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The first-generation B factories

“B factory”: High-luminosity, asymmetric-energy e e~ collider
operating at /s = 10.59 GeV to produce ete™ — Y(4S) —» BB

munyvna

United States

o R et A
WAL | BABAR
Vietnam Belle : ‘
Malavsia t ANOXE] |
1999-2010 1999-2008
~1000 fb~! = 1ab~! ~500 fb~1 = 0.5ab?

Built on the success of Y(4.5) experiments ARGUS, CLEO, CUSB

[nitial goal: test the CP-violation mechanism of the SM,
use virtual probes to study high-scale new physics
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Some B-factory physics milestones

Integrated Luminosity in fb”
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>100 unique CPV results

Year l

~350 papers published after shutdown, 21 in 2018



Motivation for >X 30 integrated
luminosity

e BABAR and Belle:

Established SM flavor-physics picture,
particularly the Kobayashi-Maskawa mechanism of CP violation

Constrained NP at scales >> direct searches at LHC

Discovered exotic (non-qq/qqq) hadrons

Provided precision input for lattice, (g — 2), » ~3.80 tension

Conducted direct searches for light new physics

* This success sets the stage for the physics of Belle II:

— Stress-testing the SM and sensitively probing new physics via, e.g.,

Precision flavor physics: CP violation, meson mixing, decay rates
Rare processes, e.g., flavor-changing neutral currents —, Tensionin b — sf¢~

SM-forbidden processes, e.g., lepton-flavor non-universality,
Lepton number/flavor violation \

Direct searches for light new states ~3.80 tension
inB - DWWt~y
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Checkout the Belle Il Physics Book: https://arxiv.org/abs/1808.10567




CKM unitarity triangle precision

http://ckmfitter.in2p3.fr/www/studies/plots history/ckm plots history.html
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Belle II collaboration
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The physics prospects have brought together

~800 researchers from 25 countries
(some institutes not marked)




Belle II and LHCb:
competition and complementarity

opp (nb) ~150,000 ~1
[Ldt (fb~1) by ~2024 ~25 ~50,000
Background level Very high Low
Typical efficiency Low High
il K¢ reconstruction Inefficient Efficient
Initial state Not well known Well known
Decay-time resolution Excellent Very good
Collision spot size Large Tiny
Heavy bottom hadrons B, B, b-baryons Partly B
T physics capability Limited Excellent

B-flavor tagging efficiency 3.5-6% 36%



eTe~™ — BB full-event reconstruction

Important B-factory technique:

Reconstruct one of the B mesons using >1000 hadronic modes (semileptonic

decays also used)

Then look for a signal decay of interest in the other B

Efficiency < 1%, but, this

Greatly reduces background
Provides signal-B momentum vector

Regularly used for (rare) decays with
(multiple) neutrinos:

e« B->DWt ¥, B >1V, B>t v,
B > Kvv,B - Kt* 1™, etc.
Inclusive studies

e B->KX.;,B-vyX,

Factor of 2 wrt. Belle, e.g., faster algorithms
enable analysis-specific training
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R(D*)

Example case study: B » D" t~v

Quantities measured so far:

R(DW) =

Br(E — D(*)T_V)
Br(B —» D®M¢—7v)
3.8 o tension wrt. the SM.

)

P.(D*) = 1 polarizationin B » D*t™v

Belle II full data set compared to current measurements:
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Moore’s law of collider luminosity
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Peak Instantaneous=

40-fold increase 1in luminosity wrt. Belle

Beams at KEKB (Belle)

-~
o

SuperKEKB
Beam currents only a
factor of two higher

than KEKB (~PEPII)
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Crossing angle 41° -
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SuperKEKB collider

Magnetic shwe_ 2

. v . I\ -
QCLLESE: a1, b1, Jrblcat \/
corrector m 5
QC1LP leak field cancel ~ /
/
Y I; Magnetic shield
N\ A

%
A

-QCZZLP & a1, b1, as,

Ny

rgctor magnets
}%_

A,

http://ipac2018.vrws.de/papers/tuzgbe2.pdf

| Positron rlng |

collision point Belle Il detector

J / > __V o -:;’

'$-_ '5?‘,-

‘ Electron ring |

Electron-Positron
linear accelerator

Positron damping ring

New:

3-km-long positron main ring.
Positron damping ring.
Complex superconducting final focusing.
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Belle II detector

KLong and muon detector:
Resistive Plate Chambers (barrel outer layers)
illator + WLSF + SiPM’s (end-caps , inner 2

EM Calorimeter:
Csl(Tl), waveform sampling{

le Identification

_n tector system (barrel)

= ocusing Aerogel RICH (fwd)
//

electrons (7 GeV

-
Beryllium beam pipe
2cm diameter

Vertex Detector

2 layers DEPFET + 4 laye
"

positrons (4 GeV)

Central Drift Chamber _
He(50%):C2He(50%), small cells,
arm, fast electronics (Core element)
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Barrel hadron ID: Time of Propagation (ToP)

MCP-PMTs Cherenkov angle:
cosfc; = 1/nf Photon from K*

512 channels K /m track
50 ps resolution

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

N
N
T

time/ns

g 215~
O
£
= 32 quartz bars:
Quartz Property Requirement
2 Flatness <6.3um
. Perpendicularity <20 arcsec
Parallelism <4 arcsec
b Roughness < 0.5nm (RMS)
18.57'7‘ JLI & || || "\‘{." i |1 4: “:[l\ BUIk transmittance > 98%Im
Surface reflectance >99.9%/reflection

Channel (position)



Detector highlights: drift chamber

Wire configuration
Belle Lo sl Bulky

Lot el particle ID
el system
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Belle |l l

Belle Il

BT sele |
/ Innermost sense wire r=88mm r=168mm
Outermost sense wire | r=863mm r=1111.4mm
Outer radius almost ~20% larger Numberof layers [ 56
than at BABAR/Belle: Total sense wires 8400 14336
Improved momentum resolution I fecaHs He:CaHe

Gas

Sense wire w(@3oum) | w@30um)
Field wire A(@120pm) | Ax®120pm)




Detector highlights: vertex detector

(@ Belle)

Beampipe =10 mm (14 mm)
DEPFET pixels

Layer I r=14 mm

Layer 2 =22 mm

DSSD (double sided silicon detectors)

Layer 3 =38 mm (20 mm)
Layer 4 r=80 mm

Layer 5 r=115 mm

Layer 6 r=140 mm

Improvement relative to Belle:
* ~ X 2 better resolution
* Tolerance of ~ X 20 background rate
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Startup schedule

2016 2017 2018 2019
Japan FY 2016 2017 2018 2019
Summer Summer Summer l Summer
shutdown shutdown shutdown shutdown
Phase 1 LDelle Il Phase[2 ‘Phase 3
— bl [E— ——
Main Ring (MR) 'd[r'fli‘amg VXD
commissioning MR commissioning for phase 2 | HER(e) installation
[ — e
| circulating During phase 3, Belle II
Damping:Ring (DR) Installation and commissioning DR commissioning activity of 9 month/year
— have been assumed/
~ w First ¢ ollisions, 26 April, 2018 Phase 2 goals:
v Wi

e Progress toward high luminosity
* Progress toward stable operation

Achievements:

L=55x1033cm2s1
Collected ~0.5 fb~1 for

commissioning & calibration



Some phase-2 results

* SuperKEKB performance
* Belle II performance:

— Basic physics signals with early calibration and alignment
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Progressing toward X 40

luminos

As expected, vertical beamspot size o, = 0.55 mm

(O(cm) at Belle), from ete™ —» u™u~ events

o From lumi measurement w. diamond detectors
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% % 'B;=6mm

b 4

SuperKEKB/Belle Il 2018 (preliminary)

| | | | | | | [
05/03 05/10 05/17 05/24 05/31 06/07 06/14 06/21
Date

i — T - T T ]
£ : Belle Il 2018 (preliminary) |
“ 3000 | . .
— T Median=—0.015cm & ]
o [ ) ]
d 2500 | 0s=0.055cm ' "' J
& 2000 o ]
2 : * += Runs 1869-2047 ]
5 1500 | s . .
- [ ]
uJ : L] [ ] :
1000 F 3

L ] . :

500 | Ll ", ]

[ JLdt=24pb~t . ., :

0 L L 4_..‘," | N | | ,-H-: L |
—0.4 -0.2 0.0 0.2 0.4

At design luminosity,
vertical beam size 0; = 50 nm.

So far achieved 0; = 700 nm.

Luminosity stalls as fy, is reduced,
due to beam blowup @ high current.

Usual growing pains of a new machine.
Design luminosity expected in 202221



Events /( 0.02)

Pull
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Signals 1nvolving photons
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—+ Data
— Fit

Belle Il 2018 (Preliminary)

_[ L dt = 250 pb”'
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Entries / (0.001 GeV/c?)
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Events / ( 0.02)

400
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Pull

Signals involving photons
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RS 3 3 1spBelel M fLa--se
= ; [ - reliminary .
- - Data : E: i 2018 (Prelimi ) ot ]
— —Fit = - - t , E>015GeV -
- - S - ! .
C -] CJ- 1 -0 __ 4 __
= Bellell 2018 (Preliminary) . = -+ Data ¢ ’ ]
3 B %) R ¢ A i
- _[Ldi:%ﬁ pb’ 3 ,g R ‘,f" \ i
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3 E Catiid ;
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- | * M | S .m P w o
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E(ECL) / p(recoil) 107

Single-photon triggers are

ready for dark-sector searches, e.g.,
ete”™ - y + invisible (BABAR limits):

Belle II: 1000 Xmore lumi, better calorimeter

w

/: -3

BABAR 2017

BABAR
1702.03327

102



?)

[&] - .
: : |
=1000[- b fro=~spp’-
| ]
= [ t Belle Il 2018 |
8 sool- f i ]
2 800 . Preliminary
5 | ‘ ]
i i ]
600_1 N AR W T
ot A 14y RI AL ++++ ++++g
400j ]
: K >t _
2001~ No displaced-vertex cut 7]
_IIIIIIIVV‘\T\Illllll\\\\‘IIIIIIII\‘\\IIlIIIIlIW‘i_

Some 2-track signals

IIIIIIIIIT[TIIIIII!TTT[IIII'IIITWT\II Illllllii

(5).45 0.460.470.480.49 0.5 0.510.520.53 0.54 0.55

m(rr) (GeV/c?)

Entries/(0.01 GeV/c?)

(\l’—‘ Frrrr 1 TT 17T ] TTT7T ] TTTT W TTrT1 7T [ TTTIT l UL ] I TIrrrj
5‘3 300f Belle Il 2018
[0 Preliminary -
S ]
= 250_ E
e ; ]
=~ 200 ]
> 200 ]
o +,,-
E 1]/ —-uru
< 150f- i
100; u ID not used a
501 p .
- | Ldt=250pb ]

m(u*p) (GeV/c?)

-1IIIJIIII]III\]JI\I‘I\I\‘\\Ill\l\l‘l[l\
29 295 3 3.05 3.1 3.156 3.2 3.25 3.3

N ——— S
35_]/¢ —sete Belle Il 2018
30;_ > Preliminary

255_ E/p> 009 | J.Ldt=250 pb”
20F

10f i\¥+

T FRTR s

IR T | L [N o eqe=bk=y , 4 4 ] % 4 4 4 T, |
88 "%s 3 3.1 32 33

T34

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



dE/dx 1in drift chamber

dE/dx

deuterons

Level indicates
high beam-wall
and beam-gas
background

pions —

-1
10 Momentum [GeV/c]

Separation to improve with further alignment and calibration



Performance of Cherenkov ToP detector

ToP signature of kaon identified kinematically via D™ — Doyzs*; D' Kt

Hit time [ns]

is visibly more consistent with being a kaon than a pion or proton

T T T
+ Belle Il TOP 2018 (Preliminary)
- D kinematically tagged kaon
L p=1.73 GeWe
 A=94.1°
Pion PDF
157 log L (r) =-257 51 1
.-. x
10 — e
% 16 32 a8
Pixel column

64

Hit time [ns]

—————————
Belle Il TOP 2018 (Preliminary)

[ kinematically tagged kaon
p=173GeV/c

d=94.1"

Kaon PDF

"logL(K) =236.38

P2
=2

1

N

10f e

438

64

Pixel column

P2
[=]

[ kinematically tagged kaon
p=173GeV/c

f=9041"

Proton PDF

191 log L (p) =-263.53

Hit time [ns]

s

100 3

Belle § TOP 2018 (Preliminary)

% 16

32

48 64
Pixel column
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ToP impact on
d > K K~

reconstruction

Entries/{1 [MeVicT]) Entries{ 1 [MeV/cf])

Ertriesi1 MaVicT)
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gl]}_ —]
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200 Al ]
= Bedle 1 TOP 2018 (Preliminary)
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miK* K) (GeVic?)

500 : ++||++ ' ' ' ' 3

. o W
200 —I
100 .l“"h‘qﬂ":'t"1 5
Belle 11 TOP 2018 (Preliminary)
e 7 VTR ™ S - T

T
miK* K} (GeVic®)

= i

C + 3
EEH}E— ++ _E
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Belle 1l TOP 2018 (Preliminary)

Lol v v L
L N ¥

PRI N T SN T NN U T T [ T T N N S MY A APECY
102 103 104 1058 106
mik* K (GeVich)

No kaon ID required

One kaon identified in ToP

Both kaons identified in ToP
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Entries / 6 MeV/c?

Entries / 2 MeV/c?
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Event Topology tells us we are producing B’s

—_— —IIII|II\I|IIIIIIIIIIIIIIIII\III\IIIII\III\— BB
<t I
=]
©6000
@ data
% MC total
}jsooo MG BB

\T MC qq

MC 1t

Belle Il 2018

Preliminary

IL dt=15pb"
B pairs produced at rest in the
CM with no extra particles

e b b e g L e
0O 01 02 03 04 05 06 07 08 09 1

Spherical R, Jet-like

We are on the Y(4S) resonance and
recording BB pairs with ~99% efficiency.




First-data event displays

A BB-like event

A light-quark qg-like events



1983:
CLEO expt.

Full reconstruction of hadronic B decays

.'.;—; I A I
= 30
w E=-:=D{Km.|€3n.r-:m:“.r-:;<.|<5n“]m=
: B =DiKr, K3x)p™
» B"=D"(Kx, K3m'
o 25 E'=D (K=, Kan, K}
.Ec BFaD i, K3n)e
L Bn—:D‘l:Kann:
B =DiKan)g
B =lfgie’s. p'u) K
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Color = reconstruction mode
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Belle ll 2018
Preliminary

20 IL dt = 250 pb”’

10

521 522 523 524 525 526 527 528 529
M, (GeV/c?)

21 MARCH 1983

Observation of Exclusive Decay Modes of b-Flavored Mesons  4().7 pb—l

B-meson decays to final states consisting of a D’ or D** and one or two charged pions

have been observed. The charged-B mass is 5270.8+ 2.3+ 2.0 MeV and the neutral- B mass

is 5274.2+ 1.9+ 2,0 MeV.




Events/0.5

And semileptonic B decays

AR ERRREE LN ERR
B - D*e v
JLdt=250pb'1

Belle Il 2018
preliminary
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i 0
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A background and
control sample for

B> DMy
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Summary

Highly successful program of ete~™ — BB machines of
growing luminosity since the 1980s

The Belle II experiment and the SuperKEKB collider take
performance to a new level:

— 40-fold increase in luminosity wrt. previous record

— 21%-century detector technology

— Probing new physics with unprecedented precision
Phase-2 data: the collider and detector are performing well

Look forward to starting the phase-3 physics run with the full
detector in 2019.



