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We pre5ent a 5tudy 0f 4200 4-jet event5 fr0m 2 ° 6050n decay5. 7he mea5ured an9u1ar c0rre1at10n5 6etween jet5 are repr0duced 
we116y QCD. An a1ternat1ve a6e11an m0de1 fa115 t0 de5cr16e the data. 

1.1ntr0duct10n 2. 7he0ret1ca1 6a515 

0 n e  0f  the e55ent1a1 feature5 0f  4uantum chr0m0- 
dynam1c5 QCD [ 1 ] 15 the 5e1f-1nteract10n 0f  91u0n5, 
a c0n5e4uence 0f  the n0na6e11an nature 0f  QCD. 
5evera1 te5t5 0f  QCD wh1ch are 5en51t1ve t0 the 91u0n 
5e1f-c0up11n9 1n e + e - ~ h a d r 0 n 5  event5 have 6een 
pr0p05ed, wh1ch are 6a5ed 0n a 5tudy 0f  an9u1ar c0r- 
re1at10n5 1n 4-jet event5 [2 -4 ] .  5uch te5t5 6ec0me 
fea5161e at the 2 ° re50nance 51nce the hadr0n1c cr055 
5ect10n and thu5 the num6er  0 f  4-jet event5151ar9e. 

We rep0rt here 0n mea5urement5 0f  an9u1ar d15tr1- 
6ut10n5 f0r 4200 4-jet event5 065erved ak/~ ~ 91 6 e V  
1n the L3 detect0r at LEP, and 0n a c0mpar150n t0 
QCD. We u5e an a1ternat1ve a6e11an m0de1, QCD•, 
t0 dem0n5trate the 5en51t1v1ty 0f  th15 c0mpar150n. 

: 5upp0rted 6y the 6erman 8unde5m1n15ter1um ft1r F0r5chun9 
und 7echn01091e. 

Pertur6at1ve QCD pred1ct5 tw0 c1a55e5 0f  4-jet 
event5 wh1ch c0rre5p0nd t0 the pr0ce55e5 

2 ° ~ 4 4 9 9  (1)  

and 

2 ° ~ 4 4 4 ~ .  (2) 

7he  c0rre5p0nd1n9 9ener1c Feynman d1a9ram5 are 
5h0wn 1n f19. 1 .7he  f1r5t 9raph f0r pr0ce55 ( 1 ) c0n- 
ta1n5 a ••three 91u0n vertex••, a c0n5e4uence 0f  the 
n0na6e11an nature 0f  QCD. 

D1fferent1a1 and t0ta1 cr055 5ect10n5 f0r pr0ce55e5 
( 1 ) and (2)  can 6e wr1tten a5 a 11near c0m61nat10n 
0f9au9e 1nvar1ant term5 w1th ••c010ur fact0r5•• Nc, CF 
and 7R a5 c0eff1c1ent5 [ 5 ]. 1n QCD the c010ur fact0r5 
are Arc = 3, C F = 4 and 7 R = 1 5 ~NF=~, Where NV 15 the 
num6er  0f  4Uark f1aV0Ur5. 

An a1ternat1Ve m0de1 QCD• W1th0Ut 5e1f-C0Up11n9 
0f  the 5p1n-1 91U0n5 Can 6e C0n5truCted W1th three 
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F19. 1.6ener1c Feynman d1a9ram5 f0r pr0duct10n 0f f0ur par- 
t0n5 1n 5ec0nd 0rder pertur6at10n the0ry f0r pr0ce55 (a) 2°-~4~1~ 
and (6) 2°--*4~14~. 

c010ur de9ree5 0f freed0m f0r the 4uark5. 1n th15 a6e- 
11an m0de1 the c010ur fact0r5 are N~ =0,  C~ = 1 and 
7~  = 3NF= 15 [ 3 ]. Ch0051n9 0t~5 1n th15 m0de1 t0 6e 
4c~, the t0ta1 cr055 5ect10n and 3-jet rate5 are the 5ame 
1n QCD and QCD• up t0 f1r5t 0rder f0r a 91ven center 
0f ma55 ener9y [ 6 ]. 1n QCD• 0n1y the d0u61e 6rem5- 
5trah1un9 d1a9ram5 c0ntr16ute t0 pr0ce55 (1). 7he 
c0ntr16ut10n 0f react10n (2) t0 the t0ta1 4-part0n 
pr0duct10n cr055 5ect10n 15 a60ut 34%, 519n1f1cant1y 
1ar9er than 1n QCD, where 1t 15 appr0x1mate1y 6% [7 ]. 
7h15 d1fference 1n the rate 0f pr0ce55 (2) 91ve5 the 
ma1n detecta61e d1fference 6etween the m0de15 QCD 
and QCD•. 5uch an a6e11an m0de1 QCD• 15 n0t c0m- 
pat161e w1th var10u5 0ther mea5urement5, f0r exam- 
p1e the ener9y dependence 0f je t  rate5 [8]. 1t5 0n1y 
purp05e 1n th15 c0ntext 15 t0 pr0v1de a c0n515tent the- 
0ret1ca1 a1ternat1ve t0 QCD. 

7hree d1fferent var1a61e5 have 6een pr0p05ed that 
are 5en51t1ve t0 the d1fference5 6etween QCD and 
QCD•. A11 0f them are 6a5ed 0n an9u1ar c0rre1at10n5 
6etween the f0ur ener9y 0rdered jet5. 7he m05t en- 
er9et1c jet5 1 and 2 are 11ke1y t0 c0rre5p0nd t0 the 
••pr1mary•• 4uark5. 

7he var1a61e pr0p05ed 6y K5rner, 5ch1erh012 and 
W1Ur0dt [2 ], ¢K5w, 15 def1ned f0r event5 f0r wh1ch 
there are tw0 jet5 1n 60th hem15phere5 def1ned 6y the 
thru5t ax15. ~6K5w 15 the an91e 6etween the n0rma15 t0 
the p1ane c0nta1n1n9 the jet5 1n 0ne hem15phere and 
t0 the p1ane def1ned 6y the 0ther tw0 jet5. 61u0n 
a119nment 1n the 5p11tt1n9 pr0ce55 9-*99 fav0ur5 

40K5w~, wherea5 9~4(1 prefer5 the p1ane5 t0 6e 
0rth090na1. 

7he Nachtmann-Re1ter an91e [ 3 ], 0~R, 15 the an- 
91e 6etween the m0mentum vect0r d1fference5 0fjet5 
1, 2 and jet5 3, 4. Due t0 the d1fferent he11c1ty 5truc- 
ture5, 0~R = 0 15 fav0ured 6y the pr0ce55 9~99 and 
0~R ~ • n 15 fav0ured 6y 9~4c1. 

8en9t550n and 2erwa5 [ 4 ] def1ne Xa2 a5 the an91e 
6etween the p1ane c0nta1n1n9 jet5 1, 2 and the p1ane 
c0nta1n1n9 jet5 3, 4. L1near p01ar12at10n 0f the 91u0n 
1n e+e - ~4C19 re5u1t5 1n d1fferent d15tr16ut10n5 0f2a2 
f0r 9--*99 and 9~4c1. 

QCD can thu5 6e te5ted 6y c0mpar1n9 the mea- 
5ured d15tr16ut10n5 1n the three a60ve an9u1ar var1- 
a61e5 f0r 4-jet event5 t0 the the0ret1ca1 pred1ct10n5. 

3 .7he  L3 detect0r 

7he L3 detect0r c0ver5 99% 0f 4n. 7he detect0r 1n- 
c1ude5 a centra1 vertex cham6er, a prec15e e1ectr0- 
ma9net1c ca10r1meter c0mp05ed 0f 615muth 9erma- 
n1um 0x1de cry5ta15, a uran1um and 6ra55 hadr0n 
ca10r1meter w1th pr0p0rt10na1 w1re cham6er read0ut, 
a h19h accuracy mu0n cham6er 5y5tem, and a r1n9 0f 
5c1nt111at10n tr199er c0unter5.7he5e detect0r5 are 1n- 
5ta11ed 1n a ma9net w1th an 1nner d1ameter 0f 12 m. 
7he ma9net pr0v1de5 a un1f0rm f1e1d 0f 0.5 7 a10n9 
the 6eam d1rect10n. 7he 1um1n051ty 15 mea5ured w1th 
tw0 5ma11 an91e e1ectr0ma9net1c ca10r1meter5. A de- 
ta11ed de5cr1pt10n 0f each detect0r 5u65y5tem, and 1t5 
perf0rmance, 15 91ven 1n re1". [9 ]. 

7he f1ne 5e9mentat10n 0f the e1ectr0ma9net1c de- 
tect0r and the hadr0n ca10r1meter a110w5 u5 t0 mea- 
5ure the ax15 0fjet5 w1th an an9u1ar re501ut10n 0f 2.5 °, 
and t0 mea5ure the t0ta1 ener9y 0f hadr0n1c event5 
fr0m 2 ° decay w1th a re501ut10n 0f 12%. 

F0r the pre5ent ana1y515, we u5ed the data c011ected 
1n the f0110w1n9 ran9e5 0f p01ar an91e5: 
- f 0 r  the e1ectr0ma9net1c ca10r1meter, 42.4 ° < 0 <  
137.6 0 , 
- f0r the hadr0n ca10r1meter, 5 ° < 0< 175 °. 

4. 5e1ect10n 0f hadr0n1c event5 

Event5 c011ected at center 0f ma55 ener91e5 v/5 = 
88.2-94.2 6eV fr0m the 1990 (March-June) LEP 
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runn1n9 per10d are u5ed f0r th15 ana1y515. 
7he pr1mary tr199er f0r hadr0n1c event5 re4u1re5 a 

t0ta1 ener9y 0f 15 6eV 1n the Centra1 re910n 0f the 
ca10r1meter5 (1c05 01 <0.74) ,  0r 20 6eV 1n the en- 
t1re detect0r. 7h15 tr199er 15 1n a 1091ca1 0 R  w1th a 
tr199er u51n9 the 6arre15c1nt111at10n c0unter5 and w1th 
a char9ed track tr199er. 7he t0ta1 tr199er eff1c1ency f0r 
5e1ected hadr0n1c event5 exceed5 99.95%. 

7he 5e1ect10n 0fe •e- ~hadr0n5 event515 6a5ed 0n 
the ener9y mea5ured 1n the e1ectr0ma9net1c and had- 
r0n ca10r1meter5: 

0.6 <Ev15/V/5 < 1.4, 

1EH [/E,,1~ < 0.40, E1/Ev15 < 0.40, 

Nc1u5te r > 12 , 

where Ev15 15 the t0ta1 ener9y 065erved 1n the detec- 
t0r, E, 15 the ener9y 1m6a1ance a10n9 the 6eam d1rec- 
t10n, and E• 15 the tran5ver5e ener9y 1m6a1ance. An 
a190r1thm wa5 u5ed t0 9r0up ne19h60ur1n9 ca10r1me- 
ter h1t5, wh1ch are m05t 11ke1y pr0duced 6y the 5ame 
part1c1e, 1nt0 c1u5ter5. 0n1y c1u5ter5 w1th a t0ta1 en- 
er9y a60ve 100 MeV were u5ed. 7he a190r1thm n0r- 
ma11y rec0n5truct5 0ne c1u5ter f0r each part1c1e pr0- 
duced near the 1nteract10n p01nt. 7hu5 the cut 0n the 
num6er 0f c1u5ter5 reject5 10w mu1t1p11c1ty event5 
(2°--. e +e - ,  ~t+~t - ,  x+ x  ~ ). 

1n t0ta1 49 000 event5 were 5e1ected. 
App1y1n9 the5e cut5 t0 a 5amp1e 0f 51mu1ated event5, 

we ca1cu1ate an acceptance 0f 97% f0r hadr0n1c de- 
cay5 0fthe 2 °. 

7he c0ntam1nat10n fr0m e+e - and x+x  - f1na15tate5 
1n the hadr0n1c event 5amp1e 15 6e10w 0.2% and can 
6e ne91ected. 7he c0ntr16ut10n t0 the event 5amp1e 
fr0m the ••tw0 ph0t0n pr0ce55•• e + e - ~ e + e -  + had- 
r0n5 a150 ha5 6een f0und t0 6e ne9119161e. 

A11 M0nte Car10 d15tr16ut10n5 were 9enerated 6y 
the part0n 5h0wer pr09ram JE75E7 7.2 [ 10] w1th 
ALL--290 MeV and 5tr1n9 fra9mentat10n. 7he 6 4uark 
fra9mentat10n funct10n wa5 adju5ted t0 match 0ur 
mea5ured 1nc1u51ve mu0n data [ 11 ]. 7he 9enerated 
event5 were pa55ed thr0u9h the L3 detect0r 51mu1a- 
t10n [ 12 ] wh1ch 1nc1ude5 the effect5 0f ener9y 1055, 
mu1t1p1e 5catter1n9, 1nteract10n5 and decay 1n the de- 
tect0r mater1a15 and 6eam p1pe. 

7he 51mu1ated d15tr16ut10n5 1n the cut 4uant1t1e5 
and 1n event 5hape var1a61e5 a9ree very c105e1y w1th 

the c0rre5p0nd1n9 mea5ured d15tr16ut10n5 [ 13 ]. 

5. Ana1y515 0f 4-jet event5 

Jet5 are rec0n5tructed 0ut 0f c1u5ter5 1n the ca10- 
r1meter5 6y u51n9 the JADE ver510n [ 14 ] 0fan 1nvar- 
1ant ma55 jet a190r1thm. 1n th15 rec0m61nat10n 5cheme 
there 15 a c105e a9reement 6etween jet rate5 0n part0n 
and detect0r 1eve1. F1r5t the ener9y and d1rect10n 0f 
a11 c1u5ter5 are determ1ned. F0r each pa1r 0f du5ter5 1 
a n d j  the 5ca1ed 1nvar1ant ma55 54uared 

Y1j = 2 E 1 E J E 2 1 5  •( 1 - c05  01j) 

15 then eva1uated. E1 and Ej are the C1u5ter ener91e5 
and 01j 15 the an91e 6etween c1u5ter5 1 andj .  7he c1u5- 
ter pa1r f0r wh1ch Y0 15 5ma11e5t 15 rep1aced 6y a p5eu- 
d0c1u5ter k w1th f0ur-m0mentum 

P k  = P1 + Pj . 

7h15 pr0cedure 15 repeated unt11 a11 5ca1ed 1nvar1ant 
ma55e5 54uared y~1 exceed the jet re501ut10n parame- 
ter Yc,t- 7he rema1n1n9 (p5eud0)c1u5ter5 are ca11ed 
jet5. 

We have u5ed Ycut= 0.02 f0r 0ur 5tudy, wh1ch c0r- 
re5p0nd5 t0 jet pa1r ma55e5 0f 13 6eV 0r m0re. 7h15 
cut 15 5uff1c1ent1y hard t0 6e 1n5en51t1ve t0 the deta115 
0f hadr0n12at10n and heavy 4uark decay5 and at the 
5ame t1me 1eave5 a 1ar9e fract10n 0f 4-jet event5 0f 
a60ut 9%. A t0ta1 0f4200 4-jet event5 wa5 5e1ected. 

F19. 2 5h0w5 the mea5ured ener9y d15tr16ut10n5 0f 
the f0ur ener9y 0rdered jet5.7he 51mu1ated d15tr16u- 
t10n5 are 1n 900d a9reement w1th the exper1menta1 
0ne5. 

F0r the ~K5w ana1y515 0n1y th05e event5 were u5ed 
f0r wh1ch there are tw0 jet5 1n 60th hem15phere5 de- 
f1ned 6y the thru5t ax15. 7h15 re4u1rement e11m1nate5 
a60ut 30% 0f a11 4-jet event5. 

282 can 6e mea5ured 0n1y f0r event5 f0r wh1ch the 
p1ane5 5panned 6y each jet pa1r are we11 def1ned. We 
re4u1red the an91e 6etweenjet5 1 and 2 and the an91e 
6etween jet5 3 and 4 t0 6e 1e55 than 160 °. 7h15 cut 
reduce5 the num6er 0f 4-jet event5 6y 40%. 

F0r the 5tudy 0f the c05 0~9  d15tr16ut10n a11 4200 
event5 were u5ed. 

70 6e a61e t0 c0mpare the exper1menta1 4-jet an- 
9u1ar d15tr16ut10n5 t0 th05e pred1cted 6y the tw0 the- 
0ret1ca1 m0de15, we have c0rrected 0ur data f0r de- 
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F19. 2. Mea5ured d15tr16ut10n5 0f Ejet/Ev15 f0r ener9y 0rdered je15 
1n 4-jet5 event5 1n c0mpar150n w1th the M0nte Car10 pred1ct10n 
(part0n 5h0wer, ALL= 290 MeV). 

tect0r effect5, acceptance and re501ut10n. We u5ed the 
JE75E7 7.2 M0nte Car10 Pr09ram a5 de5cr16ed 6e- 
f0re. 7he RM5 re501ut10n5 1n the an9u1ar var1a61e 
~K5w, 0~R and 2a2 are f0und t0 6e 12 °, 6 ° and 6 °, 
re5pect1ve1y. We have c0rrected 0ur mea5urement5 f0r 
re501ut10n effect5 6y app1y1n9 the meth0d 0f re9u1ar- 
12ed unf01d1n9 de5cr16ed 1n ref. [ 15 ]. We 5u6d1v1de 
the ran9e 0f the a110wed va1ue5 f0r the three an9u1ar 
var1a61e51nt0 f0ur 61n5 0fe4ua1512e. 7he c0rrect10n5 
due t0 the f1n1te detect0r re501ut10n and acceptance 
f0r the tw0 0uter 61n515 6e10w 2% f0r ~K5w, 1e55 than 
7% f0r c05 0~R and at m05t 10% f0r 282. 7he c0rrec- 
t10n5 f0r the tw0 centra161n5 are 5ma11er. 

0 u r  data 5amp1e c0nta1n5 a 6ack9r0und 0f 30% 
fr0m 3-jet event5 0n the 9enerat0r 1eve1 wh1ch are 
c1a551f1ed a5 4-jet event5 after a11 part1c1e5 have 6een 
pa55ed thr0u9h the fu11 detect0r 51mu1at10n and re- 
c0n5truct10n. We a150 105e a fract10n 0f 4-jet event5 
0n the 9enerat0r 1eve1 51nce they have jet mu1t1p11c1- 
t1e5 d1fferent fr0m 4 0n the detect0r 1eve1. H0wever, 
th15 num6er 15 c105e t0 the num6er 0f 6ack9r0und 
event5. Furtherm0re, the d1fference 1n the an9u1ar 
d15tr16ut10n5 f0r the5e event c1a55e5 15 5ma11 and the 
t0ta1 c0rrect10n per 61n 15 6e10w 3%. 

7he uncerta1nt1e5 1n the detect0r c0rrect10n were 

5tud1ed 6y chan91n9 the ener9y re5p0n5e 1n d1fferent 
detect0r c0mp0nent5 1n the M0nte Car10 51mu1at10n 
6y up t0 10%. Lar9er var1at10n5 are 1nc0mpat161e w1th 
the mea5ured ener9y d15tr16ut10n5 1n the ca10r1me- 
ter5. We f1nd a 5y5temat1c uncerta1nty 1n the an9u1ar 
d15tr16ut10n 0f 2-5% f0r d1fferent 61n5. 

6. C0mpar150n t0 the0ret1ca1 m0de15 

F195. 3-5 5h0w the c0rrected n0rma112ed d15tr16u- 
t10n5 f0r the var1a61e5 ~r,5w, c05 0~R and 282 1n 
c0mpar150n t0 the M0nte Car10 pred1ct10n5 f0r 60th 
QCD and QCD•. 70 9enerate the the0ret1ca1 pred1c- 
t10n5 we u5ed tw0 d1fferent 0pt10n5 1n the JE75E7 
7.2 M0nte Car10 Pr09ram: 

(a) Matr1x e1ement5, ca1cu1ated t0 5ec0nd 0rder 1n 
Q C 9  [5,16]. 

(6) Part0n 5h0wer ev01ut10n, 06ta1ned fr0m 1ead- 
1n9109 appr0x1mat10n5. 

7he d1fference5 6etween the5e tw0 appr0ache5 can 
6e c0n51dered a5 the0ret1ca1 uncerta1nt1e5 [ 7,17 ]. F0r 
(a)  we u5ed the va1ue A~-~= 190 MeV [8] and a re- 
n0rma115at10n 5ca1e #2 = 0.085 f0r the QCD pred1c- 
t10n. F0r the a6e11an m0de1 the 5tr0n9 c0up11n9 c0n- 
5tant wa5 1ncrea5ed w1th re5pect t0 QCD 6y a fact0r 
0f 4. 7he part0n 5h0wer ca1cu1at10n5 (6) were per- 
f0rmed w1th AeL=290 MeV f0r  QCD. F0r the a6e- 
11an 5h0wer m0de we u5ed the JE75E7 parameter5 a5 
5u99e5ted 1n ref. [ 7 ]. 

Fra9mentat10n parameter5 were determ1ned fr0m 
a c0mpar150n 6etween mea5ured and pred1cted d15- 
tr16ut10n5 f0r 5evera1 event 5hape var1a61e5 60th f0r 
the QCD part0n 5h0wer MC and the 5ec0nd 0rder 
matr1x dement  9enerat0r. 7he uncerta1nty due t0 
hadr0n12at10n wa5 e5t1mated 6y chan91n9 the fra9- 
mentat10n parameter5. Rep1ac1n9 the mea5ured 0ne5 
6y the JE75E7 defau1t va1ue5 (f0r part0n 5h0wer) 
m0d1f1e5 the d15tr16ut10n5 6y at m05t 5% per 61n. We 
have a55umed the 5ame fra9mentat10n parameter5 f0r 
the a6e11an m0de1 a5 f0r QCD. 

1n add1t10n, a 5ma11 c0rrect10n f0r 1n1t1a1 and f1na1 
5tate rad1at10n wa5 app11ed, wh1ch chan9e5 the an9u- 
1ar d15tr16ut10n5 6y a60ut 2% per 61n. 

7he tw0 6and5 1n f195. 3-5 1nd1cate the the0ret1ca1 
uncerta1nt1e5 c0m1n9 fr0m the d1fference 6etween the 
matr1x e1ement and part0n 5h0wer appr0ache5 and 
fr0m hadr0n12at10n uncerta1nt1e5. 
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F19. 3 5h0w5 that the d1fference5 6etween QCD and 
QCD• are 5ma11 1n the ~r,5w d15tr16ut10n. 7he mea- 
5urement5 are c0n515tent w1th e1ther pred1ct10n. 

7he mea5ured c05 0~R d15tr16ut10n c1ear1y fav0ur5 
QCD and 15 1nc0mpat161e w1th the a6e11an m0de1, a5 
can 6e 5een 1n f19. 4. We 06ta1n f0r three de9ree5 0f 
freed0m X2 (QCD) = 5.0 andX2(QCD • ) = 39.8 f0r the 
matr1x e1ement pred1ct10n5, and X 2 (QCD)  = 0.7 and 
X2 (QCD ~ ) = 33.2 f0r the part0n 5h0wer appr0ach. 1n 
the ca1cu1at10n 0fthe X 2 va1ue5 a the0ret1ca1 err0r due 

40 . . . .  ~ . . . .  , . . . .  1 " • 

30 
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~ 20 

~ 10 

A6e11an • Data 

Qc0 "•••-•,•: 
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F19. 3. Mea5ured d15tr16ut10n 0f  ~25w. 7he  pred1ct10n5 f0r QCD 
and the a6e11an m0de1 QCD• are 5h0wn a5 6and51nd1cat1n9 the 
the0ret1ca1 uncerta1nt1e5, 5ee text. 
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F19. 4. Mca5ured d15tr16ut10n 0f  c05 0~R. 7he  pred1c110n5 f0r 
QCD and the a6e11an m0de1 QCD• are 5h0wn a5 6and5 1nd1cat- 
1n9 the the0re11ca1 unccna1nt1c5, 5ee tcxt. 
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F19. 5. Mea5ured d15tr16ut10n 0f  X82. 7he  pred1ct10n5 f0r QCD 
and the a6e11an m0de1 QCD• are 5h0wn a5 6and5 1nd1cat1n9 the 
the0ret1ca1 uncerta1nt1e5, 5ee text. 

t0 fra9mentat10n 0f (2-5)% per 61n wa5 1nc1uded. 
F19. 5 exh161t5 the mea5ured and pred1cted d15tr1- 

6ut10n5 f0r X82. A9a1n we f1nd that the QCD• m0de1 
fa115 t0 de5cr16e 0ur data wh11e QCD repr0duce5 0ur 
mea5urement5 we11. We 06ta1n f0r three de9ree5 0f 
freed0m 22 (QCD) = 3.0 and 22 (QCD • ) = 33.8 f0r the 
matr1x e1ement ca5e, and 2 2 ( Q C D ) = 0 . 9  and 
X2(QCD•)=61.6 when u51n9 the part0n 5h0wer 
ev01ut10n. 

We have 5tud1ed the dependence 0f the the0ret1ca1 
pred1ct10n5 0n the va1ue 0fycut 1n the ran9e 0.02-0.04. 
QCD can repr0duce a11 mea5ured an9u1ar d15tr16u- 
t10n5 f0r a11 th05e va1ue5 0f the jet re501ut10n 
parameter. 

7he d15tr16ut10n5 0f the var1a61e c05 0~R and Xn2 
have 6een mea5ured a150 6y the AMY C011a60rat10n 
[181. 

7. C0nc1u510n5 

We have 5tud1ed the an9u1ar c0rre1at10n5 6etween 
jet5 1n 4200 4-jet event5 fr0m 2 ° decay5. 7he mea- 
5ured d15tr16ut10n5 1n the an9u1ar var1a61e5 c05 0~R 
and 2a2 are repr0duced 6y QCD, wh11e the pred1c- 
t10n5 0f an a1ternat1ve a6e11an m0de1 are f0und t0 6e 
1nc0mpat161e w1th 0ur data. 7he ma1n d1fference 
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c0me5 f r 0 m  the  1ar9e rate  0 f  4~14~1 f1na1 5tate5 1n the  

a6e11an m0de1. 
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