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CP Eigenstates:  |Bv*®) = |B%) +|B%) |B°!) =|B%) — |B°)
Mass Eigenstates: |BH> = p ‘BO> + g ‘[30> BL> — ‘BO> _q |BO>

® Mass Difference: Am =My - M~
2|M\2] directly probes Veqand Vi in Amg x |ViVial?
oscillations of Bq & Bs
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® Combine multiple tagging techniques with NN, etc.

® Check results with Bg mixing and B* decays
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ALEPH
(3 analyses)

DELPHI ~
(5 analyses)

L3
(3 analyses)

OPAL
(5 analyses)

CDF1
(4 analyses)

D0

(1 analysis)
BABAR °
(4 analyses)

BELLE
(3 analyses)

Average of above
after adjustments

CLEO+ARGUS
(x4 measurements)

World average
for PDG 2009

“HFAG average
without adjustments
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0.45 0.5

Am, (ps™)

0.446 = 0.026 = 0.019 ps™

0.519 = 0.018 = 0.011 ps™"
0.444 + 0.028 + 0.028 ps’
0.479 + 0.018 = 0.015 ps™*
0.495 = 0.033 = 0.027 ps’*
0.506 = 0.020 = 0.016 ps™
0.506 = 0.006 = 0.004 ps™

0.509 =+ 0.004 = 0.005 ps™

0.508 + 0.005 ps™

0.496 = 0.032 ps’’

0.507 = 0.005 ps™

Consistent with B

Factories
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% Vs &Vtd JF
T (3 (5
V;ﬁs Ams MBd

DO0: 0.2018 £0.0053(exp) £ 0.0010(Amd) +0.0078-0.0058(¢&)
CDF: 0.2060 +£0.0007(exp) £ 0.0010(Amd) +0.0080-0.0060(<)

Ave: 0.2059 £0.0007(exp) = 0.0010(Amd) +0.0080-0.0060(%)

® Uncertainty driven by theoretical calculation of &.

® Full Uncertainties (added in naive quadrature)
® DO0-43% CDF-3.5%

® Require theoretical improvements to progress here...
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Karen Gibson’s
Talk

68% CL
95°/o C '
99% C




® |ike sigh muons indicate an event with mixing

® Measure the Charge asymmetry

n _ NN
NTT + N—
direct-direct b— 1, b— pt
direct-indirect b — u—, b—¢— put
direct-prompt b — u~, c— pt
prompt-prompt ¢ — pu™, C— [~

w— K+ decay K N —Ym



1 Js <XS>
ABH Asl |

4f fd <X8>

® f - contribution from fakes

® X - mixing probability

® f 4 - fraction of Bsq4 events
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Eactories/ LEP

A% = —0.0047 -

- 0.0046

P

©B

CDF ArE = 0.0080 -
CDF/HFAG AS5, = 0.026-

- 0.021 (stat) -

- 0.0090 (stat) £ 0.0068 (syst)
- 0.017 (syst)

DO A
DO/HFAG A,

= —0.0028

+ (0.0013 (Stat) =

—0.006 =

- 0.0090 (syst)

- 0.006 (stat) + 0.008 (syst)




B (t)

— I'p, @)

B (t)

+ I's, 1)

® New time dependent analysis

® Removes dependence on Bgresult

® TJwo reconstructed Decays
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cosh (Al'st/2) — cos (Amyt)

L7 = Ny [Ag]” (1 - aj,) exp | -T.t >

® Unbinned likelihood fit

® depends on tagging, decay length, decay length resolution, and
background fractions

® Extract Signal Amounts

® Do pairts B, Lifetime (Full Mass Interval): Runllb | [ gﬂﬂﬂ}
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nY = 1iNef (1+4qA) (1+qvAp)

(1 -+ WAdet) (1 -+ QﬂVAﬁvq) (1 -+ ﬁVAﬁv)
® Use detector to solve P

. 3 <—CP = + /M /“+
acceptance issues P~ = 4 aane *\ - /
® A -ag-charge asymmetry M pgbiriiy : :
® Ag -Toroid Asymmetry g — - g -
® Ay - North/South detector (Adet) P P P P
® Agy - Beam related (An) *B *B
® Agp - toroid efficienc forward forward
WP 4 Ib kward Ib kward
® Agy - forward backward toroid D e T ackward
asymmetries M * f/" /ﬁ\ <« CP> ,/“
® Agy - range out asymmetries (Aro) . @B magnet %B
M polarity M
® Have eight samples based . - - ; -
on charge of muon, solve. B “B




Bs— Dsu*vX decays m

Asymmetries with statistical uncertainties
utomT U KK~ Combined

af;s X ]_03 —7.0x9.9 20.3+24.9 —1.7+9.1
a4 x10° —21.44+36.3 50.1+19.5  40.5+16.5
a?skg' X 103 —2.2+10.0 —0.1 =135 —3.1 =8.3
Agp x 103 —1.8+1.5 —20+15 ~194+1.1
Adet X 103 3.2+15 3.1+15 3.1+1.1
Ao x 103 —-367+15 —302+15 —333+1.1
Ag, x 10° 1.1+1.5 0.2+1.5 0.6 + 1.1
Ags x 10° 43+15 20+ 1.5 31+1.1
) I 1.2 ] 5
ts = | —1.7£9.1(stat) 53 (sys)| x 10

Factor 2 improvement over previous result.
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TR e ® Comblne the two Asl
CDF py || . || 0.113 £0.283 +0.149 . .
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® Makes use of same
detector model to solve
for detector asymmetries

® Subtract Kaon asymmetry

WEIGHTED AVERAGE
0.009+0.008 (Error scaled by 1.3)
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® Bs — D)D) is almost a pure CP-even (theory
assumptions)

arce  2B(B,— D D)

Y

L 1-8(B,— DD)

® Select events in both the hadronic & semi-leptonic channels:

Dy — om where ¢ — KTK™
Dg — ouv  where ¢ — KTK™




leptonic Ds. 4 components:
Correlated D;Ds signal,
(2X%) uncorrelated D;s signal with Ds background,

® Signal template extracted from Bs; = D(*)uyv by removing peaking

correlated D;Ds background

® Fit to 2-dim. distribution m(¢TT) of hadronic Ds vs. m(KK) of semi-

cc, Bs = Dsuv, Bs— D) D(KX)

backgrounds

DO Run IT (2.8 fbY)

L
Hadronic D

J 1.8 19 20 2 1 2 2 2 3

m(on) (GeV/c?)

Candidates / (0.0045 GeV/c?)

DO Run IT (2.8 fI=4
705 ()
oo (b)
50F +
30 + :
20° Semi-leptonic Dy
10§

m(KK) (GeV/c )

26.6 t 8.4 signal events (3.20‘)




A

Xtraction o

B (BS _ Dg*>pg*>) — 0.03540.010 (stat)-

-0.008 (exp syst)£0.007 (ext syst)

® Using heavy quark hypothesis (Phys. Lett. B316 (1993) 567)
and assuming no CP-odd component obtain Al “F:

AFCP

LI's

Y

2B (BS . D§*>D§*>)

1 B(B, — D DY)

= (0.072 £+ 0.021 (stat) + 0.022 (syst)

0 DO Run IT (2.8 fb})

~04
& | — B’ >D.'D.’
i * B! Jiyo

dashed: 68% C.L.
dotted : 90% C.L.




- DO 238 fo '+ Ag, T, COnstraints (HFAG)

——Ubr : ) X
| _ 1+ (&) 68% CL I
0N - oy _ 1L 2L 95% CL d
0.4 B Loy (s)” .
™ 2 .y 99.7% CL -

0.2
<

p-value: 0.12

' R U R D T TR T T B TN R B
'0-'9.0 20 -1.0 0.0 1.0 20 3.0

® Add Lifetime constraints ¢SJ/ Ve [rad]




- DO 2.8 fo' +Ag, , T, , Brconstraints

" 68% CL i
2 04 95% CL -
" 99.7% CL

~ 0.2 SM

4 .

)

p-value: 0.10

R T I T T PR T N TR TR R T N RN SN N
080 20 140 00 10 20 30
* Add Br(Bs—D®,D,) $7/¥¢  rad]




HFAG

6, CDF 1.35 fb +D@ 2.81fb " + constraints

68% CL —
95% CL —

99.7% CL —

p-value = 0.024
-0.4 220 from SM
o6
-3 -2 -1 0 1 2 3




Bs Mixing Observation essentially unchanged.....
(Largely limited by theory, expect to be confirmed by LHC)

Tevatron has extensive programme of CP violation
measurements in Bs, B4, and B™.

® Make the most of advantages of high production cross
sections and detector choices.

® Expect updates to Ay in di-muons, B*, etc. in the near future

® Additional data pouring in ... Expect many improvements
over next couple of years.




