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Hadronic environment

Disadvantages.

Y Ilmessyll

* opp. side b-hadron in central region of detector
only 20-40% of time (so flavor tagging is hard)

Advantages:
* Huge b cross-section (~100 m b total)

e producing BT, B® B, Ay, B., B* X, Q. ...
* however, only 1 pp per ~1000 soft QCD collisions)

=—> live and die by the trigger



B, lifetime in J/psi e data

e excess: 114.9+15.5+13.6 . y
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Entries per 5 MeV/c?

BC mass

CDF2 Preliminary
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Composition of B — hTh'™

* Mixture of: By — K&t

CDFIIl preliminary, L =355 pb’

B;— 7w 3 i

‘ T B.— KK = s (- hypothesis)
"B B, = K1t & sof
S - A
s 4002
K 3003
e Using dE/dx only -
* Effective K/m separationmE

of dE/dx ~ 1.4 0
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—> Separate on statistical basis



Multi-dim unbinned likelihood fit

For each particle, use: Pion momenta, p1 < P2
* dE/dx (calibrated on D¥) 'T\
 Kinegmatic: m(nt) and o
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B — hTh'™ : fit projections

CDFIl preliminary, L_=355 pb”’ CDFIl preliminary, L =355 pb™
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B, — KK~ lifetime

CDF Run Il Preliminary 360 pb™

* Proper time of B, decay:Z,, Moo
_ 3% W
ct = ny pr g 350, [ 5=ckoround

300F

 Measure lifetime of
each component
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: | 1 Ll L
00 0.05 0.1 0.15 0.2 0.25

e T, = ct(BK *K7) = 458+ 53 (stat)+ 6(sys) um e

« World average is (r2 +t,2) /(z, + ), extract AI'(CP):
AI'(CP) /T (CP) =-0.08 + 0.23(stat) + 0.03(sys)



Flavor tagging 101

To measure * Flavor at production (tagging)
mixing: —>{ * Flavor at decay

e ct =Lxy * m/pt

* Flavor tagging characterized by:
efficiency € and dilution D (related to purity)

e Statistical power ~ €I)?

* To maximize stat. power, D is often a function
of one or more observables

- Then use scale factor, Sp

- Average dilution = Sp+v/< D2 >




Flavor tagging at CDF

fragmentation ® For Opposite Side

decay kaon
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Enter Same Side Kaon Tagging

* Opposite Side
Tagging,
eD}or = 1.5%

* opp.side b-had
often not in
detector

| 95% CL exclusion

p——

er SM value
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SM fit
— stretch
— base
— current (W05)
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Scaled to yield at Winter '05

 Same Side Taggersfuse particles around B meson
 SSKT potential ~3-4% =—> x1.7 increase in

sensitivity!



Basics of Same Side Tagging

b b b

Bﬂl

5

- ‘7‘}?" ‘}

* First charged particle

( } /carrles info on B flavor

}ﬂﬂ{+ D depends on species
ds

e For Bs: find kaons
& (from fragm. or K*0)
ds ' '

using Particle Id.




Same Side Kaon Tagging

» Opposite Side: D same for all species;
—> measure D in B+, BO, apply to Bs

e SST species-dependent: measured D from
amplitude of BO oscillations

* How to estimate D before seeing Bs mixing?

- Measure D in Bs decays from Pyhia
- Ensure that Pythia matches data in all respects
- Systematics cover any (minor) discrepancies

(Underlying Event tuned in both Run 1 and Run 2)



SST algorithms

B meson direction PB

e If # tracks in
cone > 1, 5

algorithms

i . P
need to choose I b
|
: PTre.!
|
|
* Explored several | Cone
|
|
|

Candidate track F’;R

* Best algorithm based on kinematics is max

* Note: Pythia needs to match kinematics well
(and it does!)



Maximum CLL algoritm

* CLL = Combined Particle Id. Log Likelihood
(uses both dE/dx and ToF):

B Ptﬂf (K)'PdEdm (K)
CLL = log (0_1.pw ®) Pizde(0)+0.9-P,soy (ar)-PdEdm(ﬂ))

(not sensitive to exact p:m® composition)

* In a cone around Bs, chooses track most likely
to be kaon

* NB: Pythia does not need to perfectly match
kinematics of kaons in data! Only # of kaons
in the cone!



Dilution vs CLL of tagging track
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e D(CLL) used in the fit as event weight.



Step 1: bb correlations

* Gluon Splitting in Pythia must match data
e fit A¢(B™T,displ.vertex) in data to templates
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Step 2: observe B**

| Q: B inJ/y K' channel |
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Step 3: measure fragmentation

e use Lund functional form (params "a" and "B")

b-quark fragmentation models

1 owovenen Peterson (g, = 0.004)

| — Peterson (<, = 0.008)

- Peterson (g, = 0.008)

{ =] ung Al ERH)

{
Lund{a=1,B =10}
Lund{a =3, B = 22}
L

= Laadda ="9B.=56)

E® +pp

* sensitive only to linear combo of a & B CEP+pP
* systematics: reweight using 3 points from "valley”



Step 4. compare tagging vars

>/ NDF = 46.15 / 41, Prob = 26.79%, K-Prob = 8.24%

entries per bin

+2{ NDF = 18.60 / 19, Prob = 48.24%, K-Prob = 100.00%
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Step 5: particles around B mesons
e fit dE/dx in B, — v€D_ X sample

CDF Run Il Preliminary L= 355 p::l::'.u__1
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* Pythia has 3% fewer kaons in Bs cone:
—> randomize charge of excess kaons

P itrack), [GeV/c]

e syst.err: shift excess K' within data errors



Step 6: resonances in Bs cone

* Sources of non-prompt kaons in data and Pythia
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* slightly more in data, but overall very consistent

e syst. err = scale up 100%, down 50%, take largest
effecton D



Systematics on SSKT dilution

[%] BT = JjyK | BY = J}yK* | B, = J/¢¢ | BT = Dy BY 4 Dy
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Summary of SSKT

e dilution scale factor Sp = 98.8_%2:5
o effective dilution SD\/< D? > = 28.31&:% %

e tagging power 6,5% < B %= 4.04_?:3 Y%

* will be applied to all fully reconstructed Bs
decay modes!

(easy to transfer... only pr(Bs) spectra are
different)



Coming (very) soon

* Angular analysis of B -> \phi K*
e B, = puTu~ (x2 more data)

CDF Run Il Preliminary L =765pb’

e Ay lifetime in

- - data

'AbHJ/wA . h — fit

. (X2 more data) = o " B, — D; =

. E satellites

Ab — Acﬂ- E . background

. (x14 more datal) & it 14 | MWB oDz
* Application of SSKT to § oo filgt; _E e

fully reconstructed Bs =&

decays (semileptonics
too, but longer term) e

5 5.5 6
o(K'K)x ng mass [GeV/c’]




Backup slides



Indirect searches for New Physics

* Energy Frontier * Data volume Frontier

* Direct searches: * Indirect searches:
- Higgs - some weak B decays
~ SUSY have very low Prob.
_ Extra dimensions. .. - look for contribution

from New Phys



Syst. on data/MC agreement

* AX added in quadrature to stat. and syst.
errors

> 1<i<alXdatai — Xnmes) * wi

AX =
21554 Wi
1
W =
2 2
ﬂ-mdﬂ;tﬂ.,i _I_ HTMC,*E
1
TGAX =

\/Elgig Wi



The Curse' of High Luminosity

* Tevatron is doing
splendidly!

* But: high Luminosity
means more pile-up’
(a soft scattering
elsewhere in
along Z)

CDF Acquired Luminosity (pb™)

* TTT trigger rate goes as
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—, prohibitive at high Luminosity!

—

start high Lumi runs without TTT,
then add it back in as Lumi goes down



