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see talk by F. Fort The Belle 1l experiment <o

L — Belle I
+ Legacy of B factories, BaBar and Belle: JEE o amimeBAm Eﬁ{ﬂ_
+ Precise measurement of CPV in B system. oy E
oa £ ~ 0 SN E
+ About 1.15 ab in total at Y(4S). = EE > N o,
0, g
+ Belle Il builds on the excellent B factory experience, 01 ] ! , 3
shifting focus to search for BSM physics: “oa w2 e e e

P

+ Extremely precise measurements: CKM parameters,

rare B, D and t decays, light dark matter, ... -
+ Quantum manifestation of New Physics: Z107} SuperKEKB
high NP mass sensitivity. .<
""SM e 10 +
SM m_ > -------- <NP : T
I A NEEREREENN o “‘
NP ' \\\\““\‘ LHC
1 *
+ Unique skills in Belle Il w.r.t.: e Tevatron
R 1 . . -1 |
» inclusive measurements. > interesting 107 e
+ events with missing energy. | complementarity (2xpl2)’
+ events with neutrals. with LHCb
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Super

+ Asymmetric e*e circular collider at KEK, Japan.

<> Eco||i5ion - mY(4S) and from Y(].S) o= Y(6S).

+ New nano-beam collision scheme:
+ KEKB transverse beam size /20
<+ KEKB beam currents x2
+ KEKB crossing-angle x3.8
+ KEKB boost x2/3

> targeted instantaneous luminosity:
8x10%* cm™ s !, KEKB world record x40.

]

Belle at Belle at
KEKB SuperKEKB

D

KEKE The SuperKEKB collider o

Belle I

Belle Il detector

et-4GeV-3.6A

collision point

beam crossing
angle 83 mrad

vertical beam size
oy ~ 60 nm
I
e-7GeV-26A

Positron damping ring

.. | Electron-Positron
linear accelerator

+ High luminosity > many parasitic particles:
+ dominate occupancy in inner tracker,
+ damage detectors.

> success of Belle Il physics
program relies on the control
of the beam induced BG.




Super

<EKE Belle Il calendar

e 4

+ Belle Il commissioning:
Phase 2, March-July 2018. Apr. 26, 2018

+ Partial ¢ coverage of the inner tracker.
+ Beam induced background study (BEAST II).

+ 0.5 fb! registered, peak lumi. 5x10* cm?s?t. & & Boll T

Super
KeEKB

< Start of physics run:
Phase 3, started 25 March 2019.

SuperKEKB luminosity projections

Belle I

First Hadronic candidate event

All Belle Il sub-detectors in DAQ. N
x10 10 ) 1 1 1 1 1 1 1 | 1 1 | 1 1 | 1 1 1 1 ) 1 | 1 60 —
| | | | | | =
Status on July 1st: T | o
: NU) B super 50 ©
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Ingredients of TDCPA measurements <o

Belle I

for ¢1 and p> measurements

direct CPV indirect CPV o— At /750
. Acp . |BO>SCL) on) Pl — i 11+ q (Acp cos AmgAt + Sop sin AmgAt)]
B——> \4_ e

[BY) Acp =0 Scp ~sin2¢; 2 (attree order)

BB produced in quantum
entangled state:
Bsic flavour q identified
inclusively from BTAG flavour

B, |
e’ (7 GeV) et (4 GeV) AZ ~ 130

PPV e I : é _ i ___________ > )/
Y (45) B, :::""" T -
BO ’2~0\\~ 97-[ +
At = Az/Byc S = >

with lower By = 0.28

and improved o; o

with new vertex detector




Flavour tagging

+ MVA-based tagger:
many sub-taggers with many input variables.

D

o

Belle I

+ Total expected effective tagging efficiency:

Seix(l-2wi)?=37.2%
to be compared with 30-33 % in BaBar & Belle.

(Belle 1l MC)

Dilution factor r due to mis-tag w:
=l =20) > Acp0b5=(1-2w)Acp

+ Further improvements expected:
+ More input variables, more categories.
« Deep NN.

+ More than 10% improvement was observed
within BaBar and Belle lifetime.

Belle Il Physics Book - arXiv:1808.10567 @5@ (KMClusters)  (ECLClusters)
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Time measurement

Belle I

+ Vertex detector inserted in Belle Il end of 2018:

+ 1+ pixelated layer, r = 1.4 cm.
+ 4 layers of double-sided silicon strips
with 30% extended acceptance.

+ Factor of 2 improvement expected on
track impact parameters w.r.t. Belle:

=, 140, Fit function: o = Va2 + b—25,2
o o pPsin(e)
- 120 O Belle SVD2 cosmic (Data) BN715
-.,(_.—D 100i | =——%— a=263+04pum :
= S b= 329+0.8um GeV/c + Very small beam spot size:
8 804 Belle 1l single track events (MC) 3
O . ceek-- a= 11.6+0.0 um Belle, BaBar beam spot (120 x 5 x 8000) pm
. L\ b= 17.9+0.0 um GeV/c .
N T vs. Belle Il beam spot (6 x 0.06 x 150) um
20—.1"" 1
O:llllillllillllillllillllillllillllillll ¥
o 1 2 3 4 5 6 7 8 D+
pBsin(0)’? [GeV/c] 3




+ At resolution is dominated by Tag-side vertex resolution:

Time measurement

X0 . xu0 —~ o

§%°F E F g 350~

3 g™ S s

—8,__ 0.01 0.0: .03 —8;3 -0.02 -0.01 ' (l) — ‘0.101| ' 0.02 0.03 92 —I4 -3 —2I - I—‘II - I0I - 1 - I2 3 tli 5
Vz - GenVz /cm TagVz - GenTagVz /cm At - Gen. At/ ps
Az resolution Az resolution :
At resolution
J/Y— uu Tag Vertex
Belle Belle I Belle Belle Il Belle Belle Il
43 um 26 um 89 um 53 um 0.92 ps 0.77 ps
— |]||||||||||||||||||\||[|||||(||||||||||||||||]
2 10°= E
- -~ eData Belle Il Preliminary :
+ Measurement of D lifetime with Belle Il first data S [ P | Lat-0asm ]
LA I B B IE 4\(2 i ¢C background !
Belle Il Preliminary —| GCJ 1 0 — == Model =
JLdt=0.34 fo' __ uﬁ - ]
. o ‘}6\' 3 . ]
D; y DOdecay vertex E 1__ _
2 o " 200 Wm - ] C ]
L g < = L .
D extrapolated production point  beam spot . i ]
B 10—1:_ ] |||||||||||E
measured T 0 = (370 + 40) fS - ] 4 -3-2 10 1 2 3 4 5 8
D 9.8 1.82 1.84 1.86 1.88 1.9 1.92 1.94

m, . (GeV/c?) tye (PS)




Sample of particles reconstructed in first data

60

Belle Il 2019 Preliminary
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Belle Il prospects for ¢1/B <o

Belle I

Phase of Via: 91 = B = arg|—V 3 Vea/ (Vi Via)]

+ Sin 2@ is the most precisely measured UT parameter:
HFLAV 0. 55)

> C itter __ e
w.a: ¢; = (22.240.7)° / global fit: g1 = (22.51 T4 4g
+ Tree-dominated b — ccs: golden mode B° — J/ Ks.
» Theoretically and experimentally precise.
= Syst. due to vertex and At resolution will be the limiting uncertainty with 50 ab™! of data.
» Penguin pollution controlled with B® —J/{ n® data.

= Expected total uncertainty 61 = 0.12 with 50 ab™.

o
T

Asymmetry
o
\S)

_’_._

+ Gluonic-penguin-dominated b= qqs: T
B> dKs, n'Ks, wKs, Ksmt®, KstOv. F_"m"

——
k*.b i
» i
>
-»—
*
1 | | I 1 | | |

» Particularly sensitive to NP. of ++ .

= With increased stat.: additional decays, e.g., d = " rt nt°.

-0.2 _— $ + A

hyp o ®
¢ “:' o JyK_(S=0.70)
| _0_4‘_ l"o Al K, (s=|o.55)
NP would be discovered 10 5 o s T 10
(mOde W/O CompeﬁﬁOH from I—HCb) Belle Il Physics Book- arXiv:1808.10567 At (pS)
10




Belle Il prospects for ¢,/ a

¢2 = o = arg[ Vi Via/ (Vip Vud)]

+ Measurement based on b—uud processes.

Significant contribution from Penguins:

Acpz0 and b =, + A .

Most precise determination of ¢, from isospin analysis

of B > mtm, p p decays.

+ B? = m®n® (never measured so far): solve 8-fold ambiguity on ¢-.

Challenge of Belle II: B® decay vertex reconstructed based on

y conversion and Dalitz m° decays with IP-tube constraint.

+ Current precision:

D

o

Belle I

A* = A (pure tree)

0.12ps)

0 2 4 6
At - At%" [ps]

CKMFitter o
w.a.: o3 L (84.9751)° / global fit: 92 = (91.67177)
Expected total uncertainty: 3 Tsowom Brrir, pp
6(1)2 — 19 W|th 50 ab_l. ; 0.8H" BIIMC no S,
| —-BIIMC w. S,,
0.6/
0.2
0; | NN

85 90 95 100
Belle Il Physics Book- arXiv:1808.10567

0, ()




+ ¢3is the phase between b—u and b—c transition:

D

Belle Il prospects for ¢ds/y <[Oo

Belle I

Phase of Vu, and of CPV: ¢3 = v = —arg[V., Viua/ (Vi Vea)]

* @3 is a standard candle: accessible at tree level.

Very precise theoretical prediction 6¢s/d3~107.

HFLAV CKMFitter

Current precision: w.a. ¢3 = (71.1348)° / global fit ¢35 = (65.811722)°

> target ~12 precision with Belle Il and LHCb.

AsuppT- (B~ —5 DOK ™)
Afavor. (B— e DOK—)

+ Measured via the interference between B-— D°K- and B-— D° K- with various D° channels:

» GLW method: CP eigenstates K*K-, *rt, Ks o, ...
» ADS method: K* (nmt)
+ GGSZ method: self-conjugate multi-body states Kst* v, Kstt o, ...

> complementarity as far as ambiguities and sensitivity are concerned,
combination needed to reach good accuracy.

12



Belle Il prospects for ¢z /vy

D

o

Belle I
+ Golden method in Belle Il: GGSZ B — (Kst* 1t") K 3
+ Model-independent binned Dalitz plot. Many inputs from data. 2-52— A
+ Precise strong phase measurement needed to match 2k 5
Belle Il stat precision : expected from BES-IlI D decays. 1sE u
L 3
1: ,
+ Belle Il assets: 05 1
+ Unbiased trigger. 00:""0_'5""4""1¥5""2'""2f5""2g 0
Belle Il Physics Book - arXiv:1808.10567 M

+ Good neutrals reconstruction.

+ Part of syst. will improve with integrated luminosity (see B— D it control sample).

+ Other modes become also sensitive:
D*—Dr° DOy

D" 2mon® K. m® Ksm®m® KsKsKi ...

with:

+ increasing stat.,

+ better K/m identification,

+ better continuum suppression.

*
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Conclusion and outlooks /O

Belle I

+ Belle Il physics run has started. See talk by
0. Hartbrich
+ Belle Il will play a key role in particle physics: :: N
+ Accumulated experience from Belle & BaBar. 05 5’ sin 26, " w _:
» Unique skills for various measurements, = g_:; . _;
good complementarity with LHCb. E . \ -
+ CKM angle measurements will improve : é ;
very quickly already with 5-10 ab™. N A T E
» Huge dataset of 50 ab™: p
several measurements will start to be syst. limited > lots of work ahead! 61 = 0.12
O, = 12
+ Expected experimental performances often improve w.r.t. Belle O3 = 1.62

despite 20x higher beam induced background and lower boost.

+ Looking forward to the next decade of exciting Belle Il results!
Stay tuned: https://twitter.com/belle2collab https://www.facebook.com/belle2collab

"~ and like us!
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Belle Il detector

KL and muon detector:
Resistive Plate Counter (barrel)

- — Millato WLSF + MPPC (end-caps) )
EM Calorimeter: WP’
Csl(Tl), waveform samp 2\\\&\;‘ ////7 :
Pure Csl + waveform sa \\\\\\\Q\ / .

\ M —— Ll |

= I « e . )
- - IE a |dentification

| 2-0f-f )pagation counter (barrel)
electron (7GeV) = | - ' Prox. focusing Aerogel RICH (fwd) )

Beryllium beam pipe

=

_ 2 layers DEPFET + 4 |ayers \§

< 1§\< J | positron (4GeV)

'/}

«

- -
Central Drift Chambe
He(50%):C2He(50%), Small ce RSNS
lever arm, fast electronics S

\ ’ J




Super
KeKB
-

The SuperKEKB collider

Parameters KEKB SuperKEKB SuperKEKB
(LER / HER) | crab cavities phase 2 phase 3
En. (GeV) 3.5 /8.0 4.0 / 7.007 4.0 / 7.007
€x(nm) 18 / 24 2.2 /5.2 3.2 /4.6
ok (um) 147 / 170 16.8 / 22.8 10 / 11
o (um) 094 /094 | 0.308/0.5 |0.048 / 0.062
B (mm) 1200 / 1200 128 / 100 32 /25
By (mm) 59 /5.9 2.16 / 2.4 0.27 / 0.30
&y 0.129 / 0.09 | 0.0240 / 0.0257 | 0.088 / 0.081
20(mrad) 22 83 83
DLyeam (A) 1.64 / 1.19 1.0 / 0.8 3.6 / 2.6
Nb bunches 1584 2500 2500
L(107%1em=2s71) 2.11 1 80
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