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Legacy of B-Factories

* B-Factories: High luminosity asymmetric-energy e‘e-
colliders (PEP-1I/BABAR, KEKB/Belle), (Aclean environment)
operating at E s~ My 45/ =10.58 GeV t0 producee e Y (4S)-B 8

ndia : /( o tdSt 9 O Gev e (HER)
Rl . 31GeVe*(LER) =
- SLAC Natlonal% /
= ¢ el 7 e 8 Accelerator Laboratory Mexic;ﬂ'
— P ailand 3% { BABAR
L] o | PEP-1I
_ ' & r - Belle | : \ ) i

8.0 Gev © (HER) I 1999-2010 1999-2008 - ~
3.5GeV e (LER) ~1000 fb~! = 1ab~? ~500fb~t = 0.5ab :

2.11x10%** cm2s-/(WR!) 1.21x1034 cm™?s

StepP
Qg'ﬁgzgvery of CPV in B decay

"The Physics of the B Factories" &g&glse test of KM {CEV) and S
Eur. Phys. J. C (2014) 74:3026 Search/Evidence for New Physics

UB decays — QCD/Lattice, New Resonances| <z=s

Also, excellent t/charm factory
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http://www.dex.ne.jp/mantan/search/std2_search_preview.jhtml?start=1&lastServiceTime=1089537010262&number=1

B-Factories physics milestones

~ 180——F——7——T 71— T 71 T o
2 u Nobel prize to KM / 1dark Searchies & '
S 1600 - Decisive confirmation of CKM picture \‘f/—* e
= = &2 Observation of d TUEN ]
= 1400 _ + servation of direct ;ﬁ'r"

2 o <L CP violation in B —r* e
= PRL 98, 211801 : 4 Ti
e 4

S ~  Observationof  Observation of PRL 109, 101802 | PRL 109, 211801
= 1000 cp violation in 1 Evidence for =
o 800 _  B-meson system ’ N ~_ srenng. =
T —  PRL 87, 091801 : ’ —
Sy ~  PRL 87, 091802 Evidence for a
o 600 Observation of By i
= = B - KOl PRL 97, 251802 5
b - PRL 91. 261601 Evidence for direct i
400+ CP violation in B = K*r- —
_ PRL 93, 131801; PRL 93, 191802 i
200 / ¥~ Measurements of mixing-induced _7
- X(3872) CPviolationin B = ¢Ks, n'Ks, ...
0 — | PRL 91, 262001 | PRL91,261602 l | —

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

1 Year l

>100 unique CPV results ~380 papers published after shutdown; 18 in 2019
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Physics motivation for increased luminosity

» B-Factories legacy, complementarity to the LHCb

— The stage for the physics of Belle II:
» Stress-testing the SM and sensitively probing new physics via, e.g.,
e Precision CKM measurements: CP violation, meson mixing, decay rates;
e Rare processes, e.g., flavour-changing neutral currents;
 SM-forbidden processes, e.g., lepton-flavour non-universality,
Lepton number/flavour violation;
 Direct searches for light new states; Dark sector.

Precision of CKM unitarity triangle:
Belle 1l 50 ab™ projection, all constraints
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=<z Intensity Frontier: new luminosity record

</

Increased sensitivity: Belle |l data sample will be 50-times_larger than Belle's,
by collecting data from the SuperKEKB collider with 40-times_higher luminosity
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Belle/KEKB recorded ~1000 fb. [Positron ring | collision point L B€lle Il detector

— For Belle Il Need to change y-axis units to ab!

ek D 0 T 3 R T L BERERR T
o .u.j . : 0 ab™’ | Electron ring |
5 -
> d ' 2018: ~0.5 fb- BRE Yy
- [ 2019: ~6.5 fb™ (so far) SRR R L _
: l®  Toceve (HER) WS gl
% -5205:-_. 4.0 GeV e* (LER)K G~
4 i
ae = B
" g 2019 ' 2021 R 2023 2025; e l26)I27l 9 Hasttren damplng rng \ s
In the KEKB tunnel; with NEW:
- Beam cu rrents are only a factor of * 3-km-long positron ring vacuum chamber.
~2 h|gher than at KEKB (NPEP“) L] Positron damplng rlng

- “Nano-beam” scheme is the key to get to ~40. . Complex superconducting final focusing.

SuperKEKB

83mrad

22mrad I[":>

B 100um
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D :
<t Belle Il Collaboration

Belle II

Namibia Zimbabwe

aaaaaaaa

The Belle II collaboration:
* Almost 950 researchers from 26 countries (115 institutions)
have joined efforts to built and operate the detector,

and explore the physics potential of collected data;
* Russia: 48 members (BINP, MIPT, IHEP-Russia, LPI, MEPhI)
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D
<t Belle Il detector

Belle I

K, and p Detector:
Resistive Plate Chambers (barrel outer layers)

Scintillator + WLSF + SiPM’s
‘-m‘i-- = (end-caps , inner 2 barrel layers
(bar -.'

elect . o P — ticle Identification:
fons ~ A N e-of-Propagation Counter (TOP) (barrel)
d - e 2 :-'-' - _r':.." -

—

=

Csl(Tl), waveform sa \}\\\\\\\

[EM Calorimeter:

oximity focusing Aerogel RICH (ARICH) (fwd)
' -‘i\n CDC (centre)
-

J

[ Beryllium beam pipe:

| 2cm diameter Vi &
Vertex Detector
PXD: 2 layers DEPF

SVD: 4 layers DSSD

Central Drift Chamber:
He(50%):C.Hs(50%),
smaller cell size, longer lever arm,
fast electronics
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D N
</t Belle Il detector highlights (l)

Belle II
TOP: Barrel Particle Identification (uses Cherenkov radiation)

The paths of Cherenkov photons from a 2 GeV pion and kaon interacting in a TOP quartz bar.

MCP-PMTs Incoming track

512 channels K /m track
50 ps resolution

Cherenkov angle:
cosfc =1/nf Photon from K*

Bar length = 2600 mm, width = 450 mm, thickness =20 mm
Vertexing/Inner Tracking (6 layers)

Beampipe r=10 mm
DEPFET pixels
Layer 1 r=14 mm
Layer 2 r=22 mm
DSSD (double sided silicon detectors)
Layer 3 r=38 mm
Layer4 r=80 mm
Layer 5 r=115 mm
Layer 6 r=140 mm
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D N
</t Belle Il detector highlights (ll)

Belle I

Wire configuration I ' Rt o
Belle . nashamtoadates Bulky |
' particle ID :
\ % % 3ok . e o > - system 7 _

Belle Il

p— ) ) YY) —

o /4 | | Bele Belle I
Innermost sense wire r=88mm r=168mm
Note: . Outermost sense wire r=863mm r=1111.4mm
Outer radius almost ~20% larger i
Number of layers 50 56
than at BABAR/Belle:
. Total sense wires 8400 14336
Improved momentum resolution
Gas He:CzHs He:C;Hs
Sense wire W(P30um) W(P30pm)

Field wire Al(®120pm) Al(®120pm)
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D : :
</ > Bellell sub-detector installation

Belle II

* In 2010 Belle/KEKB operation was completed;
* Upgrade to Belle [I/SuperKEKB started;
e 2015 — Jan 2019: Sub-detector installation.

/) S
[ ¥

May 2016: TOP v?;s‘fg % ol

-

Jan. 2017 BWD ECL [

o e g B o
-~ . ~of . -
: .
: R
L 3 = L
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&
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D
<t Startup of SuperKEKB/Belle Il

Belle II

Year 2016 2017 2018 2019
Japan FY 2016 2017 2018 2019
Summer ‘ Summer . Summer Summer
shutdown shutdown shutdown shutdown
Phase 1 [Belle Il Phase 12 Phase 3
— bl = I - - - E—
Main Ring (MR) | c"l,fliftl:] VXD
commissioning MR commissioning for phase 2 ? HER (e Ig installation
el During phase 3, Belle ||
Damping Ring (DR) Ihstallation and commissioning DR commissioning activity of 9 month/year
have been assumed .
N y
Phase 2: Full Belle II outer detector; Phase 3: Full Belle II detector, including VXD
full superconducting final focus; no vertex detectors. (Layer 2 PXD incomplete — to be installed in 2020)
— First collisions: 26 April, 2018 — Flrst physws runs w1th collisions: 26 March 2019

~ ) ‘../i“'.\
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<t First collision events

Belle II

Super
<o KEKE I
o

A B B-like event -Phase3 “

10

Belle IT
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D .
</t Beginning of Phase 3 ...

Belle II

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

Unfortunately only 2
° months of collisions
(March-July 2019).

Integrated luminosity [fb~1]

B Day per Day
= Total

Total [ £ dt =6.49 [fb™!]

0.30

0.25 +

> T
: :
g 2
2 0.20 1 4 £
: Sl Parameter | Ach
3= =3 Parameter Target
E 01s{ Recovery from .3
- . co A 0.880 2.6
g fire near LINAC g e(maxiA)
% 0.10 1 L2 ‘_E IHER(max)(A] 0.940 3.6
£ S By* (mm) 2 0.3
< 0.05 4 L1
a # bunches 1576 2364
0.00 - | S 0 Lpeak(cm2s1) 6.1 x 1033
35
"’1\?& b:‘?w h@"& ﬁ"?;\" c,}f;’ %{E 8x10
S & & & & L(det OFF) 12 x 103
vate ez | (peak) ~5.5 x 10%/cm¥sec (B,'=3mm)

L(SuperKEKB peak, last week only)

_ ~1.2 x 10%/cm?/sec (B, '=2mm)
Results for early Phase 3 data: — This is comparable to PEP-II best,

based on 2.62 fb-' (on Y(4S) resonance) bkgs ~3x too large to turn on Belle II
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D

&/ > roof of principle: charged (lepton) tracks, photons

Belle IT
—_ = T | T T T ‘ T T T | —]
— — T — T T — T T — T T T —T — T T T o — —
<, 700 BeIHe I 20119 Prelim;nar ' 9 4 = 8] - Belle Il 2019 Preliminary B
RS} = y e < 70000 —+ Data _
2 600 , ./ /l// €€ > - Fit m
= 5005 J Ldt=2.62 fb_l 3 O 60000 ;J L dt=2.62 fb-1 — ]
0 = E N B Signal -
= 400 E =] © (3991.3 = 19.9 ) 10° candidates -
S 5 g 50000 — j = (132.296 + 0.005 ) MeV/c? — Background -
© = * — I~ 5=(5.356 +0.013 ) MeV/c? 7
2 200 = ~ - =
< - - & 40000 E>0.12 GeV -
@ 100 N_ =2241+90 = c r
£ sig E ) - — VV
O ok l Lo [ L 1 I Ll>J 30000? ﬂ —
295 3 3.05 3.1 3.15 3.2 C :
= 3 ' ' e ‘ ' = 20000 =
o 2 L . Ll e 2 C i
(i] * ** - s® .'. * e *® o s * ..u. ._é = -
LI i LI Ld hd . ) 3 = —
T Tesee et L ) 10000 — —
73 1 1 1 L 1 1 : :
L | L L L ‘ L L L | L | ‘ | ]
2.95 3 3.05 3.1 " +3_.;EEG w32.§ 0 K 012 014 K
e'e eV/c 2
_— T | T T T T | T T T T | T T T T T T T | T T T T | MY{ (GeV/C )
O e0 Belle ll 2019 Preliminary =+ - N: 1go00—_ 0 | B —
> o 1 j / VU U L = Belle Il 2019 Preliminary  Data :
= = | Ldt=262 : © 16000 — Fit —
[ - . (D L |
L 400 = s u JL dt=2.62 fb” W Signal ]
> = N, =2186 + 56 - oy 14000 — Background
© 300 %Y = = 5 .
S 200F E S 12000 =
©° C - :: . _
% 100; *_: 0N 10000_ it kit
O L | c C ]
0 : © 8000 T] — W —
2.95 3 3.0 3.1 3.15 3.2 T - (100.8 +46.2) 10° candidates :
E é ] o e é 6000, = (542.1 + 1.3) Mev/e? =
°® e . e — - =
Ot e . .e... BT e 40000 = (11.9 + 2.3) MeV/c? —
) . ~ E,>0.40 GeV .
-3 1 1 1 1 2000? i
2.95 3 3.05 3.1 3. 15 2 - ‘ | ‘ ‘ =
M(u*u) (GeV/c?) 82 0.45 0.5 0.55 0.6 0.65
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D
</ > PID performance In Phase 3: global hadron ID

Belle II

— 0.8
é ?— '+'Kaons o
D*+ - Doﬂ's"'; DO — K_ﬂ:+ % Z-;_ 4 Pions Eefll_e/_:zmg
e reliminary .
Kaon (pion) track is identified based on a3 Jrat-26210
the charge correlation with the slow pion. Zi‘
Combining information: CDC dE/dx (centre), O'Qé
ARICH (FW endcap) and TOP (barrel). 017

High momentum PID performance %01 02 03 04 05 06 07 08 09 1

o - Likelihood Ratio R[K/x]
s F o e — —
a 09 N ]
1Y S S Bt e NN Q i x Eﬁ*ﬁm - It'hi ﬁ
E 0.7 E_E_K efﬂ(:lency (dat ) Eeuﬂ Il 301_9 Hir | g 08 e - e — --------------
ERT Kefﬂmenczy (MG) Prellmmary b= - e | | E Kefhmency (da1a)
_g 0.6 ;—* ----------------- " JLdT D! fb1 | ? | gel'lfe I 2019 i K efiflmenc (MC)
| — ?-------(-ARlCH aﬂd TOR. fldumal reigmn) O 0.6 eyt 'm‘”am"'""q """" N T B R
o TeE | g fe-2eiy .
O e e S R e . L i i 1 G v/
oofY mmis-Drate (data) S S . B e G)
=¥ = mis-ID rate (MC) — B
- Shm S NS e et i
OE ! : L1 11 | .| L1 11 | 111 | 111 | L 111 | 111 | | —
05 1 15 2 25 3 35 4 45 I aoli i
, . Momentum [GeV/c] 0970206 04 05 0 02 04 08 08 1
Performance 1s approaching MC expectations. Polar Angle [cos6]

(NB. Current MC simulation (MC12, July 2019) 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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Proof of principle: Charm reconstruction

Belle II

Ldt = 2.62 fb™!

L, x0t  Bellell, 2019 preliminary Ldt = 2.62 fb™" Belle I, 2019 preliminary JLdt = 2.62 fb™? Belle Il, 2019 preliminary
: T T T T T T 4000 . . : ; . . ; 2500 T T T T
Total Fit Total Fit
+ Total Fit
D° - K*m™ Xiindf = 421.2/97 D° s K*mFmrn® Xiindf = 35.4/97 D% - K*K* XeIndf = 49.6/67
— u=1863.6 0.0  h-1863.9% 0.1 — u=1863.2% 0.2
12} # o=3.2% 0.1 _ aso0 [ b o=3.1% 0.1 p o=29zx 0.3
- \ Yield = 64900 = 495 Yield = 14667 + 611 Yield = 7321 + 186
f | Background Fit Background Fit 2000 | Background Fit
Signal Fit \ Signal Fit ™ Signal Fit
. ‘ + Data _3oer \ & Data 1 ~ 4 \ 4+ Data
ol | = ~
L ﬁ L " g
> = L 1 =
5 f ‘ g = Y sttt * _J_‘fm_—éeu;r"_‘l‘_wl'-'t«»p%'—:! D 1500
U] | &) earls _— * T ¥ ¥ Q
= o8| 1 | 4 = rars st o ge PSRt =
n o <
o —
8 f S 2000 =
= < o
5 L |l o [=]
g o6 = = 1000
%) 2 1500 | 19
g2 \ e 1=
@ ‘, [ @
> " > g
W 0.4 \\" 4w w
1000 B
oy emaet - 00 B i
. N )
0.2 x| 500 A
0.0 L L L o . . . L o L L L L
a - - - - - - - a . . . .
- [ i -
zr . o - B b 2k . 1
2 B . = 0 - - ot - _ - -~ . - "
z 0B g e - W 0 o S LR - . _._-.'-_ 4 _2:-- | R . o al | L a I . N L . -- - . ol
s . e = " .' L ' nl ] L -2 [ I
" .
1 L 1 i L L L 1.83 1.:!4 1.;!5 1.‘55 l.IBT 1.‘55 1.‘59 1.'90 L L L L :
1.80 1.82 1.84 186 1.88 1.90 192 1.94 o F ook F 2 e a4 -8 e o0 o2
- : : - : : g : M(K*m n*m™) [GeV/c?] M(K*K7) [GeV/c?]
i _ -1
Lot Bellell, 2019 preliminary fll-dt = 2.62fb Belle II, 2019 preliminary [Ldt = 2.62 fb~?
i 5000 T T T T T T T
Total Fit
0 + o F ol 2 - Total Fit
DY-K=m'm x’indf=92.9/77 D% 5 Komtm™ y2Indf = 43.8/a7
—— p=1860.0% 0.1 5 + — u=1864.7% 0.2
g=97% 4.8 e
o=322 0.2
1ol L Yield = 44830 * 154 | \ Yield = 8205 = 316
Background Fit 4000 - \ Background Fit
Signal Fit Signal Fit
— + Data 4+ Data
= = 4
~ ~N +
Yos 3 + s S il
= = e These
8 g 3000 1 ‘_W ]
= J =
m < Belle Il is ready for
8 0.6 1 b=
: : harm '
o S cnar SICS and 10r
= :G]-“ 2000 - ]
w
2 < . .
@ 04r ] ]
> i
w
.
-t ' block of B physics
oa | pny
0.0 L L
2 ——— T T "
4 . — T . " . .. . . e .
. o, - - . e g +]
i el L . " - i 1 5 TR TR . - e -
= " a .
S o™ N el e, N0, L e L a Lt * . . ]
o - '.. - * . * el vu ® - e -
-2 [ - o b . o . . . L L L . .
- L L - L L L 183 184 1.85 1.86 1.87 1.88 189 1.90 191
182z 1.8 1.86 188 1.90 192 194

M(K*m*n®) [GeV/c?]

M(Kdm*m™) [GeV/c?]
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Finding BB pairs

Belle II

The Event Topology indicates, if we are BB
seeing B’s or not:

}%1":']:?|'"'|""|""|""|""
gooL Belle I 2019 Preliminary

* Y(45) data

AL _ 1 ]
500 * °, J Ldt = 2.62 ib W ofi-resonance
B L] -

400}

B pairs are produced at rest in

300F
i the CMS with no extra particles

Events/(0.02)

200F

100

0
0 01 02 03 04 05 06 07 08 09 1
Spherical R2 Jet-like

H, = X;;|pillpj| Pi(cos 05) |[Re = Ha/ Hg

=4 Running on the Y(4S) resonance and
zll recording B anti-B pairs with ~99% efficiency.
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Jly-pu

] lyw—>€ee
! E Belle Il 2019 Prelimlinary

r -~ 1 " 7 7
Belle Il 2019 Preliminary ; =

350 J Ldt=262fb"

N.. = 1684 + 48

_[ Ldt=262f"
N

sig

Candidates / (5 MeV/c?)
A
=]

Pull

N _' 2 295 3 3.05 3.1 315 32
M(e'e) (GeV/cY) M(u*p) (GeV/c?)

~1/2 of Phase 3 data: Clear signals for B—J/y X 1s seen.
(For e’e pairs the bremsstrahlung recovery 1s included).

‘ Belle II has good PID performance for both electrons and muons.
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D

<[O

Belle I

Finally: Hadronic B decays reconstructed

Re-discovery of B mesons (in ~1/2 of Phase 3 data)

AE=E_

/2-E

recon

500

400

300

>
0}
=
©
—
[0}
o
7}
@
2
©
°
o}
c
©
Q

—%.2 -0.15 -0.1 -0.05

-

Belle Il

19 (preliminary)

20
JLdt 2.62 fb”

B - D(Kn,Knn',
B - D(Kn. Knr',
B >D (D (Km, Knn',

— D (Knor®
— D'(Knmp
(K o

0 0.05 0.1

K3
K3mp

( (Krr Krm

] N ! crrTE e
] % 500; B” — D(Kr, Knr', KSn}n Beh‘e I E
o )Ij = - B DF{:‘ DK K3D P . 2019 (preliminary) .
| Te} 500: B - D‘_(D (Kn, Knn', K3mn e 1 —]
K3 ] - [ 8" - D (0 (K, K, K3t Ldt=2.62fbh i
_: o 400f B: - DY (Kmon® -
. § - E:0 - D (KT Up .
1 _!.'-5 300 L B D {K o _:
-H T - Color = reconstruction mode ]
] g - ]
1 O 200 =
’ 100k |
015 02 82 521 520 523 524 525 526 527 528 529

AE (GeV)

M, \/(Ecm/ 2) o

M, (GeV/c?)

2200 Fully reconstructed hadronic B decays

Clear demonstration of Belle II capabilities 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.)

Marko Bracko : Belle Il first data and prospect

LomCon 2019, Moscow, Russia

21



D

/DO Evidence of B- — D° K-

Belle I
No PID With high momentum PID

@ C S e e ] > L L L B BB
350 e Data — @ B 1
g - 201 989”? ”- Total fit . g 50 Belle Il e Data ] B
o 300} (preliminary) —p4 .. B" — Dn' signal S C 2019 (preliminary) Tgtal fiv ]
< - J Ldt2e2f” |1 == B > DK'signa] o - . Ty B — D signal 1
g 250F- I B IS Background o 40~ J. Ldt=262f" Ff 1 =~ B" — DK" signal —
7% - ] ” - J Y e Background .
@ - . B i
g 2000 - § ol i
£ 150F 4 B - | ]
© - { 8 20 i .
100[- = : H ]
50 = o T L i
- S . S e D

15 -0.1 -0.05 0 0.05 0.1 0.15 3.15 0.1 ~0.05 0 0.05 0.1 15

AE (GeV) AE (GeV)

N(D K) = 388, fit gives 60

Demonstration of Belle Il high momentum PID
capability on a decay mode, which will be used for
future determinations of the unitarity angle y (or ¢.).

0.0 G
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Evidence of B - D- K*

Belle I
No PID With hlgh momentum PID

> [ T T T ‘ T T T T ‘ T T ‘ T T T T | T T T T T T | > 22: ]
3 - Belle Il e Data . 3 20 Beﬂe H ® Data =
w 1202019 (preliminary) — Total fit. - v gF 2019 ( prellmlnary) — Total fit E
o : _ a2 F 1 e B” — D'n* signal : o C J' ----- B" — D'n* signal ]
© 100 Ldt=2621b" 1 . B’ - D'K*signal  — bt 16 Ldt=262fb7 | B’ - D'K*signal
8 - F A eeea Background 7] 8 14 ;— ----- Background —;
g 8o = & 12F =
S - N S 10E- =
5 60— — 5 = 3
= L B c g .
< L - 8 = =
© 40 — 6ET # =
201 - T E
B ] 2F . T N —
T AT TT Cr LCTN TG T o d el :J Lbedeabade? PRI N5, M P LI & eedaobodo ol =

—8.15 -0.1 -0.05 0 0.05 0.1 0.15 78.15 0.1 -0.05 0.05 0.1 15

AE (GeV) AE (GeV)

N(D K) = 2316, fit gives 3.30

Demonstration of Belle Il high momentum PID
capability on a decay mode, which will be used for
future determinations of the unitarity angle y (or ¢.).

(0. {'l] (1.0
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Study of a radiative B decay: B —» Ky

Belle II

7 « Radiative penguin decay b— sy is a sensitive probe for NP;
« B— K*y is the cleanest exclusive decay to study

5¢E
<~ 7 Bellell 2019 — A45F Belle Il 2019
L F preliminary L E preliminary
E 6 :_ -1 > 4 F 1
8 F | Ldt-262M g 35F JLdt=2.BZI’b’
— 3 0d 5 :_ BG K.D K"‘ - od 3 E + + +
. d o : —-Ky— Kny a : B" =K'y — K'nly
S 4f S 25F N
e : =T \
= 3f = 2F /
w0 o wn E
£ af s F
g E g ‘|:— [ .
“TETTITTTIT . “ osk :
[}-IJlJJlJJLJJLJlLJlLJlLJlIJlI]llJLIJLJlr-I-JvlJ‘J" D,:ljulLJJLJJLJLLJLLJ[LJHJL|11|J||1-L‘|..:.:T-.|'-l".|“h
52 521 522 523 524 5325 526 527 528 529 h.2 521 522 523 524 525 526 527 5.28 529
2 2
m, [GeV/c ] m, [GeVicT]
5
g 10 - _
&~ 45F Bellell 2019 — r Bellenn 2019 B =K = K'ny
< F preliminary o [ preliminar C LK™ .
= 4F = B-I} y e =K'y — K'n%
o -1 I~ + "3 .
S 3 F B Ky o Kiﬂ'ﬂf N ,élgg:355i69
o 25EFE L
o o A
= 2f . e
First penguin for Belle [l: 2 s} p
- : 2 1p ' @
Yields are consistent A 2
A S w
with the WA value. s e e o o e o 7 S
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a
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m, [GeV/c?] m, [GeV/c]

Again: ~1/2 of Phase 3 data 1s used
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</ > Time-dependent measurements at Belle Il

Belle I
Example: 7, =370+ 40(stat) s
D Lifetime 1in Belle Il Phase 3 data . = . ... ...
8 10°F E
— "« Data Belfe Il Preliminary
® Using ~1/15 of the Phase 3 s [ f R
dataset_ ~ Eﬁugnul Ldi=034f0 -
® Clearly demonstrates the N, =860£30 £ o —"™" _
combined performance of the %, F"""""" T T E 0 F :
PXD and SVD (VXD system). 8, F ge- [Lawomn
S| B '
200 e -
(NB. Accepted value 410 fs.) g E 1
3151]5— E .
100 = \
Eﬂ;_ 10_1 b b il u||.|." |

| I | II 1 IIII 1 1 1
-4 -3-2-10 1 2 3 4 5 6
tD" {pﬂ}

?.8 182184186188 19 192 1.
m, _ (GeVic)

* Belle Il demonstrates also the capability to perform
time-dependent studies;
* There will be a dedicated talk this afternoon (in Parallel sect. A):
V.Chekelian: First look at the time-dependent CP violation
using early Belle |l data
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D

/DO Dark sector at Belle Il

Belle II
Dark Sector:

Previously these studies were limited by triggering, QED backgrounds and

theoretical imagination.
Now there are new possibilities of triggering, more bandwidth.

Belle Il First Physics. A novel result on the dark
sector (vector part. Z' — nothing) recoiling
against a pair of muons or an electron-muon
pair. (Both possibilities are poorly constrained at
low Z’ mass and in the first case, could explain
the muon g-2 anomaly.)

Also examine a lepton-flavour-violating
NP signature in the dark sector.
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</t Dark sector at Belle II: Search for Z'

Belle I
We search for Z'in Search for e — u*u Z,Z — nothing
_ _ . . 1._. | | I I | T T 1T T | T 1771 | | I I | T 1T | | I | T T T T | T T |
ete” = utu~7Z'( = Invisible) 5 ;e Bellen Preliminary Py By o 2015 das
Q = ‘
3 - f Ldr= 276 pb
process. < B 5 _ Belle IT I
Z'" will create a bump in recoil mass of the E 10 e fw".:;
event. i - et e
I - ete’— mrmiy)
—_ = 1= HHHE ete— ereee l
3 T 7~ T Egee e
© - Belle Il Preliminary - 2018 = N
X i i + -
§ 0L JLdr = 276 pb - i 10-"
o e T
o -
© B
S 107 L - 0% 1+ 2 3 4 5 6 7 8
- L-L,, BE(Z—> inv)=1 . Recoil mass [GeV/c?]
103k — After tau suppression cuts
and unblinding.
10 4 s Preliminary results are out
107 107 10 1 C . . :
M, [GeV/cY] — aiming at publication.

Results are compatible with backgrounds; No excess above 30 is seen.
First upper limit on coupling g' is obtained.
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D
/DO Dark sector at Belle Il: Search for LFV Z°

Belle II

If we allow for Z' to have LFV Search for €'e — u‘e ZLFV, Z .., — nothing
couplings, we can also perform the ) e ——
search: E 2L Belle Il Preliminary e 2018 data
ete” — utl (e,7v) Z'( — Invisible) Jm: 276 pb” /O

Belle I
More theoretical input is needed for 10 §

clear predictions

e T llll}

g 80: | T T I T T | T 17T I | | T T I T 17T 1
= 700 Bellell 2018 - Preliminary [k S e e i
0 - @ ete — WI(y) I
g 60—_‘[150'1‘ 2176 [Jb1 Selle I L -|-|-|-|-|-|-|-H-|e e eteete 0 e mlljl.-.n !
= - 10 M et — ete(Y) i
S 50
b 405
. 21 I

S H % 1 2 3 4 5 6 7 8
% 30;_ E Recoil mass [GeV/c?]
@ 20;— —;

100 /—\_A_A_’W E

0: 11 | L1111 | L1 11 | | I I | | 111 | L1111 | L1 11 | 11 |_ Prellmlnary reSuItS are Out
1 2 3 4 5 6 7 8

— aiming at publication.

Recoil mass [GeV/c?]

Results are compatible with backgrounds; No excess seen.
Model-independent approach only: €-0 is obtained.
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D

</t Summary and Conclusions

Belle II

* There has been highly successful program of machines
with increased luminosity since the 1980s.

» The SuperKEKB colider and Belle Il experiment aiming to continue the tradition
with performance at a new level:

» 40-times higher luminosity with respect to the previous record,
» the most advanced, 21s-century detector technology.

* This will enable Belle Il to explore NP on the Luminosity/Intensity Frontier,

which is different/complementary to the LHC high p; experiments (Energy Frontier).
» Competition and complementarity with the LHCb experiment.
* Phase 2 data-taking finished successfully: calibration, particle re-discoveries,
tagging, ...
* Phase 3 started in March 2019 and finished on 1° July 2019:
Belle Il collected data sample corresponding to L. =6.49 fb™; first results shown.

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

=) Our results are eagerly awaited by the HEP community.
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<t Backup Slides

Belle II
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D
</ > Longterm prospects of Belle ll

Belle II

e Based on The Belle Il Physics Book (https:/arxiv.org/abs/1808.10567)

® Outcome of the B2TIP (Belle Il Theory Interface) Workshops, KEK Preprint 2018-27
with emphasis on New Physics (NP) reach. PERMILAR U 18305 T
(Strong participation from theory community, el
lattice QCD community and Belle 1| members. UWThPh 2018-26

689 pages, published by Oxford University Press) )
The Belle II Physics Book

1@ ] L) ] L) ] ! 1 ] L] L L] L) L L ] ] L) 1 L) ] L] L] L] GB
}(1033_' i [ _ : | _ | : | e | 3
'm B — Lpoak : t LFV discovery !~
B—n'Ks I i 20 Wkr in
new CP E P (= Int. L 1 B—py
— | ] =
2 —40 &
= e |
Confirm B=»Dtv A | 139  B—Kwv SM
new physics ‘3 4' ) E‘ discovery
= ] o
= - e
Resolve -1 2'_ B—Kee LFUV
|Vub| puzzle -;r.'u ; 10 new physics
S | y L :
n— B il ol B 1 | P T MR T | I M T B | I i-e
2019 2021 2023 2025 2027
All the details are in
“The Belle Il Physics Book” ee—A’(xx)¥ ee—nn(y) S
Ut ; precision for (g-2)u discovery

Marko Bracko : Belle Il first data and prospect LomCon 2019, Moscow, Russia

31


https://arxiv.org/abs/1808.10567

	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31

