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SM does not tell much about flavor

Why three generations?

What determines the mass and mixing pattern?

How antimatter disappeared in the universe?

Questions remain unanswered even if SUSY is found at LHC,
or even if upgraded KEKB finds new physics. . .

BUT, step-by-step experimental approach in flavor physics is
definitely needed to address these grand questions
— hopefully keys are in new physics beyond the SM
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“Quantum effect” beyond the SM
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Very small p
robability

,

only possible with huge B data

Phase brings out messages!
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Vud

Vcs

Vtb

Vus

Vcd Vcb

Vts

Vub

Vtd

Cabibbo-Kobayashi-Maskawa Matrix
Effective BSM
contribution?

Unitarity triangle
with and without BSM
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MSSM down-type squark mass matrix
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mass insertion approximation (MIA): (δdij)AB =
(∆d

ij
)AB

m̃2

b→ s transition (i j = 23)

CPV phase in b→ s

B→ Xsγ branching fraction

Bs mixing

b→ d transition (i j = 13)

CPV phase in b→ d

B→ Xdγ branching fraction

Bd mixingP
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Two key measurements

Non-SM !@#$% from B meson decay

Lepton ?:&|=* violation in τ decay

!@#$%maybe phase, ?:&|=*maybe flavor, but could be anything else
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Or. . . seven key measurements

Non-SM CP phase: High precision b→ s penguin studies

Charged Higgs: searches in B+ → τ+ν and B→ D(∗)τ+ν

Non-SM right-handed current: B→ K∗γ CPV

Inclusive measurements: b→ sγ, b→ dγ, b→ sℓ+ℓ− (AFB), Vub

Loop vs tree: high precision unitarity triangle measurement

Lepton flavor violation: searches in high statistics τ decays

NP search in up-quark sector: CPV in D-D mixing

+ Bonus

Hunt for new particles: 4-quark states and more?

Endless list: More rare B decays, Bs at Υ(5S), more D decays,
continuum, γγ, ISR. . .

Jackpot?: anything not thought of yet. . .
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Now it’s time to look more closely at the physics strategy

Today, need more focus on early stage of upgraded KEKB,

to maximize physics output with 3 or 5 ab−1

10 ab−1 would tell us the direction of Flavor Physics
— Goal of current roadmap

50 ab−1 would allow us to study Flavor Physics of BSM
towards the systematics/theory limits (not in the roadmap yet)

First Step

Completion of SM
First hint of BSM?

∫

L = 3 ab−1

Second Step

Confirmation of BSM
More hints on BSM

∫

L = 10 ab−1

Third Step

Flavor physics
on BSM

∫

L = 50 ab−1
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Main physics and detector target is for 50 ab−1

with ×20 background (to get prepared!)

Most of the studies have assumed the current Belle detector
(it’ll be a good assumption)

It is indeed a good detector, little room to improve
PID (TOP/ARICH) — esp. to reduce fake rate

Larger SVD — esp. for K0
S
vertexing

Ultra-small beampipe/pixel — not for the day one
Hermeticity — no feasible idea yet to boost it
Software — tracking, calibration, . . .

Other improvements just to cancel beam background
(or slightly worse at the moment with ×20 background)

As for the first stage, the Belle detector would do better!
(with ×5 background)
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Non-SM CP phase
High precision b→ s penguin studies

P
h
y
si
cs

P
ro
g
ra
m

at
S
u
p
er
K
E
K
B
—

M
.N

ak
ao

—
p
.1
0



×(1 − 2w) 

e / µ

ν

slow π
K

π

J/ψ
(e+e− / µ+µ−)

KS  (π+π−)

e+ (3.5 GeV)e− (8 GeV)

A
C

P
 (

∆t
) 

=
B

 −
 B

B
 +

 B

more Bmore B

B or B

∆z measurement
∆t = ∆z / c β γ

∆t = ∆z = 0

(flavor tag)

Experimental dilution

ACP(∆t) = −ξ fS sin(∆m∆t) +A cos(∆m∆t)
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J/ψ, ψ’,...

Vcb
K 0 (K 0)V *

cs

Vcs V *
cdV 

tbV *
td t

V 
tb VcsV *

cd

s (d)
V *

tdt

c

c

d (s)

B 0

b

d

c

c

d

sb
d

c

B 0 K 0 (K 0)
V *

cb V 
cs

c
J/ψ, ψ’,...

b

d

s (d)

d (s)

s
c

c

B 0

V *
cs

Vcd

Vcd

V *
cs

Complex interference term at t ≠ 0
due to the weak phase difference,

φ1 = π - arg(V *
tbV 

td / V *
cbVcd)

B→ J/ψK0

stat syst syst

(reducible) (irreducible)

0.5 ab
−1

0.031 0.012

3 ab
−1

0.013 0.005 0.012

10 ab
−1

0.007 0.003

At 3 ab
−1
, already

syst. error = stat. error!

Irreducible errors:

IP profile 0.007

vtx selection 0.006

alignment 0.006

∆z bias 0.004
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石野さん
@東工大

In SM
CPV phase=φ1
(equals to J/ψK0

S
)

φ1 + φNP?

S , sin 2φ1
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sin(2βeff) ≡ sin(2φe
1
ff)
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World Average 0.68 ± 0.03
BaBar 0.21 ± 0.26 ± 0.11
Belle 0.50 ± 0.21 ± 0.06
Average 0.39 ± 0.17
BaBar 0.58 ± 0.10 ± 0.03
Belle 0.64 ± 0.10 ± 0.04
Average 0.61 ± 0.07
BaBar 0.71 ± 0.24 ± 0.04
Belle 0.30 ± 0.32 ± 0.08
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PRELIMINARY
∆S in QCDF

Three golden modes
δStheo ∼ 0.02

Definitely need more data

to pin down the difference

mode by mode.

P
h
y
si
cs

P
ro
g
ra
m

at
S
u
p
er
K
E
K
B
—

M
.N

ak
ao

—
p
.1
4



For 3 ab−1

N(event) σstat(S)

φK0
S

1860 0.094

φK0
L

720 0.230

φK0 2580 0.086

η′K0
S

8640 0.043

η′K0
L

2760 0.097

η′K0 11400 0.039

K0
S
K0
S
K0
S

1140 0.129
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MC 5 ab
−1

for SφK0
S
= 0.39, AφK0

S
= 0

∆S > 3σ already with 3 ab−1

for the current SφK0 = 0.39
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Stat. error

dominant

until≫ 10 ab
−1

50 ab
−1

will

bring us to the

theory limit of

δS ∼ 0.03!

Reducing

stat. error

helps a lot
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Reconstructed decay chains (now)

η′ργK
+−
S
, η′γγK

+−
S
, η′3πK

+−
S
, η′ργK

00
S
, η′γγK

00
S
; η′γγKL, η

′
3πKL

[η′ργ → ρ0γ, η′γγ → π+π−η(→ γγ), η′3π → π+π−η(→ π+π−π0]

φ+−K
+−
S
, φSLK

+−
S
, φ+−K

00
S
; φ+−KL [φ+− → K+K−, φSL → K+−

S
KL]

K+−
S
K+−

S
K+−

S
, K+−

S
K+−

S
K00

S
[K+−

S
→ π+π−, K00

S
→ π0π0]

More modes could be included with more data

Reconstruction efficiencies

Less background with a better PID

Flavor tag effective efficiencies

Kaon id

Low-momentum muon id

Slow pion from D∗+

Efforts should be made to increase every additional 5–10%
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Non-SM right-handed current
time-dependent b→ s CPV
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γL

bR

sL

helicity flip
∝  mb ~ 4.8 GeV

γR

bL

sR

helicity flip∝  m
s  ~ 0.1 GeV

γR γL

sR

bL bR

sL

Do not interfere
for CPV

Interfere
for CPV

SM favored SM disfavored,
enhanced with RH current

CPV in SM expected to be S ∼ −2ms

mb
sin 2φ1 = a few %

CPV will enhanced in the presence of RH current

Direct photon helicity measurement: extremely difficult
(possible with γ→ e+e− conversion with 50+ ab

−1
)

s quark helicity is hard to measure (e.g., in Kππγ final state)P
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SUSY in general mixing framework [Foster-Okumura-Roszkowski]

δd
RL

δd
RR

(constraints on B→ Xsγ, Bs mixing are taken into account)

O(1) effect is also possible in
left-right symmetric model, warped extra dimesion. . .P
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B vertex from off-IP
K0
S
decay

K0
S
has to decay

inside the SVD
volume

worthwhile
enlarging the SVD
volume only for
this measurement

e / µ

ν

slow π
K

π

γ

KS  (π+π−)

e+ (3.5 GeV)e− (8 GeV)

A
C

P
 (

∆t
) 

=
B

 −
 B

B
 +

 B

more B
more B

∆z measurement
∆t = ∆z / c β γ

∆t = ∆z = 0

(flavor tag)
B or B

π0(γγ)

reconstructed
vertices

(only from
KS tracks)

P
h
y
si
cs

P
ro
g
ra
m

at
S
u
p
er
K
E
K
B
—

M
.N

ak
ao

—
p
.2
1



∆t (ps)

R
aw

 a
sy

m
m

et
ry

/(
2.

5 
ps

)
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now (535 fb−1)

3 ab−1 ⇒ δS ∼ 0.11
(10 ab−1 ⇒ δS ∼ 0.06)
SVD enlarging is
taken into account

Stat. error dominated
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B→ K0
S
ηγ

B = 10.3 × 10−6

B→ K0
S
φγ (neutral mode not measured yet)

B ∼ 3.5 × 10−6 (clean signal)

B→ K1(1270)
0γ (neutral mode not measured yet)

B ∼ 43 × 10−6 (large B)
CP(K0

S
ρ) vs non-CP(K∗+π−)

All these modes
should be tried

B→ ργ and ωγ
SM predicts S = 0
need non-SM CPV phase
in non-SM RH b→ d

B ∼ 1 × 10−6, already tried:
Sρ0γ = −0.83 ± 0.65 ± 0.18 (0.6 ab

−1
)

δS = 0.13 with 10 ab−1

L(ab-1)

δS
10

-1

1

10
-1

1 10

ρ0γ MCBelle Sρ0γ

(0.6 ab
−1
)
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Charged Higgs
searches in B+→ τ+ν and B→ D(∗)τ+ν
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Needed in many BSM

Appears in a tree diagrams:
B+ → τ+ν, B→ Dτ+ν
(also in loops: b→ sγ)

H+

u

b

τ+

ν

H+

u, d

b

u, d

c

ν

τ+

βtan
0 10 20 30 40 50 60 70 80 90 100
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)

+
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LEP direct search excluded

γ s→b 
excluded

ντ →B 
excluded

ντ →B 
excluded

Allowed

Allowed

Bound on
charged Higgs(2007)

More than one neutrino,
full reconstruction of other B

missing

ππ
K

D

Y(4S)

(e.g. in B → D π, D → K π)

Btag fully reconstructed

e

ν
ν

ν

τ

nothing else
in the detector
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rH =
B(B− → τ−ντ)

BSM(B− → τ−ντ)
, 1 mH+/ tan βmeasurement

Two-fold ambiguity if rH < 1 — solvled with B→ Dτ+ν

Universality between b-u-H+ coupling and b-c-H+ coupling
(and b-t-H+ coupling from LHC)
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h
y
si
cs

P
ro
g
ra
m

at
S
u
p
er
K
E
K
B
—

M
.N

ak
ao

—
p
.2
6



Excluded region or, Discovery region
(outside the current excluded region)
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Similar limit from B→ D(∗)τ+ν

Searches up to mH+ ∼ several 100 GeV for large tan β
(need more data for smaller tan β)P
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Excluded region or, Discovery region
(outside the current excluded region)
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Searches up to mH+ ∼ several 100 GeV for large tan β
(need more data for smaller tan β)P
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Full reconstruction is not needed — high efficiency
Straightforward analysis — less worry on beam background

B+ → µ+ν is a good
discovery channel

with a few ab−1

BSM(τν) = 1.6 × 10−4

BSM(µν) = 7.1 × 10−7

BSM(eν) = 1.7 × 10−11

3σ at 1.6 ab−1

5σ at 4.3 ab−1
)

-1
Luminosity (ab

2 4 6 8 10
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n
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Yet another universality test

Rτν
H

vs R
µν

H
— should be equal for the charged Higgs
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Inclusive measurements
B→ Xsγ, B→ Xsℓ

+ℓ−
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W−

t

u, d

b

u, d

s

γ
H−

t

u, d

b

u, d

s

γ
χ−
1

t̃

u, d

b

u, d

s

γ

Charged Higgs would always increase B
Other SUSY contribution could cancel

Treasure box

to constrain

many BSM

scenarios

2 3 4 5
 > 1.6 GeV

γ
) scaled for E-4) (10γsX→BF(B

 Becher Neubert [PRL98,022003(2007)]
 Misiak et al [PRL98,022002(2007)]

(* simple minded average)
-40.25)x10±(3.62

HFAG 2006
hep-ex/0603003

-40.26)x10±(3.55

Belle ]-1[140 fb
PRL93,061803(2004)

-40.44)x10±(3.50

Belle ]-1[5.8 fb
PLB511,151(2001)

-40.95)x10±(3.69

BaBar ]-1[210 fb
LP07 preliminary (2007)

-41.11)x10±(3.91

BaBar ]-1[81.5 fb
PRL98,022002(2007)

-40.57)x10±(3.92

BaBar ]-1[81.5 fb
PRD72,052004(2005)

-4)x10
-0.51

+0.62(3.35 

CLEO ]-1[9.1 fb
PRL87,251807(2001)

-40.53)x10±(3.29

NNLO

Belle’s 3rd most cited paper

Experimental B
is slightly higher
than theory













new development

in theory: NNLO
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Fully inclusive B→ Xsγ

Full dataset (605 fb−1)

Same analysis technique
with improvements

Emin
γ = 1.7 GeV

Preliminary!

 [GeV]γ
cmsE

1.5 2 2.5 3 3.5 4
P

h
o

to
n

s 
/ 5

0 
M

eV
-4000

-2000

0

2000

4000

6000

B(B→ Xsγ; 1.7 GeV) = (3.31 ± 0.16 ± 0.37) × 10−4

B(B→ Xsγ; 1.8 GeV) = (3.24 ± 0.15 ± 0.24) × 10−4 (new)

B(B→ Xsγ; 1.8 GeV) = (3.38 ± 0.31 ± 0.30) × 10−4 (previous 140 fb−1)
(more details in A.Limosani, Moriond EW 2008, hep-ex in preparation)
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To lower the Eγ cut

1.8 GeV with 140 fb−1 (lowest for some time)

1.7 GeV preliminary with 605 fb−1 (new record)

1.6 GeV is possible with the first a few ab−1 data
(so far we observe that this is a statistics issue, need 10% off-resonance)

Full reconstruction analysis:

No need of off-resonance, 5 ab−1 for the current stat. error

No tan β dependence, comparison with B+ → τ+ν
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Many observables — BF, q2 spectrum, AFB, ACP, . . .
to classify new physics with 3 types of interactions
(3 Wilson coefficients, C7, C9 and C10 for corresponding operators)

Exclusive mode (B→ K∗ℓ+ℓ−) — probably done at LHCb
(form factor uncertainty would be irreducible)

Inclusive measurement

Sum of exclusive (up to 140 fb−1 so far)

Fully inclusive (extremely difficult according to very early MC study)

(no inclusive AFB study yet, for any ab−1)
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Loop vs tree
high precision unitarity triangle measurement
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Loop

φ1 from B→ J/ψK0
S

|Vtd| from Bd and Bs mixing

Tree

|Vub| from b→ uℓ−ν

φ3 from B→ DK

|Vcb| from b→ cℓ−ν defines the unit

φ2 from B→ ππ is mixture of loop and tree

Ideal strategy: compare Loop vs Tree, cross-check with φ2P
h
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d

u

B 0 (B 0)
V *

ub

V 
ud

V 
tbV *

td

(b)

bt

π+

(d)b

d
V 

tb

u

V *
tdt

arg(VubV *
us) ≠ arg(VtbV *

ts) !

PenguinTree
d

π−

b

V *
tsV 

tb

u

u
d

d
π+

π−

S = sin 2φ2 if no penguin pollution

Isospin analysis — measure all branching fractions and ACP

for B0 → π+π−, B→π0π0 and B± → π±π0
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B→ ππ B→ ρπ B→ ρρ

10
-2
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-1

1

0 30 60 90 120 150 180

φ2 (degrees)

1 
- 

C
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.

5 ab
−1

50 ab
−1
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.
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−1

50 ab
−1

10
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1

0 30 60 90 120 150 180

φ2 (degrees)

1 
- 

C
.L

.

5 ab
−1

50 ab
−1

ππ and ρρ: time dependent isospin analysis
Need to measure B and ACP of (+−), (±0), (00) combinations
in addition to S

(sensitivity also depends on central values)

ρπ: time dependent Dalitz analysis
Less multi-fold ambiguity, need details of higher resonances
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Combined: 2◦ error (5 ab−1)
(1◦ error (50 ab−1))

if all results align

Reference point on (ρ, η)!
(δ sin 2φ1 = 0.016, φ1 = 21.4◦, φ2 = 90◦ at 5 ab−1) 10

-2

10
-1

1

0 30 60 90 120 150 180

φ2 (degrees)

1 
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C
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. 5/ab
50/ab

SuperKEKB; 5/ab
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excluded area has CL > 0.95

3
φ

2φ

1φ

-0.4 -0.2 0 0.2 0.4 0.6 0.8 1
0

0.1

0.2

0.3

0.4

0.5

0.6
sin2φ1

φ2

Note: theory/isospin error not included, but free from LQCD!P
h
y
si
cs

P
ro
g
ra
m

at
S
u
p
er
K
E
K
B
—

M
.N

ak
ao

—
p
.3
9



Methods

tCPV of B→ D∗±π∓ (sin(2φ1 + φ3))

B± → DCPK
± (GLW method)

B± → DDCSDK
± (ADS method)

B± → D0K±, D0 → K0
S
π+π− Dalitz analysis

5 ab−1 50 ab−1

B→ D∗±π∓ 18◦ 6◦ (depends on the value of r)

GLW + ADS 16◦ 5◦

Dalitz 7◦ 2.5◦ (need charm-factory data)

All combined 6◦ 2◦

(cf. LHCb (10 fb−1 / 2013) — δφ3 ∼ 2◦ from DsK (5◦), ADS (4◦), GLW (4◦), Dalitz (5◦))
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|Vub| = (3.98 ± 0.15exp ± 0.30theo) × 10−4 — [Jan.7,2008 HFAG]

8.3%= ±2.0stat ± 2.5exp ± 1.8b2cmodel ± 1.1b2umodel±6.3HQEparam ± 0.4SFfunc ± 0.7subSF ± 3.6matching ± 1.4WA

Full-recon tag with MX cut for a better background handle

expected experimental error ∼ 3% at 5 ab−1

HQE parameters to be reduced from b→ cℓ−ν

expected theory error ∼ 5% at 5 ab−1
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Belle

0.25 ab
−1

Need to include higher
MX to reduce theory error
Not really stat. limited!

Larger dataset will help
to study b→ c background

(theory field is also VERY active)

P
h
y
si
cs

P
ro
g
ra
m

at
S
u
p
er
K
E
K
B
—

M
.N

ak
ao

—
p
.4
1



Exclusive B→ ργ— δB(ρ0γ) ∼ 9%, δB(ρ+γ) ∼ 12% at 5 ab−1

(but no way to reduce form-factor error ∼ 25% for |Vtd/Vts|)

Inclusive B→ ργ would be possible, δB ∼ 24% at 5 ab−1

(theory error has to be also taken into account)

Efficiency 2.9%

±20% uncertainty

from b→ sγ

Error sources:

Stat.: 5%

Fit.: 21%

Model: 10%

Total: 24%
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5 ab−1 MC
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Vub from inclusive b→ uℓ−ν⇒ δ = 6%

φ3 from B→ DK⇒ δ = 6◦ with 5 ab−1 (LHCb maybe doing better)

|Vtd| from B→ Xdγ⇒ theory error?
(∆ms/∆mb measurement would be still better — Lattice?)

Upgraded KEKB alone gives interesting constraints
Lattice QCD will help to further reduce errors
(Vub from exclusive, Vtd from B→ ργ)

SuperKEKB; 5/ab
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excluded area has CL > 0.95
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Vub from inclusive b→ uℓ−ν⇒ δ = 4%

φ3 from B→ DK⇒ δ = 2◦ with 50 ab−1 (LHCb maybe doing better)

|Vtd| from B→ Xdγ⇒ theory error?
(∆ms/∆mb measurement would be still better — Lattice?)

Upgraded KEKB alone gives interesting constraints
Lattice QCD will help to further reduce errors
(Vub from exclusive, Vtd from B→ ργ)

SuperKEKB; 5/ab

cartoon
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excluded area has CL > 0.95
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Lepton flavor violation
searches in high statistics τ decays
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CLEO

B factories
(Belle, BaBar)

Super B factory

τ→µγ

τ→µη

τ→µµµ

mSUGRA+seesaw

SUSY+SO(10)

SM+seesaw

SUSY+Higgs

Quark mixing KM

Neutrino mixing MNS

Charged lepton — LFV?

LFV through neutrino
mixing is extremely small:

e.g. B(τ→ µγ) ∼ 10−54

BSM scenarios (SUSY, etc)
generates LFV:

SUSY SO(10) ∼ 10−8,
sSUGRA + seesaw ∼ 10−7

Many modes to search
(those including lepton number

violation with and without B − L)

Searches down to ∼ 10−8 with 3–10 ab−1
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τ− → ℓ−γmodes

Not background free
(such as e+e− → τ+τ−γ)

limit scales with 1/
√
L

τ− → ℓ−h0 and τ− → ℓ−ℓ+ℓ− modes

background free at least till ∼ 1 ab−1

(too little background now)

limit scales with 1/L
Concerns

Photon energy resolution is the key
in τ→ ℓγmodes

Trigger: low multiplicity trigger as of
now will be kept

Belle 0.4 fb
−1

Belle 0.4 fb
−1
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Charm physics
CP violation in up-quark sector
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x = (0.84 +0.32−0.34)%, y = (0.69 ± 0.21)%

are larger than SM,
but not incompatible

It could also be non-SM effect. . .
to confirm, search for CPV
(only 10−4 in SM)

AΓ =
Γ(D0 → K+K−) − Γ(D0 → K+K−)

Γ(D0 → K+K−) + Γ(D0 → K+K−)

=
1

2
AMy cosφ − x sinφ

x (%)

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2 2.5 3

y 
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)
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CPV allowed

 HFAG-charm 

      FPCP 2007  

1σ 
2σ 
3σ 
4σ 
5σ 

latest world average (> 5σ)

now: AΓ = (0.1 ± 3.0 ± 1.5) × 10−3 (0.5 ab−1)

δAΓ ∼ 10−3 with 5 ab−1 for D→ K+K−

Dalitz analysis mode (D→ K0
S
ππ) will be equally sensitive to CPVP
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Summary
many summary lines have to be included
many summary lines have to be included
many summary lines have to be included
many summary lines have to be included
many summary lines have to be included
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Summary

Key measuments are already very exciting with 3–5 ab−1

b→ s penguin: mode-by-mode CPV with δS < 0.1

Extensive test on charged Higgs

RH current search with δS ∼ 0.1

Inclusive measurements: b→ sγ, b→ sℓ+ℓ−, . . .

Precise φ2 (δ = 2◦) provides a reference point (ρ, η)

LFV τ decay search range down to 10−8

CPV in D decays

Many other physics potentials (not discussed)

B→ Kνν and other rare decays

New particles, and more and more and more. . .

Meanwhile let’s push hard for 50 ab−1 or more
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Backup
backup backup backup backup backup backup
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Belle
BaBar Z(4430)

+

B→K*ll

B→Xsγ precise meas.

X(3872)

X(3940)...

B→K*ll F-B asym.

Large CPV
in B decays

(sin2φ1)

B→Kπ DCPV

B→ργ

D mixing

B→τυ

B→D∗ τυ

B→Kll

S(B→φKS) meas.

S(B→KSπ0γ) meas.

Belle has established the needed decays/techniques

Decay modes: b→ sℓ+ℓ−, b→ dγ, B+ → τ+ν, B→ D∗τ+ν

Phases: time-dependent CPV in b→ s, b→ sγP
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missing

ππ
K

D

Y(4S)

(e.g. in B → D π, D → K π)

Btag fully reconstructed

e

ν
ν

ν

τ

nothing else
in the detector

Latest Belle code

Modes: D(∗)(π+, ρ+, a+
1
, D(∗)+

s )

Efficiency: 0.09% for B0, 0.15% for B+

Problems

Not an ultimate approach
(χ2 based best-candidate selection)

Slow π± recovery with SVD tracker

At upgraded KEKB

Beam background: worries in soft photon, π0, π±

Soft photon reconstruction:
— Less material in front of CsI
— More beam background pile-up

Full reconstruction code is now being revisited
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Efficiency 2.9%

A fit result:
⇒ Y = 4249 ± 224 ± 888

b→ sγ component
±20% uncertainty

Error sources:
Stat.: 5%
Fit.: 21%
Model: 10% (not in Y)

Total: 24%
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A RooPlot of "Mbc"

5 ab−1 MC

B→ Xdγ seems to be possible with 5 ab−1!
[still challenging, systematic error could be quite different in reality]
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Sensitive to C9 and C10 Wilson coefficients

Full (q2, θ) fit with SM q2 dist with leading
coefficients only (A9 and A10)

δA9/A9 ∼ 11%

δA10/A10 ∼ 13%
at 5 ab−1

(i.e., δA9/A9 ∼ δA10/A10 ∼ 4% at 50 ab
−1
)
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Vertex (SVD)

Fast readout chip (APV25)

Eventually monolithic pixel

Drift chamber (CDC)

Larger SVD radius

small cell to shorten drift time

Calorimeter (ECL)

Sampling readout + wave form

analysis

Pure CsI (endcap only, costly. . . )

Muon, K0
L
(KLM)

RPC to scintillator tile

All these efforts
just to compensate
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