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1.1ntr0duct10n 

51nce the f1r5t 065ervat10n 0f  W and 2 6050n5 at 
the CERN 10p C0111der [ 1 ], the1r pr0pert1e5 have 6een 
the 5u6ject 0f  1nten51ve 5tudy. Recent  re5u1t5 fr0m 
e+e - c0111der5 [2] have 5u65tant1a11y 1mpr0ved 0ur 
kn0w1ed9e 0 f the  ma55 and w1dth 0 f the  2 6050n, 6u1 
f0r mea5urement5 0f  the ma55 and w1dth 0f  the W 
6050n, 1t 15 5t111 nece55ary, t0 re1y 0n hadr0n c0111der5. 
Un11ke the 51tuat10n 1n e+e - c0111der5, where the ac- 
ce1erat0r 1t5e1f pr0v1de5 a prec15e ca116rat10n 0f  the 
ma55 5ca1e, 1n hadr0n c0111der5 the decay pr0duct5 0f  
the W and 2 mu5t 6e u5ed t0 rec0n5truct the1r ma55e5. 
7h15 re5tr1ct5 a prec1510n mea5urement  t0 1ept0n1c 
decay m0de5, and p05e5 a part1cu1ar cha11en9e 0w1n9 
t0 the c0mp1ex env1r0nment and 5ma11 065erva61e 
cr055 5ect10n5. 1n a n0n-ma9ne11c detect0r  5uch a5 
UA2, the ma55 5ca1e 15 der1ved fr0m the ca10r1meter 
ca116rat10n5, and many 5y5temat1c uncerta1nt1e5 can- 
ce1 when the rat10 0f  the W and 2 ma55e5 15 c0m- 
puted. 7h15 rat10, when c0m61ned w1th e+e - re5u1t5 
f0r the 2 ma55, pr0v1de5 a d1rect te5t 0 f t h e  5tandard 
m0de1, and 15 the f0cu5 0fth15 paper.  

7he  up9raded UA2 detect0r  ha5 reccnt1y c0m- 
p1eted tw0 run5 at the CERN 10p C0111der at a center 
0f  ma55 ener9y 0f  630 6eV.  5ucce55fu1 0perat10n 0f  
the an11pr0t0n accumu1at0r c0mp1ex (AAC)  and the 
5P5 pr0v1ded peak 1um1n051t1e5 0f  up t0 3 ×  103° 
c m  2 5. 1. Lar9e 5amp1e5 0 f W ~ e v  and 2-- ,e+e - de- 
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cay5 have 6een 1501ated fr0m the5e data, c0rrc5p0nd- 
1n9 t0 an 1nte9rated 1um1n051ty 0f  7.4 p6-1.  7he5e 
5amp1e5 have 6een ana1y2ed w1th the a1m 0f  519n1f1- 
cant1y 1mpr0v1n9 0ur kn0w1ed9e 0 f the  rat10 0 f the  W 
and 2 ma55c5. 

2. "1"he UA2 detect0r 

7he UA2 detect0r,  c0n515t1n9 0f  centra1 and 16r- 
ward track1n9 5y5tem5 5urr0unded 6y e1ectr0ma9- 
net1c and hadr0n1c ca10r1metry, wa5 up9raded dur1n9 
the per10d 1985 t0 1987. Deta115 0 f t h e  c0n5truct10n 
and perf0rmance 0 f the  var10u5 dctcct0r e1cmcnt5 can 
6e f0und 1n the reference5 91ven 6e10w. 

7hc  centra1 track1n9 detect0r  c0nta1n5 tw0 array5 
0f  5111c0n c0unter5 (51) at rad11 0f 3.5 cm and 14.5 
cm, wh1ch are u5ed f0r track1n9 and 10n12at10n mea- 
5urement5 [3].  8etween the5e 1w0 1ayer5, therc 15 a 
cy11ndr1ca1 dr1ft cham6er  ( JVD)  [4].  1mmcd1atc1y 
0ut51de the 5111c0n array5, there arc tw0 tran51t10n ra- 
d1at10n dctect0r5 ( 7 R D ) ,  f0110wed 6y a 5c1nt111at1n9 
f16er detect0r  ( 5 F D )  [5] c0n515t1n9 0f  f16er5 ar- 
ran9ed 1nt0 18 track1n9 1aycr5 f0110wed 6y a 1.5 ra- 
d1at10n 1en9th (RL)  th1ck 1cad c0nvcrter  and a fur- 
thcr 6 1ayer5 wh1ch are u5ed t0 10ea112c c1eetr0- 
ma9nct1c 5h0wcr5 1n1t1ated 1n the c0nverter  (prc- 
5h0wer detect0r) .  

7he  f0rward track1n9 dctcct0r  c0n515t5 0f  pr0p0r- 
t10na1 tu6e5 ( E C P 7 )  [ 6 ], c0ver1n9 the p5eud0rap- 
1d1ty ran9e 1.1 < 1r/1 < 1.6 .7he5e tu6e5 are arran9ed 
1nt0 6 track1n9 1ayer5 16110wcd 6y a 2 RL 1ead c0n- 
vcrtcr  and a further 3 1ayer5 0f  tu6c5 act1n9 a5 a pre- 
5h0wer dctcet0r. 

7he  UA2 ccntra1 ca10r1meter [7] ,  wh1ch ha5 6cen 
m0d1f1ed t0 acc0mm0datc  the 1mpr0ved ccntra1 
track1n9 dctcct0r5, c0ver5 the p5eud0rap1d1ty re910n 
1~/1 ~< 1.0. Each 0f  the 240 ce115 15 10n91tud1na11y 5c9- 
mented 1nt0 an e1ectr0ma9net1c c0mpar tment  and 
tw0 hadr0n1c c0mpartmcnt5.  7he  new endcap ca10- 
r1meter5 [8] ,  c0n515t1n9 0f  384 ce115 1n t0ta1, are 10n- 
91tud1na11y 5e9mented 1nt0 an e1ectr0ma9net1c and a 
hadr0n1c c0mpar tment .  7he  hadr0n1c ca10r1metry 15 
hermet1c d0wn t0 5 = fr0m the 6eam ax15 (1r/1 = 3 ) ,  
wherea5 the e1ectr0ma9net1c ca10r1metry extend5 t0 
1~/[ = 2 .5 .80 th  5y5tem5 have a 9ranu1ar1ty 0 fappr0x-  
1mate1y A ~ × A r / =  15 ° ×0.2.  7he  re5p0n5e 0f1he ca1- 
0r1meter t0 hadr0n1c 5h0wer5 depend5 0n the frac- 
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t10n 0f the ener9y carr1ed 6y ph0t0n5 1n the 5h0wer, 
re4u1r1n9 c0rrect10n5 fact0r5 f0r each c0mpartment 
t0 c0mpen5ate f0r the d1fferent avera9e re5p0n5e5.7he 
e1ectr0ma9net1c c0mpartment5 were we19hted 6y a 
fact0r 0f 1.18 f0r the centra1 ca10r1meter, and 6y a 
fact0r 0f 1.20 f0r the endcap5. A fact0r 0f 1.06 wa5 
a150 app11ed t0 thc 5ec0nd hadr0n1c c0mpartment 1n 
the centra1 ca10r1meter t0 acc0unt f0r 1eaka9e thr0u9h 
the 6ack 0fthe ca10r1meter. 

7he5e ca10r1meter5 have 6een exten51ve1y 5tud1ed 
1n te5t 6eam5 0f mu0n5, p10n5, and e1ectr0n5 dur1n9 
the per10d 1986 t0 1989. Appr0x1mate1y 25×106 
event5 have 6een c011ected dur1n9 th15 eff0rt t0 un- 
der5tand the ca10r1meter re5p0n5e. 1n1t1a11y, a11 ce115 
0f the ca10r1metcr5 were p1aced 1n the te5t 6eam t0 
pr0v1de an a6501ute ca116rat10n. 7h15 ener9y 5ca1e ha5 
6een tracked u51n9 per10d1c 6°C0 50urce and pu15er 
ca116rat10n5. Each year, a p0rt10n 0f the ca10r1meter 
ha5 6een reca116rated 1n the te5t 6eam t0 ver1fy th15 
pr0cedure, 1ead1n910 an e5t1mated err0r 0f 1% 0n the 
ener9y 5ca1e f0r the e1ectr0ma9net1c ca10r1met0,. 
Carefu15tud1e5 were perf0rmed 0n a 5ma11 num6er 0f 
repre5entat1ve ce115 1n 0rder t0 parametr12e the en- 
er9y 5ca1e f0r e1ectr0n5 a5 a funct10n 0f the 1nc1dent 
part1c1e d1rect10n and 1mpact p01nt. 7he 065erved 
var1at10n5 are 0f the 0rder 0f •+ 10%, and have 6een 
accurate1y m0de1ed 6y a paramctr12at10n 0f the te5t 
6eam data wh1ch 1nc1ude5 the effect5 0f the avera9e 
ener9y 1055 1n the pre5h0wer detect0r5 [ 8]. 

3. E1ectr0n and neutr1n0 1dent1f1cat10n 

3.1. E1ectr0n mea5urement 

7he e1ectr0n cand1date5 mu5t pa55 a 5er1e5 0f1005e 
tr199er re4u1rement5 6ef0re the event5 are rec0rded. 
7he5e re4u1rement5 were 1mp1emented 1n a three 1eve1 
tr199er 5y5tem, 6a5ed 0n 1nf0rmat10n fr0m the ca10- 
r1meter5 [ 9 ]. 7he f1r5t 1eve1 u5ed ana109 5um5 0f the 
519na15 fr0m the ph0t0mu1t1p11er5 0f the ca10r1meter 
ce11 c0mpartment5 w1th 1t/1 42.  At the 5ec0nd 1eve1, 
e1ectr0n and jet c1u5ter5 were rec0n5tructed 1n a 5pe- 
c1a1 purp05e pr0ce550r u51n9 1nf0rmat10n fr0m a fa5t 
d191t12at10n 0f the ca10r1meter ce11 519na15. A c0m- 
p1ete ca10r1meter rec0n5truct10n wa5 perf0rmed 1n the 
th1rd 1eve1 u51n9 the f1na1 d191t12at10n and a fu11 5et 0f 
ca116rat10n c0n5tant5. 1nf0rmat10n 0n the rad1u5 

(tran5ver5c 512e) and ener9y 1eaka9e 1nt0 the had- 
r0n1c c0mpartment5 (10n91tud1na1 depth) f0r ca10- 
r1meter c1u5ter5 wa5 u5ed t0 reject 6ack9r0und5. 7w0 
tr199er5 were u5ed f0r th15 5tudy: a 51n91e e1ectr0n 
tr199er wh1ch wa5 fu11y eff1c1ent f0r P-r(e) >1 12 6eV; 
and a tw0 e1ectr0n tr199er wh1ch wa5 eff1c1ent f0r 
P-r (e) >1 6 6cV. 

7he d1rect10n5 0f the char9ed track5 and the p051- 
t10n 0f the event vertex a10n9 the 6eam ax15 were re- 
c0n5tructed u51n9 the 5FD and ECP7 detect0r5 1n 
c0njunct10n w1th the 51 and JVD detect0r5.7he event 
vertex wa5 re4u1red t0 11e w1th1n 250 mm 0fthe cen- 
ter 0f the detect0r, en5ur1n9 an accurate rec0n5truc- 
t10n 0fthe e1ectr0n d1rect10n and ener9y. 

7he track1n9 and pre5h0wer 5ect10n5 0f the 5FD 
were u5ed t0 match the traject0r1e5 0fcand1date cen- 
tra1 e1ectr0n track5 w1th the p051t10n 0f e1ectr0ma9- 
net1c 5h0wer5 w1th a re501ut10n, mea5ured u51n9 e1ec- 
tr0n5 fr0m W-~ev decay5, 0f ar~=0.4 mm 1n the r-0 
p1ane (perpend1cu1ar t0 the 6eam ax15) and a2= 1.1 
mm a10n9 the 6eam d1rect10n. 7he 4ua11ty 0fa track- 
pre5h0wer match wa5 def1ned 6y the var1a61e d~= 
( 2 1 r 0 / C Y r ¢ ~ ) 2 - 1  - (32/0%) 2 where 3r0 and 32 are the mea- 
5ured d15p1acement5 6etween the track and pre- 
5h0wer p051t10n5. Acc1denta1 0ver1ap5 6etween ph0- 
t0n 5h0wer5 and char9ed track5 91ve 1ar9e va1ue5 0f 
d 2, and cand1date e1ectr0n5 were re4u1red t0 have 
d 2 < 25.1n thc f0rward re910n5, the re501ut10n wa5 5 
mm 1n 60th 0rth090na1 d1rect10n5, and cand1date5 
were re4u1red t0 have d 2 < 16. 

7he 1atera1 and 10n91tud1na1 pr0f11e5 0f each 5h0wer 
were re4u1red t0 6e c0n515tent w1th th05e expected 
f0r a 51n91e 1501ated e1ectr0n 1nc1dent a10n9 the track 
d1rect10n a5 determ1ned fr0m te5t 6eam data. Fr0m 
the 065erved and expected 4uant1t1e5 and the1r e5t1- 
mated err0r5, a2 2 te5t f0r the e1ectr0n hyp0the515 wa5 
def1ned. 51nce m05t 0fthe exper1menta1 d15tr16ut10n5 
have n0n-9au551an ta115, P(2 2) 15 n0t a true 2 2 pr06- 
a6111ty 6ut can 6e c0n51dered a5 a 4ua11ty fact0r. E1ec- 
tr0n cand1date5 w1th P(22) < 10 -4 were rejected. 7he 
eff1c1enc1e5 f0r the5e 5e1ect10n cr1ter1a are de5cr16ed 
1n deta11 1n rcf. [ 101. 

7he e1ectr0n ener9y wa5 c0rrected f0r the 1mpact 
p01nt and track d1rect10n dependence 0f the ca10r1- 
meter re5p0n5e and f0r the avera9e ener9y 1055 1n the 
pre5h0wer detect0r5. 7he5e c0rrect10n5 u5e the en- 
er9y dep051ted 1n th05e ce115 wh1ch are expected t0 
c0nta1n a 1ar9e fract10n 0f the t0ta1 e1ectr0n ener9y 
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(typ1ca11y tw0 ce115), and app1y an add1t10na1 c0rrec- 
t10n f0r the ener9y expected 0ut51de th15 ••c0re•• re- 
910n. 7h15 a190r1thm m1n1m12e5 the 1nf1uence 0f  par- 
t1c1e5 pr0duced 1n a550c1at10n w1th the W 0r 2 
(under1y1n9 cvcnt)  0n the rec0n5tructcd e1ectr0n en- 
cr9y w1th0ut de9rad1n9 the e1ectr0n re501ut10n. An 
avera9e tran5ver5e ener9y 5h1ft 0f  + 120 + 20 MeV due 
t0 the pre5ence 0funder1y1n9 event ener9y 1n the c0re 
re910n ha5 6een mea5ured f0r e1ectr0n5 fr0m W - , e v  
decay5. 

ener9y f0r th05e ce115 1n51de the c0re re910n. 7here  15 
a 5ma11 am0unt  0f  ener9y fr0m the e1ectr0n wh1ch 
1cak5 0ut 0f  th15 c0re (typ1ca11y 1%), and a 5ma11 
am0unt  0f  under1y1n9 event ener9y wh1ch f10w5 1nt0 
the c0re. 7he5e tw0 cffect5 arc thc maj0r  50urce5 0f  
5y5tcmat1c d1fferencc 6etween the encr9y 5ca1e 0 f the  
neutr1n0 and that 0f  thc c1ectr0n. U51n9 the def1n1- 
t10n a60ve, thc W tran5ver5e m0men tum 15 appr0x1- 
mated  6y P r ( W )  ~- - P r (had r0n5) .  

3.2. •Veutr1n0 mea5urement 4 .  7 h e  d a t a  5 a m p 1 e 5  

7he  determ1nat10n 0f  the neutr1n0 m0men tum 1n 
W ~ e v  decay5 15 made 1nd1rcct1y 6y mea5ur1n9 the 
ener9y 0f the  part1c1c5 wh1ch rec011 a9a1n5t thc W. 7he  
m1551n9 m0mentum 15 attr16uted t0 thc undetected 
neutr1n0: 

P(v) ~- - [ P ( e ) + P ( h a d r 0 n 5 )  ] . 

A mea5urement  0f  the 10n91tud1na1 c0mp0ncnt  (PL) 
f0r the neutr1n0 w0u1d rc4u1re the accurate mea5ure- 
mcnt  0fPL f0r a11 0f1he hadr0n5 1n the event. 7hc5e 
hadr0n5 ar15e 60th fr0m fra9mentat10n 0f  the 5pec- 
tat0r  part0n5, and fr0m 1n1t1a1 5tate 6rem55trah1un9 
fr0m the hard 5catter1n9 pr0ce55.80th c1a55e5 0 fhad -  
r0n5 carry 519n1f1cant am0unt5 0f  10n91tud1na1 m0- 
mentum,  wherca5 the 5pectat0r5 carry very 11tt1e 
tran5ver5e m0mentum.  7he  hadr0n5 pr0duced 6y 
5pectat0r part0n5 are 0ften t00 c105e t0 the 1nc0m1n9 
6eam d1rcct10n5 t0 6e mea5ura61c, prec1ud1n9 any 
u5efu1 rec0n5truct10n 0f  PL (v) ,  6ut 1eav1n9 the Px (v) 
rec0n5truct10n 1ar9e1y unaffected. 

7he  neutr1n0 tran5vcr5e m0mcn tum wa5 e5t1- 
mated  fr0m the tran5ver5e c0mp0nent  0f  the m0- 
mentum 6a1ance: 

P7(v)  - - [P7(e)  + P 7 ( h a d r 0 n 5 )  ] 

= - P , . ( e ) -  [ ~  E(ce11)~v(ce11)], , 

where v(ce11) 15 a un1t vect0r fr0m the 1nteract10n 
vertex t0 the ce11 center, E(ce11) 15 the we19hted 5um 
0 fc0mpar tmen t  ener91e5 f0r the ce11, and P r ( e )  15 the 
e1ectr0n tran5ver5e m0men tum c0rrected f0r the 1m- 
pact p01nt. 70  av01d d0u61e-c0unt1n9, the 5um 0ver 
ce115 1nc1ude5 0n1y th05e ce115 0ut51de the e1ectr0n c0re 
re910n, and the e1ectr0n ener9y 1nc1ude5 the c0rrected 

7he  e1ectr0n 5e1cct10n dc5cr16ed 1n 5ect10n 3.1 wa5 
u5ed t0 pr0v1de an 1n1t1a1 5amp1e 0f  event5. 8ecau5e 
0f  thc h19h 4ua11ty 0f  ener9y rec0n5truct10n de- 
mandcd  f0r th15 ana1y515, 50me further f1duc1a1 cut5 
havc a150 6een app11cd: 

- W and 2 cand1date5 1n wh1ch 0ne 0r 60th 0 f t h e  
e1ectr0n5 h1t an ed9e ce11 (0.8~< 1r/1 ~< 1.0) 0f1he cen- 
tra1 ca10r1meter havc 6een rem0ved.  7he5e ce115 have 
519n1f1cant1y p00rer ener9y re501ut10n due t0 the 
m0d1f1cat10n5 re4u1red f0r the new centra1 track1n9 
detcct0r5 [ 8 ]. 

- W and 2 cand1date5 1n wh1ch 0ne 0r 60th 0f  the 
e1ectr0n5 h1t c105e t0 a cc11 60undary have 6een re- 
m0ved.  1n the centra1 ca10r1meter, th15 rc910n 0f  the 
ce11 re4u1re5 thc 1ar9c5t ener9y c0rrect10n5 and 5uffer5 
fr0m n0n-9au551an encr9y rc501ut10n. 7he  cut e11m1- 
nate5 15% 0f  the t0ta1 5urfacc area 0f  a centra1 ca10- 
r1mcter ec11. 

- W cand1date5 w1th 1 x ( W )  1ar9er than 20 6 e V  
have 6een rem0ved.  7he1r neutr1n0 mea5uremcnt  er- 
r0r 15 1ar9er 0w1n9 t0 the 1ar9c hadr0n1c cner9y pr0- 
duced 1n a550c1at10n w1th the W. 7h15 re4u1rement 
e11m1nate5 r0u9h1y 5% 0f the 5amp1e. 

4. 1. 7he W 5amp1e 

A k1nemat1c 5e1ect10n wa5 u5ed t0 en5ure that the 
W 5amp1c c0nta1ncd ne9119161c QCD 6ack9r0und 
(e5t1mated t0 6e < 1% 1n ref. [10] ): 

2 0 < P 7  (e)  < 6 0  6 e V ,  

20 < Pr  (v) < 60 6 e V ,  

40 < m r  < 120 6 e V ,  

wherc thc tran5ver5e ma55, m7, wa5 def1ned t0 6e 
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m~- = 2P, - (c)Px(v)  ( 1 - c05 0~v) , 

and 0~v 15 the an91e 6etween Pr(e) and P7(v) .  7he5e 
5e1ect10n cr1ter1a re5u1ted 1n a W 5amp1e 0f 1203 
event5 w1th the e1ectr0n 1n the centra1 ca10r1mcter, 
5h0wn 1n f19. 1 and f19. 2, and 344 event5 w1th a f0r- 
ward e1ectr0n. 7he5e 5amp1e5 ar15e pred0m1nant1y 
fr0m the pr0ce55 W-~ev. H0wever, the centra1 and 

f0rward 5amp1c5 are expected t0 c0nta1n an add1- 
t10na1 c0ntr16ut10n 0f 3.8% and 3.3% re5pect1ve1y, 
fr0m the pr0ce55 W-~2v f0110wed 6y the decay 
"~ -,ev9. 

4.2. 7he 2 5amp1e 

Event5 1n the 2 5amp1e were re4u1red t0 11c 1n the 
ran9e 

70< mcc < 120 6 e V ,  

where mc~ wa5 def1ned t0 6e thc 1nvar1ant ma55 0f the 
e1ectr0n pa1r. At m05t 0ne 0f the centra1 c1ectr0n 
track5 wa5 a110wed 10 5at15~; the 1005er track1n9 cr1- 
ter1a def1ned 1n ref. [ 10 ], 1ead1n9 t0 a 5amp1e w1th an 
e5t1mated 6ack9r0und 0f < 1%. 1f the event c0n- 
ta1ned a th1rd e1ectr0ma9net1c c1u5ter w1th E r > 5  
6eV, a three 60dy ma55 wa5 c0mputed t0 1mpr0ve 
the accuracy 0f the mea5urement f0r 2--,7e+e - 
event5.7he 2 5e1ect10n re5u1ted 1n 54 event5 w1th 60th 
e1ectr0n51n the centra1 ca10r1meter, 5h0wn 1n f19. 3a, 
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¢•,.4 
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c 
Q1 

u J  2 5  

, , , ; P , 1 1 1 [ , 

2.0 60 80 
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100 
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F19. 1.7he f1t t0 the tran5ver5e ma55 d15tr16ut10n f0r the W 5am- 
p1c w1th the f1tted curve 5uper1mp05ed. 
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F19. 2.7he f1t5 t0 the tran5ver5e m0mentum d15tr16ut10n5 f0r the 
W 5amp1c w1th the f1tted curvc5 5upcr1mp05cd. (a) 7he P7(e) 
d15tr16ut10n, (6) the P] (v) d15tr16ut10n. 

0f wh1ch 0ne c0nta1ned an extra ph0t0n. 7here were 
40 event5 w1th 0ne e1ectr0n 1n the endcap ca10r1me- 
ter5, and 8 event5 w1th 60th e1ectr0n5 1n the endcap 
ca10r1meter5. 

1dea11y, a11 0f the5e 5amp1e5 w0u1d 6e 1nc1uded 1n 
the mea5urement 0f the  6050n ma55e5. H0wever, the 
u1t1mate 90a1 15 t0 mea5ure the rat10 0f the ma55e5 
w1th the 5ma11e5t p055161e err0r5, and due 10 the d1f- 
ferent ener9y rec0n5truct10n uncerta1nt1e51n the cnd- 
cap and centra1 ca10r1meter5 [8 ], the 5y5temat1c er- 
r0r5 are n0t 1dent1ca1. 1n add1t10n, the d1fferent 
re1at1ve p0pu1at10n5 0 f W  and 2 event5 1n the5e ca10- 
r1meter5 1mp1y that, 1f the 5y5temat1c err0r5 are d1f- 
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F19. 3.7he f1t t0 the 1nvar1ant ma55 d15tr16ut10n5 f0r the 2 5am- 
p1e5 w1th the f1tted curve5 5uper1mp05ed. (a) 7he centra1 2 5am- 
p1e, (6) thc Pr(c0n5tra1ned) 2 5amp1e. 

ferent, they w111 n0t cance1 1n tak1n9 the ma55 rat10. 
F0r the5e rea50n5, the pre5ent ana1y515 u5e5 0n1y th05e 
W and 2 event5 1n wh1ch the c1ectr0n ener9y 15 mea- 
5ured 1n the centra1 ca10r1meter f1duc1a1 v01ume. 

1n 0rder t0 reduce the 5tat15t1ca1 err0r 0n the m2 
mea5urement, an add1t10na1 5amp1e 0f 2 event5 ha5 
6ccn def1ned 1n wh1ch 0nc e1ectr0n wa5 rc4u1red t0 
6e 1n the centra1 f1duc1a1 re910n, and the 5ec0nd 0ne 
had t0 6e 0ut51dc th15 re910n (there6y 1nc1ud1n9 th05e 
e1ectr0n5 wh1ch h1t the centra1 ca10r1meter 6ut fa11 the 
f1duc1a1 cut5 def1ned prev10u51y, 1n add1t10n t0 th05c 
wh1ch h1t the endcap ca10r1meter5). 7he5e event5 have 
thc ener9y 0fthe1r 5ec0nd e1ectr0n c0n5tra1ned 6y the 
re4u1rement that the t0ta1 m0mentum (c1ectr0n5 p1u5 
hadr0n5) 15 6a1anccd a10n9 a part1cu1ar d1rect10n 1n 
thc tran5ver5e p1ane. F0r th15 purp05e, a c00rd1natc 

5y5tem wa5 def1ned w1th axe5 para11e1 t0 the 615ect0r 
0f the tw0 c1ectr0n tran5ver5c d1rect10n5 (r/ax15), and 
0rth090na1 t0 1t ( ~ ax15). F0r a 2 event w1th re1at1ve1y 
10w P7, thc m0mcntum 6a1ancc a10n9 the ~ ax15 15 
5en51t1ve t0 the c1cctr0n ener91e5, and the ¢ d1rect10n 
15 n0t 5tr0n91y c0rre1ated w1th that 0f the rec0111n9 
hadr0n5, thu5 pr0v1d1n9 a u5efu1 c0n5tra1nt. 7he re- 
5u1t 0f th15 c0n5tra1nt pr0cedurc, 1nc1ud1n9 thc ma55 
rc4u1rement def1ncd a60ve, 15 an 1ndependent 5am- 
p1c 0f 94 2 event5 wh1ch have w0r5e ma55 re501ut10n, 
6ut wh1ch dcr1vc the1r ma55 5ca1c fr0m the encr9y ca1- 
16rat10n 0f the centra1 ca10r1metcr f1duc1a1 v01ume. 
7h15 5amp1e 15 5h0wn 1n f19. 36 and w111 6e rcferred 
t0 a5 the Pr(c0n5tra1ned) 5amp1e. 

5.7he  f1tt1n9 pr0cedure 

7he ma55c5 0f the W and 2 havC 6Cen mca5ured 
u51n9 a max1mum 11ke11h00d f1tt1n9 pr0Cedure. 

F0r the 2--,e+e - decay, the tw0 1ept0n5 were un- 
am619u0u51y mea5ured, and theref0re the extract10n 
0f the 2 ma55 fr0m the 065erved d15tr16ut10n 0f m~e 
wa5 re1at1vc1y 51mp1c. 1t wa5 p055161e t0 u5e an ana- 
1yt1c 11ke11h00d funct10n wh1ch 15 a 900d appr0x1ma- 
t10n t0 the expected 11ne 5hape, f0110wed 6y 5ma11 c0r- 
rect10n5 f0r thc cffcct5 wh1ch were ne91ected 1n the 
51mp11f1ed funct10n. 

F0r the W ~ e v  decay, the neutr1n0 wa5 mea5ured 
1nd1rcct1y, u51n9 thc mcth0d de5cr16ed 1n 5ect10n 3.2. 
51nce the 10n91tud1na1 m0mentum 0f the neutr1n0 
cann0t 6e mea5ured, the var1a61e5 wh1ch have 6een 
c0n51dered 1n th15 ana1y515 are the tran5ver5e m0- 
mcnta Pr(c)  and P7(v), and the tran5ver5e ma55, mv. 

F0r the5c var1a61e5, the 5hape 0f the d15tr16ut10n cx- 
pected 16r a 91ven va1uc 0fthe W ma55 depend5 cr1t- 
1ca11y 0n the detect0r re501ut10n and 0n the P7 d15tr1- 
6ut10n 0f the pr0duced W 6050n. 70 a 1e55er extent, 
the 5hape a150 dcpcnd5 0n the PL d15tr16ut10n f0r thc 
W, and hence 0n the part0n d15tr16ut10n funct10n5 f0r 
thc 1nc0m1n9 hadr0n5. 7he5e c0n51dcrat10n5 d0 n0t 
a110w the u5e 0f ana1yt1c funct10n5 1n f1tt1n9 the W 
ma55. 1n5tcad, thc 11kc11h00d funct10n5 f0r d1ffcrcnt 
mca5ured 4uant1t1e5 Were c0n5tructed numer1ca11y 
u51n9 a dcta11ed 51mu1at10n 0 fW pr0duct10n and de- 
cay, f0110wed 6y a carefu11y tuned m0de1 0fthe detec- 
t0r re5p0n5e t0 thc W dccay pr0duct5, 1mp1cmcnted 
1n the f0rm 0fa  M0ntc Car10 51mu1at10n wh1ch wa5 
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0pt1m12ed f0r the f1tt1n9 pr061cm. 7h15 M0nte Car10 
wa5 de519ned t0 eff1c1ent1y 9enerate 1ar9e 5tat15t1ca1 
5amp1e5 t0 pr0v1de 5ta61e 11ke11h00d funct10n5. 1t wa5 
a150 h19h1y tuna61e 1n 0rder 10 eva1uate the effect5 0f 
5y5temat1c uncerta1nt1e5 a550c1ated w1th the many 1n- 
9red1ent5 0f the m0de1. 

5.1. Phy51c5 and detect0r m0de1 

7he M0nte Car10 can 9enerate a11 0f the 6a51c pr0- 
ce55e5 wh1ch are re1evant t0 th15 ana1y515. F0r the W, 
the 6a51c pr0ce55e5 are W--,ev and W--,~v. H0wever, 
duc t0 the h19h prec1510n 0fthe current 5tudy, 1t wa5 
nece55ary t0 c0n51der QED c0rrect10n5.5uch c0rrec- 
t10n5 [ 1 1 ] pr0duce W--,7ev decay5, where a 10w en- 
er9y ph0t0n may carry 0ff 50me 0f the e1ectr0n en- 
er9y and there6y chan9e the rec0n5tructed ma55. F0r 
the 2, the 6a51c pr0ce5515 2 - , e+e  -, and QED c0rrec- 
t10n5 re5u1t 1n the decay 2--,7e+e -.  A11 0f the5e pr0- 
ce55e5 can 6e 9enerated 5tart1n9 fr0m 0ne 0fmany 5et5 
0f part0n d15tr16ut10n funct10n5 ev01ved t0 Q2 = m 2w 
0r m-~. 7he DFLM 5et [12] w1th AQcD=160 MeV 
ha5 6ecn u5ed t0 06ta1n the f1na1 re5u1t5, 6ut 0ther 
5et5 have 6een 5tud1ed f0r the eva1uat10n 0f 5y5tem- 
at1c err0r5 pre5ented 1n 5ect10n 6. 

7he W 0r 2 6050n wa5 pr0duced w1th a tran5ver5e 
m0mentum d15tr16ut10n der1ved fr0m the ca1cu1a- 
t10n5 perf0rmed 1n ref. [13]. 1n 0rder t0 vary the 
5hape 0f the Pa d15tr16ut10n, d1fferent ca1cu1at10n5 
have 6een perf0rmed, c0rre5p0nd1n9 t0 d1fferent va1- 
ue5 f0r AQcD 0f 1 10, 160, 210, and 260 MeV. 1n the5e 
ca1cu1at10n5, the va1ue f0r the 5tr0n9 c0up11n9 c0n- 
5tant ha5 6een c0mputed u51n9 A~cD, and the DFLM 
parametr12a110n wh1ch had the c105e5t c0rre5p0nd1n9 
AQct~ va1ue wa5 ch05en. Chan91n9 the va1ue 0fA0ct) 
pr1mar11y a1ter5 the 5ca1e 0f the d15tr16ut10n; 1ar9er 
va1ue5 c0rre5p0nd t0 a harder d15tr16ut10n f0r the 1•-r 
0fthe 6050n [14]. 1n ch0051n9 th15 appr0ach 1t ha5 
6een a55umed that the under1y1n9 ca1cu1at10n 1n re£ 
[13] 91ve5 a 900d de5cr1pt10n 0f the data, and that 
uncerta1nt1e5 1n the true P-r d15tr16ut10n can 6c c0n- 
ta1ned 1n the 6and 0f var1at10n5 06ta1ned 6y vary1n9 
AQcD. 

0nce the k1nemat1c5 0f a 91vcn event were f1xed, 
the ca10r1meter 1mpact p01nt5 f0r the e1ectr0n5 were 
ca1cu1ated u51n9 the 065erved vertex d15tr16ut10n, and 
the re4u1rement that the e1ectr0n5 pa55 thr0u9h the 
f1duc1a1 re910n5 0fthe track1n9 5y5tem5 wa5 1mp05ed. 

7he detect0r re5p0n5e wa5 51mu1ated 6y f1r5t ap- 
p1y1n9 a deta11ed m0de1 f0r thc c1ectr0n re5p0n5e, de- 
r1ved fr0m te5t 6eam data, t0 c0mpute the 065erved 
e1ectr0n ener93•. 7h15 wa5 f0110wed 6y the d1ff1cu1t 5tep 
0f 51mu1at1n9 the ncutr1n0 re5p0n5e. A5 d15cu55ed 1n 
5cct10n 3.2, the neutr1n0 rc5p0n5c c0n515t5 0fa  c0m- 
p0ncnt c0m1n9 fr0m the e1cctr0n rc5p0n5c, and a 
c0mp0nent c0m1n9 fr0m the u5e 0f P7(hadr0n5) t0 
appr0x1mate Pr(6050n). 7he mea5uremcnt pr0ce55 
f0r Px(hadr0n5) 15 de5cr16cd 1n m0rc deta11 1n ref. 
[ 14], and a 5ummary" 0f the 5a11ent re5u1t5 15 pr0- 
v1ded hcre. 

7hc m0dc1 wh1ch ha5 6een c0n5tructed c0nta1n5 
tw0 6a51c 1n9red1ent5.7hc f1r5t 15 a re501ut10n func- 
t10n wh1ch ref1ect5 the cumu1at1ve effect 0f the 1nd1- 
v1dua1 ca10r1meter mea5urement5 that are 5ummed 
10 91ve Px (hadr0n5). 7h15 re501ut10n depend5 0n the 
t0ta1 tran5vcr5e encr9y 1n the event (2E7)  , exc1ud1n9 
the 6050n decay pr0duct5. 5tud1e5 0f d1fferent data 
5amp1e5 have 6een u5ed t0 der1ve the re501ut10n func- 
t10n, t09ether w1th an e5t1mate 0f 1t5 uncerta1nt1e5. 
7hc 5ec0nd 1n9red1ent 15 a re5p0n5e c0rrect10n func- 
t10n wh1ch ref1ect5 the 5y5temat1c m15mea5urement 
made 1n appr0x1mat1n9 P-r(6050n ) 6y P7(hadr0n5). 
7h15 ar15e5 pr1mar11y fr0m thc detect0r acceptance 
(50me rec0111n9 hadr0n5, e5pec1a11y th05e a550c1ated 
w1th 1n1t1a1 5tate 6rem55trah1un9, f10w 0ut51de the 
ca10r1meter acceptance ), and fr0m ca10r1meter n0n- 
11near1t1e5 wh1ch appear when P-r(hadr0n5) 15 c0n- 
5tructed fr0m a 5um 0f ca10r1meter ce11 mea5ure- 
ment5. A funct10na1 f0rm f0r the5e effect5 ha5 6een 
der1ved fr0m M0nte Car10 5tud1e5. 

7he 1n9red1ent5 0fthe m0de1 have 6een checked 6y 
5tudy1n9 the m0mentum 6a1ance 6etween the e1ec- 
tr0n5 and the rec0111n9 hadr0n5 1n 2 - . e~e  - event5. 
1n part1cu1ar, 1f th15 6a1ance 15 mea5ured a10n9 the 4 
ax15 def1ned 1n 5cct10n 4.2, then the cffcct5 0f the 
e1ectr0n ener9y re501ut10n are 1ar9e1y rem0ved (the 
re501ut10n f0r P~(e+e - )  15 ~0.3 6eV, wh11e f0r 
P~(e +e- ) 1t 15 ~ 2 6eV).  A 5pec1a1 data 5amp1e wa5 
def1ned, c0rre5p0nd1n9 t0 the k1nemat1c rc910n re1e- 
vant f0r th15 ana1y515, name1y 70~< mc~< 120 6eV and 
Pv(2)~<20 6cV. 51nce th15 ch01ce 0f the mea5ure- 
ment ax15 m1n1m12c5 the 5en51t1v1ty t0 the e1ectr0n 
ener9y mea5urement, 1t wa5 p055161e t0 rem0ve the 
f1duc1a1 cut5 0n the ce11 60undar1e5, re5u1t1n9 1n a 
1ar9er 5amp1e 0f 161 event5. Event5 0f the type 
2--,7e+e - have 6een exc1uded fr0m th15 5amp1e 6e- 
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cau5e the e1ectr0n5 d0 n0t carry the fu11 2 m0men-  
tum. 7he  m0men tum 6a1ance 15 5h0wn 1n f19. 4a. 1n 
th15 f19ure, the re501ut10n funct10n 5h0u1d acc0unt f0r 
the w1dth 0f  the 065erved d15tr16ut10n wherca5 the 
re5p0n5e funct10n 5h0u1d acc0unt f0r the d15p1ace- 
ment  0f  the mean. 7he  re501ut10n wa5 checked 6y 
100k1n9 at a n0rma112ed d15tr16ut10n where f0r each 
event the 065erved m0men tum 6a1ance 15 d1v1ded 6y 
the expected re501ut10n c0mputed  u51n9 the )~E7 f0r 
that event. 7he  re5u1t1n9 d15tr16ut10n 5h0u1d have a 
519ma 0f 1.0 1fthe re501ut10n funct10n 15 c0rrect. 7he  
065erved 519ma 15 0.98 + 0.1 1,1n exce11ent a9reement 
w1th expectat10n5. 1n 0rder  t0 pr06e the m0men tum 
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F19. 4.7he m0mentum 6a1ance 065erved 1n 2~e+e - event5 a10n9 
the r/ax15. (a) 7hc d15tr16ut10n f0r the data where thc curve c0r- 
re5p0nd5 t0 the pred1ct10n 0fthe m0de1 de5cr16cd 1n the text. (6) 
7he cumu1at1ve d15tr16ut10n where the d0tted (da5hed) curve5 
repre5ent the m1n1ma1 (max1ma1) re5p0n5e c0rrect10n5. 

6a1ance f0r 1nf0rmat10n a60ut the re5p0n5c c0rrec- 
t10n, the 1nf1uence 0f 5tat15t1ca1 f1uctuat10n5 ha5 6een 
m1n1m12ed 6y exam1n1n9 the cumu1at1ve d15tr16u- 
t10n. 7h1515 5h0wn 1n f19. 46, where add1t10na1 curve5 
have 6een 5uper1mp05ed t0 5h0w the extreme var1a- 
t10n5.7he c0n5truct10n 0 f thc  a110wed 6and 0f  var1a- 
t10n5 f0r each 0f  the m0de1 1n9red1ent5 a60ve 15 cru- 
c1a11n c0n5tra1n1n9 p055161e var1at10n51n the neutr1n0 
re5p0n5e, and f0rm5 the 6a515 0f  the 5y5temat1c err0r 
ana1y515 pre5ented 1n 5ect10n 6. 

F1na11y, the dependence  0n the ma55 and w1dth 0f  
the pr0duced 6050n wa5 1ntr0duced. 1n 0rder  t0 c0n- 
5truct the c0nt1nu0u5 funct10n5 needed f0r f1tt1n9 1n 
an eff1c1ent manner ,  the 5ame event wa5 we19hted 6y 
a re1at1v15t1c 8re1t-W19ner 11ne 5hape f0r many d1f- 
ferent va1ue5 0 f the  ma55 and w1dth, and then 51mu1- 
tane0u51y entered 1nt0 a tw0 d1men510na1 array 0f  
d15tr16ut10n5 c0rre5p0nd1n9 t0 the5e d1fferent ma55 
and w1dth va1ue5. 

5.2. Pr0cedure f0r the m wr1t 

7he  f1tt1n9 pr0cedure 5tarted fr0m the tw0 d1men- 
510na1 array 0f  d15tr16ut10n5 9enerated 6y the m0de1 
f0r a 91ven f1tt1n9 var1a61e, f0r examp1e, m1-. 7he5e 
d15tr16ut10n5 were 5m00thed and 1nterp01ated t0 pr0- 
v1de a c0nt1nu0u5 funct10n f (mr ;  mw, 1w), wh1ch 
repre5ent5 the 11ke11h00d t0 065erve the 91ven va1ue 
0f  m7 f0r part1cu1ar va1ue5 0f  the f1tt1n9 parameter5 
mw and Fw. 5uch a funct10n wa5 u5ed t0 c0mpute  a 
9106a111ke11h00d def1ned a5 the pr0duct  0f  the 11ke11- 
h00d va1ue510r each cvcnt 1n the f1t 5amp1e. 1t 5h0u1d 
6c n0ted that a1th0u9h th15 meth0d treat5 each event 
5eparate1y, w1th0ut 61nn1n9, 1t a55ume5 that a11 event5 
1n the 5amp1e havc thc avera9e re501ut10n. 

51nce the max1mum 11ke11h00d meth0d pr0v1de5 n0 
exp11c1t 1nf0rmat10n a60ut the 4ua11ty 0 f t h e  f1t, 1t 15 
nece55ar3, t0 ad0pt  an add1t10na1 meth0d t0 te5t f0r 
the 900dne55-0f-f1t. 7he  K01m090r0v-5m1rn0v te5t 
ha5 6een 5e1ected, 6a5ed 0n the max1mum d15tance 
6etween the cumu1at1ve d15tr16ut10n 0f  the data  and 
that 0 f the  6e5t f1t re5u1t. 7h15 te5t 15 kn0wn t0 6e 5u1t- 
a61e f0r 5ma11 5amp1e5, and d0e5 n0t 1mp05e any 61n- 
n1n9 re4u1rement 0n the data. 

157 



V01ume 241, num6er  1 

5.3. Pr0cedureJ0r the m2f1t 

PHY51C5 LE77ER5 8 3 May 1990 

t0 make 0pt1ma1 u5e 0fthe 5ma11 2 event 5amp1e. 

F0r the ca5e 0f the 2, the numer1ca1 11ke11h00d 
techn14ue de5cr16ed a60ve f0r the W c0u1d ea511y 6e 
app11ed. H0wcver, due t0 the re1at1ve 51mp11c1ty 0fth15 
f1t, an appr0x1mate ana1yt1c meth0d ha5 6cen u5cd, 
6a5ed 0n the ana1yt1c funct10n 

f exp(-t1m•) 
/(mc¢,03, m2, F2)~- dm• (m,~m2)2+F~/4 

×exp[ - (rnc¢ -m• )2/20"2] , 

where a 15 the e5t1mated ma55 re501ut10n f0r the event 
c0n51dered, and f1 15 a 510pe parameter wh1ch wa5 06- 
ta1ned 6y f1tt1n9 M0nte Car10 5pectra. 7h15 funct10n 
c0nta1n5 a n0n-re1at1v15t1c 8re1t-W19ner 11ne 5hape, 
d15t0rted 6y the rap1d1y fa111n9 part0n 1um1n051ty• 
character15t1c 0f hadr0n c0111der5. 7he true 5hape 15 
m0re accurate1y de5cr16ed 6y a re1at1v15t1c 8re1t- 
W19ner 1nc1ud1n9 an ener9y dependent w1dth [ 15 ]; 
the f0rm u5cd 1n th15 ana1y515 re5u1t5 1n a 5h1ft 0f the 
peak 6y + 17 MeV re1at1ve 10 the m0re c0mp1ete 
f0rm. 7he exp0nent1a1 appr0x1mat10n f0r the part0n 
1um1n051ty ha5 6ecn ad0pted 6ecau5e 1t a110w5 the 
c0nv01ut10n 1nte9ra1 t0 6e perf0rmed ana1yt1ca11y and 
pr0v1de5 an exce11ent repre5entat10n 0f the actua1 
5hape. 7he 510pe parameter u5ed wa5 f1=0.0200+ 
0.0005, where the crr0r ref1ect5 the var1at10n 06- 
5erved when f1tt1n9 d1fferent part0n d15tr16ut10n pa- 
rametr12at10n5. 1f the parameter f1 wa5 ne91ected f0r 
the ma55 1nterva1 u5ed 1n th15 ana1y515, the re5u1t1n9 
f1t ma55 wa5 065erved t0 5h1ft 6y -~ - 120 MeV. 7he 
effect5 0fthe exper1menta1 re501ut10n are 1nc1uded 6y 
c0nv01ut1n9 the under1y1n9 11ne 5hape w1th a 9au5- 
51an. W1th the u5e 0fth15 exp11c1t re501ut10n funct10n, 
1t 6ec0me5 p055161e t0 we19ht the c0ntr16ut10n 0f each 
event acc0rd1n9 t0 1t5 mea5urement err0r, and hence 

6. Re5u1t5 

6.1..14ea5urement 0f m2 

8ef0re app1y1n9 the f1tt1n9 pr0cedure def1ned 1n 
5ect10n 5 t0 the tw0 data 5amp1e5 def1ned 1n 5ect10n 
4.2, an e5t1mate 0fthc mea5urement err0r f0r the ma55 
0feach event 15 re4u1red. F0r the centra1 5amp1e, th15 
err0r depend5 0n the e1ectr0n mea5urement a10ne. 
5pec1a1 te5t 6eam run5 were perf0rmed, where the te5t 
6eam d1rect10n wa5 def1ned 6y the 065erved d1rec- 
t10n and 1mpact p01nt f0r each e1ectr0n 1n 46 0f the 
54 event5 1n the centra15amp1e. 7he5e mea5urement5 
pr0v1de va1ue5 f0r the mea5urement err0r5 wh1ch 
a9ree ver3• we11 w1th th05e pred1cted 6y the m0de1 de- 
f1ned 1n 5ect10n 5.1, and c0n5t1tute an 1mp0rtant check 
0f the ener9y c0rrect10n pr0cedure f0r th15 evcnt 
5amp1e. 7he m0de1 wa5 u5ed t0 c0mpute the err0r5 
f0r the rema1n1n9 8 event5. A mean mea5urement er- 
r0r 0f 1.9 6eV w1th a RM5 0f 0.2 6eV re5u1ted f0r 
the fu11 5amp1e. F0r the Pa-(c0n51ra1ned) 5amp1e, the 
err0r5 ar15e 1ar9e1y fr0m the mea5urement 0f the re- 
c0111n9 hadr0n5, and have 6een c0mputed d1rect1y 
fr0m the m0de1, re5u1t1n9 1n a rather 6r0ad d15tr16u- 
t10n w1th a mean 0f4.3 6eV and a RM5 0f0.8 6eV. 

7he5c 5amp1e5 and the1r err0r5 have 6een 5tud1ed 
u51n9 tw0 d1fferent f1t5. 1n the f1r5t, the w1dth 0fthe 
2 15 f1xed t0 2.5 6eV, a5 expected 1n the 5tandard 
m0dc1 when 2 ,tt decay5 are k1nemat1ca11y f0r61d- 
den. 7h15 f1t 15 5h0wn f0r the centra1 5amp1e 1n f19. 
3a, and f0r the Pr(c0n5tra1ned) 5amp1e 1n f19. 36. F0r 
the 5ec0nd f1t, the w1dth 15 1eft f1ee, pr0v1d1n9 a te5t 
0f a55umpt10n5 1n the f1r5t f1t. 7he re5u1t5 are 5um- 
mar12ed 1n ta61e 1.7hey mu5t 6e c0rrected 16r effect5 
wh1ch have 6een ne91ected 1n the f1t, and a11 0f the 

7a61e 1 
A 5ummar3• 0 f the  f1t5 t0 d1fferent 2 5amp1e5.7he err0r 5h0wn 15 the 5tat15t1ca1 err0r fr0m the f1t. 

5amp1c 1 Paramctcr f1t 2 Parameter f1t 

m2 (6cV)  F2 (6eV)  C0nf1dence1eve1 (%) m2 (6cV)  12 (6cV)  C0nf1dcnce1eve1 (%) 

centra1 (ana1yt1c meth0d)  
17(c0n5tra1ned) (ana1yt1c meth0d)  
centra1 (numer1c meth0d)  

91.69~0.43 2.5 96 91.70+0.45 2.96~079+09~ 99 
91.51 --0.57 2.5 96 91.53~0.59 2-94~0.94~18 97 
91.71 - 0 . 4 8  2.5 95 91.72.+•0.50 3.06~+°1~7~ 84 
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5y5temat1c uncerta1nt1e5 mu5t 6e ta6u1ated. 7he5e 
c0rrect10n5 have 6cen eva1uatcd f0r the centra1 5am- 
p1e, and havc 6een checked f0r the P7(c0n5tra1ned) 
5amp1c, a110w1n9 thc u5e 0f  a c0mm0n 5et 0f  c0rrec- 
t10n5 f0r thc tw0 f1t5. 7he  cffect5 c0n51dered were: 

( 1 ) 7hc  effect 0 f the  under1y1n9 cvcnt 0n the e1ec- 
tr0n ener9y 5ca1c ha5 6een 5tud1ed u51n9 tw0 1ar9e 
c0rre1ated 5amp1e5 0f  M0nte Car10 event5, 0nc 1n- 
c1ud1n9 the cffect and 0ne 19n0r1n9 1t. 7hc5e 5amp1e5 
were d1v1ded 1nt0 rea115t1c 5u6-5amp1e5 wh1ch were 
f1tted u51n9 the 5ame mcth0d u5ed f0r the data. 7he  
d1fference 6etwcen f1t5 t0 the tw0 5amp1e5 5crve5 a5 a 
mea5urc 0f  thc cffect, 1ead1n9 t0 thc c0rrect10n 

Am = - 240 + 70 MeV,  

where the err0r 4u0ted 1nc1ude5 the effect 0f the 5ma11 
data 5amp1e5. 

(2) 7he  effect 0f rad1at1ve decay5 0n the f1tted ma55 
ha5 6een e5t1mated 6y a M0nte Car10 51mu1at10n 0f  
the 2-,~/e+c - pr0ce55 [1 1] wh1ch 1nc1udc5 the re- 
5p0n5e 0f the  detect0r t0 the 10w encr9y ph0t0n. 7h15 
rc5p0n5e ha5 n0t 6een mea5ured d1rect1y, 6ut 15 ex- 
trap01ated fr0m that mea5ured f0r te5t 6eam e1ec- 
tr0n5. 7he  rc5u1t1n9 5h1ft 1n the f1tted ma55 15 

A m =  + 100+ 100 MeV,  

whcre the 1ar9e 5y5temat1c crr0r ha5 6cen a5519ned t0 
acc0unt f0r the unccrta1nt1c51n the dctect0r re5p0n5c 
t0 10w ener9y ph0t0n5. 

( 3 ) F0r thc P-r (c0n5tra1ned) 5amp1e, thc 065crved 
ma55 depcnd5 0n thc mea5urcment 0f  Pr(hadr0n5) .  
7he  effect 0f  the mca5uremcnt m0dc1 f0r P~ 
(hadr0n5) ha5 6ccn 5tud1cd 6y vary1n9 the re501ut10n 
and rc5p0n5c c0rrect10n5 w1th1n the 11m1t5 de5cr16ed 
1n 5ect10n 5.1. Lar9e 5amp1e5 0f  M0nte Car10 cvent5 
werc 9eneratcd and f1tted, and thc 065erved var1a- 
t10n5 1n thc f1tted ma55 were c0nf1ned t0 + 100 McV 
fr0m the n0m1na1 va1ue. 

7he5e effect51ead t0 an 0vera11 c0rrect10n 0f  - 140 
MeV and an 0vera115y5temat1c err0r 0f  120 MeV. 7he 
add1t10na1 5y5tcmat1c err0r 0f  100 MeV f0r the P~ 
(c0n5tra1ned) f1t ha5 6cen added 1n 4uadrature w1th 
thc c0rre5p0nd1n9 5tat15t1ca1 err0r. 7he  f1na1 2 ma55 
15 c0mputed 6y tak1n9 a wc19hted avera9e 0f  the tw0 
0ne parametcr ana1yt1c f1t5 1n ta61e 1 .7hc  re5u1t 15 

m2 = 91.49 + 0.35 (5tat) + 0.12 (5y5t) 

2 0.92(5ca1e) 6 e V ,  

wherc a 5ca1e err0r 0f  1.0% ha5 6een 1nc1uded, ref1ect- 
1n9 the 5y5temat1c unccrta1nty 1n the ener9y ca116ra- 
t10n 0f thc  centra1 ca10r1meter f1duc1a1 v01ume [8 ]. 

5evera1 te5t5 have 6cen perf0rmed t0 c0nf1rm the 
re5u1t rep0rtcd a60ve. 7he  f1r5t 1nv01ved 9enerat1n9 
1ar9e M0nte Car10 5amp1e5 w1th 91vcn m2 and F2, and 
5tudy1n9 the 6ehav10r 0f  thc f1tt1n9 pr0cedure. 7h15 
wa5 d0ne w1th a 51n91e 1ar9e 5amp1e t0 check that there 
were n0 5y5temat1c 61a5e5 1n the pr0cedure, and then 
w1th many 5u6-5amp1e5 0f54  0r 94 cvent5 t0 c0nf1rm 
that the pr0cedure d0e5, 0n avera9e, rec0n5truct the 
c0rrect ma55, and that the d15tr16ut10n 0f f1tted ma55e5 
15 c0n515tent w1th the err0r5 prcd1cted 6y the 11ke11- 
h00d f1t. A5 a 6y-pr0duct 0f th15 5tudy, d15tr16ut10n5 
0f  the expected 11kc11h00d and c0nf1dence 1evc1 f0r 
the5c 1dea1 5amp1e5 werc c0mpared w1th the f1t5 t0 
the data, c0nf1rm1n9 that the 065erved re5u1t5 a9ree 
w1th expectat10n5.1n add1t10n, the data 5amp1c5 were 
f1tted u51n9 thc numer1ca1 11ke11h00d meth0d deve1- 
0ped f0r thc W ca5e. 7he  re5u1t5 0f  the5e f1t5, f0r thc 
centra1 5amp1e 0n1y, are 5h0wn 1n ta61e 1 .7hey  are 
very c0n515tent w1th th05c f0und u51n9 thc ana1yt1c 
11kc11h00d meth0d. Add1t10na1 f1t5 have 6een pcr- 
f0rmed u51n9 a 1ar9e M0nte Car10 c0ntr01 5amp1e t0 
mea5urc the effcct 0f  1nc1ud1n9 1tcm5 ( 1 ) and (2) 1n 
the numer1c 11ke11h00d meth0d. 7hc  re5u1t5 were 
- 2 3 0  McV f0r 1tem ( 1 ), and + 8 0  MeV f0r 1tcm (2), 
1n exce11ent a9reement w1th 1hc prev10u5 e5t1matc5. 
Furthcr check5 have 6ecn madc 6y 1nc1ud1n9 thc ef- 
fect 0f  1nterference 6ctween the 2 and the Drc11-Yan 
c0nt1nuum 1n the 11ke11h00d 1unct10n, re5u1t1n9 1n a 
ne9119161e 5h1ft 0f  +25  MeV 1n the f1tted ma55. A5 a 
f1na1 check, the ma55 1nterva1 def1ncd 1n 5ect10n 4.2 
wa5 chan9ed t0 80<m~c< 110 6 e V  w1th a re5u1t1n9 
chan9e 1n the c0m61ned ma55 0f  - 40 MeV. 

6.2. Mea5urement 0f  mw 

7he centra1 W 5amp1e def1ned 1n 5ect10n 4.1 ha5 
6een 5tud1ed u51n9 tw0 d1ffcrent f1t5 t0 thc three k1- 
nemat1c var1a61c5. 1n the f1r5t, the w1dth 0f  the W 15 
f1xed t0 2.1 6cV,  a5 expccted 1n thc 5tandard m0dc1 
when W- ,  t13 decay5 arc k1nemat1ca11y f0r61ddcn. 7h15 
f1t 15 5h0wn f0r thc tran5ver5e ma55 d15tr16ut10n 1n 
f19. 1, and f0r thc tw0 tran5vcr5e m0mentum d15tr1- 
6ut10n51n f19. 2. F0r thc 5ec0nd f1t, the w1dth ha5 6ccn 
1eft free. 7he  rc5u1t5 0f  the5c f1t5 are 5ummar12ed 1n 
ta61e 2. 
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7a61e 2 
A 5ummary 0fthe f1t5 t0 d1fferent W d15tr16ut10n5.7he err0r 5h0wn 15 the 5tat15t1ca1 err0r fr0m the f1t. 

3 May 1990 

5amp1e 1 Parameter f1t 2 Parameter f1t 

mw (6eV) Fw (6eV) C0nf1dence 1eve1 (%) mw (6eV) Fw (6eV) C0nf1dence 1eve1 (%) 

tran5ver5e ma55 80.75 •- 0.31 2.1 84 80.78 • 0.31 1.89 t °1~1~ 89 
P7 (e1ectr0n) 80.79•0.38 2.1 95 80.83,+.0.39 1.60+°1~ ~ 97 
P~ (neutr1n0) 80.32•+.0.41 2.1 83 80.33,+.0.42 2.03~ 0°278~ 88 

7he ana1y515 0f the 5y5temat1c uncerta1nt1e5 affect- 
1n9 the W ma55 mea5urement 15 c0mp1ex. 1t 15 ren- 
dered e5pec1a11y d1ff1cu1t 6y the need t0 re11a61y eva1- 
uate 5y5temat1c effect5 wh1ch are 5ma11 c0mpared t0 
the 5tat15t1ca1 err0r5 0f 1he f1t5. 7ry1n9 t0 mea5ure 
the5e 5h1ft5 6y chan91n9 the event 5e1ect10n cut5 1ead5 
t0 re5u1t5 wh1ch are c0nfu5ed 6y 5tat15t1ca1 f1uctua- 
110n5. 70 av01d the5e d1ff1cu1t1e5, thc appr0ach u5ed 
ha5 6een t0 chan9e 50me 0fthe m0de1 parameter5 and 
9enerate new 11ke11h00d funct10n5 f0r each 5uch var1- 
at10n. 7he5e d1fferent funct10n5 wcre pr06ed 6y f1t- 
t1n9 tw0 c0n5tant data 5amp1e5.7he f1r5t wa5 the 06- 
5erved data 5amp1e 0f 1203 event5, and the 5ec0nd 
wa5 a 5000 event 5amp1e 0f M0nte Car10 data 9ener- 
ated u51n9 the defau1t m0de1 parameter5. U51n9 th15 
techn14ue, 1t appear5 p055161e t0 eva1uate 5y5temat1c 
err0r5 w1th a prec1510n 0fa t  1ea5t 50 MeV. 

7he c0rrect10n5 and uncerta1nt1e5 c0n51dered 1n the 
W ma55 mea5urement are 5ummar12ed 1n ta61e 3, 
where the 065erved 5h1ft5 1n the f1tted mw va1ue f0r 
0ne parameter f1t5 t0 the M0nte Car10 c0ntr01 5amp1e 
are ta6u1ated. A 6r1ef d15cu5510n 0f the 50urce5 f0r 
the5e var1at10n5 15 91ven 6e10w: 

( 1 ) 7he 1ar9e5t uncerta1nt1e5 arc a550c1ated w1th 
the 1ack 0f kn0w1ed9e 0f the true P~ (W) d15tr16u- 
t10n, and the detect0r re5p0n5e t0 the rec0111n9 had- 
r0n5. W1th a tenf01d 1ncrea5e 1n the ava11a61e 5amp1e 
0 f 2 - , e + e  - event5, the5e unkn0wn5 c0u1d 6c t19ht1y 
c0n5tra1ned u51n9 the m0men tum 6a1ance 5h0wn 1n 
f19. 4 and the 065erved P v ( 2 )  d15tr16ut10n; w1th the 
pre5ent 5tat15t1c5, the uncerta1nt1e5 rema1n 519n1f1- 
cant. 1n 0rder t0 4uant1fy th15, a110wed re910n5 f0r the 
the0rct1ca1 and exper1menta1 uncerta1nt1e5 have 6een 
def1ned. 7he extreme parametr12at10n5 0f the re50- 
1ut10n and re5p0n5e funct10n5 d15cu55ed 1n 5ect10n 5.1 
def1ne the exper1menta1 uncerta1nt1e5. A ran9e f0r 

A0cD ha5 6een def1ned u51n9 thc 065erved Pr  (W) and 
Pr (2 )  d15tr16ut10n5 [ 14 ] t0 4uant1~ the the0ret1ca1 
uncerta1nty. Var1at10n5 0ut51de thc ran9e 110~< 

A0c:D<~210 MeV 1ead t0 519n1f1cant d15a9reement5 
w1th 0ne 0fthc5e d15tr16ut10n5. A 5er1e5 0f e19ht var1- 
at10n5 have 6een pcrf0rmed, 5pann1n9 the a110wed 
ran9e5. 7he max1mum p051t1ve and ne9at1ve dev1a- 
t10n5 have 6een avera9ed t0 91ve the va1ue5 1n ta61e 
3. F0r th15 5et 0f var1at10n5, the avera9c P-r(v) re50- 

3 0 +°"4 1ut10n var1e5 w1th1n the ran9c • -03 6cV and the 

7a61e 3 
A 5ummary 0fthc c0rrect10n5 and 5y5temat1c err0r5 f0r each 0fthe W ma55 f1t5. A11 va1uc5 arc 1n MeV. 

M0de1 var1at10n m1 f1t Pr(e) f1t Pc(v) f1t 

( 1 ) hadr0n re501ut10n/re5p0n5e 
and/••1(6050n ) d15tr16ut10n + 115 1 215 ~ 350 

(2) part0n d15tr16ut10n5 • 100 • 160 + 130 
(3) neutr1n0 5ca1e •+• 85 - • 170 
(4) e1ectr0n re501ut10n • 40 •+ 50 • 60 
( 5 ) under1y1n9 event • 30 + 50 + 20 
(6) f1t pr0cedure + 100 + 100 •- 150 
(7) rad1at1vedecay5 +40•- 40 +60-•- 60 + 160+ 160 

t0ta1 + 40 •-• 210 + 60 "• 300 + 160 + 470 
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avera9e rnr re501ut10n var1e5 1n the ran9e 3.5 +_0.2 
6eV.  1t 5h0u1d a150 6e n0ted that f1t5 t0 the data  per- 
f0rmed u51n9 50me 0fthe5e var1at10n5 re5u1ted 1n va1- 
ue5 f0r [ w  fr0m the three d1fferent f1t5 wh1ch werc 
1nc0n515tent w1th each 0ther, 1end1n9 further 5upp0rt 
t0 the c0n51derat10n 0fthe5c var1at10n5 a5 extreme5. 

(2)  7he  effect5 0 fpa r t0n  d15tr16ut10n funct10n un- 
certa1nt1e5 have 6een 5tud1ed u51n9 the recent DFLM, 
MR5E• and MR58• 5et5 [ 16 ], and the 01der EHLQ 
[ 1 7] and D u k e - 0 w e n 5  [ 18 ] 5et5. 7he  max1mum 
var1at10n5 065erved have 6een reta1ned. H0wever, th15 
may 0vere5t1mate the actua1 uncerta1nty 51nce the 
01der 5et5 a9ree p00r1y w1th current  data  0n the rat10 
0 fu  and d va1ence 4uark51n the pr0t0n [ 19 ]. Exc1ud- 
1n9 the EHLQ and D u k e - 0 w e n 5  5et5 reduce5 the 06- 
5erved var1at10n5 6y 0n1y 25%. 

(3)  7he  uncerta1nt1e5 1n the ener9y 5ca1e f0r the 
neutr1n0 wh1ch are 1nher1ted fr0m the e1ectr0n mea- 
5urement w111 cance1 when c0mput1n9 the ma55 rat10. 
1n add1t10n, the hadr0n ener9y 5ca1e ha5 a ne9119161e 
effect 0n the neutr1n0 5ca1e, 6ecau5e the neutr1n0 d1- 
rect10n 15 n0t c0rre1ated w1th the d1rect10n 0 f t h e  re- 
c0111n9 hadr0n5. H0wever,  add1t10na1 effect5, d15- 
cu55ed 1n 5ect10n 3.2, 1cad t0 the e5t1mate5 91ven 1n 

ta61e 3. 
(4)  7he  uncerta1nty 0n the e1ectr0n ener9y re50- 

1ut10n, a5 determ1ned fr0m te5t 6eam data, wa5 e5t1- 
mated  t0 6e 1e55 than 10%. 7he  avera9e 1%(e) re50- 
1ut10n wa5 1.2 6eV,  50 5uch var1at10n5 have a 5ma11 

effect. 
(5)  Var1at10n5 1n the under1y1n9 event c0ntr16u- 

t10n t0 the e1ectr0n ener9y 5ca1e, de5cr16ed 1n 5ect10n 
3.1, are 065erved t0 have a 5ma11 effect. 

(6)  Var1at10n5 1n the pr0cedure5 u5ed t0 c0n5truct 
the numer1ca111ke11h00d funct10n51ead t0 chan9e5 1n 
the f1tted re5u1t5 due t0 the f1n1te M0nte Car10 5tat15- 
t1c5 ava11a61e. 5uch var1at10n5 have 6een 5tud1ed 6y 
f1tt1n9 a c0ntr015amp1e 0f  15 000 M0nte Car10 event5 
t0 check f0r 5y5temat1c 61a5e5, and c0u1d 6e reduced 
6y u51n9 519n1f1cant1y 1ar9er M0nte Car10 5amp1e5 t0 
c0n5truct the 11ke11h00d funct10n5. 

(7)  7he  effect5 0f  rad1at1ve decay5 W--,•/ev have 
6een c0n51dered. 7he  1ar9e 5y5temat1c err0r5 a5- 
519ned ref1ect the p00r1y kn0wn detect0r  re5p0n5e t0 
10w ener9y ph0t0n5. 

7he  var1at10n5 115ted 1n ta61e 3 have 6een treated 
a5 9au551an 5y5temat1c err0r5, and added  1n 4uadra-  
ture t0 ca1cu1ate the t0ta1 5y5temat1c err0r. 7he  c0r- 

rect10n5 115ted 1n ta61e 3 have added  t0 the 0ne pa- 
rameter  f1t re5u1t51n ta61e 2, 1ead1n9 t0 the f1na1 re5u1t5 
f0r the W ma55 f1t5: 

mw = 8 0 . 7 9 + 0 . 3 1  (5tat) +_0.21 (5y5t) 6 e V  

(m-r f1t) , 

m w =  80.85 +- 0.38 (5tat) +_ 0.30(5y5t) 6 e V  

( P x ( e )  f1 t ) ,  

mw =80.48+_0.41 (5tat) +_0.47 (5y5t) 6 e V  

(1~(v) f1t). 

7he  f1t t0 the tran5ver5e ma55 15 065erved t0 have 
5ma11e5t 5tat15t1ca1 and 5y5temat1c err0r5, and ha5 6een 
taken a5 the f1na1 va1ue. 7he  0ther tw0 f1t5 pr0v1de a 
519n1f1cant cr055-check 0 f the  meth0d.  7he  5tat15t1ca1 
err0r5 f0r the f1t5 are 5tr0n91y c0rre1ated, 6ut the re- 
5u1t5 arc 4u1te c0n515tent w1th1n the 5y5temat1c err0r5 
a10ne. 7he  f1na1 va1ue f0r the W ma55 15 then 91ven 

6y 

m w =  80.79 +• 0.31 (5tat) +_ 0.21 (5y5t) 

+_0.81 (5ca1e) 6 e V ,  

where the 1% 5ca1e err0r ha5 6een 1nc1uded. 

6.3. ,14ea5urement 0f m w/m2 

7he  tw0 mea5urement5 0 f the  6050n ma55e5 can 6e 
c0m61ned t0 der1ve a va1uc f0r mw/m2. 0 n e  expect5 
an a1m05t perfect cance11at10n 0f  the ener9y 5ca1e 
c0ntr16ut10n t0 the err0r 0n the rat10. Dev1at10n5 fr0m 
th15 expectat10n can ar15e 1f the ca10r1meter re5p0n5e 
t0 e1ectr0n5 15 n0t pcrfect1y 11near, 51nce thc c1ectr0n5 
pr0duced 1n 2 dccay5 are, 0n avera9e, m0re ener9et1c 
than th05e f 0 u n d  1n W decay5. P055161e n0n-11near1- 
t1e5 1n the UA2 ca10r1metry havc 6een m1n1m12ed 6y 
ch0051n9 an ener9y 0f  40 6eV,  wh1ch 15 c105e t0 thc 
mean va1ue expected f0r W and 2 decay5, a5 the te5t 
6eam ener9y that e5ta6115he5 the a6501ute ca116rat10n. 
Any re51dua1 effect 15 e5t1mated t0 c0ntr16ute 1e55 than 
100 MeV t0 the ma55 d1fferencc, and 15 thercf0rc 19- 
n0red 1n c0mput1n9 the rat10. 

7hu5 the ma55 rat10 6ec0me5 

mw/m2 = 0.8831 +• 0.0048 (5tat) + 0.0026 (5y5t) . 

7h15 can 6e c0m61ned w1th the m05t recent rc5u1t5 
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fr0m LEP and 5LC [2] f0r the 2 ma55 (a we19hted 
avera9e 0f m2=91.150+0.032 6eV, 1nc1ud1n9 the 
current 30 McV unccrta1nty 1n the LEP ener9y 5ca1e, 
wa5 u5ed) t0 91ve a re5ca1cd W ma55: 

mw= 80.49 + 0.43 (5tat) + 0.24 (5y5t) 6 e V ,  

wh1ch can 6e c0mpared w1th the va1uc expccted fr0m 
thc 5tandard m0de1. 

7. C0mpar150n w1th the 5tandard m0de1 

1n the 5tandard m0de1 0f the e1ectr0weak 1nterac- 
t10n5, w1th a m1n1ma1 H1995 5ect0r, there are three 
fundamenta1 free parameter5 (19n0r1n9 the H1995 and 
ferm10n ma55e5). A c0nven1ent ch01cc f0r thc5e pa- 
rameter5, wh1ch rcf1ect5 the prec1510n 0fcurrent mea- 
5urement5, 15 

0~, 6 r t  , m 2 . 

A rcn0rma112at10n 5chemc mu5t 6e ch05en f0r the 
c0mputat10n 0f h19hcr 0rder c0rrect10n5. 1n th15 ana1- 
y515, the 5chemc 0f 51r11n [ 20 ] 15 u5ed: 

1~12W 
51n20w --- 1 - D~2 • 

1ead1n9 t0 5tandard re1at10n5 [21 ] am0n9 the funda- 
men1a1 parameter5: 

A 2 
9 rr/r~, ---- 

( 1 -- Ar)51n20,, • 

A 2 
1712 = 

( 1 -Ar)51n20w c0520,~ • 

whcre 

7t~0~ •1/2 

A--- ( ~ - ~ : )  = 37.2805 +0.0003 6eV 

can 6e c0mputed fr0m current mea5urcment5 0f a 
and 6 ,  [ 22 ]. 7he var1a61e Ar repre5ent5 the rad1at1ve 
c0rrect10n5 ar151n9 fr0m v1rtua1 100p5 1n the 6050n 
pr0pa9at0r5, and depend5 0n the unkn0wn ma55e5 
rn~0p and m.1~5. 7he5e c0rrect10n5 have 6een ca1cu- 
1ated w1th1n the c0ntext 0f the m1n1ma1 5tandard 
m0de1, c0nta1n1n9 a 51n91c c0mp1cx H1995 d0u61et, 
and an accurate numer1ca1 va1ue can 6e c0mputed 
u51n9 the pr09ram 0f H0111k and 8ur9er5 [ 23 ]. 

U51n9 thc re1at10n5 def1ned a60vc, 1t 15 p055161e, 

91ven va1ue5 f0r the 2 ma55 and Ar, t0 pred1ct a va1ue 
f0r the W ma55.7h15 can 6e 5een 1n f19. 5, where the 
dependencc 0fAr 0n rnt0p and mH1995 15 1nd1cated 6y 
a 5er1e5 0f 11ne5 1n the (mw, m2) p1ane. 7he 5tr0n9 
depcndence 0n mt,,p ar15e5 6ecau5e the t0p 4uark 15 a 
mem6er 0fa d0u61et w1th a 1ar9e ma55 5p11tt1n9 [ 24 ]. 
7he UA2 re5u1t, 1n c0m61nat10n w1th that 0fLEP and 
5LC, ha5 6een marked 6y a data p01nt wh05c err0r5 
ref1ect the c0m61ned 5tat15t1ca1 and 5y5tcmat1c err0r5 
0n the mea5urement5.7h15 data p01nt 11e5 w1th1n the 
rc910n 0f the p1ane a110wed 6y the m1n1ma1 5tandard 
m0de1, and 91ve5 furthcr 5upp0rt t0 a t0p 4uark wh1ch 
15 heav1cr than the W. 70 4uant1fy th15 5tatement, a 
va1ue f0r Ar ha5 6een c0mputed fr0m the mw/m2 
mea5urement c0m61ned w1th the LEP and 5LC va1ue 
f0r m2. 7he re5u1t 15 

A~ ~ tY~) t2 + 0 029 
1 ~  u-V2-u--01032 , 

where the a5ymrnctr1c err0r 1nc1ude5 the 5tat15t1ca1 
and 5y5temat1c err0r5 f0r the tw0 1nput mea5urc- 
ment5. 5ymmetr1c c0nf1dence 1nterva15 havc 6een 
dcterm1ned: 

- 0 . 0 1 6 ( - 0 . 0 2 9 )  < Ar< 0.062(0.071 ) 

at 80 (90) % c0nf1dence 1eve1. 

W1th1n thc c0ntext 0f the m1n1ma1 5tandard m0dc1, 

82 

80 

791~ , , , 1 , , , , 1 t r , , 1 , , 1 j 

911 

mt0 p (6eV) 

240 

200 

160 

120 

91.2 91 3 91.4. 

m 2 ( 6 e V }  

80 

F19. 5 . 7 h e  c0mpar150n  w1th the  m1n1ma1 5 t a n d a r d  m0de1 pred1c- 

t10n5. 7 h c  5011d 11ne5 1nd1cate the  a110wed va1ue5 f0r  m w  a n d  m2 

f0r  a 91ven mt0~ w1th m . 1 ~ , =  100 6 c V .  7 h e  d0 t t ed  ( d a 5 h e d )  11ne 
1nd1cate5 the pred1ct10n f0r  m,0p = 80 6 e V  w1th m n , ~  = 10 ( 1000 ) 

6 e V .  7 h e  da ta  p01nt 15 dcf1ned 1n the  text. 
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the5e 1nterva15 can 6e u5ed t0 pr0v1de 11m1t5 0n mmp, 
a55um1n9 m2=91 .150  6eV,  and tak1n9 a c0n5erva- 
t1ve a110wed re910n f0r mn199~. Recent  LEP re5u1t5 
[25] 1nd1cate that mn1,5~>24 6eV.  U51n9 th15 c0n- 
5tra1nt 1ead5 t0 the 10wer 11m1t 

m,0p > 76 6 e V  at 90% c0nf1dence 1eve1 

f0r mu1~ >~24 6 c V .  

N0 11m1t ex15t5 at the 95% c0nf1dence 1eve1 f0r the 
5tated ran9e 0f  mn1995. A c0rre5p0nd1n9 upper  11m1t 
can 6e der1ved: 

rn,0p < 272 (289)  6 e V  at 90 ( 95 )% c0nf1dence 1eve1 

f0r rn11j~,<~ 1000 6 e V .  

H0wever,  1t 5h0u1d 6e n0ted that  the pre5ence 0 f a d -  
d1t10na1 ferm10n d0u61et5 0r H1995 mu1t1p1et5, 6e- 
y0nd th05e pre5ent 1n the m1n1ma1 5tandard m0de1, 
can 5u65tant1a11y m0d1fy the va1ue 0fAr,  reduc1n9 the 
pred1ct1ve p0wer 0f  f19. 5, and e11m1nat1n9 any 11m1t 

0n mt0 p. 
F1na11y, the def1n1t10n f0r the Weak m1X1n9 an91e 

91Ven a60Ve Can 6e U5ed t0 C0nVert thC mea5Urement 
0fmw/m2 t0 a mea5Urement 0f51ne0w: 

51n20w = 0.2202 + 0.0084 (5tat) •+ 0.0045 (5y5t) ,  

Wh1Ch 15 C0n515tent W1th the W0r1d avera9e Va1Ue [ 26 ] 
der1Ved fr0m neutra1 CUrrent exper1ment5: 

51n20w = 0.2309 + 0.0029 (5tat) +• 0.0049 (5y5t) .  

5upp0rt t0 the hyp0the515 that  the t0p 4uark 15 heav- 
1er than the W. 
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8. C0nc1u510n5 

Prec15e va1ue5 f0r the W and 2 ma55e5 have 6ccn 
mea5ured fr0m 1ar9e 5amp1e5 0f  W--.ev and 2 - ,e+e - 
event5 accumu1ated 6y the up9raded UA2 detect0r.  
After  a carefu1 ana1y515 0f  5y5temat1c err0r5, an 1m- 
pr0ved re5u1t 15 06ta1ned f0r the ma55 rat10 
rnw/rn2 = 0.8831 + 0.0048(5tat)  + 0.0026(5y5t).  
7h15 ha5 6een c0m61ned w1th recent mca5urcment5 
0 f t h e  2 ma55 fr0m LEP and 5LC t0 91ve an a6501ute 
mea5urement  0f  the W ma55 m w = 8 0 . 4 9 X  
0 .43 (5 ta t )+0 .24 (5y5 t )  6eV.  A new va1uc f0r the 
weak m1x1n9 parameter ,  51n20w=0.2202~+0.0084 
(5tat) +0.0045(5y5t) ,  ha5 a150 6ecn rep0rted.  7he  
re5u1t5 0f  the5e mea5urement5 are 1n 900d a9reement 
w1th thc m1n1ma1 5tandard m0de1, and 91vc further 
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