ISTITUTO NAZIONALE DI FISICA NUCLEARE - ISTITUTO NAZIONALE DI FISICA NUCLEARE - IS7,,

\)‘

Laboratori Nazionali di Frascati

Submitted to Phys. Lett:

LNF-89/025(PT)
15 Maggio 1989

F. Aversa, M. Greco:

COHERENT STATES AND STRUCTURE FUNCTIONS IN QED

Servizio Documentazione
dei Laboratori Nazionali di Frascati
P.O. Box, 13 - 00044 Frascati (Italy)

IG 3TVNOIZVYN O.l.n.LIlSl - JHYIIONN VIISId 1A FTYNOIZVN OLNLILSI = FHVITONN YOISId 1a ITYNOIZVN OLNLILSI = JHVITONN VIISHd Id ITVNOIZVN Q.L“




FN_- Laboratori
Servizio Documentazione

LNF-89/025(PT)
15 Maggiol989

COHERENT STATES AND STRUCTURE FUNCTIONS IN QED

F. Aversa, M. Greco _
INFN - Lavoratori Nazionali di Frascati, P.O. Box 13, 00044 Frascati - Italy

ABSTRACT

The methods of coherent states and of structure functions in QED are con-
sidered in detail for a precise evaluation of the radiative effects at LEP / SLC.
They are explicitly shown to give identical results for the exponentiated infrared
factors and the o(a) terms corresponding to the initial and final state radia-
tion. Then the combined use of both techniques further improves the theoretical
predictions to an accuracy better than 1% - including interference effects - and

provides simple analytical formulae of immediate phenomenological application.



The role played by QED radiative corrections in ete™ reactions at LEP /
SLC energies for the precise determination of electroweak parameters is well

known "™ . The resummation of the leading double and single logarithms of soft

141 ls]

origin'", together with the exact determination of the left over o(a) terms™ ™,

is essential to reach a degree of acciracy of o(1%) in the theoretical predictions.
The calculation of all logarithmic o(a?) corrections, as recently done 11 for the
reaction ete™ — putu~, is the further necessary tool to get absolute control of

the QED corrections, as required for precision tests of the theory.

To this aim the method of the structure functions™ , extended to both initial
and final states ' in the reaction ete™ — put+ji~, has been shown to be quite
powerful, suggesting a systematic approach to other processes as, for example,
Bhabha scattering. However, omly niimerical solitions have been obtained so far
in the case of a resonant cross section, leaving dnclear the connection to other
analytical approaches to the problem. The method of ¢oherent states ©F . for
example, has been proved to be very sticcessful in describing the main features
of multiphoton emission with good accuracy, giving explicit analytical results for
resonant processes and interference effects with pure QED background B4 The
determination of the left over o(a?) logarithms is needed only for the evaluation
of the radiative effects beyond the 1% level.

A close connection between the two above methods of resummation has been
explicitly shown"” to exist in the nor-singlet case for QED non resonant pro-
cesses, as well as for QCD. The aim of tlie present paper is to further explore
this relation for ete~ reactions when they proceed via 7 exchange also. More in
detail we will explicitly show that the method of structure functions applied to
initial and final state radiation coincides with the coherent state approach with
an accuracy of o(1%), giving explicitly in addition the desired o(a?) left over

corrections.

The basic formula which describes the reaction ete™ — utu~ in the approach

of structure functions is the followirg tel

ols) = / dz ool(1 — ©)s) Hy(z,8) Fale — o, (1 — 2)s) (1)
0



where ¢ = A and the initial and final state radiation kernels are expressed in

terms of the electron and muon strictire functions as

1

dz . 1—z ,
H.(z,s) - [ —;De(z,s)De( - ,s) (2)
Fy(z,s) = /»d‘pr(y, (1-v)s) (3)

0

and H,(z,s) is defined as in eq. (2). By taking into account the effect of the soft

radiation to all orders and of the hard one up to o(a?) one obtains '™

Ho(z,s) = Aus) ez — %ﬂe(z —2)

: In(1 — z (4)
+-;—ﬂf {(2 ~z)[3In(1 - z) — 41n z] -41~n—(1—;———)—+x~—6}

with 8, = (L, — 1), L. = In (ng) and

s

As) =1+ EL” +2(¢(2) - 1)] + (-:-)2 { [g— ~ 2;(2)] L?
# o+ e - ] 2o+ [- ) - Jr@-ssmz @
+26(2) + i—;—}} =1+ 24+ (%)ZA?)

By insertion of (4) in egs. (2) and (1) one easily obtains
o(s) = / do ools(1 - 2) {Adle)Au(s)Beaf (e — 2 + Rlz.)} ()
0

where the first term in the r.h.s. of eq. (6) is proportional to the leading soft

contribution, while R(x,...) give further correction terms of order (8%) and Be in

» Eq. (4) agrees with the complete second order result of I up to hard terms of o(a?L.). In
the resonant region this is not of numerical importance. The generalization of our results
using the more complete but longer expression of I is straightforward.



the final cross section. We will assume the fractional energy resolution ¢ = AEﬁ
of order 1071 — 1072,

By splitting the Born cross section oo(s) as og = oFFD 1 gINT 4 g 2BS, with "

1
O'OQED(S) = A*s—

INT o\ e - .
oy (s) = BRe {s AT T } (M

RES( o) — s
o5 (s) = C(S — M?2)2 + T2M?

the corresponding radiatively corrected cross sections are obtained as follows

o9ED(s) = ?{Ae(s)Au(s)eﬂe*ﬂ#

(8)
T(1+ 81+ By) X SR

INT (& — rapes T BT (1 + By)

o' (s) =B {Ae(s)Au(s)e T+ 5. 5 By o
1 -

-Re {S—M?{(l-‘z) B 2k (ﬁe+ﬁp,ﬁe§1+,@e+ﬂu;£~l‘)] + ... }a

RES( ) — o f S A (1A (o)fe+Bu LLL+ Be)T(L + By)
7 C{MFA"(S)A”(S)G TU+Ar A (10)

1 P .
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where M3 = M?%* - iTM,z = 8'_6;4}22 and the dots indicate next to leading terms

corresponding to R(x,.) in eq. (6). By expanding in g, the hypergeometric
functions one then finds :

+ The modifications of the Born cross sections (7) due to electroweak corrections, with the
usual replacement in M and T', can be correspondingly introduced in our final expressions.



09ED(5) = 69D (s) A (s) A u(s)eP P + ., (11)

T(1+B)T(1+8,) 1
F'(14+ 8.+ By) cosép

o™V (s) = 0g" T (s)Ac(s) Ap(s) el

. ¢ 2 (12)
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€
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where (M2 — s)'l = ﬂﬁl—{lﬁﬁﬁi , tanép = (ML;IT:@ and ¢ = arctan [&*’—Mz—_g] -

MT
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We now wish to comment briefly on the various factors appearing in the r.h.s.
of egs. (11-13) and compare them with the analogous expressions obtained in
the framework of coherent states, where, to leading orderi , the differential cross

section is given by **

da ; .
dﬂ E ° (C,(;)fm + C}?)) , (* = QED,RES,INT). (14)
with
QED — e " int
Cz(nfra ) - (BetBut28s (15)

€

Be ] Bint
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1 This corresponds to keep C’g) to o(a) only.



and B = 47" In tan %

Furthermore the finite terms C'g) can be written as

off = 2 [B(Ler 1) + 46 - )] + 0P, (18)

with ¢'() containing other o(a) finite terms, coming from bremsstrahlung and
F

box diagrams, odd in the exchange § +s & — 0, etc.

Then, after putting B;,; = 0 in egs.(15-17), the exponentiated factors coincide
with those in eqs.(11-13). Furthermore the finite terms C’S-,f) contain the o(8., B,)
expansion in A,(s)A ,(s) in egs.(11-13). The remaining non factorizable real and
virtual terms can also be included in the approach of structure functions * On
the other hand the extra terms contained in egs.(11-13) are of o(8%)- in particular
the factor —-ﬁff’z—z in eq(13) arising from the expansion of cos ¢, - and o(eB), not

written explicitly.

From the above discussion it follows that the two formalisms give identical
answers for both the exponentiated and o(f) finite terms relative to initial and
final state radiation. On the other hand they add complementary informations
for the f;,s dependence and o(82, ¢f) terms, respectively.

Then, from the combined informations of eqs. (11-13) and (15-17) one can

transform eq. (14) into the following form

do  do(RED) ED —(QED ED)]

= (G 0+ T + ¢

do§TNT) © Ty, —(INT INT)]

+ 20— [eI D+ T + YD) (19)
dof®9) | (rps)cos(Beg) — cot bpsin(Bed) . | ~(RES) RES)|
4220 | RIS N PP+ + C1FES)
dn infra 1+ﬂe.‘,;}g ¢ ( F ) F

with the definitions (15-17) of C{).  and

-C',*(FQED) _ (%) [Agi)+A9)] — Bae

aN? T (2) (2) , AWAW] _ 7" 142,18 (20)
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o (2) [+ 0] - (2)' o104 4+ a080) -
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(22)
The above equations represent our final result, which describes the radiative
correction factors to an accuracy better than (1%). The effect of the new
terms of o(8%,¢8) in egs.(18) is shown in figs. (1,2), where we plot the ratios
R() = de2ltoled ol bo(et)] for j~QED, INT, RES, fot € = 0.01 and ¢ = 0.05,
Notice that the factors C()

infra

of egs. (15,17) do not appear in the ratios R().
We have taken the scattering angle § = 7 in the factors C'S::) to authomatically

cancel the box diagram and other non factorizable contributions.

As is clear from figs.(1,2) the QED and INT corrections are practically con-
stant in the resonant region to a value of about -0.01, while thie RES correction
is modulated essentially by the term 1 — ‘Q%ﬁ, with an extra factor of 0(0.01 -
0.02).

The extension of our results to the case of the Z line shiape is straightforward.
It simply corresponds to take the limit Bu=0,A,=1and e=1- 5‘;—3 in eq.
(10). Then one simply obtains for s ~ M}

Pesin(l - B)6r 7Be

sinépg sin 73,

Mz—s

a(s) = oo(s) Aels) (23)

which agrees with refs. ™" up to constant factors of o(82).

To conclude, we have explicitly shown that the approach of the coherent states

and that of the structure functions offer two complementary methods in QED to
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improve the theoretical accuracy required for precision measurements at LEP /
SLC energies. They give identical results for the exponentiated and finite o(a)
factors relative to the initial and final states radiation. Moreover the remaining
logarithmic o(a?) corrections, obtained with the method of structure functions
complete the information on interference effects provided by the approach of
coherent states. The overall picture provides simple analytical formulae which

can be easily extended to e*e™ reactions other than ete™ — ptu— .

We are grateful to G. Altarelli, O. Nicrosini and L. Trentadue for discussions.
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