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Belle Il & SuperKEKB Accelerator

Belle Il is a multipurpose experiment at the ‘
SuperKEKB collider located at KEK (Tsukuba, Japan) § |

— Asymmetric-energy e+t (4 GeV) e— (7 GeV) collider
with Eqyy near the Y(4S) resonance (~10.6 GeV)

Aims to collect a 50 ab™! data sample (50 % Belle)

Final design instantaneous luminosity of
6.5 x 10%° em=?s1 (30 X that of KEKB) by

— reducing beam size by factor 20 (“nano beams”)

Mt. Tsukuba

elle II-detector: &

— increasing beam current by factor 1.5

inansne SUperKEKB

& bellows

Super-KEKB

_ o1

Add / modify RF systems
for higher beam current

-
Energy (GeV) | 8" (mm) €, (nm) 3 Low emittance positrons

g | 2 P ll--.'uu (A) Luminosity (em™s™) o
LER/HER | ['pR/HER |LER/HER |LER/HER [(mrad) [ ER/HER| x 10% g Positron source
Damping ring ” —— i
KEKB 3.5/8.0 5.9/5.9 18/24 0.13/0.09 | 11 1.6/1.2 2.11 E— New positron target /
Achieved U capture section
SuperKEKB [ 4.0/7.0 (] 0.27/0.3 ) 3.2/2.4 [0.09/0.09 | 41.5 (| 2.8/2.0 | 65 “/
Low emittance gun
fOCTOI’ 20 {QCTOF ] 5 Low emittance electrons
. ¢ £ to inject

Factor ~30 in the luminosity



Belle Il Detector

K; and p detector:
RPC + scintillator w/ SiPM’s
uID: 1% n/K fake rate at g, = 95%

EM Calorimeter
8k CsI(TI) crystals, 16 X, waveform sampling
elD: 0.01% fake rate at €. = 95%

\\\\\,\, e —— Particle Identification
\ b L — Time-of-propagation counter (barrel),
\ - R, Proximity focusing Aerogel RICH (forward)
electrons (7 GeV) =

K/ separation: 1.8%  fake rate at ex = 90% )

R,

~N

7

Beryllium beam pipe

\2 cm diameter ////////’ »;
R

 Vertex Detector 5 y. \

2 layers pixels + 4 layers DSSD
\Vertex resolution ~ 15 ym

" Belle Il reuses the structure, solenoid,
Csl(TI) crystals, and part of the barrel
RPCs from the original Belle detector.

Central Drift Chamber
He(50%):C2Hs(50%), 56 layers
pr resolution ~ 0.4 %
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Belle II, a Super Heavy Flavor Factory

Belle Il is ...

— a Super B Factory:
1.1 x 10° BB pairs per ab™!
— a Super Charm Factory:
1.3 x 10° cC pairs per ab™!
— a Super T Factory: %
0.9 x 10°Tt* 1" pairs per ab™!
... and in addition, the clean
e+e— environment allows the
study/search of

o  Charmonium & bottomonium
(SM & exotic X,Y,Z)

» Tetra- and penta-quarks

* Dark particles
(dark y/Higgs, ALPs, LLPs), ...

o (ete™ — Hadrons) (nb)

o
(4]

N “on resonance’’B production
20 Y _ = .
i ete” - vY(4S) - B°B°,B*B
L
15F } Threshold for
' Tias) BB production
wF o N
A
sk 1 M & 4 iy \ T (48)
+ by e torm, qu.ﬂ‘o.‘_”kt-.‘-n ]
" l cc and light gg continuum "
944 9.46 10.00 10.02 1034 1037  10.54 10.58 10.62
Center-of-mass energy (GeV)
"on resonance’’ production
~100% o —
ete™ > Y(4S) > B°B°,B*B- Bg,B+
/ . >0 —
o 2 boosted B's and nothing else ! Bd’ B

o 2B’screated in L = 1 coherent state



Total integrated Weekly luminosity [fb~]

Belle II Luminosity

Belle Il Online luminosity

Exp: 7-26 - All runs

17.5 I FSGTatad GriRGRItyT—
B Recorded Weekly Belle Il has recorded
15.0 s f L pacordeq At = 42T TQ[pm L] s oof - 400 B 428]7?'1 in 2019-2022
Le On-Y(4S): 363 fb!
1 i 3 TSI SISTIEIIIS VU | — ; ° Below-Y(4S): 42ﬂ?']
Lyear= 4.7 x 10°*/cm?/sec - 300 g *  Unique 10.75 GeV scan:
(0 7 I 5SS SN U, < | 141 B S [ 19 b
New world record, above the =
75 ]....Bfactories (>2x KEKB) and LHGC \ fiF——1] #.+ 200 § Today s results are based
g on up to 190 fb™! On-Y{(4S)
5'0 .................................................................................................................................. E
100 2 Integrated luminosities of B
2.5 e S SR g B, del‘Ol"leSfOI" COI’I’lpaI"lSOI’l.'
Belle (711 fb)
0.0 I — I* - 0 BaBar (424 fb™)

%mxk%% *2?‘3“ VR S%‘:‘E&%%

Date

Updated on 2022/06/22 18:14 ST

Many Belle II results are starting to become statistically competitive,
some measurements are already world’s best ! 5



B Meson Reconstruction Techniques

Exploit kinematics of ete~ — Y{4S) — BB for signal selection

\/(Ebeam — (p})? AE — EB Eb Even.t shape

eam variables

>4sooo_— ] > o000
dm | _ o b A
§ ®F  Correctly 1 o :
35000 -t /4]
! 30000|- 1 o ’
g ™™ raconstructed ] s ]
~ 250001~ — -] ~ 300001 e
s> BB events o1 g b
O IR)(XJ:' ] E'mw— I
oo o~ 2.5 MeV r 10000 —
S000— 7]
0 521 522 523 524 525 525 527 528 526 5.3 A P a s o dp g Ry e
My (GeV) AE (GeV)
— - I I I l"_"l' 1 I I I LR - — T T T T T T T T T T T T T T T T
> 220 - >
G 200f T 2 3
g 180F = ©
) 160 E 2
C 14 E e
a 2 E a
= » . R =
s ot Combinatorial E g 200 -
- 80 _; L
% background 100~ 2
20 —I 3
gz 521 52 523 524 525 55 527 52 529 53 %2 015 ©1 PO -0 005 01 015 02
Myo (GeV) AE (GeV)




. — ' 12131;?: ‘ Neutral |
Full Event Interpretation " Swid [ aue
Comput. Softw. Big Sci. 3, 6 (2019) b et | } K?

e e el )

* Reconstruct one B (B,,,) fully with a I | s e
multivariate classifier I\ &t

— Sample dominated by large-BF, low- D°D* D, 4, e /
background final states A

* Properties of B;, (e.g. momentum) and
invisible daughters (e.g. “missing mass”)  Example:

can be calculated with B,,, momentum

o Typical for values hadronic B

tag
&B,..) ~0.XX%, purity ~ XX%
( tag P Zy Hadronic
} decay of By,
Signal decay
with invisible

neutrino




Measurements of quark mixing parameters
Amplitude for charged current quark

transition q; — W q;is proportional to Vua Vus Vup
5 / Verm = VRV = | Vg Ve Vi

CKM matrix element V; CKM = VL VL cd  Ves  Veb

Via Vis Vi

— BFs (< |V;|?) — magnitudes

— CP asymmetries (arising from interference Belle Il can measire magnitudes
Y g of 7 of the 9 matrix elements and

of 2 amplitudes) — (complex) phases weak phase

In the SM, Vi, is a unitary 3 X3 matrix:

measurements of Unitarity Triangle sides | VabVua T VoorVea + VitVia = 0

and angles must be consistent !!!

0'7 T T T I T T T I T T T I T T T T T I T 1 T I T T T
: : ¢ A | ; E t ;e !
|
06 =" b ' : Amd eK Summer 19
- | /
. |
~ i
> i
|
.
]

0.5
sol.w'cos 29 <0
(excl at CL > 0.95)

excluded area has CL > 0.95

lIII|III||||I||JL'|IJII

0.4 % —E

= g Vi Ved A
0.3 i \\YC*Z) VC d 2 E
ST SN 1 o= A= arg[-VaVi/ViaVii
cb ¥ cd! ~ 4 e =a=arg[~ViaVi/VadVi)
“oa 422-0[.2 TR o.lz o 0{6 . o.ls | :.o ¢3 =7 = arg [_VudV;b/ Vea CZ]



Horak, HF

Vub an d Vcb Tue 17:00

V.| and |V | are precisely measured with semileptonic B decays

Exclusive: B%Tt/p 2v, B>D(*)8v etc. || Inclusive: B>X v, B>X_Lv

0 7 t/Dt ) A
B % d ""u/)/""'(-l; N D .

N
L

[) % ”/’ : > ‘, !

e — V4

W
é—:"'--.
V] * vy

| Parameter | __Exclusive | __inclusive ___[NRPINE NI g

V| X102 39.10+£0.50 4219078  giscrepancy between
|V, | X103 3.51%0.12 4.19%+0.12 inclusive and exclusive

o
—

~

.

Ve from untagged B — D*lv sample Vi from tagged B — mlv sample
Belle Il Preliminary [rdt=1892b"" _ Belle Il Preliminary [cdt=189.3f"
5--D% T, . < —cere 0GeV?/c* = g2 < 8GeV?/c*
12000 4 Post-Fit -Slgnal ‘; 20 -’/;/1 MC s::;at. unc.
p [} Data
10000 | EmmD*ev 2 15}
o~
g s000 | B True D S Lk
o I False D >
2 i Continuum g °f
£ 4000 . i
o v MC all. unc. S0
L 2000 ¢ Data Tz o S S S
¢ . & st b1

-1.0 —05 00 05 10 1.5 2.0 2.5 3.0
2/~4
M2, [GeV2/c*] 9



4 new excl. Vxb results from Belle

TT
Signal B (B,;,) decay | Other B (B,, ) decay

V| By, >Dev  (B=e,n)  untagged new |Ve| = (38.53 + 1,15) x 107°
V| B >D"ev (8=e,)  hadronically tagged ~ |New!Vep| =(38.2+2.8) X 10° |
V| Bo%>mev  (8=e,p) untagged Vio| oy r= i, = (3:54 £ 0.12440¢ £ 0.15,5 £ 0.16110) X 107
|Vup| By >miEV hadronically tagged |V, | X 103=3.88+0.45 (stat.+sys.+theo.)
2002 Exclusive PDG Inclusive PDG 5009 Exclusive PDG Inclusive PDC
20061 20061
+ ——
2010+ 20101
2014+ 20141
2018+ 20181
20221 e | 2022 —— B
36 38 40 42 44 3 1 5
V| x 10° V| x 107

Belle Il 'V, results are consistent with previous measurements,
with precision approaching those of prev. results

Discrepancy between excl. and incl. may be due to unaccounted non-perturbative effects.
Measurements of SL decay kinematics (Belle Il, arxiv.org:2205.06372 ) may help resolve the issue.
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Time-dependent asymmetries in B decays

o TD measurements of B decays were
pioneered by BABAR and Belle

— Need good B flavor tagging and
At = tgig — trqg measurement

o BB mixing asymmetry

Nps — Npp 55
A(At) = BB BBBB _ o AmaAt)(1 — 2w) ® R(AL)
Npp + Npp 5B

* New Belle Il measurements of B
lifetime and mixing frequency

Coherent BB
production

B-Flavor
Tagging

Reconstruction of B
decays to exclusive
final states

Tgo = 1.499 £ 0.013 £ 0.008 ps
Amg = 0.516 + 0.008 + 0.005 ps~?

— Measurements consistent with WAs

— O(1%) precision in T(B°) and Amg,
demonstrate Belle II’s excellent flavor
tagging and vertexing performance

25000
<

0

el
~

Asymmetry Candidates

2500

1500 |

=
o
o
o

Belle Il (Preliminary) 4
| [Ldt=190 fb?

T BOEO T

B°BY/B°B? ]

11




Zlebcik, HF

Measurement of CP asymmetry sin 2¢1 |5t

N(lio — fep) — N(BY — fcp)
N(B° - fcp) + N(B° — fcp)

AT (At) =

(At) = Acp cos(AmdAt)+Scp_\sin(AmdAt)

direct CP asymmetry mixing-induced CP asymmetry

Expect Scp = sin 2¢ for tree amplitude b— cCs decays

New physics could provide CP contribution in penguin decays

Sl
gl
o
o
X)
4
UL
2
o
S
7
Xﬁ
Qv
EXE

New Belle II sin 2¢measurement with
golden mode B - | JYK{

Scp = 0.720 + 0.062 (stat) + 0.016 (syst)

Acp = 0.094 + 0.044 (stat) 3942 (syst)

9% measurement is statistically dominated
Consistent with WA

— B L
) i Bo w c E
s S

Candidates / (0.5 ps)

Asymmetry

S]/tng = sin2¢,

_____________________________________

SM tree |

d . d KO |
250 Belle Il (Preliminary)
500 | L dt=190 fb™! + Btoa
L 0 g
B - J/YKg
150




Time-dependent CPV in B penguins

* Measure Sp in penguin decay

B - 3K

— Technically complicated
measurement with no tracks

from B

Sig

decay vertex

— Small inner radius of PXD
ensures most K daughter
tracks have pixel hit info

e  Result consistent with SM
predictions.:

- ACP~O

Clnd SCPN —sin 2¢1

Scp = —1.86707¢ (stat) £+ 0.09 (syst)

Acp = —0.22

1039 (stat) £ 0.04 (syst)

Events / 0.00747 [GeV/c?

Events / 2.0 [ps]

;_ Belle II (preliminary)
3 f L dt = 189.3fb"

—e— data
— fit

%% signal
---- backg

Signal yield
53+8

round

53 535 54

M [GeV/c?]

16 ~q=+1,B

- Belle II (preliminary ’ g
14 - 1
e det: 1893 | o Q= -1, B,
10 |
8
6
4 1.
2F . - ——1
0 . Tapeet .‘.-l'l S n — A.:":_$—

At [ps]
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Kt Puzzle

Unexpected large difference between CP asymmetries Aai - and

AC+ —0 in B = K1 decays dominated by hadronic penguin amplitudes

Isospin sum rule tests if discrepancy from sub-leading SM amplitudes

BKO + 7RO BK+ 0 7g0 BKO 0
u —2 a — 2 — =~ 0
AKJFW AK0W+ BK+7T_ TR+ AK+~O BK+71—— TB+ AKO ’ BK+7T_
o Current precision (XX%) limited by A% K050
60
* Only Belle Il can measure all of these ! "« Data Belle Il (preliminary)

~ —F|t 1
- B° —>K n® |Ldt=189.81b

- BB background
40F  Continuum background

New Belle || measurements: 50

K+0

AKT™ = 0.014 4 0.047 +0.010
By+.0 = (1430 £ 0.69 + 0.79)x107°
AT = —0.41+030 4 0.09
Byoo=(11.0+1.2 +1.0)x107

Candidates per 0.001GeV/c?

Previous Belle Il results with 63 fb"': K*n~ and K°r* ST .
(arXiv:2106.03766), K°w® (arXiv:2104.14871), and 854 525 526 527 528 529
K*n® (arXiv:2105.04111), 12 M, [Gev/c?]

14



Measurement of ¢, from B — ntmw and B — pp

CKM angle ¢, accessible through measurements of BF's and CP
asymmetries in set of b = u dominated B — ntmt and B — pp decays

— Isospin decomposition is necessary

Belle Il (Preliminary) mmm BB Background

to account for penguin pollution sof JLat=100 1" o Controm Backoround |

Signal enriched --- Signal

Bt — pTpP, B = p%°, BY = ptp~or

BY 7r+7r_, BT —s 7r+770, BY — 70,0

New Belle Il B - Tt measurements: ' ' T AE[Gev]
40 ;_ e Data
T = —0.085 + 0.085 + 0.019 35 ‘ ‘ e,
30 -:Bannﬂul.'n

g
Bpo = (6124 0.53 +053)x107¢ | & 5|

0.0 20 P TRl
tpr =0.14 1+ 0.46 + 0.07 " Jp ------
_ -6 10 _ Bellell fPreliminary) 1~
Bozo = (1.27 £ 0.25 £ 0.17)%x10 2 oo -
WA: A%, = 0.33 + 0.22, B 0,0 = (1.59 + 0.26)x107° D26 5265 527 5275 528 5285 529
M, [GeV/c?]
a 4F
%i oftbd bbby P A S e S O
s _4-_ ¢ ¢

15



Although pp is a V'V final state, similar
isospin analysis as in T possible since
only longitudinal amplitude dominant

New Belle Il B - pp measurements:
B,+,- =(2671t28 £ 2.8)x107°
= 0.956 £ 0.035 £ 0.033

+ —
WA: B+ - = (27.7 £ 1.9)x107

pTp
fi

0
APLP" = —0.069 + 0.068 + 0.060
B,+,0 = (23.2157 +2.7)x107°

£PP7 = 0.943+0935 4 0.027

WA: 4°%°°" = —0.05 + 0.05,B,+ 0 = (24.0 + 1.9)x 10~
LAY, 05+ 0.05,B,+, 0+1.

Previous Belle Il results with 63 fb'!: ttn~
(arXiv:2106.03766), n°n° (arXiv:2107.02373),
and p*p°(arXiv:2206.12362),

80 Belle Il (Preliminary) — AL '
| Jrde =189 76 T e
> ~™" (Longitudinal)
o == Transverse signal
9 601 | L1b1d 119 ?1?" crossfe)ed
ransverse
= aq
; BB
S 40 ng Peaking
7, backgrounds
Q
S20¢
- 0
8% 5
T
g 'G 0 ()
o QO
O m —5 T T T T T
= -0.15 -0.10 -0.05 0.00 0.05 0.10 0.15
AE [GeV]
> 160; Belle Il (preliminary)
= 140} + ,0 J -
5 ! B —>p p L dt = 189.25 fb
o
o
wn
2
©
o
e
c
©
O

Normalized
Residuals
,5 LAvvoma

AE [GeV]
16



Measurement of p3with BX - D(KhtTh™)K™

Belle: N(KQ ) = 1467 + 53, N(K9KK) = 194 4 17

Measure ¢ through interference of

b — ¢ and b = u amplitudes in bins
of D - K¢ h*h™ Dalitz plot
u

B~ O pY B~

Strong phase in D decay from CLE(%
and BESIII used as external input

¢; = (784 +11.4 £0.05+ 1.0)°
WA: ¢5 = (65.9732)°

First joint Belle (711 fb7) and
Belle Il (128 fb-") analysis !

Belle & Belle Il, JHEP 02 (2022) 063

Events / (5 MeV) Pull Events / (5 MeV)

Pull

120
100

80

60 |

40 X

20

B — D(Kgn’yr)K’ |

3 Belle
s JLdt=711fb Data

...... B - Dn”
A\ — =B - DK
; W— BB background
\ - --- qq background

-0.1 -0.05 0 0.05 0.1 0.15
AE = bl? - b'l:c)élrll [GeV]

Belle ll

J- 1 B - D(Kgn T)K*
Ldt=128fb

-0.1 -0.05 0 0.05 0.1 0.15
AE [GeV]

Belle Il: N(K377) = 280 + 21, N(KSKK) = 34 + 7

17



Radiative and EW Penguin B Decays

. u.c,t
Flavor-changing neutral currents:  p —» > > S
in SM due to b — s transitions at -
one-loop level Z(y)
o . . . y +
— Sensitive to New Physics particles in v(E™)
the loop v(.£7)
BF ratios, asymmetries and
angular observables can be | 5o X10™* Belle Il preliminary | £=189.3 fb"!
precisely predicted in SM Coaash T T e
© [ . .
NeW Belle ]] chl BR(b — g ,y) qa) 1.00 _ Hybrid model uncertainty
measurement € orsy
Q> i
— Apply cut-off due to large o 030
background at low E(y) 8 025
5 |“§': 0.00 |
E? threshold, GeV B(B — Xv)(107%) e _oasf
1.8 3.54 £ 0.78 (stat.) £0.83 (syst.) T S Y e
2.0 3.06 £ 0.56 (stat.) +0.47 (syst.) EB [GeV]

SM prediction for Ef > 1.6 GeV: (3.40 £ 0.17)x 104 yueroseoz0)175)

18



B - K*ITl” and B - Kvv

New measurements of BR(B — K*171™) and BR(B — Kvv) (fully-incl.)

- Belle 11 (Prellmlnary)

L[ L dt =189 fb!
12 | = signa B — K*e™e
1wE"" Background
[ = Total

-y
i N

Entries / [0.0033 GeV/c?|

A O ©

2F

SRS UWA

0
52 521 522 523 524 525 526 527 528 5.29

M, [GeV/c?]
) Zi Belle 11 (Prehmlnary)
> b /L dt=189 fb~!
(0] == Signal B - K:::/l+ﬂ_
o 16 = = Background
8 14 F —Total
g 12 | -#- Data
= 10
Q@ 8
£ 6f
m 4
05.2 521 522 523 524 525 526 5.27 528 5.29
M, [GeV/c?]
Decay Belle II (107°)  PDG (107°)
B — K*eTe™ 1.424048+0.09 1.1940.20
B— K*utpy~ 11940317005  1.06 4 0.09

Martel, HI
Thu 16:30
0.93<BDT,<0.95}0.95 BDT-,.«097:0 97<BDT,<0.99: 0.99<BDT, ]
i : ]
Belle 1I 1
400 -
/E(lt—(63+3)ﬂ) ]
- B" oK v
2 =00 ] Neutral B |
§ 3 Charged B |
= 200 B Continuum _
¢ Data
100 : scaled by 2 ]

0
0.5 2.0 2.43.50.52.0 2.43.50.52.0 2.43.50.52.0 2.4 3.5

pr(K")[GeV/c|
SM Average
1.1£0.4
{4
L, | Bellelli (63 1 |, Inclusive)
[ hll I'his work
1
|
I 1
1 ;B-ne'l;l.'.el>(r<'|7)3n,1(uﬂ)1n1 » SL)
1
| . Belle (711 fb ', Had)
: 3.0+1.6 PRD87, 111103
I
| -
1o . derdlrﬁg)%zg -, II-Idd+SL)
0 2 4 6 8 10

10° x Br(B*—K " v)
BF(B+— K+w) < 4.1 x 107

Fully-inclusive method improves sensitivity

20%-350% over previous measurements ! 19



LFUin B » DMy

Meier, HF
Sat 15:30 &
Hara, HI
Sat 14:00

Tensions observed recently in excl.
semi-leptonic BF ratios R(D®™) =
BR(B - D™Iv)/BR(B » DM1v)

Predictions for incl. R(X):

R(X, . /l)SM = 0.223 + 0.004

PRD 92 (2015) 054018
R(Xce/u), = 1.006 + 0.001

Vos & Rahimi, in progress

Since incl. measurements are hard,
esp. with T, measure R(Xe /u) first

R(X;e/u) = 1.003 £ 0.010 + 0.020

Most precise LFU test with
semi-leptonic B decays to date !

R(D*)

0.35

0.3

0.25

0.2

m

[ LHCbIS

LHCb18

Bellel7

PRI
4 HFLAV SM Prediction 1y,
R(D) = 0.299 +0.003

30

T
Ay* = 1.0 contours

" Bellel5

World Average
R(D)=10.339£0.026 £ 0.014
R(D*)=0.295+0.010%+0.010

IIlIIIllIllIlIlIlllIIlIlIll

R(D*)=0.254£0.005  PRL123(20 p=-038
| EPIC 80 (20: 74 | P(®) =28%
0.2 0.3 0.4 0.5
R(D)
I Xev /8 Xpv
[ e: Background [ p: Background
o B e: Continuum [EEH p: Continuum
.
POSt-fIt' MC all unc. * Data
Belle II Preliminary [Ldt =189
0,+ +
By, — Xty
8000
=
ey
=
£ 6000
=
e}
~
£ 4000
g
>
=
2000
0
o 25F
= [ e . Q
ZI"'Oo' S—" . — = ® . .
gs : L e © . SN .
[e
2—2-5'. b b b b e b b b
1.3 1.55 1.8 2.05 2.3+/1.3 1.55 1.8 205 23
p; | GeV 20



Charm meson lifetimes

DO = K—#t Belle I1

e [Lar=72 1"
o First D’ and D" lifetime measurements in $ Data
2 decades % 10 iglkgmund
Belle Il, PRL 127 (2021) 021801 g 'E
(D% = 410.5 + 1.1 (stat) + 0.8 (syst) fs f 10’

7(D*) = 1030.4 + 4.7 (stat) + 3.1 (syst) fs 10?

» Belle Il results are more precise than and
-2 0 2 4 6 8 10 12

consistent with previous measurements Decay time [ps]
a151- 1osor
0.5% precision (incl. syst) = | & | ) z I8 )
demonstrates excellent 2aol | | i E 2 1040] . ]é ‘5
performance and g [ gy =18 2 7 3{5
understanding of Belle Il &+ - Q 2
vertex detector i 102017
400-_| [T (SN TN TN TN TN AN TR SO SN S AN N PR T TN TR TN TN AN TR TN TR SR S S
2000 2010 2020 2000 2010 2020
Year Year
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Charm baryon lifetimes

e Recent LHCb At and 22 lifetime
measurements changed order of
charm baryon lifetimes

 New Belle Il results:

T(AZ)

= 203.2 + 0.9 (stat) + 0.8 (syst) fs
T(Qc)
= 243 + 48 (stat) + 11 (syst) fs

Candidates per 70 fs

—  Most precise N} lifetime measurement

Confirms that Q2 is not shortest-
lived singly-charmed baryon
— Consistent with LHCb results

— Inconsistent with pre-LHCb world
average by 3.4sigma

Candidates per 80 fs

I 1 I 1
0 —a 0 + =+
PDG | 2% = A Ee
2018
-0 + 0 -+
o) A Q E
. LHCb — ¢ H .l‘ ———— ¢ .C
Semileptonic
=0 0
LHCb = 2.
— - -
Prompt
LHCb, PRL 121 (2018) 092003 LHCb Comb.
2+) LHCb, Sci. Bull. 67 (2022) 479 . .
0 100 200 300 400 500
Lifetime [fs]
arXIv 2206.1 5227
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LFV searches in T decays

Banerjee, HI
Thu 17:00

Many new physics models predict cLVF at 10~7-1071°
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T - e/u+ a (invisible)

* [Invisble particle occur in NP Light ALP: JHEP 09 (2021) 173

. 10" e—rrrrm I S
models such as light ALP ; L JCul=ICul1
) .. >"10"0E MEGI-Twd (F=100 -
* Previous best upper limits for S | MEGLBOEY | :
Ko} of A S W N
0.1 <M,<1.6GeV from g 10— T :
o -
ARGUS (add r eﬁ % 1085— WD cci)(l?ng 2‘1 | E BeIllzzer(—)jl?cstgtjzb‘1
o r cooling % \ [ ]
 Comparet — e/u + invisible = 1o} wione 3 | E
. — .. © 8 ‘ ARGUS -
rate with T — e/ v prediction ¢ 1o T | N
.. F | | cty<1m]
— Improved limits set for R N IR icocm DR
- 102 10° 104 10° 10° 107 108 10°
BR(t »e/u+ a)/BR(t = e/uvv) m, [eV}
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a0l T > ex sl T ua
5y 355_ —— Belle Il preliminary 5 355_ —— Belle Il preliminary
.';m 305_ —— ARGUS s} —— ARGUS
T osf 1
o 2} o
.:tf 15k E
.T 102 1
o Of o
00 0.5 0.|7 l I1 l 1[2 14 1.6 0 05 0.7 1 1.2 14 1.6

M, [GeV/c?] M, [GeV/c?]
14 24



Conclusions

SuperKEKB is delivering e*e™ collision data at world-
record luminosity
— Expect to improve a factor of 6 before LS2

Belle II detector demonstrates excellent performance

— E.g. inincl. reco., neutrals (y, n°) & vertex measurements

Belle Il is a Super Flavor Factory, already producing
many results with first 190 fb™! (of 424 fb"! recorded)

— New B, Charm, and rphysics results are at precisions
comparable to those of BABAR and Belle

— Similarly, many new and unique results on dark sector
searches & heavy quarkonium (not covered in this talk)
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Big Questions and Belle II’s avenues to address them

Are there new CP-violating phases in the quark sector ? SM CPV
cannot explain baryon-antibaryon asymmetry.

— CPVin B loop decays and charm
Does nature have multiple Higgs bosons ?

— Flavor transitions involving the tau lepton (B —tv & B— D7 1v)

Does nature have a left-right symmetry, and are there flavor changing
neutral currents beyond the SM ?

— CPVinB— K"(Kxa")y; B— K(vv, angular variables in b — s,d "]~
Are there sources of lepton flavor violation ?
— LFV tdecays

Is there a dark sector of particle physics at the same mass scale as
ordinary matter ?

— Search for MeV — GeV dark matter particles
What is the nature of the strong force in binding hadrons?

— In-depth study of recently discovered new states and search for new ones
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SM CPV: CKM and Unitarity Triangle

*Km+ £%w+tﬂ%:20

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

B — D p K

B’ > DCP K

“ = DOK* ) K

- > DM0g

> DKyt 1) K™
> D) K

S h % ® W

SM is very predictive: single complex
phase in CKM matrix, related to apex of UT

B - tn 17t 1722 A°
B = p'p lptp 19°P°
B 5 pr

B’ > a)(pn)* 7

¢1 = B = arg [—VeaViy/ViaVi)
G2 = a = arg [~ ViaVip / Vua Vi)
s = = arg [ VaaVy VeV
/@ &O%/
o) Q"’}e /)%
& %% 0007,0
™ o Ay Oy

09/) eC‘/‘g /0/7

) efoy

\00

B’ - J/y K
B’ > J/yvK,
B’ - v’ K
B’ > Xc KS
B’ - Nc KS
B 5> D()ph°

— D(Ks K*r) K-

bcd

BY > (¢/n" /i )K
B’ - (KsKsld)/a)) KS

@4 (B) and @3 (y) will also be
precisely measured by LHCb
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Overconstraining the Unitarity Triangle

SM CPYV too small to explain baryon-antibaryon asymmetry.
Are there new CP violating phases in the quark sector?

= Belle Il will measure all 3 Unitarity Triangle angles ( sin2¢@4, @,, ©3)

0.45

T L B B R D 045
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¢3
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‘ Scenario 5

fitter
} Scenario 3
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n o
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0.30 0.30 |-
¥y
0.25 | | | | | | | | | I | | | | 0.25 | | | | | | | 1 1 1 | | 1 1 1 |
0.05 0.10 0.15 0.20 0.25 0.05 0.10 0.15 0.20 0.25
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In ten years: no-tension SM ... or observation of New Physics ?
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Use time-dependent CPV measurement techniques
?\ 1 Z. pioneered by Belle & BABAR (boosted L=1 BB system,
8 CZS T/ﬂ” e m e n S 0 ] vertexing/At with 2x better At resolution than Belle from
pixel detector, and excellent B flavor tagging Q > 30%)
B° — J/yw K (the “Golden” mode):

} 204" 7 T T | | .
— constrains the UT 2 % $ Belle Il j L=50ab’ oe®, -
S . TSI i
> LIS 7
J/ g 02 Iﬂ :-A- *4& ]
e + .
ot : -
p ol --
- ¢'+' A® T
-0.21- S
- . I oHhire” Jy K, (S =0.70)
Acés - ‘/cb‘/csT + VuqusP 0 4’_ Coe 4 7K, (§=0.55)
) T U ST B
, o e -10 -5 0 5 10
expected 50 ab™! uncertainty: 6¢1 = 0.4 At (ps)

(less than the current theory error of 1-2°) A — Acos(AMAL®) + S sin(AMA®)
cpP —

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

B - ¢ K¢, n’Ks ,0Ks,7°Ks (“penguin” modes):

— oK 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
- WK} 021 014 0.08 0.06 0.024 0.020

K270 0.20 0.12 0.10 0.07 0.031 0.021
K2r° 0.17 0.10 0.09 0.06 0.028 0.018

Az = VIV P+ VLIV, T Tree and penguin modes have same SM weak phase,
but NP contributions in loop could contribute additional
phases (improve from 10-20% precision to 2-3%)
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Measurements of ¢, () and ¢; ()

Measurement of ¢, in B — 1, 31, pp Value 0.8 ab~! 50 ab~!
 j AP 0.988 +£0.012+0.023 [725] =0.002 % 0.003
¢, is determined from CP asymmetries and fL oo 0.21 +0.20 + 0.15 [729] +0.03 + 0.02
B'_:tﬁ of B — "]T’E — 3m, a”_f_ B *f%ﬂ dezaéi By, pot) 283 +1.5 4 1.5 [725] +0.19+0.4
With &n 1sosp’i cecomposiiion ot 5 an Byop no®  1.02  £0.304£0.15 [729]  £0.04 £ 0.02
decays involving final states with s e

Aptp- 0.00 +0.10 £ 0.06 [725] +0.01 £ 0.01
+ Belle Il has good 9 efficiency Sp+p- —0.13 +0.15 + 0.05 [725] +0.02 £ 0.01
* Expt. errors reduced by 2x - 10x Value 0.08 ab™! 50 ab—!
depending on systematic error source fLp+p0 0.95 +0.11 +£0.02 [716] 40.004 % 0.003
« Improved measurement of A(B— 10 10) Byt o 317 +7.1+5.3 [716] 103405
will reduce discrete ambiguities £ - : : : = - b‘.l

« Expect error in ¢, with 50/ab to be 0.6° Value .98 — 20 a
(now 4.2°) Apogo —0.2 +0.8 +£ 0.3 [715] +0.08 £+ 0.01
Spogo 0.3 +0.7 £ 0.2 [T15] +0.07 £ 0.01

Precision measurement of ¢, in B — DCK()

* Reconstruct D decays to CP eigenstates, Cabibbo-favored and singly and doubly Cabibbo-suppressed

decays and self-conjugate modes

 Expect ¢; error from GGSZ with 50/ab and strong phase measurement from BESIII to be 1.5° (WA 5°)

Type of D decay Method name D final states studied

C P-eigenstates GLW CP-even: K"K, mtn~; CP-odd K27° K2n
CF and DCS ADS K*n¥F, K*a¥q% (K*nFrntn)
Self-conjugate GGSZ Klnmtn—, (K:KTK™), (rtn %), (KTK "),

(mta—7nta™)
SCS GLS (KYK*n¥)
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Rare radiative and EW Penguin B Decays

» Sensitive to NP contributing in the loop a

* Belle Il is uniquely sensitive to f /
v

— inclusive final states B — X; ;9 and B — X, 41" [~

_: K
. . WL W
— final states with photons, neutrinos, or taus b i s
— ... and has nearly equal u and e efficiency for LFU tests ¢
. . Wi HJ_r
B4 reconstruction (FEI) improved *x2 wrt Belle b =« s
. : :
Measure BF, Acp, Arp, AAcp, Ay., and angular variables in Vo Ver
incl. and excl. B — X ;v and B — X, ;[ I” final states ) u, C, tL-\_L\Z
*
. . o« —_
» Determine Ry and Ry«with 3-4 % precision R _ Br (B K W)
() =
«  Expect Belle II to observe B — K(Myy K Br (B - K(*)ee)
SM prediction very robust: Rx(SM) =
% 1¢[ Belle 2019 [up to tiny QED and lepton mass effects]
o  Preliminary 1
14k - Observables Belle Belle 11
T (2017) 5ab~! 50ab!
1ok 4 : . B(B — K*'vw) <40 x 1075 25% 9%
C . B(B — K*vp) <19x 1076 30% 1%
1t : : Acp(B = Xgiqy) [1072] 2.2+4.0+0.8 1.5 0.5
oy ' S(B — K27%) —0.10+0.31+0.07 0.11  0.035
0.8 i  — S(B - py) —0.83+0.65+0.18 023  0.07
C o H— —— Belle 2019 App(B — X 107) (1 < g% < 3.5 GeV?/ct) 26% 10% 3%
0.6 === HCb 2017 Br(B— K utu™)/Br(B— KTete) 28% 11% 4%
- T —— BaBar 2012 (1 < ¢ <6 GeV2/ct)
0.4 == SM JHEP 07, 093 (2018) Br(B — K**(892)u*u™)/Br(B — 24% 9% 3%
0 — 5 — 10 l I 15 — 20 K**(892)eTe™) (1 < <6 GeVQ/CA)
o (GeVz/c ) B(Bs — 77) <87x10°6 23%  —
B(Bs — 77) [1077] - <08 —
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Dark Sector Searches

DS searches at Belle Il benefit from large data sample, clean e*e™ environment,
and special high-efficiency triggers for low-multiplicity final states

Many DS benchmark models will be studied, e.g. Search for ALP in e*e™ — a(yy)y
arXiv:2007.13071, accepted by PRL

— Vector mediator (dark photon, Z’)

Counts

£
. . ‘“
— Scalar mediator (dark Higgs) 1o-2 8
(=
. . . =
— Neutrino-like mediator " = 2/l Benen c
— Axion-like mediator E 103 ﬂ >
Q
. . — L=
— Long-lived particles > \
©
O 10
Search for invisible Z’in e*e™ — Z’ utu~ / e*u*
PRL 124, 141801 (2020) Lgs hotectron beam dumps TN Gavz =0
- 1073 102 107! 10° 10?
102 3 Belle Il 2018 e Data m, [GeV/c?]
- _ -1 Belle Il Simulation Expected 90% CL. UL - Median
I L.di =276 pb Bkg dominated by m ° 7
10 3 ete DT+ T1- Y
C ee— Wy
e'e— TTy)
1 = e eTe 'y 1 i
o 102 [\
10-1 i nlp ﬂnngn_
7 Lo-: -—- [Ldt=9fb"! — [Ldt=50fb!
: AR det = 50 fb~! (more inclusive trigger)
102 k mmm Belle I PRL124, 141801, [Ldt = 0.276 fb~?
= PP RPN LT NN Y S [P PN NI RN RN | 10-4 1 1 1 L iy ! 1 !

8 0 1 2 3 4 5 6 7 8 9

0 1 2 3 4 5 6 7
Mz [GeV/c?]

Recoil mass [GeV/c?]
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Outline 1

SuperKEKB & Belle II detector
— B factories legacy
— Luminosity records and planned profile
— Strength wrt LHCb (inclusive, neutrals & invisibles)
— Heavy Flavor factory (B, charm, tau)
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Outline 2

B Results
— Vcb and Vub from B -> D(*) I nu and B -> pi | nu (see Koga, ICHEP talk)

* Measurement of Moments of the g2 Spectrum in B -> Xc | nu Decays, subm. to
PRD (2205.06372), old ?

— B lifetime and mixing, sin(2phil) with J/psi KS, 3KS, K0S pi0 (see La
Licata ICHEP talk)

— Kpi puzzle, alpha from pipi and rho pi, Gamma (Belle + Belle II) (see
Skorupa ICHEP talk)

— B -> Xs gamma, BR(B->K*1l), B -> J/psi1 K (see Ganiev ICHEP talk)

— Studies of B+ -> K+ nu nubar decay using an inclusive tagging method at
Belle I, Phys Rev Lett 127, 181802 (2021)

- R(X)e/mu
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https://arxiv.org/abs/2205.06372

Outline 3

Charm results

— Measurement of the D0 and the D+ Lifetimes, Phys Rev Lett 127, 211801
(2021)

— Measurement of Lambda_c lifetime

— Measurement of the Omega_c lifetime, ICHEP 2022
Tau results

— LFV Tau -> 1+ alpha (invisible) (see Tenchini ICHEP 2022 talk)
Heavy quarkonium

— Search for ete- -> omega chi_{bJ} (J=0,1,2) at near 10.751 GeV at Belle II,
ICHEP 2022

— Amplitude analysis of e+ e- -=> J/psi X, Moriond 2022 ???
Dark results

—  Will not cover, mention on conclusions slide

Conclusions & Outlook
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Notes

 No LHCb plenary talk @ CIPANP 2022

o Belle (1) talks for Summary

CPV in Belle I, Radek, Zlebcik, HF, Tue 13:30
Excl. SL decays at Belle II, Philippe Horak, HF, Tue 17:00
Belle 1] results on inclusive B -> X [ nu, Frank Meier, HF, Sat 15:30

Latest results on B -> K nu nu and EWP decays at Belle II, Lucas Martel, HI,
Thu 16:30

Recent results and future plans in the study of hadronization at Belle (1I) and
CLAS12, Anselm Vossen, PDF, Sat 15:55

LFV in SL b -> c [ nu decays, Koji Hara, HI, Sat 14:00 & cLFV in tau,
Swagato Banerjee, HI, Thu, 1700

e Mention heavy quarkonium & dark results
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The International Belle Il collaboration (geographically

Finland

Sweden

Russia

Norway

Canada

UNtaine -
Kazakhstan
Mongolia
®- ~ Spain e
United States A “ o rarkey — Chiria J_ n

Iraq Afghanistan

Iran I

Algeria Ly  EGYPLS Pakistan

Sdexico Saudi Arabia India
o ® Thyilan=
Mak Niger Sudan
Chad
Venezuela Nigenia Ethiopia
Colombia
DRC Kenya
b Indonesia Papua Mew
Brazil janzanta Guinea
Pery
Bolivia
Madaga
Chile Australia
South Africa
Argentina

Belle Il has grown to ~1000 researchers from 26 countries
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How to get 50x integrated [uminosity?

Lorentz factor

N\

L=-1x|1

Beam-Beam parameter
Beam current

\ / Geometrical

* reduction factors
O-y \ . igyi RL

(crossing angle,
hourglass effect)

(0.8-1.0)

Beam aspect ratio at IP

(0.01-0.02)

+ B £
2er, o, J ﬁyi :
|

Vertical beta function at IP

Super-KEKB

beam size:
100 um(H) x 2 um(V)
— 10 um(H) x 569 nm(V)

Belle-ll Goal:
40 x Belle = 8 x 10%°

E (GeV) B*, (mm) B*« (cm) ® I (A) L (cm?s?)
LER/HER | LER/HER | LER/HER | (mrad) @ LER/HER
KEKB 3.5/8.0 5.9/5.9 120/120 11 16/1.2 | 21x10%
SuperKEKB 4070 €0.27/0.30 ) 3.2/25 415 (C 3.6/2.6 )| 80x 10%
factor 20 factor 2-3
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SuperKEKB Luminosity projection
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CKM Matrix: weak quark couplings

Vool and V| (A Vb expi| ~ 120 expected) from semi-

leptonic B decays with a variety of methods (excl./incl,
full/partial reconstruction, untagged and had./SL tagged)

—  Measure |V,p| with B — t v as test of NP
(A V| ~ 3% for each had.+SL tagged measurement)

—  Precision measurements of B— D) t v

V4| and |V | from BB mixing and radiative and EW
penguin decays

Vel and |V | from leptonic and semileptonic D
decays, or use to test LOCD (Af(D,) ~ 0.3%)

V.| from t decays to strange final states

R(D*)

0.

0.

BR(B — 1)

0.

0.

0.45

04

0.35

0.3

0.25

0.2

0.

Testing CKM matrix unitarity: Belle Il
will provide input on the magnitudes
of 7 out of 9 CKM matrix elements

-3 value
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.00 1111111111111111111111111111111111111 0.0
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sin 2(1)1
0.5 [ [T T
- Belle Il Projection .
| =—— Belle Combination _
- —— Babar —
- LHCb ]
N —— World Combination ]
— «  SM prediction: PRD92 054410 (2015), PRD85 094025 (2012) —
; — ]
N 16 contou ]
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» Belle Il is a multipurpose experiment at the
SuperKEKB e*e™ collider operating near |
the Y(4S) resonance, and located at KEK Rasper e Acey |
in Tsukuba, Japan R ———

S e S R
e R

— Latest in a long series of successful
experiments (ARGUS, CLEO, and B Factories
BELLE & BABAR), that made many crucial : =
discoveries ’ T — i S " e

* BB oscillations "
* b — utransition

* radiative and EW B penguin decays

» CPviolation in the b sector

* charm mixing

*  Many new conventional and exotic states
(M, X(3872),Y(4260),Z"(4430),D,,(2317), ...)

* Previous generation B factories BELLE & The B Factories, Belle and
BABAR (1999 — 2008/10) have published BABAR, discovered large CP

violation in the B system in
together over 1,000 papers ‘

hensi / EPJC 74 (2014) 3026 2001, compatible with the SM.
(for a comprehensive review see ( ) ) These provided the experimental foundation for

 BELLE Il is expected to be similarly the 2008 Nobel Prize to Kobayashi and Maskawa.
prolific

... Belle II's focus is shifted
towards New Physics
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1.2

0.8

Radiative and EW Penguin B Decays

Sensitive to NP contributing in the loop ! rr
Belle Il is uniquely sensitive to f /
v
— inclusive final states B — X; ;9 and B — X, 41" [~ - K
— final states with photons, neutrinos, or taus bV Wi
— ... and has nearly equal u and e efficiency for LFU tests ¢
+ +
B4 reconstruction (FEI) improved *x2 wrt Belle b VZ ;}i S
Measure BF, Acp, Arp, AAcp, Ay., and angular variables in Vo Ver
incl. and excl. B — X ;v and B — X, ;[ I” final states ) u, C, tL-\_\_\Z
*
Determine Ry and Ry« with 3-4 % precision R _ Br (B ~ K W)
) =
Expect Belle II to observe B — Ky () pr (B ~ K(*)ee)
SM prediction very robust: Rx(SM) = 1
16 :—ffél/ifniz:;ri [up to tiny QED and lepton mass effects]
11—
-
: ;_-_i / —— Belle 2019
0.6 =w=1-HC 2017
C 2 BaBar 2012
0.4r =GN JHEP 01,093 [2078)
01I115I11I10[II]15IIII20

? (GeV?/c?)
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