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Moving from one phaseto another
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Status of the unitarity triangle
(presented at ICHEPLO, Paris)
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What about the data size?

Integrated Luminosity(cal)

» Thetwo experiments

/> 1.0 ab* have collected alarge

On-resonance samples:

45: 711 fb sample of

_]15S8:121 fb?

35:3.0 fb? u B_B pal I'S

2S: 24 tb?
15:5.7 fbot d D mesons

Off-resonance: 87 fb!
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1 On-resonance samples:
1 45:433 fp? 4 other Y'(nS)

138:30fb?
12S:14 fbt

Off-resonance: 54 fb!

201071

» Allows usto look for various exotic, including LFV and LNV,
decays of B, D mesons and t lepton

09-09-2010



Sear ch for the decay B® — yy
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» Favor changing neutral current (FCNC) transition involving
electroweak |oop diagrams

» BO decay is suppressed by |V,4/V.{? (= 4%) with respect to that
of B¢ (replace d with s quark)

> SM prediction for branching fraction(3.1+$¢) x 107%

—1.6 JHEP 0208:054 (2002)

» New physics scenarios, e.g., extended Higgs Sector ero ss, osso14 (1008)
or SUSY with broken R-parity can significantly enhance the BF

PRD 70, 035008 (2004)
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Recent resultsfrom BaBar

» Signal yield extracted from a 2D unbinned maximum likelihood
fit to mgg and AE

Nsg = 2137175 £ 1.4
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What the future holds?

» Slowly inching towards the SM value: constraints on NP models

Experiment | BF (90% CL) | Dataset Reference
BaBar <1.7x107° | 19fb~" PRL 87, 24 (2001)
Belle <6.1x1077 | 104fb~! | PRD 73, 051107 (2006)
BaBar <32x1077 | 426fb~! | Prelim. @ ICHEP2010

» With the Belle full Y'(4S) dataset (711 fb~ 1), we will be even

closer to an observation

» Bellehas also provided afirst upper [imit on

the BF for B — vy

(8.7x107°) using 23.6 fb! Y(5S) data PRL 100, 121001 2008) PR
“Etj %"1 BELLE
> Will beinterestingtosee 3+ - ;
thisnumber with thefull &7 3 R
Y'(5S) data (121 fb!) o
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Search for B* — D+

U d,s
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» Both lepton flavor violating (LFV) and lepton number violating

(LNV) decay, involving Majorana v’s m= strongly suppressed
In the SM

» Dueto the size of the CKM matrix elementsinvolved, the Bt —
D-{+{* decay will be the most sensitive

» Belle has performed afirst search of the decay, where the D*
decaysto K n*n*, using 770x10° BB decays
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Recent resultsfrom Belle
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» Blind, counting analysis after alikelihood (based on event shape
variables) is employed to suppress contribution from the ete” —
gqg continuum background

» No evidence for a signal == derive 90% CL upper limitson BF

Decay mode Eff. Nypke UL on BF
BT - D ete” | 1.2% | 0.18+£0.13 | 2.7 x 107 °
Bt - D etpt | 1.3% | 0.83+£0.29 | 1.9 x 107°




W hat about other channels?

CLEQ PrDs6s5, 111102(R) (2002)

> Resultsare
from CLEO
(BaBar) with
9.6 (230)x10°
BB decays

 Belleplansto
extend search
to other LFV,
LNV B decays

09-09-2010

Decay mode Significance| Upper Limit
of Signal (107%)

B — Ke*pu¥ 0.0c 1.6
K*e*pu™T 2.00 6.2
et T 0.0 1.6
pe® T 0.60 3.2
BT = K etet 0.0a 1.0
K* ete™ 0.0c 2.8
meteT 0.00 1.6
p_etet l.1o 2.6
Bt - K etu* 0.0 2.0
K* etu™ 0.0c 4.4
et 0.0c 1.3
petu™T 0.30 3.3
BT - K ptpt 0.0c 1.8
K*~putu™ 0.50 8.3
T ptut 0.0 1.4
p ptut 1.0c 2.0

5.1x1077
3.8x10°8
0.2x10°8

%

PRD 73,

092001
(2006)

PRL 99,

051801
(2007)
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Sear ch for leptonic D° decays

» The FCNC decays D° — {*{~ ({= e or ) are highly suppressed
In the SM because of the GIM mechanism  rro 2 1285 1979

» Potential NP scenarios, such as R-parity violating SUSY,
can raise the BFs close to current expt. sensitivity 7 o on e

> The LFV decay D° — {*{'~ is SM forbidden, but is possiblein

extensions of the SM (nondegenerate neutrinos etc.)  PRP 8, 014009 (2002

@ below current sensitivity s=» any signal is asignature of NP
09-09-2010 11



Recent Resultsfrom Belle
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PRD 81, 001102(R) (2010) e

» No evidencefor signal

D5 utuy= D°oetem DY oetput
Nipkg 31+0.1 1.7+0.2 2.6+ 0.2
N 2 0 3
€ee [%0)] 7024034 5274032  6.244+0.27
€nn %) 12.42+0.10 10.74+0.09 11.224+0.09
f[107°]  4.84(1 +5.3%) 6.47(1 +6.4%) 5.48(1 + 4.8%)
UL [1077] 1.4 0.79 2.6

» Competitive 90% UL from CDF
B(D® = utp™) <2.1x 1077 arxiv:10085077
1 Constraint on RPV couplings

1 Strongly disfavors aleptoquark
contribution as the explanation
for the observed f(Dg) anomaly

PLB 682 67(2009) predicted B, ~ 8 X 1()_172



Extending the search to B decays

» B factories and Tevatron are intensively searching for leptonic B°

decays

Expt | B — | 90% UL on BF Reference

CDF | ete” 8.3x10°° PRL 102, 201801 (2009)
CDF | putp~ 7.6 x 1077 CDF public note 9892
BaBar | 777~ 4.1x 1073 PRL 96, 241802 (2006)
CDF | etpu~ 6.4 x 1078 PRL 102, 201801 (2009)
BaBar | et7~ 2.8 x 107° PRD 77, 091104(R) (2008)
BaBar | pt7~ 2.2 x 107° PRD 77, 091104(R) (2008)

» Tevatron has also extended the search to B (seetalk by |. Bertram
this afternoon)

@ current best limits (at 95% CL) from CDF with 3.7 fb~! data

B(Bs — ptp~) <43 x107°

CDF public note 9892

s neck-to-neck number from DO using 6.1 fb~! data

09-09-2010

B(Bs — ptp~) <51x107°

ar Xiv:1006.3469
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L epton flavor violation in T decays

» LFV in 1 decays is forbidden in the SM

» Even after including neutrino oscillation,
the probability remains negligibly small

:Y
,I

2
B(t — ly) « (i—?i) < 107°*

w
» Nonzero signal istherefore a clear signature of NP

EPJ C8, 513 (1999)

» SUSY iIsthe most popular candidate among various NP models; it
naturally induces LFV at one-loop level due to the slepton mixing

S
S

> To distinguish which sm2 1 Higgs _,
model ispreferred, we . X © e (h/H/A) u
need to search for all 2 X
possible LFV decays . eor T L eorp
09-09-2010 SUSY-seesaw or SUSY-GUT Heavier sleptons(mass>m,,) 14



Analysis Overview

51g — \/Es1g - p81g

> Start with ete — ttt

1 The t decaying to 1 prong +

missing energy (due to v) is
referred as the ‘tag side’

1 Other (signal) T is assumed
to decay to LFV fina state

» Blind analysis based on two
variables: My, and AE

» Estimate expected background
In the signal region (shown as
an ellipse) using sidebandsin
dataand MC simulations

09-09-2010
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Results beforethis summer
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» Most of the results from % are based on the final dataset
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Including latest resultsfrom Belle
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» The most sensitive result is coming from 7 — pu p°

» Our sengitivity touches the level of 1078
09-09-2010 17



Closing Remarks

« After accomplishing the major goal of their inceptions (CPV
In B decays), the two B-factory experiments have turned their
attention to rare decays

e Using alarge, clean data sample and sophisticated analysis
methodol ogy, we are exploring decays that may not have
been thought of at the beginning

* Thebaton isbeing slowly handed to the next generation of
flavor experiment == | HCb (rare beauty at the LHC)

» With the proposed super flavor factorieswell in sight, the
future seems to be even brighter for experimenters at the
Intensity frontiers

09-09-2010
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