A TEST OF THE FLAVOR INDEPENDENCE OF STRONG INTERACTIONS*Thomas W. Markiewicza, representing The SLD Collaborationa Stanford Linear Accelerator Center, Stanford University , Stanford, CA 94309, USAWe present a comparison of the strong couplings of b, c, and light (u, d, and s) quarks derived frommulti-jet rates in flavor-tagged samples of hadronic Z0 decays recorded with the SLC Large Detector at theSLAC Linear Collider. By comparing the rates of 3-jet events in these three samples we have extracted thePreliminary values of:

α^s(uds) / α^s(all)

= 0.96–0.03(stat.)–0.04(syst.)–0.02(theory),

α s(c) / α s(all)

=1.16–0.11(stat.)– 0.10(syst.)–0.07(theory),

α s(b) / α s(all)

= 0.98–0.04(stat.)–0.08(syst.)–0.02(theory).1. INTRODUCTIONOne of the fundamental assumptions ofthe theory of strong interactions, QuantumChromodynamics (QCD), is that the strongcoupling

α s

is independent of quark flavor. Thisassertion can be tested precisely by selectingselecting events of the type

e+e− → qq(g)

forspecific quark flavors q, and measuring the strongcoupling in these selected samples. Although anabsolute determination of

α s

for each quark flavorwould have large errors, it is possible to test theflavor-independence of QCD precisely bymeasuring ratios of couplings in which mostexperimental and theoretical errors are expectedto cancel. Previous measurements [1] using thistechnique have verified the flavor-independenceof strong interactions to a precision of a fewpercent for b quarks, and to 15% for other flavors.It has recently been suggested [2] that ananomalous quark chromo-magnetic moment couldmodify the probability for the radiation of gluons,effectively changing the measured value of

α s

forthose quarks with anomalous couplings by asmuch as 10%. Thus, in addition to providing atest of the fundamental assumptions of QCD, thedetermination of the strong coupling for differentquark flavors may also provide information onphysics beyond the Standard Model.Experimentally, various kinematicsignatures can be used to obtain a pure sample ofevents containing quarks of a given flavor, such asrequiring high-pT leptons to select b-quark e v e n t s , or fast protons and kaons to tag uds-quark events.Previous analyses1 have used a variety of t h e s e t e c h n i q u e s and t y p i c a l l y suffer from large errorsdue to inefficient flavor tagging and l a r g e corrections for biases due to preferential s e l e c t i o n of events without hard gluon radiation. H o w e v e r , with the advent of precision vertex d e t e c t o r s a t

e+e−

colliders it has become possible to use thequark lifetime information contained in chargedtracks to select pure samples of particular quarkflavors with high efficiency in a relativelyunbiased manner. Comparison of the rates ofmulti-jet production in these samples allows oneto derive measurements of the ratio of the strongcoupling

α s

for the s e l e c t e d quark flavor r e l a t i v e to that for the global sample of all flavors.2. ANALYSISThe SLC Large Detector (SLD) [3] at theSLAC Linear Collider (SLC) is an ideal venue totest the flavor independence of strong interactionsSLAC-PUB-6659September 1994(N)______________________* Work supported by Department of Energy contract DE-AC03-76SF00515.Contributed to the High Energy Physics Quantum ChromoDynamics Workshop 94,Montpelier, France, July 7—13, 1994

and to search for anomalous quark chromo-magnetic couplings. The excellent trackingprovided by a central drift chamber (CDC) [4] anda precision CCD vertex detector (VXD) [5],combined with the stable, micron-sized beaminteraction point (IP) allow us to select

Z0 → bb

and

Z0 → uu

,

dd

, and

ss

events with highefficiency and purity using their decay lifetimesignatures. An impact parameter resolution of10.8 mm in the plane transverse to the beam hasbeen measured using high-energy muons in

Z0 → μ+μ−

decays, and the spatial resolution onthe a v e r a g e transverse IP position found fromneighboring hadronic e v e n t s is m e a s u r e d to be 6mm [6]. The shapes of the distributions of trackimpact parameters (d) in hadronic events and thenormalized impact parameters,

d / σ d

, aremodelled well by the SLD detector simulation [6]without any ad hoc smearing of track parameters.In this paper, we present an analysisbased on the 1993 run of the SLD at the SLC,during which approximately 2 pb-1 of e l e c t r o n - positron a n n i h i l a t i o n d a t a were c o l l e c t e d at am e a n center-of-mass energy of

s

=91.26 GeV.The triggers and selection for hadronic events aredescribed in Ref.[7]. The analysis presented hereused charged tracks measured in the CDC and inthe VXD. Well-measured tracks were required tohave: i) a momentum transverse to the beam axis

p⊥

‡ 0.10 GeV/c; ii) a polar angle of |cos q| £ 0.8;and iii) were required to intersect a cylinder ofradius r0 = 5 cm and half-length z0 = 10 c m surrounding the IP. Events w e l l - c o n t a i n e d withinthe d e t e c t o r were s e l e c t e d by requiring: i) aminimum of 7 such tracks; i i ) a thrust axis [8]direction satisfying |cos qthrust | < 0.71; and i i i ) avisible charged-track energy of at l e a s t 20 G e V , assuming all charged tracks are pions. From our1993 d a t a s a m p l e , 28036 e v e n t s remain a f t e r t h e s e cuts. The e f f i c i e n c y for a w e l l - c o n t a i n e d hadronic event to pass these cuts was estimated tobe above 96%, with a background of 0.10 –0.05%, dominated by

Z0 → τ +τ −

events.Tracks used for event flavor tagging wererequired in addition to have: i) at least one VXDhit; ii) an error

σ d

on the measured impactparameter d in the plane perpendicular to thebeam axis of

< 250 mm; iii) ptot ‡ 0.5 GeV/c;iv) at least 40 CDC hits, with the first CDC hit onthe track at a radius less than 39 cm; v)

2χ 2

-

2nd.o.f. − 1

< 8.0 for the combined CDC/VXDfit; and vi) to intersect a cylinder of (r0 , z 0 ) =(0.3,1.5) cm c e n t e r e d on the IP. Tracks fromidentified K 0 ’s and L’s were removed from thissample of tagging tracks.The analysis presented below used thecharged-track impact parameter measured in theplane transverse to the beam axis as a basis forthe quark flavor tags. Figure 1 shows thedistributions of nsig , the number of tracks perevent with

d / σ d

‡ 3. Note the excellentagreement between the data and the simulation.The leftmost bin contains predominantly eventsproduced by primary light (uds) quarks, while therightmost bins contain an extrememly pure sampleof events produced by primary b quarks.Accordingly, the event sample was divided into

d / σ d

R_3

j^{n(2)} i

= (ε

(2→ 2) ij

(1− R

3 j

)+ ε

(3→ 2) ij

R

3 j

)f

j

N

j=1

3

∑

n

(3) i

= (ε

(3→ 3) ij

R

3 j

+ ε

(2→ 3) ij

(1− R

3 j

))f

j

N

j=1

3

∑ (1) n(2)^in(3)iε_{(2→ 2)}ijε_{(3→ 3)}ij_{ε(2→ 3)}ij_{ε(3→ 2)}ij_{Bi = ε}

(2→ 2) ii / ε (3→ 3) ii

R_3^{uds}

R_3^{all}

= 0.98± 0.04(stat.)± 0.05(syst.)

R_3^c

R_3^{all}

=1.13± 0.15(stat.)± 0.15(syst.)

R_3^b

R_3^{all}

= 0.90 ± 0.05(stat.)± 0.09(syst.) (3)

O(α s

2 ) R

3

= A(y

c

)α

s

+ B(y

c

)α

s

2

R_3^j R_3^{all} = Aα_s(j)+ Bα_s^2(j) Aα_s(all)+ Bα_s^2(all)α s

α_s(uds) α_s(all) α

s

(j) / α

s

(all)

Δ α^s(uds)

α_s(all) (%) Δ α^s(c)

α s(all) (%) Δ α^s(b)

α s(all) (%) x_bn_{chB→ D}+_{+ X}

cc → D

+ + Xn_{ch}α s

α_s(c) α_s(all) α_s(b)

α_s(all) α s (all) α s (uds) / α s (all) α

s

(c) / α

s

(all) α s (b) / α s (all)

Γ(Z → bb) / Γ(Z → hadrons)