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Bz B 4 HRERB R EEE S THEDONTRERDH 5 BSRAN
SHEE. FIf, HNHEF BREEAM S A5 ROEE. BYRAME —F
ABEXRXHERESLREGRER.



Research of Extreme— High Energy EAS

Name: Dai Hongyue
Supervisor: Huo Anxiang
Degree: Doctor

ABSTRACT

The thesis concentrates on the extreme— high energy Extensive Air
Shower (EAS) studies, including the measurements of the EAS lateral struc-
ture, and the arrival time distribution of shower secondaries at large dis-
tance. By the Monte Carlo simulation, the parameters forenergy estimation
have been investigated, also, a simulation about the arrival time distribution
has been made to compare with the measuremenis. The effect on energy spec-
trum due to the error in energy determination has been discussed. In addi-
tion, by the combination of Akeno conventional array with a mini — array,
the Linsley Effect hasbeen evaluated experimentally.

The experimental data accumulated by Akeno lkm? array (1580~ 1986)
have been used for determining the EAS lateral distribution, Instead of using
NKG function to fit the experimental data, Linsley’s doubleparameter func-
tion has been choser, with improved analysis method. Present measurements
gives

<a>=(1.76+0.02) —(0.23%0.15)(secf— 1) +(0.30= 0.06 ) 1og(N/10")

<#> =(3.48+0.02) —(0.61£0.15)(secqd— 1) +{ — 0.09£0.05)1og (N/10*)
for showers between 10 7 eV to 10 ® ¢V, which is different from Linslcy’s
results significantly. From the analysis, it is found that the fluctuation of
local density gradient (or local slope) aroundl Molicre unit is much smaller
than that of p and n. The local slopecan be expressed as:

81 p(1)=(2.626 & 0.003) -(0.463 + 0.024)(sccé—1) +(0.116 4 0.008)log (N/ 10')

Though the fluctuation of total number of particles is reasonably small
— 3 —



27%at sea level for 10 ¥ eV showers), it is very difficult to measure it with
the large span detector array. Through the Monte Carlo simulation, it is
found that the fluctuation of the local density far from the core is much
smaller than the one ncar the core, and the local densities at large distances
are easy to be measured with the Akeno 20km ? Array. Simulation shows
that, the fluctuation of S(600) (density at 600 m from the core) is less than
20%, and the measurement crror at Akeno is less than 35% for shows above
10'® ¢V. The simulation gives:

E (cV) = (2.03£0.10)x10 7.S(600) (-@*02)
for vertical showers above 1017 eV at Akeno level.

Due to the error in energy determination, the apparent flux increasesby
a factor of exp((y—1)?/2'a?/2) (y: differential spectra index, o: fluctuation of
InR). By considering the measurement error and the effective area in
Akeno, the effect of error on energy spectrum hasbeen investigated through
simulation. It is found that both the fiux and the kink position shifted, Analy-
sis about the Haverah Park spectrum suggests an energy specirum cuf{— off
around 6x10" eV, ]

The arrival time distribution of shower secondaries far from the core has

¢en measured by a mini —array combined with Akeno conventionalarray. Ex-

perimental results show that in average, Linsley’s relation between the time
spread and axial distance is valid, but the fluctuation from cvent to event is
very large. the uncertainity of axial distance estimation {from time spread) is
rot less than 25%, and of shower size is about 0.8 (¢(irN)). With such an
unceriainity, the apparent flux at lcast increase 2~ 3 times, thcrefore, it is not
suitable to mcasure the energy spectrum by the mini—array if the
uncertainity can not be reduced. Monte Carlo simulation shows that ths ap-
parert fluctuation is due to the limited number of particles, and the arrival
time distribution is independent of the primary encrgy, composition and first
interaction height, in accordance with the experimental results.
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Experimental Study of Uranium Gas Sampling
Hadorn Calorimeters

Name: Zhang Shouyu
Supervisor: Tang Xiaowei
Degree: Doctor

ABSTRACT

To test the modern physics theory {electroweak theory,
variousunificationn theorics etc.) and search for new particles and
newinteractions, experiments on accelzrators are being done and are going to
be done in the GeV to TeV region. In this region, many interesting events
will have the final state with hadrons { cg. more than 70 per cent decay frac-
tion of Z paiticles goes to hadronic channels). Using normal magnetic spec-
trum meter method to measure the momentum of these hadrons will be very

difficult or impossible, :
This thesis will study a kind of forceful detector — HADRON

CALORIMETERS which have the following capabilities:
1). sensitive to both charged and reutral particles
2). the energy resclution improves as 1/sqri(E)
3). its size increase logarithmically with particie energy E
4). with segmentation, one can priciszly get the positioand direc tion
of incident particle from its si.ower inside the detcctor
5).- their quit differsnt respoase to electrons, muons and hadrons can be
exploited for particle identification
6). fast time response
At first, this thesis introduces the principle and the general properties of
hadron calorimeters, then discusses in detail the all my works on the study of

L3 hadron calorimeter. The L3 hadron calorimeter is 8 gas sampling uranium
— 7 —



hadron calorimeter. It is the first time to use uranium as absorb material in
the study of gas sampling hadron calorimeters. My works could be roughly
dividied into four parts: 1). the assembling and testing of the proportional
chambers for the L3 hadron calorimeter; 2). the built up of the L3 hadron
calorimeter module test set—up and the general property test of the
modules; 3). the module test with 2— 50 Gev pion, electron and muon beams;
4). the analysis and discussion of the experimental data.
1). the assembling and testing of the proportional chambers

The proportional chambers are composed by the proportional tubes
which with the cross section of 5 10 mm , in the center of each tube there
is a gold coted tugen wire with 50 micrometers in diamecter, the tension on
the wire is 250 g. The auther finished 10 of such proportional cliambers
(averagely 45 tubes for each chamber) and made them passed the test of high
voltage, gas lcakage, wire tension, leacage current and noise etc. 2). the
built up of module test set— up and general mod:le property test I worked in
the Federal Institute of Reactor (now it is cailed PSI) of switzerland during
the period of Sept. in 1986 to sept. in 1987, where chambers produced by sev-
eral institutes were assembled into modules. There are two kinds of them:
one contains 60 chambers, the other 53 charbers. My task in that peried
was to build up a series of test set— up for the module production and severe
checking those produced modules to ensure they were good encugh to be
used in L3 detector. The checking contains high voltage test, gas lcakage test
and the uinformity test of gas gain for each wire grouping, etc. . Because of
there are so many signal channels in each module, a persorzal computer was
used to control the test process and rocord the test results, This procedure
was becn used latter in whole period o modulc production. Additionally, I've
also designed a special test procedure that using the radiation background of
a swiming pool reactor of the institute, to check if the glue and the gas con-
duct tube which were used in the modules are good enough to against the ra-
diation of uraium decay, the resulis are OK,

3). The accelerator beam test of the modules ,
Uder the contion of fully simulating the actual wor'king situation of



L3 hadron calorimeter at LEP, beams of ¢lectron, pion, muon with the energy
of 2— 50 Gev which were produced by the SPS accelerator at CERN were
used to test and calibrate the modules. A lot of data was obtained q r
4).The data analysis and discussions ‘

In Sept. of 1987 the auter went back to'China and wrote programs
to .analysis the data. Various parameters of the h?dron calorimeter were ob-
tained. The experimental results of the hadron c_ﬂorimeter were repoted, the
discussion and explain about above by the authot'were also given, There is a
BGO clectromagnetic calorimeter in front of L3 fiadron calorimeter is a spe-
cial feature, experimental results told us that the ¢hergy resolution for hadron
measurement is the same within error in both cbnditions: with and without
BGO in frontof L3 hadron calorimeter. About this the author gave an ex-
plain, The energy resolution of the L3 hadron calorimeter is the best among
those gas sampling hadron calorimeters already produced. The author point-
ed out that it is because of the low binding energy, high Z and fission proper-
ty of uranium to give good energy resolution for L3 hadron caolrimeter, not
as the so called " compensation” effect by neutrons. In the future, the gas
sampling hadron calorimeters will possess a very important position in super
high energy particle physics. According to our experiment, the author pointed
out that the sampling unit thickness is obvously important in affecting the en-
ergy resolution for gas sampling hadron calorimeters.

To ob tain good energy resolution for a gas sampling hadron
" calorimeter, it is very important to increase the signal sampling ratio as more
as possible under the condition of good containment of hadron showers. For
the future dataanalysis of LEP experiment, as reference the author gave out
some considerations about the function of L3 hadron calorimeter in the study

of LEP physics.
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