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Outline

• New Physics searches in B decays

• Search for LFV in τ decays

• Search for LFV in Υ decays

• Search for Higgs-Like Particle in Υ decays
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Babar & Belle
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Belle @ KEK
•Ee+ = 3.5 GeV     Ee- = 8.0 GeV
•ϒ(4S) boost: βγ = 0.425
•Data sample: 

•ϒ(4S) 711 fb-1 off-peak 87 fb-1

•ϒ(5S) 121 fb-1

BaBar @ PeP-II
•Ee+ = 3.1 GeV     Ee- = 9.0 GeV
•ϒ(4S) boost: βγ = 0.425
•Data sample: 

•ϒ(4S) 432 fb-1  off-peak 54 fb-1

•ϒ(3S) 30 fb-1    ϒ(2S) 14 fb-1
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New Physics Searches 
in B decays
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B → K(�)ν

Thursday, 22 April, 2010



Dis 2010, Florence
19-23 April 2010

Alberto Cervelli
Universita’ di Pisa

Theoretical Overview
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SM predicts B →K(*)νν decays  
B(B → K�νν) = (6.8+1.0

−1.1)× 10−6

B(B → Kνν) = (4.7± 0.7)× 10−6
G.Altmannshofer et al., arXiv:0902.0160 [hep-ph] 

New Physics Produces Visible Effects

New Particles in Loops

Dark Matter

Higgs, chargino and squark , gluino or 
neutralino and squark in loops produces x5 enhancement in BR G.Buchalla et al. Phys. Rev. D 63, 014015,2000

Low mass singlet scalar WIMP (S) may be produced in B decays
Particles with masses <2GeV may increase BR by a factor 10

Bird, PRL 93, 
201803 (2004)
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492 fb-1
Phys.Rev.Lett 99:221802,2007

•Tag side: inclusive reconstruction of B in hadronic channel    
( Btag→D(*) nK mπ). 
•Rest of the event used to identify Bsig→K(*)νν:

• PID applied on K or K* daughters
• Cut on number of tracks and π0

• Cut on Eextra

•Background rejection:
• Main contribution from b→c transition → cut on pK

• Particles along the beam pipe →cut on missing momentum         
polar angle
• Small contribution from qq 

B → K(�)νν

EECL = Etot − Erec

Total energy in ECL candidate recon energy

in ECL

Results from Belle
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Results from Babar
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Combined results from the SL and HAD recoil analyses:
• SL analysis

• Selection optimized by maximizing  Punzi figure of merit
• Yield extraction: fit to Eextra

• HAD analysis
• Loose preselection: most discriminant variables used for NN
• Yield extraction: fit to NN output distribution

First model independent analysis

B → K�νν 413 fb-1 PRD 78, 072007

K*+→Ksπ+ K*0→K+π-SL
H

ad

B+ → K�+ν B0 → K�νν B → K�νν
HAD 21× 10

−5
11× 10

−5

SL 9× 10
−5

18× 10
−5

Combined 8× 10
−5

12× 10
−5

8× 10
−5

B → Kνν
K+ mode: made a full BR measurement and 
partial BR measurement: pCM(K+) < 1.5 GeV and pCM(K+) <1.5 GeV
BDT used to enhance the signal (26 variables for K+, 38 for KS)
Find cut value for BDT output to maximize efficiency on MC
Number of predicted and observed bkg events used to evaluate BR

413 fb-1 Preliminary Result
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Lepton Flavor Violation 
in τ Decays

and Υ(2-3S) Decays
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LFV in τ decays theory 
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SM allows LFV: observed in neutral sector.
  

In charged sector may happen via loops with 
small expected BR (e.g. BRSM(τ→μγ)< 10-54).

Even less in τ→ 3l

If detected, LFV would imply New Physics with present (and near future) luminosities.

Many New Physis models predict  τ  LFV BR up to [O(10-8)].

If detected in more than one channel it provides

Useful information on NP flavor structure, by looking at LFV BF Ratios. [arxiv:hep-ph0610344v3]
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Analysis strategy
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e- e+

τ−

τ+
Center of mass 
system

Low multiplicity events selected and event space divided in 
two hemispheres using thrust.
•Signal side: tracks and neutrals coming from LFV decay
•Tag side: standard 1-prong decay (also 3-prong in τ→μγ)

Blind analysis performed

Background reduced using PID, kinematical informations, 
multivariate algorithms (τ→μγ) optimization different for 
each channel:
•BaBar: optimizes for Best UL
•Belle: optimizes for best discovery significance

Number of expected background events estimated from non 
blinded sidebands. UL estimated using frequentist approach 
including systematics errors.
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Analysis strategy
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e- e+

τ−

τ+
Center of mass 
system

3 prong Q=+1

selection

1 prong Q=-1

selection

Hemisphere#1

Hemisphere#2

Thru
st 

ax
is

Low multiplicity events selected and event space divided in 
two hemispheres using thrust.
•Signal side: tracks and neutrals coming from LFV decay
•Tag side: standard 1-prong decay (also 3-prong in τ→μγ)

Blind analysis performed

Background reduced using PID, kinematical informations, 
multivariate algorithms (τ→μγ) optimization different for 
each channel:
•BaBar: optimizes for Best UL
•Belle: optimizes for best discovery significance

Number of expected background events estimated from non 
blinded sidebands. UL estimated using frequentist approach 
including systematics errors.
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430M τ-pairs

Results from Babar 
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τ → �γ, � = µ, e

τ → ���, � = µ, e

Systematic uncertainties dominated by PID
Efficiencies 6-13% depending on channel

arXiv: 1002.4550 (sub. PRD(RC))

Full BaBar dataset (Υ(nS) + off-peak) used
NN used to reduce backgrounds
Both 1-prong and 3-prong tags used

τ→eγ τ→μγ

! Signal extraction: 

E.Guido, Univ.&INFN Genova                                                       Moriond-EW2010, La Thuile 10/03/06-1310

2. Results
∆E = E(lγ)CM −

√
s/2

mECand (beam energy-
constrained " mass)

! Signal reconstruction efficiency: 4% (6%) for     
"->e# ("->µ#) final states  

! Fraction of expected bkg from fits to the Fit Box

! Number of events in the 2$ signal ellipses 
compatible with bkg expectations 

! Systematic errors: tracking, PID and trigger and 
bkg filters efficiencies; track momentum and photon 
energy and resolution in the signal side

B (τ± → e±γ) < 3.3× 10−8

B (τ± → µ±γ) < 4.4× 10−8

Previous:

1.1× 10−7 (BABAR)

(Belle)4.5× 10−8
PRL96, 041801 (2006)

PL B666, 16 (2008)

The most stringent limits on LFV in 

these decays

! Upper limits @ 90%C.L.:

!±"!±#

!±"e±#

m!

no signal 

candidates

2$ ellipse
--- Fit Box
    50% contours
    90% contours

2 signal 

candidates

480M τ-pairs
PRL104,021802(2010)
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Results from Belle 
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τ → ���, � = µ, e

τ → �KS , τ → �KSKS

Improved sensitivities 
along integrated 

luminosity
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Main bkg contribution from fake lepton 
+ real KS coming from uds events

Dominant systematics: KS reconstruction
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610M τ-pairs arXiv:1003.1183v1
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τ-LFV searches 
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LFV inϒ decays - strategy 
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BaBar collected a large sample at Υ(3S) and  Υ
(2S) ⇒ good sensitivity to Υ(nS)→ll’ processes
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"#Four channels studied:
Υ(2S)→μτ, Υ(2S)→eτ
Υ(3S)→μτ, Υ(3S)→eτ

Signature:
• 1 primary lepton
• 1τ detected through leptonic (e or μ) 
or hadronic (π± +π0(+π0)) decays 
Process τ decay channel

Υ(3,2S) → eτ τ → µνν̄ leptonic eτ
Υ(3,2S) → eτ τ → π±π0ν / π±π0π0ν hadronic eτ
Υ(3,2S) → µτ τ → eνν̄ leptonic µτ
Υ(3,2S) → µτ τ → π±π0ν / π±π0π0ν hadronic µτ

•Dominant background events:
• Bhabha and μ-pair (through particle 
mis-ID)
• τ-pairs (e+e-→τ+τ-)
• Multiple π and additional γ

•Selection partially common to the 4 
channels, partyally specific (PID, τ-
daughters kinematics)
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LFV inϒ decays - Results 
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•Discriminating variable: x = primary lepton momentum / beam energy
•Unbinned extended maximum likelihood fit to determine signal and background yelds
•PDF chosen for all backgrounds:

•signal (peaks at x = xMAX ~0.97)
•τ-pairs (smooth, end-point at xMAX)

•Bhabha/μ-pairs (peaks x~1)
•hadrons (smooth, end-point at xMAX)

! Discriminating variable: x = primary lepton momentum/beam energy

! Unbinned extended maximum-likelihood fit

! PDFs chosen for: - signal (peaks at x=xMAX~0.97)

- "-pair bkg (smooth, endpoint at xMAX)

- Bhabha/µ-pair bkg (peaks at x~1)
- hadron bkg (smooth, endpoint at xMAX)

14

2. Signal extraction and results

from extracted signal 
yields, BR calculated

B = NSIG/(�SIG ×NΥ(nS))
Systematics uncertainties (mainly from 
PDF shapes) and corrections applied

An 
exa

mple 
of fi

t:

E.Guido, Univ.&INFN Genova                                                       Moriond-EW2010, La Thuile 10/03/06-13

PRL101, 201601 (2008)

3.7

5.5

Improvement

factor

first!

first!

BABAR

preliminary

BR calculated from signal and bkg yelds

B = NSIG/(εSIG ×NΥ(nS))
Systematics mainly from PDF shapes 

choice, errors accounted in UL

Preliminary

B(10−6) UL (10−6) Improvement
B(Υ(2S) → e±τ∓) 0.6+1.5+0.5

−1.4−0.6 < 3.2 First
B(Υ(2S) → µ±τ∓) 0.2+1.5+1.0

−1.3−1.2 < 3.3 ×5.5
B(Υ(3S) → e±τ∓) 1.8+1.7+0.8

−1.4−0.7 < 3.2 First
B(Υ(3S) → µ±τ∓) −0.80.2+1.5+1.4

−1.5−1.3 < 3.3 ×3.7
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Search for Higgs-Like 
Particle in

Υ(2-3S) Decays
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Theoretical Motivations
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B
R

 (Υ
(3

S
)→

A
0 γ

Higgs mechanism lead to EW breaking 

BUT Higgs mass unstable after radiative corrections ⇒

A solution: MSSM with two Higgs doublets

Need Fine tuning of EW scale

Solution: Higgs singlet (NMSSM) → Mixing of singlet with MSSM Higgs 
produces CP-odd A0

Another interpretation is A0 is an Axion like particle

PRD 76, 051105(2007)

arXiv: 0810.5397[hep-ex]

Possible solution for both Dark Matter puzzle AND Higgs sector

Υ(3S,2S) →γA0  A0→μ+μ-

Υ(3S) →γA0  A0→τ+τ-

Υ(3S) →γA0  A0→invisible

Channels studied

Thursday, 22 April, 2010
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Υ(3S,2S)→γA0,  A0→μ+μ-
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March 10, 2010 New Physics in Upsilon Decays       Steven Robertson  IPP/McGill 8

Scan range 0.212  !  mA0 ! 9.3 GeV 

for evidence of A0   

! Most significant positive 
fluctuations is 2.8! (3.1!) in 
"(3S) ("(2S)) sample

– consistent with expected statistical 
fluctuations given number of 
independent trials 

! No signal observed at                  
mA0 ~ 214 MeV (HyperCP)

  !(2S, 3S) ! "A0,  A0#µ+µ-        PRL 103, 081803 (2009)

Effective Yukawa coupling of 

A0 to bound state b-quark

!(2S) data

!(3S) data

J/# #(2S)

Combined

March 10, 2010 New Physics in Upsilon Decays       Steven Robertson  IPP/McGill 8

Scan range 0.212  !  mA0 ! 9.3 GeV 

for evidence of A0   

! Most significant positive 
fluctuations is 2.8! (3.1!) in 
"(3S) ("(2S)) sample

– consistent with expected statistical 
fluctuations given number of 
independent trials 

! No signal observed at                  
mA0 ~ 214 MeV (HyperCP)

  !(2S, 3S) ! "A0,  A0#µ+µ-        PRL 103, 081803 (2009)

Effective Yukawa coupling of 

A0 to bound state b-quark

!(2S) data

!(3S) data

J/# #(2S)

Combined

Signature:
• two charged tracks, one identified as μ
• 1 energetic photon Eγ>200MeV
• Kinematic fit of γμμ vertex

Analysis Method:
• Scan μμ invariant mass for A0 peak evidence
• Background shapes taken from data accounting for known 
resonances
• Fit in 300 MeV window in 2-5 MeV steps  (1951 points)
• Scan range 0.212 GeV < mA0 < 9.3 GeV
• Fluctuation observed (max = 3.1σ) consistent with expected 
statistical flucuations

PRL 103, 081803 (2009)
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FIG. 1: Distribution of the log-likelihood variable S with both
statistical and systematic uncertainties included for (a) Υ (2S)
fit, (b) Υ (3S) fit, and (c) combination of Υ (2S) and Υ (3S)
data. There are no points outside of displayed region of S .
The solid curve is the standard normal distribution.

mA0 . The limits vary from 0.26×10−6 to 8.3×10−6 (B2S)
and from 0.27 × 10−6 to 5.5 × 10−6 (B3S).

The BFs B(Υ (nS) → γA0) are related to the effective
coupling fΥ of the bound b-quark to the A0 through [8,
23]:

B(Υ (nS) → γA0)

B(Υ (nS) → l+l−)
=

f2
Υ

2πα

(

1 −
m2

A0

m2
Υ (nS)

)

(1)

where l ≡ e or µ and α is a fine structure constant.
The effective coupling fΥ includes the Yukawa coupling
of the b-quark and the mA0 -dependent QCD and rela-
tivistic corrections to BnS [23] and the leptonic width
of Υ (nS) [24]. To first order in αS , the corrections
range from 0 to 30% [23] but have comparable uncer-
tainties [25]. The ratio of corrections for Υ (2S) and
Υ (3S) is within 4% of unity [23] in the relevant range
of mA0 . We do not attempt to factorize these contribu-
tions, but instead compute the experimentally-accessible
quantity f2

ΥBµµ and average Υ (2S) and Υ (3S) results,
taking into account both correlated and uncorrelated un-
certainties. The combined upper limits are shown as a
function of mA0 in Fig. 2(c) (plots with expanded mass
scales in three ranges of mA0 are available in Fig. 4-6
in [18]) and span the range (0.44 − 44) × 10−6, at 90%
C.L. The combined likelihood variable 〈S〉 = (w2SS2S +
w3SS3S)/

√

w2
2S + w2

3S is shown in Fig. 1c, where wnS is
the statistical weight of the Υ (nS) dataset in the aver-
age. The largest fluctuation is 〈S〉 = 3.3. Our set of 1951
overlapping fit regions corresponds to ≈ 1500 indepen-
dent measurements [26]. We determine the probability
to observe a fluctuation of 〈S〉 = 3.3 or larger in such a
sample to be at least 45%.

We do not observe any significant signal at mA0 =
0.214 GeV (Fig. 7 in [18]) and set an upper limit on the
coupling f2

Υ (mA0 = 0.214 GeV) < 1.6× 10−6 at 90% C.L
(assuming Bµµ = 1), which is significantly smaller than
the value required to explain the HyperCP events as light
Higgs production [11].

A fit to the ηb region (Fig. 8 in [18]) includes back-
ground contributions from the ISR process e+e− →
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FIG. 2: 90% C.L. upper limits on (a) B(Υ (2S) → γA0) ×
Bµµ, (b) B(Υ (3S) → γA0) × Bµµ, and (c) effective coupling
f2

Υ × Bµµ as a function of mA0 . The shaded areas show the
regions around the J/ψ and ψ(2S) resonances excluded from
the search.

γISRΥ (1S), and from the cascade decays Υ (nS) →
γ2χbJ , χbJ → γ1Υ (1S) with Υ (1S) → µ+µ−. We mea-
sure the rate of the ISR events in the Υ (4S) dataset,
scale it to the Υ (2S) and Υ (3S) data, and fix this con-
tribution in the fit. The rate of the cascade decays,
the number of signal events, and the continuum back-
ground are free in the fits to the Υ (2S) and Υ (3S) data
sets. We measure B(Υ (2S) → γηb) × B(ηb → µ+µ−) =
(−0.4± 3.9± 1.4)× 10−6 and B(Υ (3S) → γηb)×B(ηb →
µ+µ−) = (−1.5 ± 2.9 ± 1.6) × 10−6, where the first
uncertainty is statistical and the second is systematic,
dominated by the uncertainty in Γ(ηb). Taking into
account the BABAR measurements of B(Υ (2S) → γηb)
and B(Υ (3S) → γηb) [14], we derive B(ηb → µ+µ−) =
(−0.25 ± 0.51 ± 0.33)% and B(ηb → µ+µ−) < 0.9% at
90% C.L. This limit is consistent with the mesonic inter-
pretation of the ηb state.

In summary, we find no evidence for the dimuon decays
of a light scalar particle in radiative decays of Υ (2S) and
Υ (3S) mesons. We set upper limits on the coupling f2

Υ ×
Bµµ for 0.212 ≤ mA0 ≤ 9.3 GeV. Assuming Bµµ ≈ 1
in the mass range 2mµ ≤ mA0 ≤ 1 GeV, our results
limit the coupling fΥ to be at most 12% of the Standard
Model coupling of the b quark to the Higgs boson. Our
limits rule out much of the parameter space allowed by
the light Higgs [9] and axion [6] models. We also set an
upper limit on the dimuon branching fraction of the ηb.

We are grateful for the excellent luminosity and ma-
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Υ(3S)→γA0,  A0→τ+τ-
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Signature: 
• Looking for τ+→e+νν and τ+→μ+νν
• Eγ > 100 MeV 
• Exactly 2 tracks identified as leptons
• Missing energy precludes kinematic fit →A0 

mass obtained from Eγ and known CM energy
• Bkg suppression provided by 8 kinematic and 
angular variables, optimized in 5 ranges of Eγ
•Bkg mostly due to radiative τ-pair production 
and 2 photons processes 

Method:
• Scans for peaks in Eγ spectrum in the range 
4.03 GeV < mA0 < 10.10 GeV (307 points)

•signal represented as peaking contribution 
of known width
•simultaneous fit to eeγ, μμγ, and eμγ

March 10, 2010 New Physics in Upsilon Decays       Steven Robertson  IPP/McGill 10

  !(3S)"#A0,  A0"!+!-        
! Scan for peaks in E! spectrum (307 scan points) across range 

corresponding to 4.03 < mA0 < 10.10 GeV/c2   

– signal represented as peaking distribution of known width (varying with E!)  

– simultaneous fit to !ee and !µµ and !eµ final states

! Distribution of yield significances consistent with standard normal 
distribution

           B("(3S)# !A0) · B(A0# $+ $- ) < (1.5 – 16) x 10-5  at 90% C.L.

PRL 103, 181801 (2009)

B(Υ(3S) → γA0)× B(A0) → τ+τ−)

< (1.5− 16)× 10−5(90%CL)

PRL 103, 181801 (2009)
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Υ(3S)→γA0,  A0→invisible I

20

Dominant channel in scenarios with light LSP through A0→χ0χ0

Selection focused on search for monoenergetic peak from photon:
•photon fiducial and quality requirement
•requires single photon trigger, naturally split in low and high 
energy trigger (different bkgs: ee→γγ and ee→γ(ee))

Signal extracted from unbinned maximum likelyhood fit to mX2 in 
steps of 0.1 GeV

B(Υ(3S) → γA0)× B(A0) → invisible

< (0.7− 31)× 10−6(90%CL)
mA0 ≤ 7.8GeV

March 10, 2010 New Physics in Upsilon Decays       Steven Robertson  IPP/McGill 12

  !(3S)"#A0,  A0"invisible         arXiv:0808.0017[hep-ex]
   BABAR preliminary

! Signal extracted from unbinned 

maximum likelihood fits to mX
2 

distribution in !mX =0.1GeV steps

  B("(3S)# $A0) · B(A0# invisible) <    

(0.7 – 31) x 10-6  at 90% C.L            
       for mA0 % 7.8 GeV        

e+e- # $$ 

2.6!
1.7!

Low mass regionHigh mass regionMarch 10, 2010 New Physics in Upsilon Decays       Steven Robertson  IPP/McGill 12

  !(3S)"#A0,  A0"invisible         arXiv:0808.0017[hep-ex]
   BABAR preliminary

! Signal extracted from unbinned 

maximum likelihood fits to mX
2 

distribution in !mX =0.1GeV steps

  B("(3S)# $A0) · B(A0# invisible) <    

(0.7 – 31) x 10-6  at 90% C.L            
       for mA0 % 7.8 GeV        

e+e- # $$ 

2.6!
1.7!

Low mass regionHigh mass region

arXiv:0808.0017 preliminary
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Conclusions

21

• B-Factories have proven to be versatile machines for the search for new 
physics in over a decade

• New physics may be looked for through different processes ranging from B 
physics, τ decays and Υ(nS) decays

• Thanks to the high luminosity achieved and the constant development of 
new analysis tecniques results have greatly improved over the years

• Many bounds on NP models parameters were set thanks to B-Factories

• Many new results were presented in the last year and many more are 
incoming
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