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- Recent Heavy Flavor Physics results from CDF (up to 2.8 fb-1)
- Lifetimes: A, B, B,

- CP violation in By — J/VY® decays

- Rare decays
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- Central tracking:
- silicon vertex detector
- drift chamber
— excellent momentum, mass and vertex resolution
— trigger on long lived particles

- Particle identification: dE/dx and TOF
- Good electron and muon ID by
calorimeters and muon chambers
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B. Mass and Lifefime

- B, meson contains two heavy quarks: bottom and anti-charm

- Produced only at the Tevatron — unique testing ground for QCD

- Best mass measurement from CDF in B, — J/W¥ 11 decays (2.4 fb-1):
6275.6 = 2.8(stat) £ 2.5(syst) Mev/c2 phys.Rev.Lett.100:182002,2008

- Lifetime measurement in semileptonic decays B, — J/V e/u (1.0 fb-1)
http://www-cdf.fnal.gov/physics/new/bottom/080327.blessed-BC_LT_SemilLeptonic

cT = 142.5 (stat.) £ 5.5 (syst.) pim.

- good agreement with theory Phys. Rev. D. 70, 054017 (2004), Phys. Rev. Lett. 94, 172001 (2005)
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- Speaker’s lifetime average 0.459 £ 0.037 ps
- theoretical predictions 0.47 — 0.59 ps
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A, Lifetime in Ap—ATT

- Important test of models that describe interactions between heavy and light quarks within bound states
- In simple spectator model all b-hadrons have same lifetime
- Precise theoretical predictions difficult due to QCD effects

Ao

- OPE/HQET predicts lifetime hierarchy of b-hadrons: T(/\gl
T(B7)
7(B.) < 7(Ap) < 7(Bs) = 7(B°) < 7(BT
(Be) (As) (B:) (B%) ( ) Theory 0.88+0.05
- CDF analysis with large sample of ~3000 signal events in ~1.1 fb-" ExE 0.92120.036

- Displaced track trigger requirements: 120 um < IP <1 mm
— observed lifetime distribution is not an exponential
- Trigger bias corrected using simulation
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A, Lifetime Results

- Most precise A, lifetime measurement: http://iwww-cdf.fnal.gov/physics/new/bottom/080703.blessed-Iblcpi-ct/
ct(Ap) = 422.8 + 13.8 pum (stat.) &= 8.8 pm (syst.)

- Main systematic from trigger bias T (Ap)[this]
- Good agreement with theory prediction (0.88 + 0.05) BOPDG] 0.922 + 0.039
arxiv:hep-ph:0310241 T( )[ ]
- ...and with previous world average A, Lifetime Measurements
- . o -1
CDF Il Preliminary, L=1.1 fb ALEPH A, 1 + A° I 1.21+0.11
5 i B Four-Track OPAL A, | . 1.29*°24 + 0.06
0 2 | ™, | A, > A K 2
o = —— Combinatorial DELPHI A, | — 111755 £ 0.05
ot SR (- S A, Four-Track . K .
= -l My | A, Semi-leptoni¢ i O 1.32+0.15+0.07
e - A, Other
g 10 :— DO Runll 1‘\,,: | —m bl 1.290 :‘—0?-1112(;] Lﬂé};?
L] =
S F DO Runll Jy A o 1.2187°130 10,042
-g i +0.083
© - CDF Runll J."l[] A —— 1.593 .0.078 +0.033
1 B i l *
; CDF Runll A, @ (PRELIMINARY)  olas 1.410+0.046 +0.029
E 1| | o e Sy e M S PDG 2008 1.383 An i
-% & 0'20 0'2 | | 1 1 1 | | | | 1 1 | | 0'(':48 l 1 I l 1
Ct(Ap) [em] 0.5 1.0 15 2.0
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B, Lifetime in Flavor Specific Decays B, — D, © X

http://www-cdf.fnal.gov/physics/new/bottom/080207.blessed-bs-lifetime/

By

CDF Run Il Preliminary 1.3 fb”

-Decay modes: C
- fully reconstructed B, — D, (~1100 events ) —— 500
- partially reconstructed (2200 events ) - - gf“a
L I
. : . - D
-Treatment of lifetime trigger bias similar to A,—/A, s 200— b g:jD:E(m)
< - B.—»D.K
- Procedure tested and on control samples and found S %"Bﬁp
good agreement with world average % S~ } * - BE%_;?DB(
B - B,—»D{K
2 100 }H } MM ” B, >DUeX
S T H M A B, DX
ALEPH (1996) —a— B }l H } _____ BE—)Df*)K
1547074+ 0.04 - H —— B-D{'x
OPAL (1998) = 50— | A AX
157545 +0.04 - D,(sb)
CDF (1999 H—=H i
130 8'09 Eb{ﬁ 078 5 52 56 58 6 62 64
?5'—53';‘1 (2000) H—#— . Best flavor specific B, lifetime: S m(B) (GeV)
Aoy oo e T(Bs) = 1.518 £ 0.041 £ 0.025 ps
PDG 2007
1.41£0.04 - In good agreement with CDF and D@
results in B, — J/VY®
CDF (Prelim.)DS(clm)X [ o
1518+ 0.041=0.025 - Higher value will bring average closer to HQET prediction
e b b b P P iy TS/Td=1'O+/-0'02

0.6 0.8 1 1.2 1.4 1.6

BY Mean Lifetime (ps) - Compared to HFAG 2007: t/t, = 0.94 +/- 0.02 7
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CP Violation in B, — J/W® Decays
- CP violation phase B, in SM is predicted to be very small, O(A?)
BSM — arg(= Vi, Vi Ve V) 2 0.02]

— New Physics CPV can compete or even dominate over small Standard Model CPV
- Ideal place to search for New Physics
- Signal yield ~3200 events in 2.8 fb-!

CDF Run Il Preliminary ~ L=2.81b" CDF Run Il Preliminary 2.8 -
E 400 :_ § - + Data
= =" — Fil
% 350 g 103 E_ e S|'gnal
5 c _E F bight
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10054 b, { C
gﬂ++ N A o b -
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0 :I | 11| I 11 | L1 | I 111 | L1 | | L 111 | 11 1 | L1 1 | 11 1 E i [ 1 1 1 1 1 ) I L 1
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m (J1y 6)[GeV] ct (J/y 0) [em]

- Average B_ lifetime:
1(B,) = 1.53 £ 0.04 (stat) £ 0.01 (syst) ps

- Decay width difference AT:
A" = 0.02 £ 0.05 (stat.) £ 0.01 (syst.) ps



CP Violation Phase B, in Tagged B, — J/WO Decays

- Standard Model probability : 7%, ~1.8c
http://www-cdf.fnal.gov/physics/new/bottom/080724.blessed-tagged BsJPsiPhi_update_ prelim/

CDF Run Il Preliminary

— SM prediction
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- HFAG combines old CDF (1.4 fb', 1.5 o from SM ) and D@ (2.8 fb, 1.7 ¢ from SM) results
yield a 2.2 ¢ deviation from SM (similar results found by UTFit and CKM collaborations )

- The latest CDF analysis (2.8 fb!, 1.8 o from SM) not yet included

- Interesting to see B, with 6/8 fb-! by the end of 2009/2010
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Search for B, ;4 — e* p- Decays

- Neutrino oscillations: the only process observed in nature which violates lepton flavor
— lepton flavor violation should occur in charge lepton sector

- Can search for B, ; — e* p~ decays CDF RUN Il Preliminary (2fb")
- within SM expected to occur at extremely low rates  30f > 3
5 0 0
B e
- Physics beyond SM may enhance rates of such decays 251 g g
N e
- Pati-Salam GUT theory predicts existence of spin 1 « 200 o @
. 3] L @ ©
gauge bosons with both lepton and color quantum 3 C o 0
numbers (leptoquarks)  PRD 10,275 (1974) s - 5 o _
§ ' Sideband @ o Sideband
- Upper limits on leptoquark masses inferred from < N P — )
upper limits of lepton flavor violation processes @ 4oL - ]
like B, ;, — e* u~ decays -
05H
- Use B® -»Kmm B, — K K decays selected by -
displaced track trigger as normalization modes 0.9yl Ll b e e

M(e ") GeVic’
B(B>eu) <2.0(2.6)x 107 @ 90(95)% C.L. fen) Gevie

M_qo(B. -> ep) > 47.7(44.6) TeVic? @ 90(95)% C.L.

B(B,->en) <6.4(7.9)x10" @90(95)% C.L.
MLQ(B: -> ey) > 58.6(55.7) TeV/c> @ 90(95)% C.L.

http://www-cdf.fnal.gov/physics/new/bottom/080612.blessed-Bs_emu_limit/ 10
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FCNC Decays

- In SM FCNC processes are forbidden at tree level — only occur at higher order
- In many new physics models, decay rates of FCNC decays of b- or c-mesons
are enhanced w.r.t. SM expectations

- Best limits are set by CDF in various channels:

-2.0 fb-* (will approach SM prediction by the end of Run 2):
Br(B® — u+u—) < 1.8(1.5) x 108 at 95(90)% CL (SM: ~109)
Br(B, — p+p—) <5.8(4.7) x 108 at 95(90)% CL (SM: ~10-9)
PhysRevLett.100.101802

- 2fb-1:
Br(B, — e+e-) <2.8 (3.7) x 107 at 95(90)% CL (SM ~10-15)
Br(B, — e+e-) < 8.3 (10.6) x 10 at 95(90)% CL (SM ~10-15)

http://www-cdf.fnal.gov/physics/new/bottom/080612.blessed-Bs_emu_limit/

- 0.9 fb"
B(B* —» p*uK*) = (0.60 £ 0.15 £ 0.04)x106 consistent with world average and
B(B? — p*u K0 = (0.82 £ 0.31 £ 0.10)x106 competitive with best measurements

B(B, — uu-@) B(B, — Jiy@) < 2.61 (2.30) x 103 at 95(90)%CL

http://www-cdf.fnal.gov/physics/new/bottom/061130.blessed_bmumuh/

- 0.36 fb-"
Br(D° — pu) < 5.3 (4.3) x 107 at 95(90)%CL (SM ~4x10-13)

http://iwww-cdf.fnal.gov/physics/new/bottom/080228.blessed-dO-mumu/
11
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TOp|CS NO'l' Covered http://www-cdf.fnal.gov/physics/new/bottom/bottom.html

- Many other recent results not covered in this talk:

- Mass Measurement of the X(3872) State

- Search for Narrow Resonances below the [1 Mesons
- b baryons: %, =,

- CP asymmetry in semileptonic B decays

- CP violation in charmless B and A, two-body decays
- CP asymmetry in B* — DO K*

- Charm mixing

- Simulation free lifetime measurement

- Y(2S) production, Y(1S), Y(2S) polarization

- B — J/y K*® angular analysis

- orbitally excited B mesons

- b-B correlation

12
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Conclusions

- Very rich B physics program at CDF
- Complementary and competitive with Belle and BaBar
- Great Tevatron performance

— accumulate data fast

— expect 6-8 fb-1 by the end of Run 2

- Expect updates of many analyses

- Exciting time for flavor physics at Tevatron !

13
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Backup Slides
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B Physics at the Tevatron

g b
- Mechanisms for b production in pp collisions at 1.96 TeV
g b
Flavor Creation (gluon fusion)
ZEZ f q >’O’O\< b
g b
Gluon Splitting Flavor Ex0|tat|on Flavor Creation (annihilation)

- At Tevatron, b production cross section is much larger compared to B-factories
— Tevatron experiments CDF and DG enjoy rich B Physics program

- Plethora of states accessible only at Tevatron: B, B, A, =, 2. ..
— complement the B factories physics program

- Total inelastic cross section at Tevatron is ~1000 larger than b cross section
— large backgrounds suppressed by triggers that target specific decays

15
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CDF B Physics Triggers

- Triggers designed to select events with topologies consistent with B decays:

- 4 GeV lepton + displaced track (semileptonic B decays)

PVe—g D
- di-muon (B — J/¥Y X, B — up)
JIVY —
>
PVe—g = PKK
S

- two displaced tracks (hadronic decays)

16



Trigger Efficiency Checks and Systematic Uncertainty

- Use lifetime un-biased J/W—puu sample to determine trigger efficiency as function of J/¥ vertex
displacement in both data and simulation

- Data/simulation efficiency ratio is flat well within statistical uncertainty

- Use slope of linear fit to evaluate systematic uncertainty

- Leads to largest systematic : ~6 um out of 9 um total systematic

SVT efficiency ratio (Data/MC) vs J/y Lw
P -
O= - Entries 151852
=w 3 _ :
w - 2 | ndf 38.830/ 25
o - Intercept 0.949 + 0.015
B 2.5) onee
QoW Slope 0.037 + 0.102
W n
20 |+
: 1
1.5/ T
+ —-+ | I i
-1 e | ++ |+ + 5
- o + T T +
0‘5? Esvt = Nsvririg/Niotar
0 _l 1 | L 1 | 1 L 1 1 | 1 L 1 1 | 1 L ] 1 | 1 L 1 1 | 1 L 1 1 |
0 01 02 03 04 05 0.6

Jy ny [cm]

17
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Simulation Free Lifetime Method in B* — DO n* (1fb!)

- CDF has large sample of fully reconstructed decays of b hadrons collected by trigger which

requires two displaced tracks with 120 mm < d0 < 1mm
— in general, use simulation to correct for trigger induced lifetime biases

- Already good measurements of B, ( A, lifetime measurement expected soon )
- Use alternative lifetime measurement techniques not based on simulation for better

control of systematic uncertainties

- First lifetime measurement without use of simulation in trigger biased sample
B+ — D9 n* shows proof of principle
- use event by event acceptance function:

Prim B direction Prim

B direction
Vix

B direction Prir;'l

8 8, & &
8 8 ] ’_f_ s ,_’_LI
. s [ : :
g g < <
Only 1 IP in range, event not Two tracks pass all cuts Two possible track pairs: Trigger not passed.
accepted Acceptance turns on Acceptance increases Acceptance returns to 0

18




Simulation Free B* Lifetfime Results

CDF Run Il preliminary L=1.0 fio™

Ng 3000 B Mass

[ #  Mass distribtuion in Data
g - Signal

52500 [ Background

p

- 24200 +/- 200 signal events with S/B ~4.8

2000

Events

T(B+) = 1.662 + 0.023 (stat.) £ 0.013 (syst.) ps 1500

1000

- In good agreement with PDG average:

1638 + 0011 pS 5.25 5.30 535 5.40 D°n—'iﬁ:§s [Gev.fcz]
CDF Run Il preliminary L, =1.0fb"
- Method to be used in the future for better ¢ —
measurements of B, and A, lifetimes in 3.0l e sackground
trigger biased samples g T e e
- with large data samples will §
also need better control of C0e
systematic uncertainties
10—
- Important proof of principle for -
LHC experiments
1L

1 1 | I T | 1 1 [N D
1500 2000 250% 3000
Proper decay length D" n*[um]

L I T | I T | 1 1
0 500 1000



B, — J/W® Phenomenology

- B, — J/V® decay rate as function of time, decay angles and initial B flavor:

d*P(t, p)
dtdp

x| Aol * 7y f1(p) + | ‘1||| T fo( /) -~ time dependence terms

— ‘.-*1|}H-'~1||‘C{)b[(}|| ]—_|_fr-j,[p}

+ ALt @ B, dependence

terms with Amg dependence
“due to initial state flavor tagging

- C‘Ob((‘i_L i 0”) 0.:»(2,158 " bm(Amsz‘.)
+ cos(81 — &) hsin(23, /sinh(ATt/2)] strong’ phases:

Vi =+e It x [sin(d 1 ) cos(Amt) o1 = wrelddo)
— cos(d )cos(23,\sin( Amigt) 0L = zl.l‘g(_-*lj__.%:]l

+  cos(0 1 \sin(2/3, /sinh(AT't/2)].

- Tagging — better sensitivity to f3

20
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CP Violatfion Phase B, in Tagged B, — J/VY® Decays

- Likelihood expression predicts better sensitivity to 3 but still double minima

due to symmetry: 93 T — 943, _ o _
e e pseudo experiment 2p,-Al" likelihood profile
YT PP Y B ‘typical’
O_” - f)”' < 0.6 psglf)do-exp
0| — T—0| 4 -
. . — 04r
- Study expected effect of tagging using % :
pseudo-experiments 0.2
- Improvement of parameter resolution is small -0.0 - s
due to limited tagging power (¢D? ~ 4.5% 0.2F
compared to B factories ~30%) R
04
- However, B, — - no longer a symmetry .
— 4-fold ambiguity reduced to -0.6 -
2-fold ambiguity ogb—Lt v i
— allowed region for P is reduced ' -2 0 2
to half 2]3S (rad)
2Alog(L) =2.3=68% CL ___ un-tagged
2Alog(L) =6.0=95% CL  —— tagged

21
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CP Violatfion Phase B, in Tagged B, — J/VY® Decays

- Likelihood expression predicts better sensitivity to 3 but still double minima

- Study expected effect of tagging using =
pseudo-experiments 0.2

due to symmetry: 93 o _ 93
IR o pseudo experiment 2B.-AT" likelihood profile
Al' — —ATl 0.8r i
o) — 2m—0y. — B another ‘typical’
! - | I 0.6¢ pseudo-exp |
— 0.4:—

- Improvement of parameter resolution is small -0.0

due to limited tagging power (¢D? ~ 4.5% 0.2 - 5
compared to B factories ~30%) T E :
-0.41

- However, B, — - no longer a symmetry

— 4-fold ambiguity reduced to -0.6 |
2-fold ambiguity 08—t L
— allowed region for By is reduced ' -2 0 2
to half ZBS (rad)
2Alog(L) =2.3=68% CL ___ un-tagged
2Alog(L) =6.0=95% CL  —— tagged

22
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DO MiXiﬂg arxiv:0712.1567

- After recent observation of fastest neutral meson oscillations in B, system
by CDF and D@ — time to look at the slowest oscillation of D? mesons ©

- D% mixing in SM occurs through either:

- Recent D2 mixing evidence « different D% decay time distributions in
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Evidence for D° Mixing at CDF (1.5 fbb-1)

- CDF sees evidence for D? mixing at 3.8c significance by comparing
DCS D% —K*mr- decay time distribution to CF D% —K-11* (confirms BaBar)
- Ratio of decay time distributions:

R(t/7) = Rp + VRIJAt/7) + z” “ (t/7)

where @ =xcosd +ysind and 'y = 2 sin (5 + 1 cos I
o is strong phase between DCS and CF amplitudes
mixing parameters @ = AM /I’ y = AI'/2I' are 0 in absence of mixing

CDF Il Preliminary (1.5 l‘b'1]-

c 0.01 Fit type Rp(10=2) 4" (102} 2™ (10=°) ~* /d.o.f
- Uneconstrained 3.04 &£ 0.55 8.5 £ 7.6 —0.12 £ 0.35 19.2 / 17
- Physically

0.008 allowed 3.22 £ 0.23 6.0 £ 1.4 0 19.3 / 18
' No mixing 4.15 £ 0.10 0 0 36.8 / 19
0009 J|r Mixing
RIS Experiment Rp(107%) %' (107%) 2™(107°) Signif.

u.um:;--.=,_..;;I-Jf%"‘|--r e D) 304 £ 055 85 £ 7.6 —0.12+ 0.35 3.8

A | BABAR 303 £019 97 54 —-0.22 £ 0.37 3.9

‘ o Belle 3.64 £ 0.17 0.6 ¥39 018 o35 2.0

0o 2 4 6 8 10 ”
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