Belle 1l Status and 1st Results

including a few recent highlights from Belle
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B e I I e I I VS L H c b Observables Expected the. accu- Expected Facility (2025)
® racy exp. uncertainty

UT angles & sides

¢1 [°] ok 0.4 Belle 11
ﬁ d2 [°] oK 1.0 Belle 11
L H Cb oo ] o 1.0 LHCb/Belle TI
V.| incl. Hokk 1% Belle 11
|Vp| excl. otk 1.5% Belle 11
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Bs 1n all-charged modes e 005 Ble I
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Bel Ie I I S(CBP — ngojﬁv kK 0.03 Belle II
S(B — pv) ox 0.07 Belle 11
. . . o B(Bs — vv) [1079] *x 0.3 Belle II
* unique for final states with neutrinos B(B — fzzm 107] ok 15% Belle 11
. . B(B — Kuvp) [107Y] Hokok 20% Belle II
or multlple photons (l.e. .7TO) , and R(B — K*(0) ok 0.03 Belle TT/LHCb
° ° Charm
inclusive analyses (e.g. B> Xsy) B(D. ) 0.9% Belle I
B(Ds — Tv) ok 2% Belle 11
Acp(D? — K970) [1072]  * 0.03 Belle 11
* also a good place to study charm, a/pl(D° — Krtamy e 0.03 Belle
o(D° — KernTn™) [°] oA 4 Belle 11
+— Tau
T ) T (nS) 7 — puy [10710] Hkk < 50 Belle 11
T — ey [1071Y] Fokk < 100 Belle II
) o ° —10 sk k
* hermeticity is a great plus, too! T e (1077 <3 Belle I1/LHCh

from “The Belle Il Physics Book”, arXiv:1808.10567. 3



Strengths of Belle (II)

¢ Full reconstruction of B
* missing (E,p) analysis
* Inclusive measurements
¢ Hermeticity
* minimal trigger for, e.g. Dalitz analysis

/ Ge

,,,,,,,,
’’’’’’

,,,,,,,

* precision T measurements

e Neutral particles
* and for n, n’, p*, etc.

e other notable features

* good PID for both u* and e+

* high flavor-tagging efficiency
- (x15 better than LHC) e (N(track)) ~ 10 per event

e Belle II covering z90% of 41t



eTe” — T(4S) as a B factory

25 .
' The Upsﬂon System
N 1.lnb o(ete” > Y(4S)) -
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Mass (GeV/c) (Note) ms = 5.28 GeV

e B(Y(4S) — BB) > 96%, with p5M ~ 0.35 GeV/c

e nothing else but BB in the final state
. if we know (E, p) of one B, the other B is also constrained



Efficiency e

B-tagging and FEI

Inclusive Tag
e = 0(100)% 4@
Consistency of By,

Semileptonic Tag /Di
e 0

e=0(1)%  —al )

Knowledge of By, "

Hadronic Tag
= 001)% —&&
Exact knowledge of B S

Aund

Exclusive Tagging:
The Full Event Interpretation (FEI)

Keck, T., et al. Comput Softw Big Sci (2019)

Tracks VO objects KLMClusters ECLClusters

21R)S  1032939(]
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FEI
» the most evolved version of B-tagging S/W
» developed for Belle Il; used in several Belle studies

- 0O(200) decay chains with BDT trained for each
- O(10k) decay chains in 6 stages
- %3 high MC efficiency than existing Belle algorithm
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The CKM Unitarity Triangle
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Belle (and BaBar, too) achievements include:

e CPV, CKM, and rare decays of B mesons
(and Bs, t00)

e Mixing, CP, and spectroscopy of charmed
hadrons

e (Quarkonium spectroscopy and discovery of
(many) exotic states, e.g. X(3872),

Z(4430)*

e Studies of T and 2y
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the Present




Nature, 2017/06/08

- REVIEW

& C' | | www.scientificamerican.com/ar doi:10.1038/nature22346

SCIENTIFIC A challenge toleptoniuniversalityin
AMERICAT B~ heson decays d

Gregory Ciezarek', Manuel Franco Sevilla?, Brian Hamilton?, Robert Kowalewski4, Thomas Kuhr, Vera Liith® & Yutaro Sato’
m News & Features 1

The Sciences » News One of the key assumptions of the standard model of particle physics is that the interactions of the charged leptons, namely
electrons, muons and taus, differ only because of their different masses. Whereas precision tests comparing processes

2 Accelerators Find Particles That
May Break Known Laws of Physics

The LHC and the Belle experime

C' | | scitation.aip.org/content/aip/magazine/physicstoday/news/10.1063/PT.5.7203;jsessionid=e5nh98jj9k0151.x-aip-live-03

sicstoda

Model of particle physics, confirr

By Clara Moskowitz | September 9, 2
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Democracy suffers a blow—in particle physics

Three independent B-meson experiments suggest that the charged leptons may not be so equal after all. 11



) B(B— DTt
‘ R(D) = ( T V)
el B(B — D (Tv)
(*)
B(B — D*t1v)
R(D™) =
(D7) = B(B — D*(Tv)
where ¢ = e, u
* Mm¢>me, m, ..B=>D"tvcanbe more sensitive to NP, e.g. from H+

e J hints (from BaBar, Belle, LHCb) for deviations of R(D), R(D*) from SM; LUV?
e B=> D*tvwas first observed by Belle

week ending
PRL 99, 191807 (2007) PHYSICAL REVIEW LETTERS 9 NOVEMBER 2007

Observation of B’ — D*~ 7" v_Decay at Belle

A. Matyja,27 M. Rozanska,?’ I. Adachi,® H. Aihara,*! V. Aulchenko,' T. Aushev,'>!? S. Bahinipati,3 A.M. Bakich,>’
V Ralacura ° F Rarberio 2! T Rednv ! V. Rhardwai 2> 17 Ritenc 4 A Rondar! A Rozek 27 M Rradkao 20-14
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Puzzles of R(D) and R(D*)

as of 2018
05 BaBar, PRL109,101802(2012) ,
' Belle, PRD92,072014(2015) Ay” = 1.0 contours
LHCb, PRL115,111803(2015) -
0 45 P& Belle, PRD94,072007(2016) .  Average of SM predictions
' Belle, PRL118,211801(2017) R(D) = 0.299 + 0.003
LHCb, PRL120,171802(2018) R(D*) =0.258 + 0.005
04 Average
0.35
0.3
0.25
0.2 P(y2) = 74%
0.2 0.3 04 0.5 0.6
R(D)
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Polarizations in B — D*T1v

e R(D)) deviations from SM (by ~3.80 as of 2018) motivates further study

e Detailed kinematic information of the final-state particles, e.g. angular
observables, can provide a good clue for NP signature (if there is any!)

O PSM — _0.497 £ 0.014

by M. Tanaka & R. Watanabe,
\ Always right-handed PRD 87, 034028 (2013)

k P.(D*) is modified

e In 2017, Belle has reported world-first measurement of Prin B=> D* tv

P-(D*) = —0.38 £ 0.5177%;

14



2019
""" D* polarization in B — D*7v

e D* polarization (Pp=) will give yet another clue about NP signature

e Belle measures Pp+

. . Mtag > H.2 GeV
v reconstruct signal Bin t=2fvv and 1= mv modes _0.30 < AF, < +0.05 GeV

v then require kinematic consistency on the accompanying B (Btag)
inclusively (a la 2007 PRL)

D
1 dI 3 \ \
— —(2FP cos® @ 1 — FP )sin? 0
0 ['dcosby, 4 (2F} hel + L) el
B hel .

------- GRRREEEREE F7~ =the fraction of longitudinal

polarization of D*
Signal extraction SM: 0.54 (0.53)
(0 v by fitting for Mi,g in three equal bins in cos One oY COV?L'SQ\Engﬁgtknﬁ?fﬁ)l

v The procedure is checked by “measuring” FP (B® — D*"etv) = 0.56 + 0.02



preliminary, arXiv:1903.03102 [hep-ex] (e

* polarization in B — D*1v

67 < cosbhe < —0.33 —0.33 < cosbp <0

New 10 2017

—1.0 < cos by < —0.67 —0.
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decays (data points with statistical errors).
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- 0.04
0.010

Huang, Li, Lu, Ali Paracha, and Wang

Phys. Rev.

D 98, 095018 (2018)
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R(D) & R(D*) before March 2019

Experiment Tag method
Babar 12 Hadronic €vv | 0.440+%0.058+£0.042 | 0.332+0.024 +£0.018
Belle ‘15 Hadronic €vv | 0.375+0.064 +0.026 | 0.293 +£0.038 +£0.015
LHCb ‘15 - Evv - 0.336 £ 0.027 £ 0.030
Belle ‘16 | Semileptonic| €vv - 0.302 £ 0.030 £ 0.011
Belle ‘17 Hadronic TV, pV - 0.270 £ 0.035 £ 0.027
LHCb ‘18 - TUTUTLV - 0.291 £0.019 £ 0.029
Average - - 0.407 £0.039+0.024 | 0.306 £ 0.013 £ 0.007
SM 0.299 + 0.003 0.258 £ 0.005

18



preliminary arXiv:1904.08794 [hep-ex]

New 11 2017
R(D) and ‘R(D*) with SL tagging
Features
e update of the Belle’s SL-tagged analysis  Phys. Rev. D 94, 072007 (2016)
v R(D*) only = R(D) and R(D*), simultaneously
v for R(D*), B only = B¢ and B+
v improved tagging (FEI, a Belle II s/w)
e on the tag-side, exploit the observable

v COs B.,D ()¢ = angle between B and D)X in Y(4S) frame

2EbeamED(*)£ — mQB _ mZD(*)g
2|pB||IPD 4]

coStlp pg =

19



. 2019 preliminary arXiv:1904.08794 [hep-ex]
R(D) and ‘R(D*) with SL tagging
T R
— B D" v

0.2

background
0.15
events
0.1
B D )05 |

o ) Y B e
0.2 0.4 0.6 0.8 1 1.2

E. (GeV)

Arb. units

— Background

n
|

BDT classifier
signal vs. normalization

:

L.

-

energy left in the calorimeter

e Ecc to suppress generic background

EecL = extra energy left in the
e BDT classifier to distinguish Signal from D(*)8v =eh EMgganrimeter

v based on XGBoost package
v uses m2(miss), E(vis), cos 6(B,D¥)
e 2D fit to (BDT class, Egcy)

20



Events / (0.12 GeV)

Events / (0.12 GeV)

D

BELLE

R(D) and ‘R(D*) with SL tagging

l I 1 1

‘n 2019 preliminary arXiv:1904.08794 [hep-ex] ¥

BDTclass>09: B -D v

1.2

1.2
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D

. 019 preliminary arXiv:1904.08794 [hep-ex] (=
New in 2 : :
R(D) and ‘R(D*) with SL tagging
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Experiment

Tag method Tt mode

Babar 12 Hadronic €vv | 0.440+0.058 £0.042 | 0.332+0.024 +£0.018
Belle ‘15 Hadronic €vv | 0.375+0.064 £0.026 | 0.293 £0.038 £0.015
LHCb ‘15 - gvv : 0.336 £ 0.027 £ 0.030
Belle ‘16 | Semileptonic| €vv - 0.302 £+ 0.030 £ 0.011
Belle ‘17 Hadronic | mv,pvV - 0.270 £ 0.035 £ 0.027
LHCb ‘18 - TUTUTUV - 0.291 £ 0.019 £ 0.029
Belle ™19 | ¢ mileptonic| €vv | 0.307+0.037+0.016 & 0.283 +0.018 + 0.014
preliminary
A(‘for f(%e : - 0.407 +0.039 + 0.024 | 0.306 +0.013 # 0.007
“‘(‘é%rfgg)e : - | 0.340+0.027+0.013 = 0.295 +0.011 * 0.008
SM 0.299 + 0.003 0.258 + 0.005

averages from HFLAV

RO

BY, B+

23



R(D*)

0.35

0.3

0.25

0.2

R(D) and R(D*) updated

0
4

B l l l T T T T l ]

B HFLAV average sz = 1.0 contours

_ LHCb15 _

C BaBar12 i

C LHCb18 5 i

— , *_Bellel9 i = R(D)=0.307 £ 0.037 £ 0.01

E Bellel? 1 R(D*)=0.283 £ 0.018 £ 0.01

— A f SM predicti

— T R\Eg)a geo.o299t0?(r)%3lcnons ! Spring 2!1! l— Belle, SL-tag (2019)

- R(D*) = 0.258 + 0.005 2 =970, ] o

T | I sk o preliminary
0.2 0.3 0.4 0.5 arXiv:1904.08794 [hep-ex]

e Most precise R(D), R(D*) to date
e First R(D) with SL-tag
e 1.20 from SM

R(D)
e Belle average, now within 20 from SM

e \World average — tension with SM, now 3.1c
(was 3.80)

24



For a clean test of lepton universality

b £+ GZmBmZ m2 2
5 Vi LT = Tv) = =5~ (1 mg) f5 Vb
B W [(Bt — (+0) B
= f(mj,m7)

U V, ['(BT — 7Tv)

and all other parameters cancel!

e Belle has measured B=> etv, ut v with both inclusive t
and updated B = u* v with inclusive tagging

B(BT — utv) = (6.46 £ 2.22 -

ag and hadronic tag
PRL 121, 031801 (2018)

-1.60) x 10~

€ [2.9,10.7] x 1077 @ 90% C.L.

25



SM and NP diagrams for B+ = utv

b " b "
W+ H+
B B > ———————— <
u Vu \u N
b L fb < . D> N
H+ I
B~ > BT 'LQ
u Y u > ‘ < H

N = unknown neutral fermion (e.g. a sterile v) 2



New in 2019 Preliminary [ s

B+ = utv and B+ = utN

Features

@ use inclusive B tagging to maximize signal selection
efficiency (< BFsy ~ 4 x 10-7)

@ an improved search over Belle’s PRL 2018

Reconstructed Momentum D|str|but|on
""""" | | | |

v modeling of b= u!v and continuum backgrouncf ;
~N 4

W

@ carry out the analysis in the signal B rest frame
v pf = 2.64 GeV

v achieve better resolution and sensitivity

1 rrrrjpinritri

Normalized Entries / 0.0
N

o

22 2.4 2.6 2.8 3.0
pu / (GeV)

than using p:} (CM frame)
< tag-side momentum is calibrated by using MC
Psig = ptag cal

v sensitive to B+ = u+ N search, for my € [0, 1.5) GeV
N = unknown neutral fermion (e.g. a sterile v) 27



B* = ptv and B* = N

rellmmary

Signal extraction v by binned max. likelihood fit to pu in kmematlc/BDT categories

Entries / (0.050 GeV)

2.

600

IS
o
o

Entries / (0.050 GeV)
N
o
(@)

2.

Slgnal Enrlched I

Signal Enriched I
A I L

N
Ul
o

N
%) o
o o

(-
o
o

Entries / (0.050 GeV)
(-
on
(@)

!\,O
N

2.4 2.6 2.8 3.0 3.2
pE / (GeV)

Background Enriched |

Preliminary o ]
11 :

Category C, .t cos Op,

2.6 2.8

pE 1 (GeV)

Background Enrlched Il

L L L L L DL L B L e e Frm T 1
Preliminar - [ -
Y III : < 1000
& -
] & 800f
o -
S 600f
g 400F
200
2.4 2.6 2.8 3.0 3.2 95
p;/ (GeV)

Prellmmary

2.6 2.8 3.0 3.2
p;/ (GeV)

0.98,1.00) [-0.13,1.00)
0.98,1.00) [-1.00,-0.13)
0.93,0.98) [0.04,1.00)
0.93,0.98) [-1.00,0.04)

Bl Continuum
Bl b-cC

B Rare

s B - uvy
mm b-u

Bl Signal
w70/, SYS. unc.

® Data
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B+ = utv Results

¢ D
Preliminary

- Stat. + sys.

V319 = 117+48

1" . : :
- v Preliminary 1
O ] ] ] ] ] ] ] ] ] ] ]

50 100
Vsig

® B(B+ — ,MLV) — (5.3 T 2.0 =

I | l I l
150 200

B(BT = utv) <86 x 107"
<89 x 10"

-0.9) x 1077 @ 2.80

Frequentist

Bayesian
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i1 2019 Preliminary

B+ => utv Interpretation with NP (2HDM) scenarios

Type I Type Il

B - uv B - uv

300 0.10

. 68% CL . 68% CL
250 B 95% CL I 95% CL
0.05
200
?150 & 0.00
100
~0.05
50 =
O 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 : _0.1%
0 200 400 600 800 1000 =0.10 —0.05 0.00 0.05 0.10
my-+ [ (GeV) S,
2 o 2
2, 2
mg tan® (3 SM mg Cgr — Cy,
SM B _
B(B — (v,) = B> x |1 ; B(B — fvy) =B x 1 - -
m; + MyMy LM
H
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New 11 2019 Preliminary

B+ = utv and B+ = utN

Sterile Neutrino Scan

10°

Preliminary

— B - uN stat. + sys.

—2
10 0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75

Sterile Neutrino Mass my / (GeV)
37



o few words on b — K(*>€+€_

@ Flavor-Changing Neutral Current (FCNC) /+
e forbidden at tree level in SM

W+ 0 -
e but appears via EW penguin loop or box B 2 \
diagrams R b — < 5
- : < JKF
 sensitive to New Physics d > d
@ Rich structure to probe NP rr
e ¢2, angular distributions g (-
e asymmetries _ w
@ and a testing ground for Lepton Flavor B- K
Universality (LFU) ‘ g ‘

R+ anomaly

32
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Belle’s legaey on EW

First observation of B — K¢/ PRL 88, 021801 (2002)
First observation of B — K*¢T /¢~ PRL 91, 261601 (2003)
First observation of B — X./1 /¢~ PRL 90, 021801 (2003)
First measurement of Agg of B — K*{ 1/ PRL 96, 251801 (2006)

First observations of several radiative modes, ¢K~, K7, etc.
First observation of B — (p,w)y PRL 96, 221601 (2006)

Most precise measurement of B — X~
covering the widest E., range PRL 103, 241801 (2009)

and many more published results
33



arXiv:1904.02440 P

RK“"’ frOm Belle Use both B and B+ modes

e K'modes: KTn—, KTn°, Kdr™

BELLE

o r - - 1 9 b - - I
8 60— ] g 905 s -
% i T § C\Z 80F -
S 50F 43 : -
s 13 E
~ 40__ ] ~ 60;— —;
2 ¢ | £ so0- -
o 30 — ) - ]
> 1S =
LLI B N L m
- T - —— Data
—: RMM__ _E Flt
e : \ 8 Signal
1 . . | . . m n | T T ' I . .
= 25 m DR 4 _ 2= .~ .= = Combinatorial
g O = ] £ F e o m e e :
2r T 2T E 2F - | -~ ° o == Charmonium
500 = 524 = 526 528 500 = 524 526 528 -
M, . (GeV/c?) M, (GeV/ic?) === Peaklng

e example fit for ¢ > 0.045 GeV*

e 103.07757 (139.0112%) events in the e (1) modes
34



2.0

1.5

0.5 |

0.0l

RK* (Belle)

IBeIIIe brellim/:na}y :

N e o _
4+ Data for B and B+ modes
B SM prediction
0 5 10 15 20

q° (GeV?/c*)

2.0

1.5

05 |

0.0l

IBeIIIe brellim/:na}y :

i \V L
- T=% . y
_ $ & "E“ . Belle
i <& LHCb |
I + BaBar
- SM prediction
0 5 10 15 20
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PHYS. REV. D 99, 032012 (2019) Pl =<

B — X v inclusive motivations

e B — X,v has played a powerful probe to search for NP in a loop

<o

B(B — X,v) = strong constraint on NP, e.g. lower limit on m(H ™)

e Theory error on B(B — X,v) (currently ~ 7%)
crucial to reduce it for Belle II test of NP in B — X v

e Resolved photon contribution is a significant portion of theory error via
non-perturbative effects

and depends on the spectator quark, hence related to isospin asymmetry

]\78 C{8

~ Ao  AAcp ~0.12 Im( =
5 3 ! “r (100 Mev> (C7> null expected in SM;
sensitive to NP (e.g. SUSY)

e To measure Ag_, Acp, and AAq-p of inclusive B — X,

— “sum of the exclusive modes”
36



PHYS. REV. D 99, 032012 (2019) Pl =<

Final states for “sum of exclusives”

o

BELLE

Mode 1D Flial state Mode 1D FlglaleSthti Mode ID |Final state Mode ID|Final state
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B — X v inclusive signal yields
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B — X v inclusive Results
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<O

Belle —> Belle Il

¢ still not solved

o CPviolation from KM hypothesis is not large enough to explain the
matter-antimatter asymmetry in our Universe

--> We need New Physics!
e The origin of the Flavor structure of Standard Model is totally unknown
& upgrade Belle —> Belle I
e KEKB is upgraded to SuperKEKB (x40 peak luminosity)
e aiming at x50 total data size Loeax = 8 x 10>°cm™2s™1

goal
o Belle detectoris also upgraded to Belle Il / L dt =50 ab™’

41



Tne next Lum

History of Peak Lum|n03|ty (et/ e colllders) SuperKEKB

-2 -

Luminosity [em s 1]

10°° .
1035 E
3
1033

32 |
10°%

10°

10°°

@

NOSI

NN

ity Frontier

8 x 103°

Targjt mtegrated Iummosnty IS 50 ab1 = f /1‘ :
(~10 year operatjon) ’
’ “
x40 !
7%~ PEP-I —
o .
* DAONE , ©
o> & BEPCI
| | | TRIST | | | |
1970 1980 1990 2000 2010 2020  Year
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from KEKB to SuperKEKB
( without crab)

N

Ano
T ) 1 /
' d

= 22mrad  TOORM

crossing angle

el

e beam current: x2
e« beam size: 1/20
- x40 in the luminosity

crossing angle
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SuperKEKB Belle I

Interaction
Reglon Belle |l detector

electron ring

\ ﬁ

positron ring

injector
to Linac

Belle II

Loeax = 8 x 10>°cm™2s™1

e~ — (*) —e” /“2 dt = 50 ab™!
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Challenges & responses for Belle Il

® due to X40 increase in Lpeak

® fine segmentation and fast readout = reduce

occupancy

® replace detector components

@ Severe beam background

@ Some big changes
e vertex: SVD (4 layers) = PXD (2) + SVD (4)

® hadron identification: binary Cherenkov =
iTOP (“imaging Time-of-Propagation”)

BELLE '’

BELLE Iz A - o )
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SVD

4 layers of DSSD Vertexing for\ Belle Il

- r=3.8, 8.0, 11.5, 14.0 (cm)
e L=60cm _ Belle Il SVD+ PXD

Belle SVD

PXD (pixel detector)
- 2 layers of DEPFET
- r=1.4,2.2 (cm)
 L=12cm
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—

512 Hamamétsu 4x4
MCP-PMT

Data ring image for cost = 0.00
70

tima/ns

75

-80

-85

-85

100

-105

110

115

-120

pixel

y

Linear-array type z ')Iixx

nhoton detector

Simulated ring image for cos8 = 0.00

100 200 300 400

hadron ID for Belle Il

iTOP module _4d

PR

Quartz radiator 4"

Quartz radiator

* high-quality quartz (O(100) reflections)
e flatness < 6.3 um

@Beam test (2013)
® 1.2 GeV/c et beam at Spring-8
¢ normal incidence
® N(y) ~ 30 for a single event

® image pattern matches w/ MC
very well

0 48

plxed



1 | 2 | 3 4 5 6 | 7 8 9 10 11 | 12

TOP VIEW
A Backward Barret Forward A
Belle lf KW
ki $uper conducting coll KL
B | | B
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CRS ILW 5 S e el e N A i i
C 3 =< / o}
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==5 § s /. - |t \ ? 2
b 3 2|3 280 - o R b
T Qcs P cell Abor s = = :WI'“% =
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] ) //”‘ : L / //, / '.' / .I ! ‘ i J "| E L \'-\“\\,\\\\ / B
- - CALL L] HERRRRRe
G
SVD: 4 DSSD layers = 2 DEPFET layers + 4 DSSD layers | KLM
CDC: small cell, long lever arm ~ —

ACC+TOF - TOP+A-RICH =
ECL: waveform sampling
KLM: RPC = Scintillator +MPPC (endcaps, barrel inner 2 lyrs)

In colours for new
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SuperKEKB/Belle Il schedule

Calendar year

2016

2017

2018

2019

Japan FY

JFY2016

JFY2017

JFY2018

JFY2019

Summer shutdoer
(power saving)

Summer shutdown|

(power saving)

Power saving
after mid July 20

18

Summer shutdow
(power saving)

/

MR startup
[

w/o QCS
v/o Belle ||

MR renovation for phase 2, including
installation of QCS and Belle |l

' (epaiirm—
‘phase 2 (MR),

DR installation & startup

—i

!
!
L : . > I
DR commissioning
!
!
!
1

HER start
LER start

aig Jul. 2018)

. l
w/ Belle 1} (no VXD)

yw/ fulls
Q'

I
I
! I
VXD installatio
I

!
!
I
I
I
I
I
I
1

n

Assumes phase 3 operation

9 months/year

/

|

* Phase 1: single-beam background commissioning (w/o final focus, w/o Belle Il)

» Phase 2: collision with final focus and Belle Il (no VXD)
* Phase 3: collision with full Belle Il (since March 2019)

50



Belle li

sub-detector installation

May 2016: TOP lé}g
APt e

;.Q'squ Apr2017

, £l (-_v_. ; ) '.:t
AR E P
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Beue " Phase 1 (Jan.-June, 2016)

* single-beam background commissioning
« BEAST Il, instead of Belle ||

- Beam Exorcism for A STable Experiment Il (diodes, TPC’s, crystals)

» validation of Belle Il beam background simulations

—_—

';I u e I/— e — e i ,°.¢" e g
o F <‘ E Belle and the Beast |/t
Qo 401 - . ey ¥ -
SN f : Belle Il before roll-in [~ — =
GJ & 35:_ —: ‘ ‘ - ;\ i ,.““ ) . ————Y
te - - ".;;j' e .
O 30 . A Ca . -
255_ _f w b o ;)?.‘
- Touschek :
20— ]
151 =
10} E
5F beam-gas E
OEI | | | | | | | | | | | | | | | | | | | | | | I | IEX106
0 2 4 6 8I 10 12

[MA Pa lum]

PZ: o

y 52



Final focus magnets

e Superconducting quadrupole magnets
with 30+25 coils

e The final one delivered on Feb. 13,
2017
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Belle 1l Phase 2  apr.-uly, 208)

Celebrating the first Belle II collision (Apr. 26, 2018)




Apr. 26, 2018

First collision event of SuperKEKB with Belle II




another event in that evening
Apr. 26, 2018




Belle case 1999 data

F (c)

*\

2000 1K) 10000 20000
-1.0 cm /(um) 1.0 cm

o = 4.5 mm (KEKB)

Entries /[0.01 cm]

nano-beam (SuperKEKB)

2¢ =83 mrad

p—

E Median=-—0.015cm

e —
Belle Il 2018 (preliminary)

Hy

¢

068=0.055cm ' ¢ -

4
¢ M

: + + Runs 1869-2047

det—24pb -1, .

-0.4 —0. 2 O O

o =550 um

0.2 0.4

Zo [cm]

z vertex distribution

S~

S
=
>

©

- (Phase 2) beam profile

3.5F 1 ' l . T . I
- SuperKEKB/Belle Il
3t .} | 2018 (preliminary)
2.5 + ¢
2 + + +* —
1.5 # X -
: iﬂ {3 :
11— . —
0 55— ,é ¢ ; _E
= o .
O : | L | L | L | L | -
05/03 0517 05/31 06/14 06/28 07/12

* Nano-beam scheme is working!
* achieved

B, = 3 mm, o, = 400 nm

Final goal:
8, = 0.3 mm
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Hit time [ns]

(Phase 2) iTop performance

&)
o

Belle Il TOP 2018 (Preliminary)

- D* kinematically tagged kaon
- p=1.41 GeV/c

&)
9]

" Pion PDF
45109 L () =-265.83

50; 0 = 45.4° ]

48
Pixel column

64

ime [ns]

Hit t

Phase 2 (2018) data

()]

oM m———————————— -
- Belle Il TOP 2018 (Preliminary)

95 D* kinematically tagged kaon
- p=1.41GeV/c !
50 0 = 45.4° -
-+ Kaon PDF ’
45,109 L(K) =-250.81

40~ .
i ——
35" S ]
30- : 1
1 — — e
s - -
206 116 - - - 312 - - 418 |
Pixel column

Hit time [ns]

o)
-

Belle Il TOP 2018 (Preliminary)

951 D* kinematically tagged kaon
' p=1.41 GeVlc

50+ 0 = 45.4°

- Proton PDF

45, 10gL (D) =-294.08

401 ' .
35" = 1
30+ : .
1 . P ..o 4
I e e
209 16 32 48 64
Pixel column

mapping of Cherenkov ring for D*-tagged Kaon track
D*t — D77 (D° - K~ n™)
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Events/0.002 GeV/c?

(Phase 2) Particle ID
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(Phase 2) photon reconstruction

Entries / (0.001 GeV/c?)

1.5

1.0

0.5

WO%W

s

g
e
§

x1O'3 _ -
" Belle II Cdte e _'
- 2018 (Preliminary) f Pb 7
. + + £,>0.15GeV -
— * + —
_ ' —
- —+— Data 4 ¢ =
I ¢ ’ ]
. 4 .

. R ,’ -
-_ 0“' .m’Q ..oﬁ.ﬁw. M Q“;‘

Ll Ll

O PR TR T Y TN NN TR NN TR SHN SU SN S S S N S S
0.08 0.10 0.12 0.14 0.16 0.18

m,, (GeV/c?)

Events / ( 0.001 GeV/c?)

3000

2500

2000

1500

1000 —

500

=

[ Belle Il Prelimlnary Data —+— Data E

- :" — Fit _

B j Ld=0.49 fb™ \ —— Signal .

[ —— Background

: 1 ¢ + ‘ N :

ik '_ '-..n..un f g by boadd =

%) SR Tl bt

" Yield = (37.7 £ 0.7)10° cands %

 u=(541.1 + 0.2) MeV/c? Z
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& % | | | | I | | | %
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(Phase 2) photon reconstruction

ere”T = Ty

e = 4 X = (77)

Pull

IIII|IIIIIIIII'IIII'Illllllll|llll|llll|ll

Belle Il 2018 (Preliminary)

Jl dt = 261 pb”

W = 0.998 +0.001

- +ll|llllllllllllllllllllllll|llll|llll|ll

I‘Ill

lFlllIll

W

E(ECL) / p(recoil)

= Ready for dark matter searches (single or triple v triggers)
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(Phase 2) Re-discovery of B mesons

Event Shape Distributionn (Fox-Wolfram R2)

; :lllllilIIIIIlIIIlII]IIII]II\l]lllll]llx]lllllTlll:

o B 3
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3000 Preliminary .
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o det_15 pb -

1000 -

0 1 llllllll L1l =815 2

0O 01 02 03 04 05 06 07 08 09 1

R,

Spherical R> Jet-like
BB _
qq

Mie = \/(Ecm/2)? -

‘\T\
(&) S

S 140 B*->D(Kn,K3x,Kan KK K &° K )
() B*>D(Kr, K3n)p*

= B"->Dj°(Kn, K3r, Knno)et

3,1 20 B%>D (KT, K3r, K.':.'::;u:"

B%>D (K, K3n)p
B ->DKrr)T
B >D¥Knr)d

B->Jly(e'e, u”"u )K"

Engies /
o
o

=
|lll|lll|III|III|III|III|_

Belle ]I 2018 (preliminary)
60 JL dt =472 pb™
40
20

82 521 522 523 524 525 526 527 528 529
M, (GeVic?)

* C(learly observed the excess of BB events in early
phase 2 Data

Rediscovered” reconstructed B mesons.

Full reconstruction analysis chain is working well.
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Events / bin width [c2/GeV]

Pull

160

140
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60

Events / bin width [c2/GeV]

Phase 2

hadronic B" / B tag

LA ' LI B B | l L B B | l LI B B | ' LI B | l L B B l L B B l

LI B B | l LI B B | l LI

Full Event Interpretation (FEI)

T. Keck et al., Comp. Softw. Big Sci. 3:6 (2019)

-

4 4 ( U :3.

Tracks J VO objects J KLMClustersJ ECLClustersJ =2
g— @

So3®r)Q deIpauLId)U]

* O(200) decay chains with BDT trained for each
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C [ signal Np+ = 389 +43 =
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:....l....l....l....l....l
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* O(10k) decay chains in 6 stages
» x3 high MC efficiency than existing Belle algorithm

) Exclusive B-tagging

reut,q
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(Phase 2) Semileptonic B decay results
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cak ™ 4 x 1 S .
o w/ Belle Il running

/Ldt ~ 3 b1

Belle Il Phase 3

et W—

Celebrating Belle II Phase 3 first colllslon (Mar. 25, 2019)
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Belle Il Phase 3

PXD combined with 1/2 of SVD

full PXD operation (with 2 layers) scheduled for 2020

PXD mounted on beam pipe

6/



J I I A I I I B B

[ I A I O

(I I I

100

S0

-100

First BB-like event in the Belle |l Phase 3 run

2019.3.25
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Summary

® Belle Il physics run (Phase 3) has started on Mar.25, 2019.

® Bellellis ready to open a new era of flavor physics.
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Rx+ from Belle
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0.045, 1.1] 0.52793+£0.05 0.46703% +0.07 0.627050 £ 0.10 all measured values are
1.1, 6] 0.9679-25 +0.11 1.0679%% +0.13 0.727999 4+ 0.18 consistent with SM and other
0.1, 8] 0.9070°27 +£0.10 0.86773 +0.08 0.9677°3. 4+ 0.14 recent measurements
15, 19] 1.187052 £0.10 1.1270°5. £0.10 1.407 22 £0.11 First R(K*) f B+
0.045, | 0.94T%17 £ 0.08 1.127927 +0.09 0.7019:23 + 0.07 1S rom
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Belle Il prospects for B — D™ Tv
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Plots are from “The Belle |l Physics Book”, arXiv:1808.10567.
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Preliminary (¥s
B+ = p+v and B+ —) WN

Signal extraction

New It 2019

v by binned max. likelihood fit to PE in kinematic/BDT categories

Category C,.¢ cos O p,, Signal Efficiency
I 0.98,1.00) [-0.13,1.00) 6.5 %
11 0.98,1.00) [-1.00,-0.13) 5.9%
I11 0.93,0.98) [0.04,1.00) 7.1%
IAY% 0.93,0.98) [-1.00,0.04) 8.3 %
I B e e e e T L B m m e leu3||.||||||||.|..
4 | | e QED/Two-Photon i B .l_. | | mam QED/Two-Photon |
10 ee~qq,q={u,d, s} 3 o .‘. ee-qq,q={u,d, s}
~ - eemcc : $ B ee-—ccC
S ®e, [ Signal Shape 2 2.0 "... 1 signal Shape 1
S« 10° ® Off-Resonance Data _
£ 10
102).0 0.2 0.4 0.6 0.8 1.0 0'9.2 2.4 2.6 2.8 3.0 3.2
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Preliminary (¥s
B+ = utv and B+ = utN

Signal extraction

New It 2017

v The procedure is validated by measuring B™ — D nt
v Clean sample is reconstructed and selected by My, |AE]
v' Prompt mt*is treated as the signal p+

v Check Data vs. MC for pu, Apu, Cout

Inclusively Reconstructed Momentum

on Control Channel Resolution on Control Channel Cout ON Control Channel

|||||||||||||||||| |||||||||| 3000lllI]IIII]IIIIIIIIlllllllllll_ L B B [ [T T T T T T 1 !
3000 wmm B- D[ -Knln - | mmm B D[~ Knln ] 12000 mm B-D[~Knln ]

[ b c - b-c 110000 - b-c 1
| mmm Continuum i - Emm Continuum W Continuum ]
é Data 2000 ¢ Data 8000 $ Data

2000

1000} 1 1000k

90 21 22 23 24 25 26 %3 -02 -01 00 01 02 03
pE / (GeV) ApB 1 (GeV)

Ap, =0.11 GeV
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B+ = utv Results

. —
L
L
.

G (X|Hobs,» Oobs)

fo G (X'|Hobs, Oobs)dX’

0.15

Frequentist Upper Limit
B<8.64 x1077 @ 90% CL

< 0.10

Bayesian Upper Limit
~ B <8.86 x1077 @ 90% CL

0.05

——= By =4.26 x1077

/77 10% Quantile

... “" | .."' .ol
O'OOO 5 10 15

B(B - uv) x 10’

N
o

B(BJr — ,u+y) < 86 x 1077 Frequentist
<89 x10~" Bayesian
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B — X v inclusive backgrounds

o

: N [T T T T
¢ Two dominant sources =IO :
o | > |
* eTe  — qq continuum = 01— Signal 1
o R Cross-feed [
* B — D(*)p+ '8008_:.: ---------- Continuum |
n [i — BB
0.06 |-
e Suppression by 0.04L
< o[ o o — 0.02 ir'_'k-i._::
artificial NN (signal vs. qq) [,
. 0 lerr o
* D veto -1 -0.5
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SuperKEKB upgrade

Interaction
Region Belle |l detector

-
- -~ ‘

J / A —‘:"‘jj‘:'f"-:j‘j;% =

L —

‘// electron ring -

A - (| r
positron ring |
—7

injectortron
to Linac

positron damping ring

@ new e+ ring vacuum chamber

(3km; commissioned 2016)

@ new e+ damping ring
(commissioned 2018)

@ new superconducting final
focus

(commissioned 2018)
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