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Search For New Physics 

Symmetries in Particle Physics
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Charge Conjugation (C):

3 quark generations: 1 complex phase ⇒ CP Violation ✓

Standard Model (SM):

Parity Transformation (P):

Time Reversal (T):

Local QFT with Lorentz Invariance ⇒ CPT Conservation

U(1)Y⊗SU(2)L⊗SU(3)C

3 lepton generations: zero mν ⇒ Lepton Flavor Violation ✗



• CP Violation inK!"#$%&'B!())"&'D!?& decays

• CPT Violation: Sidereal time dependence inB0B0 oscillations

• Excess in FCNC inB → X(s,d)γ,K
∗"",Kνν̄ decays

• Xsγ: Isospin Asymmetry' CP Asymmetry

• K∗γ: Photon Polarization in Time Dependent CP Asymmetry

• (ρ/ω)γ: Isospin Asymmetry' B(ργ)/B(K!γ) vs* Bs mixing

• K∗"": Longitudinal Polarization' Forward+Backward Asymmetry

• Excess in helicity suppressedB → "", "ν !" = e, µ& decays

• Excess in helicity favoredB → ""γ, τν,D(∗)τν decays

• Observation of LFV inB → eµ, "τ,Kτµ decays

• Observation of LFV in τ → "γ, "π0, "η, "η′, "ω, """, "hh decays

Search For New Physics 

Signatures of New Physics
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PEP II & BABAR
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The BABAR Detector
Cerenkov 
Detector (DIRC) 
144 Quartz bars 
and 11000 PMTs 

1.5T solenoid Electromagnetic Calorimeter
6580 CsI(Tl) Crystals

Drift Chamber
40 layers

Instrumented Flux Return
Resistive Plate Chambers
and Limited Streamer Tubes

Silicon Vertex Tracker
5 layers, double strip

e+ (3.1GeV)

e- (9GeV)
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History of Data Taking
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Integrated luminosity > 500 fb-1

•433 fb-1 at Y(4S) (10.58 GeV)

• 30 fb-1 at Y(3S) (10.36 GeV)
•20 fb-1 at Y(2S) (10.02 GeV)

• Y Invisible with 
sensitive to Dark Matter
• Lepton Universality in 

Y decays sensitive to 
Light Higgs

•Expected in Summer ‘08

Current Schedule:

Motivation:

Results:
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            Mixing
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D0-D0

New Physics Contributions ⇒ |x| >> |y|, CP Violation, ...

Short-range SM Contributions: Long-range SM Contributions:

Falk, Grossman, Ligeti, Nir, 
Petrov PRD 69 114021 (2004)

Mixing inD0 → K+π− :

• BaBar: 3.9σ evidence (L = 384fb−1) PRL !"# $%%"&$ '$&&()

• CDF: 3.8σ evidence (L = 1.5fb−1) arXiv: &(%$*%+,( 'subm* to PRL)
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Lifetime: D0→K-π+, K-K+,π-π+
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arXiv:0712.2249 (subm. to PRD) L = 384 fb-1

PRL 98, 211803 (2007) L = 540 fb-1

Kπ  and KK lifetimes differ!
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Direct CPV: 2-body Charm Decays
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strong phase difference
2 weak amplitudes 

with phase difference Single Cabibbo Suppressed
decays probe penguins

s

u

e.g., D0 → K+K- : 

s

uW+

uW+

s
ss

K+

K-

K-

K+

c
u

D0

D0

u

c
u

No 
evidence 

for  
CPV in 
either 
modes

PRL 100, 061803 (2008)L = 386fb-1 Prelim. Moriond (2008) L = 540fb-1

Relative D0/D0 soft pion tagging 
efficiency from  D0→K-π+ data

➠ 0.08% systematic uncertainties

KK ππ



!
"

#
$aπ

+π−π0

CP = (0.43± 0.41± 1.23)!
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Direct CPV: 3-body Charm Decays
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Phase space integrated ACP:

arXiv:0802.4035 (subm. to PRL) L = 385fb-1

No evidence for  CPV in either modes

arXiv:0801.2439 (subm. to PLB) L = 532fb-1
Syst: Tracking=1.01%, Fit=0.58%, Others=0.40%
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World Average of Charm Decays
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•Evidence of mixing: (x≠0) @ 3.0σ, (y≠0) @ 4.1σ, (x,y)≠(0,0) @ 6.7σ
•No evidence of CPV in decay, mixing and/or interference
•Strong Phase Difference < 45o @ 95% CL

HFAG (arXiv: 0803.0082, Submitted to Chin.Phys.C)
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CPT Violation
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In BaBar: βγ≈0.55 ⇒cosχ = 0.607

 Variation of z with a period of 1 sidereal day
 ⇒ Lorentz Violation ⇒ Proof of CPT Violation. 
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CPT Violation
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No CPT
Violation

0

0

No CPT and 
Lorentz Violations

• Correlations between 
Imz0/ΔΓ× Rez0 and 
Imz1/ΔΓ× Rez1 are 
76% and 79%.

•  Minima are only 1.5σ / 
2.2σ away from (0.0).  

wj ∝ Δm×Δtj - sin(Δm×Δtj)

• P(ν) = 5.28 @ sidereal
 frequency exceeded at 

78/20994 tests.

No evidence of CPT Violation observed
in 2D likelihood or Periodogram method

arXiv:0711.2713 
(subm. to PRL)
 L = 211fb-1
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WW Box

Higgs Chargino Gluino/Neutralino

•EM penguin encoded in C7
•|C7|≈0.33 from B(b→sγ)
•Sign from b→sl+l- 

 ☞ Longitudinal Polarization,    
FB Asymmetry in B→K*ll
[=0 in B→Kll, as JP(K)=0-]

•EM penguin absent in b→sνν 

•Vector/Axial-Vector part 
of EW encoded in C9/C10

•SM: V-A (Le)-handed)
•Sign-flip in C9C10: V+A
☞ Photon Polarization in 
B→K*(Ksπ0)γ

Ks

π0

•New particles in loop 
may enhance B(b→sγ)

•Affects mostly EW 
penguins (C7 & C9) 

•EM penguins (C7) 
enhanced by mg/mb ~

–

Flavor Changing
Neutral CurrentAS TOLD BY

GluonicElectroweakElectromagnetic
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Experimentally cleanest

“New” BaBar Technique 
Eγ extracted from fits to

 

bkgd 
region

signal
region

“New” BaBar Technique 
Eγ extracted from fits to

 

Misiak etal. PRL 98, 022002 (2007)
 updated by Nakao LP07

95% CL Contours on MH+ (2HDM) 

MH+ > 295 GeV (95%CL)
MH+  ~ 650 GeV

PRD77, 051103(R) (2008)

  B→XsγAS TOLD BY

Theoretically cleanest
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Previous Measurements:

(most precise measurement to date)

Recoil Analysis (PRD77, 051103 (R) 2008)

-

  CP, Isospin Asymmetry
in B→XsγAS TOLD BY

Sum of 16 exclusive 
(self) flavor-tagging 

final states: 1 or 3 K, ≤3π, 
≤2π0 [eg, Kππ, Ksπ, etc.] 

with Eg > 1.9 GeV, 
0.6 < m(Xs) < 2.8 GeV
(Data sample: 383M BB)  
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 The photon in b → s γ decays is polarized in SM (V-A)
 Final states almost flavor specific ⇒ Interference 

between direct and mixing-induced decay only by 
helicity flip allowed by non-zero quark masses

 Large mixing-induced CPV indication of New Physics

π0

AS TOLD BY Time Dependent CP 
Asymmetry in B→K*0γ

M
ix

in
g

K*0γR

K*0γLB0

B0

_ _

Helicity Flip
Suppressed 
by ~ms/mb
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B+ → ρ+γ

B0 → ρ0γ

B0 → ωγ
A. Ali, E. Lunghi
Eur. Phys. J.C26,195(2002)

   B→(ρ/ω)γ,
Isospin AsymmetryAS TOLD BY

PRL 98, 151802 (2007)L = 316fb-1
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  Constraints on The 
Unitarity TriangleAS TOLD BY
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θk: between K and B
 in K* rest frame
θl: between l and B 

in l+l- rest frame

q2 FL
< 6.25 GeV2/c4 0.35± 0.16± 0.04
> 10.24 GeV2/c4 0.71+0.20

−0.22 ± 0.04
q2 AFB

< 6.25 GeV2/c4 +0.24+0.18
−0.23 ± 0.05

> 10.24 GeV2/c4 +0.76+0.52
−0.32 ± 0.07

(Data sample: 384M BB)-
✗

  AS TOLD BY
Longitudinal Polarization(FL), 

Forward-Backward Asymmetry (AFB) 
in B→K*ll
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 Events 
Expected: 

30.71±10.71

Events 
Observed: 

38 

   AS TOLD BY Search for B→Kνν 
(semi-leptonic tags)

22 variables in Random Forest method (except D0 mass)

R
F 

ou
tp

ut

D0 mass

Signal box: blinded

1 
 0

.8
2 

   
   

   
   

  0

Sideband

RF output

   
   

  #
 o

f e
ve

nt
s  

 0.5                                         0.82              1

Signal
 region

e-

K+

D0→K-π+π-π+

-

# BB events B+→K+νν

SM - 3.8 × 10-6

Belle 535 M 1.4 × 10-5 @ 90% CL

BaBar 351 M 4.2 × 10-5 @ 90% CL

B+→K+νν Simulation
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   B→ll, lν, D(*)lνCONTINUES ...

Electroweak Penguin WW Box New Physics at leading order

Charged Higgs at Tree Level :

✓ Angular Momentum Conservation ✗ Angular Momentum Conservation 

• Helicity suppressed decays: B → !!, !ν !! = e, µ"
• Helicity favored decays: B → !!γ, τν,D(∗)τν

Annihilation Diagram Exchange Diagram

W  ,
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   B→ll, lν, D(*)lνCONTINUES ...
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✓ Angular Momentum Conservation ✗ Angular Momentum Conservation 

• Helicity suppressed decays: B → !!, !ν !! = e, µ"
• Helicity favored decays: B → !!γ, τν,D(∗)τν

Annihilation Diagram Exchange Diagram

W  ,
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Β→ΙΙ(γ), lν, lτ
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B0→µ+µ- Simulation B0→e+e-γ Simulation

γ μ-

•   simulated data
  background
  signal

Peaks at B mass for signal Peaks at zero for signal

•   simulated data
  background
  signal 

(*: CM frame)

• Construct B0 from oppositely charged tracks (& photon)
• Use Kinematic Variable (mES, ΔE)

• Lepton Momentum is 
mono-energetic in Bsig 
rest frame

• Reconstruct hadronic 
decays on other side 
(Btag: mES, ΔE)

• Extra energy deposited 
in Calorimeter EExtra ≈ 0 

Bsig

Btag

l+

ν, τ

D(*)

π+’s,  π0’s,
K+’s, KS’s

τ+(ρ+ν)

e-

e+

μ-

μ+
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Β→ΙΙ(γ), lν, lτ
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B0→µ+µ- Simulation B0→e+e-γ Simulation

γ μ-

B0→τ+µ- Simulation

•   simulated data
  background
  signal

Peaks at B mass for signal Peaks at zero for signal

•   simulated data
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  signal 
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• Lepton Momentum is 
mono-energetic in Bsig 
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• Reconstruct hadronic 
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• Extra energy deposited 
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Bsig

Btag
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ν, τ

D(*)

π+’s,  π0’s,
K+’s, KS’s

τ+(ρ+ν)

e-

e+

μ-
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Β→ΙΙ(γ), lν, lτ
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Mode
 (SM Expectation)

# BB 
events

Upper Limit 
@ 90% CL

Previous Best Limit

B0 → e+e-  (2 x 10-15)

384 M

11.3 × 10-8 6.1 × 10-8

B0 → µ+µ-  (9 x 10-11) 5.2 × 10-8 1.8 × 10-8

B0 → e+µ-  9.2 × 10-8 18 × 10-8

B0 → e+e-γ (2-8 x10-10)
320 M

1.2 × 10-7 None

B0 → µ+µ-γ (1-6 x 10-10) 1.6 × 10-7 None

B+ → e+ν (1.2 x 10-11)

378 M

5.2 × 10-6 9.8 × 10-7

B+ → µ+ ν (5.2 x 10-7) 5.6 × 10-6 1.7 × 10-6

B0 → e+τ- 2.8 × 10-5 1.4 × 10-4

B0 → µ+ τ- 2.2 × 10-5 3.8 × 10-5

BaBar, CDF, Belle, CLEO

PRD 77, 
032007 
(2008)

PRD 77, 
011104(R) 
(2008)

arXiv:
0801.0697 
submitted 
to PRD-RC LFV

LFV

LFV

Lepton
Flavor

Violation

Motivated by neutrino oscillations, a model-independent framework for 
flavor changing neutral current has been proposed by

 Black, Han, He and Sher, PRD 66, 053002 (2002).
B0→e/µτ limits moves lower limit from 8.2 TeV to 11.6 TeV for Λbd operator
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B+ → τ+ν
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Hadronic Tags in 383M BB
PRD77, 011107(R) (2008)

Semi-Leptonic Tags in 383M BB
PRD 76, 052002 (2007)

Type II 2HDM:  W.Hou PRD 48, 2342 (1993)

 |Vub|: b  ulν ∼ 8% errorfB: Lattice QCD ~ 10% error

(2.6σ)
(3.5σ)

(2.2σ)

(1.3σ)



BaBar 232M BB, PRL 100 021801 (2008)
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B+ → D(*)τ+ν

32

Confirmation of Belle observation in 
D*+, first observation of D*0 and first 

evidence for the D modes

Belle 535M BB, PRL 99 191807 (2007)3.5σ
6.2σ
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B+ → K+τµ
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PRL 99, 201801 (2007)
Data Sample : 383M BB

 Fully-reconstruct B+ → K+τµ in recoil of other B

moves lower limit from 2.6 TeV to 13 TeV for Λbs operator
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Lepton Flavor Violation in τ decays 
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If we saw ...
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Lepton Flavor Violation in τ decays 
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e+e-→τ+τ- (Clean Environment)
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τ→lll, τ→lω(→π+π-π0)
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- e+ e- e! -"

-µ -µ + e! -"

- e- e+µ ! -"

-µ +µ - e! -"

- e+ e-µ ! -"

-µ +µ -µ ! -"

BABAR
-0.4 -0.2 0 0.2 -0.4 -0.2 0 0.2

)2 M (GeV/c#
-0.4 -0.2 0 0.2

-0.6

-0.4

-0.2

-0

0.2

-0.6

-0.4

-0.2

-0

0.2

 E 
(G

eV
)

#

τ→eω τ→µω

PRL 99, 
251803 
(2007)

L = 376 fb-1

PRL 100, 
071802 
(2008)

L = 384 fb-1

B(τ → """) < (3.7− 8.0)× 10−8

@ !"# C$L$

B(τ → eω) < 11× 10−8

B(τ → µω) < 10× 10−8

@ !"# C$L$



Search For New Physics 

Status of LFV τ decays
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W.J. Marciano, T. Mori and J.M. Roney, Annu. Rev. Nucl. Part. Sci. 2008 58 
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Status of LFV τ decays
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W.J. Marciano, T. Mori and J.M. Roney, Annu. Rev. Nucl. Part. Sci. 2008 58 
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New Physics Constraints
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Universal scalar mass

U
ni

ve
rs

al
 g

au
gi

no
 m

as
s

Universal scalar mass
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τ→µγ & SϕKs
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τ→lll  Implications
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Search for CP-odd Higgs
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S. Banerjee, Nucl. Phys. Proc. Suppl. 169, 199 (2007)
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Summary & Outlook
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Flavor Factories are more than precision machine:
Discovery of New Physics hopeful...


