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Q}f New BABAR Results in 2012 b\
s

Study of B—=X,, v with 347 fb! using a fully inclusive method

® y energy spectrum and y energy moments
® CP asymmetry

€ Study of B—X,y with 424 fb! using a sum of exclusive modes
® Yy energy spectrum

€ Rate analysis of B—K¢¢ and B—K" ¢¢ modes with 424 fb-!

® Isospin asymmetries
® CP asymmetries and Lepton flavor ratios

€ Angular analyses of B—K" ¢¢ with 424 fb-!

® K longitudinal polarization
® Lepton forward-backward asymmetries

€ Search for lepton-number violating processes in B*—K* ¢'¢ (S. Robertsen)

BABAR: arXivi1202.3650 (2012)
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11 Introduction

€ B—X,y & B—=K® €*¢ are flavor-changing neutral current
(FCNC) processes, forbidden in SM at tree level

€& Effective Hamiltonian factorizes short-distance
from long-distance effects [O(os)]

€ 3 effective Wilson coefficients contribute

b

b
® C.*ff from EM penguin diagram o
|C7eff| ~0.33 from B(B%XSY) 7 7
® C,°ff from vector part of electroweak diagrams AR
® C,,*ff from axial-vector part of EW diagrams
W Y w*
€ New Physics adds new loops with new particles T
= modifies SM values values of C¢ff, Coeff, C,eff _ ]
= introduces new coefficients Cs and C; : !
€ Need to measure many observables Pl /X\ /z’%
to extract complex Wilson coefficients ———— —Ao—d— Lo

i Probe here New Physics at a scale of a few TeV
2.3 6. Eicen. ICHEP12 Melbourne. 1310712012



g B—X.y Analyses ﬂ

.;,[=‘.

B —X,y is largest EM FCNC loop process L

=
€ The SM prediction at NNLL (4 loop) is T o H'HLL: >

BB — X y) = (3.151 0.23) x10* (E, > 16 GeV)
Misiak et al., PRL98, 022002 (2007)
€ The shape of the photon energy spectrum is important for determining
the b quark momentum distribution

€ The shape function is similar to that in B—X ¢v and thus helps in
determining |V, |

€ In the kinetic scheme, measure m,, energy moments, and HQET
parameter u_2 (kinetic energy of b quark)

€ The B —X., y CP asymmetry is sensitive for new physics processes

€ BABAR updates results on

® fully inclusive analysis (383+4)x10¢ BB events
™ ® semi inclusive modes (471+1)x10¢ BB events
%7 G. Eiaen. ICHEP12 Melbourne. 13/07/2012




%’ Inclusive B—X.y: E, Spectrum 0

Measured background
subtracted E, spectrum

€ Tag recoiling B via Xe*v or Xut*v decay to
suppress continuum background

€ Use optimized n° and ) vetoes, E, .. 5 oo hy. -
and 2 neural networks (for e, u each) 5| -}- % !
based on event shape variables £ + H-TL | BuBar -
€ Signal efficiency is g, ~2.5% compared to T
€ continuum=0-0005% and €;3=0.013% " * efGey) *

€ Estimate remaining continuum background Partial bmnChmgfmc*"’"
from qq continuum sample [ |

-

(B - X, 47107 per 100 MeV
&

T T T T | T T T T ]

I; =y |

€ From measured E, spectrum yield branching

fraction after cor'rec‘rmg for calorimeter
resolution, Doppler smearing and g;g,q

BABAR

ﬂ preliminary
—

| + L I /. IR T TR TR S NN N N R N1 ; |
) 1.6 1 7 2 2.2 24 26 2.8
E? (GeV)
HFAG BB —-Xy)-= (3.55 +024 =+ 0.09) %107 Kinetic model with HFAG averages
/ G. Eiaen. ICHEP12 Melbourne. 13/07/2012 HFAG: arXiv:1010.1589v3 (2011) 5

<

BB—X)-(321:015 029 +008 |x10* (€ >18Ge




§_Inclusive B—~X,y: Energy Moments

€ Total branching fraction from BABAR, joow| e B
Belle and CLEO for different E, selection RS ———— -
are in good agreement 1.9Gew AR

€ Measure energy moments
1.7GeV

(E,)-(22670019, +0032 =0003 |6eV (E >186eV) 2z 25 Y DU
Y stat sys mod Y

B(B — Xsyy10*

2
<(E —<E >) > _ (0.0484 +0.0053 +00077 +0.0005 )GeV2 (E >18 GeV)
Y Y stat sys mod Y

CLEO: PRL 87, 251807 (2001)

Belle: PRL 103, 241801 (2009
€ Energy moments from BABAR, Belle and CLEO BABAR: PRD 72,052@0(4 (zog,s)

for different E, selection are consistent

T T T T

' » — '
2.0GeV %ﬁ‘;.ﬁ‘éﬁ T 2.0GeV wacs lgﬁgﬁﬁﬁ
2 as - @ this analysis
1.9GeV — 1.9GeV g 1 BABAR semi-
- a— S S inclusive
1.8GeV e 1.8GeV — A Belle
E— X CLEOQ
1.7GeV . Ao | 1.7GeV | —- :
22 2.25 23 5 235 24 0.02 0.04 0.06
(ED) (GeV) (EF)-(EP?(GeV®)

,,g) G. Eigen, ICHEP12 Melbourne, 13/07/2012 6



%1“ Inclusive B—=X_y: A and New Physucs ﬂ

€ Determine B/B from the tag charge o
- - PRL 97171803 (2006)
€ Define CPasymmetry S—
A B e B(B — xs+dY) _B(B — Xs+dY) mhadmmg‘ _PRD 77| 051103 (2008)
CP s+d B(E s Xs+dY) + B(B . Xs+dY) N Tg_ PR186, 5661 (2001)
€ Measure Ay after correcting for s BiBAR Lo i
Char'ge blas Gnd m|ST099|n9 0.4 0.3 0.2 0.1 0 0|.1 012 0.|3 0.I4
— Ace(B = Xa)
A,(B—=X_v)=0057:006_  +0018 P e
| BAR |
€ Extrapolate corrected B(B—Xy) from il ]

E,>1.8 GeV to E > 16 GeV (1.033+:0.006)

BB — X y) = (3.31 +016+030+ 0.09) «10™
HFAG: arXiv:1010.1589v3 (2011)
€ Use this result to constrain new physics

in ’rype IT two-higgs doublet model _
, < 327 GeV is excluded at 95% CL R

mdependen’r of tan f3 - :
5 G.Eigen. ICHEP12 Melbourne. 13/07/2012  Haisch: arXiv:0805 2141 (2008)

600+

My-(GeV]c?)

400+




%‘ B—X.y Semi-Inclusive Analysis ﬂ

Hadronic mass spectrum

€ Use sum of 38 exclusive X .y modes

with ¢4z (27°), 13)K (<1K%), <bn % =F [ T
NO 25;_ . preliminary _;
o ER 3 20 +T l E
€ Measured my, is fitted to kinetic = "= E
and shape function models =3 & - | D 3
BABAR |kinetic model | shape function model £ SE E
2 +0.038 +0.032 y= .
m, [GeV/c?] [4.5682%%¢ 4579002 £ :
u® [GeV/c?] p.450° > 0.257°3°% 10E Fit to kinetic model E
Benson et al., Nucl.Phys B710, 371 (2005) 06 08 112 1ATIe 18 223 24 26 28
Lange et al., Phys Rev D72, 073006 (2005) my, (GeV/c?)
World average |kinetic model | shape function model ~ Photon energy spectrum
2 +0.039 % =
m, [GeV/c?] [4.591=0.031 [4.6207°% .
u? [6eV/c’] P.454+0.038 |0.288:9% S
HFAG: arXiv:1010.1589v3 (2011) L E 20_ | —— i +ite, .
€ Reconstruct X2 € - 32 | — ‘ -
! mB § 0;__|_ -
€ Sum of partial branching fractions =

19 2 21 22 23 24 25 2.)6

in each my, bin is summed to
to yield total branching fraction B8 -X y)=(3.29:0.19__ +048_ )x10*

’ G. Eiaen. ICHEP12 Melbourne. 13/07/2012
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S

3 Analysis Methodology for B—K) ¢*¢- @\

= Fu”y reconstruct 8 B—K® ¢¢ final states (471)(106 BB) Hjj<l
V.2 -

® K, KO, K%, or KO m* recoiling against e*e or uwu-
® Select etwith p>0.3 GeV/c; ut with p> 0.7 GeV/c

® Require good particle ID for e, u, K, «; W
select KO —n*n 7 7
€ Utilize kinematic variables m - |=2-p7| and AE:E;_% oo
Wﬁ%ﬁv{
€ Suppress combinatorial BB & qq backgrounds with b s
8 boosted decision trees - -

€ Veto J/y and ¢(2S) mass regions and use vetoed samples as controls
samples for various checks

€ For rate asymmetries do 1D (2D) fits in mgs (myx) for B=K® ¢,
for angular analyses fit mgs and 1D angular distributions

€ Use pseudo experiments to study performance

) All analyses are blinded
%3 G.Eiaen. ICHEP12 Melbourne. 13/07/2012




B—K®)¢*¢ Branching Fractions ﬂ

" dB(B—K¢t¢)/ds  Baar -

II|

preliminary _—|

€ BABAR B,,; measurements o MF
+ - -7 % 05:_
BB —=Kr'r)=(47+06=02]x10 8 Tt
S 0.4
* by +14 -7 o) =
BB —~K'r') = (102742 05)x10 7 03 i
B o024 =
g oz == T
KT o 0.1;-
e F
[]Aii02 o 190l
PRD 66, 034002 (2002) L a J_
N KI*T [ zhong 02 8 / ;\
_ 5 IJMPA 18, 1959 (2003) = 0.81
L el e, X110 2'66:
0 0.5 1 1.5 2 2.5 —~ WM-OL
Branching Fraction L ,'0 Al
E "’ . E
©/ 02
JE

€ BABAR total and partial branching | /g—3
fraction measurements are in good |
agreement with results from Belle, ~

CDF, LHCb, and the SM predictionsSM based prediction
Ali_ et al PRD 66, 034002 (200 plus uncertainties

2
Ball and Zwicky, PRD 71, 014015 (2005); (solid line) from

\ ibid 014029 (200 :
7/ G. Eiaen. ICHEP12 Melbourne. 13/07/2012 Form factor models

b b beec b e e b b b e b

10 15 2'g

s (GeV?/c?)

V BABAR 471 M BB
m CDF 6.8 fb" (u'u only)
PRL 107, 201802 (2011)
o Belle 657 M BB
PRL 103, 171801 (2009)
e LHCb 0.37 fb'(u"u only)
arXiv:1112.3515 (2012)




B—K®) ¢*¢ Rate Asymmetries 0

4 BB—-K ) -BB—-K 1) € 5 _BEB=K wu)
A =—= " = kO ) ot o s2(2*m,)’
@ BE—-KOrr)+ BB KO ) B(B —K"e’e’) ¢
BABAR: arXiv:1204.3933 (2012)

a g | I I 5 I I I T3 2. 2T L AR5 L B 555 S I I I I
<08 E: B 4 2 | iR
0.6 o E 1.8¢ o E
04F 1 ER - L2
0.2 o] - = b E
o——t | + ERE . E
02e ] . 1 o8k . E
-0.4F ! E 0.6F . =
-0.6¢ 2 Eg'i: N BABARKIl 0.4F f el E&: =
-0.8F B o * BABAR K*Il —: 0.2 Tl 2 : ::::: z"" =
ST S5 3 E ! it S5 3

-b 2 4 6 8 10 12 14 16 18 20 22 OO 2 4 6 8 10 12 14 16 18 20 22

s [GeVZ/c?] s [GeVZ/c?]

€ All Apresults are consistent with ¢ Al R, « results are consistent
zero =>agree with small SM value with unity 2agree with SM

Kobdh < % TRIES o7 106> o8y Ali et al., PRD 61,7074024 (2000)
A_(B—Kr)=-003x0142001 R (B—K¢17)=100°% +0.07

-0.25

A (B—K'rr)=003+013:001 © All s R.(B—K'rr)=113°% +0.10

-0.26

" BABAR: arXiv:1204, 3933 (2012) 11
/ G. Eiaen. ICHEP12 Melbourne. 13/07/2012 c¢/f Belle: PRL 103. 171801 (2009)

€ Alls




B—K®) ¢*¢ Isospin Asymmetry £\

. . - BABAR: arXiv:1204.3933 (ZOiZ)
PR Gl S LSS0 1V 7 R T
- B(B® =K1 ") +r B(B: — K1) Cg . I R 3
Pt /T =1/(1071:009) 05_ _
: of :
€ Inthe SM, A;is exPec’red at O(+1%) - E
Feldmann & Matias JHEP 0301, 074 (2003) : :
1 £
€ Below J/(0.1¢<s<8.12 GeV?2/c*) A5 : E
BABAR measures: P TN . TN T

, o2 2746 8 10 12 14 16 18 20 2
AIOW(B — K0 rm) = —0.584:0'.37 +0.02 S [G6V2/04]

low * o+ - +0.17 = 2:"'["']"'|' l”'l""l'i'fl"'l" [rrT

J4T (E;'_>|< é g ) ==—4).255_020 i:Cl()3 <( 1.55; €§3£E%SI<*eZ

|

€ This is consistent with the SM
at the 2.1 and 1.20 levels

Y

o
o O
|I|lll’l IIII|lIII|III
IllllIllllIlIllIlIlIllIlIllllIlIllI

. 0.5
€ WA confirms low A; at low s §
\.: ! W BABAR
15 =

. ® world average]

€ BABAR results agree with L @ wordmeage
those from Belle and LHCb 10 12 14 16 18 20
s [GeV“/c]

= WA: new BABAR, Belle, LHCb BABAR: arXiv::1204.3933 (2012)
Belle: PRL 103, 171801 (2009) 12

’ G. Eiaen. ICHEP12 Melbourne. 13/07/2012 LHCb: arXiv::1205.3422 (2012)
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Angular Observables in B—K" ¢¢ ﬂ
0, angle of ¢

0, angle of K*
" and B in K
rest frame
0 GK
and B in ¢¢

rest frame '

€ Fit to lepton and K angular distributions to extract K longitudinal
polarization fraction 7 and lepton forward-backward asymmetry A-;

e F: W(coseK)=§J-'L<;os~’-eK+§(1—y-'L)sin~’-eK
e A, W(cos6 ) =2 F sin®6, +2(1- F )(1+cos®6,)+.A_ cos6,

Ali et al., PRD 61, 074024 (2000)
Bobeth et al., JHEP 0712, 040 (2007) 13

> G. Eiaen. ICHEP12 Melbourne. 13/07/2012



%BeK ¢'¢ Forward-Backward AsymmeTry AF@\

== BABARAF measurements @ [TTTTTTTTEEETTII
in B—=K*¢¢ are the most < 15p &=-6"
precise except for LHCb 1
results (K u*tw)

1 ll T I |
| BABAR -
# world average _|

i
|
I
|
I
|
I
|
I
|
I
"
I
|
I
|
I
|
I
|
I

. =
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€ Results from BABAR, Belle, |
CDF and LHCb are in good 0 ! 72
agreement 05 S > Babar

Nl LA b b

. : “2776 8 10 12 14 16 18
€ Results are consistent with s [GeVZ/c)
the SM, but do not rule out
CDF: Note 10047 (2010)

the C,=-C-°M model : : , Belle: PRL 103, 171801 (2009)
Va7, =2>WA: new BABAR, Belle, CDF, LHCb L;Ceb: arXivi1112.3515 (2012)

o

0

N 2/pr2 Ali et al. PRD 61, 074024 (2000)
€ Inlow mass region (1<s<6 GeV?/c?) measure £ et al BRD & 07402 00 000)

Ali et al. PRD 66, 034002 (2002)

. + +0.27 + Krii t al. PRD 61, 114028 (2002)
BABAR' AFB(B K e ) 0. 26_0 30 0.07 K:ES::Z I:\'a'l'ias PRD71, 094009 (2005)
C. Bobeth et a/. JHEP 1007, 098 (2010)
world average: A%*(K'¢£)=0.117%  SM: 0.05°% (1<s <6 GeV/c*)
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%' K* Longitudinal Polarization F, in B—=K"¢¢

€ BABAR 7, measurements R =an

Tl T 1 S AR
in B—K" ¢¢ are the most 0.8 SM o L E
precise except for LHCb F o - -
results (Ku+u) 0.6¢ o +‘;

0.4 S E

€ Results from BABAR, Belle, 09 + L i -
CDF and LHCb are in good “E + e 5 (oS
agreement OF L | T
-0.2~= BABAR > & pped

€ Results are consistent with 0. 4:_,fl"l°,"f’ N . T AR =
the SM, but do not rule out 0 2 4 6 1012 s 161G 20
the C,=-C,5™ model s [GeV'ic]

2 WA: new BABAR, Belle, CDF, LHCb cbdF: Note 10047 (2010)
, Belle: PRL 103, 171801 (2009)
€ Inlow mass region (1<s<6 GeV?/c?) measure LHCb: arXiv:1112.3515 (2012)

BABAR: F -0.25°%:003

-0.08 C. Bobeth et al. arXiv:1006.5013
Kriiger & Matias PRD71, 094009 (2005)

world average: 7, =0.41=0.06 SM: 7% =0.7377 (1 <s <6 6eV®/c*)

-0.23

15
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Conclusion D\

€ New BABAR B —X_y results
® branching fractions from inclusive and semi-inclusive analyses
are in good agreement with SM prediction
® CP asymmetry is consistent with zero
® New measurements on photon energy moments
® New measurements on m, and u_ 2
® Set limit on charged Higgs boson m,,, > 327 GeV @ 95% CL

€ New BABAR B—K(*)¢*¢ results
® Partial and total branching fractions are in good agreement with SM
® CP asymmetries and lepton-flavor ratios agree SM prediction
® TIsospin asymmetry is consistent with SM, but is lower at small s

® A-;and F| are consistent with the SM prediction, but do not rule
out flipped C, (C,=-C,°M) model

€ Significant progress will come from LHCb and the Super B-factories
=>idea: probe new angular observable that help in revealing small
discrepancies wrt the SM

4 16
725 G. Eiagen. ICHEP12 Melbourne. 13/07/2012
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B—X.y: Corrected E,

Spectrum ﬂ

€ First, correct measured E, spectrum : L danal | BaBa -
for selection efficiency ’rai«ng INto eoomol region prolminary
account the additional correlated A S ]
errors between the selection & aoooo %++ 5
efficiency and background es’rima’rion% i s 1 ]
gzoooo_—'_H 4 —_

€ Next, unfold the resolution o 1
smearing and correct resultant o g
spectrum for detector acceptance e e 2 22 'zfg";e'?é \',)'z.'s

e

error bars: statistical and total (stat +
sys+model added in quadrature)

€ Resulting E, spectrum still includes /’
Doppler smearing
=> this spectrum is used for comparison ey range (cev)

Change (events)

3 E; true Bing Ef Bins
WlTh Theory 1.53 to 1.60 2221 220.2
1.60 to 1.70 190.6 191.0
1.70 to 1.80 261.1 261.6
€ Dominant uncertainty in the bins of 150 to 190 i s
. to 2. . .
the unfolded EY SPZCTI"U’T\ result fl"0m 2.00 to 2.10 622.9 622.2
: o/ 2.10 to 2.20 640.3 658.5
a shift of photon energy scale by +0.3% 21022 03 55
2.30 to 2.40 528.7 598.9
2.40 to 2.50 1184.2 1292.5
2.50 to 2.60 1080.6 967.6
2.60 to 2.70 490.8 4757 18

’ G. Eiaen. ICHEP12 Melbourne. 13/07/2012




% Angular Distributions for B—K) ¢t

€ A; results from interplay between Cy(q°)C;, and C7CIO/q2

d‘AF o m m i / m . \ m. \ =
g " RelG VA TR | V] ”L il

7™~ form factors -~

€ Recent SM calculations focus on low g?-region

* v 03[ ' ' ' ' ' ] - NNLO + QED
K e+e dAF‘B/d(IZ ’ XS e+e 0.15F T " T
0.2} - 0.10fF
i LO/,V"'/ ] dﬂ/dqz 005}
0 s 0.00 //
(o) g Oa.2) 48/ A ,
) _ 3 — P’ 2 = \ 47 2 =
Bl ‘:*-" > q 0-4.210.6 ( S ) ok \ y q 0—3 5"‘0 12
=0At NLO 5 st Ne® (Mlj )
-03 ¢t q 1 0 1 2 3 4 6
1 2 3 4 5 6 7 ¢ (GeV?)

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

€ Inthe SM, A_; crosses zero around q°; =3.5-4.5 GeV/?
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