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S5 Introduction

- B hysics at Hadron Colliders

Since the 1980's ...

- UAI1 cross section measurements

. Advantages:
- CDF fully reconstructed B->J/yK® Large o(b) X £
T T — o[ Runo(ss’8g) | | All mesons and baryons
. o 1 2 ,LNo svX; 2.6pbY | Triggerable: € or J/vy
¢ RCL % ' - | Multipurpose detectors
o g _ E b Disadvantages: (perceived)
N 5 - _ High backgrounds
i ST — 3'0\\“5 ® s st 52 5a 54 s ss | Limited GCCepTGnCC
DAL (o). o . I o MBGSS (Gi;/;) y Small Lorentz boost
a(b) in n channe >J/y Unk pidial .
PLB 213, 415 (1988) PRL 68, 3403 (1992) IO NAuitel &5 el

Study of Bc highlights hadron collider advantages

- Large cross section for producing triggerable low background
decays not accessible at the B factories.
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Tevatron and CDF in Run IT
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Bc properties

» Bc is a heavy-heavy system

- Production: Factorization with two scales M, + M. and
contributions of color singleT / octet Chang et al, PRD, 71 (2005) 074012
- Softer P; distribution? e

- Decay: both b and ¢ quarks

can participate
 Shorter c-like lifetime? weurves
. .represent
* Large number of final state BR's. _different singlet/

- Mass: hew system for potential PRt SomTrp s
models and new lattice QCD calculations
All aspects of the theoretical work require

experimental measurement => happening now at
the Tevatron
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Bc in Run I (91-96)

- A few candidate events at LEP and the CDF observation

d me ements... +6.2
e iz 20.4_5 5 signal events
_ : 1
1 i CDF Ollfb ~ M=6.4+0.39+0.13 GeV
’ %50 20.4 | 7 018

—
<
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PRL 81, 2432 (1998) and PRD 58, 112004 (1998) L T \
Production measurement (P,(B)>6 GeV/c |n|[<0.6): T w e

o(B)xB(B.->J/yetv) _ +0.041 +0.032
< < = 0.132. (stat)+0.031 (syst) _q0-0(CT)
o(B)xB(B,->J /wK) 0037 Note: assumYng hanOleOP spectrum in MC
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Run IT results:
semi-leptonic decays

+ B, ->J/y+tvwitht=e, pn
* Not fully reconstructed (missing v)

» Understanding backgrounds are key
- bb events with the J/y from b and € from b
- Fake muons or fake electrons
- Other backgrounds

» Study J/y+track and B ->J/y K

* Look for B, excess above background and
make measurements
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+ Use 2.7M J/y's in 0.36 fb-!

- Combine with third track with & w/o muon ID
- Pp»3 GeV, ct > 60um, and Ad(J/y—trk) < 90 deg

+ Use B,->J/yK from data for normalization
» Use Monte Carlo of B, and B, for ¢,

» Evaluate backgrounds in the data
- Fake muons, bb, fake J/v

+ Estimate systematic uncertainties
» Fit data in 4-6 GeV for signal and backgrounds

- Evaluate relative production of Bc to Bu
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Fake muon background

— o CDF Run Il Preliminary: L ~ 360 pb'1 CDF Run Il Preliminary: L~ 360 pb’
e o How many come from o 5o0F

& 205_ B, — J/y+|” candidates J/\I]"‘Tr'GCk Wher'e The Eafooé— Jhy+Track candidates
Q1 106 evts track is a fake muon? =0
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Fake muons: determine wt, K, p composition vs P+ (dE/dx

and TOF) and then use D”, A decays to find fakes vs P+
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More backgrounds

. bb background from Pythia Monte Carlo normalized to
B,->J/vyK data using A¢ distributions (vary production)

+ Fake J/vy from J/vy sidebands

CDF Run Il Preliminary

S [ Events 817 CDF Run Il Preliminary CDF Run Il Preliminary
S o = T 45 — &
60 - Total Fit Be_sult . 'NU NU E
E - - Gluon Splitting Fit Result — 40 = 7
=) 50f - Flavor Creation Fit Result % a5 %
% - - Flavor Excitation Fit Result 0 0] B:—
) r - Other J/yp Events = 30 = f
> 401 — L0 5:-
w . 25 a3
30 2 20 2
| @ 15 2
20 F
: < 10 c 25
0 G s b N
i ‘ ‘ | 0555 5 305313 1592355493 B3 8 01011 '122
OG5 o 15 20 25 Mass (") [GeV/c] Mass (J/ ) [GeV/c]
J/YI Ad (rad.)
Backgrounds from the Backgrounds from fake J/vy
other b: 12.7+1.7 5.7 (no double counting): 19.0£3.0
estimated in 4<M<6 GeV. estimated in 4<M<6 GeV.

2/14/2006 W. Wester, CDF, Fermilab, Lake Louise Winter Institute 9



Muon channel results

Mass window 3.0 — 4.0 GeV/c*[4.0 — 6.0 GeV/c*[6.0 — 10.0 GeV/c*
(signal)
B, candidates in mass window 724 106 =10.3 19+ 4.2
Fake muon background 3.9+0.7 16.34+2.9 2.2+0.4
BB background 0.6+0.4%0.1 127 1.7x£ 5.7 6.0£1.1 =1.8
Fake J/v background 0.5+ 0.5 19.0 = 3.0 5.0+ 1.7
Fake p from (J/vsi4e + Trk) 0.3+0.1 2.0+0.5 0.740.2
Total Background 4.7+0.9 46.0+7.3 12.542.7
Events above background 2.5+£2.8 60.01+12.6 6.5+5.1
__ 45CDF Runll Preliminary: L =360 pb" |)se MC for relative efficiency for Bc and
Ney 40E ¢ - B.—J/yuX candidates . _ .
% ok ‘\» ol backaround Bu along with Bu->J/yK to obtain:
O, 30 _|_ o(B)x B(B.->T/yev) _ P-(B)>4 and
25F =
ox 1 L 520 5(B)x B(B,->J/yK) lyl <1
@ 15 ' 0.082
% 10; O.249“0.045“0.069“0_033
it o Other measurements from this sample are
23 456 7 8 9101112 j ‘
Mass(Jit) (GeV /Cé in preparation. CDF Note: 7649
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Bc >J/yeX

- Fake electron
- Use J/y+track data
- Estimate fake rate from |
data (D°>Kn,A>pn)
» Photon conversion |

- Use J/y+tagged
conversion data

- Conversion finding
efficiency from MC

- bb background
- b>J/yX and b>eX
- PYTHIA bb Monte Carlo

S B

ey g
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the partner track during the
electron selection

* Evaluate the conversion
finding efficiency from MC

» Calculate the residual
conversion background as a

function of M(J/wye) using
J/y+tagged conversions.

» Expected background
- 1454 + 4.38(stat) £ 6.39 (syst)
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Remove conversions by finding

CDF Run 2 Preliminary: ~360 pb'1
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EWE clcctron channel results

+ Observed -
178.5+14.7 events
+ Background Lok
63.6+4.9+13.6
- Excess Foor
114.9+15 5+13.6 5
» Significance == e BN |
590 Mass(uie) (GeV)
o(B)x B(B.>T/ytv) _ T;f%)f and

o(B,)x B(B,->J/yK)
0.282+0.038(stat.)+0.035(yield)£0.065(acceptance)
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Precise |

ifetime

measurement

* Release e sample ct cuts
» Evaluate prompt N
background ¥
+ Determine K-factors
(missing-v)
- Difference between ¥
pseudo-ct and ct
- Fit for lifetime: signhal &«
and background
* Evaluate systematics
2/14/2006

K-factors vs M(J/vy e)

CDF Run 2 Monte Carlo

4< M(Jhy+e) < 4.5 GaVic

Mean ; 1.253
RMS : 0.221

0.5 1 1.5 2 25
K factor

CDF Run 2 Monte Carlo

5. < M(Jly+e) < 5.5 GeVic'

Mean : 1.057
RS : 0.111
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Bc lifetime

CDF Note: 7758 CDF Run 2 Preliminary : ~360 pb'1

Jlytelectron
—s— data
— fit total
B, signal
~ backgrounds
prob.=14.8 %
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Pseudo-Proper Decay Length (um)

ct(B,)

Systematic uncertainties

catalog description Fitted er (pum) Act (pm)
K-factor M(B,) = 6.4, 6.2 GeV 14047550 14307828 | £1.7
K-factor 7(B,) = 0.5, 0.7 ps 141.97%7 £0.2
K-factor Hy = J/v X spectrum 140.87%57 +1.3
K-factor Inclusive J/{Xev 140,57 558 +1.6
K-factor trigger simulation 14247757 +0.3
K-factor sub-total Aer = £2.7
Frake-e Use J/t+trk shape directly 140,615 -1.5
Fpake—dj use J/1) + e sideband 136.0°3% -6.1
Feonv—e Use tagged conv-e shape directly 141.27%7 -0.9
Fronv—e use J/t+conv-e sideband 144.87%5 +2.7
Fii use F'E only 150.2517% +8.1
Fi use GS only 13837150 -3.8
Fi No error scaling in MC 140.97345% -1.2
Background shapes sub-total Aer = (+8.5, —7.3)
Ly, resolution | extra Gaussian/symmetric exponential 137.0055%, 13657553 =5.6
L., resolution Punzi effect 137.37554 -4.8
Ly, resolution silicon alignment +1
Ly, resolution sub-total Aer = (+1.0,-7.4)

Total systematic error Acr = (+9.0, —10.9) |

142.1 +21.9/-19.7(stat) £10.0(syst) um

t(B,) =0.474 +0.073/-0.066(stat) £0.033(syst) ps
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* Full reconstruction allows
for precise mass measurement

CDFZ Preliminary

New analysis

- Tune selection on the data: 3
Bu -> J/vy K reference decay
- After approval, "open box".
- Wait for events to become
a significant excess

>

ey 52750401 WBU > J/ v K

600~

200

- Measure properties of the Bc
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Entries per 5 MeV/c?

COFZ Preliminary
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Recent Lattice Calculations

» Lattice calculations that show good agreement with
experiment were used to predict the mass of the Bc

09 10 11
quenched/experiment
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Summary and
conclusions

- The sTudy of the Bc is happening in Run II

+ Semi-leptonic decays observed >5c
-J/vuXand J/y e X
- Precise lifetime measured

- .t(B,.) =0.474 +0.073/-0.066(stat) £0.033(syst) ps

* Fully reconstructed Bc -> J/vy n sample >6c6

- Precision mass compared with theory
- M(Bc) = 6275.2 +/- 4.3(stat) +/- 2.3(syst) MeV/c?

* Bc at CDF is challenging theory with
promise of more to come
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