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» Introduction to the B Factories

» Belle II: the next generation B Factory
» Belle Il physics potential

» Quarkonium

» Early Belle Il physics
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THE B FACTORIES
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The Standard Model (SM) and Beyond

» SM: best-tested fundamental theory of nature w
B Matter: quarks and leptons g,

@ Baryons (3q), Mesons (qd): B (bd, bu), v (c€), Y (bb) ="

B Forces: weak, EM, strong : '@

electron

B Higgs boson: EM/weak symmetry-breaking, mass

» Some questions... . De

electron
neutrino

B Single SM Higgs, or many (e.g. SUSY)?
B Matter-antimatter symmetry and CP violation
B Nature of Dark Matter
» Search for answers
B Cosmic: Dark Matter from astrophysical sources
B Energy: Direct high-energy accelerator searches

B Intensity: Precision tests with high statistics
@® e.g.: ete collider “B Factories” ﬁ BaBar (SLAC),
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BaBar and Belle Detectors
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The BaBar Detector

1.5 T solenoid
(superconducting)

3 Belle Detector

s Calorimeter

— . Aerogel Cherenkov cnt.
6580 Csl(Tl) crystals SC solenoid  _— . E 1=1.015~1.030
15T RN, N =2 -
Cherenkov e+ (3.1 GeV) 3.5 GeVer
Detector 3
144 quartz barg CsI(TD il
11,000 PMTs 16X, =T
TOF counter
Silicon Vertex — TN ‘, : ‘i \ ‘ X
- v =3 \ Tracker = : N X
e’w’ P G 5 double-sided > OV & = ’ entral Drift Chamber
A _— layers \ S L - =\

small cell +He/C,Hg

AU N
_ : Drift Chamber . R
40 layers Si vtx. det. /'Ky detection
Instrumented Flux Return 3/4 lyr. DSSD 14/15 lyr. RPC+Fe

18-19 layers

» BaBar (1999-2008) » Belle (1999-2010)
B SLAC, Stanford, USA B KEK, Tsukuba, Japan
~500 fb1 collected ~1 ab! collected
~600 members, 13 countries ~400 members, 18 countries
~550 publications ~500 publications
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The Accelerators
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» Asymmetric B-Factories
B PEP-II (BaBar): e- (9 GeV) e+ (3.1 GeV) Gonera
B KEKB (Belle): e- (8 GeV) e+ (3.5 GeV)
B Record luminosity: 2.1x10%* cm=2 st

e > Y(4S) € N Y(4S) :"”)|_____|
Vs = 10.58 GeV —>
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Integrated Luminosity
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Legacy of the B Factories

» Flavor physics

B CKM matrix elements / unitarity triangle

B CPVin B decays

» Limits on BSM Physics o o
B Rare decays (e.g. B>tv, D1v) ; Egg

B New physics search loops: é 1200
b—sy, b—sl _% 1000

B Search for LFV t decays ?g 500

fg 600

» New particle discoveries 400
B “XYZ” four-quark states 200

0

e.g.: “The Physics of the B Factories”, EPJC 74, 3026 (2014)
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Motivation for a next generation B Factory
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» Search for New Physics via precision measurements
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» Advantages of the B Factories
B Sensitive to NP masses above direct production
B “Clean” environment, full event reconstruction
B Tau decays and neutrals (y, n°, K, v) in final state
B Complementary to LHC
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BELLE I
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The Belle Il Collaboration ~7
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» 800+ members, 108 institutions, 25 countries
» Located at KEK in Tsukuba, Japan

Mt. Tsukuba
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Belle Il US Involvement R
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» US participation: ~90 members, 16 institutions

Yy
» Detector P R Y '\Q

B Particle identification system Wty United States

B Readout electronics N g

B Muon detector upgrade '

B Beam/background and commissioning = * N guttof
» Computing

B Database development
B Grid computing
» Physics
B Working groups
B “First Physics” program

2018 US Belle Il Summer School
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Accelerator Upgrade

» SuperKEKB Upgrade
B “Nano-beam” interaction point
M Increase in current

B Energy. e (7 GeV) e* (4 GeV)

KEKB

"“if.i$ Tum

SuperKEKB

Tum

100um’ «~

100um / "
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Detector Upgrade
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ECAL: readout,

Muons: plastic scintillator,
electronics upgrade

» Order of magnitude pure Csl upgrade?

luminosity increase means:

B Higher background | pip: TOP barrel,
@ Radiation damage | aerogel endcap
@® Detector readout

B Higher event rate
@® Trigger, DAQ, computing

B Boost change

@® Improve vertexing | Tracking: small-cell
drift chamber

» Significant detector

upgrades required! Vertexing: 2 layer Si pixel

+ 4 layer Si strip

Belle I

arXiv:1011.0352 (2011)
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Detector Upgrade
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Vertexing
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» VerteX Detector = PXD+SVD

» PiXel Detector PXD 14mm P S— Iﬁnm
B 40 DEPFET modules, 2 layers .
B Dimensions: 50x55, 50x85 um?
B Thickness: 75um (0.21% X,)

» Silicon Vertex Detector
B 172 double-sided strips, 4 layers
B Slanted in forward region
B 0.7% X, / layer

» Partial install early 2019
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1200mm

A

Central Drift Chamber
14336 sense wires, 56 layers e
60-80 mrad

He (50%) : C,H; (50%)

Smaller drift and increased size
Improves reconstruction and dE/dx

» Faster readout electronics

vvyvyy

50mm +250mm —

Cosmic ray

——
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trop (NS)

Particle ID: Barrel

Pacific Northwest
NATIONAL LABORATORY

Proudly Operated by Baftelle Since 1965

» Measurement of internally-reflected Cherenkov light el

» Time-Of-Propagation detector e
B 16 quartz bar coverage of barrel in ¢ """
B Custom MCP-PMTs (32/module)
B FPGA feature extraction

» Used for /K separation in barrel

o
o

K: 2 GeV/c
501 | ©:2GeV/c
40 R
30
20 - >
ik - e
10 s i
04— . . . r '
0 100 200 300 400 500 ....I...J....I...rl....J.'r..l.
pixel number 1} 10 20 an 40 50 &0

pixed column
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Particle ID: Endcap
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n,=1.045 n,=1.055

» Aerogel Ring-Imaging CHernkov detector
B Non-homogenous 4 cm-thick aerogel radiator |
B 420 pixelated Hybrid Avalanche Photo Detectors <

» Used for n/K separation in forward region

ny < no
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ri
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2400 7 3B0 <

a0 || | ECL 1580

418

» Electromagnetic Cal orimeter
B Reuse Belle crystals and structure
B 8736 CsI(TI), 16 X,
B R&D for Csl endcap upgrade

» Electronics upg_rade I i Tacs 1 -
B FPGA analysis of waveform
B Full waveform for commissioning run

i time samplin
amplitude ECL pling
f’-"\\ i P-'\\
off-time | —\— signal Y
bkg. [ N ! \
! \ signal

trigger trigger

20
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Muons
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LJ Ll | | | l
0 1 2 3m

» KLong and Muon detector T
» Alternating iron / active layers Eoa

B Barrel: 2 scintillator + 13 RPCs
B Endcap: 14 scintillator

B New for Belle Il: PS strips + WLS + SiPM

Aluminum sheet

1T Magnet Yoke |

Barrel KLM
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Background monitoring
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» Beam Exorcism for A STable Belle |l
B Partial vertex detector
B Radiation-monitoring detectors Uy ’\@%
B Inner: “FANGS” “CLAWS” “PLUME” | -/
B Other: He3/TPCs, diamonds, PIN diode

arXiv:1802.01366 (2018)

A=

» Used only in initial phases
B Machine commissioning
B Ensure radiation-safe environment

» To be replaced by full VXD
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Belle Il Schedule and Plans
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Phase 1 (complete 2016)

B Accelerator commissioning 0¢

2 F
. . £ : - N Lop) Belle Il Goal
Detector roll-in: April 2017 E  S0F—g m e
= E W N |0
g £ T |F
Phase 2 (complete July 2018) %,... 30 @ o n.::>
B Partial detector £ ﬁ, 20t~
- BaCkground StUdy X1035 105— o ] Total BaB;i\r+BeIIe Lumiriosity
B First collisions > ST T
) ‘D C I
B First data collected g 6 B A
5o 4
X9  oF |
Phase 3 (2019) 8 g 25 = . i i KEKB Performance
B Nominal Belle Il start &= =% 2018 2020 2022 2024

Ultimate goal: 50 ab-!
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Belle Il Achievements R
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» First collisions: April 26, 2018
» Peak luminosity: 5.5 x 1033 /cm?/s
» Total of ~500 pb-* collected
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Early Belle Il Performance

» Nano-beam scheme verified

Entries / [0.01 cm]

Pacific Northwest
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First Belle Il B mesons

» ~100 B meson candidates in hadronic decay modes
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BELLE Il PHYSICS

“The Belle Il Physics Book”, arXiv:1808.10567 (2018)
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Leptonic B Decay: B —» D%tv

» Sensitive to (e.g.) charged Higgs contributions

» Significant BF(SM) O(~1%)
» Cancelation of uncertainties

A 05
B(B—»DWrp,) &

R(D™) = B((B—>D(*)£Eg)) e

0.4

» World average 3.8c from SM 040
» B-Factory uncertainty: 16 (9)%

> Belle Il @ 50abt: 2-3% "

B >5c at ~5ab? 023

0.2
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b—s Decays

» Rare SM decay: NP contributions?
» Deviations from SM in b—s#
B >3c tension globally
B Complementary measures
® LHCDh: K*utu~
® Belle II: X (ete™, ptu~, 1)

» BoK®yy
B SM prediction: ~4 (9) x 10°
B Belle limit: ~<2 x 10
B Belle Il uncertainty ~10%
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SM: Penguin + Box
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» NP test via precise measurements in b—sy (X.y) rates, ...

The Belle Il Experiment — Bryan FULSOM (PNNL) — BNL Seminar — 2018 09 20 29



Lepton Flavor Violation (7)
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Hidden/Dark Sector

Pacific Northwest
NATIONAL LABORATORY

Proudly Operated by Baftelle Since 1965

» Access to “hidden” sector via mixing/interaction with SM
B Dark photon (A’) decaying to leptons (“visible”) or light DM (“invisible™)
B Axion-like particle (ALP) decaying to two photons

& .0 3
e = =
s 2

» Belle Il considerations
B Special topologies: mono-energetic photon / 3y final state
B Development of single-photon trigger
B Calorimeter angular coverage and hermeticity
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Dark Photon Search Capability
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» Belle Il potential reach versus luminosity

Visible decays Invisible decays
S~ 10_2 T R M
< -5 . H | , < it -+
£ 107 N -
# . mw .
E 107 :
o .
S 10° F +
N -
= 11 [ i
10 " Belle Il (501" ™
> i Belle Il (Phase 3) =}
107" k " LDMX1@4GeV -
LDMX2@8GeV -
_15 5
10" ok =
B2TIP, to be submitted to PTEP (2018 _17 [ L P | 1 PR | 1 P | ]

10_4_IIIII 1 L IIIIIII 1 L IIIIIII 1 L I(|>IIII 10 _3 _2 _1

my (GeV) m, [GeV/c7]

arXiv:1808.10567 (2018)
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Axion-Like Particle Capability
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» Parameter space affected by calorimeter photon reconstruction
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M.J. Dolan et al., JHEP 2017, 94 (2017)

The Belle Il Experiment — Bryan FULSOM (PNNL) — BNL Seminar — 2018 09 20 | 33



Pacific Northwest
NATIONAL LABORATORY

Proudly Operated by Battelle Since 1965

UARKONIUM
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What is Quarkonium?

Pacific Northwest
NATIONAL LABORATORY

» Bound state of heavy quark/anti-quark pair (cT, bb)
» 1974: discovery of J/y, evidence of charm quark/quark model

» Theoretical description
B Analogous to hydrogen/positronium (e*e")
B Potential based on one-gluon exchange:

o (nb)

V() =—2% pry .
3r

B Now use effective field theories and lattice QCD
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2000 Iy
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500 | i
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1
200 | i' \

1
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Ec.m. (GeV)

I
310

EVENTS /25 MeV

Proudly Operated by Battelle Since 1965

PRL 33, 1406 (1974)

PRL 33, 1404 (1974)

» Many (successful) predictions of properties for a whole family of particles
B quantum numbers, masses/widths, production/decay mechanisms/rates

» All are important tests of our theoretical understanding of QCD
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Quarkonium production at e*e" colliders 7
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/> B decays b e )
B Charmonium only _ <§
B All qguantum numbers available ! a

» Direct production / Initial State Radiation (ISR)

e ! c,b

B E_, or below %/y\/< ~

\_ W JPC=1- ¢ b
» Two-photon interaction ) )

[~ ~ [~

H T

B JFC = O+ O+ 2+ Y;: C
et +

» Double charmonium production

e <
C
B Seen for JPC=1- Iy, y(2S)) plus J=0 states >’VT\/‘<<
e+

[b Quarkonium transitions

B Hadronic/radiative decays between states ]
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Quarkonium Spectroscopy then...
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Quarkonium Spectroscopy ... and now
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Quarkonium Spectroscopy
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» First discoveries of long-predicted conventional quarkonia
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Quarkonium Spectroscopy 7
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» First discoveries of long-predicted conventional quarkonia
» Many discoveries are difficult to explain by quarkonium model
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Quarkonium Spectroscopy 7
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» First discoveries of long-predicted conventional quarkonia
» Many discoveries are difficult to explain by quarkonium model
» Several states have non-zero charge, cannot be a ct/bb pair
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The New Alphabet: X, Y ...

> X(3872)
B Discovered by Belle in 2003
B B > K X(3872) —» n*n Jy(LHt)
B Seen in all modern HEP expts.
B Most cited Belle publication

PRL 91, 262001 (2003)

Pacific Northwest
NATIONAL LABORATORY
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» Y(4260) and friends
B ISR-produced states
decaying to wrn~ y(1S,2S)
B J°C=1":overpopulated

Events / 20 MeV/c?
=
[

\\8

for charmonium!

PRL 95, 142001 (2005)
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...and Z

» Z.%(3900)
B Intermediate charged state in Y(4260) decay
B Y(4260) — n* Z *(3900) — n* Iy
B Simultaneous discovery by Belle and BES-III
B Others partners since seen by BES-III

» Z.%(4430)
B Discovered by Belle
B B > K Z%(4430) - nty(2S)
B Confirmed by LHCDb
B Partners seen in n*y., and ©*J/y

» Non-zero charge cannot be cC = four quarks!

Events / 0.02 GeV/c?

Pacific Northwest
NATIONAL LABORATORY
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50
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PRL 110, 252002 (2013)

Events/0.01 GeV
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PRL 100, 142001 (2008)
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Z,* states in the bottomonium system

Pacific Northwest
NATIONAL LABORATORY
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» Anomalous dipion transition rate: Y(5S) — nx bb

» Y(5S) - n*Z,* - n*Y(1S,2S,3S) and Z,* — nth, (1P,2P)

» Discovery of h, (1P, 2P), n,(2S), indication of charged Z,* states
» Analogous to Y(4260) decays and Z_.*in charmonium system!
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12000 F Zbi(1061 ’ 10650)
<, 80 [ 10000}
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PRL 108, 122001 (2012)
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A new form of matter?

» Meson Molecules

B Weakly bound state of two mesons
e.g.: Tornqvist, PLB 590, 209 (2004)

» “Tetraquarks”
B Color-singlet diquarks bound directly by strong force

Polosa et al., PRD 89, 114010 (2014)

» Other exotica

B Hybrids: quarkonium with bound excited gluon
Barnes et al., PRD 52, 5242 (1995)

B Hadroquarkonium: qg-light hadron interaction
Dubinskiy et al., PLB 671, 82 (2009)

» Nothing special

B Kinematic effects / standard quarkonium
e.g.: Swanson, PRD 91, 034009 (2015)

The Belle Il Experiment — Bryan FULSOM (PNNL) — BNL Seminar — 2018 09 20
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A new form of matter?
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Do
» Meson Molecules @
I

te of tw @j

0 — D “molecule”

Polosa et al., , 114010 (2014)

diquark-diantiquark

» Other exotica
B Hybrids: qyfrfkonium with bou

Barnes e

excited gluon n

d
1., PRD 52, 5242 (1995) ..@ 6 Jiy

B Hadroquarkonium: gqg-light hadron interaction -

qqg-gluon“hybrid” _
’ DUbin I-; PLB 671; 82 (2009) ‘ hadroquarkomum
» Nothing spe 3

B Kinematic effects / standard quarkonium c
e.g.: Swanson, PRD 91, 034009 (2015) ﬁ:::igﬁi?ril
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EARLY BELLE I
PHYSICS
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Belle Il Early Physics Prospects
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NATIONAL LABORATORY

Proudly Operated by Baftelle Since 1965

» Existing B-Factories ~1.5 ab™: opportunity for non-B physics results

Scans/ T(585) Y(45S) T(3S) T[25) T(15)
Experiment |Off. Res.|[10876 MeV 10580 MeV 10355 MeV (10023 MeV 9460 MeV
fb=t  |th=t 105 |fb~t 10% |th=! 10 |-t 109 bt 10°
CLEO 171 |04 01 |16 17.1 f1.2\ 5 f12\ 10 |12 21
BaBar 54 Ry scan | 433 471 0 30 J122 4§ 14 ] 99 —
Belle 100 4121 36 *711 723/ 12 A25/ 158 | 6 102
I I [ [
Potential impact with O(10-100) fb-1 28l e e T
’ Above Y(4S) p ( ) Y&lS) (cuss) i A CLED
B Study of exotic four-quark states 2 |\+ Y(55/69) ]
m [ H sof ]
B <6fb! accumulated by Belle at E,=Y(6S) S of i J*""I‘Mﬂ
T [ i sk E
’ BeIOW Y(4S) -’% ok ;' ?ll Y(&ZS) m,s_lo:Ere."_m.(l::) ] &J
) . w F 10 LY(3S) ]
B Bottomonium search/study, NP in decays @ [ LA Yus) |
: : © Li M vad e, “vodya ]
B Scan for direct production of Y(n3D,) L e ol ]
» All energies: Dark Sector searches T s (Gev/e)
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Physics Potential at Y(6S) 7
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» Discovery of Z,*(106XX) via Y(5S)—nrnY(pS) transitions at Belle
» Preliminary evidence for Y(6S)—nrh,(nP), via 1Z,*(106XX) decay

— T(5S T(6S) o [
g 4 E (%) (63) o I Z,(106XX)
= | 2 4L
= 0 o
= > J
£ © 2F 7 .
© - =) ;——1=0-—+————_—_————---1
I QT R AT

5 [ > O - +
= - E e 1 —o—
~ 6: % i —e—
+,.‘i 4l < ol a
o C i B
E;:. 2: T B DR R
£ 105 106 10.7 10.8

Of M, (%), GeV/c®

PRL 117, 142001 (2016)

» Study nature of Y(6S), exotic quarkonia, bottomonium discovery
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Above Y(4S) / Y(6S) Running
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» Y(6S) expectation from Y(5S) and Y (4260)
B Bottomonium transitions: nxh,(1,2,3?P), nnY(1,2,3S), nY(1,2D)?
B Resolve charged/four-quark intermediate states
B Search for X, (“3872")?

» Other B¥B™ thresholds show potential
B R, dip versus nnY rise
B Similar features as charm thresholds: sign of “Y,” states?

0.6

/5\_ 0555 ? - Belle - F‘E 7 2—
2 ? : i B M % EE—E ?
-Ol 04.5: ||'*”]n t v, +¢ g 5 E_
© ot ++++I H A M =
B ME . | | ]J+' | ;.I X “Tﬂ* r =
035 ¥4 ! ! E
il oy i||{ }HHJII||I||1I T[+| i LT P i3 ; [
= i thy et =
0.25} + { |I7W‘HI | | | l H*l*‘ | | | |,: ;—' .—.—' I | | | I. | |
fos does 107 1076 fos 1085 {09 1095 11 1105 i3 "10.6 10.65 10.7 10.75 10.8 10.85 10.9 10.95 11 11.05

Mostly <1 fb™* / point s (GeV)
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Y(3S) On-Resonance:
Bottomonium physics

» 200fb!~7xBaBar (Phase 3+)

» Focus on conventional bb physics

B Y(13D,) triplet
® J=1,3 yet to be discovered
® n,(1S,25)
® Confirm m(n,(1S,2S))?
arXiv:1807.01201 (2018)

B Hadronic (n° ' ,m, ®) decays
B Radiative transitions
» New Physics
B Y(1S, 2S) “invisible” decays
B v, ,— Tt light Higgs search
B Dark sector decays yyy
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Pacific Northwest

Belle Il: Other long-term prospects
for exotic hadrons o

» ISR-production of Y(4260, etc.)
B BES-III limited <4.6 GeV, not observed at LHC
B Belle Il is the only way access to Y(4660) and scan in the b-sector

» Study of decay modes involving v, n°, 1, soft pions
B B decays with neutral final states, e.g. X*(3872)—n*n® J/hy, Z(4430)—ny(2S)
B Radiative transitions with soft photons
B Structure in soft dipion decays (e.g. Y(mS) — nr bb)

» Revisit Y(5S) resonance, increase from 100fb- to 1 ab-1?

» Other surprises?
B B Factories are exotics factories: the more we looked, the more we found!
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ONCLUSIONS
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Conclusions ~7
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» SuperKEKB / Belle Il upgrade underway
B First collisions 2018
B Nominal start early 2019

» Next generation flavor factory
B Atleast 50 times more data and improved detector capabilities
B Clean environment with sensitivity complementary to LHC

» Wide-ranging physics program
B Search for New Physics via high-statistics precision measurement
B CPV, (semi-)leptonic/penguin decays, LFV, dark sector, etc.
B Unique potential for further understanding of exotic hadrons and quarkonium
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NATIONAL LABORATORY

Proudly Operated by Baftelle Since 1965

» SuperKEKB / Belle Il upgrade underway
B First collisions 2018
B Nominal start early 2019

» Next generation flavor factory
B Atleast 50 times more data and improved detector capabilities
B Clean environment with sensitivity complementary to LHC

» Wide-ranging physics program
B Search for New Physics via high-statistics precision measurement
B CPV, (semi-)leptonic/penguin decays, LFV, dark sector, etc.
B Unique potential for further understanding of exotic hadrons and quarkonium

Thank you for your attention, and stay tuned!
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BACKUP
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SuperKEKB Energy Range

Pacific Northwest
NATIONAL LABORATORY

Proudly Operated by Battelle Since 1965
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PID Expectations
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Belle Il TOP Optics

-

-

o

Pacific Northwest

NATIONAL LABORATORY

Proudly Operated by Baftelle Sinc

US responsibility: optics procurement, assessment, gluing/assembly

16 modules for barrel phi coverage

Focusing mirrors

B Correct chromatic dispersion
Quartz bars

B Radiator/reflector

Expansion prisms “~
B Increased resolution 45 cm >

T

F~ _ mirror
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Belle Il TOP Microchannel Plate PMTs

Pacific Northwest
NATIONAL LABORATORY

Proudly Operated by Battelle Since 1965

» Joint development with Nagoya and Hamamatsu
» Single photon detection :
» Fast signal response (<50ps TTS)
» Average QE~28%

» Lifetime ~20ab1, to be replaced by ALD- PMTs

32 PMTs/module

: Input elengim

MCF channel Photo-cathode MCP plates  Anode
HY " | .

o

~400um ey W Hele===

The Belle Il Experiment — Bryan FULSOM (PNNL) — BNL Seminar — 2018 09 20 61



TOP and Belle |l Readout

Pacific Northwest
NATIONAL LABORATORY

Proudly Operated by Baftelle Since 1965

» Signal readout via four boardstacks per module
» On-board FPGA fast feature extraction

» Fiber connection to common readout electronics, clock/trlgger
» Capable of 30kHz L1 trigger rate COPPER

Giga—bit Fiber
Transceiver Links

Subdetector Readout Module
ASICs

PMT signals |

Global Decision Logic

On Detector

Clock/Event Timing Distribution

£
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Leptonic B Decay: B — tv

Pacific Northwest
NATIONAL LABORATORY

Proudly Operated by Baftelle Since 1965

» Decay sensitive to charged Higgs NP contributions

BB_ . o G%‘TTZ'B 2 1 TTL% 2 2 V 2 aok T T T T T T 2

( -7 I/T) o 87-( TRT N TTIQB fB‘ 'ub‘ B 70: Belle Il Projection g

2 ; g} :

BB—v) = Bsm X (1 — tan® 3 mfi> (2HDM) < 60 R L 3
M+ < — Total ]

1] o - Statlistics =

» Current measurements approach SM g i e :
40 Theory (expected, e

B BR(B—1V)ppe = (1.09 £ 0.24) x 104 =1 Btionionamy T
B BR(B—1tv)g, = (1.11 £ 0.28) x 10 = 20_ _‘ ;
_ +0.035 i E i "N ]

B BR(B—1V)ckuiitier2016 = (0'851—0.038) x 10 o e T

» Belle Il at 50ab-t will reduce uncertainty <5% Integrated Luminosity (ab) |
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Precision measurements ~7

Pacific Northwest

_in CPV, CKM, and charm

Proudly Operated by Battelle Since 1965

» sin(2B) in cCs vs. sqq ob wi’w<° Sy b \é<g 7
B Deviation possible from NP contributions ° 5 g .

B SM precision ~1% / Belle Il 50ab? ~1.2% = K 2 @ ©
I:O.68Zio.019 sin(2B) +0.64:+0.03
Now 50 ab! Belle Il
» Unitarity triangle: a+p+y = 175°49° = ' =i,
» Belle Il combined reach: “lim
B 50~1° 53~0.3°, 5y~1.5° i (-

» Charm sector
B D°D° mixing uncertainties @ 50 ab

: B x~0.08%, y~0.05%, |q/p|~0.06, $~0.07
:0:-6.6-6.'4';6.2‘6”612"6.‘4‘&6‘65"4‘.1;.1;% one' B T B R W R ¥ B Also CPV and rare decays
X (%) la/pl
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Events / (2 MeV)

Y(2S)—>y n,(1S) Summary 7

Pacific Northwest

arXiv:1807.01201

Proudly Operated by Baftelle Since 1965

» Measurement of hyperfine splitting and transition rate ks, °S, P, °P, Py P
. . . ) vG6S) —
» Fit of the inclusive photon spectrum 310000 bb
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200
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e -1st observation of this mode (>70)

0.4 0.5 0.6 0.7 0.8

E, (GeV) -consistent with PDG
-Xp, and ISR match expectation
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Pacific Northwest

Context of Y(2S)—>y n,(1S) Results o
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