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1The B Factories

A e*e- collider runs at Y(4S) resonance to produce B meson pairs.

Belle/KEKB at KEK (Japan)




Physics Righlights

Collected ~1.5 ab! of data

Measurement of the Unitarity triangle,
and CKM parameters

Observation of direct CP violation in B
decays

Observation of D meson mixing
Observation of new (X, Y, Z) hadrons
Search for rare tau decays
Constraints on new physics

Direct searches for light Higgs, dark
photon, etc.

Integrated luminosit

r of B factories
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SuperKEKB
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SuperKEKB: Nano-Beam

Beam-beam parameter

Lorentz Beam current /
factor /
N\ N/
Y . b,
~ ; ¥ -
Y.. o (1.5 R, Lumi. reduction factor
L= N 1+ — - ' (crossing angle)&
<er.\ O, B, R. “~__ Tune shift reduction factor
- /’ \ (hour glass effect)
Classical electron / \ 08-~1
radius / \ (short bunch)

/

Beam size ratio@IP Vertical beta function@I|P

1~ 2 % (flat beam)

« Nano beam:
 Small current increase (2-3x)
e Smaller By (20x) via
superconducting focus
magnets
 (Challenge of beam
backgrounds

SuperKEKB

E (GeV) B*, (mm) B* (cm) [0 I (A) L (cm?s?)
LER/HER LER/HER LER/HER (mrad) LER/HER
KEKB 3.5/8.0 5.9/5.9 120/120 11 1.6/1.2 2.1 x 103
SuperKEKB 4.0/7.0 0.27/0.30 3.2/2.5 41.5 3.6/2.6 80 x 103




Belle || Detector

KL and muon detector:
Resistive Plate Counter (barrel)
“S¢intillator + WLSF + MPPC (end-caps) »

tle Identification
of-Prapagation counter (barrel)
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EM Calorimeter:
AN
CsI(Tl), waveform samp \\W\.
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Pure Csl + waveform sa ~\‘\.
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electron (7GeV)

Beryllium beam pipe
k2cm diameter

Vertex Detector
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positron (4GeV)

lever arm, fast electronics
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Belle |l; PXD

PXD: 2 layers of DEPFET

R =14, 22 mm

Si thinned to 75 um

8 (L1) /12 (L2) self-supporting ladders

Mechanical
mockup

Full sized pixel detector module O



Belle |I: SVD

Exploded View

L6 Ladder
(Kavli IPMU)
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Belle |I: VXD Beam Test at DESY

.- combined beam test PXD+SVD 4 SVD ladders (L3-L6)
.- € beam, momentum 2-5GeV

.- full readout chain, Beast || geometry
- B-field in PCMag: 0-1T

- total of ~340 runs in 4 weeks

VXD + Tel + Magnet

B. Schwenker 9



Belle [|: CDC

* Belle || CDC will be larger
than Belle CDC with

smaller cells
 |Improved p and dE/dx
resolution

e Stringing completed in
January 2014 with 51456
WIres

* |nstalled to Belle Il in
October 2016

Cosmic-ray test

Wire configuration

Belle . T
Belle li
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Belle |1 Ipsta\ation
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Belle |I: TOP

expansion prism /8, spherical mirror

The imaging Time of Propagation sub-
detector (TOP or iTOP) will be used for
particle identification in the barrel region
of Belle

Each TOP module consists of two
quartz bars, one mirror, one prism, and
an array of photo-detectors to collect
Cherenkov photons from charged tracks

To distinguish between kaons and
pions, the photo-detectors should have
excellent position and timing resolution

This is achieved by using MCP-PMTs
and new waveform sampling electronics




Belle |I: TOP

Photon detection time vs Beamtest Experiment 2 Run 568 Event 1
channel number (zoom)
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 TOP modules have been tested at beam test at SPring-8 LEPS in 2013, and
good agreement between data and MC simulation has been obtained, with
timing requirement ~O(100ps)

« All modules have been assembled (the optical and mechanical parts) and
installed to Belle Il.

* Firmware testing is underway.
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All modules were
installed by May 2016
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Belle |I: ARICH

Hamamatsu HAPD

e Aerogel Ring Imaging
Cerenkov (ARICH) detector
will be used for particle
identification in the forward
end cap

e 420 Hybrid Avalanche
Photo Detectors (HAPD),
each with 144 channels

e Two layers of aerogel lead
to better photon yield, while

not affecting resolution
Aerogel
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Belle ||: ARICH
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ok

One sector of the ARICH
has been instrumented
(top) and Cherenkov rings
were observed (left)



Belle ||: ECL

e Upgrades for high
backgrounds:

« Cosmic ray test is on going
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waveform sampling

Endcaps: old crystals
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Belle

 Endcaps and parts of the barrel

KLM RPCs of Belle will be

replaced with scintillators due to

iIncreased backgrounds expected

in Belle |l

o Barrel KLM was the first sub-

detector to be installed in Belle |l
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Belle Il; KLM
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Ehut: \ Scintillators
CPR7001-4 for |
barrel 100!
Top of yoke: Around detector: |
BFR QUVYME BB7 data concentrator 00!
200 1% -0 -0 0 80 W % 2

L

Recent 2D hits in BF (RPC+ Scint)
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Belle II: DAQ & Trigger

Global DAQ Design

* Timing dist. scheme is not
included in this figure.

HLT farms
~10 units of
~150 cores/unit
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Figure 13.1: Conceptual design of Belle IT DA() system.
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Front-end electronics
in Belle Il

High speed fiber
connections not
masses of cables !

Large numbers of FPGAs
(Field Programmable gate

arrays) on front-end;

large number of CPUs.
Probabilty of SEU (single
event upset) is not small.



Belle |l; Data Flow

Data preeeseee

M C produced on the world-wide
distributed computing

i
|
DA ! A
DAQ unit | 2 Event generation
| DAQ unit \.' g ¥
Belle ll Online disk } : Detector simulation
Detector niine dis . B
(Sequential root) | §U§ _(ehm)- - ”¢,
Raw data center | Sg §| BG effect | Digitization No Intetmediate stage
outside KEK <« Offline storage | Few (data)- ——
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: 8., 3
)Z l \ first process SXT, 3
‘ ' . Y 6\5@5 [ NV Y
- 2
5

AV = mD@ €OKDf snent EDKD £ e Wps-rdlstﬂbuted to each reglon

Y

“coordinated” group skimming

mDST : reconstruction level Info.,

group official skim: mDST, uDST, index wDST:mDST + particle level Info,
) Index : collection of pointers to events

First 2-3 years ("baseline”™) User distributed analysls Investigate another possibllity
Use Ntuple ," index =—Use Ntuple
m%pd)DST more disk requirements / \) mDST less disk requirement

less network requirement access locally or streaming with xrootd/http more chaotic network access,

T. Hara et al.
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Belle |I: BEAST

Beam Exorcism for A STabIe experlment

BEAST PHASE I: .
Feb-June 2016 1§

‘l L
.........

(Belle Il roll-in in March 2017).s. A

PHASE Il Operation: Starts in “Nov 2017
(TBC) [Begin with damping ring
commissioning; First collisions; limited
physics without vertex detectors]

Phase |ll: Belle Il Physics Running:
late 2018 [vertex detectors in]

QCSL at the IP, Aug 2016

QCSR will be at KEK, Dec 2016
22



ummary of Belle || Physics

BELLE2-NOTE-0021

Observables Belle Belle TT L,
(2014) 5 ab™! 50 ab™! |ab™']
sin 23 0.667 +0.023 £ 0.012 £0.012 £0.008 6
o +2° £1°©
¥ +14° +6°  +1.5°
S(B —+ ¢KY) 0.90"39% £0.053 £0.018 =50
S(B -+ K" 0.68 =0.07 =0.03 £0.028 £0.011 =50
S(B — KSKJK?2) 0.30=0.32=0.08 =0.100 £0.033 44
Vi incl. +2.4% +1.0% <1
Vi excl. +3.6% +1.8% £14% <1
V| incl. +6.5% +3.4% +£3.0% 2
V| excl. (had. tag.) +10.8% +4.7% +24% 20
V| excl. (untag.) +9.1% +4.2% x2.2% 3
B(B — Ttv) 10 9 96 + 26 +10% =5% 416
B(B —» uv) 10 © < 1.7 56 =>>50 =50
R(B — Dtv) +16.5% £5.6% x34% 4
R(B — D 1v) +9.0% +3.2% +2.1% 3
B(B » K* vw) |10 9 < 10 +30% =50
B(B » K'vp) 110 1] < 55 +30%  >50
B(B — X,v) [1079] +13% =% =6% <1
Acp(B — X¢v) +0.01 +0.005 8
S(B — Kn) —0.10+0.31 £0.07 +£0.11 =0.035 > 50

S(B — ) —0.83+0.65 +0.18 +0.23 +0.07 > 50

C7/Cq (B — X ££) ~20% 10% 5%
B(B, — ) [10 9] < 8.7 +0.3
B(By — v777) 1077 < 2

23

Olservables Be e Belle I L.
(2014) 5ab* f0ab ! [ab !
B(Dy — pv) 581 x 10791 = 0,033 £ 0.038)  =29%  £(0.8%-1.3%) %0
B(D; — /) B.70 X 107 3(1 = 0.037 £ 0.064) =(3.5%4.3%) £(2.3%-3.6%) 35
vopr 1077 1.11 4 0.22 £0.11 =(0.11-0.18) =(0.05-0.03) 3-8
Ar [10°3 0.03 £ 0.20 = 0.08 +7.10 =(0.03-0.051 7-9
AKZK™ |10-2 ~0.92 £0.21 = 0.00 +0.11 £0.06 15
AL [10 3 0.56 £ 0.36 £ 0.00 +0.17 + 0.06 > B0
A2, 1072 +56 +2.5 +0.3 > 0
efs* " [10 7] 0.56 = 0.19% 9953 +0.14 +0.11 3
p e 1072 N.a0— N5+ 0% +1.03 +0.05 15
lg/p|¥s™m" 0.90 % 515 = 006 +0.10 +0.07 5-6
AL -6+11+] +0 +4 11
AT (1073 —~0.03 £0.61 = 0.10 +0.29 +0.00 > 50
AN 1077 —0.10 £ 0.16 = 0.08 +0.08 +£003  >50
Br(P — ) 1079 <15 L30% L25% 2
r— wy [107Y) < 45 < 14.7 < 4.7
T — ey 1079 < 120 < 39 <12
7 — g (1077 < 21.0 < 3.0 < 0.3

Potential new physics:

* Flavor changing neural currents
* Probing charged Higgs

 New sources of CPV

* Lepton Flavour Violation

* Dark sectors




Physics: Phase |

Latest Proposal:

Once collisions and luminosity are established, record ~2
fb-! at the Upsilon(4S); verify functionality of Belle II;
check B meson reconstruction.

Take remaining ~20 fb™' at the peak of the Upsilon(6S)
(build a unique dataset for strong interaction physics to
provide initial early Belle II physics publications.)

Above Y(5S):
Charged bottomonium-like states
Bellow Y(4S):
o Study of Np(1S, 25)
* hp(1P) and Y(n3D1) studies
* Analyses with converted photons
to Improve resolution

 Hadronic / Radiative transitions
24
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Physics: Zp*(100XX

Anomalous Y(5S)—1rrY(pS) transitions led to discovery of Zp *(106XX)

- PRD 91, 072003 (2015)
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Physics: Zp*(106XX)

Preliminary evidence for Y(6S)—nmh,(nP), via nZp=(106XX) decay

= Y(5S Y(6S) .
a (55) (65) a 6000 : 16000
o : £ 5000 <4000
+* 3 3 - -
& o 40002- r‘= ;’12000
& I 2000F ) 8000
% o U woof__| | | - 6000
0 ) f' it B 4000 1
- L1l 11 L1 1.1 1 P B BN T i | |000§ ) | R O 2000 T —-:--:.-—'.----.' ]
oy 6 5 -2000 S A PP T = =T 20006 0 o 1y ooy L ———
;t: - 10.5 106 10.7 108 1065 10.7 1075 108 1085
E 4r BN M,,..(%), GeV/c? M,,..(%), GeVic?
(4 L
N u 1
“o 0F e e e emce————— }--_\:':4,‘;: e e
i | | . 2 05 . . . 1.9 .1, .. arXiv:1508.06562
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Resonance structure of Y(6S)—nmY(pS) decays not fully studied
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Physics: Phase |l Feasiblility

» Lack of vertex detector diminishes low p; track reconstruction
» Y(3S)-ontn Y(2S) infeasible, but Y(6S)—>nZ,—=rh (nP) unaffected

B. Fulsom, B2TiP, May 2016
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Schedule

Calendar year 2016 2017 2018 2019
Japan FY JFY2016 JFY2017 JFY2018 TFY2019
: Summer shutdown "Summer sliuuhlwn Summer sl;uodm'n vSurn'mcr shuldawn
{power siaving) (power seving) {power saviag) (power saving)
@evious schedule o QG 1T o ¥ e \
wio QCS :
phase ] wn Belle 11 phase 2 Phﬂse 3
] B— I ——

Main Rring TOP MR renovation for phase 2, including

startup  nstallation installation of QCS and Belle 11 VXD installation
e — 1

Damping Ring installation & startup D

— =

/

= 2 w

@w schedule based on JFY2016 budget k= S ol melle \
phase 1 ::ﬁj - phase 2 phase 3
[ I I ———

Main Ring MR renovation for phase 2, including

; F - . HHR start . _

slartup mstallation of QCS and Belle 11 FR star. VXD installation
e —

/™
Damping Ring installation & startup DR commissioning




L. uminosity Profile

70

60

50 Belle/KEKB recorded ~1000 fb!. Now change

units on y-axis to ab?

40

30 Assumes full operation funding profile.

20
10

Assumes adequate
staffing of SuperKEKB
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summary

B-tactories had some rich and successful physics
results and many hints of new physics.

Belle will be upgraded to Belle |l to further explore
these opportunities.

BEAST phase | has finished and phase |l will start from
November 2017. Collision data on Y(6S) will be taken.

The target integrated luminosity for physics data is 50
ab-', which is much larger than the current data set.
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