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B, mixing
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Hadronic uncertainties cancel in ratio:

A ) o2 [ 2
Arrig _ g, 2 |V:S|g , E=4] HE*"{{—:# — 1.21fg-ﬂig (Okamoto, Lattice 05)
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B4 oscillation very well measured (HFAG 2007): Amy = 0.507 £0.004 ps !

From fits of unitarity triangle, assuming Standard Model and using all available
information (CKMFitter group): Asn, = 18.9"5 J ps~ ' (Eur Phys. J. C41)

=  Amg > 30 x Amy



Analysis ingredients

B, Reconstruction side
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e Analysis ingredients:
e Reconstruct B, decays and determine B, flavor at decay from decay products,
e Mesure proper time of B, decays,
e Determine B, flavor at production (opposite-side and/or same-side tagging),
e Mesure Am, from an unbinned maximum likelihood fit of mixed and unmixed events:

1 _
P(l)go_,pgo go = E_E + [

1+ A Deos(Ams,t)|. dilution 70 — 1 — 2y, 1) —mistag prob.
-

Fit for 4 at different Am,. For true Am,, 4 = 1, otherwise A — (.

e Statistical Significance of Am, measurement:

5 w e t(oeAm,)*
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Semileptonic decays: B, —+ D" i,
Dd: ~ 42K reconst. events (3 decay modes)
CDF: ~ 61.5K reconst. events (6 decay modes)

B, signal reconstruction (1 fb)
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Hadronic decays (CDF)
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~ 5600 fully reconst. events (6 modes)
~ 3100 partially reconst. events (2 modes)



Proper decay time

Fully reconstructed hadronic channels:

g Loy _ . M(B)
T S8 vPL(B.)
: : M(B,)
Semileptonic channels: ¢t = me * K
Pr(D. ¢
K = PrDD g m Monte Carlo
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b-flavor tagging @ production

Two methods: opposite-side flavor tagging and same-side flavor tagging:

1. Opposite-side flavor tagging (D@+CDF):

e Soft Lepton tagging

e Jet Charge tagging

e Secondary vertex charge (DQ)

e Charge of identified kaon (CDF).

The performance of OST taggers measured
in kinematically similar B* and B, samples.

2. Same-side Kaon Tagging (CDF):

e Use the closest fragmentation track
correlated to B production flavor.

e SSKT performance cannot be
determined on data (rely on MC).

eD* = 3.7% (hadronic decays)

eD* = 4.8% (semileptonic decays)

Performances of combined OST taggers

(D) (%) Amy (ps™)

DO 20202 1 0.006 £ 0.0205,¢ £ 0.0105,

CDF LE0.1 ] 0.009 £ 0,010, £ 0.0105
HFAG 2007 0.507 £ 0.004
- % B° b ;’ B?

. .

C . .

CDF Run Il Preliminary L = 355 pb™"

e L
& %ir — syst. R

dilution [346]



Amplitude

Am, measurements (spring 2006)

Phys. Rev Lett. 97 (2006) 021802 Phys. Rev Lett. 97 (2006) 062003
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data + 1.645 o (stat. only)
- s _,_m } ]Illl | *
v sanis TR TRLL
ot \“ m“
-2_ )
- 5601 B, — D/ (rﬁr+};L X 1 fb'l
-4 #95% CL limit: 148ps
B ---o--'Expected Ilmlt 141ps 0 37(200_ 0 i 3609 i
s P AT A 1 B = I'D; X, B, —» D, n*, B, > D. n* n*
0 5 10 15 20 25 e A

e -1 -
Sensitivity: 14.1 ps Amg [ps ] Sensitivity: 25.8 ps-! Am, [ps’]

17 < Am, < 21 pr_:._l @ 90% CL

Most probable value of Amg = 19 ps™

Probability of false result = 5%

Am, = 17.3110:33

(stat) £ 0.07(sys) ps~*

3o signal

significance

Probability of random fluctuation = 0.2%




Improved CDF analysis

e Increase of B, signal yield:
- add partially reconstructed decays:
BY - D*x~ Df = Df+y/a% and BY =+ Dfp~, p= =7 a" with D} — ¢n*
- use particle ID in the selection (Kaon identification)
- use Neural Net selection for hadronic modes
- use loose kinematic selection

For B, — D '"*i~i, gain=66% (37000 — 61500 signal events)

Including hadronic decays = Effective statistical size increased by a factor of 2.5 !

« b-flavor tagging:
- add opposite side Kaon tag.
- use NN to combine all opposite side taggers (gain=20%b)
- use NN for same side tagger (gain=10%b)

Decuay source Signal | 3/B | guin

BY D (¢pat)m— 2000 | 11.3 | 13%
Partially reconstructed RB? 3100 | 34 -

BY & DF(K*(892)'K+t)n— 1400 | 2.0 | 35%

BY o DF (wta—wt)m— 700 | 2.1 | 22%

BY = D (¢nt)n ata™ 700 | 2.7 | 92%

BY & DF(K*(892)°Kt)yr—ntm™ | 600 1.1 | 110%
B 5 Dif(mta ot )r wta 200 2.6 -




Improved CDF analysis

Phys. Rev Lett. 97 (2006) 242003
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b-hadrons lifetimes




b-Hadrons lifetimes

e Important test of “non-spectator” effects in heavy hadrons decays:
= “non-spectator” effects give rise to lifetime hierarchy among 6-hadrons:

7(BT) = 7(Ba) = 7(Bs) > 7(As) > 7(B.)

e Contribution of light quark(s) in 4~-hadron decay width computed in the framework
of the Heavy Quark Expansion (expansion in 1/m,):

A " .
['(Hy — f) = |CKM/|? Z el ( QL“) (Hy| O, | Hy)

oMy

Non-perturbative corrections arrise only at O(Adep /i)

Difference between meson and baryon lifetimes appears at O(A¢cr, /mi,)

N~

Splitting of the meson lifetimes occurs at O(Agen/my)

Recent theoretical predictions and experimental averages for the lifetime ratios:

T(B™) (B, T(Ay)

(B (B T(Ba)
NLO QCD + O(1/my) in HQE 1.06 £ 0.02 1.00 +£0.01 | 0.88 4+ 0.05
Experimental averages (PDG2006) | 1.076 £ 0.008 | 0.957 £0.027 | 0.84 £ 0.05

C. Tarantino. Eur. Phys. J. C 33 (2004)



b-Hadrons lifetimes @ Tevatron Runll

Both CDF and DY have performed a number of b-Hadrons lifetimes measurements
for all b-Hadron species. For +(g*), +(B"), (B")/7(B’) and 7(B.) the results are:

"
5

K

Experiment | Method | [ Ldt (pb™) (B7) (ps)

CDF Exel. J/PK 1000 1.630 4 0.016 4 0.011F
CDT Tncl. D" 260 1,653 £ 002973 023
CDF Excl DOn 360 1.661 £0.027 £0.013F
Belle: 7(BT)=1.63540.01140.011 ps

Experiment | Method | [Ldt(pb~™") | 7(B*)/7(B") (ps)
CDF Excl J/oK | 1000 | 1.051 40,0234 0.0047
CDE Tnel. D{ 260 1123 £ 0.04075 0387
CDF Exel. Drr 360 110 £0.02£0.017
DO D DO 440 1.080 + 0.016 £ 0.014

Belle: +(B*)/1(B") = 1.066 % 0.008 £ 0.008 ps

A

Experiment Method [ Ldt (pb™") 7(BY) (ps)

CDF Exel. /YK 260 1.541 £ 0.050 £ 0.020
CDT Incl. D™){ 260 1473 £0.036 £ 0,054
CTF Fxel. D~(3)r* 360 1511 +0.023 4 0.013°
CDF Excl. J/U K, 1000 15514 0.019 £ 0.011
DO Excl. J/yK* 450 1.530 4 0.043 £ 0.023
DO Excl. J/iK, 1000 | 1492 40.075 £ 0.0477

Belle: 7(B") = 1534 +0.008 4 0.010 ps

Experiment | Method | [ Ldt (pb™") 7(B,) (ps)
(DF Jfpe | 360 | 04637000 0036
DO Jp | 20 oAty £0121P

P=Preliminary



B, lifetime measurements




B, lifetime measurements

In the SM the light and heavy mass eigenstates of the mixed B, system are expected
to have a sizeable decay width difference:
Aly=T7—Tg = 0.096 = 0.039 ps~'

If CP violation is neglected B, and B, are expected to be CP eigenstates:
By, = CP even : short lifetime component 7, = 1/1';,
By =CP odd : long lifetime component i = 1/1'y
Various B, decay channels have different proportions of B, and B, eigenstates:

e Flavor specific decays: 5" - p!¢ 5, and B° s pf»~ have equal fraction of
B, and B, at t=0.
Fit to the proper decay lengths distributions with a single signal exponential:
= Flavor specific lifetime:

1 L (—*ﬂ‘rr“hz Iz +T 1
H(B)e = — 2T, . I, = L H _ ]
' I, | — (.:«.rq y 2 T B.)
2T,
e B. — J/we : contributions from CP even and CP odd states, dominated by CP even.

In this decay mode one can measure Al';, and 7(B.) = 1/T", .



B, lifetime in flavor specific modes

Both CDF and DY have measured

B, lifetime in B! —+ D1 X

Results based on respectively
360 and 400 pb-! are:

r(B.)is = 1.308 + 0.044(stat) T 02 (sys) ps (DO)
7(By )i = 1381 = 0.055(stat) 0 03¢ (sys

CDF has also measured By lifetime

in the fully hadronic modes:

0 — 0 - -
Bl 5D, B oD e" ™ x

Analysis based on 360 pb'.

B, lifetime extracted from a
simultaneous fit to the mass
and decay length distributions:

7(Bs )t = 1.60 £ 0.10(stat) £ 0.02(sys) ps

Will be updated for 1 fb-1.

Candidates per 50 um
R

-
o

) ps (CDF)

10 MeV per bin

Ao N s

DY, 0.4 fb™"

i,
-!!||!!3
[#..
"o, '&.

0 01 02 03 04 05
Pseudo Proper Decay Length (cm)

CDFII Preliminary L=360pb”

c
3 —— Data
il g BsDsT .
£ : — Global fit
s Di—om
8 -~~~ Combinatorial
¢_>KK - Signal
"\

10F

0 0.05 0.1 0.15 0.2

Nof B : 472+ 27

L }oo]
LR UM AT ”lHH"H i i

SRR LA

005 0 005 01 015 02 025 03



B, lifetime in 5. - J/v¢

D& made a new Bq lifetime measurement in 8. — /¢ based on 1.1 fb:

D limi 1.1 fb? : istributi
@ preliminary, b The study of the time dependent angular distribution of

=i
(=]

IIIII|T| I IIFIIIIl

«~ 500
o 51 - Data
DO, 1.1f
3 4% s 11 T C Total Fit the decay products of J/y and ¢ allow to separate the
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P d°T(t) 1 o \
33005— —————— o [Aeven(?, 0, V)" + [Aoda (0, @, ¥)|" + interf. term(¢;)
8 250F deosfdypdeosy)
2] E . . ..
T 200 : = CP violating mixing phase.
5 22%F NQAy6)=1039+45 1 O g gp
] 150;—
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505_ : . i "D ,1.1f6' B 5 Jiwyo - Data
055352 53 54 55 L“%s' 57 58 210° Mass 5.26 - 5.46 GeV __ Total Fit
han. (aev) =~ E % s Total Signal
[«1] -
. . a -l IR 0 e CP-even
107
Al IS extractec_l from a a_multaqeous ad g s OBodd
unbinned maximum likelihood fit to 8 F P — Background
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o

the proper decay length, the 3 decay
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Y ’r } ,r
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< Pl

N
e
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B, lifetime in 5. = J/v¢

1-sigma contours (Aflogl) = 0.5)
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A, lifetime measurements




A, lifetime measurements in Ay — J/¢A(pr™)

e Both CDF and DY have measurements based on respectively 1 fb-! and 1.2 fb.

e Similar analysis procedure:
A, lifetime extracted from an unbinned simultaneous likelihood fit to
the mass and proper decay lengths distributions.

Lizy M(Ap)

8 TV Pr(Ay)

A, lifetime cross checked using B® — J/¢ K (7w 7 ™)

ot = ‘L-T?,I' _ {III:_F_I;L" _ T-‘P'VJ : II:P‘{'{."'I.!.-}

= similar signature and kinematics.

CDF Il Preliminary 1.0fb™ FERMILAB-PUB-07/094-E
> - i L
% 150:_ - Data %200_ Dﬂ, L=1 .2 fb-1 - Data
-+ - — Data fit = B . Sianal
'E 1a0_ =Signal region s L Ab—) JJ’\IIA g
= n Bkg region -
@ = — 3150 — Total
o 120F N(J/y A)=532+38 NIy A)=532 §_ :—?f_
100(— -] ~
u [] L.
3 S 100"
- <
- ﬂ —
(& ] e T e e T e T o ] L)) [
50 -
- T N_(\_]_/__\y__{\):l74i21
o_ i 1 i I I 1 I I PN [ 1 1 |----|----|---:--I---|---.
5.65 5.7 5.75 5.2 54 5.6 5.8 6
Mass(J/y A) [GeV] Invariant Mass (GeV/c?)

CDF tracking and A — prr— efficiencies > D& = higher yield



A, lifetime measurements in Ay = J/¢A(pr)

Signal region CDF Il Preliminary 1.0fb™' i FERMILAB-PUB-07/094-E
= E1
é* - ol g DO, L=1.2 b
E102 3 — g:;gnal+8kg E_ 10° Apg—> JIy A
® - ©=1.580+0.077ps @
E 102
10 = 'E
= 8 10
1
1
-o.-;s 0.1 .05 0 005 01 015 02 025 03 035 10h3 - 0.1 0.2 0.3 0.4
ct (J/y A) [em] Proper decay length (cm)
I - . 3 1 ¢ +0.130¢ . A e .
7(Ap) = 1.580 £ 0.077(stat) £ 0.012(sys) ps T(Ap) = 121875 175 (stat) 4 0.042(sys) ps

World average (PDG2006): 7(Ap) = 1.230 4 0.074 ps
Cross checks:

CDF : 7(B” — J/y K., K*) = 1.551 + 0.019(stat) + 0.011(sys) |_CDF Il Preliminary, L=1.1 fb" |

DO : 7(B” — J/¥K,) — 1.50110 078 (stat) + 0.05(sys) “3‘31““? A S S o Gomb B
i 1200 :— -==- Ap semileptonic + other
DJ result is consistent with the 7(A;] world average 8 f — B semileptonic + other
. o1 ==== Ay, and B 4-track decays
but CDF result is more than 3¢ above. E A ALK ’
Need more experimental inputs to conclude: E
Full hadronic modes ?, CDF has about 3000 ©
reconstructed A, — AF(pK 7 )x~ more than A, — J/vA

— Lifetime measurement in progress. o R—



A, lifetime measurements in A, = A} (K.p)p~ 7, X

D@ Run Il Preliminary

New measurement by D& based on 1.3 fb-". € o1sL A Ay
. . M ':—'ib] [ e A, DI TPV
Partial reconstruction = ¢t = L, —— x K g
" Pr(AdpT) |
. Ppr(Afp™) :
K = estimated from Monte Carlo K
Pr(As 0.05-
T(A,) lifetime extracted from the fit of the number of - oS e N
Kpu events versus the visible proper decay length oL ' e
g DZPRunll Preiiminary Ay — A p~ 1w, fraction ~ 047112
= - in semileptonic A, decays
= _ X°MNpor = 0.784 P
< 1000— DZ Run Il Preliminary 1.3 fb
— :\r-‘ -
I 5.915000:’4__‘_‘_/\_ - -
- =
I = F
500 € 100001
. P
5 B
: e T T & 5000
0 0.1 0.2 0.3 -
A (cm) i N(A1)=4437+329
T[.‘l‘ibx] — 1.25 J_ U._q[t‘-tdt} J_ U-UU[EI\"':] l_}?:: 27 23 23 27 25

, : L . M(K; p) (GeV/c)
Result compatible with Ay — J/¢pA(pr™) m(K,p) distribution for A, candidates

and world average. (3.4 GeV < m(K,pw) < 5.4 GeV)



Summary

e B, mixing:
- CDF (improved analysis + additional partially reconstructed B, hadronic decays):

Amg = 17.77 £ 0.1(stat) = 0.07(sys) ps_l with >5¢ signal significance.

¢ b-hadrons lifetimes:
For B, lifetimes measurements in the flavor specific modes:
r(B.)g = 1.398 £ 0.044(stat) T} o35 (sys) ps (DO)

G

7(B,)s = 1.381 £ 0.055(stat) "y 03 (sys) ps (CDF)
D@ has new B; lifetimes measurements in 5. — J/v:¢

-D@: T(B,) = 1.52 £ 0.08(stat) "0 0% (sys) ps

CDF and D@ have updated (1 fb-1) their A lifetimes measurements in A, —& J/iA :
-D@: (Ay) = 1.2989 4 0.137(stat) + 0.050(sys) ps
compatible with world average: 7(Ay) = 1.230 £ 0.074 ps
- CDF: +(Ay) = 1.580 + 0.077(stat) £ 0.012(sys) ps 30 above world average.

D@ has also a new +(A;) measurementin A, — AL (K.p)p 2, X

T(Ap) = 1.28 £ 0.12(stat) £ 0.09(sys) ps compatible with world average.
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Neural Network selection performance

CDF Run Il Preliminary L=1.0fb"’

NE g
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= 2500 g
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Separate decay modes amplitude scans

Partially reco. hadronic modes
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B, oscillation signal

CDF Run |l Preliminary L=1.0fb"

2
8 T
2 [
o [
E 0
<
o [
9 I
i -
~ —e— data
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0O 005 0.1 015 0.2 0.25 0.3 0.35
Decay Time Modulo 2rn/Amg [ps]




Impact on the CKM unitarity triangle

CDF
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B, lifetime in B. - J/ve

CDF made also a new average Bq lifetime measurement in 8. — .J/4:¢ from a data sample of 1 fb-1:

Events/4 MeV

- = PR -1
[ -1
CDF Il Preliminary 1.0fb Signal region CDF 1l Preliminary 1.0fb

= E [

- = = « Data
00k . Bata 2 B [0 signal

— — Data fit i - — Bkg

- [ sign al region s — Signal+Bk
250/ @ Bkg region 3 10°F S

s y 1133 - 7=1.494+0.054ps
200} N(J/y p)= 5
150} 10
100§ :

Ra!
N

s 01 ©05 -0 005 01 015 02 025 03 035
et (Jry §) [em]

7(Bs) = 1.494 £+ 0.054(stat) £ 0.009(sys) ps

-0.

-t

528 53 532 534 536 538 54 542 544 546 548
Mass(J/y ¢) [GeV]



A, lifetime measurements

Ap lifetime measurements

CDF (ABE 96M) |—— o
1.320+0.150+0.070 ps
ALEP (BARATE 98D) —e—
1.210+0.110+0.000 ps
OPAL (ACKER. 98G) ——

1.290 (+0.240-0.220) +0.060 ps

DLPH (ABREU 99W) | ———
1.110 (+0.190-0.180) +£0.050 ps

D0 (ABAZOV 05C) [
1.220 (+0.220-0.180) =0.040 ps
DO (DO 5179-Conf) o=
1.298+0.137+0.050 ps
D0 (Run II Semilep) ——

1.280 (+0.120-0.110) £0.090 ps

CDF (hep-ex/0609021) [(=2=
1.593 (+0.083-0.078) £0.033 ps
CDF Run II Prelim. ——
1.580+0.077+0.012 ps
World Average 1.230+£0.074 ps
0 0.5 1 1.5 P 2.5

Ay lifetime [ps]



