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</ Motivation

Integrated Luminosity[fb-1]
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L =50 ab™ by 2025 (50 x KEKB)
Lo =8X 10*cm?s™ (40 x KEKB)

New physics opportunities:

Precise measurement of UT parameters

Search for charged Higgs

New sources of CP violation

Lepton Flavour Violation in B and T decays

More detail: New physics search in missing energy modes of B decays
May 4, 12:10 — 12:30

(by Jing-Ge Shiu)

Search for Dark matter, etc..
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KEKB upgrade - SuperKEKB(nano-beam)

B_E"E I Two separate focusing

newn Guads/each 2 beams
closer to IP;
Superconducting /
permanent magnets

HER: 7 GeV, 2.6 A 5

|

RO

MNew beam pipg
& bellows

More RF/modify RF
systems.

Replace long dipoles with
shorter ones in HER

|:|: H Low emittance gun

Redesign the HER arcs to
reduce the emittance

I‘ "\ Damping ring
& ——gh?

< Low emittance positrons

New positron target /
capture section
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'] Nano-Beam Scheme to increase Luminosity

Belle I

Nano-Beam Scheme

L =50 ab™ by 2025 (50 x KEKB)

L __ =8x10"cm?s™ (40 x KEKB)

pe

KEKB - SuperKEKB

Energy (GeV) By* (mm) | & (hm) & 0 I (A) Luminosity (cm?s™)

y beam
LER/HER | | ER/HER |LER/HER LER/HER (mrad) || ER/HER x 10*
KEKB 3.5/8.0 5.9/5.9 18/24 11 1.64/1.19 211
Achieved 0.129/0.090
SuperKEKB = 4.0/7.0 0.27/0.41 @ 3.2/2.4 0.09/0.09 415 | 3.6/2.62 80

Reduced beam spot size using nanobeams: By*/20

* Increased beam currents by a factor of two =y - 1222 C 2B XNCIC)

« Larger crossing angle (2¢ = 83 mrad) /

. Increased LER energy I Y+ (1 0',;) Ll (RL)
2er. s, R‘gg

/ Geometric:I\

Vertical beta function at IP reduction factor
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i SuperKEKB Operation Schedule

Belle I Calender year 2017 2019
Japan FY JFY2016 JFY2017 JFY2018 JFY2019
MNow Summ-er shutdown . Summer shutdown . Summér shutdown er shutdown
: (power saving) (power saving) (power saving) (powe saving)
a4 wl OCS ™
Current schedule wi Belle I (no VXD) w/ full Belle I \
wio QCS \
phase 1 wio Belle 11 phase 2 phase 3
----- I
MR renovation for phase 2, including
MR startup Installation of QCS and Belle Il VXD installation
I I I
I

DR installation & startup

I e
BEAST II is running in both Phase 1 and Phase 2

Phasel status:
first week (Feb. 1°'- Feb. 7")

- Tuning of Beam Transport Lines (e’/e")

next two weeks (Feb. 8" - Feb. 21%) ~ Current status:
- Commissioning of LER (e" ring) - Vacuum scrubbing
- Hardware check — Beam storage — vacuum scrubbing — (target) 100mA - Optics study

- BEAST dedicated

- Circumference check with wigglers ; o
machine study in mid May

nd _ th
next two weeks (February 22 Mar. 5™) - Other study and tuning

- Commissioning of HER (e’ ring) - Expected highest HER

- Hardware check —Beam storage - vacuum scrubbing - (target) 100mA and LER current 1A

- In parallel with LER vacuum scrubbing and possible studies at LER C leted!
BEAUTY, 2016 ompleted:



SuperKEKB commissioning detector
N (BEAST 1II)

* Due to high beam currents, small beam
size and higher luminosity, predicted Sources of background:
SuperKEKB Beam background: 40 x KEKB

* Touschek scattering

- Background reduced below this simple * Beam gas scattering
expectation by installing moveable « Synchrotron radiation
collimators and adding shielding near the . Radiative Bhabha event
QCS magnets

« 2 - photon process event

« Beam Exorcism for a Stable ExperimenT Il Fake hits, pile-up etc.
(BEAST II): measure and characterize
beam background for safe roll-in of Belle Il

» Provide feedback to SuperKEKB

« First comparison of simulation with _—
experimental data

 Seven independent BEAST Il sub- | e N Vg T -
detectors to measure beam loss == S R
backgrounds

« Phasel (no collision) : 1° Feb - 30™june

BEAST Il cage at IR
BEAUTY, 2016 6
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Systems

“CLAWS”
Scintillator

Diamonds

PIN Diodes

BGO

Crystals

He-3 tubes

Micro-TPCs

Number of
Detectors
Installed

8

64

8

6 CsI(TI)
6 CsI
6 LYSO

Unique
Measurement

Injection backgrounds

ionizing radiation
dose

Neutral vs charged
radiation dose

luminosity

EM energy spectrum

thermal neutron flux

fast neutron flux

BEAST Il Online monitor display

HER current
BGO, LYSO, LER current
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00:58:27 01:16:00  01:30:00  01:44:00 01:58:00 02:12:00  02:26:00 02:42:41

Time

« SuperKEKB and BEAST Il in operation
mode with many exciting results.

 Current status: LER:0.6 A, HER: 0.5 A

 Phasel Goal: 1 Amp (LER/HER)

BEAUTY, 2016
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&) First signal from SuperKEKB

Belle IT

CLAWS (sCintillation Light And Waveform Sensors)

« CLAWS saw 1* SuperKEKB injection signal on 8th Feb.

CLAWS around IR

* Measure the time evolution of the injection background at the IR

* Detect MIPs with < 1 ns resolution and see bunch by bunch
Injection background

» Fast feedback to accelerator group at the very beginning of LER
commissioning with no delay
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$ Beam background results from BEAST II

Belle I

Beam-gas background

° channel 23 (unshielded) channel 20 (gold shielded)
9160 [ Enries 74932 | Eniios 74032
? mean 5355 mean 5355
_ . eany 473 eany 43.8
. Beam-gas background: £ e | N o
. RMS 5301 | AMS 41.54
Produced due to scattering of beam-gas A AT | 2 "
. _ oi00| P 0203840.0088 | Pl 0.1838 £ 0.0036
All BEAST sub-detectors clearly see beam- o
gas background. Result from one sub =
detector is shown here. =y
. | | | | | | |
0

I L L L L L L TR RS AT HTEN N S N
30 40 50 60 70 80 90 100 10 120
[ (mA)

PIN dose vs beam current(I): P[1]x1I + P[2] x I*

P[1] (shielded) < P[1] (unshielded) is a sign of synchrotron background

Vacuum bump study
- Vacuum bump study:

pressure bumps introduced at various locations in
LER to see radiation at IR. All BEAST sub
detectors were successful to see background

800 1st LER Yacuum Bump Study 2nef LER Vacuum Bump Study 3rd LER Vacuum Bump Study

600

produced due to pressure bumps. The results for 400

the LER were in agreement with simulation 200

(Large increase from the D1 bump but no change
from the distant D4 bump).

diode [23]: dose rate (mRad/sec)

Result of one sub-detector is shown here.

0 L L L L
Time (hr)

BEAUTY, 2016 9



&) Some more beam background results from BEAST II

Belle I

. LER/HER baking: Beam-gas background produced due to . Touschek effect
scattering of beam with residual gas decreases with time -
as the integrated current increases. We call this effect "baking". 10

. Touschek background: proportional to inverse of beam size. i i
occurs mainly due to intra e'/e” bunch scattering that changes % -
momenta of beam particles. Very large beam background produced € 5
as off-energy particles hit inner walls of beam pipe.

. Touschek background estimation in phasel is very important as - o 7
SuperKEKB beam size is 20 times smaller than at KEKB 0==%01 0.015 D%E 0.025

Inverse beam size [um]

I U —— LYSO hit rate at box F2 during HER stores. Fits: Rate = p2 x g
wn — 1Bih Fab —
~C | N [ T T T | T T T T T T | T T T T | | T "
g 1407 — AFa b k' T 14000 o ............................ e ............................. Aun start ims /_
c - — o LER bakin s F ya ki1 O o 29 0o .
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) H —————  f6ihMarch — B I 03-04 07:38 7
I C I - : : : I 03-06 08:31 B
© 100 10000 = frogr e e RRR—— —— [ 03-06 20:28 —
1)) L L i i I 02-21 20:46 -
2 80— : [ 0404 17:26 7
_8 - ap00b—-{ - (IO A0 Y /SO ................................. ............................. I 04-07 18:13 I
60— -
C BOOO —- o e o EF AT SR s R i — —
“0— / : B
: 4000 . ..... .. ............................... .............................. _ _ ................................. .......... __
20— : é ] ]
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N . .
dose rate vs current seen on various days Hit rate vs current seen on various daysHER Current (mA)
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B Belle II Detector

Belle I

EM Calorimeter

CSI(TI), waveform sampling electronics_ .
(barrel, end-caps) 5

~ RPC: KL and y detector
.= @ @ = A

electron(7GeV)

50m

Vertex Detector

Central Drift Chamber Time-of-Propagation counter
4 TOP(barrel)

¥erogel Cherenkov Counter
ARICH (forward)
BEAUTY, 2016 11
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Important improvements in Detector performance
from Belle — Bellell

« Smaller beam pipe radius allows innermost PXD layer to sit closer to Interaction
point (r = 1.4cm)
Significantly improve the IP resolution along z direction

* Large tracker SVD and CDC;
To increase Ks efficiency, improve IP and excellent timing resolution,
better flavor tagging

« TOP and ARICH:
Better K/pi separation covering whole range momentum along Barrel
and Endcap region

 ECL and KLM:
Improvement in ECL and KLM to compensate larger beam background

* Improve Hermeticity

* Improved trigger and DAQ

BEAUTY, 2016 12
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« VXD = silicon vertex detector (SVD)
+ pixel detector (PXD)

« Provides precise measurement of the
primary and secondary vertices of short-
lived particles

« VXD u_ner production

SVD Ladders

PXD:

« 2 layers of DEPFET pixels

* Very thin (50 pm) pixel sensor

« Inner most layer very close to IP
(r=1.4cm)

« Very low material budget

« Excellent spatial granularity (o
<15um)

Belle II: Vertex detector (VXD)

‘ ‘ ! ] DOI mpact Parameter Rﬁ olution ; 20 Impact Parameter Resolution
T ! ‘ | | —a— Belle Il - PXD+SVD tracking (MC) i —a— Belle |l - PXD+SVD tracking (MC) |.
=L ~——&—— Belle Il - 8VD enly tracking (MC) i ~—#—— Belle Il - SVD only tracking (MC)
% === Belle - SVD2 cosmic (Data) | wmmnnn Belle - 5VD2 cosmic (Data) c
02 i ; ; : : 3 I 7 T
1 | | 5 5
50.15 | i i
-er.rm__:t --------- ,__,.E
.i. T el e il
25 3 i5 4
] *[GeV]
[em] [
- - 4 4 4 4
i B b b b 4
4 4 4 6
10~ =~ 6 b 4 e
= T ! 4 - 6 "
B 4] o
30 ¥l — 17
- . =0 i
| 2 1 a1 s 3 | l P

SVD:
* 4 layers of DSSD detectors

« Excellent timing resolution (o ~ 2-3 ns)

 Low material budget

« Larger outer radius (6.05 cm — 14 cm)

Inner radius: 3.8cm

of 17° < 0 < 150°

covers the full Belle II angular acceptance

BEAUTY, 2016
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Do Belle II: CDC

Belle IT

« Belle IT CDC is larger than Belle CDC

« Smaller drift cells with sense wires and
more layers allow better charged track
reconstruction and dE/dx measurement
compared to Belle

« Faster readout electronics

« Ready for Installation

« Cosmic ray test ongoing

Wire Configuration

— 250 mm —»

Belle Belle 11
Radius of inner boundary (mm) 88 168
Radius of outer boundary (mm) 863 1111
Number of layers 50 56
Number of total sense wires 8400 14336
Gas He-C H_ He-C H_
Diameter of sense wire (um) 30 30

BEAUTY, 2016

Event display

14



@ Particle ID: TOP (Barrel)

Belle I

QQ\

total internalkreflection of laser light inside the last module

 TOP used for particle identification in Barrel region
covering whole range of momentum.

Modules of size: 20mm x 0.45 m x 2.7m

Comparison between Belle II PID
(simulation) and Belle PID

Belle PID (%)

Belle II PID (%)

Ave. K efficiency

88

94

I1 fake rate

9

4

 Cherenkov photons internally reflected inside the quartz radiator were measured
as Cherenkov image reconstructed from the 3-D information (x, y, time) by
pixelated MCP-PMTs (Micro-Channel Plate Photo-Multiplier Tubes) having excellent

time resolution.

« Each module consists of two quartz bars, array of photo detectors, focussing mirror

and prism.

« 12/16 have been Installed in barrel region. All modules are glued. Complete

Installation in May.

« Commissioning of all 16 modules on om%
BEA 016
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r:B Particle ID:

Belle IT

Ny

Ny

Nni<ns>

|
]

ty(rad)

Aerogel RICH (Forward Endcap)

-0.4 -0.2 0 0.2 0.4
tx(rad)

Two 2cm thick aerogel layers with n = 1.045, n = 1.055

radiator photon
detector

ARICH Identifies particle covering full momentum in the
forward endcap.

Two layers of aerogel lead to better photon yield without
affecting resolution.

420 Hybrid Avalanche Photo Detectors (HAPD), 144 channels 4|
each.

The beam test results and simulations show excellent KID

efficiency at a low m misID.

Successful magnetic field test. Installation in Autumn.

BEAUTY, 2016
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Belle I1: ECL
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Belle IT

Upgrade from Belle —» Belle Il to
compensate larger background in Belle Il

« Barrel and Endcap ECL: Reusage of Belle CSI (TI)
crystal calorimeter with improved back-end
readout electronics having better waveform
sampling to compensate larger beam related
background.

« Barrel ECL already installed.

Belle Il ECL trigger efficiency (simulation)

compared to Belle ECL efficiency

Physics trigger: E_ > 1 GeV

phys signal gbkg
(total)
Belle 99.42 % | 88.70 % | 10.72 %
BelleIl | 9990% | 99.12%  0.78 %

« Cosmic test on going.

BEAUTY, 2016
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Belle II: KLM

Due to expected high neutron background and to keep KLM
efficiency, Endcaps and two innermost barrel RPC layers of Belle
were replaced with scintillators

Absorptive Iron plates, where KL can shower hadronically
Installation completed in 2013 (barrel KLM) and 2014 (endcap KLM)

Commissioning in progress with cosmic rays

BEAUTY, 2016 18
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Summary

SuperKEKB phasel commissioning has started

BEAST Il phase 1 detectors are studying beam background
very successfully

BEAST Il has seen charged particles, x-rays, thermal
neutrons, and fast neutrons from beam-gas events clearly

Belle Il is moving on schedule with KLM, ECL, TOP installed

Belle Il will start operation in 2017 and start taking
physics data in 2018.

BEAUTY, 2016
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Currents vs time

Currents vs time

N/
T asf L i LN I Diamond sensor around IR
= = « Current in CH4 i : —— . . SCaile
= -  Current in CH3 : ot oHE =
3 __ « Current in CH2 i Zoom on 2sF
- «C in CH1 3 . -
szl et . beam lpss spike
g : gl
2 i : .
= I - X Soprinst L"-‘ﬁ
| 5 [, i e T R
1.5 g~ S s AN it
T o
1 :— b 2830 2840 zalso 2RED 2870 ze:leln::
0.5 :_ Currants vs tima
L ' Ak —
E H ;  — z === ~
L ; : ] RE il -~ LOG. scale
E " ol s o5 1 58 ;i - | I R S 1E H
0 500 {000 1500 1 2000 2500 1+ 3000 3500 SO R s S
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[} 1ot
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y ::?I: 7 = e i o
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2850 ZBAD EBIED 28ED 2870 EBI:SJI

lonizing current seen by diamond sensors at various
locations during vacuum scrubbing

BEAUTY, 2016 21



D
o

Belle I

PIN diodes

« An important BEAST sub detector to measure
integrated radiation dose during BEAST Phasel

» Separate the charged particles from X-rays

o B
O
in- —
'8 800— 15t LER Vacuum Bump Study onal 3d LER Vacuum Bump Study
E;; channel 23 (unshielded) channel 20 (gold shielded) GE: -
w10 Entries 74932 | Entries 74932 — r
T | Mean 5355 | Mean 5355 o 600 —
o 1401 Meany 473 | Meany 438 o -
é RMS 2699 | RMS 26.99 [0)] L
o 120] RVSy 5301 | AMSy 4154 2 40—
I o/ nef 1214744 | ¢/ ndf 2622/ 44 © ~
; 100l p1 0.2038£0.0068 | p1 0.1838 £ 0.0036 8 ~
0 0.01014 0.0001 0.009416 £ 0.000045 ol B
Q p2 p2 = 200—
T 80— [0} L
— O .
— o i
60 — go] i
0 !
20 :— 0 05 1 1.5 2 25 3
- e e e e e e e e b Time (hr)
020 30 40 50 80 70 80 90 100 10 120
[ ( mA)

Recent Vacuum bump study. pressure
bumps introduced at various locations in
LER to see radiation at IR

PIN dose vs beam current(I): P[1]x1I + P[2] x I*

P[1] (shielded) < P[1] (unshielded) is a sign of synchrotron background

Diodes clearly see beam gas background

BEAUTY, 2016 22
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BGO

ADC_avg(except ch6) vs |_LER [mA]

. — Entriesh_Eavg = l1803!3‘f
=} Means ST
=) T
140 — 770
120 ; i 800
. = 600
80 — -
60 f— 400
a0 g
= s 200
0 E | g 1 fl:d-‘l o
6] 20 40
BGO see beam gas very clearly
111 e o e e
anp0c] © Mecton f i = R —
%15000:_ o No Injection e
4 = 1 5 } " 0 3
14000 | ; " :
12000E ' :
100002 . L. 0 :
3000 § g i ;
B000F j ; K- -
- : : 1 atd =
4000 ‘ , g™ E
C : _ ‘I.‘, ' .
ZOUB?JMO% L1 I i L L 1 i I I I i I I I [ \E
2 I B0 B0 100 120

Rate in LYSO crystals vs. LER current™ ™
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He3-tubes: thermal neutron

Thermal neutron rate vs. time by different channels

Shannzid

30
- m
20
15 b
10 pB=
=]
1é Chann * y
15 m
14
1z
10
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= EJ
'}
2
TE- 600

Rate [Hz)

Rate [Hz

Rate [Hz
RS

[ —
g E g
g
3 i
(%] (]

Rate [Hz

12 T T I T T T I
neutron rate in channel 1 vs. ILER

Rate (Hz)

10

lot of thermal neutrons produced
by beam-gas events

‘:’|||||||||||||||||||||||
I

o

1 1 I 1 1 1 I 1
120 140
Beam Current (mA)

BEAUTY, 2016 24

=]
=]
I
=]
[s7]
=]
@
=]
F
=] =8
o



D

o Micro-TPC: fast neutron

Belle IT

« Fast neutrons produce ionizing tracks by heavy
nuclear recoil in the gas volume

 Measure energy of fast neutrons with direction
using high resolution charge readout .

. Al 20_—
= —— Neutron B
40_— :ﬁ:g:gtt:)oqto : I % 'f{, i
— Xray . n
- o le/3[mA] § - . { é
- 15 P4
— a0l " ! ﬁﬁigﬁ }
T L iﬁ‘w
o 3 101
— i (3]
T 20~ !
: 5_— i .
10 e e e §
O: & i ek : 0_ - AW N
0 100 200 0 N
Hour # er [MA]

Micro-TPC: fast neutron, charged track and X-rays

BEAUTY, 2016
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