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The synchrotron photon from bending magnets and insertion devices
(undulator and wiggler) plays an important role not only for scientific
research but also for heat generation on the optical devices in a beam
line for a high briliiant synchrotron photon facility. This paper de-
scribes the flux and power spectra of the synchrotron photon from bend-
ing magnets and insertion devices in a 8 GeV storage ring (electron beam
current of 100 mA). The numerical studies show the following results.

(1) The peak power density from a bending magnet is 1.33 kW/mrad?
in the horizental plane.
The storage ring having 96 dipoles radiates the total power of
835 kW.
(2) The energy shifter increases the critical energy to 127.7 keV at
the magnetic field of 3 tesla, |
{3) The multipole wiggler can yield the maximum photon flux of
1.5 x 10!% photons/sec 0.1% band width.
The total radiated power from a wiggler with the peak magnetic
field of 1.0 tesla and the length of 4 m is 16.2 kW.
The peak power density is 178 kW/mrad? in the forward direction.
(4) The undulator with the length of 2 m and the peak magnetic fieid
of 0.4 tesla yields the total power fo 1.3 kW,
The power density in the forward direction is expected to be
between 100 ~ 200 kW/mrad?, depending on the undulator period

and gap.
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{NOMENCLATURES }

Bry : bending magnet field,

B: . peak magnetic field of undulator,

Bfg . brightness of photon from bending magnets,
B?E : brightness of photon from wigglers,

¢ . speed of light .

e : electron charge,

E. . : photon energy of nth harmonics.

E, . electron beam energy in storage ring,

E. : critical energy of photon,

F.(K) : function defined by eq.(26) .

F(yy) : function defined by eq.(3) .

Fﬁ? : photon flux from bending magnets,

F/it . photon flux from wigglers,

Fi’N . photon flux from undulators,

fx(y8.yy) : function defined by eq. (32),

G(K) : function defined by eq. (30),

H(yy) : function defined by eq. (8).

I : electron (or positron) beam current,

K : deflection parameter,

Luv : undulator length,

Lgy . length of a bending magnet,

n : harmonic number,

n. . number density of electron,

N : number of undulator period ,

P : power radiated at all wavelengths,

P:.:2f : total power radiated from a bending magnet,
Pioiii : total power radiated from a wiggler,
Ptmg§ : total power radiated from an undulator,
d:P/dQ . angular distribution of pover,

Q.(K) : function defined by eq.(22),

R(y.6) : function defined by eq. (19),

W. : surface power density defined by eq. (33),
y : direction of undulator magnetic field,

z . direction of electron travelling,

3 : electron velocity divided by speed of light,

B: . betatron function in horizontal direction,

Vil
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By, : betatron function in vertical direction,

v : Lorentz factor, electron energy measured in units of the
rest mass of electron,

40 ! undulator periecd ,

4 : photon wavelength,

£c¢ - minimum beam emittance in Chassman-Green lattice .

¢ ! function defined by eq. (4),

oy  rms width of the vertical angle,

n : radius of curvature corresponding to the peak field By,

pgy - bending radius,

f : polar angle relative to z axis,

@ ! deflection angle of a bending magnet,

¥ . polar angle of electron beam relative to y direction,

viil
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1. INTRODUCTION

This preliminary report is intended to present an information on
flux and power spectra from bending magnets and insertion devices
(undulator and wiggler) at a 8 GeV storage ring. It is expected by
using these informations that much closer interaction can be
established between users and the accelerator physicists.

The photon from bending magnets and insertion devices can have
important application in solid-state spectroscopy, molecular
physics., biology and photochemistry. The requirement of various
scientific and technological research includes the need for photon
with high intensity, specific polarization characteristics, a few
micron-sized source, extremely narrow opening angle of photon,
tunability of the energy from soft to hard x-rays' ",

We presented the characteristics of undulator sources,i.e.
magnet and gap of undulator, tunability from gap variation,
brilliance and source size, photon sources for Mossbauer nuclei,
in the previous paper(a.

When a very brilliant photon beam is delivered, a large amount
of radiated power is also delivered, concentrated in an extremely
small solid angle from the low-emittance 8 GeV storage ring. This
power need to be handled in a beam line by various elements such as
absorbers, masks, filters, pinholes, window and the optical devices
(mirrors and monochrometor crystals).

In this report, we describe the characteristics of photon sources
from bending magnets and wigglers in chapter 2 and 3, respectively.
Flux and power spectra from undulators is discussed in chapter 4.

Conluding remarks is given in chapter 5.
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2. PHOTON SOURCES FROM BENDING MAGNETS

2.1 Flux

The photon from a bending magnet has a uniform distribution in
the horizontal (xz) plane. 2z is the direction of electron travelling
(Fig.1). In the vertical direction v, the brightness
(photons/(sec mradf mrady 0.1%band width mA)) is a function of
angle ¥, and is given by’

B~ 1 .327><10‘°E£<Gev>%?<w>. (0

where E, 1n GeV is the electron (or positron) energy. E, in keV is
the photon energy and ; is presented by 1957 xE,. Figure 2 shows
the brightness of photon from a bending magnet for the electron beam
energy E;, = 8 GeV and the beam current of 100 mA. E.(keV) is the

critical energy and is given by
F.=0.B65E5(GeV B (T . (2)

vhere Bpy is the bending magnet field. Figure 3 gives the critical
energy of photon from a bending magnet as functions of the bending
field and the electron beam energy. The critical energy is 25.54
keV for Bsy = 0.6 tesla and E, = 8 GeV. F(yy) is described by

Fyd = () 31+ 0 KT s (O + (L () 5K 5(¢) (3)
and
E . L 3-‘-‘3
$= () (14 () 5=, (4)
- ZEC N .}4’) .

Figure 4 plotts {EEJEEJF{yw) as functions of E,/E. and ¥. K3 and
K:/3 are Bessel functions of fractional order . Figure 5 shows Bessel
functions of Ki:z and K. For bending magnets. the angular
distribution is independent on the horizontal angle &.

The flux distribution F;,, (photons/(sec mradf® 0.1% band width
mA)), integrating the brightness over the vertical angle i, is given
byCSJ

ix=2.46x 101", (GeV %prKa/sf_y')dy. 5)
O E

Figure 6 presents the flux distribution of photon from a bending
magnet as a function of E,/E. for the 8 GeV electron beam energy

and the beam current of 100 mA. Figures 7 and 8 shows the functien
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Ks,3 and the integral Gu(y) 4',[ Ks/5(y)dy.

The rms width of the vertical angle, o;, can be approximated as

kY

G¢=O.%5<Ep/E:c)_0'4Z57_] ] (6)

2.2 Pover spectra
The power radiated at all wavelengths as a function of angle

to the orbit is described by"’

AP _ 0 0124 (GeV Bay (TIH 74 (W,/mrad8 mrady mA) ,

d6dy
-0. 0413’3%(&3“ B GeVipoy)  (W/mradd mrady mA) . o
where
Hw) = (155 2 (T+B AR /(1 4+77%)) /18, (8)

and pgy is the bending radius. Figure 9 shows H(yy) as a function
of yw. H( =2) ~ H(yy = 0 /36.
The power at ¥ = 0 1s given by

dBdJ(w 0)= 5.43x 10 °EL(GeV)Bey(T) (W/mradd mrady mA) . (9)

E, = 8CeV, Bgy - 0.6 Tand I = 100 mA yield the power dP,/dody(y=0)
= 1.33 kW/mradd mrady radiated in the horizontal plane. We obtain
the total radiated power from a bending magnet which is discussed

in appendix 2.
P =1.283B(T)E5(GeV:L(m) (W/mA). (10)

where Lgy is the length of a bending magnet. E, = 8 GeV, By = 0.6
T, L=3mand I = 100 mA presents the total radiated power Pnng? =
8.7 kW. Symmetric periods, 48, of the storage ring lattice provides
the radiation from each bending magnet with the bending angle of 65
mradf. Thus. the radiation produces the total power integrated over
all y of 8.7/65 = 133 W per mradf. It is important to recognize that
the power is 133 W/mradf, whereas the peak power density (y - 0) is
1.33 kW/mradOmrady. The ring having 96 dipoles radiates the total
power of 835 kW.
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Radiation from
a bending magnet

Fig.1 Electron trajectory and coordinate system at a bending

magnet..

Eb = BGeV
Bending magnet
I = 100 mA

Brightness ( photons /sec mrad® 0.1% band width)

1010 [ 1 | |1 |t !
17 10° 102 10" 1 10

E/Eg

Fig.2 Brightness of photon from a bending magnet with the
electron beam energy of 8 GeV and the beam current

of 100 mA.
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Fig.3 Critical energy of photon from a bending magnet as
functions of the bending field and the electron

beam energy.

100 | ! ' | I T T I i T

Tol 107 1072 10" i 10

Fig.4 Plotting of the function (E%/EE)F (y¥) as functions of
E,/E. and .
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Fig.5 Bessel functions of X, and Ky/3.

Flux {Photons /sec mrad® 0.1% band width )

107 Ep=8GeV .
B Bending magnet N
[ =100mA
1011 |
10'° L1 - L1 L | _
10 10° 10° 107" | 10
Ep/ Ec

Fig.6 Flux distribution of photon from a bending magnet as a
function of E,/E. for the electron beam energy of 8 GeV
and the beam current of 100 mA.
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Plotting of the function H(y¥) as a function of .
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3. PHOTON SOURCES FROM WIGGLER

The critical energy of photon and the flux can be increased by
introducing a wiggler in a straight secticn of a ringf“. Two types
of wigglers can be considered: the energy shifter and the multipole
wiggler.

When one wants to increase the photon energy without increasing
the total radiated power from a wiggler, this is accomplished by
designing a wiggler made up of a single magnetic period with a large
magnetic field By. Such a wiggler is usually referred to as an
“energy-shifter”. On the other hand, when one would prefer to have
a high flux wiggler with a low value of E., this is of special
interest for applications where higher photon harmonics are
detrimental to the investigation. This so-called "multipole wiggler

" can be designed by incorporating multiple periods with low Bo.

The energy shifter increases the critical energy of the radiated
spectrum to a value higher than the bending magnet critical energy.
For the 8 GeV storage ring, the critical energy is given by

Ec(keV)=42.56Bo(T). (1)
Figure 10 shows the critical energy of photon from a wiggler as a
function of magnetic field. Bo = 3 tesla gives the critical energy
of 127.68 keV. The energy shifter usually has 3 poles, with the
field of the outer two poles weaker than that of the central magnet.
The outer poles act as compensating magnets to match the electron
(or positron) trajectory with the ring. The energy shifter is buiit
vith either Nd-Fe-B magnets or super conducting magnets., depending

on the desired critical energy.

The multipole wiggler on a 8 GeV storage ring is expected to be
a low field device (0.5 ~ 1.5 T). These fields can be obtained with
the current hybrid magnet technology. The number of periods may vary
from 10 to 40, depending on the application and the heat loaded
handling capabilities of the optics. Wigglers are distinguished
from undulators both by a large value of XK and by a high harmonic
number n. The spectral peaks of wiggler photon from neighboring
smear out because of electron beam emittance effects. The spectral

and angular distributions of photon from wigglers become similar to
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those of bending magnets, except for a 2N-fold increase of intensity.

3.1 Flux
The brightness of photon for wigglers is multiplied by an
additional factor 2N to the equation of a bending magnet.

B¥iC~1.327x10""EL (GeV) qj%‘f—’f“c;yvp) x2N. (12)

| Figure 11 shows the brightness of photon for wigglers with the
periods of N = 40, in the horizontal plane of ¥ = O at E, = 8 GeV,
I =100 mA. For wigglers. the angular distribution extends to angle
6, where & = K/y. Here vy = E;(GeV) x1957. The deflection parameter

K is given by

K - %«’_1% - 0.934Bois. (13)

where p is the radius of the electron( or positron) trajectory, By
is the peak field of undulator in tesla. Integrating the brightness

over the vertical angle , the flux distribution F;,; is given by

E ® .
Ffi6~2.46%10"%E, Gev) 2o Jeksatyray. (14)
E.

Figure 12 shows the flux of photon for wigglers with the periods of
N =40 at E,= 8 GeV and I = 100 ma,

3.2 Power spectra

The photon from a wiggler source has both y¥ (yz plane) and 0 (xz
plane or orbital plane) distributions. The coordinate system is
shown in Fig.20 in the following chapter. In designing optics and
solving heat load problems, it is essential to evaluate the power
densities. The power from a wiggler at 6 = 0, integrated for all
Y. 18 calculated identically to the bending magnet photon. For a
viggler with 2N poles (or N periods)

%%{8=0)=8.45x10*%ﬁ(GeV)BoﬂHI(mA)N ‘W/mradé) . {15}
Here we used the integralf&,
- ‘! 14=.2_._,1..
[Hcwiay-2- L. (16)
The total radiated power for a wiggler of length L is given by

Pl q (W) =0.633F5(GeV B3 (T) I (mAYL(m) . (7
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or by
Pt (W) =7.25%x 10 FK"NI Rq. (18)

F, = 86GeV, B = 1.0T, I =100 mA and L = 4 m yields the total
radiated power for a wiggler to be 16.2 kW.
The angular distribution of photon in the horizontal and vertical

planes is represented by
EEE(W 6:=0 0248Eﬁ&NIR($ 8 (W /mradd d) (19
ag (v 0r=0. ;BoNIR(). 8 (W/mradt mrady) .

with RO/ = HO¥ cos(sin '(v6/K)) ©'. Figure 13 plots
cos(sin"'(yB/K)) as a function of 6 and K for the 8 GeV electron beam
energy. For K = 20, the angular distribution of photon is limited
to the angle 0 less than 1.28 milliradians in the horizontal plane.

The peak power per unit solid angle is
2 - . .
%cw:o, 5207 =1.085x 107 2Bo(T)E}(GeV3 I (mAIN  (W/mrad?) . 20}

E, =8GeV, Bo = 1.0T, T = 100 mA and N = 40 presents the peak power
density of 178 kW/mrad® in the forward direction.

Figure 14 plots angular power distributions of photon from a
multipole wiggler with K = 25.2 and By = 1.6 T.
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Fig.10 Critical energy of photon from a wiggler as a function

of magnetic field.
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1015_

Eb = 8GeV

Brightness (Photons /sec mrad® 0.1% band width)

1
10" Wiggler 7
1 =100mA ]
3 N =40
10 -
10” i1 | 1 11 L1 1
107° 1073 1072 10 1 10
Ep/ Eg

Fig.11 Brightness of photon from a wiggler in the horizontal
plane for the electron beam energy of 8 GeV, the
beam current of 100 mA and the undulator period of 40.

;g 10 T - . T —
:_g . -
2 15 i
S 0% )
S
[} .
S
g 10 Eb_: 8 GeV 7
& - Wiggler - 7]
§ I =100 mA
5 10°- N=40 -
& | -
L 12
IO | i | | I | [ | [ [
ot 100 1072 10" 1 10
Ey/ Eq

Fig.12 Flux of photon from a wiggler with the periods of 40
for the electron beam current of 8 GeV and the beam
current of 100 mA.
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Eb = 8 GeV

Cos [sin™ (Y8 /K) 1

2.0 x1073

© (radian)

Fig.13 Plotting of the function cos(sin"(yWK)) as a function
of 6 and K.
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Fig.14 Angular power distributions of photon from a multipole

wiggler with K = 25,2 and By = 1.5 T.
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4. PHOTON SOURCES FROM UNDULATOR

4.1 Flux

Let us assume the undulator to be L meters long and to have N
periods, each Ay cm long. With the observer far away from the
undulator, the total photon flux (angle integrated) along the
undulator axis in the n-th harmonic energy is given by

Fil n=1.431x 10" NI (mA) Qu (K) (SHINEE 2, @1)
cOos

2

where the function Q.(K) is given by

o KZ . Lo
Qu (K== (20 —d oty 2(C)5, (22)
1+ 2 % (n=1)/ ,
and
Z
1+K22

Figure 15 shows Q,(K) as functions of harmonic number, n., and
deflection parameter, K.
The unit of Fiu.y is photons/(sec 0.1% band width). For an undulator

with a large number of pericds N,

Fili n = 1.431x10''NIQ.(K) = 270r"BlYy.0. (24)

where Brhfﬁ is described by(6>
B, 0 = 4.555%x 10 NF, (k). (25)

and og = (A/L)""* (where i is the photon wavelength and L is the

undulator length.). The function F,(Kk) is given by

g G R u SR FPIEYS S S SRR L (26
(1+K-,2)-
where
K4 en
{(1+K“/2)

Figure 16 shows the flux of photon as a function of K at E, = 8 GeV, I
= 100 mA and N = 40. Figure 17 presents the flux of the fundamental
harmonic photon as functions of the undulator period, 4o, and the
ratio, G/in., of the undulator gap to period at E, = 8 GeV, L = 2 m
and I = 100 mA. Figures 18 and 19 show the flux of the fundamental

and third harmonic photon, respectively, as functions of photon
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energy and the undulator period at E, = 8 GeV, L = 2 mand I = 100
mA. Maximum flux of photon is obtained to be the order of 10"
(photons/sec 0.1% band width ).

4.2 Power spectra

The angular distribution of the energy integrated power ,d°P,dq,
is important in the design of optical elements for high brilliance
synchrotron photon sources. For electrons following a sinusoidal

trajectory. dzP/dQ is expressed in a general formula'”

&P iy es L AP o 217 g
o (W/rad’) = g =Phiea Tar GO fr (70, 79) 28

where Pi.;'} is the total power (integrated over angles and energy)

given by
PN, 1 (W =0, 6337 (GeV)BI(T L(m I (mA} . ' (20)

Figure 20 shows the electron trajectory and coordinate system. The
electron moves on a sinusoidal trajectory in the horizontal plane
x-2. 0 and ¥ are the angles of observation in the horizontal and
vertical directions. respectively. E, = 8 GeV, By = 0.4 T, L =2 m
and I = 100 mA yields the total power Pioiqi = 1.3 kW, Figure 21 shows
the total power of photon as functions of the fundamental harmonic
photon energy and the undulator period at E, = 8 GeV, L = 2 m and I
= 100 mA. The total pover increases with large ..
G(K) is a normalization factor given by

K6+-2-74:K4+4K3+L7@
GK) =K : (30)

Bl

(1+KH 7~

Figure 22 shows G(K) as a function of deflection parameter K.

fi(y0.¥y) is a factor which gives the angular dependence as follows:

, . T 4{vB-Kcosa)® ., . o o
R 31

vhere D = 1 = (yW}z + (yechosa)i. Figure 23 shows the function U
in the integral of eq. (31) at 6 = 0 and ¥ = O,

Uﬁ(E%u-éig%%ﬁgl—;singa. ' (32)
The function U has the nonzero value near o = -7/2 and 7/2. The

function fy is normalized so that fx(0,0) = 1.

Figures 24 through 26 show the function fyx(y6,0) as functions of
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K, 8 and v0. fx(79,0). extends over the region of angle & - K/v.
Figures 27 and 28 show the function fy{(0,yy)) as functions of K, ¢
and the electron beam energy E,. f{x(0.yy) does not depend greatly
on the value of K. but on the electron beam energy. The power

density in the forward direction is
%%%(O,O>==10.84BQ(T}E4(GeV)I(A)NG(K) ‘{W/mradﬁ). (33)

Figure 29 presents the power density of photon in the forward
direction as functions of the fundamental harmonic photon energy
and undulator period at £, =8 GeV, L=2mand I = 100 mA. The power
density in the forward direction is expected to be between 100 ~
200 kW/mradB. depending on the undulator period and gap.

Figures 30 and 31 plot the angular power distributions of photon
from undulators, varying K as a parameter. As K increases, photon
diverses to wide range of angle 4.

It is often useful to consider the power distribution on a surface
located S meters away from the center of the ID(insertion device).
The normal radiation impinging on a surface can be defined by peak

surface power density W. (in W/mmz) which is given by

- OGP 50401/
We = B 9-0.4-0)/8%, (34)
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Fig.19 Flux of the third harmonic photon as functions
of the photon energy and the undulator period for the
electron beam energy of 8 GeV, the undulator length
of 2 m and the beam current of 100 mA.
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Fig.20 Electron trajectory and coordinate system in an
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Fig.21 Total power of photon from an undulateor as functions of

energy of the fundamental harmonic photon and the
undulator period for the electron beam energy of 8 GeV,
the undulator length of 2 m and the beam current of 100

mA.
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Fig.24 Plotting of the function fx(v8,0} as functions of K
and 6.
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Fig.2 Plotting of the function fx(v0.0) as functions of K
and 9.
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Fig.26 Plotting of the function fx(y9.0) as functions of K
and v6.
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Fig.27 Plotting of the function fy(0.yy) as functions of K

. and the electron beam energy.
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Fig.28 Plotting of the function fx(0.yy) as functions of K

and yy.
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Fig.Z9 Povwer density of photon in the forward direction as
functions of the fundamental harmonic photon energy
and the undulator period for the electron beam energy
of 8GeV , the undulator length of 2 m and the
beam current of 100 mA.
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Fig.30 Angular power distribution of photon from an undulator
with the value of K = 2.92.
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Fig.31 Angular power distribution of photon from an undulator
with the value of K = 0.90,
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5. CONCLUDING REMARKS

This paper described the flux and power spectra of the synchrotron
photon from bending magnets and insertion devices in a 8 GeV storage
ring{electron beam current of 100 mA). The power spectra plays an
important role for heat generation on the optical devices in a beam
line for a high brilliant synchrotron photon facility. The numerical
studies show the following results.

{1) The bending magnet with the field strength of 0.6 tesla
provides the critical energy of 25.5 keV and the maximum
photon flux of 1.8 x 10" photon/sec 0.1 % band width.

Each bending magnet with the bending angle of 65 milliradians
produces the total power of 8.7kW. The power integrated
over all vertical angles is 133 W/mrad, whereas the peak power
density in the horizontal plane is 1.33 kW/mradz.

The storage ring having 96 dipoles radiates the total power
of 835 kW, '

(2) The energy shifter increases the critical energy to 127.7
keV at the magnetic field of 3 tesla.

{3) The multipole wiggler can yield the maximum photon flux
of 1.5 x 10'° photons/sec 0.1 % band width.

The total radiated power from a wiggler with the peak magnetic
field of Bo= 1.0 tesla and the length of 4 m is 16.2 kW.

The peak power density is 178 kW/mrad® in the forward
direction.

{4) The undulator with the length of 2 m can provide the flux
of the fundamental and third harmonic photon te be in the
order of 10" photons/sec 0.1 % band width.

The undulator of the length of 2 m and the peak magnetic field
of 0.4 tesla yields the total power of 1.3 kW.

The power density in the forward direction is expected to be
between 10C ~ 200 kW/mradg, depending on the undulator
period and gap.

The angular distribution of synchrotron photon from inserticon

devices is important because the width of the undulator spectra is
broadened due to electron beam divergence. In the following the

angular broadening of the peak will be studied.
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Appendix 1 Beam Emittance and Storage Ring Lattice

To achieve a small electron emittance, the double focusing
achromat lattice, so-called the Chassman-Green lattice has been
investigated. The ideal minimum beam emittance in this lattice type
assuming small bending angles and an 1isomagnetic ring with the

damping partition number J, = 1 can be given by(“
ceo(m - rad) =5.036x 107 Pk (GeV 8% (deg) . (A1)

This equation shows the cubic dependence of the beam emittance on
the deflection angle © of a bending magnet and the square dependence
of the beam emittance on the electron {( or positron) beam energy.
This point leads to small deflection angles of the bending magnets,
that is, the ring lattice with many unit cells, in order to achieve
a small beam emittance. In figure A.1, the ideal minimum beam
emittance and the cell number in a storage ring are shown as
functions of the bending angle and the electron ( or positron) beam
energy. The storage ring can have a similar minimum beam emittance
2.2 ~ 2.3 nm-rad for the cell numbers 36, 40 and 44 in the ring
energies 6, 7, and 8 GeV, respectively. For the cell number of 48
in a 8 GeV ring, the ideal beam emittance is obtained from (4.1) to
be 1.7 nm-rad.

In the actual ESRF lattice, the beam emittance is expected to be
larger by a factor of three than the ideal one calculated from eq
(A.1).
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Appendix 2 . Bending Magnet in a Storage Ring

If an electron is moving in a circular path in magnetic field

Bgy. the radius of curvature of the electron trajectory 1is

 3.335E,(GeV)
DpyiM) = Bay (T) . (Az)

1

and the energy radiated per turn is'

88.5E¢ (GeV)

T = )
Pexim) 2.65E8 (GeV)Ben(T) . (A.8)

Up(keV per electron turn) =

The length of a bending magnet, L, is related to the deflection

angle, @, of a bending magnet and is given by

Lim) = pgy(m’ -%@. (A4

Figures A.2 through A.4 show U,, Bgy and L as functions of the bending
radius, p., and the electron beam energy .E,. The power in kW
radiated in an electron storage ring at energy E, and current I(A)
is

88.51 (A)Ef(GeV)

Y = 2.65E8 (GeV)I(ABs(T). (A.5)

P(kW: =

The ring current in amperes is related to the number of electrons

and to the revolution frequency,

I¢A) e n.e
—_—— o = —t= (
10 n.&f S ‘A.8)

P is multiplied by IO{UZK to give the equation“>
P(W /mradf)=14.09EL(GeV) I (A} /ppym) . (A.T)

P is multiplied by @ to obtain the total power intercepted from arc
@

Px0Q =1.963FF(CeV)Bay(T)L{m)I(mA). (A.8)

REFERENCES
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Fig.A.4 Length of bending magnet as functions of the bending
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