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Outline

e Introduction -- the Intensity Frontier
e Strengths (unique features) of Belle II
e The driving questions for Belle II

@ Conclusion



SuperKEKB & Bellell
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Expected data sample

Channel Belle BaBar  Belle II (per year)™
BB 7.7x10% 4.8 x 10° 1.1 x 1019
BMBM [ 70x108 - 6.0 x 108
Y(1S) | 1.0 x 10® 1.8 x 1011
T(2S) | 1.7x 108 0.9 x 107 7.0 x 1010
T(3S) |1.0x10" 1.0 x 108 3.7 x 1019
Y(55) | 3.6 x 107 - 3.0 x 10°
TT 1.0 x 10° 0.6 x 10° 1.0 x 1010

Note: Opp =~ Oceg == O+ 1—

* assuming 100% running at each energy



The three frontiers




Past highlights from Intensity Frontier

e suppression of Ky — ptu~ decays

= existence of charm quark by GIM
mechanism

o KYKP oscillations, B’B® oscillations

= charm and top quark masses

e CPV in K" systems

= 3rd generation of quarks & KM
mechanism

a flavor physics hat trick!

"A special search at Dubna was carried out by E. Okonov and his
group. They did not find a single K, — n* 1= event among

600 decays into charged particles [12] (Anikira et al., JETP 1962).
At that stage the search was terminated by the administration of

the Lab.The group was unlucky.” o _3
-Lev Okun, "The Vacuum as Seen from Moscow" (1964) 5 =2 x 10

a lesson from history...




NP mass scale

Energy vs. Intensity Frontier

Myp[TeV]

e Intensity Frontier is
702 SuperKEKB
complementary to the Energy
Frontier
16 e If LHC finds NP
\ * precision flavor input is essential to
W w LHC . . .
) _,.u_‘_ further clarify those discoveries
\\\\\\\“\\‘ Tevatron @ Even if HO HeW NP iS fOU_nd
-1 ¥ ; . o« e
0 " 2 * high-statistics flavor sector
(e nre)’ measurements (on b, ¢, and 7) can
favor-violating coupling provide beyond-TeV-scale probe for

NP



The Intensity Frontier

e Explorers of the Intensity Frontier ® LHCb

1) hadron machines, e.g. LHCDb « ultra-high-statistics sample of B

, , and B; in all-charged modes
2) next generation flavor factories,

e.g. Belle II @ SuperKEKB, or e Belle II

BESIII @ BEPC + unique for final states with

neutrinos or multiple photons
(i.e. 719)

+ also a good place to study charm,
T, T(nS)

* hermeticity is a great plus, too!



SM

Observable

prediction
Vis|  [K — wév] input
Ve [B = X v input
V| [B — wév] input
¥ ‘B - DK input
SpyvK sin(2:3)
Si e 0.036
SB,eK sin(23)
S5 oo 0.036
S K few x 0.01
SB,—+én few x 0.01
Ag 5 x 104
AL 2x 102
Acp(b — s7) < 0.01
B(B - Tv) 1x10°*
B(B - pv) 4% 1077
B(Bs; = putp) 3x 1077
B(Bg—pu p) 1x 10
App(B = K ptp~) e 0
B — Kvv 4x10°°
19/P| D mixing 1
@D 0
B(K* - ntww) 8.5 x 10~
B(K; — w'vv) 2.6 x 10~
REB(K — mév) 2.477 x 107°
B(t = cZ,7) O (10~1%)

Belle II

Belle II
LHCb/Belle II
Belle II/LHCb
LHCDb

Belle II/LHCb
LHCb

Belle II

LHCb

Belle II/LHCb
LHCb

Belle II

Belle II

Belle II

LHCDb

LHCb

LHCDb

Belle II

Belle II

Belle II

adapted from

Belle Il vs. LHCb

complementarity

(or competition!)

at a glance

1. Flavor Physics Constraints for Physics Beyond the Standard Model
Gino Isidori (Frascati & TUM-IAS, Munich), Yosef Nir, Gilad Perez (Weizmann Inst.). Feb 2010. 33 pp.
Published in Ann.Rev.Nucl.Part.Sci. 60 (2010) 355



Strengths of Belle Il

@ Full reconstruction of B

modes w/ multiple v’s

inclusive measurements

¢ Hermeticity

minimal trigger for, e.g. Dalitz analysis

precision T measurements

e Neutral particles =°, K2, K? 0.910

and forn, n', p*, etc.
Belle Il covering =907% of 4T,

@
other notable features and (N(track)) ~ 10 per event

good PID for both u* and e*
high flavor-tagging efficiency
- (x15 better than LHQ)

10



Production of B in Belle(ll)

e making B’s at hadron colliders (e.g. LHCDb)

- huge number of B mesons are produced, but
- no info. on pg, unless you actually reconstruct the B meson
= will be of little use for modes with invisible particle(s)

e making B’s at ete~ colliders with /s = m(Y(4S))

- a moderate number of B mesons are produced

- but.. direction of pg?

e B(Y(4S) — BB) > 96%
= nothing but BB in the final state

. if we know (E, p) of one B, the
other B is also constrained

25

b
o

o(e*e” - hadrons) (nb)
O G

944 946 10.00 10.02

n

[ The Upsilon System

ol

N 1.Inb o(ete” - Y(49))
¥ ~3nb o(e*e” - qq)
! (q=ud,s,c)
- 10.58 GeV
: * ": ,'P‘.‘t Y(4S) ‘
1 ( N 1S ..
[ X ;‘ 4 .” A p
+ Loy +'db ‘Q“.’* m.%‘.o"q“" ”‘kt__‘_n ]
Y(1s) 1@S)  I@S) I ......... “

1034 1037 1054 10.58 10.62

Mass (GeV/c?)
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Stren fgths of Belle 11

Full reconstruction o

|

/ Bsig

| D° p(e*) +p(e”) = p(B) + p(B)
T/ N\K- Br(Y(4S) - BB) > 96%

e Exploit the reaction process ete™ — Y (4S) — Btangig

* full reconstruction of B:,, decay chain, and
* constrain the (E,p), charge, flavor, etc. of By,

12



Strengths of Belle 11

Full recon. of B, ever improved:!

22000 —
20000 F—
- Signal: ~ 135 000
18000 |— . '
s, £ using NeuroBayes  purity: ~26%
© 16000 — _
2 14000 S
=) == — ) w2
S 12000 - Mpe = '\/Ebcam Pg
g 10000 :—
£ 8000 -
2 6000  Previous algorithm
w 2000 =3 & Signal: ~ 66 000, |
- Purity: ~ 26% N
2000
T TRy T R TR TRy BT YT R
M. [GeV / ¢%]
¢ “NeuroBayes” i
YES M. Feindt et al., NIM A 654, 432 (2011)

* anovel method of B full recon. with neural network
* the NN output is interpreted as Bayesian probability of truth

e of great use for B — 77 v, £Tv, v, X{Tv, X, 47, etc.

13



Events / ( 0.01 GeV3/c*)

Pull

Events / ( 0.002 GeV )

Pull

JHEP 09 (2013) 139

N

N [+
T T

F =
1

4 inclusive Ds reconstruction

X"-‘-Q =X

Inclusive D_ Signal

h o wng

o - - p, 4 > - > - * .
> P 5 P "

13 :
60
40
20
ok
5
0 o :
5 . " LA PR .
02 0 0.2 0.4 0.6
ME,oe(D, KoK irogT) (GeVZ/C?)
3001= Ds — ’T+I/ (b) muon mode

Strengths of Belle 11

Full-recon. for charm

e Recoil method in ¢ events: eTe™ — ¢C — Dyug K Xfrag DI

e Inlcusive D, for normalization

(Ds)y

= use missing mass: Miss(Drag K Xfrag 7)

Statistical Systematic Total
reducible irreducible

B(Ds — pv)
913 fb~1 5.3 0.0 3.8 6.5
5ab~! 2.3 1.6 0.0-0.9 2.9
50 ab~! 0.7 0.5 0.0-0.9 0.9-1.3
B(Ds — Tv)
913 fb~! 3.7% 4.4% 3.5% 6.8%
5ab~! 1.6%  1.9%-2.3% 3.5%-2.2% 3.5%-4.3%
50 ab~1 0.5% 0.6%-0.7% 3.5%-2.2% 2.3%-3.6%

e more modes to explore with this method

* D% — vis: sensitive to new scalar particles (DM, etc.)
* DY — ~v: expect to reach O(10~7) sensitivity
= measure of the long distance contributions to the

ptp~ mode

14



Strengths of Belle 11

Neutral particles (@ Belle I

e Much fewer background photons than in hadron collider
e Higher performance calorimeter

e Much less material in front (esp. good for electrons)

0.019} \
[ Belle 4 0.2 Belle Il Simuldtion (Preliminary)
0.018} z
0.2(*
W oo7} . . . . .
S Intrinsic + Material effects s Simulation
aoiel (& not optimised for i :
~——_ waveform sampling) ot .
0.015 —— - .
0.0]-:f “““ -2 = —— = ) o ..........
0.0 0.5 1.0 L5 2.0 25 [ fretsesteen.
Ey [GeV] % 02040608 1 12141618 2 22 24
E (y) GeV
( . LHCDb
o(E) 107% or . 0.0025 x RMS _ 0.01 :
5 = B(GeV) ® 1.5% & E sin (8) (Pile — up) & Esin (0) (Noise)
-
|
N.H—P{I u%g 0.20[' \‘\
olse+rleu oist
2 1 P 32 33 | LHCb
Llem™2.s71) | 2x10 10 0.10}
Resolution |Total|Pile-up| Total |Pile-up [ upg rade
B — D*(Dy)K |7.4% | 4.7% (14.3%| 13.1% !
B — ¢y 2.3%| 0.5% | 2.7% | 1.5% 0 ! 2 3

‘ 4 5
Ey [GeV] 15



Neutral particles (@ Belle Il

0
A

L3

F Y
A
L} l L |

W
A
L B I l L N B |

Events /50 MeV/c

N
N
LB
L

[
A

LI | l LA
B

B — JrpK? signal from full Belle sample

+ Data
B°—JmypK,

[ real J/Ay, real K.
= real JAp, fake K.

Bl fake JAy

e e
: e e e

sdasiadido gadiahs

(b)

pg* (GeV/c)

Strengths of Belle 11

Even K} is not a problem at all, for
Belle II

-> provide a test of consistency
with Ks and K; modes

impossible mission @ LHC

better S/B in Belle Il is expected, due to

(1) using scintillators in the end caps and
inner barrel layers => higher efficiency
and reduced neutron background

(2) using a prompt timing cut in RPCs and
scintillators => reduced neutron
background.

16



Driving questions for Belle Il

(1) Are there any new CPV phases?
(2) Any right-handed currents from NP?

(3) Quark FCNC beyond the SM? New operators with
quarks enhanced by NP?

(4) Sources of LFV from NP?

(5) Any more higgs? (e.g. H*)

(6) Understanding exotic QCD states?
(7) Hidden dark sector?

... just listing 007* such questions ...

* parodying the first talk of this conference 17



Driving questions for Belle 1l (1)

e Are there any new CPV phases?
Check AS =sin2¢; o (b — s5s) — sin2¢4 (b — ccs)

B° Ve
bﬁ

ol N

S
d d

§ sin 261 095qq

IR

Q.
NO.OS - _ - .....................................
(% Belle Il Projection . - AAAAAAAAAAAAAAA e s(KOSKOOSKOS) AAAAAAAAAAAAAAAAAAAAAA
© 1 S— ._...._..._._‘s(¢'|(s) ..................
0.041=. Exp.L =6ab’ - b
— Total
0.03 —
»»»»»»»» Statistics ’
. E . -.-. Systematics i
0.02}= g
0.01F- / T
0 1 Ll 1.l II 1 1 L L 1.1 ll 1 1 1
1 10
Integrated Luminosity [ab™] Integrated Luminosity [ab™]

dominated by vertex resolution,
which will improve: 61— ~18 um

5(S,,.) ~ 0.012 @ 50ab?

18



Driving questions for Belle 1l (1)

e Are there any new CPV phases?

Check AS =sin2¢; o (b — s5s) — sin2¢4 (b — ccs)

f(980) K" ? - nc’lud1115 LD amplitude
B T 0(Sp_ss) ~ 0.012 @ 50 ab™*
0 K° _ -> good enough to test theory
|

- ——— models

-0.3 -0.2 -0.1 0 0.1 0.2 0.3
Theory uncertainty on A S _’ﬁSSM
I QCDF Beneke, PLB620, 142 (2005)

W SCET/QCDF, Williamson and Zupan, PRD74, 014003 (2006)
J QCDF Cheng, Chua and Soni, PRD72, 014006 (2005)

B SU(3) Gronau, Rosner and Zupan, PRD74, 093003 (2006)
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Driving questions for Belle Il (1)

e Direct CP asymmetry in B 2> K

currently, > 50 deviation from naive SM expectation

the ‘sum rule’ can be put on a stringent test with Belle II, with crucial inputs from

neutral mode
Gronau, PLB 627, 82 (2005); Atwood & Soni, PRD 58, 036005 (1998):

. o B(K 1) 7 o 0 2B(KtRY) o o 2B(K7Y)
Acp(KTn7 )+ Acp(K 7™ - = Acp(Ktr" - + Acp(K"r" -
c\RTT) + Acp (W gy 7, = Aer\ T ) ey 7, T AP N T ) ey
T —
| ' %
B factories now (~1.4 ab1) A(K°n0) %
0.10 it 2o,
A : L L
R S - é/
measured L .:. i :. .:. A /./. bl on ) G % Wm o9
(world avg) |-005 ' [ 1 005 0,16 //oy// 0.20 0.25
! - ! g ?
40.05F /’/ i A(K'z")
| S //
| _ | -
expected ¥V A7 THOT- o /
becte: > 4 A(K79) = 0.006= 0.06
(sum rule) > A(KOr) = -0.015+ 0.019
y; v A(K*79) = 0.040= 0.021
e ik A(K*7) = -0.082 0.006
Y 2o 020~ - -

20



Driving questions for Belle Il (1)

e Direct CP asymmetry in B 2> K

currently, > 50 deviation from naive SM expectation

the ‘sum rule’ can be put on a stringent test with Belle II, with crucial inputs from

neutral mode
Gronau, PLB 627, 82 (2005); Atwood & Soni, PRD 58, 036005 (1998):

B(K %t 2 2B(K Rt o 2B(Kr°
( \’ _) 70 = Aqp(K+7° ) ( E _) 70 + Aqp(KO7) ( } _)
B(KTm™) 1y B(Ktn™) 1y B(K*tm™)
R
B factory at 50 ab™!, with

today’s central values: A(K’n° )0.10

Acp(Ktn7) + Acp(KO7t)

0.05

expected _105' |

% L
\ g

error
—0.05
///
—0.10 /,,/”:/ / discrepancy is apparent; can be
expected f£----- e significant already with ~10 ab-1
(sum rule) 2 ;7/:__/ Note: main KO0 systematic (tag-

side interference) is reducible 51



Driving questions for Belle 1l (2)

e Any right-handed currents from NP?

SM favored SM disfavored,
enhanced with RH current

Nohtie )
bR /\I\I bL
helicity flip Aoy
x my ~ 4.8 GeV \ & /87;/0/0//7/0
s~0 7

Gey Sk

W,
%YR j YL
can be probed by ¢-dep. C'P asymmetry with BY — Kon'y

In SM, one naively expects: In a L-R symmetric model,
ms .
Sngo7 = sz sin 2¢1 ~ —0.03 Sng% ~ 0.5

22



Driving questions for Belle 1l (2)

e Any right-handed currents from NP?

0
KT vSep vs Cp EAS

Soe | , CN nctnaaey mSUGRA  SU(5) SUSY GUT MSSM+U(2)
/ S Huﬂm\ O=r ver e Ve
: . Belle i
~  Average - i
0.4 s |
o E 01| 0.1
£
5 ab-1 S |}
0 F N I
o (O o 0
= |
0.4+ - -
-0.1 - -0.1
50 ab-1 ' —Sua
s \ . ; l / :
0.8 0.4 0 0.4 0.8 oolbaa st I o,
Contaurs ghve <24 L) = Ax” = 1, caresponding ta 60.7% GL for 2 dof cF 0 1 2
gluino mass (TeV) [tanf=30]
5=-0.16=+0.22, C=-0.044+0.14 value of S can discriminate among SUSY-

mostly statistics limited breaking mechanisms

U(SK*fy) ~ (0.09 @ 5 ab_l G. Buchalla et al., EPJC 57, 309 (2008)
~0.03 @50 ab™"
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What Belle II does to improve S o

Y
Significant improvement in IP resolution: O=q+ b
/J’ sin” &

L '_TE‘E.' ~pAll’lmt'nor resolullon dO for TrkSBelle _ CPS18¢D SUP10 ] [ lmplct parameter nsoluﬂon z0 for TrkSBelle_: CPS1600 _SUP10

= | s |

£ | s |

z 5

b E oz 1

Belle
—— Belle Il ]

i 111114111111111111111'11L1111 l l

n 02 04 06 0 8 & 1 2 1 4 1 6 8

0 1.0 et 2 0 0 1.0 e 2 0
pp(sinf) [GeV/c] PB(sing) v [GeV/c]

Will improve analyses such as B> Ksa°y (decay
vertex determined by Ks and IP)

Ccp(Ks ) =-0.07 £0.12
Scp(Ks mly) =-0.15+£0.20 - 0.10 (51b7)
- 0.04 (501b")

A. J. Schwartz FPCP 2014, Marseilles, France Belle II Physics Prospects 42
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Driving questions for Belle Il (3)

® Quark FCNC beyond the SM? New operators with quarks
enhanced by NP?

K*¢*¢~ Xﬁﬁf’
. : [Ali et al.,.EPJ,C47(2006) 625] [Huber et al., NPB 802 (2008) 40]
B — X 1¢~ inclusive - . o e
10 arXiv:1402.7134 = s o dApg/dg’ = . 7
0.5 — B Lt : | u.oSé /,”
3 : - u_mé .. ’,.z'
<u' 0.0 N ot ) —“.053 '~.“‘ ,,/
-05 — | —(I.I(); \\ &
] PGV | ol N\t?® |
1.0 ’ S — 0 ! 2 3 &5 6
o? [GeV?/c?] 0 0.16 o . A P
G = (4‘073):13) GeV (95) ., = (3.50+0.12) Ge\
) (92) . =(338+0.11) GeV~
* _I_ . S ee
Ry = 0B - K"pp) * With ‘inclusive’, theory band is narrower
['(B— K®ete~) -> unique for Belle II
“X5 less signal (for e+e- mode) mainly . .
due to low trigger and recon eff” * Belle II can be competitive for Rk, Rx+ with
from M. D. Cian @ LHCP 2014 excellent electron ID
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UL of BR

e Sources of LFV from NP?

e.g. search for 7 LFV decays

~~
S

10

10

10

T d

[ éft—);w
W Toun
A TP

~ Bellell

* hermeticity of Belle Il
* efficient t-tagging, with
minimal trigger bias 4

_|_

G ANTR T

Driving questions for Belle 11 (4)

- very clean, essentially background-free

up to 50/ab
- search sensitivity ~ [Z dt, linearly

0
Luminosity (ab )

reference ™ py ™ pHpp
SM + heavy Maj vy PRD 66(2002)034008 109 10-10
Non-universal Z’ PLB 547(2002)252 10-9 108
SUSY S0O(10) PRD 68(2003)033012 108 10-10
MSUGRA+seesaw PRD 66(2002)115013 1077 109
SUSY Higgs PLB 566(2003)217 10-10 107

from A. Schwartz (@ FPCP 2014




Driving questions for Belle Il (5)

o 2-parameter nonuniversal Higgs model
@ Any more hlggS? (e.g. H +) H. Baer, V. Barger, and A. Mustafayev,PRD85, 075010
o NUHM2: |1 >0, m,, = 125 =1 GeV, m, =173.3 GeV i
. & . Belle Il (50 ab™)
® Lpeak = 8 X 1035cm—2s~1, Ly = 50ab™’ i i '
@
f WA (2007)-
e Bt - 1Ty, 2 107 o
@ u>0, my = 1251 GeV, m; = 173.3 GeV
* AB ~ afew % i ool ue: mo =5 TeV, orange: mo £ 20 Tey
o o © 0 10 20 30 40 50 60
* need better precision for fg|V,| tan@
Charged Higgs constraint (Type-ll 2HDM)
® Bf - utv,, BT et 170 gy =
. 100 - 7 75 ab’
* 50 observation expected for o &£
1
BT — pTv, (SM) at ~ 10 ab P10
B c e . —1 60 :}?
* (O(1078) sensitivity at 50 ab & 7 e current combined
* interesting to compare with BT — 7tu,. ¥ ; fie - limitplaces s stronger
i &7 7 constraint than direct
: (%) -+ 20 S searches from LHC exps.
e and don’t forget we also have B — D"/77 v, 0 A for the next few years.
0 1 2 3

My [TeV] 55



Driving questions for Belle Il (6)

e Understanding exotic QCD states?

x 10 % ) h,(1P) Y(2S) h,(2P) Y(3S) _
2 1400 - i ian ¢ hermeticity of Belle Il gives a
= - = — 1214 . :
— =00 | great potential to discover
2 1999 and understand exotic QCD
800
' states
600
400 |
200 | e look for signals in the missing
- | | P B H I S | 1 1 —I— o
ob To——5oEs o (recoil) mass against 777
PRL 108, 032001 (2012) MM @eroe). GeV/e YT(55) — (--- )W+7T—
‘o I ! Y(2S)
é 40000 | ”
A l l & e lead to discoveries of h;(1P)
£ 30000 Y(13) : hy(2P)
g - and hy, (2P)
20000 [ LA Y(38)
: 7 wo | e and, consequent discoveries of
o | exotic Z;" states in hy(1,2P)7r ™"

A

i |||Il||| lll ln!||i|!|| I |1
T T VAL WAVl UL LD
9.4 9.6 9.8

N 1
10.4

MM(z*r), GeV/c?

28


http://link.aps.org/doi/10.1103/PhysRevLett.108.032001

Driving questions for Belle Il (7)

, Hidden Photon — invisible (ma > 2 m, )
107 e e

¢ Hidden dark sector?

- low-mass Higgs in Y(nS) decays
(NMSSM models w/ light CP-odd Higgs)

- U(1) gauge boson in the dark
sector (“dark forces”)

.Iﬂ 2 — fﬂ 2
& Y 0
EE' :‘i

4

2
2my

ete” = T (nS) — A"

BaBar

]
]
I 1
A I’ — Kamh
gl ; / E7BT, E943
Ayl e - T
o BaBar "W ¥l ;
~, Improved - P 7
Belle 11
i . Converted
D A S, S-S L ——— o, Mono— haton

.
-‘ﬂ't—a:-im'

1073}

Belle 11

10-4L VEPP-3 Standard B
Belle II
L.-:nw—E.r J

LSND

ap=0.1
10_57 ] Ll Ll T B
0.001 0.01 0.1 1 10

my [GeV]

e Trigger can be an outstanding concern:

* 1 photon + missing-E
* low mass 7t~
* 1 photon + 2 tracks + missing-E
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Key Observables (Belle II)

Observable SM theory Current measurement Belle IT *
(early 2013) (50 ab~1)
S(B — ¢K9) 0.68 0.56 4+ 0.17 4+0.018
S(B — n'K°) 0.68 0.59 & 0.07 +0.011
a from B — 7w, pp +5.4° +1°
v from B - DK +11° +1.5°
S(B — Kgn%) < 0.05 —0.1540.20 +0.035
S(B — pv) < 0.05 —0.83 £ 0.65 +0.07
Acp(B = Xorq) < 0.005 0.06 & 0.06 +0.005
Ag, —5x 1074 —0.0049 + 0.0038 +0.001
B(B — Tv) 1.1 x107% | (1.64£0.34) x 1074 +3%
B(B — uv) 4.7 x 1077 <1.0x 107 > 50
B(B — X,v) 3.15 x 107% | (3.5540.26) x 10~ +6%
B(B — K*up) 3.6 x 1076 <1.3x107° +30%
B(B— X J4T07) (1<¢*<6GeV?) | 1.6 x10°° (4.5+1.0) x 1075 | £0.10 x 1076
Apg(BY — K*0T¢™) zero crossing 7% 18% 5%
V.| from B — mltv (¢ > 16 GeV?) | 9% — 2% 11% 2.1%

adapted from arXiv:1311.1076 CoMMUNITY PLANNING STUDY: SNOWMASS 2013
with modifications(*) for Belle II projections, reported at BPAC 2014



Key Observables (LHCb)

Current SM Precision LHCb LHCDb Upgrade
Observable
theory uncertainty | as of 2013 | (6.5 fb~1) (50 fb~1)

28s(Bs — J /1Y) ~ 0.003 0.09 0.025 0.008
(B — D& K () <1° 8° 4° 0.9°
v(Bs = D,K) <1° — ~ 11° 2°
B(BY — J/WwK?Y) small 0.8° 0.6° 0.2°

28 (B, — ¢9) 0.02 1.6 0.17 0.03

281 (B, — K*OK*0) < 0.02 — 0.13 0.02

28 (B, — ¢y) 0.2% — 0.09 0.02

28 (BY — ¢KY) 0.02 0.17 0.30 0.05

A 0.03 x 1072 6x107% | 1x1073 0.25 x 1073

B(Bs — ptpu™) 8% 36% 15% 5%

BB — putp)/B(Bs — ptpum) 5% — ~100% ~35%
App(B® — K*%u™ ™) zero crossing 7% 18% 6% 2%

from arXiv:1311.1076 ComMMUNITY PLANNING STUDY: SNOWMASS 2013

Comparing the two tables, it is clear that Belle II can cover most “driving
questions” with the unique key observables which are complementary with

others.



not discussed, but no less important

e Semileptonic B decays (inclusive & exclusive) for [Vub|, |V

* 3 lingering concerns on “exclusive vs. inclusive” puzzle

Alexander Ermakov (FPCP14):

Had tagged Belle
Phys.Rev.D88, B — XulV A
032005 (2013)
Had tagged BABAR
Phys. Rev. Lett. B — XUZV A ’
104, 021801 Belle Il
Had tagged Belle
—h— B — 7l PHYS.REV. D88,
88.032005 (2013)
Untagged BABAR
— A PHYS. REV. D86,
B — mlv  gg 092004(2012)
SL tagged BABAR
A = PHYS. REV. D88,
B — wlv 072006 (2013)
— Belle ll Untagged BABAR
A : PHYS.REV. D 87,
1 I L1 1 I L1 1 I L1 1 I L1 I‘?Iﬁlcfjlllyl 1 9%2994; qzlojl-s,l)l L1 1

3 3.2 3.4 3.6 3.8 4 4.2

from A.J. Schwartz @ FPCP 2014

4.4 4.6 4.8

V, x10 7
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not discussed, but no less important

e CPV and mixing for charm

mode L (fb™1) Acp (%) Belle Il at 50 ab™*

D - KTK~ 976 —0.324:0.21 +0.09 10.03

D® — nto™ 976 +0.55 4 0.36 £ 0.09 +0.05

D% — 7070 976 ~ 10.60 +0.08

D° — KOx© 791 —0.28 +-0.19 +0.10 40.03

D% — K2 791 +0.54 +0.51 £ 0.16 +0.07 modes with
D° — K91/ 791 +0.98 - 0.67 £ 0.14 4-0.09 n’’s (easier
D° — nta—nd 532 +0.43 +1.30 10.13 @e'e)

DY — Ktn— 7" 281 —0.60 £ 5.30 10.40

D —» Ktr—ntn— 281 —1.80 £4.40 +0.33

DT — ¢mt 955 +0.51 4+ 0.28 & 0.05 +0.04

Dt — npot 791 +1.74 +£1.134+0.19 10.14

DT — p'nt 791 —0.12£1.124+0.17 1+0.14

Dt — Kor™ 977 —0.36 &= 0.09 & 0.07 10.03

DT — KOKT 977 —0.2540.28 £ 0.14 40.05

D — KPm™ 673 +5.45 4= 2.50 4= 0.33 10.29

D — KOK™ 673 +0.12 4 0.36 &= 0.22 40.05

table by M. Staric @ KEK FFW 2014
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Radiated Intensity

Epilogue
4

Toward the If only the low-frequency part of the
uwavioie spectrum had been measured,
catastrophe

understanding of quantum physics might
have come much later.

We should search for every window, and
Belle Il provides views to many unique
(complementary) windows for BSM!

Planck Law

Curves agree at T
very low frequencies ekl -1

t t $ ¥
Frequency
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