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Radiation from Bending Magnets

Radiation is emitted along the curved path of the beam. The photon characteristics depend on
beam energy and magnetic fields.

Critical photon energy of synchrotron radiation from bending magnet,

& (keV)= 0.665E4(GeVIB(T),

where E is the beam energy and B is the magnetic field.
The photon energy is determined by the field of the bending magnet, which is a fixed parameter

for a storage ring. The photon energy generated, is therefore fixed

Radiation Hardening:

In a low energy storage ring, the bending magnet radiation does not provide enough intensity at
hard x-rays. Replacing a bending magnet by a superconducting magnet with the same deflection
angle will provide more of hard x-ray. This superconducting magnet of a stronger field will be

shorter in length.

Example:
The bending magnet radiation of 1.5 GeV beam from a 1.5 Tesla bending magnet has the critical

photon energy of
£= 0.665E%(GeVHB(T) =2.24 keV.

With a 6 Tesla superconducting magnet, the critical photon energy becomes 8.98 keV.



To obtain the same deflection angle, the length of the magnet can be obtained from

I(m) = PE(GeV) | | where o is the deflection angle in rad.
0.3B(T)

The graph shows the photon spectrum from a 1.5 Tesla bending magnet and a 6 Tesla
superconducting magnet. Employing a superconducting magnet can extend the photon spectrum

to higher energy.

Wave Length shifter

For the same purpose of radiation hardening, a wave length shifter is installed in a magnet free
section of the ring. A wave length shifter consists of three dipole magnets with a high field
central magnet two lower field magnets, opposite direction on either side. The magnetic field of
the side poles is designed to compensate the deflection by the central pole resulting in the total
deflection angle of zero. The central pole serves as a radiation source and determines the photon
energy. lts field strength can be adjusted freely and can be very strong with a superconducting

magnet to generate higher photon energy.



Wiggler Magnet Radiation

Wiggler magnet is an insertion device, which consists of a series of dipole magnets with

alternating field direction. The total deflecting angle is zero. Many poles of the magnet increase

the photon flux. If the magnet is constructed to provide strong fields, it will serve as a

wavelength shifter at the same time.

The magnetic field strength depends on:
o the period length
o the design and magnet materials used

e the gap height which is variable over a limited range

Define the strength parameter K, K= 0.934B(Tesla)A,(cm).

For a wiggler magnet, K>> 1,

Undulator Radiation
In a series of dipole magnets with weak magnetic field (K < 1), the particles oscillate

periodically like sinusoidal oscillation and generate quasi-monochromatic radiation.

The photon energy (forward radiation),

.2
g,(eV)=9.4963—-~£1—— ,
2
;Lp(l-‘-EK )

where E : beam energy
K: strength parameter
hp: period length

i : harmonic number

The photon energy is tunable as the undulator strength is adjusted (by changing the gap height).



Synchrotron Radiation and Insertion device Radiation Characterization
using the Synchrotron Radiation program

The Synchrotron Radiation Program will be used to characterize the synchrotron radiation. You
should use the program to calculate the radiation properties of the storage ring that you have
designed, add some insertion devices and study the radiation properties obtained. The program
can also be used to study the radiation properties for any storage ring of your interest (parameters

for most of existing storage rings are available in the program). The following note will show

you how to get start with the program.

Synchrolon
R adiation

* The Synchrotron Radiation program main window:

For a study of synchrotron radiation from a storage ring, select the calculation for a circular
beam.



e The Circulating Beam Parameters window will be opened. There are several storage rings
listed in the table on the left. The parameters of the selected ring will be shown on the right.

s Cuculabing Beam Parameters

sclect source configuration

or add new one: -

¢ To add a new storage ring on the list, click Yes at add new one (storage ring). A new blank

entry will appear at the top of the list together with a new beam configuration sheet.

sclect source configuration

or add new one:

e Create a new ring configuration using the information from your storage ring design.

e Sclect Aecept and Close option.




select source confignration

or add new one: -

The main window will be reopened with options of the radiation sources (bending magnet,

wiggler, undulator, or transition radiation).

17 Radation from Relativistic Clectron Beams

Synchrotron Radiation from bending magnets: Add a new bending magnet by clicking at the

plus sign and put in the magnet parameter from the storage ring (type of magnet: EM for
Electro Magnet or PM for Permanent Magnet and the field in Tesla).



(> Bending Magnet Badiation

select radiation source:

BT

-

= Tanen

MWL Shifter

F Bend Magnet

parameter set MyStorageRing| | s purce:
beam energy 3 GeV || field strength T
beam current 100 mA || bend radius D08 m

results will be posted in the window.

recalculate
select radiation smirce:

s e
N gt [N ]
oo [ 1

[ NewBendMagnet

N Bend Magnet

filter data with: | i

Click apply to update the parameters and click recalculate for radiation properties. The

rspectral radistion and polarization
wavelength
e_photon
e_ph/e_crit
band width

vertical observ. angle,

total photon flux, 2.845E12  pl/sfrar
L | E————
parameter set MyStorageRing| | source: NewBendMagnet A o-mode x-mode tatal
beam energy 3 GeV field strength 122 T 137E+13 0.00E+00 137E+13
beam current 100 mA | bendradins 8202 m
rigidity 10.007 Tm
—global radiation parameters ]
total power 8747 kW, e_cit 7302 keV
angular power 1392 Wimr i, La697 C
power density: @ source paint 157900 W/mm~"2
@z=1 m: 27120 W/mm”2 nermal incidence
27120 Wimm"2
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® Select spectrum to iliustrate the spectral photon flux in a graph format.
® The spectrum window is then activated. Select the spectrum of the interest and its parameter

to be plotted.

t U Synchrotran Radiation Spectium

|

beam parameters
parameter set MyStorageRing source SSRF-bend

{ beam energy 3 GeV max. field... 1.105Tesla
bearn current 100 mA

§calcolate and plot phaten flux
critical photon energy: e  _enit G.613 keV

phaton flux spectrum

percent step :ize..Ae_ph f‘u_ph _ %
vertical obs. angle, W - 12y

e Forexample, a graph of photon flux:
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e The calculations for Synchrotron Radiation from Wiggler magnet and

Undulator Radiation

work in a similar way.

23 Wiggler Magnet Radiat

select radiation source ermanent magnet ?
magnet type hrid
SSRF W80 PM| lobrid Wig) 135 331 S2 80 #pP PissLS, mm
NSRL, WweLex BM REC wig 5 0 11000 wlidif: 007<g1p<07
ALS-Wiggler PM| whrid Vg 1 33 74 160 % feld i T
#Pes- Ondutator PM| REC U 0o sz 77 gl
e i . P — number of poles
b IR -
s period length SN mm
fiter datawith: A1 RN wiggler length 2080 m
: K-value 10.010
I,... SO Sy oY ._._j b!m at saurce Pnin,t; Fﬁ& dillphtemt 43'4 l'l'm
sto ring MyStorageRi x y deflection 1705.0 prad
energy 3 GeV c 12806 3734 pum select photon parameters
carrent 100 mA o 6403 220 prad ||wavelengh NN C
e_phaton. 12400 KkeV
general radiation parameters ejhle it 1.547
obs. angle_x NN no e ot 8.013 keV vert.cone, a_, 87.4 prad
Aoy 1S47C bmdwidtn  [ESENINE
total radiation power 2.126 kW flux density 760E+14 phisiar™2
power density: @source point 7L kWmm*2 angular Bux 1.66E+14 phishmr
and z= JJlll  downsiream 1299 kW/mm"2 brightness 2, S3E+10 phisfms 2imm2

o1 Undullm Radation )

number of poles
period length...........
K-parameter................
ondulator length
pa beam at source point
i ; X b4 osc.amplitude ............. 116 pm
— Mystor 'é:ﬁ‘" o 12806 3734 pm defloctian ..o D498 prad
carrent 100 mA; o' 6403 220 prad
M ETMEVETT TR AT T S e
gfoerward radistion
1 harmonic“i": 0% total radiztion power 685.70 W
1 e_.: 671 eV power density: @source point 20970 kWimm™2
A;: 1848 C and z= 18" m downstream 3.888 kW/mm~"2




* Features in the calculations for Undulator Radiation include line spectrum in which the

calculation of the photon spectrum for higher harmonic can be done, as well as the undulator

line spectrum plot.

T Undidotor Line Spectium

€A par ameters
parameter xet MyStorageRing | sonrce: Pep-Undulator number of periods 26
beam eaergy 3 GeV K 5576 undntator length 2002 m ;
beam cmrrent 100 mA band width S % periad kength T7.000 am

line spectrum
fundamoental wavelength : Aq 184.8C  or fundamental energy: e, 6706 oV
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* Undulator line spectrum up to the 9" harmonic:

| Undulatoer line spectrum |
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¢ The calculations with variations of undulator gaps or K parameters are also available.

vary gap or K and plet:

& plotvs photon energy
C plotvs K parameter
 plotvs gap

min. gap
maxi. gap

* For example, varying the Pep-undulator gap from 10 mm to 100 mm, the photon flux up to
the 9™ harmonic will be as shown in the graph.
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