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% DO Results

DO Talks at this conference-
»> b physics
v'B mixing and lifetimes- Piedra
v'B, decays and B leptonic decays- Van Kooten

> t physics
v Top Physics — Clement
dMany new b and t physics results
» Watch for these in other talks
(JHot Topics at DO
> B, and B, mixing
» CP violation result in B decays
» Flavor Changing Neutral Current results (D*— 7*p*p-)
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2.0

Excellent Tevatron Performance

Run Il Integrated Luminosity

19 April 2002 - 22 February 2006
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[ Data sample corresponding to over 1 fb-! of the
integrated luminosity used for the Bs mixing analysis

(] Results are being reported on this 1 fb-! sample
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D0 Detector
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B Physics Program based on excellent performance of
1) muon system, |n|<2.0, pT > 3,4,5 GeV

2) silicon microstrip tracker

3)Good single and dimuon triggers
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w Unitarity Triangle- B Mixing Contribution

(psm)

arg|:— Vuqu*b i| arg|:— Vchc;i|
c VidVe

Measurement of Am,
Am, ~ (lots of QCD)X|V | contributes to better

Am_ ~ (lots of QCD)X|V/,, determination of V.

Am /Am ; ~ (much less QCD)X| V. |/|V |

4/9/2006 D. Buchholz



w B — B Mixing and Oscillations

Extract frequency

e If initially start with a Bg l
Prob[BS](t) = l4 [exp(—Iit) +exp(-Ixt) + 2exp(—I't) cos(Am-t)]
Prob[B?](t) = l4 [ exp(-Iit) + exp(-I>t) — 2exp(—I't) cos(Amst)]
e For B!
. | AN
04 Prob[B2](t) Prob[BC](t)
AV.ON as WUV VVY

0.5 1 0.5 1 1.5 2 2.5 3

Proper Lifetimes Proper Lifetimes Take asymmetry of two:
_ N[B°|(t) = N[B°|(t)
e What we get from it:|Am, oc |V, Vi I? ~ N[B)(t) + N[B](t)

°* Amy |Vr?; th|2 ° Am, x |V;_ths|2 Aoc COS(Amst)

by by
~1 tiny ~1 still small, but larger than V,,

4/9/2006 D. Buchholz



% Analysis Outline D

— ﬁ
B 5 B S5 vu" 7KK
s s g2 \ ;

Opposite Side ;
Reconstructed Side ¢

X

n(e)

O Select B, candidate
» Concentrate on the most clean decay mode B, 2vuD (o)
O For each B, candidate
> Bg flavor at decay time from muon sign at the reconstructed side
» Transverse length Ly and its error
» Transverse momentum PB,.) (use P{D.u))
> B-hadron flavor at the opposite side (indicates Bg flavor at production time)

4/9/2006 D. Buchholz



w Proper Decay Length

Dgu
o =x"K & K="Fr i
S pTS

L Proper Decay Length is
determined from the

Visible Proper Decay
Length
. £ 900 -
d K-factor takes into S 2
. > - mm :
account the escaping © 800— R
neutrino and other missing & =
particles = -
600 1 i
: :I u l.
B —> Dyt soof- 4o
— ll \f [ : = :
U Y 300 - L
— - T -
2001 2P m
d From MC for each decay = pimF .
mode- different excited 1001 L !
states = I LT -k P
036405 06 07 08 08 1 i i2Ts

pT( .Ul'Ds)/pT(B)
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w Resolution Calibration Using Data

1 Use J/y—un sample
» Fit pull distribution for J/\ Proper Decay Length with 2 Gaussians
» Resolution Scale Factor is 1.0 for 72% of the events and 1.8 for the rest
» Confirmed by Impact Parameter tuning procedure in MC

D@ Run Il Preliminary

B ty m
5000 : + -
- | resolution i resolution
B plus decays
4000 — %
3000 "
B ;
2000 . J/\y vertex PV
B +
1000 — % \
E +"*_,_+ u
] g l L | [ | WTT: \ \
-5 -4 -2 0 2 4 8

PDLIG,, \

4/9/2006 D. Buchholz °



Efficiency Dependence on VPDL

Efficiency vs. VPDL (cm) for B_->D_uX

_y
M

-k
i|II|III|I

Efficiency

0.8

2 1 [ T

0.6

A e |

0.4

0.2

-t D Run Il Preliminary

[T 1
e

0
-0.05 0 0.05 0.1 0.15 0.2

VPDL (cm)
d From MC
» Cross-checked and tuned using data

J Note that efficiency at VPDL=0 is not O

4/9/2006 D. Buchholz




Opposite Side Tagging

. B S%condar'y Vertex
Prlmar‘y Verex

Tagging side Reconstructed B-meson
0 - 2.(pq)
d Muon (electron) jet charge defined as: “T 3,
» Sum is taken over all tracks in the cone AR<0.5 around muon;
O SV Charge: o Y
Zp\ 29
d Event charge: =5,

» all tracks with AR < 1.5 w.r.t. reconstructed B direction are used
4/9/2006 D. Buchholz 17,
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05 0 0.05 0.1 0.15 0.2 0.35
VPDL (cm)

B ¥ dil: 0.236 +/-0.024, eff: 0.059 +/-0.001 |

D Runll Preliminary

i_ _Gombined (0.20.<|d1<0.35). . .. ..

05 0 0.05 0.1 0.15 0.2 0.35
VPDL (cm)

039 +/-0.001 |

D Runll Preliminary

i_ _Gombined (0.35<|d1<0.45). . .

05 0 0.05 0.1 0.15 0.2 0.35
VPDL (cm)

08650 0.05 0.1 005 0.2 0.35
VPDL (cm)

Asymmetry |7
>
Lo

1: 0.597 +/-0.058, eff: 0.011 +/-0.001 |

D Runll Preliminary

ME
=

I\IQIII\I\\I\ é‘

l% L]
N

0.8 050 " "0.05 0.1 0.15 0.2 0.25
VPDL (¢m)

Am = 0.506 £0.020 (stat.) ps!
D’ = (2.48 £0.21) (%) (stat.)

£=(19.9140.2) (%) (stat.)
Am e, = 0.507 £ 0.004 ps-’

D. Buchholz
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% Final Signal Selection

D@ Run II preliminary

—

 Use likelihood ratio method T o

> Set of discriminating variables x;  %°[ [ sexoroums MH+++++

constructed for each event - {
v" Helicity Angle (DK,)
v uD; Isolation
v prKKy) .
Y m(uD,) w
v x? of D, Vertex Fit +
v m(K,K, or K;m)

» Construct likelihood ratio for each 02 Lol _',“ M — : >

variable 1 Combine into single
v'bgrd from m(D,) sidebands

400

200 -

. variable
v signal from bgrd-sub peak > Use for final selection
£ ) n
Yi= = Vi
£7 G L1y

4/9/2006 D. Buchholz 13



ugn sample @ DO (~1 fb™)

' _ - DO Runll 1fb Opposite-side flavor
6000 @) tagging
uD*: 7,422428
4000
3 - DO Runll A 1fb
000 5 12000
~ uD,: 26,710+560 = )
ob nD*: 1,519:96
1.8 19 2.0 800
(KK)R [GeV]

Tagging efficiency ~20% uD.: 5,601 102 8

1.8 '119' ~20
(KK) [GeV]

4/9/2006 D. Buchholz 14



Cross-check Using B, 2XuD>(2>¢n)

- D@ Runll A 1fb .
12000 Amplitude Scan
;_ l B, Amplitude DG Run Il Preliminary
8001 £ sof fdataz1o
B E 2EI:idatai1.6450(stat.)

- [__Jjdata+ 1.6450

—

og.lll

1 1 ] 1 1 1 1 ] 1 1 1 1 —
2
1.8 1.9 2.0 - #95% CL limit: 0.0ps'11
-3[--=-- sensitivity: 7.5ps’
M(Kmn[GeV] :Illlllll|||||||||||I|||||||||||||||||||I|||||||||
0 1 2 3 4 5 6 7 8 9 10

J The Amplitude Scan reveals the Bd oscillations

> at correct place = no lifetime bias
» with correct amplitude = correct dilution calibration

4/9/2006 D. Buchholz 15



w Event-by-Event Fit

(1 Minimize the Likelihood function

J Probability Density Functions (PDF) for each source
» Proper Decay Length
» Dilution
» Proper Decay Length Error
» Mass
» Signal Selection Variable

4/9/2006 D. Buchholz
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Vertex Resolution

D@ Run Il Preliminary

VPDL error, 1D, signal
8700
P
¥ 600
5003—
40[,:_ e.g. Period of oscillations @ 19ps-!

Limit of sensitivity to mixing at 22ps-1

II\|IIII|IIII‘IIII |

0 0005 0.01 0.015 0.02 0.025 0.03 0.035 0.04 0.045[ D.]D5
6., [cm

X

] Determined by vertex fitting procedure

4/9/2006 D. Buchholz
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w Results of the Lifetime Fit

DO RunII Preliminary

10°

107

10

L | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 | | 1 1 1 H 1 1 1 1
01 0.1 0.2 0.3 0.4 0.5
1 VPDL, cm

Most important region
O Different background models are used for cross-check and systematic errors
O Trigger biases have been studied
» Different efficiency models
d Central values for ctg,=404 — 416 pm

» Statistical error ~10 pm
» HFAG value ctg, =438 = 12 pm

=
N_IIIIII|

4/9/2006 D. Buchholz
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Amplitude Scan For B,

_,% 4 :_ * datat 1o DJ Run li f\
%. L [__Jdata+1.645c (stat.) -
e | [Jddata+1.645¢c (stat. @ syst.) l”
< 2r e l|
—cen 1) (G 1]
| - 1 \_ |
B 1fb "
_4 [ +95% CL limit: 14.8ps” NV
- --e--- Expected limit: 14.1ps™
[ T TS N NN TN AN TN SN NN TR NN U S N S N S S S S S '
0 5 10 15 20 25
Amg [ps’]

] Deviation of the amplitude at 19 ps-1
» 2.56 from 0
» 1.66 from 1

4/9/2006 D. Buchholz
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—r

Log Likelihood Scan

In agreement with the amplitude scan

» Resolution

» K-factor variation
» BR (B,—»uDX)
» VPDL model

» BR (B.—»D.D,)

DV
L * Tk -1

L DO Runll, 1 b

. - SRR = 41 =11 7 1 To By
L 90%CL. e

- iwosided) |\ 7

= ok x

IR I R .IT‘T’%I. PN T I B R
0

14

Have no sensitivity
above 22 ps-1

17<Am < 21 ps! @ 90% CL assuming Gaussian errors
Most probable value of Am =19 ps-!

4/9/2006

D. Buchholz
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World Average

With current DO result

25 eI
L S I I d 2.5
ﬁ 2 . | T | T 1T | L] | L I LI I L | L | L | T 1T LI
g World average (mcl unp ubhshed) ] = - World average (incl. unpublished)
. [ ] = i
e 2 1 - =
s T + datatlc & 95%CLlimit 166ps’ ] 2 2 e 4 -
- | AN A = data Axo A& 95% CL limit 16.6 ps .
< [ 16450 < sensitivity 201 ps” \ A e - [ -— 16450 -G sensitivity 20.2 ps™ ]
L5 - B datat16450 | S s [ 7
] LS - B data+1.6450 -]
. data + 1.645 1 : ] . ax 1643 nal
- 0 data Qusstat galy) ‘H [ ] data = 1.645 o (stat only) T ol L7 T
| i hyllrs
1 1 :
i L Il
; il
E 0.5 * 7
Wﬁ \l i, -
0 " il T || ‘I . :
-
~ .
: wllle oS o111
o 1 i H : - L] ki
af ilff | HFAG Preliminary +‘l |
[ - - Correlated systematics ¢
_1‘5 -IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII.-:.I-.. !‘I; : notyeqincluded
0 2‘5 5 7.5 10 12.5 15 17.5 20 22.5 25 - 1-5 111 | 1111 1111 | 1111 I 1111 I 1111 | | | 11 1 | 1 11 | J
_1) 0 25 5 7.5 10 125 15 7.5 20 225 25
Am_(ps e
s \P Am_ (ps 1}

@19ps1: 1.50 2 2.30

4/9/2006 D. Buchholz
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¥ Ensemble Tests
J Using data

> Simulate Am =00 by 300t (b} Aot DO Runll
: ¢
randomizing the sign 2pp 3 ::-’ 1
of flavor tagging 100 K A
e LR !
» Probability to observe e, LN

I R I R R B
Alog(L)>1.9 -5.0 -2.5 0 2'54 5
DIff. In log(L) between Am, = 25 ps™ and min.
(as deep as ours)

in the range 16 < Am, < 22 ps!tis 3.8%
v 5% using lower edge of syst. uncertainties band
v" Region below 16 ps-! is experimentally excluded
v" No sensitivity above 22 ps!

QUsing MC

» Probability to observe Alog(LL)>1.9 for the true

Am=19 ps’! in the range 17 < Am < 21 ps'!is 15%
4/9/2006 D. Buchholz 25
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1.5

-0.5

_1-5 1 1 1 1

0.5

& | !ltier

EPS 2005

l 1 1 1 1 i 1 1 1 1 I i 1 1 1 1 1 1 1 ) 1 1 1
-1 -0.5 0 0.5 1 1.8 2

D. Buchholz
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_1 .5 1 1 1 1

& | !ltter

EPS05+D0

l 1 1 1 1 i

-0.5

0.5

D. Buchholz
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CP Violation in Mixing

‘MCPi> :p‘M0>iq|]\7>

Three phenomenological signatures

First in K g || A7 | _
A= e’
m— ]
PV in Mixing f Mixing vs Decay
& K —>nm v n. K, > vy ?
g 1T =171 7 B/, Jw K. v
\ CPV 1n Decay
. gle: K, - nnl, mtnv
Lastin B Aep: K, K nt v

4/9/2006 D. Buchholz



w Analysis Strategy

Goal 1s to measure &5 with part per mil precision by looking for
asymmetry 1n like-sign dimuons

Nbb > u" 1" X)-N(bb - u 1™ X)

A, =—— ~
YONWMDb o> ut X))+ Nbb > u i X)

How?

Using independent
spectrometers and
reversing the polarities

Solenoid | Toroid ~

+ +
-~ +
+ —_

Toroid |

-
- [
i-'_’.

4/9/2006 D. Buchholz
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Raw Results

*
pory | +
N-++ 177,950 156,183
N-- 176,939 156,148
N+- 1,175,547 1,029,604

After removing detector based asymmetries:

A=-0.0013+0.0012(stat) +0.0008(sys?) |

Now need the fraction of x from B

AsL = fex A

4/9/2006 D. Buchholz



Backgrounds that
dilute the
asymmetry

4/9/2006

Sample Composition

Backgrounds with false
asymmetries: ;

Reaction KN—>Yr (Y=4,2...) :
has no K*N analog v

D. Buchholz
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Sample Composition

1 Backgrounds with false
v asymmetries: i
Backgrounds that Reaction KN—>Yr (Y=4,2...) \ 1l
dilute the  Cross-check: has no K*N analog M
asymmetry

4/9/2006

7(D0)=0.136+0.001+0.024
7(PDG) =0.1281+0.0076

D. Buchholz 29




Results

Raw Asymmetry:
| A =-0.0013+0.0012(stat) + 0.0008(syst) |

Asymmetry from Mixing:
| Ag =—0.0044 +0.0040(stat) + 0.0028(syst) |

Re(g BO) . ASL
CP Violation Parameter: 14|c | 4

8B0

Re(e,
( B z =-0.0011+0.0010(stat) = 0.0007(syst)

1+ ‘EBO

4/9/2006 D. Buchholz 20



Results

Re(ep,)/(1+|e,[*) (Units 10™)

4/9/2006

CLEO 3.5+10.3+1.5 -
BaBar 1.24+2.9+3.6 —@—— (0.4+1
PDG 2005 -1.2+3.0 —
Belle -0.31+2.0+1.7 —
DO -1.1+£1.010.7 O
SM -0.125+0.0275 o
R N R | R SR B DR R
-8 0 3
Re(e )
L =-0.0011+0.0010(stat) +0.0007(syst)
1+‘£B0

D. Buchholz
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Flavor Changing Neutral Currents

Strict limits from b— s and s— d
Possible to have effects in up sector and not down sector

D" 2rppw
104

A RPV 1n the up sector and not the
} down sector

10-6 7 7
8 Burdman et al. hep-ph/0112235

10-3
’ C—=>u U

(1/1)(dI7dm?) (GeV-2)

o0 Little Higgs models with new up
0.5 1.0 1.5 sector vector quark
m( 1) (GeV) Fajfer et al. hep-ph/0511048

factors of >1000 over SM not ruled
out. Similar in magnitude to B, — pu
but orthogonal parameter space

4/9/2006 D. Buchholz
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w ¢ — u Ut uw Analysis Strategy

D@ Preliminary
T ] b

24000

d Firstfind D> ¢ =

~55k o

> BF(DSﬁ‘ ¢ 7[) = (36+/— 0.9)% 20000 B
> BF($— yti) =(2.85 +/- 0.19) x 10+ :
» Product~1x 10~

~51k ¢

“© 16000 .
% |
S [
(J Then search for excess in the 12000 -
continuum region z
» D*— zmut - with m(uu) /= ¢ 2 8000

NN

O Start with low mass dimuon candidate, 400of (), p .
add track to form D candidate .

O 1 1 1 1 1 1 1 1
1 Reduce background with lifetime and 0.50 0.75 1.00 1.25 1.50
topological cuts m(u W) (GeV/c?)

Dimuon invariant mass

4/9/2006 D. Buchholz 323



Results for D> ¢t > pup

D@ Preliminary
50— Optimized cuts_‘
[ 1
40} 1 fb-l
nD,) =65* 11
2
10f n D+) =26+t9
ol v v v e
140 1.65 190  2.15  2.40

m( L) GeV/c2l for candidates with 0.96 < m(uw) < 1.06 GeV/c?
DO: BF(D* - ¢ 7 - 7"y ) = (1.75 +/- 0.70 +/- 0.50) x 10-°

CLEO-c: (2.7 +3.6 -1.8 +/-0.2) x 10-6 Expected: 1.77 x 10-6

4/9/2006 D. Buchholz 24



Results for D™ 'y

D@ Preliminary . D@ Preliminary
AT | fb! 10 [ 1 fb-!
- ] I ]
+) — + _
’L?(D) 6| |p D n(Dy) |3 7.5 n(bkg) =
" | 20.9 +/- 3.4
3 | n(StB)= A(S+B) = 1z | ]
g | 5.3+/-15 1 406107 1 Sl ]
O_' — L L : l _ O_l R R R R |H_LI L |—‘_
1.40 1.65 1.90 2.15 2.40 1.40 1.65 1.90 2.15 2.40
m(n W) (GeVie?) m(ru W) (GeVic)

0.96 < m(uw) < 1.06 GeV/c? 0.2 < m(u) < 0.96 GeV/c?

1.06 <m(up) < 1.76 GeV/c?

Good agreement with expectations

4/9/2006 D. Buchholz 25



Results for D™ 'y

Branching fraction limit 10

DT - oty

D@ Preliminary

| | | lfb—l

n=17 DY n(bkg) -

DO: <4.7x 10 (at 90%)
=
CLEO-c(ze*e): 7.4x 10°6 at 90% % °
FOCUS: 8.8 x 10- at 90% . 205;
New limit on second generation

20.9 +/-3.4

|
I )

il

RPYV couplings S —

|1.9o| 2,15| 2.40
m(T ) (GeV/cZ)

AniAd2k < 0.002

0.2 <m(up) < 0.96 GeV/c?
1.06 <m(up) < 1.76 GeV/c?

4/9/2006 D. Buchholz
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w Check of SM with Lifetimes and BR

JIn SM ( with CP conserved) eigenstates are CP
specific- check decay portion of matrix

(JMeasure of decay rates and widths

in B.°-B.° system
[, measures lifetime average
1/Al'y measures off diagonal decay matrix element

(JMeasure
» Flavor specific, e.g. BSO —> DS+ Uvs ESO —>D_ 1
. . 0 ™)y
> Branching ratios B —>D "D

> Lifetimes Differences BSO — J/yg

4/9/2006 D. Buchholz 27



D@ Praliminary, Run 1l

= 0.6
o
=
]
-
= 0.4 , 1
Bi—diyy ]
I angulsr
02— _.-'"".. .‘: 4
s B —=—L L - _
LN
o| Brgt—owDL) _ -
-0.2h 1 L 1 f . d
11 12 13 14 15 16 1.7
1. [ps]
D& Praliminary, Run II
_I—a UEJ T T T T T
=) [ Flavor-Specific
E [ Lﬁlagl
& !
- B
= 0.4
[ Bf = uJfye
angular
I —
02r . )
- Theory I"'. //
s | a
of | I
i {
/
¢ 4
o T ul 1 |I. 1 '((.r 1 1 i
11 12 12 14 15 16 17
1/Ts [ps]

4/9/2006

D& inputs only!

1 Sigma Contours on AI'. and /T

1-sigma contours (A(logl) = 0.5)

DS Praliminary, Run

02f—

02|

T ]

1....:....|"....|.":f..|....|....r
11 12 13 14 15 16 1.7
1/T: [ps]
e "D@-only" average

AT, = 0093 70237 ps!

— 0.044

T=1 14617504

I. '

. Buchholz
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% Conclusions

 Tevatron’s first fb-! opening up several new opportunities in flavor physics

 Today, 3 world’s best results
» Rare FCNC charm decays
» CP Violation in B mixing

» First double sided bound on Am,

19 years after the observation of B, mixing and 12 years after
the first lower limit on Am_, we now have first direct double
sided bound on the B, oscillation frequency.

17<Am < 21 ps! @ 90% CL

d More improvements this summer-

» extend analysis and new hardware = layer 0

4/9/2006 D. Buchholz 20
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Backup Slides

D. Buchholz
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w Initial State Tagging

1 Get best es_timate for reconstructed B meson to
contain b(b) at origin

d Definitions:

N
> Efficiency: & = 8
N total
N,.— N
» Dilution: D = _'RS S
Npo + Ny

>Tagging power: £ -D°
v'use to compare the performance of taggers

4/9/2006 D. Buchholz
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D Runll Preliminary

Dilution

D |

0.6 -

¥/ ndf
A0
A1
A2
A3

1837 / 2
-0.8918E-03
0.4570
2.349
-2.498

0.4

0.2 -

] Determine dilution

J on event-by-event
basis from
B,~D™uvX events

1Use opposite side
events

4/9/2006

0.2

! | ! I
04

1 ‘ 1
0.6

o UPlot d, ( predicted)

d
Pr versus D measured

D. Buchholz
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