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BRs and CPV in charmless B>h*h’" decays, i.e.:
— B%>x*w, B>K*m, BO>K !, BO>KHK

— B,»>m'w, B.>Kwtt, B.>Khr, B.SKK

— A% —>p*m, A% —>p*K
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B—>hh decays measurements

Important tests for Standard Model

Sensitive to Contributions of new
Y angle = arg(V,,) particles may enter in
penguin diagrams (- NP)

Penguin



Specific motivations

* BY->K'm
— A.p(B? non compatible with A, (B*) as expected [prp71:074019, 2005]

— This prompted intense theoretical work to explain it in the SM. Still no
firm conclusion because of large theory uncertainties. Hints of NP?

* B,—2>Kw"
— Comparison rates and asymmetries of B®-> K with B.-> K to probe NP
with no need for specific assumption, just SM ;riB621:126, .2005]
— BR sensitive to y angle [riB 664,169 (2008)]

— from the lifetime information on the relative width- difference Al's/Ts.
Compare with B, mixing results to search for new, CP- violating physics.

* BY->K'K and B,»>m'm
— would allow a determination of strength of penguin-annihilation
amplitudes [nPB697,133(2004)].



Data sample

Two opposite charge tracks (i.e. B candidate) from a long-lived decay
— high track’s impact parameter (d,)
— high transverse decay-length (L, )

B-candidate pointing back to primary vertex

— impact parameter of B A 1
o trac
Reject light quark background from jets -7
— transverse opening angle A T LT
P g g CI) _ do (2) L > 0 . Q A(,O
— tracks transverse momentum e “becondary
— Scalar sum of tracks transverse momenta @ . decay track 2
primary do(1) .~ vertex <
interaction !
vertex

Offline selection optimized to maximize the probability to observe B®.— K-+
decay mode. Added observables with good separation power signal/noise:
3D vertex quality and Isolation of b-hadron candidate.



Data sample (con’t)
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Need to determine signal composition with a 5-dim un-binned Maximum
Likelihood fit, combining information from kinematics (mass and momenta)
and particle ID (dE/dx), correlations among all variables accounted.



Separating signals: mass term

L N@’”W’a@ X pp(aaptot) X pPID(Klla 52|aaptot)
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Exploit dependence between m__and a to obtain discrimination power amongst modes.
useful to discriminate K*rwt/Kmt* final states.



Separating signals: momentum term

PID(

L~ pm(mﬂw|a7ptot) ) p(a7ptot X K1, K/2|a7pt0t)
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L ~ @m(mwﬂa,ptot) X Kﬂp(a,ptot) X(§

Separating signals: PID term

PID(

K1, ﬁ2|aaptot)

Kaonness (K) summarizes Particle IDentification information; the average of this quantity, by

construction, is O for pions and 1 for kaons.

dE/dx carefully calibrated on pure K
and ;t samples from 1.5M decays:
D**—Do%t*—[Krtt]mt

(sign of D™* pion tags D flavor)

1.50 K/t power separation for track
p>2GeV/c which becomes 2.1 for
KK/mtt and Kt /K.

K2

A

2.10 sep KK/mtr

OL>0




B°>hh’ results

€« 350 arXiv:1103.5762v1

5.02 £ 0.33 £ 0.35 arXiv:1103.5762v1

Mode CP asymmetry

B 5 K*n~ Zﬁf:ﬁ:ﬁg:ﬁ j -0.086 % 0.023 & 0.009

Mode Relative B Absolute B(107°)
B® 5 wtr ] 0.259 & 0.017 + 0.016

B 5 K*K~ SeRk ) 0.020 + 0.008 + 0.006

0.39 £ 0.16 £ 0.12 PRL 103, 031801 (2009)

y 0 HFAG 2010
In particular, for Ap(B°—>Kr) b Belle
*Our measurement agrees with Bfactories measurement. 467 M 535 M
(BB pairs) (BB pairs)

*Acp (BO>K*) 2 A (BY>K*0) puzzle:
* expected to be compatible in SM [Gronau and Rosner, Phys. Rev. D71:074019, 2005]
* But discrepancy up to 4.9 o with A, (B*>K*nt®) = 0.051 £ 0.025 (pdg2010 Avg.)

-0.107 £ 0.01675 005  -0.094 + 0.018 £0.008




B.->hh’ results 7 World first

v World best
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In particular, for Ap(B,~>Km)
* First measurement of DCPV in the B

& ) 30 arXiv:1103.5762v1

* Sign and magnitude agree with SM predictions within errors =no evidence for

“exotic” sources of CP violation (yet)

e opportunity of checking for the SM origin of direct CP violation, by means of a “sum
rule” ([Gronau and Rosner, Phys.Rev. D71 (2005) 074019], [Lipkin, Phys. Lett. B621:126, .2005] )I

B’ - K~7%) -T(B* = K*n~) = I(B? = K~n*) —-T'(B. - K*7")

From our measured BR, we can predict A, =+37%



A% —>ph results
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*  First observation of A% ->pK and A° —psx decay modes and CPV.
* BR consistent with the previous upper-limit from CDF (<2.3x10> @90%C.L.).
o In agreement with SM predictions BR(A% —pK’) =[1.4-1.9]x10°® and
BR(A%,—pr’) =[0.9-1.2]x10® [mohanta et al, PRD63,072001(2001)] .
e SUSY effects are disfavored.



PRL 103, 031801 (2009)

Results on 1fbt - Summary
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Prospects
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=10 fb! expected by end 2011.
* Analysis with full data sample in progress.
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Conclusions

 CDF has pioneered the study of charmless B—>hh
decays in hadronic environment:
— First observation of B,->K*K", B.>K«t*, A,->ph decays

— First measurement of direct CP asymmetry in Strange
Bottom Mesons and Bottom Baryons decays.

— Improved upper limits on B.>n*m, B> K*K™ decays.
— Ap(B°>Kit) competitive with other experiments

* More is coming soon with full Runll data sample.
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Optimized Selection

Maximizing the probability to observe B®.— K'zt* decay mode
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* More tight requirements on impact
parameters
* Added observables with good

separation power signal/background:
- 3D Vertex chi-square x?> and Isolation

— 1dy(1,2)|>120 pm
— Ly > 350 um

— ¥x%<5

— Isolation > 0.525
— |etal <1.0

— |dy(B)] <60 pm
— 5<M_ < 5.8 GeV/c?



ML fit

The Likelihood function combines information from
kinematics (mass and momenta) and particle ID (dE/dx).

N\

Li — (1 — b) Z fjﬁjz‘g -+ bLbkg fraction of j*" mode, to be
J

determined by the fit

L ~ pm(mﬂ-w) X pp(aaptot) X g‘)PID(

K1, Kf2|avptot)



TeVatron and CDF Il features

Luminosity (pb'1)

- ‘ Py
TeVatron '°°°°; // ]
* p-p collisions at 1.96 TeV; 0 s
* Typical initial inst. luminosity ~ 3.4 x 1032 cm2s! 6°°°; //
* CDF has already 9 fb! on tape (50pb™/week) " - s L
* Expect ~10 fb! on tape by end 2011 o == ]
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Data sample: composition (1)

Phys.Rev.Lett. 103,031801(2009) L_=1.01b"

3) - ‘o -
~ L Prob=0.22 ~ 300_
E’ 1000} otz T : -Bg ~Rr
B - = C
o I o 250 = BS — KK
N i . B - B —
- S = 5259 = 144 ev. = C X
g_ 800 S/B ~ 18 at the peak o i O B8 — Knx
Q I 2 - 0
i) o c - OIB® - KK
© 600 o B 0
2 i 3 150 -A8 — pK
o - B
= - o - EA, — pr
o 400 % joo-
L+ i
200. + 50
g L
"'*"————w,,_*,,,:+“‘*+ - -
||||||||||||I-.-IlI-.-I-.-l-.-l-.‘l...l-..ﬁ.-l..'-..I%F B I‘Ill\l\ll\
05 51 52 53 54 55 56 57 538 05 51 52 53 54 55 56 57 538
m_. [GeV/c?] Invariant ti-mass[GeV/c?]

* Despite good mass resolution (~22 MeV/c?), individual modes overlap in a
single peak (width ~35 MeV/c?). PID provides only statistical separation.



