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® Key facts:
® Extensive muon coverage - high statistics

® Reversal of magnetic field every two weeks - cancellation
of most detector related asymmetries



Bs Mixing




CP Eigenstates:  |Bv*®) = |B%) +|B%) |B°!) =|B%) — |B°)
Mass Eigenstates: |Bf) =p|B%) +¢|B°) |B")=p|B®) —q|B")

® Mass Difference: Am =My - M~
2|M\2] directly probes Veqand Vi in Amg x |ViVial?
oscillations of Bq & Bs
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http://www-d0.fnal.gov/Run2Physics/WWW/results/prelim/B/B51/
http://www-d0.fnal.gov/Run2Physics/WWW/results/prelim/B/B51/

s Vts &Vtd

‘/;fd ’ _ 52 Amd MBS
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...

lain Bertram - Durham Lattice 2010



Spectroscopy




J =3/2 b Baryons

® Until recently only Ay had A= |bud) DO and CDF
been observed directly




J =3/2 b Baryons

® Until recently only Ay had
been observed directly

=p = |bds) DO, CDF
Q= |bss) DO, CDF
>*=|bqq) (q=u,d) CDF

® High statistics searches




Candidates / (15 MeV/c )

=2, Heavy Baryon
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e DO: many checks t

Phys. Rev. Lett. 99, 052001 (2007),
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signal in wrong-sign A7 combinations,
— sidebands, .J /1 sidebands

e CDF also has signal in

—t —0,__+
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=, Mass

Theory
prediction
DO —°
PRL99, 052001 (2007) J:Rnpi;iz 4?515

- Karliner et al
hep-ph/0706.2163

CDF

PRL99, 052002 (2007)
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Phys. Rev. Lett. 101, 232002 (2008)

...doubly strange

o

e Summer 2008, D@ analysis, 1.3 fb™

N —

building on previous =, observation
PRL 101, 232002 (2008)
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e Yield 17.8 + 4.9 + 0.8 candidates

e |ikelihood ratio, stat. significance = 5.40
Include "trials" factor, significance = 5.05¢0
Remains > 50 with syst. checks
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o After special track
reprocessing, large
impact parameter tracks



(), Baryon : Comparison

Difference of measured masses:

Measured and Predicted Masses
for the Z,” and ),

Jenkins (PRD 77,034012(2008))
Lewis et al, (PRD 79,014502(2009))

—\DO0O —\CDF Karliner et al, (Ann. Phys. 324.2(2008
m(Qb ) - m(Qb ) S;;te:wraficounE:enrtGiﬂtiB:S : #

— 111 £ 12 4+ 14 MeV — -

o & CDF
—b . DO — PRL 99, 052001

Significant (~60) disagreement!

o D@'S |argest mass Systematic unc. Looo Loy | EBRERRRHRRHGRAR | . |\ 10y oly ol
i : i : 5.7 572 574 576 578 58 582 584 586 588 5.9
IS 10 times less than this difference

* DO is working on an update of this Qb Railll e —— —
measurement with an increased data
set that may help address discrepancy. |

IIIIIIEV.I_I.III]IIiI|IIE|IIIIIII|IIIIIIII

Relative rates: 6 6.02 6.04 606 6.08 6.1 6.12 6.14 6.16 6.18 6.2

GeV/c?
b— ) B, — J/YQ~
DO: b= _b_) (,_’1 _ /wﬁ_) — 0.80 £0.321925 1.30
fb—5=,)-B(E, — J/YET) difference
. B(OT T/~ (assuming
CDF: o B(('_‘b_ — J?Z" )) = 0.27+0.12 £ 0.01 Gaussian unc.)
o-b(=, — =



Rare Decays




b w N

® Current SM Prediction: AAAAAAN,
Buras: hep-ph/0904.4917 : y
= BR(B;— M) = (3.6£0.3)%10-? o
= BR(B¢g— M) = (1.1£0.1)x10-1° s W W
® (Can be enhanced by the presence -
of non-SM physics W "
) MSSM (BRoctan®) t
i 1

= GUT SO(10) s
) SUSY R-parity violating models
B Flavour Violating models b 1

H
® SM signal beyond detectors > —==- <Ll_
sensitivity.



http://arxiv.org/abs/0904.4917
http://arxiv.org/abs/0904.4917
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|. Measure number of possible signal events in Bs mass window

Normalise to number of B*—J/YK™ events

Correct for relative reconstruction efficiencies

H W N

Correct for Fragmentation Functions and Branching ratio.

Particle Data Group (VW.M.Yao et al.). 2006.
Both CDF and DO use the LEP numbers.

fu/fs is the dominant source of systematic uncertainties at 15%


http://www-spires.slac.stanford.edu/spires/find/hep/wwwauthors?key=6875025
http://www-spires.slac.stanford.edu/spires/find/hep/wwwauthors?key=6875025

o arXiv:1006.3469v1 [hep-eX]

submitted to Phys. Lett. B

e 6.1fb-! data (split into Run 2a 1.3fb" and Run 2b 4.8fb")

¢ Many improvements

Acceptance Gain (Muons ~10%, Trigger ~16%)
Bayesian Neural Networks

Improved understanding of discriminating variables
Improved MC and Data modelling

2D fit of BNN output and mass spectrum



http://arxiv.org/abs/1006.3469v1
http://arxiv.org/abs/1006.3469v1
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In highest sensitivity region:
51 = 4 expected bkg events,
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BF <51 x 109 (95% CL)
14x SM

Expected limit: 40 x 10-°
11x SM

arXiv:1006.3469v1 [hep-ex]



http://arxiv.org/abs/1006.3469v1
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Upper Limits on BR(BSQM"M') at 95% C.L. at Tevatron
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CDF pub. 2fb™ Exp.
CDF pub. 2fb™ Obs.
CDF prel. 3.7fb™ Exp.
CDF prel. 3.7fb™" Obs.
DO pub. 1.3fb" Exp.
DO pub. 1.3fb' Obs.
DO subm. 6.1fb' Exp.

D@ subm. 6.1fb" Obs.
CDF projection

DO projection




CPViolation




® | ook for CPViolation in Bs mixing using Bs\b— ]/

® CPViolation is described using the mixing angle ¢/¥% which
can be related to the angle s of the unitarity triangle:

o7/ VOSM — 3 — 2arg ( thvts) — _0.038 + 0.002

4 )

N VCszS y
I/Ib '/r; ~ ;Lz
VoV ~ AT fﬂ;_
V.V _ ~A° {

chb " cs

® This can be enhanced by new phenomena

¢J/\Ifgb _ ¢J/\Ifq5,SM n ¢1S\IP



_/§ <1> -
S .'s
0o S
Bs 2 o
& J/
® Decays into two vector mesons that » Rest Frame

are either CP-odd (L=1I) or CP-even (L= 0,2)
® Angular Analysis of decay products and lifetimes

® A, - transverse perpendicular - CP odd

® Aj,Ao- transverse parallel & longitudinal - CP-even
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® Fit data to extract CP-even and odd contributions

® Use MC simulation to determine efficiency and detector

smearing.

® Assume K*K-is in P-wave
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® Constraints:

" D@ Preliminary

Mean ¢_=-0.774

® Gaussian for AMs= 17.77 £ 0.12 ps'?

® Strong phases between polarisation amplitudes constrained
by B4 Y —}/PK”

® Check with full MC simulation
® no obvious bias observed
® Ensemble tests (biases seen if strong ph
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7, = 1.45 £ 0.04 £ 0.01 ps
AT, = 0.15+0.06 + 0.01 ps™*
¢7/v® = —0.7610-38 1 0,02

Preliminary
- D@, 6.1 fb! 61 = —0.42+0.18

AM, = 17.77+0.12 ps!

— 68% CL
— 95% CL

LLTrrrrprrrrprerryrsMeyprrrrprrrrfrend
[RRRRN RERRN R Rl LR R

S

max )

-2In(L/L

DONote 6098-CONF

AL (t=0) |A0(0)]* — A4 (0)?
consistent with B9 — J /1) K*

10
D@ Preliminary 8,=-0.42+0.18
6.1 fb™ 8,=3.01+0.14
AM, =17.77 £ 0.12 ps™

- N W A~ 01 O N OO ©



http://www-d0.fnal.gov/Run2Physics/WWW/results/prelim/B/B61/
http://www-d0.fnal.gov/Run2Physics/WWW/results/prelim/B/B61/

® 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,
(2%) 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?)

DO Run IT (2.8 fI=4
70F d
oo (b)
50F +
30 + :

Semi-leptonic Ds

||||||||||||||||||||||||||||||||

m(KK) (GeV/c )

26.6 t 8.4 signal events (3.20‘)




Ion O

/)

B (BS _ Dg*>pg*>) — 0.035

0.010 (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:

Y

arce 2B (B, — D DY)

L 1-8(B,— D{"D)

= 0.072 £ 0.021 (Stat) =

- 0.022 (syst)

0 DO Run IT (2.8 fb})

Phys. Rev. Lett. 102,091801 (2009),

‘‘‘‘‘

— B p“p™
° B! Jy
= SM

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




n?” — iNeﬁ (1+qA) (14 gvAs)
(1 -+ WAdet) (1 -+ QﬂWAﬁvq) (1 -+ ﬁVAﬁv)
® Use detector to solve P

. B <—CP = + /M /“+
acceptance issues P~ = 4 aane *\ - /
® A -ag-charge asymmetry M pghiriiy : :
® Ag -Toroid Asymmetry — - 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




(Bt — JJUKT) =
AC’P (B_I_ —> J/\Ifﬂ' )

Acp

® Solve for detector asymmetries

® Subtract Kaon asymmetry

Phys. Rev. Lett. 100, 211802 (2008),

WEIGHTED AVERAGE
0.009+0.008 (Error scaled by 1.3)

ﬂ
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- I'gey —Teay AT,

5.ty T 1 B.t) - Am,

® Time dependent analysis

® Removes dependence on Bgresult
® TJwo reconstructed Decays

o i —~ 25000
(&) — oY |
> 20000~ D, 5 fb”’ + Data S - DG, 51b” ~+ Data
© ~ uomsample — Fit G 50000 1 K* K sample — Fit
= - 5 -
S 15000 = -
@ - = -
5 ) £ 15000~
* 10000} i -
- 100002
5000~ -
- 5000
0 s 1F9 19’5”J2 505 21 215 2.2 0 et e 127 £ £ RS Tt
18 185 1.9 1.95 2 205 2.1 215 22 225
MKKn(GeV/c ) My (GeV /e

Dy — ¢ ¢ — KTK™
D; - K“K~; K — Ktn~
I e e



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

PR — B, Lifetime (Full Mass Interval): Runlilb_] [—— >
104 E s Fit Resulis I:.‘:IEI'E'FEHH E B . .
E s Fit Resulis (sigrali l?__l S I g n a I
- e Fit Rizilts (cebar) 5 10 E
B e it Rezuhts icombinatorial background) E
> ¢
10° B 7 :
10° = !
A'r :.
107 L‘:{ -

1P T
3

- - -0, ) : , 0.4
VPDL, cm VPDL (cm)



Asymmetries with statistical uncertainties

utomT ut KO K- Combined
at x10° —7.0+09.9 203+249 —-1.7+09.1
ad x10° —-21.4+363 50.1+19.5 40.5+16.5
a?skg' X 103 —2.21+10.6 —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+ 1.5 3.1+1.1
Ao x 103 —-367+15 —302+15 —333+1.1
Ag, x 10° 1.1+15 0.2+1.5 0.6 + 1.1
Ags x 10° 43+15 20+ 15 31+1.1
) I 1.2 ] 5
ts = | —1.7+9.1(stat) 53 (sys)| x 10

Factor 2 improvement over previous result.
Phys. Rev. D 82,012003 (2010)

ain Bertram - Durham Laice 201 y



® Asymmetry in “same-sign” muons from decays of mixed
neutral B mesons:

b F(B—>ILL+X)—F(B%M_X)
st F(E—>M+X) ['(B— pu=X)

a

b N_I_—'_ — N__ Grossman, Nir, Raz,
A sl — Phys.Rev.Lett.97:151801.2006.

® [Extract in multiple ways

® Time dependent tagged decays (e.g. DO Bs semi-leptonic
decays lifetime analysis arxiv.org:0904.3907)

® asymmetry in single muon, or same sign dimuon events


http://www.slac.stanford.edu/spires/find/hep/www?eprint=hep-ph/0605028
http://www.slac.stanford.edu/spires/find/hep/www?eprint=hep-ph/0605028
http://www.slac.stanford.edu/spires/find/hep/www?eprint=hep-ph/0605028
http://www.slac.stanford.edu/spires/find/hep/www?eprint=hep-ph/0605028
http://arxiv.org/abs/0904.3907
http://arxiv.org/abs/0904.3907

Inclusive, untagged analysis has contributions form both B

and Bs. Take the measured production fractions (CDF) and
mixing properties:

Ab = (0.506 + 0.043) a? + (0.494 + 0.043) a?,

® |arge contribution from Bs

® Can be written in terms of CP-violating mixing phase:

T2 AT
qg | q : _ q
a, = | qu Smﬁq — Mq taan

® and in the SM it is given by:
A% (SM) = (—2.37028) x 107*

Lenz, Nierste, JHEP 0706:072.2007



http://www.slac.stanford.edu/spires/find/hep/www?eprint=hep-ph/0612167
http://www.slac.stanford.edu/spires/find/hep/www?eprint=hep-ph/0612167

® Measure both dimuon asymmetry A and inclusive asymmetry a:

g ++ —— b =

g _ NTT-N o _ nion :
N+t+ 1+ N—— nt 4+ n-

g = (0.5644+0.053)%) (__ = (0.955+0.003)%

® Both A & a contain contributions from A and backgrounds
b b
A:KXASZ+Abkg7 a=£k X Asl_l_abkg

® contribution from A’ is suppressed by background k=0.041+ 0.003

® Determine background from data with minimal use of simulation

® Exploit correlations between backgrounds to minimise
uncertainty.




® Compare a and apkg to verify
description of background

® Y2=24/5d.of
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® Compare the expected and
observed dimuon charge
asymmetry for different dimuon
mass bins

Asymmetry
=
>
[l




A% = (—0.957 £ 0.251 (stat)

® Use to extract a band
on the a%j vs. a% plane

® Compared with B-

factories and other DO

results

Phys. Rev. D 82, 032001, (2010),
Phys. Rev. Lett. 105, 081801 (2010)
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http://www-d0.fnal.gov/Run2Physics/WWW/results/prelim/B/B61/
http://www-d0.fnal.gov/Run2Physics/WWW/results/prelim/B/B61/
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® DO has a broad and interesting b-physics programme
® Tevatron aims to run until 2014 and collect up to 16 fb"!

® Aim to concentrate on strengths and uniqueness:

CP violation .5
® Anomalous dimuons. 0.01F XA
Bs—)/Wod 8
-0.01

® Aim to improve sensitivity EEDO A",
il Standard Model

in key measurables. 0.02" B Factory W.A. "

DO B.—D, 1 X
-0.03 [~ - Preliminary

Combination
_IIIIIIIIIIIIIIIIIIIIII
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