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'Tag Lepteon Lifetime Meagurernent

Name: Yang Changgen
Supervisor: Tang Xiaowei
Degree: Doctor

ABSTRACT

The Standard Model is currently consistent with all experimental tests
and is generally accepted as giving the correct description of
clectroweak interactions, although the fundamental assumption of
universality is not yet well tested. )

This thesis deals with the mcasurement of the mean tau lifetime frorﬁ_
data taken by L3 in 1991,

To measure tau lifetime precisely, the DCA (Distance of Closest Ap-
proach) resolution of tracks from TEC(Time Expansion Chamber) is cru-
cial. Two methads are uscd to improve this resolution. First, the momenteg
of elecirons and mucns are measursd with high precizion by BGO
calorimeter and muon chambers outside TEC, one can fix the curvature to
the corresponding value and obtain a betier DCA mcasurement. This {;
only applicable to lepton tracks. Second, offsets of the DCA average value’
measured in Bhabha and di—muon events can be used to correct fqr
residual shifts in each half—sector after calibration. This cormchon ¢an
be applied to all tracks. Combining momentum constraint mzthod and
the half - sector shift correction, the TEC track resolution has Seen im-
proved from 137um to 59um for 45GeV momentum tracks. |

We use the good guality tracks from hadronic events and existi:_d L3

¥

routines to determing the position of fill vertices. The beam position was
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stable in 1991. The beam spot size is detemined with the DCA  resoly-
tion from Bhabha and di—muon evenis by calculating the width of the DCA
distribution at different phi angle. With known TEC resolution of 59um,

we deduce a beam spot size of 169um in horizontal direction and 12 um in
vertical direction which in good agreement with the range of values ex-
pected from the LEP beam optics. The size we obtaind contains the error
on the average of beam position of each fill, which thus does not have to
be taken into account seperaiely.

An impact parum:ter- mothod is used for ome prong docays, the
leptonic tau decays arc treated seperately, since their tracks can be refitted
with precise momentum measurement, The decay length method is used for
three prong decays. We end up with 1855 onc prong leptonic tan decays,
3372 onc prong hadronic tau decays and 516 three prong tan decays.

After applying both ths constraint refit and half—sector shift corree-
tion for the leptonic decays and only half—sector shift correction for the
hadronic decays, & binned maximum likelihood fit has becn used to fit the
impact parameter distribution. The siga ~flip probability has first time been
used to msezure the chengement of the sign of impact parameter.

For three prong decays, the decay lenyth is mezsured from tﬁe position
of beam spot to the vertex fitted from the three tracks of tau deceys, taking
into account the covariance matrices of both vertices and the direction of
the tau as approximated by the thrust axis.

The mais source of systematic- error for the tau lifetime
measurement are the systsmatic error of 10fs from the TEC calibration,
the total of the sysiematic error for tﬁ_e- combined lifctime measurements is
12fs.

The combined result of tau lifstime from all threec samples is: 29349
{(stat. ) £ 12(sys. )fs. This result yiclds (Gp /Gu)?= 0.998&0.056, consis-
fent with the bypo — thesis of lepton universality.
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Nonlinear transport theory of beam phase space
and its Expert System

Name: Xia Jiawen
Supervisor: Wei Baowen

Degree: Doctor

ABSTRACT
;

A new nonlinear transport theory of beam phase space was cstablished
inthis thesis. In this theory, accelerator beam is a nonlinear dynamic system,
and its phase spact i{ransport mesng the deformation of the phase space
shepe from the initial state x,=X (t) to the final siatex X=X (t).
mathematically, this deformation is the transform from the initial boundary
equation of phase space F(x,) =0 to the final one— F{xg(x, tjI={(x,t) =0.
This transform is nonlincar. Now, the inverse transform of the any order
analytical solution of the nonlincar dynamical differential cquation was devel-
oped in this thesis, and the function relation x{(1g) = x,(x, t} was obtained,
thus for the first time realizing theoretically the nonlincar franspori for the
phasc space of nonlinear dynamical system, and s mathematical model was
provided for the practical nonlinear beam transport, such as in accelerators,
electronmicroscopes, lithographs ctc. In the process of establishing the
model, an artificial intelligence expert system was made to derive and out-
put sutomatically the general expressions of any order transport coefficients.
By using the nonlincar transport theory, & concrete example of sccond order
transport for beam phase space was work out in detail, showing vividly the
cvolving phase space boandary of a concrete sccond order nonlinear sys-
tem. Finnlly, with the first order form of nonlinear transport theory, the
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beam transport designs were completed for the split— beam line behind the
stripper of HIRFL and the magnetic channels of SFC. port designs were com-
pleted for the split— beam line behind the stripper of HIRFL and the

magnetic channels of SFC.
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Research on the Abluted Cosmic Dust

Name: Zhou Yaoqi
Supervisor: Xu Yinting
Degree: Doctor

ABSTRACT

Five rescarch ficlds of the ablatcd cosmic dust, such as revicw;
morphology, chemical composition, isotopic distribution and atomic cluster,
have been discussed in this thesis.

1.A Review on the Rescarch of Cosmic Dust

Almost 200 papers and confercuce abstracts about the research of cosmic
dust since 1985 have been reviewed in detail, The history and present situa-
tlon of the cosmic dust research on the clussfication, methods, hypotheses of
the formation are reviewcd and prospecied iu this paper. It is discussed in
emphasis that the physical structure, mincral, chemical composition, and
isotopic distribution of the IDPs and deep ~sea cosmic dust, and (he relation-
ship with their various sources.

It is pointed out that the following aspects of the research would be the
hot fields of the cosmic dust research in the following years:

. The computer dynamics simulation of the formation, accretion, and evolu-
tion of cosmic dust; ‘

. The relationship between the fractal featuses of the nanometer surface
structure of the cosmic dust and tihc process of the chemical
thermodynamics;

. The chemical thermodyremics of ‘i etur.ic clusters in the carly solar

nebular and the condensation history .f the t ~hular



.. The isotopic fraclionation ana ths ablution process of the cosmic dust in at-
mospheric entry,;
. The distinguished mark between the ablated cosmic spherules and volcanic
spherules in deep sca;
. A wide application of new techniques and methods in the research fields of
corriic dust. ' '
2,0n the Morphology of the Dzcp— Sea Microspherules

The morphological features of 40 microspherules in deep sea, metamorphic

rocks of Archacan group, aud Xian loces of Quaternary have been observed
and determed by optical microecope, SEM and TEM. 1t is discovered that the
morphologicel classes can not 1-flect completely the original oncs, aad it is
very difficult to distinguish the gtlsted cosmic splisrules from the volcanic
microspherules only depending on their miorphological features.

From the results of TEM and ED research, we can sc¢ the mixing phe-
nomenor between the chaotic glass and orderly crystal im afl the
microspherules not only the ablated cosmic dust but also ihe volcanic
spherules, which imply their fast condensation experience.

Observation of the submicron — nanometer structure for one deep—sea
iron cosmic sphere (MO~ &) and comparision with that of a laser~ cut frag-
ment of Ninbo iron metcorite have been done with scanning tunneling
microscopy (STM). Through quantitative calculation of fractal geometry,
the self —~ simitarity morphological features in the submicron range have beea
found on the surface of both the iron cosmic sphere and the laser—cut frag-
ment of iron meteorite. However, their fractal features are very different, the
D value of the former is abeut 2.3, and that of the Iatter is 2.6 to 2.7,

The surface structure it nanometor range is relatively geaty for both
the ublation iron cosmic sphere and the laser—cut fragment of iron
netcorite. However, the former sometimes has island — distributed grain or

clusier structure (0.5 to 1.5:m m scsle), the latter shows the fuzzy cluster
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structure in less 20nm range, in which the differentiation of the atomic struc-
ture is lower.
3.Abundance and Disiribution of the Major Elements in Deep— Sea

The major clement abundances of 30 deep —sca microspherules, 4 iron vol-
canic spherules from the Gongchangling metemorphic rocks of Archacan
group cnd 2 organical microspherules in Xian loess of Quaternary have been
deterrained with the X — ray Energy Diffraction Spectrometer (EDS) and Elec-
tron Probe Microanalyzer {EPM), A large amount of the public major cle-
ment data of microspherules is also used in this paper. In Si— Mg— Fe atom
composition, almost zll 30 data of 24 deep—sea ablation cosmic dust
sphernles are distributing slong the line from Fe tip to the middle of Si— Mg
ips, The ablated cosmic dusis have lower abundances of Si and Mg, and
highsr abundance of F: in comparision with the non— ablated stratosphere
1DPs, , the locations of silicate cosmic spherules close the centre of the fig-
ure of Si— Mg— Fe atom composition, and most of the data of iron cosmic
spherules dearly gather fo the Fe fip. The distribution between I—éphl:rules
and S—spherules is gradually transitional, which may imply they are corre-
lated in origin. ‘

The distribuﬂfion of volcanic microspherules in Si— Mg — Fe atom compo-
sition. From this figure, most of the volcanic microspherules can be divided
dearly from the cosmic dust spherules. Generally, almost all volcanic
microspherules distribuie along the Fe—8i line, the relative abundance of
Mg is less than 20 w.t. %, and generally less than 10 w. 1, %. In spite of this,
for the iron volcanic spherules, it is difficui to distinguish from the iron cos-
mic spherules in Si—Mg— Fe atom ccmposition. However, the iron cosmic
spherules have a liftie Ni, and the 1ron volcanic spherules have some K, Na,
(i, and S, which may be a; the distinguished foundseiion for the iroa
microspheraizs, But for the iron nicrospherules without above ciements whos

abundances can be determined with the EPM, their distinguished fo.undation
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must depend on the trace elements.

The trace elements of 11 deep— sea microspherules have been measured
with INAA, and the public trace clement data of a number of microspherules
in deep sca, sirata, and shallow sediments of South Seca are also for reference
in this paper. Despite the difference of Fe and Ca abundances, the range of
the trace element abundances of deep— sea silicate cosmic spherules are al-
most the same as that of the iren cosmic spherules. However, in the matter of
the whole, the siderophile clement abundauces of iron cosmic spherules are a
ittle higher than that of silicate cosmic spherules.

The glass cosmic spherules have a higher richment of Os, Ir and REE,
and & loss of Fe, Co, Ni, Cr, Na, K, and Au in comparison with CI
chondrite. Comparied with deep—sea cosmic spherules, the volcanic
spherules have a clear richment of chalcophile elements As, Br, and §b,
lithophile clements Cs and K, and have a relative loss of siderophile elemeats
Os, Ir, Au, Fe, Co and Ni, and lithophile Sc. But in the abundance change
ranges of Na, Ca, REE, Cr and W, therc are not differences between the vol-
canic and cosmic spherules, -

4. The Composition of Mg lsotope in the Deep— Ses Cosmic Dust

Using the lon Mass Spectrometer (ST -—~iMS) made by Syaton Corpora-
tion, we have developed an experimental method and an error analysis sys-
tem to delermin the Mg isotope composition of microsamples. The Mg
isotope compositions of 15 decp—sea cosmic spherules and 10 different
metcoriic samples are measured in this paper. From this figure we can sce
that the iron, glass microspherule and iron metcorites disiributc aloag the
same fractionation line, while silicate microspherules turn awh}' from the
fractionation Hne and close the distribution range of chontrites. This obvious-
ly shows that I-spherules and G —spherules are the atmosphere ablation
producis of iron meterites, while S~ spherules may have very complex Mg
isotope fractionnation process or different origins. The high ~ temperature
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cvaporation in the ablation process is thought to be one of the importan’
way lcading to the dynamic fractionation of Mg isotope,

5.An Approach of the Atomic Clusters in the Premitive Solar Nebula

The formation and distribution of 8i— O, Fe— 0, and Mg— Q atomic clus
ters at a high energy environment of primitive solar nebula were studied b:
means of a simulation experiment of the laser ablation on two CV2?
chondrites (Allende and Ningqgieng)., A Time—-of—Flight Mas.
Spectirometer (TOFMS) was used in the simulation experiment.

The comprehesive explanation results of the TOFMS of some mair
atomic dusiers produced in the simulation experiments with Allende anc
Ningqiang are the peaks with messes of 148, 164, 180, 200, 204, 220, 228,
248 and 264 a.m, u. are clear. They are mainly the atomic clusters of 85i— O
and Fe— O, Among all these atomic clusters, Si304, Si306 and Fe302 clus-
ters are the relatively most stable ones.

Starting from the two— body coHision frequency of the atoms in primi-
tive solar nebula where the Fe:Mg: 8i: O is 1:1: 1: 4, this paper discussed and
calculated the probability of collision and the formula of effective collision
number. The collision probability of a certain cluster (PK which consist of
K atoms can be got The siatistical thermodynamics steady mode!l has be
given,
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