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Recently we obtained bounds on the magnetic moment of the W boson from 
preliminary results from the coilider detector at Fermilab. These results were 
based on 4.3 pb -~ of data, from which three W~ events and three radiative W 
decays were found. Within the next 2 years they expect to have almost 100 pb -1 
of data. In this paper we consider the bounds one will be able to obtain from 
these data, under two scenarios: (1) The expected Standard Model (SM) results 
are obtained. (2) The relative number of events observed is the same as in the 
previous run. We estimate that one will be able to obtain a 95% C.L. bound for 
K, perhaps as good as -1 .9  <- K <- 4.2. These bounds would come from the 
total number of events. When the number of events increases sufficiently, one 
will be able to obtain an angular distribution for W~t and an energy distribution 
for radiative W decay. Then one could observe the radiation amplitude zero and 
obtain a precise value for K. 

In  a r ecen t  le t ter  ( S a m u e l  et al., 1992; see a lso  S a m u e l  et al., 1991a)  

w e  s h o w e d  h o w  the  p r e l i m i n a r y  resul t s  fo r  W ~ / p r o d u c t i o n  and  r ad ia t ive  W 

d e c a y  f r o m  the  co l l i de r  de t ec to r  at F e r m i l a b  ( C D F )  (Tirnko,  1990) c o u l d  be  

u s e d  to put  b o u n d s  on  the  m a g n e t i c  m o m e n t  o f  the  W boson ,  g i v e n  by  

= (K + k + 1)e/2Mw 

O = -elM2w(K - k)  (1) 

w h e r e  the  S tandard  M o d e l  ( S M )  v a l u e  is g i v e n  by  k = 0, K = 1, for  w h i c h  

p, = e/Mw 

Q = -elM2w (2) 
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The best way to measure K is to make use of the radiation amplitude 
zero (RAZ) (Mikaelian et al., 1979) which occurs in the angular distribution 
for arff --~ W-"y (ud ~ W+~l). The dip which persists in pp ~ W'yX is very 
sensitive to the parameter K. A similar zero occurs in the energy distribution 
of the radiative decay W- ~ dK~/and W- ~ e~'y (Grose and Mikaelian, 
1981). The gauge zero for K = 1 and h = 0 is partially filled in due to the 
sea-quark contributions and becomes a gauge minimum. For K 4 :1  or h 4: 
0 this gauge minimum gets completely filled in due to the quadratic depen- 
dence on AK = K - 1 and h. The gauge minimum is also reflected in the 
photon "qu distribution as a dip near "% = 0. Both the magnetic dipole moment 
and the electric quadrupole moments contribute approximately equally in 
amplitude and interfere destructively to form the gauge zero (RAZ). Because 
the number of events will still be limited, it may still not be possible to make 
use of the RAZ. 

The philosophy we employ here is that one need only consider values 
of K :~ 1 with h = 0 in order to check the Standard Model (SM) and see if 

= 1, the SM value. If the SM fails, then one needs to fit both K 4= 1 and 
h 4: 0. Only if there is a breakdown of the SM will it be necessary to fit 
both K and h and see if one can distinguish between them. For results for 
the general case, K 4 :1  and h 4: 0, see Samuel et al. (1991c), Baur and 
Berger (1990), Baur and Zeppenfeld (1988), Behrends et al. (1985), and 
Behrends and Kleiss (1985). 

In this paper we consider the bounds which one will be able to obtain 
from the total number of W~/events and radiative decays from the next run 
of CDF, when they will have 20 times more integrated luminosity, under two 
scenarios: (1) The expected SM results are obtained. (2) The relative number 
of events is the same as in the previous run, i.e., they will obtain 20 times 
more W~/events and 20 times more W radiative decays. 

We consider scenario 1 first and use the same cuts, experimental accep- 
tances, and efficiencies as in Samuel et al. (1992), which were chosen to be 
the same as used in the experiment. These cuts include [for CDF results see 
Abe et al. (1989, 1990, 1991)]: (1) the transverse photon energy Ex~ > 5 
GeV; (2) the photon pseudorapidity I xl~l < 3.0; (3) the electron-photon 
angular separation n+ = [(A'q) 2 + (Adp)2] 1/2 > 0.3. 

The W'y events have large n+ ~- 2.4-2.6 (',/opposite to the e direction), 
while the radiative decays have small n+ ~ 0.8 (low-energy "y and parallel 
to the e direction) and can thus be separated. 

The electron acceptance factor is Ae = 0.41 with fiducial cuts included, 
and its detection efficiency is ee -- 0.67. The photon acceptance factor for 
"% ~ 3 is estimated to be Av = 0.54 and its detection efficiency is e~/ = 
0.50. The QCD correction factor KDV (for the Drell-Yan process) is taken as 
1.3. The QCD corrections for pfi -~ W~X have been calculated by Smith et 
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al. (1986, 1989). The electron-photon angular cut is given above. Our result 
for the number of  W~ events is 

n = 29.8 - 0.546"q + 1.294Xl 2 (3) 

where -q = K -- 1. For 20% systematic error at 95% C.L. we  obtain the bound 

- 2 . 0  --- K <--- 4 .4  (4) 

while for 95% C.L. and 10% systematic error we  get 

- 1 . 6  -< K <-- 4.0 (5) 

These results are shown in Fig. 1. For radiative W decays we use the same 
electron-photon angular cut as above and the number of  events is given by 

n = 155.8 + 0.630"q + 0.894~q 2 (6) 

For 95% C.L. and 20% systematic error the bound attainable will be 

- 7 . 2  -< ~: -< 8.5 (7) 

while for 95% C.L. and 10% systematic error it is 

- 5 . 4  --- K ----- 6.7 (8) 
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Fig. 1. Number of events vs. K for W~/. The line at 43.1 (40.1) corresponds to 95% C.L. and 
20% (10%) systematic error for scenario 1, while the line at 83.5 (76.1) corresponds to 95% 
C.L. and 20% (10%) systematic error for scenario 2. 
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These results are shown in Fig. 2. I f  we do not separate the W~/events and 
the radiative W decays, the total number of events is given by 

n = 185.6 + 0.0840-q + 2.188-q 2 (9) 

For 95% C.L. and 20% systematic errors we can obtain the bound 

- 4 . 5  - K --< 6.4 (10) 

while for 10% systematic error and 95% C.L. it is 

- 3 . 2  -< K --< 5.1 (11) 

These results are shown in Fig. 3. 
We now turn to scenario 2. Here we consider the situation if CDF will 

measure 20 times the number of  events measured in the first run, i.e., the 
number of  Wgamma events, for 20% systematic error, which may be obtained 
in the future is 

n = 60 - 14.3 (12) 

Actually the number of  events measured in the first run is 

n = 3 - B (13) 

where B is the estimated background 

B = 1.5 (14) 
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Fig. 2. Number of events vs. K for radiative W decay. The line at 210.9 (188.6) corresponds 
to 95% C.L and 20% (10%) systematic error for scenario 1. 
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Fig. 3. Number of events vs. K for the sum of W~/events and radiative W decay. The line at 

250.4 (223.4) corresponds to 95% C.L. and 20% (10%) systematic error for scenario 1. 

As a conservative estimate we use n < 83.5 at 95% C.L. Actually the bounds 
obtained may be better than we obtain here. Using the result given in equation 
(3), we find the bound 

- 5 . 2  - K <-- 7.7 (15) 

while for 10% systematic errors it is 

- 4 . 8  <-- K --< 7.2 (16) 

at 95% C.L. These results are shown in Fig. 1. 
I f  one takes the 95% C.L. result 

0.82 ~ n = 3 ~ 7.75 (17) 

and multiplies by a factor o f  20, one obtains 

16.4 - n = 60 -- 155 (18) 

at the 95% C.L. Here again we have 

n = 3 - B (19) 

where 

B = 1.5 (20)  
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Again to be on the conservative side, we take the 95% C.L. bound with 20% 
systematic error as 

n < 167 (21) 

Again the bounds obtainable may be better than ours. 
Using equation (6), one obtains the bound 

- 1 . 9  -< K --< 4.2 (22) 

For 10% systematic error a slightly better bound is obtained, 

- 1 . 8  -< K --< 3.0 (23) 

In conclusion, we have shown that in about 2 years when CDF has 20 
times more integrated luminosity we will be able to obtain some good bounds. 

The results for UA2 at CERN are given in Alitti et aL (1992). They 
use only the total number of events, W',/ + radiative W decay. However, 
contrary to CDF, it appears that they observe more radiative W decays than 
W'y events, as predicted by the SM. This could be due to their much smaller 
AR cut (15 degs). Note that the photon-detection efficiency in the small AR 
(lepton-photon) regime may be overestimated, due to the electron and photon 
isolation cuts which Timko (1990) used in his analysis. This could lead to 
a prediction of a larger-than-observed number of radiative W-decay events. 
This point should be clarified in the analysis of future experiments. Although 
the UA2 group has completed its work, CDF and DO at Fermilab are taking 
data and should have new preliminary experimental results out in the near 
future. We note that new results from CDF and DO are needed to test the 
SM more precisely. With more events, one will be able to improve the bounds 
obtained from the total number of W'y events and radiative W decays. When 
the number of events increases sufficiently, one will be able to obtain an 
angular distribution for W~ and an energy distribution for radiative W decay. 
Then one should be able to see the RAZ and obtain a precise value for K. 
We are awaiting these new results with great anticipation and excitement. 
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