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Super KEKB

New superconducting

— Belle II :
_ _-< e /permanent final
/ -~ — New IR focusing quads
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" New beam pipe
& bellows e+ 3.6 A
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systems for higher
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capture section

:‘=’=‘=H[:l=|=[:‘1-=‘=‘ln|=t: Damping ring
[ e

Wi/

Low emittance gun

Low emittance
electrons to inject




SuperKEKB

Nano-beam scheme firstly proposed by P. Raimondi for SuperB

SuperKEKB is the intensity frontier
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— Belle |l

KL and muon detector:

Resistive Plate Counter (barrel)
ntillator + WLSF + MPPC (end-caps)

EM Calorimeter:
Csl(TIl), waveform
Pure Csl + wavefor

TR

‘samf
R

le ldentification
e-of-Propagation counter (barrel)
X. focusing Aerogel RICH (fwd)

electrons (7GE —

Eeryilium beam pipe/
2cm diameter .

Not in Phase 2:////

Vertex Detector //
2 layers DEPFET + 4

A % :
layers DSSD %
Central Drift Chamber \

He(50%):C2Hs(50%), small cells,
long lever arm, fast electronics

positrons (4GeV




Belle IT

Tracking system

Component Type Configuration Readout Performance
Beam pipe Beryllium Cylindrical, inner radius 10 mm,
double-wall 10 pm Au, 0.6 mm Be,
1 mm coolant (paraffin), 0.4 mm Be
PXD Silicon pixel Sensor size: 15x100 (120) mm? 10 M impact parameter resolution
(DEPFET) pixel size: 50x50 (75) um? o, ~ 20 pm
2 layers: 8 (12) sensors (PXD and SVD)
SVD Double sided Sensors: rectangular and trapezoidal 24D k
Silicon strip Strip pitch: 50(p)/160(n) - 75(p)/240(n) pm
4 layers: 16/30/56/85 sensors
CDC Small cell 56 layers, 32 axial, 24 stereo 14 k ore = 100 pm, 0; = 2 mm
r=16-112 em o,/ = /(0.2%p,)? + (0.3%/8)?
oy, /00 = 1/(0.1%p:)? + (0.3%/8)? (with SVD)

drift chamber

-8 < z< 189 cm
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T Vertexing performance

Expected performance o-ar— 2
Significant improvement in IP resolution! PHER

Impact paramatar resclobion di | Impact paramstar rasolution 70

FV TN T T P ey | 11— Pixel tiét;ctnr close
E T Less Coulomb E E Beﬂ.fg f to the beam pipe
.E: E scatterings 5 3 Eii . ;u’ | _ |
19) L U N \7‘ Belle Il .
BTN \ | |
R T 20_5-.5.':: s i-;:.?_jh______—;———m-.
o 10 20 7 o 10 20 ™
Pﬁsjﬂfﬂ}p[ﬁe‘qﬂ Fﬁs’n{w[ﬁevftl -‘g :III FrTTrrrri III|III|III IIIIII|III|III|I:
N DIDE:_ __a transverse impact par, dﬂ _:
D.Ddf— — s longitudinal impact par, z _f
- Extrapolations of detector performance confirmed  oosfs- -
after beam-test results, and realistic software - §
Implementation 0.02|- -
F —— .
- Currently, in spite of (By)Belle ll= 28/44 - (By)Belle oo .

Belle Il 3 _Belle
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Central Drift Chamber

Track reconstruction efficiency
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{B Barrel PID: Time of Propagation

Cherenkov ring imaging with precision time measurement (better than 100ps)
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Efficiency

<
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Installation completed! 2016, May 11,
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Efficiency

orward PID Aerogel RICH
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ez Electromagnetic Calorimeter

R AL LU a0 [ LT/ /777755 OS50 Belle calorimeter: 8736 CsI(Tl) crystals
RN ST e 6624 Barrel
- | o 1152 Fwd Endcap
N ! 960 Bwd Endca
cbc alcs P
E SVD PXD(2 layers) S
N7 18 B=an) Energy resolution vs background
~ i T =
acs| I ST [ |acs = ¢ — :
: 15 __ | ‘ —— BiGx0.0 {no material) Barrel__
u . . . ., L]
- High rates (machine+physics) = upgrade of electronics ~ C A e oaniae :
o] L ’ J
. . . \ —— BGx1.0 Barrel
- shorter signal shaping (1000ns —> 500ns) 100 " " 4 BGx1.0 Barrel (4C5) ]
- the waveform is sampled (~2MHz) i ]
- waveform fit to extract signal time and amplitude - . o T
5 __I-'.' ‘ . l"a._t -, __
i R S s S
~ Shaper output - ol
- signal 107" 1
\ ]_ N (e
—t | | - =t
Belle Il ECL trigger efficiency (simulation)
Pl ] compared to Belle ECL efficiency
G.Elte Pnysics trigger: E_ > 1 GeV
width=100ns
Ephy‘s E'._-;ignu] Ehkg
(total)

Belle 0942 % | B8.70% | 10.72 %

BellelI [9990% | 99.12% | 0.78 % 11




':B The KLong and Muon detector

14 iron layers 4.7cm thick

15 barrel active layers
v 2 x [scintillator strips + WLS + SiPM] < NEW

v 13 x [double glass RPC + 5 cm orthogonal phi, z strips]

14 endcap active layers
v 14 x [scintillator strips + WLS + SiPM] < NEW

» All endcap active layers + 2 innermost layers in barrel
replaced with scintillator strips to resist neutron background

* Installation is complete
« Commissioning with cosmic rays ongoing

MNikko
Side

Endsap
KLM

[
LT

i

i

Oho
Side
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<2 Physics program

* CPVin B decays (B — J/yK° K%, Km) CKM matrix
/ -
: . sides and angles
* (Semi)leptonic B decays (B — DOy, wwlv, v, pv) 8
e I B s B ) L S B IO e
Eg ¢3 Arigy/ £ m 3
* Rare B decays (B — Kwv, Xy, X1, YY) > H 2 i e
05 = sin 2§ —
Ci 2
¢ Charm physics (D — lv, mixing, CPV) s =
v = g,
03 — 2 J
= 9, -
* LFV tau decays (T — 31, Iy) 0z = A =
o1~ K _:
. B % ’, E
* Dark Sector, Spectroscopy (eatly physics) 7 S, SN 0. =) S A S i =
. P
Unitarity triangle
Observables Expected th. accuracy = Expected exp. uncer- Facility (2025)
tainty
UT angles & sides
¢1 [°] o 0.4 Belle II
62 [°] x4 1.0 Belle 11
b3 [°] *kk 1.0 Belle TT/LHCh
V.| incl. . 1% Belle I
V| excl. Fhx 1.5% Belle 11
Vp| incl. o 3% Belle IT
V| excl. 4 2% Belle IT/LHCb

13
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Schedule

Belle I
Calendar year 2016 2017 2018 2019 .
Japan FY JFY2016 JFY2017 JFY2018 JFY2019
Summer shutdown Su‘mer shutdown| Power saving Summer shutdown|

(power saving)

(power saving)

after mid July 2018

(power saving)

-

MR startup

DR installation & startup

w/fo QCS

phase 1 w/o Belle Il

MR renovation for phase 2, including
installation of QCS and Belle I

~

[mld Feb. — mid Jul. 2018) wy/ full Belle Il
phase 2 (MR) phase 3
-~ ~
w/ QCs
w/ Belle Il {no VXD)
HER start . .
LER start VXD installation
T phase 3 operation
DR commissioning 9 months / year

1 B S N S — I

BEAST

We are here

Start of
phase II

14
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Belle IT

BEAST Result
Touschek Scattering =~ .

T I T T T I T T T I T T T '| T T T I T T

(a.u.)

Colors: size settings
Shapes: currents

Observable
|PZ2
(k%]
3

Touschek

%)

o

L=
'I'II'I'|[III|'I[II'|TI'II|'IIII|TT)(

100
5[}:—. lllllllllllllllllllllllllllllllll ~
- Beam-gas 3
D- L L L I 1 L 1 J 1 1 1 I 1 1 1 I 1 1 1 I i 1 1 rx1
0 200 400 600 ED? 1000 1200
=— (mA Palum)
P ¥
CLAWS - _‘m * Data/MC ratios for Touschek
component of background in BEAST
.. detectors, measured during Touschek
Scintillator — O & beam-size sweeps.
* Each point = one channel
I F * LER run:red
BGO m * HER run: blue
. * shaded bands show +/- 1 sigma.
Diamond — a 5 A o e
PIN [— ooo &
Csl/LYSO & o
He® — o0
| IIIIIII| | IIIIIII| | Illllllpl IIIIIII| | IIIIIII| | IIIIIII| | IIIIIII| | IIIIIII| | IIIIIII| I 111111l
10° 10% 10" 1 10 10* 10° 10* 10> 10° 10’
data , ~ MC
09?0 16
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ZZ8  (Cosmic ray run (June)

DataStore / Back

Arrays

ARICHAeroHits (0)
ARICHSIimHits (0)
BKLMDigits (0}
BKLMHIt1ds (0)
BKLMHIt2ds (0)

| BKLMSimHitPositions (0)
| BKLMSimHits (0)

| BeamBackHits (0)

| CDCDedxLikelihoods (1)
| CDCDedxTracks (1)

| CDCHits (170)

P/ CDCRawHitwaveForms (0)
CDCRawHits (0)
CDCSimHits (0)
ECLCalDigits (27}
ECLClusters (10)
ECLConnectedRegions (2)
ECLDigits (27)
ECLDiodeHits (0)
ECLHits (0)
ECLLocalMaximums (3)
ECLPidLikelihoods (0)

- Systems included: CDC, TOP, ECL, KLM

- Magnetic field: 1.5 T
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<> Phase |

Phase 2: BEAST and partial Belle II
Phase 3: Full Belle Il detector

)
[ =]

Commissioning of accelerator and
detectors

=1
=
IIIIII

14,
=
I[III

i = « Start beginning of 2018, duration ~5
32l months
P oaf 0~ « Beam collisions with focusing magnets
RRNRT S (QCS)
B e Target luminosity is 10** cm™s™

ob « ~20-40 fb™ for physics analyses

« W/0 vertex detector — no time
dependent measurements,

I
IIII

{em?s?)

Peak luminosity

I
||I||

. L. ! I | I I I
2%1? 2018 2019 2020 2021 2022 2023 2024 20

What can be done with Phase 2 data?

-> Background studies

-> Detector and trigger performance studies

=> Simulation validation

-> Exercising of calibration and alignment procedures

-> Reconstruction algorithm tuning

-> Physics measurements 19
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Energy scan

Beam Transport  Final Focus
(magnet) Quads
8.8 [

Existing datasets [fb™]:

CLEO BaBaR Belle E 86 [ E—h T—
% C \ (magnet)

Y(1S) 1.2 6 5 84 "““\
Y(2S) 1.2 14 25 ué 8.2
Y(3S) 1.2 30 3 f 8 [ R
Y(4S) 16 B33 711 T 78 [
Y(5S) 0.1 36 76 =
Y(65) 3.3 o c 74 [ Y68 < Energy
Off 17 54 100 L - S e
res. 7 B vyus \

. . i A S 1 A L
High energy is most O8 T4T405 441 415 42 425 43 435 44
promising LER Beam Energy (GeV)

20
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& Zb’'s @ Belle

+ Zb°(10610) and Zv*(10650) is discovered in Y(nS) n*and ho(mP) m* @

Y(5S)
PRL 108, 122001 (2012)

. Zb°(10610) is observed in Y(nS) m° @ Y(5S) PrD 88, 052016 (2013)

« Zb*(10610) —» BB and Zv*(10650) - B+«B~observed at Y(5S) (dominant
decay channels) prL 116, 212001 (2016)

v 3.30 for Zv*(10610) at Y(6S) PRL 117, 142001 (2016)

o L
hy(1P)T* _
= 4 o(TPYTT o [ Y(6S)=h,(1P)m “% [Y(6S)—h,2P)mrm-
C 3 | (a) 2 '°F (0)
o = 4+ = i
& =B | | Q.
2 z T + Zto.
E © 2 — [ (&) :
D feerereli L 9 5t
o ) S A — S
g o e o .
G A T o 0o
= <ol F<a %ﬁ
o :
5‘0 _I | 1 | | I | 1 | | 1 | | | | 1 -5 L1 | | | 1 | I 1 |
@ 105 106 107 108 10.7 1038
M_.. (), GeV/ic® M__ (m), GeVic®
| |

L. . TS R BT S PR S NI T N RS R
108 10.85 109 10.95 11 1
E,. (GeV)
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Belle IT

Quarkonia transitions, Y (6S)
decays to known states:

e Y(nS) trw and Y(mD) mtw

e Y(nS)n and Y(mD) n
 Y(nS) K'K

e X (MP)

Search for new conventional
bottomonia states:

e hb(3P) by ntr

e Y(2D) by tt & n

Study of Y(6S) decays

(25+1) )
LJ 15[! 351 3P2 3P1 Epu 1F1 EDE 302 301 102 .??

~11000~

L

10800

10600

nmass (m

10400

10200

10000

9800

9600

9400

9200

Y(58)
-
2! (10650)
Y{4S .
(. } Open flavour threshold -
| - Z, (10610)
LuA3P)
B | m ‘:'{P.'DJ}

n,(BS)Y(3S) w | w _ o w
I,,{Ep'.lxh[gp] Tyol2P) h(2P) —

) | | |
V(10 Y(1D,) v(1D ) n,(1D)

— —
M,{25) T(ESII . . .
1 l1P). »
- wal f.l:.i”F]lw“P]hn{‘P}
& Esiablishaed
—-— Theory
5 Y(15)
1,(15)

. ! - . - L | |
0-+ 1" 2++ 1++ n++ 1+- 3“ 2- 1" 2-+ ?‘? JJC

22



Search for exotic states

Search for exotic states in Y(6S) decays to:
Z 7 - Y(nS) v’

o Zbi 1" - h (mP) '

Z T M T

W ' with W ° - m m, % 7, Y(nS)p
X "y with X ” > Y(1S)w

e BB*
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<=2 B** spectroscopy

Y (6S) is close to B B** threshold

Combination Treshold,

5 GeV/c’ 'g,: /-0 L=1
B(*) B**  11.00-11.07 5 | /s Z 112 2
Bs(*) Bs**  11.13—11.26 g
Ab Ab 11.24 5.75 |
B+ B 11.44 — 11.49 B
Bs** Bs** 11481168 _ |-
Ab Ab** 11.53 -
Sbh(*) Sb(*)  11.62 — 11.67 -
Ab** Ab**  11.82-11.84 ¥ =




Low multiplicity events

Trigger:
« ~100% efficient for B and charm decays
> Low multiplicity events challenging because of large QED
background
« Belle trigger was not optimized for low multiplicity
« Improvements of level 1 (L1) hardware trigger at Belle II:
- Data rate increased from 16 to 190 Mbps
- Logic implemented in FPGAs instead of hard coded
« Software based high level trigger (HLT) runs full reconstruction

Development of triggers for low multiplicity:
> Search for new physics in low multiplicity events with phase 2
data

25
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Invisible decays of Y(nS)

Belle2 Simulation

<35

26
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Belle IT

Dark Photon A’

ete —yvyvwith 1y
in backwards gap
and 1at o’ ~

0

Expected sensitivity Belle Il 20 fb™ (simulation)

1072

107" 1

m,. (GeV)

10

Mas
final 0 selection, gq |I?[
not optimized A= 24
— =300 svents — 50—
L ?.D_

g ;
- ~25k events — 1l
ko Wt E' 3.9 Gev.e - il
."‘ £ Fid

30 100 150

e
QU
]

)

Entries / (bin x 20 fb’

ireducible

Kinetic mixing with SM photon

oo ea” (L—my /Ecyy) [Ecy

Relevant for phase 2:
Decay A’ — invisible

Requires single photon trigger

— Challenge: background

27



Summary

o Belle II phase 2 will start in 2018

« Accelerator and detector are commissioning. Expecting 20-40 fb™" of
data w/o vertex detector

« First physics opportunities:
> Exotic states and bottomonium studies @ Y(65)
> Dark photon search with single photon trigger

e More details in The Belle II Physics Book (to be submitted to PTEP)

 Stay tuned for news from Belle II
> https://twitter.com/belle2collab
> https://www.facebook.com/belle2collab



