DEUTSCHES ELEKTRONEN-SYNCHROTRON n E SY

DESY 80/65
July 1980

§0-"7- 350
=
B LF ﬁ i;ﬂ Ak

GRAND UNIFICATION AT THE SUBCOMPONENT LEVEL

by

I. Montvay

II. Institut fir Theoretische Physik der Universitdt Hamburg '

NOTKESTRASSE 85 - 2 HAMBURG 52



DESY behailt sich alie Rechte fiir den Fall der Schutzrechtserteilung und fiir die wirtschaftliche
Verwertung der in diesem Bericht enthaltenen Informationen vor.

DESY reserves all rights for commercial use of information included in this report, especially
in case of apply for or grant of patents.

To be sure that your preprints are promptly included in the
HIGH ENERGY PHYSICS INDEX ,
send them to the following address { if possible by air mail ) :

DESY
Bibliothek
Notkestrasse 85
2 Hamburg 52

Germany




sTopow ut ‘Isasmoly ‘ssburyo UOTIENITS YL ITBOS UOTIEITITUN=-pURID
HOURIOD SWOS 3® Y3busIijls 2WEs 23 DAPY PINO0 INOTOD PUB INOTODNS
3ey3 outheuTt 03 (arqrssodwT 30U 3T) ITNOTIFTP JI2Ujex 3T Sa)EW “(e)ns
puw omﬁmvbm 70 sisjowered STeDS Y3 UT IDUSISIITP =HIET 2UL .w|>wo !
Jnoqe ST INOTOD AIRUIPIC IOJ SOTPPI FUSWIULFUCD 24} ‘puey I8ylo 3yl
EOnm. ﬁwu "b*s o9s AP.co S3TUTT TRIUSWIISdNE JO MOTADI JUSDDI B J0J)

+ ¥, swraesTy uoleid Byl JO ATWIT Iemol jussexd oYl Y3ITa uOT3IOTPRIY

-uQD B PTIOAER O} I9DpPJIO UT ﬁr ABD 0} uUpyl ISTLRWS ‘ARM AUR UT) Mmu

Fl-
ssew UGT3BDIITUN puexb (§)QS JO 9SISAUT 24Ul JO ISPIO Y3 UT =G 03 Sey
{InoTooqns IO SNIpeI JULWQUTIUCD 343} suocidaT pue gy1endb JO UCTSU31XS
Terieds eys ‘ATjusnbesuc) ‘SUOTISEDI FJUIWSHULIALII~-JUSTITISUODYNS IV

+w+‘1AI h+Nn IO +m + N &—D4n :Keosp uojoxd 103 sassaniaocd oiseq syl

.mnmléfvbm dnoxb sbneb Te3U0ZTI
-0y ay3z jo uorjejussazdsr v jno ueds serrrwey (G)NS pIepueis auL (%

"suojde] pue sxaenb Jo saTTIWEF ($)Ns (5 @oL)

pIepuels JUSISFFTP 2y3z Hurjzosuuco dnoib sbneb ,tejucziioy, ¥ ST
Hs-4)ng pue ﬂmu MOUSETD pue THI0e9 Jo dnoib uopizesTyTun puerb =yl ST
(s)ng =asym Hig-w)ng @ (5)ns sutejucd (-w)ns dnoxb abneb ayn {'t

ﬁ.omﬁmwzm zopun Arjsumistiue jo oousnbasucd syl s1 Axarsumis

ayL) *senTpul Ioulds-TA2M po3lop pue pojlopun x0F dnoib-zjusio]
syl sT (D’Z)3s =I™uUn f(o'z)1s @(w)nNs Ispun STIJBWWAS ATTEIO]
s23e3s 7/ utds jusuocdwcoqns-eaIyjy aie suoldse] pue syaenb aurn ('Z

"TeART JUDUOCUIODYNS @yl ' sSIT[PwWoUR IRInbueTIl JO
soussye 8Yj S2INSSE STYUL - { .km MMK\ ) uotiwjussaadaa eagbnluos xo1d

% ieins & ( w)nNg 3O UOTIBIUBE
—aadsax | M:SV Tejuswepun 2yl ul oIe SUCTULIODJF quasuodwonans syl (|

-0 9y3z ur aie safoTixedriue ITLYL

rpeTIIIIny @ae sucijdunsse buTmOTTOI aYz

o8

IT pue (9Zw) {(gins@{u)ns st dnoxb shneh TTNI oYl IT STITTIG

—tssod 3uLIlIITP ANOI ATUo aIew aixayl ! ﬁ& *I9Y uTr umoys sem 3T SY

C{AInOTOO=0} oﬁvam ut sea3Tsodwoo yaenb-seiy; OTIFSUWASTIUER I8 Suofieq

s
Sk Apm Sumws oUl ut o

(£)0S a92pun 23@35 OTIIDUMWMASTIUR UE UT gausuod
~WOANS 22IY3 UTEIUGD suojldal pue siienb ayg °,anoioddgns, omﬁmvmm
peuTjuco SYil JO SoU3IsSTX® 8yl 51 uoTidunsse UTeBW SYJ -IUSUBUTIUCD
j0 esPT ,I[BUOIIUDAUOZ, 217} UO paseq suc3zdal pue siIienb e3Tsodwos

103 stTepow pasodoxd Mg 03389 pue Tuonqiesel xaded jul08I v UI

Aupuizdn

‘yuog ‘aThoTouyoa] pun bunyosiod IRI wOTIDRSTuTWSSpung Aq palxoddng
U 1 +

-4 (z)ns dnoxb

(anoTonTuyD®l) AnciooiadAy B 1oz osTe sopTd TRAN3RU 2 ST 319yl
wayl O 2U0 Ul “Taas] Jusucdwosdns syl je UCTIRDOTITUR pueib (1308
@(r)ng ue o3 peal STSPOW HBUTIEBIDIUT JSOW IYL ‘OUSYDS UOTIBRITITuUn
puezh ordurs-TWSS B UT poppadqua 2 UuED INOTODONE Y3 usyM SIse
JO Iaqunu pa3lTwI] B ATUO 8ir aI18Ul 3eYl umcys sT 31 *sjusuocducs
-qng Jo isqunu AJexlTqae ue 103 Dutmolle peziTeIgush sT suojdaT

pue syIend Jo Topow 3usuedWosUNs O3IRD-TUOTGTRSED BYL 3I0BAISAY

N fanquer 3R3ITSISATUN 19p YTSAUS DUDSTIDLO0IYJL Ing 3IN3ITasul 'IT

Aeajuol I

‘isaaT Jusuodwoodns Y} 3® UOTFEITITUN PURID

0861 ALnr
59/08 AS30



3a7dTa3 ={l) PuUeR s$2IN30nx13s utds JUSILIITP ¢ UITM((8)NS IO uUoTlejusssid
-23 TeUOTSURWIR g9l=} (|’g) nearqe3-bBunox ayz umamv:m @ (8)ns ur (*g
$9(cins ur 39Td-cL = (L717z’¢)

puE S9IN3ONIIS UTdS JUSISIITP Z UITA ((OL)NS JO ucTiejuassidaz Teucts
-uswTp Og6yCE=) (L'z‘¢’¢) nesTqes-bunox ouj o (6)AS @ (©L)AS UT ('
Meiyns ur jerd-gg

=(1*1*L) pue sxnjanr3s uTds sUuUO Y3Tm Qmﬁvsm JO uoT3lBjULsSaIdeT TRUOTS
~USHTDP 87995 =) (L‘Z‘¢’g) nesiqei-bunox ouyy o (L)ns &@(zL)ns ur (¢

: mvu -39y ut Tepou ° (¢)ns @ (L)ins sy3 03 spuodssaico

Ouﬂ.mﬁmusw ur 321HuTs = () pue sainioniys urtds JUDIDITITP (L+9) UYITH
(L/14a 1+q) nesTae3I-bunox eyl (" -'z/1o=q) °° (qz+g)ns ®L)ns ur (-z
Hezryns ur aerqnop =(1) pue s2in3onils utds JUSISIFTP (L+9) YITH
(1717149’ z+q) nearqel-bunox auyz {**-*z‘(‘o=q) °%(gz+s)ns @(L)ns ul {1
ISUOTANTOS BUTMOTTOF BU] S2ATH saTaTrigIssod

2U3 TT® JO UOTIPHIISIAUT DPIBRMIOIIUDTIRIYS ISTMIBYI0 ING Ayabust ayJL

L IDPIO

oa1scddo ut Tenbs ag 03 a2avy saurl burieiedss TesTiisa pue TeP3uUoz
-TI0Y Yloq snea[qel-Hunog o3zebnluos xa7dwoon U ‘ATaweN -| 2anbTJd uTt
pa3jealsnI(T ,S2UTT buTieiedss TeoT1I9a pue [p3uU0ZIacy, Jo sasuanbas
2y1 uo pasodut 3189q 949 ued snealqei-buncg syebnluos xetduos ayz oz
UOT3ITPUOZ 2L - {5}AS UT § puer 0| 2Yy3 I0I sajebnluos xo27dwoo aq 03 saey
:nmuﬂv:m utT SneaTqel BuUnox Byl (P puR (*o $S9SPO UT SEaIDYM mﬁm|:v:m
Ut snesTqei-bunox (eorijuspl 2aTnbsi ol saey sm ('g pue {'® saseo
UL *SACQE DP3DNPCAIUT SNE2TOR3I-bUNOi JO S1I0S oM} BU3l JO UOTIonpax

Hig-uyng ®(5}10S SU3 JO UOTSSNISTP PIBMIOIIUYBTRIFS B ST 3387 ST IvyuM

Hig-uyns
3o suoriRjussaadar ojebnl{uos xordwos UY3TA (¢)ns uT x5 pug oL (D
Hig-v)ns
30 suorjeiusssidax a3ebnluos xo7dwon YiTm {g)OS UT § PUR O[ (*D
m:nmlsu:m 3o suorjyejussaxdar jusiraTnbe yjTm (S)NS UT § pue x°L (g

Hic_uyng o suoTrejussazder Justeatnbs y3TM (6)ng ur G pue o (°®

»*
88T TTIqTISSod Inoy aae 21243} sjusucdwoogns (¢'u} asIyy
ay3 3o s®3e3s ayjy 104 - ﬁm sassew 2bhIe] sARYy O3 pouUnMSsSe DI1e hﬁwvm

A
® {Z)NS WeTeS-HIBqUIDM-MOUSETH 2U3 UT SHUTTINOD V+A UJTH S83B3S «5 ©0L

pepuey-3ybHTI peIuesMuUn SYL * { ¢! xUY} UT sjusucdwoognsIue 2yj JO Ino

+
SSED I933PT 9Y3x ul searsym ‘ (¢g’'u) uT sjusuodwodgns ayl Jo 3no pasod
-wos 99 o3 savy suojidsT pur syienb sy3l 2sed IBWIGT Y] UL .mhm|:v:m

@(s)ns C(u)ps uoTiIonpal oyj uf § pue ¥O1 30 g pPUBR O| I3U3TS pasu

am SaTTTWR] (§)AS SSBPW MOT PIepUEls syl I10d °(U)ns Pue (D’z}1S

CATTUEI (G)NS Ue UTUITM

uT sneargel-bunox

TeOTIUSPT Aq pazIiTead 5T (0°Z)3S @ (W)NS Japun Az3sumds 12107 8yl

TL+dg ©3 Tenbs se8seo yzoeg UuT ‘2Io0F=2Iayl ‘ST suoTieInbijuoo urds
JUSIBIITP JO IoaqunU JYJ ‘S30TPUT pal1lop oM} 10 pajjopun oMy IsUlTa
and 03 @igissod ST 3T SUO ISFFET 8y UT SELIDUM ‘umnToo 2y3 UT Sa0Tp
-ut pe33op g pue pajjopun g nd o3 st A3r1Tqrssod ATuo 23 95ed IaWIOT
3Y3 Ul "sSILTRDS oIe g pug p yzbusal Jo suunrod sy -ATsatrioodssi ‘¢ pue
l yabuaT Jo uumto Y3z Aq papracid st z/| ulds 9y3 sS3sBO OMY 8yl Ul
0oz q'e 7203 {2 ‘1+2 ‘|+9+2 ¢ |+0+B) NESTUE}-bUNOZ BU3 03 20 {e'e ‘qgie
‘l+d+e) nearqel-bunox ayl 03 IIYIT +ﬁmvmw @ ﬂmubm ur buoTaq ued
sajele uoTwisy o3fsodwod z/| uids BurA[ MoT =yi - ﬂcxu.:nu6nr&v Kaq
n\aﬁn _..nw&n.‘.ﬁ yzbual jo smox y1M neaTqel -Bunoi ayz ‘Tensn

g2 ‘9jousp [Teys aM ‘AT=2ATioadssi ‘SODTPUI PO93I3I0P PUR PSIIOPUN UO

Joe ..:S:w pue Qﬁmu:m sIayms ! ...,ﬁmvmw & @Am;m = {2'2}15 @103
-2I9y3 ‘sS90Tput Ioulds-TASM P3170p pur pajjopun asn am dnoib-ziusiord
23 ur " (2f7Z}TS Qwﬁﬁumm 03 302dsa1 YIT#4 OSTI3aumuis ATTR3073 593B3S JUSU
-cduooagns- (1+%7) 243z X0F Yool 03 saey am (*z uoridunsse o3 butpaoooy

&5 PUP ©OL 29Ul J10J JuUSISIITP Sde SISQUNU wnjuenb
:HPUD ayy se {"§ UOTIGUNSSE AJST)es ATTEdI 30U S30p 3T 3ng ﬁwu uTt
POSSTOSTP T8poWl o =U 22U} 29 prnos A3T(lgrssod ATuc ayi -UOoT3INTOS
ou Butyesds AT30TI3S ST 819Ul 9w=u I0J IpY3 uMoys ATTISEs a9 ued 3T
ASNBOVY [ F U $8SED 9} ATUO IIPTTUCD TTRYS oM ‘sucTidunsse sioge
ay3 butdzsTties suojday pue syIenb ur sajusuoducogns [+37 yITM sTapow

zuaucduoagns omﬁr+xmvwm @ (u)ng orqrssod By3z IO YOOT ISITI SN 397

.Umhhusm pue omﬁvam ‘Arsataoadssa ‘ssses om3 oyl ur axe sdnoib InoTod
-gns eul " /=U Y3TM wayl JO Y3og ‘susysns uoIIeoIITUn pueib ITqRUCSEaI B
Io7 BUT1S2A3IUT B¢ ©F WIS STIPOW || 858Y3 Jo g ATUC 3IRY3 MOTSQ oS
TT2Ys @M "a1qrssod st (U)as Qwﬁcupw UT UOTIBOTITUN puURId STAUIS-TWSS

B uSyM ‘U s | +3Z YT STITIIGISsod JUSISTITR Lt ATuo ‘Iasamoy ‘sae
8I8y} $95eDd 2989yl LHuowy - (- +’gfg‘|=¥) sonTea 3 o7qrssod jo 395 TINJ
ayl HAUTISNRYXD STIPOUW YONS JO $ATIDS 23TUTIUT OmM3 2Iv 2I9U] ‘Sosen
TPUCT}daOXS MBI ' S9pISaq 3Byl 3Ino suiny 31 -suojder pue syrenb syy
2pTSUT sjuauodweoqns Jo {|43g) Joqunu ppo Aue 103 Butmolie abueys ATuo
2yl yarm {"y--| suoradunsse sasoqe 9y3 HUTAISTIPS sTapow jusucduooqns
owﬁ_+xmybw Qwﬁ:vmm a03 ool 03 ST I9338T jJuessad oYz Jo ssodand auyg,

‘sjusuodwongns (L+3z) 3o pasodwoo 2dIe

owﬁr+xmuom dnoab anoToogns zabiel e Yats

4

sucida| pue sjrendb uaym (ZgX)

e

R VLT ST T TN O eI R TR R R T T P U R

]

[ T T P e T T e L IR L

AL LR LT N T CTE TR T DT TP A

BT PR 0 R 9 AE



shUTMOTTOF U3 ST valr 30
UOTITUT ISP 243 .\d<‘ Aq @ uoTiezussaadsi ayz uT sxojrIzUab Y3z pue
¥ se suoTwIsaz 3yl Aq 3juo pauueds 9 30 uoT3iejussszidax syl Hburjousd

o) ()0 POy = VTS
Eq peuriop ST (D)0 ulul
(©) VAL R ={"¢'"Y]
Azst3es o dnoxb abneb syy 3o sxiojeaouab syl 31

@ BGIIR SICOSE L

1SPT9TI Fejjew JoO sar3asdoad uoTIEPWICISURIY
pue Iaqunu ayl uo pue dnoib sHneb syz uo spuadap ?& Jup3lsuoD 9UL

, A  3IP
(1) \Aﬂll 1|.IM!5|
Fog VP
- hwkudvécw = 3) x8pro dooT @uo

ay3 o3 dn saey am Aﬁg\ mnMwY uQT3e3l0U Tensn 9yl ul “anoioedqns
. '
omﬁnva jo sseo 1oTdwrs sy3l ut ﬁﬂ sjuRglsSUCeD DUTTdnoD 2U3 I0J SUOTI

~enba dnozb UOTIEZITRWIOUDI U3} JO UOTSSNOSTP aat3exTrenb ay3 uibsdq sM

X4 reou 81T ©3 pouwnsse aIe (039 suoTawquasaxdar (¢)ns xsubry "b-9)
so7e3s o31sodwos aT1qissoed I9Ylo Ul ‘gausucdwosgns (/L 10 §) Jo pasoed
—woo suozde( pue siyxenb Jo sSTTTWRF (§)NS pImvpuels aul aiv suotienbs
dnoib uoT1ezTIewIOUSI 3Y3 buijiejus Wopesiy Jo soazbep UOTWIADI 2417
-o83l9 2UL xz moTodg cvn jue3suod burTdned gOT 2yl eyl ﬁbmwv_ow = xz
1esu ‘Aes) sstbasus IaybTY yonu 3e abieT sowWoOsq FULISUOD putTdnoo

anotoodqns 2yl 3ey3l Aem B UONS UT USHOIY Arsnosuequods ST AT3euuAs

sTy3 jutod UCTIBSTITUR purib aul} HOTSH -sx030vI (L)Ng omy 8y} Jo sbueyo

_¥X9 oy3 Jspun Aljsuwuis 239IDSTP B SBY uethuexbe] 943 SIUR3ISUCD BUTT
—dnoo Tenbs 103 pue (r)ns @(Lins Jo (L°L) uotiejussaidex TejuswuRpuUny
ayy uf axe sjusucdwedqns SYL ‘guotienba dnoab UOTIRZTTRWIOUII SY3z UT
wopsail JO 5931HOP IURAI[SI LUJF 3B sausuodwonqus 2U3 ualys sucidst
pue sxienb Jo 2Injonrisqus 2y3 30 Abrous 2Uy3 2a0qe 8q 03 SeY STUL
-renbs swooaq sicloel (L}NS om3 U3l IO sjueqsuos buridnoos syl 3utod
3W0S sAOQE JEY: suesuw (£)Ns @[L)NS UT UOTIBDTITUR @cwu@ ardurs-TWog

5

‘uoT3eOTITUN pueab (L}0S ® {(L)ns ue o3 Buipeay yzoq {'2F

pue ‘q| s98E0) umhhvnm ® (Lins xo ('qg pue "el s25BD) Umﬁmvow ®@L)ns
I3y3Te® ST 3397 ST IeyMm ~8Iay sI0u Aup woul JISPTSUOCD 30U Op 2t SI0IIIYT
goTbhaaus ybTy 3® WOpPLI=2IF oﬁﬁoumEhmm ay3 uTnx yoTym ssTTrwey (§)ns

J0o xsqumu obiaet muw> B sapy [ pue g ‘tp ‘g SOSED DTIOXT IBYIRIL

3y .oﬁmUDm Y3ITHA UOTIBOTITUN B JOF TTRWS 003 aq 03 Suess ydTym Hﬂ
dnoxbh anoijoaqus se Umnmumm oAy (ez pue g ‘°g) ¢ se@sed (| IUYI Buoury

fUOT]ONPOIRUT Y} UT pauoTIusul s9T3TTTaIss0od || @Yl 23 2S9YL

‘H(z)ns ut 3erbuts

= {0) pug S2IN310NIIS utds JuaILIITP £ UITM thbm jo uoTiejuassadax
TeuoTSUSWTP §ZGE=) {L'E') nesqea-bunox eu3 °°(L)nS @ (L)AS UI (*9F
H(zyas ur je1burs

={0) pue S2INIONIIE utds JUDILFIFTP OM] YJTH Qhqu Jo uoT3evjussaadoz
TeUCTSUSWTR Oh=) (L'2fz) nearqel-bunoci suj 2% (gyns @ (L)0g ur (tqz

: ﬂm_ +Jjoy uT sST@pow dU3I JO Ju0 ST STUL ‘B(zins

ul 39Tburs = (0) puUE 2INIONIJS utds suo y3TM ((L)nS JO uoT3ejuasaidex
TevoTSUBWIP §E=) {i'L1) nesrqe3l-bunox syl °(g)yns @ (L)ns uI {ee
H(zyng ur 3a7qnOP=

(1) pue saInionils urds JULIaFITP Oom3 ultm ((L)AS 3O uot3eiuasaIda
TeuoTsuUSWIP OF6z=) (L*1'Z‘L) meaTqe3-bunoi syl 5 (yns ® (L)ns uT (9L
Hizyns

ut Forqnep={(l) pue SINJONIIS utrds auo Y3Tm {([L)Ns Ut uoTiejussaadax

9% (gyng @(L)ns ur{ ey
isageo buTmolT0J 243 ©3 p2onpsi I4e

[eRUOTSUSWTP pzz=) (1‘'171l'Z) nesrgei-bunck 543

(*z pue (°| UT seousnbos 23TuIjul oMl &yl usyl ‘(uins & (u)ng uerjies

_tytun puexb o7dwisS-Twes g2 JarY 03 IASPIC UT ‘u wﬁv+xmu cxrnbex oM IT

* {] -zew ur stepow vun 3o SUO ST STUL ‘Hig)ns
ut 381dras=(L) PpUER 2INIONIIE utds | uatm ((g)0s IO uotiejussazdax
°F(¢yns @ (g)ns ur (g

Higyng ur 301d-61€ ={1’c’¢)

pue ssanzona3s utds JUSADIITR ¢ uiTH4 ((OL)0S FO uotiejussaidal TeU
_oTsusuTp OzEpOL=) (1L/gz'g'g) medTge3-Hunox suj 2% (g)ns @(oL)ns ur ("¢
Higyng ut 381d-511

=(1*‘g’E) pug SINJIONLIAIS utrds auo yaTtm ({ol)ns 3o uotiejuasaxdsI TRUOTS
~ualTp oggoll=) (Zg‘zfg) neargei-buncx a3 2% (s1ns @(oL)ns ur ("9

! mg -god UT STSPOW SUl FO SUC ST STUL Hieyns ur

TRUCTSUSWRTR 96=) (L’i’1) neaqe3-bunoxr U3

¥



“ g Yn @M (z)ns 30 Buryeaq

331 I0J Dopodu suosaw SHHTH TeoTweudp Jo o701 8yz AeTd pinoo Azjswwis
Usﬁmvbw TeITyo TeqoTh Jo buriyearq Arjsuwdis snosuepjucds syl 03] 2Np SUCSOY
auolspTen zeTeosopnesd ayg A.mﬂwvz ow>ﬁmunm UT SosSSPw % pue M aU3 Io07
szz Mkubmw¢|o~ INOYE SNTpRI jusu
-2UTJUCD B BUTA®RyY ﬁwﬁ.mu ozamvbm {(WINOTODTUYD®Y,, ) ,anotooxadiy, ay3z yiis
(z)ns stuz A3T7uept o3 Buradwsy st 31 -ebrel sewoosaq burtdnos VF (g)ns

pespeau ST apuiTubew Jo ISpIc STYL) °

Yl 3I9UM >mw¢roF mwxz ueyl SaThIsaus IDTTBWS Uonw 3e ST eyl fATMOTS
ai1ouw sbael sawocoaq jueisuos BburtTdnon s3T dnoab 1oTTews ' Bursg *sath

o

-xsus ybtyzadns 3 7% (g)ng yITM POTITUN ST USTUM XO30RI (Z}AS USNOIqUDN

ue ST soToUL TeInaeu vy .owﬁmvbm §8pTSaq UOTIOBRISIUT IIYJI0 SWOS I0T
WoOI ST 218yl Umamv:m buturtejuoo 1030BI (L)NS OYF UT 3eY] ST sousisg
-JIp TPTIJUDSSa ATuc ayg .omﬁnv:w Jo @sed Syl 03 IeTTWIS A7TeoTIsSeq ST

norosqns owﬁmvbm Y3TM UOT3BOTITUN pueib Jo sanjnTtd sarvyezrTendb oyl

*2ATIRRTIEND ATUO ‘2i10FsIoyl

‘st aan7o1d jusszad syl -aIay paloaThRU ‘I9aamOY ‘aae (suosaw-shhTH
Hmoﬂﬁmchvv sIeTeOsS ssew MeT S1qTssod IO SUOTINGTIFUOD pUR SUOT3IDaT
-105 doot-omy * h.& ogL/} wﬁmz.wa_\ﬁvo
003 IRUMBUOS ST SnleA IdwioF a2yl -oTbue-hiasqurem 3y3z Ioz oNAumwzm

auo YbTta 9y3z o3 paieduwod abiet

UTs pue jueisuod burrdnod osijdubermoriloals 2yl 03 LLL/1 ﬁwzv=mvo

4
Iy
bt 9
¢ 2 -
Z 4 ol
{9) iy & v Oz
¥
4 .JJ + > MW - eS&vO
v y- & v
ﬂﬂg suotTieT21 (5)ns dooT 2U0 Sy} woIl 2AThH
%4 e wmud_‘mvo pue gg mwwr_\vo JO sanT®A BYJ ‘| STYel UT pelos[Io0 aie

sabuex AbIaus JUsA8FITP 2U3 303 {|) "bag ut ﬂo& S3UBISUOD BYJF JO SONTRA
Ul "pautwrsiep Arsnbrun Apeaife aie gz HTJ UT SUOTIORIDIUT BYF TP I0F

™y pue *w’ %% ooug

sjueasuoo burrdnoo ayy jo sburlo 2yl poxTi oae
*SUOT3I0RIDZIUT

TB3UOZTIOY I0T SOUSPTAD TeIudWTIadxa Aue JO @oussqe jussaid ayy Af20TuU
sureTdxs STUL ‘SeT[Twey 39{qnop '({z)ns ButAy ubTy Byl yITM BUTXTW

TTews e ybnoiyz ATUC 3ISOW 3P SUCTIORISIUT esm [RIUCZIIoU ur =3edloIll
-1ed uen A8y .zﬁmu:m Iopun s3sTburs SIe SIaTITURI (G)AS 28IUl UMOUY
Arjussexzd sayz 3eBYl ST SWLAYDS STYL Jo dousnbsesuoc BUTISSILIUT Yy,

(*sInooc JUSWRUTIUCD 03 UOT3TSURIy 3dnige 2yl 2IaUM SaTIoSU)
aBneb uayoiqun uUT JueIsSUCs Buridnod syz JoO ,dNTea TeDTITID, 8yl Se

ATTeasusbh 219y uayel ST STYL) *G= wX anTeA By} Woay W e peilieas sT

—.l
Inogooqns omAhv:w JO jueilsuod burttdnoo oyg Fu 3e jutod uoTzeOTZTUN

(s)ns 2y3 sissw ‘ _”m:mu °n 3e ..‘n_‘.m»o WOT3 pa3Ie3s m.x.u..uox 3ue3lsUCD
burTdnos o0 943 aeyy Azm B UYDNS UT UDS00YS ST A% (*=anjotd saT3R}
~ITenb ayy sburyo fisasmoy ‘30U S20p 5TUL .wz punoIe abuex swos UT N0
peaxds aq Aew saTTTWRI {$)AS uwﬂﬂsoumnmvbm 2yl A3TTeSI UT ‘89s5Incd JO)
' ADD mor.wrm =l sTeos ssew syy 03 3Ind aIe ~mANUDw uT £39Ighop oJe
Yortys ‘38Td-opeg (L)0S SYI woIz SOTTTWET (§)AS ANOI IBYI0 YL *POIILIS
sT (|} suotienbs dnoib uorjeziiRwacusi a2yl 30 ucizvabequr 8yl 2IdYM
>mwmo_.o; ='W z = %W moTaq 1nd sz 381d-ggse (L)NS BY3z UT SITTTWRF
a1a1burs mﬁmvzm a8ayul 9yl -z 2anbrg ul cseTTTWRI (5)NS JO Jaumu IaBIeT
e Agq ﬁmbmwsvm ST STYL "INnoToaqns ayj Yy3TM SUoT3DeIsjutl AIPUTpIO 8yl

Jo uoTjedTITUN JO JusuweaTnbexr sy3z  woal smorTey STUL C lewu Tensn
ueyy asbierl sT gL/l R } 3uted uUOIRRATITUR {S)AS YT I® SIURISUOD

buridnon ay1 3o enTea 3Y3 3RYF S1 Pwayss 2yl Jo oouanbasuoco [risush ¥

'z 2aInbTg uT UsATH ST uoTjetaea jUE3SuUco burldnoo ayy o saniortd
but3zTnsax oYL .>mwmﬁov.m,—u mzn _sez SSPW-YOURTd 9Y) 1B ST UOIIeDII
-Tun pueab (L)ns @(L)NS ILYY DSUNSSe oM SBpPTSag ('UOTIRIUSTIO OATIE]
~T1ienb ® I07 psrsprsuco siae suorienbes dool suc ATuo 218y SeaIduM ‘pap
—-NTOUT OSTP 2I° SUCTINGTIIUOD dOOT-OMY Hm u 3o uT 3eym ajoN - [8'4 ]
‘5399 OSs1e Ieg) mm_ Futed uoTlEDTITURD (G)Ng SYy JO S3PWIISH 359
JuLesa syax o3 burpuodsagaod >wwwror.n,m 2%y and sn 337 SS’USITUTISP 103
"IAT308FFe ST AXIsumuAs sbneb (7)ns @(LIns 1INz =yl dez JAOYY " dwz
jutod uoTjestziun puexb sya o3 dn-"S(;)ns @Y(z)ng @ (¢)ns saey om

* snoav *(1)n @M(zins @%(z)ns ®°(£)ns Arzewuds obned oaT300338

By3 sARY M T moTeg (* ﬁ& seop 256UPUDISIUT JUSNITISUCOINS SB ARM

suwes 913 ur sassapoad Aevodp ucjoxd ayl sjeTpsw suosoq abneb (ging
Aagoyaadus 2y3 asneosq a1qisnetd sT saTeos AbIaus omy 9sayl Jo KITT
-enba aYyJy) -‘sanjonaisqns uoldeT pue yaenb Jo oyeos AbBIsus oyl UITM
SBPTOUTOD YDTUM W aTe0s ABJIdUS awos 3@ (G)AS UT PIIITUn 3SITT 2I0

SUOTAOBIBIUL \f:D S)mu:m @oﬁmvsm pPIepPUR3IS Y3 3eYl SWNSSe $n 197

(5)

(WaTs=Cvrv)H

y

NN LB 1R BT WU U S N IR Bl RN U D8RR W] i




(6£61) 6197 ©Zd “asd-shiud ‘puryssng 1 oi
(9L61) ¥i6 "Ela -asd-sAuya 'brsquism°s m

(0861) G6l-9z£z2-000 FuTxdead A3Tsasatuf
IofieIoo0d ‘Aecep uojoxd Jo spoadse TeOT3IDIOSUL ‘OUBRTOIRW LM 8

(gL6l) 99 *SEl 4

‘sAug: TonN ‘sornodoueitAd ‘PIRTTIBRD AW fSTTTH ' ‘seang /¥ L
(6L6L) 8Oz -d¥8 tgxayyeTsAyd ‘SS0Y VY d ‘UBWUPTOD L4 g
TUTOIDF
sopuaiagyax pue (vL6l) 6C1L *31 s3zoded SOTSAYd ‘I223TTOd°T°H g
(0gel) 95£—0g-dn-v1 juirdeoxd soueTy SOT
+za1qeas uojoxd sy ST ‘Asue sty ‘aoyorvbueltd fIsqRUPTOD KW P
(¥26L)1SH *T€ sx193391 A9 5AU4d ‘basquIam* s fqutnd Ty H ‘ThicadH €
(PL6L) BEH "TE SIOIIDT 48U sAyd "MOYSeID™TI"S ‘1baoan H z
GE7Z-z0 /0861 LdAQ-VADQ 1qutadead easusn JO A3TSISATUN
rguoadot pur sxaenb Jo sTapow Juaucdwosdqng fojzen d ‘Tucnqglesed’d {
szouszayay

TSUOTSSNOSTP 03

-d1ay z03 ddusayong-g pue ddueayog+d ‘fIsweIy'9 HUeyl 03 aanseard © ST 3I

‘sTopow 9s58Yz ul buryesiq A1y

—swAs Jo WSTUERYOIW SUY} Jo HurpueiIsISPUnN IYY ST jek bursstut ATSNOTAJQO
ST umgz .>mowor .m.mn+z uﬁm: aseD ma:u UT IN0 2woD sSITITWEF AM+>v BT
.oN o Ry mmﬁam pue £l & _5 T xu o3 “n 3 spesl swayns STYL * ()0 @
hmuzmnw {f9ng o3 3utod maxu e Apesile uedoaq =q ued AxjsuwAs (5)Ns SUL
.mE v.__lz = .SG 1 (2)ns @{L)nNs ITOoUYM a3l HOm uoT}eOTIFTUN pueib v S
mror .Fhm = hz ae osﬁmvbw ow Hm ng Jjo u:dom ucilestd

ta:ﬁ ayl gm@ﬁmcoo 03 130UP3SUT I0F to1qrssod ST 3T Hmwoﬁ amvbm |3
uy - HFVD ® nmunm mo (£)0S IO uCTIEOTFTUN (G)NF SIETpswISIUT UR IARY
01 Aresssoou jou st 3T ‘xernoraaed ur C{L)as Qwﬁhvom uTt suxajjed buty

ATSTNOQURYITIWIS AQD

—paIq AIjsumAs oy3l I0J S9T3TTTqISsod 19Yylo osTe ‘9s5Inod 3o ‘axe 2adYL

(*seTTTUR] UCTIW

-J893F JIC Iaqunu a9yl JFo ATauopusdaput T2a@] dool auc 9yl ©3 dn {ging uv
sprou (9)Pg ssneooqg g -Brd o3 psaedwos 25uURPYDS OU ST 3IJUL) “OZ°0C =%
Nnﬂm pue £l T Em y¥a 03 Hutebe (9) bz ut puodsaizon oz e ¢z _1myo
pue 95 R |wr 103 soniea paUTelqe 2ygi g 219eL Ul sebhuex Abasus
JuaIa3ITP mgw 103 usaih axe (i)*ba ut wo& gluRlsSuUOD 9yl JO sanleva

Yl "¢ 2InHTJ UT UDATH ST UOTIRTIPA JUERSUCD purtdnos oyy 103 san3zord
BuT3TnSaI YL "ARD Or. L'g = +E aq 03 3INO suangy +E ;0£HNqu pue Umﬁvam
103 ucmamcamsOo 03 uUcIITSUBRI} Oyl uOm qutrod Te2T3TID 3Yl SE mlwn ¥

@cm hlwnﬁmﬁvmxu utebe buiing (- ¥ 03 and sasm sarTTWeI {Y+A) dU3

9SBD ﬁhumw snoTadad 8yl Uul) .xE pue oz uIamyaq +¢ e sburx Xbasus
8eTpawIajul 9Yl Ul JInodo o3 sarrtwel (§)as (¥-A) paepueis Inoj

o3 Jo sasuzaed (¢+A) 2Y3 I8y SUMSSR O3 Axesssosu sT 3T buridnoo

and @yl yITh * 3e auted uotiedTiTun pueib (g)ns SYl 3ILSW 03 IIPI0 UI

- (sADOR ‘®| pur ‘(g SISED I/YI 0} rA1eatyoodsex ‘Hurpuodssarod) LTqNOP
Hizyng suo 5T 219yl pue ssinjonris uTds JueILiITP Y3ITH =Amvnm ur sael
_pos oIe wayl Jo omI ° (pejaels aIe suoTienks dnoabh UOTIBRZITRUICUSI BYI
aIIUM) Bzmuoz moTo0 SBITTWR] (S)NS pIRPURIS p AOU IR 2I9Y3 IBUF ST UOTI
~dunsse =7dwis ¥ i MOT2 Jus3uod ATTWEF uoadai-xaenb oyz woaj jxaedde
oweyos 9TOUM Y3 SOXTI STUL .>owqro_ .h.muxz e 2anjonazs Jusucdwoco
~gns Jo o1=oSs mmumcw U7 Y3TM 9pPTOUTOD O3 USYER} ST UOTIesTITUn (S)NS
‘a103aq SY .Az - MOy issew-youeTd 943 YITA ‘SSOUSRTUTISP 103 ‘easy OSIR
PITITIUSPT ST UYSTUM uTod UOTIEDTITUN- pueib zsybty TTTIS SWOS 3B ‘ I070®7
T {iYyns x9y3oc syl uT psuTeluUod smﬁmuom & (5)Ns 3O S3UBISUCD mﬂdamgoo

oya o7 tenbe sswooeq 1uplsuod burrdnoo S3T *AxyoumAs usﬁmvzw Qw AmUDw
(a8 eus st oxous Lw saocay X
—dnoo ULANqu Inorooxadiy pue umﬁmv:m inoToogns SY} 3B} SWNSse sn 3377

w ¢ Lw ABisue suwos 3e Tenbs sxe sHUTT

PR I 0 OWE g s P AL PR WIS T E IR DT QI SETRE L. IS P LR e ey e e el IR

S MR i e



ranorooqns “% (6)ns yzTa Tepow
(Lyns @(L)ns ay3z ur sjueizsuco HUTTdnod JO UGTIRIIRA SYJL *f oInbrg

sanotooqns °% (£)ng uztm Tepou

(£)ns @(L)ns 2y3 uT s3ueisuco HUTTAROD FO UOTRIETIRA SYL 7 SanbTd
‘po9ljop 9Ir SOUO ,[EOTY

-394, SY3 psysep eie ,Soull burzesedss [ejucziioy, syl ° (G-u)
yabusf yo suwnion jo burisTsuco athueapenb e ur asyzshoz and
mamlzvbw Fo sneargei-bunog ajehnluco x2Tdwoo 2YL | oanbtd

“suct3ided a9anbta

Ll

1Y)
Lz 9 (£)ns
wso
£/1¥ & ®®(s)ns
E/LE £/1y mea
{s)ns
L= £/l £/L1 4 | °eyas
£/8 £/8 - L €/L "od | Hiryng
€/pL- £/7 z 4 | Azyas
X
A ¢/og- €/91- vod (1o
o

WOR M [ e dw S | Fu > ow >t | D uw > | Pk D% dnoas
‘InoToogns UmAm“Dm UaTm fapow oYy xex (i1)ba uzl @d S3IUR}SUOD YL
‘Z °1dedL

iz tog *%tL)ns

£/1¥ Sog) {gins

£/5 L tog “(e)ns

£/8 £/8- £/2¢ Heed Y(zyns

z- £/01 og Mons

£/ge - v- vod o

YU »uyn Wynwyin Ludn »°n dnoxb

INOTeoqgNs omﬁhyzm U3 Ta Tepouw ay3 Io03 (L) bz ur wo& S3URYSUCD Y],

oL

EEICT



FIG.2.

.
—
o
u.
1
'
]
i
]
L]
1
i
i
L
t
I
[}
¥
'
'
]
1
1
1
]
]
;
]
i
1
..........
i
]
]
:
t
t
i

n—51




X
60 |
\
LI-O ¥
L O('d
20 ? o =3
(60
M M= MeeAoes M M= M %
o he * N X M7“ P
=10Ge/ | =010 GeV

FIG. 3,



	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

