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Charmless B decays at CDF




Outline

Lot of Charmless B results...
...In this talk:
« B>hh’ (B >PP)
* BR and Acp: B, 2 KT
*BR: By =2 1 B, 2 KK
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N=2.0 COT : large radius (1.4 m) Drift C.
96 layers, 200ns drift time
n=30 ° Precise Pt above 400 MeV/c

o  ° Precise 3D tracking in |n|<1
*I-II-"II-I II-Il FTTTT , T T | IT T | T TTT 1 I G(I/PT) ~ O.I%Gev -1; G(hiT)N15oum

2.0 3.0.m dE/dx info provides >1.4 sigma
LAYERO0  SVXIl  INTERMEDIATE SILICON LAYERS K/n separation above 2 GeV

END PLUG HADRON CALORIMETER




Silicon Vertex Trigger
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B physics @ hadron collider : & 15000 i‘zf=24G7T:{ o < ﬁs
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(rare decays, charmonium decays)5 1400F
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2 displaced tracks : 2000F
(two-body decays, multibody decays) ¢
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g CDF is the first
B 9 h h at C D F experiment to be
sensitive to
TeVatron —all b-hadrons (B, B, Ap...) LEERdCEE

Both B, hh’ processes and B,2>hh’

Physics opportunities: Contributions from both:
Counting experiments: tree
B,~2K'

— Branching Ratio




B->hh" at CDF

More than counting:
‘B.2K"K-:
-Lifetime measurement
*sample sensitive to [
-Combined with other lifetime measurements —Al ¢




Events per 15.8 MeV/c’]

B->hh’ in 180 pb-’

Selection cuts -
Parameter valie “0soo |
# axial COT bits =30 > }
# stereo COT hits = = [
3 axial SVXIT hits > 3 B 00 L
ma(| niw) |, o) ) | <1 5 | %
min(pr{w ], prizz)) | 22 GeVie , | }
pri=x:) + prim) =58 GeVie c [
a(w ) - qglm) < [ b +t
Adlrs, m2) [20°, 1357

minf | dolx:) |, |dofx2) [| | = 0L0150 cm
mas(| do{7:) |, | dolxz) [)] < 01000 cm

200

o[ ) - dolw2) < i)
| 98] | <1 1t _
l_[i:l[? | E R“El'ﬂ'l e 895147 signal events ++++H:-
) = s [ Mean 5.253+0.002 GeV,/c’

D L 'l L | 1 1 L l L 1 L 'l 'l il
4.6 :

Invariant mass nrt hp (GeV/c?)

The only significant cut

not already present in the trigger



Unbinned Maximum Likelihood Fit
L :@Ebckg n (1 . b) _ E.sign

LSum over the 4 channels
Nevents
L=1][L /65 _ BKG Likelihood

- BKG fraction (float)
Likelihood variables:

M., = invariant mass
a=q(l)-[1— 1’%%] momentum imbalance(where p; < ps)

115 track) — 4£ track
ID(track) = ""m‘”( ) (track)

o cap_\track) — b cap—r(track)

R OdE/da (t’*’“ﬂ'ﬂk)
o*(frack) = @& cap_rc\tTaCk) — Emp_w(i“.r‘e:x',c:k)




Likelihood in detall

L9=3 fi L, Signal likelihood
|

> fraction of events of the jth mode

) Pdf ('lz EP)

L; = pdf(Mzr|a) - pdf (IDy, ID2]e, Yp)

B




Kinematics

Invariant mass (n hypothesis) vs unbalance
Def: a=[1-pl/p2] q1
Helps to disentangle the B, —» K*n~ from B, —» Kt*
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Particle Identification

Helps to disentangle B,—n*n from B, —» K*K-

K/n separation:
1.46 @Pp2 GeV/c

..no ev/ev PID separation

<dE/dx= [ns]

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

Momentum [Ee‘.’fc]



Fit Projections
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B—>hh' results BR and Acp
Analyzed Luminosity =180 pb*

BR(B" = nt77)
BR(B® = K+tn-) 0.21 +0.05 (stat.) £0.019 (syst.)

N(B' = K-nt) - N(B" = K+7™)
N(B® = K-7+) + N(B" = K+7-)

Acp =

—0.022 £ 0.078 (stat.) £ 0.012 (syst.)

fi-BR(B" = ™) B .
f. BR(B® = K*K-) = 045+ 0.13 (stat.) £0.054 (syst.)

fs BR(B® = KtK")
g = 0.46 +0.08 (stat.) +0.063 (syst.
fi-BR(BY - K+n-) (stat.) (syst.)




Systematic uncertainties

will
decrease

with
statistics

source % . %ﬁ‘—f{? Acp(B° — Kn) %g{;’%l% - %&f—g%
mass resolution 0.003783 0.001522 0.001664 0.0037
dE/dx correlation: 0.024462 0.001566 001 272 0.003695

dE /dx residual 0.00082 0.00034 0.00020 0.00037
input masses 0.02257 0.0033 0.0105 0.0097

—

background model 0.0106 0.002234 0.00308 0.00357

D f background 0.00116 0.00047 0.00008 0.0009
lifetime 0.00 0.0037
isolation efficiency o 004755 - - 00464

MC statistics 0.00373 0.000454()

charge asymmetry - 0.0009

XFT-bias correction 0.0093

pr(B) spectrum 0.0065

ATy /Ty Standard Model

0.0065

0.00556

0.014

0.0065

0.00556

TOTAL

+0.063 + 0.012 +0.019 +0.054 _




Upper Limits

fs- BR(B? - K—nT)

fd . BR(BU — K_I_TT_)
BR(B! — ntn™)
BR(B? > KK )

< 0.08 @ 90% C.L.

< 0.05 @ 90% C.L.

BR(B? - KTK™)

1 o
BRB S Kin < 010@90%C

Al /T, = 0.12 (Standard Model)
‘B, 2KK = 100% short eigenstate
BR(By >Kn ) = 18.2 x 10°
f,=0.107 f,=0.397

measurement this analysis world best  theory

BR(B? — ntn™) < 1.6 <170  0.03—0.42

BR(B? — K~ r™) <54 < 210 7-10
BR(B" - KtK—) <182 <06  0.01-0.20




B->VV B>PV

 b->sss pure penguin amplitude
Bs>¢¢
Bt 2> ¢K ¢

* New Physics has a chance to compete!

( B=2>0oK*: “B> ¢K* polarization discrepancy
B, 2 ¢ ¢ is the B, counterpart of B> ¢K*
Unexpected result (3o effect) from
sin(2p) measure from penguin
dominated modes)

angular distribution
polarization
relative phases




Bs 209

CDF Runll Preliminary L=179+10pb"

‘_-.-_5 — Signal region

(Q\|
A blind analysis was performed in L il
anticipation of a small signal rate. % 1o
3

10| — Sidebands region

Normalize rate using another el
B.>VV decay: B,>J/y ¢ : < o
*NO production ratio of B, vs B = el

(f/f,) = ] S

one ¢—>K*K- in the final state o ')I‘\/I(kdkp;)GgeV;Cz

*some systematic on efficiency r
cancel
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B, =2 ¢ ¢ signal

CDF Runll Preliminary e CDF Runll Preliminary L =179+10 pb”
vt 8 events in search window § 25| —>Jyo
2 [ Expected BG events = 0.75 £0.41 2 =
2 = | Ng =69+10
% = ] g | = :
: N\ g *r .
g 4 ‘\O‘<‘ :>: i f‘
w C %\, L
- 15| —
3 e‘“ B
S
Q\‘% 1 m i of
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BRB, >pp) _ N(B.—>9pp) BROIy o pu'p) &y _ v
BR(B; - J/yp) N(B, »>J/yp) BR@—>K'K) ¢, e

BR = (14 +6 -5 (stat) + 2(syst) £ 5 (BR)) x 10°

* BR(y¢) needs to be rescaled for f /f;



Yield and Asp (B* 2 ¢ K%)

CDF RUN Il Preliminary L=180+10 pb']

Extended unbinned ., FRFRUNIPreimnay Bt—>fOK*

;ir;c—::)(lfnum likelihood gﬁ 25;_ (|) mass
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«dE/dx from COT L T v L R T

. 4
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+PDG

BR(B* > J/'¥ K*

L AIP(B - K)—

BR(E" =oK™ [x 107

B* 2 ¢ K* Results

Bt 2> J/VY K*

B > ¢ Kt

Ny 439 + 22

47.0+8.4

BR(B* —

— oK*)=(7.6£1.3(stat.) + 0.7(syst.))-10°°

N(B" > ¢oK")-N(B" > ¢K™)

10F

N(B~ — K )+ N(B* — ¢K")

=-0.07+0.17(stat.) "y oy
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B-2>hh’ perspectlves

CDF “the present”: ;e‘” T
-Next round with ~360 pb-’ T o0 f 3
*Better tracking ‘3{0 o8 | ‘ 180 pb-1 :
*Improved PID S.o0r F ] F
B->hh' the future: . 360 pb-1
*Higher precision BR(B,>KK) sos H :
B> KK lifetime: Al', os H

0.02 H

ST =t e = o8y




B 2>VV perspective

With dataset now on tape new B, modes
should be visible (B;>K™K™®, B~ dp):

CDF Run Il Preliminary L=195 pb™

2B, — 0 K" N, = 60+ 10
S/B = 3.3

- 9> K 'K, K% K* m

Entries / 15 MeV/C?
- = NN
[=+] (=]
T 17T | TT

Need significantly more statistics to
perform CP measurements
(...full Run II)

54 56 58 6
M, . [GeV/C?]



Conclusions

« CDF is giving important contribution in the field of the
charmless B decays and remains the only player in the

B, fully hadronic decays

 New analysis with improved tracking and PID are already in the
pipeline







TeVatron
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Imbalance - Momentum
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Systematics

a) Mass resolution: the mass resolution is input from MC.
It is rescaled to match the D°resolution on data, vary the
the rescale factor of +10% and repeat the fit.

b) dE/dx correlation: repeat the fit using the correlation
shape extracted in the sample of kaons and pions from
"mixed-events”: e.g. one meson from an event, the other
from the subsequent event. Quote the difference wrt the
central value.




Systematics (cont'd)

d) input masses: the fit is done on data in which the
recipe used for mass measurement at CDF IT was applied.
Input masses in the kinematics pdf are those measured
by CDF II. Repeat the fit varying M(B,) and M(B,) within
their statistical uncertainties (0.92 and 1.29 MeV/c2).
Quote the differences wrt the central fit

e) Background model: the fit assumes mass spectrum of




Systematics (cont'd)

f) Different p-spectra for bckg components: central fit
assumes the same momentum distribution for e/pi/K/p of
background. Reweight each term of the bckg p.d.f.
according to linear fits of populations vs momentum plots.




Systematics (cont'd)

g) B lifetimes: relative kinematics efficiencies depend on
the lifetime assumed in MC. Re-evaluate efficiencies
after simultaneous shift of B, lifetime (+15) and B, (-15)
and viceversa. c is the PD62004 uncertainty. Quote
difference wrt central value

h) Isolation efficiency: has a ~ 10% from measurement on
data. Re-evaluate the efficiency at +/- 1 ¢ and quote
difference wrt central value




Systematics (cont'd)

|) Charge asymmetry: assess +/-25% of the 10% charge-
asymmetry effect studied in the published D° analysis

m) XFT bias correction: the correction function have
uncertainties. Stretch (push) K/n discrepancy shifting
simultaneously the correction coefficients by 1 o,
reevaluate the correction, and quote differences wrt the
central fit

n) pr(B) spectrum: B, and B, spectra are different, in

"




Systematics (cont'd)

o) Ar,/T, . Standard Model predicts ~ 0.12+0.06 and
B, —K*K" to be dominated by the short-lived component.
We derive the systematic uncertainties from these
assumptions by varying Ars/r's from 0.06 to 0.18 , re-
evaluating the relative efficiencies and quoting the

differences wrt the central fit.




Systematic uncertainties

/s BR(BY—KK) ACP(BO—)KTF) BR(B"—rw)  fy  BR(B—rm)

Gl 7. BR(B"—Kn) BR(B" Kn) fs BR(BIYKK)
mass resolution 0.003783 0.001522 0.001664 0.0037
dE/dz correlation: 0.024462 0.001566 0.003695
dF /dz residual 0.00082 0.00034 0.00020 0.00037
W| || input masses 0.02257 < 0.0033 ) 0.0105 0.0097
d ecrea Se background model 0.0106 0.002234 0.00308 0.00357

. P Specirs 0.00116 0.00047 0.00008 0.0009
with
. . lifetime 0.00373 0.0037
statistics
isolation efficiency 0.04755 -
MC statistics 0.00373 0.000454(*) 0.0026 0.00556

charge asymmetry 0.0009
XFT-bias correction 0.0093 0.014

pr(B) spectrum 0.0065 0.0065

AT, /T, Standard Model 0.0065 0.00556

TOTAL +0.0609 +0.0046 +0.0174 +0.0510




Hint of discrepancy with SM |

b—>s penguin decays

Measure sin(2B) using golden Charmonium /6»5<

0. 726r 0 037

charmonium b_>ccs) Mmodes [ | 0 N
(i.,e. B éJ/\pKSO)frcgm mlxm)g induced %@2&1‘88&‘? /l~ &

time dependent CP asymmetry 0K’

0.340£0.2

Ks

IS 125 0.41i0.11
= 0 |

: TN 8 5:026 i

E sin2p AM,

06—

x KS+027 ! ——k
034" 0, :
K L

04—

+0.13

0.2 :_

s-penguin

075064 it
K*KKS

2 L L . 0.53+0.17 :
- B3 ot KD KD 1
& K?26+068+018

Average (s-penguin) ; HH

041+007 TR

—1N, XS

125 1 075 0.5 025 0 025 05 075 1 12




B->¢¢$ background

CDF Runll Prg!_llnlna_\g_

v f : = :
3™ ] B~ J/w K MC
%w J
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w : 2

- . :
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CDF Runll Preliminary L=179410pb ™
~, 24
© _
i sl - Signal events
™~ 20 B Events tomB,— diy K
@18
£

R T
LT -

M

II - .- LAl ll -
101 102 103 1.04 105 106 1.
my x [GeVie

Due to the large width of K* and to

its value close to mo we get in our

Bs signhal window a reflection from
Bd->J/y K* for Bs>J/p ¢ and from
Bd—>¢ K* for Bs2>@@

We get an estimate of this contribution
by evaluating from MC the efficiency of
reconstructing a Bd->J/y K* event as
Bs—>J/p ¢ and from the measured BRs
and fs/fd.




BR(B. 2 ¢ ¢) systematics

e Systematic error dominated
by normalization mode BR
uncertainty and already
similar in size to the statistical
error

Theory uncertainty on
polarization very conservative
(vary longitudinal fraction in
20 % to 80% range as
suggested by A. Kagan)

AI', uncertainty based on the
preferred theory value of:




BR(B* 2 ¢ K*) systematics

« Systematic error on BR
dominated by fit
uncertainty and

acceptance correction,
largely below statistical
uncertainty

* Acp systematic is largely
statistical in nature,




Further B, modes

-6
* Rich harvest of interesting Decay BR(10%) 35:55(%)
B, 2>VV decays daugher BR)
(L|,Lu,Yang hep-ph/0309136) . I K*()p() 0.53 0.11
* Only the n%less shown in

* Measure them all!

the table here I | KHK* 1.94 0.008
<

— K*K*/K0anti-K™ o0} 1.03 0.16
untagged angular L
analysis gives y (with %0 anti_K*0
SU(2) assumptions) I K*® anti-K*® | 2.61 0.35
(Fleisher,Duniets) K*O(I) 0.14 0.014

- ¢op° dominate by

0 13.1 1

Trigger efficiency not included
(but expected very similar)
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