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Tevatron

@ pp collisions at /s = 1.96 TeV

@ Peak luminosity ~ 3 x 1032 cm—2s~!

@ CDF Il collected > 2 fb~!
@ Analyses today use ~ 1 fbo~

o ~ 2 fb~! analized for the summer
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CDF Il Detector

@ Good tracking resolution,
o(pr)/p3 ~ 0.1% GeV~!
@ Precise mass resolution

@ Silicon Vertex Detector

o Excellent vertex resolution
@ Crucial for triggering

@ Large acceptance and good ID
for leptons

@ Kaon/pion separation

o dE/dX inthe COT
@ Time of Flight
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Heavy Flavor Physics at Tevatron

v Large bb pair production cross-section: ~ 100 ub

@ 10%* interactions/s at peak luminosity

v’ All b species produced: B, By, Bs, Be, Np, Zp, . ..

@ Branching ratios of rare decays are O(10~°) or lower
X Inelastic background (QCD): ~ 1000 x o(bb)
X Low acceptance for opposite side B
= Trigger is challenging!
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Trigger Strategies

Di-muon

J/V — pp, B— pp
@ pr(n) >1.5GeV @ Exploits long B lifetimes

<

R e el @ o resolution ~ 50 um

B tuX (includes beam width)

Silicon Vertex Trigger (SVT)

@ pr(¢) > 4.0 GeV @ Very fast response at L2
@ pr(track) > 2.0 GeV
@ 120 < dp < 1000 um

Sketch of a B Decay

P22 GeVic; 13y; < 35
o= 47 um

Two displaced tracks
B — hh, ¥, Bs mixing
@ pr > 2.0GeV

[*) Z pr >55 GeV
-Eﬂu -400 -200 o 200 400 600
@ 120 < dO <1000 m SVTd, (um) d0 — impact parameter

/ BDecay Point

//” T 8 Production Point
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Bs Oscillations

Last Year in FPCP 2006

CDF Run Il Preliminary L=1.01b"

~ datat1c A 95% CLlimit 16.7 ps’
16456 O sensitivity  25.8 ps’

21 W datat 16456

data + 1.645 o (stat. only) m\

Amplitude

B> ID,X,B) > D, n*, B> D, " v

0 10 20 30
Amg [ps'1]

Evidence of B oscillations at 3¢ significance shown

Amg = 17.31 fg:?g(stat.) +0.07(syst.) ps—!
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Bs Oscillations

Improvements

Are we able to reach a 50 observation with the same data sample of

1fb~" but improved tecniques?

CDF Run Il Preliminary L=1.0f0"
L —— data
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@ PID information to reject background

CDF Hot Topics

from D~ mass missassignments

New trigger paths for semileptonic
analysis: 37,000 — 61,500

Neural Network selection for
hadronic modes: 3,600 — 5,600

Inclusion of partially reconstructed
hadronic modes: 3,100

Neural Network to combine OS
taggers: 15 % improvement in eD?

Neural Network SSK tagger: 8 %
improvement in ¢D?
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Bs Oscillations

Results
2 CDF Run Il Preliminary L=1.0f0"
§ [« datatic A 95%CLImit  17.2ps’
Z15F 16450 O sensitivity 1.3ps’
% o I A
E [ Midataz16450 &"\ L A A
< F data+ 16450 (stat. only) ‘]M \:/ 2l
0.5F I
E
-05F
1F
A5F
obe 1 e L
0 10 15 20 25 30 35

Am, [ps’]
Observed signal consistent with Bs oscillations at significance > 50
Amg = 17.77 4+ 0.10(stat.) & 0.07(syst.) ps~"

72| = 0.2060 = 0.0007(exp.) "5 3585 (theor.)
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Observation of New ¥, Baryon

More details in Michal Krep’s talk

o SO far Ab Only ‘ CDF Il Preliminary, L = 1.1 fb’
established b-baryon %‘m;‘ o e A, S, % Gomb. Bignd.
. = 1200 } ===+ A, semileptonic + other
@ Next accessible & — B semileptonic + other
b-baI’IOFIS are Zb g"oook -=== A, and B 4-track decays
@ — Ay > A K
+ 2 500 L
(/7=1") §
b a4 T 600
* _ [+
and Zb (J -2 ) © 0
200
° 6

6.L5 R i
m(Ag ) GeV/c!
@ World largest sample of Ap:

~ 3000 /\g — Nir—, Nf — pK—nt

@ Search for Zg*)i — N7t

@ Combine A, with a prompt track
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Observation of New ¥, Baryon

Results

o CDE Il Preliminary, L = 1.1 fb'__ Fit Prob. = 76%
@ Four peaks consistent with S b — Total Fit
(x)£ . . 2 F — Background
¥, states found in signal = o — 5 oA
region s | — XA
@ > 50 significance level o aof +
[] o
@ Unbinned likelihood fit: B 2°?+ jr % ﬂ
T o
m(X, ) = 581679 (stat.) = 1.7(syst.) MeV § o
i ‘
m(<,) = 580875 (stat.) + 1.7(syst.) MeV oF — Towl Fit
m(X;~) = 58374 4 (stat.) + 1.7(syst.) MeV g - Xii;:vlck/sigound
40— — — AT
m(x;") = 582978 (stat.) + 1.7(syst.) MeV } — 5o Ayt
30—
Plans: sl
@ Increase sample: alternate trigger :% % J[
paths, and adding other A, modes 10f
@ Measure ¥, properties: polarization, 85 == = T T
quantum numbers,... Q= mA%m) - m(AY) - m; (GeVicd)
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Lifetimes Measurements

@ Update on B, BY, Bs and A, lifetimes using exclusive decays

containing a J/V

B' lifetime measurements

B’ lifetime measurements

B’— J/y ¢ lifetime measurements

SLD (ABE 97)) —_—
1.660£0.060£0.050 ps
L3 (ACCIARRI 985) —_—
1.660£0.060£0.030 ps
CDF (ABE 95Q) —_—
1.63740.058 (+0.045-0.043) ps
OPAL (ABBIENDI 993) —— =l
1.643£0.03740.025 ps
ALEP (BARATE 00R) —_——
1.64820.049+0.035 ps
BABR (AUBERT 01F) ———
1.673£0.03240.023 ps
CDF (ACOSTA 02C) —_—
1.63640.058£0.025 ps
DLPH (ABDALL. 04) —e—i

1.62410.014£0.018 ps.

BABR (AUBERT 01F) —_—
1.546+0.032£0.022 ps.
BABR (AUBERT 02H) ——
1.52920.012£0.029 ps.

CDF (ACOSTA 02C) =
1497:0.07320.032 ps.

BABR (AUBERT 03H) ——
1.5330.0340.038 ps.
DLPH (ABDALL. 04E) ——
1531£0.021£0.031 ps
CDF (ACOSTA 035) —_—
1.540£0.050£0.020 ps.
BELL (ABE 038) -

1.5340.008+0.010 ps.

DO (ABAZOV 05W) —_—
1.530+0.043+0.023 ps.

CDF (ABE 98B)

CDF (ACOSTA 05)

DO (ABAZOV 05B)

DO (Run1l)

CDF Run 11 Prelim.

————
1.340 (+0.230-0.190) 0.050 ps
——

1.400 (+0.150-0.130) £0.023 ps
——
1.444 (+0.098-0.090) £0.020 ps
——
1.490+0.080 (+0.010-0.030) ps

—t
1.49410.054£0.009 ps

BELL (ABE 05B) —— BABR (AUBERT 06G) —— PDG World Average | 1.429+0.088 ps.
1635+0.0110.011 ps 1.50420.013 (+0.018-0.013) ps
CDF Run 11 Prelim. —— CDF Run 11 Prelim. —— PDG Flavor specific —
1.63020.016+0.011 ps 1.55120.019+0.011 ps 1442+0.06620.000 ps
World Average 163820011 ps World Average 1,530+0.009 ps
14 148 1.56 164 172 12 13 14 15 16 17 06 1 14 18 22

B lifetime [ps]

B lifetime [ps]

= Measurement for Bs more precise than PDG value

B"—J/y  lifetime [ps]

@ Next: Measure sin23 on B% — J/VKsand Bs — J/V¢
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Ap Lifetime in J/WA

- CDF Il Preliminary 1.0fb™” Signal region CDF Il Preliminary 1.0fb™
2 EF )

- 8 msignal

2 Ll — 8k

£ §7E — Signal+Bkg
@ H

&

N(JIy A)=532 ©=1.580:0.077ps|

565 57 575
Mass(J/y A) [GeV]

02503 0.
et 3y A) fom]

As lifetime measurements

7(Ap) = 1.580 + 0.077(stat) + 0.012(syst) ps

CDF (ABE 96M) ——
1.320+0.150+0.070 ps

ALEP (BARATE 98D) 'fZ'l;;O_]lOﬁ0.00U = .
orsLackm ) | et Most precise measurement
GLER Rt SN Ms»o-o.mm +0.050 ps . . .
Do (wazov 050 Consistent with independent CDF result

—_—
1.220 (+0.220-0.180) +0.040 ps

DO (DO 5179-Conf) —e—i
1.298+0.137£0.050 ps

°
°

R @ ~ 30 above world average
°
°

1508 220850078 2003355 Need more experimental inputs
ARSI R 1.5553)}7710.012 ps

World Average 1.230+0.074 ps

Plan to use Ap — Acm sample

0.5 1 15 2 25
Ay lifetime [ps]
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@ b — suTu~ transition requires FCNG, strongly suppresed in SM
@ New physics models allow significant deviations

@ Search for Bt — utu= K+, B® — ptu~ K, B — ptu=¢

@ Normalize each signal to analogous B — J/Wh decays
@ Many systematic uncertainties cancel in the ratio

CDF Run Il Preliminary L~1fb" CDF Run I Preliminary L~1fb” CDFRun I Preliminary L~1fb”
So 20~ * B'oup K Data § = B up K° Data § 5 = B,oupoData
2 — Signal region 2 — Signal region 2 —— Signal region
e — Sideband region e — Sideband region e — Sideband region
a:-’. 15 — Extrapolated fit ﬁ — Extrapolated fit ﬁ 4 — Extrapolated fit
H 8 8
3 ] g 3
2 10 2 2
S I 3 3

» 21
5 J
L=
0 . . . . . . 0 . . . . . H 0 1
5 51 52 53 54 55 56 57 5 51 52 53 54 55 56 57 5

51 52 53 54 55 56 57

m(upK?*) (GeVic?) m(upK®) (Gevic®) m(upo) (GeVic’)
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B— utu h

Results

BR(B'— p*wK*)

B‘R(B°—>‘ Wk

T
+0.15.

BABAR’06 0.31),,+0.03

0127

e

BELLE’04 0.63,70.03

CDF preliminary 0.60+0.15+0.04

[ —

BABAR'06 0.87'y 5 t0.12

033

BELLE'04 1.85)55,+0.10

CDF preliminary 0.82+0.31:0.10

| ————
NEW average 0.52+0.08 NEW average 1.18+0.20
M $¥/ndf = 3.4/2 > ¥*/ndf = 5.7/2
02 04 06 08 1 1.2 05 1 15 2 25

x10°

@ Good agreement and similar uncertainty for B-Factories & CDF

x10°

@ Found B — 1t~ ¢ excess with 2.4¢ significance
@ Most stringent limit on Bs mode (Bayesian approach)

B(BY — pu*p¢)

B(B3 — J/V9)

<230 x 1072 at 90% CL

@ Plans: NN-based selection, incorporate additional channels:
By — puKs, BT — ppukK** and Ap — pupl
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S. BO — hth'~

Charmless Two-Body B Decay

dfs)

@ Very rich physics: BR and CP < | N o
WSO b

asymmetries

i i B O ) 7 O B e
@ Useful for probing CKM matrix 1_\:\0

@ Sensitive to new physics

©
@ Invariant mass under 77 hypothesis E
@ Excellent mass resolution but still g
several overlapping modes fg
@ Likelihood fit performed to separate %
signal components 2
@ Information from mass, kinematics §

and particle ID (dE/dX)

=» More details in Simone Donati’s talk

Bruno Casal (IFCA) CDF Hot Topics

<> . = i Fd O

CDF Run Il Preliminary Lim=1 fo™

1400 N
1200 - B oK
[ ]88 »kK
1000 - BO/ED -
[ | B! Kn +§Z - K
800 O asprsy—pr
0 A2 pK+ A > K
600 [ Combinatorial backg.
- Three-body B decays
400
200

51 52 53 54 55 56 57 58

Invariant tn-mass[GeV/c?]
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B® — hth'~

Results

@ First observation of 3 new rare decays (first charmless decays of Ap)
> Neaw(B? — K~n") = 230 + 34(stat.) = 16(syst.) (80)
> Naw(A) — pr~) =110+ 18(stat.) + 16(syst.) (60)
> Naw(A) — pK~) =156+ 20(stat.) + 11(syst.) (110)

@ CP asymmetry measurement on B° system

B K nt)— 0, Ktn—
> Acp = Il\\ll((Boqi— W+;+g(<gbg+ﬂ_; = 0.086 + 0.023(stat.) + 0.009(syst.)

@ First measurement of CP asymmetry on B system

NBL =K n)=N(BI—K—nF) _
NB KT ) TNE KTy = 0.39 + 0.15(stat.) + 0.08(syst.)

> Acp =

@ No significant signal found for B — K*K~ and Bs — 7 n~
>~ B(B* - KTK7) < 0.7 x 107® at 90% CL
> B(Bs — ntn) < 1.36 x 10~® at 90% CL

@ Coming next: measure time-dependent assimetry of By — 7w and
Bs — KK
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Conclusions

@ Heavy flavor physics program at CDF is being very productive

@ Complementary and competitive with B-Factories

@ Great results obtained so far
Observation of Bs oscillations

@ X, baryon discovery
@ New B hadron decays
]

@ New results with larger dataset coming soon, stay tuned!
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BACKUP
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ANN-vs-Cut and Signal Yield

Neural Network improvements:

CDF Run Il Preliminary L=1.0fb"
%aooo— Neural Network Cut Based @ Large signal with lower background
E.ZSOO
Sao0 @ Makes it possible to add a new mode
S1s00 BY — Dfr—ntn~ with D — ntn—nt
L1000
e,
S 500
8
330005 Neural Network, but | Cut Based, but B2 Decay Chain Signal S/B  gain [%)]
3.2500’ not Cut Based £ not Neural Network Ds+ [rt]m— 1900 11.3 13
Sao00” 3 DI [K* 0Kt ]x— 1400 2.0 35
§1soo 3 DI [(3m) |7~ 700 2.1 22
1000 Di [¢pnt](37)~ 700 2.7 92
2 509 M D [K*°K*+](3r)~ 600 1.1 110
8 OFsboiit i I A S T B D;[(Sﬂ)+](37r)_ 200 2.6 new
48 5 52 54 56 58 6 48 5 52 54 56 58 6

candidate mass [GeV/cZ] candidate mass [GeV/cZ]
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Mass Fits

CDF Run Il Preliminary L=1.0f"
— data CDF Run Il Preliminary  L=1.0 o' CDF Run Il Preliminary  L=1.0 i’
% a0 —ft 30 — data Yo — data
% B? - D} w/K %’ it % ]
E 300 B Dym = =0 = = 10 _ ﬂ—t
o B0y ©20 B> DiKKx | BY > D:(3m) n
3 b — DX Q 2
2 2000 = Eﬁ ) oy i comb. bkg. > [ comb. bkg.
© D 9] M RO o o}
g B Ao §10 IE\’O*DJE_ 55 DRSS
& 10oF [ comb. bkg. 'g t . p > AT 'g
0 52 54 56 58 5.4 5.6 5.8 ) 5.4 5.6 5.8 )
¢n-m mass [GeV/c] mass [GeV/c] mass [GeV/c7]
CDF Run Il Preliminary L =1.0 o' CDF Run Il Preliminary L =1.0 o' CDF Run Il Preliminary L =1.0 i’
“o — data ‘o — data ) — data
Ezoo [ 215 — fit g €0 — fit
o 50 B — D} (¢m) 31 © BY > Di(KK)3n | = 20 B? - D(3n) 31
g [ comb. bkg. g1o [ comb. bkg. 3 B comb. bkg
%] — %]  — 1] . N
£100 B> 3r g [EB>D 3r £ B A0S Az 3n
0 + 0 +
2 50l P A-AT 2 5 B A=A S 2 }
= = C
© © I} @
o o o

k?
5.4 5.6 5.8 5.4 5.6 5.8 5.4 5.6 5.8

mass [GeV/cz] mass [GeV/cz] mass [GeV/cz]
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TOF separation power dE/dx separation power
% g 7%‘_Km COT dE/dx Separation Power—é
z z SF. E
& | S E
8 S 5
s R E
8 & 3F L 3
) I 3
- L o T3
0- 1 15 2 25 3 35 4 45 0= — 1I0 -
Momentum [GeV/c] Momentum [GeV/c]
Combined log likelihood:
Pror(K)P, K
CLL(K):Iog< ToF (K) PdE /ax (K) >
foP1or(P) Pak jax (P) + f Pror () Pae jax ()
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