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REESTRURAHTE FHEAT 0CGVMRENR FRZ N E, §i1 58
BEETFAETR AT UERANERTRERHSES AN, THTAEE & EL
PERETEGTHFERARNERFRENAEYARIS R FENTEHME K450
ERFHEFEOR I EEXLESTE. REFETHHAERE - MY RPEHEARNA
REGHAEEAANERNZERE, B ANXEMERR QCD it R WXy
EHGHE YR ERTRENEL I AABRKEC AN —BET - @ T
B ESART - BB IR RRVEERE TR - RFamgo
SE B AL R A 4 RS IE 4 M BNL(14.5GeV ) #1 CERN{200A. GeV)
PEE TR RRENLY, ANTRURANNEY SEREN FRENTES LR
FERFAN. REAES AR FAEFREERIENRSF T ROHENERZ L,
MIAETEALREE TS B LERENER, S FESARTFERFROERER S A
WK A BRI

P REORESEMETE - ETYHBFY. EXHE IR TES5HAEH
WERAEERETETFHETF - BFARMENE AR E - BT RaBIRE
R B EENRME S THENEFE - FTERAARS SR IREN R TES
A {6 B Ak B B A T B9 2L 17 SLAof - 3.

AR THAZ-BRRHR TEFE - BFEdEN SN EFHE FE RES
W% FRA Y CERN ) O(200A. GeV) 5 RE W& & B L R K AR A RK
RS HRG T H AP SREVUNERES THEEZRBEATERX — R
A FRETRFEGAARB SR RIEAHNRERAT —E58REXNE
BG4 S MER F RMAF M5 05 WA 2 7 B CERN f NA3S 4181 NA34 4
HMERNENASRE. AW EPLRERRNBIANS I SNERF AR TFHRE

-1 -



ERILAHEMET - EFRERHARERA & EREFAR, MR E
BMERTFERNFHRAREB AN EREMATEN, BA HEHRRTLUS KR
BEEFRNE. BRINASRRUERTFERR PR - AR SR AT # MAKS B
MEMEREREFRE.

iy WASO IR AMBEATHT, ARETURAERFERBEEREE
EXYREIEMER. B, BN SRR TEEE EE RGBS REEK
gRfii . HEAT - RFERROKREGRAIWURY, REXGHEORR R T
MERBRE SEERNXERTFHEEFFEI BB B HREKEHMTIR. &
REKBENFERESDLRIBE—-EHEHRRY .

ZRAMA-FRELARZBIERRERNFHREHFE, AAMBSMELTFH
BRRBA W QHR SR BORE. FEREEHHEAR IR THRETE - K
FEREIBPHT PIAFEETFARSBBIENSRMKRSMHK /=" H 858
m. BNL #) B802 172 SI(14.5A. GeV) 5 AU i LM R K /n Wy K
20%, BER T PP g B MNMOLE(S%). WK*/n' LElHSF G BIAN RIS
RENTFRATERRETREROSE - RFERTEOTRAHBGS. HTHHE
EBRARBBR -1 SR - RFSNTENES ANSAY RATRGAHERHM
EREATRAMEL S AXNHRGEREBANST = A FSHFOR G MET BT
FEM K /=" LHAEHHKERLLIME E802 AMTRHLER.



Phenomenological Study of High Energy
Heavy —ion Collision

Name: Ren Jianglong
Supervisor: Zhang Zongye
Degrze: Doclor

ABSTRACT

Relativistic heavy—ion collisions (RHIC) are the collisions between two
heavy nuciei with the energy per nucleon greater than 10 GeV. The aims of
studving RHIC are (o investigate the multi — paticle production mechanism in the
nuclear collision and to explore the existence of the Quark - Gluon-— Piasma
{QGP) et the high temperature and high density as predicted by the Mont— Carlo
calculations of the Lattice Guage Theery. The high energy nucleus — nucleus colli-
sion is a very complicated many — body problem involving the long distance be-
havior of the sirong interaction and the confinement mechanism of partons. Now
the theoretical studies about the high energy nucleus — nucleus collisions are most-
ly based on the phenomenological models of the hadron — hadron coilision com-
bined with the experimental features of the hadron — nucleus collision. Through
the comparisons between the results of theoretical models and the recently availa-
ble experimental data of BNL(14.5 A, GeV) and CERN(200 A.GeV), people can
understand more about the multi — partical production mechanism in the high ener-
gy nucleus — nucleus collision. After one has a better description of massive experi-
mental data of conventional nuclear collisions, it is possible to seperalc new
phenomena and to analyse the signatures of the formation of GGP.

Thers are usually more than two nucleons involved in the nuclear collision
at a fixed impact parameter. It is a imporiant probiem to extrapolate the models
of the hadron — hadron collisios to the nucleus — nucleus collision. To get the final
results of the nucleus — nucleus collision , one must make the geometrical average

over all possible impact parameters.



One reseach work of this dissertation is to discuss the paticipant aucleon -
model of the high energy nucleus — nucleus collisions. We have calculated the dis-
tributions of the transverse energy in the midrapidity and the target fragmentation
region for the projectile O (200A. GeV) colliding with different target nuclei
dased on the participant nucleon model. Our calculations show that the distribu-
tion of transversc energy becomes wider as the target nuclear mass increases, .
which is due to the nuclear geometry ., We have used a set of parameters - the
mean transverse encrgy contributed by each participant nucleon. The value of the
parameters are independent of target anuclei. Our calculations are consistent with
the experimental results of the NA34 and NA3S collaborations of CERN very
well,

But, in the midrapigity region the mean transverse energy contributed by
each participant nucleon is slightly greater than the corresponding value in the
nucleon - nucleon collision. While in the target fragmentation region, our calcula-
tions can fit to the experimental data much better, if we choose the mean trans-
verse energy coniributed by each target nucleon slightly depending on the mass of
the target nuclei. These imply the existence of secondary collisions in the nucle-
us — nucleus collision, especially in the target fragmentation region.

By analysing the data of WAS0 collaboration, we find the indication of the
existence of secondary collisions in the nuclear collisions. Therefore, it is
neccessary to incorporate the secondary collisions in theoretical models to des-
cribe thp high energy nucleus —aucleus collision. According to the experimental
data of high energy hadron— nucleus collisions, the particals which participate the
secondary collisions have relatively low energies. The particals with high cnergy
are jormed outside the target nuclei, so they do not participate the secondary colfi-
sion. These imply that secondary particals need a certain proper formation time
in their own rost system.

Nother reseach work of this digsertation is to analyse the effect of secondary
collisions on the K*/n*ratio in RHIC. By considering the formation time of secon-
dary particals we have developed the participarnt nuceon model incorperating the
secondary collisions naturally and calculated the increase of the K/ = ratio caused
by the secondary collisions of pions with target nucleons. The E802 collaboration
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at BNL found that in the central collisions of SI(14.5A. GeV) with Au the K/ ="
ratio is about 20% which is far above (he corresponding value in p—p collisions
{aboui 3% ). The enhancement of the K% ratic is believed to be a possible signa-
ture of Quark - Gluon ~ Plasma in RHIC, To confirm or exciude a signature of
QGP, people must anaiyse :“e igfinence of cther non- QGP mechanisms
carefully. Gur calcuiaiions show .“ai the seccodary collisions of pions with the

target nucleon- is nct coough to crplain the data of EZ0Z collaboration,
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Optimization of BEPC Pesitron Source

Name: Pei Guoxi
Supervisor: Xie Jialin

Degree: Doctlor

ABSTRACT

The quality of a ¢ * accelerator is directly symbelized by the positron yield,
8 very impoertant parameisr of positron source defined by fei/le or
Ie* /ie- *BE-—{GeV}. Optimization of positron source means to find oyt the
highest efficient yield by choosiag the system gnd ifs parameiers uader a given setl
cf conditions. Because of good quality e + ocam has many applications, several la-
boratories in the world began (¢ buiid posiiren acceicrators since Stantord buil
the &rst one - Sianford Mark {f{i accelera‘or in [958, such as Saclay,
Saskaichewen, KEK, FRASCAT! and SLAC etc. And thev all bave themseives
oplimization work s:nce the sysiems and parameiess are different. My work is

irecily coniributed to BEPC project by choosing an optimization plan for BEPC
positron producing system.

We use EGS program to simulate the electron — gamma shower of high ener-
gy electrons in a medium, and find 6mm thick Ta-- I0W complex target is the best
choice for 150 Mev bombarding elecirons.

Positron distributions in phase space at the downstream of the target are
found, the function of matching field and capture section RF phase’s choosing
rule are described, ¢ * motions are traced by a numerical procedure of particle
motion equations in the matching, focussing and accelerating sysiems, the vield is
about 0,0039 at the present status. We have also calculated the yield's dependence
upon system parametsrs, and gotten some useful resulis, such as the relations be-
tween ¢ * yields and RF phase of acceleration tubes, cross sections of e ~ beam
which strikes the target etc. No positrons will be got if you don’t choose or adjust
them proporly. If the position of peak field of matching device moves to target
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and driving current of the bridge coils increase from 700A to 1200A, we can hope
to obtain a yicld gain of about 35%. Calculations have shown that, we can get
more positrons by increasing electron gun current, say 10A, without changing any
component of BEPC injector. From the view point of optimizing ¢ * source, we
have colculated the effect of the tapered solenoid’s misalignment on ¢ * yield, and
gotten the transjational installation tolerance is 0.Imm and rotational tolerance
2mrad which is in agreement with SLAC result. The slope and magnitude of ta-
pered matching field’s effect on e * yield have been caiculated, and the results are
expecied.

An approach of both beam emittance and energy spread measurements at the
same time and the measurement of weak positron beam current are discussed.
Some of the calculated results have been checked by experiments, the positron
yield is 0.0032, Both are in reasonable agreement. Positron beam experiment have
also proven that, we can monitor and measure ¢ * beam without using ¢ *,
e - seperator device. Only one thing needs to do, carefully adjust capture RF
phase, 8o the positron energy spectrum will be fine while electron’s bad, and dur-

ing transportation, lots of clectrons will be lost.
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On Spontaneous Symmetry Breaking and the
properties of the Higgs Particle

Name: Zheng Hangging
Supervisor: Hu Ning
Degree: Doctor

ABSTRACT

Part of this paper is devoted to study a kind of non - standard electroweak
model containing locale scale invariance. The cosmological constraints on the
mass of the scale gauge boson which becomes massive after symmetry breaking
by absorbing the last degree of freedom of the Higgs field is given. It is studicd
that the instanton{wormhole) configration of space — time topology in quantum
gravity may be a consequence of broken approximate scale invarance. The possi-
bility of seaching for light neutral scalar or pseudoscalar Higgs particle from
subthreshold neutral pion production experiments in nucleus — nucleus collision is
also investigated. Finally, first order QCD correction to the process of the Higgs
particle decays into two photons is calculated, the speciality of two loop
calcuation is also discussed.
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AXHR-HAFEMTERXFERNK QCD #FENHHERFI L FHRENH
BB, Ko 4§ Nambu - Jona— Lasinio Hif, ZHRTOLEFENHMEE REG
HERBES, EABTATFSRAHRBRO TR, S AGBRAL I WY FHENH
BERHRAERE S RNTRRE. A XEMRENET QCD RUBMEE RIGF L
HERRUNGEXBEHERCOFTESRRERTHBHEFE AR TRRBFH
BN -SRI B RENTEN R TET AN ENN A THRE RS £
HEHRRRAR. EXTFENFLEERERNFRA L. SRR T -HAXTHREK
GHERHEREESARATHSHERENATE HETREH AL ARRKEANA
BEGRE AT UBENTA RN THSRRRONN, A8 THRNER NG
BT —~REESHNTARPBNES. AERLHTHESEFERFXHTMAE o6
Schwinger - Dyson HEGER, #BRX—~FEHETFARERRESH HEARMARY
WARBORN B TSRANIEARHEFNSER TR T HRARY FEREK
PERPEEEN. 55, A EHE SO HRE Slavoov - Taylor B A5 TR A
S Eh 55 9 R BB 4 52N, % Brodsky — Huang — Lepage # M #71 F R B M R
RS TEENFREBRA FRERNH-RER, LT ENMAR 2B B
SR ERATFD. B AR TFRERFRT BT BETHNER LROH
Bauer - Stech — Wirbel(BSW ) (g A, A T SRR ANNERERARFTTH
ABELRIBRNG X, FAET K-MERV LR X~ LRIEBSW BRME
S B, EEEBBFEENOBAATW.ZRF. IRTEARRY ZRFRATE
TEROEWN SHENEZOBTREEEERERREARE HE N AR EN TR
LEP F BWMENZ B THRMER P BIIRIE.
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On Chiral Symmetry Breaking and Hadromic
Structure in Nonperturbative QCD

Naine: Guo Xinheng
Supervisor: Huang Tao
Degree: Doctor

ABSTRACT

This thesis is divided into two parts. In the first part we review the study on
chirgl symmetry breaking and hadronic wavefunction in QCD. After & brief review
of the famous Nambu — Jons — Lasinio model, we discuss some fundamental as-
pects of alternative forms of the effective potential for composite operators and
we lIook at the nature of their stationary points. We also include the calculations
of quark dynamical mass. In addition, the status of the study on the range of
forces responsible for chiral symmetry breaking is given. The contributione to
chiral symmetry breaking both from short — distance range force and from linear
confinement force are reviewed respectively. We also discuss the basic ideas of
QCD sum rule and background field theory, their methods of determining
hadronic wavefunctions by considering quark condensate and gluon condensate,
Some physical processes which are effective to test hadronic wavefunctions are
also discussed. Furthermore, we give the forms of some existing models of
hadronic wavefunctions. The second part of the thesis is devoted to some re-
search achisvements of the author. We use the consistent equation for quark
condensate in the chiral limit to determine the remormalization group invariant
quark condensate. A critical point at which the strong coupling constant is big
enough for chiral symmetry breaking to take place is found. They are analysed at
one— and two —loop levels respectively. An intuitive picture of the condensation
above the critical coupling constant is discussed. We also improve the SD equa-
tion by adding the nonperturbative kernel associated with gluon condensats. The
solution for the quark condensate from the SD equation is in agreement with that
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obtained {rom {he consistent squation for quark condensate. It is also found that
the intermediate range kernel makes the critical coupling consiant above which
chiral symmetry breaks smaller and increases the value of quark condensate.
HBased on the meson wavefunctions proposed by Brodsky — Huang — Lepage, we ds-
termrine the wavefunctions for pseudoscalar and vector mesons and discuss their
properiics. We also modily the BSW mode! by applying ibese wavefuncuons to ex-
clusive decays of D and B mesons and cobtain the resulis consistent with experi-
ments, Predictions for unmeasured processes are also given. Comparisons be-
tween our resuiis and these of BSW are given, An upper limi{ ¢f V. which is
smailer iban that of BSW model is found. fo addition, we apply the ideas ihat
hadrons have siructure (9 W and Z bosons and find that the composite model cor-
rections to £ hadron:: decays make the width smaiier than that of the stardard
model. This may be tested on LEP by the high statistic measurements of Z proper-

ties in {nhe future.



