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1. New Physics(NP) at Belle |l

- We had been studying B meson decays at the previous
Belle experiment (B-factory exp.@KEK) for more than 10 years.

- The main purpose of the Belle experiment is to establish the
CP violation in B meson decays within the framework of
Standard Model, as predicted by Kobayashi-Maskawa.

-> |t was confirmed by us and brought Novel prize to them.

o

- The purpose of Belle Il upgraded from Belle is the experimental
search for the signature of New Physics in B-meson decays.
<- Indirect search for NP in “quantum effect”

- No guiding theory for promising NP search. Need a careful
study of “subtle” shift from Standard Model(SM) in various
measurements.
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New Physics Search at Belle Il : Motivation

- Up to now, there is no symptom of New Physics(NP) observed
iIn LHC experiments. There is a possibility that the scale of NP is
even more than 10 TeV, which is out of reach by LHC.

- The indirect search for NP at Belle Il, where there is no
limit in the search energy, will become more important.

- However, the effect of NP in the indirect processes is expected
to be tiny, and it has not been observed by the Belle experiment
except for several exceptions

*Ap(B—=K') # A (B*=K'n’) (4o discrepancy),
* Large D°-D° mixing (although SM pred. has large uncertainties)

- To go beyond, an accumulation of very high statistics events

N

IS required.

Accelerator upgrade to achieve | SuperKEKB/Belle I
> x40 larger luminosity.
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Comparison of NP sensitivity by
LHC and Belle |l experiments
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The SuperKEKB accelerator

~MNew beam pipe
8 bellows
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The Belle Il detector

Belle |l Detector

K_and muon detector:
Resistive Plate Counter (barrel outer layers)
» Scintillator + WLSF + ME’PC (end-caps, inner 2 barrel layers)

1)

a Iillcle Identification
-of-Propagation counter (barrel)
oX. focusing Aerogel RICH (fwd)

Beryllium beam pipe :j‘ &

electron (7GeV)

) 7 {”rt( 4 4 7 S, 14
2cm diameter L : TS

Vertex Detector B
"

2 layers DEPFET + 4 _ [

)
L:

\

positron (4GeV)

He(50%):C.Hs(50%), Small cells, Tor
. lever arm, fast electronics '

<7

- High granularity “pixelized” sensors <- to be tolerable for high rate
* Improved vertex detector with DEPFET Pixel sensors + DSSD
* Improved particle ID devices (TOP, ARICH)

- High bandwidth DAQ (>30GB/sec data flow @30kHz, >1MB/event)
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How do we search for New Physics at Belle |1?

- Search for the “shift” from SM prediction caused by an existence
of a new particle in quantum effect.

Standard Model New Physics

ex.1 w w
™

eX.2 b Vv b Vv
IS S
{u w+ » {u H "

In order to search for NP, the measurement has to be compared
with the Standard Model prediction in a high precision.

We need both of
* High precision experimental measurement
* High precision theory prediction of Standard Model
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Examples of NP search at Belle |l | o
possible contribution of

1) CPV in b—s transition new particle
b->cis tree diagram _ b->sqq |00I1di gram Current measurement
5 © e 3 | |sin2¢:%, 4 =+0.64£0.03
B° s B° d s . ccs
) W o5 S - sin2¢d; "y o =10.682+£0.019
— d 5 —
d K® ~— ; K° ] [ * Deviation ~0.8c
A o (July 2006 4° B year, 55" SM predi.C’t.S the same value
as [ e at a precision of ~1%.
0.4 | d\’%é;‘g'\
0.3 \\ ‘
0.2 6\9,7]4_0 g 2
” a;s),’ \ |
S %l 1 Prospect in Belle I
07 e g i < ; .
Bo ey | 70 N o(sin2¢, (sqq))=
0.04 o . “
0.03 | R ~ ~OO1 2@508 b_1
0.02 X
------------- * Some of systematics are cancelled by
s 1 0 taking the difference between measurements
Integrated luminosity (ab™) for ccs and sqgq.
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2) CPV in B°>K° 1t (b->sy)

b->35y

b->sy: right handed photon

b->sy: left handed photon

F SM = (sin 24, )x L in ﬁ

ST =—-0.15+0.20

Average by Heavy Flavor Averaging
Group (2009 winter).

Lummomty projectmn
S T
B B X B—‘F U T
PRL 100 021602 fEGDBJ

] \ | i

! 3 . i 1y |
- T it |
1 ‘B

SR NER N
| PRD 74, 111104(R) ™. | || SUsY

/ (2006) o i =
N MR R . .ISM
10! 1 o ’

fmh )
Integrated luminosity

Precision

=

&,
T B S GRS B e

SV = 40.67
A NP (left-right symmetric
model) may enhance CP
violation in this decay.

D. Atwood et al., Phys. Rev. Lett. 79, 185 (1997).

Prospect in Belle Il

5(Sys,) ~ 0.09 @ 5ab™
5(Sy.s,) ~ 0.03 @ 50ab™?
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3) Pure leptonic decay of B meson

SM prediction

Br(B —>TV)gy =|0.737%12)x107

Belle Measurement

Br(B —tv)=(0.72'%2 +0.11)x10™*
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Prospect in Belle Il

&6(Br) ~ 2% @ 50ab™
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2. Search for New Physics by Global Fit

NP search in such “gold plated” modes might be promising.
But is this method optimized for NP search?

Pros:
* Each mode gives a clean NP signal.
* Well-defined systematic uncertainties both in measurement

and theory prediction.
Cons:

* It is difficult to acquire high statistics in each individual mode
to conclude NP existence.

* The prediction of the single mode/measurement may depend
on a specific theory (esp. hadronization) which has a possibility
of some bias with a relatively large uncertainty.

-> This method may not be optimized for NP search.......
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- A simple idea to improve the NP sensitivity is just to ask accelerator
physicists to increase the luminosity so that we can have more
statistics.

- But it is a difficult task. SuperKEKB, which is upgraded from
KEKB aiming at 40 times higher luminosity, is still a challenging
effort and the luminosity is not guaranteed...

- Question: How should we do to maximize the NP sensitivity
with a minimal accumulation of luminosity (data)?

. B

One Idea

- If NP exists in quantum effect, it can affect on many
different measurements simultaneously.

- By combining multiple independent measurements sensitive
to the same NP, we can improve the sensitivity.
- But How?
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- In order to combine multiple measurements,

* Describe the NP effects in various measurements using the
same parameter set in the theory and formulate the predictions
using the parameters.

* Calculate sum of y* between each measurement and prediction,
and determine the parameter values by minimizing it.

* Study the shift in the parameter values from the standard model
predictions to search for NP.

- This technique is called as the global fit.

- By using the technique, we can gain
* An effective increase in event statistics usable for NP search,

* To relax the dependence on a specific (hadronization) theory.

- To perform the global fit, a consistent theory model with the same
parameterization to give predictions for measurements is the key.

R.ltoh, KIPMU seminar, 4/17/13 15



Detail of global fit algorithm : Frequentist Approach

Experimental Likelihood

L"exp (ﬁ:exp Ltheo ymod

1
Lowp(2) = ex
() Voroen )

* Treatment of errors:

1

2

H [’exp

exp

2,7=1
The likelihood components Lexp(i) . independent Gaussians

(

Lexp (?,) — Ltheo

7

Texp (7)

- Statistical error in measurement : Gaussian
- Experimental systematic error : Gaussian / Rfit

- Theoretical systematic error (<-

* Normalization of likelihood components

=

- Likelihood ratio

supﬁ(u V;iX)

<é>)2

£, ) : Gaussian / Rfit

- Equivalent to use “Ax*" -> Use CL interval calculation

AXQ (ymod) — X2 (ymod) —

R.Itoh, KIPMU seminar, 4/1//13

Xmin;ymod ’




3. Examples of Global Fit Analysis

1) Determination of Unitarity Triangle

- In the standard model, the quark mixing is described by
the Kobayashi-Maskawa matrix.

d' Vud Vus Vub d
s — Vcd Vcs Vcb 5
bl |V V. V) (b
1-7\°/2 N NA(p-i
) (f i) Wolfenstein
= —A 1-A°/2 AN A Notation
NA(l-p—in) —-NA 1

- The unitarity condition V, V:b-l- vV, V:b-l—Vud Vzb:1
IS expressed in a trianige.
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- In the standard mode, the origin of CP violation comes
from the non-zero value of n.
- Experimental determination of apex (p,n) was the goal of the

1 generation B-factory experiments (Belle and BaBar). Vuqub

Vi V:b +V V:b +V V:b =1

b — ulv

B -
with several
approaches

(excl. & incl.)

R.ltoh, KIPMU seminar, 4/17/13 18



Determination of Unitarity Triangle by CKMfitter
Parametrization Phys. Rev. D85, 033005 (2011)

13 ” - - .
rescaled” Unitarity Triangle
—is

C12C13 S12C13 S13€ \
. is is -
V= —S12C3 — €435,353€ C12Co3 —S5425,355€ Sy3C3 +
is is .
S12S23 7 €450,3543€ —C12S23 7 54,0355 Cy3Cy3 7

S =4 S, = AN S, = AL%(p —in)
[4 A274 (=, i= *
p+in= L= ATA i) where: p+if = ——V“dv‘;b
V1= A2 [1-A%2%(p + )] VeaVe

To define the triangle phase-convention independent up
to all orders of A .

= A, ﬂ, ﬁ,ﬁ Determine the values by the global fit
-> CKM fit
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CKMfitter Eur.Phys,J, C21,225 (2005)
* Frequentist statistics in the fit framework.

<- conventional approach

* "Rfit (Range Fit)” treatment of systematic errors (esp.

theory errors)

Theoretical systematics are considered
as additional nuisance parameters
bounded over a confident enough range.
Considering the worst case —supremum-,
on the latter interval the significance is
flat.

Note that this result is very different from
what one would get from a statistical
modelling of the systematic {ex; uniform
over the range)

Simple illustrative example allowing analylical
resolution:

= 1+ GO+
f Jl )
Observation Gau=zsian

stat. error Systematic
Parameter bounded in [-A;A ]
1 if x—p e [AA]

p-value:{l |x— g+ A
— {arfc[ J+eric
R.Itoh, KIP 2 V2o

= =4

Vis

1

Rfit:
Uniform p-value
in the given range

0.8 i~
% 0.6
iﬂ.-ﬂ-

=
& D.4

K- xubs K- xohs

—— Gaussian pdf + uniform pdf for systemalic
—— Gaussian pdf + parametric systematic

elsewhere



- Originally coded in Fortran and specialized in calculating unitarity
triangle constraints. Minimizer : MINUIT in CERNLIB

- Rewritten in Mathematica in 2006 for speed up.
* Analytic simplification of theoretical formula helps to reduce
the calculation time. (>O(10) faster than Fortran version).

* Generalized y* minimizer

S

m/easurements -

" theo. paramy’

— _

- . . \ §
simplity compilation

formula and execution return
_ generate results _
utheory code 2 minimizer fit results
model (Fortran) w/ graphics

coded in Mathematica
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Inputs to CKM fit

- Various measurements including outside B-factory results
are used for the fit.

a) B-factory measurements

*Angles :
sin(20,) (+cos(2¢,) for area constraint)
0,
0,

* Sides : absolute value of KM matrix elements
IVl IV

ubl’ cbI

* B, Mixing
Am

d

* Leptonic/radiative decay
Br(B->1v)

R.Itoh, KIPMU seminar, 4/17/13
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. exclusive inclusive
B-factory measurements for CKMfit §
1) IV d IV b->u| B-omly B— X,
) [Vl and |V,
2 (
= We measure = b *
jI‘(B — X, v)x [, =V, SdonerdentL B—D'tv B X, v
censtant predicted . .
by theory dominant uncertainties
e 1 i
Form factor OPE (|V,,.|) and
shape function (|V,,]|)
I'(b — ulv) \ \
0.8 El cut > F(b — ClV) ‘Vcb‘ 50
%ﬂ.ﬁ F B
-;:(:‘j‘ excluded area has CL >0.95
a% 0.4 ]
e
0.2 -
0.0 : ]
0.0 1.0 2.0 3. 0.5
Electron Momentum [GeV/c)
~ .
o |V, (— p?+nr?) is crucial for the SM
prediction of sin(24) 1 r -
o |V,| (— A)is important in the kaon =t
\system (6, BR(K=zvv), ...) . " 05 o ois | s 2
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2) Am, and Am,

1'5""I""""I""I""I""
i rea has
I Amy
1+
0.5 -
PR | ) O ... ... oy UMMM ...
-0.5 -
-1
1.5- 1 1
-1 0.5 0 0.5 1 1.5

2
GF

A md:_sz,,mIZF nBSD(‘xr)fi B

61T

GZ

61T°

The point is:
f5B

f3B="F5— fBB =£°f, B
B g

Am =
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o il mwnBS (x, )fB

1 i Am, & Am,
y l(1-p 47"

S|V ijz This do_es pot give a strong
constraint in (p,n) alone.

Ouilfs Byo]=36% ~ 0|52 =f2B,/f2B,] =10%
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3) Angles of UT

1.5

i+

0.5

-0.5

— T

| | excluded area has CL>0.95

sin 2

I I

//

sol. wi cos 2fh<0
{excl. at CL > 0.95) T

1.5 L
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Averaging measurements

- To use measurements of a quantity by different experiments in

the fit, the measurements have to be averaged.

- Many measurements are already averaged by HFAG group.

- However, the error treatment is not simple in some measurements

and a simple averaging cannot be used for them.

* ex. Measurements of CP angles ¢, and ¢, have multiple central

values with non-gaussian errors. The likelihood function is
provided by each experiment group for such a case.
-> A toy Monte Carlo simulation is performed and the average and

error are estimated based from the result.

I ——— B—pm(WA) _
12| N 7
[ hemwss ~~~ B—=pp(WA) 1 COMBINED
| B—mm(WA)
: oo .
08"
1 K
o ;
H [
- 065 CKM fit
| no ¢. meas. in fit
04 :
02| |
Ok'h"l-r'-\--ru'—'---‘,r--.f.'" . -,\:_‘:'_;)_Z:
0O 20 40 60 80 100 120 140 160 180

R.Itoh,

. (deg)

p-value

10
08 |
06 |
04

02 -

% --- D(*) K(*) GLW + ADS

@ Combined
—— CKM fit

Summer 11 PESES D( ) K( )GGSZ

Full Frequentist treatment on MC basis
T 171 L | LI !

U_o-;uu
0

| | | L | LI I LI L)
i .

L L T T o e X
20 40 60 80 100
Y (deg)




b) Non B-factory measurements:

*

e, . Kaon CPV parameter from Kaon experiments
* Am_: Bs mixing parameter from Tevatron / LHCb
TVl
Vil
* MSbar quark mass
* o

R.Itoh, KIPMU seminar, 4/17/13
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c) Theory parameters

- To obtain theory predictions, a variety of parameters in
hadronization theories have to be provided and included in the
global fit as input parameters.

Examples:
* f,, B (structure constant and Bag parameter) for Am,

* Form factors to convert Br measurements into Vub, VCb
* BK’ nct’ ntt for €
etc.

)

K

- Most of them are obtained by Lattce QCD calculaton, where
the errors is supposed to be non-gaussian.
-> Rfit treatment.

- They still have relatively large errors, and they can directly
affect on the NP sensitivity in Belle Il.

R.Itoh, KIPMU seminar, 4/17/13 28



V. Lu

1CZ,

IV SuperB

M.Pierini@CKM2006

Estimated TH errors 2015

NS
S. Sharpe, U.S. Lattice OCD executive committee
talk giyen at the

Hadronic
matrix
element

Current
lattice
error

60 TFlop
Year

1-10 PFlop
Year

£7(0)

0.9%
(22% on 1f,)

0.4%
(10% on 1-f.)

<0.1%
(2.4% on 1-f) |

11%

3%

1%

14%

2.5-4.0%

1-1.5%

13%

3-4%

1-1.5%

5%
(26% on £-1)

(18% on £-1)

1.0-2%

0.5-0.8%

(9-12% on £-1) | (3-4% on Z-1)

4%
(40% on 1-F

2%
21% on 1-9)

1.2%
(13% on 1-9

0.5%
(5% on 1-P)

11%

D.D - 6.0%

4 - 5%

2 -3%

13%
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Results of global CKM fit (SuperKEKB prediction w/ 50/fb)

G(p) c(Mm)
3 T Ume 5.1% 2.1%
7T Take 4.6% 2.0%
< n.si *ﬁ} Matsu 31 % 1 8%

0 ! I 1 1 | 1 I I
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Experimental

inputs to CKMfitter

(ICHEP2012)

R.ltoh, KIPMU seminar, 4/17/13

Parameter

Value + Error(s)

Reference

5S TH
|Vaa| (nuclei) 0.97425 + 0.00022 1] * -
Vs | (Kes) 0.2246 + 0.0009 % 0.0012 2, 3| * *
|Vea| (WIN) 0.230 & 0.011 4] * -
[Ves| (W — ¢3) 0941032 4 0.13 [4] * *
|Ves| (3.75£0.14 £ 0.25) x 1072 [5, 6] * *
| Ve (41.152 0.8340.59) x 10~ 5] - +
B(B~ — 777;) (1.15+£0.23) x 1074 7] - “
B(D; — p™v,) (5.90 £0.33) x 107 5] * -
B(D; — 777,) (5.29 4 0.28) x 102 [5] * i
B(D~ — u~1,) (3.82 4 0.32 £ 0.09) x 1074 8] . *
B(K~ — e 7.) (1.584 % 0.020) x 10~° 4] " -
B(K~ — u~7,) 0.6347 £ 0.0018 2] % -
B(r— — K~7,) (0.696 + 0.023) x 10~3 4] * -
B(K~— — p™7,)/B(r~ — p7,) 1.344 4+ 0.0041 2] * -
B(r— — K 7,)/B(r— — 7" U,) (6.53 £ 0.11) x 10~2 9] * -
|Vcd|ff‘:’”’(0) 0.148 + 0.004 [10] * -
|Wesl£2~(0) 0.712 £ 0.007 [10, 11] d -
lex| (2.229 £ 0.010) x 103 [4] " :
Amy (0.507 £ 0.005) ps~* 5] * .
Amy, (17.719 & 0.043) ps~! 5] * -
sin(24) cq) 0.679 4 0.020 |5 * -
(Bs)a/we Analysis of By — J/v¢ [12] * E
gl O 0 Inputs to isospin analysis 5] * -
B, all charges Inputs to isospin analysis 5] * -
S;:L, «‘;E:,‘? Sﬁg; ng Inputs to isosp?n analys.is 5] * -
B,,.r. all charges Inputs to isospin analysis 5] * -
B® = (pn)? — 37 Time-dependent Dalitz analysis [14, 15] * -
B~ — D™ K- Inputs to GLW analysis [5] * -
B~ — DM KM~ Inputs to ADS analysis [5] * -
B~ —» DM K®~ GGSZ Dalitz analysis 5] + -




Used Inputs: Theory parameters

Parameter Value £ Error(s) Reference as Frrors TH
Tie(me) (1.286 £ 0.013 = 0.040) GeV [16] " "
771 (my) (165.8 = 0.54 + 0.72) GeV [20] " X
as(mz) 0.1184 £ 0 £ 0.0007 4] *
By 0.7615 £ 0.0026 £ 0.0137 [3] * *
Nee Calculated from 7.(m.) and as [22] - *
et 0.47 4 0+ 0.04 23] i "
Net 0.5765 £ 0 £ 0.0065 [22, 23] - *
05 (MS) 0.5510 % 0 & 0.0022 (24, 25| i n
fz. (220 £ 2 £ 6) MoV 3] x x
B, 1.322 4+ 0.026 & 0.035 [3] * *
./ 15, 1.221 £ 0.010 £ 0.033 3] " x
B;/By 1.024 £0.013 £ 0.015 13 * *
Ji (156.3:|: O.S:I:I.Q) MeV [3] * *
fr/fx 1.1985 £ 0.0013 = 0.0095 13 * *
o, (240 + 2 £ 5) MeV 3] " "
fo./fp 1.185 £ 0.005 £ 0.010 13 * *
F0-7(0) 0.666 & 0.017 & 0.048 3] " "
e (%) 0.747 4 0.010 £ 0.034 3] * *

R.Itoh, KIPMU seminar, 4/17/13



1.5 T T T T T T T e

| excluded area has COL > 0.95

1.0

T 2012 CKMfitter Result
(ICHEP12)

0.5

dhd%ﬂ)hco
[maclat GL = 0520

-"ILTIIII|IIIIIIIIIIIIIIlIIIIIIIII

R 04
= 0.0 ==l e =
E: 0.3
B 0.2
0.5 — 0.1
= 0.0
B -04 <02 0.0 0.2
-1.0 —
_1.5_IIIllllllllrililllllll
-1.0 -0.5 0.0 0.5 1.0 1.5 2.0
Woltenstain parameatars and Jariskog invariant:
Observable I Central £t 1o *+ 2o *+ 3o
0,802 [+0.038 0,802 [+0.048
fiy 0,802 [+0.029 0.011] 0.018] 0.025]
N 022543 [+0.00059 0.2254 [+0.0010 0.2254 [+0.0013
-0.00024] -0.0019] -0.0027]
0.140 [+0.047F 0.140 [+0.0F9
pbar 0,140 [+0.027 -0.0286] 0.038] 0.049]
0,343 [+0.029 0,343 [+0.043
nboar 0,343 [+0.015 -0.014] 0.027] 0.037]
%
| [15'5] 2.890 [+0.281 -0.085] ||2.89 [+0.427 -0.13] 2.89 [+0.56 -0.18]
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“Anomaly” in CKM fit

- Anomalous input value used for CKM fit is a possible signature
of NP.

- An anomaly in one measurement can be compared with
the value predicted by the CKM fit excluding that measurement.

- Example : “Tension” between B->tv and sin2¢,
2010 Result 1oL,

0.30 ¢

0.25

0.15

BR(B — 1v)

0.10

0.05

0.00

Br(Berv) = (1.68+0.31)x10* (CKMfitter ave. in 2010)

- 2.80 discrepancy at that time.
- First reported by global fit groups (CKMfitter, UTfit)
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- Belle's new measurement in 2012 is significantly lower.

Br(B—1v) = (1.68+0.31)x10* (CKMfitter ave in 2010)

:
Br(B—stv) = (1.15+0.23)x10* (CKMfitter ave in 2012)

u.3u ® T T T T T T T T

0.25 |-

2012 result

10°

0.20

-val
Bl

09 The latest (ICHEP12)
8 with Belle's updated

fit

*" Br(B—tv) with hadronic tag.

T - 1 06
I‘E 0.15 |- - 0.5
o - 1 [Ho4 i
- 010 — _
B 5 0.3
0os [ 1 g2 “Tension” is relaxed.....
I 7 1.66 discrepancy
T S 0.0
0.5 0.6 0.7 0.8 0.9 1.0
sin 23

R.ltoh, KIPMU seminar, 4/17/13
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2) New Physics in B-B Mixing CKMfitter: Phys.Rev.D83, 036004 (2011)

Model independent parameterization of New Physics in Mixing
M?ZE M?ZVIAq

. SM A
B ~ 9. where CP phase is ¢,=¢," +¢,
A =[A Jexp(id,)

Principle:
NP parameters can be determined for by comparing
- measurements affected by NP parameters:

Am , Am_T", T", A (1), a,
- measurements insensitive to NP
" tree level measurements : |V _|, ¢........

For example:

parameterized 1
with NP E

insensitive;

L
|

0.4 0.6 08 1 n.o_q. -0.2

02 _
p

. . .
Constraint in NP parameters is obtained by the global CKM fit to all inputs.
R.Itoh, KIPMU seminar, 4/17/13 36



2 scenarios in NP modeling

l) Non-MFV(minimal flavor violation)
Conventional model-independent NP parameterization
without assuming any flavor structure.

-> A_and A, can take different values.
I1) With MFV (“generic” MFV with a large bottom Yukawa coupling)

A=A =A

Minimal Flavor Violation (MFV)
Assumption that all FCNCs stem from the KM-like matrix
element as in Standard Model.

R.ltoh, KIPMU seminar, 4/17/13
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Measurements sensitive to NP in mixing: Am, AI'/T’, a

aSL/,A\SL
g Nerpr — Npp-

(o =
T Nprgr + Np-pe

SL

= 21— lg/p|)

[(BY(t) = ITX) - T(BY(t) = I=X)
T(BYt) =+ 1T X) + T(BYt) = I X)

=2(1 - lg/el) + Ol (|a/e - 1)),

451 =

- Jg/fpl*

- A, (B,) : average of Belle/Babar/CLEO measurements.
-A,(B,) : DO
- ay (B,) : average of CDF/DO/LHCb measurements.

o

AI' /T, : Belle/Babar, but exp. error is still large -> no constraint
AU /T o : CDF+DO+LHCDb

Am : HFAG 2012
Am_: CDF + LHCb

R.ltoh, KIPMU seminar, 4/17/13



2012 CKMfitter results

non-MFV scenario

T 0] | ;’ﬁ
|

ImA,

73 A (TP A L TR S IS

Im A,

LA L
xchudod aroa fas O » 68

SM point

- -2

2 1 OHe Ad 1 2 3 2 9 Heas‘l
Quantity 1l 3o
Re(Ag) 0.82310-149 0.8219:52
Im(Ag) ~0.199799%2  —0.207915
|Adl 0.8670- 1 0.8675:53
¢7 [deg] 134755 —13.475%
Re(A,) 0.965T2-158 0.97+95-90
Im(A,) —0.00%910 —0.007553
Ay 0.977 500 0.98157%0
¢< [deg] —0.1%% 075
¢a +28 [deg| () 172535 17255
¢S —28: [deg] (1) —56.800%° 57750

R.ltoh, KIPMU seminar, 4/17/13

AT, &7

o FEE ey [

generic-MFV scenario

A=Am, 6 =Am_
gmmmmy U
2f | "
G
E °f
b
2
non gen.
MFV MFV
Hypothesis Sc. I pe. 11} Sc. 111
ImAz =0 3.20 2.60
ImA. =0 0.0
Ag=1 3.00 10.60] 2.10
A, =1 0.00
ImAg; = ImA, =0 280
Ag=A; =1 2.40
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3) Search for Charged Higgs by NP-Japan group (2013), Preliminary

- The search for charged Higgs at B factory experiment has been
performed in B->tv decays.

m, tan 3 + m, cot f3

SM NP

+ m_tan f3
b 9 :
B+W
’ Y H+ W+
GEmp mz o o > — mE
B(B = rv) = LB 21 - N2 21y 2y = (1 —
mg i
1000 —
L Br = BrSNI Xr
s00l- Belle Il (50 ab1)
J N
2 [
S 1ol ATLAS 7
|- B |
200
Gl:] 20 tﬁ} G:J 20 100

R.ltoh, KIPMU seminar, ¢ tan B
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NP-Japan and Belle |l

reque

Belle Il

Belle Il NP group

st CKIMfit

Tretu rn results

P |
Karim, ltoh

~

Z

CKMfitter group

Theory
+
Belle |l
1

Theory
+
Belle |
2

}

Provide NP optimized combination of measurements
with corresponding NP theory model

Theory
+

Belle |l
n

- We will start one of the groups as a Japanese-initiated group

consisting of Japanese theorists + Belle || members (not limited

to Japanese, of course!) = NP-Japan group : NPJ.

R.ltoh, KIPMU seminar, 4/17/13
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- If charged Higgs is there, it can affect in various B meson
decay modes.

Search for effect of unkng . . .
K.Trabelsi GYsaaumpemas (Combination by global fit

R.ltoh, KIPMU seminar, 4/17/13
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grabbed from A.Bozek's slide @KEKFF
PRL 99 (2007) (535 x 106) Measurements = : -

PRD 82 (2010) (657 x 10°) M T,
- | +m=

-

i f

——

T T T I T T 3 T
inclusive tags

—4- average

:!:U
B'—=D *1:+vT
SM \

PRD 85, 094025 (2012)

_ B-Dt'v_
EET RS

0 010203040506 0708 o.'%,)1
R(D'’)

0 4 :
B-SD v, § < R - BF ratios

(%)} — B(B—:rb(*)'r-h?rr)
RIDE)IS B(B—D*) et ;)

0
B*—D'1t'v_

Belle and BABAR average deviation from SM

@ R(D*) 3.8¢0
@ R(D) 2.40
@ R(D™) 4.8

0
B'—D T+Vt

S Y VS S S W W————

0 1 2 3 Note: Belle's measurements with a full

4
BF(?/Q) luminosity are not available yet.

' ' !
R.ILUII, INIT IVIV OClliiial, <t/ 117 19 Need Conflrmatlon by Be”e. 43



Theory Model _: 2HDM (2 Higgs Doublet Model)

- Minimal “model-independent” extension of Standard Model
with two additional Higgs doublet.
ex. Minimal SUSY(MSSM)

o= (g ) o= (207,

- 8DoFs are inside. 5 out of 8 are real fields : H*, A, and (h° HO).

- Coupling model : “Type II”
* ¢, couples to down type quarks

¢, couples to up type quarks.

*

Ly = =Gty Da - Oudr*Us - Lgu B b,

g Mg _
’EII,H"' :—ﬁ; {t&ﬂﬁMfwﬂm ﬁgHj+C'ﬂ'tﬁ 'H.va dﬂj+tﬂ.ﬂﬁ E”IL_?EH}] H +h C

W H-"

— mg, t 2 2
Modification to SM prediction of Br(B->tv) 7# = (mg“ — ’B) (mm) -

Mg, -+ Mgy T ot

R.Itoh, KIPMU seminar, 4/17/13
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Br prediction by 2HDM consistent for both Dtv and D*tv

BR(B—DTVv) and BR(B—DIlv) from Y. Sakaki, R. Watanabe, and M. Tanaka

Br(B — Drp.) = 73I'(B = Drv;)
= 715G |Ves|*V1(1)? x [r. + ap? + ap}

4.91GeV — L.77GeV

+(Ts+ l",—.pf - l'(;pll} (

mg — M,

4.91GeV - 1.77GeV

o

+ (I'7 + I'sp? 4+ I'op}) (

mp — Mg

Iy =+ (1.868 —2321 x 10722 + 1.373 x 107%a?) 1072
'y =— (6829 —7.181 x 1072 +3.708 x 10~ %?) 10~*
Iy =+ (7.006 —6645x 10722 +3.121 x 107%?) 10~*
Fs=+ (2804 —6.543 x 10~2a +4.140 x 10~ %a?) 1072
I, =— (8864 —18.08x10%a +9.985 x 10-%a?) 10
[g =+ (8.317 —1545x107%a +7.735 x 10~ %a?) 10~*

— 1881 x 107 2%a
-1205 x 1072
~ 9481 x 10 %a

'z =+ (1.953
I's = — (5.518
I = 4 (4.787

+3.265 x 10~ %a?) 102
+7.065 x 107%*) 107*
+5.039 x 107%*) 107"

) Re(Cs, + Cs,)

) \Cs, +C-'s,|2]

Br(B — Diy) = mgl'(B = Diy)
= 173G |Vas|*Vi(1)? x [I'1 + Tap} + Tapl]

Iy = +8.788 x 10~2
Iy = -5.230 x 1072
'y = +0.8190 x 102

Assume Type || 2ZHDM.
p1?2 = 1.186+0.036+0.041 (HFAG).

a=1%]

(M. Tanaka and R. Watanabe).

mp = 4.20+0.07 GeV and
mc = 0.901%911_4 113 GeV
(MSbar, PRD77, 113016 (2008)).

Gaussian assumption for the errors.

ms-mp
Csg, = —— tan? 3
mHi
m-mMe

=
H:I:

NP-Japan



NP-Japan

BR(B—+D"1v) and BR(B—D’Iv) from Y. Sakaki, R. Watanabe, and M. Tanaka

Is

l'e

$

1564

+[ 1297

(s
(
(
‘(lw
(uu
-(iil
(
(
(

+] 03132
09240

& 0.7623

B B

e\“\'

* D1, ) =vpl(B - D74, )

= raGCRIVal* A1)

+ T+ Tsply, + Tepy,)

+{U'r + Vapiy, +Topa,)

00063881, (1) + 0344 R (17 ~2.027R4(1)

0018158, (1) + 04034R, (1) ~6.84TR4(1)

0016358, (1) + 08373 (1) ~6.254R(1)

1LO028R(1)

3T2RA1)

-2 850R5(1)

0.2834R4(1)

DRIGSRHL(1)

~0.6MSRL(1)

.
e oo Y e g
Ny + Faply, + Tapa,

+ DIBI0RL(1P + 0

+ 1L28R:A1)

+ L1MR (1P

¢ 02327 R2(1)F 4 51

+ DTA12R(1)° 417

+ 06481 Ry (1)?

« DOGARL(1)*
+ 01805141

+ D165 R1(1°

. (4 GV 4

( A MGCeV 4
)

400 x

try, + m,

my + m,

10730y + 7117 x 10

1.7 'n'\')

1.':7(:--\')’ .

Cg, —Cs, 'I

Re{Cs,

6.2

2480 «

1072 Ry(1)ay 102

107 Ra(1)ay 10

756 = 1077 R3(1)a; |10

3T = 1077 Ryi1)ay

1072 Ry(1)ay

1 = 1072 Ry (1)ay |10

1072 Ry(1)as J 102

10°* Ra(1)as

)
)
)
)
1077 Ry(1 m,)m
)
)
)
)

10-=

10"

-

Iy

Br( B = D" i)

+(3287 - 004TRIR, (1)

~(1;.31 _ 002262R: (1)
{(1.993 — 0.002827R, (1)

ol (B = D" fiy)

+ DROGOMR,(1)2

17.01 % 107 %0y + 2083 x 107 %3 ~7.749 «
14.90 x 107 %4y + 17.09 = 107 %3 —6.756
072 « 107%ay + 8307 x 10 %3 ~2.701
17.50 % 10 %ay + 2248 x 107 %a] ~7.946 x
# 144 x 107%ay + 17.356 x 10~ %3 -6.511
¢ 1738 < 10730y + 2538 x 107 %3 - 0.7857 =
+ATM x 107%a; + 6346 x 107 %3 ~2.138 »
1658 x 10720y + 4.600 x 107 %3 —1.657
TaCTIValf A (1) x Iy + gy, + T30, |
~ 17681,(1) .3111!f=(l]7) « 10-2
- 0.521R2(1) + 1.875M(1) ) :

+ 0.3460R,(1)*

+ 0.04062,(1)* — 1.337Ry(1)

+ 026090, (1 F) x 10

Assume Type || 2HDM.

A1? = 1.207+0.015+0.021 (HFAG).

R1(1) = 1.403+0.033 (HFAG).

R2(1) = 0.854+0.020 (HFAG).

az = 1x1

(M. Tanaka and R. Watanabe).

mp = 4.20+0.07 GeV and
<= 0.901*011_4 413 GeV
(MSbar, PRD77, 113016 (2008)).

Gaussian

assumpﬁon for the errors.

m-mp
——" 2 tan?p
mHi

mrMe

mHi



Excluded region in (tanf3,m ) for individual modes
* Excluded region in tan3 and m,, plane for each input before
combining them.

Exclusion confidence level
1DIJ_

80+

100

60 =

100
80 i

tanp

4UF—

80~
60 - - 60
g 5
~ 400 40
20 B—o1v - 20
: (world Ave.) ‘
ﬂ' e o — - - 0.99 0_ a6 [] oc
0 200 400 600 800 1000 0 200 400 800 800 1000 0 200 400 600 800 1000
m,,. [GeVc?) C M [GeVc? m,,. [GeVc?]
@Y
‘\((\\(\
0@

Analysis by Y.Horii (Nagoya/NP-Japan)
R.ltoh, KIPMU seminar, 4/17/13
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Combining B—»Dtv and D*tv

- Need to consider correlation between two measurements of Br
since they are obtained by the similar analysis.

- The correlation factor : -0.27 (stat.+syst.)

Y.Horii

Exclusion CL
100, 1

Mimimum

99.6%
ﬂ\' | B—Dtv+B—D1v
\(\0 | (BaBar)
A\ 0 ,
Q¢ 0O 200 400 600 800 1000

m,,. [GeVc?]

R.ltoh, KIPMU seminar, 4/17/13
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Constraint with all modes combined

B—tv (world Ave.) + B—D1tv (BaBar) + B—>D*tv (BaBar)

Y.Horii
100
80|
| - 2HDM Type Il is rejected
60! at more than 99.7%.
q:E_ ;
[4n]

- Belle results of
B—Dtv and B—D*tv
measurements will be
added soon.

0 200 400 600 800 1000 N\
m,. [GeVc?] PR\Ce
H e\\(0

R.ltoh, KIPMU seminar, 4/17/13 49



Comparison with 2HDM-I| A Bozek@KEKFF

BABAR Belle results

0.8

R(D)

0.6

0.4

R(D*)

0.]:_ {)I3_ ‘9.‘11
02; 02'_ " N i . i Il " 1 i i L " N
0 02 04 0.6 08 ] 0 0.2 0.4 0.6 0.8 1
tans3/mp+ (GeV™') tang/mye e (GeV™?)
experimental band — acceptance variation with Acceptance variation with tan B/m;: was not
tan [3’/m;LIr included in that plot. Small for exclusive analysis.
o o
r i = —
3‘: : @ R probes in Bt — 77v, B— D7"v and
| B — D*r v different values for
25 : tanf3/m, +
2f A @ Rp — tanB ~ 0.4 — 0.5 GeV !
s 195%C.L. @ Rp+ — tanf ~ 0.7 — 0.9 GeV ™!

e

@ The BABAR collaborations excludes
2HDM-II charged Higgs at 99.8%
confidence level for any value of

005 01 0.15 02 025 0.3 0.35 tanS/ my+ .
tanf}/m,, 4

Andrzej Bozek @ KEK-FF Workshop + 1 measurements and perspectives




Further constraints Mixing + Z—>bb

in

25
=
[+
[
oy
T 20
=
[
o
=]
AP IR IR PR B - =} |
1.0 4.5 0.0 0.5 10 15 an 10 as 0.0 05 10 1.5 an - 15
Log, Itaf) ] Log | tan(i) ] _
30 A1 ]

o5 1.0 1.5 an

Logm[tan(ﬂ}

Log | m_/GeV]

b—>sy

MEPEPErS EFETErr B " AN I I I
oo
-1.0 0.5 o.o 0.5 1 15 an -1 as o.o o0s 1.0 1.5 an

Log, | tar@ ] Log | tan(f} ]

1) K=>uv, T=>Kv
2) D—>uv
3) D —>uv
4) B >V e

Log, [m /Gev ]
™
|
|

1.5 2n

But 2HDM Type |l is almost gone.... New NP model needed.

R.ltoh, KIPMU seminar, 4/17/13
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5. Status and Plan of Belle Il and Global Fit
1) Belle [l/SuperKEKB schedule

SuperKEKB Master Schedule

Calendar

2010

2002 2013 2014

2011

2015

2016 20107

R.Itoh, |

Japan FY

T 2010 | 2011

2012 2013

2014 2015

2016 | 2017

: ':
/ SuperKEKB cor$truction\1'

Detector upgrade to Belle |l

Belle roll out

KEKB
operation

~

Dismantling KEKB I

Fabrication and tests of ring components

— - - -

Belle Il roll in§ VXD install
QCS install

Accelerator tuning

BEAST :
Physics run

Install and set up

Electricity and
cooling facility

MR & DR
buildings

DR tunnel

1

SuperKEKB operation

Linac upgrade / operation for PF&PF-AR

Upgraded Linac operation
for SuperKEKB, PF, PF-AR
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SuperKEKB luminosity projection

70¢
F:
7)) C
o n
£ 50f
£ :
2 40
.- :
% 3{]:
S~ 20f
a n
E® q0f

35 OF — —
x10** g C—ommlssmnmg starts----------------------3 --------------
Fy - in early 2015 ' =
3 2 L B
£ 4 shudown o/
€~ b for upgrade ' ’ ’ ’
N 1 i S
%‘,"E D DR R BV SR B
nﬂ_) (3] 2?)12 2014 2016 2018 2020 2022

Calendar Year

RItOh, K”LIVIU SQTltnial, ¥/ v/ 1o



The Belle Il Collaboration

A very strong group of ~480 highly motivated scientists!

R.It



Status of detector construction: example = SVD

- SVD is one of the key components in Belle |l detector for the
precise reconstruction of the decay point of B mesons.

- Its assembly is partially taken care by Kavli IPMU lead by
T.Higuchi, and being in progress.

Work at KIPMU

4 layers of
DSSD sensors Ladder: set of DSSDs

/ B
S\

Readout chip: APV25
is placed on the sensor.
Both side of sensors
= are read out by the

- chip.

ssembled Ladder |
for mock-up test
(3/28/2013)

R.ltoh, KIPMU seminar, 4/17/13
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2) Further improvement of Global Fit approach

- If NP exists, its effect will be seen not only in B-factory
measurements, but also in various experiments.

- Global fit combining measurements at various flavor factories
(tau/charm factory + B factory + Kaon + LFV + EDM + g-2)
can drastically improve the NP sensitivity.

A.Buras (arXiv:1012.1447) Belle Il + J-PARC(Kaon,COMET, g-2/EDM) + LHCb.....

AC EVv2 | AKM 6LL | FEMEEM | S5U(5)ry ILHT Rie 403 ZHDM | EHMEY
D oo *hkk | * * * * * DU DD (CPV) | %ok | *kdk | dk | *k
€x * [ kkk | kkk| K* * F* kK €K *k | *kk | kk | *k *
Spp hkdk | Fkk | kkk | * * ¥ Kk Siye Jedkdk | dedkdr | dkdedk | ko | kkok
Spics *hkdk | kk | k| kkk| kkwx F*k Spcs * * | kx
A (B> Xy) | * * * | kkk| kkk * A (B—X.7) | * *
Arp(Krptpu) * * * | kkk | kkwx * Arp(Krppm) | *K | X *k
By — ptp ek | Ak | edkk | kkk | kkk F* kK By — ity * * | kkk | Kkkk | kK
Kt satuw * * * * * * Kt s atup Frdkk | dkk | kdkk * %
Kp —auw * * * * * * K — nlup Jrdkdk | Fkk | dedrk ¥ %
fe = ey Fdd | Ak | hdkk | kkk | kkk F* Kk p = ey Fdk | Fhkk | kkk
T =y *hkh | Kkkk | k| kkk| kkKk F* kK T = gy Fdkdk | Fkk | kdkk
g+ N oet+ N | ddkd | dkdk | dhkdk | *kk | Kkx ¥k p+N et N | dkdk | dkkdk | *kx
dy *hdk | dkk | hkk | kk | kkk F* ek d * [ kkk | k| kkk
de *hkd | kkk | *k | * * %k F kK de * [ kkk | k| kkk
(g-2), *ddk | Fkk | wk | dkkk | kkx FrH Kk (g—2), * | kx| *
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Theory for global fit

- Currently, the theory models applicable for the global fit are
limited to “model-independent” models:
SM(Kobayashi-Maskawa model), MFV, 2HDM....
<- Specific models (like SUSY) have a huge parameter space
whose number is much more than the number of observables.

- To apply global fit approach for NP search in wider range,
it is necessary to have a well-defined interface between
theories and experimental measurements.

- Once the theory can be expanded in a unified “effective theory”
with a limited number of parameters, it can be used for the global
fit. Prediction of each measurement is parameterized using them.

- Global fit determines the coefficients in the effective theory
while each theory gives the predictions for the coefficients.

- “DNA identification” of NP models can be done by comparing

the determined coefficients with theory predictions.
R.Itoh, KIPMU seminar, 4/17/13 57



Parameterization using Wilson Coefficients: (T.Goto, KEK)

Lerf = L(QCD + QED) 4+ > C,0;.

O;: ot > 4 D effective operators

e 4-fermi interaction (dim-6): (¥1v"v2)(Y3yuta),
e dipole moment (dim-5): 10t yoF),
etc..

C;: Wilson {#%

Determined by Global Fit

Example: expansion of MSSM to Effective Theory

MI parameters
LL SRR sLR sRL
Og'™y 0g™, 0g'™, og

| fitter

SUSY breaking,
v-Yukawa, GUT | = | MSSM | = | Lerr (C) | &

Y
SUSY /Higgs masses

R.It

LE obs.
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S.T'Jampens

AF=1 FCNC: b—s transitions and OPE [0l - hop hcacetec

Describe b—s transitions by an effective
Hamiltonian

10

b s
AGp . o
O, ( Mo ==~ VisVin 3 Cilw)Oi(n)
g B =1

E: -

« Long Distance:
— Operators Oi

 Short Distance:
— Wilson coef. C,

New physics shows up as modified C,
(or as new operators)

R.ILUII, INIL VI Oullinidily, =T/ 1171 1V \)9



“Pilot effort” of the determination of Wilson Coeff. R.ltoh

- Inputs
* Br(B—K*y) (HFAG 2008)
* Br(B—>K*u'w’) (HFAG 2008)
*A_(B—K*I'T) as a function of q* (Belle 2008)
- Free parameters : Wilson Coefficients C_, C_and C_ .

2-D scan favors
* Positive C .

* Negative C_
* Positive C7

R.Itoh, KIPiviu seminar, 4/17/13



Synergy with cosmology

High-statistics cosmological survey High-statistics particle experiment

Fermi Satelite

Subaru Telescope

Global Fit Study of “Dark” sector

New theory framework

* Combined Dark Matter search by satellite and particle experiments
* Study of dark energy in a framework of particle theory.

R.ltoh, KIPMU seminar, 4/17/13 61



5. Summary

- The key for the success of Belle |l experiment is to establish
“the method to optimize the sensitivity to NP with a minimal
accumulation of data”.

- The global fit technique, which combines various observables
originated from the same NP source, can be a “killer application”
In Belle Il analysis.

- Various global fit activities are already going on until now and
its usefulness has well been established by “CKM fit".

- The extension of global fit to combine wide range of observables
iIncluding not only high energy experiments but also cosmological
survey could be the ultimate tool for NP search.

- To function global fit effectively, a very close collaboration of
both experimentalists and theorists is essential.
Theory meets Experiment “in the same framework”.

R.ltoh, KIPMU seminar, 4/17/13
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Power of e*e-, example:
Full Reconstruction Method

Fully reconstruct one of the B mesons to
— Tag B flavor/charge
— Determine B momentum

— Exclude decay products of one B from further analysis

B

-
-I"--.
-
-
-
-

<« e+(3.5GeV)

\/n
B

*
*e
)
*e
»

- Offline B meson beam!

Decays of interest
B->X, | v,
B2>Kvv
B->Dzv, v
B->vv

full reconstruction
B->D= etc. (0.1~0.3%)

Powerful tool for B decays with neutrinos

Peter Krizan, Ljubljana




Complementary to LHCDb

Observable Expected th, | Expected exp. Facility
ACCUTACY uncertainty
CKM matrix
[Via| [ — wéy] ko 0.1% K factory
V| [B — X.fu - 1% Belle 11
(Vs [Bg — wlu| " 4% Belle I1
sin( 20, ) [ZKS s 8-10-3 Belle 11/LHCh
09 1.5° Belle I
da - 3° LHCh
CPV
S(B, — w) - 0.01 LHCh
S(B, — ) * 0.05 LHCb
S(B; — 0K) wxn 0.05 Belle 11/LHCb
S5(Bs —»n'K) Sk 0.02 Belle 11
5(B; = K*(— K2x%)7)) ik 0.03 Belle 11
S(B, =+ d7)) Ak 0.05 LHCb
S(By— 7)) 0.15 Belle 11
At s 0.001 LHCh
Agr R 0.001 LHCh
Acp(Byg — s7) u 0.005 Belle 11
rare docays
B(B — 1v) - 3% Belle 1T
B(B — Drv) 3% Belle 11
B(B; — pv) " 6% Belle 11
B(B, — pu) EEk 10% LHCb
zero of App(B — K*pu) e 0.05 LHCDb
B(B - K™ww) Tk 30% Belle 11
B(B — s7v) 4% Belle 11
B(B, — vv) 0.25-107% | Belle IT (with 5 sb™1)
B(K = mww) i 10% K -factory
B(K — emv)/B(K — pmv) o 0.1% K -factory
charm and 7
B(r — j1v) e 3.10°7 Bello 11
lg/pln % 0.03 Belle I1
arg(q/plp e 1.5° Belle 11

—->Need both LHCb and
super B factories to cover
all aspects of precision
flavour physics

B. Golob, KEK FF Workshop,
Feb. 2012



. Super
Strategies for increasing luminosity || ) KEKB

Beam-beam parameter
Lorentz Beam current
factor \ /

RL Lumi. reduction factor
(crossing angle)&

R;-‘v‘. \ Tune shift reduction factor
(hour glass effect)

Classical electron 08 -1
radius (short bunch)
Beam size ratio@IP Vertical beta function@|P
1 -2 % (flat beam)
1) Smaller " <— "
(1) By — “"Nano-Beam” scheme
(2) Increase beam currents <«

(3) Increase &,

Collision with very small spot-size beams

Invented by Pantaleo Raimondi for SuperB
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2011 CKMFitter Result

dj’w‘klm 24,20
[macliab L = 2.55)
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1.0

1=
02
= o0— @ — | 02
01
0.0
‘[’5 -0.4 -0.2 0.0 0.2 _
) P
-1.0
; (el at C .95; -
_15IIII|IIIII1fiIiIIII|II Ilii_
-1.0 -0.5 0.0 0.5 1.0 15 2.0
Wolfenstein parameters and Jarlskog invariant:
Observable | Central £t 1 o [ +20 [ +3 0o

R.Itoh, KIPMU semina

0.801 [+0.036 0.801 [+0.046
A 0.801 [+0.026 -0.014] -0.022] -0.029]
A 0.22539 [+0.00062 0.2254 [+0.0010 0.2254 [+0.0014
-0.00095] -0.0019] -0.0027]
0.144 [+0.038 0.144 [+0.048
pbar 0.144 [+0.023 -0.026] -0.046] -0.057]
0.343 [+0.030 0.343 [+0.045
nbar 0.343 [+0.015 -0.014] -0.025] -0.033]
5 2.884 [+0.400
|‘ [107] 2.68684 [+0.253 -0.053] -0.098] 2.88 [+0.55 -0.14]
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* The direct CP violation “flips” between B° and B*

1000 [

Events /(2 Mch’cz)

800 —
700 E
600 E
500 E
400
300 E
200 E
100 E

Events/(5 Mch"c:z)

R.ltoh, KIPMU seminar, 4/17/13

800 |
600 |
400 f

200

I

=
-
~

0 C 1 1 Il L C 1 1
5.2 5225 525 5275 52 5.?25 5.25
M, (GeV/c?)

L -I
5275 53

Quark level diagram is the
same for both decays.....

B+

772 x 10° BB

A (K'1")=-0.069+0.014 +0.007

A»(K*1t°) =40.043+0.024 +0.007

Y.-T. Duh et al. (Belle Collab.),
Phys. Rev. D 87, 031103(R) (2013).

4.00 discprepancy.......




Possible explanation of AA__(Kn) puzzle

W

d, 5 g +0

T ¥ S R
_ ' B+ B
B o ' ~
B+, B" Vi w0, e e
L, d’ -_ L, d , d - , d
q=d,s

g =u,c,t:q =u,d, s

F_ Il . TV:_? Il B B -+- Il BN BN B B . r HE Ny

b i g =u,d :
Color [ e " 7 1 EW
Suppressed & & " ) a5  Penguin
d!g + 4 - ot Kt
Tree . d u_,cfr , I . w,d , ’ P
Expected to be negligible in SM

. C.-W.Chaing, et al., PRD 70, 034020 / Enhancement of C ? \

+ Y.-Y.Charng, et al., PRD 71, 014036 > C>Tisneeded (C/T =0.3-0.6inSM)

" W.-SHou etal. PRL95 141601 ‘" > breakdown of theoretical understanding

. S.Baek. etal. PRD 71, 057502

. SBaek etal,  PLB 653, 249 - Enhancement of P, ?

* Honlietal., PRD 72. 114005 -~ Would indicate new physics.

e etc...

\- Due to poor understanding of strong int.? /

Sum Rule : M. Gronau, PLB 627, 82 (2005); D. Atwood & A. Soni, Phys. Rev. D 58, 036005(1998)

Sum Rule tells A_ (K’r°) to be -0.15£0.06 « Belle meas. +0.14£0.13+0.06

B(K°r) m 0 2B(KH ) 7 .
— AC'P(I‘&—I_JLD) B(f{-l'?r_) E + AC’P(I‘L D?TD)

2B(K °)
B(KTr)

Acp(Ktn™) + Acp(K )

B(Ktn™)

, KIPMU seminar, 4

more statistics!
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* Unexpectedly large D-D mixing

SM prediction
Xp <0.1%, Yo <1%,
. 15@ CPV allowed A. Petrov, Int. J. Mod. Phys. A 21,
X | 5686 (2006)
Q L
Q A . W
g Measurement Ave.
= B ..V’ B 4+0.19
< 0-5_ g i — (o)
mop " Xp (0'63—0.20 70
Q L
~ o —XK y, =(0.75+0.12)%
De-D° SREREVNEWLDS i
o5 R Bttd 1020 TR 27 Average of
SUE 0 s : L Belle,BaBar,CDF,CLEOCc
x, =AM /T, (%)

L. M. Zhang et al. (Belle Collab.),
Phys. Rev. Lett. 96, 151801 (2006) etc.

- However, still SM predictions vary largely depending
on the model/calculartion

R.ltoh, KIPMU seminar, 4/17/13



D.R. Cox, Principles of Statistical Inference, CUP (2006)

D | g ress | on.: Sta t | St | CS W.T. Eadie et al., Statistical Methods in Experimental Physics, NHP (1971)

www.phystat.org

Statistics tries answering a wide variety of questions = two main different! frameworks:

Frequentist: probability about the data (randomness of measurements), given the
model

P(data|model)

[only repeatable events
(Sampling Theory)]

Hypothesis testing: given a model, assess the consistency of the data with a particular
parameter value = 1-CL curve (by varying the parameter value)

Bayesian: probability about the model (degree of belief), given the data

P(model|data) = Likelihood(data,model) x Prior(model)

\
P(data|model) # P(model|data): P (pregnant | female) ~ 3%
L — CDF Stat
model: Male or Female 2 C{)Omnsmittee i
data: pregnant or not pregnant P (female | pregnant) >>>3%
- J

Although the graphical displays appear similar: the meaning of the “Confidence level” is not the
same. It is especially important to understand the difference in a time where one seeks deviation of

R.IEIE MU seminar, 4/17/13 71



