Fermilab FERMILAB-CONF-05-618-E

T
Studiesof Orbitally Excited D’(";) and B** Mesons
at CDF and D@

JenniferPursle (on behalfof the CDF andD@ Collaborations)

TheJohnsHopkinsUniversity, 3400N. CharlesSt.Baltimore, MD 21218,USA

Abstract. Usinga large datasampleof pp collisionsat /s = 1.96 TeV recordedby the CDF and
D@ detectorsoperatingat the Fermilab Tevatron, the orbitally excited B mesonsB; and B} are

obsened directly astwo separatestatesin fully reconstructediecaysto B*)1t. The massesand
the massdifferencesbetweenthe statesare presentedin the charmsystem the orbitally excited

D mesonsD; and D3 areobseredin fully reconstructediecaysto D™ Measurementsf the
productbranchingratesof semileptonicdecaysB — D**ptv,X andtheir ratio are presentedWe
alsopresenthe obsenration of the semileptonicdecaysBs — pvD5* wherethe excited D$* states
arereconstructeéh themodeD3* — D*K¢.
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THEORETICAL MOTIVATION

The D andB mesonsareexamplesof a heavry-light quarkboundstate . Thespectroscop
of thesemesonsnaybe predictedhroughapplicationof Heary QuarkEffective Theory
andthe ideasbehindit, particularlyin the limit m, — . In this limit, the excited

statesare describedby the light degreesof freedomwith spin-paritlep. This leavesa
degenerataloubletfor eachmesonstate,with the degenerag broken by effectsof the
orderAqcp/ M) Thesefirst excited statesareknown asthe B* and DE‘;“) in theB and

charmsystemgespectrely. Measuringthe propertiesof thesemesongestsHQET.
The CDF andD@ detectorsaredescribedn detailin Ref[1] andRef[2] respecttely.

D** massmeasurement

CDF measureshe massesand widths of the D and D3 statesusing two fully
hadronicdecaychannelsn 210pb~! of data[3]:*

. D** — D*trr,D*t — DOt

- D** — D* 1, with feed-davn from D*+ — D* 1 channel

TheD** invariantmasddifferencefor bothchannelss shovn in Figurel. Thewide D**
statesaretakenfrom the PDG[4]. Theresultsare

1 Chageconjugatedstatesarealwaysimplied.
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FIGURE 1. Right:invariantmassof D**1tF combinationsLeft: invariantmassof D 1tF combinations.
D‘l’ contrikutionis shavn in red,D;O in blue, D** wide statesn green,andbackgroundn yellow.

« M(D9) = 24217+ 0.7(stat) + 0.6(sys), I (DY) = 20.0+£ 1.7 + 1.3 MeV/c?
-« M(D30) = 24633+ 0.6(stat) &= 0.8(sys), [ (D3%) = 49.2+ 2.3+ 1.3 MeV/c?

D** semileptonicbranching rates

D@ measureshe branchingfractionsof the decaysB — 5‘1)(2420) prvX andB —

5;0(2460) utv,X, andmakesthefirst direct measurementf their ratio in 460 pb—1 of
data[5]. TheD** invariantmassshavn in Figure2ais fit with thesumof two relativistic
Breit-Wignersfor the narrav states.

The branchingfraction for the decaysB — D**u*v X are determinedoy normal-
izationto the known value of the branchingfractionfor B(B — D*~£TvX) = (2.75+
0.19)% [4]. To comparewith theory the fragmentationB(b — B) is includedwhereB
is eitherB? or B*. Theresultsfor the D** narrov branchingfractionsare

B(b— B) - B(B— (D,D3%)uvyX) - B((DY, D3%) — D*~1t+) = (0.122+ 0.007(stat) + 0.015(sys))%

B(b— B)- B(B— D3utv,X) - B(D) — D*~1*) = (0.087+ 0.007(stat) + 0.014(syst))%
B(b— B)- B(B— DXutv,X) - B(Dy’ — D*~ ") = (0.035+ 0.007(stat) + 0.008(syst)) %
B(B — Dty X) - B(D® — D*~1tt)
B(B — DIptvX) - B(D§ — D*~1tt)

— 0.39+ 0.09(stat) + 0.12(sy&t)

Observation of Dg*

D@ obsenesBs — pDE* throughthe decaychannelD* — D*+K2 with D*F —
DOrtt, DO — K—1t" andK2 — 1ttt in 485pb~? of data.The significanceof thesignal
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FIGURE 2. Right: TheinvariantmassM(D*). Pointscorrespondo D* 1t combinationswith opposite
chagesandthe hatchechistogramcorrespond$o samechaige combinationsLeft: Theinvariantmassof
D*Ks, which shaws evidenceof the D£*.
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FIGURE 3. MassdifferenceAM = M(Bm) — M(B) for exclusive B decaysTheuppercurve shovsthe
totalfit. The narrov B** signalis shovn separatelywith the contributionfrom B3 shadedn.

showvn in Figure 2b is greaterthan 3.0o, an excessof 18.5 + 5.5 eventsover back-
ground.The obsenrationis only of one narrav state,the DZ (2536). This obsenation
demonstratethe potentialto measurgroductionandspectroscopof this state.

B** massmeasurement

Both CDF andD@ measuredhe narrov B** statesD@ usesthe fully reconstructed
decaysof Bt — J/yK*, BY — J{UJK*O, andB® — J/Ks to reconstruct mixture of
B**0 and B*** statesin 350 pb~! of data[7]. The two narrov B** statesarefit by a
relatiistic Breit-Wigner convolutedwith a Gaussiardetectomresolutionfunction. With
thewidthsof thetwo narrav statessetequal,theresultsshovn in Figure3 are

« M(B;) = 5724+ 4(gtat) + 7(sys) MeV/c?
« M(B}) — M(By) = 23.6+ 7.7(dat) + 3.9(sys) MeV/c?
. [ =T =23+12(stat) 4+ 9(sys) MeV/c?
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FIGURE 4. Right: Massdifferencen theB — J/ K channellLeft: Massdifferencein B — Dt Each
narrav B**C decaychannelreshavn separatelyB:* contritutionis estimatedrom Monte Carlo.

CDF usesthefully reconstructedlecaysof Bt — J/yK* andB*™ — DOrt" to recon-
structthe B**0 statesn 370pb 1 of data[8]. Dueto very differentsignalto background
structure B**? eventscould not be addedtogetherandwerefit simultaneouslyin both
channelsNarrow B**0 statesarefit with anon-relatvistic Breit-Wignercorvolutedwith
adoubleGaussiardetectoresolution.Theresultsshovn in Figure4 are

« M(BY) = 5734+ 3(dat) + 2(sys) MeVi/c?
« M(B30) = 5738+ 5(¢tat) & 1(sys) MeVi/c?

CONCLUSIONS

All measurementagreewell with HQET models.Many measurementare statistically
limited, and will improve as more datais analyzed.The resultsare all interesting
and competitve; the semileptonicbranchingfractions, for example, are an order of
magnitudebetterthanprevious measurements.
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