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SuperKEKB @ _
Tsukuba, ~ 1.5 hours away from Tokyo
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What 1s Belle II's
role 1n this LHC era?

SuperKEKB g
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Why Belle 11

Last generation B factories achleved great success 1n B (charm, 1) physics
studies and explored possible new physics

Nobel prize to KM / .
Decisive confirmation of CKM pictur _ Y(5S): 121 fb

Obs.erve‘itior?l of direct f;& T Y(4S): 711 f}) '
CP violation in B —p+p- . Y(3S): 3fb
\ e l resism!
\ - Y(1S): 6 b
Off reson./scan:
~100 fb !

>1ab™

On resonance :

Observation of Observation of
CP violation in b—dy Evidence for

B-meson system \. . D0 mixing
Evidence for
Observation of B—1v

B — Kl Evidence for direct
l CP violation in B — K+*x-

513.7 £ 1.8 fb!
On resonance:

Y(4S): 424 b, 471 M
— Measurements of mlxmg mduced Y(3S): 28 b 1 122 M

. . . [ Observation of >q(3872.) 1 Y(25): 14 fb”', 99M &

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 Off resonance:
48 fb!
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However, there are still remaining puzzles and open questions
large matter/antimatter asymmetry in the universe (the truth is out there!)
anything beyond the SM (where is the NP)?

those “dark™ thins e
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Two approaches for HEP

Energy frontier (direct search)
— powerful in energy scale to search for new
particles and physics. (LHC)

complementary with each other

Precision/intensity frontier
— focus on a certain energy range for
precision measurements to search for

anomalies from the SM and new physics from
rare decays (SuperKEKB + Belle II)
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SuperKEKB: going beyond the KEKB
g2 = =t [/

SuperKEKB Grounidbreaking Ceremony
@ STR/ILF—HILESFAZEHEIE 20m.11.18
founded in 2008, groundbreaking in 2011
peak luminosity 8x10% cm™s™ (40 x KEKB)

Belle IT: 50ab™ data (50 x Belle)

— high precision measurements; rare decays

a,~100pm.a,~2pm Ty~ 10pm, o ~60nm
SuperKEKB

(EEHE)

ILC
(EEHE)

Belle 11

LHC

(EHETHE)

_CESR
DAFNE

peak lumi. r (cm?s”)

BEPC-1I

. I'evatron
P- :
JLEP-II

PEP, . ... e
DORIS-I1 * _RISTAN
BEPC', . .LEP
VEPP-2M it Aae L
. SPEARYEPP-4M
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Luminosity of KEKB and SuperKEKB

— factor 2

KEKB SuperKEKB
achieved nano-beam
LER HER LER HER
E an@V) | 3.5 8 4 7
[ ) 1.6 | B
B, (mm) 5.9 5.9
ey | 2.1x10™ 8.0x10°

nano beams with high beam currents

low emittance 4.6 nm /3.2 nm

— high intensity frontier

positron

electron

—» factor 20

—» factor 40

— Bellell @;f:aam:p -
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Requirements for the Belle 11 detector

(critical issues at L = 8x10%/cm?/s)

® Higher event rate
=> higher trigger rate, DAQ, computing

® Higher background
=> radiation damage — BEAST2
=> occupancy
=> fake hits and pile-up noise

® [y reduced by a factor of 1.5

® Upgrade
=> better vertexing/tracking
> pixel + silicon strip (VXD)
» new CDC larger volumn smaller cell
=> better particle identification
=> faster readout electronics and computing
=> faster and flexible trigger system
» z-vertex trigger to reduce beam background

1O .
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@ TDR : arXiv:1011.0352v1 .L[}iilysics.ins—det]

—— based on Belle but with upgrades/renovations
ECL . ( KLM
photon, electron 1.5T solenoid Klong, muon
CsI(Tl) RPC+scintillator (barrel)

waveform sampling scintillator (end-caps)

TOP/RICH
particle identification
TOP(barrel): DIRC
RICH(fwd): aerojel

.

VXD
vertexing

PXD: 2 layers DEPFET
SVD: 4 layers DSSD

(cpc e’ (4 GeV)

charged particle tracking
track z-vertex trigger
smaller cell size, long level arm

LHe(s0%)+(:2H6(50%)

L1 trigger rate ~ 20 kHz
GRID computing

HKUST JOCKEY CLUB

13 except VXD, all others are ready in 2017. IEI '_
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https://twitter.com/belle2collab
https://www.facebook.com/belle2collab/
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. P. Urquijo,Nucl. Part. Phys. Proc. 263-264 (2015) 15-23
B elle 11 physu: S pro Spect P. Krizan, Phys. Sci. T158 (2013) 014024
"Belle II-Theory Interface Platform"
https://confluence.desy.de/display/BI/B2TiP+WebHome
(report of Belle II physics book will be submitted to PTEP )

() B thSlCS Dolan, M.J., Ferber, T., Hearty, C. et al. J. High Energ. Phys. (2017) 2017: 94.

=> precision measurements of CKM elements
=> rare B decays
=> other B decay physics, ...

® Charm physics (Mixing, CPV 1n charm, rare charm decays,...)
® 1 physics (LFV, CPV, ...)

® others

=> bottomonium spectrum
=> exotics state (tetraquark, ...)
=> other new physics searching (Higgs BSM, dark sector, ALP, leptoquark, ...)

% advantage with decays with neutral particles in the final states.

16 IEIE. mg«vmmm



https://confluence.desy.de/display/BI/B2TiP+WebHome
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Belle II physics prospect — CKM

® is the unitary triangle really a triangle?
current o+pB+y = (175£9)° (PDQG)
— Belle II expects to improve the precision
B~0.3°%a~1.0°%y~1.5°
(precision 5~10% — 1~3%)

® precision measurements of sin(2p)=sin(2¢ )

remains an important topic to check the
consistency of the unitary triangle and to
search for new source of CPV
C.8. AS=sin(2p ,,)—sin(2p,, ) _ _ .
— with 50ab™ data, Belle II can check ' | g ilil é?jp|> 0
possible NP contributions even just a
small deviation AS ~0.02

1S
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Belle II physics prospect B —D(*) v

F(BO_)D(*)’E'V) BaBar had. tag
r'(B*»D"Iv)

0,332 £ 0024 £ 0018

Belle had. tag
0293 + 0038 20015

I=u,e

Belle sl.tag

larger BF in the SM (~1%) 0302 2 0.030 0011
discrimination of W and H by differential distribution Bellc (hadronic tau)

0270 = 0035 £ 00077

L) T L) L T L] L] r T T T T I L
BaBar, FRLI0S, 101803 2012) .
— Belle, PRINC (720142015 Ay = 1.0 contours
LHCh, PRL115.111803(3015)
Belle, PRIV 0720070201 6)
———— Belle, PRLIIS211801¢2017) Ry TH=01 3000 ) HPOCT (301 5)
——— LHCh. FFCP2017 R{DN=0.299(1 1) FNALMILL (2015)
: Average R{C= 1= 3533} 5. Fagler et al. (2012)

LHCb

0336 = 0027 = 0030

—— 5M Predictions . ) )
LHChb { hadrome tau)
0285 + 0.01% 0029

Average

0304 = 0.013 £ 0007
5. Fajler et al. (2012)
0252 = 01003

HFLAV

1111 |||"|'1'|||||||||||||||||||||
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=
P

Belle PRD 97, 012004 (2018) also on t polarization
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Belle II physics prospect — charm physics

® B factories discovered the D° -D° mixing. Belle 1I'MC

PRELIMINARY

D° - K'K~

= Belle II will improve the measurements of
the mixing parameters and look for CPV.
= with improved vertexing, proper time
resolution for D’ decays ~ 0.14 ps
(0.27 ps (@ Babar)

® Rare charm decays, e.g.
> D" —yy
2 predicted BF a few x 10°®
2 Belle result 8.5x107 @ 90%CL
(PRD 93, 051102(R), 2016; 832 fb”' data)
= expected to reach 107~10°
(with full Belle II data)

TR W e
1O .
_' _IWHTUTEFO!.AD’VAHOEDS‘I_’W"'
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Belle II physics prospect — tau LFV

LFV is suppressed in SM — a few models predict enhancements within Belle II's reach.

= CLEO
v BaBar
Belle

LHCDb
e Belle Il
I. Heredia
i | | I | | I | | | - | | I | | |- | | 1 | | I | | i

Eclgc_e'e'e 2 oo '="="© s, 1: t:xx 'lf.'t:'x'g:'x“”x‘”t:'lf, e e =< MVV PF2015
=P Feo=sbbs=S ek ><3< T r o= s s E

Belle II can reduce most of thees*mlts by 1 ~2 orders of magmtude
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B(r—py) | Br—oppw)
mSUGRA+seesaw 107 10° PRD 66(2002) 115013

o e e -8 -10
reduce sensitivity by a factor ~7 SUSY+50(10) 10 10 PRD 63(2003) 033012
TN SM+seesaw 10” 10" PRD 66(2002) 034008
very clean mode Non-Universal Z' 107 10° PLB 547(2002) 252

reduce sensitivity by a factor of 50 SUSY+Higgs 1071 107 | PLB 566(2003) 217
' good,to test NP

Ia Hms‘r.locxn cs b
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potential early physics topics (in 2018~2019)
possible to collect 300fb™" data, possible for some physic studies

single photon events, special trigger configuration is considered in the trigger menu.
e'e — yA', A' > invisible or (¢'e or p'n’) (dark photon)

KLOE 2013

Expected sensitivity Belle 1| 20 fb™" (simulation)

107 107"
A' — invisible

A'— (e'e or u'y)

g'e” — ya', a'— invisible (ALP)
Y(3S) —» y A’ , A’ — invisible light Higgs

- z . 5 " 3 - o
1O .
_ -. _INSTI'I'IJTE FOR .&D’VhNOEDS‘I’WV

21




> COnEE el
</>  High Energy: Physics.

Belle II

The Belle 11 experlment
Outline

® SuperKEKB and Belle 11

o Physics prospects — > detector status
» schedule
= 2016 phase 1
@® Status and schedule —< > 2017 GCR
= 2018 phase 2

\ 9.....




| 4 | B | -] | 0 1 | 12

Belle II (top) compared with Belle (bottom)

BE”B l’ SIDE VIEW

per conducting coil

PXD(2 layers)

570

Smalljcell chamber -
1\ SVD T=
IP Cham|
) SOCryostat)

CcDC

TR
il 3
2980
Csl

il .

l‘!i"

Belle
SVD: 4 DSSD lyrs = 2 DEPFET lyrs + 4 DSSD lyrs ACCH+TOF = TOP+A-RICH
. ECL: waveform sampling,
CDC: small cell, long lever arm o .
KLM: RPC — Scintillator +SiPM (end-caps) |




VXD = SVD +

A0 0 10 20

76 um thickness DEPFET

4 layers DSSD (SVD)
2 layers DEPFET (PXD)

Fit function: =& + prf[uf’F

=
Fit function: o= Y&+ /-

' h ppsin(i)
Belle SVD2 cosmic (Data) BNT15
&= 263 =04 um
b= 329 = 0.8 uym GeVie
Belle | single track events (MC)
a= 1212 1.5 pm
b= 168 = 2.0 um GaVie

Balla SWD2 cosmic {Data) BMT15
ams 17.4 £ 0.3 um

b= 34.3 = 0.7 pm GaVie

Belle || single track events (MC)

d= 9.6 14 um
b= 16.2 = 1.9 um GaVie

final focus quadrupole
,intergrated* into VXD

o
=]
T

=73
=]

z,-Resolution o [um]
d,-Resolution o [um]

s
=]

vertex resolution improved
by a factor of 2
(compared to Belle) ppsin(6)*? [GeVi/c] ppsin(6)** [GeVie]

[+
=]
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(central drift chamber)

charged track reco. and momentum determination
particle identification via dE/dx
charged track trigger

i [ e
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

50 mm —

>
o
[
2D
O
=
L
2
]
]
P—

stafidalone
goSmic ray test

no background

—— background

— 50

0 05 1 1.5 ) 3
P, (GeV/c)

Fﬁ H|I|HIl|HI||HI||HIIlHIIIIHIIIHIIIIHlIIIM
4]

a.
B~ 0.3%/8 D 0.1% - p.[GeV /c]

R
o ()| 5%

x/ Lwie 16 . 4 o0

CDC is operationa

100 150

50
] el i )
[ T .
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ECL (EM calorimel;)_:- b

e )

amplitude time sampling

o

. t "
nﬁ-nmq.' s

A}

trigger t trigger t
waveform sampling to reject off timing hits

[

standalone cosmic ray

, | (single high enery sho

7 test
wer)
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(K, and p detector)
KLM (,

Interleaved with the iron plates of the flux
return yoke

* Barrel:

Belle RPCs reused

Two inner layers replaced by scintillator strips
Scintillator strips with WLS fibers

Hamamatsu SiPM $S10362

- E ndcap: ! Tracks reconstructed on both

RPC sectors

RPCs replaced with polystyrene scintillators
99% geometrical acceptance. o ~ 1ns

Normal beam bkg KLM

=

i |
it —4—

——

_—

Efficency h':-'_ id = (.05

Efficency K —id = 0.2

BRO rejection h—:," wl = .05

BEG rejection h’f,'}—nl = 0.2
X X L
1 2 o

Generated momentum [GeV|

HKUST JOCKEY CLUB
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Particle Identification devices

Barrel PID: TOP (Time Of Propagation)

Focus mirror

[

MCP-PMT (sphere, r=7000) .
— —
Backward Forward

Quartz radiator

Focusing mirror

EndCap PID: aerogel RICH

: 200mm 5

o
C‘r\e\’en\ﬁo“ pns

| —
[~

Aerogel radiator

2 ) 2 DY S5Y O

Small expansion block n~1.05
Hamamatsu MCP-PMT (measure t, x and y) Hamamatsu HAPD
— + new ASIC
1930 xﬁ
::_'::::::_':'::::::_':::_':.'?.'M?I:_‘::_‘::_‘:::::.'::.':::.'_'_':_‘:_'_':_‘:_'_'_':::::5:'7;_'::_':_':_‘:_‘::_'::_'_‘_':::_‘:_'_'_':_':_':_'::_':_‘::;'7:{:.3":_'7:_‘_' e
- ’_!" ¥
Tl
= L SARAS RARES LAR T IRAARE RARAN RS =z 1 ARARAR S LA A ‘
s 0.9F ~7 e, i }|-.: & 0.9F il 'HHH” M”HHE 120
= | m‘-rllﬁﬂm‘ Ty Il C g B /
[ OIBE s +H H IDS(1 L 0'85_ +  (d) release-00-07-00, with background 3 20
O.?;— (d) release-00-07-00, with backgroun _ 0.7H E E e
0.6} K E 0.6f *K 3 g 3
0.5 - —E 05;__ o E E | ;:'
0.4 T 0.4f | { } : &
02 i 0.3l - }} 5 | :
0.2 oty |}|| ” 0.2 .~ l”| L
0.1¢ s - 0.1 R L i : -at?:_.. Hamamatsu HAPD
R R R E R S R A B O B N o v o 200
p [GeVic] E}’:* = et p [GeVic] |- e




L1 trigger and DAQ

Bellell <<KLM J“ For

$uper conducting coll ]

= e
CECL S Bl sswssprn N1
TOP =

—

{551
! D LC

E | Bl

=T

— i =
s70 & ==

m @ —

! - a ol - 310
~ T = =
| AN Els L 260 -
| IE | 2 — 1= S B il = e ﬁ%@‘zﬂ_ b
| —-— e i = e —int ]
a 1= - = I o -

Belle II Level 1 trigger Belle II software platform

(CDC + ECL +TOP + KLM) BASF2 (ROOT/C++/Python)
beam bunch crossing 254 MHz (max.)

nominal beam background rate ~10 MHz | DAQ, HLT, and analysis
nominal L1 trigger rate ~20 KHz

L1 max. latency 5 us
L1 z-vertex trigger
L1 Global Reconstruction Logic * HLT output rate 6 KHz (1.8 GB/s)




GRID for Belle II (facilitated by DIRAC) raw data 20 PB/yr
total 100 PB

(belle raw data total 1 PB)
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@ Schedule 1n the recent years

Calendar year 2016 2017 2018 2019

Japan FY JFY2016 JFY2017 JFY2018 JFY2019

Summer shutdow Summer shutdown Power saving Summer shutdow
[power saving) [power saving) after mid July 2008 [power saving)

) (mid Feb. — mid Jul. 2018) wif full Belle I
q wJfo Qcs :
phase 1 o eleu phase 2 (MR) phase 3
I I - —

we QTS
wef Belle 1l (no WXD)

MR renovation for phase 2, including
MR startup installation of QCS and Belle Il R otare VXD installation

@f;&nd breaking) Before full physics commissioning:
there are 3 phases for SuperKEKB

31
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@ Schedule 1n the recent years O i,

Calendar year 2016 2017 2018 2019

Japan FY 1FY2017

Summer shutdow Summer shutdown Power saving Summer shutdow
[power saving) [power saving) after mid July 2008 [power saving)

(mid Feb. — mid Jul. 2018) wif full Belle I
wifo QCS

phase 1 . geien phase 2 (MR) phase 3
] I — —
w TS

MR renovation for phase 2, including HER ut’ E::Ieuqn.; WXD)
MR startup installation of QCS and Belle Il LER S_,E'I WXD installation

2011
(ground breaking) accelerator back to be online
SuperKEKB/Belle II no longer being “next generation”

(Phase 1: beam practicg
BEAST?2 phase 1
no collision

no Belle II

vacuum scrubbing
‘background study

32
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@ Schedule 1n the recent years

Calendar year 2017 2018

Japan FY wzor T amaois [ veos

Summer shutdaw Summer shutdown Power saving Summer shutdow
[power saving), [povBer saving) after mid July 2008 [power saving)

- (JRid Feb. — mid Jul. 2018) wii Full Belle 11
e ase 2 (MR) phase 3
— S — —
‘ w QCS
MR renovaflion for phafe HER ety (BT 0 (0 e,
MR startup I installationiof QCS and Belle Il Er S_tlalrt e el I
2011
ground breaking CDC
QCS (for final focusing)

Belle 11
roll-in now

(' : . )
Phase 1: beam practice )
BEAST?2 phase 1 GCR (global cosmic ray runs)
no collision
no Belle II Belle II outer detectors (ECL+KLM+TOP+CDC+RICH)
vacuum scrubbing Belle II 1s reloaded

ILbackground study

Ia HKUS‘I.'JOCKE\"CI.I.IB b
INSTI'I’I.ITE FOR wvmcsn STUDY
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@ Schedule 1n the recent years

Calendar year 2017 2018

Japan FY wzor T amaois [ veos

Summer shutdow Summer shutdown Power saving Summer shutdow
[power saving) [power saving) after mid July 2008 [power saving)
(gid Feb. — mid Jul. 2018) wif full Belle I

ase 2 (MR) phase 3

phase 1

we/ QCS

detector installation
cosmic ray tests L ier stare o)

MR startup LER <tart VXD installftion

2011
ground breaking

NOW vxpo keep running,
(SVD+PXD) and running,
and running,

(Phase 1: beam practic@
BEAST?2 phase 1
no collision

Phase 2: beam collision

Phase 3: increasing lumi.

no Belle 11
vacuum scrubbing BEAST2 phase 2 full Belle II
{ background study no VXD physics run 1 .
34 IEI mﬁﬂﬁwmw




@ Schedule 1n the recent years

Calendar year 2016 2017 2018 2019
Japan FY JF¥2016 JFY2017 JFY2018 JFY2019

Summer shutdown Swummer shutdown| Power saving Summer shutdown
[power saving) [power saving) after mid July 20038 [power saving)

id Feb. — mid Jul. 2018) wil full Belle 11

. . 2 (MR h 3
detector installation == {mcs} —

cosmic ray tests Wi o)

MR startup LER <tart , VXD installftion

Groal of Belle 11/SuperKEKB

~ 6 years to reach
target data statistics

SuperKEKE Goal
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Bellell

Phase 1

Phase 2

Phase 3 ... o .-

2016 Feb. ~ Jun.
SuperKEKB
beam commissioning
(no collision)

2018 Feb~July

collision tuning
partial Belle II
(no vertexing)

L>10*/cm?/

2019 ~
full Belle 11
commissioning

8x10°°/cm?*/s

=2 high flavor tagging eff.
= good PID
> clean detector environment




SuperKEKB/BEAST?2 phase 1 opeation

Red: total beam current

Purple: vacuum pressure | €D~ Jun., 2016: 1A beam currents at target beam energies  rroubic o

Cyan: beam lifetime . " feedback kicker

- HHER - | .. HER wiggler ON

s d
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Belle II roll-in (April 11, 2017) |
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Belle 11
in position now
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Belle I1 2017 summer GCR

-,
i ]
T ———
300 200 00 100 200 300
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100 100 -
i
© /cpe o
-0 0 / % 0 -
ECD \—

50 50
= 100 : P 00 =
50 150
-300 200 00 100 200 300
N FTIRETE PRI IR e e TN AR T I L

ECL/TOP/CDC are read-out simultaneously

magnetic ON

(B-field mapper inside CDC)

simplified trigger by ECL+CDC (10-100 Hz)
detector/DAQ performance studies

.
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CDC occupancies
in 2017 GCR
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Belle I1 2017 summer GCR

Event selections:

N

e |do| <B3cm  (~IP tracks)
e -5cm <z,<15 (~IP track)
* [tanA|<0.45
(reduce the effect of mapper)

| —— GCR2017 Jul.

[ GCR2017 Aug.
| —e— MC Aug.

I MC w/o Mapper
Belle CDC only

| Belle CDC only: ~0.28P; @ 0.35 (%)
L GCR2017 July: ~0.13P, @ 0.31 (%)

1
0.9
S 08
S 07
0.6
0.5
0.4
0.3

0.2
0.1 ==
E Q_H:r:.::.:z.:_—s—:.::.:*_‘_ 011111111111111111111111||111111111111111111111111

1||||||||||||l|||l||l|||{|l||||||lll|l||l||'|[|‘|||
%1723 4 5 6 7 8 9 10 L i el e e
Pt (Gev/c)

IIIIIIIIIIIIIIIIIIIIlIllIIIIllIlIlIIII[IIIl

 EEEEERE
*

—e— GCR2017 Jul.
GCR2017 Aug.
—e— MC Aug.
MC w/o Mapper

Pt resolution (%)

Preliminary

TIIII]IIIIIIIITIII]IT

Preliminary

llflll}lllllllTllllllllllllll]lllllll
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Belle I1 2017 summer GCR After 2017 GCR, KLM readout in
(magnetic field off)

"1  KLM/ECL/TOP/CDC (RICH)
s00 [ ready for commissioning

41
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2017 Oct.

RICH 1s
implemented
in Belle II

.|||!m il IR i i1
e ——

B

outer detectors
are
in position

-
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2018,0114 QCSL and QCSR integrated into the Belle II IR

SuperKEKB
one step forward
to collision

& /1




number location unique measurement

Phase 2 opeation | |
(Feb/ Mar. = JU.ly 2018) o eeer in~5itit1 r:z;r:;;:%lﬂ;elle [}

Belle Il SVD 4 ladders

diamond 8 ionizing dose in VXD

Beast2 detectors e Earnds > BEAM abort
Belle I VXD prototype “LHC E:.r:iﬁ"immn 35 2 MIF; & x;lraysb 10 keV @ 40 MHz >

i o 15 chips ynchrotron x-ray spectrum
Belle II outer detectors RbiEt sensors

CLAWS
Scintillators w/ 2 ladders

reach L > 10**/cm?®/s SiPMTSs

X-rays or track counting w/ 1-ns
timing = injection background

.. . |
beam collissions (expecting 20 fb') PLUME Tviosidad Hllicon plus > trackdats

“ILC style” silicon 2 ladders
- T pixels sensor
M s
7 { a,“‘i... & TN Micro-TPC nuclear fast neutrons: rate, directional &

: VXD dock : :
recoil detectors spectral information

w/ pointing

He-3 tube neutron VXD dock

i thermal neutrons: rate

X-ray and total loss distribution versus

Scintillators 40+40 around QCS position, = collimator adjustment

: amount of beam background around
Folelleb lshfecs QCs = collimator adjustment

FPGA beam pipe

LYSO-ECL ECL




Phase 2 opeation
(Feb./Mar. - July 2018)

Beast2 detectors
Belle II VXD prototype
Belle II outer detectors

reach L >10*/cm’/s
beam collissions (expecting 20 fb')

Belle Il PXD

Belle Il SVD

diamond
Sensors

FANGS
“LHC style” silicon
pixel sensors

PIN diodes

FPGA

LYSO-ECL

number

2 ladders

4 ladders

8
diamonds

VXD dock

around QCS

around QCS
beam pipe

ECL

unique measurement

gancy, full Belle
ertexing

Pw/ 1-ns
packground

2d silicon pixels = tracklets
w/ pointing

fast neutrons: rate, directional &
spectral information

thermal neutrons: rate

X-ray and total loss distribution versus
position, = collimator adjustment

amount of beam background around
QCs = collimator adjustment




Belle II VR by Virginia Tech group (led by Prof. Leo Piilonen)
https://vimeo.com/214899668

»
\
O
Belle II - Particle Rh{:sics in VR o
— p—
< An Educational Tool to Explore®the Dynamics et
of Subatomic Physif:s Interactions 4
®‘D ~ VirginiaTech.
LD 7|\ pecem
- —_ h —_— . : _— s i 1 e
.---""""--—-_ .
.




Summary

® The SuperKEKB + Belle II will be ready for commissioning soon
> 40x higher instantaneous lumi.

> 50 ab™' data statistics.
> Belle — Belle 11

® SuperKEKB first beam circulations in 2016
> Belle II roll-in in April 2017
> prepare 1st collision in the coming months (2018)

® Physics commissioning with full Belle II in early 2019.
> precision measurements of CKM
> B, charm and t physics
> exotics states, dark sector, ALP, light Higgs, ....

® A new era to explore new physics in intensity frontier; friendly
competition and complementarity with other experiments.
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~20 fb1, could be more. Our job to prepare for publications with 2018 data.

— [LER “tentative” and “informal”

— HER collision tuning | Y. Ohnishi |

Jan. February March June July

-
P

-
-

First collision beta squeezing
{beam-beam deflection) down to the final
| = 1 | IR i

BT: l|.|ni.|:g of the beam transpaort lines
K. AKAl, MR and DR status and schedule, Oct, 9, 2017 @E826M

Phase 2.2 (Bx8)

Y. Ohnishi, June B2GM . 1 x 1034
{tentative target)
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__{___
Required injector beam parameters

SuperKEKB
(final)

Beam e+ e— e+ e— e+ e— e+ e—

Stage KEKB (final) Phase-l Phase-ll

Energy 3.5GeV B0GeV 40GeV 70GeV 4.0GeV 7.0GeV 4.0 GeV 7.0 GeV

Stored current 1.6 A 1.1A 1A 1A - - 3.6 A 26 A
Life time (min.) 150 200 100 100 G B

primary - 10 primary e- & imary e- 10
! 0.5 = 4

.4 =

Norm. Emittance 200/40 100/15 40/20
(vPe) (wrad) 1400 10 1000 (Hor.Ner.) et (Hor.MNer.) (Hor.Ner.)

Energy spread 0.125%  0.125% 0.5% 0.16% 0.1% 0.16% 0.07%
Bunch / Pulse 2 2 2 2 2 2 2

Bunch charge (nC) 1 1 .0.4 1

Repetition rate 20 Hz 25/ 50 Hz 25150 Hz 20 Hz

Simultaneous top- 3 rings
up injection (PPM) (LER, HER, PF)

4+1 rings (LER, HER,

No top-up Eventually DR, PF, PF-AR)

. HKUST JOCKEY CLUB
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Belle II physics prospect — hadron spectroscopy

Many new states are observed, which do not fit in the traditional quark model.
More are expected in Belle II, opening a door for exotic state studies.

7> Z.*(4200)
: : Z.+(3895)
; ; | h.(1P/2P), n,(25) | Z,*(10610)
| Y(4660) | Molecular states?
Y(4008) ! -
| Da(2860) S n@s)
| Dyy(2700) S/ E.%(3085) %ﬁ
= ?=(2980;3080)_' _, st ) |
0 _ 7o
3.82 3.84 3.86 3.88 3.9 3.92 WAL 77
M(rtrJ ) (GeV/e?) | ;
_ D,,(2317/2460)
First exotic state observed. 0 | e 7. & e‘e"Dcéce @

Coloured boxes: exotic candidates

[PRL 91, 262001 (2003)] 1998/1 2000/1 2002/1 2004/1 2006/1 2008/1 2010/1 2012/1
G)éé Hybrids?

54th International Winter Meeting on Nuclear Physics, Peter Krizan
. Ty -
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Belle II physics prospect --- early measurements

Y(3S) bottomonium spectrum Above Y(4S)

Voloshin PRD84, 031502 (2011) 12GeV

(25+1)
"L, 15 35 P, 3p 3p 1p *D, °p, 3D D, ? e ———— g Y(?7S)
—--11000 [ 11.5GeV o)
o Y(55) g 10
210800} 3wl Y(6S)
= Z,(10650) 2|
ﬁmsoo— vis) Open flavour threshold .,,: S0
= Xo,(3P) % e E 40; Y(5S)
10400 i
10200 T T T R T
MIY(38)m] ., (Gev/c?)
10000 v o a j
...... - /", /’l .. === R*R*
9800/ con | Yn l Yo L
Yn h,m Yo T
9600} Mo
Np®  MNpp NpN P .
—a— I Th | X "/ ........ o BB*
9400=xv(1s) —‘ eory EEEE [-pum 'i Yp
n,(15) e Yo
9200— T T T T T T ¢mmmm BB

Zb EEEN WbO xb Wb1 sz
0(1%) 1°(19)  0%(09) 109 0°(1%) 1{1%) 0(2") 1(2") 0(1)
Y(1ID.) has been measured by CLEO/BaBar. 4-quark state Zb(10610/10650) found by Belle in
? anomalous Y (5S) — nwY(nS) transitions,
Y(1D )Y(1D )Y(2D) are not seen yet

I 3 ' Similar anomal n s 6S deca ‘not conﬁrmed

2 I a HKUST JOCKEY CLUB -
INSTITUTE FOR ADVANCED STUDY *

0-+ 1" 2++ 1++ 0++ 1+- 3-- 2-- 1-- 2-+ ?? JPC
IG(JP)




Single photons ee> y A’ (and a’): Sensitivity . Ferber

nitial Stale Fadiabon [5R] #
&

_:'r" Ik

L
L

Axion-like Particle (ALF)

" Belle 201k
1 elbe 0 {50 ab- )
< LD S ety
LI 2 T EGa

100"
107 107¢

m, [GeV/c?] e B T
BETIF o be submithed 1o PTER ’ iy, [EaW]
Dolan, M.J., Ferber, T., Hearty, C. et al.
J. High Energ. Phys. (2017) 2017: 94.
https://doi.org/10.1007/JHEP12(2017)094
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MELBOURNE
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Barrel PID: TOP (Time Of Propagation)

Quartz bar

Array of

fast PMT's

e Cherenkov ring imaging with
Uses internal reflection of Cherenkov ring images from quartz

» Reconstruct Cherenkov angle from two hit coordinates and e

the time of propagation of the photon
— Quartz radiator (2cm thick) I H W|
— Photon detector (MCP-PMT) Ny TH|t (@ release-00-07-00, with backgrou
e Excellent time resolution ~ 40 ps il il "
e Single photon sensitivity in 1.5 | e - ’H

B

Efficiency

]
)

ElL ] ] I I ] 1
051 15 2 25 3 35 4 45 5
p [GeV/c]

Ia FIKUST JOCKEY CLUB b
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Efficiency

EndCap PID: ARICH (K/n separatlon)

+  (d) release-00-07-00, with background

- ‘. e "m1,"11'+#1|'+r'+*'fﬂi'|1}”[]lf|f i

K

ﬂ_." i

T, Whaitily -—I',IJ',-"-"H.H_--}HH‘. H ‘

35 335 4 455

p [GeV/c]

Rl |

Clear Cherenkov image observed

PRI [T TR [0 M T TR B """"'-D
-100 -50 [F] L] 100

Cherenkov angle distribution
| 6.6 cx/Kat
[ 4GeV/c!

r | I B3 wlhepe ATAE = B.d I

# of tracikes: = ZTO0
&2 Photons @ 413397 +- 2237.3
Photonfrack: 15.31 +- 0.08
BG rack : 2,00 +-0.03

Lol Y il
% 0.1 0.2 03 ﬂd 0.5 QE l:l? EIB: 09 1

Peter Krizan, Ljubljana
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