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Studying the Nuclear Interaction in Superhigh
Energy Region with Mt. Emulsion Chamber

Narme: Fan (aoling
Supervisor: He Zehui
Degrew: Doclor

ABSTRACT

Ohserving the superhigh energy nuclear interactions of ¢osmic rays wiil
1ae large area M1I emulsion chamber s an imperfant way to undersiand the
Taw of nuclear interactten asd e search for new phenomena in the energy re-
gion 10" — 19"V, Author was involved in 31l kinds of technical works in prep-
aratign for the emnlsicn chamber sxperiment on Mi, Xanbala in Tibet
{Chira~—Japan Collaboration), such a9 packing and disposing o7 X-—ray
films, buildipg, disassembling arc maintaizing the emulsion chambers eic.,
meanwhile author has also participated in scanning ard measuriug the
events. In the result, 10 big family events (XE, 2 200TeV)anc 628 small ‘amily
eveats (20TeVLIE €200TeV) were obiained, among them the largest event
K7492 has the energy as high as ZE -~ 3079.2TeV.

in order to analyse the experimental dala obteined, we put the recent re-
siults of UA7 experiment into simulation calculation. assuming that the mulu-
plicity distribution of secondary particles in  nuclear interactions
approximaicly follows the XNO Scaling, and fransverse momentrum
approximately follows f(Pt) = P. ¢™* [where p is & cons:ant), by best fif-
ting the pseudcrapidity date from ISR and SPS in wnelastic processes, a
hadron—hadron nuclear interaction parametrizatict model has been con-
structed that is suitable to analyse the experimental resulis of M{. emulsion
chambers. Under the assumption that heavy nuclei are dominant in the mixed
primary cosmic rays, the hadron--hadron nuclear interaciion parametrization
model was extrapolated to superhigh energy region to describe the behavior of
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superhigh energy cosmic ray particles in the atmosphere (denoted as MP!
model )}, the simulated results werc compared with the experimental data oo-
tained by this work (meanwhile synthesizing the experimental data from oiker
peoples ) in deiails. At the same time, the influences on simulated resulis from
the falling of mean traasverse momcentum of secondary particles in
fragmentation region were also discussed in details.

Analyses of K7492 ovent showed, the application of traditional clustering
methed and critcrion of multi ~core evenis has been limited in a certain ox-
tent. We improved the traditional clustericg method, clusterca the famiiy
events in the scanning way, redefined the criterior of mulli—core svent.
Through analysing the experiments! data of multi —core events {syniaesizing
the experimenial dasa from other peoples), and comparing the experimental re-
sults with ximulation calculation, the nuclear interactions in ths superhigh en-

rgy region were studied. Simu]mseously, the method of using the encrgy frac-
tion of main clusters to distinguish the big family evente IE > 500TcV) that is
- produced by primary proton was proposed by this work, it is significant in the
understanding of primary cosmic ray compositior,

The small {family events in the crergy region (20Te VL ZE €200TeY) were
analysed, through the comparison of caperimental dais (synthesizing the exper-
imental data from cther peoples) with simulation calcnlation, we discovared
that the fraction of events with small <R> (mean traasverse spread of family
event)is abuot a factor of twe higher than the Monte Carlo expectation, and
no hadron in it. We tried to usc the primary cosmic ray p tfo inierpret the ex-
cess of samll <R>> events. At the same time, using the <R > of famiiy svent
i the criterion to select events which are produced by primasy v, the Snergy
spectrum of primary p , and the fraction of primary p in primary cosmic
rays were estimated.

Observing the large zenith angle cosmic ray muons in the superhigh ener-
gy region with Mt emulsion chamber (supported by the National Youth Scien-
tific Research Foundation). Large zesith angie cosmic ray muoas in the
superhigh energy region which have closec relation with nuclear intcraction
characteristics and primary cosmic ray composition, were scanned and meas-
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ured. In total 23 muon events were oblained in M{=1g#2]2.5 region, 126
muon events {synthesizing the scanning results of other peoples} were meas-
ured. The muon shower cnergy was determined by saddle—shape curves, and
the behavior of muons inside emulsion chambers was simuijated, muon events
got by this work {meanwhie synthesizing the scanning results of other
peoples) were analyscd. The intensity of mueuns, the shower encrgv spectrum
and the zenith angle distribuzion of muon showers on the altitude of 5500m
above sea level in the energy region E_ 2 2TeV were shown, whick laid a foun-
daticn for further study of nuclear inicraction and primary Losiic ray compo-

sition °n the superhigh energy regron,



BRENEKELEFHERIT TR

B & MIAT
F W BRE
¥ 4 Mo

® =

EXFHRBEYRUEIFTRERIF R BRGFTEEZBI N INE
REGTAWRLE YR TR RBEEFGBIFFERICRBOTET UNBERS
Wi BURRFEBRGFFENBERE

KUENEHERDBETRERFSEFERR, ROPRERNBERRIEN
RERPARTFHIRMEER O EFEBEREFEE, ROGTEEFIRT:
LA BENBEARN IR TR
2NAERA BB AR REREAESOR, NREBERNSUBTLE
3 EHBRERRNELENMNR—EEXNEBAE. I TREBRTRESH IR RS,
BUHALEOHRS. R 7TLEALSAPFERD, RTHESNETLEN—
HEEOWSROER SENKEFEAERET A
4 HRBRESUTHTENRRGH I FELIFBREGH, FURTRASRE &
HTMARREGH TR L
S MMM FERBHLE, ERBROGHIEVEREEARFHRNEER
EHBYR, BSURUENEARF R LB RBHNSE. BROFE FEABHE
BT BB A K

WUBEL R EEBEREFERTREMR, RORERBER DB
REERBER. (IS HUBLERAE RNUFEEGINT:

L ERMMRER DRI SFEN TR, ROAENRBLTRNXERE v ¥
BHRTRE, Wxy PEANREIERYXBENURHR|ABEATS 2, FHUS
MATRY A& BT XA RLUHERRPME TR BA BTN ATH
SRRy, BRARIBFEK.

2 BNRET MR REFRYTE, SR TRFNERSRTE 42 AR
INAE {7 Y 28 e 15



3HNBEFTAIRERENBA, RORUT ~HBEERMNT % HNEXH
BEERLAR, IRBFEE-ATHREXERBBFEKF VR TRRBTNAE
BEARTEERESIRTESY R,

4 RTHATSLEERNAEMEBAREE AR TE, RORKLT —HFL
HAMTEER AR AEXASERABT LA MNERBELHREE
KA.

S, MUTARAESBRBABRNE, TR TEEXFRERNAT R K®
GBS WERE TR A s

6, BONLIRNTWRELBTE BITARTLARURBTREERY
RARRE gk ARG IARSISRANIRGHLEBLLERANELATH
P HA SRR 607,

BYFERE AN R TETEEREAE BN, Ak, GERREIH
M, TRARYR T ON N ARG SR, HERAENNLHE ENENRE
FIME N AF R T iéiﬁ'e?g;‘ﬁjﬁ&g{gw#ﬁn;;g& W R LM & B &S, MRS R A B
S wmgT, NKRHE, AXFFSRERSE R &R - S RHARRE
R AL B,



Applying Shape Analysis Methodes to the Data
Analysis Problems in the High Energy Physics
Data Processing

Name: He Weining
Supervisor: Xue Jingxuan

cgree; Doctor

ABSTRACT

This dissertation concentrates on applying shaps analysis mettods w0
the daia analysis probleme in the high cnergy phyises  dala pro-
vessing. The shape analyeis methods concera the consirsctorn  ard snsly-
sis of explicit and meaning™si repregsenialion of shape. In the Ged of the
high energy phyiscs data processing, jiowe are two  typical problems waich in-
volve the shape arnalysis problems, They are the emiilance shape aualy-
#i5 and track reconsiruction.

The practical mecasurement of particle beam emiitance may contain suy-
era! overlapoing cltipses due to kinds of differnt tons. Among thesc iony, only
one kind of fon is rneeded, and the res! kinds of the tons can be regarded as
impusity jons. We use shape analysis methods to identify the emillance
ellipses causcd by impurity ivns and remove them. Such a procesing will
result in & rosonable estimate of beam cmiftance. The highlights of the re-
search are as follows:

1. to represent the contour of the measuremeni emiftance siape in  chain

codes.

2. to extract the key points from the contour which are considered to be of

significance in the understanding of the shape.

3. to decompose the shape into a set of basic convex polygons which are cru-

cial to the representation of the structure of the shape. A new con-

cept —convexity, is introduced To-Jaciliste TN decompogiiion Procssd.
. 8 '



The mathematical propertics of the convexity are proved.
4. to analyze the structure of the emittance shape in both  syntactic ap-
proach and relational approaches.
3. to usc the developed methods to process the simulation data and prac-
tical measurement data. The processing results show that a great part of
the emittance shape(more than B5%) due to impurity ions can be removed.
The processing i not sensitive 1o the noisc

Tracks are the trajectorys of charged parclicles travelling through a main
drift chamber, A track is assowa ol with a set of drift cells of the drift
chambper which are iriggered by the Gack. The track reconstruction in-
volves {he ideatifving {be scis of dri’f cells which constribute to specific
travks respectively. Since the tracks are circu’ar arcs passing through the
engin of the coordiantes systom. ‘he patierns of the drift cells which may
form wacks are restocisd We empley the shape analysis methods to make
use of the restriction on the natierns oF the drft cells to speed up fhe track
revonsirustion process, The hightights of the research are as follows:
1. {0 anaiyze the advantages and disadvantages of current available meth-
ods: arc calculation method and the track divtionary method,
2. to proposc a new way o geacraic ‘rack dictionary which corniains all the
possible patterns of critt cells.
3. to propose the frack - growih model ie accompiish the irack
reconstruciion iask. In this model, the irack reconsiruction is regarded
as @ track growing process from inngr Jayer of main drift chamber fo i
outer layer. This growing process ss coatrcled by 2 sct of growih rules which
gaaraniee that rutcome of the grow:h process is a circular track.
4, 1o proposc & sheme to rgpresent Jinkage reiafivms  between drift cells,
Based on the scheoe, track growth rules can be organized in & trec data
siructire,
2 1o proposc a new way 0 repiesen: the sirpcture of tracks.
6. %:"o compare the track growth method fo the currently nsged methods. The
comparison shows that the frack growth method is about 60% faster than

the arc caculation method and about 10% faster than the track dic-
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tionary method.

The shape analysis methods develped in this dissertation hasve a wide
range of applications in the data analysis problems, such as waveforn:
analysis and data clustering. This rescarch can bg the basis for the Turther

development of intelligent data analysis,
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Searches for 10 —10"eV EAS
and cosmic—ray Sources

Name: Sun Xinxin
Supzrvisor Hio Anxisug

Degrse Dogicr

ABRSTRACT

Searches for tltra - bhigh encrgy (UHE) gamma —ray sources are of great
signilicsnce to the study of the origin of cosmic rays. And Extensive Air Show-
er {UAS) arrav 15 one of (e importaat means to defect UHE cosmic rays.
Working on the EAS array of Hvuaireu, Beijng, we have studied ths EAS
phennmina within the crergy region 18%:V - 12%V and come to some predimi-
nary opaysical results, Bat the dissertation is niainly devoted to a comprehen-
sive and systemalic Monie Carlc symulation analysis of the characteristics of
the Sino - Japen joint EAS arrayv @7 Yangbajing, Tibet of China and a com-
parisoa between the shinvlation resuits and the experimental daia. Analysis is
alsp maede of the steady and the svoradic emission of UHE gamma-ray
point sources. Moreever, we have sought the possible correlation between
sotar fares and TeV cosmic rays and found an imporian: experimental
phenomenon. The datails are summarized as foilows:

1. We have completed the compilation of tha off —line analysis program
for Huairew EAS array. Combined the Morie Carlo  simulalicn with the ex-
perimental data, the accuracy of the EAS array and EAS parameturz is ob-
tained. .
Wiihin the energy region 10%V-- 10V, 3n important feature on the pri-
mary coSmic rays speciriin is that it becomes sieeper near 10%%V, namely, the
appearance of the 50- cajlec “knee *. The study of this phenomenon by
using the experimental data recorded by Huairou EAS array from 1387 to
1689 results in the shower size spectrum for ’vertical —showers’. Ixo 0b-
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