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Motivation GUTENRERG.

e The ratio Am,/Am, constrains one side of
the unitarity triangle

e also study CP violation in B, system
studied in Kaon and B, system

B Belle and Babar not sensitiv

B HCB not running
B Tevatron currently only place to study B, Mixing
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The transition of a neutral B *
particle into its antiparticle is b V,
called Mixing. <
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Unitarity triangle GUTENRERG;,

Standard Model expectation: |
Am =14 ....28ps™
Am = 0.5ps™

measurement of Am /Am,
— VtsNtd

constrain unitarity triangle =

(p-m)

arg| — Vuqu*b arg| — Vchc*b
Vcdv; ‘/td Vt:
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w Mixing (2) GUTENRERG,

2 m? . high uncertainties
Am, =—m m F| —— oen Bs 2 |J' " d| f
d " e 2B z ocn e, R et (QCD)

My
reduce uncertainties Amy  Myuy Bl LI
by taking ratio A, Mmoo B oo F gl Vi |
C:A { B, mixing Am,=05 ps~’
> 1B, mixing Am,=20ps”’
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unmir mix i
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(t)'|' (1) 0.1 L
unmm max 0 25 a 7.8 10

proper decay time, t [ps]
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w Mixing (3)

® From the CKM fit: Am_~ 18 ps-*

* Heavy Flavor Averaging group:
combined LEP, SLD, CDF1 results =

2
Ty

A mplitude
et

Amg > 14.5 ps™’ 1
Mixing limit obtained using ,Amplitude” Method s/ ;
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= Fit data to

= Fit for A as a function of Am,
o A peaks at 1 for a measurement

o Sensitivity given by 1.6456, =1 (95% CL) -}
o Limit given by A<1-1.645c6, (95% CL) f

SEensitivity o<
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flavor tagging performance resolution

selection
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Tevatron GUTENBERG.

W
P SOURCE: ——I——
DEBUNCHER (8 GeV) & LINAC B >
E

ACCUMULATOR (& GaV) (400 Me)

PRE-ACC

Achieved:

1.17x107%em™2s™

BOOSTER (8 GeV)

TEVATRON EXTRACTION

for FIKED TARGET EXPERIMENTS et
—

SWITCHYARD

MAIN INJECTOR (MI)

(150 Ge\)

TeV EXTRACTION
COLLIDER ABORTS

& RECYCLER

(8 GeV) BO

RF CDF DETECTOR
150 GeV p INJ & LOW BETA
150 GeV p INJ

5

TEVATRON

B (1 TeV)
e S —

i
P (1 TeV)

p ABORT

DO DETECTOR
& LOW BETA

expected L: 1.5-3x10"cm s
— 4-8 fb~' before LHC

Big advantage for B physics : B, meson production
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Luminosity GUTENRERG,

Run Il Integrated Luminosity [ 19 Aprit 2002 - 17 May 2005 |
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DO Detector GUTENRERG,

Semileptonic decays:

"1 e trigger on muon
'<W > good muon system
igger muon e reconstruct tracks and vertex
» good tracking system

[m]

£

B -SMI zsks SMI F- d;sk M qmels

I|Illllllllllllllllll.l.l_H -19 03 0 05 o™
A0 -5 1] 5 IS E NSNS EE NN NN NN NN NN NN NN EEEEEEN ]

23 may 2005 FCP III , Cano Ay 10



Silicon Microstrip Tracker (SMTuTeNgERS,,

e I Y

e
.

e Silicon Microstrip Tracker
= ~800.000 channels
= point resolution: 10um
= Secondary vertex resolution
- 40um (r-¢)
- 80um (r-2) eTrackers
=Silicon Tracker: |n|<3
“Fiber Tracker: |n|<2
eMagnetic field 2T
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Muon Sytem GUTENRERG

e 2 Tesla toroid magnet between A und
BC Layer - Muon momentum

= propotional drift tubes

= pixel scintillators

e Muon system coverage |n|<2 and
good shielding

A minidrift tube with cover partially removed
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B production and decay  GUTENRRAG

B production Fermilab: o = O(100ub)
L1 Trigger acceptance (D@: Muon) : o = O(3-5ub)
Used Decays:

B, - D v, BY, —

D*(2010)u* v
D, — o(K*K)

D*(2010) —DO(K+7)7r

Run 164052 Evanl 31337864 Sep 15 2002
E acale. 3 Gely

i & |H s WY l-\-,\ M:F\.\
Py ! Ny .
AR r ! | |\A‘;\" o
v / 1\ A N, L
0 o L b O B D Dt
'il.z -0.15 <01 -0.05 -0 0.05 0.1 0.15 0.2 )
X, cm
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w Flavor tagging GUTENRERG;,

Flavor tagging : determine b-flavor at production time!

f o K same side ﬂ-same side s ;Ll
, "\B OP:W‘;J/> : ‘ 4_(%0
7 — / —, B, *

/ \): DS P
R 9pposite side reconstructed side‘
Hoposiv ) | oscillated not oscillated
1. Soft Lepton Tag (SLT) Q. Q>01Q, -Q,<0
2. Opposite Jet charge (Jetq)
. . Q,-Q,>0 Q,-Q,<0
Q, =>q,(p,). /Z(pT),- T b
3. Same Side Tag Q(ﬂ.same side) ) Q,u < 0 Q(ﬂ-same side) ) Q,u > O
(currently only used for B,)
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2

Events / (10.0 MeVic

= Charged tracks: 0
= pr>0.65GeV/c
= impact parameter
significance:
2 2
30000
: 'r-‘-'._. f"l NDu_u=92429i815
ﬂ. -
. "
- "0"-’ *s
200004" )
D@ RunII %
. preliminary Ty
10000 = \
' + o, ,+ \“\
| B —>Duv,
D - | | L] L] L] | |
14 16 18 2 22
My . (GeVic)
23 may 2005

B, Sample

angle and distance :
distance PV — D Vertex (xy-plane)
D Vertex not before B Vertex
Angle between PV — B Vertex

and PV — D Vertex

Events / (1.00 MeVic?)

GUTENRERG

Single p data — 200pb!

i D& Run 11
5[}[}[}.. preliminary
' Np._, =20133+ 173
L]
1 L
4000 - 7 - -
B, — D (2010) u'v,
2000- L
. \
. i % »
; » R T o
0= ::""":J . :
0.14 0.16 0.18 9
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B, Mixing Limit

GUTENRERG,,
Jetq + SST
SLT : D, =(44.8£5.1)%
Jetq+SST: D, = (14.9+1.5)% R
Jetq+SST: D, =27.9% % . +
E 0
SLT Jetqg+ SST £
<
_‘IJ"' _¢_—<=>— (a) =g (b) 0.2+ B " —> DO ﬂ+V
-4)_ D.1--€:?_ - ] H
g L Tt |
g -T l‘ —fi* ‘(L_ 0 500 1000 Ll?[rlgﬁ.-'pT( -
L &
< } Hist oo
| B, —» D (2010) u'v,

Am =0.45610.034ps'(stat) £0.025ps"(syst)
consistent with Am4=0.502+0.007ps' (world average)
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w B, Mixing analysis procedure curENgAs;,

= Currently only using a single semileptonic
decay of the Bs

B.—> D, uX (Ds —»¢ p) (0 —» K K)

= Using u + SV vertex tag (Opposite side tag,
independent of reconstructed side)

= The goal was to develop tools and to allow a
baseline to build on for the future
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Charged tracks:
= pr>0.7 GeV/c
= impact parameter
significance
Invariant KK mass
= 1.006 < M(KK) < 1.30

angle and distance:

= distance PV — D Vertex (xy-
plane)

= D Vertex not before B
Vertex

= Angle between PV - B
Vertex and PV — D Vertex

= Angle between PV - D
Vertex and D momentum

23 may 2005

BS

Sample GUTENRERG,

Eventdisplay : MC B.—D,(¢m)uv,

______ u PV
----------------------- B.-Vertex
D.-Vertex
U
K Blue Marker reco
K Red Marker MC true

D, signal

wi Run Il Preliminary
%\3000

Events/(0.01 MeV/
8
o
o

1000+

SSSSSSS
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w B, Mixing fitting procedure  GUTENgERS:;,

= Inputs to the fitting procedure
= MC

= Sample composition

« K-factor to take non-reconstructed particles
into account

= Efficiencies
= Visible Proper Decay Length (VPDL) resolution

= VPDL resolution has been tuned using data

» Dilution from B%; and B*, semileptonic
samples
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Sample Composition

and efficiency

Decay Sample
composition

B.—D v 20.6%
B.—D" uv 57.2%
B.—D",uv 1.4%
B.—D" uv 2.9%
B.—D.DX 11.3%
B°—D_DX 3.2%
B-—D.,DX 3.4%

cc estimated at ~ 3.5+ 2.5 %

23 may 2005

GUTENRERG:

1.2[_[Efficiency vs. VPDL (cm) for B;->D,uX

1:— mans aaa —

0.8

0.6
0.4f DI Run Il Preliminary

0.2

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2

VPDL (cm)

Efficiency drop at low VPDL
due to impact parameter cuts
on tracks from D  decay
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K

800L

700 B~ Dytv, <k>=0.878

100F

600"
500"
400"
300°
200F

_P(uD,)
P,(B,)

K-factors

B, - Duv, <k>=0.857

B, - D, v, <k>=0.821

04 05 06 07 08 09 1

11 1.2 13

GUTENRERG

cTp, = K-VPDL

S

Decay <k>
B.—D v 0.878
B.—D" v 0.857

B.—D" MV 0.829
B.—D" 1V 0.817
B.—D.D X 0.738
B—D.DX 0.681
B-——D.,DX 0.687
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VPDL Resolution: MC tuned

. GUTENRERG,,
with data

h2
VPDL resolution VPDL,-VPDL . [cm] for B.—DuX | s =
u B Mean 0.0001737
parametrized with 016- no smearing il oy
three Gaussians - after smearing Prob 07837
e = O 0.00198:+ 0.00001
= Track by track & : ooz
= p3 0.1982+ 0.0000
= smearing 0.1— p4 -7.5936-05 + 7.9516-05
dependant on - P> et 5 0000
0.08 — pe 5051+ 0.
track momentum - b7 -0.0004733 £ 0.0001485
0.06 — pé 0.01134 + 0.00000
and polar angle - scale factor 1,085+ 0,006
0.04
= Tuning results 002
With one Scale : | | | | | | | | | | | | |

o [ ]
=]
(4%

factor 1.095 0.

-0.02 -0.01 0 0.01 0.02 0.03
VPDL,. - VPDL,,,, [cm]
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Dilution GUTENRERG;

—
—

D@ Run II preliminary N
B> D'(2010) ut|< o6l

[a—
—

02| ﬁ 0.2 F
0.4l ’

D@ Run II preliminary;

Asymmetry
o
(0 0)

>
5
£
E 08
0
<

0.6 +

0.4 i

0 005 01 015 02 025 -0.4 0 005 01 015 02 02

SLT + SV Jetq : D,=(39.0£3.2)% Dt = (47.612.0)%

— use mean : D_,,=(45.4+1.7)% for B, asymmetry

avr
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B, Mixing Limit

No obvious
oscillations in
the pD_.sample

Amg > 5.0 ps™

at 95% CL

using “Amplitude
method

23 may 2005

GUTENRERG

DO Run Il Preliminary

Asymmetry
o
° 8. .2

S
i

-1-

N

0 0.02 0.04 0.06
Visible Proper Decay Length (cm)

§_ + datax+ 1o
[__ldata + 1.645 o (stat.) Ay
[data + 1.645 ¢

“““

.25

Amplitude
o= oy
I

o o
a
||||||||||||||||||||l||||||||| I
——
+
:*

-1
1.5 . -1 -1
¢ 95% CL limit: 5.0ps ¢ 5.2ps (stat. only)
2F .. sensitivity: 4.6ps” = o 5.1ps’ (stat. only)
-2.5E P R E N S R R
o 2 4 6 8 10
-1
Amg (ps )
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Sensitivity vs. Luminosity

. . GUTENRERG;,
Semileptonic channels

4500
Scaling of the current
eyn s . > 40001 ----------rmm e f
sensitivity with =
luminosity 'gg 8500 -]
. . . »
- if analysis remains B 8000f -
= — X ~2: additional channels,
unchanged éﬁ’, 2500 K'K, 3, KK
- with eXpeCted = ,‘_}\) 77777777777777777777777777777777 x ~2.4: electron flavor tagging
. - O
Improvements 2@ 20000 ) x ~1.7: selection, improved S/N
€ = Current DO
3 e Sensitivity
S = 1500+--p----------me e
Q 8 Current D@ Further improvement,
IS 1000 Limit @ 95% CL unbinned likelihood:
D g W0 e x ~2: flavor tag probability
= E)/ event-by-event
500 - x ~1.3: resolution
event-by-event
0

4 5 6 7 8 9 10 11 12
Amg [p3_1]
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Bs Mixing Projections GUTENRERG,:

Hadronic Mode Proper Time Resolution with LO

= Use both semileptonic and hadronic Bs samples -

o1 =63fs (51%)

= More statistics in semileptonics 500;- 02=87 fs (49%)
= Better proper decay time resolution in 400F
hadronics (no v) 300F-
= DZero has access to hadronic Bs sample 2005_
triggering on opposite side muon s

= Muon is used as high purity tag 1 - R ¥

Visible Proper Decay Length (True — Measured) [mm]
Hadronic Mode, Bs— Dst

s Detector addition in fall:

«— 4000 7 T
=3 . I |
“Layer 0” Silicon detector I 1 /
s 8000f— -~ -~~~ [l il el
E 25005— ! !
= Proposal to increase rate to tape from 50 to 100 - s
HZ |n fa” E’ : Cu{rent //
E 1500:— / w/ Layer O
= sample limited by L3 trigger and offline CPU = g rooof- -/ oeloee /o
expect large gain in yield thanks LI
= to dedicated B-physics bandwidth

-1
Amg[ps]
From global fits (hep-ph/0406184)
]
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w Summary GUTENRERG;,

= measured, which is in agreement with world average
Am=0.45610.034ps '(stat) £0.025ps(syst)

= developed a procedure to measure Am, using
semileptonic channel B.—»D (¢m)uv,

Am, > 5.0ps’ at 95% CL

= will add more semileptonic channels and hadronic
channels

= ,Layer 0” Silicon detector and increasing L3 rate wiill
improve resolution and increase statistics
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