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Asymmetric energy Flavor factories

e*e- beams tuned at Y(4S) resonance 10.6 GeV
50% decays: coherent production B’B°

Fully reconstruct one of the B's

Tag the flavor of the other B

e (7GeV) e*(4GeV) ‘» anti B
Y(4 \ - 0
_ el

e"~ .
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First-generation Factories

1600
1400
1200
1000
800
600
400
200
0

Integrated Luminosity in b’

18001

| I | | | I I I [ I I

Nobel prize to KM /
+ :

Decisive confirmation of CKM picture

G,

|

Observation of direct
CP violation in B = r*x

llllllllllll

\ Excess in
\ B=D(*)tv H
Observation of ~ Observation of |
CP violation in b—dy Evidence for
B-meson system \ DO mixing
Evidence for
Observation of B=1v

B - KOOI Evidence for direct

CP violation in B = K*x-

¥~ Measurements of mixing-induced
CP violation in B = ¢Ks, n'Ks, ...

Success culminated in 2008 Nobel prize in Physics
Rich legacy left for next generation experiments

lllIIIIIlllllllllllllllllllll

llllllllllllllllllllll

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

Year
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Motivation for another e*e-
Flavor Factory

m Precision CKM metrology >~ Standard Model (SM) candle
m New CP violating phases > CP violation in B and D decays

m  Any imprint of new physics in FCNC transitions? > radiative and
electroweak penguin decays

m How about charged Higgs boson? > study tree-level decay B>1v
or B> DMty

m New physics in 7 sector > search for lepton flavor violating (LFV) -
decays

m Can we probe dark matter? > hidden dark sector

Belle Il @ SuperKEKB will address these and other
questions with almost two orders of magnitude larger
dataset than Belle+BABAR

Z. Dolezal Epiphany 2020



Ordinary collision (KEKB) Nano-Beam (SuperKEKB Phase2)

'_
Belle case 1999 data —_ ; z vqrtex d!strlbu'tlon

£ Belle Il 2018 (preliminary)
80 £ ! Y 3000
l l r (c) [ = Median=-0.015cm "
e 60 |- - o 2500 - Oss=0.055cm ’ " 4
= N
20 [ - 2000 F 3
2 + 4+ Runs 1869-2047
< 1500 | .o 1
20 F S . i
1000 F J
0 L L 1 I ) N "

20000 -10000 0 10000 20000 500
-1.0cm Z(kum) 1.0 cm

| [Lde=2appt
0 A - "

: . .
-04  -02 0.0 0.2 0.4
29 [em]

_’ (L= === 1 o=4.5mm o = 550 m
= "I Beams at KEKB

'~ W ’ .

S
— -

Lower emittance beam
DR for LER and RF gun for HER

Interaction-point size: 6 X 0.06 X 150 pms3
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Nanobeam Scheme

Beam-beam parameter

Lorentz

factor \
N

N*fy " _

I =

Beam current /

41 Ox 0y,

Classical electron

radius

{ R;: y

Beam size ratio@I|P

Lumi. reduction factor
(crossing angle)&

Tune shift reduction factor
(hour glass effect)

0.8 ~1
(short bunch)

Vertical beta function@IP

1~ 2 % (flat beam)

KEKB SuperKEKB )

units
LER HER LER HER

Beam energy Eb 3.5 8 4 7.007 GeV
Beam crossing angle | ¢ 22 83 mrad
B function @ IP  |Bx/By 1200/5.9 32/0.27 | 25/0.30 | mm

Beam current Ib 1.64 1.19 3.6 2.6 A
Luminosity L 2.1 x 10% 8 x 10% cm2s

Z. Dolezal Epiphany 2020




Luminosity vs Physics

>
[
(o)

Peak Luminosity [cm'zs'lf

-
=)
L] L]

o
L) L]

4 (=)

N
L L] L)

(o)
L) L]

TLFV
1 1 I 1 Ll 1 1 1 I 1 Ll Ll 1 Ll I 1 1 1 1 1 I ! Discovery 6@
Lpeak \}

’ - WrinBspy | \/150
—Int. Lilgsmksnewcp || 2 P2 [7 N 1
| 1in =
: —40 =4
Confirm B>D*tv é 30"
New physics Bl —
| Discovery Q
120 ©,

B>Kee LFUV [ -
Resolve [Vub| New Physics 1
puzzle :
Bo>uv E 16
Discovery E
A 1 1 1 I 1 1 1 1 1 I 1 1 1 1 1 I l- 0
2019 2021 \ 2023 2025 2027
cesA (XX) Y ee-> mr(y)
precision p(g-2)

E. Kou et al. PTEP 2019(123C01)
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Belle || Collaboration
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26 countries, 113 institutions, close to 1000 collaborators
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" B

Belle |l Detector

@ Designed to operate with a performancesimilar or better than Belle, but
in a harsh beam background condition

K. and muon detector (KLM):

EM Calorimeter (ECL)‘ Resistive plate counter (barrel outer); plastic
' scintillator + WLS fiber + SiPM (barrel inner

twg layers and endcap)

Csl(TI) crystals, waveform
sampling readout

/, )
Particle identification:

ime-of-Propagation counter
(barrel); Proximity focusing
Aerogel RICH (forward)

_

Beryllium beam-
pipe (10 mm radius)

e | |°
Ve

et (4 GeV)

Central Drift Chamber (CDC
He(50%)+C2He(50%), small cells, long
lever arm, fast electronics

7| Vertex Detector (VXD): 2-layer
pixel (PXD) + 4-layer micro-strip (SVD)

Z. Dolezal Epiphany 2020 9
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Vertex Detector (VXD)

Beam Pipe r=10mm

DEPFET
Layer 1 r=14mm
Layer 2 r=22mm - :

DSSD IP Beam pipe
Layer 3 r= 39mm '
Layer 4 r= 80mm
Layer 5 r=115mm
Layer 6 r=140mm

Phase 3 PXD "=

g 2 layers of DEPFET active pixels
“ 1 75 pm thick (currently 2 modules
in L2 only)

—.. 4 layers of double-sided strip
| sensors

= Factor 2 or better impact
parameter resolution in spite of
the lowered Lorentz boost

Z. Dolezal Epiphany 2020 10
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Central Drift Chamber (CDC)

Wire configuration
Belle e sttt e Bulky

- particle ID

—

»O)mm

p—

Stringing 51456 wires

0

®

)
) 1Y) —

LT - EX

/ Innermost sense wire r=88mm r=168mm

Outermost sense wire r=863mm r=1111.4mm
1 0
Outer radius almost ~20% larger Number of leyers 50 56

Improved momentum resolution Gas He:CoHe He:CoHe

Sense wrre wi@aoum) | w@soum)
A. Soffer, Taipei 2019 Field wire Al(®120pm) Al(®120pm)
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Particle ID (Time of Propagation)

MCP-PMTs Cherenkov angle:

K /m track
g(l)zlocs:lizrslglei;on / cosOc = 1/nf  Photon from K’

Bar length = 2600 mm, width = 450 mm, thickness =20 mm

§22i x .m -

S ! I3

g

= 16 quartz-bar modules:
Quartz Property Requirement
Flatness <6.3um
Perpendicularity <20 arcsec
Parallelism <4 arcsec
Roughness < 0.5nm (RMS)
Bulk transmittance > 98%/m
Surface reflectance >99.9%/reflection

Channel (position)

Z. Dolezal Epiphany 2020 12



Spec L[10°] L [10°% cms

L
How far have we gone”?

Belle Il Online luminosity Exp: 7-8-10 - All runs

Total integrated Weekly luminosity [fbo=1]

Integrated luminosity [fb=] o
1.2 1 . Weekl I
— T _ Full Belle Il detector: Mar 2019
107 Total frdt =10.57 [fb~!] 8 &
N Loeak = 1.2x10%* cm? s
.. L,=10.57 fo!
0.4 %
=
0.2
] |
0.0 T | T | | 0
> & Q o S A
”&\9,0“9 m&%ﬁ’ﬂ ”9@,@} ’9@9‘*’9 @@‘\9} ”P\?’»”VQ
Date

Plot on 2019/12/12 18:23

Y I’I’E 1 L 1 ) ! 1 1 1 1 é L 1 1 1 | L | 1 1 1 1 ‘
A oF
8 2 10 Y : ieg
25 80 3 ) seE - [
E . a2 = PR E g7
“E 3% =C 8 LE Luminosity 3% *=-
“E . + - =40 T i 3 150 o5
10— - - 3 o= = 3 a0 3=
N - 20 |3 o 19 2 I3
' : : } : % : P * B S
30 AN — 2 = 3
2 W‘V‘"w "J/..a»‘ F.,"M .“Mﬂ&fﬂlﬂf:«l Y ’:7 ! g " —
E” I i g WE Specific luminosity =
nE ' ' L ' 1 ' 3 L L i 1 'l 1 '} i ' ' '
9hgmps 10" 11h 12" 13" 14" 15" 16" 17" ehe™s1" 2" 3" 40 sh g P g 9" 19" 11" 12"
5/4/2019 PPN

Continuous beam injection started from 14th, May. 8
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K/t Particle Identification

BELLE2-NOTE-PL-2019-022

09 ] ............... _ ................. ................. ......
0.8

"EE K efflmency (MC) Prellmlnary | |
0.6 "" """"""""" A ILdt_262fb1 """
0.5 — ---------- (~AR-I-CH--and--TOP flduc|al reglon)

K Efficiency/m mis-ID rate

IO-5 I1IIII1-5IIII2IIII2-5IIII3IIII3.5IIII4IIII4.-5I
Momentum [GeV/c]

Measured on a control sample
Dt —DO[K mr* ]+
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Resolution

I
Track Impact Parameter

Track.ﬂ
Ay
POCA %o
Belle vs Belle Il e
Factor 2 better — >
— PV
E q40h | — b P
= N Fit function: o = V32 + [—3/2]
— M ppsin(0)
0120_' . e LI L B S B S BN RN B
= 100—_. — a= 17.4 + 0.3 pm i —_— —— .
= :: b= 343+ 0.7 um GeV/c 20 ——
2 -y Belle Il single track events (MC) — i -+, I+
L 80 ceme=- 2= 9.0+0.1um = —— ol =~
D b= 175+ 0.2 um GeV/c 3 5L - =
~c 60 [A— —’—:t: ,//"'\\\ —0—++ ‘"\\\ ]
/‘O\ F—o— // \\\ _.__._—o— /, \\ _._-.
40¢ ) 0 E /,’ \ K . -]
- 3 \ag i / \ / \
20__ I-H—_‘_ : — b© i II/ \\ /I \\
: | | ) : L T L | | f- 5 __ /I + Data \\ I/I \\\
— 0 r /) <+ Simulation \ /! ' O v
$ ggf L/ ~ == Beam profile N\ /Ldt:Ql.lpb N\
% 1§E+‘++"""+F!‘-*"'1+—*— 0 .
© O
T B :
% 0 1 2 3 4 5 6 7 8 ¢o estimate
: 3/2
sin(0)”“ [GeV/c
ppsin(6)™ [GeVic] Impact parameter
resolution: 14 um
Z. Dolezal Epiphany 2020
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ol
DO Lifetime

BELLE2-NOTE-PL-2019-003

’(.n\ 2 | TT | T TTT | TTTT | TTTT | TTTT | TTTT

o 10°F =

. - " s Data Belle Il Preliminary 7

T, I¢ s S [ Psina J.Ldt=0.34 ' ]

o f2) N ¢t background |

0 c

o -"' 1 O F - —

’ 200 um S T E
‘1 — " L -
- - ——— - .
I)”v\'lrupuluh'(l/n'm!m'rirm point  beam spot i |
1= E

Good OSition 10_1:_ |||||||||||E
P 4-3-2-10 12 3 4 5 &

resolution/alignment crucial! t, (ps)
DO

Resulét?’v%i(t)h EZ Sma)llfdataset
Tho = + S
Accepted value 410 fs
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J/¥Y Reconstruction

Candidates / (5 MeV/c?)

Pull

300

250

200

150

100

50

ete-

Belle Il 2019 Preliminary
f Ldt=262fb"

Ny = 1608 = 54

2.95 3 3.05 3.1 3.15 3.2
E t .... -. ® o 00%,0 0 0 ° °, o o é
N e o %o o %o e ®
E . o, . é
2.95 3 3.05 3.1 3.15

3.2
M(e'e) (GeV/c?)

Candidates / (5 MeV/c?)

Pull

BELLE2-NOTE-PL-2019-018
Ty

1°F Belle I 2019 Preliminary
350 f Ldt=2.62fb"
300;—
250E- Ny, = 1684 = 48
200F-
150 -
100~
50 E5
o "
2.95 3 3.05 3.1 3.15 3.2
2 ° ® ° .
1 .o ® ., e o, .'- o ....
0 o o0 " e °° * e® T e
-1 [ ] L 000 L] °
-3 ) ) )
2.95 3 3.05 3.1 3. 15 3.2
M(uw) (GeV/c?)

Dilepton invariant mass
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Rediscovery of B Mesons
BELLE2-NOTE-PL-2019-028

Demonstration of

reconstructed along
with all-charged final
states containing
kaons and pions.

, - 2 1200f B - 0k ke, Ksor Belle Il
Belle II's B Physics > B — D(Kx, Knr, Kan)p -
C bilities: s B" DD (K, K, K3ty 2019 (preliminary)
apabilities: = 1oook B " OnEe K, Kani)
Modes with neutrals, - o e f L dt=5.15 fb”
and K mesons are g 5 - D (Ken
efficiently @ B® — D'(Kin)
T
%
C
S

Illllllllll]lll]lllll

B2 521 522 523 524 525 526 527 528 5.2
M,. (GeV/c?)

Ecm\’
My = (—2 ) — Pfecon
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Full Event Interpretation _
Reconstruction (FEI) v oo

This machine-learning technique X /v Vi Ve
(BDT) brings higher S g ,\
reconstruction efficiency ) »ﬁ;;) Ty Ve
T
Belle Il preliminary Belle Il preliminary
—_ i Correctly reconstructed If dt=5.15fb~? - j— Cor'rectly reco‘nstructed ' IE dl“=‘5.15fb‘1
NU 5000  mmm Continuum & mis-reconstructed NU 4000 | MEE Continuum & mis-reconstructed
~ =~
> § Data > § Data
O 4000} Ng;, =8898 + 204 & Ngp, =7425 * 152
§ Prag > 0.1 i 3000¢ Prag > 0.1
3000 + o
o o
S B tag S 2000}
— 2000 ~
2 b
c c 1000
0>) 1000} g
w w
0 0
_ 25} ' ' ' ' ] 25t
g 0.0 :l_:l_[j:‘j_[':\_:ljd:&_:!: 03. O'OE
-2.5¢F ] -25¢ ‘ L ‘
5.24 5.25 5.26 5.27 5.28 5.24 5.25 5.26 5.27 5.28
mpc (GeV/c?) Mpe (GeV/c?)

BELLE2-NOTE-PL-2019-009
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A low-mass Z' that couples to a uu or ue vertex
is poorly constrained in the Z' — invisible channel.
Could be responsible for the g, — 2 anomaly.

102

Counts

ete”™ -» utu~ +inv.

ete™ - pte® +inv.

10 E

Belle Il 2018 e Data

f Ldt = 276 pb” m

ete— ntu(y)
ete— tit(y)

= ete—> etenu

\ . H— ! "']lﬂ..njr|J f

P L FESTRNTRNRN VL S RN A (IR RSN | SRRV BN R |

Belle Il 2018 e Data . 102 |
? f Ldt = 276 pb’’
10 F
__ ete’— n'u(y) _.(L) -
ete— 1'T(y) c
Yl pres erepy 2 1F
- o7 ete etenu O
: gl O
- 1] Jnr L) 1
L r S 107"
E 10—2 -
< AR R BRI P RN TS o AW | SR8 | EEERERP R |
0 1 2 3 4 5 6 7 8 0

Recoil mass [GeV/c?]

1 2 3 4 5 6 7 8
Recoil mass [GeV/c?]

Z. Dolezal Epiphany 2020 20



Limits on Z" — Invisible

ete™ - utu™ +inv. ete™ - putet +inv.
Limit on Z'uu coupling for Br(Z' - inv) = 1 Limit on efficiency times cross section
1 e =
g 80
i 8 .,  Bellenn 2018
e ) : Ldt = 276 pb’!
' %) :
> 50
_ I = E €0 (obs.) 90% CL UL
o 1072 S 40F
F ‘a) E ------ €0 (sensitivity) UL
? 30 |
L, L, (obs.) 90% CL UL -
10_3 Belle Il 2018 L,-L,, BF(Z— inv)=1 (obs.) 90% CL UL ;(D 20 |
4~ LyL, (sensitivity) UL Q i
Ldt =276 pb “==-L,-L, , BE(Z— inv)=1 (sensitivity) UL 8 10 o SO - - - S T =
II‘II'llIIIIIlllllll.lllllllll'llll|l 0 IlI]lllllllllllllllllllllll]llllllllllll

0 1 2 3 4 5 6 7 8
Recoil mass [GeV/c?]

4 L
10 0 1 2 3 4 5 6 7 8

M., [GeV/c]
References: Some theory work on the MC needed

«  Shuve & Yavin, PRD 89 (2014) 113004 in order to extract cross-section limits
«  Galon & Zupan, JHEP 2017 (2017) 83

* Galon, Kwa, Tanedo, JHEP 2017 (2017) 64 VL
* BABAR limits in Z' - u*u~ case: PRD 94 (2016) 011102 g[l)(bllyn |:I:[t9e1d2 :[]6 1P2R7L6
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Summary

The Belle Il experiment is a powerful tool to find signs of new physics by
precision measurement of huge statistics of heavy flavor decays

From 2018, Belle Il physics run has started

First physics results: re-discovery of B meson, Z', B mixing,

Full event interpretation

From February 2020 beam operation restarts

More info at student talks:

w7y analysis in the Belle Il Experiment
ield inside Belle 11

" Diamond detectorsZ" .
for radiation monitoring and beam abort

S. Bacher J. Kandra R. Manfredi
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@f%New Constraints by the nano-beam scheme {B

o
o
o

= NN W
o w|m
o O
o O

Entries / [0.01 cm]
3
o

500 |

; Belle I
KEKB head-on (crab crossing) ‘ Nano-Beam SuperKEKB

g, >-6mm 0. 10-12 um

=

0. 100-150 um

@< >

0. 6-7mm
Hourglass requirement

. . 0,
/3.\_ 20, ~6mm /3_\‘ = ? ~ 300 um

1000 ‘

T pelien 2018 (praimmary | €~ (7 GeV) e+ (4 GeV)
?Median=—0.015cm .'lo )Y(4S B
- 06 =0.055cm & 1
- * b L th~ t
- Reconstructed Pt ] Y(4S) eng CBY B
/P position : '.+ Runs 1869-2047 . ~200um (BeIIe)
: (Afewmmon - B ~130um (Belle Il)
fatergs & % ocomsom | SuperKEKB By=0.28 : &{(7GeV), e+ (4GeV)
1 L e L KEKB By=0.42: e(8GeV), e+ (3.5GeV)
-0.4 -0.2 0.0 0.2 O'.4 )
LER (3.5 GeV -> 4GeV): HER (8 GeV -> 7GeV):

« for longer Touschek lifetime o< E3 « Lower emittance beam oc 1/E 2
* Lower Synchrotron radiation loss

@ To realize nano-beam, Lorentz boost factor is decreased down to 2/3.
OThanks to Nano-beam scheme: diameter of IP beam pipe is reduced from 3cm to 2cm

-1
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Comparison with the LHCb

ete” has advantages in... LHCb has advantages in...
CPV in B—¢K, n K. .. CPV in B—J/yK;

CPVin B—Kn' Most of B decays not
B—Kvv, tv, DMty Including v ory

Inclusive b—spup, see Time dependent

measurements of By
1—uy and other LFV
— .. B o= 1p
DDV mixing
B_.and bottomed baryons

Complementary!!
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Observables

Expected the. accu-
racy

Expected
exp. uncertainty

Facility (2025)

UT angles & sides

o [°) \aa 0.4 Belle 11

o2 [°) * 1.0 Belle 11

#3 [°] s 1.0 LHCb/Belle 11
|V | inel. wEx 1% Belle 11

|V | exel. s 1.5% Belle 11

|V,| inel. * 3% Belle 11

|Vis| excl. - 2% Belle II/LHCbH
C P Violation

S(B — oK) L 0.02 Belle 11

S(B - n'KY) e 0.01 Belle 11

A(B - K7%)[107? ¥ 1 Belle 11
AB— K*n™) 1072 e 0.20 LHCb/Belle 11
(Semi-)leptonic

B(B - 1v) [107°9) ** 3% Belle 11

B(B — uv) [107] o % Belle 11

R(B = Drv) e 3% Belle 11

R(B = D*1v) s 2% Belle I1/LHCb
Radiative & EW Penguins

B(B = X,7) ** 4% Belle 11
Acp(B = X, qy) [1072] == 0.005 Belle 11

S(B - Kar%) L 0.03 Belle 11

S(B = py) o 0.07 Belle 11

B(Bs — 7y) [1079) ** 0.3 Belle 11

B(B — K*vv) [1079] % 15% Belle 11

R(B — K*t¢) e 0.03 Belle I1/LHCb
Charm

B(Ds — ) wx 0.9% Belle 11

B(Dg, — Tv) e 2% Belle 11
Acp(D° — K37%) [1072]  *+ 0.03 Belle 11
lg/pl(D° - Kgntm) L 0.03 Belle 11
Acp(D* - nta¥) [1072] ** 0.17 Belle 11

Tau

T — py [10719) e < 50 Belle 11

T ey 10719 s < 100 Belle 11

T — ppp [10710] e <3 _ Belle I1/LHCb

j
j
]
j
j
!

@ From Belle II physics

book

arXiv:1808.10567
(to appear in PTEP)

Precision CKM metrology

Direct and mixing-induced
CP violationin B decays

(Semi-)leptonic B decays

Radiative & electroweak
penguins

Vibrant charm program

Search of LFV tau decays
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" Apr 2017
f s Belle Il roll-in
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