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Lifetimes

» In spectator model: b quark decays as free particle
= All b-hadrons have same lifetime

» Effect of spectator quark introduces differences

» Hierarchy of lifetimes predicted in 1994 by Bigi et al.

7(B*) > 7(B®) ~ 7(Bs) > 7(Ap)

» Special case B.
» Interplay of two weakly _ ::: pm:
decaying quarks i
. Expect lifetime shorter than i
any other b-hadron i . 7 /T
. Theoryinrange 0.47 - 0.59 ps e
» Concentrate on Bg, B; and A,
0.8 0.9 1.0 1.1 1.2
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B. Lifetime

» Both experiments B — J /ylvX

» Main issue Is to control and
understand backgrounds

o CDF: combined e and p
7(Bc) = (0.475%%%2 + 0.018)ps

s D@: only u
7(Bc) = (0.448*%%°°. + 0.032)ps

CDF Run Il Preliminary: ~1 fot

Averaged for World Average

Combined for CDF Il J/y+ (1 fo™)

World Average

CDF Run |, J/y+l

Events/0.005 cm
H
o

DO, I+ (1.35 fb™)

CDF Run II, J/y+e (1 fo™ 10
CDF Run I, J/g+p (1 fb7 1
CDF Run II, J/g+l (1 fb™)
Average =137.7+11.0um 19_1 .
00 150 200 250 300
B, cT (um)

CERN, 17.3.2009 M. Kreps

CDF Run Il Preliminary: ~1 fo™

€ 10°L . Data-J/yu
= - —— Total Fit
o = .
o) B — Signal
= .2l —— bb
*UE) 10 2 —— Fake Muon
[ L | S Vi Fake J/y
o I\ Prompt J/y
10¢ Fit prob. = 0.51
1 Y ‘ ‘
; N
10M] | ] x\
/ \ N
[ - ™~
10-2 . ":‘ ‘ “111 I T A ! ‘\L L
-1000 0 1000 2000 3000 4000
Pseudo-Proper Decay Length (um)
DG 13fb* — Total Fit
— Signal
Jpu MC
JY SB+p
| Prompt
----- Jp+Track
B+
....... “ | ”u
e [ °
N i

R R P I .1 N - |
005 0.1 0.15 0.2 0.25 0.3
VPDL [cm]

News from Tevatron —p. 3



Ay, Lifetime

» Long standing puzzles:

— Theory and experiment don't

agree well

7(Ab)

~B0y

7(Ap)

50y (&xP)

— CDF measurementin Ay, — J/

0.88 + 0.05

0.804 + 0.049

significantly above WA

— Use large Ay — A sample

CERN, 17.3.2009
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A, Lifetime Measurements

DO Runl (Abazov 05C) »———4d

DO Runll (5179-Con) —
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CDF Runll (hep-ex/0609021)
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Ay, Lifetime

o 7=1.410+0.046 4+ 0.029 ps
s 7(N\y)/7(B%) =0.922 +0.039

» Most precise A, lifetime measurement

AN Lifetime Measurements
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| T T | T T T | T 1T | L T T | T T T
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CDF Il Preliminary, L =
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B, system

» Bs system is unigue due to fast oscillation and non-zero Al
» Time evolution of states described by

d ([BJ()) _ i BY(t))
t <|§8(t>>> ) (M_ zr) (Ei?(t»)
o M and I are complex 2 x 2 matrices

» Observable parameters:
» Mean mass mq
. Mass difference Amg = my — m = 2|My,|
s Mean lifetime 7 =2/(I'y + )
» Width difference AT =T — 'y = 2|[12| cos(¢s)
s CPV phase ¢s = arg(—M1,/T'12)

» Bgy/Bs. mixture in final state important for - measurement
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B, — DX

» =~ 1100 fully rec. Bg

» =~ 2000 partially rec. Bs -
o 1:1 mixture of Bgy /BgL

— 7=1.518+0.041+0.027ps
— 7(Bs)/7(B®) = 0.99 + 0.03

» World best measurement
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X2 = 66.03

n(dof) I= 44

prob = 0.017
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Fraction of BS’H

Bias on T(Bs)(um)

0.68
0.66
0.64
0.62

0.6
0.58
0.56
0.54
0.52

Effect of Al on By /Bg. ratio

B, — DX

—— With Trigger Bias
------ Without

III|III|III|III|III|III|III|\II|III 1l

0.1

.0.2. —
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.0.4. — .0.5. —

AT/T

Effect of A on measured 7
Predicted Al

Effect likely below 0.002 ps
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ALEPH (1996)

+0.14
154014+ 0.04

OPAL (1998)

+0.16
15018+ 0.04

CDF (19992
1.36+ 0.09 *0%

-0.05
DELPHI (2000)
1.42 ) +0.03

DO (2006)

1.398+0.044 )0

PDG 2007
1.41+ 0.04

CDF (Prelim.) DS((pn)X

1.518+ 0.041+ 0.027

lllllll‘lll‘lll‘lll

0.6 0.8

1.4

32 Mean Lifetime (ps)
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B, — J/v¢ Lifetime

CDF Run Il Preliminary L =2.8fb"

s Three possible angular momenta: ™|
in decay Ns = 3150

— L=0and L =2 < CP-even
— L=1« CP-odd .
. . . i ,§+{+-+#++++ i
s A priori unknown Bgy /Bg, ratio Y
» Assume SM < no CP violation S mowey
. 3 80 DO, 2.8 fis*
— CP and mass eigenstates 2 70 N, = 1926
coincide > 60
_ 2 50
» Angular analysis to separate CP £ 4o _ SRR
! ) : 2 —— Total Fit
eigenstates (transversity basis) @ 30 — — Prompt background
2000 e Non prompt background
» Measure 7 and Al 00

51 52 53 54 55 56 57
Mass (GeV/©)
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B, — J/v¢ Lifetime

CDF Run Il Preliminary 2.81b" | g B (b) DO. 2.8 it
D 1 C
e o 10% .
S10° L S F Total fit
: S
5 10°F
) o C
10° &= N -
510
i @ f
10E lOE
15— 1;
I 01005 0 0.05 01 0.15 0.2 0.25 0.3 0.35 0.
ct (cm)
v = 1.53+0.04 £0.01ps T = 1.49+0.06 +0.03ps

AT = 0.02+0.05+0.01ps™t Al = 0.085992 + 0.001ps™?

Bs — DgnX 1 7=1.518 £0.041 4+ 0.027 ps
PDG B%: 7 =1.53 +0.009 ps
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FInding NP In ¢y

» Measurement of semileptonic CP asymmetry
— AgL = —|l'12/M12|Sin ¢s

— Difficult due to smallness of the Ag_
s Measurement of AT « Al =T — 'y = 2|'12]| cos(¢s)

— Need input for |[12| «<» can come from B(Bs — Dé*)Dé*))

» Measurement of CP violation in CP modes
Golden mode pursued currently is Bs — J /¢¢

l

l

¢»s not only phase entering here, but SM value small —
search for sizable NP can neglect SM value
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CPVin Bs — J/v¢

CDF Run Il Preliminary L=28fb"

-~ SM prediction : a~0.41 1
~ 0.6 —os%cL s v @ DO, 2.81b
" - — 68%C.L. | =0.30 m B LI
o — N
204 = F i j
L 0.2 AMs = 17.77 ps
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W [ | - M
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- ; AR R B RN R S B
-0.4F ; 02715 1 05 0 05 1 15
- =New Physics @, (radian)
-0.6 s
i | | | | | | | | | | | :I | |
-1 - —265

0 1
B (rad)— b
SM p-value 0.07 < ~ 1.80 SM p-value 0.066 < =~ 1.80
Strong phases constrained to

BO — J/yK*
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Constraining strong phases
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Effect of strong phases constraint

» When removing strong phase 2@ D0, 2.8
constraint second minima appear o "B e
0.2 AM = 17.77 ps’
» Two experiments quite comparable 01
-0
-0'1? [ Ar FAlg), x |cos((ps)|
CDF Run Il Preliminary L=238 fbt 0.2 T s 0 o T IS
- — SM prediction i @, (radian)
~ 0.6 —os%cL, 5 HEAG
'é 0.4‘_ — 68% C.L. _ Do 28m | |
- | ‘ 682/0 cL —
< 0.2F é 4l 9596 CL — |
: it G _— T 99.7% CL —
0.0 g | — 02y f ]
T‘_H\ u \HHW L ' wm u “H <]
0.2 0 s
0.4] \Of
06 | | |
-1 0 1 063 B 0 1 2 3
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CERN, 17.3.2009 M. Kreps News from Tevatron —p. 14



»s Combination

» A HFAG
CDF 1.35fb 2008 . .
06 o CDF 135 b '+ DO 2.8 "

68% CL
95% CL

68% CL —

99.7% CL 95% CL -

99.7% CL —

s N
AT [ps™!]

nel ) L
2 - - 2 3
/09 [rad] p-value = 0.031
HFAG 2.20 from SM
059 28 fo
n 68% CL — [
a 95% CL — | o6 .oy
S 3 2 1 0 1 2 3
@ 99.7% CL —
—~ ] J/pp J/ P ]
e ¢s/ - _2/68/ [rad_

— Combination with 2.8 fb—*
CDF result ongoing

p-value = 0.085
1.720 from SM

P S SO | — Working on unified treatment
@3/ [rad] of systematic uncertainties



B, — D{"D{"

Al and ¢g are related: S
AT = 2| 15| cos(¢s) V< DS
With 2]F12\ = ArCP = [even = rOdd /i;v C
Al measurement can be converted /! )
< < C
{0 ¢s Bob Vo .
Theory: Alcp /T =14.7 + 6% s S
S 3 > S
Dominant contribution from )
B, — DYDY d
V, +
In Shifman-Voloshin limit: O/'/’< D
mC — OO, mb — ch, Nco|0r — OO /(N C
Alcp = 2I(Bs — DD i / _
o Could one take CP-odd fraction in R0 Vo

Bs — DD} from B® — D**D*~? .
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B, — D;”Dy”

-1
o Dg — ouv e 70:_DO Run Il (2.8 fb™)
» Ds — om S 60 (a)
S 50
» Normalize to Bs — Dé*)W e 10 “Hi
s B(Bs — D{'D{Y) = S ot IR
35+1.0+1.1% €4
O E I SR T [N N TN T [N S S S S T SN S S N S S S
o Alcp/IT=724+214+2.2% 77718 18 20 21 22 23
m(qn) (GeV/A)
9 DS — ¢7T CDF 355 pb™
o Dg — o, K*K and mrm § : B“E_’;D'S“"”“"”)
» Normalize to B® — DsD :
» B(Bs — DsDs) = 0.947944 04 j ULl
0 .l
» Alcp /I > 1.2%@95% C.L. | Mass Gevic?
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DO Run 11 (2.8 fb!)

| n0 AORO
coarep B g
Theory uncertainties? g | - -7 ™ o
0.2:_ ,', ° “,
B ! [ dashed: 68% C.L.
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Semileptonic CP asymmetry

» Uses B; — Dg u*X with Dy — o

s Performs tagged time dependent  ag; = —0.24 £ 1.17"%75,%
analysis

' i : DO (tagged, 2.8 fb ~
» Assume no direct CP violation (120ge )

I S
o SM expectation agy =2 x 10~
| pdmcandidates | .
Spy— DY Run Il Preliminary DO (untagged. 1.3 fb -3
812000 IL dt=2.8fb - e
2 N, = 53592 + 718
#*#10000 s

8000 CDF (uut, 1.6 fb)

6000

4000

b e b b b been o]l b
-3 -2 -1 0 1 2 3 4 5 6 7

11 I 11 1 1 I 11 1 1 I 11 1 1 I 11 1 1 I 11 1 1 I 11 1 | I 11 1 1 I 11 1 1 I 11 1 | I 1 s 0
07975 18 185 19 195 2 205 21 215 22 aSL [ /0]
M(KK 1), GeV/c?

2000
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Rare decays to lepton pairs

» FCNC decays to "I~ from same generation
s Strongly suppressed in SM
s In SM only through box or loop diagrams

- Many models of new physics can give significant
enhancement

s Observation at Tevatron would imply new physics

» Lepton flavor violating decays
s Forbidden in SM

s Observation of neutrino oscillation = lepton flavor
violating B decays should exist

s Rate still extremely small

s Can be enhanced in some new physics scenario like
Pati-Salam leptoquarks

» DY — 1 special case as it probes down type quarks in loop
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Bd,s — el

B(Bs — ey) < 2.0(2.6) x 107 at 90(95)% C.L.
B(B® — ep) < 6.4(7.9) x 108 at 90(95)% C.L.

CDF RUN Il Preliminary (2 fb™")

2000

1800

1600F- N(BO — Km) =
‘o 1400
> -
o -
S 1000
c -
> 800+
w -

600 s

400

200 /8

91.8 49 50 51 52 53 54 55 56 57
2
M(t1T) GeV/c
CDF Run Il preliminary ( 2fb™)

T F B(B, >eu) <6.4(7.9)x 10°  90(95)% C.L.

OCA'D.; C LQ(B -> elt) > 58.6(55.7) TeV/c? 90(95)% C.L.

g [

o
o

10°

[ 95% ClL.

G. Valencia, S. Willenbrock, PRD 50:6843 (1994)
with: 1(B ) =1.530 +0.009 ps

m(B ) 5.27950 + 0.00033 GeV/c?

m, =420 +0.07 GeV/c?

F(8,) =0.175 +0.030 GeV

T T[T}

90% C.L.

30 60 70 80
MLQ(B -> eu) [TeVIc ]

MLQ(BO) < 58.6 TeV

CERN, 17.3.2009
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Event/20MeV/c?

CDF RUN Il Preliminary (2 fb™")
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CDF Run Il preliminary ( 2fb™)
z B(B)->ep) <2.0(2.6)x 107 90(95)% C.L.
2 M_o(BS -> ep) > 47.7(44.6) TeV 90(95)% C.L.
m
m

107

10°

G. Valencia, S. Willenbrock, PRD 50 (1994)
with: 1(B ) =1.437 +0.031 ps

m(B ) 5.3661+ 0.0006 GeV/c?

m, =42 +0.07Gevic’

F(B,) =0.200 +0.035 GeV

90% C.L.

80

\\l\\\\\\»\

100
LQ(B > epl) [Tevic]

MLQ(BS) < 47 7 TeV
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FCNC Rare decays

o All measurements best in world
s B(Bs — efe™) < 2.8(3.7) x 10~/
s B(B? —e*e”) < 8.3(10.6) x 10°®

s CDF: B(B® — u*p™) < 1.5(1.8) x 10°8
s CDF:B(D° — ") < 4.3(5.3) x 10~

s B(Bs — u*u7) (1.3-2fb 1)
D@: 9.4(12) x 10~8
CDF: 4.7(5.8) x 108

» D@ expected limit with 5 fb~1

4.3(5.3) x 108

CERN, 17.3.2009

Event/20MeV/c?
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CDF RUN Il Preliminary (2 fb™")

25
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—Sideband

‘ Bd search window
Bs search window
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MEe e) Gevic®
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Single Top

) I S-Channel
i CDF Runuprenminary,L:3.2fblsj§-%“i;g£;) 5 500 » -
= All channels = warp Depen [ - Dﬁ 2.3 fb ata ¢
@ 10° B Wi S tb+tqb W
3 — 400 W+jets Il
GCJ i it |
Multijets I
i 300~ 75 :
- 50
S 200_ 25 ) R
B I t9
% 100 .6 0.7 0.8 0.9 1
S i
- % 02 04 06 08 1
0 0102 03 04 05 0.6 0.7 08 09 1 Combination Output
Neural Network Output
o= 2-3+_Od65 pb c=3.94+0.88 pb

Expected significance: > 5.90 EXpected significance: 4.50
Observed significance: 5.0  Observed significance: 5.00

Vg = 0.91 +0.11 + 0.07 Vipb =1.07 £ 0.12
Vg > 0.71 at 95% C.L. Vip > 0.78 at 95% C.L.



Prospects

Luminosity (pb'1)

D'175 7 L B PI‘”D:IS T ] P?md'l I P?ms\ T ”D'”ﬂ.ﬁ T Pl"u-{ T \Pﬂ?gl T ||m|mg T
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19
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Day

Initial Luminosity (x 10°° cm2s1)
0103 0104

» Plots show collected at CDF T T e }%
s D@ plots look similar , il
» Get about 1.5-2 fb~* per year | ;@fﬁ 3
» Projections: Tt w%p i

‘ L L T R N
1% 0 2000 3000 4000 5000 6000 7000

FY 2010: ~ 9 fb—1
FY 2011: ~ 12 fb~? Main challenge is triggering
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Prospects

=] -1
CDF Simulated Data, Assume B_= 0.4 COF Runll Preliminary L, =2.7 b
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Prospects

~ 3 x 1078 at 90% C.L.

DO Run Il Preliminary : L~1.3fb™

Events per 0.010 GeV/c?
B N WA O N ® ©

Blind Region Run lla

L

_bO

CERN, 17.3.2009

45 5 g 5 6.5
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Events per 0.010 GeV/c?

i
[S)
I

N

D@ presented yesterday partial
update with 5 fb—1

Data still blinded
Expects limit 4.3(5.3) x 108
CDF update also on way
Based on extrapolation expect

BR(B,—u"W)
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Conclusions

» Rich program in Flavor physics at Tevatron

» People still active to improve analyzes

» In many cases competitive to B factories

» In Bg and b—baryon sector still unique place in the world

» If there is sizable new physics in b — s transition good
prospects to get evidence for it

» EXxpect updates of several analyzes by this summer

» As we have limited man/woman power we cannot do
everything LN

= Guide us where to look
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Resonance InJ /¢

CDF Run 2, L=2.7fb—1

—~ b5r ~ 9
N Lot
4.5} > b)
) S/F
Q 4 o6
—
i ~=5F
§3.5? %
S iched
N 3 —=3F
S r O _t ’J_‘
2.5/ S 1
| e (AR
2' | | | | | 0:. Lt el
16 18 20 22 24 1 11 12 13 14 15

m2(J/pg) (GeVic? AM (GeV/c?)
M = 4143.0 &+ 2.9(stat) £ 1.2(syst) MeV/c?
[ =11.7*%% (stat) + 3.7(syst) MeV/c?

N=14+5
Significance 3.8¢ with flat combinatorial background

CERN, 17.3.2009 M. Kreps
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B-meson mixing
» Mass and flavour eigenstates of the By differ
— Bs— Bs oscillations
» In standard model (SM) governed by weak interaction
— phenomenology depends on CKM matrix
» Time development described by the Schrodinger equation

d ([BI()) _ i BY(t))
dt <!§2(t)>> ) <M_ §F> <§8(t)>>
o M and I are complex 2 x 2 matrices

» Mass difference Am = my — m_ = 2|My,| between B, and
BQL determines Bs mixing frequency

— From Bg mixing frequency measurement = no large NP
contribution possible to size of the M1,
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B-meson mixing

» Mean Bg lifetime 7 = 2/(I'y + ') expected equal to B lifetime

» Decay width difference Al =1 — 'y can be sizable
. Measured first by CDF with 260 pb~1
. Measurement by D@ with 1.1 fb—*
. In SM we expect Al = 0.096 + 0.039 ps—
s As M and I'" are complex we have phase ¢s = arg(—Mi5/I'12)

. SM expectation oM =4 x 1073

s Can receive large contribution from new physics (NP) in Bg
mixing diagram, ¢s = ¢~° + o=V

— In theory we have relation Al' = 2|"12| cos(¢s)
= Large deviation of Al and ¢5 from SM is clear evidence of NP
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Origin of mixing phase in SM

% 2\ 3 .
( 277 % I AN (p —in) )
A%\ : A A
—At =5 [1—22(/0"‘”7)] —7—4§(1+4A2) A)\ZZ 4
A i A : A%\
ANIL— (1 =) p—in)] —AN+55-[1-2(p+in)] 1-755
\ Large CPV Small CPV /
' ;excludedyareahasCL>0.95; A N
‘/ud‘/uz 1: in2p Am, & Am
‘/Cd ‘/CZ i ]
(0,0) / ' (1,0) 0.
: : 0 | it y (iii}."”a’fé’f;{g%) :
Determines CPV in BY — JA/Ks st b s,
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Origin of mixing phase in SM

2 4 .

( —5-% A AN — i) )
—\+ A2 [1—22(,0+I77)] —%—4% 1+ 4A32) A)\224
AN[L— (1 =) p—in)] —AN+E8-[1-2(p+in] 1-53

\ Large CPV Small CPV )

(0,0) \N@ scale (1,0)
/

Via Vs \//ﬁs\
V V* VusVu*b VtSvtg
cd Yecb Vcsvc*b VCSVC*b
(0,0) / (1,0) Determines CPV in Bs — Ji)¢

Determines CPV in B? — Ja)Ks
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Testing Bs mixing phase
» Bs mixing phase (or Vis phase) last experimentally
unconstrained part of CKM
» Best testing laboratory is Bs — J/¢ decay

» Decay in Feynman diagrams
t,e,u S . - S

A gl -y
A \
|
» O
Ol
o

QI A
S

t,
» We measure phase between Bg mixing and b — ccs
s InSM 232M = 2 arg(— VsV /vCSvcb) ~ 0.04
. In presence of NP 235 = 235V
» With our precision, SM contributions can be neglected

= 20s = —¢§" = —s
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Experiments

o Excellent momentum and
mass resolution

» Silicon tracking at trigger
level

o Particle identification

west ‘CMX (miniskirty east

s Excellent muon coverage ot

» \ery strong in semileptonic |
and J /¢ decays T
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Adding flavour tagging

» Signal PDF for single tag

Po(t, 7, E[D, o) = T

P(t, plot)e(p)

1 PRt plo)e()

s £=-1,0,1 Is tagging decision
» D is event-specific dilution
» ¢(p) - acceptance function in angular space

s P(t,plot) (P(t, 5lov)) is PDF for Bs (Bs)
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Adding flavour tagging

d*P(t, /)
dtd 7

N EAAGE A “T.2(p)

+ALPT f3(0) + A l|AL U4 (p)
+ |Aol|A | cos(d))Z+fs(p)
+ |Aol|AL|Vife(p)

d4P(t, )
dtd 7

Aol*T:41(p) + |A1° T-f2(p)
+ JALPT f3(0) + A AL fa(p)

+  [Ao||A] cos(6))7+fs(p)
+  |Ao||AL|V Ts(p)

Same structure as untagged likelihood, green terms modified
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Adding flavour tagging

What is new comparing to untagged case:

T. =e 't x [cosh(Alt/2) F cos(24s) sinh(Alt/2)
F nsin(25s) sin(Amgt)],

Ur =te”'t x [sin(d, — &) cos(Amst)

— €0s(dL — 0)) cos(20s) sin(Amst)

+ c0s(d, — d))sin(20s) sinh(ATt/2)],
Ve =+e 't x [sin(,)cos(Amst)

— €0s(0 ) cos(25s) sin(Amgt)

+ cos(d,)sin(25s) sinh(Al't/2)] .
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Adding flavour tagging

Another point worth to mention:

T. =e 't x [cosh(Alt/2) F cos(24s) sinh(Alt/2)
F nsin(20s) sin(Amgt)],

Ur =te " x [sin(6, — ;) cos(Amst)
— €0s(dL — 9)) cos(20s) sin(Amst)
+ cos(d, — d))sin(20s) sinh(ATt/2)]

Vi =+xe Tt x [sin(d,)cos(Amst)
— €0s(0)cos(25s) sin(Amgt)
+ cos(d,)sin(25s) sinh(Al't/2)].

Can be used to measure Bs mixing frequency independent of CPV
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Flavour tagging

u
CDF performance: D@ performance:

e OST:eD?=1.2% e OST:eD?=2.5%
efficiency=96% efficiency=99.7%
dilution=11% dilution=15.8%

o SST:eD?=3.6% o full: eD?=4.7%
efficiency=50% efficiency=100%

dilution=27% dilution=22%

CERN, 17.3.2009 M. Kreps
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Effect of flavour tagging

» With tagging of eD? ~ 5% we

don’t gain lot in precision Single toy experiment

» Main effect in reducing 0.8¢
ambiguities = 0'6;
s Untagged case symmetric = 0.4
under each Sy e
L — o tm 02N
s Al — —Al - 7
205 — 20s — -0.4:
-0.61
» Tagged symmetry T X
_ - 2 o0 2
5” — 27T — 5”

0 =T —0]
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Statistical iIssues

CDF Run Il Preliminary L = 1.35 fb* (D)
—~ 0.6 — 2nl0g(L)=5.99 —
. 8 [ — 2hlog(L) = 2.30 e
» Bias from untagged case o A swpreaeen S
. 0.2[
effectively removed I T4 3
. - . R O
» Likelihood still irregular with two 0.2 <
overlapping minima 0.4 2
. . -0.6¢ T S —
» Uncertainties are clearly T oL

underestimated o

CDF Run Il Preliminary L = 1.35fb
— To assure coverage, CDF quotes o 06 —swed 2
. . . £ 0.4 —~ SM prediction T
conflc_lence region using L£/Lg S ool i %
ordering 0_0) ffffffffffffffff O
s DD gives point estimate, but 0.2 =
uncertainties clearly underesti- 04 %
mated SN SR

-1 0 1

B,(ra) L=
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B — hh' Trigger

» Hard to trigger, only two "stable"
hadrons in final state

CDF Run Il Preliminary Limzl fo™t

» Exploit long lifetime of the o200
2 20000F™
B-hadrons S
018000:— ‘...
» Trigger selection: o 160005,
! ! ©-140001
» Two tracks with opposite 8 12000
charge  10000F
o C o
. Track’s dg > 100pm g 8000- T,
, 0 H © 60001 R
. Track’s pt > 2.0GeV/c 4000
. B vertex Lyy > 200um POE
, 046 48 5 52 54 56 58 6 62 64
» B’sdp < 140um Invariant Ttemass [GeV/c?]

s Opening angle 20° - 135°

. pr(1)+pr(2) > 5.5GeV/c Confirm trigger cuts offline

Peak already visible
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Selection

» Tighten trigger cuts

o Add two more variables
. 2 of the 3D vertex fit

s Isolation | = pr(B)/[p:(B) + >_; pr(i)]
» Minimize statistical uncertainty of quantity to be measured

» Derived two set of criteria
. Looser for measurement of Acp(B® — K*77)
— Useful for all large-yield modes
. Tighter for measurement of B(Bs — K~ 7™")
— Good for all rare modes
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Disentangling modes

» Despite excellent mass resolution (= 22MeV /c?) different

decays overlaps

» Event-by-event particle ID not sufficient to separate modes

= Combined kinematics and particle ID fit

CDF Run Il Preliminary Limzl fb

CDF Run Il Monte Carlo

1600[

1400F

1200F

800F

600F

Candidates per 20 MeV/c?
S
3
[

400~

Rare decays 100}

300f
250}
200

150F

50f

51 52 563 54 55

Partially rec. decays

CERN, 17.3.2009

5.6

Invariant Tremass [GeV/c?]

5.7

Combinatorial bkg

M. Kreps

05 51 52 53 54 55 56 57 538

Invariant ot mass[GeV/c?]

News from Tevatron —p. 45



Mass description

» Need very precise description
» talls of final state radiation
» hon-Gaussian resolutions tails

s DY — Kr from D* provides clean, high statistics control

sample
. . O I
» Very good description of control D¥ sample
TOY MC CDF Run Il Preliminary Lim=780 pb?
Q 10t e
% - % X2/ ndf 161/83
= —B’. = 10°F
LS 10'2; —B’. K'mt 3 F — Bkg+Sgn
a —B%~ K'K o " Bkg
8 o
" 10° §
e S 10°F
c S
8 10™E %
& O
_____________________________ ++H
5[ e T LT +++++++++
I |
lllllllllllllllllllll \\\‘\ L1 | ‘ | kl L1 l - l J l I l - l |- ‘ | l 1
5 51 52 53 54 55 56 57 58 18 182 184 186 188 1.9 1.92 1.94
Invariant mass [GeV/c?] Invariant Ktemass [GeV/c?]
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Momentum

» Pilon mass used to calculate two

CDFIl Monte Carlo

o
o2}

- - § 5.55; v BO TPt
track invariant mass M, 3 8-
. " @ 5.45; ° EO S KT
» Unique transformation from M o B KK
to any My if momentum of tracks £
kn own E 5'253 m.'m"':;j;;;:ss:a:oems:a:22?22‘22"""""’“":0
» Use variables: s

kl\\”‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘..\\\
-1 -0.8 -06 -04 -02 -0 02 04 06 08 1

s My - Invariant rr-mass Qe pip)a,
s (O = (1 — prlnin/pglaX)qinin _ o CDFII Monte Carlo

)]
=

6]
(2]

8
. : % 555 "B o T
signed momentum imbalance S o5 . B L K
) F —0 +
i 9 5451 B. - K1t
- min MaxXx o g 8 .
s Prot =P+ Py - scalar sum X © BY - K'K
Of momenta E 5.3; e o 8?9.0-905500000
g 5.25; Cal )
52F
5.15;
51106206 04 02 0 02 04 06 08 1

a=(1-p/p,)*q,
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Particle ID

CDF Run Il Preliminary L =780 pb™*

N, 20000

s Use dE /dx measurement in COT 3o
» High statistics, high purity sample rane oo

of DY from D* available for 8 o000
calibration g o
©) -

o In likelihood use

L - cqepedo 3 L
98 182 184 1.86 1.88 1.9 192 1.94

_ dE /dX (meaS) — dE /dx (7"') Invariant KTemass [GeV/c?]

I D - CDF Run Il Preliminary

dE /dx(K) — dE /dx (7) 2 om
o 0.05 "';,!} 1Y
» around 1.40 separation between > oos !
K and = for p > 2GeV -

» Complements kinematics

0.0

:\ 1| Ll Lol ald ll’\i\ 1 L1 L1 -l.‘-'\"'*'-‘-L L LLLL Ll
% 8 6 - 2 4 6 8 10
dE/dx residual [ns]
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Large-yield branching fractions

oe =) 0.259 + 0.017 £ 0.016
B(B® — r*r~) (5.10 4+ 0.33 +0.36) - 105
fs BBs—K K ) 0.324 + 0.019 + 0.041

fqg B(BO—K*7™)
BBs — K*K™) (24.4+1.4+4.6)-107°

Signal events: CDF Run Il Preliminary L =1 fot

No i
B - x#*7— 1121 + 63 2 14001 W =k
= - B - KT
BO . K*r~ 4045+ 84 g 1200, o
B — K*K~ 1307 +64 & 1000f — T
= 8000 A - pree 7y~ e
k= - LA pK+A, = K
+ — -g 600 [ ] combinatorial backg.
Large Sample Of BS — K K 8 o -Three-boddeecajs
. . 400[ ¥
— |ifetime measurement :
200
— time-dependent tagged AR

. % 51 52 53 54 55 56 57 58
analysis Invariant rremass[GeV/c?]
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Direct CP asymmetry for B — K*r~

CDF Run Il Preliminary L _=1fb™

» Only significant difference In
K* /K~ interaction with material
e - K

» Calibrate with D° — h*h— with e
assumption Acp(D® — K7) =0 _[background
» Dominant systematic uncertainty

s Particle ID model
» WA B meson masses

Candidates per 0.04

O0 01020304050607 0809 1
Probability ratio A (B - K'm)

N(§O — K_7T+) — N(BO — K+7T_) Aco(B'~ K'm)

A — CLEO - -0.040% 0.160+ 0.020
CP

N (§0 — K _7T+) + N(BO — K+7T—) -0.093+ 0.018+ 0.008
= —0.086 + 0.023 + 0.009 e e

-0.2 -0.1 0.0 0.1
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Rare modes results

CDF Run II Preliminary Lim=1 fb

Three new modes observed:

B K 7% 230+£34+16 8¢ 2w A
Ny — pr~ 110+18416 60 5 s e
Ao —PpK~  156+20+11 110 § &f — R

0 w0 =+
|:| Ny - pK+A, - PK
|:| Combinatorial backg.

Candidates per 20 MeV/c?

400? - Three-body B decays
Se
200
CDF Run Il Preliminary Lim=1 fh* = -.-...
1 1 | 1| [
§' 18005—+ 05 51 52 53 54 55 56 57 58
2 o Invariant Toemass[GeV/c?]
g — 4+
é 1400? . BY . KT +c.c. fS B(BS — K 7T )
§1200? [ eacrane f BO K+ N OO66:|:OO:|.O:|:OO].O
1000(~| |4+ d B( — T )

800
600

b Using input from HFAG

ZOZC;0.10.20.30.40.50.6(?70.81;9-1 — o+ —6
Probability ratio B? - KTt — B(BS — K T ) — (50i075i10)10

CERN, 17.3.2009 M. Kreps News from Tevatron —p. 51




A—CP(BS — K+7T_) VS. ACP(BO — K+7T_)

SM (Lipkin, Phys. Lett. B621, 126; Gronau, Rosner, Phys. Rev.
D71, 074019) predicts

rB° — K ) —I(B° - K*r ) =(Bs — K 77)—I(Bs — K*1")

— Provides model independent test for new physics

Can be used to predict Acp(Bs — K~ 7%) from other measure-
ments

BB® — K*r~) 7(BY)

Acp(Bs — K™m') = —Ace(B” — K'm ) g — =5 7B
S S

Plugging in numbers

= Acp(Bs — K 7%) ~ +37%
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Direct CP asymmetry for By — K 7~

N(§S — K"17) = N(Bs — K™ 7%)
N(Bs — K*7m~) + N(Bs — K—7%)
+0.39 + 0.15 £+ 0.08

Acp 2.50 Significance

CDF Run Il Preliminary Limzl fb

» First indication of CP
violation in B system

H
N
o
Y
T T *_ T

» Sign and size agree with

. e - K .
SM expectation

800 Mz -«
i [ |background

Candidates per 0.04
o
o
7

— No evidence for 'exotic’ 600

sources of CP violation sook
s Will repeat with more data Zool-nﬂu )ﬁjj

(already 2.5fb™* on tape)

_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
% 01 02 03 04 05 06 0.7 08 09 1
Probability ratio ACP(Bg S KT
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Ay — prand A, — pK

o Same quark level transition as
B— K

» SM expect large direct CPV
for Ay, — pK [O(10%)]

» Very little know from theory

» Another decay to test SM and
search for new physics

» Branching fractions in talk of
A. Warburton

N

Candidates per 30.00 Mev/c

CDF Run Il Preliminary L =1 fb

® Data — Total

83 5.4 5.5 5.6

Invariant Tr-mass [GeV/c?]

Acp(Ap — pm) = 0.03£0.174+0.05
Acp(Ap — pK) = 0.37+0.17 +0.03 (2.10)

First measurement, consistent with SM expectation

CERN, 17.3.2009 M. Kreps
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B — JWK"

s Probes b — ccs 12000} DO Run 1. 2810 e
transition 10000k | B
3 S (. JIpK*
» SM expects O e N BKG
® . —— TOTALFIT
Acp ~ 0.003 S ool
. 8 u
o NP can enhance itup £
to 0.01 w .
2000} _
0|1//L e e

5 51 52 53 54 55 56 5.7
m(J/PK) [GeV/c?]

s D@ has around 40000 B™ — JAayK™ signal events
» Main effort to understand detector asymmetry
(uses D** — DO7* with D® — "1, K ™)

s Acp(B* — JiK*) = 0.0075 + 0.0061 + 0.0027
Acp(B* — J/int) = —0.09 + 0.08 & 0.03
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Semileptonic CP asymmetry likelihooc

r(BY - f)
r(B° — f)
r(B°% —f)

r(@B° — f)

—It AT
N | A | e2 {cosh(Tt) + cos(Amt)}

Tt
N¢ |Af2(1 + a)e2 {cosh(%) — cos(Amt)}

B Tt
N¢ |As|*(1 — a)e2 {cosh(%) — cos(Amt)}

— eIt ATt
N¢ |Ar|? 5 {cosh(7)+cos(Amt)}
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