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Abstract

We aredesigning a synchrotrolight sourcededicated to
medical applications including an intravenowsronary
angiography for practical uses at a hospital.

synchrotron light source system is required toctmpact
for installation in a limitedspace ofthe hospital. The
system is alsaequired to beoperatedeasily asmedical
diagnostic deviceskor the energy subtractioncoronary

angiographyrequireddesign parameters of a storage ringnedical applications, but,

are circumference of about 45 m, 1.8 GeV electoergy
and astored beam currents ¢f0O0 mA. A multipole

values. Conventional X ray tubes canpodduceenough
photon flux to provide with intense monochromatic X
rays. Another newechniques studied &iSLS[6] on a
mammographyand abronchographyare expected tgive

Thbetter quality images which help fnd out cancers at

early stages. Stronglyocused Xray sourcesare able to
make magnification of X rayadiography largethan the
conventional one, so microscopic investigations
possible on examinee3here aremany options of the
of course, they must be
developed in complement with many other medical fields.
We mentionhereestimation of the photon flux for

is

wiggler with superconducting coils is considered to be ortbe medicalapplicationsandthe basic designand show

of key devices to realize r@quiredhigh photon intensity.

its layout.

A microtron with higher energy than that of commercially

obtainable onesould be a goodandidate of arinjector
for downsizing the whole system. Two optioriadam
lines are planned to be usddr clinical diagnoses, and
other beam lines of bending magnet® prepared for

2 ESTIMATION OF PHOTON FLUX

Intravenous coronary angiography using synchrotron
radiation is a powerfuland non-invasive diagnostic
method for findingout the coronary heart diseas&his

biology, physics,and other experiments to support theyecpnigue is one of the best studied method inntieical

clinical diagnoses. We report the design of toenpact
system for the medical uses.

1 INTRODUCTION

Medical applications of synchrotromadiation have
been researched atvarious synchrotron lightsource
facilities in the world. Intense monochromatic rays

applications. It has also many commtathniqueswith
other diagnoses,and requires intense photon flux
compared with the other applications. Atthese
backgrounds weook the energy subtraction coronary
angiography as the start point of the design.

Photon flux for the coronary angiography was
estimated with conditions as follows.

provided by the synchrotron light sources take manyl) Two dimensional animation of 30 frames per second.

advantages on X raynaging and medical diagnoses. A
coronary angiography is one of weludied techniques,
and has been clinically applied
HASYLAB[1] and KEK[2].

to examinees at

2) Exposure area is at least 150 mrh50 mm.

3) Each frame igproduced bysubtraction of two images
taken at a higher energy X ray exposarel alower
one with respect to aK-edge energy of a contrast

The applications are researched mainly in the facilities agent, respectively.

which have storage rings of electron enemgyre than 2
GeV. Because moshedicalapplicationsrequirenot only

high energy X rays, but also intense photon flux

comparedwith basic researchessuch as a structural
biology. High energyandlarge current storagengs are

4) Exposure time of each image is less than 2 ms, and an
interval time betweentwo exposures is less than 5
ms.

5) At least 50 % stricture of eoronary artery can be
clinically recognized.

necessary for satisfaction of the both conditions. Compag} Concentration of the contrast agent is more than 20 %

rings dedicated to the coronary angiograplere proposed
in a few papers[3,4]. But the compact ring for thedical

at the coronary arteries.
The first condition is as same as the conventional

applications is not well studied in comparison with thosangiography. The third one isecessary to avoid artifacts

for idustrial applications.

Our plan is motivated by a heavy iagadiotherapy
which has been beingarried out with carbonbeams at
NIRS since 1994[5]. Morgrecise heavyon irradiation

can be achieved with help of a monochromatic X ray CkeV. The calculated photon

from the imagedue to cardiacimpulses. The last

condition is acase of cathetenjection of thecontrast
agent from a central venous. lodine is clinicalsed as a
contrast agent, which haedge at arenergy of33.17
flux is 1.810"

scans.Becausdghe CT scans with the monochromatic Xphotons/sec/15 mrad with 0.3 % band width of 33 keV at

ray make a treatment planning of the heavy
radiotherapymore accurate bygiving more precise CT-
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io20 cm water equivalent bodthickness. Higherenergy

photonshave anadvantage ofess exposuredose on an
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examinee because déw absorption rate. Gadolinium (3ame asthic bottom
eam line of this fure)

could be a goodtandidate ofthe contrast agent of the
angiography, which has th&-edge at 50keV. We
calculatecthe flux at &10*in case ofthe Gd with the
same conditions. The Gd issed aghe contrast agent for
MRI, but sofar the concentration is too low to use for
the angiography. Nevertheless it is worth taking the new
contrast agent into consideration for the design. Rough
estimations of photon flux for the other applications, the
large magnification X ray radiography and monochromatic
Xray CT scan, preliminarilghowedthat flux wasorder
of 1 or 2 less than those of the angiography. It means tha¥\
about X10' photon flux is supposed to cover the  \
amount of photorrequired byother medical applications

we will try in future.

3 DESIGN AND LAYOUT OF THE
LIGHT SOURCE

3.1 Design parameters and Layout

We studied a few cases to searchitable design
parameters adisted in Table 1. We took aspace
limitation into the consideration of the design. So the
dimension of the ring is limited less than 435 nt.

Table 1 Design parameters

Bending Magnet
45T

| Microtron
300 MeV
10 mA

1 Multipole Wiggler| (3
8 T -9 poles Cj

|
13m ‘
\

RF davities

Pt mirror(8m from |
the source)

X ray shutter|

Crystal monochromatdr
(12m from the source)

Iltems Designed values

Beam energy 1.8 GeV
Beam intensity 400 mA
Circumference 44.8 m
Bending magnet 8

bending angle 5

radius 1.33 m

maximum magnetic field 4.5 T
Beam emittance 440’ mirad
Energy loss per turn (total) 1200 keV
RF frequency 508 MHz
RF voltage 2.0 MV
Microtron

beam energy 300 MeV

peak current 10 mA
Multipole wiggler 2

number of pole 9

maximum magnetic filed 8 T

period length 400 mm

Figure: 1 System layout of theompact synchrotron
light source for the medical applications.

3.2 Injector and Ring

A race-track microtron is preferred over a linaacelerator
because ofhe spacelimitation. In this design300 MeV
microtron through 21 recirculations with 10 maurrent
was studied. The microtron is operated in L-band
microwave instead of S-band for stable operation and
higher stored energyAccording to a nurric simulation,
beam transportatioefficienciesare almost 100%when
the emittance of injected beams from an elecgan is
less than 58 mmihrad. The final beam conditions are
chosen to be Ol mmirad emittanceand +*1%
momentum resolution to meet ring injection conditions
The ring consists of eighguperconducting bending
magnets to reduce the circumference. The bending
magnetsand quadrupolemagnets form adouble bend
achromatic latticeand nmake a dispersiorfree at the

The system layout is shown in Figure 1. The main ringtraight sections.Superconductingmultipole wigglers
has no booster ring fopreacceleration,but has a give strong magnetifield at the straight sectionsTheir
microtron as an injector. The ring has fdtee straight €dge effect changes the beam tunes during raising up their
sections for insertiordevices aswell as for injection €xcitation currents. The strength afiadrupolemagnets
device andacceleration RFcavities. There aretwo beam have to be continuously varied to keep the tunes constant
lines from the insertiondevices and a fewines from following the wiggler excitations. Qfand QD atboth

bending magnets.

sides of the wiggler are operated independentlyith

another QF and QD in order to ke@pfunction symmetry
with respect tothe wiggler. The operating point is
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v,=v,=3.25. There are three sextupole maghetsveen a andthe bending magnet at the full electron energy are

pair of bending magnets to correct a chromaticities.
When the wigglers areperated, the beam emittance
will become 0.5 mmimrad due to radiation dumping.

shown in Figure 2.

3.3 Beam lines for medical use

The maximum beam size is estimated 2.4 mi@.8 mm  There are two beam lines from the multipole wigglers for
in the wiggler magnets. A quantum life time is more thaglinical uses,and afew lines from the bending magnets
100 hours when the RF peak voltage is more than 1{§r basic researches and developments of new technique.

MV. Touchek life time is more than 100 hours at 1 A of

Large silicone crystal 0of311) as a monochromator

1.8 GeV Operation. A life time due to collisions with thegenerates X raywith a few tenth % energy resolution
residualgases in the ring is about 50 hoursder an with asymmetry reflection. Ibroadenthe beam vertically

average pressure of ¥B07 Pa.
Thermal loading can be a serious problencase of

to 150<150 mnt wide at theexamineeposition. Another
mirror is installed upstream of the monochromator to

the compact ring. The energy loss is 700 keV/turn at themove the higher harmonic components to less than 0.1

bending magnets and 500 keV/turn at the wiggleover

%. In this design, the transmissiefficiency is lessthan

density can be estimated about 8.4 kW/amthebending 60 % for 33 keV X ray. Introduction of a parabolic mirror

sections. In the wiggler magnets the radiation horizontallhould be taken into the consideration to cover wider solid
fans out 84mrad, so parts of the power dissipate on thgngle than 15 mrad.

side wall of the beam ducts. Some special structbeadn
duct which has thermadumper and effective cooling
system is necessary at thendingmagnets. Thehermal
loading of the wigglers can be reduced by widening Iaterﬁl
size of the beam ducts.

4 SUMMARY
The light sourcedesigned here ispplicable to the

Igher energy angiography using the gadolinium contrast

agent. It meets to a tide of using higlesergyphoton in

3.2 Insertion device and photon flux

the medical application to give the low exposudose.

But there are some technical problems to be solved, such

The multipole wiggler is an essential component Qg thermal loading. This design shouldeteborated more
obtain high photon flux. Design of the wiggldepends , oyercomethe problemsand to realize the stable

on design othe ring, and vice versa. Westudiedsome
cases to determine the designs of the wigatetithe ring
under conditions of enough photon fluxand less
contamination of higher harmonic components of 33 and
50 keV which deteriorate image qualities.
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Figure: 2 Photon flux spectra produced by the &pple
multipole wiggler and the bending magnet. 9
We put a limitation of the contamination ahird
harmonics at 5 %. The wiggler has 9-pole witkriod
length is 400 mmandmaximumfield 8 T, that gives a
critical energye.=17.2 keV at 1.8 GeV ring operation.
The flux of 33 keV X ray is 2210" photons/sec within
0.3% band widthand 15mrad,and 10" photons at 50 6
keV. The third harmonics is about 3.5 % and 0.5 % of the
amounts of 33 keVand 50 keV photon, respectively.
Energy spectra of the photon flux produced by the wiggler

[5]
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important information on their
angiography and Dr.
discussion on the lattice design of the ring.

operation with the long lifetime for the clinical use.
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