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= Data taking, Triggers

® Bd mixing measurement
& Reconstruction
# Flavor Tagging

® Bs mixing measurement
# Decay modes

¢ Amplitude scan
¢ Sensitivity studies.
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w Introduction

m Oscillations in the B0-B0 system first observed by
ARGUS in 1987 (18 years since then!)
<~ Signalled a large top mass
< CP violation in B decays.

® Many measurements on Bd mixing — LEP, SLD,
CDF, D@, Belle, Babar

® Tevatron has unique opportunity to measure Bs
mixing in 2 complementary analyses. Am, (This
talk) and AT",/T", (Alberto Sanchez’s talk)
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B, and Bs Mixing

® B mixing implies a BO transition to B0 (second order weak interactions)
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th = o Voo . w Vi b
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& Light and heavy B meson mass eigenstates differ from flavor

1 1 ?
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' o

elgenstates. Time evolution follows the

BL> _ p‘ B°> n q‘ §0> Schrod'&r equation
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B, B, mixing

-1t
e Al't
. : P[B — B)=——| cosh—— + cos Amt ‘
Time evolution of 2 ?
BY and B° states, .
(. Al't
B — B] — r:-:}sll—— cos Amt ]
m:MH;ML,F:FH;FL A 2 )

Am=M, -M, AT =T, -T,
®  The case with AI'>0, mixed and unmixed decay probabilities become,

1
P, ()= EFe‘“ (1 + cos Amt)

m  Extract mixing parameter Am from asymmetry

A — "F:H‘HEI o P]‘J‘T!T — CDS &l”?r
'P:l'i"i'!]'.‘-l:' + P?'PI'I‘I.
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Ultimate Goal — Constraing the CKM matrix -
complex phase in the CKM matrix (CP violation).
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1.96 TeV

Data Taking
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H v

B physics triggers

Bs Ds K
| n=1s T
Muon Scintillators Z Muon system > Layers of
drift chambers and
scintillators.

e
‘M’ won Chamberd e
e &

Trigger (B mixing) -> Single
\L inclusive muon trigger with |77 | <
9 2.0,P;>345GeV,

I N .y

| [ S S S S| P [ | S P S P [ [ [ DimUOntrigger(SBCOI’Ide.OIlfOI'
tagging)

=
T T T T T

# Single muon - Muon + track match at Level 1 and a muon at L2

+ Unbiased single muon triggers(P>3,4,5) — Bd and Bs mixing, prescaled or
turned off depending on luminosity.

4 Impact parameter biased triggers — Hadronic decays (Not being used yet).
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w Bd mixing - Motivation and Main ingredients

\%Y, ﬁ v m High statistics sample
o= C

b ®m - determines charge of
B-(B°) DO (D*) the B on reconstruction

side.
u(d) u(d) ® Flavor tagging —

D0-> K &, D* > DO =, determine charge of
H D@ Run || OppOSite B

preliminary

6000 -

® Sample composition —
Other B decays contribute
Np, = 20133+ 173 to the same final state.

Events / (1.00 MeV/cz)

4000

single-p data - 200 pb™*

- m Validate flavor tagging to
] y be used for main analysis,
0 - - Bs mixing.

0.14 0.16 0.18 0.2
My e = My (GeVIC)
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® DO selection:

¢ 2 tracks, opposite charge,

# Pt>0.7, In|<2.0
¢ Displaced vertex:
+ d0/5(dO0) of tracks > 2
+ Lxy/oc(Ixy) > 4,
# cos(a)> 0.9
% Good vertex fit.
® DOu (B+) selection:

& If Ixyglo(Ixyg) > 4, then
cos(ag ) > 0.95

¢ Ixyg < Ixyp within 3o

¢ Does not form a D* with a

soft pion.
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Bd mixing measurement

™ FAit the v in VPDL bins to extract Am and purity of tag

B verte
Primary v

|~.
NS~
~

(4, — A7 (Am,17))”

7 (Am,n) =)

>
ny*:{\
. aPr(B)
A
. A; =
Visible Proper Decay Length: N os T N S
- Llj(Y 5 My Charge of B determined from u
Clp = 3 = Lyy 5 charge on reconstructed side
(:BV)T Fr

Opposite B charge from Flavor
Tag
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w Expected Asymmetry

m Distribution of oscillated and non-oscillated events are
function of K-factor,n, Am

_ K _
ng TR (x) = — 0.5-(1F (27 —1)-cos(Am- Kx/c))
Ngsenon-ose (M j A5 (x—xM) &, (x) j dKD ,(K)-6(x) - n2 = (x, K)

K-factor

econstruction efficienc
of jth channel

VPDL resolution

® B not fully reconstructed. Measure
average k-factor K = Pt(uDO0)/Pt(B)
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6 Barrels — 4 layers, Double sided

barrels.
Interspersed F disks — double sided

m  (w

except for layers 1 and 3 of the outermost

122.1+-1.7 um
. 1505+=3.1pum |
: y

H disks — single sided, 24 wedges per h-
disk 5

rd
-1
-
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Flavor Tagging

Kaon

Fragmentation
pion (Bd) or kaon(Bs)

|
|
|
|
|
;’ 1
|
|
|
|
|

Soft Lepton

Tagging Side Vertexing Side

----We have explored ---
Jet charge, Soft muon, Same side tagging
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Flavor Tagging Definitions

® Flavor tagging merit (¢0?) Same side Tagging

= Nfag D:NRS_NWS
N Noo +N
rotal e PB+Pirk
Jet Charge S By (1) * 40
0 jet = Candidate track Ptrk
> Pr(i)
b_/bﬁg b./%g
Tagger |&(%) |O c?(%) | i >
SLT  |5.0802 448550 [1L0201 | i
: S L >
jetQ+SST | 68.3+0.9 | 14.941.5 |1.5+0.5 e S
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WY Fitted asymmetry

P

#® Simultaneous fit to D* and D0 sample to extract

Am. ]
| ; :5_1*”—_4)_—(%— @
e =l—

—— 224 Muon Tagger T

| B+>Dpu X %,
0 ]

-0.2—- 5 :

. S L ®
0 500 1000 '—15?\5')5/% . T —Cl[)— . _+_
] JetQ+SST ‘Jf_ .
Am = 0.456%0.034+0.025 ps %
(D*) — B4 contribution ~83% ' - - -

(D0O) — B+ contribution ~76%
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Bs Mixing

® Very similar analysis to the Bd mixing. Decay mode used:

Bs 2 Ds u v, Ds2¢n, ¢2>K+K-

. —1
D signal DD Run Il Preliminary J‘Ldt — 460pb
~«—3000 D, signal -
o =T D& Run ll PFEHH“III‘IJF}‘
S _
() o
= 5
— =
S =
S =3
%2000- ﬁ
Li Ll
40
1000- 70
| 67543
_ 133329£277 T e 1s N
o —
1.7 1.8 1.9 2 2.1
Mass(KK)Tt (GeV/c)
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For..Bs mixing observation

0.1 B, mixing Amy=0.5ps”
S =signal events 2 00s] e e 2005
eD? = tagging power 3 ﬂ
S/B = signal/background g
o, = proper time resolution gms HL

-0

0 25 IE 75 10
proper decay time, t [ps]

Se D 2 _(ﬁ.msﬂrr)3 g
Significance = — e : _—
2 S + B

06/20/2005 Beauty 2005, Tania Moulik (KU)

19



w Significant Improvements to flavor

fagging
Add Secondary Vertex Charge Likelihood ratios for variables
Taco discriminating between b and
Ag515 Z p b - ptrel.q, svcharge,jetcharge
|
SV
ZH £ ()
y= Hyl vi =
g1y 1)

— 1 1+y
NNl BN

200 Normalized Tagging variable
o M d = Monotonic function
| between (-1,1)

d>0 (b), d<0(b)
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w "Proof of principle” - Am, measurement

~ u'D"X Sample

=N aDE G S arnnie . . . — e D@ Run Il Preliminary
= . D@ Run Il Preliminary ] E 08
E 08 7
) : : 061
0ot — SR -H-+
N M i ] 0.4 L—dF
o N | ] | I ] 09 L T +
N : |
021 -0.2
04°L - : s - : L B
0 005 01 015 02 025 1 S P S
0 005 01 015 02 0325

VPDL (cm)

Amy = 0.558+-0.048(stat.) ps-!
eD? = 1.0% (OST Tagging only)
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Bs mixing limit - Amplitude fit method

Ideal non-osc/osc number of events as a function of VPDL
(x) = Fit for Amplitude 4

Kz ~ ‘
,p(_i )-0.5-(1£(2n—1)cos(Amg - Kz /c) - A)

{
MONn—08C/0sC
Mg 19%€(r) =

2 o\ (A; — AS(.A))

v L) —

Fit for 4 as a function of Ams (1
of 1 psV

s ."-F:l_ll__:

D@ Run Il Preliminary

1.2 l‘Eﬁ‘icienc‘; vs. VPDL (cm) for B_->D_pX

1

0.81
0.6F

0.4 D@ Run Il Preliminary

0.27

=
T

Loty by by by Ly by g Ly Ly
0 0.0Z 0.04 006 0.08 01 012 0.14 0.16 0.18 0.2
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Impact parameter resolution and
funing.

0.2 - - . Entries 36751
0 18:_DE§ Run Il Preliminary | u... -0.0001737 [ Resolution Scale Factor vs VPDL || % /ndf e
T before tuning ;M.lsndf 10502[:;7?;: I|"': - 1'1.414 .ili:';.l_s_lf
T X . Prab 0.7837 5F - P ('\
0.16: after tuning , po 0.00198 = 0.00004 e E_ D& Run Il Preliminary p2 Ll
0.1af- n o af
D_12:— p3 ] 1.1932 + D.0000 1 15:_ ._l_< .|. .|. l'
: " e : e
0.1:— :s ' 0.505140.0000 1 1;_ +++ I-
ost. o ik
0.06F - " ?;H*
0.043— 0 -;u.af.
0.02 f— O 5705 0,04 "0.06 0.08 0.1 013 044 015 0.98 02 022
88500z " oeT 0 bel T b.08 T e03
VPDL,,.-VPDL__, (cm)
Variable scale factor for
Tune track errors for data and MC taking VPDL resolution (s.c)—
taking into account dependence on: Overall scale factor = 1.10

ETrack momentum

ETrack angles

B Silicon detector hit configuration
B Silicon cluster width
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Sample composition

Decay Sample composition

B.—D uv 20.6%

B.—D " uv 57-2%
B.—D v 1.4%
B.—D" uv 2.9%
B.—D,D.X 11.3%
B°—»D DX 3.2%
B-—D.,DX 3.4%
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Bs mixing Limit (460 pb=')

®m Sensitivity:
# Ams value with 1.6456, =1 45

® Expect A=1, for freq = trueAm,, B, Amplitude D@ Run Il Preliminary
o 290 ]
A=0 for freq # trueAm, E 2 {data t1o
) 3 1 5E_Cidata +1.645 o (stat.)
m 959, C.LL < TC[dataz1.6456
1: cmmm T
4 smallest value of Am, at 050 PR
which, A+1.645c6, = 1 gz_.-..l ...... I ............. I ..... | ..... ) SO IS
0.5 l

¢ 95% CL limit: 5.0ps " ¢ 5.2ps” (stat. only)
ASV:":E"V DS Run Il Preliminary -2 --ﬁ--sensiti\.'ity:4.6ps'1 e -‘|IJS-1 (stat. only)
£ R
E‘O.S—- Ams(ps)
I 1
T Am, > 5.0 pS
Sensitivity = 4.6 ps™?

T T T
o 0.02 0.04 0.06
VPDL (cm)
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To be Added..
B - D= X (D — K"WK™)

. + | —— - - i .
Bs — u'l- K*'l] K' + X (K U_} K'I' TE-} l‘_\ — Il.l I\ I\ + X ‘I\ — I\ I J
D% Run IT Preliminary

N: Jll: A A D D, — KK
;.;4000- 2 4000- E M Do«
= & 14 ¢ [ p.— K=
gsooo 3000 R E LS
E z Y o3
E .:: ] |
2000.- 2000+ R
1000'. 1000'.
0 . . ey gy gy . | 0 . i i T Y T
1.6 1.8 2 22 24 1.6 1.8 2 2.2 24 ,
M o (GeV/e } M o (GeVieT)
#Reconstructed candidates = 4933 +376
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ALEPFH
(3 analyses)

DELPHI
{5 analyses)

OPAL o
(& analyses)

o .
{1 prel. analysiz)

BABAR
(3 analyses)

0.446+0.026+0.019 ps’*
0.519+0.018H0.011 ps™*
0.44410.028H0.028 ps
0.479+0.018+0.015 ps™*
0.495H0.033H0.027 ps*
0533003140012 ps*
0.45610.034+0.025 ps*
0.500:+0.008+0.006 ps

0.506+0.006+0.008 ps™*

average of above
after adjustments

ARGUS+CLEO
{}, measurements)

0.502:+0.006 ps™*

0.493+0.032 ps™

world average

0.502:+0.006 ps™

i working group average
without adjistments

0.502+0.006 ps™!
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World averages for Am,world B, mixing
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i ¥
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175 20 225 25
-1
Am(ps )

Am, > 14.5 ps™

Sensitivity = 18.2 ps!



With additional
Channels and
Improvements
In flavor tagging

Am, upto 11 ps™

Within reach at
3.5 b
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Future Perspectives

4500

[pb-1

Integrated Lumi for indicated sensitivity

(expected limit @ 95% C.L.

500 ¢t
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Current DG
Sensitivity

Current D&
Limit @ 95% CL

¥ ~2: additional channels,
K'K, 3m, KoK

x ~2.4: electron flavor tagging

x ~1.7: selection, improved S/N

Further improvement,
unbinned likelihood:

"""" x ~2: flavor tag probability
event-by-event

x ~1.3: resolution
event-by-event

11 12

Amyg [PE';1]
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Future perspectives

Samileptonic Mode, Be— Dzuv X
[¥]
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1000 ---¢----g---------o-
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5005 /
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> A World Lirnia

aQ
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With increase in bandwidth
Am, upto 18 ps-1
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Addition of hadronic decay
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Bandwidth Am_ upto 26 ps
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Conclusions and Summary

® Bd mixing measurement

¢ We can contribute to the Bd mixing measurement in a small way
and an important cross check of the measurement in a hadron
collider environment. It is mainly important as a validation tool for
our flavor tagging.
® Bs mixing measurement
¢ More statistics

¢ Improvements in flavor tagging, introduction of electron tagging
(Almost ready!), Unbinned likelinhood fit

¢ More decay modes,
+ Bs2>D,evX
+ Addition of Ds 2 K*K
+ Addition of hadronic decay modes
¢ Addition of LayerO = improvements in impact parameter resolution

4 We are excited.... Lots more to come....
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50cm

Inner Tracker

/ s :

00000 B

Barrels Barrels
& Disks

Monitor

Silicon Microstrip Tracker
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w DO Silicon - RunIla disks

F-disks

e 0.9 m2 silicon (0.7 m2 active)
e 12 disks

e 144 sensors

e Double-sided

e 1.3 m? silicon (1.2 m2 active)
e 4 disks
e 384 sensors

e Single-sided, mated back-to-back
to form double-sided e e



Silicon Alignment

E
I 4 60 -
unaligned axial residuals J =
1pt greater than 3 GeV —
500 Parrels 5.5 After ® 50
- width =38.5um C * D0 dota (preliminary)
.‘E Surver‘y 40 - y & [0 MC single muens
3 width=39um \ aing
© 100+ P
AN
20 Yo
- T i ‘* W
-200 0 200 [ —— "
residual (um) [
| O sl . ek . F—
{ aligned axial residual J
w00 Agazpedans o o | o e
" width =20.2um ﬂ|i9nmgn1'
5 o0 width=20um + Reasonably well
= | =
o Perfect  aligned
alignment
in MC : 16[.1”". OI"Ily a few LLm of
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200 0

A I T ]

= mis-alignment
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