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Comparison of the discovery potential
at Belle-II and at the LHCb
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BEAUTY IN THE LHC ERABEAUTY IN THE LHC ERA

� iif new physics found at LHCf new physics found at LHC
⇒ the effects in B/D/K/τ decays;                  

⇒ flavour structure of 
new physics

search for deviations from SM in flavor 

physics will be one of the best ways to 

look for new physics.

� Unitarity triangle with O(1%) precision: tree (|Vub|, γ) vs loop (|Vtd|, β)

� Inclusive measurements (preferred by theory): b→ u, b→ sγ, b→ dγ, b→ sll

� Charged Higgs:searches in B→τντ and B→D(*)τντ;

� Non SM CP-phase: high precision b→s studies, βs;

� Non SM right-handed currents: CPV in B→K*γ;

�Scalar interactions: Bs,d→µ+µ-

� …

� Lepton Flavor Violation (LFV):e.g. τ→µγ

� …

�� LongLong list list ofof importantimportant measurementsmeasurements drivendriven by by theorytheory andand experimentalexperimental resultsresults::

� ootherwisetherwise……

⇒

……most most ofof themthem veryvery challengingchallenging experimentallyexperimentally
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ExperimentalExperimental opportunitiesopportunities

B0→J/ψKs
B0→J/ψKs

Bs→J/ψϕ

BelleBelle IIII

TEVATRON: CDF, D0 PEPII: BaBar, KEKB:Belle

LHC: LHCb, ATLAS, CMS
SuperKEKB: Belle II, SuperB

 σ(bb)≈500 mb

 σ(bb)≈150 µb  σ(bb)≈1 nb

 σ(bb)≈1 nb

SuperB-factories (SBF)

0.950.95(0.75)(0.75) abab--11(@(@ϒϒ(4S))(4S))

TypicalTypical data data samplessamples

usedused inin publishedpublished resultsresults

22−−44 fbfb--11

100 fb100 fb--11 @ @ SuperLHCbSuperLHCb

>50 ab>50 ab--11

0.57(0.4) ab0.57(0.4) ab--11

10 fb10 fb--11 @ @ LHCbLHCb
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many additional particlesBB w/o other particles .eventevent topologytopology

Incoherent B0(Bs) – mixingcoherentB0B0 - mixingflavorflavor taggingtagging

secondary vertex ~ 3mmBB – vertex separation ~ 200µm vertexingvertexing

O(10) GeV

− γ/π° separation

up to ~4 GeV

− background from soft photons
pplablab--secondariessecondaries

large, plab 50÷100 GeVsmall (βγ=0.43)bb--hadronhadron boostboost

B0(40%), B+(40%), Bs(10%), 

Bc(<0.1%), b-baryons(10%)
B0B0(50%), B+B-(50%),            

Bs at ϒ(5S)
bb--hadronhadron typestypes

σ(bb )/ σinel~ 0.006σ(BB )/ σtot~ 0.25puritypurity

~1012bb/year~1010BB/yearproductionproduction raterate

500 mb1 nbσσbbbb

pppp →→→→→→→→bbXbbX ((√√√√√√√√s=14TeV)s=14TeV)e+ee+e-- →→→→→→→→ ϒϒϒϒϒϒϒϒ(4S) (4S) →→→→→→→→BBBB

((Super)BSuper)B--factoryfactory vsvs LHC(bLHC(b))

2/s=BE
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Basic Basic toolstools

� LHC(b)

EB ∼ 50÷100 GeV

. ⇒ vertex displacement ~ few mm

B(u,d,s,c)hb

~200 µµµµm

� B-factory

Sufficient to study time-evolution

of B-system.
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KDB
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as reconstr.

π

Basic Basic toolstools atat BB--factoriesfactories

BB without additional particlesBB without additional particles ⇒⇒ . . 2/s=BE� B-factory:�� BB--factoryfactory::

24/ recbc psM
r

−= 2/sEE rec −=∆

π

π

π

EEE

ppp

DBge

Drec

Drec

+=

+=

→

*

*

*:..
rrr

helps to identify secondaries

π0:.. DBge →

Provides information on very
slow, undetected particles

Look for a very rare decay
with large combinatorial

background, e.g. B→DsK.

BF(DsK)=3.1×10-5

B→K±X ~80%                
B→DsX ~15%

70

0

10)()(

,

−++−+

++−+

≈→×→

→→

ϕπ

ϕπ

ss

ss

DBFKDBBF

DKDB   
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B

⇐⇐⇐⇐⇐⇐⇐⇐ B→D*eνe

�� semileptonicsemileptonic decaysdecays atat BB--factoryfactory

νννν

            visB EEpE −== νν ||
r

...,,,,,, *** ωρπ=µ=ν→ DDDXelhlB hl          

requirements on

Mbc and ∆E ofB

ν

e

χχχχB,Pvis

Basic Basic toolstools atat BB--factoriesfactories

B
lXvislXvis pppEEE

hh

rrr
+≡+≡      

visp
r

|| Bp
r

|| νp
r

    1cos1 , ≤χ≤−
vispB
r

),(cos , visvispB pEf
vis

=χ r   

for channel with single neutrino 
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� reconstruct one of B-mesons (Btag) in a clean hadronic or semi-leptonic mode:

⇒ study decays of Bsig: 

• inclusive,

• with unknown missing mass (e.g. multiple neutrinos),                               

• with large non-BB background…

),( tagbeamsig pEp
r

−=

Bsig → h l ν, h = π, ρ, ω …

605 fb605 fb--11

e.g. Btag→hadrons

allall remainingremaining particlesparticles associatedassociated withwith 22ndnd B (B (BBsigsig))

Basic Basic toolstools atat BB--factoriesfactories
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UNITARITY TRIANGLEUNITARITY TRIANGLE

�� UnitarityUnitarity triangle triangle withwith O(1%) O(1%) precisionprecision:  :  treetree ((||VVubub|, |, γγ)) vsvs looploop ((||VVtdtd|,|, ββ))

: no sin(2β) measurements used 

sin(2β)=0.798 +0.027/-0.036

0.655±0.0244 (J/ψKs)                     

.             ~0.58±0.06 (”clean” penguin)

.     > 2.5σ deviation

”|Vub| - tension”””||VVubub| | -- tensiontension””

: direct measurements

|Vub|×10-3|V|Vubub||××1010--33

• CKMFitter 3.51+0.14

• B→πlν 3.5+0.6

• B→ulν 4.12±0.15±0.40

-0.16

|Vcb| ×10-3||VVccbb| | ××1010--33

• CKMFitter 43.9+0.66

• B→D*lν 38.6±1.3

• B→clν 41.6±0.6

-0.40

-0.5

TheThe efforteffort requiredrequired to to furtherfurther improveimprove thethe knowledgeknowledge ofof IVIVubub| | andand ||VVcbcb| | isis wellwell motivatedmotivated..

PDG 
2008 2.7σ
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UnitarityUnitarity triangletriangle fromfrom treetree amplitudesamplitudes

γγγγγγγγγγγγ
• CKMFitter (66.8+5.4)°

• measured (70 +27)°
-29

-3.8

<1°1÷2°
~30°(CKMFitter) 

~15°(UTfit) 
γγγγ (B→D(*)K(*)) 

3÷5%~ 8%|Vub| (incl)

3÷5%~18%|Vub| (excl)

0.7÷1%1.5÷2%|Vcb| (incl)

2÷3%4÷5%|Vcb| (excl)

superLHCb

(100 fb-1)

superBF

(50 ab-1)

current

sensitivity
observable

CKMFitter:                                        

from measurements in B→D(*)K(*)

decays, using several methods

Expression of Interest for an LHCb Upgrade

CERN/LHCC/2008-007

T. Browder et al.,                                        
New Physics at a Super Flavor Factory, 

arXiv:0802.3201 [hep-ph] 

Numbers in the Table:
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�� ChargedCharged HiggsHiggs searchessearches inin BB→τν→τνττ andand BB→→DD(*)(*)τντνττ;;

((Semi)tauonicSemi)tauonic B B decaysdecays

τ
ντ

b

u
W±±±±W-mediated

annihilation τ
ντ

b

u
H±±±±

mmbbtantanββββββββ++mm
uu
cotcotββββββββ

mmττττττττtantanββββββββ

Decay amplitude ∝ mb mτ tan2β

W±±±± τ
ντ

b c

H±±±± τ
ντ

b c

B→τν→τν→τν→τνττττ

B→→→→D(*)τντντντνττττ

sensitive observables  e.g. τ polarization

New Physics at tree New Physics at tree levellevel..

multiplemultiple neutrinosneutrinos inin finalfinal statesstates
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B+B-

20 cm

BELLE

K
+

π
+

π
−

e−

π
−

π
+

Missing BB++ →→→→→→→→ DD0 0 ππππππππ++

KK++ ππππππππ-- ππππππππ++ ππππππππ--

BB-- →τ→τ→τ→τ→τ→τ→τ→τ -- νννννννν

ee--νννννννννννννννν

BB→τν→τν→τν→τν→τν→τν→τν→τνττττττττ

ee--

backgroundB→τν

Hadronic Tag (449MBB)
PRL 97, 251802 (2006)

Semileptonic Tag (657MBB)
BELLE-CONF-0840, arXiv:0809.3834

difficult signature:                     

e/µ/π/ρ… ⊕ invisible
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BB→τν→τν→τν→τν→τν→τν→τν→τνττττττττ

Belle+BaBar:

BF(τν) is not included in the fitBF(τν) is not included in the fit

BF(τντ)exp=[1.73±0.35]×10-4

BF(τντ)fit =[0.786+0.179]×10-4
-0.083CKMFitter:

The decay constant fB cancels in

the ratio BF(B→τντ)/∆md, leaving
limited theoretical uncertainties

TheThe tensiontension isis not not drivendriven by by thethe decaydecay constantconstant ffBB..

2.5σ deviation
2

sin

sin)(








γ
β

∝
∆

ντ→ τ
−−

dm

BBF

: prediction from the global fit; 

measurements of sin(2β)

and BF(B→τν) not used
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20.40

0.37
102.02

−+
−

+−

×±

=→

))(37.0)((

)( *0

syststat

DBBF τντ

bckgr.

signal
MC

DATA

(missing mass)2 Mbc of the tagging side

BB→→→→→→→→DD(*)(*)τντντντντντντντνττττττττ

FIRST OBSERVATION, 

significance 5.2σ

530 fb530 fb--11

PRL 99, 251802 (2007)


2÷3% 

transverse τ
polarization

31%BF(B→→→→Dτντντντν)

3÷4%30%BF(B→τν→τν→τν→τν)

5÷6%not measuredBF(B→µν→µν→µν→µν)

superLHCb

(100 fb-1)

superFF

(50 ab-1)

current

sensitivity
observable

T. Browder et al., New Physics at a Super Flavor Factory, arXiv:0802.3201 [hep-ph] 

τ
ντ

b c
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� measurements of α from time dependent CP violation (TCPV) in B0→π+π-, 

π+π-π0, ρρ; important ingredients to extract α: B±→π±π0, B0→π0π0

� search for non-SM amplitudes in B decays with b→s(d) transitions

“B →Kπ puzzle”” ACP≡Γ(B→f)-Γ(B→f)/ Γ(B→f)+Γ(B→f)

ACP(K+π-)= −0.098 ±0.012

ACP(K+π0)=  0.050 ±0.025

ACP(K0π+)=  0.009 ±0.025

ACP(K0π0)=−0.01 ±0.10

SCP(K0π0)= 0.57 ±0.17

� search for non-SM CP-violating phases in TCPV violation in B→fCP with

FCNC B decays, e.g. B0→ϕKS,ϕKL, Bs→ϕϕ

CharmlessCharmless, , hadronichadronic B B decaysdecays

AACPCP(K(K++ππ--) ) -- AACPCP(K(K++ππ00)) = = --0.1470.147±±0.028 0.028 5.35.3σσ

neededneeded for a data for a data 

drivendriven solutionsolution withwith

sum sum rulesrules

SCP ≡ sin(2βeff)

Belle, BaBar, CDF⇒

BB--factoriesfactories superior for superior for thethe modesmodes withwith neutralsneutrals

B
e

lle
, 

B
a

B
a

r

⇐⇐⇐⇐TCPV⇒⇒⇒⇒
atat BB--fa

ctorie
s

factorie
s
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((CharmlessCharmless) ) hadronichadronic B B decaysdecays

T. Browder et al.,  New Physics at a Super 

Flavor Factory, arXiv:0802.3201 [hep-ph] 

Expression of Interest for an LHCb

Upgrade CERN/LHCC/2008-007

Numbers from: 

PDG, HFAG,

b→ cc s

0.003÷0.0100.005÷0.0120.025sin(2β) (J/ψK)

0.00150.141.1÷1.2βs (J/ψϕ)

0.19βs (K
0K0)

0.01÷0.02not measuredS(ϕϕ)

0.01÷0.020.07S(η’K0)

0.025÷0.0350.02÷0.030.20S(KSKSK0)

1÷2°15°(CKMFitter)α(ππ,ρπ,ρρ)

0.025÷0.0350.02÷0.030.17S(ϕK0)

superLHCb

(100 fb-1)

superFF

(50 ab-1)

current

sensitivity
observable

superFF

(30 ab-1)@ϒ(5S)

BBss

610)9.824()( −×±=ϕϕ→sBBF

B. Di B. Di RuzzaRuzza @ DPF 2009@ DPF 2009 2.9 fb2.9 fb--11

)/arg( **

cbcstbtss VVVV−=β
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RRadiativeadiative andand semileptonicsemileptonic decaysdecays withwith bb→→→→→→→→s(ds(d))

�� inclusiveinclusive bb→→ss

• B → Xs γ

• B → Xs l+l-

• B → Xsνν

�� exlusiveexlusive bb→→ss

• B → K*γ

• B → K(*)l+l-

• B → K(*)νν

�� exlusiveexlusive bb→→dd

• B → ργ

�� inclusiveinclusive bb→→dd

• B → Xd γ

AAFBFB ((forwardforward--backwardbackward asymmetryasymmetry) ) in in 

bb→→ss ll++ ll-- arises from the interference arises from the interference 

between between γγand Zand Z00 contributions contributions 

TCPVTCPV KKS S ππ00γγ, , ρρ00γγ

B → K*l+l-

Ali, Mannel, Morozumi, PLB273, 505 (1991)

SM: γ is polarized, the final state almost 
flavor-specific.

S (KS π0γ ) ~  -2ms/mbsin2β
enhanced for right-handed currents in 

many new physics models –

no need for a new CPV phase

Photon polarization measurementPhoton polarization measurement

via time via time TTCPV CPV 



18

RRadiativeadiative andand ((semi)leptonicsemi)leptonic decaysdecays

0.07 GeV2AFB(B→K*0µ+µ−)s0

16÷20%BF(B→Kνν)

5÷10%BF(Bs→µ+µ−)

0.016 ÷0.025S(Bs→ϕγ)

4÷6%23%BF(B→Xsl
+l−)

0.08÷0.120.67S(B0→ρ0γ)    

4÷6%AFB(B→Xsl
+l−)s0

0.02÷0.030.24S(B0→KSπ0γ)

5÷10%~ 40%BF(B→Xdγ)

3÷4%~16%BF(B→ργ)/BF(B→K*γ)

0.004÷0.0050.028ACP(b→sγ)

3σBF(Bd →µ+µ−)

0.010.12ACP(b→sγ+d γ)

superLHCb

(100 fb-1)

superFF

(50 ab-1)

current

sensitivity
observable

61218

1115 10)57()( −++
−− ×=ϕγ→  
 sBBF

23.6fb23.6fb--11PRL PRL 100100,121801,2008,121801,2008

……many many interestinginteresting opportunitiesopportunities for for nonnon--bb physicsphysics::

•• charmcharm mixingmixing andand CPV CPV are a unique handle 
to test FCNC of u-like quarks

• ττ LFV: LFV: τ→µγτ→µγ,  ,  τ→µµµτ→µµµ
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ThingsThings to be to be improvedimproved (i(in n additionaddition to to raterate//radiationradiation tolerancetolerance))

• Better particle identification;

• Larger radial size of vertex detector to accept more KS;

• Innermost sensor closer to the IP to improve ∆z resolution;

• More hermetic detector to help reconstruction of invisible modes (w/ ν);

• Reduce material;

• …

TheThe neededneeded decaydecay modesmodes & & techniquestechniques establishedestablished atat BB--factoriesfactories..

CDF CDF andand D0 D0 demonstrateddemonstrated thethe powerpower ofof hadron hadron colliderscolliders inin bb--physicsphysics..

SummarySummary

The flavor sector of the Standard Model passed fundamental tests;        

yet there are several measurements that are uncomfortable for the 

Standard Model:

((Super)BSuper)B--factoriesfactories andand LHC(BLHC(B) q) quiteuite complementary to each complementary to each otherother..
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SummarySummary

Sensitivity Comparison ~2020

Super-LHCb 100 fb-1 vs

Super-B factory 50 ab-1

(p
re

lim
in

a
ry

)

Bs

c
o
m

m
o
n

•LHCb

•Super B

sin(2ββββs)

No No decaydecay vertexvertex, , 

neutralsneutrals, , νν, , 

inclusiveinclusive

Plot by S. Plot by S. StoneStone,,

SuperBFSuperBF--numbersnumbers fromfrom M. M. HazumiHazumi
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KEKKEK--RoadmapRoadmap
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TOWARDS TOWARDS SuperBSuperB--factoryfactory

TheThe neededneeded decaydecay modesmodes & & techniquestechniques establishedestablished atat BB--factoriesfactories

m
ajo

r a
chie

vem
ents

at Belle
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2323

2007 2008 2009 2010 2011 2012

KEKB 

ILC R&D TDP1

Photon Factory
&  upgradeoperation

LHC
1st resultsoperation

J-PARC

ERL R&D

Summary of KEK RoadmapSummary of KEK Roadmap

operation & completion of  1st goal

power upgrade

upgrading to Super-KEKB

continue R&D and compact ERL

LHC upgrade

construction

TDP2lots and lots of R&D’s

(A.Suzuki)
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requirements on 

cosχB,hlB

Expected signal from a rare

semileptonic B decay

Observed signal from a rare

semileptonic B decay
343.0

42.0

35.0

33.0 10))(49.0)()(67.3()( −+
−

+
−

−− ×±=π→ normsyststatDBBF ss

23.6fb23.6fb--11PRL PRL 102102,021801,2009,021801,2009


