# Fermilab FERMILAB-Conf-04/009-E January 2004
B Tagging and Mixing at the Tevatron

Ting Miao
(Representing the CDF and D& Collaborations)

Fermi National Accelerator Laboratory, P.O.Box 500, Batavia, IL 60510, U.S.A

Abstract.

The measurement of thHgy mixing is one of the flagship analyses for the Run-II B physics program at Fermilab Tevatron.
We report here preliminary results on key elements to the measurement incBgieent reconstruction, proper time
resolution and initiaB flavor tagging. The prospects d@y mixing with the upgraded CDF and D@ detectors are also
discussed.

INTRODUCTION By— TUTT

The measurements of the oscillation frequency of the
neutralB mesonAm for B® — B system and\m for

Bg — B system, will be used to precisely determine the
length of one side of the CKM unitarity triangle which
is shown in Figure 1. The value &im, is measured to a

great precision [1}Am, = 0.502+0.006 ps~L. However, Y B
the Am for the rapid oscillating? — B system has not (O,O)T T(LO)
been resolved yet and its determination has a highest Bl DK’ B— J/YK’

priority for the B physics program of Fermilab Tevatron
experiments. FIGURE 1. Experimental constrains on the CKM unitarity
Key elements to th8s mixing measurement include triangle.
ability of collecting largeBs signal with small back-
ground, ability of initial B flavor tagging, and ability
of precise determination of the proper decay time. Weand gas-wire drift chamber to provide excellent mass and
will discuss status and prospects of these key elementgertex resolutions in the central region. The improved
throughout this report. tracking coverages of both CDF and D@ , combined with
muon detectors and calorimeters, allow for the excellent
muon and electron identifications, as well as precise mo-
BS EVENT COLLECTIONS mentum and vertex measurements which are important
for B physics. The late addition of a silicon layer very
Both CDF and D@ started taking Run-II data in March close to the beam spot (L00) and a Time Of Flight (TOF)
2001. The strengths of the two detectors after upgradéystem improves CDF’s ability of vertex and flavor tag-
efforts in the the 5 year shutdown are somewhat comging dramatically.
plementary to one another. Here we only briefly point Both experiments identify lepton at the trigger level to
out components most relevantBgphysics and refer de- collectB events with leptons in the final state suchBas
tails to references listed in [2]. Both detectors have axialsemileptonic decay anél — J/WX. D@ has an inclu-
solenoidal magnetic fields, central tracking and siliconsive muon trigger with large geometry coverage to allow
microvertex detectors. The D@ central tracking volumethem accumulate very large sample of semileptonic de-
with the scintillating fibers covers the pesudorapidity re-cays. Figure 2 shows i — Dg u ™ vX signal collected
gion of |n] < 1.7. The D@ silicon detector has a barrel by D@ with the muon triggers. The CDF semileptonic
geometry interspersed with disk detectors to extend th&igger requires an additional displaced track associated
tracking volume tdn| < 3. The CDF detector features a with the lepton, providing cleaner samples with a some-
1.4T solenoid surrounding a silicon microvertex detectowhat smaller yields.
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FIGURE 2. Bs events from semileptonic decays Bg — ST Mass [GeV/c ']

Dg utvX with Dy — @ by the D@ experiment. The two
peaks correspond to tHa+ and DI states, which can both FIGURE 3. B2 events from decay oB? — D3t with
decay toprt. Ds — @m collected using CDF’s SVT trigger.

New to experiments at a hadron collider machine, FLAVOR TAGGING
CDF is using its new Silicon Vertex Tracker (SVT)
to effectively collect events with large impact parame-The initial flavor of aB meson at its production can
ters. Tracks reconstructed by the eXtremely Faster Tracke determined by using information of particles either
(XFT) are passed to the SVT, which appends silicon hitgproduced on the same side together withBrraeson or
to the track to measure the impact parameter of eachn the opposite of thB meson. The Same Side Tagging
track. The SVT has an impact parameter resolution of 4{SST) is to use the charge of an energetic track near
pumfor tracks withp; > 2GeV/c. With this trigger, CDF  the B meson to infer its production flavor. The opposite
collectsBs decays with at least two tracks having impact side tagging algorithms, such as Soft Lepton Tagging
parameted, > 120umandp; > 2GeV/c. Figure 3show (SLT), Jet-Charge Tagging (JetQ) and Opposite Kaon
the B signal fromB2 — D3 i+ with D — @m using ~ Tagging (OKT), take advantage of the knowledge from
about 65pb~! data collected in the winter of 2002. In bb production to infer the flavor of thB meson by the
the plot, the narrow peak on the right is tBgsignal and ~ flavor of the other B hadron in the event.
the broader bump on its left is background contributions The SST takes advantage of the correlation between
from otheng channels other thaBg — Dyt the B flavor and the charge of a nearby track produced
There were many improvements on detector coveragé@longB duringb fragmentation. For & quark to become
and trigger optimization since this early data taking pe-a B3 meson, it must grab asquark from the vacuum, an
riod where CDF was still in the process of commission-Sis popped with it, which could potentially turn intd<a
ing for the silicon detector and SVT trigger. The live cov- meson in thé? case. Thus the correlation B§ — K™ is
erage of silicon detector reached above 90%. The SVthe base for the SST tagging algorithm. Same is true for
efficiency was improved greatly with a change of pat-theB® — ™ correlation. TheB** decay provides similar
tern recognition from requiring 4 hits in 4 silicon lay- correlation.
ers to 4 out 5. We also developed an optimized scheme The SLT algorithm uses the charge information of
to handle the L2 bandwidth to maximize useful trigger lepton produced from semileptonic decay;> (X or
rate in different instantaneous luminosity scenarios. WithP — £*X, to identify theB meson flavor. In JetQ algo-
these improvements, we were able to gain a factor of twdithm, the weighted sum of charges for tracks recoiling
increase for théBs signal yield which corresponds to a against aB meson is used. The OKT uses the fact that
rate of 1600 events per b1 for Bg — Dgrt with there is more likely &~ other tharK* will be produced
Dy — @mr . Adding events from channels like; —  from aB decay in the dominated decay transition chain
K*K~, KK~ anng — Dy, arate ofBs at 2000 b— c— s AK™ isastrong indication that it comes from
events per b~1 is within the reach. a B meson. This tagging algorithm heavily relies on the
The ability of collecting the fully reconstructd®i de- ~ kaon identification ability which CDF’s TOF system will
cay strengths our reach of much faster oscillation andProvide.
makes the Tevatron the unique placeBagmixing stud- The power of a flavor tagging algorithm is determined
ies. by its tagging efficiency and its dilution. Tagging effi-
ciency is measured as the fraction of the data events for
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FIGURE4. BT — J/WK™ signal from D@ experiment. The FIGURE 5. Signed impact parameter distribution of lepton
open histogram with black line is all events. The histogram withwith 2 < M(¢,track) < 4GeV/c.
blue line is events with a JetQ tagger. And the histogram with
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which the algorithm returns a decisiof= Nag/N, - Q o6 ; Isolated tracks

The dilution, defined aB = (Ngg— Nyyo)/(Nrs+ Ny o) ook L

whereNg s andN,, s are respectively the number of cor- N3 {

rectly and incorrectly tagged events, reflects the purity of Zj:

the tagging algorithm. The “effective tagging efficiency” b t !

is given by the quantiteD?2. In a Bs mixing measure- oE

ment, the statistical power of the sample is directly pro- .5 3

portional tosD?. Tagging power is proportional @ be- N Y Y S

rel 4 5
Y (W) (Gevrc)

cause incorrectly measuring the sign removes the event
from the “correct” charge bin and puts the event into the

wrong” charge bin. D = A(1—el~PF'+B)) Thep'® is the component of the lepton’s

i + + ; ;
Using B™ — J/WK™ events, shown in Flgure 4, momentum that is transverse to the jet that it's associated
D@ tested the performance of SST, SLT with muonith The data points withp® < 0 correspond to tracks not

and JetQ algorithms. The effective tagging efficienciesassociated with a jet.

obtained from D@ areD? = 5.5+ 2.0% for SST,

1.64+1.1% for SLT with muon, and .3+ 1.7% for JetQ.

The combined efficiency from D@ using these three tagdergo wrong-sign sequential decagsy» ¢ — £. These

ging algorithms was estimated to bB? ~ 10%3]. effects will reduce the raw’ dilution measured for an op-
CDF'’s strategy of flavor tagging for Run-Il is as fol- posite side tagging algorithm. We estimate the dilution

lowing. The algorithms are to be first optimized using aon the trigger side using a Monte Carlo method and ap-

high statistics and high purity B sample such as semilepply the correction factors obtained to determine the 'true’

tonic B decay events collected with the lepton+SVT trig- dilution of the opposite side tag. The overall correc-

ger. Then performance of these taggers, in terms of valugion factors ofD(trig) = 0.6412+0.002-3944 D(trig) =

of eD?, is measured using independent samples such 56412+ 0.00279-022 \were obtained fdru+SVT and

B — J/WK* and fully reconstructed decays collected ¢\ g\ sample_ro'eossgectively. Using these sample, we ob-

with SVT triggers. Finally these tagging algorithms will (5ineq the preliminary result on SLT performance with

be applied directly tdBs mixing measurement without - mon shown in Figure 6. The performance is a strong

retuning to avoid potential bias. function of the lepton momentum. An averaged effective
In order to use the high statistics sample of 'ep'tagging efficiency was obtaine? = 0.7+ 0.1% which

ton+SVT, we need to know its sample composition. Firstalgrees well with projection using Run-I result.

theB component is enriched by applying kinematic con- “the nerformance of SST algorithm at CDF was tested

strains such as the requirement of the invariant mass of;, wvo fully reconstructed charged B decay samples
lepton and the SVT track to be2M(¢,SVT) <4.Then  fom B+ — J/WK* andBt — DOrr+ as shown in Fig-

the remaining backgrounds from charm and prompt deye 7 and 8. The dilution, shown in Figure 9 and 10, is
cays can be subtracted using the the impact parametghain parameterized as function of the transverse mo-

distribution of the lepton, shown in Figure 5. In addition, ,,entum ofB. The preliminary result of the tagging ef-
the b-decay on the trigger side can mix and can also UNficiency was obtained asD? = 2.4+ 1.2% andeD? =

FIGURE 6. Dilution as a function opT"® of the tag muon :
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and Wrong Sigr™ — DOrr* candidates. FIGURE 10. SST asymmetry as a function of pT fBrf —

DOrrt; dot-dashed line denotes global value.

1.9+ 0.9% independently froB* — J/WK* andB* —
DOt samples.

imi lay key roles in an experiment’s sensitivity for th
The Run-Il preliminary result from CDF were sum- piay key p y 1513

measurement. At CDF and D@ , the transverse decay

madrlzed mtTgtge 1”In tf}e table, the Runl ! CID,:: éesél‘t'ltZIengtthy and the transverse momenttmnof the B me-
and expected Run-1' periormance were aiso liste Y950n are used to calculate the proper time

ies of JetQ and SLT electron algorithms are underway
at CDF. Using the preliminary Run-Il results and pro- t=L/By=Lxy-M/p;.
jections from Run-I, CDF expects a combined efficiency
of eD? ~ 4% from SLT, SST and JetQ algorithms. This
is an estimation without taking into account of potential
improvements from using the particle identification from
TOF. The TOF provides a better thao X — 17 separa-
tion, shown in Figure 11, for tracks with< 1.6GeV/c.

We expect the TOF system to increase improve both the _ ) 2 12
OKT and SST efficiency dramatically. %= \/(Gny M/Pr)*+ (Gpr/Pr- 1%

Lxy is the two-dimensional flight distance between the
beam spot where B is produced and the the point where
the B decayspy is calculated from the B decay daugh-
ters. AndM is the mass oBs.

The uncertainty on the proper time is thus derived as

WhereaLXy andop, are measurement errors on the decay
length and transverse momentum. There are two compo-
PROPER TIME RESOLUTION nents to the decay length resolution, the uncertainty of
beam spot position and the vertex fitting errors in de-
TheB?— BO oscillation is expected to have a very high termining the decay point. CDF estimates an error of
frequency as the current limiyms > 14.4 ps~1[1], im- g, ~ 50um in the SVT triggered events. The spread
plies there are more than 4 oscillations in one lifetimeof the beam spot contributes an error of.@0to the de-
cycle. Thus theBs proper time reconstruction resolution cay length calculation. The beam spot was calculated on
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TABLE 1. Summary of tagging algorithms performance at CDF

eD? (%) Run-| Run-II Projection(no TOF)  Projection (with TOF)
SST 15+04 21407 20 2.0-4.2

SLT-u 06+01 07+01 1.0 1.0

SLT-e 03+01 - 0.7 0.7

JetQ 10+03 - 3.0 3.0

OKT - - - 24

dimensional event topology information is being ex-
plored to improve the estimation [4]. In general, a siz-
able uncertainty introduced froiBs p; calculation has
to be overarmed in order to u& semileptonic decay
event forBs mixing measurements, especially if theng

is indeed very large.

Separation power ©)
W N

N

L T B A B T B

Bs MIXING SENSITIVITY

[

The sensitivity ofBs measurement is generally quanti-

fied as the significance of an observationBafmixing

at certain value ofAms. Three key numbers, th; event

yields, efficiency of flavors tagging and proper time reso-

FIGURE 11. K — mrseparation as function of track momen- ution, determine an experiment's sensitivity fy mix-

tum from CDF TOF system. ing measurement. To a good approximation, the averaged
significanceSig(Ams), in number of standard deviations
o, is given as

a run averaged base at this time and improvement were

under study. The uncertainty on the B transverse moment SigAmy) = /SS_DZefM /| S

depends on the tracking resolution and on detail of event 2 S+B’

topologies which is very different for semileptonic decay . ) . .

events and the fully reconstructed hadronic decay eventd!€re S is the number of signal evergB is the signal

. 2 .
For fully reconstructed hadronic decay events, the uni© background ratio, andD= and o; are the effective

certainty onBs transverse momentum is negligible com- {299ing efficiency and proper time resolution as discuss

paring to the uncertainty on the decay length due to exi" the previous sections. _ _
cellent tracking resolutions. Therefore, decay length res- BOth fully reconstructed and semileptonic samples

olution which depends on the performance of the siliconWill contribute to the measurement afs but at differ-
systems is the most important issue to the precise me£NAMs region. For lower value dims, the high statistics
surement of proper time resolution and the ability for Sémileptonic sample could play key roles in the measure-
Bs mixing. FromBs — D<TT decay event reconstructed r.ne.nt. If the value. ohAmgis muph higher than thelcgr_rent
by CDF, a proper time resolution @ = 0.067ps was limit, the proper time resolutiog; becomes the limiting
obtained. With further improvement on silicon tracking factor in resolving the oscillations where we need to take
with LOO silicon hits and on beam spot calculation using@dvantage of the fully reconstructed samples.

tracks other than B daughter on an event-by-event base, BOth D@ and CDF are using semileptorig decay
CDF believes a resolution @ = 0.05psis achievable, ~ Samples for the mixing study. D@ predicts a 15,000

For Bs semileptonic decay events, uncertainty@n  Signal yield .fromBg — Dg pvX decaly with a proper
transverse momentum dominates the resolution of propdfme resolution of @5 psfrom 500Fl)b7 - This results a
time due to the unreconstructed neutrino. Monte Carlg>eNSitivity of 150 for Ams =15 ps ~ [3].
method was used to estimate tBg p; by using kine- _ CDF'S event rate of reconstructirigs — Dsrr decay
matic correlation of the momenta of lepton and charm!S S = 160Gventgfb™ with S/B = 2/1 and proper
daughters of th@s decays. This method results an er- iM€ resolution ofg; = 0.067ps With a tagging effi-

. 2 _ . . .
ror in the order of 10- 15%. Method using the three- CI€NCy Of éD” = ﬁ%’ CDF will hlave a 2 sensitivity
for Ams = 15 ps -+ using 50@b™+ data. This will su-

3. 4 45 5
Momentum (GeV/c)
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persede the current world limit which combines contri-
butions from 13 different measurements from LEP, SLD
and CDF [1]. This sensitivity is predicted using numbers

based on already achieved performance of the trigger, re-

construction and flavor tagging.

As discussed in previous sections, improvements are

underway to increase the event yield from optimizing

SVT trigger and by including more decay channelsin the
reconstruction. Proper time resolution is also improving

with usage of hits from the innermost silicon layer and

with an event-by-event beam spot calculation method. In

addition, the flavor tagging efficiency will double with
the help from kaon identification using TOF system. A
higher sensitivity for CDF with the fully reconstructBg

events can be derived taking into account these improvelfIGURE 12

ments using a set of numbers & 20003vent$fb*1,
S/B=2/1, eD? = 5% andg; = 0.05ps It results a &
sensitivity forAms = 18 — 24ps ! with 1.7 — 3.2fb ™!
of data. This will cover the region dfms that is currently
preferred by the indirect fits using the world average [1].
To observe or exclude a value f&ifns beyond this region
will require additional data and improvement along with
further progress on triggering, reconstruction and flavo

tagging.

PROGRESS ONAI'g MEASUREMENT

A complementary method tdms measurement irBs
mixing study is the measurement of the width differ-
enceAr s of the the two CP eigenstates BIB2 system.
Within the Standard Model, it is predicated that the ratio
betweem\l's andAm is large [5]:

Als _ 3m mg n(Aly)
Ams 2 ¢ n(Am)
If the value ofAms is indeed large, the width difference

could be as much aAls/I's 15% which will make its
precision measurement possible using Run-II data.

~ (5.64+2.6) x 1073,

Experimentally, three methods are being explored to

extract the width difference. One can extract it by di-
rectly fitting the two lifetime components in events from

a decay channel of a well define CP eigenstates, sucg

as theB — Dz /v which is a 50-50 mixture of CP-

CDF Run Il Preliminary L =138 pb'1
Bs - Jy o 12013 sig.
80 candidates
70 Fit prob: 27%

candidates per 10 MeV/c

L | L L |
5.4 55
candidate mass, GeV/c

Invariant mass spectrum of tHg — J/We
candidates. The result is using about 1881 CDF data.

ing 4000Bs — J/Wg events [4]. The third method in-
volvesBs decay with a pure CP state sucrBs— Dg D
which is a pure CP-even states. The decay branching
ratio can be related tAl's by [7] Br(B? — DgDY) =

'AFs/[Fs(1+ Als/2rs)]. CDF is studying the feasibility

of the measurement usii®} — D3 D¢ decay events be-
ing collected using its SVT trigger.

SUMMARY

Both CDF and D@ are collecting large samplesBaf
decay events for the very challengiBgnixing measure-
ment. Many progresses have been made on flavor tagging
and proper time reconstruction. Over the next few years,
both experiments are expected to make significant contri-
butions in the the determination of the mixing parameter
Amg as well as the width differendd s for theBng Sys-

tem.
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