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Scheme Design of the Mini 5 Lattice ard Research
to the Longitudinal Microwave Instability

Name: Li Guangxigo
Supervisor: Fang Shouxian

Degree: Doctor

ABSTRACT

Different mini~#8 schemes for Beijing Electronm Positron Collider
(BEPC) arc studied through detail investigation into the BEPC operation
(low — beta) lattice and the boundary condition for mini— § insertion. With
the prerequisite of applying single 1P colliding to the mini— B lattice de-
sign, LM configuration which has mini~ p inscrtion only in the Southern
IP is preferable to the MM one which has mini —f insertion in both South-
crn 1P and Northern IP since that LM configuratior is more flexible in ad
justing lattice paramctsrs and has flarger dynamic aperture. The
Eiectromagnet mini—beta scheme and the permanent magnet mini— f
tccheme with LM configuration are designed. Comperison between the
clectromagnet mini— # scheme and permanent magact mini— f  scheme
demorstrates that tie permanent magnet mini— #  scheme has many advan-
teges over the clectromagnet mini~ B  scheme, such as climinating the
shiclding between the inscrtion quadrupoles and the detector, simplifying the
installation and adjuetment of the insertion quadrupoles and saving ex-
peises,

Through the study of different magnet patiern in the Northern IP re-
gion, the preferred patiern is the onz that the Northern IP region is kept the

same as that of the low— f§ scheme. The permancnt magnet mini— f
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scheme is optimized with the working point of v = 5.8, v, = 6.8, and with the
natural lxorizdntal emittance to be 0.66 mmmrad. The computing results and
the simulated test shows no difficulty with the permanent magnet mini- beta
scheme in energy ramping. A simple simulation of particles injecting into the
ring indicates no aperture problem in accumulating and the investigation into
beam scparation and affection to the synchrotron dedicated operalion points
out no problem.

A new method, called the imaginary focusing, for shortening the zero
current bunch length and weakening the longitudinal microwave instability
or fast bunch lengthening is investigated in order to help the using of
mini— B scheme. An imaginary lattice for BEPC is calculated and its
properties are compared with the conventional lattice.

The potential - well effect and the longiiudinal mode coupling of the
mini— B mcdel, th: imaginery m.del and the present operation modet
arc computed with a broad bend impedance. The calculated threshold cuzrent
for the present operation mods! incets the actue! velus when the error of the
celculated model is not large enough to distort the calculatiou and the thresh-
cld current of imagirary model shows much higher than that of the
conventicnal one, The further study of microwave fast blow up also makes
ciear that tkere is no microwave fast blow up in an imaginary storage

ring if the impedance is broad band impedance or a pure capeacitor.
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Effect of Interfacial Roughness of Multilayer on
X —ray Reflecting and Scattering

Name: Wang Jun
Supervisor: Zheng Linsheng

Degree: Doctor

ABSTRACT

A synthetically grown multilayer structure can produce normal inci-
dence reflectance of tens of present at X--ray wavelengths, several orders of
magnitude greater than the reflectance of a single surface( 10— 4). This prop-
erty has spurred the development of a new class of reflection optics for
ihe soft X— ray, and it is used in many applications, such as X —ray
astronomy, microscopy, plasma diagnestics, X—ray lithography optics and
X-ray optics of synchrotron radiation. The artificial multilayered struc-
tures have a range of unique optical, electrical, magnetic, mechanical, and
superconducting properties different from cither of the component materi-
ai8. Such piopeities dcpcn@ on atomic— scale interfaces at the layer bound-
aries. For example, the inzérfacia} roughaess lcads to a loss ¢f specular
refieciivity, which i detrinzental (a both imaging sud spectrescopy apolica-
tions. This loss of specular reflectivity appewurs as an increase in the
aiffusely scattered radiation, leading to a loss of contrast in imaging
system. The interfacial roughnsss not ouly affects ike properties of
multilayer structure, but also presents in ail multilayer fabricated by any
method. Therefore, it is esscntial and of practical importance for under-
standing and controlling the physical properlies of multilayers to determine
the deiailed structure of the interfaces and its effect.
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In this thesis, we present the sources and mathematics description of
the interfacial roughness. There are a number of possible causes to induce
the imperfection of interfaces. To make clear the sources is helpful to have a
cdear knowledge on the interfacial roughness. Giving a definition of interface
and mathematics description of the roughness, it is the first step to s_twdy the
effect of the interfacial roughness on X — ray reflecting and scattering.

Many works about the effect of the imperfection of interfacial
roughness on X —ray refiection can be found c.lscwhere. By multiplying
reflectivity of a perfect multilayer with a Debye — Waller factor, it is the sim-
pie and usual method to deal with the reduction of reflectivity caused by the
inlerfacial roughness, The method is assumed that the distribution of
heights of onec or the other material at cach interfaces is a Gaussian
and average interfacial roughness is the same for each interface. Therefore,
this method simply teils us a total average roughness of a multilayer.
It 15 seldom considered the impaction of the difference of the
interfacial roughness between interfaces A/B and B/A due to- the
alternating deposition of hzavy and light elements. In this thesis, based on
kinematical X-—ray diffraction theory, a distribution function of
interfacial roughness in the reciprocal space is introduced in a formula of
a structure factor. Considering that the interfacial roughness of a light ele-
ment A on a hcavy element B is different from the one in the inverse or-
der, a new correcting factor different from the Debye — Waller factor is ob-
tained. According to various distribution, different distribution functions can
be used for the calculabon. When the Bragg condition 1s fulfilled, the calcu-
lated retlectivity 15 not equal to zero, this point can not been obtained by
use of the usual method with a Debye — Waller correcting factor. A fitting
15 made to the experiment result of 6* W/Si sample, and the result is satis-
factory. In order to eliminate the systematic error caused by zero point

calibration of incident angle, we use the difference of two diffraction peak
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positions for the determination of pericd oi a mulliiayer.

X —ray scattcring 18 an elfective technigue for characienzing the
roughness of surfaces and interfaces in mulutayer siructure. More recently
there has been great interest 1n using nonspecular X — ray scalienng (o
study the roughness of interfaces. ‘the first cxpenmental results indi-
cate that the X —ray scatiering can exhibit a rich vanety of behavior associ-
ated with the siructural correlations between interfaces. However, it 15 a
new feld, so the correlated works are not much, and there are still
some mperfection in the present works. Although the theory of scat-
tering from a sngle toughness surface can be found in the literatures,
there are still some drawbacks in the theoretical ireatment of the
nonspecular scattering from multilayer, In this thesis, we present a de-
tailed discussion on the problem. it 15 considered that there are four
contrnibutions to the nonspecufar field from each interface, the scattered
power 15 not stmply estmated as the sum of the nonspecular scatiening from
cach intertace, 1t 18 treaied by dynamic diffracuon method through multi-
piying a transmssion tactor which is calculated by the recursive method. In
addition, a term of specular scattering 1s aiso taken into account in the ex-
pression of the scaitered power,s0 we can obtain & sharp peak 1n tihe rocking
curve 1n our calculation. Based on the above consideration, it 15 done to 3m-
prove and complement the previous theory. On expernmental aspect, de-
taled X~ ray nonspecufar scatiering measurements are performed. The
scan methods are, rocking curve and offset. Calculation based on the cor-
rected formulas in carned out for rocking curve and 1t 18 in good agreement
with the measurement.

Most of the dynamic theory of X — ray diffraction for multifayer are ongi-
nated from the Fresnel equations for the scattering from a singie interface in
conjunction with recursive or matrix methods to treat the multiple scattering

within the multilayer. Few publications foltowed the Darwin 's theory of dy-



namic X— ray diffraction to describe the scattering processes of soft
X —rays. In this thesis, introducing the Darwin's method of treating X — ray
diffraction in crystals into Bragg diffraction for multilayer, a serics of ana-
Iytical expressions are obtained which can be used to calculate the
retflectivity, the Darwin’s width, the minimum number of periods and the ener-
gy resolution. The calculated result agrees with the experiment and the
recursive ssmulation very well,

Reflecuvily measurement 15 an important aspect of reflecting the quali-
ty of soft X-— ray mululayer. Taking use of two kinds of
measurements of reflecuvity versus wavelength and reflectivity versus inci-
dent angie are carned oul, a satsfactory result of reflectivity of 32% is ob-
_tamed. A fitung with theoretical caiculation which is consistent with the
experimental data,

A conventional two—circle diffraction system is set up. The work in-
cludes the design of hght route, the establishment of control system of
stop motor and daia collection, and the adjustment of the facility. a
number of mululayers are measured using the diffractometer and a lot
of useful experimental data are obtained.
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