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Why B Spectroscopy?

 Heavy bound-state mesons
and baryons are the “hydrogen o
atoms” of the quark world h Q

* B spectroscopy measurements
provide sensitive tests of
potential models, heavy quark
effective theory (HQET), and

lattice gauge theory
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Why B Spectroscopy at the Tevatron?

* b-quark production cross-section is
large B
o(e'e” —> BB)~1nb atY(4S)

o(pp —bb)~5ub at2TeV
» Tevatron energy sufficient to create

states not accessible at the ete B
factories
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B Fragmentation Fractions

* B* (bu) (39.8+1.0)%
+ B (bd) (39.8+1.0)%
« BO_ (bs) (10.4+1.4)%

* b baryons (bud) (9.9+1.7)%
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B. (bc) Meson

* Bound state of two different heavy quarks

 Precise mass measurements from CDF
and DY using fully reconstructed
B. »>J/yn* decays

— test predictions of heavy-quark bound-state
models
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. PRL 100, 182002 (2008) PRL 101, 012001 (2008)
I ICIIDFI24|be R o O
v Afo? 108+15 Signal = sl D@, 1.3 fb"'
Saf AR T B ‘
¢ Significance 80 - p 30
g 30 ] Y o55 54+12 Signal
%20: B ::i 15
:g 102 10;
: i | | | ]‘E . Ay
T 86 58 6 62 64 66 68 7 12
5.6 5.0 6.4 7.2 6 5
Mass(J /ym) Ge\// c W) [GoVio]
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Orbitally Excited B™ Mesons

6.0

« Several quark 2 SRy =3/2
models yield mass, =59 1-0 =
width and branching S EL o o
fraction predictions 3 >°F B B

* Experimental 2 575 ol
observations can 5
help to elucidate 5.6 s
quark interactions - ~ #D-wave n
inside bound states s " 7 Narrow

* |Improve 5.4E e
development of - _E““'F T Threshold
non-perturbative T [

B,

QCD 5 oF ud, (s)

« B,,B’, widths ~100s MeV; too broad to be distinguished
from background

. B,, B*, widths ~10 MeV
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Orbitally Excited B™ Meson Masses

45.8 MeV 'y PRL 99,172001 (2007)

not observed
l%%%%%?

B > B'y,B" > JlyK"
Jly —pp

DO, L=1.3 fb"

N
a
o

 N=662+91
» Significance>7c

Number of Events / 10 MeV/c?
o
o

82025 0.3 035 0.4 045 0.5 0.55 0.6 0.65 0.7
M(B*r1) - M(B*) (GeV/c?)

M(B,) = 5720.6 + 2.4 + 1.4 MeV/c?
M(B",) = 5746.8 + 2.4 + 1.7 MeV/c?
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Orbitally Excited B™ Meson Masses

CDF Il Preliminary L~15fb"

B,B, > B r"
Bt > B'y

BT > JlyK" ID 7 (z"77) %1205

B, B" = Jiy K
— Background
— Signal

Candidates

o

0.5 0.0 0.5 1.
Neural Network Output

Total Fit
B,—»>Bn

Use Neural =
Net for S
preselection
N=1306+154 8003 o0& 06 08 10

Q = m(Br) - m(B) - m_ (GeV/c?)

M(B,)=5725.3*]2(stat)")? (syst)MeV/c?
M(B,)=5739.9"7/(stat)") 2 (syst)MeV/c*
['(B,)=22.172(stat)">2 (syst)MeV/c?
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Orbitally Excited B, Meson

L=0 L=1
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B™ Meson Mass

. PRL 100,082001 (2008)
COF Run o ot PRL 100,082002 (2008)
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J=3/2 b Barvons

J=1/2 b Baryons 30

0b

« Quark model successfully predicts observed B
meson spectrum

» Until recently, A5, (udb) was the only observed b
baryon
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2, ") (uub) and Z,,-) (ddb) Discovery

CDE I L=1.1fb"  Fit Prob.=76%

e Uses fU”y : __ Total Fit
50:_ > — Background

reconstructed P — % A

- — 3> Aln

decays collected
by a two-track n:
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S s A,

30|

Candidates per 5 MeV/c?

— Total Fit
> AT — Background
4 Ac — I > At
. — I At
—> pK 7

PRL 99, 202001 (2007)
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Q=m(Alr) - m(A,) - m_ (GeVic")
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2., "0 and 2, ) Masses
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15.
#+ == 1T4+10 =L +1.6+1.7
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_ - 9 y * i 13T i s
YT 69751 b —1.9-0.3 5836.4 4+ 2.012
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=, (dsb) Discovery

* “Triple-Scoop” baryon
comprising valence quarks
from all three known
generations [dsb]

« Theory: 5.7<M <5.8 GeV/c? =

— HQET [Phys. Rev. D51, 1125 K
(1995); 55, E5853 (1997)]

— NRQCD [Phys. Rev. D55, R10
(1997); 54, 4515 (1996)]

— Lattice NRQCD [Phys. Rev. Jy

D66, 014502 (2002)]
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=, Mass

PRL 99, 052002 (2007) PRL 99, 052001 (2007)
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Baryon Masses

Color Hy&rﬁne Interaction ~ 1/m, and 1/N_ Expansion

d

Mass /
: Theory
prediction
DO
PRL99, 052001 (2007) [UJ]J;I’L@;‘S
CDF % G
PRLS9, 052002 (2007) " ‘
5.74 5'|:'6 511'8 5.8 5|82 5.84 B N
. . . . . . | S
m(Z,) [GeVic] O pA —
5.9 |- i
i 43
S i 7 i
R — y
= 571 _
Lattice NRQCD results L _
arXiv:0806.4783 hep-lat 5.6~ 2 | —
June 29, 2008 A, I % 9 Q E E ZE
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Conclusions

 The Tevatron experiments are very active
In B spectroscopy

« Most analyses shown incorporate ~1.3fb"’
of data
— Already have ~4fb1 in the can
— Expect ~8fb-1 before pulling the plug

— Can expect many improved results and
maybe new discoveries in the next two years!
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Backup Slides
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B, Lifetime

* Decays Theory (hep-ph/0308214)
. t(B,)=0.48+ 0.05 ps
— via b quark:

« B.f > B,n", B I"v

—Via C quark B b " b arXiv:hep-ph/0006104
ST O I S
J /\V I v hep-ph/0002127
— Annihilation
« B~ I'v
i -IFr !
: it : B,

i

c as spectator (this talk) b as spectator (not seen)
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B, Lifetime

Submitted to PRL
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é‘- 1P —— Total Fit = [ ;_ﬂtﬂ';“
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I I | | | | | | | | | | | | | LU g = . ——bb
] [ bb & 107
T 10%. Fake Electron t ; Fake Mucn
0.4 0.6 0.8 1.0 LA S \(— Fake 'y 5 -~ Fake Jiy
o S 1 \\ W Residual Conversion | L 4| Prompt Jiy
iol - Prompt iy E Fit prob. = 0.51
B S E Fit prob. = 0.70 + E
¢ TP | 1
1 E
107} P A |
Icial world aver ' Wl IS, | e L L TS
M -1000 0 1000 2000 3000 40 -1000 (0] 1000 2000 3000 400C

Pseudo-Proper Decay Length (um) Pseuda-Proper Decay Length (um)

CDF result (e+p)
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£ 14[ D@, 1.3 fb”

G 12!

uN) 10:_E w

S H: Data signal

S 8f, - Data sideband

2 6} —— MC signal + data bkgd

= .

@ 4

- B 1

W2 M- L.
PRl L eI R R RSt R P
0 0.1 0.2 0.3 0.4 0.5

Proper decay length (cm)

 Lifetime in agreement with expectations

A better measurement would be an
interesting HQET test
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