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B Physicsat Hadron Colliders

Recent and future B physics experiments:

ete ® ZY SL C and LEP experiments
ep Hera experiments
e e Bfactories Babar and Belle «
Hadron collider

Central CDF, DO, <«
Atlas, CMS
Forward TevB, LHCB

Compare and Contrast —



Pros and Cons at Tevatron

Pros:

o Large cross section (~x1000 B factories)

» All B species (B*, B, B, B, B",B™", L,, ...)

* Higher Pt b largeboost b easier of measure lifetimes

* Incoherent production - easier for lifetimes and oscillation

cons.

e Lower luminosity

* Very large backgrounds

« Events not asclean

» Tagging mor e difficult

 Photons difficult (calorimeters optimized for high P,)
e Particle I D limited

* Must shareresourceswith high P, physics



Per formance

Run Il Tevatron
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The CDFII Detector

Central calorimeter

Muon system

Drift Chamber

Silicon detector



. Track and Vertex Triggers

SVT Impact Parameter distribution

XFT:

uses drift chamber
axial layers to find
high pT tracks at L1

Displaced
Vertex

SVT (L2):

uses L1 XFT
and silicon
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D& DT Run |1 Detector

Forward Mini-drift
chambers

Central Scintillator

Forward Scintillator
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Si, SciFi,Preshowers

New Solenoid, Tracking System | | |, | |

+ New Electronics, Trig, DAQ

Retained from Run |
LrAr Calorimeter
Central muon detector
Muon Toroid

New for Run Il

Magnetic tracker

2 Tesla solenoid

Silicon microvertex tracker
Scintillating fiber tracker
Preshower detectors
Forward muon detector
Forward proton detector
Front-end electronics
Trigger and DAQ



Tracked in
drift chamber

Tracked in slicon
vertex detector
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Lifetime Ratios
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Lifetimes

> 8

E 5 DO Runll = — All events

3 preliminary & Signal
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Lifetimes
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. L ifetimes
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Tagging

For many measurements (mixing and CP violation) it is necessary to tag
the B meson type (B or B) at production.

M ost tagger s based on B-hadron pair production at Tevatron.

SST
Qi
K 4>1~ —»4,
B B
eor m
Taggers. Efficiency e
Opposite side lepton (e or Dilution D =1- 2f 4,
pp ep ( rr) Neffective = eD2 |\IO g

Jet charge (P, weight char ge of opposite j et)
Oppositeside K
Same side tag (charge of track near B)



¥ Opposite Side MuonTagging
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Jet Charge Tagging

eD? ~0.42%

Working on
Improvements.
Expect ~1% soon.

Use Q; dependence
to weight events
with better dilution



. Same Side Tagging
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. Same Side Tagging
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"g . F_ ++ 280+ 26 signal events _-
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250 Width 0.041£0.004 GeV,/c™ + -
1 ++++ B.® K*K
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B® Dp

From 2 track trigger
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@ B.®Jyf B®JyK

VV decay

3 amplitudes:
Ao A CPeven
An CP odd

B, mass eigenstates (B, and B,,) are
expected to be nearly CP eigenstates.

A combined angular and time analysis

can separate these.

Ba:

’F'
g | Ao|?-e T2 £1(P) +
|Ay|%-e B 2 (P) +
|A L |?-e T HL f3(p) +
(

Re(AjA|)-e "1t £5(p)

B;:

dip .
agar < (Aol f1(P) +
Ay 12 F2(P) +
1AL % fa(p) £+

Im(ATA L) fa(P) +
Re(A3A))-f5(P) £

Im(A§A L) fa(P) }-e”

T4t
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B.® Jly f,B;® Jly K

B, B, Unconstrained Fit | B, Constrained Fit | unit
Mp | 52802+ 0.8 |5366.1 £0.8 5366.0 & 0.8 MeV/c?
Ap | 0.750 & 0.017 | 0.784 % 0.039 0.783 £+ 0.038
A 10473 £0.034 | 0.510 £ 0.082 0.539 & 0.070
A | 0.464 +0.035 | 0.354 + 0.098 0.308 4= 0.087
d | 2.86 = 0.22 1.94 4 0.36 1.91 +0.32
4 | 0.15+0.15
ctg | 462 + 15 2004 PDG:|460.2 £ 4.2 pam
Tl 316 U s 340 ) pm
CTH 622 [l 713 { ol pm
CT. 419 (2 460 4+ 6.2 Lm
AL /T, 65  (*33) 71 () %
AT, 047 (fgo) 046 (Zos) | ps™
Nsig | 1155 £ 39 203+ 15 201 £15
From MC, probability of > measurement:
SM: DGJ/G,~ (12 + 6)% DGG 0 120
This measurement predicts Unconstrained | 0.3% | 1.2%
Dm, =~125+ 65 ps* Constrained | 0.1% | 0.5%
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(D Pentaquarks

Several experiments havereported evidence for pentaquarks
(baryonswith 4 quarks and an antiquark)

Y |
Experiment | State | Mass
. uudds (MeV/c?)
Many Q* 1530
NA49 X, X0 | 1860
H1 Q. 3099

CDF has capability of seeing all these
states, has a large sample of data, and
has excellent tracking.

Wedon’'t see any of them.

[x]

32

ddss dusdd




Entries per 2 MeV/c?

Pentaquarks
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Summary

B Physicsat a hadron collider isa challenging but
rewarding field.

Precision measurements are possible in many cases,
Including some unique and rare signatures.
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