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Asymmetric electron-positron colliders
ete” — Y(4S) — BB  boosted B pairs
BYBY mixing
mixing-induced CP violation

time-dependent CP asymmetry

decay time €3 decay position
T~ 1.6 ps ct ~ 500 pum
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On resonance:

Y(5S): 121 b ! N1 /ab
Y(4S): 711 b !

Y(3S): 3!

Y(2S): 25"

Y(1S):6fb !

Off reson./scan:

~100 fb!

~ 550 fb!
On resonance:
Y(4S): 433 fb !
Y(3S):30 b’

Y(2S):14 b !
Off resonance:
~54 fh!



Minoru TANAKA

g _
Loo = W+ urY*Voxkmdr + h. c.
v2 e
Vud Vus Vub
VCKM — Vcd Vcs Vcb
Vie@ Vis Vi
VJqud + VC’chd -+ ;{,th =3
72 p=p(1=X/2+--")
=nl—-X/2+ )
\-/ b S
VW [ P2 o Vid
d3 » B
_O \ [ 1—>IO

Ved



B — mm

B — J/WKs

B — DK B — X v

inoru TANAKA 7



v
Two decades of CKM

[LEP, KTeV, NA48, Babar, Belle, CDF, DG, LHCb, CMS. ..
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SuperKEKB/Belle I

KEKB Achieved SuperKEKB
Energy (GeV) (LER/HER) 3.5/8.0 4.0/7.0
3 0.120/0.090  0.090/0.088
3, (mm) 5.9/5.9 0.27/0.41
I'(A) 1.64/1.19 3.60/2.62
Luminosity (10%*cm™2s71) 2.11 80 X4O

I 2 I 3 [ 4 I 5 I 6 I 7 I 8 I [

| | | | Lo | | | | IR LR N
SIDE VIEW 70p
Barrel Forward A C
1 Belleli  wn PO
Super conducting coil ‘ KLM g E
TLLLLLIIIT [ -4 50 -
- AT s n
\ d‘\\g‘ | E
T— 3-‘..-; 40F
\ _— B
‘ coc §E %@i 3 S 30k
£\ sw PXD(2layers) | |BElzEr 4 B ® -
N g w0 | | o o
5 . g > "u",, h n-r// g acs gl § g 20:
— = - ‘* = = - — _ e :
‘ : : | ?Iygha ber —_\ — i ET% e 10F
) A - 573(Cryostat) _| 600(Cryostat) > % é ? :\ B o E
by /i P ST || 0 <2< S E [fi \\\ x1035 e L ,,,,,,,,,,,,,,,,,,,,,, k ,,,,,,,,,,,,,,,,,,,,,, S S
7N COSTan. oS e il ) T F 8t ~ Commissioning starts
T - R : g 6 S inearly 2015, ./
U oz . Eg . Shudown T T of
: B £ - for upgrade
Belle v = 2E o . A S AN M
"‘Emﬁ:s:fue& = “‘::K.;&..L?.‘.; " % e - ~'
Parameters are not fixed yet [ s same. . o] o e . | |
9 I 10 K n

. . . | . . . | . —d . . . . . .
2?)12 2014 2016 2018 2020 2022

Minoru TANAKA 10 Calendar Year



Overture: CKM matrix at 1%

Today End of next-gen expertiments

= 0.6 m I=0.6f “ " = 0.6r " . "
: A, 5 ; the dream r the ni are
0.5 - 0.5 i—:t 0.5 :- i%:
0.4 0.4 _%ﬂ\ 0.4 % BR(B»tv)
g > < 2p+y
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C L L //
0.2 0.2 0.2
0.1: 0.1:— 0_1:— v Amy ":
g : i I‘| \
Y i or of I% }
c UTg: N I‘ BR{B_mr)ﬂ UTe i \ UTrr
fi .' fit i || fil
/ 1 1 ] 1 |\_./ il PP PR EFIr S PRI AT | AP | \_/ ] |....|..;..F.|....|\_/

037 0 01 02 03 04 05 06 9d1 o0 01 02 03 04 05 06 b1 0 01 02 032 04 05 06

P P

Y

Generalized UT fits:  today future = o /
CKM at 1% in the p 0.159:0.045 +0.008 -
presence of NPl 7 0.363:0.049 +0.010 &

- crucial for many NP searches //

Marco Ciuchini B2TiP — KEK, Japan — October 30", 2014 Page 12
N

Minoru TANAKA |



Semitauonic B decays
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B — D™

Experiments

b >

BABAR 2012 arxiv: 12055442, PRL.109.101802(2012)

R(D)

~ B(B — Dri;)

= 0.440 4= 0.058 -

N O

N B(B — Dfﬂg)
B(B — D*1i,)

R(D*) =

Belle 2007, 2009
R(D) = 0.390 -

B(B — D*gﬂg)

, 2010

Combined: R(D) = 0.421 £ 0.058

-0.100 R(D*) = 0.347 -

- 0.042

= 0.332 = 0.024 = 0.018

R(D*) = 0.337 4 0.025

|3

- 0.050

(p = —0.19)
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Standard model

R(D) = 0.297
0.302 =+
0.316 =

0.0]
0.0

7 (BaBar, Fajfer et al.)
5 (MT,Watanabe)

0.0]

2 + 0.007 (Bailey et al., lattice)

0.31 4+ 0.02 (Becirevic et al.)
R(D™) = 0.252 + 0.003 (BaBar, Fajfer et al.)

0.201 -

- 0.004 (MT, Watanabe)

Theoretical uncertainty

Form factors
data from B — D™Wiv (0 = e, p)
+ heavy quark effective theory (HQET)
+ lattice QCD

| 4



R(D) R(D")
Exp.| 0.421%£0.058 0.337+0.025
SM | 0.305+0.012 0.252+0.004
SD |.90 2.90

' 3 5 O_ arXiv:1303.0571, PRD88.072012(201 3)

| Bl
ool B
< oo
& 03 ]
New physics!? L M




W.S. Hou and B. Grzadkowski (1992),
M.T. (1995), ...

Type-ll 2HDM (SUSY)
_ mp tan 1§

R g
7 o mpm, tan® g3

-

>~ Sensitive to the charged Higgs
if tanf is large.
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But, negsative interference. o
» 118 predictions of 2HDM ||
arXiv: 1205.5442, PRL.109.101802(20 ‘_

0 02 04 06 08 1
tanB/mg+ (GeV™1)

Charged Higgs excluded at 99.87% CL
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MT, R.Watanabe,arXivl212.1878, PRD87.034028(201 3).
Effective Lagrangian for b — ctv

all possible 4f operators with LH neutrinos

Lot = 2V2GVa, Y (B CL)OY + Ol 0%, + Ch 0% + CL 0%, + CLO%]

Minoru TANAKA

l=e,u,T

~SM

= Yo TL YL

CrRY"br TLY VLI

Crbr TRV,

Crbr, TRV,

J— V J—
Cro""by, Tro uvVLl

|18

SM-like, RPV, LQ

RH current
charged Higgs Il, RPY, LQ

charged Higgs Ill, LQ
LQ, GUT



Constraints on Wilson coefficients

Im[C Vi ]
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Im[C v, ]
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~15-10 -05 00 05 10 15

Y. Sakaki, MT,A. Tayduganov R.Watanabe, 1412.3761
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S1 (charged Higgs in type-Il 2HDM) disfavored.
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Y. Sakaki, MT, A. Tayduganov, R.Watanabe
arXiv:1309.0301, PRD88.094012(201 3)

Six types of LQ possible suchmueller, Rucki,Wyler (1987)

spin 0 0 1 0 1 1
F=3B+L -2 -2 -2 0 0 0
SUQ3), 3 3 3 3 3 3
SU(2), 1 3 2 2 1 3
Ul)y—o-r, 1/3  1/3 5/6 7/6 2/3 2/3
1 &, [ehelr ghelr  min apn] constrained b
Z Vk3|: 1L 21L _ 63L 23L + 1L2 1L 3L2 3L iI, 2 y
2\2G Ve, (S 2M 512 2M 53 M 023 M 023 B — XS 1
O)
L & [ 2eked 2h%ih’f%*] :
Via| — - ,
o, 2 e, | disfavored
R o 417 5 L
222G RV, ,; Vi3 L 2ME, 2Me, | CSZ (mLQ) — ——4CT (mLQ)
I T hh] W RG
2\2GEV,, & 8MzZ,, 8M>,, | 1
Plevici - LS8gn S Cs,(mp) = £7.8CT(my)

20



Y. Sakaki, MT, A. Tayduganov,R.Watanabe, 1412.3761

Several possible NP scenarios
® ‘/i . OV1 — 016, CX;AVl =0 ,

o Vs: Cy, = 0.01+0.60i, Cxpyy =0
e Sy: Cg =—1.75 Cxps, =0 |
e T: Cr=0.3340.09, Cysr =0
e LQ; scenario: Cy, = 7.8Cr = —0.17 £ 0.80i, Cxg,7 =0 |
e LQ, scenario: Cs, = —7.8Cr = 0.34, Cxs,7 =0 .
How to discriminate: other observables

Arg, P., Pp~ rather hard to measure

q¢° = (rB —pD<*))2 easier

Minoru TANAKA 21



Implication of the present q2 data
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model | B— D7v | B— D*tv | B — (D + D*)1v
SM 54% 65% 67%
| %1 54% 65% 67%
Vo 54% 65% 67%
S5 0.02% 37% 0.1%
T 58% 0.1% 1.0%
1.Q; 13% 58% 25%
LQo 21% 72% 42%
Sy, T

L.Q, , (combinations of 52, 1") allowed

Minoru TANAKA 23



.. dB(B — Dt)/d¢®  Ap(¢?) m2\
Rp(q°) = - — 2 2 \2 2
dB(B — D(v)/dq¢? (mp —m7p) q
dB(B — D*17)/dqg? m2\
RD* (q2) — (_ T_)/ q (1 . _27-) .
dB(B — D*(7)/dq? q

Ap(q°) = ((mp — mpw)® — ¢°)((mp +mpw)* — ¢°)

No Vcb dependence, less form factor uncertainties

3.5¢F | 7r |
; H sM ; B sM
30! ms: | 6! ms. |
; T [ mT
2.5: mw | 5 M LQ |
—_ [ LQ o L
20 - T4 =
Q15 a3l
A e Sk
1.0 ~~ — 21~
05 — | e
: N : ~—
0.0t oL
3 4 5 6 7 8 9 10 11 3 4 5 6 7 8 9 10
q* [GeV?] q* [GeV?]
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X2 of the binned Ry (¢%)

Required luminosity to exclude the tested model

1 model
£l SM Vi Vo 52 T L&y LQ2
v, 1170 106 500 900 4140 2860
(270) (X) (X) (X) (X) (1390)
v 1140 106 510 910 4210 3370
(270) (X) (X) (X) (X) (1960)
. S, 560 560 540 380 1310 730
% (290) (13750) (36450) (X) (35720) (4720)
T - 600 630 700 320 620 550
(270) (X) (X) (X) (X) (1980)
L0, 1010 4820 4650 1510 800 5920
(270) (X) (X) (X) (X) (1940)
L, 1020 3420 3990 1040 650 5930
(250) (1320) (1820) (20560) (4110) (1860)

(...): integrated quantities 99.9 % CL

L <6 ab ' in most cases
A good target at an earlier stage of Belle |l
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Ultimate Belle Il sensitivity
Assuming exp. = SM for R(D), R(D™)
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Right-handed b to u current

1411.1177,T. Enomoto, MT
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Standard Model:

Yukawa couplings = charged current
g

Loo = W arvy*Vexmdr + h. c.
CC NG L7 VCKMAOL

Vud Vus Vub
VCKM — Vcd Vcs Vcb
Via Vis Vi

New Physics:

Minimal Flavor Violation
No other flavor violation

Non-MFV
New source(s) of flavor violation
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Hierarchy

1— 2 A 2 )\SA(,Q —in)
Vekuv = —)\ — 2 A=A
MNAL—p—1in) —NA 1

0.97428 £ 0.00015  0.2253 & 0.0007  £0.00347 1090016
N 1+0.00015 SVAVVAN

022524 00007 0978457000016 0041000007

0.00862F0-00026 () 0403100011 () 9991 5270-000030

V.o the smallest element

may be affected by Non-MFV new physics
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iiiii

Model-indep. effective Lagrangian of dim. 6

C

Lo = 13

—upY"br CIDTzD ® 4+ h.c.

Effective charged current interaction

,Cicﬂ: — \/§ [V buLfy’ubL

2

V. A

~ \°> possible

TANAKA 30

V buRv“bR} W;

A

1TeV ) °
RO ~3x10 20( e)

h. c.



2.5 3.0

3.5

4.0

4.5

2.0

P
1

1B = 1v

B-X,lv

B - mlv

B - ply

B = wlv

indirect

25 30
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3.5

|V,fg\ % 103

4.0

4.5

5.0

31

Average
V| = 3.64 x 1072

x> /dof = 2.16

(p = 0.055)
CKM unitarity
0.6
8.;1| Ve | Vip Via |
0:2|V:b Vool 65 | Ve Voo |
0.1
00 7
o1 ... .= . . .
-0.2 00 0.2 04 06 08 10
L

¢

3 — aI§

Vi =173.8° -

- 7.5°




B — 7v axial vector current only

-
VP =V - VAP = VAP |1~ 2Re (1) +| 74
y o Vie) 1Vl
B — wlv vector current only
: -
‘Vexp 2 _ ‘VL 1+ VR‘Q _ |VL|2 1 + 2R VL}E , Vuflg
ub _ ub ubl T ub € VII; | Vll’)
B — X, fv no interference my >~ 0
i d
ex V.E
VP12 = Vi I + [Vail* = [V I 1 - V“f
ub

B — p(w)fv vector and axial vector

ex VuR VuR 27

L CSR B;II, Zwicky
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10 Best fit
05 VIl =343 x 1073
e | VI
> j Re (%) = —4.21 x 1075
=" 0.0 V>
= : R
= f V
E | Im <M> = 0.551
-0.5 Vulé
| x> /dof =2.27 (p = 0.078)
~-1.0 *
~0.3-0.2-0.1 0.0 0.1 0.2 0.3
Re( vubR/ VubL)
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5.0

\Im( i /V,fg)\ — 0.546

4.5
4.0

Vp|x10° 3.5

Minoru TANAKA

3.0°
2.5
20—

0.4 -0.3 02 -0.1 0.0 0.1
I:{e(vub /Vub)

34

02 03

Yellow: B->tv
Blue: B->Xulv

Red: B->mtlv
LightBlue: indirect
LightGreen: B->plv
Gray: B->wlv




0 (d dy
& {B . < ﬁ}ﬂ- >7_‘_—|—
Vud u}ﬂ.—|— i B
d d . d}ﬁ

1=0.2 =0

Isospin analysis for @2
Ar = ((nm)1|B°)  Ap = ((7m)[|B°)
ABY = 7nt7%) = A(B° = 7nt7n7) /vV2 4+ A(B° — 7070)

* 2 = V2A0/As, Z = 24,/ A,

determined from BR’s
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Observables

Branching ratios
BR(B — nn~), BR(B — 7°xn"?), BR(B* — n=7")

Time-dependent CP asymmetry

0 ) H ) G con (M)~ S sin (AN,
Crtn—r Sptn-

Time-integrated CP asymmetry
C oo

Direct CP asymmetry in charged B decays

ACP(BJr — 7'('_'_7'('0)

Minoru TANAKA 36



Experimental values

@ — —0.31 = 0.05
St —0.66 = 0.06
C._0..0 —0.43 = 0.24

Acp(BT — 7m7Y) —0.026 £ 0.039

BR(B — ntn~) (5.10+£0.19) x 107°
BR(B — n%7Y)  (1.9140.225) x 107°

BR(B* — 7t7Y) (5.48 +0.345) x 107°
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Effect of the right-handed current
Ay = Aop + Asg, Ay = Ay + Aog

1+ Ayp/Asp Asr Vi RGE

v

1+ Agr/Asr Agp Vulg factorization

ot

143
Srtn— = \/1 - Cier— sin <2¢£ + arg (Rmr) + arg ( i z)>

Rrr =

Crtn = (1 — |R

Cooo= (1122|222 ) /(1m0 22 2]

o — z 2—z

Acp(BY — ntn®) = — Lzl L 0 0
1+|Rm|2 Oy = 84.7° £ 7.5
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0.0

Im( VubR/ vubL)

~0.5

—1.0.
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Re( ub /Vub)

v

p value

o2 )

lo
0 120
5 + Arg[Ry;1/2
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100

arg(R;,)
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~100
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150
50

~50
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PLPL

CPeven, I =0,2

Isospin analysis as the two-pion mode

A VR* .
T2 L 0.91240 oWre
Asr,
1.0
- \ 4 L I I I
150 - U i L |
: 0.8 L l
100 ~ . :
emesemeeeemmmmmmeeemee © 06 L i
B S i o B
R/~ v 8, o 3
c 0 VI = 7 :
oy AN e e ,'j . | | :
& -50 o | R H_QJ_(I_-_-——-'ff-‘" - - i
_ [T 00 N iy SNt o
100 0 60 120 180
— i L
150 [I\ 5 +Arg| Ry, o, |
10 -05 00 05 1.0 |
Ace (B* > pi*p.”) 0Py ~ 3° at Belle Il
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Dalitz plot method D — K7~

Effect of the right-handed current ¢ = a(Vi,™)
A(B* — D°K™) = ’ALlei(¢§+5L) 4 ’AR’€¢(¢§+5R)

_ 2t ABT 2 D°KT) 1+ Ap/Ap|i (8565 +0)
A(BT = D°K™) 14 |Ag/Ap|e’(9s—95+9)

Rpk

Ap/AL| = 4.99|VE/VE

Minoru TANAKA 4]



L ‘I‘ ‘I‘ _

L ey 1 ]

150 ro

.. RHC1oc ___.

100 T TTTTTTTTTTT .

50

2 5 | Belle li

T o0 :
O i ] O

-100

_150 R_':'?_lf_f N

| | : | | f""_ | | | --I.\\ | ‘I | |

-1.0 -05 0.0 0.5 1.0

Minoru TANAKA 4?2



Tau lepton flavor violation

1412.2530, T. Goto, Y. Okada, T. Shindou, MT, R.Watanabe
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Neutrino oscillation v; — v;
Lepton flavors are NOT conserved.

Charged lepton sector p© — ey, T — uy,:---

suppressed by the small neutrino masses

BR ~ (m, /mw)* < 107°4

Supersymmetric models

flavor mixing among scalar leptons

P new source of LFV at SUSY mass scale

Minoru TANAKA 44



p— ey
MEG BR(u — evy) < 5.7 x 107
MEG Il (expectation) ~ 5 x 10~

T — [y
BaBar BR(7 — puy) < 4.4 x107°

Belle Il (expectation) ~ 10~
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MSSM + type-l seesaw + minimal SUGRA
Wiepton = Y3l ESL;Hy + Y NEL;Hy + %M%NZGNJQ
— LR = (m3)701; + (m)ele; + (m¥) o]y + (TZellihy + Ty Diljho + hec.)
(m7)" = (mp)" = (m})" = M§s”, Ty = MoAoYy, Ty = MoAoYy
at GUT scale
Source of LFV

|8 parameters in Yy, My

9 in the light neutrino masses and PMNS
|8-9=9 left for cLFV
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Charged LSP |7
\\) m Higgs mass |
\ Gluino mass
Squark mass
B-Xgy

\ Bs—u p

H=EY

M1/2 (TGV)

M 0 (T@V)

M1/2 (TGV)
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Degenerate case with CPV

1.0
0.5
00
,(0> I
—05
004 02 00 02 04 ~1.0
} a
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M 1/2 (T@V)

M 0 (TCV)

Charged LSP
Higgs mass
Gluino mass
Squark mass
B-Xsy
Bs—up
p—=ey

2007

M 1/2 (T@V)

Minoru TANAKA

M 0 (TeV)

ND case; Ap=0, >0, tan5=30
— AT

/yl \ (1 o0 0 \
Nondegenerate case Yv=| w ||0 cost sin0

\ y3) \0 —sin 6 cos@)
ND case; Ag=—2, u<0, tanf=30

M 1/2 (TGV)

M 1/2 (T@V)




Summary
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TANAKA

Belle |l
40 times (or more) larger statistics
A few % error in UT

Indirect search for new physics

LHCb
Competition and complementarity

Excess of semitauonic B decays
Testing NP with the g2 distribution

A good target of an earlier stage of Belle |l

5-10 /ab
LHCb can do B — D*rv.
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Right-handed b to u current

Shifts in UT phases ¢2, ¢3
New direct CP asymmetries

LFV

Both MEG Il and Belle Il have possibilities
to observe LFV.

Large A term!?

Many other issues to be discussed
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Belle Il Theory Interface Platform
https://belle2.cc.kek.jp/~twiki/bin/view/Public/B2TIP

WG 1: Semileptonic & leptonic decays
WG 2: Radiative & EW penguins

WG 3: phil & phi2

WG 4: phi3

WG 5: Charmless hadronic B decays
WG 6: Charm

WG 7: Quarkonium

WG 8: Tau, low multiplicity & EW

WG 9: New Physics
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https://belle2.cc.kek.jp/~twiki/bin/view/Public/B2TIP
https://belle2.cc.kek.jp/~twiki/bin/view/Public/B2TIP

Table of golden modes

https://belle2.cc.kek.jp/~twiki/bin/view/Public/B2TIPGoldenModes
| 2 Home « ] Public Web = ) View =  Edit « 4 Account +
- I>
<O
B SM or fit Belle Il LHCP HIC
Group  Observable Mode Expectation Belle 2014 Babar 2014  5/ab 50/ab 8/fb  50/fb
b1/ WG Sin(201) B — JjyKg 0.667 + 0.023 + 0.012(1.4°) 0T uar 16°  Ub”
page
S B — ¢K°, 0.9070% 0.053 0.018 02  0.04
B — J]’I\'(i. 0.68 £ 0.07 £ 0.03 0.028 0.011

: . — KYKOKY, 0.30 +0.32 + 0.08 1 _
DeC/a/e PV P 01(? STESTES 0.100 0.033

5 ,éey observable

/ea\//ng a feew spaces for

1)° (Belle + Babar) 2 1

—r W,

rewo 1deas
@3 WG page I;%easeh { 7/%80/‘/‘52‘5 Z(O 1(7//1 6° 1.5°
' tell us the
responsible Deta/ed exp/anaifon can be
HadronicB P added o the /inked page. 0.07  0.04
WG page person for )
each
|
Semileptonic  Vox/10 precess ° 41.6(1 £ 0.024;,) 1.2%
& Leptonic  Inclusive
WG page
Vop[1073 B — D*iv . R 18% 1.4%
exclusive fxpehmenzla//\fﬁs iO 7(7///
|1nclul:|ve By Simulation reswlt can be 3.4% 3.0%
Vip[10%] B wly added to the linked page. 4.4% 2.3%
exclusive (Hadronic tag)
B10~" B— tv 96(1 = 0.26) % %
‘ (Hadronic tag) 107 e

Lots to do. Please join us.
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Future External Workshops

Next meeting 1s at Krakow |

B2TiP 2nd Workshop

27-29th April 2015
Crown Piast Hotel

-15mins from city
-In front of the institute

A FUI— V) h?:?
h o WA
A, ~3)
. . . x5y Nz L e
The timetable 1s typically, ol . P} WCSYE G
ovEy AvEs  BAY 7{:1; E%\f
. . Gl See you there!
- One day equivalent of plenary session STy

Paris $ or,;y:'—ztl)r? _‘ G dhor" it Y]
- Two days equivalent of parallel session  NERRES T S N

< Milano JOPF P~z 3

o | 45U7
al

North America 2016 (~April/May). USA colleagues are looking into funding
options and locations.

.o . . D £/ THE UNIVERSITY OF
P. Urquijo, B2TiP, Closing Remarks 9 !:3/ MELBOURNE

\

Minoru TANAKA 55



