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This thesis work was dedicated to investigating coherent synchrotron radiation (CSR)
and microwave instability (MWI) in electron rings. CSR is an important issue in modern
electron/positron storage rings, where short bunch length and/or low emittance are
usually desired for particle physics or light sources. To better understand the physics of
CSR, we developed a new computer code, CSRZ, for calculating CSR impedance for an
arbitrarily curved chamber. The chamber has rectangular cross section. The CSR
impedance can be calculated with boundary conditions of perfectly conducting walls or
resistive walls. With low-level numerical noises and minimal numerical damping, the
code is well suitable for the task of calculating CSR impedance in a series of bending
magnets. With a tiny approximation on the geometry of the chamber, which was
assumed to be wiggling in the code, CSRZ can also be used to calculate the longitudinal
impedance due to coherent radiation in an undulator (CUR). Therefore, CSRZ fulfills
another mission of calculating the CUR impedance in the wiggler sections of KEKB and
SuperKEKB.

An analytic method originated by Y.H. Chin was available to calculate the
longitudinal impedance due to CUR with rectangular chamber. The method used dyadic
Green functions in electromagnetic theory and was rigorous for the case of straight
chamber. Substantial alterations were, however, required in Chin's discussion in order
to make it applicable to calculate the imaginary part of CUR impedance. Therefore we
re-derived the theory and found the full expressions for CUR impedance. With shielding
of chamber, the CUR impedance indicated resonant properties which were not seen in
the theory for CUR in free-space. The analytic work also provided excellent
benchmarking to the CSRZ code.

The last part of this thesis addresses MWI (Microwave Instability) in the KEKB low
energy ring (LER), SuperKEKB LER and damping ring (DR). For each ring, the
impedance of various components, including CSR, were collected and used to survey the

MWI. A brief discussion was also presented to the code development for simulating
MWIL.



BLmXOEEEROER

Demin ZhoulKO#HEw L EFIEY > 7B 50— > i >robo

CHEOEE, ioéi()\%@)ﬁﬁ& LTY A1 7 DAL EEANDZEDFHRIZ N ND

DHDTH D, BB > TIZBNTHEEIMEERIIR N TS, ITETIHRERIT

NTCHEFTEINTFRERINDLDICAR->TRD, Je—L b rrobn

IR ORI TR WEIE S 2o T b, ZhouROBFZEI

1) AR E D <MB OB T — RO,

2)  BEMOBA., EiIXoHAES]. U1 F I HAEOBEIIDNVWTOAL P E—
5 ZDEHE,

3)  MMOFEAHEEOLE,

4) WAEOEIOMR - MEHEOTHHROER

5) BTEHRY IJICBITLSIA I uEArRERICHT a2 2D
O hOYREOZEBEDER

RETDIE-> TIN5,

SEEO-ROT7IN I XLAZEARMIIT T TIZHSN TN 2HDTH DA,
A OWRMNEZENT NS, FERIT, MOFETHETELZHDIZDVTIEELS —
HLTWE, 1 2E—F 2 ADFEIZBWTIE, BROMAZEBT I, B
AP THSNZae—L > b 20O EBEoOTFSENER TE 2N
& &R LTz, B OBUNEINT 212 U 7N OEDE A 0T R BB LTk <
IRBDBRNHEND, FKIBOMNBEITT TIZH S N TNBEITH AR E LS —8T 3,
T4 T —DHERITDONT S, HBOEMNEMT 2ICLzNoT, 1 o E—F X
VR AR MVITED L,

SuperKEKBIZBWWTIL, Y1 7 EALZEHITEERBRETHD, Je—L
o 2robalifiHoA > E—F 2 IANE DFENFERD EHDD T ENF
FEINTW5B, ZhouKld, KEKBOEIT ) F—V > 7 BILUSuperKEKBDJH
BUTIZDWTEHELREA E—F D A ERAWTREENEZ A L /=, i 5 ik
ELTH, 2 alb—2alilidhEs, AREEEOBREOHENTHAXEHNWDS
HENH B, KEKBEL IV F—1 2 2 DWTIHEBHENEET 20Y, SHERKE
WEZNETRIT—H L TWRRWL, Z3UT SN TWBHDLND1T o E—F
AFNRHBDZEERBL TS, BE > TIZBWTIIREERNRFERDLD

DUIULDIREIBRNZ EERLTE,

Kawid, EROE DTN DODDH LR E 5L A, M OEBROIESER DR
it BIRICODERALBFEGETHEEZLND
P EIZX DEEZEL2 BN, Demin ZhouKOWSEIIELHIUTET B S HIBT L 7=,



