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Talk outline

¢ B-Physics goals

e Run li environment
{ Tevatron status

{ Detector status
e B-Physics triggers
e sin(204)
e sin(2a)
& SIN 7Y
o BY — BY mixing
e CP violation in B’
e B physics
e Rare B decays

e Conclusion



Run Il 5-Physics goals

@ Precise Measurement of [T/}d/ Vt3|

-(+) BY - B flavor oscillations (also AL, /T';)
- Radiative decays:

e.g. BY — K*% vs. BY — ¢y (&)

o Make competative measurements of // and o
{ sin2/3 using B" — J/1) K,

{ sin2cx using B — w7~

e Reconstruction of decay modes related to angle

-

BY - DEKT (+) and Bt — DVK*

o (+) Search for CP violation in BY /B9 — J/1)¢
Unambiguous signal of physics beyond SM

e Observe Bt — yuty K+, BY = ptu K*,
Bl — utu=¢ ()

e («) Study B meson and b baryons

(%) Unigue to Tevatron
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Run |, CDF

CDF Preliminary

e B = J/YK,
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Log-likelihood functions

Run |, CDF

EST/5LT + JCH
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sin(2(9)

Run I, CDF

4 CDF preliminary
% Am fixed
: | e Am floating
= 3| s
: g
g o 1°

2 005 01 015 02 025
ct (cm)
e sin(27)= 0.91 & 0.32 (stat) = 0.18 (sys)

= +0.37
= 0917536
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Front End Electroni
Triggers / DAQ (pipeline)
Online & Offline Software
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CDF

B-Physics triggers

e Level 1: use lepton info +
eXtremely Fast Tracker (XFT)

e Level 2: use Secondary Vertex Tracker (SVT)
(find displaced tracks!)

e Level 3: develop smart algorithms to:
{ find secondary vertex seeded by SVT track(s)

{ (semi)exclusive I3 meson reconstruction

New trigger paths

e XFT, SVT, DAq: two displaced tracks
(e.g. for B = ntn~, B, = D,7

— [example of “offline” tagging]

e XFT, SVT: lepton -+ displaced track(s)
(e.g. B. — D m with a flavor tag)

= [example of “tagging by the trigger”]

= Tag by the trigger wherever possible!
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Run II, CDF
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J/ — pt

Run ll, CDF
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J/) — utp—,ete using SVX

Run ll, CDF
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J /1 — wtp—, pseudo-cr distribution
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CDF
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K? — 77— reconstruction from SVT data
Run ll, CDF
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DV — K*57 reconstruction from SVT data

Run ll, CDF
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DV — K *1¥F reconstruction from SVT data

Run Il, CDF

reconfirm scenario A

MNent = 14933(

E;-Iw-: -0.05: 229040 11, > 0.05: 23537

A=637L 215

e e e e
-0.4 -0.2 0 0.2 5
|ﬂ%ﬂ‘-1‘“}

150pm < d, < 1mm_ 2°< Ap < 90°

2 Nent = 1406
10

: l,,<-0.05: 210 l.,> 0.05: 450

10 |

A =240+ 25

® Two tracks
with Pp > 2
GeV/c using
L1 trigger
(XFT)

e Additional

cuts using L2
SVT

® First evidence

of heavy
flavor
selection



KY — 7wtn~ and A — pt7— reconstruction
Run i, CDF

% % Mass

L, >1cm

Moss = 4962 10,1 MeWic’
Erergy cormacBon not Included
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BT = J/WK=, J/ — utu

Run ll, CDF
S5 t *
E N ak) = 34
E-- B™— ‘J‘h'l" K M::n{p: EFEE.E Gevie’ | @ 34 events

Sigma = 0.013 GaV/c®

IIIE

&
III-II

= i@ 8

rIII‘.Ellllllll

+
—

Number of events per 20 MeV/c®

IllllIIFIII-IIIIIllIIIII'FIIlFIIIlIII‘IIIIIlIIIlIIII
GE 505 51 515 52 525 53 535 54 545 55

B* mass, GeV/c?

&
T

—

e 3.00<M(.J/1/)<3.16 GeV/c"
o pr(K) > 1.75 GeVlc
e 2y(K) within 5 cm of .J /1) vertex

e Three track fit for B~ meson
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Flavour tagging improvements, CDF

tagger eD* %] eD? [%) Relevant Calib.
measurad axpactad upgrade sample
Run | Run i
Same Side tag 1.84 0.4 +0.3 2.0 tracking Tl K"
Soft lepton 1ag 0.91 £0.10 £ 0.11 1.7 jcov, trac, | J/p KT
Jet Charge 0.78 £ 0.12 + 0.08 3.0 tracking J/pKT
Opp.Side Kaon - 2.4 ToF JipICT
Combined 3.7 6.7 (4.1

J/1 K, sample size

J b= s
Run I: 400 events

extended coverage

G

. better triggering

5. net increase by x50

x2000/110 for total [ Ldt

= 2 20,000 .J /1K, events in Run lla (2 fb ')

J/1 — eTe: harder to estimate
= Expect up to 50% more .J/1) K events

G Laih!_'ﬁa] <0.0%5

u.*i-iwa Awvuows cn'-t’?.\{

e e




cP M\,mma{v—}: M B~ Tty owmd B:—?HJ'H_

PTumisih?} method Eu%}g}e_?‘ked 1':::; Fleischer (1294]:

Meosure y by 'r*e'in-‘tima A%he CP vieloliow

obhsexrvables iw B —wtw~ omd B = K K™

tyreq cln*m‘ah :H:ﬂ % ? A% bui W d nhi\w’re 5

Jew U—E?ih E‘Tmhﬁfr}f To veliske 1he valin

ot hadrewic mod iy e lewments dor ?Ehhuihi

B jcrt es

Use E.: b=l o K~ to <ovrvect for ?E."‘tg)'-lih Pﬂ‘EE\-\Jqfu.-,
"I."'HL [3° =y .-E-‘l-.ﬁ—

E":A?E_f;'.h %QJQ.QM:I“B \r'e_Q,Q-lsqu Tig%ég:

LB k) ¢ (B%— ) (R —>KK): (B K)~4 212208

With LI Cof &1?e.r.‘_35'; 5060 ~21C 0
Ty recomskvrucled RS wt e



Disentagling 77, K7, KK and 7K final states
Run ll, CDF

| mb distribution assuming plpiiD_ | ol

T hypothesis

e 20,000
B® — K=n7

e 5,000
BY = wtq—

| @ 10,000 B3, —

K K
e 2,500
BY & KFq*
o e on top of
2 B =2 By = i 56,250 events
5 of bkg
100 | -
0 )JL | ® Shown
separatel
EEDG B, = KK B, => kKx P Y
>
“100 | - De tailed E-'Euéie.r;
G L\éi ~ 100 with Lol
0

5 505 555 525 @ 55 uvq‘aicﬁm{ m Pow o
M, (GeV/c?) M, (GeV/c?) SRS |
G ) ~ 3° I RunEy



oivts: 4 i res.u*u:s

Angle v
B g s DE_ I {_|_ Curves: theov. expacl
Sryors
= L5
3 |
gt |
L e¥pect
05 {50 eveuts
| n 28
ol
9, [um] > .jo8-~1
= 1
= 18— : Tt e
3 | I | expect
8 ] = le (e (Ba )
© 1l 3 B _ﬂf_imt ..H]}
| I 0.4 -9.7
n.s} i
02 04 06 08 1
S/B
Param. Inputvalue | Param. CDFIl Estimate
¥ 45° o 45 fs [30 — 60 fs]
str. ph. § 0° e 11.3% [5.7%]
T4 0.723 N(B,) 700
Ts 25 [20 - 50] S/B 1:1-1:6

Central values of parameters used for the Toy Monte
Carlo studies measuring siny from B, — D, K.



Review: sin«y from Bg— DK

sin v may be extracted from the 4 decay rates:
Fﬂx%ﬂ; K+ (t) — :
Ae™" [1 + Rcos(wst) + V1 — R2sin(z,t)sin(d + ';r)]
FBSA-}D;PK'@) LI
Ae* [1 — Rcos(xst) — V1 — R2sin(zt) sin(d — ’F):
5,0 k+(t) =
Ae™ :1 — Recos(zst) — V1 — REsin(zet) sin(5 +7)
Tg,+ppx-(t) =
Aet :1 + Rcos(mst) + V1 — RZsin(zt) sin(6 — w)]

—
——

=

R is a function of the ratio of decay amplitudes;
§ is the strong phase difference

Estimate the errors using toy Monte Carlo and
unbinned log likelihood fit.



Angle 7y

In Run llb, if we can maintain the trigger rates, we
expect a factor of 3 improvement.
(Another option is to use trigger scenario C, but

this has half the yeild for signal events.)

B~ — I}”h'_l and B~ — DVK—;
DY. DO — K+ Vsmall R

expected S/B is about 1/1

I the combingtovic hmgk%ﬂ“uuhc\; can be
Comtvo llgd : Sind e e Covy B — P° K

meaosuved Yo iﬁﬂfnf ‘Hrg\em. E could ‘oe

cl»e'l'termihgé. Lo ~4g®



BY Mixing Analysis

Assumptions:
¢ Number of untagged decays: N = 5,000 —

30,000

i { 5.7%  without TOF )

11.3%  with TOF

(2)

= 60 fs  without Layer 00
+ 7 1 45fs  with Layer 00

¢ Signal to Background ratio: 5=1/2 — 2/1

@ B” lifetime, = — 1.54 ps

Projected values for =D for Run | used in the
evaluation of CDF’s sensitivity to B oscillations.

Flavour tag cD? without ToF D~ with ToF

SS tag (kaon) 1.0% 4.2%
Jet charge tag 3.0% 3.0%
Lepton tag 1.7% 1.7%
Kaon tag - 2.4%

Total 5.7% 11.3%
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l Estimated z; Reach I

r. reach for different signal yields

S/B=2:1 S/B=1:2 1
N(B") | Baseline | TOF | L00 | TOF+L00 | Bascline | TOF L00 [ TOF+LO00
5000] 80 | 36 | 40 49 21 30 | 27 | 39
10,000 | 37 42 | 49 56 30 36 | 40 49
20000 (@) | 47 |s6| € GD | 42 |49
(30,000 45 | 50 | 61 67 40 45 | 53 G0 |
Minimum S:N required for
50 observation

T, = ol ., =40
N(BY) | Baseline [ TOF | L00 [ TOF-+L0O0 || Baseline | TOF LO0 | TOF--LO0
T5000] 220 |053|061] 024 = | — |20 0
10,000 | 0.52 | 0.21 |0.23 0.1l — 1.01 | 052 0.21
20,000 0.21 |010|0.10! 005 0.00 | 034 (021 010
(30,000, 013 | 006,007 0.0 050 | 020|013 006




‘ B! Oscillation Sensitivity I

aﬂﬁmge what is the limit of sensitivity?

O
=

B Ol NN |
48 Gombined f i
H B avor tag 2 Combined flavor tag
E 16 E 21 Signalbackground g e 1/2 Signalibackgraund
S 14 Layer 00 + TOF £ 14 Layer 00 + TOF
& 2 E Anahytic 73] 12 ' . Araldic
£ —_— Monie Carlo — Moma Gado
10 s 10
b :
B g
g & -
4 50 measuramesnt 4 ; ] 50 maasurament
2 " : 2 k\‘ .
ﬂ IIIIIIIIllllll-T'--I-l D E“"\.. Illllllll!lll-'!-'l--lll
0 25 50 75 100 ] 25 50 75 100
Xy "

63 for.S/B'=2:1
56 for S/B=1:2

Maximum z; = {

e Optimist:
“5% of the time we could make a Ho observation for @, = 73!"

e Pessimist:

5% of the time we would fail to make a 5o observation even if z, = 53."

(Global fits:
22.0 < z. < 30.8 @ 95% C.L.




B, mixing

¢ Necessary for |V, /Vi4

e B_ flavor tagging:
{ assume the same ¢D* as for B’
{ OK for SLT, JetQ

{ expect that Same Side Tagging tuned on
Kaons will work better,

but assume ¢D? ~ 2% for now
—- EID.E p— G?U’E

e B, data sample:

1. use two-track trigger at Level 1 + Level 2
(pr > 1.5 GeV/c, |dy| > 1501m)

2. fully reconstruct /3, at Level 3
Possibilities:
{ B, - D,n, B, — D37
{ B, = Din, B, — D.3m
{ Expect ~ 24,000 B, candidates

3. option: opposite side lepton
(reduces the rate = loosen up cuts)
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Measuring AL, in J/1¢

e Al related to Am, (in S.M.!) by a scale factor

independent of CKM:
AT,  3nminach
Am, 2 m2 o

¢ two-component lifetime fitin B, — v/ D,
measures Al

Or...

e determine CP composition of B, — J/v¢ by
helicity analysis, and

e measure lifetime of each CP component in
Bs — J/¢¢

Y.Grossman : if lower limit on Am and upper
limit on AI', miss each other => New Physics
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Acp(t) in J/é

e Analogous to B? — Ji /WK, (no penguins!)

e CP violation in B, sensitive to some models
beyond SM

(B, has no light quarks but mixes)

e CP asymmetry in B, — J/v¢ proportional to i
(apex of unitarity triangle)

e S\ expectations: very small
= if Aqp is large, New Physics

e needs: same as for B, mixing:
good tagging + good proper time resolution

e prerequisite: observation of B, mixing

AR =
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B Rare Decay rates at CDF—-Conservative

N(Bs — K*%) =

[L J Br(B; — K*%9)
2fb-1 4.5 % 10=°

(170 & 50) x

[L Br(By— K*%)

+() o
N(B, - K™v) = (12-|_-4)>=<2fb_1>{ TR

N(Ay — Ay) = (4.011.7)x2fb_1 X 705

N(By — K" pup) =
fL Bfr By — K*uu)
be‘ 1.5 % 10-6

(59 + 12)

Sensitivity(By — pu) = 3.5 x 1077 x T

Sensitivity(B, — up) = 1.0 x 107° x 7
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Rare B Decays

B"— K *”,{Iﬁf,gl_, Forward-Backward Asymmetry

T T T | T

0.4:— 1 Predicted Ay p

e SM, solid line

e SUGRA,
dotted

dhe(B = K g ) ds

e MIA-SUSY,
dashed

ekl s WS J].EI-CIE".-'EI.']tS PRI

e Expected
AF [ CDF

=1

e S/IB=1

P T 1 AR | IO R Gt -t fa 017 1 -V

el ey S . 0 ol LY | B LR

| i e e e e, et
g 85 1° A8s 2 S25 G0 X5 4 b 0§

M, (GeV /e



e .
E’C. wmesSeav

Decay Properties
Three dominant processes: 5> YROO evenbs (L)
~ b decay: Jf‘ur nt, Jhw D, My J““v
*“'-Lf;t: evewly W ’<
@5 -

..-" ] o

L= |
3
-~
=
e

T30 evewts

A (e )
¢ decay: B '+, B v <
. s(d)
B b

“wAnnihilation: tv_, DK, multi-w

-

# Large [(B,) and V, vertex = 400x larger
annihilation width than for B*

ol

Observation of Be at CDF f
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Conclusions-Summary

B-Physics can be done in pp environment

Measurement of sin(2/7) to 0.02 (0.04)

Observation of CP violation in B" — 777,
BL} S KK~

Measurement of sin ~ to better than +3" (1 0”}

Observation of 3. mixing and precise
determination of A,

Observation of CP asymmetry in B, — .J /i,
J /iy

Measurement nf-f-'*_"klﬁ,,. /1", to 0.01

Observation of exclusive 3" modes

Observation of radiative penguin decays

Observation of rare decays BY — ,'f.;r.f{*” and
B= — upK=

Direct C' P violation in A\, — pK, pw. Expect an
error on the asymmetry of about 2%
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