
SLAC-PUB-6921 
July 1995 

DN F - ?so~oC- 4 5 
AN IMPROVED LIMIT O N  JET 
HANDEDNESS IN 2' DECAYS* - 

The SLD Collaboration"* 
Stanford Linear Accelerator Center 

Stanford University, Stanford, CA 94309 

ABSTRACT 

We present the results of an improved search for jet handedness in hadronic decays 

of Zo bosons collected by the SLD experiment at SLAC. Quark and antiquark jets, ex- 

pected to be oppositely polarized in ZOdecays, were separated using the large forward- 

backward quark asymmetry induced by the highly polarized SLC electron beam. The 

larger data sample and beam polarization of the 1994/5 SLC/SLD run yield a factor 

of two improvement in our sensitivity to jet handedness. Assuming Standard Model 

values of quark polarizations we set an improved upper limit on the analysing power 

of the handedness method. 
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1 Introduction 

The transport of parton polarization in strong internactions is of fundamental interest. 
It is at present an open question whether the polarization of quarks or antiquarks 

produced in hard collisions is observable via the final-state fragmentation products 

in the resulting jets. The Zo resonance is as ideal place to  study this issue as the 

partons in Zo 3 qq decays are predicted by the Standard Model (SM) to be highly 
longitudinally polarized. If a method of observing such polarization were developed, it 

could be applied to jets produced in a variety of hard processes in order to elucidate 

the spin dynamics of the underlying interactions. 
In the process e+e- 3 Zo 3 qq the relative cross sections for production of left- 

- and right-handed quarks of flavor f are given at tree level by [l]: 

~i = (1 + ~ ~ ) ( i  + cos2 e + 2~~ COS e) (1) 

OL = (1 - Ai)  (1 + cos2 0 -a 2Az cos 6), 

where AZ = (A,  - P,-)/(l - A,P,-), Aj = 2 v p f / ( v j  + a!), P,- is the longitudinal 
polarization of the electron beam, vf and af are the vector and axial-vector couplings of 

fermion f to the Zo, and 8 is the polar angle of the outgoing quark with respect to the 

electron beam direction. The quark and antiquark in. a Zo decay have opposite helicities 

so that a,,(cos P e)  = &)(-cos e). The SM predicts = 0.16, Au,c 0.67 and 

Ad,*,b = 0.94 so that the quarks are produced predominantly left-handed and the 

antiquarks predominantly right-handed. In order to observe a net polarization in an 

ensemble of jets from Zo decays it is therefore necessary to distinguish quark jets from 

antiquark jets. 

This separation can be achieved at the SLAC Linear CoEder (SLC) where Zo 
bosons are produced in collisions of highly longitudinally polarized electrons with un- 

polarized positrons. In this case the SM predicts a large difference in polar angle dis- 

tributions between quarks and antiquarks, providing an unbiased separation of quark 
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and antiquark jets. We define the 'helicity-based' polarization of jets at a given cos 8: 

This jet polarization is independent of flavor, and for a fully polarized electron b-, 

Pe- = fl.O, reaches unity in magnitude as I cos 81 41. An alternative variable is the 

'chirality-based' polarization of jets: 

This jet polarization is independent of cos 8 and electron beam polarization but depends 

on quark flavor. It is accessible by charge ordering of the tracks used in the analysis 

as described below. The experimental challenge is to find observables sensitive to one 

or both of these expected jet polarizations. 

Nachtmann [2] and Efremov et al. [3] have speculated that the polarization may be 

observable inclusively via a tripIe product of track momenta in jets. Arguing that quark 

fragmentation may resemble a multi-body strong decay, they note that the simplest 

observable with the same transformation properties under parity inversion as Phel (eqn. 

2) has the form R E t.(lcl x &) , where Tis a unit vector along the jet axis, corresponding 

to the spin direction of a longitudinally polarized parton which produced the jet, and & 
and are the momenta of two particles in the jet chosen by some charge-independent 

prescription, e.g. 

- b - b  

Rhel = t" (& x &) (4) 

where l & l  > I & / ,  and referred to some suitable fiame. Alternatively, if & and $2 are 

the momenta of a positively and a negatively charged particle, the cross product can 

be ordered by charge, e.g. 

(5 )  
-. -b n&i = t'. (k+ x k-). 

For a given flavor n ~ i  has the same transformation properties under CP inversion as 

Pdi (eqn. 3) and so might be sensitive to Pd;. Jets from 2' decays comprise a mixture 

of flavors which might yield different signals since quark charges and hagmentation 
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properties depend on flavor. Taking into account only the s i p  s i  of the charge of quarks 

of flavor f , one expects a net polarization Pdi = -CisjRiAi = 3&Ad-2&AU a 0.39, 

where R, a0.17 and & =0.22 are the SM fractions of hadronic 2" decays into ufi or 

cE and d& sS or bz respectively. 

Although no quantitative estimate of the size of i2 is given, it is argued in [4] that 

such a term can asise from interference between two processes, for example fragmen- 

tation into 7rmr and fragmentation into px where p 3 mr. Thus i2 might be largest 

for triplets of pions nearby in rapidity in which a zero charge pair has invariant mass 

near the p mass, and the unpaired track together with the oppositely charged track 

in the pair is used to calculate i2 in the 3-pion rest frame. It is also argued that ev- 

idence of polarization is more likely to be visible in the highest momentum tracks in 

jets. Ryskin has proposed 151 an alternative physical model of the transport of parton 

po1a;rization in the context of a string fragmentation scheme, which gives a nonzero 

expectation value of R in the laboratory frame if and 22 are the momenta of two 

hadrons containing partons from the same string breakup. 

A jet may be defined as left- or right-handed if R is negative or positive respectively. 

For an ensemble of jets the jet handedness H is defined as the asymmetry in the number 
of left- and right-handed jets: 

It can then be asserted that 

where P is the expected polarization of the underlying partons in the ensemble of jets, 

and CY is the analyzing power of the method. We have applied the methods suggested 

in [3,4] and [5], and have extended them to be more inclusive. For each method we 

used both helicity- and chirality-based definitions of i2 to calculate H. 
A handedness signal may be diluted in heavy flavor events, 2' -+ cE or bz, since 

a large fraction of the tracks in each jet is €rom the decay of a spinless heavy meson. 
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. 
Dalitz et al. have concluded [6] that any effect resulting from D* or B' decays should 

be very s m d .  We therefore divided our data into samples highly enriched in light, 

Zo 3 uG, dd' or ss, and heavy flavor events using hadron lifetime information, and 

sought evidence for jet handedness in each. 

The resylts of the first search for jet handedness in 2" 3 qij decays were presented 

in [7]. This study was based on the sample of approximately 50,000 hadronic Zo de- 

cays collected by the SLD experiment in 1993 with an average SLC electron beam 

polarisation of 0.63 [8]. Here we present preliminary improved limits on jet handed- 

ness based upon the sample of approximately 100,000 hadronic Z'decays, produced 

with an average electron beam polarisation of magnitude about 0.78, collected in the 

1994/5 SLC/SLD run. The combination of the larger data sample and the larger quark 

forward-backward polar angle asymmetry increase our sensitivity to jet haadedness ef- 

fects by a factor of roughly two. 

We describe the detector and the event trigger and selection criteria applied to 
the data in Section 2. The analysis of the 1994/5 data is described in Section 3. In 
section 4 we combine these results with those from our 1993 data sample and present 
a summary and conclusions. 

2 Apparatus and Hadronic Event Selection 

The e+e- annihilation events produced at the Zo resonance by the SLAC Linear Col- 

lider (SLC) have been recordedusing the SLC Large Detector (SLD). A general descrip- 

tion of the SLD c m  be found elsewhere [9]. Charged tracks are measured in the central 

drift chamber (CDC) and in the vertex detector (VXD) [lo]. Momentummeasurement 

is provided by a uniform axial magnetic field of 0.6 T. Particle energies are measured 

in the Liquid Argon Calorimeter (LAC) [ll], which contains both electromagnetic and 

hadronic sections, and in the Warxn Iron Calorimeter [12]. 

Three triggers were used for hadronic events. The f i s t  required a total LAC electro- 
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magnetic energy greater than 12 GeV; the second required at least two well-separated 

tracks in the CDC; and the third required at least 4 GeV in the LAC and one track in 

the CDC. A selection of hadronic events was then made by two independent methods, 

one based on the topology of energy depositions in the calorimeters, the other on the 

number and topology of charged tracks measured in. the CDC. 

The analysis presented here used the charged tracks measured in the CDC and 

VXD. A set of cuts was applied to the data to select well-measured tracks and events 

well-contained within the detector acceptance. The charged tracks were required to 

have (i) a closest approach transverse to the beam axis within 5 cm, and within 10 cm 
dong the axis from the measured interaction point; (E) a polar angle 8 with respect 
to the beam axis within 1 cos 6 I< 0.80; and (iii) a momentum transverse to the beam 

axis,  p l  > 0.15 GeV/c. Events were required to have (i) a minimum of five such tracks; 

(E) a thrust axis [13] direction within I cos& J< 0.71; and (iii) a total visible energy 

of at leait 20 GeV, which was calculated from the selected tracks assigned the 

charged pion mass. From our 1994/5 data sample 71,529 events passed these cuts. 

The efficiency for selecting hadronic events satisfying the I cos 6~ I cut was estimated 

to  be above 96%. The background in the selected ,event sample was estimated to be 

0.3 &O.l%, dominated by 2' + T+T- events. Distributions of single particle and event 
topology observables in the selected events were found to be well described by Monte 

Carlo models of hadronic 2' decays [14, 151 combined with a simulation of the SLD. 
Events with hard gluon radiation were rejected by requiring events to contain only 

two jets, defined using the JADE clustering dgoritllm.[16] at ycut = 0.03, which were 

back-to-back within 20". A sample comprising 41,651 events passed these cuts. 

In addition to considering this global sample, events were classified as being of light 
or heavy flavor based on impact parameters of charged tracks measured in the vertex 

detector. The 22,939 events containing no track with normalized transverse impact 

parameter with respect to the interaction point blab > 3 were assigned to the light 

flavor sample and all other events were assigned to the heavy flavor sample. The light 
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flavor contents of these two samples were estimated from Monte Carlo simulations to 

be 84% and 30% respectively [17]. 

3 Jet Handedness Analysis 

Following [4] we f i s t  considered jets in which the three highest momentum tracks had 

total charge fl and the invariant mass of each-zero charge pair satisfied 0.6 < m < 1.6 

GeV/2. All tracks were assigned the charged pion mass and their momenta were 

boosted into the three-track rest frame. The tracks forming the higher mass zero charge 

pair were used to calculate ahel  = i!. (Q x &) and a~i.= i!. (z+ X z-), where I&I > 1&1 
and t* is the thrust ax is  signed so as to point along the jet direction. A signal would be 

visible as a nonzero mean 52, which in the case of the helicity-based analysis would be 

of opposite sign for events produced with positive and negative beam polarization and 

for jets with positive and negative cos 8 = t*=. The distributions of sgn(P,- cos O)Rhel 

and are shown for the light flavor sample in fig. 1. Both distributions appear to be 

symmetric about zero, implying that any jet handedness is small. Also shown in fig. 1 

are the predictions of the JETSET [14] Monte Carlo simulation program for 2' -+ qij 

decays, in which spin transport was not simulated, combined with a simulation of 

the SLD. These simulations give a good description of our measured inclusive track 

and event topology distributions [18]. The means of the simulated 52 distributions are 

consistent with zero within statistical errors, limiting any analysis bias to 0.024 on H .  
The variances of the meiswed distributions are reproduced by the simulation to within 

5% relative, although the details of the shapes are not. 

The jet handedness for the helicity-based analysis was calculated in bins of jet 

cos 8 according to eqn. (6) separately for events produced with positive and negative 

electron beam polarization. Results are shown in fig. 2 for the light flavor sample; 

similar results (not shown) are obtained for the global and heavy flavor samples. In all 
cases the measured jet handeness is consistent with zero, and there is no evidence for an 
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angular dependence. Eqn. (7) was fitted simultaneously to the H(cos 6 )  measured in 

events produced with positive and negative electron beam polarizations, by averaging 

P = Pher (eqn. 2) over each cos 8 bin and allowing the analyzing power cy to vary. The 

result of the fit to the light flavor sample is shown is the solid lines in fig. 2, and the 

fitted analyzing powers for all three samples are listed in table 1. 

The jet handedness values for the chirality-based analysis were calculated from the 

unbinned &; distributions and the analyzing powers were calculated from eqn. (7), 

where P = P&i (eqn. 3) was averaged over the flavor composition of each sample, 

estimated from the simulations and weighted by the sign of the quark charge. The 

analyzing powers are shown in table 1. Since all (I are consistent with zero, we set 

upper limits at the 95% confidence level on their magnitudes, also shown in table 1. 
Since the helicities of the quark and antiquark in a given event are opposite, one 

might expect a correlation between st values in the two jets in an event, which would 

be negative for the helicity-based analysis and positive for the chirality-based analysis. 

We found correlation coefficients to be consistent with zero, within statistical errors of 

f0.04, for both analyses and for the global, light arid heavy flavor samples. 

We extended this method to use the Nlead highest momentum particles in each 

jet, with 3 5 5 24. we considered all zero charge pairs i,i among these Nlead 

particles, without imposing mass cuts, and calculated Slyel and Slzi for each pair in 

the Nl,,d-particle rest -frame. Jets with fewer than Nlead tracks were excluded. We 
then considered both the average, < Slij >, and the Slij with largest magnitude, Slmaz. 

In both cases the jet handedness calculated from the global, light- and heavy-flavor 

samples was consistent with zero for all Nlead and for both helicity- and Chirality-based 

analyses. For Nleod 5 11 upper limits on the magnitudes of the analyzing powers in 

the range 0.018-0.063 were derived. For larger Niead the reduced sample size limits our 

accuracy. 

Following [5] we then attempted to select pairs of tracks likely to contain partons 
from the same string breakup. In studies using JETSET we found the relative rapidity 
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. 
with respect to the jet axis of the tracks in a pair to be useful for this. Requiring zero 

charge does not improve this selection, but was used in the chirality-based analysis. 

In each jet the tracks were ordered in rapidity and assigned a number 1 5 n; 5 
ntrodcs, where n; = 1 for the track with highest rapidity. We then required pairs of tracks 

ij to have In; - njl < An and mm(n;,nj)< nmu. Since the signal is expected [5] to 

increase with momentumpt transverse to  the thrust axis, we aIso required Ipt;l+ (ptjl > 
Pmin- We calculated Qsi and 52pel in the laboratory frame for each pair satisfying these 

criteria and then considered both the average, < 52'j >, and the 52'j with largest 

magnitude, 0""". An, n,,, and pmin were varied in an attempt to maximize the 

handedness signal. In all cases the jet handedness calculated from the global, light- 

and heavy-flavor samples was consistent with zero. We obtained upper limits in the 

range 0.018-0.139 for nmoz 5 6, An 5 6 and pmin <2 GeV/c. Statistics become poor 

in the potentially interesting high-pmi, region. 

A number of systematic checks was performed. The results of all analysis methods 

were found to be insensitive to the track and event selection cuts, to the jet-finding 

algorithm (the E, EO and P versions of the JADE algorithm, as well as the Geneva 

and Durham algorithms were also studied [19]) and ycut values used to select 2-jet 

events, and to the values of the selection criteria for tracks used to define Ict. Each 
analysis was performed on samples of Monte Carlo events in which spin transport was 

not simulated, yielding H consistent with zero within f0.012. 

4 Summary and Conclusions 

In conclusion, we have searched for evidence of parton polarization in hadronic 2' 

decays using the jet handedness methods proposed in [3,4] and [5]. In an attempt to 

optimize a signal we studied a wide range of parameters for each method. In each case 

we applied both helicity- and chirality-based analyses, and sought signals separately 

in samples of light- and heavy-flavor jets as well as in the global sample. Combining 
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these results with those from our earlier study [7] we obtain analysing powers of: 

Ohel = 0.006 f 0.015 (PRBLIMINARY) 

achi = 0.016 f 0.021 (PRBLIMINARY) 

These combined results are consistent with zero, so we set upper limits, at the 95% 
confidence level, of: 

ohel < 0.033 

< 0.053. 

(PRELIMINARY) 

(PRELIMINARY) 

These imply that the transport of polarization through the quark fragmentation process 

is small. Similar &nits were derived for all other methods we applied. 

Acknowledgements 

We thank the personnel of the SLAC accelerator department and the technical staffs 

of our collaborating instutions for their outstanding efforts on our behalf. 

References 

[l] See e.g. B. Mele and G. AltareIIi, Phys. Lett. 13299 (1993) 345. 

[2] 0. Nachtmann, Nucl. Phys. BIZ7 (1977) 314. 

[3] A. V. Efremov et  a l ,  Phys. Lett. B284 (1992) 394. 

[4] N. A. Thqvis t ,  HU-TFT-92-50 (1992). 

[5] M. G. Ryskin, Phys. Lett. B319 (1993) 346. 

[SI R. H. D&tx et al., Z. Phys. C42 (1989) 441. 

[7] SLD Collab., K. Abe et al., Phys. Rev. Lett. 74 (1995) 1512. 

[8] SLD Collab., K. Abe et al., Phys. Rev. Lett. 73 (1994) 25. 

10 



SLD Design Report, SLAC Report 273 (1984). 

C. J. S. Damerell et al., Nucl. Inst. Meth. A288 (1990) 288. 

D. Axen et al., Nucl. Inst. Meth. A328 (1993) 472. 

A. C. Benvenuti et  al., Nucl. Inst. Meth. A290 (1990) 353. 

S. Braadt et al., Phys. Lett. 12 (1964) 57. 

E. Farhi, Phys. Rev. Left. 39 (1977) 1587. 

T. Sjcstrand and M. Bengtsson, Comp. Phys. Comm. 43 (1987) 367. 

G. Marchesini et  al., Comp. Phys. Comm. 67 (1992) 465. 

JADE Collab., W. Bate1 et al., 2. Phys. C33 (1986) 23. 

A full discussion of flavor tagging can be found in: SLD Collab., K. Abe et al., 

SLAC-PUB 6569, submitted t o  Phys. Rev. D. 

SLD Collab., K. Abe et al, Phys. Rev. D51 (1995) 962. 

SLD Collaboration, Phys. Rev. Lett. 71 (1992) 2528. 

List of Authors 

** K. Abe,(29) I. Abt,(14) C.J. A~II,(~')  T. N.J. Allen,(4) W.W. A ~ h , ( ~ ~ ) t  

D. A ~ t o n , ( ~ ~ )  K.G. Baird,(24) C. Baltay,(33) H.R. Band,(32) M.B. Barakat,(33) 

G. Barank~,('~) 0. Bardon,(16) T. bark lo^,(^^) A.O. Bazarko,(ll) R. Ben-David,(=) 

A.C. Benvenuti,(2) T. B i e n ~ , ( ~ ~ )  G.M. Bilei,(22) D. Biselloj(21) G. Blayl~ck,(~) 

J.R. T. Bolton,('l) G.R. Bower,(27) J.E. Brau,(20) M. Breidenba~h,(~~) 

W.M. Bug,(%) D. Burke,(27) T.H. B~rne t t , (~ l )  P.N. Burrows,('') W. Busza,(l') 

A. Calcaterra,(13) D.O. Caldwell,(6) D. Cal l~way,(~~)  B. Camanzi,(12) M. Carpinelli,(23) 

R. Ca.~seU,(~~) R. Ca~taldi,(~~)(") A. Castro,(21) M. Cavalli-Sfor~a,(~) E. Church,(31) 

. 

11 



H.O. Cohn,(28) J.A. C~ller , (~)  V. R. Cotton,(') R.F. C~wan,('~) 
D.G. A. D'Oliveira,@) C.J.S. Da~nerell,(~~) M. D a o ~ d i , ( ~ ~ )  R. De Sangro,(l3) 

P. De Sirnone,(l3) R. Dell'Or~o,(~~) M. Dims,(') P.Y.C. Du,(~') R. D ~ b o i s , ( ~ ~ )  
B.I. Eisenstein,(") R. Elia,(27) D. Falciai,(22) M.J. Fero,(lg) R. Frey,(20) K. Furuno,(20) 

T. gill mar^,(^) G. Gladding,(14) S. Gonzalez,(ls) G.D. Ha.lle~ell,(~~) E.L. Hart,(28) 
Y. Ha~egawa,(~~) S. Hedges,(') S.S. Hertzbach,('q M.D. Hildreth,(27) J. Huber,(20) 

M.E. H ~ f € e r , ( ~ ~ )  E.W. Hughes,(27) H. Hwang,(20) Y. Iwa~aki , (~~)  D.J. Jackson,(25) 

P. Jacques,(2') J. Jaro~,(~') A.S. Johnson,(3) J.R. Johnson,(32) R.A. Johnson,(*) 

T. Junk,(27) R. Kajikawa,(lQ) M. Kalelka~,(~') H. J. Kang,(26) I. Karliner,(") 

H. K a ~ a h a r a , ( ~ ~ )  H.W. Kendal1,(l6) Y. Kim,(%) M.E. King,(27) R. King,(27) 

R.R. Kofler,(17) N.M. Krishna,('O) R.S. Kroeger,(18) J.F. Labs,(27) M. Langston,(20) 

A. Lath,(ls) J.A. Lauber,(lo) D.W.G. Leith,(27) M.X. Liu,(=) X. L ~ u , ( ~ )  M. Loreti,(21) 
A. Lu,@) H.L. Lynch,(27) J. Ma,(31) G. Mancinelli,(22) S. Manly,(=) G. Mantovani,(22) 

T.W. Markiewi~z,(~~) T. Mar~yama , (~~)  R. Massetti,(22) H. M a s ~ d a , ( ~ ~ )  
T.S. Mat t i~on , (~~)  E. Mazzucato,(12) A.K. McKemey,(*) B.T. Meadows,(*) 

R. Me~sner , (~~)  P.M. M~cket t , (~l)  K.C. M~f fe i t , (~~)  B. M o u r ~ , ( ~ ~ )  G. Miille~-,(~~) 
D. Muller,(27) T. Naga~nine,(~~) U. Nauenberg,('O) H. Neal,(27) M. Nussbaurn,(8) 

Y. Ohnishi,(lg) L.S. Osborne,(ls) R.S. Panvini,(30) H. Park,(20) T.J. P a , ~ e l , ( ~ ~ )  
I. Peruz~i,('~)(~) M. Piccolo,(13) L. Piernontese,(l2) E. Pier0ni,(~3) K.T. pitts,(20) 

R.J.  plan^,(^^) R. P r e p ~ s t , ( ~ ~ )  C.Y. Pre~cot t , (~~)  G.D. J. Quigley,(16) 
B.N. Rat~l i f f , (~~)  T.W. Reeves,(30) J. Reidy,('s) P.E. Ren~ ing , (~~)  L.S. Rochester,(27) 

J.E. R~thberg,(~') P.C. Rowson,('') J.J. 
S.F. S~haf€ner,(~~) T. S~halk,(~)  R.H. S~hindler,('~) U. Schneekloth,(16) 

B.A. Sch~m.m,('~) A. Seidex~,(~) S. Sen,(%) V.V. S E T ~ O , ( ~ ~ )  M.H. Shaevitz,('') 

J.T. Shank,(3) G. Shapiro,(l5) S.L. S h a p i r ~ , ( ~ ~ )  D.J. Sherden,127) K.D. Shmakov,(z) 
C. Simop~ulos,(~~) N.B. Sinev,(20) S.R. Smith,(27) J.A. Snyder,(=) P. Stamei.,(24) 

H. Steiner,(") R. Steiner,(l) M.G. Strauss,(17) D. S U , ( ~ ~ )  F. Suebe,(29) 

A. Sugiyama,(") S. Suz~.ki,('~) M. S ~ a . r t z , ( ~ ~ )  A. Sz~milo,(~l) T. Takaha~hi,(~~) 

O.H. S a x t ~ n , ( ~ ~ )  

12 



* 

F.E. Taylor,(") E. Torrence,(16) J.D. T. Usher,(37) J. Vz~'vra,(~~) 

C. Vannini,(23) E. Vella,(27) J.P. V e n ~ t i , ( ~ ' )  R. Verdier,(") P.G. 
S.R. Wagner,(27) A.P. Waite,(z7) S. J. Watts,(') A.W. Weidemann,(2s) E.R. we is^,(^') 

J.S. Whitaker,(3) S.L. White,(28) F.J: 'Wi~kens,(~~)  D.A. Williams,(7) 
D.C. Williams,(16) S.H. Williams,(27) S. Willocq,(33) R. J. Wilson,(Q) 

W.J. Wisniewski,(s) M .  Woods,(27) G.B. Word,(24) J. W~SS, (~ ' )  R.K. Yamamoto,(ls) 
J.M. Yamartino,(l') X .  Yang,(20) S.J. Yellin,(') C.C. H. Y ~ t a , ( ~ ' )  
G. Z a ~ a l a c , ( ~ ~ )  R.W. Z d a r k ~ , ( ~ ~ )  C. Zeitlin,(20) 2. Zhang,(l') and J .  Zhou,(20) 

(')Adelphi University, Garden City, New York 11530 
(2) INFN Sezione d i  Bologna, I-40126 Bologna, Italy 
(3) Boston University, Boston, Massachusetts 0221 5 

(4 Brunel University; Uxbridge, Middlesez UB8 9PH, United Kingdom 
(5) California Institute of Technology, Pasadena, California 91 125 

University of California at Santa Barbara, Santa Barbara, California 93106 
(7).University of California at Santa Cruz, Santa Cruz, California 95064 

(a) University of Cincinnati, Cincinnati, Ohio 45221 

('1 Colorado State University, Fort Collins, Colorado 80523 
0') University of Colorado, Boulder, Colorado 80309 
(11) Columbia University, New York, New York 10027 

(I2)INF'N Sezione d i  Ferrara and Universitct di  Ferrara, I-&lOO Ferrara, Italy 

(13) INFN Lab. Nazionali d i  Frascati, I-00044 Frascati, Italy 
(14) University of lllinois, Urbana, lllinois 61801 

(15)Lawrence Berkeley Laboratory, University of California, Berkeley, California 

94 720 
(")Massachusetts Institute of Technology, Cambridge, Massachusetts 02139 

(17) University of Massachusetts, Amherst, Massachusetts 01 003 

13 



. 
(''1 University of Mississippi, University, Mississippi 38677 

(lg)Nago ya University, Chikusa-ku, Nag0 ya 464 Japan 
(20) University of Oregon, Eugene, Oregon 97403 

(21)INFN Sezione d i  Padova and Universitd di  Padova, 1-35100 Padova, Italy 
(22)INFN Sezione di Perugia and Universitd di  Perugia, I-061 00 Perugia, Italy 

@)INFN Sezione d i  Pisa and Universitci di Pisa, 1-56100 Pisa, Italy 
(24)Rutgers University, Piscatawa y, New Jersey 08855 

(25)Rutherford Appleton Laboratory, Chilton, Didcot, Ozon OX1 1 OQX United 
Kingdom 

(26)Sogang University, Seoul, Korea 
(27)Stanford Linear Accelerator Center, Stanford University, Stanford, California 

94309 

(28) University of Tennessee, Knoxville, Tennessee 37996 
(29) Tohoku University, Sendai 980 Japan 

(30) Vanderbilt University, Nashville, Tennessee 37235 
(31) University of Washington, Seattle, Washington 981 95 

(32) University of Wisconsin, Madison, Wisconsin 53706 
(9 Yale University, New Haven, Connecticut 06511 

*Deceased 
(")Also at the Universitci d i  Genova 
(b)Ako at the Universitci d i  Perugia 

14 



Analyzing Power 

Analysis Light-flavor jets Heavy-flavor Jets All Jets 

Helicity 0.005&0.017 (0.037) 0.025f0.019 (0.056) -0.006f0.022 (0.047) 

Chirality 0.017&0.026 (0.062) 0.014f0.013 (0.035) 0.005f0.017 (0.036) 

Table 1: Analyzing powers of the helicity- and chirality-based analyses of jet handed- 

ness. Upper limits at the 95% C.L. on the magnitudes are shown in parentheses. 
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. 
Figure captions 

Figure 1. Measured distributions of (a) sgn(P,- cos6)Lnhel and (b) fldi (points with 

error bars) for the light flavor sample. The corresponding distributions from a Monte 

Carlo simulation are also shown (histograms). 

Figure 2. Helicity-based jet handedness as a function of jet cos8 for the light flavor 

sample using jets produced with (a) negative and (b) positive electron beam polariza- 

tion. The solid lines are the result of a fit of eqn (7). 

, 

16 



. 
SLD PRELIMINARY 

i 
e - 

00 i )  : data \ 9 0 

61200 : 
I (b> Q,, 

g1400 - - 
- - : JETSET63 

+SLD sim. 
.- 
L 
L 

- - 
1000 

800 - 

600 - 

- - - - 
- - - 
- 

4 

FIGURE 1 



0.1 

0. 

-0.1 

SLD PRELIMINAIRY 

(a) Pkam = -0.78 

0.1 

-1 -0.5 0 0.5 
cos0 

= +0.78 

I I 
-1 -0.5 0 0.5 

FIGURE 2 

c_- . 


