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Introductory remarks Belle Il @ SuperKEKB

Belle Il @ SuperKEKB is a new facility at the intensity frontier
for searches of physics beyond the stnadard model (new physics)
with B mesons, charm mesons and t leptons.

SuperKEKB — major upgrade of the KEKB B factory at KEK (Tsukuba)

ete'>Y(4S)— BB

L =8 x10%cm=3st?

E(e*) =4 GeV, E(e) =7 GeV

Belle Il — upgraded Belle detector

to accumulate | L~ 50 abt by 2022

< 55 billion BB pairs, 47 billion t*t" pairs
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Belle ll @ SuperKEKB

» Complementary to direct searches of NP lllustrative reach of NP searches
at the energy frontier: [

M, TeV]

SuperKEKB

* Indirect searches of NP effects in rare processes
(suppressed in the SM) allow us to explore regions
of the parameter space that are not covered at LHC;

« If the LHC sees direct evidence of new physics,

it is plausible to expect NP effects in B/D/T decays.
— Flavour structure of new physics? I
— CP violation in new physics? :

NP reach in terms

of mass

» Complementarity to indirect NP searches: 1 10 10
(enr®
* LHCb — huge B and charm statistics:
rare and very rare B, decays to clean final states,
e.g. By = u'w, B - Kpf,...

Yoff-line B meson beam?”

* Belle Il — well-defined initial state:

- final states consisting of neutrals, e.g. B — 7%, \ /

B — K, B — K%, B > KKK, ...

- final states with multiple missing particles (v'’s), M

eg.B— 7v,B—>DOrv,... /
- inclusive modes, e.g. B — X,v,B — X, I*I,... Fully reconstructed '
B- decay v
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Belle Il @ SuperKEKB

Few examples of expected sensitivities @ 50 ab! for observables sensitive to NP:

Multiple v’s: § Current measurements of B(B — D" rv)
IB(BI_) 7v) £3%, BB — DO zv) £3% are systematically above SM predictions
NnCIusIve. (and disfavour 2HDM II).
3(3 - Xs7/) +6% , ACP(B - Xsﬂf) +5-103, Belle: PRL 99 (2007)191807, PRD 82 (2010) 072005, arXiv:0910.4301;
Neutrals: BaBar: PRL tog (2012)101§02 ; .
) SM: M. Tan Y. Watan PRD 82 2010 034027 S. Fajfer et PRD
S(B — Ks%%) 0.03, S(B — K KsKs) +0.04 55 012004075 [ T e
V. y V. y . _‘_l_‘_ E
Acp(B — KS7ZO ) £ 0.04 B"—D "t'v,
B(r— uy) £3-10°(90% U.L.) (lepton flavour violation) |
(from arXiv:1002.5012)
Tensions between measurements and SM predictions By
Puzzling CP violation in B—K1T (elle, Nature 452 (2008) 332)
CPV from interference between tree and penguin B'—Dc'v,
amplitudes
0 + +_0
AA B —>K '~ . AéSp—)K T _Olzzi 0022 (HFAG 2013) ‘ R
AA=0in SM, NP (or hadronic effects) can change it ‘ ‘
; 0 1 2 3 2
Model independent sume rule to test SM _————_ BF(%)
JEn L AK + B(BT = K" T"’)TBU B _1K+ 02 B(BT = Kt7% g0 4K%02 B(B® = I{G?TG)\>
cr o B(BY — K+r—)rg-+ B(B— K+r-)rps \“" B(B'— K+71-)

M. Gronau, PLB 627 (2005) 82, D. Atwood, A. Soni, PRD 58 (1998) 036005 \__/ 4/17



Accellerator

SuperKEKB machine parameters

Belle ll @ SuperKEKB

parameters REKB SupertEKs units
LER HER LER HER

Beam energy Eb 3.5 8 4 ! GeV

Half crossing angle ¢ 11 41.5 mrad
Horizontal emittance Ex 18 24 3.2 5.0 nm
Emittance ratio K 0.88 0.66 0.27 0.25 %
Beta functions at IP | Bx"/By’ 1200/5.9 32/0.27 | 25/0.31 | mm
Beam currents I 1.64 1.19 3.60 2.60 A

beam-beam parameter Cy 0.129 0.090 | 0.0886 | 0.0830
Luminosity L 2.1 x 103 8 x 103° cm2st

 Small beam size - “nano-beam”
(vertical spot size is ~50nm !)

« ~2times higher currents
« Smaller boost to improve LER lifetime

c,~10pum, cy"'GOnm



From KEKB to SuperKEKB Belle ll @ SuperKEKB

Colliding bunches

" New beam pipe \ New superconducting
& bellows et 3.6 A /permanent final focusing

/—\ ’\” quds near e IP
p? B~ X

/

Add / modify RF systems = | o s
for higher beam current

Replace short dipoles
with longer ones (LER)

. HDFHH@H:‘*:HDF; — Low emittance
positrons to inject

Redesign the lattices of HER &~ 2amPing ring ”\\

LER to squeeze the emittance ‘ ; ' ‘

TiN-coated beam pipe Low emittance gun
with antechambers Low emittance

electrons to inject

Positron source

New positron target /
capture section

[NEG Pump]

To obtain x40 higher luminosity
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Detector upgrade

Belle Il @ SuperKEKB

Critical issues at L= 8x103°/cm?/s:

= Higher background (x10-20)
= radiation damage and higher occupancy
= fake hits and pile-up noise in EM calorimeter

= Higher event rates (x10)
= higher rate trigger (L1 trigg. 0.5—30 kHz)
= DAQ, computing

= Targeted improvements:

* increase hermeticity

improve IP and secondary vertex resolution
= improve K and 1 efficiency

* improve K/1r separation

» add u-ID and PID in end-caps

= improve K and e efficiency

= precise timing for neutrals

Details in Belle Il Technical Design Report, arXiv:1011.03252 [ph

ExpMG 2 Exp 25 Run 16886 Event 1

Eher 800 Eler 3.50 Date 1031120 Time 90351
BELLE TrglD ODetver 1 MagD 21 BField 1.50 Dspwer 7.50

Piot(ch) 0.0 Etot{gm} 0.0SVD-M 0CDC-M 2 KLM-M ©

|y%:ifcs. ins-det] 7117




Detector upgrade Belle ll @ SuperKEKB
Belle Il RPC pu & K, counter:
CsI(Tl) EM calorimeter: ¢ ========------._____ ¢4m ~ scintillator + Si-PM

waveform sampling e
electronics, '
pure Csl
for end-caps

4 layers DSSD —
2 layers PXD
(DEPFET) +

4 layers DSSD

Central Drift Chamber:
smaller cell size,
long lever arm

7.1m

-§- v.“_.-_____________..____________.p

-of-Flight, Aerogel
2renkov Counter —!
'Time-of-Propagatibn

~counter (barrel), |



Inner tracking (PXD, SVD) Belle Il @ SupekEKB

- PXD + SVD in Belle Il (in Belle only strip layers)

20
[cm] :\layers DSSD strip layérs
s
100w
:1 3 _
- 1 pixel layers
O L1 1 1 I L1 1 1 I L1 1 1 I L1 1 1 I L1 1 1 I L1 1 1 I L1 1 1
-30 -20 -10 0 10 20 30 4C

- Pixels in novel DEPFET technology: thin (75um) sensors

[cm]

give little multiple scattering, close to the IR
- Improved IP resolution and low momentum tracking

(pt < 100MeV), 30% larger eff. of Ks—Tr*11 with vertex info

L

"™

Mechanical mockup of pixel detector

[

DEPFET sensor

e

[ Impact parameter resolution d0 |

—10%

Resolution [um
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0 (Um)
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Ee [
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=
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o

_o(m) |

o

T '1.5'”'2“"2.5‘.“'3’?“-‘
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Belle

B
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Inner tracking (PXD, SVD) Belle Il @ SuperKEKB

Successful beam tests at DESY, Jan 2014, with prototypes of all components integrated.

Event display with EUDET Mimosa pixels and
Belle Il SVD and PXD modules

N
* SVD rea| data
* Track rechpstruction
e PXD and teTQscope extrapolation

PXD hit

N\,

To reduce the Gbit/s data volume from plxels read out
onIy Regions Of Interest (ROI)’s from prOJecteo SVD
track segments.

___________________________________________________________________________

Hit found inside the PXD ROI
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Central drift chamber (CDC) Belle ll @ SuperKEKB

Wire Configuration

- Extended outer radius, longer lever arm
— improved momentum and dE/dx e
resolutions B PP TN LRELEEERER

...........

- Larger inner radius, smaller cells near L
beampipe — more background-hard 1200 mm

. .
. L - * L L] ..

wpgrave CDC . B T PO R DL RO P s

- o Laneanesiuatiasiiiil
L N D D I D

e, " . . . " .t

R e R R P D R R

2% Al R R R R R L

O O O O
OO00O0
10mm¢eoceo 18 MM e O o O
OO
6~8 mm O O 1

10~20 mm

Wire stringing in a clean
room in Fuji Hall

CDC wire stringing (~51k wires) is done.



—{ Barrel PID: Time of Propagation Counter

Focus mirror

Particle identification (PID) Belle Il @ SuperKEKB

MCP-PMT (sphere, r=7000)
f
= —

Backward Forward

Quartz radiator . .
Focusing mirror

Small expansion block
(ALD) MCP-PMT (measure t, x and y)

ITOP: partial Cherenkov ring reconstruction "
from x, y and t of propagation using info from PMTs (40 ps resolution)

i Endcap PID: Aerogel RICH =

200mm Employ multiple layers with different
refractive indices

= Cherenkov images from individual
layers overlap on the photon detector,

iIncreases the number of photons without

P [
< »

oo

n
C\\ere“\‘o\‘ 7

v

[\

5 55 55155 5% 5

Jfocusing” degrading the resolution
aerogel radiator
n~1.05 Hamamatsu HAPD
+ new ASIC

= Improved K/ separation in wide momentum range 12/17



Particle identification (PID) Belle Il @ SuperKEKB

| RICH Hit Map, w.r.t. track | rich_2d_1

Entries 412449

Test beam results for Aerogel RICH

Meany -0.4329 0
RMSx  43.24

RMS y

Clear Cherenkov image observed

T 400 B0 0  s0 100 ©

@mee Cherenkov angle distribution

Entries 64801
Mean 0.3092
F RMS 0.07419
6000 — ¥2 / ndf 143.5/ 28
: constant 6129+ 39.4
r mean 0.3067 + 0.0001
5000 E sigma 0.01349 + 0.00007
F BG const -192.6+20.5
4000— BG slope 1715+ 69.4
F T
C # of tracks : 2700
3000 — # Photons : 41339.7 +- 227.3
C Photon/track: 15.31 +- 0.08
~ BG / ti k :2.00 +-0.03
2000 —
1000 run048
PO Pt N i nnsllnnnnllannallonog
0 0.1 0.2 0.3 0.4 05 0.6 0.7 0.8 0.9 1

6.6 0 t/K at 4GeV/c!

13/17



Other detector modifications Belle Il @ SuperKEKB

EM calorimeter

barrel: new electronics with 2MHz wave form sampling to measure time
and amplitude - fake clusters suppressed by factor 7

endcap: pure Csl crystals; faster performance and better rad. hardness
than Tl doped Csl (later upgrade)

K, and muon detector

Resistive Plate Chambers to measure hadronic K. showers and muon tracks
Background in barrel consistent with cosmic ray flux — no change needed
Background increase in endcaps by factor 20-40

(worse shielding of neutrons along beams)

Endcap RPCs will be replaced with scintillator based detectors

— better beam-background tolerance
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SuperKEKB schedule Belle Il @ SuperKEKB

Calendar 2013 2014 2015 2016
Japan FY 2013 2014 2015 2016
now here
|
SuperKEKB-MR(LER&HER) SuperKEKB
construction. _| commissioning_
opticsdes@ﬁ=========-=’f=======phase‘l phase 2 phase 3
| wio QCS w/QCS w/ full Belle
wfo Belle || w/ Belle Il (no VVXD)

fabrication and tests of MR combonents

TiN coating & baking of beam:1 pipes

install, assembly and set up final

|
: RF c
|

MR buildings oonstrui:tion

reinforce electricity and cooling fa

i
cool do 1'\' in beam line

$

|
prpe=====

assembly,
onditioning

cility

cool down

A
DR commissioning during phase 1

reinforce RF, vac, etc.
== for higher beam current

wiBelle ||

:

detector upgrade to Belle Il

|
roll inT

\_

SuperKEKB-DR construction

fabrication and tests of DR components

DR tunnel construction

\

iinstall, assembly and set up

DR buildings construé:tion

electricity and cooling system
— -

A

VXD installI

* Phase 1 (Jan — May 2015)
No superconducting IR
magnets; no Belle II.

» Basic tuning, vacuum
scrubbing

* Phase 2 (Feb — June 2016)
Full accelerator; Belle Il except
vertex detector

» beam collision tuning,

background studies

* Phase 3 (late 2016)
First physics, L = 1034 cm2s
(1/2 of iTOP will be in place for
first physics run. Remainder will
be installed in summer 2017).
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Luminosity projection Belle Il @ SuperKEKB

70
60
Goal of Belle [I/SuperKEKB
20
- 50 abtin 2022
40
T > L
L3 n
S o 30—
o.E o u
Q p L
2538 200
10 E— 9 months/year
C 20 days/month
of I B A
x10%° g Commissioning
ﬁi_ starts in JFY 2014.
> A Shutdown
U):Ir\ ~
_cg.gwf” b for upgrade
8_’55 AP T S Pt P S
2?)10 2012 2014 2016 2018 2020 2022

Year 16/17



Belle Il @ SuperKEKB

« B factories have proven to be an excellent tool for flavor physics, with
reliable long term operation, and surpassing design values.

« Discovery potential of Belle Il is complementary to LHC and to other
experiments at intensity frontiers.

« Belle Il detector construction and integration is proceeding according to
schedule.

« SuperKEKB commissioning starts in Jan 2015, first physics runs in fall 2016
= new excmng time in flavor physics.

;;;;;;;

> o
Finland Poccun
NNNNN
nnnnnn

g et o Q@ ¢ @ L
Lo oe e :pg Belle I R '
''''''' % A5 Rasaweten Monron Ync % r j Qp g
By i oR oo e Bt %
: - % s g
,,,,,, - 9 v |
S e P g 2 g QP S e
ol o NG o .
Soiin “"’% : 6
Belle I CoIIaboratlon
Gy ~600 Collaborators 97 institutes, 23 countries
‘Theory‘interface platform ., &8 N

https://belle2.cc.kek.jp/~twiki/bin/view/Public/B2TIP
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Backup slides Belle ll @ SuperKEKB




Why to upgrade? Belle Il @ SuperKEKB

Major achievements at Belle evidence for D° mixing

Integrated Luminosity(log) 710 f .
700 e e M I / observation of B, »>¢ vy
I I_J/(‘(//’///

evidence for B »>7v

600 | and observation of B -D*zrv ;_/
500 | /|| observation of b — dy
evidence for direct CPV in B - K*r /_/ '
400 '
2 ~. / measurements of CP violation
“ a0l / | in b—s decays: B -¢Kg, n'K; ...
observation of CPV //‘_’/
In B meson iystem discovery of X(3872)
100 | '
[ \ - :
; _,,—//_, 1 observation of B — KOl
U L L L L L —

2000 2001 2002 2003 2004 2005 2006

Wide researche area is possible due to the clean experimental environment
and well defined initial state in the e+e— experiments
as well as high luminosity and general purpose detector



Physics sensitivity at Belle |

Observable Belle 2006 Superk EKB TLHCbH
m o (~A).5 a,h—lj (5 3:1'[1‘11 (50 ab—1) (2 fh‘l‘] (10 ﬂﬁ_I}
Leptonic/semileptonic B decays
B(BY -+ 1tv) 3.50 10% 3% - -
B(Bt — ptv) tt < 2.4Bgy 4.3 ab ! for 5o discovery - -
B(BY = D1v) - 8% 3% - -
B(B" — Drv) - 30% 10% - -
LFV in 7 decays (U.L. at 90% C.L.)
B(r — py) [1079 45 10 5 - -
B(r — pn) [1079] 65 5 - -
B(r — ) [1077) 21 3 1 - -
Unitarity triangle parameters
sin 2 0.026 0.016 0.012 ~0.02 ~0.01
g (wr) 11° 10° 3 - -
o2 (pm) 687 < g < 95° 3° 1.5° 10° 4.5°
o2 (pp) 627 < g9 < 107° 3° 1.5 - -
¢a (combined) 2° <1° 10° 4.5°
pa (DU K(*)) (Dalitz mod. ind.) 20° 7° 2° g°
ds (DK™) (ADS+GLW) - 16° e 5-15°
¢s (D™)7r) - 18° 6
¢a (combined) 6 1.5 4.2° 2.4°
|Vap| (inclusive) 6% 5% 3% - -
|Vaub| (exclusive) 15% 12% (LQCD) 5% (LQCD) - -
fi 20.0%, 3.4%
7 15.7% 1.7%




Physics sensitivity at Belle ||

Observable Belle 2006 SuperKEKB "LHCb
(~0.5 ab™ 1) (5ab 1) (50 ab~1) (2f 1) (10fb 1)
Hadronic b — s transitions
AS g0 0.22 0.073 0.029 0.14
AS, g0 0.11 0.038 0.020
&qus KOK? 0.33 0.105 0.037 - -
Ao K% 0.15 0.072 0.042 - -
Agpii+ 0.17 0.05 0.014
17 (3K 5) Dalitz 3.3° 1.5°
Radiative /electroweak b — s transitions
SKxoy (.32 0.10 0.03 - -
B(B — X.v) 13% % 6% - -
Acp(B — Xgv) 0.058 0.01 0.005 - -
Cy from Apg(B — K*{té) - 11% 4%
Chp from Apg(B — K*#te) - 13% 4%
G?J;CEF from AFE{B -3 th+f_} - 5% %
R 0.07 0.02 0.043
B(B* = Ktw) tt < 3 Bgy 30% - -
B(B" = K*'v) Tt < 40 Bay 35% - -
Radiative /electroweak b — d transitions
Spry - 0.3 0.15
B(B = Xav) - 24% (syst.) - -

hep-ex arXiv:1002.5012
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e SUSY + seesaw (m|2 )23(13) * Neutral Higgs mediated decay
e Large LFV * Important when Msusy >> EW scale
mode Br(t > uy) Br(t — 3l)
mSUGRA + seesaw 107/ 107
SUSY + SO(10) 108 10710
SM + seesaw 1079 10710
Non-universal Z’ 10° 108
SUSY + Higgs 1010 10”7




Accelerator Belle Il @ SuperKEKB

Strategy to increase luminosity

Beam-beam parameter
Lorentz Beam current

factor \

" F—ﬁ+
~ V.. o \1.57 ) R, \ Lumi. reduction factor
L=—1+— . = (crossing angle)&
ng‘ e ) O, v R;P ) ~~._ Tune shift reduction factor
/ (hour glass effect)
Classical electron 0.8 -1
radius (short bunch)
Beam size ratio@IP Vertical beta function@I|P
1 - 2 % (flat beam)
1) Smaller B,* <— W ”
(1) Py — “Nano-Beam” scheme
(2) Increase beam currents «~

(3) Increase &,

Collision with very small spot-size beams

Invented by Pantaleo Raimondi for SuperB *




Particle identification (PID) Belle Il @ SuperKEKB

ITOP image

Pattern in the
coordinate-time space
(‘ring”) of a pion
hitting a quartz bar
with ~80 MAPMT
channels

400
300 Time distribution of
) signals recorded by
200 one of the PMT
100

0

channels: different for
n and K (~shifted in

0 10 20 30 40 so tme)
t (ns)




Particle identification (PID) Belle Il @ SuperKEKB

Test beam results iTOP

X-t diagram from beam-test

100 120
coordinate

0 20 40 60 80



Particle identification (PID) Belle Il @ SuperKEKB

Aerogel RICH with focusing radiator

Increases the number of photons without degrading the resolution

. . = ¥/ ndf 2467. / il6| = [
4cm aerogel single index o | b s, | & o
P2 0.2965 |
P3 0.2072E-01 g
L e P4 85.32 -
// 4000 Fa 7460
i
|1
N sS nf=7.69
000 -2
\ b= 1.0V
0 1 1 eyt T e Ty v S 1
o i 2 0.3 4 0.5 - -2 i 0.z idf
8 {rad) tx{rad)
theta cerenkov ring in cerenkov space
2+2cm aerogel = [ ) B R
£l 7zsu. | =
Pz 03074 |
ny | Mg ny<n soo b P3 0. 14 28E-01
P4 74.49
P35 844
..--"'“f 4008
T
nf=7.46
2000 | nb=0.83 L
0 {\_’———rT‘J L 1

>NIM A548 (2005) 383 e W e w e om0 e



EM calorimeter (ECL) Belle ll @ SuperKEKB

ECL amplitude ECL time sampling
ECL (barrel): signal [ogrgmd signal

\

new electronics with
2MHz wave form sampling

ECL (endcap): rigger | trigger

pure Csl crystals;

may be staged,; % 2x improved
C 1.5 o at 20x b%(g
faster performance and better WL ’ :
rad. hardness than Tl doped Csl / r,,f-f'”
i N\ L\ N T — 0.5 _V,,----
- .\l\“ | N

0 5 10 15 20 25
barrel bacground (rel. units)




A snapshot of the Belle II computing model

— e -

Raw data duplex.

E Raw data storage dup

oy and pracassingg ) [ ek ] [ ennL | | reprocessing R:;:’:ata
_—— — - -J ] o .

~ Disk -3 mDSTMC

v MWUPlES

MC production
(optional)

MC production
and Ntuple production

N Grid Site
e

- == -
i ‘ f ", e, ‘-ﬂ-‘"—
Ntuple N
Analysis S
{Local Resources Local Resources Local Resources Local Resources
N ; sk .

s JLUUEEEEH |

A

oy

.
S

~3

-l i)

Do ntuple analysis on local resources



SuperKEKB schedule Belle Il @ SuperKEKB

Calendar 2010 2011 2012 2013 2014 2015 2016 2017
Japan FY 2011 2013 2015 2017 |

Nov. 2012 Jan. 2015

: i
/ SuperKEKB konstruction :
[ summer 2015

Detector upgrade to Belle Il
[ Belle 1l roll in
Belle roll out : QCS install
T o ling KEKB |
KEKB ismantling .
operation ): Fabrication and tests of ring components ] SuperKEKB operation
[ Install and set up
1
Electricity and
cooling facility
1
|[ MR & DR ]
I buildings
[ DR tunnel ]
1 . .
[ Linac | Linac upgrade / operation for PF&PF-AR foli%nggreKLElﬂch g‘l):egg?:R

N i




