and 

Extended X-ray Absorption Fine Structure (EXAFS)



XANES
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Ti L edge XAS spectra for different TiO2 films. The inset: the concentration of 

magnetic moment vs oxygen partial pressure. 

Ti0.95Nb0.05O2

More holes for Ti with 

higher pressure and 

Nb!

XANES

Adv. Mater. , 21, 2282, (2009). 



Different detection modes

Different surface sensitivity !



Nanographite: chemical states at different depths
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XMCD (x-ray magnetic circular dichroism)

Dipole selection rules

For left-circular

Δml = -1

Δms = 0

For right-circular

Δml = +1

Δms =  0

Sum Rules



Only sensitive to spin along which axis!

X-ray magnetic linear dichroism (XMLD)



I high

I low

Polarized

light

Quantitative 

Orientation!

Angular dependence of XANES



⚫ XPS (X ray photoemission 

spectroscopy)

/ESCA (Electron 

Spectroscopy for Chemical 

Analysis) 

⚫ Ultraviolet Photoelectron 

Spectroscopy (UPS)

⚫ Auger electron spectroscopy

Electron spectroscopies: photoemission



Theoretical consideration

As photoemission is 

much more simple 

process than Auger 

process, 

conservation of 

energy then requires 

that :

KE = h - ( E(A+ ) 

- E(A) ) - 

The final term in 

brackets, 
representing the difference in energy between the ionized and neutral atoms, 

is generally called the binding energy (BE) of the electron . ( is the work 

function of the solid when KE is counted near surface, however, KE detected 

by analyzer then  is the work function of analyzer.)



Z dependence
BE follows the energy levels: BE(1s)>BE(2s)>BE(2p)…

BE with same orbital increase with Z: BE(Mg1s)>BE(Na1s)

Elemental specific!

XPS data base

http://www.lasurface.com/xps/index.php


Three Step Model 

1. Absorption 

of the 

photon and 

excitation of 

electrons

2.Transport of 

electrons to 

the surface

3.The escape of 

the electrons 

from surface 

to the 

vacuum.



Inelastic scattering
In the step 2, inelastic scattering let XPS spectra consists of core-level photo-

emission peaks imposed by a step-like structure (background) due to the various 

mechanism to lose kinetic energy. Besides, there are also AES processes visible.

XPS peak fit

http://sun.phy.cuhk.edu.hk/~surface/XPSPEAK/


Main features of XPS



Core Level Chemical Shifts
Position of orbitals in atom is sensitive to chemical environment of 

atom. In solid all core levels for that atom shifted by approx. same 

amount (<10 eV). Chemical shift correlated with overall charge on 

atom (Reduced charge ®increased BE)

For k-shell of an atom in a compound:

EB(k) = EB(k,qA) +V

where EB(k,qA) is the binding energy of a free ion, A, qA is the net 

charge of A, and V is the potential at A due to all other atoms. V can 

be described as:

V = e2qAqi/riA

(i is any other atoms except A), riA is the distance between i and A, 

therefore chemical shift is:

EB(k)=EB(k,qA1)-EB(k,qA2 )+V1 –V2

qA1 and qA2 is the difference of charge in two states.



XPS spectra for Si and its 

compounds with F in a) and 

chemical shifts vs. the charge in b)



Both S and Si binding energies 

increase with psitive charge (the 

loss of negative charge of electron), 

and the same for C.

Functional
Group

Binding Energy
(eV)

hydrocarbon C-H, C  -C  285.0

amine C-N  286.0

alcohol, ether C-O-H, C  -O-C  286.5

Cl bound to C C-Cl  286.5

F bound to C C-F  287.8

carbonyl C=O  288.0



As the samples shown before, binding energies of Al3+ is higher than the

metal atom, in the meanwhile, the binding energy of O atom (more

positive charge) is higher than the O2- ion.

The chemical

shifts due to the

variation of the

distribution of

the charges at

the atom site is

the main reason

for the other

name of XPS:

ESCA 
(Electron 

Spectroscopy for 

Chemical Analysis)



Ultraviolet Photoelectron Spectroscopy (UPS)
UV light ( h = 5 to 100 eV) to excite photoelectron. From an analysis of

the kinetic energy and angular distribution of the photoelectrons,

information on the electronic structure (band structure) of the material

under investigation can be extracted with surface sensitivity.

Can determine density of 

States D(Ei) (occupied)



Angular Resolved UPS (ARUPS)

UPS spectra also have strong angular dependence for the excited 

electron, which can give information about band structure in the k space.

The light incidence angle

and polarization and, the

plane of incidence (with

respect to the surface,

crystal lattice) determine

the A for the excitation

process.

Energy conservation

EB= h − Ek − 

Momentum conservation

K|| = k||+ G||



Imaging

MicroCT



Different contrasts

PEEM



Synchrotron-based techniques

Imaging:

Space-resolved

Spectroscopy:

Energy-resolved

Diffraction/Scat

tering:

Momentum-

resolved

Principle of X-ray photoelectron spectroscopy (XPS)

Versatile 

In-situ

In-operando

http://www.texample.net/media/tikz/examples/PDF/principle-of-x-ray-photoelectron-spectroscopy-xps.pdf


Synchrotron beamlines
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Functions of the beamlines

wavelength

Intensity

absorption transmittance



absroption

Wavelength

Intensity absorption

Functions of the beamlines



Key information about beamlines

The study objects/

scientific goals

single crystals, 
polycrystalline 
powders, 
surfaces and 
interfaces of thin 
films/ultra-thin 
films, 
microstructures 
of nanomaterials

Experimental 

techniques

Crystal structure 
analysis: crystal 
structure, crystal 
constant 
determination; Phase 
analysis: qualitative 
and quantitative 
analysis of phase 
(intensity ratio); Grain 
size; Crystallinity 
analysis; Stress 
analysis;Thin film 
thickness; Reflectivity; 
Preferred orientation 
and texture analysis;

⚫ Conventional single 

crystal or powder X-ray 

diffraction (XRD)

⚫ Grazing incidence X-ray 

(anomalous) diffraction 

(GIXRD/GIXAD)

⚫ X-ray reflectivity 

measurement (XRR)

⚫ Reciprocal space intensity 

distribution measurement 

(RSM)

⚫ Diffraction anomalous 

fine structure (DAFS)

⚫ Multi-wavelength 

anomalous diffraction 

(MAD)

Energy range

4-10 keV

Energy resolution

E/E ~ 1.510-4@ 10keV

Spot size

~ 0.35（H）2.5（V） mm2

Photon flux

~ 1.01012 phs/s @ 10 keV

Divergence angle

~ 2.5（H）0.02（V） mrad2

Specifications



Design and construction of beamlines

Physical 

Design:

X-ray 

Optics

High Heat 

Loads

⚫Mirrors, monochromators

⚫Bending mechanisms

⚫Ultra-high vacuum

⚫Mechanical motion vacuum feed-in

⚫Remote control

⚫Signal detection

⚫Radiation protection

⚫Thermal analysis

⚫Optical properties

⚫Cooling

⚫Flow and temperature monitoring

⚫Optical

⚫Vacuum

⚫Mechanical

⚫Control

⚫Signal Detection



Source

white beam slit

Collimating lens

Monochromator

/grating

Monochromatic beam slit

focusing lens

Optical layout of a beamline

BM

toroidal mirror

Monochromator

rear focusing 

mirror

Sample point



Reflection and focus

@2.8mrad(0.16o)

incident

Si crystal

Pressing and bending mechanism

⚫Gravity compensation

⚫Thermal deformation

⚫Mechanical deformation



White beam
Monochromatic 

beam

Monochromator

Monochromator with 

fixed height difference 

First crystal

Second crystal

White beam

Monochromatic 

beam



The optical layout



White beam slit
Two pairs of blades

along vertical and horizontal 

directions

Control 

incident

beam size



Beryllium Window

Water-

cooled 

white light 

beryllium 

window

Beryllium exit window

⚫Separate different 
vacuum or vacuum-
atmosphere to allow X-
rays to pass through
⚫Block low-energy light 
(soft X-rays, visible light)



Safety shutter

Blocking synchrotron radiation

cylinder

Tungsten block



Fluorescent target detector

Fluorescent 

target 

detector

Schematic diagram

The detected image

•Observing the beam shape

•Estimating the beam position

Cylinder

Bellow

CCD window

Carbon filter
Fluoresce

nt target

Vacuum chamber



Photo of the beamline



Beamline configuration

Ultra-high vacuum system

control system

Equipment protection system
Radiation protection system

Personal safety protection system

Signal detection system: 

light, position, temperature, 

water pressure, air pressure



Beamline control system

Front-end control system

Beamline control system

Experimental area

End station

Beamline Control Terminal

Experimental station cabinet



Personal safety protection system

Front-end control and 
status display search switch

control panel
experimental hut safety 
control and status display

Optical 

hut

experimental 

hut

experimental control area



End station：diffractometer….



Beamline commission

Spot size:

X-ray CCD

wire scanning

Energy range：
Monochromator scanning + 
ionization chamber 
measurement

Absorption edge

Light flux: 

ionization chamber

Energy resolution:

Absorption edge resolution

Diffraction peak width

Incident beam

ionization chamber 1 - 2

7umCu

Clearly resolve the pre-peak: energy 

resolution <2.5eV



Shanghai Synchrotron 
Radiation Facility (SSRF) 
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SSRF overview

A third generation synchrotron radiation light source, its overall performance 
ranks among the advanced levels of similar devices in the world.

A 150MeV electron linear accelerator, a full energy booster, a 3.5GeV storage 

ring and 34 beamlines with 46 end stations in operation。

Beamlines

3.5GeVstorage ring 

full energy booster

150MeV electron 
linear accelerator

Electron energy：    3.5 GeV

Perimeter：              432 m

Current： 200~300mA (Top up）

Emittence：    4.2 nm-rad

Life time：      ～20 hrs



34 beamlines with 46 end stations in operation



Design of the new generation synchrotron radiation source in Shanghai

4th 5th

repetition 

frequency
100~500MHz 1~100MHz

Orbital stability 亚微米 亚微米

radiation 

stability
<1% ~1%

energy 

resolution
~100 meV ~0.1meV

time resolution ~10ps 0.1fs~10ps

average 

brightness
~1022 >1024

Coherent photon 

flux
~1012 >1014

The new generation of light sources combines the advantages of synchrotron radiation and free 
electron lasers to form a fully coherent light source with higher brightness and flux, wider pulse 
width regulation range, stable orbit and radiation, and richer experimental methods

周长 ~1000 m

能量 3.5 GeV

能散 8e-4

水平发射度 20 pm

垂直发射度 5 pm

峰值流强 100 A
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