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Abstract. Usinga largedatasampleof pp̄ collisionsat � s � 1 � 96 TeV recordedby theCDF and
DØ detectorsoperatingat the FermilabTevatron, the orbitally excited B mesonsB1 and B�2 are
observed directly as two separatestatesin fully reconstructeddecaysto B �	��
 π. The massesand
the massdifferencesbetweenthe statesarepresented.In the charmsystem,the orbitally excited
D mesonsD1 andD �2 areobserved in fully reconstructeddecaysto D �	��
 π. Measurementsof the
productbranchingratesof semileptonicdecaysB � D̄ �
� µ� νµX andtheir ratio arepresented.We
alsopresentthe observationof the semileptonicdecaysBs � µνD �
�s wherethe excited D �
�s states
arereconstructedin themodeD �
�s � D � K0

S.
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THEORETICAL MOTIVATION

TheD andB mesonsareexamplesof aheavy-light quarkboundstate.Thespectroscopy
of thesemesonsmaybepredictedthroughapplicationof Heavy QuarkEffectiveTheory
and the ideasbehindit, particularly in the limit m� c � b��� ∞. In this limit, the excited
statesaredescribedby the light degreesof freedomwith spin-parityJP

l . This leavesa
degeneratedoubletfor eachmesonstate,with thedegeneracy brokenby effectsof the
orderΛQCD � m� c � b� . Thesefirst excitedstatesareknown astheB��� andD ���� s� in theB and
charmsystemsrespectively. Measuringthepropertiesof thesemesonstestsHQET.

TheCDFandDØ detectorsaredescribedin detailin Ref [1] andRef [2] respectively.

D ��� massmeasurement

CDF measuresthe massesand widths of the D0
1 and D � 02 statesusing two fully

hadronicdecaychannelsin 210pb� 1 of data[3]:1

• D ��� � D ��� π ��� D ��� � D0π �
• D ��� � D � π � , with feed-down from D ��� � D � π0 channel

TheD ��� invariantmassdifferencefor bothchannelsis shown in Figure1. ThewideD ���
statesaretakenfrom thePDG[4]. Theresultsare

1 Chargeconjugatedstatesarealwaysimplied.
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FIGURE 1. Right: invariantmassof D �
 π ! combinations.Left: invariantmassof D  π ! combinations.
D0

1 contribution is shown in red,D � 02 in blue,D �
� widestatesin green,andbackgroundin yellow.

• M " D0
1 #%$ 2421& 7 ' 0 & 7 " stat # ' 0 & 6 " syst # , Γ " D0

1 #%$ 20& 0 ' 1 & 7 ' 1 & 3 MeV/c2

• M " D � 02 #($ 2463& 3 ' 0 & 6 " stat # ' 0 & 8 " syst # , Γ " D � 02 #%$ 49& 2 ' 2 & 3 ' 1 & 3 MeV/c2

D ��� semileptonicbranching rates

DØ measuresthe branchingfractionsof the decaysB � D̄0
1 " 2420# µ� νµX andB �

D̄ � 02 " 2460# µ� νµX, andmakesthefirst directmeasurementof their ratio in 460pb� 1 of
data[5]. TheD ��� invariantmassshown in Figure2ais fit with thesumof two relativistic
Breit-Wignersfor thenarrow states.

The branchingfraction for the decaysB � D̄ ��� µ� νµX are determinedby normal-
ization to theknown valueof the branchingfraction for )*" B � D �+�-,.� νX #/$ " 2 & 75 '
0 & 19# % [4]. To comparewith theory, thefragmentation)*" b̄ � B# is includedwhereB
is eitherB0 or B0 . Theresultsfor theD ��� narrow branchingfractionsare
132
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Observation of D �P�s

DØ observesBs � µνD ���s throughthe decaychannelD �����s � D ��� K0
S with D ��� �

D0π �Q� D0 � K � π � andK0
S � π � π � in 485pb� 1 of data.Thesignificanceof thesignal
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FIGURE 2. Right: TheinvariantmassM
2
D � π 4 . Pointscorrespondto D � π combinationswith opposite

chargesandthehatchedhistogramcorrespondsto samechargecombinations.Left: Theinvariantmassof
D � KS, whichshowsevidenceof theD ���s .
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FIGURE 3. Massdifference∆M � M
2
Bπ 46e M

2
B4 for exclusiveB decays.Theuppercurveshows the

total fit. Thenarrow B�
� signalis shown separately, with thecontribution from B�2 shadedin.

shown in Figure 2b is greaterthan 3.0σ, an excessof 18.5 ' 5.5 eventsover back-
ground.The observation is only of onenarrow state,the D 0s1 " 2536# . This observation
demonstratesthepotentialto measureproductionandspectroscopy of this state.

B��� massmeasurement

Both CDF andDØ measuredthenarrow B��� states.DØ usesthe fully reconstructed
decaysof B� � J � ψK � , B0 � J � ψK � 0, andB0 � J � ψKS to reconstructa mixtureof
B��� 0 andB����0 statesin 350 pb� 1 of data[7]. The two narrow B��� statesarefit by a
relativistic Breit-Wignerconvolutedwith a Gaussiandetectorresolutionfunction.With
thewidthsof thetwo narrow statessetequal,theresultsshown in Figure3 are

• M " B1 #%$ 5724' 4 " stat # ' 7 " syst # MeV/c2

• M " B�2 #gf M " B1 #h$ 23& 6 ' 7 & 7 " stat # ' 3 & 9 " syst # MeV/c2

• Γ1 $ Γ2 $ 23 ' 12" stat # ' 9 " syst # MeV/c2

Studiesof Orbitally ExcitedD ���� s
 andB�
� MesonsatCDF andDØ December12,2005 3



)
i2)    (GeV/c

i
πj) - m(B) - m(

i
πjQ = m(B

k0.0
l

0.2
l

0.4
l

0.6
l

0.8
l

1.0

 )2
E

ve
n

ts
 / 

( 
0.

02
 G

eV
/c

0
l10

20
m30
n40

50
o60
p70
q

)
i2)    (GeV/c

i
πj) - m(B) - m(

i
πjQ = m(B

k0.0
l

0.2
l

0.4
l

0.6
l

0.8
l

1.0

 )2
E

ve
n

ts
 / 

( 
0.

02
 G

eV
/c

0
l10

20
m30
n40

50
o60
p70
q  channel+ Kψr in J/+Q: B -1

CDF Run II Preliminary: 370 pb

Total fit
s

πt * B→u 1B
v

πt B →u 2
*B
v

πt * B→ 2
*B
**
sB
v
Total background

Non-Comb. Bkg.
w

Fit Prob = 91%

)
i2)    (GeV/c

i
πj) - m(B) - m(

i
πjQ = m(B

k0.0
l

0.2
l

0.4
l

0.6
l

0.8
l

1.0

 )2
E

ve
n

ts
 / 

( 
0.

02
 G

eV
/c

0
l10

20

30
n40
x50
o60
p70

80
y90
z

)
i2)    (GeV/c

i
πj) - m(B) - m(

i
πjQ = m(B

k0.0
l

0.2
l

0.4
l

0.6
l

0.8
l

1.0

 )2
E

ve
n

ts
 / 

( 
0.

02
 G

eV
/c

0
l10

20

30
n40
x50
o60
p70

80
y90
z  channel+π{ 0 in  D+Q: B -1

CDF Run II Preliminary: 370 pb

Total fit
|

π} * B→~ 1B

π} B →~ 2
*B
�

π} * B→~ 2
*B
�

**
sB

Total background

Non-Comb. Bkg.

Fit Prob = 70%

FIGURE 4. Right:Massdifferencein theB � J � ψK channel.Left: Massdifferencein B � D̄0π. Each
narrow B�
� 0 decaychannelareshown separately. B�
�s contribution is estimatedfrom MonteCarlo.

CDF usesthefully reconstructeddecaysof B��� J � ψK � andB��� D̄0π � to recon-
structtheB��� 0 statesin 370pb� 1 of data[8]. Dueto verydifferentsignalto background
structure,B��� 0 eventscouldnot be addedtogetherandwerefit simultaneouslyin both
channels.Narrow B��� 0 statesarefit with anon-relativistic Breit-Wignerconvolutedwith
adoubleGaussiandetectorresolution.Theresultsshown in Figure4 are

• M � B0
1 �%� 5734� 3 � stat � � 2 � syst � MeV/c2

• M � B� 02 �%� 5738� 5 � stat � � 1 � syst � MeV/c2

CONCLUSIONS

All measurementsagreewell with HQET models.Many measurementsarestatistically
limited, and will improve as more data is analyzed.The resultsare all interesting
and competitive; the semileptonicbranchingfractions, for example,are an order of
magnitudebetterthanpreviousmeasurements.
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