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MeroA AJHI onpeAeJieHHR nonuou wHpHHbl W-6o3oua 

IlpeAnaraercR HOBblH MeTOA H3MepeuHR wHpHHbl Y3Koro pe3ouauca no 
DOJIHOMY ce'leHHIO ero o6pa30BaHHR. MeTOA AeTaJibHO H3JlaraeTCR AJIR npou,ec-

+ - + -coB e e ➔ W •W , ye ➔ Wv. 
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lvkin A.V., Kuraev E.A., Nazirov M.T. E2-92-88 
Method for Determination of W-Boson Total Width 

A new way to measure the total width of a narrow resonance by total 
cross-section is proposed. The technique is exemplified in detail in the 

+ - + -reactions e e ➔ W W , ye ➔ Wv. 

The investigation has been performed at the Laboratory of Theoretical 
Physics, JINR. 
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The experiments planned at the nearest future in LEP2 seem to.be able to 
solve the problems concerning '\he nature of bosons which are of great 
theoretical interest. Theory renormalization and the related character of cross
section behaviour are among these problems. Another important problem is the 
W-boson mass and width measurements, because taking into account· of the 
highest approximation is needed for its theoretical description. The value of the 
W-mass may be defined by rapid growth of the cross-section of the process 
e + e - ➔ w+ w- near its threshold. For width determination several tricks are 
proposed. One of them [ l ], [2] is based on the measuring of sub-threshold 
cross-section of the w+w- -- pair production. Another one (31 is based on the 
analysis of W-decay lepton mode outside the allowed kinematical region. 

Herein, we propose the technique based on nonadequacy of the Breit
Wigner propagator associated with intermediate resonances and the a-func
tion-like propagators associated with real particles. The difference between the 
propagators is of an order of r / M. For illustration we consider the expression: 

l fb edx 1 b a e l l . 
- ---= - (arctg- + arctg-) = I - - (- + - ) 
lt -a x2 + e2 it e e it a b ' 

a, b > 0, e ➔ 0. 

Having in mind the integration in (I) over x from a to b, we present the 
integral in (I) as follows: 

i e e 
- 2 2 = o(x) - -b' e ➔ 0, -a< X < b. 
it x + e na 

(2) 

Basing on this fact one may affirm that the difference between the cross
sections of narrow-resonance production (e = r

1 
/ M < < l) on and 'off mass 

shell is of an order of r
1 

/ M rather than (f
1 

/ M)2
• 

Now we shall demonstrate for W-boson, as an example, how one can extract 
it's width analysing the total cross sections of the reactions e + e- ➔ w+ w- and 
ye ➔ Wv. 

Thus, in order to measure a resonance width, we propose the following pro-
cedure: · 

cf!.b ➔ R(s)Br (R ➔ I) - cf1b ➔ R ➔ f(s) 
O exp f / 

b R I = ip(s) 1 M, 
a0 ➔ ➔ (s) 

exp 

(3) 

ab ➔ R ➔ f( ) · · f h . h" h where aexp s ts a cross-section o t .e process m w •.c a produced 

resonance is considered as a free particle with a mass m_R· It is calculated with 
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easy (see below). The function <p(s) is independent of theR-decay channel and 
of the total width rt; it is calculable and may be tabulated. It should be noted 

that this function is different for various processes. 
So, we consider the process ye ➔ Wv ➔ f, then <p(s) in the expression (3) is 

as fo!lows: . _ (M \,~(s) - a(s)) 
<p(s) = ltm -r -( ) . , 
. crtM)->O us (4) 

where u0(s) is. the cross-section of the process with mass-shell W-boson: 
2 . 

u0(s, M 2) = 
4
.n~ {(l - x-1)(1 + Sx- 1 + ¾x-2) - x-1(2 + x-1 + x-2)1nx}, 

. M . . . . 

/ 2 2 x = s M , s = (p + k) = 4ew, 

and a(s) is the appropriate cross-section with virtuallf-boson: 
s 

and 

a(s) = f d~1p(s1)ao(s, sl), 
0 

x(r t I M)n - I 

p(x) = (x - M2)2 + M2r;· 

(5) 

(6) 

(7) 

The function <p(s) is a decreasing one and this value is of an order of 0. 7 in the 
energy vs = 100 GeV. It can be evaluated beforehand. 

For the process e + e - ➔ w+ W- ➔ f one may incorporate the analogous 

a0(s)Br2(W ➔ I) - c,exp(s) _ . rt 
a (s) - /(s) M' 

exp 

procedure: 

(8) 

The function/(s), independent of the W-decay channel mode, can be calculated 
by the following relation: 

. (a0(s) - a(s) M) 
/(s) = IJm ~( ) -r I 

(r/M)->O · us · 

(9) 

u0(s) is the cross-section of on-mass-shell w+ w-production in e + e - -collisions: 

() 
16.na

2 
{( 1 1 -I 1 -2 8x + 1 ) 1 1 + /3 

ao s = -- + 2x + gX + 2 2 n Y--p -
s 16x (3x - 1) -

-~/3-/3(4x
2

+20x+3)}, x=s/4M2, /3=(l -x-l)I/2. (l0) 
4 12x2(3x - 1)2 ' 

and a(s) has the form: 

2 

f 

t 

- s (.fi-..fs;>2 
u(s) = f ds1 f · ds,JJ(s1)p(s2)a(s;s1 ,s2), (11) 

0 0 

where a(s.;s1 ,s2) is the cross-section of production of two virtual W-bosons with· 

the masses squared s1 and s2 in' e + e - -collisions. It was calculated primary in 

(2 ]. For our case the app~oximation sin20 = 1 / 4 is relevant. Then 

. _ na
2 

( i · 1 w) _ (! _1) G \• a(s,s1,s2)- 2 {- 2 + 22 G1 2G2 +2 + M2 3 
2s s1s2 s (s-Mz) s s- z 

(12) 

where 
GI= -,t3l2[¼..t + 2s(s1 + s2) + 2s1s2]' 

G3 = ,-,t112 [¼..t(s + ll(s! + s2)) + 2s(s; + s~ + 3s1s2) - 2(sf + s~)] 
03

) 

· - 4s1s2[s(s
1 

+ s2) + s1s2 ]1nL, 

3/2 [1 ] G2 = -..t 6 ..t + 2s(s1 + s2) - 8s1s2 

,t = s2 + s; + s~ - 2(ss1 + ss2 + s1s2), 

+ 4s1s2(s - s1 - s2)1nL, 
S - s

1 
-.s

2 
- vJ: . 

L - _ ___;;_--=--~ 
- s-s -s +vr· I 2 

(14) 

The function /(s) can be tabulated. It's graph is shown in the figure. One 
may convence that it is a decreasing function (it is of an order of 1.0 in the region 
~:::::: 200 GeV). In the table the values of /(s) for various values of rt are 

. shown. 

Table. /(s) for different values of rt 

GeY l.SGeY 2.25GeV 3.0GeY 

ISO 2.27 ± 0.03 2.35 ± 0.02 2.39 ± 0.02 

200 1.49 ± 0.01 1.53 ± 0.01 1.55 ± 0.01 

220 1.11 ± 0.01 1.14 ± 0.01 1.16 ± 0.01 

240 0.87 ± 0.01 0.74 ± 0.03 0.76 ± 0.02 

260 1.71 ± 0.04 0.68 ± 0.01 0.68 ± 0.02 

Now we shall discuss influence of various factors on the given technique 
accuracy. If a width is defined by lepton modes, e.g., of the reaction 
e+ e- - WW- ➔ µw v, then the basic background atvs ~ 180 GeV will be 

µ T 

the process e + e - - ZZ ➔ µ + µ - T + T- in the case when a single pair of opposite-
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charge leptons is not detected. How
ever, likely, the e+ e- ➔ ZZ cross
section is almost by an. order of 
magnitude less than for 
e + e- ➔ w+w- [4 J and, taking into 
account the branching ratios of the 
extra pair, we obtain the discrepancy 
of an order of more than 10-1

• 

A significant contribution of an 
··

0
·
0 

150 200 2~0 300 order of tie/ e may occur due to 
uncertainty, tie, of the initial 
energy,2e = vs , if colliding beams 

(or one of beams) are not monochromatic. Then photon beam usage can be 
substantially restricted for the technique proposed. 

Radiative corrections should strongly change the value of an extracted 
width, because contribute significantly to total cross-sections (5 ). How
ever, one can reveal with the case that the value of this contribution is of an 
order of or= r(a/n)ln(s/ m;) and it is small for LEP2 cncrgics(vs = 200 GcV 

(a/n)ln(s/m;) = 0,1),. 

Thus, we propose a new technique for determination of W-boson total.width 
which is effective only for the energy of LEP2, because the difference of total 
cross-section, is small for W being on the mass shell and off it, and it is maximal 
(of an order of 2pb) in the energy region of LEP2. Outside this energy region the 
I a - a I value is of the or~cr of the background effects which we have just 

discussed, so we can't extract r with needed accuracy. 
We arc grateful to M.P.Rckalo and I.F.Ginzburg for the useful discussions. 
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