
New Particles, New Physics, Super BNew Particles, New Physics, Super B
Tom Browder (University of Hawaii)

• New Particles (strong interaction) 

• New Physics in the weak interaction (with someNew Physics in the weak interaction (with some 
recent examples from BaBar and Belle)

• The Super B Factory upgrade at KEK
(including the latest news on crab cavities, 
schedule etc )schedule etc…)

Apologies: Will cover only a small subset of relevant B-factory 
results, many highlights but no details. 



Integrated luminosity at B factoriesg y
KEKB + PEP-II

~ 1.3 Billion BB pairs
/fb ( )/fb ( )

KEKB
~766/fb (Dec 23)~766/fb (Dec 23)

for Belle

~485/fb (Jan 10)~485/fb (Jan 10)

PEP II

~485/fb (Jan 10)~485/fb (Jan 10)

PEP-II
for BaBar

May be time to switch units to ab-1



One Example of the Surprises 
at the current B Factories

Many narrow unanticipated new particles• Many narrow unanticipated new particles
• Although the strong interaction is “well-g g

understood”, these particles were not 
predicted in the Physics Reports Yellowpredicted in the Physics Reports, Yellow 
Books, review committees and workshops 
that preceded the B factorythat preceded the B factory…..

ld h b h k f k[Could there be surprises in the weak interactions of quarks ?]

[Lesson for the LHC ?]



P ti l Ph i T tb kParticle Physics Textbooks

Textbook of Perkins, Introduction to High Energy Physics p.118

“The states observed in nature consist of three-
k bi ti (th b ) d kquark combinations (the baryons) and quark-

antiquark combinations (the mesons).”

Y b t th ibiliti h 4 kYes, but other possibilities such as 4-quark or 
quark-antiquark-glue combinations are not 
f bidd b ti lforbidden by any conservation law.



One approach to going beyond the 
textbook: look for non-qq mesons

4 (& perhaps 6) quark states

u c

4 (& perhaps 6) quark states

u u du c
uc

u u
uud

c c

“hybrid” qq-gluon states

c c



B-factories produce lots of cc pairs

0-+, 1- - or 1++

0-+, 0++, 2++

C =+ states 

1- - only 



Selected News on the “X,Y,Z” particles

• X(3872)
New Belle/BaBar results:Status summer 2007:

( )
– π+π− J/ψ in B Kπ+π−J/ψ

• Z(3930)
X(3880) DD
- e+e- J/ψ DD( )

– DD in γγ DD

• Y(3940)

ψ

confirmed by BaBar
( )
– ωJ/ψ in B K ωJ/ψ

• X(3940)
updated by Belle

( )
– e+e- J/ψ X  &  e+e- J/ψ DD*

• Y(4260)

Y(4008)?
X(4160) D*D*
- e+e- J/ψ D*D*( )

– π+π−J/ψ in e+e- γ π+π− J/ψ

• Y(4325)

Y(4250)

Y(4370)( )
– π+π-ψ’ in e+e- γ π+π-ψ’

( )

Y(4660)

Z+(4430) π+ψ
- B Kπ+ψ’



X(3872), the first one

Standard 
Candle

S-K Choi, S.L Olsen et al,

WA Mass: 3871.4±0.6  MeV MD0 + MD*0 = 3.871.8 ± 0.4
(Clue to its nature)



M(ππ) looks like ρ ππM(ππ) looks like ρ ππ

PRL 96 102002

CDFBelle

χ2/dof = 43/39 (CL=28%)
PRL 96 102002

ki tikinematic
limit≈mρCombined with angular analysis,

• Belle & CDF:    JPC = 1++ most likely
J=2 also allowed



What’s new with the X(3872)?( )
BaBar confirms Belle’s DDπ threshold enhancement

Both groups see a high mass value

BaBar bug: Error +0 7 0 5

Mass is 3.8±1.2 MeV above 
WA X(3872) J/ m ;

BaBar bug: Error +0.7_-0.5

WAvg X(3872) ππJ/ψ mass; 
(~3σ) is this significant?



Belle’s B0 KSX & B± K±X comparison
Consistent with an earlier BaBar result but much higher statistics
Clear signal in the neutral mode

KS mode K± mode

A “molecular” model

ΔM = 0.22 ± 0.90 ± 0.27  MeV

A molecular  model
predicted this to be <<1
(Braaten et al PRD 71 074005)

Early “diquark-antidiquark” models
predicted this to be 8±3 MeV

(Maiani et al PRD 71 014028)



Is there a cc slot for the X(3872)?f

3872 1++ (χc1’)3872 
Βr(γJ/ψ) too small
Βr(ρJ/ψ) too big

(χc1 )

η ρJ/ψ isospin forbidden
2-+(ηc2)

ηc2 ρJ/ψ isospin forbidden
D0D0π0 @ thresh.suppressed
B Kcc(J=2) suppressed



What is the X(3872) ?( )
The mass, width and decay modes do not appear to 
correspond to those of any predicted charmonium statecorrespond to those of any predicted charmonium state.

One possibility suggested by a number of 
authors is a loosely bound S wave moleculeauthors is a loosely bound S-wave molecule
of charm mesons. 0 *0 0 *01/ 2(   )D D bar D bar D+

N.. A. Tornqvist, Phys Lett. B 590, 209(2004)
E B t M K ki S N i Ph R L tt 93 162001 (2004)

F. Close, P.R. Page, Phys. Lett. B 578, 119 (2003)

E. Braaten, M. Kusunoki, S. Nussinov, Phy. Rev. Lett. 93, 162001 (2004)

Another intriguing idea: X(3872)= c cbar u ubarAnother intriguing idea: X(3872)= c cbar u ubar 
state. In such a 4-quark picture there should be  
charged and neutral statesg

L. Maiani, F. Piccinini, A. D. Polosa, V. Riquer, Phys Rev. D71: 014028 (2005)



The 1-- states seen in ISR

ψψ
(ψ’)

(Until recently this was not a very fashionable reaction)



e+e- γISR Y(4260) at BaBarγISR ( )

BaBar PRL95 142001 (2005) fitted values:

233 fb-1

BaBar PRL95, 142001 (2005)
M=4259 ± 8 +2 MeV

Γ = 88 ± 23 +6 MeV
-6

fitted values:

233 fb
Y(4260)

Γ  88 ± 23 MeV-9

~50pb



“Y(4260)” at Belle (New)
M=4247 ± 12 +17 MeV

Γ = 108 ± 19 ±10 MeV
-32

M=4259 ± 8 +2 MeV-6

BaBar values:

Γ = 108 ± 19 ±10  MeV

M=4008 ± 40 +114 MeV-28

Γ = 88 ± 23 +6 MeV-9

Γ = 226 ± 44 ±87  MeV

??????

Resonance?
Thresh effect?
? C.Z Yuan et al (Belle)

arXiv:0707.2541
To appear in PRL

…?



No 1-- cc slot for the Y(4260)( )
X.H. Mo et al, hep-ex/0603024

4260
4260

4260

Hadronic cross section



Is the Y(4260) a cc-gluon hybrid?s the Y( 60) a cc gluon hybr d?
c cc c

• qq-gluon excitations predicted 30 yrs ago

• lowest 1-- cc-gluon mass  expected at ~4.3 GeV
Horn & Mandula PRD 17, 898 (1977)

• relevant open charm threshold is D**D (~4.28 GeV)
Banner et al, PRD 56, 7039 (1997); Mei & Luo, IJMPA 18, 15713 (2003)

Isgur Koloski & Paton PRL 54 869 (1985)

• Γ(ππJ/ψ) larger than that for normal charmonium

Isgur, Koloski & Paton PRL 54, 869 (1985)

McNeile, Michael & Pennanen PRD 65, 094505 (2002)

• Γ(e+e-) smaller than that for ordinary charmonium
McNeile, Michael & Pennanen PRD 65, 094505 (2002)

Close & Page NP B443, 233 (1995)



BaBar’s π+ π-ψ’ peak at 4325 MeV
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Not Compatible with the Y(4260)
χ2-prob < 5.7 GeV/c2

Y(4260) 6.5 ×10-3

ψ(4415) 1.2 ×10-13

BaBar PRL 98 252001 (2007)
Y(4320) 29%

BaBar PRL 98 252001 (2007)



4325 MeV π+π−ψ’ peak in Belle (new)

Two peaks! (both relatively narrow)
(& both above D**D thresh)
(& neither consistent with 4260)

M=4664 ± 11 ±5 MeV
M=4361 ± 9 ±9 MeV

Γ = 74 ± 15 ±10 MeV

(& neither consistent with 4260)

M 4324 ± 24 MeV

Γ = 48 ± 15 ±3  MeV
Γ  74 ± 15 ±10  MeV

BaBar values4260

M=4324 ± 24 MeV

Γ = 172 ± 33 MeV

548 fb-1

X.L. Wang et al (Belle)
arXiv:0707.3699



From the major Japanese newspapers on Nov 10



M(π±ψ’) from B K π± ψ’

K* Kπ K * K ?VetoVeto  
M = 4433 ±4 ±1 MeV

Γ = 45 +17 +30 MeVK Kπ K2* Kπ?Veto   Veto Γtot = 45 +17 +30 MeV

Nsig =124 ± 31evts
-13 -11

) G
eV

2

6.5σ

M
2 (

πψ
’)

M

M(πψ’) GeV
M2(Kπ) GeV2

K. Abe  et al (Belle   
arXiv:0708.1790, submitted to PRL

M(πψ ) GeV



Comments on the Z+(4430)Comments on the Z (4430)
Not a reflection from the Kπ systemNot a reflect on from the Kπ system

No significant signal in B KπJ/ψ

It has non-zero electric charge not cc or hybrid

Mass width & decay pattern similar to Y(4360) & Y(4660)Mass, width & decay pattern similar to Y(4360) & Y(4660)



Tentative conclusions for the new statesTentative conclusions for the new states

There are two four-quark or molecular candidates: theThere are two four-quark or molecular candidates: the 
X(3872) and Z(4430). The Z(4430) is charged and so cannot 
be conventional charmonium (c cbar bound state).( )

The Y(4260) and its partner Y(4320) first seen by BaBar
u c cu

_ _

The Y(4260) and its partner Y(4320), first seen by BaBar, 
are good hybrid candidates. Belle found that there appear 
to be extra states nearby in each case.y

c c
_

The effects of thresholds and mixing between states can 
easily complicate these simple interpretations

None of this was anticipated



Surprising Results from the ϒ(5S)

CLEO
PRL 54, 381 (1985)1985: CLEO,CUSB @ CESR ~ 116 pb−1

ϒ(5S)
2003: CLEO III @ CESR        ~ 0.42 fb−1

Motivated by interest in studying 
Bs decays

2005: Belle @ KEKB              ~ 1.86 fb−1

engineering run

s y

engineering run

2006, June 9-31: Belle @ KEKB
≅ 21 9 fb−1≅ 21.9 fb

KEKB is flexible:  Belle has ~ 23.8 fb−1 of ϒ(5S) data



Expectations for non-B Bar decays of Upsilon(5S)

(4 )Sϒ (5 )Sϒ
(OZI Suppressed)

Γee ≃ 0.27 keV Γee ≃ 0.13 keV

Γ ≃ 110 MeVΓ ≃ 20.5 MeV

( ) (5 )Sϒ

ee ee

5(4 ) (1 ) (9.0 1.5) 10S S π π+ − −ϒ → ϒ = ± ×

55(4 ) (2 ) (8.8 1.9) 10S S π π+ − −ϒ → ϒ = ± ×

20.5477 fb−1

expect only limits

110 ~ 1.7 x 10−5

expect only limits ...



Surprise: There are huge signals 
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: Two orders of magnitude too large !(5 )Sϒ

Assume “ϒ(5S)” = ϒ(5S)
PDG value taken for ϒ(nS) properties

N.B. Resonance cross section 0.302 ± 0.015 nb at ECM = 10.87 GeV
PRD 98, 052001 (2007)  [Belle] ϒ(2S) → ϒ(1S)π+π− ~ 6 keV 

ϒ(3S) 0 9 keVϒ(3S) 0.9 keV
ϒ(4S)                       1.8 keV
ϒ(5S)                       580 keV

• Is this really the ϒ(5S), or is there something else 
e.g. a Yb state that overlaps with it? (like the Y(4260)).e.g. a b state that ove laps with it? (like the (4 60)).

Need CM Scan to tell
BELLE-CONF-0774, hep-ex/0710.2577 Last week of  December run for 10 days



New PhysicsNew Physics
(in the Weak Interaction)(in the Weak Interaction)

Are there new particles beyond those in the 
SM, which have different couplings (either in 

i d i h ) ?magnitude or in phase) ?

Supersymmety is an example (~40Supersymmety is an example (~40 
new phases)



One method to find New Physics Phases
Example:

Vts: no KM phase φts p

Vtd

φ1

η’ Κ+Κ−η’ Κ+Κ−

*

+ B B
, η ,  Κ+Κ, η ,  Κ Κ

Vtd
φ

*

ff

φ1

SM: sin2φ1 = sin2φ1 from B J/ψ K0 (b c c s)eff _

unless there are other, non-SM particles in the loop



How New Physics may enter in b s y y

g~
New physics in loops?

s
η’ 

B
0 g

g~
b s

+(δ   
23

d
RR)b

~
R

s~R

φ
0B

b
s

s

d d

s

s Ks

B
0 gsR

0
SK

0B
s

d d

Many new phases are 
possible in SUSY

s
η’ 

0 g

g~
b s

+(δ   
23

d
RR)b

~
R

~
η′b

s

s

p

O(1) effect allowed

d d

s

s Ks

B
0 g

R

s~R

0
SK

0B s

s
d d

O(1) effect allowed
even if SUSY scale 

d d Sd d is above 2TeV.



Extra dimensions (by 
Randall + Sundrum)

New Kaluza-Klein  (K.K) particles are 
associated with the extra dimension. 

(“Tower of states”)

Some may induce new phases and 
flavor-changing neutral currents.

Two Aspen talks: G. Perez,  C.Csaki
e.g. K.Agashe, G. Perez, A. Soni, PRD 71, 016002 (2005)

RS1 ++CPV in D 

Model: K.K. Gluon near 3 TeV
SM decay

Const. εK ?



Time Dependent CPV in B0 decays

e.g. for B J/ψ Ks
S = −ξCPsin2φ1 = +sin2φ1
A ~ 0

Mixing-induced CPV Direct CPV
(ξCP : CP eigenvalue ±1)

Mixing induced CPV Direct CPV

N.B. Time integrated mixing-induced asymmetries vanish



B0 J/ψ K0

B0 tag
_B

0 tag

previous measurement
sin2φ1= 0.652 ± 0.044

(388 M BB pairs)535 M BB pairs
_ _

sin2φ1= 0.642 ±0.031 (stat) ±0.017 (syst)
A 0 018 ±0 021 ( t t) ±0 014 ( t)

(388 M BB pairs)535 M BB pairs

A = 0.018 ±0.021 (stat) ±0.014 (syst)
hep-ex/0608039, PRL



sin2φ1 : BaBar + Belleφ1

0.674 ± 0.026

A precise measurement of the phase 
of Bd mixing (< 4 % error) “Yesterday’s sensation is today’s calibration and 

t ’ b k d ” V l T l dif d g ( )
Reference Point for NP search

tommorow s background. - Val Telegdi



Belle: tCPV in B0 φK0 _
535M BB

“sin2φ1” = +0.50 ± 0.21(stat) ± 0.06(syst)
a k a sin(2β)

Δt distributions and asymmetry
a.k.a sin(2β)

Consistent with the SM (~1σ lower)
Consistent with Belle 2005 

(Belle2005: “sin2φ1” = +0.44±0.27±0.05)

φKS and φKL combined
background subtractedunbinned fit hep-ex/0608039background subtracted
good tags
Δt –Δt for φKL

unbinned fit
SM

hep-ex/0608039, 
PRL 98, 031802(2007)



BaBar: φK0 using B0 Κ+Κ−K0φ g
[hep-ex/0607112]

_
347M BB p

β measurement (not sin2β)

φK0: sin2βeff = +0.12 ± 0.31(stat) ± 0.10 (syst)
a.k.a. sin(2 φ1)



2007: Hints of NP in  b s Penguins ?
Smaller than b ccs 
in 7 of 9 modesin 7 of  9 modes

Theory predicts 
positive shifts

Naïve average of all b s modes

sin2βeff = 0.56 ± 0.05
2.2 σ deviation from SM
(CL=3%)



Extrapolation: B φK0 at 50/ab
ith t WA lwith present WA values

J/ψK0MC

This would establish 

φK0 the existence of a NP 
phase

Compelling measurement in a clean mode



2007 was the year of D0 mixing2007 was the year of D mixing



D0 K+K- / π+π-

2/ df 1 084 ( df 289)

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

Belle
χ2/ndf=1.084 (ndf=289)

+

K+K-/π+π-

and K-π+ratioDifference of lifetimesDifference of lifetimes
visually observable y=ΔΓ/(2Γ)

3.2 σ from zero 
(4.1 σ stat. only)

Evidence for D0 mixing
(regardless of possible CPV) negligible CPV, yCP=y(1.31 0.32 0.25)%CPy = ± ±



BaBar D-mixing Signal in D0 K+π-

•Fit results:
RD: (3.03±0.16±0.10)x10-3

x’2: (-0.22±0.30±0.21)x10-3

y’: (9 7±4 4±3 1)x10-3y :  (9.7±4.4±3.1)x10

data - no mix PDF
mix - no mix PDF

x=Δm/Γ y=ΔΓ/(2Γ)
The quantities x’, y’ are rotated versions of x, y  

WS mixing fit projection in signal region
1.843 GeV/c2 < m < 1.883 GeV/c2

0 1445 G V/ 2 0 1465 G V/ 2

The rotation angle is an unknown strong phase

0.1445 GeV/c2 < Δm < 0.1465 GeV/c2

CDF confirmation 
discussed on Monday



BaBar Decay time distributionsy
D0 → K +K − D 0 → K +K −D0 → K −π +  +c.c.

t  (ps)τ=409.3±0.7 
fs

t  (ps) t  (ps)τ=401.3±2.5 
fs

τ=404.5±2.5 
fs

D0 → π +π − D 0 → π +π −

fs fs fs

t  (ps) t  (ps)τ=407 6±3 7 τ=407 3±3 8 (p )τ=407.6±3.7 
fs

τ=407.3±3.8 
fsKπ and KK lifetimes differ!

Confirms Belle result



Measurements KS π+π- arXiv: 0704.1000, 540 fb-1,  to appear in PRL

534 000 signal events
Decay-t projection of fit

most sensitive
f

)%29.080.0( 160
13.0±±=x

~534,000 signal events

meas. of x;
)%24.033.0(
)(

14.0
10.0
16.0

±±=y

Cleo, PRD72, 012001 (2005)
x =  1.8 ± 3.4  ± 0.6%
y = -1.4 ± 2.5 ± 0.9 % 

comb.
bkg.

t

t [fs]

t

[ ]

τ = 409.9±0.9 fs 
τPDG=410 1±1 5 fsτPDG 410.1±1.5 fs
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Summary of D0 mixingSummary of D mixing
semileptonic, K+π−, Ksππ, yCP, K+π−π0, K+π−π+π−, ψ(3770)

Beijing charm workshop Nov 2007 Belle,BaBar,CLEO
combined
Belle,BaBar,CLEO
combined

Beijing charm workshop, Nov 2007

Large mixing is
established
Large mixing is
establishedΔΓ/(2Γ) established.
(may be 
compatible

established.
(may be 
compatible

y=ΔΓ/(2Γ)

x p
with high end
of SM predictions)

p
with high end
of SM predictions)

x

Wh i D0 i i i t t f S B F t i ?

x=Δm/Γ

Why is D0 mixing important for Super B Factories ?



Another new physics CPV phase !
52λ

Another new physics CPV phase !

)10(~2~ 3
52

−OA
λ

ληϕ CPV in D system negligible in SM

0;0)1(Im ≠≠+≡ ϕϕiMf eAAq
CPV i i t f i /d

The existence of D mixing (if x is non zero)

0;0)
2

1(Im ≠≠+ ϕ
f

e
ApCPV in interf. mix./decay:

The existence of D mixing (if x is non-zero)
allows us to look for another unconstrained 
NP phase but this time from up type quarksNP  phase but this time from up-type quarks. 
(c.f. CPV in Bs mixing)

Current sensitivity ~±200, 50 ab-1 go below 20



Rare Decays with LargeRare Decays with Large 
“Missing Energy”g gy

(New physics couplings in trees)



Motivation for B+→τ+νMotivation for B →τ

Sensitivity to new 
physics from 
h d Hi if thcharged Higgs if the 

B decay constant is 
known

The B meson decay constant, determined by 
the B wavefunction at the origin



Why measuring Β τν is non-trivialWhy measuring Β τ is non trivial

+e+

M t f thϒ(4S)B- B+
ντ

νe
Most of the 
sensitivity is 
from tau 
modes with 1

ντB-→X
modes with 1-
prong

B+→τ+ντ,  τ+→e+νeντ

The experimental signature is rather difficult: 
B decays to a single charged track + nothingB decays to a single charged track + nothing



Example of a B τ ν candidate

Tag: B D0 π, 

D0 Kπππ

Very difficult or impossible 
at a hadron collider



Evidence for B+→ τν (Belle)( )
449 ×106 B pairs Btag→D(*)[π,ρ,a1,Ds

(*)] 680k tags, 55% pure.  
5 τ decay modes

Find             signal events from a fit 
t l f 54 t

y

5.3
4.717.2+

−

to a sample of 54 events.
4.6σ stat. significance w/o 
s stematicssystematics,

After including systematics g y
(dominated by bkg), the 
significance decreases to 
3 5

MC studies show there is a small peaking 

3.5σ

bkg in the τ ππ0 ν and τ πππ ν modes.
Extra Calorimeter Energy



Direct experimental determination of fBp f fB
• Product of B meson decay constant fB and CKM 

matrix element |V |matrix element |Vub|
1.6 1.3 4
1.4 1.4(10.1 ) 10B ubf V GeV+ + −

− −× = ×

• Using |Vub| = (4.39 ± 0.33)×10-3 from HFAG

36 34+ +36 34
31 37229Bf MeV+ +

− −= ( Belle)

fB = 216 ± 22 MeV (an unquenched lattice calc )Theory:

(PRL 97, 251802 (2006))

fB  216 ± 22 MeV  (an unquenched lattice calc.)
[HPQCD, Phys. Rev. Lett. 95, 212001 (2005) ]

Theory:



Constraints on charged Higgs massg gg
Use known fB and |Vub |
R ti t th SM BFRatio to the SM BF.

2
2 2

2(1 tan )B
H

mr
m

β= −

rH=1.13±0.51
Hm

excludedexcluded

Compare to direct searches for H+ At 50 ab-1 



The next frontier: B → K(*)νν

_

The next frontier: B → K νν

b s with 2 neutrinos

SM: B(B K* νν) ~1.3 x 10-5

B (B K νν)  ~4 x 10-6

(Buchalla Hiller Isidori)
DAMA 
NaI 3σ

_
_

(Buchalla, Hiller, Isidori)
PRD 63, 014015

NaI 3σ 
Region

• New Physics in Loop• New Physics in Loop
• Light Dark Matter (M~1GeV)

No sensitivity to M<10 GeV in 
direct searches



B → h(*)⎯νν (b s⎯νν penguins)

Mode Nobs Nb U.L.

arXiv:0707.0138v1[hep-ex]; submitted to PRL

Mode Nobs Nb U.L.

K*0⎯νν 7 4.2±1.4 <3.4 × 10-4

K*+⎯νν 4 5.6 ±1.8 <1.4 × 10-4 {
K+⎯νν 10 20.0 ±4.0 <1.4 × 10-5

K0⎯νν 2 2.0 ±0.9 <1.6 × 10-4

⎯

{

K+⎯π+ νν 33 25.9 ±3.9 <1.7 × 10-4

π0⎯νν 11 3.8 ±1.3 <2.2 × 10-4

ρ0⎯νν 21 11 5 ±2 3 <4 4 × 10-4

K+ νν

ρ νν 21 11.5 ±2.3 <4.4 × 10

ρ+⎯νν 15 17.8 ±3.2 <1.5 × 10-4

φ⎯νν 1 1.9 ±0.9 <5.8 × 10-5

Ｌｉｇｈｔ ｄａｒ
ｋ ｍａｔｔｅｒ

⎯

More stringent U.LsNeed Super 
B statistics Bf (B→K* νν)SM=1.3 × 10-5

Bf(B→K⎯νν)SM=4 × 10-6

B statistics 
for discovery



Comments on Super B FactoriesComments on Super B Factories
(recent developments and political, funding  
issues are included)



Lessons of Historyy
New Physics is usually discovered first in loop 
processes, which involve high mass virtualprocesses, which involve high mass virtual
particles. (Heisenberg Uncertainty Principle)

E l I Ab f K ll d th i t t d d thExample I: Absence of KL μμ allowed theorists to deduce the 
existence of the charm quark. The rate of K mixing allowed a 
rough determination of the charm mass.

Example II: The absence of b s decays and the long B 
lifetime ruled out topless models. Large Bd mixing showed 
the top was heavy contrary to theory prejudices of the time. 

Vtd
p y y y p j

Radiative corrections from Z measurements determined the 
rough range of the top mass. Vtd

Beautiful and precise measurements of the top quark mass 
at the Tevatron. However, the couplings |Vts|, |Vtd,| and most 
importantly the phase of (V ) cannot be measured in directimportantly the phase of (Vtd) cannot be measured in direct 
top production.



The Super B Factory is part of a Unified
and Unbiased Attack on New Physicsand Unbiased Attack on New Physics

ν expts accel, reactor,
gμ-2, μ eγ, Project X..LHC, ILC

Higgs boson mass

New
h i

ν mass and mixing,
CPV, and LFV

gg
and couplings. New 
particle searches

physics

Quark sector

Flavor mixing,τ LFV,

KEK Super B Factory

g,
CPV phases

,
τ CPV

KEK Super B Factory, 
LHCb, Rare K expts, BESIII…



Super B  Factory vs current sensitivities

Hard to condense all the 
NP observables into one 
sound bite……

(50 75 b 1)
From TEB et al.,  hep-ph/0710.3799 and RMP in preparation

(50-75 ab-1)



R t D l t f thRecent Developments for the 
Super B Factory AcceleratorSuper B Factory Accelerator

SuperKEKB final design luminosity is  8 x 1035/cm2/sec
Low emittance/ILC inspired INFN design is ~10 x 1035/cm2/sec

34 2c.f. Current KEKB luminosity is 1.7 x 1034/cm2 /sec

To address the full array of new physics searches, 
requires 10-50 ab-1 of integrated luminosityrequires 10-50 ab of integrated luminosity

c.f. Current KEKB integrated lumi 0.75 ab-1



The KEKB Collider (Tsukuba, Japan)

Belle detectorSCC RF(HER)
8 x 3.5 GeV 
22 mrad crossing angle

World record:

22 mrad crossing angle

World record: 

L = 1.7 x 1034/cm2/sec

Ares RF cavity

ARES(LER)

e+ source

Corkheads Australian Bar



Super B Factory at KEK
Interaction Region

C b i

p y

N B i Crab crossing
θ=30mrad.
βy*=3mm

New Beam pipe

New QCS

More RF powerAnte-chamber & solenoid coils
to reduce photo-electron clouds

Damping ring

Linac upgradeLinac upgrade

Lf = 8×1035/cm2 /secL0 = 2×1035/cm2 /sec



New site next to Frascati
The Competition based in Italy

Conceptual Design Report has 
been finished Review committeebeen finished. Review committee.

Beam size

Question: 12 nanometer beam spot in y, 2.7 
microns in x Is this possible in a real 2-3 kmmicrons in x. Is this possible in a real 2 3 km 
circumference multi-orbit machine ?

(Collaboration on beam dynamics with Ohnishi, Ohmi)



Super B Engineering: Crab crossingp g g g

. Superconducting crab cavities (1 LERSuperconducting crab cavities (1 LER 
and 1 HER) have been installed and 
now are being tested at KEKB.



Crab Performance and Specific Luminosity 
at KEKB

Crab-crossing
The highest beam-beam is ~0.08.

Close to the LEPII record

Before crab, max

22 mrad finite-crossing

beam-beam was 0.052.

g

So far (best with crab, I(e+)=1.6 A, I(e-) =0.8 A)
L ~ 1.47 x 1034cm-2s-1



Belle Detector before the Super B upgradeBelle Detector before the Super B upgrade
Aerogel Cherenkov cnt.
n=1.015~1.030SC solenoid

CsI (Tl) 16X

SC solenoid
1.5T 3.5GeV e+

CsI (Tl) 16X0

TOF counters

Tracking + dE/dx

8GeV e−

Tracking + dE/dx
small cell + He/C2H6

/ K detection
Si vtx. det.

μ / KL detection
14/15 lyr. RPC+Fe

4 lyr. DSSD



Requirements for the Super B detector

10 cm

BELLE
Issues:

Higher background ( ×20)

10 cm

BELLE

- radiation damage and occupancy
- fake hits and pile-up noise in the EM

Higher background ( ×20)

Higher event rate ( ×50)

10 cm

BELLE

low p μ identification f sμμ recon eff

- higher rate trigger, DAQ and computing
Higher event rate ( ×50)

Required special features

10 cm

BELLE

10 cm

BELLE

- low p μ identification  f sμμ recon. eff.
- hermeticity  f ν “reconstruction”

10 cm

BELLE

Possible solution:
Replace inner layers of the vertex detector
with faster silicon readout or pixel detector
R l i t f th t l t k

Possible solution:
Replace inner layers of the vertex detector
with faster silicon readout or pixel detector
R l i t f th t l t k

10 cm

BELLE

Replace inner part of the central tracker
with a silicon strip detector.
Better particle identification device (TOP) 

focussing DIRC (fDIRC)

Replace inner part of the central tracker
with a silicon strip detector.
Better particle identification device (TOP) 

focussing DIRC (fDIRC)

10 cm

BELLE

ocuss g C ( C)
Replace endcap calorimeter by pure CsI.
Faster readout electronics and computing

ocuss g C ( C)
Replace endcap calorimeter by pure CsI.
Faster readout electronics and computing



Super Belle: A detector for SuperKEKB
Faster calorimeter with 
waveform sampling and New particle identifier with p g
pure CsI crystals precise Cherenkov device:

TOP or fDIRC.
KL/μ detection
with scintillator 

and next generation
photon sensors

New dead time free

Background tolerant 
super small cell
tracking detectorNew dead time free 

pipelined readout  and 
high speed  Si vertex detector with

high background
computing systems

high background 
tolerance  (striplets or pixels)



Schedule and Plans at KEKSchedule and Plans at KEK



KEK’s 5 year RoadmapKEK s 5 year Roadmap
• Official 20 page report released on January 4, 2008 p g p y

by director A. Suzuki and KEK management
• KEKB’s upgrade to 2x1035 in 3+x years is the 

central element in particle ph sics (Hi h l i itcentral element in particle physics. (Higher luminosity 
is not excluded.)
– Will be finalized after recommendations by the Roadmap be a ed a e eco e da o s by e oad ap

Review Committee (March 9-10).
• Membership: Young Kee Kim, John Ellis, Rolf Heuer, Jon Rosner, 

Andrew Hutton and reviewers from material science
and other fields.

Super-Belle (and Super KEKB) is an open 
international projectinternational project.   
Please join us for the next order of magnitude of 
exploration on the luminosity frontiere p o at o o t e u os ty o t e



Backup MaterialBackup Material



Preliminary schedule for Super Belle Detector Upgrade

2007 2008 2009 2010

Experiment at KEKB

4 71 10 414 71 104 71 104 71 1010
2011 2012

KEKB/Belle upgradeExperiment at KEKB KEKB/Belle upgrade

TDR

Detector
Study Report
(March 08)

Final detector
design
(April 09)

2007 2008 2009
4 71 1 42 1010 3 5 8 9 11 12 2 311 12 6

Detector proposals Internal review

Pre kick-off
meeting
(March 08)

BNM
(January 08)

Meeting plan

Kick-off
meeting
(July 08)

One-day general meeting and 
an IB meeting at every BGMWe invite new collaborators



Table of Super B sensitivities at 50-75 ab-1

Hard to condense all the 
NP observables into one 
sound bite……

From T Browder et al hep ph/0710 3799From T. Browder et al.,  hep-ph/0710.3799



Backup slide for Z(4430) discussion

Interference between K*’sInterference between K s 
cannot produce the signal 
(makes other structures)

JP = 1+ slightly 
favored but 0- andfavored but 0 and 
1- also give 
acceptable chi^2



Z(4430) discussion: backup slides

Examine large MC samples to look 
for reflections

Inclusive MC







Detector issue: backgroundsDetector issue: backgrounds

KEKB S B
x20 Bkg

KEKB SuperB
Luminosity
(1034 2 1)

1.7 80
(1034cm-2sec-1)
HER curr. (A)
LER (A)

1.2
1 6

4.1
9 4

x10 Bkg
LER curr. (A)

vacuum (10-7Pa)
1.6

~1.5
9.4
5

g

Bkg increase - x 20
TRG rate (kHz) 0.4 14

KEKB
Bkg

~ 20

phys. origin
Bkg origin

0.2
0.2

10
4

Synchrotron radiation

SVD CDC PID / ECL KLM

Synchrotron radiation
Beam-gas scattering (inc. intra-beam scattering)
Radiative Bhabhas



Non-B Bbar decays: ϒ(4S) → ϒ(1S) π- π+ Template

477 fb−1

2S
3S

4S

211 fb−1



Next state: Y(3940) in B K ωJ/ψ

S K Choi SL Olsen et al

Reconstruct, B K ω J/ψ.

Cut on K ω mass to remove contributions 

M≈3940 ± 11 MeV

Belle PRL94, 182002 (2005)

S-K Choi, SL Olsen et al,
from K** resonances

M≈3940 ± 11 MeV
Γ≈ 92 ± 24 MeV

G
eV

2
ω

J/
ψ

) G
M

2 (
ω

M( J/ ) M V
M2(Kω) GeV2

M(ωJ/ψ) MeV



Y(3940) propertiesY(3940) properties

Γ(Y3940 ωJ/ψ) > 7 MeV
(an SUF(3) violating decay)

~
(an SUF(3) violating decay)

this is 103 x Γ(ψ’ ηJ/ψ)
( th SU (3) i l ti d )(another SUF(3) violating decay)

Belle PRL94 182002 (2005)

M(ωJ/ψ) MeV if the Z(3930) is the χc2’
the Y(3940) mass is tooBelle PRL94, 182002 (2005) ( )
high for it to be the χc1’

Jon Rosner: However, χb
1,2 states areJon Rosner: However, χb states are 

seen to decay to ω Υ(1S)



Y(3940), confirmed by BaBar 
G Cibi tt

B± K±ωJ/ψ B± K±ωJ/ψ

G.Cibinetto
EPS-2007

ψ

B0 KSωJ/ψ

M2(Kω)
ratio

Μ(ωJ/ψ)( ψ)

Some discrepancy in M & Γ; general features agree



“What can be accomplished for 200 oku-yen or ~ 
200 x 106 dollars ?”200 x 10 dollars ?  

Intermediate roadmap committee 
presented this as the lab’s plan

KEK di t ill

presented this as the lab s plan

(Plan is being translated)

Assume a construction project starting in

KEK director will 
announce soon

Assume a construction project starting in 
2009 with luminosity in 2012  (i.e. a 3 year accelerator 
and detector construction shutdown )and detector construction shutdown.)



Intermediate conclusions/features of the new states

• Some states are narrow even though they are far above decay 
thresholdsthresholds

– e.g. Y(4660) ππψ’ & Z+(4430) π+ ψ’ have large Q but Γ≈50 MeV

• characterized by large partial widths (BFs) to hadrons+J/ψ (or ψ’)y g p ( ) ψ ( ψ )
– BF(X(3872) ρJ/ψ) > 4.3%  (Isospin=1)
– Γ(Y(3940) ωJ/ψ) > 7 MeV (SU(3) octet)
– Γ(Y(4260) π+π−J/ψ) > 1.6 MeV( ( ) ψ)

• States that decay to ψ’ not seen decaying to J/ψ (and vice-versa)
– BF(Y(4660) ππψ’) >> BF(y(4660) ππJ/ψ) same for Y(4360) & Z(4430 πψ’

(4260) (4260) ’– Y(4260) not seen in Y(4260) ππψ’

• The new 1-- states are not apparent in the e+e- D(*)D(*) cross 
sectionssections

• There are no evident transitions at the D**D mass threshold

None of this was anticipated



KEKB: 1st test of crab crossingKEKB: 1st test of crab crossing
Data vs MC

• Commissioning with beam 
– 4.5 months dedicated machine time 

(Mid Feb -- end of June 2007) crab crossing

ξy (beam-beam simulation)

(Mid Feb. end of June 2007)

• Performance with crab crossing
– Encouraging but not easy

crab crossing

g g y
• Machine error? Vertical? Narrow 

optimum in minimization ?
– Specific luminosity ~ (30-40)%Specific luminosity   (30 40)% 

higher
– Bunch current limitation in beam life 

time
22mrad 

itime

Bottom line so far:
L ~ 1 47 x 1034cm-2s-1

crossing

L ~ 1.47 x 10 cm s

[I(e+)=1.5 A, I(e-) =0.8 A]



http://www.jahep.org/hec/doc/jahep_tenbou_eng_final.pdf

(An excerpt)

....



Recommendation by Belle-PACecommendation by elle C
• The committee provided a strong endorsement for 

SuperKEKB at the review in April 2007SuperKEKB at the review in April 2007.

This is important support from the int’l communityThis is important support from the int l community.



Is there a cc slot for Y(3940) ?

Mass is lowηc”

Can M(χc1’)>M(χc2’)? χc1’

ηc

3940
3931 (ok with BaBar mass value)

“    “    “   “χc0’

3931

χc0

For any charmonium assignment,
Γ[Y(3940) J/ ] is t lΓ[Y(3940) ω J/ψ] is too large.



Braaten et al: Theoretical X D D*0  mass spectrum
Theoretical 
prediction for 
a loosely 
b d D D*bound D D*

state.



Recent NewsRecent News

S-K Choi, SL Olsen et al,

Belle, submitted to PRL



First Observation of B0 → D*- τ+ντ

N 60 +12

535 M⎯BB
Use detector hermiticity 

d “i l i BNs= 60 +12
−11

6.7σ (5.2σ with syst.)

and “inclusive B 
reconstruction” to 
isolate this 3-neutrino 
final state (large

arXiv:0706.4429[hep-ex]

t i PRL

final state (large 
missing energy)

Bf (B0 → D*-τ+ν ) = (2.02          ± 0.37) %+0.40
0 37

to appear in PRL

f ( ) ( )−0.37

SM contribution NP: Charged Higgs contribution



Measurements KS π+π-
arXiv: 0704.1000, 540 fb-1,  to appear in PRL

t

),m(m),m(mq
-

2222,1 −++ == MM
Fit

no CPV:   
p

fit M(m-
2,m+

2,t) to data distribution ⇒ x, y

Si l
M(KS π+π- ) and 
Q= M(KS π+π-πs)- M(KS π+π-)- M(π);

Signal

Q ( S s) ( S ) ( );
3 σ signal region in M, Q

Nsig= (534.4±0.8)x103 signalsig ( )
P ≈ 95%

Dalitz model

M
g

rnd slow p
combin.

13 BW t t

NRr i
NR

i
r eammBeamm Φ

+−
Φ

+− +=∑ ),(),( 2222A
13 BW resonances, non-resonant contr.;
comb. bkg.: from M sideband



Finite angle crossing and CrabbingFinite angle crossing and Crabbing

HER(1 43MV)HER(1.43MV)
Crab OFF

0° ＋180°
Crab ON X

0 ＋180

tt

Not a biocell but a beam bunch
Captured by the KEKB streak camera



Results on Radiative and 
El t k P iElectroweak Penguins

Example discussed here: modifications 
to the rate for b s γto the rate for b s γ



Measurement of inclusive b → sγf γ

Measure primary γ only:
monochromatic Eγ spectrumo oc o at c γ spect u

Huge Background (semi-log)
experimental challenge

Background suppression
• continuum: event shape• continuum: event shape
• π0/η veto

Important to measure low Eγ
to reduce model dependence  



Nakao



M. Misiak et al, hep-

Theory News

NNLO calculation

ph/0609232, PRL 
98,022002(2007)

NNLO calculation

(298±26) x 10-6



95% CL lower limit on charged Higgs mass from exp and NNLO

Error on BF

Central value of BF

M. Misiak et al, hep-ph/0609232, PRL 98,022002 (2007)



Right-handed currents in b sγ
b Lsγmb

D.Atwood, M.Gronau, A.Soni, PRL79, 185 (1997)
D.Atwood, T.Gershon, M.H, A.Soni, PRD71, 076003 (2005)

• tCPV in B0 (Ksπ0)K*γ
– SM: γ is polarized, the final state almost flavor-specific. b Rsγmb

msms

S(Ksπ0γ) ~  −2ms/mbsin2φ1

– mheavy/mb enhancement for right-handed currents in many new physics 
d l

b

models
e.g. LRSM, SUSY, Randall-Sundrum (warped extra dimension) model

LRSM: SU(2) ×SU(2) ×U(1)– LRSM: SU(2)L×SU(2)R×U(1)
• Right-handed amplitude ∝ ζmt/mb : ζ is WL-WR mixing parameter

• for present exp bounds (ζ < 0 003 WR mass > 1 4TeV)for present exp. bounds (ζ < 0.003, WR mass > 1.4TeV) 
|S(Ksπ0γ)| ~  0.5 is allowed.

– No need for a new CPV phasePh t l i ti tPh t l i ti tp Photon polarization measurement
via time dependent CPV !
Photon polarization measurement
via time dependent CPV !



Status of B→ KS π0γ tCPVStatus of B→ KS π0γ tCPVf S γf S γ

Yield = 176+/- 18

535M BB M(Ks π 0)  
< 1.8 GeV

_
232M BB

(−C)
hep-ex/0608017,  PRD-RC 74, 111014(2006)

No new physics but errors on S are large



BaBar result announced at FPCP07 in Bled, Slovenia

Seems to confirm the Belle result


