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Motivation

Why a flavor factory?

A flavor factory searches for NP by measuring phases, CP asymmetries, inclusive decay
processes, rare leptonic decays, absolute branching fractions. There is a wide range of
observables with which to confront theory.

Why an e*e- Machine?

® Low backgrounds, high trigger efficiency, excellent y and »° recontruction (and thus n,
n’, p*, etc. reconstruction), high flavor-tagging efficiency with low dilution, many control
samples to study systematics

® Due to low backgrounds, negligible trigger bias, and good kinematic resolutions, Dalitz
plots analyses are straightforward. Absolute branching fractions can be measured.
Missing energy and missing mass analyses are straightforward.

® Systematics quite different from those at LHCb. If true NP is seen by one of the
experiments, confirmation by the other would be important.
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History

The Belle + BaBar Era:

The “B Factory” experiments Belle and BaBar ran for ~10 years (2000-2010) and were
huge successes: 1108 papers published to date, many discoveries (CPV in B*— J/z//KO
direct CPV in B’— 7z ~, D*-D°bar mixing, X(3872), D,,(2317), etc.), a Nobel Prize g%
(Kobayashi and Maskawa 2008) »

(fb™)
1200 ——————— ———— >1000 fb
| —KEKB i
1000 — Q[E Channel Belle BaBar  Belle IT (per year)
BB 7.7x 108 4.8 x 10% 1.1 x 10%
200 1 BYBY | Tox100 - 6.0 x 108
550 fb-! T(1S) | 1.0 x 108 1.8 x 101
R T(28) | 1.7x10% 0.9 x 107 7.0 x 1010
600 Y (35) 1.0 x 10" 1.0 x 10® 3.7 x 1019
, T(59) 3.6 x 107 - 3.0 x 10°
200
et
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Belle Il is a significant upgrade of Belle: new accelerator, new detector, new electronics,
new DAQ), new trigger. Goal: 50 ab™" of data
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physics:

(® covered
here)

A. J. Schwartzg

¥d Belle II physics: “golden modes”

The Belle Il Physics Book,
arXiv:1808.10567, to appear in
Prog. Theor. Exp. Physics

Observables Expected exp. uncertainty Facility (2025)
UT angles & sides

® ¢ [°] 0.4 Belle 11
o2 [°] 1.0 Belle 11
s [°] 1.0 LHCb/Belle II
|Vip| incl. 1% Belle 1T
|Vep| excl. 1.5% Belle 11
V| incl. 3% Belle 11

® | V| excl. 2% Belle 1I/LHCb
CPV
S(B — 6K 0.02 Belle II
S(B — 1/ K°) 0.01 Belle 11

® A(B — K°7%)[107?] 4 Belle 11
A(B — K+r7) [1072] 0.20 LHCb/Belle II
(Semi-)leptonic
B(B — tv) [1079] 3% Belle 11
B(B — uv) [107°] % Belle 11

® R(B — D7v) 3% Belle 11

® R(B — D*rv) 2% Belle II/LHCb

e Radiative & EW Penguins
B(B — X.7) 4% Belle II
Acp(B — X, qv) [1072] 0.005 Belle 11
S(B — K2n%) 0.03 Belle 11
S(B — py) 0.07 Belle 11
B(B; — ~vv) [1079)] 0.3 Belle 11
B(B — K*vv) [107°] 15% Belle 11
B(B — Kvw) [1079] 20% Belle 11
R(B — K*00) 0.03 Belle 11/LHCb
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Charm physics:

Belle 11 50 ab™’
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Dark Photon/Sector:
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Belle 11 (50 ab™")

Y Y Y Y I

‘_vse“do,a\““’ LDMX2@8GeV |
100 F . e
10_17 - | B2TIP, to k:esubmined to PTEP(2I017).
1073 1072 107" 1
m, [GeV/c?]
Tau physics
Quarkonium-like

B, physics at 1{5S)
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givd How to get 40x instantaneous luminosity?

Super-KEKB

beam size:
100 um(H) x 2 um(V)
— 10 um(H) x 89 nm(V)

Belle-ll Goal:
40 x Belle = 8 x 103

E (GeV) B*, (mm) B*x (cm) ® 1 (A) L (cm3s?)
LERHER | LER/MER | LER/HER | (mrad) | LER/HER
KEKB 3.5/8.0 5.9/5.9 120/120 11 1.6/1.2 | 2.1x10%
SuperKEKB 40/7.0 € 0.27/0.30 ) 3.2/25 415 | 3.6/2.6 )| 80x10%
factor 20 factor 2-3

Final focus
quadrupole
being inserted:
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The Belle II Detector

KL and muon detector

Resistive Plate Counter (barrel outer layers)
Scintillator + WLSF + MPPC

— -* (end-caps , inner 2 barrel layers)
EM Calorimeter

Csl(Tl), waveform sampling electronics

\

—

electrons (7 GeV)

Particle Identification
Time-of-Propagation counter (barrel)
Prox. focusing Aerogel RICH (forward)

Vertex Detector
2 layers Si Pixels (DEPFET) +
4 layers Si double sided strip DSSD

1117

= positrons (4 GeV)
Central Drift Chamber

Smaller cell size, long lever arm

Belle | TDR, arXiv:1011.0352
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u*bvud T cﬂ;)‘/cd T VtZV;d = 0

The internal angles of this triangle are phase
differences that can be measured via various
strategies:

B — DO(K*m) K-

Unitarity triangle — determining the angles

B 5pr

Belle/BaBar LHCb

B > ntn Intn 1 A2A°

B = p'p lp P10

B > a,(pn)* n
B() ﬁ‘J/!//KS
B > J/v K,
BO —> !//, KS
B’ - x. K
B’ —> Tlc KS

- > DO
- > DOY(Kg 7t r) K-
- > D7) K

- 3 D(KsK'7) K

N
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B® — D ) ph?
BY > (¢/" /4K
BO —> (KsKS/d)/a))KS
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2’ Determining ¢, (f)

. e o Jiy K (S=0.70)

A - ‘/(:l;‘/CST + V’l;,kausP hg A 7 Ks (S =0.55)

CCs

B - J/y K (the “Golden” mode): %E-? o.4$ ‘B‘elle I I L=50ab" %% _
J/ % 0.2 H+ .*-A:A-*'*": :

< 021y :‘ * i

i | K I+ :

07 ¥ t-k # B

. IR **#

0.2 bte .

I I I I | I I I I | I I I I | I I I I
-10 -5 0] 5 10

At (ps)

Aop = Acos(AMAL) + Ssin(AMAL)

expected 50 ab’ uncertainty: 6¢, = 0.4°
(this is less than the current theory error of 1-2°)

B - ¢ K, n’Ks,wKg,2°Kg (“penguin” modes):

WA (2017) 5 ab~! 50 ab~!
Channel o(S) o(A) o(S) d(4) o(S) o(A)
J/K® 0.022 0.021 0.012 0.011 0.0052 0.0090

dK° 0.12 0.14 0.048 0.035 0.020 0.011
n' K° 0.06 0.04 0.032 0.020 0.015 0.008
wKk?y 021 0.14 0.08 0.06 0.024 0.020

K2n% 0.20 0.12 0.10 0.07 0.031 0.021

A q = ‘/CZ‘/CSP + V':qusT/
K2n® 0.17 0.10 0.09 0.06 0.028 0.018

aqs
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& ] ] 0 0 e Belle sics Boo
vd Searching for NP via B® — 7w° Kg e soteinysics soor

Aop = Acos(AMAL) + Ssin(AMAL)

WA (2017) 5 ab~! 50 ab~!
Channel o(S) o(4) o(S) o(A) (5 o(A)
K2xO 0.17 0.10 0.09 0.06 0.028 0.018

Isospin symmetry:
BB - 1’Kg), B(B" - n"K ), B(B* — ©"K"), B(B" — n"Ky) constrain Acp of B’ — 7K

1.0 7 T T LA R A

: e — Belle Il 50 ab?
i Il |
i ok I X
0.6 | f
:,35 [ ‘_|_ 1 Current WA
0.41 1 Belle Il 50 ab”’
021 A
i ) Also: Fleischer et al., arXiv:1806.08783
0.0 e
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Belle

Determining sides of the Unitarity Triangle [ic

B =
B.-B, mixing

Jubb et al., Nucl. Phys. B 915, 431 (2017)
Artuso et al., RMP 88, 045002 (2016)
Lenz, Nierste, arXiv:1102.4274 (2011)
FENAL/MILC, PRD 93, 113016 (2016)
FLAG, EPJC 77, 112 (2017)

B >ttty

B > X, v *
Bt >ty cb
Ab ﬁp/l/

Bourrely et al., PRD 79, 013008 (2009)
FLAG, arXiv:1607.00299 (2016)

Bharucha, JHEP 05, 092 (2012)

Detmold et al., PRD 92, 034503 (2015)
Faustov and Galkin, PRD 94, 073008 (2016)

Lange et al. (BLNP), PRD 72, 073006 (2005)
Andersen, Gardi (DGE), JHEP 601, 97 (2006)
Gambino et al. (GGOU), JHEP 10, 058 (2007)
Aglietti et al. (ADFR), EPJ C59 (2009)

Bauer et al. (BLL), PRD 64, 113004 (2001)

B > D)y

BY > X Zv ({energy, hadron
mass moments)

B — X, v (y energy moments)

Caprini et al., Nucl. Phys. B530, 153 (1998)
FNAL/MILC, PRD 89, 114504 (2014)
FNAL/MILC, PRD 92, 034506 (2015)

Benson et al., Nucl. Phys. B665, 367 (2003)
Gambino, Uraltsev, EPJ C34, 181 (2004)
Gambino, JHEP 09, 055 (2011)

Alberti et al., PRL 114, 061802 (2015)

Bauer, Ligeti, et al., PRD 70, 094017 (2004)
Gambino and Schwanda, PRD 89, 014002 (2014)
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\V.,,| via exclusive B— rlv

Belle Il 5 ab'B— xlv
dF(B —>P£+y) — G%‘ |f+(q2) |2|V |2p*3 1.2 = ‘ T T
dq? 2473 ub ® o Toy MC untagged data

@ @ Toy MC tagged data
Loy [ 10 band - lattice only, scaled [T

Use BCL parametrization of form factor, fit q? spectrum for B 1o band - tagged
BCL parameters and |V, e, band - untagged

o
>
|
(\I'|_| I T T T T I T T T T I T T T T I T T T T I T T T T I T %
- T 0.6 | 8
%J 10— v 1=13.67 = 0.09 (exp) + 0.12 (theo) ] x 10° —#— Average Belle + BaBar  _| Q.
(O] ub —4— LCSR (Bharucha) B ™
coo ~ Fitprob.: 47% = BCL fit (3 + 1 parameter) 1 %'
- 8 = Data & LQCD (FLAG) & LCSR-| S 0.4 b
c\_lg_ B + . e
= B i 02}
+_> 61— — L=5ab!
IK — - 0.0 ! ! ! ! !
2 L | 0 5 10 15 20 25
2 4 ] ¢’ [GeV?/ 7]
% : : ' —@— tagged + current LQCD
2 __ HFLA V __ L E— . ::: :ntégfcj Ic’;zggc'nt 5LQCD
o - V7 :‘El;{lelil -m- 1;1iiége(l + LQCP inv5 ‘yrs
i I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I I_ 5 -1 + tagged + LQCD m 10 A
0 O 5 1 0 1 5 20 25 ~M - untagged + LQCD in 10 yrs
o? [GeV?] S 4]
=
Vil = (3.67 % 0.09,,, = 0.12;) x 103 K
2 -
BCL: Bourrely, Caprini, Lellouch, PRD 79, 013008 (2009) .
Lattice: Aoki et al., (FLAG), EPJC 77, 112, (2017)
LCSR: Bharucha, JHEP 05, 092, (2012) o

HFLAV: EPJC 77 (2017) 895 [arXiv:1612.07233] 0 10 0 o 0 "
L [ab™7]
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\V.,,| via exclusive B— rlv

Belle II MC

—8— tagged + current LQCD
—M- untagged + current LQCD

current —8— tagged + LQCD in 5 yrs
status —~M- untagged + LQCD in 5 yrs
—8— tagged + LQCD in 10 yrs

—M- untagged + LQCD in 10 yrs

v, [%]

Should help resolve 2 “tensions” (discrepancies):

Exclusive |V | vs. inclusive |V ;) Consistency with ¢, ()
p-value
‘_'L‘_‘ S T T ‘ T 0.00M r L I T I mTrTT I mrTT I TrTT I rTT ] TrTT ] T | 1-0
' S BoD*lv ] [ ]
g - BoDIv - - .
- 45: B 1V I i 0.0045 — —
= D Ay —=puv P - i} T
Z [ : Average 68% C.L. Inclusive ] i ]
B - Average Ay’=1 Vi GGOU, . N I .
s IV, global fit in KS B _0.0040 — |— Belle 1l .
= = :5 i ]
35 } { 0.0035 .
- - 0.0030 -
3 —] - -
i HFLAV r ] 0.1
: 00025—IIIDIHE|PA‘8III|IIII|A|||I|||I|||II|||AI||IIJ— 0.0
25, L , I o PO =T74% " 050 055 060 065 070 075 080 085 090
34 36 38 40 42 44 sin 2f3
IV, [107]
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Searches for New Physics
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B— D™ty can also receive contribution from a
charged Higgs, changing the rate, g2 distribution, etc.

Define ratios:

R, =

D*

_ B(B— D*tv)

B(B— DTtv)

B(B — D*fv)

Rp

B(B — D/{v)

Uncertainties from form factors and V,, drop out = ratios test lepton universality. Measured values are above SM prediction:

R(D*)

0.45

0.4

0.35

0.3

0.25

0.2

A. J. Schwartzg

T T T T I T T T T

C_ ——— BaBar, PRL109,101802(2012) , ]
- ——— Belle, PRD92,072014(2015) Ax” = 1.0 contours ]
u LHCb, PRL115,111803(2015) U o ]
- Belle, PRD94,072007(2016) e=== Average of SM predictions -
-~ ——— Belle, PRL118,211801(2017) R(D) = 0.299 +0.003 .
[ ——— LHCb, PRL120,171802(2018) R(D*) = 0.258 +0.005 ]
[ Average —
- 4o ]
[ 20 —
-_ O ]
_ HFLAV Q&
u u
= POO) = 74%  —
I 1 1 1 1 I 1 1 L L 1 1 1 1 1 1 1 1 I
0.2 0.3 0.4 0.5 0.6
R(D)

Physics Prospects for Belle I1

R(D) and R(D*) exceed SM predictions by 2.30
and 3.00 respectively. As R(D)-R(D”)
correlation = -0.203, two-dimensional x? =17.55

= for 2 deg. of freedom,
p-value = 1.57 x 104 (3.80)

[Moriond 2019: 3.10]
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kg B> D"7v @ Belle I1 T

Scaling from Belle — Belle Il (50 ab™):

o 0-5_"'I""I'"'I'"'I""I""I""I""_
() - |
E C Belle Il Projgctign B
045 - — gzltl;:fombmanon | . .
. : Belle Il can measure the 7 polarization:
- —— World Combination ]
04— . SM prediction: PRD92 054410 (2015), PRD85 094025 (2012) —
n ] rt—r-
- _ T rest-frame P_’_ = e
0.35 - . It +T
B ] W——@ dr L P cost
- _] — X o Ccos
0.31 _ @& dcos @, T .
0.25 = —] T—>nv: =1
N 1 > pv: a=0.45
L 10 contours a
O 2_I 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 ] —_ 1 . . . .
) 025 03 035 04 045 05 055 0.6 a L ! i
~ L Belle Il Projection ]
R( D) Q_P | ———— Belle Comtiination -
L SM prediction: PRD85 094025 (2012), PRD87 034028 (2013) 4
0.5 ——— Scalar |
- Vector } PRD87 034028 (2013) N
- ———— Tensor —
o =
_0.5__ U _
_ B 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 i
d2 0.5 0.3 0.35 0.4
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Inclusive B— X, j¢*¢ decays ~ Inzmiine=

Inclusive decays were measured at Belle/BaBar using a sum-of-exclusives method: e.q., X, = Kn(n)
with n<5 and max 1 7°. This can be improved at Belle Il in several ways:

® 3 K modes can be included;

® more x can possibly be included;

* gnother 7' can possibly b_e inc/uded;_ . . Belle 11 50 ab" exclusion contours

¢ improved full reco:_?struc_t/on on taggmg s!de (with neural network) (BR and A, of inclusive b—s sil) :

may make true inclusive analysis feasible (under study)
20 [oelecz Projections: nclusive bsll |

Observables Belle 0.71 ab~! Belle I1 5 ab~' Belle 11 50 ab"! s E}E'lhskMWpF|t.v(w“t;§f>}::,0i?2i:;spphD ]
B(B — X t¢7) (1.0 < ¢* < 3.5 GeV?) 29% 13% 6.6% 7 f
B(B — X t07) (3.5 < ¢* < 6.0 GeV?) 24% 11% 6.4% 1.0/
B(B — X007 (¢ > 14.4 GeV?) 23% 10% 4.7% f
Acp(B — X,0+07) (1.0 < ¢ < 3.5 GeV?) 26% 9.7 % 3.1% 2% 05
Acp(B — X £707) (3.5 < ¢? < 6.0 GeV?) 21% 7.9 % 2.6 % [
Aop(B — X,0707) (¢ > 14.4 GeV?) 21% 8.1 % 2.6 % 0.0¢
App(B — X, 0107) (1.0 < ¢% < 3.5 GeV?) 26% 9.7% 3.1% :
Arp(B — X,0H07) (3.5 < ¢ < 6.0 GeV?) 21% 7.9% 2.6% -05:
Arp(B — X,0707) (¢ > 14.4 GeV?) 19% 7.3% 2.4% f
Acp(Arp) (1.0 < ¢ < 3.5 GeV?) 52% 19% 6.1% N0 15 C10 So5 00 05 10 15
Acp(Arg) (3.5 < ¢ < 6.0 GeV?) 42% 16% 5.2% ChP
Acp(Arp) (2 > 14.4 GeV?) 38% 15% 4.8%

@opul/ to SM fit if true values

Exclusive decays fit: JHEP 06 (2016)092
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Status: detector is working (!)

N L L L L
S 200 0 _ + D*DP(K )" TN
2 o D'—> K~ 7" Belle Il 2018 (rofminary ] 22E D’'— KK D" —>D(K K =
- = H 1 = 20 H relimina —
e 160 (Cablbe- + det=472pb E = (Cab/bbo- fBeIIeII 2018  (prefiminary) 3
8 140 = E Ldt=472pb" E
£ 120?favored) 1 El suppressed) 3
1001 ERRD <|» 3
80E- ERERL= 3
o3 . ERRS Wl Jﬂl m =
40— = 6F =
= + E E 3
20 + = 4F =
R N ., SORDVE -] E + + + ﬂ’
P s EEE 5. 2 2 - H +ﬁ+ +{q+ R + L + )
M(Kx) Gevic®) P75 18 1.85 1.9 ’1V.Is(a|2+K_) Govi 2)2
eVv/c
gSOOZbO‘Q‘K“ﬂL‘_‘ﬂ()‘+‘+‘ T T ‘: T 1 rrrrrrrrrrrrrrrrrr T
3 450 N D*—-D° (K nO)m = 30i 0 D* = DO(K°mO)* =
= 400 + Belle Il 2018 (preliminary)  — ;D ﬁ‘I(S 7 K E
w TUF + 3 F Belle Il 2018 (preliminary) J
% 350 + det=472 pb’ — 251 &
£ 300 +++ = E f L dt = 472 pb” 3
5 oeob E 20 =
250 ++++ + 3 155 + 3
200F- = = =
150§++++++"’+++ +++++++ é F B & T T T[T I T T[T T T[T I T T[T T[T T I T[T T T[T TTI[TrIT]
1oo:—++ + o A 10 = §140__ B*>D (K Kar Kt KK K 0 K ) ]
50/~ MIE st + ++ 102 [ i B mesons 1
P Hs e 19 s 2 qk s T & = S SR s e 1200 | £%0Kn ker, ke —
M(K ') (GeV/c?) 7175 18 18 19 19 2 205 21 | ooty 4
MK“n“ a B B%->DH(Knn)t 1
3 o L i
5100 | B-DKy _
Lﬁ : B wie'e ) K :
B*—->Dr+ 80— -
07'[ - Belle Il 2018 (preliminary) i
B*—>D°p* C J‘ 1 i
L |Ldt =472 pb _
Bt+—>D®rx+ 60r P .
B> D™ rx- i ]
B'—> D*p- 401 -
B'>D'r- o 1
B> Dp~ i

2 521 522 523 524 525 526 527 528 529

(GeV/c?)

M,

bc
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Status: accelerator is totally new, growing pains

Ramping up beam currents:

04/03/2019 00:00 - 04/04/2019 00:00 JST

Peak Luminosity 113 [10%/cm?/s] HER Ipeqx: 1709 [mA)] By‘“: 3.00 [mm] Ny 789 bunches Linac Trouble
Integrated L/day 0.00/ 0.0 [/pb] LER Ipeak: 220.7 [mA] B 300 [mm] Ny 789 bunches Linac Trouble H B
..................... i S AN L Rk Squeezing the beams:
0.15 _5250 - .»10—5
0.1 =idl t10% E S5 T ® B =8mm
E E g C =
C e |8 = c SuperKEKB/Belle Il | = °
T | 0.05F —oo B |07 g 3C 2018 (preliminary) B, = 6mm
‘g E —250 25: = I
o E | | [ — O B
g PRI e [ IR p e [t eoo 10“: - + ® § =3mm
g b F10° o % * —
b —J1s0 r ]
: 115 1. I ]
—Jieo | & 10 1.5 + —
= o C i [) ¢ =}
= o, 7 - . ] -
/] —Jse | 10 1= © e
S - AN S
IPIPIEPRPEIN BRI PRI RV [P | PR | o i Lygs 0.5F @ ’ 3
3 —j15 § o g
- o= . Q ot | . ! ‘ ! . I , | ‘ L]
o Py = - = &5 05/03 05/17 05/31 06/14 06/28 07/12
N oF LN E =
8 3 A - = Date
= 4 /"' —i5 :E
) . LA 3 &
W= R
o:T”::::{:::::I:::::{:::::{:::::{:::::{:::::{ """" 0
5 30— _'::
) . m -
g 10 —3
& 0 f 1 f 1 1 f 1 3

w
o
5]
=
5]
w
)
o
©
o
-
N
o
=
w
o
=
®
o
N
(]
o
<)
=2
[S)
=

4/3/2019

~
~
£~

Achieved:

*  Lpeak = 5.55 x 10°3 cm?/s

« Belle Il recorded ~ 500 pb~!

» Confirmed the nano-beam scheme

* Reduced B, to 3 mm, o, ~ 400 nm (Final target 8, = 0.3 mm)
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Summary

® Belle Il is now (essentially) fully constructed and installed. The experiment is beginning its
first physics run (“Phase III”) run (April-duly). This will fully commission the detector, and
there will be early physics (e.g., D°— yy, dark photon search, eftc.)

® Accelerator commissioning is proceeding, but there are growing pains as expected:
background is high, so current is kept low. 3, is slowly being reduced.

® Physics potential is huge: there is much better vertexing, particle ID than in Belle; factor of
50x statistics; and full reconstruction on tag side is notably improved over Belle/BaBar.

toclia y
Calendar year 2016 2017 2018 E 2019
' Summer shutdown Summer shutdown Power saving I | Summer bhutdown
(power saving) (power saving) after mid July 20[18 ! (power saving)
|
/ : (end Feb. — mid Jd:l. 2018) |/ full Bele I :
phase 1 e gaen .phase 2 (MR), | phasei 3
— : */ch, I—I— e
MR renovation for phase 2, including HERws/t]Zile e :

MR startup installation of QCS and Belle 11 LER start | VXD installation
|

.
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Extra Slides

A. J. Schwartz Physics Prospects for Belle I1 APS April Meeting, 2019 20



* Pixel Detector (PXD)

2 layers of DEPFET pixels

r=1.4cm, 2.2cm
L=12cm
~ 0.027 m?

* Silicon Vertex Detector (SVD)
4 layers of DSSD
r=3.8cm,80cm, 11.5cm, 14 cm

IIIIIIIIIIIIIIIIII

DO Impact Parameter Resolution
——p— Balle Il - PXD+SVD tracking (MC)

s Balle Il - SVD only tracking (MC) |
Belle - SVD2 cosmic (Data)

Impact parameter
resolution = 15 um

llll[lll

ansae

——

A. J. Schwartzg

PRI
1 1

Physics Prospects for Belle I1
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World average:

=

IV,5| = (3.55 + 0.12) x 103

There is tension coming from |V,,| measured in B(B*— t"v )and ¢, (f) and ¢, (a):

Today:

BR(B — tv)

G%mp
£ Zm?

s T

2
1 — — 2\Vo|?T
( TTlZB> fB‘ ub| B

m?

B(B*— v )= (1.06 + 0.19) x 104

using f, = (185 + 3) MeV (FLAG 2017)

0 20 >(1()-3 p-value.I 0-20 X10T_3T TéT L { T T T { T T T T { T T 1T { TTTTTTTTTTT p value
. L L B B . _1
i | Belle Il 50 ab': - 430k events (5 ab’) 1
| 61.2k events 1 Moo - 4300k events (50 ab™") 1 Foe
L 4 L * 0.8
0.15 - i 08 0.15 — _
- 1 |Ho7 _ i 1 597
i i e i 1 Bos
- B 0.6 )
B 7 T 0.10 ; + ; 0.5
0.10 — / — 0.5 m ¥ i .
- . o = 4 Foa
- * 0.4 m L 4
r 7 o 4 0.3
r 1 0.3 0.05 |- —
0.05 — — 0.2 - — 0.2
: % : 0.1 : Belle 1150 ab™ : 0.1
L ICHEP 16 = 0.00 o b b b b b P by 0.0
0.00 Lo oo b b b b oo Lo 0.0 0.50 0.55 0.60 0.65 0.70 0.75 0.80 0.85 0.90
050 055 060 065 070 0.75 0.80 0.85 0.90 sin 2¢
sin 2p 1
A. J. Schwartz Physics Prospects for Belle I1 APS April Meeting, 2019 22



= 1 Glatt t al. (Belle),
|Vcb| f rom B— Dlv 711 b P/SDa;:Sro%*Zaoog (62061)6)

B—D¢v Reconstruction: Tegside g+ signal side
Divide event into 2 hemispheres: “signal” side and
“flavor tag” side. Tag side is fully reconstructed (using
neural net)

charged tags neutral tags charged signals neutral signals

Dt — K rntnat D’ —K-nt
Dt - K—rntnta® D°— K-ntn®
Dt K rntatata— D°— K- mtntn=
Dt K- Ktnt D’ K —#wntnta—=n°
D+—>Ks7l'+ DO_)KSW+7F—
D+ — K ntn® D°— K ntn—n®
Dt > K ntntn D°— K
Dt — K K+

D° - K K+
Dt — gtr® D° —mtmw=
O s e D°— K K,

D% — 7070

D° — K 7070

D° > xtatn0

Note: over 1000 decay topologies considered.
[This is straightforward at an e*e- machine]
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BRI
20"»,2 o AKX y)ine.
SN B S R S ACP(xs+a y) Hadron tag
Acp(X, y) Sum of Excl.

10 A

8 Acp(X v) [% relative]

Inclusive B—> X, )y radiative decays

i Belle II i Prolectlon ‘

Observables Belle 0.71 ab=! Belle IT 5 ab=! Belle II 50 ab~!
Br(B — X,v)Etee 5.3% 3.9% 3.2%
Br(B — X,y)had-tag 13% 7.0% 4.2%
BB 5 2L femen o 10.5% 7.3% 5.7%
B (B —> 2L oo 2.1% 0.81% 0.63%
Ags (B — Xypqy)iadtas 9.0% 2.6% 0.85%
AleplB —> 2 oot 1.3% 0.52% 0.19%
Acp(B® = X2)sum-of-ex 1.8% 0.72% 0.26%
Acp(BT = X 7)sum-ofex 1.8% 0.69% 0.25%
Acp(B — X, qy)i2tee 4.0% 1.5% 0.48%
Acp(B — Xyyqy)iodtes 8.0% 2.2% 0.70%
AAcp(B = Xo7)sum-of-ex 2.5% 0.98% 0.30%
AAcp(B — Xopay)iodtoe 16% 4.3% 1.3%
BIT(/E = 2 ot o 30% 20% 14%
Ao (B = X g )sum-of-ex 30% 11% 3.6%
Acp(BY — X 57 cum-ofex 42% 16% 5.1%
A8 — 2 e e 84% 32% 10%
Acp(B — XgY)sum-of-ex 38% 14% 4.6%
AAcp(B — Xg7Y)sum-of-ex 93% 36% 11%

0.5 | iiill”
1

10
Integrated Luminosity [ab]

Both A, (residual photon contribution) and isospin asymmetry A,. (S.¢) reduce theoretical uncertainties in the inclusive BF
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Observables Belle 0.71 ab™! (0.12 ab™!) Belle II 5 ab™! Belle I1 50 ab™! .
Ao+ (B — K*7) 2.0% 0.70% ,S,,{,,Sliggit’ﬁg )
Acp(B® — K*05) 1.7% 0.58% statistics
Acp(BT — K* ) 2.4% 0.81% limited
AAcp(B — K*y) 2.9% 0.98%
Sgceo, 0.29 0.090
Br(B°® — py) 24% 7.6%
Br(BT — pTy) 30% 9.6%
Br(B® — wv) 50% 14% o
Theory: A0+(BO—> p’yo) 18% 5.4% Zﬁf;:gcs
Acp(B? — p'y) 44% 12%
Aos(K*7) = (4.9 % 2.6)% e e ) 0% %
Acp(K*) = (0.3+ 0.1)% Aop(B° — w) Sk 25%
AAcp(B — py) 53% 16%
Agi(p7) = (5.2 £ 2.8)% Sy 0.63 0.19
Via/ Vsl o5+ 12% 8.2%
Lyon and Zwicky, PRD D88, Br(B? — ¢) 23% 6.5% =
094004 (2013) Br(B® — K*)/Br(B — ¢7) 23% 6.7% -
Paul and Straub, JHEP 04, 027 Br(B] — K*%7) - 15% -
(2017) Acp(B] — K*%) - 15% -
Br(B, — K*%)/Br(B] — ¢7) - 15% -
Br(B® — K*%v)/Br(B? — K*0v) - 15% —
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