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How did we measure Al'/[" ?

Definitions:

U, =I=(" [ehor)/2 AT=Tng T short

Iong long

L3 Inclusive B. lifetime

T, incl— LJ% , ﬂr'lﬁ =1.49 +0.006 ps
( ) AT <0.67 @ 95% C.L.

CDF B. - J/Q © (almost CP even = fg .~ 1)

PJ W (t) — fshortrshortexp(_rshortt)+(1_f8hort)rshortexp(_rlongt)
Build likelihood, -, by using P (t)

fopor = 0.84+0.16 L constrained to 1,
Measurement 1, = 1.347993+0.05 A/l = 0.36702)
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Delphi B. - D_lvX

Dsemi(t):(rlongrshort /(rIong+rshort))(exp(_rShortt)'l'eXp(_rIongt) )
2 scan as function % constrained to 15, and A/l
Alr<0.47 @ 95% C.L.

World average semi—leptonic lifetime

1 1+(AF/2F) 1,.=1.4620.07 ps  Ar/I<0.31 @ 95% C.L.
™ 1-ar/2r)?

Delphi B. —~ D.” —hadron (1,k)

D. it D. -k Yk~ f,_,.=22+7% (fraction of D_O* D_O")
I:)D —h(t):fD D rshortexp(_rshortt) + (1_fD D )Psemi(t)

Scan 3(1/F, AF/F) 1/T" const. Ty AlMTr<0.70 @ 95% C.L.
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Aleph B_ - D_O*D_O7 _ @pX (almost CP even)

Branching Ratio method -
h L1 Al Small Velocity limit or
Br(B.>*"~D,7"DS)=F A Shifman-Voloshin limit
2
The measurement: Br =23 +10 (stat) ™’ (sys.)%

1 =15 A= 0.26%3:32

Lifetime method

_ Al _~r1 1
I:)short(t)_rshort exp(_rshort t) r _2( [ 1. short _1)
B

The analysis: 155" =1.27+0.33+£0.07 ps

L=t AT/ = 0.43:38
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The combined limit

log—~ In (1/T", Al'/T") plane for each measurement
L3 not included, missing .-~
2 log—~", normalize respect to the minimum

AT/T=0.24%523 AM/T<0.52 @ 95% C.L.
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With constraint FL =15, = 1.540£0.024 ps

ATIT = 0.16709 AF/F<0.32 @ 95% C.L.
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Add 2% syst. uncertainty for constraint 1/T" = 1
ArT =0.17559 Alr<0.34 @ 95% C.L
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The future of Al'/T

CDF: (2fb~1) 4,000 events

B_. - J/W(pu)@: lifetime & transversity angle analysis together

S/N & mass resolution = Run I, o(ct1)=18 um
CP_..=0.77£0.19 o(Al'/T")=0.05

even

CP._=0.5(1) o(AT/T) = 0.08 (0.035)

even
B.-D_11" ~75,000 events = measure 1/T
B.-D._"D_" lifetime: (CP even) ~2,500 events
S:N=1:1.5 o(t;.)=0.044 ps  o(Al'/l')=0.06
B.-D_O*D_O Branching Ratio: challenging, missing y & ™
~13,000 events S:N=1:1(2) o(Al'/')=0.012(0.015)

Lifetime methods combined o(Al'/")= 0.04, with BR 0.01
Donatella Lucehesi



BTEV 2 fb!

Strategy: measure T-p+ and T =1/
Tept B - J/P(up) ©(~41,000 events)
B. - J/W(pp) n® (~8,000 events)

T :B.-D_71t" (~91,000 events)

o _yTEs \/(JTCH)QJF (UTFS)Q Add other Gaussian terms if
- Top+ | \ TcP+ TFS not only 1 component in T-p+

Results:

Decay Modes Used Error on Al'cp/T
2" 10 b 20 f5="
J/yn"), D=7t 0.0273 0.0135 0.0081 B .
J{/Qp b6, D-nt  0.0349 0.0158 0.0082 1=0.229 (odd fraction)
T/, T/ é, Drx+ 0.0216 0.0095 0.0067 | AM/T=0.15
with ATgp/T = 0.03 0.0198 0.0088 0.0062
with f = 0.13  0.0171 0.0077 0.0054
with f =033 0.0258 0.0112 0.0078
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LHC B.-J/W(UY) @. The ~” channel

o

Thanks to Maria Smizanska

ATLAS(3Y) CMS(3Y) LHCb(5Y)
Events 300,000 600,000 370,000
Bckg ~15% ~10% ~3%
o(1) 0.063 ps 0.063 ps 0.031 ps
Input values: AT'=0.15xT =L
1/T=1.54 ps =
B oo |
Lifetime & angular analysis together ¢
ATLAS CMS  LHCh £
o(AlN)  12% 8% 9% L aknd 0%
O—(r) 0.7% 0.5% 0.6% 0 _l'"l Glzii-ﬁijliiiﬂ'rllh :';If_..é'l o
J/W - ee under evaluation " Staisics (10°
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A method to measure Al

US|ng Untagged CP EVEeNLS s retrak BCPa

usE A
Usual At distributions for tagged CP events in BaBar sin(23) measurement o5 By~ BY _-"I." N o= BO |
(perfect At resolution and tagging): At :/tCB — tTag :; g Y
'Y LA ) S S ,f'"
f,(AtT,,Ama) =—expE-— [1n‘r]CP sin 24 sin AmAt] 01 ,-f";_,f' M
) 4T B T B u-—-rr=- R 1 "_—:.-. -_—'.'—.-|=._i

Dm:ayr "ﬂmu Diﬂﬂmm r,m::u—tag} {ps)

If we do not use tagging information we simply get: £ /\
oo !
i P&
1 At o '
f (At )——exp%| |E j f H‘ﬁ
2y Tg wi_ !J' "1\
g r N
Keep in mind: these equations contain the assumption A" = 0. St \‘1

% - -a""é'_'_s_-'_a
ﬁanmﬂuﬂﬂiﬂﬂcnlwl

Without this assumption the latter equation becomes (good to order AI):

[]

f(At;14,8,AIN) = L

(At) =N, COS2AT fr—r

%ME gmcp cos2a Gl—AFAt[
Tg 2 =

Jan Stark CKM workshop, CERN 10
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Sensitivity estimate

A ﬂ Knowing Tg( and cos2f3, we can turn
(At) =N, COS2AT .
B a measurement of <At> into a measurement of Ard/ Fd

Width of At distribution: RMS(At) = 2.4 ps
o (< At>): RMS(At) (takes into account lifetime contrinution and detector resolution).
/N Number of “golden” CP events in 30 fb~1 : N = 700

(BaBar, hep—ex/0201020)
With tgg = 1.55 ps and sin2f3 = 0.6, this gives:

Remarks: The additional uncertainty due to the error on sin 23 is small compared to the uncertainty due to o(<At>).

The contribution to <At> from experimental At reconstruction can be determined using the much
larger flavour samples used in the lifetime analysis.

Extrapolation to 300 fb~L: GEAF—FE: 0.023 Theory: Ard/rd~3X1O_3
10500 fb=1: Ggﬁr_rgzoms see talk of Tobias Hurt
Jan Stark

CKM workshop, CERN 11
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Summary g’

al

@ The current limits are:
1) A< 0.52 @ 95% C.L. no constraint

2) Al'/IF<0.34 @ 95% C.L. with constraint 1/T" = 1,

@ Near future: CDF o(Al'/I")= 0.04 (lifetime method)
o(Al'/I")= 0.01 (lifetime+BR methods)

@ Far future BTEV and LHC o(Al'/I") < 0.01

@ Al /T, measurable with an error of 0.023 in 300 fb™! of data

at Babar
Donatella Lucchesi 12



