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Abstract. A methed to determine the munning of o from a messurement of small angle Shabla scattering
i propossd and worked out. The method is suited to high statistics experiments ot =¥e™.colliders which
are aquippead with hminometers in the appropriste angular regon. A new smulation code predicting small

angle Bhabha sattering is aleo pressnted.
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1 Introduction

The alectroreak Standard Mode]l S07(2) @ U 1) conbaine
as a constibitre part Quantim Elec brody natmics (QED ).
The running of the electiomagnetic coupling o is deber-
mined by the theory

al (]

L= dalg™) 1)

alg”) =
whete a[0i=a iz the Scmimetield fine shuchure consbant,
which haz been meammred to a precsion of 2.7-10-2 [1].
A (g?) pomitie, atizes from loop contribubions to the pho-
ton propagator. The nitmetical predickon ._-.f elechkromreak
Dbﬁﬂ"-‘.lb].ﬁ thvolves the kmwledge of |:|.I|:| I unru.:.]l*. for
g-= 0. For itsbance, the knowledge l\JfL‘LlI"f—l i relevant
for the evaltuation n:-fqu.:.nhheu treasured by the LEP ax-
petitments. This is achieved by evobring a fromg?=0 up fo
the = massscak ¢°= m=. The evoluticn expresssd by the
quankity Jda receives conbribubions Fom lepbons, hadrons
and the gaugs bosoms. The hadromic contribubion to the
vaciiim polatisabicn, which cantot be calcilated Fom firsk
princples, & estimated with the help of a dspergon imb=
gral and e*.u.lu.:dzd["‘] b vaminag b:-'h:.lc:n:m section measiire
trents of ete = — hadrone at lor ene . Therebore, amy
mvabred value alg”) particularly for la=| = -J.m:',. , i aflec tad
by uncertainbies criginating from hadronic conbribubions.
The mecerbinty on ajm) ! induced by these data i as
small a= + 0.09 [7], tevertheless i trned ok [3] that
it limits the accittate prediction of elechromeak quantibie=
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within the Standard hlodel, parbicularly for the predichon
of the Higge ma==.

While waiking for imp rorred measiitements Fom BEEP O,
VEPP-4M and DAFNE a= inpit to the dispersion inte-
gral, inkenze eforts ate made toimprove on esbimating the
hadromic shife Aapes, as for inshance [1-T), and to find al-
t=tnatire warys of measiting a iE=lf. Atb=mpt= ham= been
made by measite alg” | ditectly 1ming e+e —-data at wari-
oiE snetgies, sich as measiring the ratio a:qfe+e_'!._'e+e_
[B] o mote direckly the amgular distribution of Bhabha
scatbering[3].

In thiz arkicle the rnning of o & studied usng small
angle Bhhabha scabbering. This process prorides tnique in-
formationon the QED coupling corstant a at low specelike
metmentim transfer § = — ||, whete

1 .
t=—2 5|l—cm=f)

2]

iz telated to the tofal itvariant energy s and the scab-
tetitgg amgle & of the final skate elechron. The small amgl=
region has the vithie of giving accem bo alues of ali)
withoiit being affectsd by weak contribubiorns. The ooes
s=ctich can be theorebically cakiilated with pred=ion at
the et mille kvel. Ik i= dominated by the phobomic #-
chamnel =whange and the non- QED contributions have
been computed [10] and are on the order of 10 fmae
tab. 1), in parbicular conbribitions fom baces with o
weak bomons are safely negligible.

In general, the Blabha cross seckion = compited (see
s=ct. 3] from the entire ==t of gauge inarant amplitisdes
in both the =- and {channel Comsequently, tro hatdant
scales 5 and 7 govretnn the process. The diffetent amplitiade=
are fimchiors of both 5 and £ and alko the QED couipling
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o appears az afs) resp. alf) [11]. Howrever, the restrickion
of Blahia scatbering to the Lkinematic regime of =mall
angks remills n a consderable amplifcation, since then
the schamnel conbribution gives only a negligible contd-
bubion, as is quankitabively demonstrabed in bab. 1. Thus,
the measutement of the angilar disbribubion allows indead
to "-‘ﬂ'.i.‘E_‘-' n:]:irv:q:h].:.' the r|.1:|:|::|:|.'|:gI of the n:u:hup]u:g |:|.I::F:I. For the
actial caloulations & 2 m B, o and By 5 m, it
be matisfisd [m=e ==ctd. l). Obriously, in order to manifest
the rumming, the ecperimental precision must be adequiate.

Thi idea can be tealized by high shatisbics egpen-
trents at ete~collidets equipped with finely megimne bad
liuminoimeter=, in parbicilar by the LEP ecperiment=s given
their latge =vent samples, by SLC and fibitre Linear Cal-
lidets. The relevant linminometei= corer the -ramg= fom
afewr GeV® bo order 100 GeV°.

The f-dependence of the quanbtiby Jalf) (=gs. 1, 2
at small -alues of £ 5 illuskated i fig. 1. It shows the

A

i i 0 107
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Fig. 1. 2o vemsos v —f in pnitsof GeV igthe spaceliios region.

predicbad r|.1:|:|:|:|:i:|:|g of a in the televant spacelibe region.
The figure iz obbain=d usu:g the pregram clbkc@;ﬂ ke
Jegerlehner|Z]. At low energies (see fig. 2] Jda iz domi-
nated by the conbribition Fom the leph:nn: while with
increaming snetgy abo the comtribibon imrobr-ing hadrons
getz relevant. The region where hadronic comechons are
critical i= contained in the commidered frange.

2 The Method

The experimental determination of the angular distribuy
Hon of the Blabha croes sechion requires the precss de
fimiticn of a Blabla event in the detector. The analysi=
followrs clos=ly the procedine adopted m the lummeosity
measirement which is described in detail, for itsbance in

A.B. Arbuzov et al.: The Bunning of the eleciomagnetic coupling a in Small Angle Ehabha Scattering

L= planic

-4 a
=

w-t 7 GeV

Fig. 2. Comfributions to Ja fom keptons (dashed corve) and
badmns (zalid curwe) vemos —1 o paits of GeV

tef. [12], and elaborates on the additicnal aspect relabesd to
th= e asireme ot of a differenbial quankity. To this aim the
luminesity debeckor mist have a sufficiently lamge amgular
accephance and adecuiate fine segmentation. The variable
? [=q. 2] £ reconstructed on an evenb by-event hasis.

The method io measitre the tutming of a exploz the

fact that the croms gackion for the procsss ete™ — ete~
can be comrremiently decomposed inho three fackors :
de _ da® falf)” -
iy ..__I.'I.|:|:|:|) L+ Jdriz)) (]

az worked oith inn seckd. All thies fach= ate predicked
to a precimion of 0.1 % or betber. The first facker on the
right hand sid= refet= fo the affachve Ehabla Born croes
section mcluding soft and wirfual phobore acording to
ref. [10], which iz precizely known, and accoumts for the
strongest depandence on #. The vacuum polarizabion efeck
in the leading photon #-channe]l =cchange iz incorporated
in the rimning of o and gives ris= to the squared fackor in
= 3. The thitd fackot s I::F:I collects all the renn.:i.l:ﬁ:ngre.:l
i particilar collinear) and virtial radiabive efects not
incorpotated in the rimmng of a. The = petimental data
afber cottechion for debechor eflects is to be compared with
eq. & The #dependence is rather steep, this migration
eflects may peed abbenbion,

Thi= goal is achieved by using a newly developped pro-

gram bassd on the ﬁ]IE!Id".‘ exd=bng uem:..:.ml-.-lnc.:.l code

]'ILLB]’].I-'I.[].D 1.3] A detailed description of this code called
SAMEHA = grren i s=ch.d.
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3 Theory

It iz comvenient to confront the fully correcksd measiired
cross secton with the Bhabha cross sechion including ra-
diskive cotrecons in the fachorized form given by =g A
The physical cross s=ction i infrared zafe [10]. This decom-
posibion is neither imique nor dickated by a compelling
phsical reasom, rather it allows bo s=parate the diflatent
souitces of § dependence i a tramsparent way without i
troducimg any additional theoretical incetbainty. The =
riois factor= are disci=sed one by one @ the follwing
stibeechiones.

3.1 The cross section 4o /¢

The differanbial ctoms ssction da':'__'u'f ix definesd a= :

do”  do® I: all) )9
# T

 alf) 1)

The fackor da’SuE iz the Bhabia coes= s=chion in im-
proved Bormn approzimation, which, by defmition, mcliid=s
the rimnming of a. As seen explicitly i the formmidas bl
[mq. 8) the fackor alf)/all) is not factorized completely
in the improved Born cross section. [n order $o have the
factorized form of &g, 3 nevertheless the #~channe] contd-
bution to the rmning of a has been faken cut. In this
way, .J!a':'__'u':l’ conbains not only the iwial Born # depen-
detice, i, 174, bt alss sotme wreaker § dependences atis-
img from s<hamnel amplifides with vaciuim polatization
eflects taken inbo accoumt [10), although mimerically small
a= menbioned abere.

The improrred Born cross sechion for Blhablia scatber-
inmg within the ekdboweak Standard hodel = prec==kr
koo (m== r=f= [1-1—1I3]| The diffetential ctoes s=ckion
do® /d¢ differs frem do®/df by the inclision of those ra-
distive cottecions which aflect only the propagator of the
excharmged photon. They form a gatige imvariant sube=t
of all radiati-= correchions and are shown =xplictly. Ik is
comrrenient o decompose da'su'f inbo the contribitkHons
atizing from the f<hammel [ B,), the s<hanne] [B,) and
their inberference [(E;):

d=®  Taf -
? = ?Hﬂ{-gj- +BJ +Bi}| I."!'.I

2]

whate

NaZ+ 218+ 2+ 50
(1 —ITi£)

B - {5+_L+L +.E

B = I';'I (L—ITi#))°
+&° |: U+ P+ 1+t + a2 + ﬁfugf])}

B, = "'|1 + &7 £ 1=l — sl + (L4l + 020

L-mEpE T 1—I(a)
+37[(L=eFia a2 + L+ (at + af + BT ]

— _.!.E. L_.:. i 1
Bi=zpilte) {[I—JT[fjl][l—H[s]]

o af € )
+ (a; +5;.||:~.1 — (=) + 1-IT(#

+ (ot +ﬁs'is£+5:]én}

_ 5 1
L= s —mt+mmzl- =nld,
&= £ . L
N f—m:_'- =n 28,

1 1 s m
Oz = T 5|.l=_-_!, +?m-ﬂu'.||
t=(m-af=-Sa(l-q,

c = cosf, g = p1g1.

Hete= = i= the tokal sqiiated imrratiant mas= &, the alec-
trorreak micing angle and & the scatbeting amgle betrreen
the initial and final elctron with momenta p; and g 1=
spectively (me= ref. [10]).

In fab. | the coss sechions are given n nancharn for
the pure QED and el=ckromreak caszes. DELD: dencbes the
contribithion of the #channel pire QED Feynman dia-
graire. The cross sections are inbsgrated oret boro televant
angiilar ranges. The table shoers that the f<chamnel pho-
ton echange domminates the oroes sechion at small amgle=s
and justifies why the process is suited for mveskigatmg the
i~dependence, and so the nmmng of alf).

By comparing the ~alues of the alechromreal croms sec-
tion with the piure QED one, it is s==n that the Z-hoson
ecchange gives a n=gligible contribitbion to =mall angle
scatbeting. [n the last tro lines ([EW4+VE: and EW4VE)
the=tr= ate mimbets for the croes sechion with vacium po-
latization (P) faken mbo acoount m the f<hamnel only,
and in all channels, cortespondingly. One can s== that the
efl=ct of schanpe] vacuum polatization issmall, as a result
of the smallness of the s<hamnel photon—exchange conbri-
bution its=lf. The last line in the table corresponds to the
cotmplebs forimila in aq. 8.

3.2 The running of a
I'ni:q. 5 the {rwuﬂpc&n'hfun:ﬁ:hnuﬂ[f:l = _"-:l.l::F:I atd Hl:F:l =

Jals) are respomsible for the rumning of a in the space
like and Hme-like tegions. In the bnguage of Feymman
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Table 1. Vardous cross sactions in nb s & function of the center-of- mass =nergy in GaV imdegrated aver the too angular ranges
45110 mrad and 5—51 miad. The index f denotes the contdbution of the comesponding f-channe] Feynman diagrams alone.

The last columns are of interest for furturs Lin=ar Colliders

W% (=) | 91.187 | 912 | 139 | 208 | 500 | 1000 | 3000
45 moad < E <, 110 mzad
W i—f (Gev) | 5.4 34 7.1 133 875 1128
GED 51425 | 51413 | 11.971 IU.I]W 17105 | Q.d2783 | 0.0d7514
QED: 51454 | 51489 | 11434 | 1040588 | 1.7124 | 042509 | 0.0d7538
EWW 51.458 | 51413 | 11485 | 104072 | 1.7105 | Q425871 | Q.0d9507
EW4+VE: 54.041 | 54018 | 12743 | 10745 | 18590 | 047303 | Q055748
EW4+VE 5d.038 | 540153 | 12742 | 10.7dd | 18588 | 0.47298 | 0.055742
S morad < @ < 50 miad
V- Gevy |11 11 2.3 24 53 114 343
GELD J8983.d | 49820 | 1155.4 | 972.51 | 18508 | 41.271 45857
GED: J983.5 | 49821 | 1155.4 | 972.57 | 18509 | 41.272 45858
EWW J883.d | 49820 | 1155.4 | 972.55 | 18508 | 41.272 45885
EW4+VF: S175.0 | 50735 | 11908 | 10355 | 17251 | Q3847 448805
EW4+VE S175.0 [ 50T3IS | 1190.8 | O35S | 17251 | d3.84d8 44805
diagrams the afect atizes from fermion loop nserbicnes inhe given by
the wirbual phobon lines.
1 1 4 1 1 ~ 8
f=gu -l it d -G
g 5 | -
e = [:’j”' at 9) = I||'II1+ gf .
+[':'_‘:':|"[:1_{_+¢:[3}_£:| o 1 - Lo+l 1, 11
. R -
+ (ZPOP ) + 07, [ ns
T t U = |I 14+ - -
S

whete

11:'?_:" 'I?:'=_£|

|
l'

L ¢i3) = 1202

and whete the leading part of the tro-loop conbribiibion b
the polari-abion opetator is faken mbo accoimt. The most
sigmificant part atizes from the electrons and is L/2 —5/9,

The Ofa) and Ofa”) lepbomic vactim polarization is
Lnicrrn mifice atry yeats [l’J The third crder |thres—loop)
lepbonic contribitions T[] have been recentl calew
lated [18]. [n the Standard Model, & conbaine contribir
tors from mions, T-lepbons, T -bm:u:u and hadrons :

& =df +& + & +47,
8, =ds (= 5,

which means that §, is obhaibed Fom §; by sub=kitiking
s by £, se= ref [10]. The contributions from the leptons
(I=p,7) and from the 11" are thecretically calculable and

For @7 % mf the formuila simplifies to

1. @7 &
fl=-ln"w -2
S 3 ;‘f q'

The hadronic contribution camot be caleilated theo
tebically; msbead, it can be expressed as a dEpemion m-
tegral imrvolving experimentally meamred ete "-cross sec-
o

/

4m3

A LA \
ds’.
& +07 )

ghed _ Q”
£ -J..'n:l.g

For nitmetical calcilationz the hadronic contibitiorns as
inchided in the patamettization [, 19)] are adopbed.

This procecure, as wsially assimmed (see eg. [5]) &=
haz=d on the analyticity of the fimchion alg” _Ilmi:]:ecn:l:l:n-
plex plane, exoept posmibly at the snen@ies corresponding
to the Landau pole. For the leptonic contribubions 4717
this ass=rtion iz e, while for the hadromic conbribikion
872 it ralism om the dispersicn approach bo the sntite, ton-
pd‘l:l.‘lfha.ﬁve, hadronic 1:]::.'55.-::: [=e = EI:I. Thiz end= up it
a sitggle analyfical funchion that can be 1==d to deal =ith
th= vacuium polatizalion in the +~channel.
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3.3 The radiatwe factor 1 + Ariz) and negledced terms

For the present imrestigation of the =mall angle Blhabla
croes sechion consst=ntly only the cortectons neadead to
mmaintain the requited accitacy are kept. All thess cottec-
tiote ate inclided in the few code SAMEAL. All the follormr-
ing contributions have besn proven to be negligible [10]
and are dropped :

— Any electroweak eflect beyond the tree level, for in-
shatce appearing in becess or verbices with 2% and 117
bosore, runming weak coupling =,

— Box: diagrame at ordetr o and latges

— Contribibiors of order a” withoitt latges kgadthimes,
leading from order a* (ie a*l* ..} and mibleading
highet onder (a*L7, a*L® -}

— Contibibors fom pair prodiucesd hadoons, mioms, tais
and the corresponding vitbual pair cotreckions to the
vertices [sstimated o be on the order of 0510,
The radiatively correcksd Biabla cross sechion is de

nobed by do/df, Mumetically it differs from da"su'.f by less
than a few petcent for =mall angles depending on =netgy
and final stabe selechion proc=ditre.

4 Monte Carlo Codes and Comparkson

The preciss determination of the hitminosty ab ete— col-
lideis & a criidal imgredient o get an accirabe evalis
aticn of all the phymically relevant cross sschions. They
nece=zatily have bo tely on some reference process, which
i= umially taken fo be the small angle Bfablia scatber-
irgg. Given th= high =skatiskical precision proerdded by the
LEP collider, an aqually preciz kbcerledge of the theoret-
ical =mall angle Blahia croes section is mandatory, In the
1930 the subsbankial progres in measimring the luminos-
ity teached by the LEFP Collaborations has prompbed ser-
etal grotips bo make a theotetical effort atming at a 0.1 %
acciracy [0, 21]. Thiz goal hazs ndeed been achiered by
derelopping a dedicabsd skratsgy. For the firsk Hime =mall
angl Bhabha scatbering was evahiated analyhcally fol-
lorritgg & new calculabion tschnique [10] vielding the re
qutited precision. Analytical calculations have hesn com-
bined with hlombe Carlo programes in order fo similats
realizbically the conditions of the LEP expetiments.

The analytical resuliz svaliated for the vatious contd-
bitdors to the chserved Bhabha croems seckion in ref. [10],
wamr implkmentsd inbs the sermi—analybical code NLLEHA
(for a shott wiite—p see in Bef [13]). The important fea-
tire of thi=s code commists in the syslematic account of all
QED radiatire cottechions requited bo reach the per mille
precision. On the obher hand, the simalation of realiskic e
petimental accepbances can onkr be achiewed with hlomk=
Catlo techniqiies. For this pitpose a Monte Catle code
LAETIC wax dmﬂappe:]["_""_"—'-_’-l].

4.1 SAMEHA-NLLEHA

The program LAETIC, which was inbebdead to describe latge
anglk Bhabha scatteting at high energies, has been comr
pementsd with a ==t of roithines fom HLLEHA @ order

to be applicable bo =mall amgles Bhabia scatbering. Thi=
impli=sd the ite=rtion of the relevant sscond order necb—bo—
leading radiatire cottecions (o L)) it the Monte Carls
code? which are cridal fo achieve the per mille accuracy.
The =xtension in order to cover small angles result=d in
the pew code SAMEHA conbaining the previovsly scmmibing
featiites bogether with the following new charactetiskics :

— the complete alectromweal matrix alement at the Born
lerral;

— the complete ==t of Mo QED radiafive cormechions
| mcluding radiation from amplitiudes with Z-boson ex-
chaige J;

— vactmm polarization correc tions by Jephons, hadrons [19)],
and 1 -bosons;

— l-loop eleckromreak tadiabive correckions and afackive
EW cotplings by trea e of DITET . 6.30 ["_",5] package:

— highat order leaditg kg arithm photomic correchions by
mears of the alectron striuctire funcbions [28-23);

— light pait correctiome in the (fa” L) kading logarithm
approcdmation mcluding loplonally) the tro—photon
and singlet mechanizme.

The code is applicable with the following restric hons:

a) Ebemm & e : the snetgy ha=s to be muich latger than

the elachton tmass;

Mo/ Epamm & & @ exbemely small angles ate not de-

sctibed well, bit the condibion is fulfilled in prackice

both for small and latge angle Blabla measitemenis

in the egperiments at LEF, SLIC and L

c | sharting from the sscond order in o, r=al phobon =mis
son B inbsgrated over, ie. event= with o phobors
sepatated fom elechions ate not gen=rated.

1)

4.2 EBHLMI

The MMonb= Catlo Program EHLUNI which has been im=d
in the LEP analymez, i decribed in debail in ref. [30].

4.3 Comparison BHLWI and SAMEHA

EHLMI is compared with SAMEHA for inb=gral and, for the
first Hime=, also differential diskibitions. The achial mea-
sitements are of calorimetric bpe. Therefore, event sam-
ples are generabed with both programs subjecking =ach
event to a common st of calktimeter like criteria |bhete-
afber called CALD).

In a fiisk b=t the program codes wete applied b the
conditicte eskablizhed by the wotking group Event gene-
rators for Bhabha scoftering12] (YE) with the result that
all mimbeis ware reprodiiced withim the quoted accuracy.

In a further test, abowut 10F Bhabha events were ge
merabsd according to the calorimeter like condibions spe-
cified in s=ct 5.1, Thiz selection rejects a considerable part
of events with real hard phobon radiabion. Thetefore, the

! The codes are available upon request from the athons.
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efect of mmitial cancellation betrreen wirbiial and real ra-
diation i=s suppressad and inevitably cauzses fawly lamge ~
dependent radiative correchioms. The compatison is made
cquanbitatrre in form of the ratio

"1!'::: mEl‘::_-.'ﬁ - 'J!'?Eﬁ.'u mi ".H

) —
P Al umi/ df

and displayed i fiz. 3. A linear logarithmic fit o the cross

e OEDW
=
=
[-1--2 4
[-]---3
o [
A . R
. . .
=0 mom
“
=
-amz - 1
L% ] or 1 1= 1+
lovgy(-1)
Fig. 3. Cms sction mifo plf) ws log (—f) with { o onits of

Z=%2

sechicn ratics and their skatistical uncerhainbies gives
i

plé) = —(0.00394 0.0002) — (00048 % 00010) log

with ()= -83 GeV".

The two programs difler significantly in average by
0.4 % At the present level of itrrestigation it cannot be
mxcliided that thete i= a weak # dependence.

Iti= not =0 surprising to find a discrepancy for the dif
ferential quantity, while gething good agresment for the i
tegral quankity. [nfack, the key element is the far stromger
resbtickion in the svent s=lechon for the bro cases. In the
inb=gral case the svents are accepbed orver the enbire an
gular range of the luminometsr, while for the differenkial
analreis the zame s=lechon criberia ate applisd o a ==t
of s=gments covrering eventually the fill ramge of the lix
mincimeter. This implies that an event accepbed in the
imb=gtal case is Dot Decessarily accepbsd in the differenbial
chie chiie to the more reshich- = condibions, sich that the
sum of events accepbed i the segmentad luminometer iz
smaller than the mimber of events in the full liminometez.

For a quantikative inderstanding of thi= qualitatire ar-
gument a s=lechion of =veniz & prese=nted a= a finction of
the citt 5 - . = 5 1975, where z; i= the Factional e
ergy cartied by the electrom [of posibron) (s== kab. 2).

Obrrciizlr, a walue for o pear bo | s=lects configirations
with =mall acollinearity a=s opposed to came=s with smaller
1 favoring lange r acollinearity configirations. For a grren
opening angle, events with large acollineariby are hardly
accepted, in obher words the =ize of the cone opening
angle defines the amoumt of radiabive event= conbaining
t=al emitbed phobonz accepbed of tejeck=d. Conssquiently
a larger o smaller final shate pha== space i= probed. Since
virtual radiabive conbibitions are vnaffectsd by phasz=
space restrichions, the inbeiplay betereen r=al and +irkial
tadiative combribubions skomgly depends on the accep-
tance. The accuracy to which radiafi-= correchions have
to be br=ated becomes crucial

With the b.g]:ﬂ: citts requited for the shidy of a difler-
ential quantity asin the cass imrrestigated ]:er\e necasmarily
fme detailed aspects relatsd to radiatrre n:-:u'l:nbuhn:u:u are
frobed. Therefore mich shidies open a new leve] of come
patizonn bebresn theory and experiment

& Evaluation of the running In a simulated
experiment

Antcipating the application of the propessd method to
me=asitte the {-dependeice of aff) bo the data of a real =x-
petitnent, a Monts Catlo simiilation is cartisd ottt itsbeaad
in otder to demonstrate the feasibility, An evett sample
iz genetatsd in the conditions of the DELPHI eccperiment
iming the ecd=bing program BHLIMI. In the neck mibes chion
the zoobbained sample &= confrombed with the e peckation
of the bew program SAMEHA. Ik shoiild be nobed that the ¢
dependence of alf ], i=. the quankity o b= irresbigatad, =
by aboitt an ordetr of magnitude sbromger than the possible
cdiffetennces in the inbrinsic § dependences betreen BHLINI
and SAMEHA | zee sack.4.3].

5.1 Event generation

The DELPHI detector and it pedomance is described
in tef. [31]. For the analymi=z the relevant subdetector i=
the electromagnetic calorimeter STIC [31] corvering the
exbeme forward and backward ditechions. It has a ring
structure with segmenfation in both & and ¢ corvering
% f—f-tanges from 1.5 o 8 GeV for LEP] snetgies and 2
to 12 GeV for LEF 2 energies.

Elkckrone, posittors and phobons are obsetvred a= chis-
t=t=. Theit reconstricbion iz bassd on a clisber algorithim.
The Bhablha events ars charack=triz=d by two narrow high
enetEy alectromagnetic chistets opposite to 2ach other and
well immide the deteckor. The chister algorithim = appli=d to
the cle=rred energy depomiticns in the cells of the elechro-
magnebic calorimeter. Furthermore, the clusber with the
highest enetgy sakifies the more restrickive requiitement to
be at the radial position R betereen 10 and 25 cm siich a=
to cauise no insfkisncy for the opposite clist=r.

A Monts Catlo sitmilation has been petfotimed using
EHLWI for thies cenber of mass enetges of LEP : 912
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Table 2. Comparmn betwean the codes mm(smm} and BHIOMI. The numbers are abtained wsing the conditions of tab. 149

in ref. |12]. The relative ratio &1 in per milke is definsd by
between BHLOMI (ITCRY ) and 5AMBHA (ITOW ).

AER-1T0W )/ YE, The lad column gives the relative difference

cut | EHLULD (YE) BHLULD OW) b1z | ILLEHA (VE) MLLEHA (IIOW) b1/t

01 188,392 188 379 aaT 188.943 188 973 014 | -0
a3 185.374 185 433 033 185.443 185 420 alé | 0.10
a5 182,530 182 518 -0.52 182,531 182.25 191 | 2.25
aT 155.883 155.733 N 155.807 155.40 133 | 2.13
a9 137.342 137 495 -0.80 137.199 137.32 .08% | 0.78

(Z-peak), 189 and 200 GeV. Asmsuming inbegrabed limi-
nosities [ £df typdcal for the LEP experitments, the mim-
ber of evenls passing the selechion critetia are obbained
and listed inn fab. 2. An event is atbribitked bo ting «, if the
highest energy clusker i recomstriicksd in this rimg and the
criberia lisked belor are sabisfisd.
— Clisbet tecomsbriickon :
The main criterion for metging adjacent cell= i= :
.

() + (o) <

whete the cluster center & cakilated a=z the =nergy
weighted cell cenbeats.

Only the highest epegiy clisber in =ach bemisphers
(referred to as Fiforuwerd) resp. Bibockuerd)) & comr
sidered

Enetgy tequireiments :

min(Er Eg) = 0.88 B

m*c[_E_.r,.E_s::l = 08l Frpm

Thi impli=s that the Blabla events have pot sufer=d
from sizeable initial state tadiabion efecks.
Geometrical accephance :

The radial position A of the tro op posite custers must
saki=fy

_f
ADmrad

Tem < Rr, Re < XBom
Kinemakics :
The chisber center and the nominal interaction point
of the colliding e+e— beame debermine the dip angle
8. The quantity ¢ iz calculabed fom the dip angle &
and the nominal cenbetr of mass enetgy 5 = 2Eimm
according bo

1 \
t=—_sll —comf, .|

whete 8___ iz defined bo be the dip angle of the clisber
with the highest energy.

The result of the Monte Catlo expetiment iz sumimarized
in fab. 3. Bing 1 and ring 7 have beenn dEregarded in order
to ecliide aty ineficdency fom bordet efecks.

5.2 Comparison and eva luation

In this sub==ction the relevant obe=rables and the para-
mebets bo ke excbracksd are eskablished and discimsed.

Table 3. Table of event numbers generated with BHLUMI

W5 GV 91.2 139 200
[Cdt (pb~") 75 150 200
Ring 2 134850 2E5T1  1m:|W
Ring 3 07754 425538 508131
Ring 4 513398 20550 798994
Ring & J1318 18731 174740
Ring @ 01893 94033 117143

Eachring defines with its boimdaries s bin (£, f e )
The event mimbers ate to be eqiiated to the corresponding
theotretical predichion obtained fom the formlas imple-
menbed in the progmm SAMEHA. [n order to extract the
t dependence of alf) the =g 3 & =aluated for each ring
R; defined by the geometiy of the DELFPHI himino meter.
Eq. 2 teads then for ring ¢ :

alf;)

.:ri=.:~[: = ) (14 Ars)
wribh the Balloving definibicns -

(7

R; Ao
o Ri dl'l:l
"f d df
[u) i (a[f}g)E
IJ-[':'_.l f.m:n:_i.:n:n IJ-[':'_.l '
(29 =
1+_1TI_ (ﬂ[il:l) B

Tak. 4 conbains the remilbing thecretical ~alies.

Puthing together the ecpermental and theoretical in-
gredisits, ie=. the obseirved nimber of events N i =ach
titg bogether vrﬂ:]: the relevant luminosities [ Cdf (from
tab. 3) and a' , Ari (from tab. 4), one obbains the final

a.[i._.l ."'n_i 1

forimla
[:_.;{r:nj) = P Cdf L+ Ars )

which can be exploited m a lin=ar fit o acce== the para-
meters defimng the £ dependence of o :
alt]

(o
The patameters of the fit are lisbed in tab. 5.

z i . —i .
) =[u.:.:|:.ﬁu:._.l+[u]:|:n§lﬂ]_.|'1cﬂg )]
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Table 4. Thesaretical pradichons for =ach 1ing of the thres factors of =g, 7. Far the cond fions definasd in ssct. 5.1 the angular

bound ary of Ring i & f=arctan {T+3(#1))/220).

o, of 1ing 1 [ 2 [ 3 [ a4 [ s [ & [ 7
W5 =912 Gev
o7 83077 | 24723 | 12170 | 8239 | 42517 | 2.3120 | 19552
o 1
[\.:.(:. _:I_."nl:l:l_:l) L0425 | 10475 | 10518 | 14551 | 10532 | 10809 | 10834
14 Ary 09478 | 0.9440 | 08417 | 09995 | 08240 | 0.3915 | 07982
s = 139 GeW
oy 14835 | 5.7583 | 28424 | 1.593d | 09339 | 0.8537 | 04542
- 1
Lu(:.;_.fu(u;) L0554 | 1.0813 | 10881 | 10702 | 10738 | 10787 | 10794
14 Ary 09377 | 0.9990 | 09230 | 0@ | 09185 | 0.3353 | 07393
s = 200 Gel
oy 13,115 | 5.1408 | 25295 | 1L.4274 | 03331 | 0.5333 | 0057
- 1
Ln(:. _:I_."nl:ll_:l) 10535 | 1.0825 | 10873 | 10714 | 10749 | L0730 | 10307
14 Ary 0.9378 | 0.99%7 | 09352 | 09930 | 09158 | 0.3347 | 0.7398
s = 1000 GeV
o 0.5243 | 0.2050 [ 01014 | 0057 [ o03se | 00228 | 00188
o 1
[\:.(r.;_.f:.(ﬂ;) L0921 | 1.099d | 11050 | 1.10% | 1.1135 | 1.1189 | 1.1199
14 Ary 08822 | 0.3820 | 03590 | 0.3545 | 03393 | 0.3084 | 07205
W5 = 000 GV
oy 00590 | 0.0234 | 00117 | 0087 | 00042 | 00023 | 00020
- 1
[\:4:. _:I_.":ll:ll_:l) 11192 | 1.1787 | 11325 | 11373 | 1.1414 | L1448 | 11479
14 Ary 08487 | 0.3457 | 034072 | 03381 | 03253 | 0.7958 | Q@975

Table 5. Table of fit 7esults; the uncertaintiss Sug and Suy ar=
uncorr=lated.

Vs 917 GeV 139 GeaV W0 GV

uo | LOSTa+00005 1089340 0008 10704a+0.0007

| OO PE0000E  OesdE0 0041 003158E0.005

) B5 Gavs 8.8 GavT A05 Gt
0 Discussion

Tab. & demonstrates that for the case of the DELFHI

setup (see sect.d) and assuming typical integrabed lumi-

nosibies, the shabisbical accimacy is sufficient bo verify the

rumning of a for each of the three center of masms energies.

Eq Zcan be expanded in bermes of da (see eq. 1), Ik

is cotrrenisnt bo consder
N 1

a'-::' 14 Ar;

tather than =q. 2, =ince in practice the miegrated linmi-

nosity [ £df is notknown. The tro coefficients ng and n,

ar= obbained from a linear fit and conbain the information
of both the dats and theory. Their mterpre babion is

o= J{ iy [:1 " ’."_'l.;[-:i:-:l)

m _,{":"E [:nflcg[ f__m[f;.:]

—t; .
=“D+“11:'E.E (10

The dependence on the inb=gratsd himinesity i= given =x-
plicitly; obviously one has n; = u; - [ Jdf by comparing
eqs. 3, 910,

In the fatic ni/ng the dependence of the inbegrated
lumincesity drops ok

d
kg~

The slope da /d kg (—1 ), the quantity of inberest, iz then
clitectly given by the rabio of the tro experimentally mea-
sired quantities no and n1, namely n1/Zro. The conbri-
bution of 24a((#)) iz small compared to 1 and can be
neglected. The accitacy of the slope i= debetimined hy
dny/2ng, ie about 10 % (mee bab. 8), which i= far =rmaller
than the absolube walue of ny/ 2ng.

O the other hand, i relates the inbe grated liminosity
to Ao at the averags 1.'.:|.11.1|: of £.

fi'ﬁ_ 1+1_1.;[£~;

Making use of daf(t)) as a prior knowledge the fitbesd ng,
can be tissd to detive the inbsgrated himinosity, which =
the sbandard ptv:--::dute The shatiskical Emm:u: i= @iven
'I:r'. r.rl'r.n:u,l'r.n:., which iz on the otder of 1077,

In additicn, the hadronic contribition to da(f] (see
fig. 7) may be da:luca:] by subtractng the lepbomic combri-
hiition which is theoretically precs=lr known, The exctrac-

n o
A= —— [ 14 2Aal#
Png [: +2-all "I)
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ot of the hadtonic combtibiibion is only litmited by bhe

experimental precsion.

7 Concluslons

A novel approach to accem diteclly and to measime the
rumning of a in the spacelile region &= propossd. [E conmist=
in analysing small angle Blhahiza scatbeting. Depending on
the particilar angiilar deteckor corverage and on the =n=rgy
of the beams, it allkbws o cover a szeable range of the ~
vatriahle

The feambility of the method has been putin evidence
by the tze of a pew bool SAMEHA o calciilabe the =mall
angle Bhabfa differenbial ctoss section with a theoretical
acciitacy bo better than 0.1 %,

The information ohianed in the fchannel can be comm
pared with the =:dsbng resultz of the s<channel measiire
ments. This tepreseit= a complementaiy approach which
is ditect, tratsparent and bamed only on QED mtetackions
and hnthetmome free of some of the drawbacks mberent in
the =5 channel methods.

The method cutlned can be readily applied o the
expetitnents at LEP and SLIC. Ik can alss be exgploibed by
futire ete— collidetz ax well a=z by ecisking lovwet shetgy
machites.

An exceedingly preciss measitement of the DED run-
ning coipling dalf) for small valies of § may be possibly
emrvizaged with a dedicated luminoimeter =ven at low ma-
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