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The DO Detector
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B Tracker:
e Excellent coverage |n| < 3
e 2T solenoid
e New layer O silicon close to beam
pipe in 2006, improves impact
parameter resolution
E  Muon sysyem:
e (Coverage and triggering: |n| < 2
e Includes toroid magnets
E Polarity flip of both magnets every
two weeks
e Reduces detector asymmetries

50cm

Silicon Microvertex Tracker
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B. Mixing and Oscillations

E Mixing and oscillations convert B] < B through second-order
weak interaction (box diagrams)

s Vrs W i’
e Mass eigenstates: e 1 -
__ B° welyY A ucl - B
BSL>= p Bs">+q BS°> ~CP even [ )
B —G—W'_;—
B')=p|B;)-q|B) ~CP odd b WV
S Vrs uc,t b
e Eigenstates propagate with different . ] ] _
lifetimes: B, [ W W } B,
TH > T B ~ -
I +FH b u,ct Vrs S

7=1/T, whereT', =—+-

B Probability of mixed and unmixed decays:
P(BY — B?;t) :%Fse‘rst (1-cosAm(t)

P(B) - B);t)= %l“se‘Fst (1+cosAm,t)

— constrain |V,|
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Measurement of Am,

B Reconstruct B, decay signal (S) with low background (B)

B Flavor at production

D e Opposite-side + same-side flavor
tagging
E  Flavor at decay from muon (or

Reconstructed or

signal-side
electron or pion) charge
., Frag. K~ B Proper decay length:
Opposite ™. s
pposite. . gD T |
side ) W P
“ | BY, cr, =Xx"K, wherex" =| == |cM ,
W "’ XM S (p_l'fl s) s
b hadron/ A uD-
/ K-factor: K= pTBO determined from MC
o
’ x" = Visible Proper Decay Length (VPDL)

E Significance:

. SeD? “(me)” g
Sig(Aam. ) =./> ¢ 2 ,/
g(Am,) 2 S+B
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Data Samples and Decay Modes

D@ Run Il Preliminary
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Flavor Tagging and VPDL Determination

B Same-side kaon tag and event-charge tag are new additions to
the combined flavor tagger D0 Run I Prelminary
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e Improved VPDL resolution and
selection efficiency for Run IIb
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Combined Results

E Combined amplitude scan E Am, obtained from Combined
Prob™™ ™ (x) = likelihood scan
exp(— KX )@+ DAcos(Am,Kx/c)) | ) __DZ Runll Pre il;nlinlar\(:I[ILt;ltl=|2.4 "
2ct, CTy E, - R
5 s < 10 « staterroronly
» 2501+ vt D2 Runll Preliminary: J.let|=|2|.4 flla'j - total error :
S L —datatiooy E 5 |
E‘ [ ] datat1.6450 (stat) - :
< “:E_ B datax 16450 to) e | ./\'7"}‘ of f
05 - 1
0¥ Il | I . 5 .
0_55_ l © Aln(min) = 408 -
-1§ ha \'_/2 10 R e S 1853 T 6.93(stat) £ 6.30(syst) ps’ ]
155 —-se sensitivity: 27.3 ps (tot) = 12714 i6 18 20 2 24 2% Aff(psf;“
2 = s
'2'50:' B S T R | TR - Sa—
. Am, (ps™)
E D@ result:
Am, =18.53+0.93 (stat.) +0.30 (syst.) ps™ with 2.9 significance
V D@ Run Il Prelimi
“41-0.2018+0.005 (exp.) 2% (theor.) T reminen
ts
N Vi +0.0081
B HFAG combination: |-%/=0.2059+0.0007 (exp.) "o (theor.)
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B.— J/v ¢: CPV via B, Mixing

B? — B’ B Mass eigenstates:
— B)=p|B})+q|B’) ~CP even
SR LB B,)=p|B)-a|B;) ~CP odd
w W E CPV: |g/p| = 1, or interference

between direct/mixed decays

E CPV phase very small in SM, ~ 0.04

[A. Lenz and U. Nierste,
JHEP 0706, 072, (2007), arXiv:hep-ph/0612167]

E New Physics could easily enhance CPV phase
e Look for non-zero phase as indicator of new physics: ¢SNP

*

g =-2p, =-2arg [—VV—tSVtE j ~0.04

cs'ch
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Analysis I: Assuming no CPV

B CompareB! —»J/y¢ andB) > J/y K™
B Measure linear polarization amplitudes and lifetimes

e Test flavor SU(3) symmetry, factorization, and obtain lifetime ratio
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B,—J3/v K% B.—3/v ¢ Results

New results for PANICOS8

Parameter By B
Decay \AO\Z 0.587 + 0.011(stat) + 0.013(syst) 0.555 + 0.027(stat) + 0.006(syst)
amplitudes ‘A”‘Z 0.230 * 0.013(stat) + 0.025(syst) 0.244 + 0.032(stat) + 0.014(syst)
o, (rad) —0.38 = 0.06(stat) + 0.09(syst) -
EELOSZ% S, (rad) 3.21 + 0.06(stat) + 0.06(syst) -
o, (rad) - 2.72 "17%(stat) +0.26(syst)
7 (ps) 1.414 + 0.018(stat) £ 0.034(syst) 1.487 + 0.060(stat) £ 0.028(syst)
AT, (ps™) _ 0.085 *97(stat) +0.001(syst)

B B, results competitive and consistent with CDF/BaBar/Belle

B Measurements of the strong phases indicate presence of
final-state interactions for B! — J /y K™
e 0, is 3.5c away from O
E Comparison of amplitudes and strong phases shows no evidence
for violation of SU(3) flavor symmetry
* 9, =0,-0,=359+0.06(stat) +0.09(syst) for By

arXiv:0810.0037
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Analysis II: CPViInB_.—->J/vy ¢

1967 + 65 B, decays

E10°E
= F D@ , 2.8 b’ " Data
uoi 3- o — Total Fit
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Bg — Jly o
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ct/o(ct) > 5

* Data
— Total Fit
e CP-gven
------ CP-odd
------ Total Signal

E Use a maximum likelihood fit to mass, lifetime, 3 decay angles
e Allows separation of CP-even and CP-odd components

e AM, constrained to measured value (CDF) and strong phases
constrained to values measured for B, at B-factories, allowing some
degree of violation of SU(3) symmetry

E B, flavor at production determined using opposite-side +

same-side tagging
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CP Violation in B, —» J/v ¢: Results

—0.4

w F (a) DO, 2.8 fb™
o -
[jo'?’__ = B> Jhy o (strong phases
To.2r AM,=17.77 ps”|  constrained)

0.1

-0F
01 — SN
- A= AFSM X |cos(<|> )|

N_

_02 |||||\\\||\ ||| |||\\\||\\|
= -1.5 -1 -05 0 0.5 1 1.5
b, (radian)
B Results:
7(B?) =1.52+0.05 (stat) +0.01 (syst) ps
AT, =0.19+0.07(stat) +50; (syst) ps™

¢, =—0.57 *o2(stat) “os(Syst) CP-violating phase

e Probability of SM = 6.6% = ~1.8c arXiv:0802.2255

PRL, in press
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DO + CDF Combined Result

E Combination of results, without constraints on strong phases

0.2+

HFAG
CDF 1.35fb '+ D@ 2.8
99.7% CL —
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0.0 T \A‘-ﬁ ‘/g
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- Flavor-specific B, lifetime
- B, semileptonic charge asymmetry
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CPV and Br(B, —» D, D_."")

B The decayB? — D!"D{’ is predominantly CP even and is related to
AFCP = [even _Fodd .

CP
2Br[BY - D’D!" 1= &[u O(AI, /T)]; A, =AY cosg,

S

B Look for events in which D, > ¢z" and D, > ¢uv
e Extract signal from 2d likelihood fit to data in m(D.¢x)-m(ou) plane

DO Run II Preliminary (2.8 fb'") DO Run II Preliminary (2.8 fb")
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m($, ) (GeV/ch m(KK) (GeV/c?)

Br[B? — D{’D{?1=0.042+0.015 (stat.) = 0.017 (syst.)| New Result
D@ Run II Preliminary
Results: |Arce

=0.088 +0.030 (stat.) =0.036 (syst.) Consistent with SM
I (0.127 + 0.024%)
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Direct CP Violation in B*— J/y K *(x ¥)

B Search for direct (i.e. not via mixing) CP violation
B Measure charge asymmetry in B* > J/w K* and B* > J/y 7"
B Charge asymmetry defined by

Aw(B" =3 1y K™ () = NEB 2 I KA ) =N(B = ) [y K (7))

N(B~ > J/y K (z)+N(B" = J/y K (7))

e CP violation = non-zero Acp

B InSM,A,.(B"—>J/y K)=~0003, ~0.01ford/y "
e Due to interference of tree-level and penguin decay diagrams
b c u u
+ + +
J/y B b w sK
+ + c
B W Y_
S
K
u

u

e New physics may significantly enhance A

' W.-S. Hou, M. Nagashima, A. Soddu, ?1. Dunietz, Phys. Lett. B 316, 561 (1993);
arXiv:hep-ph/0605080 W.-S. Hou, arXiv:hep-ph/9905541 (1999).
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J/v K*(n ¥) Mass Distribution

E Fit to sum of contributions from B—>J/y K,B—J/w =, and
B—J/y K", as well as combinatorial background (BKG)

B From fit we find 2000k 00 Run 1, 28 1 e DATA
e ~40k B—>J/w K events . — o
& 10000} e
e ~1.6k B—>J/y 7 events S Y A D K
® so00- [\ 0 T BrG
oy C — TOTALFIT
E Asymmetry measurement S 6ooop
method accounts for possible £ 4000}
production/detector P
asymmetries m \*ﬁ/ ------- A=- T e

_I_A_A_.A_A_IJ_A_ui.mh.l_l_H———'—""
5 51 52 53 54 55 56 57
m(J/IyK) [GeVicY]

B Results: 1A (B - J/y K')=+0.0075+0.0061 (stat.) +0.0027 (syst.)
Ar(B" > J/y 77)=-0.09+0.08 (stat.) £0.03 (syst.)

B Consistent with world averages
e Factor of 2.5 improvement in precision for A,(B" > J/y K")
e Competitive precision for A.,(B">J/y z")
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CP Violation in Semileptonic B, Decays

B New search for CP Violation in B! — D, u'vX, (D, > ¢z, ¢ > K'K")
by measurement of the charge asymmetry using a time-
dependent analysis with flavor tagging

e Technique similar to B, oscillation analysis, modified to include CPV

12000

/ 0.01GeV/c?

6000

4000

2000
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and study of detector asymmetries
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Result: ) +0. ) +0.0015 | New Result
ay =—0.0024+0.0117 (stat.) "5, (SYSt)| & Run 1l Preliminary

Most precise direct measurement to date
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Summary and Outlook

E  Our results are contributing to significant advances in
understanding of the B, sector and CP violation

e Powerful probe of new physics

B Possible hint of new physics in B, — J/y ¢ analysis is tantalizing -
needs more data

E The Tevatron is running well and prospects look good
e Fermilab is planning to run through FY2010
e Already have 4.5 fb~1 on tape and expect up to ~7 fb-1 by end of run
e Factor of ~2.5 more statistics than results shown here

e Improvements in analyses and combination with CDF will yield big
gains
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