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> p anti-p collisions at Vs=1.96 TeV
> >50 pb-! collected per week

> Delivered 12 fb-! and recorded ~10 fb-1

» Tevatron ended running on October
2011, after 30 years of operation.

» Peak luminosity increased almost
until the very end, with typical values
of 3.5%1032 cm2 s
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Central Muon Extension
(0.6< |n| < 1.0)

Central Muon Chambers
(In] <0.6)

Paolo Maestro

= Multipurpose detector
v" Silicon vertex detector (SVT)
v Central tracking
v’ Calorimeters
v" Muon systems

= Silicon vertex trigger (two track trigger)
= Dimuon trigger
= Particle ID (TOF and dE/dx)

= Excellent prand mass resolution
OpTlpT - 0.070/0 pT 9 OM(B—>MM) e 24 MeV/c2

= Decay length resolution o,=30 um
= Muon chamber coverage [n| < 1.1
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[ Search for B, ,,— u‘u*}

7 b PRL 107, 191801 (2011)
9.7 fb-1 new update
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| Motivation
ettt —————————————————
(a) - + +
» Byq— uwu decays are highly suppressed in SM. b
They can only occur through higher order FCNC diagrams. t .
> SM predicts very low rates o) s w w
b
BR(B] =y u')=(3.2£02)x107 W
t
BR(B, = u u*)=(1.0=0.1)x107" o )
S

E.Gamiz et al., Phys. Rev. D 80, 014503 (2009)
A.Buras et al., J. High Energy Phys. 10, 009 (2010)

» BR enhancement by several order of magnitude is possible in many NP theories.
Importance to measure these BR’s to discriminate among BSM models.

» Clean experimental signature. Powerful probe to NP.

» Challenge: reject >103 larger background, keeping signal efficiency high.
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B.— uw : recap of 2011

304 0.70<v,<0.76 0.76 <v, < 0.85 0.85 <v, <0.90 090<v <094 |
Ll 4 rel T | B Puw (7107 L
2 T %ﬁﬁ\%\— + i . T - Interesting >2.5 o excess of B,—
= 104 e - »—{— e 1, i T}_-— g ' s QU
3" | il 1T over BG observed by CDF in 7 fb.
g 0- IS IM !IJI 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :
" 15_: 0.94 <v, <0.97 0.97 <v, < 0.987 0.987 <v, <0.995 v, >0.995 _
m 1 T 3
8 10_5 + T . + Background _
-c% 1. T |—o—|l T [ +signal (sMx5.6) [
O 541 ] « o b _
= - + e 1 . . . . August 2011
0 1 1 1 1 1 1 1 I 1 1 1
5322 5370 5418 5322 5370 5418 5322 5370 5418 5322 5370 5418 . C_DF 7 ft_)'1 .
m,, (MGV/CZ) ' arXiv:1107.2304 '
-1
> CDF set a two-sided bound on the rate, N A SO RE Al
0 -+ +1.1 -8
— = -1
BR(B — uu") =(1.8755)x10 1 MR TsL4 o
compatible with all other results, but could be
. T . . CMS+LHCb
f|rSt |nd|Cat|0n of a S|gna|_ LHCb-CONF-2011-47, CMS-PAS-BPH-19
H SM Prediction
» CDF updates the analysis with whole Run | i
P y 0 10 20 30 40 50

dataset (+30% data) while keeping the BF(B.—u*w)x 10° @ 95% CL
analysis unchanged. °
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» Full CDF Run-Il dataset 9.7 fb- R=1p5"

» Di-muon trigger p;>2 GeV/c
» Final state fully reconstructed Lt AG

L
{ . . -
> Neural Network (NN) classifier _’6‘_5 CDF 1l Preliminary 9.7 i

N T T T T r 177

(o +
separates signal from backgrouncf) %10000 CC+CF
=
o 8000 N(B*) = 40225 + 267
» Normalization mode B+*—J/y(pu* ") K o (B4 Gevic

o

* Apply same pre-selection as the signal z
* Used for background checks g 4000

5

3)

"1‘III|II\|III|III|l

|III|II[

* Systematic uncertainties cancel
in ratio, e.g. di-muon trigger efficiency

N
(=
(=
(=)

i

= e ]

T R S R R R

| oo b b
52 525 53 535 54
Invariant Mass [GeV/c?]

trig reco
_ 1 €p+ €p+ ap+ 1 fu + + —
B(Bs — putp~) = NBS'I Ny eg,-g l'(egeco 0'?35 e’,‘;”"}[f— -B(BT — J/VKT — u"p K+)J

From Data, From MC, From PDG
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Signal discrimination

» 14 discriminating variables in NN

CDF Il Preliminary 9.7 fb"__ . I » NN optimized with signal MC and BG events
o . ] 2 49080 === Sideband Data 1

3 Opening | - SR sampled from mass-sidebands

8 oo angle AQ 3 § =k olation > NN trained with 7 fb-! applied to 9.7 fb-! data

6000
15000

4000 10000

» Search region in M(uu) with 2.50 window,
0=24 MeV

2000 5000

% 01 02 03 04 05 06 07 95 06 07 08 08 1
AQ [rad] Isolation » Validated NN with normalization mode and
control region
R TN, e 1 CDF Il Preliminary 9.7 fb ™
§ 25000 u ImpaCt § 20000:_. B impaCt _ 1 A
2 .of PaArameter 2 wswol’  parameter O ]
(3] : o - ] © i ——  CC+CF sideband
15000} 10000} : g [ — CC+CF signal MC
to00of - 5000 E—.:'- — ;
5000 f " ®
; e of :&__ e — 2 107 sideband: M, >5.0GeV/c? #
00 20 40 60 801?01 20140160180200 0 0.01 0.02 0.03 0.04 0.05 -g E ]
High d0_[cm] do(B_ ) [cm] S i
g 22000 E 3 b ] |
2 20000fF E = : . ] -2 —
g oo 2D decay E § sooop Vertex fit XZ E 10 - ]
T 16000f, E T L0000k E - ]
& 14000 Iength 3 s i ] ]
O  12000F . . 3 O Lok E .
10000 f-+ Slgnlflcance_; g ]
8ooo -, E 20000 ] .
6000 , E ' = ]
:ggg;_' :g 10000;— - _ 10-3:|||||||||||||||||||||||||||||||||[|||||| 171119
o : : ‘ 0 01 0.2 03 04 05 0.6 0.7 0.8 09 1
0 10 20 30 40 50 60 70 80 0 2 4 6 8 10 12 14 NN Output
nyIOny Xstx
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Background estimate

» Background contributions:

= Double semi-leptonic decay: bb — u*u vvXX'

= Sequential semileptonic decay: B — lfvl—)(9 M_VX)

= Continuum p*u-, p + fake, fake+fake
= Peaking background in signal region B->hh

» Combinatorial background —

= |n each NN bin, continuum BG is estimated fitting
the sidebands to linear function with common slope.
» Estimate systematics due to shape uncertainty

» Background from B->hh

= Estimated using MC and D*-tagged D% — n* K- data
= ~10% of combinatorial background in B,

= ~50% of total BG in B

» Check BG estimates with BG dominated control samples:

no significant discrepancies.

Paolo Maestro

Rare B decays at CDF I

Candidates per 20 MeV/c? Candidates per 20 MeV/c? Candidates per 20 MeV/c?

Candidates per 20 MeV/c?

-

ON#OWO

CDF Il Prellmlnary 9.7 fb

CC, 0.940<NN<0.970

* ﬁ\t} Wﬁ

i

5.2

54 5.6
Mu*w [GeV/c2]

CDF Il Preliminary 9.7 fb"

HWM

i

CC, 0.970<NN<0.987

i

O a4 NWHUON

CDF Il Preliminary 9.7 fb"

54 5.6 58
Mu* u [GeV/c?]

CC, 0.987<NN<0.995

fy

O a4 NWHUON

54 56 5.8
Mu* u [GeV/c?]

CC, 0.995<NN<1.000

O a4 NWHUON

! 14

5.4 5.6 5.8
Mutw [GeV/cz]
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Back

jround estimate (cont.)

B->hh BG estimates for B, signal window

Mass Bin (GeV/c2 )

NN Bi 5.310—5.334 5.334—5.358 5.358—5.382 5.382—5.406 5.406—5.430
in
CC
0.700<NN<0.760 0.003+ < 0.001 0.001+ < 0.001 - - -
0.760<NN<0.850 0.0064-0.001 0.0024+ < 0.001 0.001+ < 0.001 - -
0.850 <NN<0.900 0.0054-0.001 0.0024+ < 0.001 0.001+ < 0.001 - -
0.900<<NN<0.940 0.007+0.001 0.003+ < 0.001 0.001+ < 0.001 - -
0.940<<NN<0.970 0.011+40.001 0.003£ < 0.001 0.001+ < 0.001 - -
0.970<<NN<0.987 0.013+0.002 0.005+0.001 0.002+ < 0.001 0.001+ < 0.001 -
0.987 <NN<0.995 0.019-40.002 0.007+0.001 0.002+ < 0.001 0.001+ < 0.001 -
0.995<<NN<1.000 0.0744-0.010 0.0264-0.003 0.009+0.001 0.003+ < 0.001 0.0014+ < 0.001

CF

0.700<<NN<0.760
0.760<NN<0.850
0.850 <NN<0.900
0.900<<NN<0.940
0.940<<NN<0.970
0.970<<NN<0.987
0.987 <NN<0.995
0.995<<NN<1.000

0.001+ < 0.001
0.0024+ < 0.001
0.0024+ < 0.001
0.0024 < 0.001
0.003+ < 0.001
0.0044-0.001
0.0044-0.001
0.0214-0.003

0.001+ < 0.001
0.001+ < 0.001
0.001+ < 0.001
0.001+ < 0.001
0.0024+ < 0.001
0.0024+ < 0.001
0.009+0.001

0.001+ < 0.001
0.001+ < 0.001
0.003+ < 0.001

0.0024+ < 0.001

Predicted vs. observed no. events for all control samples.

Control Sample | Prediction  Nobs Prob(N>=Nobs)
OS- 20665.2+61.4 2552 90%
SS+ 26.41+4.0 36 9%
SS- 61.8+6.1 69 25%
FM+ 727.9428.9 760 21%
Sum 3481.3+68.3 3417 76%
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By = uu

40—
1 0.70 <vy<0.76 0.76 <v,<0.85 0.85<v,<0.90 0.90 <v, <0.94 i
30 -
o 11T Jmdo T ;
> 2o PPN A | Tk
< 10- BO ANV SN SANSN TR N« \'_
o —_— L
SR Lad Pl
8 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
o 15 4 094 <v, <097 0.97 <v, < 0.987 0.987 <v, < 0.995 v\ >0.995 !
m - -
= ]
g ] Background
5 10 - l—o—l -
c \\i\\ -
c ] [
O s \:P\ NN 4 3
— L
\\\ \ \ \kl? b > N \’_l—.
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5231 5279 5327 5231 5279 5327 5231 5279 5327 5231 5279 5327
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m,, (MeV/c?)

E Consistent with SM

BG prediction (p-value 41%).

No excess is observed.

BR(B) = u u*)<3.8x10° @ 90% C.L.
BR(B) - u u*)<4.6x10° @ 95% C.L.

Rare B decays at CDF I

11
HQL 2012



@ Di-muon mass for B, signal regions

B, = pu .
{ 070<v,<0.76 0.76 <v, <0.85 0.85 <v,,<0.90 0.90<v, <094 | _ _ ]
30-] + Slight excess in high NN
Y ] X i
O ] - bins (>0.97).
TR |
% ] X
= 10 '-{-Mw_ p-values assuming:
c:' :Bg—>u+pt' -+ BGonly: 0.94%
q) 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 . - .
% ] 094<v, <097 0.97 <v,,<0.987 0.987 <v, <0.995 v, >0.995 [ Bs—>ll+ll SM + BG: 7.1%
QO ] [
m 107 -' : :
o ] _ Background Summer 2011 hint of signal
%101 | M-snaswat) | not reinforced by new data,
O 5_1-}—< +“I' < »—L . but remains >20 significant
! 1 [
] _I_‘ '-f-' over BG only.
0 11 1 1 1 1 1 1 1 1 1 1
5322 5370 5418 5322 5370 5418 5322 5370 5418 5322 5370 5418

Paolo Maestro

m,,. (MeV/c?)

" BR(B' — uu) =(1.37%3)x10°* )

22x10” <BR(B! = u u")<3.0x10° @ 90% C.L.
_0.8x10” <BR(B] = u u")<3.4x10" @ 95% C.L,
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e —
Bi—> Hiﬂi current exgerlmental status

March 2012
|

DO 6 fb™
PLB 693 (2010) 539

| CDF 7 fb"

PRL 107 (2011) 191801

CDF 10 b,

www-cdf.fnal.gov/physics/new/bottom/120209.bmumu10fb/

ATLAS 2.4 fb™

ATLAS-CONF-2012-010

CMS 4.9 fb™

CMS PAS BPH-11-020

1 LHCb 1 fb™

LHCb-PAPER-2012-007

SM Prediction

I(68% C|:L regicl)n) | | | | |
0 20 40
BF(B_—u*w)x 10° @ 95% CL
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[ b— sutu” decays J

6.8 fb-! BR PRL 107, 201802 (2011)
Agz PRL 108, 081807 (2012)
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T v—
Motivation

» b— s u ut are rare FCNC decays, forbidden at tree level in SM.
SM predicts very low rates BR~10-,

» Measure branching fractions is a good test for SM.

Apg(B K'up)

» Forward-backward asymmetry sensitive to BSM physics.

Agg in B—uuk* decay: predictions exist for several new
physics scenarios.

» Experimental status of

B*—K*u*y- BaBar, Belle, CDF
B°—K™ u*u- BaBar, Belle (2.7c deviation for Arg), CDF, LHCb ¢

B.>—¢ y*y- CDF, DY, LHCb * BSM
B°—Kgu*u- Belle, CDF, LHCb 08
B*—K™* u*y- BaBar, Belle, CDF, LHCb | |

-1
0 2 4 6 8 10 12 14 16 18 20

/\bo—)/\ |J+l..|- CD F q? (GeV?/c?)
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» Di-muon trigger p,> 1.5 GeV/c » Measurements of the distributions

> Loose pre-selection based on kinematical of 6y 8, and ¢.

cuts + NN (optimized for best sensitivity)

» Remove resonant region (JAp, Y(2S))

» Remove BG (B—charm) by kinematics and
muon likelihood cuts

» Measure the Branching Fractions of

H,—u*u-h
Signal Mode Hadron Decay
BT — uTpu KT - Four angular observables are extracted
B — ptp=K* | K*® — Ktn from angular distributions:
Bs — ptp— ¢ ¢ — KTK™
Bt —» utp—K*t | K*t — Koot « F_K* longitudinal polarization fraction
B —» putu~Ks | Ks—mtme . Ag; forward-backward asymmetry
No = p*p= A A— pr” « A;@ tranverse polarization asymmetry

« A, T-odd CP asymmetry
by normalizing to resonant modes
H, —=J/p(u*u) h as a function of g* = M, >c* (GeV?4/c?).
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b—suu mass distributions

__ CDFRunll L=6.8fb" _ CDFRunll L=6.8fb" _ CDFRunll L=6.8fb™
“0 140 Yield: 234 + 19 “o 39 Yield: 49+ 7 “o 100" Yijeld: 164 + 15
> | Mass: 5277 = 2 MeV/c? % - Mass: 5361+ 4 MeV/c? % ' Mass: 5277 = 2 MeV/c?
= 120 B*— K'u*w = 30 BS— ¢u'w = B°— K u*w
8 - + Data 8 - + Data 8 80 + Data
=100 — Total Fit — 251 — Total Fit Nl — Total Fit
; i —- Signal ; C —-Signal ; h —-Signal
9 8ol --- Background 8 50 --- Background L 60r --- Background
s | s s |
£ 60 2 15- € a0l
© i © - ©
O I O o
40 10 A
i 20
20: 5; ; \ +
07\ 111 ‘ 111 ﬂ'\ 111 ‘ \‘\\"\—Ll;l_l \JJL\ J_J I 0: JLLL\ \4.1_1_\-6—\-\*'\ 111 ‘\‘M \.L+It_l‘t4l#\ Al 07\ 111 ‘ 111 \’T'\ L1 1 ‘ \‘>T*LL_L_I \JJL\ l_J \41+L
5 51 52 53 54 55 56 5.7 5 51 52 53 54 55 56 5.7 5 51 52 53 54 55 56 57
M(uuK) (GeV/c?) M(uud) (GeV/c?) M(uuK™®) (GeV/c?)
BR(B*— K*p*p) = BR(B,"—¢p*p) = BR(B*—Ku*y) =
[0.46 £ 0.04% 0.02]%10-6 [1.47 £ 0.24 £ 0.46]%x10 [1.02 £ 0.10 £ 0.06]%10
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@ b—suu mass distributions (cont.)

First measurement in hadron collisions World’s first observation !!
- CDF Runll L=6.8fb™ - CDF Run |l L=6.8fb™ - CDF Run |l L=6.8fb"’
o 161 - Yield: 20 + 6 NQ 300 " Yield: 28 + 9 o - Yield: 24 =+ 5
% - Mass: 5285 + 8 MeV/c? % - Mass: 5284 + 9 MeV/c? % 18- Mass: 5621 = 6 MeV/c?
= 14 B'— K*utw | | |2 25; B°— Kgu*w = 16 Ap— Au'w
o - + Data (=) i 350G ~+ Data =) 'l 5.8 ~+ Data
o 12 — Total Fit o - — Total Fit o 141 — Total Fit
~N L . ~ - . ~ L )
P 1 —- Signal o 20 —- Signal n 2 —-Signal
9 10 --- Background Q Background 9 12: --- Background
S | 3 3 10-
5 8 g 19 | =
c 7 c T 4 S 8
® gl © i . ©
0 : o 10? + + + '.I-\\ - -u-|l o 6%
I i I 4
4- . ' +H T r * .
C 1! 4 '
A 5- i + {’ : Jl 3
- i , 2l f
L1l ot | \‘\\FQ-L.L. Ly | N k‘ Ll "J'” Lo \N- L J AR B AJLLL tH * [ ) i ‘JJLL
05 51 5.2 53 5.4*5.5 5.6 5.7 05 51 5.2 53 54 5.5 56 E g3 54 55 5.6 57 58 59 6
M(uuK ™) (GeV/c?) M(uuK, ) (GeV/c?) M(uuA) (GeV/c?)
BR(B*—K™p*y) = BR(B'—Ku*y) = BR(A,*—Ap*p) =
[0.95 + 0.32 + 0.08]x10° [0.32 + 0.10 % 0.02]x10 [1.73 + 0.42 % 0.55]%x10°

CDF B(b—suu) measurements are among the world’s most precise
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~ 0.4

B*— K™ u*u
-+ Data
—SM
——
0 /—_\
. i 4._.
: .
0F
I AANIN ANUN NS AUNANIN AR tore: ANUNUNEN ANANcs o STANANE AN AN AN
020"274 6 8 10121416 18

oo
N
NS
ol
Cb‘

Differential Branching Ratios

CDF Run Il Preliminary L=6.8fb™
- B'—K'u'u
-+ Data

£

10121416182022
q2 (GeV?/c?)

CDF Run Il Preliminary L=6.8fb™

q? (GeV?/c?)
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—
15§
g 1l jr
Eo.sf — #-\
T ot
-0.5F
IR S T AT A
-10 2 4 6 8 101214161820
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dB/dqg? (107/GeV?/c?)
© © o o
(=} N = » (e} —h

-
N
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— SM

P B K

-4 Data

ol b b 1
02468 1012141618
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0 + -
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| % Data
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b—suu angular results
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-0.5; %
a4
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Rare B decays at CDF Il

Simultaneous fit of BO—KOu*u-
and B*—K™ py*y-

First measurements of A(?)
and A,

CDF b = suu Agg measurement
is among the most accurate to
date. Consistent with B factories.

No signicant deviation from
SM with current statistics.
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Summary

Search for B,y — npt

» Latest and final update reaches a sensitivity very close to SM prediction after a
decade of Tevatron leadership in the B, sector.

= CDF observed an excess of B,.— uu*events at >2c level relative to BG only hypothesis.
Set a two-sided bound on the rate, compatible with SM and other experiments:

22x10” <BRB) = u u*)<3.0x10° @ 90% C.L.

b— su*u”decays

= First observation of A —Ap*y-.

= First measurements of B*—K™u*u- and B>—-K° y*y- at hadron collider.

= Amongst world's best results on BR and Az. Extend the reach to new observables.

» Final update soon with full CDF dataset (15-30% more data).

21
Paolo Maestro Rare B decays at CDF Il HQL 2012



[BACKUP SLIDESJ




Probing New Physics

Plenary talk
A.Buras, Beauty 2011:

Maximal Enhancements of S Br(Bs —> u*u') and K" > nt*vv

vo

(without taking correlation between them)

Upper Bound Enhancement of

Model | on (S,,) Br(B, > p*u") |Br(K* - n'w)
CMFV 0.04 20% 20%
MFV 0.04 1000% 30%
- 30w i
o 2075 | 10% 60%
4G 080 .....1....200%  ....1...200%
AC £0.75 1000% 2%
RVV : 0.50 1000% 10%

Large RS = RS with custodial protections
RH Currents AC = Agashe, Carone UQl);
RVYV = Ross, Velaso-Sevilla, Vives (04)  SUQ)g

Paolo Maestro Rare B decays at CDF Il HQL 2012



BS,’ b. A<
Y, ?@ ,

Double
' semileptonic
d;cay

FOM B GAasey ICH ERZ20H10

Sequential
semileptonic
decay
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(o gt /o8, 0.307 £ o.o1(a:3C (E£6%) 0.107 + o.mﬁF E7%)
('8 € /e trigy 0.99935 =+ 0.00012 (-) 0.97974 + 0.00016 (-)
'@C"/eB %) 0.86 + 0.06 (£8%) 0.84 4 0.06 (£9%)
MV (NN > 0.70) 0.915 =+ 0.042 (£4%) 0.864 =+ 0.040 (£4%)
eBs (NN > 0.995) 0.461 =+ 0.021 (£4.7%) 0.468 + 0.022 (£4.6%)
Npt 28081 + 219 (£1%) 12144 + 153 (£1%)
fu/ fs 3.55 + 0.47 (£13%) 3.55 + 0.47 (£13%)
BR(BY — J/yKT — ptpu—kh) (6.01 4 0.21) x 1072 (£4%) | (6.01 4+ 0.21) x 10> (£4%)
| SES (All bins) [l 2.3 x 10— ° (+18%) | 3.3 x 10—° (£18%) |

Table: A summary of the inputs used to estimate the B(Bs — ™). The relative
uncertainties are given parenthetically. The single-event-sensitivities, SESs, for the sum
of all NN bins, corresponding to N, = 1, is shown in the two last rows.
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Fake Rate

Fake Rate

0-025_ CDF Il7fb I LI I
- +
[ T
0.02| & ]
0.015} ]
0.01} ]
TS —— ]
0.005f e ]
0'...|...

246 8101214161820
P, [GeV/c]

0.025 prrrrrrrrrrrerrrrrere e

0.02}

0.015}
0.01}

0.005

LIRSt

546 8101214161820

P, [GeV/c]

o
o
N
(3

0.02}

Fake Rate

0.015}

0.01}

0.005}

Frid

2

468 101214161820
P, [GeV/c]
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om

Inatorial bac

rouna ror

. 2

N B Mass Bin (GeV/c) | 5310-5334  5334—5358  5358—5382  5382—5406  5406—5.430

n
cC )
0.700< NN <0.760 10.42+0.72 10.33£0.71 10.23+0.70 10.1410.70 10.04+0.69
0.760< NN < 0.850 11.02+0.74 10.92+0.74 10.82+0.73 10.7240.72 10.62+0.71
0.850 < NN < 0.900 4.6940.46 4.6540.45 4.61+0.45 4.56+0.44 4.52+40.44
0.900< NN < 0.940 4.49+40.45 4.45+40.44 4.4140.44 4.3740.43 4.334-0.43
0.940< NN < 0.970 3.8540.41 3.81+0.41 3.7840.40 3.744-0.40 3.7140.39
0.970< NN <0.987 2.2140.30 2.19+0.30 2.1740.30 2.1440.30 2.1240.29
0.987 < NN < 0.995 0.92+0.19 0.91+0.19 0.91+0.19 0.9040.19 0.8940.19
0.995< NN < 1.000 0.24+0.10 0.24+0.10 0.24+0.10 0.2340.10 0.2340.10
CF

0.700< NN <0.760 10.18£0.72 10.05+0.71 9.93£0.70 9.80+0.69 9.68+0.68
0.760< NN < 0.850 11.2140.76 11.084+0.75 10.94+0.74 10.8040.73 10.6640.72
0.850 < NN < 0.900 6.1140.54 6.0340.53 5.9640.52 5.8840.52 5.81+0.51
0.900< NN < 0.940 4.6540.46 4.5940.46 4.54+40.45 4.484-0.44 4.4240.44
0.940< NN <0.970 3.94+4-0.42 3.90+0.42 3.85+0.41 3.8040.41 3.754-0.40
0.970< NN <0.987 2.74+0.35 2.7140.34 2.67+0.34 2.64-+0.34 2.61+0.33
0.987 < NN < 0.995 0.8340.19 0.82+0.18 0.81+0.18 0.8040.18 0.79+0.18
0.995< NN < 1.000 0.7140.17 0.70+0.17 0.69+40.17 0.6840.17 0.67+0.16

Table: Combinatorial background estimates with statistical error for Bs signal window.
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om

Inatorial bac

rouna ror

. 2

NN B Mass Bin (GeV/c®) | 5219_5243  50243—5267  5267—5201  5201—5315  5315—5.339

n
cC
0.700< NN <0.760 10.78+£0.74 10.69+0.74 10.59+0.73 10.50+0.72 10.40£0.72
0.760< NN <0.850 11.4140.77 11.30+0.76 11.2140.76 11.1040.75 11.00+0.74
0.850< NN <0.900 4.8540.47 4.81+0.47 4.7740.46 4.72+0.46 4.6840.46
0.900< NN <0.940 4.644-0.46 4.60+0.46 4.56+0.45 4.5240.45 4.48+0.44
0.940< NN <0.970 3.9840.42 3.95+40.42 3.91+0.42 3.8840.41 3.84+0.41
0.970< NN <0.987 2.28+0.32 2.26+0.31 2.24+40.31 2.2240.31 2.2040.30
0.987 < NN <0.995 0.95-40.20 0.9540.20 0.94-0.20 0.9340.20 0.92+0.19
0.995< NN < 1.000 0.25+0.10 0.25+0.10 0.24+0.10 0.24+0.10 0.24+0.10
CF

0.700< NN <0.760 10.65+0.75 10.52+0.74 10.40+0.73 10.27+0.72 10.15+0.72
0.760< NN <0.850 11.7340.80 11.60-+0.79 11.46+0.78 11.3240.77 11.184+0.76
0.850 < NN <0.900 6.3940.56 6.31+0.55 6.24+0.55 6.16+0.54 6.0940.53
0.900< NN <0.940 4.87+0.48 4.81+0.48 4.75+0.47 4.70+0.47 4.64-4-0.46
0.940< NN <0.970 4.13+0.44 4.0840.44 4.03+0.43 3.98+40.43 3.94+0.42
0.970< NN <0.987 2.87+0.36 2.8340.36 2.8040.35 2.774+0.35 2.73+0.35
0.987 < NN <0.995 0.87+0.20 0.8640.19 0.8540.19 0.84+0.19 0.8340.19
0.995< NN < 1.000 0.74+0.18 0.73+0.18 0.7240.18 0.71+0.17 0.7040.17

Table: Combinatorial background estimates with statistical error for By signal window.
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Mass Bin (GeV/c2 )

NN Bin 5.219—5.243 5.243 —5.267 5.267—5.291 5.291—-5.315 5.315—5.339
CcC
0.700<NN<0.760 0.015+0.002 0.0134:0.001 0.0114-0.001 0.006+40.001 0.002+ < 0.001
0.760<<NN<0.850 0.027+0.003 0.0274-0.003 0.019+0.002 0.011+40.002 0.004+0.001
0.850<<NN<0.900 0.0224-0.002 0.01940.002 0.014+0.002 0.008+0.001 0.003+ < 0.001
0.900<<NN<0.940 0.03040.003 0.029+0.003 0.0224-0.003 0.013+0.002 0.0044-0.001
0.940<<NN<0.970 0.047+0.005 0.0394-0.004 0.031+0.004 0.0164-0.002 0.005+0.001
0.970<<NN<0.987 0.0604-0.006 0.0524-0.006 0.040+0.005 0.0234-0.003 0.0094-0.001
0.987 <NN<0.995 0.0844-0.008 0.083+0.009 0.061+0.008 0.033+0.004 0.0114-0.001
0.995<<NN<1.000 0.3254-0.032 0.298+0.031 0.221+0.028 0.126+0.017 0.0504-0.006
CF
0.700<NN< 0.760 0.004F < 0.001 _ 0.004F < 0.001 0.003EF < 0.001 0.002+ < 0.001 _ 0.001+ < 0.001
0.760<NN < 0.850 0.0074-0.001 0.008+0.001 0.006+0.001 0.004+0.001 0.0014+ < 0.001
0.850<<NN<0.900 0.006+0.001 0.0064-0.001 0.0054-0.001 0.003+ < 0.001 0.001+ < 0.001
0.900<<NN<0.940 0.0084-0.001 0.008+0.001 0.0074-0.001 0.0044-0.001 0.001+ < 0.001
0.940<NN<0.970 0.0114-0.001 0.011+0.001 0.009+0.001 0.005+0.001 0.0024+ < 0.001
0.970<<NN<0.987 0.017+0.002 0.0184-0.002 0.0154-0.002 0.008+4-0.001 0.003+ < 0.001
0.987 <NN<0.995 0.0144-0.001 0.015+0.002 0.0124-0.002 0.0074-0.001 0.002+ < 0.001
0.995<<NN<1.000 0.07840.008 0.084+0.009 0.065+0.008 0.038+0.005 0.0144-0.002
Table: B — hh background estimates for By signal window.
29
Paolo Maestro Rare B decays at CDF Il HQL 2012




Di-muon mass for B, signal regions

] 0.70<v,<0.76 0.76 <v, <0.85 0.85<v,<0.90 0.90 <v<0.94

F .1 b Ba~ uuchannel: consistent with SM
~un +4$Hﬂ+*{~{**¥ BG prediction. No excess.

J 094<v <097 0.97 <v\<0.987 0.987 <v, <0.995 vy >0.995

>
il
vs)

—_
)]

BR(B) - u u*)<3.8x10° @ 90% C.L.

%\ﬂ:}:\q&ﬁ> - \gH“ BR(B) — 1 ") <4.6x10° @ 95% C.L.
%ﬁ%- P %&%%‘“.'—l—

5231 5279 5327 5231 5279 5327 5231 5279 5327 5231 5279 5327

m,, (MeV/c?)
B, = up

0.70 <v,,<0.76 0.76 <v, <0.85 0.85 <v, < 0.90 090<v, <094 |

Candidates per 24 MeV/c?

(4]

0 1 1 1 1 1

20-'{5\@%}%_}‘%’_};&%{ '_}::l;"{‘- In B, = uu channel, slight excess

in high NN bins (>0.97).

1RO =
] Bs—=u'u

0.94 <v, <0.97 0.97 <v,,<0.987 0.987 <v < 0.995 vy >0.995

+ Background [
; I T T [ +signal (smx4.1) |
- l T -

T e ey
o Y Y Y Y I SN Y TN MY I 2 IS 2 X
5322 5370 5418 5322 5370 5418 5322 5370 5418 5322 5370 5418
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Paolo Maestro Rare B decays at CDF Il HQL 2012

—_
(&)}

—_
o

Candidates per 24 MeV/c?

(6]




2 107EI IIIIIIIIIII BI"IQIS:;Z uc 4 p-values assuming:
E 100l 1 - BGonly: 0.94%
b sg 1+ B—p*y SM+BG: 7.1%
% 10 By— uw E
'g 104? p-value=0.94% _E'
D 10°%! ] CDF Il Prellmlnary97fb1
b7 '%' _§' e gF T RRRS RRRRN AR |""|""|""|"};§'
o 102k ] < /1
: U3 /
10t < 6 ;;f’ E
1 1S5 e ||| L. .9 53— ' —
0 5 10 15 20 25 : ; ,z’/
Test Statistic [2In(Q)] i / .
3:_. 90% Bound / B
(BR(B(S) — M_M ) =(13t83)x 108 A 2;_ 68% Bound / __
1T ]
22x10° <BR(B’ = u u*) <3.0x10* @ 90% C.L. i N A
_0.8x10” <BR(B) — u"u’) <34x10° @ 95% CL,) 0 5 10152025 30,32 40 45 30
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Data collected using dimuon trigger 15000-
° “CC”:
— 2 central muons “CMU”, |n|<0.6, % JAp
- pr>1.5 GeV 3 region
— 2.7<M,<6.0 GeV Y 10000
e y = o(M,,)=16MeV/c’
= Pr* Pr( >4 GeV = Y
° “CF”: .§
— one central, one forward muon T =000; IVSi
“CMX”, 0.6<[n|<1.0 ® ar”eagfr'f
— p>2 GeV w "
< =
— other cuts same as above 0 A ——

3 35 4 45 5 55 6

+ - 2
Trigger efficiency same for muons from J/p or B¢ (for muon of a given py) M) [GeVie]
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R 1 Ap>0 even at low g2

Il cDF comparable
a resolution as Belle

....... i ey || N(K*Il) ~250 (Belle)
—r— —b—t—f  N(K*uu)~100 (CDF)

0 l2 . 4 . l6 . I8 10 . 1'2 14 1'6 . 18
T ) C.Bobeth et al.
q’ (dimuon mass?)

arXiv:1006.5013v2
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allel. The distributions of 6, 0k, and ¢ are projected
from the full differential decay distribution and can be
parametrized with four angular observables, Arpp, Fp,,

A,g?), and A;,, @—@]:

1 dl’ - 3 9 3 2

chosHK = §FL cos” Ok +Z(1—FL)(1—COS k),
1 dl’ o 3 ) 3 2
deOSop B ZFL(I oo 0")+§(1 —FL)(1 + cos 9,,)

+A pp cos 0’,,
e _ 1 1+1(1—F A cos2¢ + Aim sin 26| |
Tde 2r| @2 Lifr &8 im SISO
where ' = I'(B — K*utp~), App is the muon
forward-backward asymmetry, F} is the K* longitudinal

polarization fraction, Ag? ) is the transverse polarization
asymmetry ﬁ\], and A, is the time-reversal-odd charge-
and-parity asymmetry (T-odd C'P asymmetry) E, ] In
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CDF B(b—suu) measurements are the world’s most precise
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