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ABSTRACT

A measurement of the tatw Ry, = T(Z" — bBUT(Z" - hadronsyis reponed This
measurement 15 made vsing the CCD-based vertex detector of the SLD detevior i
the SLAC Lincar Collider Efficient tagging of bb events 1 performed with an
impact parimeter kechngue that takes advantage of the small and stable snteraction
pmat of the SLC and all charged tracks in z° decays In a sample of 27k 2"
crents, a value 8 =0 23520 006£0.018 is obtained.

The brancheng ratin &, = [(Z" — bb1 T ZY — hadrons )measures the coupling of t A-
yuark to the Z' gauge boson In the absence of non-standard model contnbutions to Z9 decays, the
radiative vertex corrections are dommated by a heavy (o =m0 ¢- quark M Of alt fermions.
only 2" — bb recenves a large venex radianve correction Measunng the ratio R, rather than

[0/ — Bin polates the vertex comrections. since the oblique corrections. common tw all
fermuons, targely cancel i the ratw |1 Similarly . targe QCI cormrections alse cancel i the rato 21
The insensitaty of K 1o conventional radiative and QCD corrections makes 11 sensitive 1o the
presence of new physios, once s known. We present beremn a measurement of &, trom a
sample of 27K Z4 events collected m 1992 and 1993 at \'s = 91 GeV (near the peak of the ZU
resonance b i the SLD detector at the SLC The b-tagging techmiyue emploved. ur o vanam thereod,
may lead o future measureinents of R at the 145 Jevel, providing sensitivity o physies outside the

standard nudel.
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Due to the lupg B-hadron hietme and large boost, 2"~ L events produce tracks with
large dasplacements (6) from the interacuon pmnl.l (0 addiuon. hecause of the large b-quark
mass. tracks from f-decavs have large transserse momenta relative o the inmial quark direction,
making 3 20 unpact parwmeler anaiyvsis appaopnate The process 27 — bh can be identified by
requinny 1 large number of charged tracks. cack having a large positive 8 with respect 1o the eve”
interactton point (0P (4] A precise measursnent of 8 for both hadron and lepton tracks. and an
tndependent determination of the 1P postbon tor cach event. allows o mgh f-agging eificiency and
high puniy 1o be obtuned Exploiung the SLC beam size and stabalits o the transverse dunensions
and choosing o 21> wyging techmygue. ratber than a 31 one. allows toull decouphng of the b
production point 10 cach event from the £ {fragmentanon and devay processes in that esent Biases
introduced at the extrema of fragrnentation and decay may lead 10 sysiemanes which are dafficult or

unpussible 10 Mcasune

For this anatvsis. a subset of the elements of the SLD are utthzed: the venex detector
vxny ¥ covenng 76% of An s, the dnft chamber (CDC 1100 covening 859 of 41 st and the
calonmeter (LAC).!7! vovening 95% of 4x 51 The VXD contains 480 CCD chips of 20um thick
EP1 sshicon. organized o four concentric ~¥ 2cm jong cyvhindncal lavers, starmg at 2%mim and
exwading 1o Jhmm from the beam ine  Lach CCE contmns 3732578, 22pm syuare poicls. To
reduce dark current, the VXD operates at 195K, A 100wm Ti-lner and o T thick Be beam
pipe are located a1 a radwms of 25 mm Incleding a U.5mm Be gas shell. the total mateniad before
the first CCD laver 15 (1 71% 1l . each CCD-laver adds ~1% ol

The 2 1m long cvhindncal CDC extends radially from 0.2m 10 1.Om The central tracking
detectors Lie 1n 2 0 6T aval B-field The CDC contains 80 sense wire planes (48 257 stereo, 32
coaxial to the beam arranged 1n a jet-cell peometry of 10 superlayers of X wires each An average

spatial resolution of ~7upm i ohaned with a cuol gas of CO2- Ar-Isoburane

Charged rracks found 1n the CDC are inked with prxel-clusters i the VXD For resions
where there exsts a dead or inefficient CCL. tracks can be rehably inked with single clusiers by
using the SLC beam posinon as a weak constrinnt m patlern recogmtion Within the VXD solid
angle. arack intersects 2 3 CCDs un average. and 96% of all well measured CDC tracks have 2]
Iinked pixel-clusters. A comned fit using the Billoir methud® is pedormed w properly account
for multiple scattenng as the track 1s extrapolated through the VXD matenal and the beam mpe The
angular errors of the CDC combiped wath lucal < 8¢> and <bz> of 1he VXD clusters of 6pum and
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7um, respectively, lead to xy (othogonal to the e beam) and = (plane containing the beam axis)
impact resolutions of (e.B)xy = (J5pm. 70m) and (o.P)rz = 143um, 70um), n:spct:lurely,["l

The SLID ngger 7} is based on loose calorimetric and tracking cntenta. and 1s fully efficient
for hadronic ZU decays in the solid angle of the VXD. Hadronic Z" events are reconstructed and
selected for analysis by requinng a large visible energy in 2 7 charged tracks (Eyys>18 GeV) The
thrust axis. reconstructed from charged tracks. is required to he well within the VXD acceptance
(icosbl<t).71). The track muluplicny requirement elimimates 2y and 7T events. We also require
evenis to come from penods where the VXD was fuily operational, and we require at least three
tracks with two or more VXD hinks. From 13.5 K (13.4K) tnggers in 1992 (1993) data, 5641
(61471 2% events are retained. The non-hadronic background (primarily t7) is <0.2% The flavor
bias putentiaily tntroduced by this selection for b-quarks relative 1o all hadronic 7V events 1s found
from Monte Carlo 1o be less than (.7%

To tag bb events with minimal bias, a knowledge of the 1P position with precision
comparable to the best track impact resolution (in the plane transverse to the beam) is required in
each candidate event The <rms> transverse profile of SLC beams is 2.2 @ 2.2 um2 in 1992 and
was reduced to 2.4 ® 0.8 pm? in 1993, implying a negligible contributiun from the extent of the
lurminous region However, the spatial stability of the crossing point (otP) must be established
SLC utilizes beam-beam deflection scans and feedback on one beam to muwntain e e collisions and
stabilize the 1P in space The IP position is trarked vsing hadronic Z% evems. To find the average
IPx and v posinons and errors | &7 and 6?F). a fit 10 a common venex 1s performed using tracks
of small ympact parameter from ~20 consecutive Z% events (~240 tracks). Samples of events
typically span no more than 3hrs. The 1992 (1993} data are divided o 323 {313) scis of 1P
positions. The 1P position can be tested in badronic 2’ decays by compariag the pnmary venex
positton [ound 10 each cv2mt 1o the P position. By projecting this displacement along the direction
transverse to the thrust axas, and unfolding the expected resolution from tracking itself. a value
o/l = 10pum. 15 obtawned (Figure 1b). An independent test of the [P position determination can be
made with siuwon patrs which are not ssed in the 1P detrmination itself. The unpact parameter of
each track from a ptp event relative 1o the other track i the event, and relative to the previously
determined average 1P pusitions, gives off = g/ = Bpm. (see Figure 1a). Fanally. the variation
of the currents in the corrector magneis used to keep the SLC beams in collision ceafirms that the
motion of the [P within an averagmg period 15 <10pm independens of the tracking.
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The p-tagging algonithm proveeds o~ follow CDC tracks are selected which siart an
r<().3n. have >40 nis, extrapoelate 1o the FP waithin 1 Oonom oo, and witlen 1.5cmn 2. and have
good fir quality (xzfdt' <54 At least one pood VXD hink s required. and the combined CDC/V XD
fit must satisfy y—/df <lU The o impact parameter (@) of the track relaun e w the . and s error
(G4 are calculated Poorly measured tracks (those with 65> 250 pan, or tracks with 181>0.003m.
are removed The latter result largehs drom loay hived sirange particles. pamina conversions and
tongnuciear interactions Track impact paratieters ane signed using the following techmygue The
JADE jet finding algorthent 1] with + =t 02 14 used to determune the et axes in the event from
the set of all goud tracks We find an average of 2 5 jets per ZY event For each track., '801s signed
+-biF ot crosses its jet axas  from thack s of the 1P A signed and normalized 1mpact parameter
(Sporm? 18 formed (rom 118! divided by 6,4 adided o quadrature wih o Secondary decay tracks
prefereatially populate +18ggnn!. while 1800 Tticks lurgely retlect errors i the jet assignment
and duecton. traching resolution, and 1P position Fig 2 shows Sporm 1or the data. and for

Monie Carlo (MCrevents wath simulation of e Jetecrs

A cvenl 1s A-tagged by regqaunng o i gt qutither ol tracks qegek ) with large
normalized impact parameter {dnonm > Nag). where Nye ts the number of standard deviatons
Figure 3 shows the b-tagging punty (Hnr v cthoency (Fpd as the Ngp cut s virted [11]
Contours for a number of multsplicits cuts are also shown tn g 3 For thes anaty sis we choose
Nag= 3 and reguire at least three Iracks passiig the Snorgn cut Thas tag selects 1056 01 564
events from 1992 data and 1113 of 6147 cvents trom 199 duty The MO and standard inoedel
cross-sechions for 7" — gg are used 1o esnmate the pury of the sample. Hp=0 80 Uang MC
efficiency estimates of €h = 064, £0=0 13 and rydo=0 42, we obtasn a value of Rph =

023520006 (s1at error only i after averaginyg the 1wo sets ol data

The MC detecior simulabion is based on GEANT and produces raw data that models the
detector’s average response te churged and ncuirdd particles Sumulared data is overlind with
random background events taken in close time-proaomity to cach recorded 2" then reconstructed
with standard pattern recogmtion and racking codes This techmigue closely reproduces the time
dependemt backgrounds and the detasled changes in detector performance The MC dues not exactly
reproduce the 8porm distribution ohserved 1 the data Some MC tracks are adjusied after
recomstruchion 1o mal e the tmpact parameter distobution i the MC agree mone closely with the data
over a range of dponp from -150 10 GO A 11 18 pertormed. to n.ake the corrections While no
degradation of resolution is regquired to get the cores Hopae! < 21 of the distnbutions to match, we
find abowt 4% of all haked tracks regquire positton speanng as farge as S00pm This reflects a non-



Gaussian compenent of the resolunon which is primarily dee to mis-linked racks A difference in
irack finding efficiency between the data and the MC is also observed and corrected for This
cormrection ts performed as a function of momentum, cos8, @. and £ (angle to jet direction). by
randomly removing MC tracks. About 10% of the MC rracks passing CDC and VXD cuts are
removed, After these corrections. good agreement between the MC and the data in both shape and

normalizaton is seenn Fig. 2 over the entire distribution.

Table 1 summarizes the fractional systematic esvors in the R, measurement: they are divided
into detectur and physics modelag sources. The uncentainty from tracking efficiency 1s estimared
by averaging out the dependencies on each of the wacking correciion vanables. The uncertamty
from tracking resolunoen 1s estimated by examining the vanation of Rh with reasonable vanations
of the impact parameter tail smeaning parameters An upper hms on the amount of non-Gaussian
a1l which could be present in the 6" disinbunion 1s denved from the hadrome and leptomic ZV
decays and used as an estimator for the effect of the IP posuion svsternatics on Ry The combined

detector and 1P modehing error is 5.9%

The phyvsics modehng systemancs are domirated by uncenainnes i heavy quark
fragmentation, htetmes, and mulupheities The average B-hadron lifetime s vaned about the
world average of | 45£0 [0ps The effect of fragmentation has heen studied with the LUND MC.
using Peterson functions with (<xe>, £)=({L493+0.025,0.06) and ({1.700=0.021_().0061 for ¢ and
b quarks. respecuvely The total charged muaiuplicuy m B-hadron decays has been allowed to vary
by *0.5 tracks to assign an error which properiy reflects present expenimental uncertamnties on B-
multplicities. Exclusive models of the hadronsc and semileptonic decays of B- and ¢-hadrons have
been incorporated into LUNLD and adjusted (o reflect present knowledge of thewr decays. Whenever
possible. exclusive senuleptome decays icorporate proper formn factors and matnx elements, while
exclusive hadromie decavs hase been studied with a pure phase space model A second model
attlempuing to preserve the weak matnx elements using the factonzaton hypothesis. provides a test
of the sensiivity o induced momentum and charge correlauons. A +3(1% vanation of both the
ranos FB—=DYXvE(B—all and Ne—=D*XVWT(r—ull) were lound o contnbute less than 1%
each to the systematic error on Ry The present uncertanty in the charm branching fraction of the
yAR | Zn—-c-c l/l"iZU—> hadrons)=0.170+0.017 112! contributes ahout 1.6%. The I8 AXIS
algonthm has been stedied by vanviny the JADE algonthm parameter yeg from 0.G2-0.0 Finally,

the MC models have been modified o more properly reflect the present expectations for the

distmbution of
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strongly and weaklsy decasmng hypersns vartvan: beass avors The onerald physics modehng

Sysfematic ermor s estimated 1o be S '

fn conclusion, we have measured Ke d-ng o techaiique sahich celies an the countang ot all
charged trachs weth large 21 nintnahized mnpadt paisorters relative 1o the bear interaction pownt.
Tagged b-samples with gh cfticiency ood 5 aned punits cX¥0rs 0 are abianed The result relies
strongh on the detaited under~tanding of 1he serres detediar and the TH posiiion Cammibining our
1992 data with our prefigunans data Trom 1994 we ind

= U235 = =00l ~ (1] 2
Rh -t = ‘N'ﬁsml - Tdeicoior = of I'ph_\sn.\

This resudt 1 vonsistent with the prediction of Kp o 0 20 10 the sandard rode] <! K

Alreads. wath a sampie of 27K Z' events tins 1e. hiague s no longer statistios hmited and
ts now approaching precrsion an detector and phvsr ~ modehng systematics simlar to viher
measurements which employ high p lepton s or tars and have phy sies systematics which are
substanhialls different We anticipate chat the ermor from the detector modehing woll dechine further.
while the ermor an physics uncertanties will anly dechoe as new measurements of fragmentabon

and the underlving decay  provesses beconwe avlable
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