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The “indirect” strategy:

study the known puzzle pieces;
see what's missing or what doesn't fit

Are neutron decay
and lambda baryon
decay the same
fundamental
process as muon
decay?




Cabibbo mixing angle was the missing piece
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An Arbitrary Choice

| will not touch several other ways of
exploring the edges of our jigsaw puzzle:
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Charm decays v @ 6
Vekm /8{ /

Rare B decays e

eSeveral other CKM measurements

«Some of those will give results sooner than By
mixing studies

In fact some of the results are already public:
I will use them in my discussion to clarify some
points



Mixing 101

Two-state system: |Bs) and | B) 4 P(B;) - P(By)
Without mixing, degenerate states: | ﬂ ﬂ ﬂ (m
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Mixing splits the states:
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Mechanical analogue

Weak interaction couples
states, splits frequencies of
normal modes. Weak decay
also damps the motion.

You can measure a
frequency difference
extremely precisely,
by measuring beats.

I x=25, then
Dm/m ~ 2X40-12

Plano tuner uses
the same trick
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B, flavor oscillations
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Dm, has never been measured: only lower bounds exist.

CDF expects to make the first measurement, soon!
To get there, we need lots of ingredients



om./Dmy

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

e Combined world limit on B; mixing
- Dmg14.4pst @95%CL

Towards Bs Mixing
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E - World average (prel.)

= 2F . 4 ]
2 - + datatlc 4 95% CL limit 144 ps

o [ - L6dSc o sensitivity 187 ps”

15 - @ data+leédsc |
- [] data+1.645 o {stat only) i .

—| B fully mixes in <0.15 lifetime!!

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

Re(Vy)»0.040 > Re(Vyg)»0.007
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Mixing 101

| Proper time resolution |

Flavor tagging

| Signal-to-noise |

| Event yield l

Sgnificance =

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



Event Collection

D2 _(Dmsst)z -~
Sgnificance = > e °?




Why do you need a trigger?

Haystack

R-Z view Needle

Vast majority of collisions; a democratic ©10**10 less frequent: top quark pair

trigger would see only this production



A “0 to 100” example: SVT for B® ® p*p

e SVT reduces the background rate

by a factor of 1000

— data recording possible

by DAQ

10%*

10"

1 MHZz 1o

— This means going from O events
in 110pb-! (CDF 1) to 300 events

in 65pb (CDF 11)
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A salient property of b,c decays: lifetime

track

secondary vertex

primary vertex

impact parameter

Transverse view




Introducing ...

Both the name and the details of the physics

goals have evolved over time ...

I o o[~
SVT / CDF Note 1421

THE SILICON VERTEX

by L. Ristori

INTRODUCTION \

This noee describes the architectuee of & device we believe we Can \

buibd 16 meconsnuct oracks in the Silicon Yertex Detector (SWX) with M a 1St 1 9 9 1
enaugh speed and sccuracy [0 be wied s origger level 2 1o selec y D)

SVEMES contmining s=oondary vertioes onginased by B decay. We name

sigehi & device Silicon Verrex Tracker (S¥T).

The use af 5V as part of the CDOF migger would allow us 1a callect
a large sample of B's (= 107 evenzs) ina 100 pal um.

B production ot 2 Te¥ in the e.m. is abundant: Bsajel predicts that, in
the central region, 6.5% of two-jel events with PE=20 OeVic contain
n B pair, Thes we need a trigger with o relatively modest rejection
factar (10 + 20k nol mecessarly requiring the peedence of wery high
Py nracks.

It tums owi that the simple mequircment of a single track with an
impact parameser greater than a given threshold might da the job.
The possibility w wse the output of 3VT e actually reconstruce
secondary vertices a5 lefl open and 's nist discussed hers,

In Section | we repart the results of somo simple sarmlatons we have
done to show the efficacy of the impad paramepsr cof, in Sacthon 2
we overview fee ovenadl architzcture of SVWT, in Section 3 we
describe the differers pans SVT s mode of ard how they relate o the
different stages the track finding process goed theough

1. SIMULATION RESULTS
1.1 Impnct Parameler Cut

The impact parameter 5 of each irack i defined as 1he minimum




Problem synop3|s

Slllcon

—50 —

Input (every incoming event):
silicon pulse height for each channel

Output (about 20 microseconds later):
trajectories that use silicon points

impact parameter: s(d)=35um
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Three different ways 10 people finish a
job every Dt that 1 person would do in 10Dt

Dividing the tasks among
specialized components

Dividing up the detector

Dividing up the events

10-step assembly line
(“pipelining”)

10 people paint 1 house

1 line, 10 bank tellers



SVT data volume requires parallelism
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LA Chicago, Geneve, Pisa, Roma, Trieste

Reduces gigabytes/second to megabytes/second
Peak (avg): 20 (0.5) GB/s — 100 (1.5) MB/s

eters



Each 1/12 of detector Is processed in its own assemb:{ line

- —

ADC counts

Couter f outer (¢

-

Fitted tracks: P =(c, f, d, c?)

s
!

. hit coordinates

Outer track

— S

roads ( = “patterns” )



2nd trick: streamlined track finding
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e The way we find tracks is a B | N G O
Cross between 2 17 35 48 61
- searching predefined roads || 10 | 21 | 39 | 53 | 66
. 14 | 20 free| 55 | 65
B playing BINGO 8 25|41 52 62
e Time ~ A*Nhits T B*Nmatchedroads 6 | 16 | 37 | 46 67




Trick #3: Ilnear flt

Clrcle(P) C Planes at pomts X
X not in general linear in P

But for P> 2 GeV, d <1 mm,
linear fit biases d ~ few %
b no problem for trigger

Couter f outer D

*Xs

Fitted tracks: P = (c, f, d, c2)

z_ example

X vs P,

We derive Vij by linear
regression to Monte Carlo data




sSuccess !

| Run Number = 149484 Last Updated at = 2002/08/06 15:53:08
I FROM GB board | Nent= 180177

22000 E;.d;" 22?592

20000 — M5 ai) 35le A 33 ITm

18000 |—

3 resol A beam
% o0 —_—
imi | 24 18 P s =48mm
E 1uuuu;— 6000 —

8000 —

Boo0 = 5000

4000 ;—

200 4000

[l,_ I, Ll I,l,l Ll I,l,l Ll I,, - —- 77‘ el |7|7‘ L IJ,l,I Ll I,,

0 10 20 30 40 50 | 3000

Silicon trigger latency (ms)

4 orders of magnitude
faster than software

2000

1000

-500

-250 0 250

500

silicon trigger impact parameter (nm)

™~

comparable resolution




Large charm signals

e CDF will reconstruct about 107 _ CDF Runll Preliminary L 451000

charm decays in a few years' o0 -D°— Kx in 2002
data (2 fb—l) [Ny = 451000 +1400 data

Evenis/0.4 MeV/c
2
o
o

—year 2002 (0.07 fb-!) already
3x sample of FOCUS
experiment

6000

4000

—already collecting more per 2000:
year than B factory

eXperlmentS 'E82|1.83 1.84 1.85 1.86 1.87 1.88 1.8n9I 1.9

Kz Invariant Mass [GEWCZ]




CDF Run Il Preliminary

—
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DO ® mm

— Putting the numbers together,

Reference branching ratio

- \Nevvllmlt

Reference event count

b [BR(D°® m'm )< 2.4 10 ®* @90%CL

— Previous experiment’s limit was 4.1 106 @ 90% CL.
- We should at least ~ triple our data sample this year




We Tinally see it!

CDF Run Il Preliminary, L = 119 pb

- about 100 B — D7’
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50 DECAY MODES

These branching fractians all ecale with B(5 — B9), the LEP 80 pro-
ductian fractian. The firet four were evaluated Eing B{E — BE} =
{10.7 & 1.4)% and the rest aume B{E — Bg} = 17%.

The branching fractian B[Bg — Ds_ E+v£anyth'|ng} iE nat a pure mea-

surement eince the measured praduct branching fraction B{E—; .B‘n} Ed

B[B‘D — D= !"'vfanythlng} wae used ta determine B{E — BD_} aE
de&cnhed [l tj'le nate an "Praductian and [hecay af b-Flavared Hadrurs

BR(B.> D p*)=(48+12+ +0.6) " 103

Py
(Stat) (BR) (sy9) (fdfe)
New measurement !
Previous limit set by OPAL: BR (B, > D, p*) < 13%

Mode Fractian {I';/T} Canfidence level
M Ds_arlythirlg (M 230 )%
M3\ £F vganything B (793 % 24)%
h D« <11 *%

D =1+ p (#}- @ *2 oy
s J/w{15)g {93 + 3x=10—
s J/{15)=" < 132 1073 0%
Fz  Jfw{15)q < 18 #1077 5%
fs  925)4 -
Iy = £ 17 w10t 0%
Me =%« < 21 R 0%
M, ga® < 10 w103 0%
Mz a7 £ 15 2103 0%
My p%° < 120 w10t 50%
M., op° < BT s 10— 9%
Ms o3 < 1181 #1013 0%
Mg ntk- < 21 w104 50%
r, Kte- < 53 #10-5 50%
Mg K{Ba2)°g° < 7867 w104 50%
Mgy K+{892)® K+{aez)? < Le8 # 103 0%
M gk*{a2)Y < 101 10— 50%
oy pE < 549 #10—5 0%
Foa Ay < 148 2 10— 0%
Moy d7 < 132 2 10— 0%

Lepton Family number {£F) wiolating modes or
AB =1 weak neutral current {52) modea

Moy ptp— B1 < 20 #1056 0%
Ms ete™ B1 < 54 #1075 oY%
Mg it LF [H < 61 % 10—8 0%
r27 @{1“2“:'!—‘ F_ B2 < 47 Fy 10_‘5 St
Mg duw B1 < 54 2103 0%
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Resolutions

SeDZe/ S
2 S+B

Sgnificance = \/



Strategies

B.® pD, B.® InDy
K
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. p P : / nl
o Bs o Bs
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L L. m m as , 0
t= 2 v B =—Bs Act.—".
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L
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Semileptonic s

CDF Run Il Preliminary 70pb” B%— pvD,

per ﬂ\ne\ﬁcz [
N S
o O
| |

Events

Fit
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s.¢»x0.07 ps @ ~1000 events Sys?!??



Tagging

‘a3 _(Dmsst)z
Sgnificance = ;S
2 S+B




Mixing in the laboratory

e To resolve the oscillations, we need to
measure

- Bs vs B at t=0 (a¢ production)
- B, vs B, at decay
— proper_decay time

e for large numbers of events

_ N%Lme(t)' Ndifferent(t)
] N e (t) + Nisteren ()

A reas (1)



Measuring B, vs B, at t=0
e 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
change (e.g. B*® I"'n X decays)

*Apply your algorithm

Measure efficiency

N

taggable

N

tot

eCount RS and WS tags

: N

mistag = N

s+ Nus



Performances

Due to mistagging effects:

Ameas. = DAtrue
D = NR- NW =1- 2Pmistag
Ni + N,

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

1

meas. M
JeD*N

dA

B, = D7t : eD?
Same-Side Kaon 4.2%

1 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

Let's stay on the safe
side: we assume eD? = 4%

(this is ~ what we have
at hand right now)




Current Performances

5
I
P

o Strategy: use data for - CDF Run I F*relirnilnary . B* = D"n*
calibration (e.g. B:® J/yK-, | . Whong Sy e e
B® lepton) > "

~ “know” the answer, can =
measure right sign and wrong P
sign tags. E
D@ Results: S
eJetcharge eD%=(3.3+1.1)% E
e Muon tagging eD?=(1.6+0.6)% “
2 nf | DO Runll Preliminary
%sn— ‘LJT S L 1Y B o+ 46 48 5 : 52 54 56
£ oF J ' B K & n* invariant mass [GeV]
% 4| CDF Results:
2

L)
=
I|III LILIL

eSame-side (BY) eD?=(2.1£0.7)%
(B*/B%/B; correlations different)
e Muon tagging eD?=(0.7+£0.1)%

P
=
||III

-
=
I|I|

 M(B*,x)-M(B")=0.426 + 0.016 GeV.

—i P 1 1 L I L L L I 1 1 1 I 1 L 1 I 1 1 L I 1 1 1 I 1 L 1 I 1 1 1
] 0.2 0.4 0.6 0.8 1 1.2 14 16 1.8 2
M(B*, = )-M[BE ), GeV
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Conclusions



CDF B, Sensitivity Estimate

Current performance: hadronic mode only

- S=1600 events/Tb! (i.e. sqfrective FOr produce+trigger+recon)
- S/B=2/1

- eD2=4%

- st =67fs

2s sensitivity for bom,=15ps with ~0.5fb-! of data
e surpass the current world average




Current performance:

CDF B, Sensitivity Estimate

hadronic mode only

- S=1600 events/Tb! (i.e. sqfrective FOr produce+trigger+recon)

- S/B=2/1
- eD?=4%
- St:67fs

2s sensitivity for bom,=15ps with ~0.5fb-! of data

e surpass the current world average

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 bom,=18ps* with ~1.7fb-! of data
5s sensitivity for bom,=24ps* with ~3.2fb! of data

v bm=24ps* “covers” the expected region based upon indirect

fits.

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:

St

Matters most for going to bmg > 20 ps?

- Event-by-event vertex /

— Additional Si layer at ~1cm from the beam pipe (Layer 00)

Flavor tagging
— Kaon tagging (same-side and opposite-side)

Yields

- Other B, modes (hadronic and semileptonic)

- Other D, modes

— Triggering /

Trigger improvements

matter most for yields

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




Interplay between direct and indirect discoveries

Spin 3/2 baryons (u,d,s quarks only)
A Ay A AM
: wh gL g 1232 MeV
Often, many properties of new
. - - bl 20 i
L . -
particles are known, indirectly, |i o A 13 MeV
well before direct discovery. * k7 L
ss o 1533 MeV
888 G;:'-': 1672 MeV
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To address these questions, we continue to build
the large, specialized tools of the energy frontier




I hope that our knowledge and our creativity will make our
culture worth studying, 1000 years from now




