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Frontiers of Particle Physics

 LHC experiments

» Astroparticle
experiments

* Neutrino experiments NP searches:
 Particle factories, such as i e e
Belle (ll), and tau-charm factories indirect vs. direct approach

Intensity Frontier researchers use a combination of intense particle beams and highly
sensitive detectors to make extremely precise measurements of particle properties,
study some of the rarest particle interactions predicted by the Standard Model of

particle physics, and search for New Physics.
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The B factories milestones

I I I
Nobel prize to KM
Decisive confirmation of CKM picture

Excess in R(D*7]

-KEKB+PEP T

Evidence of D%-DP mixing
PRL 98 211803

~1.5 ab™
>100 unique CPV results

Evidence of B> 77—y

PRL 97 251802

N PRL 109 101802 —
/_/ 7(4430) -
Observation of bv‘dy$ w PRL 100 142001

P Baeiog! Difference in A,o(B2>K 1)

btw. B? and B*
Nature 452 332

Direct CP violation in B=2K T

& PRL 93 131801,

/ PRL 93 191802

 e——— X(3872)
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Physics motivation for increased luminosity

Stress-testing the SM and sensitively probing New Physics
* Precision CKM measurements: CP violation, meson mixing, decay rates;
* Rare processes, e.g., flavour-changing neutral currents;

» Search for New Physics in lepton-flavour non-universality, lepton flavour

violation processes;

* Direct searches for new light states; Dark sector.

elle Il 50 ab- projection, all constraints
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Replacé short dipoles
with longer ones (LER)

itk

Grey is recycled, coloured is new

' : New superconducting /
o gﬁ,ﬁm e permanent final focusing

quads near the IP
""" "t_ .

Add / modify RF systems
for higher beam current

Low emittance b

Redesign the lattices of HER &
LER to squeeze the emittance

TiN-coated beam pipe

with antechambers

[HEG Fump)

[SR Channel]
:BEHI;I Channel]

FiHH
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New positron target /

capture section
Low emittance gun

Low emittance
electrons to inject




D

<D Belle |l detector

Belle Il

KKL and muon detector (KLM):K

EM Calorimeter (ECLY): L
{ ( ) RREi(barrel outer layers),

Csl(TI), waveformygsamplin -
() MKE 7 7Scintillater + WLSF + SiPM
77777/ (-eaps, inner 2 barrel layers)

1.5 70
superconductive
solenoid

€lect,, -
Ons 7 oS
el

Beryllium beam pipe:
2 cm diameter

 Vertex detector (VXD):

2 layers DEPFET pixels,
4 layers double-sided
silicon strip detectors

/

" Particle Identification:
7| Prox.focusing Aerogel RICH

L

Particle Identification:
Time-of-Propagation counter

Central Drift Chamber (CDC)
He(50%): G2 Hg (50%), small cells, long
lever arm, fast electronics

P

I ——
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Belle Il data taking

Year 2016 2017 2018 2019
Japan FY 2016 2017 2018 2019
Summer l Summer | Summer Summer
shutdown shutdown shutdown shutdown
// [ 1 \\
Phase 1 Belle Ii Phase ‘Phase 3 |
a— ] insertion . ———— - - - -
R + |
Main Ring (MR) citchl{;;iLg viD
commissioning MR commissioning for phase 2 HER (&) installation
EwcLsAtng | During phase 3, Belle || |
Damping Ring (DR) Inhstallation and commissioning DR commissioning activity of 9 month/year
— have been assumed J

* Phase 1: [Feb — June 2016] Simple background commissioning detector
BEAST Il. No final focus. Single beam background studies.

* Phase 2: [April — July 2018] A pilot run with a more elaborate inner
background commissioning detector. Belle Il outer detector (partial vertex
detector). Full superconducting final focus. Collisions.

* Phase 3: [March — June 2019] Installed the VXD in Belle Il. First Physics
Run with the full Belle Il detector. Aims:

v Tune SuperKEKB Physics running with acceptable backgrounds.
v Test Belle Il detector: readout, DAQ, vertexing, tracking, PID.
v Make first measurements. Carry out dark sector searches as well.
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o Run 3

Belle I
Belle Il online luminosity Exp: 7-8 - All runs

Integrated luminosity [fb~1]

Il Day per Day
= Total

Total [ £ dt =6.49 [fb!]

0.30 A1

T
=)

Results for early
Phase 3 data:
based on 2.62 fb*

0.25 -

T
L

0.20 A

T
I

15| Recovery from
fire near LINAC

T
L

Total integrated luminosity [fb~1]

0.10 A

T
M

0.05 -

Total integrated luminosity per Day [fb~!]
W

" . Achieved Target
> R\ RVs N > b{é'-“ -
o’ oS oF o o oF l.er(max)(A) 0.880 2.6
"3 " W "3 . "t
+ 0 f@ $ P P
lher(max)(A)  0.940 3.6
L . (normal)~5.5 x 10%/cm?/sec (By*=3mm) B,* (mm) 2 0.3
Lpeak(last week)~1.2 103 (By*=2mm) # bunches 1576 2364
— This is comparable to KEKB / PEP-II, Lpcaklcm2s?)  6.1x 103 .
but background ~3 times higher to turn on Belle 1| 8x10

L(det OFF) 12 x 1033 ¢
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Photons reconstructlon

e'e ->uuy

1.00 GeV < p(recoil) < 8.00 GeV
| T

— T T T | T T T T T T —
-~ - Data -
= —Fit B
- Bellell 2018 (Preliminary)t .
- _[ L dt =250 pb” T -
- u, =0.997 £0.001 .
= e T
0.6 0.8 1 1.2
F T | T T T | T T T | T T T B
:1“""—-—:_-_:_‘_' —— || e T ] HH»—-—HH i *H_rﬁig
E e e - = 3
:_ 1 I 1 1 1 | 1 1 1 H_i 1 1 1 _:
0.6 0.8 1.2

E(ECL) / p(recoil)

Ready for the dark sector:

ere
e'e

- YALPS - y(yy)

Events / ( 0.0002 GeV/c?)

Events / ( 0.0025 GeV/c?)
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Belle II 2019 Prellmlnary

—+ Data

— it

I Signal

— Background

| PR,

lIIIlIII

J L dt=2.62 fb"'
C (3991.3 +19.9) 10° candidates

T 1 =(132.296 + 0.005 ) MeV/c?

IIII[I'III|IIII|

. 0.1 0.12 0.14 0.16
M,, (GeV/c?)
18000 __ T T T T I T T T T T T T T | T T T I__
- Bellell 2019 Preliminary I Data g
16000 — — Fit —
C | Ldt=2.62 b 8 signal .
14000 — J — Background
12000 (— —
10000 [t B
8000 [— —
C (100.8 + 46.2) 10° candidates 1’] ity yy ]
6000~ _ (542.1 + 1.3) MeV/c? e
40006 = (11.9 +2.3) MeV/c? —
" E,>0.40 GeV i
2000 — S =
: 1 1 L 1 | L I 1 L :

82 0.45 0.5 0.55 0.6



dE/dx

PID: dE/dx In CDC

- hadronic events
- tracks from

Performance of
CDC dE/dx PID
with early
calibrations

In the hadronic

event sample.
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Reconstruction of charged tracks

_IIII|IIII|[III|]1ll|||||||]Iil]llllllll]llllll![l_

i KSO S n
+ f Ldt=~5pb"~
+ Belle Il 2018

p o :
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800

Entries / (2 MeV/c?)

| | | |
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T 1
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400

200 ~ a few hours of data taking

L1 11 | L1 11 | L1l | I T 1 | | L1l | L il | I | | L1l | || | Ll
0945 0.460.470.480.49 0.5 0.510.520.53 0.54 0.55
m(t*n) (GeV/c?)



D

<o

Belle I

.
1.4 220

Belle Il, 2019 preliminary

Charm reconstruction: e*e - cC

[Ldt = 2.62 fb™1

D° - K*m*

Events(/0.0015 [GeV/c?])

2
Y

0.2

T T
Total Fit
X'indf=421.2/97

Background Fit
I signal Fit
4 Data

Events(/0.0008 [GeV/c?)

4000

Belle 11, 2019 preliminary

JLdt = 2.62 fb~!

§

£

E

500

D s K*m*mEm™

1..0 l-;-z l.lll 1 h 1.‘8-3 l.{” 1.'92 l..I!-l
M(K*n¥) [GeV/c?]
e Belle 11, 2019 preliminary JLdt = 2.62 fb™?
1.2 T T T

DO =y Kiﬂ,‘;‘ﬂ'o

Lot

0.8

0.4

Events(/0.0015 [GeV/c?])

Total Fit
xP/ndf=92.9/777

— W=1860.0x 0.1
o=9.7+ 4.8
Yield = 44830 = 154
Background Fit

m Signal Fit

+ Data

Pull

1.88

L
188

M(K*m*n®) [GeV/c?]

L
1.90 192 194

Total Fit
xiindf = 35.4/97
—— u=1863.9: 0.1
o=31zx 0.1
Yield = 14667 = 611

Background Fit
e Signal Fit
+ Data

Events(/0.0014 [GeV/c2])

Pull

Events(/0.0016 [GeV/c?])

Pull

3000

1.86 1.87 1.88

M(K*n*m*n™) [GeV/c2]

1.84

Belle 11, 2019 preliminary

[Ldt = 2.62 b

D° > K2m*m*

Total Fit

x*indf = 43.8/47
p=1864.7x 0.2
o=32% 0.2

Yield = 8205 = 316

Background Fit
Signal Fit
Data

+

1.88 1.87 1.88

M(K2n*n¥) [GeV/c?]

2500

Belle II, 2019 preliminary [Ldt = 2.62 fb~?

2000 -

Total Fit

xPindf = 49.6/67
— u=1863.2% 0.2

o=29% 0.

Yield = 7321 = 186

D° -» K*K*

Background Fit
I signal Fit
4+ Data

L L
186 1.88

M(K*K¥) [GeV/c?]

L
1.84

Belle Il is ready for
charm physics and for
charm as a building
block of B physics
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D TOP PID

5 0.8
D*+ . DO J'I:+ DO - K- TE+ — - 4 Kaons —_
slow @ 07 _
c F 4- Pions Belle Il 2019
o 0.6 Preliminary
Kinematically identified kaon from oab (TOP only)
a D** in the TOP. g
Cherenkov x vs t pattern (mapping 0.2f
of the Cherenkov ring) 0. 10— o

i e e
0.1 02 03 04 05 06 07 08 09 1
Likelihood Ratio R[K/x]

7

Kaon hypothesis is favorable.

'g‘ 60 T T 'g GOI T T T | E‘ 60 T T
‘© Belle Il TOP 2018 (Preliminary) ‘© | Belle Il TOP 2018 (Preliminary) T Belle Il TOP 2018 (Preliminary)
-g 55 D* kinematically tagged kaon E 551 D* kinematically tagged kaon 5 55 D* kinematically tagged kaon
= p=1.41GeV/c E | p=141GeV/c I ¥ p=1.41GeV/c
50 0 = 45.4° - 50+ 0 = 45.4° . 50 0 = 45.4° -
Pion PDF i Kaon PDF i Proton PDF
45 109 L(7) =-265.83 ] 45+ log L(K) =-250.81 1 451 109L(p) =-294.08 1
40~ : .4 40} ; -4  40f : .
- : - 1 -
35+ - 35+ . - 35+ :
30k : . 30~ . 30- 2 .
. i .:g!—ul— [ . ..- 1 - <t e
| —_n e . . | —— - . | P —"_— —
25 - .; . 25 — = = ""‘6_"1 25 . " .
2q)_ IR 116 = o 312 . PR 4‘8‘ " " _64 200L. = " 2 116 " x a 3I2 a S 418_ 2 = a 614 200_. a = = 1‘6 — a P 312 PR i 418_ " s 64

Pixel column Pixel column Pixel column 13



K Efficiency/n mis-ID rate

TOP performance

Kaon (pion) track is identified based on

0 ot 0 -t : . .
- Dm slow D° - Km the charge correlation with the slow pion.

1
0.9

0.3 F&— K eﬁiéiene;i {datail}
0748 K efflclency MC}

o
0

0.8— | | |
-3 K eﬁn:lency {data}

-1 K erncuency {MG) "*"Eéﬁé'ﬁ"fﬁ'fﬁm
R S— R +Prel+m|nary+ e 0.6
o |Ldt=262 fb‘

| | Bes
| " (TOP only) | | | | | |
T e S e o 0.4

¥ nmis-ID rate (MC) '
I +. 0.2

e 9 2 9O

g g~
I|IIII|IIII|
1 +

F;} o
w B
TTT
e

.......... sanenzm
| | | | | F’rellminary

ILdt YY) 1b T
(T@P Urrly)

K Efficiency/m mis-ID rate

TTT
e

""*.at is: TD rate (data]
-----?1: mis- i’rE} fate {M(;}

-~

=

N
|
;

.q.;

e o A S m— — e e e i

©
—
T[T
i

IIIIIIIIIIIIIIIIiIIIIiIIIIiIIIIiIIIIiI 0 III|III|III|III

E; 1 15 2 25 3 35 4 45 -1 -0.8 -0.6 04|02 0 02 04 06 08 1
Momentum [GeV/c] Polar Angle [cos8]

TOP performance is approaching MC expectations. NB. The current MC
simulation does not include embedded random triggers, which correctly

represent the effect of beam background and electronic noise.
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D

Belle I

D Global PID performance

Combining information: CDC dE/dx (centre), ARICH (FW endcap) and TOP (barrel).

—k

5 FMa £ 1 e e e ke
I R | - B =~
o = | o - | o g ite_r DU
§ ggil bl Lol SR b ool T thy paeal
& o7k K effciency (data) _ | Belle J1.2019.. EF T e 4 Kefficiency (data)
g'-‘“ EI K eﬁlmenﬂzy (MG) PTE'”’”'”aW > | =y Bellell 201? i K efficiency (ME)
G 0B f Lat 2625 | S 06| e Ereliminary L L
E 05 {AH#CH aﬂd T@P ﬂdumal reegmn} | £ [ JLdt 2.62 fb 5 i | i
S _ ______ | o e B i Gew@}

Ei T rms ID Fate (data} Ok | T m|§5 ID rate (c ata)

0.3¢ H L e =FY—' Y
. 'f TEITII6|D rate(MC)

f T rms ID nate (MC)

o ©
- r\}
IIII|IIII

0.2

05 1 15 2 25 3 35 4 45 Wy 06 04 02 0 02 04 06 08 1
Momentum [GeV/c] Polar Angle [cos6]

o
— T T 1
oL
m -
D -

NB. Current MC simulation does not include embedded random triggers,
which correctly represent the effect of beam background and electronic
noise in CDC, ARICH and TOP,
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<o

Entries

K _frome+e- - K. K y (ISR)

K, identification in ECL

35

30

25

20

15

10

II!IIII!IIII!IIII!IIII!—I—I—!—!—!—H—!—H—I—

—_—

=

S

=
—

—— Phase 2 Data
KeKL(y)
B ss

other

Belle Il Preliminary

2018 Data

j L dt =507 pb”

KE frome’e = ¢ (y) = I'{; I{E ()

4

02 03 04 05 06 07 08 089 1
PSD Classifier Output

Entries
&
(=]
[

4000

3000

2000

1000

photons

—— Phase 2 Data
e (y)
T (Y)
B KKy)
Belle Il Preliminary
2018 Data
I L dt = 507 pb™’

v frome’e — pu(y)

Lia 1ttt trr ittt ii

05 06 07 08

=
b
=
ha
=
[ 4]
=
o

09

ki

PSD Classifier Output

K, can be identified using ECL waveform sampling.
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Candidates / (5 MeV/c?)

Pull

B - Jhp X In Phase 3 data

gsofT T T T T T T T T e -
1ooC. Belle Il 2019 Preliminary 1.3 =
350 JLdt:E.ﬁE b —~ =
300 0 =
2505 N, = 1684 + 48 4 > g
[ @ —
© =
o —
0 -
[ - |
c =
{'} —
=S
o
2.95 3 3.05 3.1 3.13 3.2 295 3 3.05 3.1 3.15 3.2
- 2 -
M(u*w) (GeVic?) M(e*e) (GeV/c)

~1% of Phase 3 data: Clear signals for B - J/{ X is seen.
(For e+e- pairs the bremsstrahlung recovery is included).
Belle Il has good PID performance for both electrons and muons.
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Belle I B B
We can separate BB from gq using the BB
Event Topology
:.C;-I'q::'il""l'"'I""I""I""I""I""I""I""
soof- Belle Il 2019 Preliminary k «
- .s, _1 s Y(4S) data -
. 500 :_ . l. J Ldt = 2.62 tb .Dﬁ-fESﬂﬂﬂl’lllE _:
s N - .- ]
- I " ]
E 400 "-..- -
E 300
E [
200}
1DD?
DD 01 02 03 04 05 06 07 08 09 1

R,

For many plots shown: N_.~2.8 10°
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D

a3 Reconstruction of B - hadrons

—_ _ — 2_.Nn2
AE = Emeasured ECM/2 mBC \/(ECM/Z) P measured

- = AR R RS R ¥ SRS A e R B AR RRETT N R AR AR NERR SR R
— - Belle Il B — D(Km,Knn - Kam*. 1 % 600: B* — D(Kn, Kmt:, K3mr Belle Il =

© [ 2019 (preliminary) Y = [ B" - D(Kr, Kre', K3ulg' 2019 (preliminary)
8. 400+ B" — D_;(D (Kn, Knre K3rt)rr_)n-;._ o 500k 5 — Df(DU{Krr, K, K3omOe i &
@ E J Ldt=262fb" B — D (D"(Kr, Knr', K3mmHn: ] = [ B 0" (0 (Kn, Kmn’, K3non J L dt =2.62fb ]
= [ B’ — D' (Knmi [0} [ B° DKot 1
- : _ ok |
g 300 B’ > D' (Kmm)p — 2 400‘5 B’ — D' (Knmp™ 5
2 e 5’ - DKo’ _ % L B° - (K ot ]
3 S 300f : =
O S - 1
= = = il
S - ]
O 2001 —

_ (oo " W—
—9).2 -0.15 -01 005 O 905 01 015 D2 g.2 521 522 523 524 595 526 527 578 529

AE (GeV) M, (GeV/c?)

~2200 Fully reconstructed hadronic B decays

Clear demonstration of Belle Il capabillities for doing B physics.

NB. Modes with charged kaons and pions, as well as final states

with K°_, mesons and neutral particles are efficiently reconstructed.
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5 Full Event Interpretation

Belle I

 Utilizing a machine learning technique (BDT - boosted decision trees) to fully
reconstruct more than thousand B decay modes.

* Yields are increased by a factor of ~8 wrt the previous technique.

* The technique is particularly useful for channels with e.g. missing momentum

(neutrinos).

Belle 11 preliminary foar=papm— Eelle 11 preliminary [oer=0.apm—
700 y . T . T . . : -
......................................... . == Camrectiy reransmucted . == Carrectly reconstructed ]
. : - . Cantén & mis-recanstrected [ Lanti & mis.reconstreced ]
tapg-side signal-side "k so0 R e %ND g ]
- , & 500 Mgz, =1066 = 77 & Mag, =40% = 31 ]
7 o 150} 05 j ]
P Py = 1 1
— : S 0
- : & 100f I
¥l T(4.5) o [
e g 0 L L
T I,i %o
I W_ D
: : : : 25F ' ' ' ] 25F ' ' ' ' 3
-------------------------------------------------------------- 3 oo :_'_'_||_|'_|I_I_l_|—|_|'_|_||—| == O S gl — -—-—i_i—l = 3
- o & ! E
T " — E } 524 525 526 527 528 524 525 526 527 528
racks usters | =B Mee [GeVic?) Mige [Gaie?}
T =, 2
................. _,_,- ._;..,_,_,-.-.....:_'._,c'.....}\(......1.,;\__\_.;_.:.....................................................L_;\.............:-'TJ
— = Y i - \ PR o
[ ot ] i+ | [ Fot ] = |l [ = ]g\- A Belle 11 preliminary fedr=n41fn—? Eelle Il preliminary [Let =041 0"
™ | J T =] T T T T T T T T
L . J e F . 5'_ o= ‘_‘-'J-ED::I Lorrectiy recanseckhed ] — = Corecdy reconsireched
S - lialie. el elebdintatt e m :- LanEnnem & mis-recanstrecked % 150 pl tontinnem & mis.reconstrecied
L [ I{;-‘- ] - ! = % [ @ Dpata % § Data
U R = ] - & 300 Mgy, =663 = 55 " ] G 25 Mg, =288 = 26
, . W . f | ! i = M K L *
Lt P A0 LB Frag = 1 L = 0.5
e AR g r-gq ay 15 r-gq 100 Puay { 1
™ | I =1 (e = omE = 100 [ =
: Sy D p;| & g 2
: WA — L 1L 1
.............................................................. o
e . . .
25F 2.5
o — o ———
& A= 1 = & s | m— | = ey ] | =l =
5,24 525 525 527 5328 5,234 535 536 537 528
Mg [Gevic?} my [Gavc?}

NB. Only ~10% of the Phase 3 statistics is shown here.



B- - D°K-

No PID High momentum PID
=5 : B ESc L T T T - % B FEE ] INE RO | I A O N I S| [N O . A O [ O .
& 350F Belle II ° _'?a‘al - 49 sok Belle Il e Data 1
T) B ey t t 5 — Fh J 5 =]
S 300 2019 (preliminary) 44 oni E):ﬁ S0l g [ 2019 (preliminary) g1 T ég[i fg,g ol ]
= B = A4 F Yy sesens B* — DK' signal § = | j TREE B e B¥ — DK signal
g 250f- _[Ldt 262fb" 1 Background % f Ldt=262fb" F 1 T pkGi ;
§ 200 - =
° E 5 B 1l
T B i 'g B i
15 o :
100}~ = q i
: : 10F ]
S0F 5 B G T W :
E 'r‘.l"":".':: ............... E B iy .L-'.“.:'w.-::-}“.“- i
—8 15 —6 1 —O.L05 0 0.05 0.1 0 —8.15 0.1 -0.05 0 1%
AE (GeV) N(D°K’) = 38 + 8, statistical ~ AF(GeV)
significance is 60
(p.M)
ViaVin | / Demonstration of Belle Il high momentum PID
ViV | [
!/ performance. This decay mode will be used for future
/ . . . .
Y=0. B=o determinations of the Unitarity angle ¢3 (a.k.a. y).
(0.0) (1,0)

Figure 11.1: Skeich of the unitarity triangle. o1



B - DK '] o

— _ — 2_2
AE = Emeasured ECI\/I/2 Mg \/(ECM/Z) P measured
22_ e man [ R e —: | T A T T N R R T L
of - Betall B* - D (Kwn") m* 30F-  Bellell B* - D (Kl n* =
18 - 2019 (preliminary)f |, e Data - 2019 (preliminary) e Data

= Total fit 25 - 3 = Total fit
- Ldt=262fb

163_[ Ldt=2.621"[]}

Candidates per 0.016 GeV
Candidates per 0.004 GeV/c?

I Back d 200
12f : ackgroun i SRS
10;— 5 : 15:—
8E : : -

: s . 10
°F ) p E J(—
| R W ] LR, S - R J—L 5E # ..............
2_ ‘." “-. ! ] B 44_

L:L"J"l g a J.“r'HhLJ | Jgﬁ+. ) .: I SR 50 e 1| (RS TR 1l 0T =

_% 1 -0.05 0 0.05 0.1 0.1 £23 5.24 5.25 5.26 5.27 5.28 5.29

Belle Il demonstrates capability to measure this important

channel, which will be used in the Dalitz determination of

the Unitarity angle ¢, (y).
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Radiative B decay: B? - K*® y

B° - K*[K ]y BY - K*[Kna'ly

r 5¢
L Bellell 2019 o~ 45F Belle I 2019
t preliminary 5‘-_‘_ 4 E preliminary
o 3 _[Ldt=2.ezm" S 85F JLdt=2.E‘-2 o’
5 - " :_ + "t +
N F 1B = K% = Ky N 3 B" 5 K'y— Kty 1
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Tracks ‘
P N
POCA /.%o
PV

* Impact parameter distributions in two-
track events.
* Width of impact parameter resolution

distribution.

* VXD resolution in impact parameter
~14 microns

* Improved ~3 times in comparison with
Belle

o6s(dp) [pum]
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Time-dependent measurements
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ey Time-dependent measurements

Belle I

N(D°) = 860 + 30 t(D°% = 370 * 40 (stat) fs

I:'h‘_‘- IIIIIIIIIIIIIIIIIIIIIIIIIIIIIE E1UE__‘ |
= 350 Bedle N Praimirary — = N Data Belle Il Preliminary ;
ggm JLa-osen' e chﬂ:D.Lﬂfh" ]
E E [m:lnﬂ;umund
o 250 — - 10 _|
_ E ~ — Model =
£ 200 = L
150 =
100 - 1
50 3
?-E 182184186188 19 192 1. 10° \
1 11 11 II | 1 I | | 1
m, . (GeVic) 4 -3-2-10 1 2 3 4 5 8

* Uses ~1/15 of the Phase 3 dataset.
* Clearly demonstrates the combined performance of the PXD and SVD.



B°-B° mixing

[ Belle Il 2019, preliminary 1 - Belle Il 2019, preliminary }
1000 | _[ . f _ _[ )
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First oscillation
<€ > 0 0
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S e
o %8 det:Q.BB b * Partial reconstruction and time determination
= = uses only Lepton tagging.
> = + . . .
I= 061 + ‘ * Check M?v sideband (consistent with MC)
S | —— and_ continuum with loose cuts (no
= 04 o pa + oscillation)
C I Expected i _
o « Not CPV: f, . ()= K[1+ cos(Am, At)]
o 0.2 - 1.=1525ps
:LE L Am, - 0507 ps” * Use flavor specific final states but requires
ol v tagging. Verifies Belle Il VXD capabilities for
0 0 10 CP violation measurements.
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Belle I
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S Dark sector

Previously limited by Triggering, QED backgrounds and theoretical imagination.
Now new possibilities of triggering, more bandwidth.

e Belle Il First Physics. A novel result on
the dark sector (Z' - nothing) recoliling
against a pair of muons or an electron-
muon pair.

* Both possibilities are poorly constrainec
at low Z' mass and in the first case,
could explain the muon g-2 anomaly.

Coupling g’

—

Also examine a lepton flavour violating NP signature in the dark sector

29



Dark sector: results

Search for ee > u*uwZ', Z' - nothing

E _l I | | I I | | 1T 11 | I I | 1T 11 | I I | [ | | I I |
E 102 Belle Il Preliminary e 2018 data
- J Ldi= 276 pb”
10 ere— Wiyl +

ete’— 1Y)

ete — ete

ete’— miy)
H-|-|-|-H ete'— eteete” ' Fe -»
E{-‘;’} ete— ete(y)

— .r||-|_|
107

2
1074 1 2 3 4 5 6 7 8

After tau suppression cuts and unblinding. Recoil mass [GeV/c?]
Results are compatible with backgrounds.
No excess above 30 Is seen.



Dark sector: results

Search for e*e > u*uZ', Z' - nothing

f-‘ 1 — I T T TTT | I I T T TTI | I I T T TTI | I I I
— - .
O - Belle Il Preliminary - 2018 =
X i _
& oL JLdr = 276 pb’ B
o = T, =
2 -
O i
—
S5 10°s L-L, —
- L,-L.. BF(Z— inv)=1 -
107 =
(6-2)*2% -
1 0—4 | I I | | I I | | ] I I I | | | [
107 1072 107 1

First upper limit on coupling g' is obtained. M. [GeV/c]
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Dark sector: results

Search for e'e - e*u*Z' _, , Z' ., - nothing

Belle Il Preliminary e 2018 data

Counts

J Ldr= 276 pb”

10

ere’— Pu(y)
e*e— TT(Y) e ¢ » (1)
ete’— eTe WL
ete — W ‘.'1:'{r Y } I

r— g o
}
|

A

107

ete — ete’ (V)

i e eveere . "1.11.,.1[;

2y 00 | I
1077, 1 2 3 4 5 6 7 8

Results are compatible with backgrounds. Recoil mass [GeV/c?]
No excess at any recoil mass can be seen. .
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< Prospects of Belle |

Belle I

* Based on The Belle Il Physics Book, arxiv:1808.1056, published by
Oxford University Press.

* OQutcome of the Belle Il Theory Interface Workshops, with emphasis
on New Physics (NP) reach.

e Strong participation from theory community, lattice QCD community
and Belle Il members.

x1ﬂ3% 1@ | | ] I ] l ] l ] | l L| | 1 | || | | ] ] I 1 ] ] l l I I._ 69
s . R t LFV discovery ]
B—n'Ks S 30 Wk in
new CP E [ HLE Int. L ] H B—py
ok 140 ~+
¥ | :
Confirm B=5Dtv -~ | J13¢™  B—Kvv SM
new physics g 2 i l E‘ discovery
v b ] o
= [ —_ 20 1
= ] ki
Resolve - 5 [ B—Kee LFUV
|\Vub| puzzle -:é : 10 new physics
L‘ 9 il ol T | i i1 i I M B B i I i B
2019 2021 2023 2025 2027
All the details are in
"The Belle Il Physics Book™ ee—A'(xx)y EE_HM(Y) S

precision for (g-2)u discovery
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- Summary

* The SuperKEKB colider and Belle II experiment aiming to search
for New Physics with performance at a new level:

— 40-times higher luminosity with respect to the previous record,
— advanced detector technology.

* This will enable Belle II to explore NP on the Intensity Frontier,
which is different/complementary to the LHC high p. experiments

(Energy Frontier).

* Competition and complementarity with the LHCb experiment.

e Phase 3 in March-June 2019: L._= 6.49 fb™' data is collected, first
results are shown.

* Operation will resume in October 2019 and continue until July 2020.

* We are looking forward to the next decade of exiting new results in
search for New Physics beyond the Standard Model.
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L= B° - D K*

No PID High momentum PID
< " Bellen e Daa 128 o Bellen e Data E
w 12012019 (preliminary) —ggta' f['; S 1w 185_2019(preliminary) — Towlfit. =
o B _ a4 F 1 e — D'n* signa 1 o = P e r— B” — D'n* signal =
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g 8o 18 s E
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AE (GeV) AE (GeV)
N(DK*) = 23 = 6, statistical
significance is 3.30
(p.M)
VVio| / Demonstration of Belle || high momentum PID
ViVl |
!/ performance. This decay mode will be used for future
J . . . .
Y=0. B=o determinations of the Unitarity angle ¢3 (a.k.a. y).
(0,0) (1,0)

Figure 11.1: Skeich of the unitarity triangle. 36
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Vertexing: SVD + PXD
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Belle Il vertexing performance significantly improved in

comparison with Belle
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Barrel PID: Time of Propagation
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Cherenkov angle is reconstructed
using hit position in the photo
detector plane and time of
propagation.
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- Forward PID: Aerogel RICH
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Electromagnetic Calorimeter
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* Fit form to extract amplitude
and time
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RPCs in the endcaps and two inner barrel layers have been replaced with
scintillator strips with WLS fibers and MPPC detectors in order to keep
reasonable efficiency at high signal anf background rates.
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Support profile
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