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ALl TStudy on mechanisms of nuclear fission by Langevin equation] (7 v ¥ XU HRRRICL DS
ZUMREDOIIZE) LEL. 4L VBRI TV D,

% 1 % lIntroduction] TiX, 7o Va v iz L L THWAESROHBHIIEOBRIREZHHF L, 0D
MEEZRRTWD, T, ERT— X ORBOBREMRZETR L, 205 ORI RFEESCERFHEIC W TR~
FREEA SN TORWERERIZOWTERTWD, RICINE TOHGRFE CIIELZ@T DR EORNR %
FIEHO (KTT) N TRIHBROBNET L TH-720 . BERE & B S N D EME BN OBEET
VIV EAREE RO ERN TR CHAE SN CE D, BN BN BHED Y
—ESL A CE AR VRIBEASRA SN TWD, £ 2T, AFED B BRI R EZH WD 3 kLT v
2N HRRRO FEL O TZ BT 72 ERAES RIS 4 R T oY a XV HFRROFEEZHE L, Th
FIUZ L > THEDEBENR D L IR EINDINETRD Z ETHD LT\ D,

% 2 3 [Theory)] TIIARMIZEETHWAHATEIIOVWTRRTNS, £, HAENOLHZUIED EFTORT
BBk — e CRHW D I L > TET I ENBRIBN, ZOEWRNPHHAINTWD, KIZ, £ OJEE
TRINDERIZBOTHET vy L= L F— RN E B IEOf L L TRk LN E Z a2k, ThE
NOFHEFELZHAL TV, RICEHEREE LTHWONDIEWERT VIV EEET Y L ERD D ERI
K OBRB B OB FIZ DN TIRAR TN B, EABFIEICBW T, EEERET > Y Vi Werner-Wheeler 35, &
7 YV )LiE Wall-and-Window AT Lo TR D, MR FIEITRB W TIERHFEES 2 BCS (Bardeen Cooper
Schrieffer) B L > TEEB LI-EICEHATRO L Z L2 TND, EHICT v Ya v FRATH,
BT UELINACG ) A RESE, TORENT A oA HRRIC K> TEBET VYL EZROREICL
STREIND Z EHIBATRIT, T2V any FRRAERE FHMES TNOERMMIKRO 7 Z v L Edh e L
TERTEDZ L ERLTVD,

% 3 % [Results] TILRTE TR, BMMIEDH LG E L WOGEORT v oy L3 X —FKik, BEHK
OISRE T ECTHE L BET VR OMEEERT YA LTV 5D, RT3 Y S OW TR IED
NG RII SO HADE LWVEBRERD L) ARV EL R D EPRENTWDS, BT /LD
WTIE, TR AR E R HOMEIR TITBERENREE TH D Z LIS LS IBEN ENBIZONTRELI 2B
ENRENTWS, EARMEBEREIZI I OICH L TREL, HEHMANC0.2TF LTS Z L AREN TN D,
ZHUCK L CTEHERET VORISR EBN 2 RS N B a5 Z RSN TWDS, Fiz, %t
WIEDA T L AR EAIIC OV T H, BT & VRS ENEWNES IHMBE TS bR &
DRENDH, EEEEORERFEIL > LEETHLIZERBRENTND, Thbickh, Tryany
FRROEREOIREIZ L AERVT Lo HEM TRV Z EAREN TS, KIT, 3 RITCHMRAEEREE
52 LR Y BEHEF OB EESAIIIER O EARMRIE R A O 56 L ARREORHE CRRELBH X5
N, R OB T R LF — (TKE) ([ZOWTIEHA L NIET $ L X — K FEEOFRMERS LT > TWE 2 &
ZRLTCND, ZHUT X 0 AR O IR BRI IENVE BEO AR T B DI R L 20, hoBRE RS
ZLETHENT DI NN 2T ML OMEEICKT 2EMNIEELZ EERLTND, F
7o AT oY anNyHRAICL DFETIE, e —Y (Brosa) RO R X F— RKE— K, A—R—n1 7
FT—FR, A== a—rE— FEOBEERARIZEIND Z EXNHLNERY . FFIZ TKE OOA6 &, oSk
FEOEEH O E IICELT D TKE ORFERORE M, BERS MO U b—1l, LT il~0%{b%
FEFIZRLSFTRTED LIBRRTWD, 4TT P 2 N UAERIEHELT 3 RIE & BAEDH R 23T % &, 256Fm D'E
BESANERMEEZFH TRV E bRENTWD,

% 4% [Conclusions] TITLALDOBETHRAALNIZRERBIE L, fimd RT3,

INEET AT, KR SUIEDHOBITIC ZNETHLHNONTE T P a N HFRERIC 2@ W R 26 L,
3 WILOBRTR LRI 2 AW D RAT & 4 ot O BEREREREZ VW2 Z LI k0 BaROBRIEZHMERD )
EXVFEHDOBRBECTRODZENTELZEEHLMNC LT, ZIUTE DV WEERMO BSOSV WHERE S K
WA OFHE L U CORSEUIKT 2N ERICHED DI, FLEEIRTD L ZABRKE N, LoT, Kin
it (D) DR E LTHAMEH A b DERED HRD,

% FRSCEEIL. RIS 2000 T L BEIC 300 354 1HEEIORHT 22, b L<IFEL 800 34 12 L TS Z&vy,
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This thesis is organized into 4 separate chapters, beginning from the chapter on introduction, followed
by a chapter of the theory used, then a chapter discussing our results and finally a chapter on the
conclusions. In the introduction, we showed a brief history regarding the development for some of the
tools used to study the process of fission and the emergence of Langevin equation as a tool to study Brownian
motion. Afterwards we give a brief summary of the research and then the objective of the study. In the
next chapter, we explain the theory used in our calculations. First, we describe the shape parameters
for use as collective variable. These collective variables are derived from the Two Center Shell Model
(TCSM). We use these collective variables as the coordinates in Langevin equation as the shape evolve
in the potential energy surface. We calculate the potential energy surface from the sum of liquid drop
deformation energy and shell correction energy. We also describe how the liquid drop deformation energy
and shell correction energy. In Langevin calculation, the trajectory and the speed of the changes in shapes
are also influenced by mass and friction tensors, hence they are also called transport coefficients. Then
we describe the macroscopic transport coefficients where we show how the macroscopic mass and friction
tensors are derived. Then we describe the microscopic transport coefficients using linear response theory
as the basis. With the friction defined, random forces can also be defined. Finally, we showed how the
Langevin equation works and how it was derived. With the theory established, we are able to venture to
the next chapter discussing the results. The potential energy surface and transport coefficients is
analyzed in order to understand later on the fission observables that we will see. We first discuss the
results from 3-D Langevin equation with microscopic transport coefficients. In terms of fission fragment
yield, there does not seem to be much improvements in comparison to 3-D Langevin equation with macroscopic
transport coefficients and JENDL data. In terms of fission fragment total kinetic energy (TKE), our
calculation of 3-D Langevin equation with microscopic transport coefficient seems to vastly superior in
comparison to 3-D Langevin equation with macroscopic transport coefficients. Then we look towards our
calculation of 4-D Langevin equation, and we are now able to describe the fission yield for a few nuclei
that has previously been intractable to 3-D Langevin calculations. In the last chapter, we describe for
the conclusions some of the insights and experience that we have gained as the work was done. We also
describe some of our future plans regarding our calculations to improve the predictions of fission
observables for a wider range of nuclei and excitation energy.
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