ISTITUTO NAZIONALE DI FISICA NUCLEARE

Leborstori Nazionali di Frascali

LNF—79/20(R)
29 Marzo 1979

M. Greco, G, Pancheri-Srivastava and Y. Srivastava:
RADIATIVE CORRECTIONS TO ete — ptpu~ NEAR
THE Z°-RESONANCE.

Servizio Documentszione
dei laboratori Nazionsli di Frascati




INEFN - Laboratori Nazionali di Frascati
Servizio Documentazione

LNF-79/20(R)
29 Marzo 1979

M. Greco, G. Pancheri-Srivastava and Y. Srivastava: RADIATIVE
CORRECTIONS TO ete~—» T~ NEAR THE Z°-RESONANCE.

We present radiatively corrected expressions for the direct pro
~duetion of Z° in the process
| ete s utpu-
before and in the vicinity of the Z° mass.

Our formulae incorporate the soft photon corrections in exponen
tiated form (i.e. a summation to all orders of terms with alh 4w or
alnI') as well as finite corrections of order a obtained through per-
turbation theory, These formulae are thus valid for Aw << E, otherwi
se, hard bremsstrahlung corrections also need to be included. Weak
effects are considered only to first order, The diagrams explicitly
taken into account are shown in Figs. 1 and 2.

Notation.

e™(py) * eTpy) —» u(pg) + ' (py)
s .= W2 = 48® = (p; +py)?,

A el

.. ~ ’~ )
2z % cos0 = Py Pg = Py Py,

®
.

= sin 0/2, b=cos@/2 ,
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Blnt = ';E" 1n(tar1 12-) 5

= —— = fractional energy resolution.

The weak boson ZO is taken to be a resonance of mass M and
total width' I', such that the phase shift (5R is

tan (5R(s;) = ——l\g-lj——-
M~ ~-s
Also; we define
3r
e, s
Z(s) = ( ) (o -)
oM Mm% +imr

where Fe is the leptonic width. In terms of the Weinberg angle Oy,

r, = =

we have
Vv . 2 2
s Fe _ (1 - 4sin @W),
v Fe 1+(1 - 4sin20W)
A
Fe , ‘ 1

A I'e 1+ (1 - Zlcsin2 "OW)Z

, do . do .
do .corr res ,“‘res res int, V int,V int, V
B = vt + . WIS H .
(o) Cintral @@ T Cr ) HC e () (1+CR 7~ )+
: do do (D
int, A ( int, A V(1 + Cim’c, A) QED ( QED) (1 +CQED)
“infra' d@ i infra® d@ P



where the Born cross-sections are given by

do 9

QED, _ & 2,
(d.Q_‘) (45)(1+Z)’
do 2

int, V.. . a ; 2 o
g ) (g5l +e ) (2ReX) Ty,
do 2

ifﬂt,A e i
(w4 ) ° (72)(22) 2ReX)ry .
do 2

res a 2 ‘ R W VR B
a0 ) C (ZE'){(]'+Z ) +8ZI‘VFA}|AI :

Infrared Factors.

The factors Cjuppg in edq, (1) take into account the contribution
from soft photons to all orders 1,2,3), We calculate them using the
techniques developed in ref. (1) for the y-resonance, where ['<<4w
and generalized in ref, (2), via the coherent states method, to include
the case I'2 Aw.

QED | Aw )Be+BH +2ﬁ"int
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Some typical graphs which build up these infrared factors are shown in
Fig., 2.

Finite contributions to order a.

To obtain the finite contributions Cp one calculates the first or
der corrections to the Born term (Fig. 1). A comparigon with the first
order expansion of eq, (1) will then uniquely define C%). For the case
of a vector resonance the lowest order radiative corrections may be
foundinrefs. (2,4,5). We have extended these calculations to include the
axial contributions as well, We find

) . 2
QED _13 ., ... 2a,4 17
CF —1.(Be|',BM)+7{(*§"--1—8‘)+XV s
(ﬂiﬂtavz }l(ﬁ 8.) _?:_O_‘;~(£.-_1_3)+lx
“F 12 e Y 4 3 1 27V °
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g T s 8z
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1+ZZ VA
where
4: . . f aad
Xy = - o ;——1-—— [Z'( (In a)2 + (1nb)>2) + a2 Inb - b2 1na] +
v at v 2
142z . ’
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and
R=- 3 @
i=leptons
+ quarks

Numerical results and discussions,

We present numerical results for (de/dQ), ¢ and the integrated
asymmetry for the following choice of the parameters in the (standard)
Weinberg-Salam model. We have considered 6 quarks and 6 leptons
and assumed s1n20 = 1/4. This gives

Mo = 86.4 GeV,

[(Z = ete) = 70 MeV = -?;15 ['(Z —» all) |
I'(Z —»all) = 2,24 GeV ,

The results are shown in Figs. 3, 4, 5 for values of 4 = dw/E =
= 5x 10'3, 10-2, 5% 10-2 and 10-*. The comparison is always made
with the Born terms called "naive" in the figures.

Thesge figures show that radiative corrections change substan-
tially the naive results. A more complete discussion and details of the
derivation shall be preserited elsewhere.
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FIG. 4 - Differential cross-sections do/d®@ vs. cos®, for various
energies, with and without radiative corrections,
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