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Introduction: B Flavor Tagging

B mixing and CP violation analyses:
e flavor: b or b quark
e compare B flavor at production and decay
e study observed flavor as afunction of ct

What Is flavor tagging?
 decay flavor: obvious from reconstruction
e atagger: tool to determine B production flavor
* thistalk: Opposite Side Soft Muon and Jet Charge Tagger

Flavor tagging at CDF: CKM matrix measurements
* primary interest:
1.Bs mixing
2.CP violation in Bgs—Jwy ¢ and B°—h'h
e also: B” mixing and sin2p in B°->JyK«



CDF Trigger and Data Samplhe

| adrons
trigger
Important for any tagger study: !epton
* |Jarge data sample of B candidates
* understood and removed backgrounds
* known flavor of thesignal B

CDF heavy flavor samples:
* trigger based on displaced tracks

A

* this study: lepton and a displaced track impact/
s |epton: Pt>4 GeV/c par amgt_er‘

\B

primary
vertex

> displaced track: Pt>2 GeV/c, |.P.>120um

* high statistics: O(1M) of semileptonic b events
e |epton charge = signal B flavor



CDF Run Il Preliminary L~190pb”’
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Definition of Tagger Quantities

Efficiency €.
* fraction of events where tagger reaches decision
€=Ntagged/Ntotal

Dilution D
* shows how correct tagger decision is
D=2P-1,
where P isthe probability of the correct answer
* when trigger B flavor isknown, D is measured as
D=(Nrs-Nws)/(NrstNys),
where Ns(Ny <) IS the count of correct(wrong) decisions

Tagging power eD*:
* shows statistical power of the tagger
e improve by binning in discriminating variable: eD*=2g;D;*



Dilution correction factor

Defining signal b flavor via charge of trigger lepton:
e convenient: I comes from B*,B% and I from B",B°
e complication: I charge shows decay flavor, not production
* sign flips:
>~ when aneutral B mixes
> when lepton comes from sequentials b—c—|

=o0bserved dilution D,,,, islessthan D¢ e

Solution: dilution correction factor
e derive using M onte Carlo simulation
* properly model detector, trigger and decay kinematics

D
N, =" =0.6412:£0.015(stat)

true



Soft Muon Tagger

trigger
lepton

Theideaof SMT:
* find events with OS B—uX
* OS u charge givesSMT decision
* same charge trigger u - OS . B
>Wrong sign events
* opposite chargetrigger u - OS .
>right sign events

primary
vertex

B

SMT qualities:
v high purity
>a0S u: amost awaysfrom B—-uX
x low efficiency: Br(B—uX)~10%
x OS B mixing: reduces performance

opposite side
soft muon



Soft Muonswith CDF Detector

Several muon detectors, complex geometry:

CMX
BMU

e Central muon systems. CMU, CMP (n<0.6)
e Central extended: CM X (0.6<n<1.0) CMP
e Forward systems: BMU (1.0<n<1.5)

M uon selection:
* isolated wrt trigger tracks

* Myt lep.->5 GeV/c: kill J (\ Pl
|

* good track-stub matching
e central pu: Pr>1.5 GeV/c_L

e forward u: Pt>2.5 GeVic




SMT with different muon systems

Tagger performance:

* averaged between e and u trigger samples
 uncorrected dilution quoted

Muon Type  Dyguy, % e, % eD?, %

CMUP 34.843.9 0.731+0.03 0.0984-0.021
CMUonly 13.24+35 1.23+0.04 0.050+0.017
CMPonly 23.9459 0.394+0.02 0.022+0.011

CMX 24.84+3.9 0.741+0.03 0.060+0.016
BMU 31.44+5.8 0.301+0.02 0.034+0.013
Muon quality:

* Muons with both CMU and CMP are best for tagging
* CMU, CMP, CMX only are worse

* BMU: lowest € because of forward tracking inefficiency



Dilution dependence on muon Pt

Tag quality variable: Pt™
* find track jet associated with the opposite side soft muon

e calculate transverse momentum relative to jet axis, Pt™
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Soft Muon Tagger Performance

Use discriminating variables and split data sample:
* by muon detector: CMU, CMP+CMUP, CMX+BMU
ein 5 bins of P®

The tagging power eD?of SMT:

e combined: >.eD* for all subsamples
e dilution corrected for trigger side mixing and sequentials
* averaged between e and u trigger data

¢D2=0.660-+ 0.193(stat)%



Jet Charge Tagger

trigger
lepton

Theideaof JQT:
e find jet of the OS Db
e calculate weighted average Q of jet tracks
e Qjet SIgN gives JQT decision
* same charge trigger U - Qjet:
>Wrong sign events
* opposite charge trigger W - Qjet: opposite
>right sign events sideb jet{-
JOT qualities:
x moderate purity
> Qjet isnot 100% correlated with b flavor y
v high efficiency:
> b in acceptance almost always gives a jet
x non-b jetsin the event: complicates jet finding

primary
vertex




Detalls of implementation

Find track jets:

* geometrical cone clustering
e seed off high-Pt tracks

seed tracks

Select the best jet:
* jet with secondary vertex
>very likely to beab jet
e otherwise, take highest-P jet

Calculate jet charge Qjer:
* weight Is P projection on jet axis
Zk qi<|3i°P_}et>
Qjet_ Z (ﬁi'P_;et>

tracks

w—P,. tracks

V.




JQT algorithm parameters
Choice of algorithm parameters:

* optimize algorithm parameters on u trigger data

* measure JQT performance on independent e trigger data
Jet charge:

e shift in Qj¢ for trigger I” vs|” demonstrates tagging quality
e jets with secondary vertex have higher + separation
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Dilution dependence on Qje

Tag quality variable: Qjet
* higher Qjet = higher dilution
* dependence isroughly linear

o 4gDF Run Il Preliminary L:=190pb'1 o 4gDF Run Il Preliminary Lfa1?£)pb'
> o " datapoints % .o " datapoints T
2 "} = linear fit to S "} = linear fit to o
g 35:— g E
© 302_ 1 © E
25, G o,
: £ |
a |
2

=y I ! ! I | I | I | I
8.0 05 1.0 :
Q. Q|



Jet Charge Tagger Performance

Use discriminating variables and split data sample:
* by jet type: jets with and without secondary vertex

e in 11 bins of |Qje(

The tagging power eD?of JQT:

e combined: > eD? for all subsam

nles

e dilution corrected for trigger sic
* measured on unbiased e trigger

e mixing and sequentials
data

£D?=0.415+0.017(stat)%



Summary

On alarge sample of semileptonic b decays:
e Soft Muon Tagger performance is measured at

¢D2=0.660-+0.193(stat)%

* Jet Charge Tagger performance is measured at

eD*=0.415+0.017(stat)%

JOT/SMT upgrades and studies of Soft Electron
and Kaon taggers are under way at CDF



