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Plan

e Introduction:
- B physics @ CDF
— Tools
e Lifetimes
— Exclusive
— Inclusive

e Bs Mixing perspectives

- Ingredients:
e Time resolution
e Flavour Tagging
e Signal & Background

- DG
— Where do we stand?




DISCLAIMER: this talk contains strictly CDF restricted materia. I1f you are
not from CDF, close your ears, shut your eyes and vanish from the room.

Prologue Ry

e Will focus mostly on perspectives!
« CDF2 Started.. ‘

e TeVatron performance is not thrilling
— Not disastrous either
- Do we care?

e Detector works flawlessy... enm...
e You've heard the details too many times!
« SVT ad nauseam...

 Why don't we have yet a B, mixing
measurement?

DISCLAIMER: this talk contains strictly CDF restricted materia. I1f you are
not from CDF, close your ears, shut your eyes and vanish from the room.
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TeVatron Performance
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B physics?
Production Rates:
*B*: 3.62£0.6 nb
D*: 4.3+£0.7 nb \
D% 9.3+1.1 nb |

> ...and BTW this is a Run 11 result!

x1000 more B physics than at U(4s)
All sort of b-flavored stuff: B, By, B, B, L.

Problems are x10000 worse:
s(all)~100 mb

The trigger is THE essential tool !!!



B physics topics @ CDF
§Ri

e Production *CP violation
~ Cross section *Asymmetries
— Polarization *Tag based
o Lifetirrges -Self tagging
B:j ,IEC,IUE?\;eI,_EXCIusive *BR based methods
. Mixing *Rare decays
- B, —By

_ Bs _Bs



B Production *

We can get to P,
lower than in Run 1!

CDF Run Il Preliminary
LEEE e s Fal e Rt S (] Pt S B L Bl
@ [ata with statistical uncertainties

= —— Systematic uncertainties -

Example:

b® J/y X

iInclud 2= comelated uncerainties)

How Is this
possible?

eDetector

do/dp(H,) . Br(H,—J/y X) . Br(J/Ay—pp) nb/(GeV/c)




,
¢ (% Tools...
M,

e Tracking

— Central Outer
Tracker

— Silicon VerteX
detector
e Particle ID

— Electromagnetic
(CEM/CES/CPR)

— Muon Detectors
(CMU/CMP) silicon detector

- Time Of Flight




..and the trigger, of course!

2.5MHz Crossing rate
396 ns clock

Level 1
storage
pipeline:
42 clock

Level 1
7.6 MHz Synchronous Pipeline
*5544 ns Latency

*~16 KHz accept rate C OT

cycles
hits
Level 2 Level 2 N T :
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4 t -42 n(;;HLatency : c=48um 1 Includes
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J/
JAm

® + m
Leptons . pp_ . B
- M \ %p_

What's on the menu? Q/:?
R\
hE
K+

- ee?
e 15 Leptons
- e, m+ “displaced” track
- 8 GeV? p\/
* Thanks, but no Thanks...
e Er.. maybe... if you insist /
e Hadrons Ve o _—F
— Track and... track! (both displaced!) \% "

— Are all the decays equal?




The Baryons...
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Qm./Dmy

e Measurement of Dmg helps improve
our knowledge of CKM triangle.

e Combined world limit on B, mixing
- Dmg>14.4pst @95%CL

Towards Bq I\/lemg

]
In

Wmld aver age (pr el )

[ ]

Amplitude

N + data+1lc A 95% CLlimit 144 pst
[ - LedSo o sensitivity 187 ps’

15 - 0@ data+lédso "
- [] data+ 1645 o (stat only) i .
l

- |Bs fully mixes in <0.15 lifetime!!!

e B, oscillation much faster than By
because of coupling to top quark:

Re(Vy)»0.040 > Re(Vig)»0.007

v 4
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20 225 2%
Am, (ps'l)

Combined Iimit comes from
13 measurements from LEP,
SLD & CDF Run |




Mixing 101

| Proper time resolution |

Flavor tagging

T~

Sgnificance =

| Signal-to-noise |

/

e Significance (in number of standard
deviations) Is “average significance”

| Event yield |




Strategies

B.® pD, B® InDs
K K K K
D, Ds |
P B. o B,
— . ~05%
- m, _m &, 0
t = Xy Xy > = — A t —Pr
O Ty ~15%
\ .
L
= by I:%(IDS)> s ="kg Actag—FLgAS
R(D,) \ R(B)/ . R~ g t @




Event Collection

D2 _(D'TE:St)2 ~
Sgnificance = > e ? 4%




f,, T, and the Branching Fractions...

eUnderstand relative
efficiency:

-Trigger biases

-Detector effects
(e.g. coverage)

fs/fd shows a well
known discrepancy
between CDF and LEP

events (10 MeV/bin)

|65+ 4 pb' April 3rd 2003 CDF Run 2 PRELIMINARY]
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/T, contd..

Need a robust and accurate
model of the trigger and
detector effects, something

CDF never had in Run I:

*Run by run emulation of the

configuration

*As realistic as possible
(geometry, material etc.)

New measurement !
Previous limit set by OPAL:

BR (B, > D, p*) < 13%

events (20 MeV/bin)

CDF Run Il Preliminary, L =119 pb !
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D; Uncorr. Mean: 5138 + 8 MeV Dz Uncorr. Mean: 5367 + 2 MeV
Sigma: 66 + 10 MeV Sigma: 16 + 1 MeV

B— X

XcontansD.— ¢

f. Br(B®D.p’)
f, Br(B.®Dp)

= 0.48 + 0.12(stat.) + 0.18(Br.) + 0.08(sys) + 0.06(f /f,)




Other modes?

D.® K*K is only the tip of the
Iceberqg:

We can (must!) investigate other

B, decay modes!!!

L. B, — 7D = n7¢[— KTKT]

Entries per 20 MeV/c?

5
s T Mass [GeV/c ]

(b— tud decay)
B(B.—Dr%) = 4107, B(D7 —¢r7) = 36-107°
Bl¢— K*K™) = 05

= BB, = D:r)B(DT = ¢n)B(o— K*K™) = 7-10°"

2a. B, - J/YK~n*t
(b — ccd decay)

B(B,— JfK nt) = 6-107°

More than half is from B, — J /7' K**[— K],
Further B(J /1) — (T{) = 12%.

2b. B, — J/l,bK*_Tr‘l'

3a. B, = Y(28)K 1+

(b — ted decay)
BB =1(28)Knt) = 4.107°,  B(28)= Jfirtr) = 03
= B(B.—= v (28)K %) B(1(2S) = Jjuntr™) = 107"
3b. B, |+ (28)K* ™
B(B, = v(29)K* 1) = 3.107"
= B(B.—t(29)K* 7" B(28) = J/inr7) BK"™ =17 Ks) = 3107

B(B, = JJuK*7t) = 4-107,

BK*
= B(B, — JJUK* T B(K*™ = 1 Ks) = 13107

— 1 Ks[—= nT77]) = 033




da. B, — K=t
(b — uud decay)

db. B. — K*xt

—
=

B(B. — K~x%) = 10°°

B(B,— K'zt) = 107°

B(B, — K'"nt) B(K'~ - =" Kg) = 3.107°

Evenlts per 30 .‘.‘-=,='-.-"J.r"t"

5.B, — Dortrtr~

(b — Tud decay)

= B(B, — Dontrtr )B(DT — é77)B(¢p — KTK™) = 14107

B(B, — D_rtntn™) = 8-107°

6a. B, —» KsD°[— K+m~]
This is a b — cud decay with small pollution from a b — @ed decay of a B.. Also B, — KgD"
can contribute via ¢ — sdu. This slightly modifies the oscillation amplitude and phase, but does
not affect the measurement of Am..

B(B, — KsD") = 3-107%,
B(Ks — ntr™) = 0.69

g
1

400

L=

L
=

B(D" — K*r~) = 38-1072

= B(B. — KsD")B(D® — K*n ) B(Ks — ntr~) = 8-107"

6b. B, - KsD°|— Ktntm—m]

B(D" — Ktstr—n) = 7.5-1072
= B(B.— KsD"B(D" - Ktrta 77 )B(Ks — 7t7~) = 1.5-107°

6c. B, » KsD°[— K*tm]

BD" - K*"r™) =

6.107*
= B(B.— KsD")B(D" —= K**'77)B(K*t — KsnT)B(Ks — nt77) = 4.107°

| R T |
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| essons learned

e An accurate model of the detector
and trigger performances iIs essential

e We know how to do that with most of
the bells and whistles!

 Knowledge Is sufficient for many
results, the only limit is the lack of
manpower!



In the same style..

Fraction | r_.-'i } Confidence level
D, anything fas  +£30 )%
D_ i 1zanythin [a] (79 + 24)%
'}i e e We are able, In
= 13 . . . .
(93 + 33)x10-4 principle, to fill in
< 12 % 103 a0%
< 38 103 oo most of these

sEEN
<17 ox0t oo blanks, at least the
< 21 x 10 90%
< 18 S R ones with charged
< 5 = 1 B0%
<3 xwt oo final states!
< 617 % 104 an;
< 1.183 x 1073 90%
a2 I x 104 a0%
< 59 w1075 0%
< T.6T ’
r'El {EQE}GK {ng}{] e Fraction (I ;/T) Confidence level
Moa o K*(892)° < 1013 -
b PP < 50 [y (4.7+2.8) x 1074
[a2 79 < 1.48 [
Faz @9 & T 3 seen
[ seen
s
s
[+ [al (7.7+£18) %
g < 5.0 x 1077 90%
Fg < 5.0 % 1073 0%




CDF Runll Preliminary L=120pb™”

Number of Entfries / 3 MeV
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Other B, modes..

Channel Yield 5 B
BY 21D x(D” - Kkta7) 418014+ 327 1846 44
BY 5 I'D'x(D” - ke n~xT) 17828 &£ 235 986 1.2
BY 5 I'D°x(D° - Kenn ) 596 + 45 157 07
B° 5 ItD—"x(D° —» K*tn ) 8426 - 138 825 42
B> I'D-"Xx(D° > kta~n~xt) 4536 & 102 550 06
B® 5 I'D—"X(D° = Ken—nt) 129 + 17 85 13
B3 ITD™X(D” 5 K n n7) 18682 £+ 293 970 10
B° 5 ITD™X(D™ — Kan™) 93 4 19 51 04
B, = ITD; X(D] — ¢7) 1336 & 43 @2.1) 34
By = ITD7X (D] — KsK™) 118 £ 29 46 02
B, » ITD; X (D7 - K*K™) 1064 & 136 114 01
Be 2 ITD;X(D] v n w7) 290 -+ 44 72 02
CDF Runll Preliminary L=185 pb"

Number of Entries / 2.5 MeV

600+

CDF Runll Preliminary

40015

B: — "Dy (K K) X

L=~185pb"

1.85 1.9

195 2
M(K'K) [GeV/c?]

150]7%

100+

B. — I' D, (mr) X
N(DI) =290 + 44

Number of Entries / 5.0 MeV

18 19 195

2

M(rrr) [GeV/cT]

Number of Entries / 5.0 MeV

CDF Runll Preliminary L=185pb’

B.—I'D;(¢n)X

N(D3) = 1336 + 43

200

100

195 2 205
M(¢(KK) ) [GeV/cT]

19

fp Is at this point
the only useful
channel. We can
work to clean up
and better
understand the
others though!




Lifetime Resolution

SeDZe-@ S

Sgnificance :\/
2 S+B




Lifetimes In the dilepton trigger

CDF Run Il Preliminary L=138 |:||I:|'1

CDF Run U Preliminary  65pb™

210 % B® - JiyK® = data 1 Unbinned Likelihood Fit To Ay Lifetime
% 5 : DI:I (Sig) 102 cT=I7HE 78 star )+ 2905 yst
S_“' E —cl (Bkgy) : — signal region fit
,E i 'I‘.:l (Bkg,) 1*0"'5- — backgrownd fit i
-l 3 _ F 3
S Fit prob: 22% 5 ., | =
E-m.- g .fl'}f?E- I}:+I|} e ; HJ I| :|:-§
g E E ‘J\B mass sideband f
= - ]
o -
13 : L,®J/yL
-I:II.I 0.0 : - n!s _
ct, cm
_CDF Run Il Preliminary L=138pb”
ne - B' = Jiy K - data -1000 0 1000 2000
@ m] i Det {5ig'_| T T
gt — et (Bkgy) ct (B*)=490+£15 £11 mm
g L <t (Bkg)
N i prob: 0035 Ct (B%)=453+19 +6 m
g 10 ¢
: ct(L,)=374+78 +29 mm
i L

o Old technology, new datal



Exclusive reco'd s

CDF Run Il Preliminary L=138 pb”
N Ty
o F Bs2Jduo 12013 sig.
3 UF candidates
§ T0[- Fit prob: 27%
o r
- 60_—
| . =
Q -
Q 50
o =
-2 402—
2 Wit || ﬁ
O 30% , .
C |
o x | +|f | +|
0 20F + +
103—
0: | 1 | | | | | | | | | | | |

5.3

5.4

6.5

candidate mass, GeV/c ?

t(BS):1.33tat.) +0.02(syst.) ps

@ ~120 events

10

candidates per50 pm

-
o

., CDF Run Il Preliminary L=138 pb'1
E B, > Jiy ¢ —-=—data
[ ct (sig)
= ct (Bkg,)
W ct (Bkg,)

Fit prob: 19.7%




Number of Entries/ 3 MeV

Semileptonics

COF Aunll Prefliminary L =120 pb™ | CDF Run Il Preliminary 146pb " |
. > ~N F
4000 B* = "D (K" m) X < 300 9180 F
\ e 3 2160-
N(D ) = 27030 + 327 §.250 E i Bg—)lvl:f;r
3000 £ C\i140:_ — on
@ opg- 5120~  Yield: 1000+48
C g 12U
2000 150
100
1000
50
ol : I S S N BN B B B
1.85 1.9 $15 220 =225 230 235 240 245 10.80 185 190 195 200 2.05
M(Kn) [GeV/c?] pKT mass (GeV/C®) M(om) GeV/c?

*CDF/DO0 are the only experiments on earth that can

cross check HQE through: ST
-%6400 - —o0— BC
¢(B,) cL,) =6200 |
_\"s) —\—b/ o .
’ 96000 |
G(Bd ) G(Bd ) = :
5800 |
We have a full fledged lifetime anaylsis for each mode A —o-
5600 b
*In most cases also more than one, as a cross check 5400 |- BS
: 0 g
Using ID*, ID* as control samples against PDG 5200 L BB . e
02040608 1 1.21.41.6 1.8

i > 1,4 1.6 1
eInconsistency! Lifetime (ps)



| K Factors |

0.08]

— Parametric Simulation

0.0/
0.06
0.05
0.04
0.03
0.02
0.01

0.08_ —

K factor and Bias (B.)

—— Full Simulation

0.04) ull Simulation

0.03° SRl
ocz ﬁ**wmmjﬁl“ﬁiﬁli il
0.01 ; l Ll H i

bg correction

05

p,(BY)

p,(ID)

p,(BY)




Number of events/0.1mm

Resolution function?!?

-
o
]
|

CDF Run Il Preliminary L = 70 pb’
[ B, Jly o data
[ex(sig)
ct(Bkg)

candidates per 50 pm
|

Fit prob: 97%

ct,cm

CDF Run Il Preliminary 70pb™" B"s— evD,

Background d| ribution

13

pseudo proper decay Iength

Number of events/0.1mm

Signal distributid Fit
Background
10
1 }
A a |
2 0 2 4

pseudo-proper decay length (mm)

eUsually relies on the
“prompt” component

*The trigger Kkills it!

*Need an alternate
model:

Lepton+SVT track
with no impact
parameter and all the
analysis cut but
lifetimes

eEthic issue: physics
IS not the same,
should we believe it?



Lifetimes

Ilya, Satoru, Sinead, Kai, Andy, Alex, Barry, Fumi, Manfred, Masa

*\We are collecting one of the largest single-
experiment sample of semileptonic decays

BUT
Lifetime bias:
e~ -50 mMm / -10% / 7s discrepancy with PDG
«>] year of investigation and still no smoking gun!

eSeveral analyses are already pretty much laid down
and await the solution of this puzzle!

*This is the first gym where we can probe our
reliability in understanding SVT triggers from the
lifetime point of view!!!




Where do we stand?

eAppointed a committee of wise, prudent and sage experts

Went critically through the information we have
Clarified and cleaned up several points
N0 smoking gun yet! ®
*Pretty much running out of new ideas
«Still some hints and old ideas to probe:
*Runl-like (a.k.a. 8 GeV) sample suffers from the same problem!

eUsual suspects (fitting procedures, bias modeling and K factor) seem
ultra safe! (see in particular Masa’'s study on J/y )

Pollution from gluon splitting
Need new impulse on this, maybe also fresh ideas

*No, not maybe




Impact on B, mixing

*To 1st order it's O:
*(N*-N-)/(N*+N-) must be measured as a function of t!
e2"d grder?

*Yield is the main issue

eTagging performance is the next one:

0.4rc

We are carefully working 03F SST on B*® DOIn

> 0-22'_ ¢ - _J'ﬁ ;}

On the most robust taggers %o °

o
011
0.2F

We expected to have.. osh 0 Awmes(185 219% e ey

Raw asymmetr

To verify the performances

Run Il ("lepton + displaced track” trigger):

E . . . . | . . . . 1 .
0475 0.1 0.2

Proper decay length, ct [cm]



Semileptonic s

CDF Run Il Preliminary ?[]ph BDS—} uvD,

CDF Runll Preliminary 70pb |

per ﬂ\ne\ﬁcz [
NN
o O
| |

Events

Fit

RN

@)

o
|

- Background
n Bg—ﬂ,wDi

" Yield: 534+ 52 10

—
o O
o O

\

pseudo-proper decay length (mm)

-+ + + 1
20¢ D= D=,

B | | | | | | | | |
Pso 185 190 195 200 2.05
M(¢m) (GeVic?)

+»+0.07 ps @ ~1000 events Sys?!??



DISCLAIMER: this talk contains strictly CDF restricted materia. I1f you are
not from CDF, close your ears, shut your eyes and vanish from the room.

DISCLAIMER: this talk contains strictly CDF restricted materia. If you are
not from CDF, close your ears, shut your eyes and vanish from the room.



Mixing In the laboratory

e To resolve the oscillations, we need to
measure

- Bg vs Es at t=0 (at production)
- B, vs B, at decay

— proper decay time
e for large numbers of events

N0 Nysoalt)
Ame )= R ) N )



Measuring B, vs B, at t=0
 This is an art called “flavor tagging”

Reconstructed decay

Fragmentation
product %

" B meson

Several methods, none is perfect !!!



Building a Tagger
e Pick your favorite algorithm

*Pick a sample where flavor does not R
change (e.g. B*® I'n, X decays)

*Apply your algorithm

Measure efficiency

N

taggable

N

e =
tot

eCount RS and WS tags

Nirs
Ngs + Nyg

P —

mistag ~




Performances

Due to mistagging effects:

Ameas. = DAtrue
D = NR- NW =1- 2|:)mistag
N + N,

And the algorithm can’'t be
applied to the whole sample:

1

meas. M
veD’N

dA

B, — D;wt : eD?
Same-Side Kaon 4.2%

p tag 1.0%
e tag 0.7%
Jet Charge 3.0%

Opp.-Side Kaon 2.4%
Total (correl. small) |11.3%

(some year ~2000 projections)

eD? is mostly a tool for back of the
envelope calculations: in reality you
use all the events, weighted by
their individual D

In the projections we
will stay on the safe
side, assuming eD? = 4%

(this is ~ what we have
at hand right now)
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e To some degree, each of these can be developed and
checked on the semileptonic sample:

— Soft muon

— Soft electron

- Jet Charge

- OSK IE:I?}] lagféa% U.1£f€].02|

- Same Side CMX 22+5 |0.59+0.03
- We have blessed results for: > | GLow | kg o

— Soft muon CMUP | 2745 |0.62+0.03

_ SST (»2.6il %) Any 202+£2.5 2924+ 0.07
e SeT is almost there (»0.44+£0.1 %)

« JOQT made great progress
e First tagger tests ran on J/Y K and D%

« What I'm saying is very simplistic, 1 strongly suggest that
you look at the notes/talk slides
e Flavor tagging is not an easy task, and we still have a big

portion of uncharted territory (e.g. TOF based tagging,
detector effects, montecarlo tuning)




cal

Current Performances

e Strategy:. use data for

Ibration (e.g. B*® J/y K+,

B® lepton)

- “know” the answer, can

measure right sign and wrong
sign tags.

D@ Results:

eJet

charge eD?=(3.3x1.1)%

eMuon tagging eD?=(1.6+0.6)%

= |
=

Mumber ol EvenlsS0 MeV bins
A3 [ 4= L7
(=1 =2 = =
| L | [ | [ |

k.
=
IIIII
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)

Rt

| | DO Runll Preliminary

e
li‘ﬂ #evenizs In prak=E5 417 B+ Tt
Lo
V|

«B' 1

. M(B, )- M{B] 0.426 £ 0,016 GeV.
""12'1I4'1|ﬁ'1a 2
M{B*, = )- B "), GaV

EI_E 04 IlE I].B 1

150 CODF Run Il Preliminary B* - D"n"
Right Sign, 563 = 31 events
- Wrong Sign, 396 + 26 events

=

o

=

o 100

©

2

£

@

@

o 501

E

e |

2

0 ;
4.6 4.8 5 52 5.4 5.6
K™ & &* invariant mass [GeV)|
CDF Results:

eSame-side (BY)

eD25»(2.1+0.7)%

(B*/B°/B; correlations different)

eMuon tagging

eD2 »(0.7+0.1)%



E- F =
e Sample Composition
£ .' & M. Jones, J. Kroll, A. Wicklund, D. Usynin
re e Starting point for tagging studies: know your
a sample (how much b? ® effective dilution)
N  Use signed lepton d,
e I v e Take cc and bb model from MC templates
ST e Residual background model from [4,5] GeV
. £ fe <+ < o] -
8 f +
o S re.glon promp’_c component
St e Simultaneous fit:
2 \ ~ 2000 |
.'G’%— : % k Data 3(SVT)>0 - §(SVT)<0 " TSVT
in EI Iﬁ'ji |' ‘gﬁﬁﬂﬂ[— .............................. Scaled MC 8(SVT)>0 - 8(SVT)<0 {:ﬂrrlpﬂﬂﬁ'ﬂt [] . 4 Ge'iu'rff_.z
b;ﬁillj.' DDE D GE'S {J.' .5‘.'5 GEI|G:5 I:g : ‘ b _} E 329[’] :I: 21 ph
Muan signed impact parameter (om) u‘h]gg__ r— .E 1234:|: 23
: . prompt 1018 & 50
% ¥ {a) d<M{ W.SVT)<5 GeWie ® o
& N

S, A
e

500 %QJ symmetric | 382 £ 26
|IrII J
iII I| 0 — o . o . . o R e

3.5 4 4.5 5

°F W K‘w ~ 0.641 +0.002 (stat) D035 (syst) p+SVT
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DHIIh — { gg%;}
b e VUL, { 0.641 £ 0.002 (stat)Tyos7 (syst) e+ SVT



SeT

V. Tiwari, G. Giurgiu, M. Paulini, J. Russ, B. Wicklund, T. Moulik

L]

F — Electrons
e Two approaches so far: S Pions
— Cut on electron ID i
- Build a likelihood and weight ' "
. . i 1"""'—'-—'-r'-mqu|_Dc.__n_r—f_ _-..:Lwﬁﬂ
 Improve efficiency o7 [y e
e EXxploit the full rejection S
. 0 0.2 0.4 0.6 0a 1
power of eld e Efficiency for Electrons and Fakes
Likelihhod based, vs L lower cut L> [ 6% | €a%) | €/
— _ A — 0.01 48 100 21
0.05 38 99 26
[ eD*2in%vscutonlL |
: 0.10 33 99 3.0
’a 0.15 28 98 35
O\ 0.20 26 97 3.7
R." 0.50 16 94 5.9
Q) 070 | 11 89 8.1
o 0.90 5 75 15.0

Table 1: Efficiencies of the cuts on L for pure
electrons and pions.




L-based SeT performance (cont’d)

V. Tiwari, G. Giurgiu, M. Paulini, J. Russ, B. Wicklund, T. Moulik

e Binning in pp

— Choose the cut on likelihood, L > 0.15 and bin

in pTrell

pr® | OS/SS e(%) D(%) eD?*(%)
0.0 01/59 0.251 £ 0.025 21.33 £ 10.03 0.011 £ 0.011
0.0-0.4 55/22 0.129 £ 0.021 42.86 £ 17.26 0.024 £ 0.019
0.4-0.7 70/66 0.227 £ 0.025 02.94 + 10.86 0.000 £ 0.001
0.7-1.0 78/60 0.230 £ 0.024 13.04 £+ 10.70 0.004 £ 0.006
1.0-1.5 122/56 0.297 £ 0.024 37.08 £ 09.07 0.041 £ 0.020
1.5-2.0 77/28 0.175 £ 0.020 46.67 £ 10.64 0.038 £ 0.018
> 2.0 61/28 0.149 £ 0.020 37.08 £ 12.85 0.020 £ 0.014
SIJFI'I 554 /319 1.458 £ 0.062 0.138 £ 0.038
Avg 554 /319 1.458 + 0.062 26.92 £ 04.21 0.106 £ 0.033
CUtS 318/183 0.837 £ 0.046 26.95 £ 05.46 0.061 £ 0.025

Table 2: ¢, D and eD? in % after binning in pp®
with the cut L > 0.15 for the 8 variables case. Also
shown are the average numbers from the likelihood
and the cut-based approaches without binning in

rel

pr

- The total raw eD? after binning in pr™® =
0.180 £ 0.043.

- Correcting for trigger side dilution and
sequential decays using Dy, = 0.6412 +
0.0015, we get eD? = 0.438 + 0.105 % for
a total efficiency, € = 1.927 £ 0.072 %.

- Run | number from CDF note 3809, corrected
eD? = 0.34 £ 0.08 % (with dE/dz).

Please note:

There are several other
very nice works in
progress!
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M. Jones, J. Kroll, A. Wicklund, D. Usynin V. Tiwari, G. Giurgiu, M. Paulini, J. Russ, B. Wicklund

«Compared to electrons: s /i 6601
- pa 0.3485 £ 007033
. . 06 p1 0.09855 + 0.3363
eHigher purity ost
eLess handles to N
discriminate fakes o
D.IE
“Natural” fakes from E
decays in flight T B RO
[ muon raw D.% | € % muon raw D% €, 7o
IMU 30 £ 11 |0.20 +0.02 IMU 39+9 [0.23+0.02
CMX 26+7 |0.57+0.04 CMX 21+ 6 |0.60+0.04
CMU only | 124+6 |0.89+£0.05 CMUonly| 945 |0.9040.05
CMPonly | 15+9 [0.32£0.03 CMP only | 16 +£8 |0.334+0.03
CMUP | 37+6 |0.5440.04 CMUP | 2545 |0.5940.03
Any 2243 [2.521+0.08 Any 19+3 |2.62+£0.08

A likelihood-based approach is being developed



JOT

Ilya Kravchenko

«Exercising in a full-fledged data/MC

comparison [ID9]

«Still significant discrepancies in the
montecarlo: needs tuning!

# of tracks in AH interval

5.0

4.5
1.0
3.5
3.0
25
20
1.5
1.0
oL
oo

TT |II I|I T | LU |I T I|.I.I.I_I_I_

p-svt data

# pythia realistic MC

—

=

AR from signal B

LIk

aon

&0

400

=200

= data
o MG

D

# opposite side tracks AR=0.T

LI II|IIII| LI Illll':-l

#

/

f

= data
o hE

s

z ! 4
Ptrel sum for tracks in tagging jet, GeVW'.c

= data #

o pAC

I
...,ed""

.95 Foo 1.0
taqqging jet spread

First

Glance Performance:
e>65%
D, .., »4%
eD?2 . »0.11%

raw




S S I COF Run Il Preliminary B — JiyK*

Right Sign, 376 + 25 events

- Wrong Sign, 253 £ 19 events

Gerry Bauer, Guillelmo Gomez-Ceballos, llya Kravcenko,
Nuno Leonardo, Cristoph Paus, Jonatan Piedra,
Sasha Rakitin, Alberto Ruiz, lvan Vila

Run 1-like algorithm has been
Implemented:

«DR<0.7, Pt>0.4
© I dO/S I <3 ' O * | TRy K*Ei.:variant r:;SS [Ge"-."iﬁ.ﬁ

Number of entries / 10 MeV

GDF Run Il Preliminary g — D° o+

INi rel
Minimum P, Figh Sign 03 £ 31 event

- Wrong Sign, 396 + 26 events

eResults are checked on two samples:
B*® yK*
*B*® D%p*

Number of entries / 10 MeV

*Encouraging results, working on a large I
StatiStiCS StUdy (e.g. IDO) * * K* m‘5m+inu:r.12ntma2:[Ge\.F]5.6



Asymmetry

Asymmetry

SST (cont'd

BT —» J/wK™T

0.4
0.3
0.2

0.1

0.4

0.2

—

Bt 5 D% ™

0.4
| ‘ 2 03]
| g ;
T —— | s 1
& 0.1 !
0
10 20 30 10 20 30
E transverse momentum [GeV] B transverse momentum [GeV]
0.3 |
1
Fa ] . |
@ 0.2 .
+ E :
0.1
&3’:‘ ,
I 1
-0.14
0 a1 0.2 1) 0.05 0.1 0.15 0.2
Froper decay length [cm)] Proper decay length [cm]
Ngg Nws Nyt € D e D?
J/wKtT | 376 £25 253 £19 379 £23 | 624 £18 197 +49 24 112
D%t 563 +31 396 +26 588 +27 | 62015 174 +41 19 109




OSK: TOF

J. Piedra, A. Ruiz, 1. Vila, M. Wolter and Ch. Paus

kaons

protons

T
e D eD?2 Sl
: |
100% eff., | 12.2#0.3 | 30.6x2.9 1.14+0.25 A
110ps 2
GEANT 110ps | 10#0.3 28.4%3.2 0.810.21
GEANT, e=0.8 | 11.2+0.3 | 26.8+3.8 0.80.2
t, truth
GEANT | 11.2#0.3 | 23.9+3.0 0.64+0.18
GEANT 65% | 9.4+0.3 27.0+3.3 0.68+0.19
eff.

First naive attempts on data:

e =4.34+0.41
D=17434+9.43
eD? =0.13+£0.16

L

gl

(9/80) wnjuaiuoy

€

1002/62/21 - 098 810js Uoiiena] : Jybil-fo-alwif 400




Projections



B. mixing? (&

Semileptonic Is the most Ilkely place to start to set a limit

Assuming s =(67fs)+t (s, /K) eD?=4%

Amyg Signal ok /K | Significance
15 ps—1 7000 14% | 1.6
20 ps—! 7000 14% 0.7
15 ps—1 7000 10% |23
15 ps—! 7000 (no bias) 14% |2.3

e Adding D, — K*K,3w may help (+50% x2), but
need to improve S/B (currently S/B < 0.5)

¢ K factor resolution can be improved

¢ Sensitivity for the Am, is determined by the event
with ¢t < 500pum

- We want to collect the semileptonic decay events
with NO ct bias

arb. unit
N

R N N Rt §

I\J-hmb‘.?-.ti\.':;-hb'l'mmi\)“

0000

e
e
-
o
N
o
)

We are proposing a 1+SVT
trigger with | and SVT on
opposite sides need help to
better quantify the gain!




CDF B; Sensitivity Estimate

Current performance: hadronic mode ingf|
- S=1600 events/Tb! (i.e. Sgffective TOr produce+trigger+recon)
- S/B =2/1
- eD? = 4%
- S =67fs

[23 sensitivity for Dm;=15ps™ with ~0.5fb™ of data
e surpass the current world average




CDF B, Sensitivity Estlmate

e Current performance:
- S=1600 events/Tb! (i.e. Sgffective TOr produce+trigger+recon)

- S/B=2/1
- eD2=4%
- S =67fs

2s sensitivity for Dm,=15ps! with ~0.5fb-! of data
e surpass the current world average
e With “modest” improvements
- S$=2000 fb (improve trigger, reconstruct more modes)
- S/B = 2/1 (unchanged)
- eD? = 5% (kaon tagging)
- S¢=50fs (event-by-event vertex + LOO)
5s sensitivity for Dm,=18ps with ~1.7fb-! of data
5s sensitivity for Dm,=24ps-! with ~3.2fb! of data

v Dm,=24ps! “covers” the expected region based upon indirect
fits.

e This is a difficult measurement.
« There are ways to further improve this sensitivity...




Work In Progress

Estimates based current performance plus modest improvements.
Further gain is possible on all of these pieces:

) Sf Event—by—event vertex / Matters most for going to Dmg > 20 ps
- Additional Si layer at ~1cm from the beam pipe (Layer 00)
e Flavor tagging
— Kaon tagging (same-side and opposite-side)
e Yields
- Other B, modes (hadronic and semileptonic)
- Other D, modes Trigger improvements

— Tr|gger|ng / matter most for yields

e Improved use of available bandwidth
e Improve available bandwidth
 Improve SVT efficiency

It’s doable! It will take time, luminosity and more hard work!




Conclusions

Yes, we have been optimistic

We are already competitive In
lifetimes where B factories can't get

Still puzzled by the semileptonic
lifetimes (sample composition?)

Bs mixing is still feasible!
Needs a collective effort
Join the fun, 1t i1s worth!



BACKUP SLIDES



Si Tracking...

SVX 11 _
-Beam incidents (“Kicker prefires”) & -

{em)

Operate Si only in safe conditions

*\Wire bonds resonate

Avoid fixed frequency data taking

ISL Material: 15% X,
«Cooling lines obstructed (epoxy!)

11/12 lines cleared so far with the help of a boroscope

LOO
*Cross talk on readout cables

Software subtraction on event by event basis

eRadiation-related power supply troubles

Replaced radiation sensitive devices in PS



A salient property of b,c decays: lifetime

track

>
l d>0

—

secondary vertex

primary vertex

Impact parameter

Transverse view




