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Tevatron « CDF
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B Physics « B Triggers

Huge production rates
» o(pp — bX, |y| <0.6) =17.6 + 0.4 (stat.) £ 2.5 (syst.) ub
3 orders of magnitude higher than at ete-— Y(4S)
Heavy states produced
» BO, B*, B, B, A, I,
Backgrounds are also 3 orders of magnitude higher
» Inelastic cross section ~100 mb

CDF Run Il Preliminary

» Challenge is to pick one B decay from ~102 QCD events g P ——

IT"S ALL ABOUT THE TRIGGER %0 |

600 |

Di-muon trigger
» p(pn) >1.5GeVic
» B yields 2x Run | (lowered p, threshold, increased acceptance)

Lepton + displaced-track trigger ol L

Tracks per 17um bin

» pr(n,e)>4GeVic, 120 um <dy <1 mm, p; > 2 GeV/c
» B yields 3x Run |

Two displaced-tracks trigger or s 0 o
mpact Parameter (Cm
» p;>2GeVic, 120 um < d, < 1 mm, £ p; > 5.5 GeV/c ’

HADRONIC MODE SENSITIVITY INCREASED ~4 ORDERS OF MAGNITUDE WRT RUN |
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Precision B Lifetimes M OtlvatIOn
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Precision B Lifetimes Se|eCtIOn and Flt MethOd

Decay p-(B) p(K/d) Pr(x?) | K/¢ mass B mass
B* —» J/y K* 55 1.6 103 — 5170 — 5390
By — Jhy K™ 6.0 2.6 104 | Mpp(K®©) + 50.0 5170 — 5390
B, —> Jy ¢ 5.0 1.5 10 Mppe(9) £ 6.5 5220 — 5520

B Fraction of signal events in the sample 1 parameter
E Mass 3 parameters

Gaus(m)—+Poli(m)
linear background

B Proper decay length s parameters

0QGaus(ct)+ > Expnp®Gaus(ct)

prompt J/y background n AT Bl 3 background tails

E Unbinned maximum likelihood 1+3+8 = 12 parameters

L =—2log]] f(m;,om,;,cti,oct, |parameters)
()
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Precision B Lifetimes Bs PrOJECUOnS

CDF Run Il Preliminary
- B> Jly o
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BKG: [ prompt
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long lived
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» Combinations with mis-measured tracks (+ lived)
* Prompt J/y (~85%) paired with (slightly) displaced
track (+ lived)

candidates per 50 um

CDF Run Il Preliminary L~240 pb!
B, - Jiy ¢ - data
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Fit prob: 26.9%

» Displaced Jhy (~15%) paired with (random) track
" b—>cos
= Remaining reflections and partially reconstructed B




Precision B Lifetimes B+ and BO PrOJeCthnS
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Precision B Lifetimes Resu ItS

CTp+ 498.1 + 9.9 (stat.) & 2.4(syst.) pm
ctgo = 461.3 £ 15.4 (stat.) 2 4(syst.) pm
410.4 £ 30.0 (stat. )+ g(syst.) pm

CT Bs

This PDG’ 03 Single best
BT| 1.662 4 0.033 & 0.008 | 1.671 4 0.018 | 1.695 &+ 0.026 £ 0.015
BY| 1.539 &+ 0.051 4 0.008 | 1.537 4 0.015 | 1.529 & 0.012 - 0.029

+0.008 +0.06
Bs| 1.369 = 0.100 " 5510 1.461 = 0.057 | 1.36 = 0.09 495

TR+/TRo 1.080 =+ 0.042(tot.)
B, /Tgo = 0.890 % 0.072(tot.)




Precision B Lifetimes AB _) \]/\lf A Jy—->p u, A->ptw

B First measurement of t1(Ag) in a fully reconstructed mode
Ag = AJv (A, —> pKn) 1= 1.33 + 0.15 + 0.07 ps

CDF Run II Preliminary, L = 65 pb™ CDF Run II Preliminary ~ 65pb™

I TR R T A | T La— 10’ E i Vb o 7
= _ E Unbinned Likelihood Fit To A, Lifetime
60 Ay — Jhy A s B
B =374+ ctat ) +29(svs
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50 _ E — signal region fit
- — background fit
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F  World average?®?? for t1(Ag)/t(B°) is 0.798 + 0.052

B Theory predicts 0.9 - 1.0
= + +
¥ Nowadays ct(Ag) = 374 £ 78 (stat.) £ 29 (syst.) um

T(Ag) = 1.25 1+ 0.26 (stat.) £ 0.10 (syst.) ps
T(A, PDG 2002) =1.23+0.08 ps
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Polarization Amplitudes M Otlva“ O ﬂ

F Bys — Jy K9¢) Pseudoscalar — Vector — Vector

B Decay amplitude decomposed into 3 linear polarization states
> A + AP +IA P =1
» A,=S + D wave = P even
» Ay=S+Dwave = P even
» A =P wave = P odd

Al _ 0.0772% (<0.29 95% CL)

E The mass eigenstates B, ,, and B, have

S

WORLD AVERAGE WITHt(B,) =7(B;) CONSTRAINT

E If CP violation neglected
» B igne = CP even
» B eay ~ CP odd
» Angular distributions are different

B Together with lifetime measurement, angular analysis can
separate both states and determine Al',



Polarization Amplitudes Event ReCOnStrUCtIOn
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Polarization Amplitudes TraﬂSVEFSIty BaS|S
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CDF Run Il Preliminary
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Polarization Amplitudes ReS U ItS
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B Mixing M OtlvatIOﬂ

New Physics may
affect AmJ/Amj

g

Amg prerequisite for
time-dependent B, CP
violation measurement
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sviing Bs MIXING Current Status

B Heavy Flavor Averaging Group
LEP, SLD and CDF | combined

E Most analyses used partially

reconstructed decays
Poor sensitivity at high 4m,

(O-ctAms )2
G(A) ce 2
Ly, nymB B O
Cct = =—5 =>0y="—730_ Ot —3
By Pr Pr ’ Pr

. . G B
Semileptonic decays Pr

. j ~15%
Pr CDF

O s
Hadronic decays { i

. J ~ 0.5%
Pr CDF

!"
tn

Amplitude

=
in

[\*)
T

L World average
[ + datatlc A 95% CL limit 14.5ps ~
[ - 1645¢G & sensitivity 183 ps’

[ datat1.645c
- [ ] datazt1.645 o (stat only)

0 25 5

75 10 125 15

17.5 20 225 25

Am,_ (ps'l)

Amg > 14.5 ps 95% CL (more than 3 full oscillations per lifetime)

From CKM fit Am¢ < 30 ps't 95% CL



s ving INQredients

opposite side | same side (vertexing)

opposite
side kaon

OF b

fragmantatlon 1. FINAL STATE
kaon RECONSTRUCTION
B hadro‘r; ________

Efficiency € = fraction of tagged events

FLAVOR TAGGING

D meson

Dilution D = 2P - 1 with P the correct answer probability
B Tagging effectiveness ¢D? shows statistical power of the tagger

B Flavor taggers can be topologically separated

» Same-Side is sample dependent
» Opposite-Side is based on properties of the non-reconstructed b



=viing SOt Muon « Jet Charge

Find events with Opposite Side B — pX
Opposite Side u charge gives Soft Muon Tagger sMT decision

Qualities
» High purity (OS p almost always from B — uX)
» Low efficiency, BR(B —» uX) ~ 10%
» OS B mixing reduces performance

Combined XeD? for all subsamples
based on muon subdetectors and p;™ bins 8D2 = 0.660 + 0.193 (stat.) %

Find jet of the Opposite Side b

Calculate weighted average Q of jet tracks !X ;l; e

Qi Sign gives Jet Charge Tagger JQT decision ,’\f\%: T "7.52\’\\‘~

Qualities ~~. \Op\t f'lnl :1 9 ~l thm
» Moderate purity (Q;; Not 100% correlated with b flavor) ~~d - !
» High efficiency (b in acceptance almost always gives a jet) TS~. ,’

» Non-b jets in the event complicate b-jet finding
Combined XeD? for all subsamples
with or without secondary vertex and Q,, bins eD2=0.415 + 0.017 (stat.) 0%




=viing SaMe Side Tagger Algorithm

E Look for the fragmentation track that is
charge correlated with the produced B

B Divide data into 3 subsamples C
depending on tagger decision g} KV p

» Right-Sign events (unmixed), Wrong-Sign
events (mixed) and Not-Tagged events

—
B meson direction PB

B Consider tracks close to the B meson

AR(track,B)=+/An? + Ap? <O.

~N

B Originating from primary vertex

F If multiple track candidates,

2 I Tall rel
L " Candidate track B, select the one with minimum p+



=viing FUllY Reconstructed Decays

0 *0 - p*0 - 0 = - S
B" - J/yK", J/y >y u, K”>K'm B-—>Dm,, D" >K'mrm
CDF Run Il Preliminary L ~ 245 pb CDF Run Il Preliminary L ~ 245 pb™
Prob =41.34 % Prob =38.29 %
1050 candidates } 4850 candidates
> > :'
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Jhy D
» [MJ/y) - Mpps| < 80 MeV/c? B2, <14
K*0 B AR(D,ng) <15
» |m(K™?) —mg,| <50 MeV/c? g
» Reject events with >1 K candidate E p;>1.6GeVic
B B
B Vertex probability > 0.1% B, <15

B L, >100 um B L, >300um



Amg using SST in By —» Jhy K0 (D)

CDF Run Il Preliminary L =245 pb”
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detector finite resolution

exact proper time

A" (t)=DcosAmgt (I AT (1)

combined y2 fit

_Glctict,04)® [e‘”’Dcos(Amd’r)]
G(ctict',o_)®@e™ S0

_--"_ ae° -
Amy = 0.55 £ 0.10 (stat.) + 0.01 (syst.) ps [e® wxofjﬁeaeeaogvsgt?‘i/
D=12.4+ 3.3 (stat.) + 1.2 (syst.) % \ & 129'3 poO%_ -~

gD?=1.0+ 0.5 (stat.) £ 0.2 (syst.) % NPT



Am, using SST in B, — ID” Decays

CDF Runll Preliminary L = 245 pb’

et —— CDF Runll Preliminary L = 245 |:vl:{1
0.2- . _
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D,=12.8+1.6 (stat.) + 1.0 (s.c.) + 0.6 (syst.) %

Asymmetry
Qo

D,=28.3+1.3(stat.)+1.1(s.c.) +1.0 (syst.) %

= Fit function
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s viking AMg Measurement Prospects

Requirements
» Clean signals (S/B)
» Vertexing resolution
» Tagging effectiveness

Modest improvements
» Adding D, - KK, D, »K,Kand B, - D.,37

» LOO innermost silicon layer
0,=67fs »0,=50fs

Short term 500 pb? no improvement up to 2005
» 20 (for Amg = 15 ps)
» Reach the current limit
» Cover the Standard Model favored range

NN
o

Entries per 20 MeV/c 2
N
o

—_
o

CDF Run Il Preliminary, L = 119 pb ™

o)
o

w
o

- N(BY) = 84 + 11

B,—>D,z", D, > ¢x~

o

L 1 J‘-‘- 1 +]
5.0 55 ,
D.n* Mass [GeV/c ]

Beyond the SM favored range conservative improvements up to 2008

» 50 if Am, = 18 pst with 1.8 fb?
» 50 if Amg =24 ps with 3.2 fb!



Conclusions

Precision B Lifetimes

B 5 B*, B, competitive with PDG
B First time A, lifetime i1s measured in a fully reconstructed decay

Polarization Amplitudes

B B, amplitudes consistent with B factories
B Best B, amplitude measurement
E BS —> J/\V (I) mOStly CP'even Al measurement imminent

B Mixing
B Firsttime Am, is measured based on the displaced-track trigger
E We are able to reproduce the B, oscillation frequency

E B, mixing

» Reach current limit with 500 pb! near future
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s viing S€MIleptonic Sample

B Test arena for Soft Muon and Jet Charge

B Based on lepton + displaced-track trigger
» High statistics ~1 million semileptonic b events
» lepton charge = signal B flavor at decay

B Background suppression = pure bb sample
» QCD background pp — uu, dd, ss
 Remove with signed impact parameter
» Charm background pp — cc
* Remove by 2 < Migpiontrack < 4 GeV/c?

-
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