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SuperKEKB collider

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

Super-KEKB

E (GeV) B*, (mm) B*. (cm) (0] I (A) L (cm3st)

LER/HER LER/HER LER/HER (mrad) LER/HER
KEKB 3.5/8.0 5.9/5.9 120/120 11 16/1.2 | 2.1x10%
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Replacé short dipoles
with longer ones (LER)

i

Grey is recycled, coloured is new

New superconducting /
permanent final focusing

tHH

quads near the IP

Add / modify RF systems

Redesign the lattices of HER &
LER to squeeze the emittance

TiN-coated beam pipe

with antechambers
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:BEHI:I Channel]

iR

for higher beam current
Low emittance U | ?
positrons to inject “i:.% f “ Positron source
Dampi i — L —
mping rlﬂg: # e L New positron target /

capture section

SV
J
Low emittance gun

Low emittance
electrons to inject




D
D Belle |l detector

Belle IT

rKL and muon detector (KLM):W

EM Calorimeter (ECL): e
{ ( ) REEi(barrel outer layers),

Csl(TI), waveformygsamplin -
9 M= »7 7 Scintillator + WLSF + SiPM
77777/ ("‘d—eaps, inner 2 barrel layers)

: J

15T
superconductive
solenoid

Clect,, -
Ons 7 oo
el

Beryllium beam pipe:
2 cm diameter

 Vertex detector (VXD):

2 layers DEPFET pixels,
4 layers double-sided
silicon strip detectors

/

" Particle Identification:
7| Prox.focusing Aerogel RICH

LS

Particle Identification:
Time-of-Propagation counter

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

P

I —
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Belle Il In comparison with Belle

: Belle Il SIDE VIEW

Super conducting coil

11 -——m == 4
[ 2418 -1 A -
833 CSl 585
o

SVD PXD(2 layers)
310 5 ,

CDC

|

SVD 4 layers (DSSD) —
CDC:

ACC+TOF —
ECL:
KLM: RPC —

2 DEPFET + 4 DSSD TDR

small cell, long lever arm "
TOP+ARICH arxiv:1011.0352

waveform sampling
Scintillator+SiPM



Vertexing: SVD + PXD
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Belle Il vertexing performance significantly improved in
comparison with Belle
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<= CDC performance

Transverse momentum resolution

(CDC only) Track reconstruction efficiency (CDC only)
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Barrel PID: Time of Propagation
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Cherenkov angle is reconstructed
using hit position in the photo
detector plane and time of
propagation.

16 quartz bars: 125 x 45 x 2 cm
32 Micro-channel plate PMTs
Hamamatsu SL-10
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Belle IT

‘Aerogel tiles _
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Belle IT
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=1 [|ectromagnetic Calorimeter
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RPCs in the endcaps and two inner barrel layers have been replaced with
scintillator strips with WLS fibers and MPPC detectors in order to keep
reasonable efficiency at high signal anf background rates.

L Kurary Y11
Scintillator:

polysteren
+ 1L.5%PTP + 0.01%POPOP

‘?l*'r[.“ _]_.:
lof on

p
ot Odeto, =~




D
S Flavour Tagger

Two steps:

* Build 13 multivariate discriminators for topologies strongly correlated with
the B flavour

* Use the output to another multivariate algorithm to provide q * r

Categories Targets for B° Underlying decay modes R
Electron g B - D*+ 1, £ S 10
Intermediate Electron et 2 108
s |_. DY 7t 5
Muon L4 h =
Intermediate Muon ut L» XK i
i i - 2 102 r
Kinetic Lepton [ E | Electron E
Tnte]‘medi&te Kinetlc Lept()ﬂ Z_'— EU — D+ ( K | = _I:| SEEEgiEEE bt e |J
i Heand * YElectron
Kaon . K L K0 4 M =
Kaon-Pion K-, =t ' &
Slow Pion nt o
Maximum P* | F il 23 B0, E
Fast-Slow-Correlated (FSC) e ol [Hi o+ ;
Fast Hadron S |_) B E
Lambda A A -
High tagging efficiency: ¢ =37% ¢ = 30%
BELLEII BELLE
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S Physics program

T =TT T T g T T T 1 ¢ [ T '
! Amg& Am,
¢3 &mﬂ Fk ICHEF 18

ol i pea iy <

i, L |CHEP2016%"

aucikiod area has CL > 095

I!II||JII|IIII|IIlI|IIII|IIII|III..

* CPVin B decays (B — J/yK°, K%, Km) i M
v { |
* (Semi)leptonic B decays (B — DOy, ntlv, v, pv) ma A ) W
0.4 4::2 = CI.ID e 'ILIE Q.I'l : I:IIE il I:I.IB . c
- 8 § Ami& am, i
* Rare B decays (B — Kvv, Xyy, X1, yy) N Ly ; i
" T /BellE 1150 b
* Charm physics (D — lv, mixing, CPV) = b _— [ a3
= i ¢,
0.3 — ' Z —
* LFV tau decays (1 — 31, ly) 02 ¥, A =
i3 AN 3
. a, L E..
* Dark Sector, Spectroscopy (eatly physics) %) NSNS 50 D I I
L] L] p L]
Unitarity triangle
Observables Expected th. accuracy =~ Expected exp. uncer- Facility (2025)
tainty
UT angles & sides
o1 [°] ok 04 Belle T1
b2 [°] ** 0.6 Belle II
b3 [°] *kk 1.0 Belle IT/LHCb
V.| incl. e 1% Belle II
|Vep| excl. A 1.5% Belle 11
V| incl. o 3% Belle II
V5] excl. o 2% Belle IT/LHCD
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B Schedule

Belle IT

Calendar year 2016 2017 2018 2019
Summer shutdown Summer shutdown Summer [shutdow
(power saving) (power saving) (power shving)
/ QCS
Updated p’an (Feb 2018) x;’ Belle Il (no VXD) w/ full Belle I
Phase 1 1o ony Phase 2 Phase 3

, - - -
VXD installation

MR renovation for phase 2, including HER start N T
MR startup installation of QCS and Belle Il LER start
L
DR installation & startup DR commissioning
- |
Ry T [— — — —
Phase 1 Phase 2 Phase 3
without QCS or Belle I  with QCS and Belle 11 Physics run
without VXD
Vacuum scrubbing Background study Luminosity tuning
Basic machine tuning Luminosity tuning (target: 8 x 10% /cm?/s)

... Finished in success (target: 1 x 1034 /cm?/s)
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“TBEAST Il Result

Touschek Scattering
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-"_:'- T T T I T T T I T T T I T T T '| T T T I T T
—
i 300 : :
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— Shapes: curmrents |
] P 250
5o
o=
O
O

200
150
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'I]I'I]fllll'lfll'lfl'lll'lllIlff

St mmmm ETn T

100
arXiv:1802.01366 o
i Beam-gas
ok " IR Lo v o b0 0 0 Ly o, Oxe?
0 200 400 600 BD? 1000 1200
>— (mA Palum)
PZ; o,
CLAWS — _m * Data/MC ratios for Touschek
component of background in BEAST
.. d , d during T hek
Scintlator |~ 2 e 111
* Each point = one channel
- F * LER run:red
BGO m * HER run: blue
] * shaded bands sh /- 1si .
Dlamond L ﬂ o /_\_O shade En) s show +/- 1 sigma
PIN [— ooo 2
CsI/LYSO — A
3 |
He | IIIIIII| | IIIIIII| | Illllllpmllllll | IIIIIII| | IIIIIII| | IIIIIII| | IIIIIII| | IIIIIII| I 111111l
10° 102 10 1 10 10*> 10° 10* 10> 10° 10’

dat MC
O;7°/07
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Belle Il

SuperKEKB &
Belle Il are
getting ready

—

for first collision In
April
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ey  Tracks in SVD
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(D . " "
RICH signal in cosmic run
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<> Phase |

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

-y
[ =]
UL

Commissioning of accelerator and

detectors
* Start sring 2018, duration ~5 months

14, h
= o
II[“IIIII

E C =
§§ :2_ § * Beam collisions with focusing magnets
| Y B (QCS)
S o 8 e Target luminosity is 10** cm™s™
15 O L=  Up to 40 fb™ for physics analyses
o * W/o vertex detector — no time

dependent measurements

s
IIII

(em?s?)

Peak luminosity

o)
||I||

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

What can be done with early physics data?

=> Background studies

-> Detector and trigger performance studies

=> Simulation validation

=> Exercising of calibration and alignment procedures

=> Reconstruction algorithm tuning

=> Physics measurements 24
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Energy scan

Beam Transport  Final Focus
(magnet) Quads

Existing datasets [fb™]:

CLEO BaBar Belle g :: ‘ E“‘“—$ Beam Transport
% : \ (magnet)

Y(1S) 1.2 6 O 841 “‘\
Y(2S) 1.2 14 25 Ué 8.2
Y(3S) 1.2 30 3 f 8 I N—
Y(4S) 16 B3 1 * 78
Y(55) 0.1 36 76 N T
Y(65) 3.3 - c 74 _ Y(68) . =
Off 17 DR 2| O [T
res. 7 B~ Y(4S) \

. . [ A N A M B MR
High energy is most ©8 “4 405 41 415 42 425 4.3 435 44
pFOHliSng LER Beam Energy (GeV)

25



Study of Y(6S) decays

Known states: (25+1)
L,'s, %, °p, °P, °P, 'P, °D, °D, °D, D, 7,
 Y(nS) tw and Y(mD) st 51100 )
« Y(nS) ) and Y(mD) n Emsno ' 25106%
wld )
e Y(NS) K'K %106(") Y Open flavour threshold =
- | C Z, (10610)
X (mP) w " 10400 A
b — V(2D)
GBS YISy w - w _ ow
10200 2P 2P), o NP e
Search for new states 10000|—= —*— T ERD D
+ _F + - + M,(28) T(25}| L PR =
° Zb T - Y(HS) JU JU ) hb(mP) JU TT 9800 I““F]Iu[“’]m:w]hh{":}
0 + - . 0 ® Eslablishaed
e W ' withW "—n mt, ¥ 7, 9600|
Y(nS)p 9400/ + (i heen
0 . 0 Y o
— | ! L | - - | -
« X "y with X, (1S)w 9200 o T - 3" o 1 27 97 FC

 B(*) B**, Bs(*) Bs**, Ab Ab

Search for new conventional bottomonium states: hb(3P) and Y (2D)
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&P 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

27
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Belle IT

Dark Photon A’

and 1 at 0’ -~

e'e —yvyvywith 1y
iIn backwards gap

0

Expected sensitivity Belle Il 20 fb™ (simulation)

1 L e g aaaal L e aaaih

1074 Bt

1072 107" 1

m, (GeV)

10

: ma’

_ final @ selection, gq II?[

— not optimized A= 24

-_ «— ~300 events — 5.9 =
. i ?.D_

; :
N+ ~25k events —

i ",‘ with E* =39 Ge‘.{,-' :E_;i;i
50 100 150
O,ap (deg)

"y
QU

)

—

Entries / (bin x 20 fb

ireducible

Kinetic mixing with SM photon

ooce’a® (1 —m% /E¢y) [Eéa

Relevant for phase 2:
Decay A’ — invisible

Requires single photon trigger

— Challenge: background

28
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<2 Summary

« Belle II phase 2 will start in April 2018. Accelerator and detector are
commissioning. Expecting up to 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

« The complete Belle II will be ready at fall 2018 to take data on Y (45).

« We are looking forward to the next decade of exiting new results in
search for New Physics beyond the Standard Model.

o Stay tuned for news from Belle II

https://twitter.com/belle2collab
https://www.facebook.com/belle2collab
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