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B factory results

* b—ysy transition rates and photon energy spectrum

using a sum of exclusive modes (471x10° BB BABAR
preliminary)

B—K'¢*¢ angular distribution (471x10° BB BABAR
preliminary)

« B—K7¢°¢ rates and rate asymmetries (471x10° BB
_ BABAR)
e

Search for lepton flavor violation processes in B'—#
¢ ¢ decays (471x10° BB BABAR)

« Search for lepton flavor violation processes in B"™—D
LE
2

O\

("¢ decays (772x10° BB Belle)
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The B factories

BB pairs at Y(4S) resonance
with asymmetric-energy e’e

colliders

« BABAR and Belle have similar

detector designs

* Good discrimination power (@

2000

on charged particles,
esp. for K'/z*

 Precise measurement on
high-energy photons and
electrons with EM
calorimeters
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BABAR
Preliminary

B—Xy transition rates and

photon energy spectrum with
a sum of exclusive modes
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b—sy at a glance

* Flavor-Changing Neutral-Current processes, forbidden at tree
level in the Standard Model

7
« LO radiative penguin diagram M
« For photon energy EY>1 6 GeV 2, : oL

M/s/a_k et al. PRL 98 022002 (2007)
- SM-based prediction: [B(B — X,v) = (3.15+0.23) x 10~*

- HFAG average: |B(B — Xy) = (3.55£0.25£0.09) x 10~*
HFAG arXiv:1010.1589v3 (2011)

 New physics may enter the loop and alter the rates significantly

* Photon energy spectrum important for understanding the b
quark momentum distribution

- Distribution function helps in determining [V _|

. Spectrum fitted to find HQET parameters: m_and p

5/21/2012 5



Sum-of-exclusive b—sy analysis

. m__ fits to a sum of 38 exclusive X final states to extract signal yields

- The X modes consist of 1 or 3 kaons (with at most 1 X ), at most
1 1, and at most 4 pions (with at most 2 n’-s)

. We require 1.6 < E*y < 3.0 GeV for
photons in the Y(4S) rest frame

- With X, photon energy in the B rest
frame is accessible through:
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— Reconstruct K — T

18 m, bins from 0.6 to 2.8 GeV
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b—sy rates and HQET parameters

. The measured m _spectrumis =
fitted to two models for the z
. = 15
best-fit HQET parameter S
values: xS
0
Kinetic Model [1] Shape Function Model [2] 5
my |4.56810 050 CeV/c®  4.579T0055 GeV/c” -10
p2 | 0.4501005% GeV? 0.25710 053 GeV? 0
[1] Bensen et al. Nucl. Phys. B 710 371 (2005) T
[2] Lange et al. PRD 72 073006 (2005) -
« Compared to the world <
average (HFAG): :
Kinetic model Shape function L‘%
o [

my (GeV/c2)  4.591 + 0.031  4.62079939
p2 (GeV2)  0.45440.038  0.28810051

HFAG arXiv:1010.1589v3 (2011)

preliminary

BABAR ~T LT T

iE:
:

X_mass spectrum

th_IIII|IIII|\IH \I\I|IHI|IIII‘IIII|I\

-k

N ST I N A
00

fitted to the kinetic model
II018|H2|l||12|14|16|1|8|2 2|2|24 26I
my, (GeV/c
BABAR
preliminary

+'|'+++-I-

Photon energy spectrum

AT

_I_

i:g'l'f'llﬂlf'llf |[1|r1|r1|r]|r||[||r||r||r||r

2 21 2.2 23 2.4

« Partial BF results in each m, blns are combined for the total BF:
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B(B = X7)g,>1.06ev = (3.29 +0.19(stat.) & 0.48(syst.)) x 10~




BABAR
471 M BB

Exclusive B—>K™¢*¢- decays:
* Rates and rate asymmetries

- Submitted to PRD (arXiv:1204.3933)
* Angular asymmetries

~ Preliminary

- +
- / /
5 Ty‘< ) . WAM
- - . o o
b iﬁiﬁf{j{;ﬁ_‘ S b teu 5
W
q q 7 q
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« The FCNC b—st"¢ processes are
forbidden at tree level in the SM

« B—K7¢'t decays are allowed in the

loop and box diagrams with
branching fractions ~ 10

« Effective Hamiltonian HEﬁ
factorizes short-distance

C from long-distance
effects

 New Physics brings in

new loops:

5/21/2012

=

B—K"”¢"¢ decays: introduction

Standard Model
diagrams

HEff o ZCE'OE' b

1=1

10

9

v

Three effective Wilson coefficients contribute:
C_*" from y penguin (also in b—>sy processes)

C,*"(C ) from vector (axial-vector) part
of Zpenguin & W box

May be comparable to SM
contributions and alter C*" values

,,,,,

SUSY
v diagrams ~ .0

b wet

& X

5 b EES §




B— K¢t analysis details

Fully-reconstructed final states:

e K{'C: Ke'e,K'e'e, Kp'w, K''uo

K >7a'r
)

e KC°C: Kr'e'e, K'me'e, Kn'u'w, K'mwu'y, K'n’e" e (only for angular analysis)

e Seven s bins to be in line with

Belle/CDF/LHCD

 Two vetoed s regions due to
JAr & y(2S) domination

— Charmonium control samples

5/21/201
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VY BABAR 471 M BB
m CDF 6.8 fb™ (u'u only)
PRL 107, 201802 (2011)

20181 #) pt p-

o Belle 657 M BB B F f B K ( f f
PRL 103, 171801 (2009) S O >

e LHCb 0.37 fb (s only)
arXiv:1112.3515 (2012)

0.6

. . © Tt [Kee partial BFs 'BABAR -

» Total branching fractions 3% os- arXiv:1204.3933
- ) a Jw  w(2S) ]

B(B— K(TI™) = (47+£0.640.2) x 107", D 04 -
B(B— K*(T(7) = (10.2712 £0.5) x 107", g 03 E

T U -

L C _

BABAR| 5 024 T e

e PR o ==

= e . N

Ali "02 AP T — | | N

PRD 66, 034002 (2002) cf _::”1'2 K{'¢ partial BFs ;

- KT [[]zhong 02 8 ) _E

IJMPA 18, 1959 (2003) NY ]

. R B x 1( g n
0 15 2 2.5 “; B
Branchlng Fraction ;":'Q E

1B ]

[11] ]

. o
.
o
K

0 )

* Ball & Zwicky, PRD71, 014015(2005), 10 15 )
PRD71, 014029(2005); SM based pr'edlchons with s (GeV'/c?)

Ali et al, PRD 66, 034002 (2002). Uncertainties * (solid lines)
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Rate asymmetries of B—K™¢"¢

qk» — BB — K" ete) — BB — KW Ry = B(B— K™ putu)
& BB K e-) + BB — K)e+i-) B(B - Kete)
?5 05: | T | i gx 22_ _
< - + B KI'T | o 1+ B— KI'T y
0.45— J/LIJ L|J(ZS) g 2;_@_ . —:
0.3 5B K*I+|- ] 18l B— KTl E
- : B Jyp w(@s) ]
01; = 14:_ Y —
- J : B
OZ ] 1.2 —
: i -
0.1 E 1
'022_ = 08:_ —
C = ¥
03 E 0.6 .
04 BABAR- 0.4r BABAR:
- | arXiv:1204.3933 a L L arXivi1204.3933
03 5 10 15 20 0 5 L 15 20
s (GeV?/c?) s (GeV?/c?)
* Direct CP asymmetries agree  * Lepton flavor ratios agree
with null expectation (SM) with unity (SM)
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B— K" isospin asymmetry

AK(*) B(B' =KW ¢ )—r, B(BT =Kt ote)
| B(BO—K )0/t (=)+r B(Bt—K)ti+0-)

V BABAR 471 M BB
arXiv:1204.3933

o Belle 657 M BB
PRL 103, 171801 (2009)

rr =Tpgo /T = 1/(1.071%£0.009)

<

* |n the SM, the isospin asymmetries
are expected at O(1%) *

* Feldmann & Matias, JHEP 0301, 074 (2003).

* Below Jiy (0.1 < s<8.12 GeV?/c?)
measure:

5/21/2012

AP (B — KT em) = —0.587032 £0.02
AP (B — K*tte7) = —0.257)77 +0.03

Consistent with SM predictions at
2.10 and 1.2c0 levels respectively
and agree with Belle results
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See Nicola's talk on LHCb A results

15'29

s (GeV°/c?
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6,: K angle in K’
rest frame, K
polarization

>
VA

Fitting to lepton & K
1 angular distributions
to extract F and A _,

6 : lepton angle
between I'[I'] and
BIB] in I'l' rest
frame

- F : Fraction of longitudinal polarization of K

1 dlr
° [(s) d cos Ok

. A_: Forward-Backward Asymmetry of £°¢

1 dr
® | I(s)dcosb,
5/21/2012

_ %FL(S) cos? O + %(1 — Fu(s))(1 — cos k)

= %FL(S](I — cos® 6;) + %(1 — Fi(s))(1 + cos® 6;) + Agg cos b
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B—K"™¢"¢ angular

observable: FL

BABAR 471 M BB:

mK¢t VK%Ur AKCr

® CDF 6.8 fb™ PRL 108, 081807 (2012)

O Belle 657 M BE PRL 103, 171801 (2009)

0 LHCb 0.37 fb™ arXiv:1112.3515 (2012)
- --- Standard Model

« Agreement with Belle/CDF/LHCb results

" BABAR
1 - { preliminary | -
0.8 y(2S) -
S,y i
0.6 0 &l
L ] T _
N e DR AR = E
“J Y * X | ¢ .
0.2 5 * ]
£ il f
Nk :
041 -
0I | I2 [ I4I | I6I | \8 10I | \12I 14.I I16\ | I18\ [

s (GeVZc?)

2 4 6 8 1‘0 1‘2 1‘4 1‘6 1‘8 20
q? (GeV¥c?
Ali et al. PRD 61, 074024 (2000)
Buchalla et al. PRD 63, 014015 (2001)
Ali et al. PRD 66, 034002 (2002)

e Most preCise non-LHCDb results to date Kriiger et al. PRD 61, 114028 (2002)

Kriiger & Matias PRD71, 094009 (2005)
Ball & Zwicky, PRD71, 014029(2005)

« Some discrepancies with SM in the low s bins below J/w

5/21/2012
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—

“eT¢ angular

observable: AFB

s (GevZich

* Most precise non-LHCDb results to date

m T I I 1 I I T I
|18 _ I
q BABAR BABAR 471 M BB: )
1 Timin: i mKt VK%tC AK'Cr
preliminary ® CDF 6.8 b PRL 108, 081807 (2012)
0.8 J / v(2S N O Belle 657 M BB PRL 103, 171801 (2009)
A \lf $ - O LHCb 0.37 fb™ arXiv:1112.3515 (2012)
0.6 7 J' ] - --- Standard Model
0.4 N d]¥ AERNE
. = o8k .
o T .Y 1 os-OM  C=C;M
0.2 v t i [E J 0 I . R ——
1 o 025w,
0 I:] | ‘é'-: _00 ", |
1 02 *
= 0.4~ S LTI L Lo
0.2 1 o o
| 08~ -SM (__.9(__.1[}:—(__.t_?)(__.l[]SM
0.4 0 Y34 6 8 10 12 14 16 18 20
0 2 8 10 14 16 18 ¢(GeV'/c)

Ali et al. PRD 61, 074024 (2000)
Buchalla et al. PRD 63, 014015 (2001)
Ali et al. PRD 66, 034002 (2002)
Kriiger et al. PRD 61, 114028 (2002)
Kriiger & Matias PRD71, 094009 (2005)
Ball & Zwicky, PRD71, 014029(2005)

« Agreement with Belle/CDF/LHCb results
« Some discrepancies with SM in the low s bins below J/w
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Search for Lepton-Number

Violating processes
* Belle: B*—D¢*¢", 417 M BB
PRD 84, 071106(R) (2011)
* BABAR: B'—Ir("t*, 772 M BB
€ PRD 85, 071103(R) (2012) e

5/21/2012
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Lepton-Number Violation:
introduction

In the SM with massless neutrinos, lepton number L is
conserved in low-energy collision & decays

« Evidence of Neutrino oscillation — Massive neutrinos — Lepton
number violation

* Are neutrinos of Majorana type or Dirac type?

e Search on meson decays an alternative to double-beta decays

Ovpp

AL = 2 processes via Majorana neutrinos ¢* P

o
B
3

£l

5/21/2012
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D

o S
B'—D ¢t upper limits

* D" meson is reconstructed through D—K7'7

* 90% C.L. upper limits (UL) on the BFs in different modes:

Mode € [%] Ny NOE U.L. [1076]
Bt — D e"e” 1.2 0 0.18 = 0.13 <2.6
BT —D e pu” 1.3 0 0.83 = 0.29 <1.8
BT —=D u u” 1.9 0 1.10 = 0.33 <1.1
61 °F BELLE, PRD|84, 071106(R) (2011)
% 52D fit in the D°y'y" mode = 5F ’ ’
= C % g
2 4f 1 = 4 1 + 4 + 4
C od o
S 3t - l l T < 30 + +
(7] C o o
‘ﬂE‘1 2 b S 2H
= - "4, - i ferbuuns
bl il E ey
0 C_ L 1 | L 1 1 | L 1 f | L L L | 1 0 C | 1 L | 1 L 1 | L
5.2 5.22 5.24 5.26 5.28 -0.2 0 0.2
M, . (GeV/c?) AE (GeV)
ﬂfbc ~ \/Eggam —Pp *BE AE = Eg _ Ebeam
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e Event selection similar to
K7¢'¢ analysis

e 90% C.L. UL in four modes:

® Mode B (x107%) By (x107°) e
Bt w7 ete™ 027715 40.1 2.3 =
Bt - K etet 0.49753+0.1 3.0 - £
Bt - ptpt 003751406 10.7 R R w
Bt - K—ptpt 045732404 6.7 o (GeVic?)
] Related to the Majorana
e Other experiments: neutrino mass ?ﬁ

CLEO, PRD 65, 111102

. CLEO:BF(B'Shet'y< (1.0 — 8.3)

: ' bl Cb
x 10 h=n K7, p BABAR is comparable to LH

LHCb, PRL 108, 101601 (2012); arXiv:1201.5600 with the most stringent
e LHCD: BF(B+—>XILL+/1+) <1.3x 10-8 constraints
—2.6x10°

. ] y Best electron channel results
X =D D, x,D’n (wl/ 41 pb™)
5/21/2012 ’ 20



Summary

« BABAR and Belle are still active in the field
« Capability of inclusive analyses
* Five new results are presented in this talk

* Generally good agreement with SM, though
some discrepancies exist for B— K ¢
angular asymmetries

* The current B factory results are limited by
statistics

e LHCb and future B factories are needed for NP
searches

5/21/2012
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The BABAR experiment

25
= ~
E - ? Y(1S)
Z i _
sk g BB threshold
® o T(25)
T Lo
T wF - Y(3S)
II:l.l r. ' II'. -
tha 5 L I'I . . J’J \.Y T(4S)
(o) . ek N ,.,_-_.“.“.;-0""--_'. i
c9’.44 946 1000 10.02 1034 1037 1054 10.58 1062
Mass (GeV/cz)
15T

K/m sep. @3.40
for p<3.5 GeV

o(p,)/p, = 0.13%-p, ® 0.45%

Layout of the BABAR Detector

TM & @ Nelvana

850

800

700

Pr.b (GeV/e)

24



Belle De:[ector

T
_—— <\ Aerogel Cherenkov cnt.
_ % n=1.015~1.030

SC solenoid % . 7S
< Nl

1.5T L i . |

e "
L 2
I ;
i.--'-:
n -

| 3.5GeV et

e
- bees

.{1
%)

= _Ild
LR} LREREE "
= "-I'I.l.-'--|. e,
3 'I LA - l'I.-.
; “ile il T ; "
el '_'.
1

AL
b REA L

s

CsI(TI) 16X, x‘?

TOF counter

'fﬁ king + dE/dx
small cell + He/C,H,

| i

u/ K, detection

SIVIR Ung 14/15 lyr. RPC+Fe

3 lyr. DSSD
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D
o

BELLE

Common experimental techniques

(&

inematics of fuIIy reconstructed B |

~

Background discrimination

2 :: : | | £ - Suppression by multi-variable classifiers
w0 | i A \/ “veam — VB based on event-shape variables:
i Mee ! Fisher discriminant. Boosted Decision Trees
| | ] AE=E,-E,,,, (BDT), neural networks, random forests
= 100 - : _ ': B | eTe + T{(458) — BB € ' * g
"niMe T R AE o :
mE o | E — Topology: '?é' ;E?I'FL'
i ey ph ~300MeV /¢
75 — e !.’

" “}u‘h -‘:T} L :b i 2 hn‘-;::hr: F - _TI-I.-IH R .;I.“U y Angular {Eb-)-( 1_< FW q
i 3, )| distribution: Bl ¢ T
K/tr separation  Zos o) ISINOULION: ™ 5 5 3 p-wave °| 12123 s-wave

Very good 2
particle ID e Strongly discriminate continuum events
between 1.5 (e’e'—=qq (9 =u,d,s,c)
and 4 GeVic (  Background from B decays
J \

Y4

AN

5

-

Variables are often combined to a likelihood function, used in a maximum likelihood

fit for signal/background separation and to measure parameters of interest

J




Details on sum-of-exclusive b—sy analysis

 Two types of signal MC events generated:
K'(892) region (m, < 1.1 GeV)and inclusive

region (1.1 <m _<2.8 GeV) 38 X_final states:
e Flat phOtOﬂ Spectrum in the inclusive region Mr.aflc-l:\'um, )l::lIIELLSta'itU I\Io:ileéé\'unl, ?ill;lLStjl'tLl )
. . . ST 5T W T
during signal generation > Kt S
. ) 3 KTa™ 22 Ksntan'z°
* Allows us to reweight for whichever model ;| g 23 K™y
we like 5 Ktatn™ 24 Ksn
6 Ksnta® 25 Kgnrn*t
« Using random forest classifiers to reject the T Ker % KTy
I . : 8 Ksgm¥nm™ 7] K™nn™
background, optimized in 4 m, _regions A % Koy
_ 10 Ksn'n® 29 Ktnntn™
 Fragmentation study and models 11 Kerntrrt 0 Kegrtn®
12 K*ntn 31 Kgyntn™
» Grouping the final states by topology and 18 Ksr'z'x' 2. Kfyeow
iteratively correct signal + cross-feed to . e
data until they agree 16 Ktra'a %5 KTK Kstt
] ) ) 17 Ktote ntn 36 KtK-K*7°
* Included in the systematics using several 18 Kertaata®| 37 KYK Ktro
models for quark hadronization 19 K'a'naa | 38 KTK Ker
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