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Why hadronic B-decays!

O  Hadronic decays very rich field.

O  Sensitive to all combinations of:
— Cabibbo-favored and Cabibbo-suppressed decays,
—  Tree-diagrams and loop-diagrams,
— Spectator-decays and exchange/annihilation decays,

— Colorfavored and color-suppressed decays.

O  Aim: disentangle new physics from hadronic uncertainties.
— Requires simultaneous measurements of many decays.

O  Focus today on modes sensitive to the least known angle y.
— B—DK (ADS method)
=B rhih e decays:
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Angle vy from B"—DK"

Cleanest ways to measure y angle. Only tree-level amplitudes are involved. Tiny
theoretical uncertainties. Exploit interference between the processes:
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Color Suppressed b — u decay:
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Several methods depending on D® —f and D%—f: GLW D-smn/KK, ADS D—Kxt

suppressed decays, etc. No tagging or time dependent analysis is needed, well suited

for hadronic environment.

CDF already provided results for GLW method in 1fb~! [PRD81, 031105(2010)].
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ADS method

ADS method [PRL78,3257(1997);PRD63,036005(2001)] uses the B~ — D K™ decays with D
reconstructed in D— K*rt™ :

Color allowed B~ — D K™ and Doubly
Bits DU — [KU-,;‘]K‘/ Cabibbo Suppressed D%— K*rt™ .
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o color suppression
B~—DK™ —[K*'n ]K™ suppressed by factor of about 1073 wrt favored B-—=DK~ —[K 7t+]K"

The two interfering amplitudes are comparable. Large CP violation can be observed.
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ADS method (cont’d)

O Expected large CP asymmetries.

O Results have to be combined with other methods to
obtain y measurement.

BR(B~ — D, ")+ BR(B" — D h")

BR(B-— D, h")+BR(B* — D, h*) h=Korm
(B = Dy, i)+ BR(E" =Dy, i) 1" Ko™
e BR(B"— D, h")-BR(B* =D, h") D, —Kn
" BR(B-— D, h")+BR(B* =D, h")

O Observables: R, (h)=

From theory: R, ps(K) = rp? + rg? + 2rgrp cos(05+0p) cosy A(b— u)

: =‘ _|AD* =K 7)
A, ps(K) = 2rprp sin(dg+ dp)siny/R ,po(K) P A —0)

e ‘A(DO — K*7)

dp and O, relative strong
phases of B and D decays.
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CDF Run Il Preliminary Lint =7fb
Selection is crucial to search for highly L2 Fovoregdecay
. Q | B - D% n— [K n*]n +c.c.
suppressed signals. S A
Optimal point chosen using large sample £ 10000
£ 10000]

of favored decays (same final states).

— Maximize the sensitivity for discovery of 5000;

limit setting for an unobserved mode :
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B™—DK™ ADS analysis ",
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CDF Run Il Preliminary L_ =7 fb!
Selection is crucial to search for highly % [ Favoreddecay
suppressed signals. = | FrPuroKwinece
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of favored decays (same final states). Y o
— Maximize the sensitivity for discovery of
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First evidence of B‘%DSHPK" 03,

CDF Run Il Preliminary L =7 fb!
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N(B =D, K)+N(B =D, K")=32+12

N(B"— D, )+N(B*— D, ") =55+14

First Evidence of B_%DSUPK_ signal at hadron collider (3.20 level)
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Physics observables ™=,
Q9

R, () =[2.8+0.7(stat) = 0.4(syst)]- 10~ B—D, m~ ~19700ev
B™—D¢ K~ ~1460 ev

A, () =0.13+0.25(stat) = 0.02(syst)

R, (K)=[22.0+8.6(stat)+2.6(syst)]-107 B:%Dsuprc‘ ~55 ev

A, ps(K)=-0.82+£0.44(star) £ 0.09(syst) B"=D,,K™ ~32 ev

First measurement of A~ and R at hadron collider. They agree with other experiments.
ADS ADS y ag P

Apps(K) Raps(K)
BABAR #ros2072000 ——@— -0.86 +£0.47 :*_(?.1162 BABAR (pros2.072000 —— 0.0110 £0.0060 = 0.0020
Belle (arxiv:1103.5051) —a— -0.39 :*-002286 j—OO.'OO34 Belle (axi:1103.5951) —— 0.0163 —_*-0000(;) f 14 —_*-(? OO(;) 1037
CDF 1l —— -0.82 £0.44+0.09 CDF 1l — 0.0221 £ 0.0086 £ 0.0026
AV G #F1G) , e , -0.53 £0.21 AVG ®#EG) —e— 0.0153 +£0.0034
-2 -1 0 1 -0.01 0 0.01 0.02 0.03
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Two-body non-leptoninc
Charmless B-decays

u
« ” s
Tree V., T
Among the most widely studied processes in 5 d
flavor physics. 2 e 2
Many B?, B° (and A®%) channels involving g° Vo T
similar final states provide crucial d d
experimental information to improve
knowledge of strong interactions dynamics.
“Penguin” o
Sensitive to V,, phase, CKM angle vy - iy —
[ u
Significant contribution from higher-order e
(“penguin”) transitions provides sensitivity B° =
to NP. -
d d T
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BO(S) %h+h’— at CDF

PHYSICAL REVIEW LETTERS week ending

PRL 97, 211802 (2006) 24 NOVEMBER 2006
. — : : BY, —K'K"
Observation of B — K™K~ and Measurements of Branching Fractions of Charmless Two-Body -
Decays of B and B? Mesons in pp Collisions at /s = 1.96 TeV
week endin, 0 Tt
PRL 103, 031801 (2009) PHYSICAL REVIEW LETTERS 17 TULY 2009 Bos —Knt,
A b %pﬂj )
Observation of New Charmless Decays of Bottom Hadrons 0 =
y A P %pK
PRL 106, 181802 (2011) PHYSICAL REVIEW LETTERS Ry Acp(BY, =K )
Acp(A®, —pir)
Measurements of Direct CP Violating Asymmetries in Charmless Decays of Strange Bottom A ( AO Mg K_)
Mesons and Bottom Baryons & b p

Today

First evidence for BY, —=a*n™ and first two-sided bound for B® —=K*K~
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Annihilation topologies

O All initial-state quarks undergo a transition.
O Not yet observed. Small BR ~1077, with large uncertainties.

O  Uncertainty depends on hard-to-predict hadronic parameters

— large source of uncertainty in many other calculations.

(€4 » o . . .
W-exchange “Penguin annihilation”
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A challenging analysis

Despite good mass resolution (~22 MeV/c?),
individual modes overlap in a single peak

(width ~35 MeV/c?)
CDF Monte Carlo
No [
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Exploit correlation
between momenta
and invariant mass.

dE/dx: 1.40 K/=&
power separation for
track p>2GeV/c.
Becomes 2.00 for
the pairs KK/t
and K*mt /7t *K.

Need to determine signal composition with a Likelihood fit, combining
information from kinematics (mass and momenta) and particle ID (dE/dx).
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C
Results 6fb!
esults S
<%
11\;(? d—e> KTE- 120 il\jlg ¥ 42 Signzif(i)cance il gl A0
UOoO A
B — K'K- ~ 3.008 ev
B? oo 94 4+ 28 + 11 : s
g WL )5 20 3.70 4 RO kel G R nI
BY — K™zt ~ 760 ev
First evidence for the B® — w*m”
BR(B® = ") =[0.57+0.15(star) £0.10(sys)] x 10 COF Run I rolminary L. o =6.11 '
I 2Indf = 70.42/79

Bl B’ K’

First two sided bound for the B®— K*K~ " - E%EK
BR(B" — K*K™)€[0.05,0.46]x10™° @ 90%CL - =

----- multibody B decays:
[] combinatorial bkg

2

BR(B® — K*K™)=[0.23+0.10(stat) +0.10(syst)] x10~°

Candidates per 10 MeV/c2

Consistent with previous upper limits from CDF.
B® — w*n” in agreement with recent pQCD estimates,

—
o

higher than other predictions.

B%— K*K in agreement with predictions, but large 50 52 54 5.6 58
Invariant tr-mass [GeV/c?]

theoretical uncertainty on them.
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Conclusions

O CDF continuing to produce a rich and exciting
program in heavy flavor physics.

— Exciting competition with LHCDb,

— Complementary to ete” machines.

O Many interesting results will benefit from more data.

— Anticipate ~10fb™! for analysis by the end of this year.

O Results will continue beyond the end of the Run.
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Backup
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Trees and loops for y measurement

O LOOpS: 06 ;3 Am,  Ams&Am, - % é
05 E—é sin 2p =
— Better constraints. i A E
— New Physics may enter. wb E
01 — ; > -
-0.4 -0.2 0.0 0.2 5 0.4 0.6 0.8 1.0
O Trees: o I
E e 3 ol
. 06 —/ v (o) iCHEP10 | ]
— Less well constrained. N3 ] E
— ~20° uncertainty on Y. = j E
— Insensitive to New Physics. i 5 - E
0.1 g- : , b ?
-0.4 0.2 0.0 0.2 5 0.4 0.6 0.8 1.0

Very interesting to compare at high precision the two approaches.
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Fermilab Tevatron

O  pp collisions at 1.96 TeV
O Peak luminosity 3.5-4 x10*?cm~%s-!

O ~9tb! “good” data on tape per experiment.

. p sou fee Main Injé&gr 73)
O End of operation by September 2011. . & Recycler =

LT/?//‘

CDFII detector

O Central Drift Chamber (sp,/p; ~0.0015 Gev/c)yp, )

O Silicon Vertex Detector (Hadronic Trigger)

O  Particle identification (dE/dx and TOF)
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