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Motivation

Why B-Hadron Spectroscopy?

e Heavy quark hadrons are the "hydrogen atom" of QCD, and
b hadrons offer the heaviest quarks in bound systems

o \ery sensitive tests of potential models, HQET, and
all regimes of QCD in general, including lattice gauge calculations

Why at the Tevatron?

o Produce heavier states not accessible anywhere else: B!, B., B, B.*,
— Complementary to Y (4S) B factories Ay, Bpy 2p o
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B°- B* Mass Difference

e Probes size of Coulomb contributions to the quark structure of mesons

e Predictions ~uncertain since contributions from quark-mass difference
m(d) — m(u) and from Coulomb effects have similar magnitudes and opposite signs

BABAR arXiv:0805.0497 (this week)
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e Compare the two reconstructed momentum distributions

Amp = m(B°) — m(B%) = +0.33 4 0.05 £ 0.03 MeV

+0.37 £ 0.24 MeV
PDG 2007 World Average



B. Meson

e Unique in that it contains two different heavy quarks

o Decays: viab quark B — Bln"; BJiTv
via c quark |BI — J/n Tt} T/ DT/t

first evidence,

but poor mass

. m urement
annihilation B — (v casureme
e Expected to have lifetime ~1/3 of other hadrons
(decay length cuts not as effective at reducing backgrounds)
« Optimize selection critera on control channel B — J/iy K™
similar cuts on B — J/y", take enough data... s ut
— trigger, mass
2000 f—t—r—r — —— ey const.
L Num(BU): 19700150 bDF ~, 7000F P
Mass: 5278.9 = 0.1 MeV/c? S DO DO, L=1.3 fb
o 12.8:%1 §6000:—
Nzi ' BT — 550002— Bt —
§ 1000 [ J/wK—I_ %4000;
S (T 30000
5 F
500 [ 32000-
Q C
£ 1000}
3%

s

10

520 530 540 550
M(JAp K*) (GeV/c?)




Entries per 10 MeV/c?

B. Meson
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arXiv:0712.1506, submitted to PRL
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m(B) = 6300 & 14 4+ 5 MeV

e Comparison to predictions:

6600 - | | | | | | | i

- — (T +my)2 -

N o m potential models .
6500 [~ e lattice QCD -

—_ i v potential NRQCD ]
o T — CDF ]
> oop 4 — DO B
L L _
= [DO } :
T 6300 L \ { Y 3 —
S i o .
| CDF T

6200 | -
6100 | | | | | | | ]

|
221 [23]1 171 [24]1 [25]1 [261 (6  (7)
Different models —

e Experimental measurements now
smaller undertainty than
uncertainties on theoretical
predictions



Spectroscopy

Orbitally Excited B Mesons

- - L =1
Hydrogen atom of strongly Ja=Sq+L J=Sat ]
interacting systems lq =12 J=0,1|B7,Bi||B% B
e OCI(+gluon Jq =3/2 J=1,2|B;,B:]|Bs, Bz
degrees of freedom, ]
b Q "brown muck") Collectively referred to as: B** B
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BZ State

Belle arXiv:hep-ex/0610003

CLEO Phys. Rev. Lett. 96, 152001 (2006) ST T T T T
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e Running at the T (55, utilize the beam-constrained e Similarly, Belle

invariant mass peak positions for B*and B*

AM(B* — By) = 45.7 + 1.7 £ 0.7 MeV

M(B) =5411.7+ 1.6 £ 0.6 MeV M(B.) =5418 £ 1+ 3MeV
1.80 higher

e My average (including CUSB2 measurement)

M(B?) = 5412.8 + 0.9 MeV
tt —ti | AM(B* — B,) = 46.7+ 1.0 MeV




By — B*"n~; B*T — BT@)-

B** States By — B*n~; B*" — B@)-

Number of Events / 10 MeV/c?
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DO, L=1.3 fb™ Do not reconstruct

e Reconstruct
Bt — J/YK™T (~23k)
then add a pion

e First time these states
were separated

2025 0.3 035 0.4 045 0.5 055 0.6 0.65 0.7
M(B*r) - M(B*) (GeV/c?)

M (B;) =5720.6 + 2.4 + 1.4 MeV
M(B%) = 5746.8 £ 2.4 £ 1.7 MeV




B, — B*tn~; B*T — BTx

* % o
B** States Bf — B*tx~: B*t — Bty
* +
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; 1-2.
Q = m(Br) - m(B) - m_(GeV/c")

Kinematic
Threshold

M (B?) = 5725.351670-8 Mev
M(B3°) = 5739.91 17402 MeV




Number of Events / 3 MeV/c?

Number of Events / 3 MeV/c?

B, — B*TK ; B*T — BTx

*%* B

‘ 5. States ‘ »— B*TK ; B*T — BTy

20 D@ Phys. Rev. Lett. 100 , 082002 (2008) B; L BtYR
[ DO, L=1.3 fb"! e Reconstruct
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%% add a kaon instead of pion

+

100f

8ol

60f

a0f

M(B?,) = 5839.6 & 1.1 & 0.7 MeV
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140
[ DO, L=1.3 fb™'

1200 e Try fitting for B, ; statistical

100} significance is less than 3o .

- Hence with the current data, the
existence of a 5,1 state can be

neither confirmed nor excluded.
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: e This close to threshold, would expect

L heavy (factor ~0.074) phase-space
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Candidates per 1.25 MeV/c?
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B, — B*tK ; B*T — BTy
52— B*+K_§ B*" — BJFV

arXiv:0710.4199 By — BTK

e Reconstruct

— Bt — J/KT
%WWLWMWW CDF adds:
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CDF

20 B:* candidates
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bty Y

sl Bs* candidates
i with-

/then add a kaon (instead of a pion)
(two peaks in each
of these two channels)

e First evidence of narrow B, state

M (Bg1) = 5829.4 + 0.21 & 0.14 & 0.6 (PDG) MeV
M (B?,) = 5839.6 + 0.39 & 0.14 & 0.5 (PDG) MeV
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B5* Summary

Phys. Rev. Lett. 99, 172001 (2007)
CDF Public Note 8945

Phys. Rev. Lett. 100, 082002 (2008)
Phys. Rev. Lett. 101, 082002 (2008)

Predicted from D@ AM (B™*) —

Theory: 1. Matsuki et al., hep-ph/0605019
2. Ebert et al., PRD 57, 5663;
3. Eichen et al., PRL 71, 4116
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New b-Flavored Baryons

J =3/2 b Baryons

J=1/2 b Baryons 3b
2b

1b

0b

e Until recently, ground state A, was
the only directly observed b baryon

e More statistics, look for other
b baryon states



‘ 2, Heavy Baryon ‘ El()*”: buu

() —.
L=0 "atomic" system, 2 ¢ bdd
heavy quark and light diquark gg*ﬂ): bud
%qq:| Sp?n-01 Ay, V()0 _, Agﬂo
b spin-1: 2, tough at Tevatron
=32 %,
>, bqq JP:SQ+sqq
o | =12" X,
e Predictions from HQET,Lattice QCD,
potential models, sum rules:
Property Expected Values (MeV /c?)
Diquark spin alignment m(33;) — m(AY) 180 — 210
Hyperfine mass splitting m(X}) — m(Xp) 10 — 40
Isospin (u, d diff) m(X; ) — m(3;) 57
D(5),D(5) ~8 ~ 15




‘ 2, Heavy Baryon

e Form a large optimized sample Strong
of A} — Afﬁqc decay
E(*) -
b o v
PV A,
CDF 1.1fb™"  PRL 99, 202001 (2007)
N§ [ "ﬂ m— Total Fit
o 1400\ () + _FA |----- Partially-reconstructed A,
51200 :_Ab 7 AC N --- Fully-reconstructed B _
::, R B Partially-reconstructed B e Then add a pion
%1000 :— d Combinatorial .
2 sl * Data e Estimate backgrounds:
o
2 e00= ° AS with random
S r N(A,) =3180 = 60 hadronization tracks (89%)
- ‘ e other b hadrons (~7%)
200;_ | e combinatorics (~3%)
82 53 54 55 56 57 58 59 6 61 62

m(AL ) GeV/c?

e Fit for Q values and no. of
events



| =, Heavy Baryon |

e Constrain m(X;7) —m(X)) =

CDF PRL 99, 202001 (2007)
o O oo BT 4 = m(%57) = m(;)
> - |—Total Fit §60 ; Mﬁ'
o COR| [ Srctaroune] g0 #MM e Two peaks for each charge,
g b i S | 5.20 significance w.r.t. no
é 40:_ = Jf Jr signal
'Té 20'} g ] e Use CDF Il measurement of
§ P t m(A?) = 5619.7 + 1.2 + 1.2 MeV
NoesesssSe e e————— to get absolute masses:
80— §80 ¢
- m(3;7) = 5807.8729 + 1.7MeV
m(X;) = 5815.24+ 1.0 £ 1.7 MeV
m(25t) = 5829.07 15T F MeV
m(X;7) = 5836.4 + 2.07,5 MeV

I '16'0"0‘ —T50 '2200
Q = m(Adr) - m(A,) - m,  (MeV/c)



‘ 2, Heavy Baryon

e Splittings?
Property Values (MeV /c?)
Expected Measured (CDF)
. . T 0 12.0+0.2 *
Diquark spin alignment m(X, ) —m(Ay) 180 — 210 188.175 545
m(S,) —m(AY) 180 — 210  195.5+ 1.0 + 0.2*
Hyperfine mass splitting m(27) — m(2p) 10 — 40 21.1‘_L%:8J_r8:§
Isospin (u, d diff.) m(2; ) — m(Z) 517 7.4159
[(3), [(Z) ~ 8, ~ 15

PRL 99, 202001 (2007)

* Speaker's calc.



‘ 2, Heavy Baryon

e Splittings?

Property Values (MeV /c?)
Expected Measured (CDF)

Diquark spin alignment m(3;7) — m(AY) 180 — 210 188.1759 03"
m(2;) —m(A%) 180 ~ 210  195.5+ 1.0+ 0.2+
(Isospin averaged) — m(X, ) — m(A) 194 [1] 192
Hyperfine mass splitting  m(27) — m(2p) 10 — 40 01 1+2.040.4
m(ZH) —m(Zy) 200403 [2] © 1008
Isospin (u, d diff.) m(2; ) — m(Z) 5-17 74159
L(5), T(F) ~ 8, ~ 15

PRL 99, 202001 (2007)

[1] Karliner, Lipkin, hep-ph/0307243, PLB 600 (2008) 539
[1] Karliner, Lipkin, arXiv:0804.1575



‘ =, Heavy Baryon ' "Strangely Beautiful Baryon"

"Triple Scoop Baryon"

=0., —0 __ =0_0 —0 0
e Quark content: —b: PSU. T — DT =; — DA
=, bsd  EF — J/Et ZF o 207

CDF, DO CDF

e Decays weakly, dominated by b quark

e Lifetime should be comparable to other b hadrons
e DELPHI measured 7(Z) = 1.391052 ps from excess of 2~ £~ v, X events

= — J/=
p b /v e Challenging for track reco.

= A DO tracks usi
Dimuons! ° reprocesses tracks using
ut T A — pr special settings to improve
effic. of high-impact parameter
: tracks
‘A CDF uses
- /silicon-only .
| = ing f e CDF vertexing software needed
Ct~ 5 cm\ _ tracking for modifications
;/,/5; 5~ charged =

N (first time at a hadron collider)



=, Heavy Baryon

e Quark content:

"Strangely Beautiful Baryon"

"Triple Scoop Baryon"

Eb =bsu :8 — :O’ﬂ'o ‘_"b — DOA
E‘b_: bsd _,b — J/w Egt — E(c)ﬂ'j:
CDF, D@ CDF

e Decays weakly, dominated by b quark

¢ Lifetime should be comparable to other b hadrons

e DELPHI measured 7(Zp) = 1.39

p

Dimuons!

/A/ CDF tfses

T - silicon-only
~.5Rmn_ tracking for

charged =

Candidates / 1 MeV/c?

CDF

+0.34
—0.28

ps from excess

3000}
2000[

1000f-

L~1.9fb™

yield=23,500+340 ]
M=(1,321.3720.04)MeV/c3

Il Il
129 130 1.31

Il Il Il Il Il
132 133 134 135 136 1.37

M(Ar) [GeV/c?]

of =27 £ vy X events

o [D@,13fb" (a)
O i . .
o 400F | right-sign
8 [ = wrong-sign
S annl !
Sa00f Ty,
ﬂ i | S— Il
c [ i
9 200
wr

100F

1.28I I I1.3I 132 134 1.36
M(Ax) [GeV]



=, Heavy Baryon ‘ "Strangely Beautiful Baryon"

"Triple Scoop Baryon"

e Selection: cuts on momenta, vertex quality, decay length
e DO: based on wrong-sign data, signal MC
e CDF:use B" — J/vy K™ as control sample, replace K with

[1]

DO

Run 179200, Event 55278820, M(Z,) = 5.788 GeV



Candidates / (15 MeV/c )

=, Heavy Baryon

JPRL99, 052002 (2007)  L~19fb"
72_ CDF yield=17.5+4.3 E
°F M=(5,792.9+2.5)MeV/c?
= =
4 7.70 3
3:— =
Tl o0 Lﬂllﬂll
54 5.6 5.8 6_.0 6.2 6.4
M(JApZ") [GeV/c?]
PRL 99, 1052001 (2007)
12} -
: DQ, 1.3 fb™
10}
e Data
— Fit

o NN B O
T T T 17

M(Z,) (GeV/c?)

e D@: many checks that no
signal in wrong-sign A7 comb.,
= sidebands, .J/1 sidebands

e CDF also has signal in

—+ —0,_+
=, — Z.7 channel

e D@: lifetime consistent with
expectations:

DO, 1.3 fb™

g 19 ¢ Data signal

----- Data sideband
—— MC signal + data bkgd

|

-~ -~

| 1 [ | 1
0.2 0.3 0.4 0.5

Proper decay length (cm)
CDF
M(Zy) = 5792.9 + 2.4 £ 1.7MeV
DO

M(Z,) = 5774 + 11 + 15 MeV




=, Heavy Baryon ‘

Theory
prediction

®
Dg | ]Jenkins

PRL99, 052001 (2007) PRD54,4515

D Karliner et al

CDF =
hep-ph/0706.2163

PRL99, 052002 (2007)

| | | |
5.74 5.76 5.78 5.8 5.82 5.84
m(=Z;) [GeV/c?]



Conclusions & Prospects ‘

* Renaissance of spectroscopy (and properties) as new
heavy states continue to be discovered

* Match of data to theory predictions for most B mesons is
good; less so for the orbitally excited B* and By* states

* Excellent data-theory agreement for new heavy b baryons

* Providing useful input and comparisons to potential models,
HQET, lattice gauge calculations, other QCD models:
outstanding prospects for continued precision predictions

(e.9., 2, " inputs for =) QO — J/0
* Next good experimental prospects? Possibility of =;,. — J/yA.
:8 N
— =—c

among others...

* Tevatron doing very well, expect to at least double
our data-set to ~6 — 8 fb™' by the end of running in 2009 — 2010



Conclusions & Prospects

* Having trouble finding new names for new states (X, Y, Z...7)?

DILBERT
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PARTICLE AFTER AND -GEORGE MESON.

YOuU.

scottadams@aol

R S

www.dllbert.com

. 36|63  © 2003 United Feature Syndlicate, Inc.




	fpcp_cover.pdf
	fpcp_motivation1.pdf
	fpcp_motivation2.pdf
	fpcp_bc1a.pdf
	fpcp_bc2.pdf
	fpcp_b**spect1.pdf
	fpcp_B**1.pdf
	fpcp_B**2.pdf
	fpcp_B**3.pdf
	fpcp_Bs**1.pdf
	fpcp_Bs**2.pdf
	fpcp_B**_summ.pdf
	fpcp_bbaryon.pdf
	fpcp_sigmab1.pdf
	fpcp_sigmab2.pdf
	fpcp_sigmab3.pdf
	fpcp_sigmab4.pdf
	fpcp_xib1.pdf
	fpcp_xib2.pdf
	fpcp_xib3.pdf
	fpcp_xib4.pdf
	fpcp_xib5.pdf
	fpcp_summary.pdf



