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E The Tevatron Collider

E The DY and CDF Il Detectors
¥ B, Mixing

¥ Al and ¢,

B > hh’

FB —> uu

F A, - J/y A Lifetime

F Observation of 2,

¥ Prospects




The Tevatron Collider

11 ppbar callisions at 1.96 TeV

11 2 fb data on tape

M Peak luminosity 2.9 x 1032 cm—zs—1

A1 Average 6 ppbar interactions per bunch crossing
A Anticipate luminosity as high as 3 x 10%2cm—?s—t
— challenge for detectors, trigger and reconstruction



The D@ and CDF Il Detectors

A CDF I _
= strong central tracking 2 /ﬁg

~ silicon vertex detector and trigger .= (
= particle ID (TOF and dE/dx).=<_ " ===
= excellent mass resolution="

¢ g

N
4 ,f, excellent cover%e of tracking and muon systems

ellent calorimetry and electron 1D
2T solenoid, polarity reversed weekly
['*Apifil 2006 Layer %) installation



s.mixng NEUtral B Meson Oscillations

F The eigenstates of the weak interaction are different from those of the
strong interaction = mixing in quark families

/
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B Oscillation frequencies Am, and Am, determine poorly known V,, and V/,
B Theoretical uncertainties reduced in ratio, 77% — 3%
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Lattice QCD, hep/lat-0510113




F Cleanest topology

B) > D.x*
D, —> or
(DS_ — K K", 7z_7z+7z_)

¥ Includes partially
reconstructed decays

*— __+ - +
Dy 7, Dsp

2

candidates per 10 MeV/c

CDF Run Il Preliminary

L=1.0fb
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¥ Total signal

» 8,800 fully reconstructed decays
» 61,500 semileptonic decays

—— data
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B, Mixing Results

CDF Run Il L=1.0fb"

2
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+0.0081 Am, [ps ]

Vit | Z 0,2060+0.0007 (exp.) %% (theo.)

s

¥ Probability that a random fluctuation mimics signal = 8 x 108 = 5.4c
1.2 fb!

¢ * ] Double-sided 90% CL, 17 < Am, < 21 ps'

Phys. Rev. Lett. 97, 061802 (2006)



Al and ¢ M OtlvatIOﬂ

¥ Light and Heavy B, mass eigenstates
A =T, — T,

F The mass eigenstates are expected to be almost pure CP eigenstates

¥ The CP violating mixing phase is predicted to be

¢, = (4.2 +1.4) x 102
A.Lenz & U.Nierste, hep-ph/0612167

E New Physics may alter ¢, leading to a reduction of the observed A7
Al = A PM x |cos ¢



AT, and ¢, BS %J/W¢

B 1.11fb7 I
p -1
B B.>J
s M 4 % ) VA =0.47733; (stat.)£0.01(syst.) ps™
gy CDF update coming soon
¢ > KK~

P Fit time dependent angular distributions, mass and lifetime
» direct constraint on ¢,
» 4-fold ambiguity, +¢, and +(w — ¢,)

the sign of sing, is reversed with the simultaneous reversal of the
signs of the cosines of the CP-conserving strong phases ¢, and 6,

é.| = 0.79 £ 0.56 (stat.) > (syst.) é,| = 2.35+0.56 (stat.) oo; (Syst.)
Al =0.17 £0.08 (stat.) £ 0.02 (syst.) ps*| A7; =-0.17 +£0.08 (stat.) +0.02 (syst.) ps™

consistent with the SM prediction




... Flavor Specific Decays

¥ Flavor specific decays of B, provide independent constraints

¥ An effective mean lifetime z, = 1/7 is related to the physical parameters
hep-ph/0201071, p.360

_@an)y  orny
27 Ik

S

S

r,=Tr,

¥ Use world average value 7;, = 1.440 + 0.036 ps

» includes recent DY measurement

7, =1.398+0.044 (stat.) 7o (Syst.) ps



.rands, Charge Asymmetry

¥ Another constraint on the parameters of the B, system
E Measurement of the semileptonic charge asymmetry induced by B, mixing
F Measurement “a

p— — la’i _ A{,Lz/zmgged _ N(E\ —> /€+X)_ ]\](Bs —> €7X>
o VD > @ i X)=Nph > g )| 27 s
Y ONbD > p X )+ N > T X)| - xfj . jf tan g, = tang,
agL =-0.0064 +0.0101 input from B-factories _ Am, A, S
=T Y= oE

P Measurement “b”

vt N'D)-N(wD?)
e S PR N(ﬂ_D:):aSL_+O.0245i0.0193(stat.)i0.0035(syst.)

E “a”and “b” are nearly independent (correlation < 1%)
¥ Combination — best estimate of charge asymmetry in semileptonic B,

ag =0.0001+0.0090

AT tan g, = 0.02 +0.16 ps™



¥ Repeatfitto B, - J/y ¢ (1 fb1) with
» constraint from charge asymmetry

» constraint from WA 7

¥ The contours indicate error ellipses

Aln(c) = 0.5 (39% CL)
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¥ ¢, ambiguity remains unsolved
¥ For the solution with
¢, <0, cos &,>0andcos 6,<0

Al =0.13+0.09 ps™

¢, =—0.7075%



s - Motivation

B The Tevatron has access to B, BY and baryons
» physics program complementary to the e*e~ B-factories

B Currently accesible BR can constrain theory

» compare measurements with allowed regions in
spaces of B — 77— and B, —» K*K~ observables

» probe for New Physics

W u




B — hh’ Strategy

¥ Two sets of optimized cuts

» (loose) to measure A (B — K*r)

» (tight) to observe B, — K-z and measure N(B, — K-7*) / N(B® — K*r)

CDF Run Il Preliminary Lim=1 fb™!

1600

Candidates per 20 MeV/c?

1400[

1200}

signal ~ 6,500

expected A, rare modes

50 53 54 55 56 57 58
Invariant nn-mass [GeV/c?]

Despite excellent mass resolution
(23 MeV/c) modes overlap in a peak

PID resolution is insufficient for
event-by-event separation

Fit signal composition with a
likelihood that combines information
from kinematics (mass and
momenta) and particle ID (dE/dx)



s -m BR Results

P Measured

BR(B® > 77
BR(B° > K'z")

=0.259+0.017 (stat.) £0.016 (syst.)

¥ Using HFAG 2006 averaged values

BR(B® - 7'z )=(5.10+0.33 (stat.) +0.36 (syst.)) x 10°°
BR(B, > K'K ™ )=(24.4 +1.4 (stat.) + 4.6 (syst.)) x10°°

BR(B’>r*r) x 10°

Cleo (HFAGO06) : . . 450+ 1.30% 0.50

BaBar (HFAG06) — 580+ 0.40+ 0.30

Belle (HFAGO6) —— 510+ 020+ 020 B BR(BO—> 7Z'+7T) N agreement
CDF 1 1" — 5,10+ 033+ 036 with B-factories measurement
e*e’ Average —.— 525+ 024

e*e’+ CDFIl Average —e— 522+ 0.22

35 4 45 5 55 6 65 7



s Rare Modes

CDF Run Il Preliminary Lim=1 fb™

‘o
S [
§ 1000 - B°—= K
. . . o - - B K
¥ Signal = 6 modes combination § [ e ke
» B - rr /K7 and B, -» K*K™ E;_ o] T .
already established " i - IR N
o o % 600 PN
B Set limits on annihilation modes g ] A pK+ Ry — BK
> BS — 7 ahd BO > KK~ 5 400_ \: Combinatorial backg.
(&) = - Three-body B decays
B 3 new rare modes observed 200!

% 51 52 53 54 55 56 57 5.8
Invariant tn-mass[GeV/c?]

N,.(B®—> K z") = 230+34(stat.)+16 (syst) 8o
N,.(A£ > pK~) 156 + 20 (stat.) 11 (syst.) 1lo
N> pr) = 110+18(stat) +16 (syst) 6o



sm DIrect CP Asymmetry

CDF Run Il Preliminary Lim=1 b

B “Is observed direct CP violation in
B9 > K*z— due to NP?

Check SM prediction of equal
violation in B, — K-z

Lipkin, Phys. Lett. B621:126 (2005)
Gronau & Rosner Phys.Rev. D71 074019 (2005)

E Expect large A p(B; - K 7*) = 0.37
B Sign opposite to Ap(B° - K*x)

" _NB > K x')- N(B°—>K7z)
"TNB s Kk )+NB s K
L, _NB KT )-NB K )
" NB, ->K'7z )+NB,>K ")

Candidates per 0.04

600
400

200/

R
38
T

1000~

800,

s’ Kr
H ES —K'n

[ ]background

—0.086 +0.023 (stat.) +0.009 (syst.)

+0.39+0.15(stat.) £0.08 (syst.)

_||||‘|||||\|||
% 01 02 03 04 05 06 07 03 09 1

Probability ratio ACP(B: - K

First measurement of CP asymmetry in the B, system




s .. Motivation and Strategy

B Standard Model prediction very suppressed

+ +
_I_
b ) W K b . 1
- o+ - W
Z
t I A} i —
A A
) w F w 5 d M
. - == W

BR(B, > " 117) =(3.5+0.9)x10"°
B Sizeable New Physics enhancement predicted in many scenarios

¥ Blind optimization using signal Monte Carlo and sideband data
¥ Normalize to known B* —» J/y K*

N r t0+tal X
5, Ay &g Jip BR(B" —> J/wK" )BR(J /v —> u' 1)

total
Ny Op &5 Jfoos,

BR(B, >y ) =

B Reconstruct normalization mode in the same data, applying same criteria
¥ Evaluate expected background, open the box and calculate BR or limit



Mg £+ 2.56 (~120 MeV) mass window

gu_m_an Il Preliminary
k. B gy 1
S012-780 pb”!
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s ... Results ar

¥ 780 pb* CDF B, limit
» BR(B, — ) < 8 (10) x 108 @ 90% (95%) C.L.

CDF update coming soon (sensitivity x2)

¥ 2 bl D@ B, limit
» BR(B,— ) < 7.5(9.3) x 108 @ 90% (95%) C.L.

F 780 pb-t CDF B9 limit, world’s best
» BR(B? > uu) < 2.3 (3.0) x 108 @ 90% (95%) C.L.

BR(B,)limit _
)SM

BR(B® Jlimit _
BR(B°)SM BR(B

N

20

110 fb-1 BaBar hep-ex/0408096
BR(B? - uu) <8.3x 108 @ 90% C.L.



A, = Jy A Lifetime ReSU ItS

¥ CDF and DY have measured A, — J/y A lifetime

F Smaller boost uncertainty than A, — A_ v (world average dominated)

¥ Earlier 7(A,)/%B°) ~ 0.94 predictions were 2c above experiment

» new calculations including higher order effects predict lower ratio

CDF 1.0 fb1 DY 1.2 fbt
signal 538 + 38 174 +21
1(A,) [pS] 1.593705% (stat.) £ 0.033 (syst.) | 1.298 +0.137 (stat.) £ 0.050 (syst.)
Apg—> Iy A° CDF Il Preliminary 1.0 fb™

E

S + Data gL * Data

> Signal - BkgAII
T - Bkg C B Signal

0 — Signal+Bkg 10° 3 — Total

* ct=477.6+24.2 um
10

| H

| L = . : ; i
-2000 -1000 O 1000 2000 3000 4000
Proper Decay Length (um)




4, s dy A Litetime SQUIMIM aly

Current NLO QCD + 1/m,?
t(A,)/t(B% = 0.86 £ 0.05

HFAG 2005 world average
t(A,)/t(B% = 0.803 £ 0.047

New CDF result
about 3c above PDG 2006

New DY results
consistent with PDG 2006 & CDF

Need more experimental inputs

Soon A, — A" = lifetime from CDF
yield ~ 3,000

Ay Lifetime Measurements
TAb/TgnpDG 0.5 0.6 0.7 0.8 0.9 1 1.1 1.2

| I I I I cepTErere |
ALEPH A_ | —e— 1.18 '+ 0.03

(91-95) 012 =
ALEPH A° I'T ; . | 1.30 D2°+0.04
(81-95)

OPALA, | ! . 1 1.29 2 +0.06
(90-95) ’
DELPHIA, |  }—e— 1.11 19+ 0.05
(91-95) ’

(CDI):AC I b—e—1 1.32+0.15+ 0.06
92-95

DO J/y A° ——e— 1.22 2022+ 0.04
250 pb™' (02-04)

CDF Prelim Jiy A° —— 1.59 + 0.08 + 0.03
1fb" (02-08)

DO Prelim. A_ | H—e—H 1.28 7012+ 0.09
1.3 fb™(02-08) -0.

DO Prelim. J/y A° —e—i 1.298+ 0.137+0.050
1.2 fb'(02-08)

e 1.230+0.074

JIIJllJJIIlIIlLF)I[)Jq?QQQIILllJIIJIIllIJIlJ
04 06 08 1 12 14 16 18 2 2.2

A, lifetime [ps]



Observation of 2,

¥ A, (udb) only established b-baryon
P Next accessible baryons:

uub and ddb states
¥ Lookat A, - A, 7rsample

B Signals consistent with lowest lying
charged 2, states

> S Art

A —> A

A — pK "
X, 5808739 (stat.) £1.7 (syst.) MeV/c?
X, 581677 (stat.) £1.7 (syst.) MeV/c?

3" 582971 (stat.) +1.7 (syst.) MeV/c?
X, 58377 (stat.) £1.7 (syst.) MeV/c?

Candidates per 5 MeV/c’

CDI_= Il Preliminary, L = 1.1 fb'1 Fit Prob. = 76%

50?—
403—
sof
2of

10

— Total Fit
— Background
— I oA
— X 5 Adr

— Total Fit
— Background
— I o Apr
— It Alm

y

. h " L | L L . L
0.05 0.10 0.15 0.20

Q = m(A%1) - m(A) - m, (GeV/c?)



¥ Very fast turn around of results at the Tevatron
» DU already showing 2 fb-1 results

¥ Competitive and complementary program to B-factories

¥ B, mixing measured
» Am =17.77 £ 0.10 (stat.) = 0.07 (syst.) ps?

E  First observation of
» B, > K
» A, = pK-
» A, > pr
E  First measurement of direct CPV in B,

¥ B — uulimits ~108

¥ Observation of 2,




Prospects |

E B, mixing phase ¢, not constrained by Am,

B A7 and ¢, from

» B, >Jy¢

» B, > KK-
360 pb-"

" 7(B® > KK )=1.53+0.18 (stat.) + 0.02 (syst.)

Ar (B > K°K°)
LI =—0.08 £0.23 (stat.) £ 0.03 (syst.
TR S KK SEOROEEED

» flavor specific decays B, —» D//v, D .z
» semileptonic charge asymmetry Ag,
» BR(B, » D) D))

1.3 fb-7, submitted to PRL
BR(B® = D{"D(”)=0.039"2% (stat.)"3% (syst.)

AL [T, =0.07975 %5 (stat.) 5 55 (Syst.)

ALL THESE MEASUREMENTS SHOULD CONVERGE
25



Prospects |

¥ Direct measurement of ¢,

» measure time dependent CP asymmetry in B, - J/y ¢
B A" from B, — J/y ¢ (AT theory = 0.07 + 0.50)
¥ CKM angle y~ 51°+ 20°
B DO mixing (evidence from Belle and BaBar)
B DO direct CP asymmetry

¥ Rare charm decays

» DO — [+~ could be world’s best
» D* ) —> mup or Kuu

P New b-baryon decay modes

» CDF lookingat =, > 57,5, > 5 J/y






B, Mixing Asym 11 etry

CDF Run Il Preliminary L=1.0fb"

—
LI B B I L B

o

1
—

Fitted Amplitude

—e— data

— cosine with A=1.28

-2
1 1 1 | 1111 | 11 11 | 11 11 | 11 11 | 1 1 11 | 1 111 | 1 |
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35

Decay Time Modulo 2rn/Am; [ps]




po mixing Charm Mixing

B Mixing observed in KY B, and B, but not yet in DY
¥ Charm mixing is slower than B or K mixing

¥ Use D* — DY 7* to tag the original flavor as D9 or anti-D°

» DY - K- z*, Cabibbo Favored (CF)
» DY — K* -, Doubly Cabibbo Suppressed (DCS)

DCS

D’ K



po mixing Belle and BaBar

Reminder
» y=A/2I
xX=Aam/I
Yy’ = ycoso — xsino
o = strong phase difference between CF and DCS amplitudes
mixing parameter y.p = 7(D° - K'7*) / ¢(D° — K*K’)
in CP conservation limit y-p = y

yYvyvyvyy

Belle
hep-ex/0703036

» 540 fbl
» Yop=1.31+0.32 (stat) £ 0.25 (syst) %
» more than 3c above zero

BaBar
hep-ex/0703020

» 384 fbl
» ¥y’ =0.97 £0.44 (stat) = 0.31 (syst) %
» 3.90 deviation from zero

Evidence for D9 mixing
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