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sn ideal optical performance vhich has a long wocking diatance of wore
than i me. This wax solved by the offort of the Tivoda Optical Co. Ltd.

4. Compact emulsion chasber which led us to discover chacm particles.
Fig. 3 shova the of a emuslion chamber installing
this type of target which was exposed to cossic rays at sirplane altitude.
1t coasists of 3 parta; the veto to the shower frow upper atmosphere, the
target of the primary pacticles shich serve ms the analyser of charged
secondary particlas of jet showers. and the analyser of cascade showers

\.m.. OO —

UrpCa cranpEn
€ caas=pmns e
Sanmmeren )

Jhoous cusnans
““tonoouetn Laven )

LILLIE Y

Lawgs Sransen

Lo s008 cAseant Queaprarusion
carcane Howen
ot 2o sanmien }

Fig. 2 Schematical illustration of the compact esulsion chasber
used at the airplane altitude.
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tcom ® ?—=2r dscays. Actual design of the compact smulsion cheaber which

made us possibie to discover charw pacticles is showa in Fig. 4,

The taget psrt was 8 pile of 43 sheets of 2-fold swulsion brackaers
plus 5 lead plates of thickness of | em. Totai thickeess of the targe:t was
7.3 cw. and this corvasponds to 0.1 imteraction sema freq path. [t i3
poxaible Lo observe cross-sectional view of seccadary tracks at sach | ee
atong: the shower axis. Any kink er trident due o charged hadroas aod avy
vee .oc.wea -(4-peong decay vertex) due to neutesl hadross could be examined
dowa .to several cm fros the priwacy vertex. ’

The analyser was a multiple sandwich of lead plates. 2-fold amuision
teackacs,. and sosa set of x-roy files. Even a aingle minieusm jonizing
track pazsing through thiz part could be obaerved at sach 9.2 radiation
fength. An: electran or & v ray iacoming to thiz part is clearly discrimi-
nated by iaspacking a cascade core which it induced ia this pact. Energy
of individual electron ar v cay could be estieated analyring each cascade
showor inktiated by thew.

To veto showary from upper atmosphere, we put a sultiple sandwich
neacly same a3a. the. lawer apalyzer on the top of the chamsber. Assesdbling of
ali the alements in a container epx cacried out with enaugh precision, and
x~ray was applied. on 4 sidas of the chamber through fine iine slits.

Tew tea x (oo 5 e

w— Lt Fiake
 emsisses tase
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e
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Fig. ¢ Setup af the coepact ssuisian chamber
gzed at the airplane altituda.

the crmsilsion ctoud chamber for cosmic expestaent with balloon ad seroplane

Tise amulsion clod chamber for ioelerator experinents
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Flg. 5 Schematical ilustration of the jet shower. (19 ¢+ 70)n oy L TR T IR NI R ITINE W |
In which & pair of chbacs decays vas discovared. s )
I~ .:.‘:3:&.1""'
[Slide 16]
Fig. 1 Energy and sagular distributlon of v rays and
angular distribution of charged secondary perticies.
[Slide 17]
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Fig. 8 Recoastraotad 3 dimensional viev of the tracks of { cherged —— B g g
particies aad a pair of v rays ia the mast foreard pert of P e l g
the Jot shower. fﬂ 322, %
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)
Table | Nass and decay time of X-particle.
Pacant Asswaed ix Ge¥ T: sac "
1 Oecay wode I
0. I xx*c LM 2.2 x 107 %
X - m oK+ 2.18 .7 x 107V¢
I %" 2.98 3.6 x 10714
X -y x0g¥ 3.8 4.2 x 10714
ac I 5 79 ts- < 1.8 X 1012
of the charged hadron B’ vas estimated to be .39 & 0.1 Te¥/c assuming
the Pt balance. Table 1 shows the wass and decay tiwe of the parsat partl-
cla assuming the ldentity of the hadron B'. Because of high Pt valus, thix
Is not s straage particle. and becssse of the decay time in the order of

[Stide 18] [Stide 19]
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[FHORE —TA a4 2o #k~—]

T, DI, THETFTA=Y —RESTHERATRE S, FTICBABICR-72& ZANRFME
FIREFEICELSEABTHE L ZATYT, KIFE, 77RAF v 7 ORICHEB T EFWE L2,
WL T T RAF v 7 OWRTEBB/EI - TLEI>OTHITNE L, FEALEIOHRIIB-ZAAIO
RPN THRENEZI >TWELEDOTTNS, THIWVIHRI-EETIPLIh->7=bIF T, EhadEL<
FARTHBE, [slide 17) DL OICRY F¥, HEAMELShZAETY, HERTORTDOF I
BIFEE-T 2 20ORBHALICRAET, yROIHIL., BIFET LIBRRBIHTHERYA, #fiE
Iy BB O 2R — R v U= o R A F B THY ET, ThERD L,
EE1oOu—HNRELENDIE-LEFNICHZL D RRETT L LFTOREBICEE HIETR
DR, FOHLIDH LU LML ERIOE EICEBWZ RV — 2 F o 2O vy BRBH-TDOT, Z
NITADFHE LWZ BB I S TWAEDTIIRNWNE NI ZET, ZLOBRDERFEEBICRAITHD L
[slide 18] ED K D RZ MO oTebiF TY,

BB FICHTOERBRFN W14 By FLObNWESTEIATHF U 72EI LT,
SEDOEITHROERIGENE Y R E ZACOTRICH AN — Ry U—03HbEVI T E&BbhoTz
bITT, ZoXF s EBRHELEOIZ. 204, ZOBRMBRXOHFLBEVWLTWE=ZESA
LS DK TY, [slide 18] EEDRITETHFMEMN L RIEKTY, £hinbd [slide 18] EAE
AT H RN Z OEICEA R/ >TWET,

RBAPEMTI-DICIOVIREEL VI ZEE, BFHEILTTEZESIALE-THL-
A, TOLZEACASTETEZITRLONIEFHEBERTF O, b x5 EHFMATRIMDIT I,
YBRPDLDH AR — R T—=R20H5L V) 2 RN E LTz, £h% coplanarity &5 D
THFNE S, FRARYLODIT 2K decay DBE T, h2{fdacay ZE&$2L, ZOHD
IRAXF—NENFEFIZRE, FANLEI VD mass iIZRENE NI ZEPFHETEH0ITTY,
FDHEERH>THET L, [slide 18] FTOLSICRD EY, MBRF LV I &iTbh>TW 5T
Eh . WFORBEITbN Y EHANDL, n T a hrENKED, BYEIRET DT TT, 7D
TRAX—IERICOP > THE L LY ET0L, TRANLAFHIRANT A THBERLF D energy
b EE B L C& T, invariant mass Z#lie & 4 BT [slide 18] THOMICRY £¥, ThhbH
MEHE TS & [slide 18] HICTT LI RA—F -l D VD ZLTbhro7eD T, ZTHIITHH
LWRIF TRV END Z L 2MBFETHRENZLELE,

FORZ, 952 LEDbN-OTTIINE L, ZOBASIITEL 2o /NIHEZRAENEINIEK
BN L ZFICIDELRHEETHILLLBELE L, 29T E, PMIEATENSEEZLTELNZD
TTIFhEL, EBCROLATHrOEAR > TCEEL P> TEELT IZhiZFMPLE->THLE
END U -oTh, BOEBATBOBRIN—TREINOEZTWEEA4DRFELTHEN LR
W EWIBERIDBSTELEDTTE, bLEIEETEE, ZHRFLVWETFERERE> TV 5 biT
b, BT TERLS TUTRTTTERVEWNWTRNEW) Z L2 EBRIN-OTTITNE S,
R BIXFORNCERC, BXZOBOMEBEIFAZHE T, ZI T, ZhiIpoPLDT, HAED
LW LSRN0 TTINEL, L ZLTNBEWNI T ERDLN->TVWEDT, 1
PV FEFTIENI L2 TSIEBETCRELX LEDLIT T, 29758, o0 ZhidmEND L
WEWS Z LT, ANEATEBIZE > F L EHRIRSTEBRO T, EL@SUL, FRAEHDZDERD
WME LY LEICHBOR A HZEWI Z iR T,

LYEEOHMIC, [slide 19] D X 5 EENHE Lz, EZZDA Xy FPRROIHoTRIZ, AR
F Y7 CREHROBEESENH A LICRSTVWEDT, TITHELLII LB THEHEL WL
Z A, BREIEAEDN, FRATHBEENLMIEEMNT, FEXNEBI0TT, KRBEORE
BBFICBMICRE LEDOT, 22CEE LELLEZAZIVI BB THEDITTY, FH
BETTNS, =2—ADOBAEIIHEOEEE ~7-DTY, EZOBIREoTmbOTTNDL, &
EHigko FE A S 72 2B TRy BF <, &5 TSR EHE) X [slide 19] T £ 5 2/ SR FE
FHLZEWS . ZEIVHIEBERH E L,

[slide 20] = P—FIBBHNCR-OH - bl TTHRE S, £ ORFHBRT — & OB L5 1,
ANETBI bR EERE EOBBITOLRN TV OO ZNERUELEEZTHWEWNI BB H -
EOT, FRERICENEFBVADITTY, 1974 FE0KRDVICR->Th b, RUFHRZE-
T, SEIIRERER CEEL LR UL O, emulsion chamber Z# > 7=EBR 7 A—708 2 HHD
[slide 20] FO L 5 ZBRKERSTF DI TT, R0, TRAXF—DOBEBOWBRFH 2> FHRODH
HLIATR L I7%BEIL, EOFE O AHT, AOFEF VI BTk, T50) 220y #
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7o O HB He
iR ﬁ =
19. Discevery of Lifetise differance between charged and aeutral
104 chars partigles.
§""“““ :;; . ‘Using the asulsion chamber. we could alwvays observa both production
'\ A and decay vertiolas of charm: particles in the ssue detector.: $o. the atudy
o of iifetiwe of charm particles had started as weon as ve dlscavered the
s Gosmic Ray first pair of ‘chscw partitles in [971. Just after the discovery.of J/V¥,
. »e colild tepoct the. lifetimd-ratio of a factar 3 o 4 betwaen charaged and
5] (=] o neutral ‘cémpéneats, basing on tha statiatics at that timek?>. :Fhat is: the
Kie ot 2). Sugimota ¢t 8l Japea-tuntralis Lits tise ‘for tie charged particles was in the renge {1~L/5) + 10-*3aec,
tairplane} {batisan) (sativon) vhile thet of the neutrsi partaer eas shortuc. (3~<d) +10-13pec, as shown
URRE———— N— in Fig.El. ‘We reported this result at the t4th Iaternational Cosmic Ray
7t 13 a6 (] X
Yenr
"
Fig. 3 Accumulation gawer of chars particles 1
peé ‘cosmic -ray exeriment. : P
1, — O ITI
i
ia 1974, and was published la 1975, again on the rmm- of Thearatical i i
Innlcs The sketch of it is shown in Fig.18. . . "‘ T )
H Owacte
Surther avi had besn d by the reapalysis of gertain i 3_ """L_:H«ﬂ-ﬂ"'-'
anomalous evants absecved in the esulsion chamber tyoe of nmtan and |
publisted Ditors 197157, Among them. the'T-stac’. phich ves obaerved in Y I
1952 by ¥.Kaglos et al. of the Rochestsr Gromp bore: £he aloxest o - TR wn
tasce to .odr eveat discovered lo 137(. They pbserved tvo x © mesens with H
much highec eassrgy than others groduced In the sase event. 1.6 TeV and 2.4 !
Tev. oach of vhich deceyad into 2 v rays at the polat 2.6 cw sad 7 ca ' ¥ v T Y ¥
reapaotivaly. trow the prisscy origin. They reported that they obascved ' ! ! ’ ' § s
delayed deceys of x° mesons eith lifetime of the order of 10-%4 mec. [ TR RN
Fig. 11 Litertime difference between chacged and neutral chare
pacticles observed lo cosmic ray experiment (up to 1975).
e .
e {Slide 21]
Y e W s
se  a'e8 L6 JaNigM Ldaald
et L
-0 a et A YRR wll —an
o ot 2.9 1 it mnt
rorer
* Bt maets same
Flg. 16 Another charas pair observed at balloon
sltitude by Sugisoto et al.. in 1975.

[Slide 20}

BHTHWBON, $8OFTHON-1=biTT, Zobid, EHb a0 Lol Tl b L ENnH T E
M. Z® energy momentum NDPE THOMN o7& W) T ERHTWET, ZHELIE, J/¢ PR
Doz LIERBED Z AT L, TTND J oy BRODBETITE, BR LAV M 1FlLik
Mol-DTT,

dhEd, 20OZAIE, FEROBEDT— 4R EZEDT, ZRAHLVWEWIBREEZEDTH
Ha L=k A, 20 Life-time (%, FERDT L PHERT L TEI VI ZED, o2 10H61HEY
DT —Z D5 D [slide 21] DL I ITIZ-EVHTE b T, FHEDIZIIE. 0.3x107 12 2
NPLRHEDIE I L, W02 10” 2 BRELEVI R TETVE L, i 1975 EOFEHRE
BABETHE LD TTIRE L, PEBITH-> T, FARDIBTELZ-Z Y LTWAEVENI Z
LT T, B—. WERDEFHERDTOTA T EA LDBEI AT DIX, EHLELBMN
LWEWS BRBTZNVED>TIEAEEREN 212D TT,

-._-_T“' —t ﬂ:::“ ::::;:rclnr
. }m .‘ 10
.-
] B
- protan .
€ ay
= (R A
-" — -
Fig. 13 Sktup of various compact emulsion chambers T 78 T Y ) T .'5
used for accelerator experiments. Year
[Shde 22] Fig.14 Accumglation power af chare pacticles
per accelarator experimeat (hadroa beaas).

[Slide 23]
EihEd, AELEZOFHR TR TELEREZENIDDH-DIC, BiFEFD T AN 5 Fermi
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[

ORE — 742y 40BN - 8k~

Lab. 2 &% #2255 L 512720 £ LD T, Fermi Lab. DI 5 [ZFHBBERHICE-T2b D%, MEH
BRHIZETNALF 2P LT, TREFH - TIToTERETHEVIZ L EBDE L, =R AF—
BIRIZ2HSOWVWTTT D, TRICEILIICICAEV ELEa v 7 MNRBIERE S »TE
BREmdE L7, [slide 13,14] TIHBEICBWTH o720 %, FobLBBItrbMLLRNTTITA Y
B, ZOXHIZ emulsion &, FNNOLMIREIZISIAZELOEZIMERE — LD TRICE VWV TEREIT
WE L7z, '

FHRTIEIRDRPAROEL O RE DO TTIINE S, MEEE TERNIEE - 7= HAEHICE
Exrlol [slide 23] DL ICRBICT—FNEEVHL T, FHREUZ LI R ZF—DBESEN
EANELEE VD T T,

B (e uhoafleg 5 SRl wbamindtion, & Hor dring

4% .._3.3 Rirtirin

.
==X J4mrod M= 0 .0t0eo
Mowiteri T, G

Fig.

{2 Cosparison of life-time curves froa casmic ray experisents

(up to 1979) and froa the accelerator esperiment E531 (1983).

[Slide 24]

Fig.18 Sketch uf the tvo events contaianing simultadesus production
of tro pairs of chace particles In the same ‘event.

[Slide 25]

INELIHroli#® T, CERN OIERLE-> TERE LE LA, BKMIZIE Fermi Lab.
TR o7 neutrino beam > 7 F ¥ — LRI T D FEDOF THAN I A EHMA T, Fr—LRFDOM
HAFMEERICET A ENTEL L IR0 T, ZHIERELESMLENSL TE -
EREZOTYT, EREBOIFIIFHETERLLETTAES, ZhTDO, DE, #hdnd ol
D,, DE, 2056 A, FRENA 2 ICRIER LTHME CHELE L7z T2V 9 b EHREe
LT, BERTRLTINE [slide 24] ICRT LI ICFEHEROT —FICHERD E, ZOLHICL-0
LB TNHEWVWIRRETCEZLAH LE L,

OV MESREEST2ERIZERH LT, Z0#H, F¥— 2528 Ta—TFT 4 RHFETTLED
HEELLIEWVNIZEBBEDELE, BILFOPF T, Ea—T7 AR FIIRDIRDPRONE 2D
TDTTIFNED [slide 25] IZART LI RBBEBROLNE L, ZHIEF ¥ —L2RFBN 27, BL
BIEHHHTWE=E WS HO T, ZINIFr— LT OLEBEN 2HAFBRENTVET,

LI ETCHRE CON-ERERZBEAOEFEGT TREHED L ZAETEL ETFT, WAN
ALEERBRE LT, BRI ROHERIERRoE) F v —LRFTHD, LrbdtE, WHEMRSDHE
MBEBELEIALE LW Z L2 IV bERICERTA B TE-bIT T,
FIFERER - T-IMEBRERDOE

S s caLomueren MUON STEEL BB - [slide 26] IR LET, Z0k
i MAGNET ——ll7 07 IRBY L E— LR EOE T ERE
4o-EMULSlON 2 st s % /) ETRokbiF T3 23, emulsion X2
oc1 i ) DEDRREREBOFDLEMDIZA
| H WA | onsiEaTLskooTr., #it
i L HYYE—T, ZOTT Xy h TR
sl (0 / FOHOEMES OIS, TNNLID
A \ U Awiizx \ iy BTIa—FrOMATEEFME T
gl \TIME OF FLIGHT HODOSCOPES —:d\ T o FV ?“*‘75_’51‘.73 EWHEBTTINE
HomuoN— b, DRI DFERICH D DT T,

100"

[Slide 26]
b Z20odbldb, 2909 emulsion E W T 2 — L DBESEBYIDICKBEIV T, = a—
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WFoE & s

FY JRISOHFES CERN TRV E L, ZORT, v, FRONLRPS2TOTTIINE S, L
EHLDOERIT, HIAH VT EEST, #V=a2— b)) Ia—BELTVHHWEZ, ==2—}
U2 Eb->T, #h2 interaction TT R TR TEDHLWVWI L ZAZRBHLIERTTND,
appearance EBR & VWWETIFNEL, £HWIHIETEROEREZ CERN THEFEL TWD & T AT,
[slide 27] BIZZ D L 5 R AKTRHNT & /-3
The Evidence for the Top Quark i, R RSETIEHFR S TORP 21O TY
ThEL, BET AU DORFEEERL> TN D AN
[slide 27) IZRFT T HOWVIHIARZHRLE L, ZHid
‘ . : [Top Quark] EWHRETE b, /MK RIINDOE
KENT W. STALEY MITHEE - T, top quark BRONDETOEX %

Objectivity and Bias in Collaborative Experimentation

Sains Lo Uniueriy BFEMICaT L72RTT IR E L, 20ehrDh
BR—VIREBRROT T, EOYRHIXK T &

¥4 CAMBRIDGE EoTWeDTTith L, XBT & Quartets 7
W UNIVERSITY PRESS JLEWVWHZ EN, H 7_‘;;*@*1\7‘-:1;)735‘%0”—«(73,%‘ J/‘/’
[Slide 27] MRAONDETORICHY TS EA THIZAK

LV H ZEEEY BT [slide 28] ICRT & D ICEEESRITTEYV ET,
IDOABESTWETITFNE YL, BATIIZEI WIHIBEBIDIIS 72012, TAUIBDANT=HIX
FERITBETLENI D, EAEABDELOMI DN Tcite LTWRWEWS Z E T, £hiidh
Loz TIEROMNEWVH Z e E2RRTELNET, ZH1H T &8, FEHLOMEETL,
WEELFHNEEZ R CMEZ ZICBWWTRBEE Y, 4250 T, —BEWVINA, 1998 FiZ
ZERTEELHE Lo EEDLOTY, [RIEEREFESTERTHELNIHKR] EWVWHIEOE
BEETTIHhE L, ZOLERTHIRELLERITT. b 12, BRYUIOF v —LhT2ERS
BTHE L7 & EDFHRIT, Progress ICHETHH 27D TE, ZOYURHIEE, ERORIITAR
XL LTIHEHRA T AR SEDTTF—F L LTHLT, HE0OFELVEIERSSBOREOPILH
DRFEREROFRLR—bER-TVWET, HEDL I 120X, BBREFICR>THOHAERE
BN, GELEEORILEEZ LI L2 LELLBRELDOTY, D ) 1213, BREK
FELELETAUIOD Staley L WIHRFEFOFTTIINE L, TOFREWARDETS L/NIFKAE
DOSFICEE L ZAFTROTTR, THLOHEFIZE S F 18T Ol T TLEE,

A R b

1. Discoveries of naked charm particle and of lifetime difference among charm species car-
ried out using Compact ECC (Emulsion Cloud Chamber), K. Niu, Proc. The first Int.
Workshop on Nuclear Emulsion Techniques, 12-14 June, 1998, Nagoya Congress Cen-
ter and Nagoya University, Nagoya, Japan, Edited by K. Hoshino: [abailable as preprint
DPNU-01-01].

2. A Possible Decay in Flight of a New Type Particle. K. Niu, E. Mikumo and Y. Maeda,
Prog. Theor. Phys. 46 (1971), 1644-1646, and Conf. Papers, 12th Int. Conf. on Cosmic
Rays, 16-25 Aug. 1971, Hobert, Tasmania, Australia (1971) Vol. 7, 2792-2798.

. BRLTERICED R FERROEN, 4 R, BAWESFEREE, 45 (1991), 25-32.

4. The Evidence for the Top Quark, I-5, The X-particle and Quarters. (p. 23-27), Kent. W.

Staley (Saint Louis University), Cambridge University Press (2004).

w

BA ZEHBIZH Y EREAD,

B 2595350 THiITREY, FTEELANEDLN TV S emulsion X, EZ T 6T
=D T h, :

BE —RBEE., oV AARATCTETWREDST-DTA XY ADEHDO LD EZBAL THEST20
THINEL, BMADO L ZIZVWANWAR NI TIABH T, ZHTRITVEE TRV EWITA
WEWIHIZ LT, HERDELT7ANLE/NENIBBECLTHEELTCLL-TmbIF T, BL
TANVLDIEIBRICRIL T, TN EFTHoLEHEOLDEE>TWET,
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5. THE X~PARTICLE AND QUARTETS

Japanese physicists intensified their scrutiny of the Nagoya model in 1971
when a group led by Kiyoshi Niu of the University of Tokyo seemed to find ev-
idence for a new, short-lived particle with a mass of approxxmately 2 GeV/c?
(Niu, Mikumo, and Maeda 1971).14 Recording cosmic ray events with nu-
clear emulsions flown on an airplane, Niu’s group found an extremely en-
ergetic event that could be reconstructed as a massive new particle decaying
into a neutral pion and another charged hadron. They calculated the esti-
mated mass of the unknown particle Xaccording to two different plausible
decay modes. Assuming the Xhad decayed to a neutral pion—charged pion
pair, they estimated the mass of Xto be 1.78 GeV/¢2. For decay into a neutral
pion-proton final state, they estimated a mass of 2.95 GeV/c2. This particle
later came to be referred to as the X- ~particle.

This single cosmic-ray event initiated a flurry of articles appearing in
Progress of Theoretical Physics (PTP). As Shuzo Ogawa pointed out (Ogawa
1985), PTP published fifteen articles in the years 1971-3 that were directly
related to the X-particle event. In the United States, on the other hand, the
X-particle seems to have received very little attendon. During 1972, there
were no citations of Niu et al.’s 1971 paper in either Physical Review Letters
(PRL) or Physical Review D (PRD), the two most prominent journals in the
United States that publish papers on elementary particle physics.

The fifteen articles in PTP can be divided into two general categories:
those that examined the X-particle specifically in order to identify it from
the standpoint of various theories, and those that considered. quartet mod-
els of fundamental particles more generally, citing the Xparticle as a mo-
tivation for doing so. In both categories, the Nagoya model was of central
importance.

Analyses of the X-Particle. At Hiroshima University, Takemi Hayashi, Y. Koide,
and Shuzo Ogawa had produced a modified version of the extended Nagoya
model (in their version, the baryons p, #, A, and the hypothetical heavy
¢/ were formed from Bt and lepton-antilepton pairs - conceived to be

[Slide 28]

AW - F IV T AT,

FHE BEFn 35 4F, ‘

KA, 1960 FERDIEH S HWTL X I A,

FHE £ 95 T3, 1960 4,

TR BLE7ANVDIZEATEDOE, CRFOIE BENVTL X I,

FHE (& 95 T3 h, HiFEZEDL EXE T electron sensitive TIXR -7 ATT, THERBHITIL.
electron sensitive, » HWAHERHLF. HHW D RN X —DRBRL LIRS 720 & DT A0
EWHZET, 50 EHNTYL ) —HEFRAEL L THLHL-5EDTY,

M b b 9 120, VWbws H quantum, WEIZED L 3 ICFNEZBIRENE 4D,

A CKDOETTR, RBRETAZHLTHS, ERINB—EKBIbroLFE LI OWMTH L, kDE
B2OLRRTADENEDEDNANALHLAEDTIE RN EWD Z EESranzbif
T7, —FMIZIE., FRIHLWEBZFFLWHIZ LT P LBR DO THIINRELZ
DHASTIEHMLH D EHA,
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FER :quantum & V9 D,

FHE 2 OFBERHBAZTNRE L, F0OHWEIC, FADEFATTE, KOEOKEZ ST/ E
WHDONRBREWVWLDETNANASETEELITTTITAE L, HiX, BickE<< 2530 TIX
T, BFAHIZ—8, Bri)EakTHEWREKLT, EDE2EMR2bLONRTELDEE
WOBZENRH>T=DTYT, EDH, TOEXFITENTVERA,

M KA ZBIANERICENEZFEL CERENT,

FHE 25T,

WHR %9728, RIBEOKDERRLE VI, THIVIHBHNICIT, £HVIHIDIFSTHIT-
FYLTWT, ERABEI WD origin 02E VD T ERHZIHENTHWRNENIKL TTh,

FHE %5 T3, '

WK :ZOHF D quantum number &2y, A RLUIRANBEITEEN, £H50D Z LT,

FHAE FZETIIEDTWERA, FLOBXTIE, OR—F o KEay a—=DRILTiEWV» T
RNWEZAET, brotHEERDOAI=ALDLEZAETHLERLTWADTTITNYE

b, RMEHLENRLULE, 74— FTFARELL TLLIEZFOHB L) DEFRSTHRND
TY, &b, ZREODFIE, WEETORo TN EBbNBEDTIERVD
ERBHITBSTHWETHS, ZhbbD LARTAL ) EBoT0ET,

A,  FHRICET 212 AORETHBEDL Z A1, FEREVIDIX, Eo&, ZOA (RES
A) BEVWELETIESL, GRZLARVERDRTWE, LML, TOEF LW EHRE2#E-
TERETIL, MEBRBTHLIIA ST THLEIROTTN, FHROLMNZHL EEREN
REZABDHBEVIFETT LR, FOFEI, E0LOHFFICLH Y ELT, BlAIEKBEHER
ERXHBARDPSTLESTENLENWSI ZET, TAUITRETL RV ELE, THIZ
XFUBATHHETXBROBREFERDIT T, SALEDELE, T0%, XBHEIZ—EE
AETHRES, BERORNPTEEZIRST, BABRPLIZRSTWVEDLITTT, £50WH T &k
WODIE, WANWALHBERIDOTT, ZRUIINETOFET, MBWVESWV 0D, 4
BHLEEHDIONEVHIERITYT, FRIER - THBRNEDLNLRNWE WIS T ENEERE X
MOTLIITFNED, ZRLEREXIIRLR D, HBELELEIWVWIZ LIZEERZLTE
LNTEDTL X I hy,

FHE £ 5 WS BIIRLDOBRYUE THHIANPIANERY, BBV EEZ T I HICED T, F U =a—
MY OBHETRST, ZORT. TREZLL-TVET, HBIISIHIZZOEEZED T, 4
BEix==—"FY /iEE% appearance D TROIFT LI VI Z ET, VWE, HEEEZED T
¥, BITZDENTHNANSLLEZTVT, RSAFEIZF>TWDEBNETITIED,
FREIAADP LR TR TRV E BnET,

BEA LALwHY> Z&WETH, TikbH 104,

B MREOMRICES R FEERIIB D TESZ LB THAOTTR, REICESEHR
RoTE=DTL X I DN

FHE HAOBHEARTZH TRV ELE, BRIIEELT7A LV AZHATHEOTTIIRE Y, #ilx
a—ay X TAVHITERLETHR, TOLEZELTANLATESTH-TWNE, *
DHNWEIZFERPIRDIDITTT, TELTARAY I TI 0 PRI T, BRER LIRS
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