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We measurethe dimuon charge asymmetry A in pp collisions at a certer of massenergy /s = 1960
GeV. The data was recorded with the D detector and corresponds to an integrated luminosity
~ 970pb . Assuming that the asymmetry A (if any) is due to asymmetric B® — B° mixing and
decay, we extract the CP-violation parameter of B® mixing and decay:

M‘))z = —0.0011+ 0.0010(stat) + 0.0007(syst).
1 + |€B 0 |

We also obtain the forward-backward asymmetry that quanti es the tendency (if any) of x* to go
in the proton direction and i to goin the anti-proton direction.

Preliminary Results for 2006 Conferences



. INTR ODUCTION

We measurethe dimuon charge asymmetry
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in pp collisions at a certer of massenergy P s=1960GeV. N** (N ) is the number of events with two positive
(negative) muon candidates passingselection cuts. The data was recordedwith the D  detector between 2002 and
2005. The exposedintegrated luminosity is  970pb 1. Assumingthat the asymmetry A (if any) is dueto asymmetric
B%$ B mixing and decay, we extract the CP-violation parameter of B® mixing and decay:[1, 2]
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M1, ( 12) is the real (imaginary) part of the transition matrix elemer of the Hamiltonian corresponding to (B%;B?)
mixing and decay.[7] Ago is the dimuon charge asymmetry from direct-direct decays of B°B° pairs. The dimuon
charge asymmetry A in Equation (2) excludeseverts with a muon from K -decay. Equation (2) de nes the factor f
to be obtained below. As a sensitive crossched, we also measurethe meanmixing probability h i of B $ B hadrons
(averagedover the mix of hadrons with a b quark).

The CP-violation parameter (2) is sensitiveto se\eral extensionsof the Standard Model.[2, 3] Referencg2] concludes
that \It is possiblethat the dilepton asymmetry could be one of the rst indications of physics beyond the standard
model".

The D detector[4] has a superb muon systemin Run Il large ( ; ) coverage,good scirtillator basedtriggering
and cosmicray rejection, low punch-through and precision tracking. A muon originating in a pp collision traverses
the silicon microstrip tracker and the scirtillating b er tracker in a 2 Teslasolenoidalmagnetic eld, the calorimeter,
layer-A of the muon spectrometer, the magnetizediron toroid, and layers B and C. The muon is the particle with
cleanestidenti cation. The like-signdimuon channel is particularly clean: few processesontribute to it and fewer
still contribute to an asymmetry (if any). The polarities of the toroid and solenoidmagnetic elds are reversedroughly
every week sothat the four solenoid-toroid polarity combinations are exposedto approximately the sameintegrated
luminosity. This allows cancellation of rst order detector e ects. In conclusion,the D detector is well suited for
this precision measuremenh

The outline of the paper is asfollows. In Sectionl| we describethe event selection. Physicsand detector asymmetries
arestudied in Sectionlll. The processegortributing to the asymmetry A are preserted in SectionlV, and their weights
are summarizedin SectionV. The breakdown of systematic errors of A are discussedin SectionVI. Cross-heds are
listed in SectionVII. Final results are summarizedin SectionVIII.

Il. EVENT SELECTION

We nd that the D detector, operating with a giventoroid and solenoidpolarity, introducesan apparert dimuon
charge asymmetry lessthan 0:006 (to be discussesn Section|Ill). This detector e ect changessign when the toroid
and solenoid polarities are reversed(since the exact sametrack that is called \p ositive" with one polarity is called
\negativ e" with the opposite polarity). So,to canceldetector e ects to rst order, we always considerdata setswhich
have equal integrated luminosities for ead toroid-solenoid magnet polarity (or weight the events appropriately).
Events with equal (opposite) toroid and solenoid polarities are studied separately sothat the cancellation is possible.

Our nal cuts require that ead local muon candidate have a matching track found in the certral tracking system.
To reducepunch-through of hadronswe only considermuonsthat traversethe iron toroid. To get through the toroid
with momertum & 0:2 GeV/c, werequire pr > 4:2 GeV/c or jp;j > 6:4 GeV/c, wherepr isthe momertum transverse
to the beam, and p; is the component of the momertum in the direction of the proton beam. We require at least 2
wire chamber hits in the A layer and at least 3 hits in layersB or C. We require local and global track ts with good

2. To reduce cosmicray badkground we require at least 1 scintillator hit assaiated with the muon to be within
a time window j tj < 5ns. To reduce muons from K and -decay we require pr > 3:0 GeV/c. The track is
required to have a distance of closestapproac to the beam lessthan 0.3cm. We usethe full pseudo-rapidity range
j ] < 2:2. Werequire that both muon candidatespasswithin 2.0 cm in the direction alongthe beamline at the point
of closestapproac to the beam. To further reduce cosmicrays and repeated reconstructions of the sametrack (with
di erent hits), we require the 3-dimensional opening angle betweenthe muonsto be between10® and 17¢°. We also
require that the two muons have di erent A-layer position (by at least 5cm), di erent local momertum (by at least
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FIG. 1: Schematic drawing of the magnetized iron toroids of the D detector, and muon tracks related by toroid polarity
reversal, CP conjugation and forward-backward re ection. The p and p beamsare unpolarized.

0.2 GeV/c), and dierent certral track momertum (by at least 0.2 GeV/c). To avoid a bias due to miss-matched
certral tracks (which are charge-asymmetricdue to showers) we use the local muon charge instead of the matching
certral track charge. To minimize the statistical error we useall triggers (but studiesrequiring a dimuon trigger from
a list were also done, and no signi cant di erence was obsened or expected). We apply a cut pr < 150 GeV/c to
reducethe number of muons reconstructed with wrong sign, and to reducethe background from W and Z-decaq.

1. ASYMMETRIES

In this Sectionwe study detector and physics e ects that may alter the obsened charge asymmetry and therefore
cortribute to corrections and systematic errors. The muon detector is shovn schematically in Figure 1. Let n  be
the number of muons passingcuts with charge = 1, toroid polarity = 1,and = +1if >0and = 1if

< 0. We model the physicsand the detector as follows:

n %N L+ A)L+ A+ Aw)d+ Ao
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N is the number of muons passing cuts, and is the fraction of integrated luminosity with toroid polarity
(*+ = 1). Equation (3) de nes six asymmetries. A is the dimuon chargeasymmetry, At is the forward-backward
asymmetry (that quanti es the tendencyof * to goin the proton direction and  to goin the anti-proton direction),
Aget measuresthe north-south asymmetry of the detector, and A, is the range-out asymmetry (that quarti es the
changein acceptanceand range-out of muon tracks that bend toward, or away from, the iron toroid magnet). A is
a detector asymmetry betweentracks bending north and tracks bending south. A and A, are physics asymmetries
that we want to measure,and Aqet, Aro and A are detector asymmetries. A is an asymmetry that is di erent
from zeroonly if the physicsasymmetriesare di erent from zero (and is measuredto be compatible with zero). If the
selectioncuts require two like-signmuons we usecapital A for the asymmetries. If the cuts only require single muons
we use lower casea. The model (3) ts 8 numbersn  with 8 parameters(N, *, and 6 asymmetries). There is a
solution for small asymmetriesbecausethe determinant of the linear terms is di erent from zero. In Tables| and Il
we show the numbersn  for our standard cuts. The measuredasymmetriesare preserned in Table I11.
From Equation (3) we obtain (up to secondorder terms) the charge asymmetry A:
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charge| toroid |[-22<n<0.0{0.0<n<22
«a |polarity 3 vy= -1 v=+1
+1 +1 406531 370947
-1 +1 383937 391791
+1 -1 372660 381309
-1 -1 394481 359216

TABLE I: Numbersn  of muons passing standard single and dimuon cuts with charge «, toroid magnet polarity 3, and
pseudo-rapidity < 0 (v = —1) or > 0 (v = +1). Two entries per event. Opposite solenoid and toroid polarities. In total,
177950 positive-positive, 176939 negative-negative, and 1175547 positive-negative dimuon events. These data have no mass
cuts applied and include all triggers usedin this analysis.

charge| toroid |[-22<n<0.0{0.0<n<22
« |polarity 3 vy= -1 v=+1
+1 +1 336283 305358
-1 +1 317106 324579
+1 -1 344582 355747
-1 -1 365888 334327

TABLE |I: SameasTablel, but equal solenoidand toroid polarities. In total, 156183positive-positive, 156148negative-negative,
and 1029604 positive-negative dimuon everts.

e ‘= isdetermined cournting single muonsfor the single muon asymmetries,or dimuonsfor the dimuon analysis.
This procedureintroducesno bias sincewe court all muons or dimuons regardlessof the chargesof eadh muon. The
left hand side is the measuredasymmetry, A is the corrected asymmetry, and A;pAget iS the correction due to the
forward-backward and detector asymmetries. We do not apply this correction becauseit turns out to be negligible
and compatible with zero, seeTable IIl. We usethe correction to estimate the corresponding systematic error. We
can understand the last term in (4): if positive (negative) muons prefer to go in the proton (antiproton) direction
and the detector is north-south asymmetric, then we obtain an apparert charge asymmetry. The forward-backward
asymmetry A;p, is:

(nI* +n* ni n** )+ e(n,
(7 +n +n )+ en,
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We have repeated the study of detector asymmetriesfor the certral (j j < 0:95) and forward (0:95< j j < 2:2)
muon systemsseparately To show the extent of the detector e ects before averagingover magnetic eld polarities,
we include in Table Il the obsened single muon chargeasymmetriesA* and A corresponding respectively to toroid
polarity = +1 or 1 for events passingdimuon cuts. We note that the detector e ects on A* and A before
averaging over magnetic eld polarities are lessthan  0:002, which correspondsto a dimuon charge asymmetry less
than  0:006. Also shown in Table |11 is the dimuon asymmetry for \ a vor creation" (de ned as 90°) and
\a vor excitation" (de ned as < 90°), where is the 3-dimensional angle between the two muons. \Fla vor
creation" corresponds to the b and b quarks in opposite jets, while \ a vor excitation" corresponds generally to a
bb pair producedin the hadronization of one parton. The accepted cross sectionsfor \ a vor creation" and \a vor
excitation" are nearly equal. In TableI1l we alsoshow theratio R= (N** + N )=N* of like-signto opposite-sign
dimuon everts in the masswindow 5.0 to 8.7 GeV/c? or 11.5to 30 GeV/c?. This ratio is used for mixing studies.
These masswindows reduce backgrounds from same-sidedirect-sequertial muon pairs (processP,4 in Table V), J=
and and their resonances.

IV. DIMUON PR OCESSES

In this Section we obtain the factor f de ned in Equation (2). We consider the processedisted in Table IV.
Examplesof \other" processesre dimuonswith the following parerts: B and ,B°and ,Bs’andJ/ ,B°and
,B%andJ/ ,B and ,bandunrelatedc. Let 4 be the probability that a B°(bd) mesonmixes and decays as
a BO(db). Similarly, 4 isthe probability that a B® mesonmixes and decays asa B°. In this article we considerthe



cuts standard standard
trigger all all
torpol*solpol -1 1
pb ! ~ 970 total
e 1.0302 0.9163
a (all) 0.0008+ 0.0004| —0.0005+ 0.0005
arp (all) 0.0021+ 0.0004{ 0.0015+ 0.0005
adet (all) —0.0066+ 0.0004| —0.0041+ 0.0005
aro (all) —0.0282+ 0.0004| —0.0311+ 0.0005
a (c) —0.0007+ 0.0007| —0.0031+ 0.0008
atp (C) 0.0002+ 0.0007| —0.0003+ 0.0008
adet (C) —0.0072+ 0.0007| —0.0073+ 0.0008
aro (C) —0.0888+ 0.0007| —0.0914+ 0.0008
a (f or b) 0.0017+ 0.0006| 0.0013+ 0.0006
a (f) 0.00514 0.0008| 0.0040+ 0.0009
a (b) —0.0016+ 0.0008| —0.0014+ 0.0009
arp (fb) 0.0033+ 0.0006| 0.0027+ 0.0006
adet (fb) —0.0061+ 0.0006| —0.0019+ 0.0006
aro (fb) 0.0129+ 0.0006| 0.0099+ 0.0006
Arp (all) 0.0006+ 0.0006[ 0.0003+ 0.0006
Ager (all)  |—0.0178+ 0.0006| —0.0164+ 0.0006
Aro (all) —0.0285+ 0.0006| —0.0302+ 0.0006
A (all) —0.0068+ 0.0006| —0.0075+ 0.0006
A (al) —0.0001+ 0.0006| —0.0019+ 0.0006
Rimix 0.4799+ 0.0012| 0.4800+ 0.0013
A" (all dimu)| 0.00114+ 0.0008|—0.00004 0.0009
A (all dimu)| 0.0002+ 0.0008[ 0.0001+ 0.0009
Af ¢ (all) 0.0021+ 0.0024| —0.0014+ 0.0026
At e (all) 0.00364+ 0.0024| 0.0016+ 0.0026
A (cc) 0.0059-+ 0.0040[ 0.0007+ 0.0043
A (f or b) 0.00404 0.0029| 0.0025+ 0.0032
A (all) 0.0028+ 0.0017| 0.0001+ 0.0018
TABLE |II: Asymmetries described in Section 111 are shown for certral (c), forward (f), backward (b), and all muons. Central

has |n| < 0.95. Forward (+ backward) has 0.95 < |n| < 2.2. ¢ is the ratio of dimuons passing cuts for toroid polarity g = +1
over the corresponding number for toroid polarity —1. All errors are statistical. The average for torpol-solpol = 1 and -1 is
A = 0.0015+ 0.0012 (all).

process weight N™ N N7
b—p , b—p’ P=1 x(1-x) (1 -x)x 1-¢
b—p ,b—c—p P, 3(1-9) 31-9 3
b—sc—p',b—sc—p | P (1 -x)x x1—x) 1-¢
b—p c—pu' Py 0 0 1
c—u,c—p ps 0 0 1
Drell-Y an, J /%, Ps 0 0 1
dimuon cosmic rays Py ~ 0.14 ~ 0.14 ~ 0.72
uw+ K decay Ps |025-(1+a+ «)|025-(1—a—a)| 05
1 + cosmic Py 0.25-(1+ «) 025-1—-a) |=05
u + punch-through Pio 0.25-(1+ «) 025-(1 —«a) 0.5
1 + combinatoric Py 0.25-(1+ «) 025-(1—-a) 0.5
other Pi 0.25-(1+ «) 025-(1 —«a) 0.5
dimuon w. wrong sign Pi3 0.345 0.345 0.31

TABLE IV: Processesontributing to dimuon events. Each row includes processeselated by CP conjugation and b < b mixing.
The weights are normalized to direct-direct bb decay P = 1. £ = x+ x—2xXx- X = faxd + fsxs iS the probabilit y that b quarks
mix and decay asb. x = faxd + fsxs is the probabilit y that b anti-quarks mix and decay asb. The fraction of prompt muons
from b-decay is =~ 0.6.[5] « = 0.6 - (x — x). a = 0.026+ 0.005 is the charge asymmetry of K -decay, seethe text.



Pl =1

P, | 0.116+£ 0.055
P; | 0.003+0.003
P, | 0.093+ 0.049
Ps | 0.070+ 0.042
Ps | 0.023+0.023
P; | 0.003+0.003
Ps | 0.098+0.014
Ps [0.0001+ 0.0001
Pip| 0.001+ 0.001
P11 [0.0002+ 0.0002
Pip| 0.163+ 0.066
P13 [0.0005+ 0.0005

TABLE V: Weights of dimuon processedor standard cuts (obtained as described in the text). Note that 63% of dimuons are
from direct-direct bb-decay.

possibility that 4 6 4. The probability that a b-quark mixes and decays asa b is

S P S X 6
dh i d sh i s ( )
where f4 and f are the fractions of b-hadrons that are produced as B° or B® and B? or B? respectively, and g,

s and h i are the branching fractions for B?, B{ and the b-hadron admixture respectively decajing to X with
passingcuts. Similarly

Cf s
=l ot fspg s %

is the probability that a b mixes and decays as a b. From [1] we take f4 = 0:397 0:010,fs = 0:107 0:011,
—( dt 4) = 0:186 0:004,and > 0:49883. Wetake 4= = hi. To abbreviate we de ne + 2
From Table IV we obtain the dimuon charge asymmetry A after correcting for asymmetric kaon decay, (i.c. after
subtracting a term 0:5aPg in the numerator),

( )(P1  P3+ 0:3P9)
(P1+P3g)+ (1 )P+ 0228 P;+ 0:5 P+ 0:69 P’

A= (8)

and the factor f in Equation (2):

(P]_ + P3) + (1 )P2 + 0:28 P; + 05 Pé)'i' 0:69 P13_
4f 4 d(Pl Ps + 0:3P80) '

f= (9)

where Pé) Pg + Pg + Pig + P11 + Pqo.

V. WEIGHTS F OF DIMUON PR OCESSES

The weights P, - P13, normalized to direct-direct bbdecay P; 1, are summarizedin Table V. The weights Py, Py,
Ps, Ps and Py, were obtained from Monte Carlo with full detector simulation (basedon the Geart program[€]) and
evert reconstruction and selection. A cross-hed for weight P, is the measuremen of the averagemixing probability
of B-hadronsto be described below. Weights P4, Ps and Pg do not contribute like-signdimuons, and sodo not ernter
into the measuremen of the CP violation parameter. Weight P3 was obtained from P;  P2=(4P;). Weight P;
was obtained by two methods: (i) from the data of a cosmicray run, and (ii) extrapolating the out-of-time muon
badkground (as measuredby the scintillators) into the acceptancewindow of 5ns. Weight Pg was obtained using the
data of the cosmicray run. Weight P;o wasobtained by cournting the number of tracks that had enoughmomertum to
traversethe calorimeter and iron toroid, and multiplying by the probability exp( 14) that they do not interact (the
calorimeter has 7 nuclear interaction lengths, and the iron toroid has 7 nuclear interaction lengths). Weight P11
was estimated by relaxing the number of required wire hits. Weight P13 was estimated using the measuredresolution
of the local muon spectrometer. In our data set, passingstandard single and dimuon cuts, we expect 1 dimuon
evert from Z-decay, and < 1 everts from prompt muonsplus W -decyy.



Source of error A
detector 0.00015
e= ¢ Je 0.00018

prompt x + K decay|0.00068
dimuon cosmicrays |0.00010
prompt p + cosmic p |0.00001
wrong charge sign |0.00015
punch-through 0.00001
Total 0.00074

TABLE VI: Systematic errors of the dimuon charge asymmetry A for standard cuts.

Let us considerthe weight Pg in somedetail. This weight correspondsto prompt muonsfrom bor ¢ or s-deca plus
K -deca. This is an important badground becausekaon deca is charge asymmetric, and dominatesthe systematic
error of the measuremen of the CP violation parameter. The inelastic interaction length of K * in the calorimeter is
longer than the inelastic interaction length of K . This di erence is due to the existenceof hyperonsY (strangeness
-1 baryons: , , Y*). ReactionsK N! Y haveno K* N analog. Therefore K* has more time to decay
than K . The result is a charge asymmetry from K -decay. The single muon charge asymmetry from K -deca is
obtained from the inelastic crosssectionfor K d and K * d[1] and the geometry and materials of the D  detector:
a (n* n)=(n*+n )=0:026 0:005.

We measurethe weight Pg directly from data usingthe exclusivedecay B! D (2010) * ,D (2010) ! D%
D! K* , andits charge conjugate. We apply standard single and dimuon cuts, and court everts with a muon
matching the kaon track. The result is Pg = 0:098 0:014. From studies with this exclusive decay, we learn that
the global 2-cut is not very e ectiv e in reducing K -decay kinks (for the high momertum muons passing cuts).
Therefore we must correct A for K -decay as discussedin Section VI. Two complemenary estimates of Pg were as
follows. (i) We usethe following trick to estimate this background from data. Instead of K* ! * | we study Ks
I * . The K* and Ks have di erent lifetimes, so we only consider Ks-decays in a volume down-scaledby the
ratio of lifetimes. By this indirect method we obtain Pg  0:041 0:010(stat) 0:041(syst). (i) Using Monte Carlo
we obtain Pg  0:047 0:034(stat).

VI. SYSTEMA TIC ERR ORS OF A

We add in quadrature the following errors. A summary is preserted in Table VI.

Detector e ects. Before averagingover magnetic eld polarities, the maximum single muon charge asymmetry jA™* |
(for toroid polarity = 1) or jA j (for toroid polarity = 1) for any cut using dimuonsis 0.002. The corresponding
dimuon charge asymmetry is A < 0:006. After averaging over magnetic elds (with appropriate weights), the error
in the asymmetry is jAsp Agetj < 0:0049 0:030= 0:00015,where we have usedthe largest jA¢,j and jAgetj Of any
dimuon cut, and any of the detectors (certral, forward or all).

Inaccuracy of e = . We have obtained the ratio of integrated luminosities with toroid polarity = 1 over

= 1 by counting dimuons. This procedureintroducesno bias sincewe court all dimuons regardlessof the charges
of each muon. Wetake e = 0:03from the largestdi erence betweenany cuts. Multiplying by the asymmetry before
averaging, < 0:006,we obtain A < 0:00018.

Prompt + K -deca. The single muon charge asymmetry of kaon decay is a = 0:026 0:005 as explained in
Section V. We take Pg = 0:098 0:014 from Table V. The corresponding correction to A, explained in Section I,
is A= 05aPg=Agen = 05 (0:026 0:005) (0:098 0:014-0:45= 0:0028 0:0007 (Agen = 0:45is the
denominator of Equation (8)). This error is by far the dominating systematic error of the ertire measuremen

Dimuon cosmicrays. We take P; < 0:007 from Table V. From cuts that selectcosmicrays, we obtain the apparen
dimuon chargeasymmetry A = 0:0095 0:0117.Then the corresponding error of A is < 0:007 0:28 0:021=Agen =
0:0001(seeTable IV; 0:021=j 0:0095 + 0:0117).

Prompt + single cosmicray. We take Py < 0:0002,seeTable V. From cuts that selectcosmicrays, we obtain a
single muon charge asymmetry a = 0:026 0:002. Then the error in A is < 0:0002 0:5 0:028Agen, = 6 10 ° (see
Table IV; 0:028= 0:026+ 0:002).

Wrong local muon sign. P;3 < 0:001, seeTable V. Even if the asymmetry of wrong tracks is 0.1 (overestimate),
the corresponding error of A is small: < 0:001 0:69 0:1=A4., = 0:00015(seeTable IV).

Punch-through. Take P1p < 0:002,seeTable V. The measuredcharge asymmetry of tracks with pr > 3:0 GeV/c is
0:0049 0:0005dueto showverson matter instead of antimatter. Then the error in A is< 0:002 0.5 0:00544A gen =



Sourceof error| f

P, 0.087
Py 0.002
Py 0.049
Xd 0.010
fd 0.017
Xs 0.0002
fs 0.014

Total 0.103

TABLE VII: Systematic errors of f.

Sourceof error| ¢

R 0.0074

P, 0.028

P? 0.015
P, 0.0001

Py 0.014
P 0.0002

Total 0.035

TABLE VI1I: Systematic errors of £ = x+ y —2xx. PP =Py + Ps+ Ds.
1 10 5 (seeTable IV; 0:0054= 0:0049+ 0:0005).

VIl. OTHER CR OSS-CHECKS

The sign of certral muons was cross-tieked using cosmic rays (which are charge asymmetric[1]). The sign of
forward muonsrelative to the sign of certral muons was cross-hiedked with J= 's.

We nd the dimuon asymmetry A stable (within statistical errors) for all triggers or a set of dimuon triggers, and
acrossthe di erent cuts, data subsets,opposite or equal toroid and solenoid polarities, certral or forward muons, or
avor creation or avor excitation events.

VIIl. RESUL TS

We obtain A = 0:0028 0:0017(stat) for opposite solenoidand toroid polarities, and A = 0:0001 0:0018(stat) for
equal solenoidand toroid polarities (seelast line in Table I11). Combining these measuremeis we obtain

A = 0:0015 0:0012(stat): (10)

We add a correction A = 0:0028 0:0007to A due to asymmetric K -decay (this e ect is explained in Sections
V and VI). The error of this correction dominates the systematic error of the CP-violation parameter. The nal
corrected value of the dimuon charge asymmetry is

A= 00013 0:0012(stat) 0:0008(syst} (11)

The breakdown of systematic errors of A are presened in Table VI.
From the dimuon charge asymmetry A we obtain

<(eo) _ Aso

YR 2 f A= 0:0011 0:0010(stat) 0:0007(syst) 12)
] BoJ

where

f = 0:861 0:103(syst). (13)



9

The breakdown of systematic errors of f, calculated from information provided in preceding sections,is listed Table
VII. In comparison,the Particle Data Group averageof 2004[] is <( go)= 1+ ] Boj2 = 0:0005 0:0031.

We measurethe ratio R of like-signto opposite-signdimuons. For this measuremeh we require the invariant mass
of the two muonsto bein the windows 5.0to 8.7 GeV/c? or 11.5to 30 GeV/c?. Thesemasscuts are designedto reduce
badkgrounds from same-sidedirect-sequertial decay and badkgrounds from and -deca ys to allow a measuremen
of B $ B mixing. For this reasonwe set P, = Pg = 0 for the mixing analysis. We also require dimuon triggers
from a list that excludestriggers requiring opposite sign muons. We obtain R = 0:474 0:001(stat) 0:010(syst),
and = 0:235 0:001(stat) 0:035(syst). The breakdown of systematic errors, calculated from information provided
in preceding sections,is showvn in Table VIII. The nal result for the mixing probability, averagedover the mix of
hadrons with a b quark, is

hi=0:136 0:001(stat) 0:024(syst). (14)

The agreemet with the world average[] is a sensitive test of f , sincethe largest systematic errors of andf are due
to the sameweight P,.

Finally, we measurethe tendency (if any) of * () to goin the proton (antiproton) direction. We obtain the
dimuon forward-backward asymmetry

Atp = 0:0004 0:0004(stat) 0:0001(syst) (15)

Ay is de ned in Sectionlll.
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