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Research Laboratory, General Electric Company,
Schenectady, New Vork
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HIGH energy electrons which are subjected to large

accelerations normal to their velocity should radtate
electromagnetic energy.’™* The radiation from electrons
in a betatron or synchrotron should be emitted in a narrow
cone tangent to the electron orbit, and its spectrum should
extend into the visible region. This radiation has now been
observed visually in the General Electric 70-Mev synchro-
tron.* This machine has an electron orbit radius of 29.3
cm and a peak magnetic field of 8100 gausses. The radiation
is seen as a small spot of brilliant white light by an ob-
server looking into the vacuum tube tangent to the orbit
and toward the approaching electrons. The light is quite
bright when the x-ray output of the machine at 70 Mev
is 50 roentgens per minute at one meter from the target
and can still be observed in daylight at outputs as low as
0.1 roentgen.

The synchrotron x-ray beam is obtained by turning off
the r-f accelerating resonator and permitting subsequent
changes in the field of the magnet to change the electron
orbit radius so as to contract or expand the beam to suit-
able targets. If the electrons are contracted to a target at
successively higher energies, the intensity of the light radia-
tion is observed to increase rapidly with electron energy.
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Fig. 5o. The “slassical” picture for the geometsy of synchrotron rediation emission (from Tumiuiinn

and Hartman (1956)). The sngular distridutior; (dipole patte.n) of emitted intensity Mwms & slow
elsciron on a cireular orbit (leht) is distorsed Mo 8 narrow cone in the instantameous divession of
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E (GeV) €y (nm. rad)

NSLS (USA) 2.5 80
Doris (FRG) 3.7(5) 270 (500)
Bessy (FRG) 0.8 40
Photon Factory(Japan) 2.5 130
SRS-HBL (UK) 2.0 100
SUPER-ACO (France) 0.8 40
SPEAR (USA) 3 450
CESR (USA) 5.5 200
PEP-LEO (USA) 7 < 10
L8 & 4
APS (USA) 7 7
ESRF (Franca) 6 T4
ALS (UsA) 1.5 5
Trieste (Italy) 1.5-2.4 < 1097
Bessy 11 (FRQ) [ 7 5

M ax I8 <SWecleh) 1.5 Z
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Magnetic undulator - '
(N periods)

Diffraction-
imited cone

Relativistic of x-rays
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beam
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-~ Permanent  steel (Fe) pole pieces
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ID10 Undulator Spectrum at 22.8 mm Gap
Si(220) Monochromator at 28.5m from source
Primary Slits: 0.4mmy(v), 0.5mm(h)
(measured with NaJ(Tl) and calib. Kapton foll,
corrected for absorption)
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Brightness Curves of
ELETTRA at 400 mA

= -
=2 1019} U5.6 Undulator
E = - !\ (3rd Harmonics
E 'g — ,/’ N \\ /

Cﬂ e \/\
S 4 1 Wiggl
8 = \* v 1gglier
Q:§ U12.5 Undulator | /
3 =101 '
: <

1 5
¥
Q.S
o 5 -«
g NE Bending
= Magnet
= . 10131
_—

o 1 1 |

10 102 103 104

Photon Energy (eV)






10<’}
107
10%"
1020
10"
10'8
10"7
1018
10"°
104
10"}
104
10"
10"

107

103

' L ]
200 mA Diff. Limit"

GROWTH IN X-RAY
2 ISOURCE BRIGHTNESS
(Photons/sec/O.1 ’/obw/sq.mm/mradz)

1st. Gen. Synch. Rad.

Cray 1 \

CDC 6600

7

3rd. Gen.
original design

2nd. Gen.

\

GROWTH IN LEADING EDGE
COMPUTING SPEED

(Millions of operations/sec;
l r l ' s ! F i

1960

102

§ 10’

10°

10
1970 1980 1990 2000

Calendar Year



Jol TX  Skea-X 3Jes T
yisC sheanx prob
.M._amm,MI—\ °
A0 O°¢
oV L V311313 w
A5 §F \ MgaNIID VIR
IIS A2D 2
43537 N2 2

o
V)
Cl_
d

v> a313dI4e
A2D bl
YRS . s 1Y

g Ve

‘dve fonciH
APD 3
] HONIFLS

v 3d0>% "os ‘bywHod
A*hz Sd

NIdIms ‘QNnT ﬁﬁw
Vi Fa AND s}

5 41
u.H)va.mm i XVH

R . 2 T T S £ S § S SRS 5 F 1 N A






if,

—y

Prasentationshulle
Transpuarency jacket




Properties of synchrotron radiation sources

TUNABILITY

BRILLIANCE

TRANSVERSE SPATIAL COHERENCE

POLARIZATION
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EX

18

parallel monochromatic
X-ray beam

Ad = An cot ¢

An ~ 105 -106

cotd > 1, p>45°




Experimental conditions at the ESRF BL HR detector
(film)

monochromator
source
)
D)EN
rO r.1
source size: S ~ 100um
source-to-sample distance: rh~50m = spatial coherence
U
angular source size: ~ 2yrad Arg/s = 50um (A=1A)

edge contrast ~ 1-10um
~ ~ 105 -10-6
¢~ An~10°-106= 1m from the sample
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X-ray imaging of the seashell "Peneroplis pertuses (Belize)"
at 18 keV

amplitude mode phase contrast mode
() cm) (10 cm)
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ELECTROMAGNETIC ELLIPTICAL WIGGLER

Main Parameters:

Period length 212 mm
Total yoke length 3322 m
Pole gap 18 mm

Vertical field Horizontal

field

Maximum field 0.59T 011T
amplitude
Number of poles 32 31

Measured field distributions at maximum current:
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ELECTROMAGNETIC ELLIPTICAL WIGGLER

Special features:

» double electromagnet: two field components contained in
the same yoke

» open sided structure giving easy access for magnetic
measurement, vacuum chamber installation etc.

» undulator and wiggler modes of operation, covering wide
operating range, 5 eV - > 2 keV

» helicity of the circularly polarized component can be
switched at up to 100 Hz

» programmable waveform for the horizontal field
component:

- d.c.
- trapezoidal. up to 1 Hy

- sinusoidal, up to 100 Hy
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Polarization degree

Polarization degree

Undulator mode
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Fig. 2. L,;-edge XAS and MCD spectra of cobalt. The
descriptions for figures (a)~(d) are the same as those of Fig. 1.
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