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Tevatron Performance

Just keeps running well:

® Typical weekly int. lumi 30-40 pb-

e Record initial luminosity:

31.2 x 10% sec*cm? (03/08)
e ~3.5fb!on tape (> 4.1 fb* deliv.)
e ~1-3 fbt used for analysis
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Strength of both Detectors:

® Silicon vertex trackers

® Central tracking in solenoid

e High rate trigger / DAQ

e Calorimeters and muon systems

Good electron, muon ID and acceptance
Excellent tracking acceptance |n| < 2-3

L2 trigger on displaced vertices
Excellent tracking resolution
Good low momentum PID

Manfred Paulini - HQLO08, Melbourne, 6/6/08




e A
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From hydrogen atom : s ww

to B hadron spectroscopy
Hydrogen _ o

atom Heavy-Light
q : meson
e‘e
qq : baryon

® Heavy quark hadrons are the hydrogen atom of QCD
=> study of B hadron states = study of (non-perturbative) QCD

® Provide sensitive tests of potential models, HQET and all aspects
of QCD including lattice gauge calculations
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How it all began ...

First fully reconstructed First fully reconstructed
B hadron states: B mesons at a hadron
— collider:
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® \Why study B hadron states at Tevatron?
® All B states are produced at Tevatron

separate talk

/Joe Boudreau
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Mesons: [BO = |bd), B~ = = |be
Excited B _ bta ‘B\fac fories =00 mb - 2 i Trefastic CrassSedtion
Mesons: s) = lbTaqt)
-+ 5000 x
Baryons: A = |bdu), ¥, = |bdd) b
Eb— — Ide) 105§ PP = DE e
. sub 4;%"

Other Bonus of B Physics at Tevatron: .
¢ Enormous cross section: E R G E

- B Factory: o(Y(4S) - BB) ~ 1 nb 2

- Tevatron: o(pp — b, |y| < 0.6) ~ 20ubd i
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B Meson States

_ B**, BS**
- BC
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B Excited States

e Until recently only ground states B9, B+, B

or excited state B* well established
e HQET predicts 4 P-wave states for the
excited B,4** & B**

- Two decay via S-wave => wide (~100 MeV)

- Two decay via D wave => narrow (~10 MeV)

Reconstruct B in J/{ and DY modes not
and add pion

B? — B*Tr
B*O N B:{c—{—
B*O — BTxa~
Bt — J/¢K+
L
Fit mass difference
Am(B**) = m(B**) - m(B) - m(m)
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Narrow B ** States

Results:

CDF Il Preliminary L~1.5f"
- AN Total Fit
B,—»>Bn
B, > Br (shifted)
B; > Bn

DO, L=1.3 fb™
N=662+91

B,»>B'm
B, > B (Shifted)
B, > B'T

—4—

50

Number of Events / 10 MeV/c?
o
o

' APTITY I TP TET %
82 025 03 035 0.4 045 05 055 0.6 0.65 0.7
M(B'r) - M(B*) (GeV/c?®) 0

M(B;) = 5720.6 + 2.4 + 1.4 MeV
M(B:) =5746.8 £ 2.4+ 1.7 MeV M (BY) = 5725.35,77){ MeV

PRL 99, 172001 (2007) M(Bz ) _ 5739 9+i 54_8 Eé MeV
Measurements in agreement

02 04 06 08 10
Q = m(Br) - m(B) - m_ (GeV/c")
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Narrow B.** States

e Decay Bg** to Bg 71 isospin suppressed
e Reconstruct Bg** --> B*K- with B*--> J/(y K+ & B* --> DOrt*
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(Bg1 not significant enough, < 3 o)
PRL 100, 082002 (2008) M (Bg1) = 5829.4 +0.21 £ 0.14 £ 0.6 (PDG) MeV

M(B?,) = 5839.6 £ 0.39 & 0.14 + 0.5 (PDG) MeV
PRL 100, 082001 (2008)

Manfred Paulini - HQLO08, Melbourne, 6/6/08 -12 -



B = Ibo

e Unique particle as it contains 2 heavy quarks
® Mass measurement tests potential models & lattice QCD
e Decay: Both quarks contribute to decay width

q, lep
- via b quark: discovery mode b W av.
B, — J/X  (J/dbm, ol Vi |
- via ¢ quark: Eb «Z
B_, — BgX (Bgﬂ'_, Bgﬁ_v) B‘:O . O B
- via annihilation: ¢ "'T;YV s

. q, lep
B, — ¢ v/qqX B Dﬁ'i}"ﬂ"<q’ lep .<%V

® Theory predicts lifetime of ~0.5 ps
(for lifetimes see talk Hal Evans)
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e Use fully reconstructed

B, — J/¢(—pTpT) w
for precise mass measurement

e Optimize selection criteria on B*-> J/i K+, e

applytoB, ->J/lyg m
® Results: Dy
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M(B,) = (6300 % 14 * 5) MeV/c?
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Comparison to predictions:
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Experimental measurements with small uncertainties
challenge theoretical models and Lattice techniques
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Baryons with Up, Down, Strange and Bottom Quarks and Highest Spin (J = 35)

Heavy B Baryons J=3/2 - Three Bortom Quars

Motivation:

Until 2006 AY = |bd u)
was only established B baryon
=> Search for

Two Bottom Quarks
not yet discovered

N =

Discovered

One Bottom Quark
not all discovered

El()*)_l_ =lbuu) Bp
SO0 = |bdd) EY = |bus)

No Bottom Quark
all discovered

Example: 2,

= 3/2*(Z,%)

P 4
2,:b{qq}, q=ud; JF=S,+s_
\
=1/2* (Z,)

H-atom: spin-spin interaction
= hyperfine splitting

-17 -
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Searching for: zl()*)Jr = |[buu) Ez()*)_ = |bd d)

5090 — jbud)y  m0 A 704 difficult for
CDF & DO

Search Strateqy:
Use CDF two-track trigger to reconstruct:

El()*):t — Ag rt
s Aj;ﬂ'_; AT - pK wT

C

e > decays at primary vertex

e Combine A, with a prompt track
to form a 2, candidate

e Separate 2,-and 2 ,*

Manfred Paulini - HQLO08, Melbourne, 6/6/08 -18 -
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=, Baryon difficult for

Possible decay modes: CDF & DO

=, = |bds) Ep —>J/¢E:/\
=9 |lbu s) Eg — Egﬂ'o, J/?,bEO (A'JTO)

Search for =, :

- Decays weakly through b-quark decay P
Expect lifetime similar to B lifetime
(DELPHI: 1.4 £ 0.3 ps)

- Reconstruct

2y, — J/¢Pp ET B
— A7
— pmw
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: 11415004 Run: 185281
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Challenging track reconstruction for =, :

® DO: Special data reprocessing to improve
e efficiency for high impact parameter tracks

Candidates / 1 MeV/c

2000

1000

e CDF: Dedicated Si-only tracking algorithm

to reconstruct = in Si-detector
® DO: Analysis based on wrong-sign data and MC
e CDF: Analysis uses B -> J/y K as control sample;

replace K with =

[ L L 1
129 130 131 1.32
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yield=23,500+340

M=(

1,321 .37i0.04)MeV/c%

D@, 1.3 fb" (a)

400~ { right-sign
—— wrong-sign

1.28 13 132 134 1.36
M(AT) [GeV]
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— PRL 99, 052002 (2007 -
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Both experiments see significant =
e CDF: M(Z,) = (5792.9%£ 2.5 % 1.7) MeV/c?

e DO: M(Z,) = (5774 £ 11 £ 15) MeV/c? = Mass
e DO: Lifetime consistent with expectations ) Theory
- / prediction
4L D@, 1.3 fb” DO ®
©12r lx; PRL99, 052001 (2007 [MJenkins
§ 10_ ¢ Data signal | - ::::::
e., 8:. """ Data sideband CDF hp-phm706.2153
[ 61 | — MCsignal + data bkgd L ER (I
S 4!
> r -
W2l T 4 L 574 576 578 5.8 5.82
0 0.1 02 03 04 05

Proper decay length (cm)
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=, signals (DO: 5.50, CDF: 7.70)

5.84

m(Z;) [GeV/c?]
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Conclusions

e Tevatron offers rich heavy flavour program
e Many result about properties of B states:

- B(s)*, B¢, 2y =

e Tevatron will accumulate much more data with
many more results to come before LHC(b) results
- Next discoveries: Q, =y, ... 2?27?

e Coming up or down under ?

LY
| “for [ | N
I Houc H I the philosophers club initiated
a food for thought program. .
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