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Data Collected T, -
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Imperial College

General Remarks

Transverse decay length

Far better resolution in XY only: L = ctfy = Ct P > L, =Ct I%T

m XY

Lifetime fits
Simultaneous unbinned likelihood fit al ;
to mass and lifetime distributions: L _I:I[fsigF;ig * (1—ﬁig)F;g]

Visible proper decay length (VPDL)
If neutrinos present in decay use P of visible decay products

K-factors P_(D, p)
Use MC to find correction factor for VPDL |K = —=75

P+(B;)
Triggers

B-physics events triggered by well understood muon triggers

Typical crosschecks
Divide data into different kinematic regions; MC ensemble tests;
Bias tests by varying measured value in MC input
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Imperial College

OUtI | ne London

1. B*/B° lifetime ratio
2. Exclusive hadronic decay modes
« B.—J/y ¢ lifetime
* B> ]/p K™ lifetime
« B./B° lifetime ratio
o A,—Jy A° lifetime and ratio
3. B, semileptonic decay
* B.—D u'vX lifetime
4. B, lifetime difference
* AI'/T
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B*/B° Lifetime Ratio

> Ratio is a good precision variable:

* Precise theoretical prediction from HQE : t(B")/t(B) = 1.06 + 0.02
* Systematics cancel if channels chosen well.
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Unusal approach:

B+/B° Ratio Results  [mhim e

if lifetimes are equal, ratio of B* and B° events constant in VPDL

=> Fit ratio of number of events:

| (r,- 1.5(&,k))’ =3

min y*(e,k) = 2. () ‘b&

=

Free parameters: aQ

k:=1/1"-1 =
¢ : reconstruction efficiency of pion

r. ratio from data
r¢expected ratio (from MC and data)

/7 =1.080 + 0.016(stat) + 0.014(syst)
WA: 1.086+0.017

035
DO
0.3 - #%;L
g — ++ f
025 T | | | |
0.1 0 0.1 02 03 04

Visible Proper Decay Length {cm)

Some main systematics:

Branching ratio 0.0059

Resolution difference 0.0053

Fitting procedure 0.0086
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w BS—>J/\|I ¢ Signal ILHJEEZ?! College

. Ratio of B./B° predicted to be smaller than B*/B%: %1%
e B.—J/y ¢ CP even dominated (see AI') and not flavour specific

Use B.—J/y ¢ (J/y—pp,e—KK) with 220 pb* of data

Besides kinematic cuts...

> Find J/y (to two muons)

> Two opposite signed tracks with inv. mass nearest to ¢ -mass
> Fit 4 track secondary vertex constrained by J/y mass

> No lifetime cut

~ 300 N 80 -
I D o _ - DO
E o0 Bs —J/yo = D E 0= By—>Jdiyo o oue
—  Events = 337125 ignal - igna

o0 - vens % Background o0 605_ Events = 259+ 14 @8 Background
1: 200 ; —— Total ‘: 50 :_ CT/G(CT) > 5 — Total

g : + g = l . d o
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® 100 s 5 30;_ analyszs
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5.1 5.2 5.3 5.4 55 5.1 )
Invariant Mass (GeV/ Invariant Mass (GeV/c )
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2 B.—J/y ¢ Fitting Procedure TP o

4

Unbinned maximum likelihood fit to mass and lifetime distribution

Signal:
Lifetime distribution
exponential-decay convoluted with gaussian
width = o(PDL) (per Event)
global scale factor for o(PDL)
Mass distribution
gaussian

o
\8
=
=
._e_

DO
e Data

B Signal
[ Background

Background:
Lifetime distributions
1 gaussian for prompt decay
3 exponential decays
2 short-, 1 longlived

10

Candidates per 50 um

Mass distribution 10" ==  “'0 0.05 0.1 0.150.2 5 0.3

. . P De L h
first order polynomial roper Decay Length (cm)

©(B,) = 1.444+5:35% £ 0.020 ps
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Similar topology:
B°—J/y K* (J/y—pp, K*'—nK)
> similar systematics
> Use identical fitting procedure

Differences:
e lower P_ cut for pion 0.8 — 0.5 GeV

* assume pion and K mass for tracks
* invariant mass closest to K™(892)
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) BO/ B. Systematics and Ratio [Thi “'*

Source ct(B.) ct(B°) t(B,)/t(B°)
(um)  (pm)

Alignment 2 2 0.000

J/v Vertex 3 4 0.002

Resolution Model 3 3 0.000

Background 4 5 0.002

1(B,) = 1.4448:39%8 + 0.020 ps
t(B%) = 1.4734§:826 £ 0.023 ps
1(B,)/t(B°%) = 0.980:3:87%+ 0.003
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Again similar topology:
Ag—IN A° (- pp, A" —np)

A~ ]/@ A’Lifetime

Imperial College
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t(A,)/t(B°%)= 0.87

t(A,) = 1.22%345 = 0.04 ps
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0.15
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Resolution model
Background model
ignal Mass model
Background mass
Long lived comp.
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ct(A,)/um ratio
5.4 0.002
6.7 0.010
2.7 0.005
0.2 0.000
2.5 0.007
1.5 0.003
8.8 0.023
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Imperial College

i
LONQoOn

B.—D-u'vX Signal

> Best single measurement from D@

6000

> Independent input to AT/T FNG DG Run Il Preliminary
> Helps understand decay for Am, 2 e $ramy e, A
= L EL »
- %4000__ g o e o,
BS —D u*v X % - "*-:4% "ol ¥?/dof = 1.33
> G 3000 hﬁ"“*&;ﬂm
D'S—> o O— K+K" - T g 2
2000
* Reconstructed D- must have ook
positive displacement... - A5
o e Ll ] N | o]

2.05 21 2415 2
Mass(¢m ) [GeV/c

° but no ||fet|me Cut 175 18 185 1.9 185 2
* Use correlation in ¢ decay:

TransverSity angle () between éwuu:— " f‘} DG Run Il Preliminary
K- and D- in ¢ restframe, : ot . # % ct/o(ct) > 5
cos(d) < 0.4 % ;*“m@ @@@'2 & 4 ¥/dot = 0.98
B contamination of background 5 sl - f

Decay mode rel. eff. a0

B—D_ - D™+ X' 5.3% b

B—D, () D0 X' 5.3% : y N

B—D_ "+ D - X' 4.4% O e e ies Te 185 2 505 'Malil's‘w;-,"*['ii\}; 2
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w BS_) D'S “+VX MC In pu t :'EEEI;?! College

Combined K-factor

3 E
30.25:— (a)
% ; DG Preliminary . .
il 02t Efficiency vs ct o
- P_(D.u) b > 08034
5 _ T S !VL ;::w p0 09139+ 0.01202
- 5 (e)
0.1} PT( BS) E | s | 1
: G e
0.05} g E
- — &
O_ | ..|....|...‘|....|....|:T||.... E
03 04 05 06 07 08 09 111 12 =
p+{D:u")/p+(B,)
<K-factor> for diff. signal ch.
BSO iy Ds- H+V X 08848i00024 o '6.62'6.5& '6.56 008 o|.1 6.-||é '6.44'6.11'5‘6.45 ;:'1;12'[;3.322

B> D. utvX || 0.8608+0.0014
B - Dy ptv X || 0.8471+0.0081
B> » Dy ptv X || 0.8166+0.0055
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¥ B.—D X Fitting Procedure [Tha ©'*

4

Simultaneous fit to signal and background (i.e. D sidebands)
lifetime distributions

N , e
L=TI[/,, i, + (1~ [, F, 1 ]

ig” sig
F! =deH(K)[Ke‘“f/“ ® G Signal parameters
ct 1 lifetime
| 1 signal fraction
b =0=f =/, = /)G Background parameters
e M 3 background fractions
S (A, =20) 3 lifetimes
o/ 1 width for prompt decay
Tl e (N 2 0) General parameters
A 1 ct resolution scale factor
e 3y <0

Total 10 parameters
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¥ B.—D u'vX Systematics [T coless

Non B_ backgrounds -4.4/4+3.6 um

K factor determination + 3.5 um

Decay length resolution + 1.6 um

Detector alignment + 5.0 um

Cut selection bias + 3.6 um

K factor convolution - 2.2 um
Background evaluation + 15.0 um [Work in

Progress
from left and right sideband longlived contributions

Total (added in quadrature) =17.0 um
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B.—»DuvX Results R ko

E
§103 ; Dé Run Il Preliminary
ng t=1.420+0.043(stat)+0.057(syst)ps
>0 2 = . .
all: xidot =1.08 Preliminary
10?
1 \
1: Lo L L \\‘\\:‘3?\; | 1.2 1.4 1.6 1.8
1094903 02 01 0 01 02 03 04 05 06 [ T~ ' T | TR B b '
Pseudo Proper Decay Length (cm)
ALEPHS1:95 - A 4 1.54 "1 +0.04
SRF9296 gty 1.36 +0.09 %
E_ELPHl 91-95 A 1.42 f“uj; +0.03
Previous World Average: OPAL 90-95 " « 150 1 10,04
1.461 = 0.057 ps pes s 1.420 +0.043 +0.057
New: XS Average |_._| 1.434 +0.050
1.434 £ 0.050 ps | E | |
| | | gl | | | |
1.2 1.4 1.6 1.8
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Imperial College

AF/F I ntrOd U Ctl on London

CP eigenstates. B
|BSoven> = 1/v2(|BS> - |BL>)
|Bdd > = 1/V2(|B.L> + |B.L>)

Mass eigenstates: B
B> = (pIBL> + q|BL>)
B> = (PIB°> - q|B°>)

« B.—J/y ¢ not flavour specific
final state for both CP eigenstates
with different lifetimes =>AI"

« Semileptonic decays are flavour specific (|B,°> or |B.°>)

* Negligible CP violation in SM
=> CP states = Mass states
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Imperial College
London

B.~> J/v ¢, |

Pseudoscalar - Vector Vector decay

Iy rest frame

Both CP-even and CP-odd present,
but well separated in transversity

Transversity angle: cos(6)

* Measure two distinct lifetimes ]
(equivalently: AI'/T and 1) by fitting § rest frame
time evolution and transversity distr. K
In untagged B.~> J/y ¢ decays.

* If CPis conserved, they can be Ty ¥
interpreted as the lifetimes of the two 6
B. mass eigenstates.
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WS AT Parameterlsa

Three amplitudes: A, AH, Al
CP even: linear combination of A, A,
CP odd: Al

Define: R | :=|A (0)[?

ﬂ

Arbitrary scale
N

S o 0
A o @

o
»

N .
T

Imperial College

t| on London

.

§ F(¢) =1+ J cos(29) + K cos*(2¢)

L Fit prob: 48.1 %

(-]

-
o
o
=Y
[=]
(-]
a
o
o
a
o
-
o
(-]
-
a
o

d'I" — Jy(I'1)p(KK")
dcosO d¢ dy dt
= L(cos0, ¢, y, t, Ay, A\, Ar) "F(¢)G(cosO)-H(cosy) °

Arbitrary scale
-

4—
1-2% Fit prob: 17.1 %

Hl*h'##;i; L P S $++
- - e .

3 H(cos v ) flat distribution

Insert F(), H() and integrate over v and ¢ : 3
=> R R T T B o8 1
d2T — Jy(I'1)e(KK) i . g
dcos6 dt <, N =+
=L(cos0,t,|ALl”,[A [*-[A L, |A A -G(cosO) ¢ Gcos 6) =1+ Beos™d + Ceos'd

R, - / N

0.355 = 0.066 (from CDF) = 1714 (O =
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Fit prob: 31.6 %
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AT/T: Likelihood Fit [T«

Simultaneous fit to mass, proper decay length and transversity

Signal Parameters

1 foig signal fraction

2 m.,c signal mass, width

1 R, CP-odd fraction at t=0

1 ct=c/T , I =(T+T1,)/2

1 AT/T
Background Parameters

2 slope in mass (1 prompt, 1 long-lived)

6 ct shape

4 transversity (2 prompt +2 long-lived)
General Parameter

1 o(ct) scale

Total: 19 parameters
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D@ Preliminary

AT'/T": Results

Imperial College
London

" D@ Preliminary

1
5.103? + Data o = e+ Data
g - Mass B5.26 -J5/.42¢Gev — Total Fit E i B, — Jiy o Total Fit
- —_ e N I ¢ © e I NPT #
2 \ w2 e ---TotalSignal | @ _ [ 526<M(B)<542GeV B
510’ = s CP-even 2 o0 - ct/c(ct) > 5 e TotaﬁSignaI
Q E ) --=- CP-odd 5 i e o
3 B tf ‘ « - Backg Lﬁ = “
S10 i 60
5 F i I +
c - i;
© = :.' K& "'-....‘ ,u",.*‘ﬂ'
S o ! 40 e —— e
= 5 i Tl Iy
B g iy B
-1 o
10 = E 20—
E ? & % : = - “"__ T T L L L L L e G TR 3 :_: ._
10-2 _| [ ’ Ll |!| v v v bvv v s v v sl 1 01l ||&|“~:~|':: :“f‘|“|,-|'-'|"|—‘| | 1 |F|Ilt plrlolb: §1|-|6 O/?I ' ..IH...T....I"."."-..
01 -005 O 005 01 015 02 0.25 0.3 Q1 -08 -06 -04-02 -0 02 04 06 08 1
ct [em] T i
ransversity
_ /DO 0.13
©(B")=1.39"1 1+ 0.08 ps
AT’
— =021 +0.20
I
R =0.17£0.10£0.02
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AI'/T": Systematics

Imperial College

London
Source cT R, |Al'/ T
(in pm)
Signal € vs cos0 +0.6 +0.005 +0.001 MC
Signal € vs ¢, v angles +0.2 +0.02 +0.001 MC + CDF
including: (|Ay]* - [A,[%)
Signal mass model +0.4 +0.006 +0.016 data
Procedure bias +2 +0.01 +0.025 MC
Detector alignment +2 o = data
Bkg lifetime model 0.5 0.005 0.016 data
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Imperial College

AI'/T": Comparisons London

* Consistent with AI'/T" CDF result

D& Preliminary

* Agrees well with theoretical = o sty ¥ DO
. . I G (stat + sys
pred|Ct|0n O_ 12 :|: 0.05 < 0.8 — with WA constraint (1c stat)
AN e
* The WA flavor specific lifetime NN )
provides independent relation .
of Aland T " \ )
- _{1-(ar2ry (A A
fs = — o2k oL
\ 1+ (AF/ZF)2 0'2: ........ WA(f.s.+ )16
T, = 1.43+ OOSpS Ufozd 00368 00396 00424 0045 ct :(:Jﬁ?m
AT
= =023

I
=>significant improvement to AI'
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AT/T: Averages (0™

Averages of b-hadron
Properties as of Winter 2005
Heavy Flavor Averaging Group
(HFAG)

hep-ex/0505100

1F

1 Flavar-Spacihc
58t

13 92 13 314 785 96 17
1T, [ps!

! Combinad

16 1.7
1T, [ps]

1.5
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Imperial College

A¢: Probe for New Physics iondon

* Intruducing CP violating phase
as free parameter

o
o Interpret measured AL/T ‘\ likelihood scan: cos( 5¢)
as (AI''T)gy €0S2(50) 15

(I. Dunietz, R. Fleischer, U.Nierste : Y,
hep-ph/0012219) "

1. we measured " .
AT/T = (AI'/T)gy COS%(0¢) and t . A

2. flavour specific lifetime constrains ' ' cos(5¢)
AT'/T" further.

3. SM predicts (A. Lenz,hep-ph/0412007)
(AI'/T) g = 0.12+0.05

)

25—

2n(LL,

| cos(66)| = 1.461 3
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Imperial College

Summary

DO produces a wealth of B physics results!
All results are competitive and test theory in a meaningful way

measured predicted bubl./prel.
B*/B° ratio 1.080+0.01620.014 1.06%0.02 oublishec
A lifetime 1.22%3-22+£0.04ps published
A,/B° ratio 0.87%0-17+0.03 0.9-1.0 publishec
B./B° ratio 0.980+2-27°+0.003 ~ 1% publishec
B.—D u'vX 1.420+0.043+0.057ps preliminary
AL/T 0.21%)z4+0.20 0.12+0.05 preliminary
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