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Belle 11

SuperKEKB

New IR

New superconducting
/permanent final
focusing quads near the
IP

New beam pipe
& bellows

Replace short dipole
with longer ones (LER)

-ﬂ%%#%ﬁ“ ——1 26 A
Add / modify RF system
| EW mﬁw vzt ~—F Low emittance

for higher beam current
positrons to inject

Positron source

Redesign the lattices of HER
& LER to squeeze the Damping ring ” i <
emittance —

Low emittance gun

Low emittance
electrons to inject

[NEG Pump]

New positron target /
capture section

TiN-coated beam pipe with antechambers X 40luminosity

* Nano-beam Peak luminosity: 2 X 1034 cm1s1->8 X 103°cms?

* |ncreases current Increases current: 3.5/8.0 GeV—=>4.0/7.0 GeV
Boost factor~2/3

[SR Channel]
[Beam Channel)
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KL/ muon detector:
Resistive Plate Counter (barrel)
ator + WLSF + MPPC (end-caps) |

Belle |l Detec

EM Calorimeter:
Csl(TI), waveform sa

WL

~
> |dentification

-Propagation counter (barrel)
cusing Aerogel RICH (fwd)
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Beryllium beam pipe
\2cm diameter
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positro (4Gav)
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(Vertex Detector ;
2 layers DEPFET + 4 layefs;DSS
. “
Central Drift Chamber
He(50%):C2Hs(50%), Small cells,
_long lever arm, fast electronics ,
Issues to overcome wFiner segmentation, wave-form sampling
 Beam background Large angular coverage
* High rate capability - Closer to the IP(3cm—>2cm) Vertex det.
e Boost ~2/3 Particle ID improve(K/x) !

904 researchers
from 26 countries




Integrated luminosity

Peak luminosity

(ab™)

(cm3s?)
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Luminosity prospect

Phase 2: Belle I with BEAST(Partial vertex detector)

Phase 3: Belle I detector with vertex detector

Phase 2 (BEAST Il)
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Rediscoveries in Phase-2
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Ks,m° are confirmed
in early ~5pb.
Fully reconstructed
B mesons are seen
with ~250pb-1.

Totally, 500pb collected.
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To Phase 3
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Vertex detector has been installed !
Phase 3 will start March 2019 !
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Belle I physics program .-
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\_’tﬂL 0\* r\1\\5}3 s e - \j\\ ﬂ%\%&\h ,‘\\x"“\" <
“ H ” . B — mly |Vis| * x 10-20 * x * kK e *
The Belle Il Physics Book” arXiv.1808.10567 O
B = T1vr Br. * kK >50(2)  *%xx* * ok * * * %k
(Seml)le tonlc B pv_ Br. wxk  >50(5) kxx * ek * ke
p B — D™y, [V *k 1-10 ke hk ok *
B — Xl [Ven| * ke 1-5 * ke o ke -
B—=DWry,  R(D™)  xxx 5-10 Sk * kK , ke *
B— KWy Br., F, *ok K >50 * ek * kK * ok
_— B — Xopav Acp ok =50 * % * ok * -
G(bb) = 1.1 nb B — Xy Acp Hox =50 * ok * ok ke - -
EW P . B — Ixi);n[) Y Srcomoy Hk >50 *k * kK * * ke
engUIn B — py Spy ke >50 ek *k ke - Ho ke
B — X It Br. * ** =50 * 9 ww e * * ok
—_— B — Xt~ Ry, * =50 ok * A ke - * % &
G(CC) = 1.6 nb B— K®etew  RK™)  wwx >50 o * ok Kk S —_—
B — J;LKU ol * 5-10 >k ok * *

B = o}"u 1 ek =50 Hok * kK * o

(I)l,(l)z tree, pengUin B—Hf.f}g 1 Sk =50 ok F— * "

o(t*17)=0.9nb e

GGSZ 03 * ok =50 ok ok k * oo
d) GLW [ * kK =50 s * K K * o
3 ADS o] *x =50 Hx * * e x
B — 'K Acp, Ik ek - * ok ook ok * %k ok ok
B — pK Acp, Ik, * - Hok *ok K - ke
Charmless B — fvy Ap ok - *hh  kkK * -
B — pK* + polari. *k - o o - * K
B — ff+f\:__;"¢ Ta~  Br., Acp Hok - B ok K ok ok
Do —>Ix01'x0 Acp 3 - ok ke ke * *
Cha rm D+%?r+?r(} Acp * ek - e o * ok
Dy — (Fv fn. * ok k - * kK * - ok
L T — WY Br. * ok S50 kkx * ok ok * * kK
. e . T — 1 Br. *kxk B0 kkx  kkx - e
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ete” — A (—=invisible) o *xk - T T * -
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Belle I as a super B, t, Charm factory. The Golden/Silver observables well defin€d.



CKM matrix Vi,

N. Cabibbo, PRL.10, 531 (1963);M. Kobayashi and T. Maskawa, Prog. Theor. Phys. 49, 652 (1973).
l. 1. Bigi and A. I. Sanda, Phys. Lett. B 211, 213 (1988).
4
d Ve Vus Vi \(d #of complex phase
4
" |=|Vy V Vg, || S =(n-1)(n-2)/2

CS

b ’ th VtS th b

Vud Vus Vub 1 — }\2 /2 A A}\R (}(J — w,l)
Verm =|[Vea Vs Vo |= -2 1 —A2/2 AN2
V, V. V, AN (1 —p—in) —AN 1

diagonal->Favored

A ~0.22,A~0.80 Off-diagonal>Suppressed

Unitary Triangle Vuqu*b + Vg 5) + Vig tz = 0




CKM UT trian
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e

0.7 — ——— 0.7 71— R B T B e e
: AmgBoAm, 3 E 2 ! Amy & Am _ 3
06 Bx? T am B € e 0 ; 4 ) % =
o 3 L [3) ! [0) -
18 = -8 : 2 =
e g sol.w/cos 2p < 0 _: e :_§ sl 2¢1 i sol\w/ cos2o‘<0 —:
3 (excl, al CL > 0.95) = = g : (excliat CL > 0.95) =1
0.4 g —] 0.4 _—% —_—— =
= : NG ]= B : o, 3
03 = - 03 - 2 3
o : = C : 9, -
0.2 — 0.2 - 2025 —=
0.1 . -—f 0.1 ” i Vo —-:-
¥ B 3 /% ¢ 3
0.0 je=] | L L | R ~ 0.0 PR BT . IR | I | IR B B~
0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0 -0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0
P p 1808.10567
World average SM-like WA (2017) 5 ab™! 50 ab~!
Input 2016 Belle 11 Belle IT (+LHCD) 2025 Channel o(S) a(A) o(S) a(4) a(S) a(4)
(+LHCD) J/WK® 0022 0021 0.012 0.011 0.0052 0.0090
2025 oK 0.12  0.14 0.048 0.035 0.020 0.011
|Vas| (semileptonic) 1075 4.01 4 0.08 £ 0.22 £0.10 3.71 £ 0.09 W K° 0.06  0.04 0.032 0.020 0.015 0.008
[Vep| (semileptonic) (107 41.00 £0.33 £0.74  £0.57 41.80 £ 0.60 wK? 021 0.14 0.08 0.06 0.024 0.020
BB~ ) LO8 £ 021 —0.04 0817 = 0.03 K% 020 012 010 007 0.031 0.021
sin 201 0691 = 0.017 =0.008 0-710 = 0.008 K%° 017 010 009 006 0028 0.018
#3[°] 732163 +1.5 67 = 1.5 (£1.0) ~oa . S
) (£1.0) e ) Bellen IL=50 b’ gee, 1
$a[°] 876733 +1.0 90.4 + 1.0 E N ot @ ]
w o Feffl Rt
_ b VWV S I < ¥+ 1
UT measured by tree decay ->SM anchor point. d o1, E P
Additional new phase from NP can shift the angle. 8 - : Hi* s HA o
-0.2- 3 el l
+ kg p
d d L *hhe” Iy K (8=0.70)
04 Sos s K, (s=055)
04r, L 14
-10 -5 0 5 10

At (ps)



BR(B — 1v)

B—>tv and B>uv

b b a r5- G Vil /3 m2\
i ’ ub
B3 — i) = Y (O IS
W+ H+t 8T mp
m3
/ / e =Cr, — Cp, + (Cs, — Cs,) . PTEP. 2017, 013B05
! v v Mphie Model indep. approach

Bo(B>1tv) =(7.71%£0.62) X10°  1808.10567
B eas(B>1V) =(10.6£1.9) X 10 1612.07233
S,\,,(Beuv) =(3.46=%+0.28) X 10/  1808.10567

(B>uv) =(6.46+2.22+1.60) X 107 2.4 c excess(Belle) PRL121.031801
—>5 c@Bellell ~6 ab?

meas

0.20 107 p-valu%.o 0.20 4107 p-valuem
I 0.9 I 0.9 i . 1
s s Integrated Luminosity (ab™") 1 5 50
| 1 B,r | il statistical uncertainty (%) 29 13 4
= | - : . . ]
i + il . - Fles  hadronic tag  systematic uncertainty (%) 13 7 5
mer / Tl e ﬂ i total uncertainty (%) 32 15 6
- 1 Hos & - 4 Hos .
i Tl © ' Bos statistical uncertainty (%) 19 8 3
0.05 — — 0.05 — — . . . . .
[ I [ I - Moz semileptonic tag  systematic uncertainty (%) 18 9 5
i N A i N A total uncertainty (%) 26 12 5
0.00 — 0.0 0.00 —'0.0
050 055 060 065 070 075 080 085 090 050 055 060 065 070 075 080 085 090
sin 2 sin 20,

ABR~ 5 % level@ 50 ab™! 15



Ratio of B>1v to B> uv

Tgo B(B™ — 17 v;)
13- B(B" = 7+¢— 1))

2

Rys = = (0.539 + 0.043) |1 + rp

BB — tv,) m? (1 —mz/mz)2
Ry = = LT el 2= 2221 + el
BB — nv,) my, (1 mM/mB_)

Current measurement Rps= 0.73 = 0.14, R, Notyet
Luminosity Ry Ry
T T
NP NP 95 % C.L.

5ab! [—0.22,0.20] [-0.42,0.29] 1808.10567
50ab™!  [<0.11,0.12] [-0.12,0.11]

rye’ < 0(0.1) can be tested.
Further sensitivity can be achieved for direct ratio measurement
to cancel some experimental systematic uncertainty



Br(B>DU)tvy) _

' T T

% C BaBar, PRL109,101802(2012) ) -
% 0.5 F ——— Belle, PRD92,072014(2015) Ax”=1.0 contours ]
C LHCb, PRL115,111803(2015) X . 3
f+ 0.45 - Belle, PRDY94,072007(2016) === Average of SM predictions
™ ——— Belle, PRL118,211801(2017) R(D) = 0.299 £0.003 .
Ht y E ——— LHCb, PRL120,171802(2018) R(D*) = 0.258 +0.005 :
0.4 — [ Average —
b c 035F 40 3
q > q q > q 03 :_ l 20 _:
s 0.25F ° .
vV C HFLAY @
C 3
5 7 - - d - 0.2_—I 378 o | | ;{!;?)iir?wl—_

¢ 0.2 0.3 0.4 0.5 0.6
q > q R(D)
:D-‘-‘ 0_5 _\ T T | T T T T | T T T T ‘ T T T T T T T T T T T T T T T T | T T T |_
BI ( B — D (*) TVT) EE - Belle Il Projection n
RD (x) = : 045 - : g::cl)n:rl:omb\nat\on —
Br(B — D& /() N . -
L —— World Combination |
0.4[- - SMprediction: PRDS2 054410 (2015), PRDES 024025 (2012) —
SM — =+ SM — -+ C ]
RD(*) 0.258 £ 0.005, R 0.299 £ 0.003 ossk E

Rp  (£6.0£3.9)% (£2.0 +2.5)%
Rp-  (£3.0£2.5)% (£1.0£2.0)% 025
1808.10567 02

16 contours




(T rest frame)

T polarization in B->D")tv &

1 dr(D%) 1 Y
= —[1 4+ aP, (D)) cos O], ‘
F(D(w))dCOS Hhel 2 [ T( ) e] W BSI;
a=1 fort>nv, /
a=0.45fort>pv, v
Fij  a/Bij | i)
P.(D") = 3 Nsig Nsig ) NLV = NY. / d;(—Dg)dcos O, FW
T o Fij Bij’ where Te Te COS
a; Nsi:}] 4+ Nsi:}] 0 hel
N 04T (D)
FW-BW asymmetry NBY9 = NY Mdcos Ope1. BW
S8 M8 1 dcos By
° PRL118.211801(2017), N 1, T T _
Measurement(Belle) ey, ciooouoors e :
* - . +021 5 . - SM prediction: PRD85 094025 (2012), PRD87 034028 (2013) —
P-(D") = —0.38 £ 0.51(stat) 2y (syst). o5 3:2:22} g
° 1 PRD82,034027(2010), i - -
SM expeCtatlon PRD87,03402852013; L
P-(D*) = —0.497 + 0.013, -
5ab~! 50 ab—! - -
1808.10567 B )
P, (D*) 40.18+0.08  +0.06 +0.04 I ‘ :
02 0.25 0.3 0.35 0.4
T polarization is sensitive for NP structure with R(D*). R(D*)

The g% information also has the sensitivity. Full angular analysis will be the challenge at Beilell.



Angular analysis of BO>K*0/+¢-

* Transversity basis AL 1,0 and lepton chirality L,R JHEP01(2009)019
: LR JHEP02(2016)104
~ 6amplitudes Ay ) o~ PRL118,11801(2017)

* P." o<cRe(AFA LH = ARA 1RY) approximately expressed by C,U), C,l"), C, ")
* LHCb: 2.8 ¢ and 3.0 ¢ deviation in P." in muon mode.
* Belle: 2.6 5(1.3 o) deviation in P¢" in the muon(electron) mode.

- T T T T 1.5
Q, 1 ' ' ' ] .
e LHCbdata © ATLAS data ] B Almodes 0
z = Belledata © CMS data ] Lo W+ Electron Modes ]
0.55 71 SM from DHMV ] . *# Muon Modes
SM from ASZB 7 05
. . 0 ] =0 00 . >—l—| |
J. Prisciandaro - ll — ] = . } S s
(FPCP2017) - ! r 1 os| 1 : _{ﬁ ]
0S¢ :HL i 7 ]
[ 2 _P— l ] -1.0 o .
-1 Nk P B T 15 . . . ]
0 5 10 15 "o 5 10 15 20
¢ |GeV?/c4| g* [GeV?/c?)

Naive extrapolation:

2.8 ab™! of Bellell data(~2020)—> Comparable uncertainty to LHCb 3 fb-! at g%[4,6].
50 ab™ of Bellell data(~2025) - Slightly 20 % larger uncertainty of LHCb 50 fbL.
With the muon mode, Belle Il has an unique measurement for electron mode.



LFU in BO>K*)0¢+¢- angular analysis

LFUV observable Q, 5 (=P, s*'—P, s*') meas. by Belle
Non-zero Q, s would point to NP JHEP10(2016)075

----------------- 15 — 77—
I [ SM from DHMV | I ]
10 7 1 NP Example ; 10 _ T _
0.5 0.55— | T N N— —f
r= — ]
CE: 0.0 § 0.0 | - =
=0.5 i 1 ] =0.5 r N
| 1 b PRL118,111801(2017)
i 1 | 0 SM from DHMV 1
i ] L 1 NP Example ]
e 1 R T T -5
0 5 10 15 20 0 5 10 15 20
¢* [GeV?/c?] q¢* [GeV?/c?]
Belle |l
Observables Belle 0.71ab™! Belle Il 5ab~! Belle IT 50 ab™!
Q4 ([1.0,2.5] GeV?) 0.50 0.18 0.056
Q4 ([2.5.4.0] GeV?) 0.45 0.15 0.049
2 y ‘ /
Q EFO 6. 0} Eez;i 0.34 0.12 0.040 AQZl’SN 5 % level@ 50 ab!
Qs ([1.0,2 e 0.47 0.17 0.054
Qs ([2.5. 4 0] GeV?) 0.42 0.15 0.049 1808.10567
Qs ([4.0. ]GeW) 0.34 0.12 0.040 20



LFU |n R(K(*)) and the double ratio

--LHCb -m-BaBar —&Belle

20 T _ : ZB(B—>K() 7)
& JHEP08(2017)055 :Q;d - PRL 113 (2014) 151601 LHCb . ZRK(*) = il .
S sk y i 1 B(B — K¥e e )
”’- 1 1.5p » ]
[ ] : i Observables Belle I 5ab™!  Belle IT 50 ab~!
LOT s e R SM. Ry ([1.0,6.0] GeV?) 1% 3.6%
e ] o — i Ry (> 14.4GeV?) 12% 3.6%
051 ® Lich | 0.5F 1 Rg- ([1.0,6.0]GeV?) 10% 3.2%
- LHCH bbay 1 Bk (> 144GeV?) 9.2% 2.8%
] S R R [ S N I Rx. ([1.0,6.0)GeV?) 12% 4.0%
0 5 10 5 20 0 5 10 15 20 Rx, (>14.4GeV?) 11% 3.4%
q [G(‘\f"‘/(fl] q* [GCVZ/C4] )
JHEPOZ 2015 055 2 : NP1 1
( ) A+ = =sry SN [Re (CSM(CSIPM + Oé“)*) + Re (CSM(Cio g Ci‘o)*) —(n— 6)} :

Ricyaz0) = 1+ A,
Ri«=1+p(A-—AL) + A4,
Rx, ~1+ (AL +A_)/2,

p=0.86, C,,°M=—4.2, C;:5M=4.2(at m, scale)

. ’ l ’ z
Ry can constrain C,(INPE C, (NP
Double ratio X, = R,/R¢

Kico(razn) = 1+ A— Ay, A_—A, cancels left-handed current = - : |
Kpr =1 +‘P(A— —5+). double ratio X, can only probe M — |  —n 5 -

Events / ( 0.003 GeV/c?)

Xx,~1+5(A ~A,). right-handed current /O B SR A ey
BTSN b
Belle(l1) has a symmetric detection eff. for electron/muon ' P o

May be easier to control the systematic uncertainties.

i500 5000 5500 6000 5200 5400 5600 5800



limit on % @ 90% CL

B>K*)yy

® BaBar hadronic == SM prediction v
Belle hadronic Belle semileptonic _—
. . Z.pi T v v
A BaBar semileptonic N ~_ I~
. - : . : - : - . . T T WF\JN'\A/W 1, T~ R 5
Egk\ ‘L/f Wr/\l W} LY
b S u,c,t 2 S b ~uct o S
@
. : A @ | ; 5 : :
101 5 5 5 5 5 : : : —— —
RO R A a,d a,d
° (a) penguin (b) box
Observables Belle 0.71ab™! (0.12ab™ ') Belle Il 5ab™! Belle 11 50ab~!
10-5 A Br(BT — K+tvi) < 450% 30% 11%
i D : : : 1| Br(B" - K*'vp) < 180% 26% 9.6%
Br(B™ — K" vi) < 420% 25% 9.3%
— Fr(B" — K*vip) 0.079
' ' ' ' Fr(Bt = K*tui) 0.077
-_— : Br(B" — vir) x 10° < 14 <5.0 <15
- PRD96 091101(2017)
10-6 5 | : 1808.10567
' Koo KUVV K K D]/V v o
prv prev 2.3 o excess@K*vv by Belle

B decay channel

Will be observed at 10 ab1(~2021)

Unknown flavor of v.
If NP couples mostly to the third generation lepton, anomaly may be in this mode?

This mode may enhance from SM expectation.
22



T LFV

1200, ToWy,... (I=e,u)
BR can be enhanced by some NP scenarios to be detectable~0(107%)

w [ .
> by IP" IS” I\V/° 1] Ihh Ah 2
n
5| |
8 10 ; m R . EEEgm e ., E
© = mE o E = u ]
; L . -...... B g o= -
10_6? - mE —
L = 3
[ B v v v v v -
B v v -
‘-9 10-7E v‘VV v v Yy v v v v v —
:'2 = v 7 v‘ v vv 73
c C v Y V" v Y S A -
- — » ‘ -1
= 8 = CLEO
o 10°F g v BaBar
8 o 3 + Belle
S F L. .. 1 - LHCb
5 o10%E e e, = et e e . o e Bellell
()' = e® o o ** © ¢ o ° o °e o ¢ . ® & oo o
- o e %,
B °
o\o 10-10 I 1 I T I I (I I I e I I O O I A
8 “‘?“DH‘”r:C‘:’C!:O“"“L’-—Du—C’Q% e &&9%88 00230 = RRXNY RRARA kR ke <l<<l<

.
O35 @30S 0 Ee s 'y g 1031@@1: ='o R ggxxxgowwml"m*:ﬁm"l'i e i
ijjmjmjmlmlmioilf. H':gx!

1808.10567

23



Summary

Belle I @SuperKEKB successor to Belle@KEKB
Phase2 achieved 15t collision and rediscovery of particles.
Phase3 preparation on going and will start March 20109.

Interesting physics modes, Golden modes, are predefined well and the details are
gathered in “The Belle II Physics Book ” arXiv.1808.10567

Many physics programs; NP through the CPV, FUV, FLV in B-meson and t—lepton.
Large part of current flavor anomalies will be clarified after a couple of years.

70—
60F—

50—

z

9 —_—

o s

£ - T

5.."'" 40:__— Z

37T F

Te e L

R )

¢ 20F ~

£ = Q
= wv

10— T

C o o=
oF e

x1035 gf—

Z sf—

..

e 4

SE _F

<2 2

3] -

&

o 14 H 1 I 1 1 L
2%17 2018 2019 2020 2021 2022 2023 2024 2025



backup



BO>K*0¢+¢— Wilson coefficient

Within the SM, the effective Hamiltonian for the quark-level transition b — su™ ™ is

4G S L e
H?f}l e _7‘ls‘ th { Z(‘I(/I)C)I(/[) —+ (VTW [.Eﬂ'l”/(lll_\.])[/ o III[,PR)])] FH,, JHEP11(2011)121/122
= 1=1

(3Y* Ppb) pyup + Cro (4“" (5v# Prb) jin Yu Y5 } (2.1)

Cem

+Cy —

8

where P, g = (1 F5)/2. The operators O; (z = 1,...6) correspond to the P; in ref. [31],
and my = my(p) is the running b-quark mass in the MS scheme. We use the SM Wilson
coefficients as given in ref. [61]. In the magnetic dipole operator with the coefficient C7,

we neglect the term proportional to ms.

We now add new physics to the effective Hamiltonian for b — sptp™, so that it

becomes
Heog(b— sptp™) = HIM + HYA + HEP + HT (2.4) NP couplings

where Hgf‘}[ is given by eq. (2.1), while

Ry,Ra. Ry, R, Rs, Rp, R, Rp, Cr and Crp are

4G a sdictcs -
HY = ——= —2 V1V { Ry (59" PLb) fivup + Ra (5" PLb) ivuvs .
i = =5 ar ViV { By (7" Pob) i + B (57 Pib) o Real...CP conserving
+ Ry (59" Prb) fiyupn + Ry (57" Prb) fryun ;} (2:5) Complex...CP violating
S P 4(’ C Sem = = = —
HEP = f_f ViV { Rs (sPrb) fips+ Rp (SPRb) sy
+ Ry (5Ppb) jip+ Rp (5Ppb) [21.5/1} ; (2.6)
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are the new contributions. Here, Ry, R4, Ry,. R);. Rs, Rp, R, Rp, Cr and Crg are the NP

effective couplings. We do not consider NP in the form of the O; = 508 Prb F,p operator
or its chirally-flipped counterpart O} = 50°#Pb F,5. This is because there has been no 26

hint of NP in the radiative decays B — X v, K (")~ [45], which imposes strong constraints



B>K(™)¢¢ angular analysis
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Figure 1. Feynman diagrams in the SM of the BY — K*°¢* ¢~ decay for the (top left) electroweak
penguin and (top right) box diagram. Possible NP contributions violating LU: (bottom left) a tree-
level diagram mediated by a new gauge boson Z’ and (bottom right) a tree-level diagram involving

a leptoquark L().
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BO>K*9¢+¢~ CP-conserving/violating observables

JHEP11(2011)121 (CP Conserving)

Observable SM Only new VA Only new SP Only new T
By = K ptp

DBR e E[x2) No effect e E [x2)
=85 ({=2)

Arp | ZC= 39 GeV® s E at low g° No effect & Symmificant S
® LC shaft [ ® ZC shift
disappearence

fL]=09 =03 & Large 5 Mo effect = Significant S
{low—high g°)
.'LE:J:' s T with g° e E [x2) No effect # Significant S
e No ZC e 2T possible
Apt | = ZC at low ¢° = Simmificant S Mo effect = Sigmificant S
* more -ve & ZC shaft [/
at large g° disappearence

Table 1. The effect of NP couplings on ohservables. E{xn): enhancement by up to a factor of n,

S(+n): suppression by up to a factor of n, ZC: zero crossing.

JHEP11(2011)122(CP violating)

Observable SM Only new VA Only new SP Only new T
BY — K*utu~
Acp |e 1077 = 1071 | e (9 — 14)% No effect e < 1%
(low—high ¢%) | (low—high g%)
AArp |e 107 = 107% | (6 — 19)% No effect e < 1%
(low—high ¢%) | {low—high g%)
Afr e 107 = 1077 | e (0 — 16)% No effect e < 1%
(low—high g%} | {low—high g2} 1308.10567
AAF! | Zero » ~ 129 No effect No effect Observables Belle IT 5ab™!  Belle I1 50ab™!
MApr | Zero e = 3% No effect Mo effect A,{[:.")) ([[)_(}(_)2, 1_12} }eVZ) 0.21 0.066
i i ) . | S| 2 +
45 | Zexo o~ 509 No effect No effct Alm (0.002,1.12) GeV?2) 0.20 0.064
‘1;? Zero e ~ 10% No effect No effect
Table 1. The effect of NP couplings on ohservables. E: enhancement, S: suppression. The numbers 29

given are optimistic estimates,
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Fig. 7. Cartoon illustrating the dimuon mass squared, g2, dependence of the differential decay rate of B — K*¢* ¢~ decays. The different contributions to
the decay rate are also illustrated. For B — K¢ ¢~ decays there is no photon pole enhancement due to angular momentum conservation.
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Inclusive B>X ¢~

20F
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Belle-2 Projections: Inclusive b-sll

Huber, Ishikawa, Virto 2016
Contours: SM Pull with 50/ab: BR & AFB

Red: Exclusive Fit (arXiv:1510.04239 [hep-ph]) i
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Exclusive Fit

BO>K(*)0g+¢-

Inclusive b=>sl|

Input from
mainly LHCb

Observables Belle 0.71ab™'  Belle IT 5ab™!  Belle IT 50ab™!
Br(B — X 0107) ([1.0,3.5] GeV?) 29% 13% 6.6%
Br(B — X, (™) ([3.5, '()} GeV?) 24%, 1% 6.4%
Br(B — XH(7) (> 14.4 GeV?) 23% 10% 4.7%
Acp(B — X 707) ([1.0,3.5] GeV?) 26% 9.7 % 3.1 %
Acp(B — X 0707) ([3.5.6.0] GeV?) 21% 7.9 % 2.6 %
Acp(B = X107 (> 14.4 GeV?) 21% 8.1 % 2.6 %
App(B — X 0707) ([1.0, 3.0] GeV?) 26% 9.7% 3.1%
App(B = X £167) ([3.5,6.0) GeV?) 21% 7.9% 2.6%
App(B — X (707 (> 14.4 GeV?) 19% 7.3% 2.4%
A(p(‘lr]}) ([ 0,3. )] (19\’ ) 52% 19% 6.1%
cp(Arg) ([3.5,6.0) GeV?) 42% 16% 5.2%
cp(App) (> 14.4 GeV? ) 38% 15% 41.8%
1808.10567

If C,;NP=—1, Bellell@ 50 ab? has a 5 ¢ determination.
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B> K*)tt

Br(B — K 77)s>* = (1.20 £ 0.12) x 1077,

Phys.Rev.Lett.120.181802

Br(B — Kz )00 = (0.98 £ 0.10) x 1077,

BBt = K*rT77) <225 % 1073.  BaBar Phys.Rev.Lett.118.031802

Primary BG: B,;->D™*)/v, with D*)>K/'v,,

Observables Belle 0.71ab™! (0.12ab™ ') Belle I 5ab~!  Belle 1T 50ab ™"

Br(BT — Ktrtr=)-10° < 32 < 6.5 < 2.0

BI(B()—>T T ) m’ < 140 < 30 < 9.6
(B“ ) 104 <70 < 8.1 -
Br(Bt — KTr¥eT) . 10° < 2.1
Br(Bt — I\*Ti,u:F) 10° - — < 3.3
Br(B" — tFeT) - 10° — - < 1.6
Br(B" — 7 ,%) - 10° — — < 1.3

arXiv.1808.10567
May enhance x100 in Gino Ishidori’s talk yesterday
Belle Il may have a chance for B>K(*)tt and B>K™*)tp if the BR enhance to ~10>



B>tV vs sin2¢,

BR(B—TVv)_3m m,T, _””i sin’(B) 1
Am, 4 nfzfrnBLS*(xr)|VHd|2 mfg sinz(y)BBd

QCD parameter

Bgg-.-bag parameter
Ng---QCD correction factor
S(x,)...Inami-Lin function x,=m?/m?
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B—>uv

* By(B>pv)=(3.46%0.28) X 10~/
* The presence of NP with different chiral structure would be observed
through the modifications B(B—>uv).

— Naively just scaling statistics,

— Next: High efficiency Hadronic tag using the Full Event
Interpretation(FEIl)

...Neural Network based tag side reconstruction

‘ R FRY @ Belle FEI @ Belle MC  FEI @ Belle IT MC
tag side  signal side ~= e ,
b (1) - Hadronic B 0.28 % 0.49 % 0.61 %
. ‘ Ve Semileptonic BT 0.67 % 1.42 % 145 %
ts Biag  DBisig Hadronic B° 0.18 % 0.33% 0.34 %
E s Semileptonic BY 0.63 % 1.33% 1.95 %

ts
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B—>(D)tv Wilson coefficient

The effective Lagrangian that contains all conceivable four-Fermi operators is written as

— Lot =2V2GpVa Y (01 + C},) O, + C,00, + C5 O + C04, + CLOY] . (4)

l=e.p,7

where the four-Fermi operators are defined by

Oy, = e"b Ty (5)
Oi = crY"ORTLY VLI (6)
Ol — tubntavi, 0 PhysRevD.87.034028
O, = crbr T, (8)
Ofl- = Ccpo"b TROWLVLL . (9)

and C% (X = Vi, 515, T) denotes the Wilson coefficient of Of. Here we assume that the
light neutrinos are left-handed.! The neutrino flavor is specified by [, and we take all cases
of [ = e, pand 7 into account in the contributions of new physics. Since the neutrino flavor
is not observed in the experiments of bottom decays, the neutrino mixing does not affect the
following argument provided that the Pontecorvo-Maki-Nakagawa-Sakata matrix is unitary.

The SM contribution is expressed by the term of d;; in Eq. (g[) We note that the tensor

We note that the tensor operator O7 does not contribute to this B~ — 771, PTEP. 2017, 013B05

The SM condition requires that Cy = 0 for all type X
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B>D 'tV angular analysis

/& 7/ /< PRD90, 074013(2014)

d‘r

dq*d cos 0,d cosOp-dy  32m

= ——NF{cos?0p: (V) + V9 cos 20, + V4 cos 0)) + sin*0p- (VI + VI cos 20, 4+ V7 cos ;)

+ VIsin®0,.sin?60; cos 2y + VU7 sin 26, sin 26, cos y + V97 sin 20, sin 0, cos y

+ VIsin®6), sin6); sin 2y + VY7 sin 260, sin@, siny + V{7 sin 26, sin 26, sin y}.

The longitudinal Vs (1,4, = 00) are given by The transverse V''s (1,4, = ++.——, +—, —+) are given by
me L 2m . . 1 m 3m 16m
Vi = 2[(1 +%)(|A,|z 161 Aor?) + 2 A vi-[3(a+ ,) AP+ AP +8(1+ ’) Ay + 1A, - 2R
q q 2 Y
16m; e - m; 2
- Rl A VI = (1-2) [ 0400+ AP = 80w P + 4. .
0 m? i 7 1 (mt,— 4m Ay
vi=2(1- [=[Ao|?> + 16|40 7] Vi =4Re|-AA| —— A ALy + (ALrAj + A AL |
q’ 7 \F

m; o dmy
V(-‘\) = —8Re l:?; A,p.A(‘) - ﬁA[pAm—:l . v —

=
|

S
I
|§

)[ (AP = ALP) + 160 A = 1AL )]
q’
v;:z(l ’”’)lm[AHA}

The mixed Vs (4,4, = 0%, £0) are given by
m ‘
V?T = \6(1 ")Re[AHAU 16.,4”7»»4(”—]‘

Vi = ZﬁRc[ —A A + (/‘ll\ —16A 7 A5 ) +

\F

(Aor -A” Ayr Ay + .Ai-;-.A?P)} ,

4m,;

V&

vg”":zx/ilm[ Ay A + ALA,,HL

vy = va(1-2 )lmvuAal-
q-

[A”TA" + ALTAL]

(-AU!A + A r Ay — Ayr :P)}
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B—>D*tv CP-violating observables

the D* longitudinal and transverse polarization amplitudes Ay and Ay are
1. P
A = (Vl” - ELQU). Ap = Q(Vﬁ -V ) . (3.7)

The first TP is :’1.-(1!]. introduced above in eq. (3.17). One can find .:-1-3!] and .:-1-(‘,'!] as

AV = o gy (3.33)
,_ 34+ Ay 1 3(AL + A7)

In the absence of direct CP violation ‘-‘714(;,1-) = A-[;,-”. We observe that A(,,!) depends on both
the g4 and the gy couplings and not on the gp coupling. The CP-violating triple-product

asymmetry is

412 Liay 2y 5002 o
(AP (g%)) = 5(‘45?((1 )+ A (q )) . (3.34)
The second TP is A.(Tz): introduced above in eq. (3.22). A;Z) and z—’lgr} are given by
. . V_(]'." . 170 T
AP () = 3 A® —__"3 (3.35)

(AL + Arp)” ° T 7 (Ap+Ap)
We observe that .4-(12)(0'2) depends on all the three new couplings g4, gy, and gp. This TP
is proportional to the lepton mass and so is very small when the lepton is the electron or

the muon. The CP-violating triple-product asymmetry is

(AP ) = 5 (AP ) - AP ) (3.36)

The third TP is A,E.:-ﬂ‘ introduced above in eq. (3.27). -1(10 and A,(;}) are given by

(3) 2 vt 7(3) Vit
AP = —4— AP
P (0 = Ay M (AL + A7)

We observe that ‘-‘14(,,:-” depends on both the new couplings g4 and gy but does not depend

on gp. The CP-violating triple-product asymmetry is

K 2 'l : v —(: ‘
(AP (¢) = 5(14»(1”(&) +A§f’(qz)) . (3.38)

(3.37)

JHEP09(2013)059

CP-violating: Triple product correlations

Non-zero TP’s =>NP
g2 distribution of TP’s differs NP scenarios
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Hierarchical hadronic full reconstruction algorithm

NIM A654, 432(2011)
’ 7=+ Bmeson decay including neutrinos
Nﬂde A B, side reconstruction

e T(48 T T tag

)
B B . — Full reconstruction as a sum of
t3 tag sig .
t, S exclusive(~100)
t5 T

— Hierarchical hadronic full recon

— Hierarchical hadronic full recon

(EM-Cluster ) developed for Belle

— Continuum suppression incorporated
Stagel o, x10°
— 350 £
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Effective luminosity factor 2 improvement comparing with the previous.
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Full Event Interpretation(FEl)

* Developing for Belle |l

* Full reconstruction: o N
training MVC was done b b e
independently from
signal-side B decay tag
reconstruction
independent

* FEl: can take into account
signal-side. Signal specific
training is possible.

R
Tracks ECLClusters | : = 2
. fuv] o+
N ~ : =
// b .
P \ - N\
N

sapIMe
euLg
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Br(B=>D)tv) tagging



Tagging method for (semi)leptonic decay

Hadronic tagging

— Hadronic decay channels.

— Good purity

Semileptonic tagging

— Semileptonic decay channels

— Good efficiency

Inclusive tagging

— Combines the four-momenta of all particle in the rest of B,
— bad purity, best efficiency

Full event interpretation

— Combines hadronic tagging and semileptonic tagging into single
algorithm



High-SNR

High-SNR
High-SNR

High-SNR

High-SNR

D)tv ,t->hv, hadronic tag

measurement
D% mode D* mode

K O (1.22£0.04)% High-SNR | Kt (1.53+0.06)%
T (1.420%0.025) X 10 | High-SNR | KK+ (2.95+0.15) X 103
K-t (3.93+0.04)% Koo (7.24%+0.17)%
K*K= (4.01£0.07) X 1073 High-SNR | K-mttrc* (9.46+0.24)%
Knn® | (14.3£0.8)% KKt (9.96+0.26) X 103
Kemtm™ (2.85%+0.20)% K-ttt (6.14+0.16)%
Ksrrnn® | (5.2£0.6)% Kt | (3.05£0.09)%
Kot | (8.060.23)% Kt | (5.820.5) % 103
KKt | (3.620.5)x 103 Tt (3.29+0.20) X 10°3
KKK+ | (4.51%0.34) x 103 mrrtrn® | (1.17+0.08)%
e (1.47%£0.09)%
et | (7.45%0.22) X 103 Can be added
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Im[Cy,]

Im{Cy]

2 = (ps—ppo) sensitivity to NP

&R(D™)) measurement constrained
R(D)=0421+0.058, R(D*)=0337+0.025, BaBar+Belle(by 2013)

4G
Heff = TZF

1.5
m 63% CL w 68% CL
I 99.9% CL 1 99.9% CL

Im[Cs,]

Vopl(1+Cy )0y, + Cy, 0y, + Cs Oy,

e

+ C5,Og, + C7O0r],

E 5 5
=25 -20 -1.5 -1.0 -0.5 0.0 05 -15-1.0-05 00 05 10 15 25 -20-15-10-05 00 05
Re[Cy, ] Re[Cy, ] Re[Cy, ]

e T Oy, =(CLy'br)Frrawe),
F - Oy, =(cgrr"br)(TLr, L),
“ \ % Os, =(eLbg)(TrrL),
H —130r OS2 =(Crbr)(TrrL),
(

5 E :
TTI00T00 04 02 03 04 ST5Z10205700 05 10 15 2207°15 210 205 0.0 03
Re[Cy] Re[Cy, ] Re[Cs, ]

6 ot bL ) (TR ,LlI/I/L) ’

&With R(D(*)) and the g? dependence at
Belle I 5ab!(dotted) and 50ab*(solid ).
g2 also has the sensitive to NP scenarios

B->Dtv, T >lv,v, g2 distribution

Events (arbitrary units)

= I e T e e %5 6 7 8 9 10 11 12
( Re(C o (GeVre?) GeV?/c?)
Full Belle data 50ab! BeIIeII(Sﬁ toy)



DHMV

1407.8526 + 1503.03328

* Improved QCDF approach
e Ball-Zwicky Form Factor approach



ABSZ

1411.3161 + 1503.05534,

* Form factors from light cone sum rules



LFV enhancementin T

Touy 14U
SM + v mixing EPJ C8 (1999) 513 104 --
SM + heavy Maj vR PRD 66 (2002) 034008 107 1010
Non-universal Z’ PLB 547 (2002) 252 10-° 108
SUSY SO(10) PRD 68 (2003) 033012 108 1010
MSUGRA+seesaw PRD 66 (2002) 115013 107 10-°
SUSY Higgs PLB 566 (2003) 217 1010 107

Numbers corresponding to the most optimistic case

SM SUSY Higgs mediated
M v~ u-
NN U
T ﬁ_p T_ [ ..\ U A U

Slide from Tomoyuki Konno@NuFact2016
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Dark photon



Systematics R(D*) and P_(D¥)

Source R(D") P.(D*)
Hadronif: B composition fi((%‘ J_“{):{i;;
MC statistics for PDF shape e T0108
Fake D* 3.4% 0.018
B— D" i, 2.4% 0.048
B - D"17p, 1.1% 0.001
B— D¢, 2.3% 0.007
7 daughter and 7~ efficiency 1.9% 0.019
MC statistics for efficiency estimation 1.0% 0.019
B(tm = av.,pv,) 0.3% 0.002
P_(D*) correction function 0.0% 0.010
Common sources
Tagging efficiency correction 1.6% 0.018
D" reconstruction 1.4% 0.006
Branching fractions of the D meson ) 0.8% 0.007
Number of BB and B(T(4S) — BB~ or B"B") 0.5% 0.006
Total systematic uncertainty iy o

PRD97.012004(2018)

49



50



K*(892 ) and K*(1430)

K*(892) WIDTH
CHARGED ONLY, HADROPRODUCED
VALUE (MeV) EVTS DOCUMENT ID TECN CHG COMMENT
50.84+0.9 OUR FIT
50.84+0.9 OUR AVERAGE
K?(1430) WIDTH
VALUE (MeV) EVTS DOCUMENT ID TECN CHG COMMENT

270 +80 OUR ESTIMATE



