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Phys. Rev. 3L 822 (17%%)

Radiation from Electrons in a Synchrotron

F. R. ELDER, A. M. GURewITSCH, R. V. LANGMUIR,
AND H. C. PoLrock
Research Laboralory, General Electric Company,
Schenectady, New York
May 7, 1947

IGH energy electrons which are subjected to large

accelerations normal to their velocity should radiate
electromagnetic energy.r~* 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
successwely higher energles, the intensity of the light radia-
tion is observed to increase rapidly with electron energy.
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Fig. 5a. The “classical” picture for the geometry of synchrotron radiation ‘em:jss!on (f{(:mf':'::b:uz:

and Hartman (f956)). The angular distribution (dipole pattern) o.f emitte intensity o

electron on a circular orbit {left) is distorted into a narrow cone in the 'mstantancous B
motion for a relativistic electron moving with a velocity close to that of light (8 = v/c=1) {right).
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ID10 Undulator Spectrum at 22.8 mm Gap
$1(220) Monochromator at 28.5m from source
Primary Slits: 0.4amm(v), 0.5mm(h)
(measured with NaJ(Tl) and calib. Kapton foll,
corrected for absorption)
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Fig. 1. Energetics of photoemission from a metallic solid, showing schematically the electronic
potential, core levels, an adsorbate level, valence band (cross-hatched) and typical photoelectron
energy spectrum at photon energy hew. The work function @ and the inner potential W are indicated.

levels, and this applies to the study of atoms and molecules as well as solid
surfaces.

Other processes can contribute to the measured spectrum. The refilling of core
holes can provide enough energy to eject extra electrons (Auger electrons) which
are characterized by a fiw-independent kinelic energy. In the case of solids,
photoelectrons which have undergone an inelastic scattering can still be
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Fig.3.13. XPS spectra of the 3d, 3p, 3s, 2p3;, and 291/2 levels of Ni metal {3.10]. The
main lines have been lined up to demonstrate the constant distance of the satellite pos-
ition (even for the 3d valence band) B |
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Ni- metal, core photoionization
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Fig.3.14. Schematic density of states of Ni, indicating the origin of the main line and
the satellite for core ionization (c-!1); for valence band jonization see also Fig.3.19. The
initial state is c3d°4s and the two final states are c-13d%4s? (satellite) and c-!3d!04s

(main line); c denotes a core level, ¢! a core hole
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FIG. 1. Normal state (T = 95 K) EDC’s of Bi2212 along
various symmetry lines at values of the momenta shown as
open circles in the upper insets. The photon polarization A is
horizontal in each panel.
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by fourfold rotation about (0,0).



ho, €




Dic\mro(,SW\ | | @
)[\— C\

/ W>

— - (’K@) c‘
T 7

O

\
5%
H% t
S
RETEEARTARNEN

v

» /A (‘Ku) = Alb'saor?'t'-'-ov\ cocg-;c;..._f,."('
. . . — e kl"ie—s :
> ReLCA.'\-\.O\F‘SL.D \D w.n.\/L /VV\"-C-"QbLD\:LL C\ —

N = 4:,{" o‘ﬁ a—+o\~—s /uu,.Lt' V-oL-..u-n_-




D{ CLr OLSW

it o
) j
Q
N

\ u,u;_\' S u—(@c-c,e_,

'
|

+dr
ﬁPL\O"omS o—-bSorbc,cA ko"u’uv\ > G-I--‘--vl "t‘ Tt

CJM(% = - ._/V(%) S L N d=

(,Clﬂ(?:) _ NG"k /[ﬁ(?:)

(o &

W (0)= N,

- N- L
\-——-——> LNCE):L/\/;&

N =

- /T " Qen



11.3. ATOMIC ABSORPTION
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FIG. 1. L,;-edge XAS and MCD spectra of iron: (a) transmis-
sion spectra of Fe/parylene thin films, and of the parylene sub-
strates alone, taken at two opposite saturation magnetizations;
(b) the XAS absorption spectra calculated from the transmis-
sion data shown in (a); (c) and (d) are the. MCD and summed
XAS spectra and their integrations calculated from the spectra
shown in (b). The dotted line shown in (d) is the t\_:vo-step-hkc
function for edge-jump temoval before the integration. The p
and g shown in (c) and the r shown in (d) are the three inte-
grals needed in the sum-rule analysis.



