


ﬂ New BABAR Results since FPCP 2012

€ Review on b—s,dy and b—s/d¢¢ analyses with focus on 3 new results
since FPCP2012

€ Study of B—X,y with 424 fb! using a sum of exclusive modes
E‘ ® CP asymmetry

new

© Analysis of B—a/n ¢¢ modes with 424 fb-!
ﬁ ® Branching fraction limits BABAR: hep-ex/1303.6010 (2013)

€ Study of B—X,, 4y with 347 fb! using a fully inclusive method

EA ® y energy spectrum and y energy moments

® CP asymmetry BABAR: PRL109, 191801 (2012)
PRD86, 112008 (2012)

new

€ All BABAR analyses are blinded
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ﬂ Introduction

€ B—Xy & B—X¢'¢ are flavor-changing neutral current (FCNC) processes,
forbidden in SM at tree level i
w-

l+
- H\ Y‘iK — \%
/ k l w v
b == L :t I s,d S . ) W
¥

C,2ff (EM penguin 9 q q q
7 -(EM penguin) Cooff & C1o%ff (V & A parts of weak penguin and box)

€ Effective Hamiltonian factorizes short-distance from long-distance

effects [O(oy)] 46, Y
Heff B TE.C.(M)Q /

> 4 effective Wilson coefficient: C2ff, Cgeff, Cseff, C,off

€ New physics adds new loops with new particles = modifies SM values of
Wilson coefficients and may introduce new terms, e.g. C and C;

€ Probe here new physics at a A X g X
scale of a few TeV LN [\
§ b ’IZ, : < 5
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ﬂ B—X.y Studies

€ In the Standard Model (SM) the B =Xy,
branching fraction is calculated at NNLL (4 loops)

BB — X v) = (3.14 s o.zz) x10* (E, >16 GeV)

Misiak et al., PRL98, 022002 (2007); Misiak FCPC
2013
€ The shape of the photon energy spectrum depends on b quark momentum

inside The B meson (Fermi motion)

€ Since the shape function is similar to that in B—X ¢v, its measurement
helps with determining |V |

€ In the kinetic scheme, measure m,, energy moments, and HQET
parameters, e.g. m_2 (kinetic energy of b quark)

L=

€ The CPasymmetry is sensitive to new physics

Events/20 Mcy

€ Three strategies have been used:
® Fully inclusive analysis with lepton tags x
® Semi inclusive analysis * T

® Fully inclusive analysis with B-reconstruction E*, (GeV) - Simulation
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ﬂ Inclusive B—X.y: Ev Spectrum

— d back d
€ Use BABAR sample of (383+4)x10° BB events gﬁiﬁﬁﬁed (éc S%;oclfrr,‘«um

€ From measured E, spectrum yield branching
fraction after corr'ec’rmg for calorimeter
resolution, Doppler smearing and e g

BB —X1)=(3212015 =029 =008 |x10* (E >18 GeV)Ki

BABAR

++++ e |

46 18 22 24 26 28
E? (GeV)

netic model with HFAG averages

€ Tag recoiling B via Xe*v or Xu*v decay to wm [ commum
suppress continuum background G o Tt .
== .. J( it |
€ Use optimized n° and n vetoes, E, .., £ ™ -H + | BuBar |
and 2 neural networks (for e, u each) i “L +~}«+;Ta';
based on event shape variables @ b Ry
géf 1.5 2 . (GeV) 3 3.5
€ Signal efficiency is &, ~2.5% compared to B ) Pl
SCommuum‘O 00050/0 Qnd €RBR- O 0130/0 Clr'. l? vrq-n-c |n9 r'aC' l?n.
. £ . i .
€ Estimate remaining continuum background & | |
from qq continuum sample L +
%05— =
>
.

I'l
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ﬂ Inclusive B—X.y: Energy Moments

€ Total branching fraction from BABAR,
Belle and CLEO for different E, S€|€CTIOH

are in good agreement

2.0GeV

€ Measure energy moments for E, > 1.8 GeV 1scw

AR
{ »APH

E,)=(2267=0019, 0032, 0003 _|Gev

2
<(EY -(E,)) > - (0048400053, =00077 00005 _)GeV?

new

€ Energy moments from BABAR, Belle and CLEO
for different E, selection are consistent

2.0GeV e
e = I |
D—O—.—i—l
1.9GeV ’ )
1.8GeV e a
17GeV | A |
22 2.25 23 _ 235
(Ey ) (GeV)

2.0GeV

1.9GeV

1.8GeV

1.7GeV

e b "
.
-*—.—*T
_._
P S S
25 3 3.5 4 45

B(B » Xsyy10*

® BABAR inclusive
0 BABAR semi-inclusive

/\ Belle
% CLEO
i Umge
—i—
e
! 2 i |
° CLEQ: PRL 87 251807 (2001)
e Belle: PRL 103, 241801 (2009)
st - BABAR: PRD 72, 052004 (2005
o BABAR: PRL.100, 191801 (2012)
0.02 o001

(ET)- (%)(GEUZ)
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ﬂ Inclusive B—X_y: New Physics Limits

€ In 2Higgs Doublet Models, B—Xy may receive additional contributions
from loop diagrams with a charged Higgs W

s,d

& Extrapolate B(B—Xy) to E,> 1.6 GeV (1.033:0.006) ~~ EE

o? BB —Xy)=(3.31+016+0.30+009|x10"
& D= |

OGO 5 9 56 6 S :
- PRD86, 112008 (2012)

€ Ingood agreement with SM prediction 8005
BB — X ) = (3.14 - o.zz) <10

600 -

€ Use extrapolated result to constrain my, ;
in the type IT two-higgs doublet model o0

My (GeV/c?)

€ Exclude charged Higgs masses of 200}
my, < 327 GeV at 95% CL '

independent of tan B anp
Haisch: arXiv:0805.2141 (2008)

€ Recent BABAR B(B—Dhv) results exclude entire type IT 2HDM

hep-ex/1303.0571 (2013) 7
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ﬂ B—X.y: Semi-Inclusive Analysis

€ Use full BABAR sample of (471+1)x10° BB events

PRD86, 052012 (2012)

LA L L L

€ Reconstruct 38 exclusive X,y modes
with <4r (<2a°), 1(3)K (<1K9,), <In

€ Measured my,

PBF/(100 MeV/c?)x10°

Events / 1 MeV/c*

is fitted to kinetic
and shape function models ¢

Hadronic mass spectrum

+

-

L L L

| R

-

I|IIII|IIII|IIII|IIII|II

Fit to kinetic model

|III|IllIII

lllllllll

|

=

IIIIIIII

'O\_IIIIIIIIIIIIII IIII|IIII|IIII|IIII|IIII|IIIIIII

or
0

1

12 14 16 18 2

22 24 26 28

my, (GeV/c?)

Benson et al., Nucl.Phys B710, 371 (2005)
Lange et al., Phys Rev D72, 073006 (2005)
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e, = (102

350

300

250

2004

150

100

IIIIIIIIlIIIIIIIIIlj’ |IIII|[II[|I[_
1
| &

50

|

9305725 525 5255
combinatorial
cross feed

TT T T [T T T T[T T T T[T T T T[T T T T[T TTT
I I I I I

..........
P ATTETEYS *LILILEL) Sobihl-H--TL LT W,
,

.26 65 5 5.27 ' 28 5285 529
m g (GeVic?)

signal peaking background

€ BABAR results agree well with WA

BABAR |kinetic model | shape function model
+0.038 +0.032
m, [GeV/c?] th 56899 4579199
+0.054 +0.034
un [GeV/c?] [0.450 0004 0. 257" o
World average |kinetic model | shape function model
m,_ [6eV/c?] [4591=0031 [4620°%
W2 [GeV/c?] P.454+0038 0.288°%%
HFAG: arXiv:i1010.1589v3 (2011) 8




ﬂ B—X.y: Branching Fractions
© Reconstruct X;  Calculate E, by E -(n-nt ) /m,
\S E, spectrum

€ Sum partial branching fractions

in each my, bin to yield ;. %
total br'anchmg fraction (E»196Gev) : . X
_4 T _I_ _I"++++-|- -
B(B—Xy)=(329=0.19_ +048_)x10 i ‘ —+ "+ - -

Phys Rev. D86 052012 (2012)

l|_

;:ﬂﬁ'llflll]ll' I['III'Ilf'llllllll[llflllllrllf

Belle sum-excl | | : . : | 369405840 46£0.6 ! E 2.1 22 23 24 25 EI_[GG%_?

Belle r1-o+le;:}tagl ) 3.50%0.1510.4110.01 e Compare Cl” B_)X TOTG'

branching fmc’rlons after

BABAR lep tag = PR S S 3.321£0.1620.3120.02

prL108,191801 (2012 extrapolating measured

BABAR sum-excl L m— 3.5240.20+05110.04 Values 1'0 E >1 6 Gev

;T;i:;;?;i:;m i L . ., 3.90£0.911£064£0.04

PROTTOS1103 (2012) . .

HFAG 2012 ——i 3.43£0.21£0.07 e All B_’XY br'anchlng fraction

ey _ measurements are in good

hap-s/AZOT.E agreement with one another

and with the SM prediction

2 PR R T T N T T B é PR (T T T 4|I PR R T T N T T B 5| PR T

BF(B—X,y) [10] scaled for E > 1.6 GeV Eigen, FPCP13 Rio de Janeiro, 22/05/2013 9



ﬂ B—X.y: Direct A

€ For the sum of exclusive decays, the CP asymmetry is measured by

4 x gy B XD TE=X)
(B —X y)+T(B—>X y) §
€ The SM predictions yield -0.6%<.A (Xy)<2.8% b
AN —-— e '
€ The present world average is A (X,y)=-0.8+2.9 >

y . New ph sicé contribution
€ The difference for charged and neutral B decays is +o cﬁffy

AAL (X 1) = A, (B = XTy) - ACP(BO — XSY)
€ AAHB—X,y) depends on C.#ff and Cgeff:

A eff x eff —
AA (X vy) = 4l ﬁSmCL ~012 A78 m Cs 17 MeV < A78 <190 MeV
C ‘m, T 100 Mev  C** Benzke et al, PRL106, 141801 (2011)

€ Inthe SM, C,%ff and Cgeff are real DAA - (X,y)=0
® This may be modified by new physics contributions

€ BABAR has performed a hew semi-inclusive analysis with 471x106 BB
G. Eiaen. FPCP13 Rio de Janeiro. 22/05/2013 10



ﬂ B—X.y: Event Selection for A,

= Final S

€ Use full BABAR sample of (471+1)x106 BB events B
Bt — KTn0y
€ Reconstruct 16 exclusive modes to measure Agp in B o Kim

~— P . BT - K nmn™y
semi-inclusive analysis Bt — Kgmta®y
Bt — Kta0q0
€ Maximize signal extraction with Signal Selecting gijﬁzgfﬂﬁw
Classifier ®»bagged decision tree with 6 inputs Bt = Ktrtrnly
Bt = Kgntn070y
BY » Ktntr—n—~

€ Select candidate with maximum SSC BY s K+a—m070y

. st ' Bt — Ktn(— vy)
= improved efficiency compared to AE selection B0 3 pem

. == B* - KK~ Kty
€ Train separate bagged decision tree to separate BY - Kt KKt

true primary y from that of n° decay

0.45

e

- BABAR

0.4 Preliminary ... u.. OIS ST T A , .

.
.
«*'
® H

Ségnal Rat

€ Use Background Rejection Classifier & . ..~ . .70
to remove continuum background R
bGSed on bagged dZCISIOH Trees ozsé—“"
R ot hoe 0SSNSO N LU B B

0.15F ‘;_,.-i'..‘ R ] o
- - 0.1;.:;"'__,__.. o ,. S——
€ Use X, mass-dependent optimization ¢/ | cewemee
for‘ S/(S+B)1/2 & Ioose K' Tt IDS Nk 'o.izl S ‘o.ial S ‘oie‘

G. Eiaen. FPCP13 Rio de Janeiro. 22/05/2013 Fake Rate | 11



ﬂ B—X.y: Semi-Inclusive A ,Results

€ Fit mgs for B and B tagged samples simultaneously to extract Agp

€ Correct raw asymmetry for detector bias determined from sidebands

€ In full X, mass region determine corrected A

AL (X1)=(1732193_ +102_ )%

€ This agrees well with %005

the SM prediction
-0.6% < ACSPM(XSy) <2.8%

€ These new results
have the lowest
uncertainties

Events per 0.25 MeV

350

w
o
o

N
&)
o

H Continuum

new
b Flavor All B 200 b Flavor All B
—— Total PDF | H tBABAR ]
] L } ......... 350F preliminary...... ool
|- - signal ; i - ; : A } ]

t  Data

.............................................

525 526 527 528 520 524 525 526 527 528 529
mys (GeV) mys (GeV)

G. Eigen. FPCP13 Rio de Janeiro. 22/05/2013 12



T,

| B—X.y: Implications on Im(Cg,/Cy s

€ From the simultaneous fits to charged [, X v)=(4.97i3.90 145 )%
and neutral B samples measure G star =~ sys

€ Set 90% CL constraints on Im (Cg¢ff/C,*ff) |-164 <Im(c;" /i) <6.52 @90% cL

e

| 68% C.I.

/g s - ' 175k R preliminary =3 90% C.I.|]
—— — min )2 I;A,;AR 1
| preliminary
7 s 68% C.1. -
90% C.I. 150_ .........................................................................................................
6, .
125 .......................................................................................................
5,
C\IX E
.E 4 ? 10 L S
g <
3,
TS e R . ]
2,
50_. ..............................................................................................
1,
0_2 1 5 6 2 25k - - L q .....................................
17! .

Im(C;ff/ijf) 1Im(62:ff/6?}f)
€ Thisis the first AA,(X.y) measurement and the first constraint on the
ratio of Wilson coefficients C,f/C. % for new physics in this process

G. Eigen. FPCP13 Rio de Janeiro. 22/05/2013 SR R o by i



ﬂ B—X.y: Ao from Inclusive Decays

€ In the fully inclusive analysis, the CP asymmetry involves b—sy & b—dy
contributions

B(B—X v)-B(B—X
ACP (Xs+dY) = (_ S+dY) ( s+dY)
new B(B QX Y)+B(B 9)( Y)
s+d s+d
€ Use BABAR sample of Comparison of A Measurements
383x10° BB events | | . | |
€ Determine B/B from the tag 0% + = ‘ AB-X 1)
Char‘ge BABAR hadron-tag H o +—A(B=X )
PROTT, 051103 (2008 g+d
S Correct A, for charge bias BABAR leplon-ag . — {AB-X_, 1)
&+ and mistagging
Ap(X, 1) = 005720060 =0018 | | B [
PRL109, 191801 (2012)  rros 0a1803 @00d) l
€ All A, measurements are  sasarsemine | o JAB-X1)
in good agreement with the Y
SM pr'edicfion 03 -02 -01 0 01 02 03
A_(B=Xy) o
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ﬂ Analysis Methodology for B—K®) ¢t¢

© Fully reconstruct B—K® ¢¢ final states .
® 8in BABAR (471x10¢ BB): K, KO, K= or KO m* " I

® 10 in Belle (657x108 BB): K, KO, K:n% K or KOgmt *  lw®
® these hadrons recoil against e*e” or u'u-
® Select etwith p>0.3 (0.4) GeV/c; u* with p> 0.7 GeV/c
® Require good particle ID for e, u, K, «;

select KO —m*n

W w*

and Ag- E, -

cM
__pB

. ° ° . ° 2
€ Uftilize kinematic variables mES=\/ E4 "2

€ Suppress combinatorial BB & qq backgrounds:
BABAR defines 8 boosted decision trees, Belle uses likelihood

€ Veto J/y and ¢(2S) mass regions and use them as control samples

€ Use pseudo-experiments to study performance

€ Measure branching fractions, rate asymmetries and angular observables

G. Eigen. FPCP13 Rio de Janeiro. 22/05/2013 15



ﬂ B—K®) ¢*¢: Partial Branching Fractions

€ In the SM, partial branching fractions d5/ds are calculated at
® Low s=q?=m?,, large hadronic recoil  _ g3

I | | II!f:lllll.}l:llIIIIIIIIIIIIIIII_
[

E>>A 2 use QCD factorization > 070 B—Kee | S Bete ]

y . . 0] = PR : m BABAR 3

® High s ~O(m,) small hadronic recoil < 0.6& ; ; ; E
E~A=> use OPE in 1/m, o 05 . = E
—04[,  SM =

® Large errors come from errors of @ ‘ :
. . D03 =

form factors in hadronic MEs o 02;@_ i\ ]
n g~

€ dB/ds is measured in 6 s bins 0.1F | *\
® BABAR, Belle: B—=K®) ¢¢ 00"'2"'4"'6"'8' RV ETETREE S
® CDF,LHCb: B—=K®uu- C. Bobeth ef al, PRDS87,034016 (2012) S [GeV7/c”]
® CMS, ATLAS: B—KO%uu- T 160 IB—>|I(*€+I T e 3
® Do ndive average (WA) 2 44 e B - -
(dominated by LHCb) 5 19F G i E

€ All measurements agree well = & R E
. . o 2] OLC } i ! i .
with the SM prediction g O‘GM j: : E
BEABAR PRDE6, 052012 (2012) © 0.43—\ __/‘+ _,_-«: : | r—q%é
Belle PRL103, 171801 {2009) 0.2 = —— : ! ! ! E
CDF CDF-note 10894 (2012) “E . Y : - .
%2746 & 10 12 14 16 18 20

LHCh  hep-ex/1304.6325 (2013) >, 4
JHEP1212,125 (2012) C. Bobeth et al. PRD87,034016 (2012) s [GeV*/cT]
G. Eigen. FPCP13 Rio de Janeiro. 22/05/2013 16



ﬂ B—K®) ¢*¢: Total Branching Fractions

€ Af low s (1<s<6 GeV?2/c*) measure

WA

BABAR
Eelle
CDF

B(B — K¢/ ) = (1.25 " o.os) «107

BB — K1) = (1.77 + o.18) «1077

PRDEG, 052012 (2012)
PRL10Z, 171801 (2009)

CDF-note 10894 (2012)

LHCh
JHEP1212,125 (2012)

€ Good agreement with the SM

Bobeth et al: Phys.Rev. D87 (2013) 034016, worldaverage

THEP 1201 (2012) 107

hep-ex/1304.6325 (2013)

€ BABAR B, measurements yield

s

€ BABAR B, ; results agree well with
the SM prediction by Ali et al. &

B(B —K¢*r) = (4.7 £0.6+ o.z) <107

BB —K'r')-(10.21%£05)x107

those of other experiments

T
Ball and Zwicky, PRD 71, 014015 (2005);ibid 014029 (2005)

Kete
LHCb - 1.21+-0.11
CDF 1.24+-0.18
Belle — 1.36+0.24-0.22
BABAR —t— 1.36+0.27-0.24
world average - 1.25+-0.08
K'¢ie
CMS
LHCb - 1.7+0.27-0.31
CDF 2.12+-0.47
Belle = 4 1.49+0.47-0.42
BABAR b * 2.05+0.53-0.49
PES— 1.77+-0.18
0 1 2 3
Branching fraction [107] for 1<s<6 GeV?/c’
Bto‘r e
* =+ 4- —_—
K [l ——n
H—E—l—l
—— LHCb, 1 fb™ _
—— BABAR, 471 M BB
—=—CDF, 9.6 fb"
—&— Belle, 657 M BB
= + CJAli’ *
- Ki1¥l PRD 66, 034002 (2002)
- | Zhong 02
e IJMPA 18, 1959 (2003) ]
o R R R x 10
0.5 1 1.5 2 2.5
Branching Fraction 17
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ﬂ B—K®) ¢t : Isospin Asymmetry

B(B° - KO0 ) —r BB K= rr)| <€ 2ETTTTTITT w%
= AI = ( " ) r‘r ( " ) 1.5F Kee i i : i Belle ¢ ‘
B(B® — KM 1)+ B(B* — K1) i3 B e E
r=1, /'CB+ = 1/(1.0711 0.09) 0_55_ _:-
€ In the SM, A; is expected at O(+1% 4 = = #: +
Feldmann & Matias JHEP O3OPO74 (2003) O) 0'5; _:T*:_T i l E
-1E - ? T 3
€ Average A; measurements from 150 :-E’ : % E
BABAR, Belle, CDF & LHCb at low P . B 3
s (1<s<6 GeV2/c4) B2 A e e 10 12 14 16 18 20 22
s [GeV4/c]
A"(B K1) =-0.31£0.12 T 2T T T T
¢ ) “1sE Ke - . . E
A™(B—-K'r7)=-015+0.11 ha L —e—]
- ;ﬁ
€ Aflows, A;is below the SM, Ui%%*f ——
but consistent with the SM 055 . may E
AE . - =
C i 5‘. ey : B BABAR -
€ BABAR results agree with 1.5 ﬁ; 5“55 o v
Thos.e fr‘om Belle and The WA -%I I I2|I I '4'" I IBII I IBIII -10 12 14 -16 18 20
dominated by LHCb BABAR: arXiv:1204.3933 (2012) s [GeV?/c’]

Belle: PRL 103, 171801 (2009)
G. Eigen. FPCP13 Rio de Janeiro. 22/05/2013 LHCb: arXiv:1205.3422 (2012) 18



ﬂ B—K®) ¢te: CP Asymmetry

— — . o 1:'.»‘ ' RN it LR I % AL I L I B
© | _BE=KOrr)-BE-KOr) &.s;—% ' E
? BE—-KOrr)«BB—-KOrr) T L
0.2F | : =
€ In the SM, A,=-0.01 0= f | L + + =
Kriiger et al., PRD 61, 114028 (2000) -0.2F | E 5 =
Bobeth et al., JHEP 807,106, (2008) -0.4& ) =
. -0.6f : E': E‘g: B BABARKI -
€ A, is measured by BABAR, Belle 0.8F B B . pasarkn
in B—K® e BB 0
® cg. inall s, BABAR measured ) s [GeV/cT]
ﬁ A (B—Kr'1)=-003x014:001 <7 -8/ - =
A, (B— K'¢0)=0.03+0.13+0.01 0.2 L .
0.1F

Iy
saEsyl e

. * 0
€ LHCb measured A in B—K utu- 0.1 : :
LHCb: PRL 110, 031801 (2013) 0.9E | ;
. . n 2k ' | Belle K*Il
€ All A results are consistent with _g'ié_ o g Bellekn -
zero =>agree with small SMvalue B ... .0 00, B BABARK
BABAR: PRD86,032012 (2012) 2 4 6 8 1012 14 16 18 20 22
Belle: PRL 103, 171801 (2009) s [GeV?/cH

G. Eigen. FPCP13 Rio de Janeiro. 22/05/2013 19



ﬂ B—K®) ¢*¢: Lepton Flavor Ratio

& - 22— T 5200 SLBLILN I 2.0 LB T =

B(B — K u* ard . 3

< ® = ( *MM) s>(2*m)7- x 25% L i E
" BB —=Ke'e) . H 1.8 &2~ G b E

165 - E

1.4F G 1 =

1.2F . == ¥ 3

€ Inthe SM, Ryx=1for s 2(2*m)? 1 . :
0.8 L i E

: 0.6t o :35 E

€ TRy is measured by BABAR, Belle  o04F 2 8 ek o
in B—K® e b D e

: 2 4 6 8 10 12 14 16 18 20 22

® cg.inall s, BABAR measured s [GeVZc]

o 10,31 2. 2F AR RARE 252525 AN IR =5 (UL I LRI I I
ﬁ, R (B —Ke'r) =100 +0,07 ¥ L B

. ' 1.8F - .

RK*(B — K 00) = 1.133“: +0.10 1.6E | ) i 3

' 1.4F . = E

: 125 —— E

€ All Ry results are consistent 1F — 1T ]
with unity agree with SM 0o T E
045 2 & spen

=5 Tl 3 o BABAR Kl —

Ali et al., PRD 61, 074024 (2000) O b d B BABARKY, 2

BABAR: PRD86,032012 (2012) 27476 810 12 14 16 18 20 22

Belle: PRL 103, 171801 (2009) s [GeV2/c]

G. Eigen. FPCP13 Rio de Janeiro. 22/05/2013 20



ﬂ B—K" ¢'¢: Angular Observables

€ The B—K  ¢¢ angular distribution depends on 3 angles 6, 6,, & ¢

0, angle of K*
. )/ and B in K*
rest frame
0 eK
6, angle of ¢ \ \\

and B in ¢'¢ 43

rest frame \

€ The 1-d 6,and 6, projections depend on the K* longitudinal polarization
fraction F and lepton forward-backward asymmetry A-;

_ Ali et al., PRD 61, 074024 (2000)
e F W(cos®, ) = 2F cos?0 +3(1- F )sin’@ |  Bobeth et al, JHEP 712,040 (2007)

02 2
€ Arp  |W(cos0)=2F sin®0 +3(1-F )(1+cos’0 )+.A_ cos,

€ With limited statistics, we fit the 1-d projections to extract 7 and A
G. Eigen. FPCP13 Rio de Janeiro. 22/05/2013 21



DB—>K ¢*¢ . Forward-Backward Asymme‘rry

= iS measured b o g e CC N gaBar | O
flfB BABAR & Belle ?;\ B—K" ¢ < o. B;—C 7= =€ 1| preliminary E

® CDF inKu'w 0.6 ] . E

® LHCb, CMS and ATLAS o = %

in KOu*w ’ E'_ ! | E

€ BABAR A;; measurement gi_ L ﬁ I
(B—K*¢¢) is the most precise 06" B 150 4 Siiaverage”

except for LHCb (K™u*w) % 0 2 4 6 8 10 12 14 16 18

s [GeV*/c*]
ATLAS Conf-2013-38

e A” measuremenTS are ConSiSTenT Eelle PRL103, 171801 (2009) | HCh  hep-ex/1304.6325 (2013)

CDF CDF-note 10894 (2012) JHEP1212,125 (2012)

€ Do nadive world average of all Agg results Ali et al. PRD 61, 074024 (2000)

: : Buchalla et al. PRD 63, 014015 (2000)
=> WA (dominated by LHCb) agrees well with the SM Bi1e% €2 & 66, 034002 (2002)

- Kriiger et a/. PRD 61, 114028 (2002)
€ Inlow mass region (1<s<6 GeV?/c*) measure Kriger & Matias PRD71, 094009 (2005)

C. Bobeth et a/. JHEP 1007, 098 (2010)
ﬁ‘ A (B—K' 1) =026 +0.07

C. Bobeth et al. PRD87,034016 (2012)
=0t 1«<s<6 GeV?/c*

€ world average: | AY4(K"¢¢) =-0.0742%"7 SM: |45 = -0-0494' ., (K*OM_)

0.048
G. Eigen. ICHEP12. Melbourne 13/07/2012 22




£ 8K’ ¢*¢: K* Longitudinal Polarization

€ _ is measured by

® BABAR&BelleinB—K'ce L T o T
® CDF in K'utw 0.8
® LHCb,CMS and ATLAS 0.6F
e
in K%*u 0.4
€ BABAR F, measurement 0-2¢
(B—K" ¢¢) is the most precise oF -
except for LHCb (K™u*w) 0.2 = . 2 _ﬁ;
: -0_4;'.“1“.’.?”#*’."‘?“7. M L Py
e All measurements are consistent 0 2 4 6 8 10 12 14 16 18
ATLAS Conf-2013-38 [GEVE’I c .
e DO na’l‘ve aver‘age Of a“ ‘FL r‘eSUITS Billra .P:‘::TE; 11-".1&5?1;2?1“5 LHChH hep-ex/1304.6325 (2013)
(dominated by LHCb) | e e

= are consistent with the SM & C,=-C,°M model

C. Bobeth et al. arXiv:1006.5013
€ Inlow mass region (1<s<6 GeV?/c*) measure Kriiger & Matias PRD71, 094009 (2005)

009 C. Bobeth et al PRD87,034016 (2012)
=0.25""7 +0.03
E‘ -0.08 1<s<6 GeV?/c*

+0.047 s e
€ world average: F =05237°7 SM: - 0.7359% (K*rr)
G. Eigen. FPCP13 Rio de Janeiro. 22/05/2013 23




ﬂ Search for B—n/v ¢ Decays

€ Inthe SM, B—X,¢"¢'modes are also mediated in e
in lowest order by the photon penguin, Z-penguin 20,4
and WW box diagrams AL N,

€ The decays are suppressed by |V,/V,|? ~0.04 e Y e
with respect to the related b—s ¢*¢- modes - (_

€ Inextensions of the SM, rates may increase /o
significantly W : 2 \C‘ W

b S . o f

€ BABAR has updated the search for B—n¢t¢” modes k “‘,{i‘f
and performed the first search

for B—mn ¢*¢- modes using S e / |
471x10° BB events ]

1 T
Bt s ntete” %i-

)/ .~ JT™~%,  PRD 60, 014005 (1999)

. _-..\A
N

€ SM predictions:
B(B= - nw-) - (1.96 - 3.30) «10°8

I/

B(B® —>ner)=(25-37)x10°

p° (GeV?)

G. Eigen. FPCP13 Rio de Janeiro. 22/05/2013 24



ﬂ\ B—n/m ¢7¢: Analysis Methodology

€ BABAR fully reconstructs 8 B—n/n ¢¢ final states (471x10° BB)
® Select n*, %, n—yy, or n—n*nn’ recoiling against e*e” or utw
® Select p,>0.3 GeV/c, recover et bremsstrahlung losses, remove y—ee
® Require good particle ID for e, u, w for y require E > 50 MeV
® Select n0: 115«m <150 MeV: n: 500<m, <575 MeV 535<m3n<565 MeV
® Require AY”'(EH E2 D/ (Ey +E;.) <0.8 r:

5 BaBAR

0 255 preliminary

€ Veto J/y and ¢(2S) mass regions

€ Suppress combinatorial BB & qq backgrounds by
NNs, 2 each for e*e” & u*u” modes using 12 and -

P T TR o T e e e T |
0 01 0 03 04 05 06 07 08 09 1

14 input distributions BB NN oupu
€ Simultaneous fit o mgg and AE distributions  © ., " :
€ Use pseudo-experiments for validations "

N,

\\ vl

G. Eigen. FPCP13 Rio de Janeiro. 22/05/2013 25



ﬂ Search for B—n¢"¢ Modes

€ Perform simultaneous B4 Fit projections A
unbinned maximum

Bt — Ktete™

likelihood fit to the % % 40; 2
: : ; % P %
mes & AE distributions ¢ G 30, ¢
of B—omtét & B—nl¢t, S s S
separately foree-& ;| o 2
- mod S wererrererseirion S Qi SRS L R
wu modes K 524 526 5%82 K 524 526 5%82 K 524 526 5.%82
(GeV/es) Mg (GeV/icH) Mg (GeVies)
, co mEEmaTorlal | background
e Add B_)th'.é- mOde ¢ ;30_" ;>40_— """" T, - IIIIII!\IL\IRI—:
; o 5 I BABAR: hep- ex/13§3. 0 (2013F404R -
the fit to extract 7 7 30, 7 15 o
peaking background = S 2ol S 10]
E -:.-—--._L..-L"‘h-—. | E i"- : E 0E
€ Use vetoed J/w and 0 - p—— Y e e i N
-0.2 0 0.2 -02 -01,0 01 0.2 V\ 0.2 0 0.2
a e (o) AE (GeV) AE (GeV) \\ AE (GeV)
Y(2S) samples t .
validate fit and . S =
signal 10 background  K'/KOe¢¢ background

evaluate B— Kz ¢+¢- R*¢'¢ DACKG
hep-ex/1303.6010 (2013)
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ﬂ

€ Perform simultaneous unbinned
maximum likelihood fit to the

megs & AE distributions of B—n ¢¢
separately for e*e- & u*u” modes

€ Use vetoed J/y and ¢(2S) samples
to validate fit

€ Inaddition, perform fits for
® Isospin averaged - modes
B—ne*e and B—mu*u
® Lepton-flavor averaged modes
B—n=¢t¢, B—n'¢¢ and B—n ¢
® Isospins and lepton-flavor
averaged modes B—m ¢¢

G. Eiaen. FPCP13 Rio de Janeiro. 22/05/2013

new

[a—
i

—_

Events / ( 0.0025 GeV/c2 )

Events/ ( 0.025 GeV )

Search for B—n¢"¢ Modes

Fit projections

B® — nyypp”
T T

m

524 526 528
Mg (GeV/c?)

—

)]

|C:)|

BABAR

preliminary |

lllllll B g g diEEEN

AE (GeV)

Events / ( 0.0025 GeV/c?)

Events/ ( 0.025 GeV )

BY = npanp
L L N B

e S
PRI i

=

signal

524 526 5.28
Mg (GeV/c2)

AE (GeV)

combinaterial background
hep-ex/1303.6010 (2013)
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@B—m/n ¢*¢ :Branching Fraction Upper Limi

€ See no signal in any of

these modes Babax &

— BABAR
90% CL upper limit % = Belle E

LHCh
T T I new

€ Set 90% CL branching B->aie 5.9
fraction upper limits ool
BY-=n"d"¢ | o4
€ LHCb observed Bt—n*u*u B-sa'r 23
6.6
+ s ot + -8 . 0 ]
(B Al ) (24 +06+ o1)x1o N .
B->ne'e’ “111.0
€ Best limit for BO—nl¢¢ . .
o =1 W —11.
l (B+ o J'IJ()[r ) <bH.3x 10 (90%CL) B':'-?-‘.Ttﬂp.+|.l.' 6.0
_| . B-+';‘J[+|.l.+|.l._ -
e FIPST PZSUH'S fOI" B_)T] g-ré- Bﬂ‘}‘lﬂEJrE- 10.8
B'>n"a’e J
3 o 5 o + o+ - 8.4
€ Limits are within a B->n'e’e 12.5
factor 2-3 of the 0 5 10 15 20 25
SM predictions Branching fraction [107]

G. Eigen. FPCP13 Rio de Janeiro. 22/05/2013 : ' 28



ﬂ Conclusions

€ New BABAR B — X,y results
® Branching fractions are in good agreement with the SM prediction
® New A, is the most precise and consistent with the SM prediction
® New measurements on photon energy moments
® Set limit on charged Higgs boson m,, > 327 GeV @ 95% CL

€ New BABAR B—n/n¢*¢ results on branching fraction upper limits

€ Present B —Xy and B—X¢*¢ results are in agreement with the SM
® Largest deviations are < 30
=> Need higher precision to probe the SM

€ Significant progress will come from LHCb and Belle II

€ High statistics samples allow for studying new observables
=> probe new angular observables that help in revealing small
discrepancies wrt the SM

€ LHCb and Belle ITI will have the first shot at them

G. Eigen. FPCP13 Rio de Janeiro. 22/05/2013 29
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ﬂ B_>XSY Exclusive [

€ Various b—sy and b—dy exclusive |-~
modes have been measured by .

BABAR, Belle and CLEO el
€ B(B—py)/ B(B—K")yield | V,4/ Vil _‘:";’;”\:,3

K*(1410)°~

BB —py) _g |V

td
BB — K'y) "IV

ts

2 (. 2 2\’
mB - mp 2 1 R / o b /' (1400)y
C [ + A (p K )] ] KP(1400)~y
(mZ _ mi*) ——— <2 (1430)

B —am— <35 (1430)%~

£=0.85:0.1 (ratio of form factors) - e
AR(p%)=0.092+0.073 (higher-order correct.) |5 ==

e N 7" 7'y (N.R.) §

K5 (1780)%~

4 K3 (1780)+~

S is isospin factor 2oy B
€ BABAR/Belle average is =S
BB — (p.ow)y) =(1.3+0.23) x10° L« oo — .
-TW’“U,’T
€ VYield constraint on |V;4/Vi, |
* W
B_;(p/m)y = | o with baryonSEaiiE
‘/td 0013 —mgem——— s~ x1/10
S =0190+ ' 10015 th T T T T T T T T T
A 0014 (€Xp) (th) 0.0 40.0 80.0
e Branching Ratio x 106 31
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ﬂ Angular Distributions for B—K) ¢*¢

€ A results from interplay between C4(q*)C,, and C7CIO/q2

dAFB effr 2 mme eff / m. \ \ = >
s ke tar A S (e TL Y/ R
Shast el

€ Recent SM calculations focus on low g2-region

. 03—} . NNLO + QED
K VAl | e gac 1 ng*g QISET T ey
[ dAypp/dg :
02} » } ot0f
0.1+ ‘/ : 1 ' " 0
: 10 .- dA /g
LS 1 0.0

O((X'S) ’ ' e . ’_' \ 2 3 O(a 2) d‘{B,’,dqz _0_35?\\ ’/’,’\ 2 :
0.1 om0 q°,=4.2+0.6 S AR q%,=3.5+0.12
R 0} | -010F P 0 1
021 NLO . | st e (ww)
03| “ | 0 : 2 3 4 5 6
1 2 3 B 5 6 7 (]: ((_}C\':)

Feldmann & Matias JHEP 0301, 074 (2003) Huber, Hurth & Lunghi, Nucl.Phys B802, 40 (2008)

€ Inthe SM, A, crosses zero around g%, =3.5-4.5 GeV?
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ﬂ Semi-Inclusive A, Event Selection

BiType | Final State
1 BT — K57T+"y
2 Bt — Ktnl
3 B - Ktn—
5 BT - Ktnto—y
6
7
9

€ Use 16 modes for the A measurements

€ Maximize signal extraction with Signal Selecting
Classifier &*bagged decision tree with 6 inputs "o Kgrin!
® m(X,), pmn o, Thrust(B), AE/cg, Ry, Rs B0 3 Ko

® Trained on 5% signal MC with mgg> 5.27 GeV | 11 | B" — Kertnmaiy

Bt = Kgrtnly

> 12 Bt - Ktntn—nly

® good PID for n,K; K0, 0, n) selection 13 | B* — Kgrtao70y
14 BY » Ktntr—n—y

16 BY - Ktn— 070

€ Select candidate with maximum SSC 23 | BY o Ktn(s vr
= improved efficiency compared to AE selection| 27 | B°— Kty 4y)a

, 33 BT - KTK~ K™y
' Maximum Signal Selecting Classifier For Each Event 37 Bo N K_|_ K_K+7T_’y
- — i tly solocted
5 016 S ot etected 20-45 : : - ;
§ o X: & C
O 0.14}- BB — 0.4 iy
- I ccbaor @ = - e
z o uds £
Q 0.12 o %35 e S e ST
0.1_\I 0.3
0.08:_ 0.25 ;._-.'..9'.., .......... ...é., .........
0.0~ 0.15 g * Pl L ssg
- 2. 0.1 R S o R——— S———
0.02— o —r P - 7 : o~ H * A E Minimization
e e B s PN - H H
Comrr R, e TN ‘ 0.05FF - e '
0..'1'.441 ....... I e B o e e i T e L SR e . P | L .
0 01 02 03 04 05 06 07 08 09 1 :
resmnse 0 I — l A A L L l b A l W — A l T — l I T — l A
0 0.1 0.2 0.3 0.4 0.5 0.6 33
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£ B-X,y semi-Inclusive Analysis

€ Train separate bagged decision tree to separate true n° from fake n®

€ Use Background Rejection Classifier to
remove continuum background

€ Train random forest with event-shape
variables, e.g.

® Cones of p-flow around B direction
® Ly, L, L, of ROE along y direction
® L.,/L,

® |cos 67|, B flight direction (CM)
® |cos 07;|, thrust,- thrustyoe (CM)
® |cos 67 1|, thrust, - thrustyoe (CM)

€ Use X, mass-dependent optimization

for S/(S+B)Y/2 [ X, mass(GeV) | SSC | BRC
0611 > 014 | > 024

& loose K, IDs 1.1-2.0 > 0.22 | >0.38
2.0-2.4 > 039 | > 052
2428 > 0.48 | > 0.46

G. Eiaen. FPCP13 Rio de Janeiro. 22/05/2013
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'
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-
o
@

E

—

PR T B
0.5

1

maximum response

BRC output

107 -

signal

102 s

107 |

10+ .— — background mgg> 5.265 GeV
—--- background mg<< 5.265 GeV

10° = — off peak mgs > 5.265 GeV
— of f peak mgs < 5.265 GeV

10% |

107 =

0.8

)
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Angular Distributions for B—K®) ¢*¢

€ Results on F and Ag,

FL

s( GeV?/c*)

B — K*¢t¢—

BY — K*0¢pt+y¢—

BT — K*tite~

0.1 -2.00
2.00 — 4.30
4.30 — 8.68
10.09 — 12.86
14.18 — 16.00
> 16.00

0.2319:50 + 0.04
0.157%37 +0.04
0.321912 +0.06
0.4079 75 +0.06
0.43791%9 +0.09
0.5510 15 & 0.03

0.351913 £ 0.04
0.347922 +0.08
0.5070 1% £ 0.05
0.481913 +0.10
0.421912 4+ 0.11
0.471928 +0.13

—0.061% 1‘; +0.06
~0.197922 4+ 0.04

0.141% }3 +0.05
0.06192% + 0.05
0. 58+8 gg +0.06
0.71193% +0.03

1.00 — 6.00

0.25%5 5 &= 0.03

0.4775 13 +0.04

0.03%5 75 £ 0.03

s( Gev?/c?)

B — K*(t¢~

BY — K*Opty—

BT — K*T{T(~

0.1 —2.00
2.00 —4.30
4.30 — 8.68
10.09 — 12.86
14.18 — 16.00
> 16.00

0.147932 +0.20
0.40192% +0.07
0.15791% +0.08
0.36191% +0.10
0.3419% 1 0.07
0.341922 +0.07

~0.071920 +0.19

0211922 +0.11
0. 2o+g ;3 +0.08
0.35191¢ +0.11
0. 31t?,_i}, +0.13
0.341951 +0.08

0.45192% +£0.15
0.731927 +0.07
0. 06+3 gg +0.07
0.171933 +£0.16
0. 42+‘3, gg +0.09
0.17793 £ 0.11

1.00 — 6.00

0.177915 £0.07

0.027912 +£0.07

0.3179 15 £0.07
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