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Outline
» Tevatron @ Fermilab
- Detector & trigger description
- Selected topics
* BR & A in 2-body charmless decays
- B.—odd & B ->¢K*
* AT,
* A, measurements
* Precise measurement of mass of B,
- Conclusions
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CDF detector @Tevatron

Central Calorimeter (E/H)

Central Muon
Wall Calorimeter (H) \/

Plug Calorimeter (E/MH)

solenoid 14 T

TRACKING system:

+ SILICON TRACKER
up to |n|~2

SVX Fast r-¢ readout
. ‘% L "‘\
for trigger w8

Forward Muqn
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r-¢ readout for trigger
TIME OF FLIGHT—particle ID



Triggers and data samples

New for run ITI
isplaced tr} 2-Track Trig.

Canonical

Di-Muon (J/v)
Pt(un) > 1.5 GeV/c

J/y modes down to
low P+(J/vy) (~ O GeV)

(trk) > 120um

Pt(lepton) > 4 GeV/c Fully reconstructed hadronic

Semileptonic modes

- AL’ in fully rec.
decays

- B, »>J7yn

- Masses, lifetimes

- By, 2-body charmless
- Hadronic Moments decays

- High statistics lifetimes _ B ,¢¢ & B —»¢K*

of B,, B, A, - B4, B mixing - A, — A, A, — ph

- Quarkonia ;‘;:ﬁ:::ar‘y - A, in 2-body D decays
- X(3872) Decay Length ¢ B - By, B, mixing & lifetimes
- Rare decays Primary

(Bs(d)_) pp & D9— Vertex ®+-....

1y y

d = impact parameter
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2 body charmless B decays

- @B factories

First evidence of CP violation in the B,—K'n

Several modes @CDF: B —»n*n, B.—~>K*K-, B.~»>K ",

BR & A, can be predicted w/ hadronic unknowns

Several decays to eliminate unknowns
Under surveillance (only @CDF): B.—~K*K-
* Measure AT';and y (via B,.—>K*K-/B ;—>n*1")

i Mass [GeV/c’]

DF Run 2 Preliminary,L = 180 pb™
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Analysis results

Decay |# B

B.>K | 509 Only @ CDF
Byomn'n | 134 KT

Bd EE >3 @BR(BS 2KKD ) 50+0.08(stat)+0.07(syst)
s f,BR(B, > K'n")

B.oKn" | ---

f. BR(B, »>K*n*
f,BR(B,~>K*n")

30.10@90%C.L.

<0.11@90%CL.

A, =NB oK )=NEB>K) o o410 08(stat)+0.01(syst)
NB,—>K=n")+NB,~>K'n")

Babar:A. =-0.133+0.030(stat.)+0.009(syst.)
Belle: A, =-0.101:+0.025(stat.)+0.005(syst.)

BRB, —»>n*n")
BR(B,—~>K'n")

=0.24+0.06(stat)+0.05(syst)

Babar: BR(B,—»n*n~ )=4.7 + 0.6 + 0.2
Belle: BR(B;—on*n~ )=4.4 + 0.6 + 0.3



Search for A,—pK and pr decays

Predictiont': Previous best limit from ALEPH
Br(A,— pK)=(1.4-1.9)x10-¢ BR(A, —pK) < 50x10¢ @ 90%
Br(A,— pr)=(0.8-1.2)x10-6 BR(A, —>pr) < 50x10-6 @ 90%
compare to Br(B°— Kr)= 18x10°
Large CP asymmetries O(10%) expected in b-baryons

CDF Run Il Preliminary L=193+12pb"

Assign to both tracks the = mass to
maximize separation from the Bhh

Events/15 MeV/c?

Ay search window

%W N(A,—ph) <75 @90%C.L.

505— MC (Arbitrary scale) o
28 o .A."Sz.pi:{i. . lh;:b .).p;. o Br(A,— pK+pn)<22x 10-¢ @90%C.L.

M, [GeVic'] [1] Mohanta, Phys. Rev. D63:074001,2001



— o B—odd & BFf >¢K*

Ry, CDF Runll Preliminary L=179+10 pb”
T vk events in search window
\g E C Expecsted B(; events = rc:J's idu.41
[ s 5:_ -
. Bevts | B, —dd
* b—sss decays in B, mesons i iF

 Extract information on o and y
- Direct 2P small = test SM ;
« @CDF fully reconstructed hadronic decays =2

3

First evidence of B, —>¢¢ % m |
BR(B,~>4) = (1.4 2 g1 £ 0.2, # 0.5g5)x105 | & H| H (o

Al 1 1 TERTT SR YYSSNHI i SUTIRT VRS TR S
5 5.2 5.4 5.6 5.8 6

2
m, [GeVic]

Bi _)(I)Ki . COF RUN I Prelimanary L - 180+ 10 pb’
Unbinned likelihood fit to disentangle : |
signhal and background

BR(B* -»¢K*) = (7.6 + 1.3, * 0.6, )x10°

Ap(Bt >0K*) = -0.07 + 0.17 ;. “0o

-0.02 syst.
Babar:A, = 0.054+0.056 (stat)+0.012 (syst) 2 |
Belle: A, = 0.01+0.12(stat.)+0.05(syst.) e e e =6

BB
o, [Gevic']



AT

B.—»J/y¢: Pseudoscalar — Vector Vector
- Three different linear amplitudes <> relative orbital angular momentum
- B, ~CPevenxLlong lifetime (L=0,2)
- B~ CP odd ~ Short lifetime (L=1)

Simultaneous fit of lifetime and amplitudes

Use B9 —J/yK™ for X-check

CDF finds large value for the lifetime difference

CDF Run Il Preliminary L ~ 260 pb’
m‘[:.— B, — J/wo - data

Sig . Al

— Sig Light
Sig0nry I

Bkg Long-lived

=657 £1%

bl

=]
kK

4

Ekg Shairt-Fived
Fit prob: 37.8%

: |
=01 0.0 0.1 0.2 0.3
ct, em
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Fully hadronic A, decay

— 2 2 -1
) CDF Run ll Prellm'nar! !LumanS“:! 65 Eb ! I

. N 96 + 13 A, — A, « candidates
* Test for theoretical models of b-baryon £ 1208 Four-prong B relectons
Weak deCC(ys 8 100:_ : Other B meson decays
- Understanding of QCD B - Dt & | e el s
R e )] © 0 807 b7 e
FII"ST BR measuremen-r N\9100— 321 + 22 B® _, D+ candidates : B --=-------- Gombinatorial background
% (with A, selection cuts) wn 60 —
2 E L
E S 40-
g L oo,
5 2o:~mhnrm:T
0_' . : . o . i s P i
e 5 55 6 6.5 7

%.6‘ | 48 5 ‘5.2I I ‘5.42
mass (D ©*) (GeV/c")

o, (p266eV/c) XBr(A,—A ) ego X N,p, X Br(D— Knm)

opo(p66eV/c) xBr(B® — Dn) grp X Ngg X Br(A, — pKn)

=0.82 +0.08,, +0.11 +0.22p,

syst.



M(B,) in B.»>J/yr

° BC:
- B.—>J/vylv observed @CDF [l and DOI?!
- Large experimental uncertainty on M
- Validation of theoretical models (Lattice QCD and potential models)

* Fully reconstructed decay—Better mass resolution

» Blind search analysis
- Search region defined from previous mass meas.:

. CDF Run Il Preliminary 360 pb'1
. L F B" > JiyK*
- Use B*—>J/yK* to estimate effect 2*°F 22524 53 candidates
. £ 350 Fit Probability: 46 %
on signal (same topology) £ 300,
2 250
i}

200
150
[1] CDF Collaboration in PRL 81 n.12 (1998) 1000
501
[2] ICHEP 2004 -

- il IR IS o
815 52 525 53 535 54 545 b5 555 56 565
Uk Ma ss(GeWcE}



Candidates in 5 MeV/c?

B.—»J/yn - Results

CDF Run Il Preliminary 360 pb™”’

- B oy Signal 18.945.7 evt.

6600 B T T
- _— m +mY)J’2
C W
: Bkg 100:l4evt. .| e
- 6300 v potendal NRQCD .
— —_ B ® latice QCD
© i
S 6400 —
2 ~ :
I ‘-/'u 6300 - _ { % i ; - —
- [£a] =
3 : f.} ------------------------ =
6100 L | | | | | | | |
1 nnnrln s (221  [231 (171 [24]  [25]  [26] (6) (7

L i J Il el J il
6.2 6.25 6.3 6.35 6.4 6.45 |
upm Mass (GeVicY)

M(B,) = (6287.0 £ 4.8,y = 1.1 JMeV/c?

* Precision on M(B,) improved by a factor 100
*  Main syst. from Bkg shape given by low statistics

» Good agreement with theory
[1] hep-lat/0411027



Conclusions...

* CDF has many interesting results

- Two body charmless B-decays
» Unique measurement of B, BRs
* Promising sensitivity to Ay
- First observation of B, — ¢¢
- B* - ¢K* promising measurement of A, and BR
- Large AT’ in B.—~>J/y¢
- Ab
» Fully reconstructed hadronic decays
- Search for rare decays

- Best measurement of B.mass in agreement with
theory

» But this is just a part of the beginning...



..and perspectives
A lot of new data coming...
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Many analysis are still statistically limited and will see
considerable improvements in sensitivity






B. cut optimization

Analysis cut optimization based on:

* total number of events in search region assume
signal negligible
Monte Carlo events MC for signal

Monte Carlo used for: optimizing cuts, estimating
sensitivity, relative to B*

S = number of signal events from MC
S B = average number of background
154++/B events (data) from whole region in a
\/_ window =+2-s,, wide (60.4 MeV/c?).

Maximize > =

Balanced score-function for limit and "discovery”
(hep-physics/0308063)



. — cut optimization
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Candidates in 5 MeV/c?

B. - reference channel

BT —>J/y K*
Used for
CDF Run Il Preliminary 360 pb’ ° checking dGTG/MC
- B* > JiyK* . . . epe
400+ 2252 + 53 candidates 'eSTlmGng CXP@CT@d 3|gnlflcance
- Resolution: 11.5+0.3 MeV/c? .
3501 Fit Probability: 46 % . 350(; iminary 220 pb
00/ o Tk feomeo
250 s L
- Te]
200 o
- c
150 2
C L
100;—
mf_ sl b b by b by b g g b a s by gy
C é’oo 505 5.10 515 520 5.25 5.30 5.35 5.40 5.45 5.50

Ll | | | Ll 1 .
£15 52 525 53 535 54 545 55 555 56 565 B, candidate mass [GEVf02]
uuk Mass (GeWcE)

g — & NR R = ratio of production fractions
g - Expected estimated signal from 4 to 30 events
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fraction of tracks (%)

Fraction of tracks (%),
8B 8838383888
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B. - track quality (Silicon)

CDF Bun Il Preliminary

e B*-J/yK' Signal only
o  B,—J/yr Signal only

0

1 2 3 4 5
Number of SVX hits per track

CDF Run Il Preliminary

E_ o B.—J/yrn Signal only
- e B"J/yK' Signal only
- S —
- &
g 3 I I

0 1 2 3

Number of silicon z-hits per track

CDF Run Il Preliminary

~100-
%mf_ « B.—J/yr Signal only
?E BDE— « B*-J/yK* Signal only
Z 70-
o L f
§ %0
0 50
o =
W 40Q
-
20 —t=
105
£ | | | | |
% 1 2 3 4 5

Number of SVX layers hit on third track

Compare hits/track
in silicon of B,
and B*




Separation of individual modes

The 4 major expected modes overlap to form a single
unresolved bump

Approach: use Mass+kinematics+track PID in an unbinned
Max-Likelihood fit = extract the fraction of each
component.

(]
L]

—— B,—Kn
B,—~ KK
—_— By

—— B,—> 7K

o
2

Events per 15.8 [MeV/c’]

) Bd modes

[+]]
(=

40
. Bs modes

20 |

1
5 5.1 5.2 8.3 5.4 5.5
7 Mass [GeV/c’]



Separation from Kinematics

Mass (nr hypothesis) vs signed momentum imbalance a=[1-p1/p2] x q1.
discriminates amongst signals and between flavors for self-tagging decays.
All 4 possible mass assignments (strongly correlated) depend on them

= (a, Mzr) carry all relevant information.

s CDF Run 2, Monte Carlo CDF Run 2, Monte Carle CDF Run 2, Mente Carlo
3 -5 T T T T T T T T T o~ 55 T T T T T T T T T = 55 T T T T T T T
= = <
2 5 > >
2 §5 9n:|5
« P w
] & &
= s 2
=] Es E5

M, ,
B,omm B,— K
e e g ol
1 1 1 1 1
o8 1 6 0.8 1
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0.0

0.03

0.02

0.0

D—1U -8 -6 -4 =2 0 2 4 4] 8 10

Separation from PID (dE/dx)

CDF Run Il preliminary

M

dE/dx residual (ns)

: j¢F ™ 1

K/n separation: 1.4c @P>2 GeV/c

Use time-dependent calibrations
on CDF's huge D**— D%* sample.

This PID performance implies
statistical separation of K-pi with
resolution 60% of a "perfect” PID.

Control of systematics:

Residual gain/baseline fluctuations
cause correlated fluctuations of
tracks in same event. They have
been measured and explicitly
included in the fit.



opposite side  same side (vertexing)

d Vi. W b S
opposite 3. b FLAVOR TAGGING

side kaon
b w V% 3 \ iragmentation 1. FINAL STATE
""" _ \_3 W / RECONSTRUCTION
u,c.t

0 0
WoR 3 D meson -
BS at BS R Bhadmn ________
© Vi W b - e
L, Bs "
2.PROPER DECAY LENGTH =
ct=L L

Measure the b flavour as function of time—Need to know the initial
flavour

Same Side Tag (SST): track from fragmentation of the b

Opposite Side Tag (OST): informations from partially reconstructed
B

- Soft Muon (SMT) / Soft Electron (SET) / Jet Charge (JQT)
Tagger effectiveness £D?

- &t efficiency

- D = (2P-1) where P=correct answer probability
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Asymmetry

©
[

B° Mixing

B® mixing measurements = test the machinery for B,

Proper decay length [cm]

Semileptonic decays: Fully reco. Decays
A m, 0.536 + 0.037 + 0.526 + 0.056 +
0.009(s.c.) + 0.015ps"! 0.005ps
SST 11+03+02(s.c)+0.1%| 1.0+0.35+0.06%
OST+SST 1.820 + 0.114%
A m,=0.502 +0.007 ps!
CDF Run Il Preliminary L~ 245 pb" CDF Run Il Preliminary L = 245 pb”
BoID,D—K'rr 0.5+ ]Et—-rr D", D" —D°m, (D° — K'm)
z .
E o 1 I"“x S f,,ﬁ
. ; ___'_____fl
— i trwion e
j P 0.5 T
0 0.1 0.2 0.3 o 01

Froper dernaﬁ,f length [cm]



Imaginary Axis

Imadginary Axis

COF RAun 1l Preliminary

B, = JiyK*

1o contour
|

1L':I}IF Aun [l Preliminary

] 1
Real dxis

L-260 pb '
B, — Jiy

1o contour

Real Axis

AL

S

Evaluate the percentage of long
living state after applying cut on

decay length

Fit the tfime-integrated fraction

Cut(pm) |Fitted (%)

>0 21.6 + 4.4

> 150 |23.0 £ 3.6

=300 |23.0 £ 4.0

> 450 |23.6 £ 4.9

Cut{um)| Fitted (%) | Predicted (%)
>0 20.1 + 9.0 —20.1-

> 150 |24.2 £ 10.3 24.1
> 300 |296 + 12.7 28.6
> 450 |38.7 £ 11.6 33.6




