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|. INTRODUCTION Table Il

In addition to 44 straight sections of 5 m long, SPring-8 stor- Undulator parameters

age ring comprises four long straight sections of length 30 m.
These sections are prepared for insertion devices and highly bril-
liant quasi-monochromatic photon source is available for exper-
iments in hard X-ray region. In a simple minded expectation,
the brilliance of the undulator radiation is proportional to the
square of the number of the undulator period. So that we expect Xory
a 60 times higher brilliance from a 30 m long undulator com- __

x>

pared with a 4 m long undulator. According to a numerical cal- \
culation, however, it turn out that the brilliance is not so high as XS
expected. This is because thdlance is closely related to the N
emittance of the electron beam.
In this note we study the spectral properties of the synchrotron z
radiation from a 30 m long undulator. The decreasing rate of the
peak intensity of 30 m long undulator in terms of broadening of -
spectral band width by the electron beam emittance is larger than =
that of 4 m. To see this fact, we investigate the dependence of Z

radiation intensity on the electron bean emittance. In addition,# ~

the dependence on the transverse emittance coupling, i.e. the . . .
P Piing I'Elgure 1. Each straight line corresponds to a mean trajectory of

shape of the electron beam, is also studied. . L

The spectral formula used in the above investigation is & electron in an undulator. The outer dotted curves indicate the
. P : S 9 .~ envelope.
rived by means of the far field approximation. Since in thé
present case the undulator is relatively long compared to the gb- | .
serving distance, we estimate the near field effect in the radpgam into the spectral formula, we make convolution of spectral
tion intensity. formula with electron distribution [4].

Since a mean trajectory of an electron in an undulator is a
Il. SPECTRAL PROPERTIES OF RADIATION straight line, an electron beam is described by a gathering of

Period length 3cm
Number of periods 1000
K-parameter 1

straight lines (see Fig. 1). Giving a transverse positian yo)
FROM 30 M LONG UNDULATOR and a divergencéry, i) of an electron at some location in an
A. Spectrum of 30 m long undulator undulator, we can designate the mean trajectory. The distribu-

_ L tions of electron positions and divergences are determined by

In calculating the radiation from 30 m long un(_iulator, eleGne emittance and the Twiss parameters. In usual we place a
tron beam parameters are assumed to be the design values %H]St of a beam envelope on the center of an undulator so that
storage ring, which are listed Table . the Twiss parameters in the undulator are described by the beta
functions at the center of the undulafiy, andg,,. Hence the
distributions of electron trajectories in an undulator are given by
the transverse emittances and the beta funcifpnsind 8.

Figure 2 shows the angular flux density of the synchrotron

Table |
Storage ring parameters

B 8 GeV 9 : .

Bgzm Eﬂrerregri 100emA radiation from the 30 m long undulator at an observing distance
Total emittance 6.89 nm rad 50 m from the center of the undulator. To compare the spectrum
Transverse emittance coupling '10 % with that of 4 m long undulator, we show its angular flux density
Horizontal beta functio,,, 175 m in Fig. 3.

Vertical beta functior,o 195 m The peak value of the fundamental mode of 30 m undulator

is only about ten times larger than that of 4 m one, which is
expected to be 56.6= 1000%/133?) times larger in case of a
We also assume the long planer undulator to be a idealizgdgle electron. This is supposed to be caused by the broadening
one with the reasonable parameters given in Table II. effect of spectral band width due to transverse spread of electron
The spectral formula of the radiation from a single electrdseam. To see this fact, we investigate the dependence of the
in a planer undulator is well-known [1], [2], [3]. In order tointensity spectrum of the undulator radiations on the transverse
incorporate the effect of finite size and divergence of electremittance.
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Figure 2. An expected radiation spectrum from the 30 m 10fgyre 4. Effect of an electron beam emittance on the peak
undulator up to the third harmonics. intensity of fundamental undulator radiation. The emittance is
normalized by the design value. The solid line indicates the

42008 radiation from 30 m long undulator and the dashed line that from
_ - . 4m.
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Figure 3. An expected radiation spectrum from the 4 m long 100_001 0.01 Ol_l 1

undulator up to the third harmonics. Coupling Constant

Figure 5. Effect of the transverse emittance coupling on the
?‘é@k intensity of fundamental undulator radiation. The solid line

B. Dependence on transverse emittance

Figure 4 shows the emittance dependence of the peak ra
tion intensities of 4 and 30 m long undulators. We see that a
low emittance the intensity ratio is 56 as expected and that
intensity of the radiation from 30 m long undulator decreas%s D d th i ft it
more rapidly than that from 4 m. This is approximately ex-" ependence on the coupling ot transverse emitiances
plained as follows. In the previous subsection, we saw that the finite emittance

At a sufficiently low emittance, the broadening effect due tsignificantly reduces the intensity spectrum of undulator radia-
emittance is invisible and then the peak of the radiation intetion. Now we investigate the effect of the electron beam shape,
sity scarcely changes. On the other hand, at a large emittaneethe transverse emittance coupling, on the spectrum of undu-
the band width of the radiation spectrum is proportional to thator radiation. In Fig. 5 we plot the peak intensity of the first
electron emittance. The critical value of the emittance is detdiarmonic radiation versus the coupling constant of horizontal
mined by the band width of radiation spectrum from a singhnd vertical betatron oscillations. Figure 5 shows that the peak
electron. Since the band width of the radiation spectrum ofirtensity of flat electron beam is larger than that of round elec-
single electron is inversely proportional to number of unduléon beam.
tor periods, the longer the undulator is, the smaller the critical As shown in the previous subsection, the smaller the emit-
value becomes. Hence, the decreasing rate of the peak intentaitige is, the larger the peak value of the intensity spectrum is.
is larger for a longer undulator. If one makes the electron beam flat with keeping the total emit-

For the purpose of utilizing the long straight section effiance, the horizontal emittance increases while the vertical one
ciently, it is preferable to achieve an electron beam with lowdecreases. The increment of the peak intensity due to lowering
emittance. the vertical emittance overcomes the decrement owing to height-

icates the radiation from 30 m long undulator and the dashed
e that from 4 m.
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Figure 6. Geometry of near field case. 10 11 12 13 14 15
) ) ) ) Photon Energy (keV)
ening the horizontal emittance. Hence the flatter beam radiu...
the photon flux with the stronger peak intensity. Figure 7. Spectral intensity observed at a distance 50 m. The
solid line corresponds to the far field approximation and the cir-
D. Near field effect cles indicate the intensity including the near field effect.

Inthe abovelnvestlgatlonw_e usgd the far field app_r(_JX|mat| L S. Krinsky, M.L. Perlman and R.E. Watson, "Character-
where we assume the observing distance to be sufficiently la <t ¢ svnohrot Radiati d of Its S .
compared to the undulator length. If the observer is located at !,S Ics of synchrotron Radiation and O,, S Sources, In

o Handbook on Synchrotron Radiation” ed. E.-E. Koch
a finite distance from the center of the undulator, the observa- North-Holland Publishing C Amsterd 1983
tion angle varies as the electron travels from the entrance of the (North-Holland Publishing Company, Amsterdam, ),

: : p.65.
Eggtgstor tq the .eXIt (see F|g._§). The change of the obserﬁj H. Rarback, C. Jacobsen, J. Kirz and |. McNulty, Nucl.
gle gives rise to an additional phase difference to the fai Instr. and MethA266 (1988) 96

field approximation. In the case of the observing distance com- : )
parable to the undulator length, the near field effect should c—l R.P. Walker, Nucl. Instr. and Met#267 (1988) 537.
included into the radiation with a large angle between the obser-
vation direction and the electron mean trajectory.

Since electron beam has a finite divergence, some electron
trajectory possesses a large angle to the observation direction.
In the case of 30 m long undulator the length is relatively large
compared to the observation distance, so that we investigate the
near field effect on the undulator radiation of an electron beam
with finite emittance. Fig. 7 shows the angular flux density at an
observation distance 50 m, where the solid curve indicates the
far field approximation and the circles correspond to the inten-
sity with including near field effect. The spectrum shows that at
an observation distance 50 m the near field effect is negligible.

Although the near field effect is remarkable at a neighborhood
of the undulator exit, we can ignore the effect at a practical ob-
serving distance.

IlIl. CONCLUSIONS

In this note we have studied the spectral properties of 30 m
long undulator in SPring-8. The investigation of the dependence
of the radiation intensity on the electron beam emittance shows
that low emittance is preferable for the long undulator. It is
also shown that peak intensity radiated by flat electron beam is
stronger than that from round one. Although the the length 30
m of the undulator is relatively long, the near field effect can be
ignored for our practical observing distance about 50 m.
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