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B ] B, System

Schroedinger Equation: \ o .
LG,
d [IB,(t]) :(M_iz) Bt)
dt| |B,(t)) 2]\ [B,[t))
Most general eigenstates : )
S uc,t b

BL:p|Bs>+q|§s>
B,=p|B,)—q|B,), p°+q°=1

Heavy and light B, eigenstates are expected to have different widths

- M,, stems from the real part of the box

diagram, dominated by top (off-shell)
- [,, stems from the imaginary part,

dominated by charm (on-shell)
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Al for Bs @

Relation of matrix elements to decay and oscillation parameters:

M12
F12

I+,
2

Am:MH—ML~2|M12|
ATl =I' —T,~2|I';,|coS¢
In the Standard Model:

> The CP violating phase, @is expected to be small

> Mass eigenstates are ~ CP eigenstates with
definite lifetimes

> Al for B, is expected to be pretty small

Pp=arg I.=

Assuming no CP violation in the B, system, measure two B_ lifetimes,
T, and 1, (or Al /T’ and 1) by simultaneously fitting time evolution and
angular distribution in not flavor tagged B, - J/W@decays
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Why do we like B, — J/y@? €

( Lo
B.—~J/yop quj_)li H_
0 p— K K * Angular momenta:
B,—J/yK KO K P_ VW
\

Total J of final state =0
Twospin-1d J=0,1,2
Orbital L=0, 1, 2 (S, P, D wave)
[1 Need 3 amplitudes (partial wave, helicity or transversity)

* S, D wave = Parity Even, (CP Even for J/yq) ?
e P wave = Parlty Odd, CP Odd for J/LlJ([J)
- B_is unknown mixture of CP states Separates CP

states nicely

Bgzé(|Bs>+|§s>):CP—odd

1 _
B;:E(|BS>—|BS>):CP—even

Disentangle different L- components of decay amplitudes [J isolate two B states
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Angle definitions

¢@rest frame

, J/yrest frame

i

KK plane defines (x,y) plane

K*(K) defines +y direction

0,4 polar and azimuthal angles of u
W helicity angle of @(K*)

+
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w Angular Decay Distributions

d'P 2
dﬁ"dt_ o |A[_'|I 'gl[t)"fl [ﬁ} + filf) = 2cos? (1 — sin® @ cos® )
2 f=(7) = sin® il — sin” # sin® )
|A"| '.‘?E[t}'fz [ﬁ} + fal@) = sin® e sin® @
Ffi(F) = — sin® ¢ sin 20 sin ¢
Ay [2-g3(t)- f3(7) % pn e
() = ﬁhlll 240 sin” B sin 2¢
I (A7A | )-ga(t)-f4(P) + () = %H;,,Eﬁ,hm 26 con o
5 .
Re(AgA))-g5(t)-f5(p) &
Im(AgA_1)-g6(t)-fe(p) =
O A. Dighe et al., Eur. Phys. J. C6, 647
> Aiegi(t)- fi(P)
=1
A, = longitudinal polarization amplitude
A”, A_ = transversity polarization amplitudes
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w Tevatron detectors
CDF

e Silicon Layer00: r , = 1.
* Drift Chamber: 96 layers
* Hadronic Triggers
* Particle ID by dE/dx and TOF

AP S SIS | S S ) S U S S S Sl e [y | )
=] -5 o 5 10

rimeter
D @ Plug Calorimeter (E/H)
n

* Excellent Coverage
°* Muon System: [n|<?2
* Tracking System: |n| <3

st Muon Triggers

uminosi

Time of Flight
entral Outer Tracker

Silicon Vertex Detector
Intermediate Silicon
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CDF: Fit Distributions

B :

S

d'P
X |Ag
i dt

e fi(p) +

A [Fe™ 0 fy(p) +
Lol (i) +
Re(AyA |J*f"rf-":-fs.(ﬁ}

» flavor blind decay
« 0@, =0.03

B :

{lthP )

bl S VTP

r!_mH {' ol J1(f) +
14 2. falP) +
|AL[* (i) £

HE[.—‘I:;A”) 3 m :I:

(
(
Im(AjA L) fa(p) 4
fil
Tm(AGA L) fo() e 1

» flavor specific decay

* 0, = 2B

Detector efficiency is taken into account as global terms (no correlations)
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eandidator por 0020

candidates por 0030
-

CDF: Detector Acceptance

cos f/

-

b

-UI:D : [ID ; g
. . ﬂl}l!i‘:;
: Cos iy

al

LY e 7 ] 14

SOy

candidates por 0,063

» 40M decays generated with flat
angular distributions

» These shapes shown the effect
of the cuts and detector sculpting
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w D@: Transversity Analysis @

9 +

I > Jy(=1Moe=K'K) 9 [2|§1".ﬂ(t'.l)|2 e ' cos?y(1 - sin’g cos?y)
dcost do deosy dt 161

+ sinZy {|A"(ﬂ)|2 et '(1-sin“gsin% )+ |A (0)|° e sin’p } Full angular

. Lt o, . distribution
f sin2y {IAG(U)IIA 10 cos(5,-5,)e  sin’sin®2¢ }
ﬂ

: { 1
v2
- {?—2|A"(ﬂ)||ﬂ J_(ﬂ)| c0sd, sin Ew sin20 sing } ;— ( enll it ) 00 ] H(cosy) F(¢) G(caso)

. .. . Detector acceptance
Sensitivity to CP violation if Al /T, is sizable

|A,(0)](A (0)] cosd,, sin2y sin28 cosg } ;_ [e™' et ')
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- 4 i
E + E1z
?mf + + *ﬂﬁr * E
-
wG(cos 0) = 1 + Bcos?(0) + Ccos’()
M? Fit prob: 31.6 % *t
04 a47
0.2; Ccos (e) 0.2

e e e b
02 04 06 038
cosf

"1 08 08 -04 02 0

d°Tosdy (5D e-K K
dcost dt

* % { (IAO(U)IE + |A"(°)|2) - (1+cos8) +2JA J.(C')F o Tut o 20 }

_mﬂf"ﬁ@eﬂ‘smze +Z]A (O) 5 " sin% ] G(cos6)

/‘V'

N h
T

-

;F((p) =1 + Jcos(2¢) + Kcos*(2¢)

Fit prob: 48.1 %

¢

P SRR )
-150 -100

N[ (A0 18,009 (1 + cos’e)

Interference of amplitudes
0.355 £ 0.066 (from CDF)

analysis does not depend on this

-50

L PRI SR )
50 100 150

$(In degres)

D@: Three Angles to One Angle

" H(cos y) = flat distribution
_§1-2 Fit prob: 17.1 %
s,
o_eiﬁ‘ﬁﬁl PR UL S $+++‘
e AT A TEEE T
0.6
ol
ol cos ()
058 o8 04 03 o 0z 04 o6 08 1
cosy

CP even term

CP odd term

|A0<O)|2+|A||(O)|2+|AL<O)|2 =1
defining, R, = |A, (0)f
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Likelihood Fit

Simultaneous fit to mass,

proper decay length and N
angular distributions using L -1 [f = _,_(1_1: | )|:i ]
an un-binned maximum | sig sig sig)" bkd
log-likelihood method =1
CDF:
D@: fo signal fraction
=1/l M= (r+,)2
fei signal fraction AAA, angular info at t=0
=1, r=(r+ry2 AT T
R, CP-odd fraction at t=0 M, mass of B
AT [T
M mass of B

B

Plus resolution, background parameters (mass,PDL,angular): ~14

Alberto Sanchez-Hernandez - Beauty 2005 12



% CDF: Fit results

CDF uses 260 pb” e B oIy [a]
= Yield: 203+ 15
=
]
T, =105 _+0.02ps 5
T, = 2.07+0%8 .+ 0.03 ps g |
[, =0.47+01° ,, +0.01 pst o gfsi o 54 55
Al /r -0 65+O'25033 +0.01 nw KK mass (GeV/c")
S S : -U. - -
F B.osJdwo El

candidates per 50 um

PRL 94, 10180, (2005)

0.3
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CDF: Fit results

.5

[ Bl s Jiya +

cl 1 1 1 1

PRL 94, 10180, (2005)

In addition the fit provide
angular information of the

0.5

- Bl = iy o +

system

Distributions are normalized,
background subtracted and
acceptance corrected.

a
COSY
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% DJ: Fit Results

D& Preliminary

D@ uses 450 pb™ % 400F

Fit prob: 19.8 %

T(B;)

1.3922+0.08 ps 2 250

_ 1
FS %EDU

= 3
> A 1" = 15[)_— r
E _ S:0 21+027+O 20 U'I[]ﬂ— EE—} -J.-'l].f{?l
.E l-l ) -0.40— ™" [~
E s 50 ~
© R,=0.17+0.10+0.02 S B R R R
o Mass (GeV)
D& Preliminary
8 \ E."-mg P Mass 5.26 - 5_.42 GeV ;?;::] Fit
2 : B, = Jiwe === Total Signal
_ +0.14 ——CP-sven
7,=1.23",7, (stat) ps
. +0.39 z
T,=1.527),; (stat) ps g
S 4L
1——- _FL+FH ° g_
s 2 2, | | i St
s e e s i s TR
DA p.05 041 015 0.2 025 0.3

ct [em]
@ Alberto Sanchez-Hernandez - Beauty 2005 15



D& Prelimina
o 100 A
(=] i : a Data
T L B, = diya Tatal Fit
g g [ 5:26< M(B,) <5.42 GeV S
g B ctialet » 5 — Tm Signal
@ B — Samground
= L
i}

+

=Y
(=]

P2
=]

.......... iy e —=7
|:,.---.-.|...|...|..F.It|p.r.¢.bi|.:..|'.. | 1 Tty

1 -0.8 -06-04-02 -0 0.2 0.4 0.6 0.8 h1
Transversity

Information for the angle studies:

Transversity = cos (0)

DJ: Fit results

10 contour for fitted parameters

D& Preliminary

Betault fit
Procadure bias + Detector alignmant =
Bachground lifztime Modal

Signal mass model

0.02368 0.0396 0.0424 0.0452 0.048
cTi{cm)
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CDF: Systematic Errors

Source CT(Um) Al /T Ao An AD 6||
Bkg Model 3.70 [ 0.0070.007|0.013(0.003| 0.03
B, Cross feed 5.00 |{0.008 - 0.030 | 0.001 -
Lifetime 2.40 - - - - -
Total 6.70 [ 0.011(0.007|0.013{0.003| 0.03

PRL 94, 10180, (2005)
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D@: Systematic Errors

Source cty(um) | ArJI | Ry Comment
Signal € vs cos(6) 0.6 0.001 | 0.005 MC
Signal € vs ¢, U angles
g (V‘iol‘i’_ | Agnlz) 02 | 0001 | 0020 | MC+CDF
Signal mass model 0.4 0.016 | 0.006 DATA
Procedure bias 2 0.025 | 0.010 MC
Detector alignment 2 - - DATA
Bkg lifetime model 0.5 0.016 | 0.005 DATA

DG preliminary
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w CDF: Additional constraint

Constraining t1,=271, 14/ (T + 1) =14,=460.8 £ 4.2 (stat) £ 4.6 (syst) um

T, =1.13*%8 ,+ 0.02 ps
T, = 2.389%¢ .+ 0.03 ps
[ =0.46 +0.18+ 0.01 ps*?

AT /T =0.71*024 . +0.01

Only small change in result after constraint
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w D@: Additional constraint

B_Lifetime from flavor specific decay (e.g. B, or B;)

« B,— DX l: -
* Large data sample from muon triggers ~ 400 pb'  §%°F : refiminary
C Takde K distribution from several semi-leptonic = F
modes E ot :
* Include charm and bottom backgrounds in the fit & E

' y*Idof = 1.09

D@ pre.: 1(B,) =1.420 + 0.043 (stat) £ 0.057 (syst) ps
WA: 1(B;) = 1.434 £ 0.050 ps 1

F‘IIIIIII| 1 IIIIIII|

10—1 _ g 1 I R [ {lida
04 032 02 -01 -0 01 02 03 04 05 06

Pseudo Proper Decay Length {(cm)
D& Preliminary
1o {stat anly) _ * D=
= {7 (St0t + SYST) T
with WA constraint {1 o stat)

T

ct=ct(f.s.)

2
AT
1+ —

Walis) +1a

o ||||I||||I||||I||||I||||
0.4 D.0366 00306 00424 00452  0.048

cT (cm)
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% Comparisons @

DeF Preliminary

-k
!
1
)
=
]
o
2

& O

1
L
]
T
ik
-l
B
!
0
-
L]
i

[-:.;i 0.8 E—_'.'.-'ith WA constraint {1 < stat)
« D@ and CDF Al /T, results are consistent ”-5;—
» D@ result is close to the theory prediction of 0.4F
0.12+0.05 B
« The WA flavor specific lifetime provides s
significant improvement to Al e
-L‘J.EE—
_0_4: Epp B O R gl ped @ gl B g
0.0368 0.039%6 0.0424 0.0452 0.048
cT (cm)
Experiment R, AT /I, T(ps) T, (ps)  T,(ps)
Aleph 1.27+0.34

+0.25 +0.15 +0.16 +0.58
CDFRunll  0.125+0.08 0.65"0% 1.40%%5 1,05%% 2,070
+0.33 +0.15 +0.16 +0.39
DORunll  0.17+0.10  0.2170% 139%01° 12301 1 57103
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Cross checks

CDF: Bd consistent with BELLE and BaBar

D@ preliminary
B Sy K [ By K" B iy K BT e (stat. only) ¥ DO
1 oaf L = :
- [ 0.8__ L
I -+- a.zf + I - - « " m
8.51 [ 0.5F 0.6~ Y el
[ 4 [ B L
: CI.1: + _+ - Vi
[ [ [ 0.4~ .-:'-.'_
LS A S - Vi
R 2058 1 " a?s B .
0.2__ L]
CDF: Fit consistent with expected - "3
0 -
of cut BY fitted B! expected B} fitted 02: ‘?.:
= 0 pm 20+0 20 [reference) W44 e L
S 150pm 24+ 10 24 93+ 4 H LI R WA(ts.+ 1o
Ralm, = D R T B ¥ Ty T ¥y T R P
> 450pm 30 ¢ 12 3 24+ 5 ' ' ' ' ' o1, om

CDF ensemble test:
1/325 could be AI' /T ,=0

1/84 could be Al /', =0.12

&

D@ ensemble test:

~70% “experiments” give Al /I, and ct within 1 RMS
~5% “experiments” give Al /', > 0.65 (CDF value)
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combining all current
measurements

hep-ex/0505100

0.8+

&
o))
T

=
=
T

T

-0.2L : : . , k
1.1 12 14 15 16 17
. 1/Ts [ps]
- B 1
= B B, 1%
0 Flavor-Specific theary
R NG
clearly ©(B_)/t(B,) is not
in the 0.99-1.01 range, but ...
anyway, applying constraint
Combined |
Bl HFAG
‘D.Zﬂ 1 1 {f L 11
11 12 13 14 15 16 17
1Ty [ps]

— (a)
Flavor-Spacific
0.8~ 8
a6k Ciract
I'-."I'nq:isl:rnmﬂnh
0.4} E
¢ Combined
0.2k ]
S Theory
= 1o
Sl HFAG
U.g'l 1 1 1 1
11 1.2 13 14 \1.5% 16 1.7
1T [ps]
T = =1 0.047 PS
FS
_ +0.09
AFS/FS_O'SS 'Oll
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At the Tevatron, studying B, - J/P(- prp) ¢ - K" K):
Experiment AT J/I', 7T(ps) Tt.(ps) t4(ps)
+0.25 +0.15 +0.16 +0.58
CDF Runll  0.657,5; 140773 1.05 72 2.07 5

-~ DORunll  02179% 13907 1.23%%1% 1 521039

Summary

-0.16 -0.13 -0.43
., n 1_
-z {a)
, 0.8 Flavor-Spacific
081~ r ) _ 1
2 \ TE =1.405") 0% PS
0.6 Cirect s
g AT /T =0.337%7
0.4 n
__'r'EGI'I’!biHEICI
g™ SM Th
Gtk HFAG average (using preliminary input)
Rl HFAG
DE 1 1 1 1 1 1
11 1.2 1.3 14 1.5 16 1.7
1/1s [ps]
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Prospects

* Currently measurements are dominated by statistics
and the systematics are small

> D@: three angles analysis soon
> CDF: update analysis, @@, gK*, KK (difficulty DDy (tiny)

* Since flavor specific provide an excellent constraint,
having a precise lifetime measurement (of semi-
leptonic, tfor instance) is very important

* Of course in a not clean environment like p-pbar the big
problem is the trigger

> D@: Layer 0 inside current silicon improve o(ct),
silicon track trigger, and DAQ — improve bandwidth

> CDF: upgrade track trigger, and DAQ
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