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B-factory: Belle to Belle Il

1800 T T

- e*e” B-factories have been a driving force to establish ~ EKEKB+PEP-I, ‘o
the standard model and search for new physics

Decisive confirmation of CKM picture
—

Evidence of D’-D mixin W/_
PRL 98 211803 € N 9
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Observation of b—)dy$ /—/Q PRL 100 142001

ihoekatad Difference in A, .(BK )
btw. B® and B*
Nature 452 332
Direct CP violation in B> 7* 7~ " — p—
PRL 93 021601 irect violation in
T

y PRL 93 131801
Observation of CP violation / PRL 93 191802
[Fin B° mixing system
- PRL 87091801 /<———— X(3872)

PRL 91 262001

DHMV - PRL87091802
n N// T Observation of B>K* I I

Belle {muon mode) PRL 9|126|60V

| | |
Belle {electron mode) 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
LHCb 2015 Year

ATLAS 2017 Observation machines!

CMS 2017

- Recently some anomalies measured in B decays...
a hint of BSM!

Integrated Luminosity in fh~1
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BaBar, PRL109,101802(2012) | ) !

Belle, PRD92,072014(2015) Ay” = 1.0 contours

LHCb, PRL115,111803(2015) .

Belle, PRD94,072007(2016) = SM Predictions

Belle, PRL118 211801(2017) R(D)=0.300(8) HPQCD (2015)
———— LHCb, FPCP2017 R(D)=0.299(11) ENAL/MILC (2015)
) Average R(D*)=0.252(3) S. Fafer et al. (2012)

10.0 12.5 15.0 17.5

: [(_}(‘\"Q/t"l]

”}d“
2]
Q

1 III‘I-IIIIIIIIIIIIIIIIIIIIII

1

Plod) = 71.6%

- Belle Il pI‘OVideS B S S VT 'Ro(.[ﬁ))
- Complementary measurements to LHC experiments
Rich physics program (not only B decays) ... x40 luminosity than Belle
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Belle Il + SuperKEKB

- KEK is located in Tsukuba, Japan (50km away from Tokyo)

Mt. Tsukuba (877m)

2018/6/8 Belle Il Experiment: Status and Physics Prospects



_SUperkEKB

- SuperKEKB is successor of former KEKB but refurbished with the new design

New beam pipe

& bellows

AN

( Low emittance

positrons to inject

Damping ring ’ —~—
el

Nige &
Low emittance gun

Low emittance
\ electrons to inject

. N
=N g—'*

s KEKB

|
N >,

p.’;

Add / modify RF
systems for higher

SuperKEKB

“nano-beam” scheme
\ Beam squeezing: x20 smaller at IR)

@

beam current *
o\ I R
Y+ (1 n y) i(iy L

Luminosity = —
Positron source y 2 e N R

*
Ox y Ry

2018/6/8

New positron target
capture section

Target luminosity: 8x10%°cm-=2s-!
KEKB x 40!
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Challenge: high beam background

- X40 times peak luminosity also brings
severe beam related backgrounds

- Belle Il detector was designed to
overcome the issue BELLEI 505 i,
- Finer granularity o o
- Better timing resolution
- High trigger rate through pipeline readout

Initial assumption=~
“Belle detector with KEKB x20 BG
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_Belle Il detector.

s el ST - i 2 e

- Replaced most of Belle detectors (reused only calorimeter
crystal and a part of K, and muon detector)

EM Calorimeter (ECL): n K and muon detector (KLM):\
‘ Csl(TI), waveformp'ling . B:P'C (barrel outer Iayers),
MRS ~Z7Scintillator + WLSF + SiPM

\ (-eaps, inner 2 barrel layers)

superconductive

el, = 1 I
eCtrO”S & Ge — ‘ | | i cond 1
solenoid

Beryllium beam pipe:
2 cm diameter

S,

ey

Vertex detector (VXD): 7
2 layers DEPFET pixels, . -
4 layers double-sided " Particle Identification:
silicon strip detectors J 7 Prox.focusing Aerogel RICH

Central Drift Chamber (CDC) v - ‘ Particle Identification: 1
He(50%): C2Hs(50%), small cells, long Time-of-Propagation counter
lever arm, fast electronics

7
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Belle vs Belle Il

Belle Il || || SIDE VIEW

Super conducting coll
1

AL ANSAL LA S
2419 I IIIVIEI<

Csl 1588

1
| =
-
i

SVD 4 layers (DSSD) — 2 DEPFET + 4 DSSD
CDC: small cell, long lever arm
ACC+TOF — TOP+ARICH
ECL: waveform sampling
KLM: RPC — Scintillator+SiPM
TDR arXiv:1011.0352
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Belle Il collaboration

25 countries/regions
108 institutions
~750 researchers

L]
Mowran ¥Yne

D'zbekistoty ercran

Tirkmensstan

Ureinalng cuth
Chew Sed
Vidt Nane Piginas

Czechia i @m

France

Indsresa

Serman asia [
Asia

Israel
| Saudi Arabia 1 | Malaysia

America

Canada

Mexico

USA

Italy

| Australia 33 Vietnam

Poland %

China 37 @ Taiwan

Russia N
India 31 Thailand

Slovenia

Japan Turkey

Spain

Korea 40

Ukraine

2018/6/8 Belle Il Experiment: Status and Physics Prospects




Schedule

BEASTI Phase 1 BEASTII Phase 2 i
w/o QCS/Belle Il Collision + partial Belle Il Physics run
60

sof Goal of SuperKEKB/Belle Il

w e
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TTTTTT 7T

Integrated Luminosity
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9 months/year
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2017 2018 2019 2020 2021 2022 2023 2024 2025
9

Calendar Year

Bo v & oo wo

- Belle 1l/SuperKEKB is gradually being launched
- Phase 1 w/o Belle Il (2016...done)
- Phase 2 partial Belle Il (since 2018...ongoing!)
- Phase 3 full Belle Il (plan for early 2019)

2018/6/8 Belle Il Experiment: Status and Physics Prospects



Phasel

2016 Feb — July (no e*e collisions)

w/o Belle Il (installed commissioning detector)
- Main goal: accelerator test and BG study

Peak Luminosity 000mb/fsec] @03/01 11:00
Integrated Luminosity

2/1/2016 0:00 - 7/1/2016 0:00 JST
— T : T S e —
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2/1/2016 3/1

First turns of SuperKEKB beams (2016 Mar)

Maximum stored beam current
- 870 mA (HER)
- 1010 mA (LER)
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Phase 2

- 2018 March — ongoing
- w/ partial Belle Il (no vertex detectors)

- Verification of nano-beam scheme (target: L>1034cm-2s1)
- Understand of beam background (especially for vertex detectors)
- Data taking for physics (up to 20 fb! of data)
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- Gradually increasing the beam current
- Gradually squeezing the beam (smaller beta)
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Some “first” events

® -50

Belle

-100 -50 0 50
| |

Bhabha event

=200 -100 0 100 200
| |

Hadronic event

BB like event
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and revisit PDG
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Interaction vertex

- Distribution of the longitudinal component of the interaction
vertex i1s much smaller than the bunch length
SuperKEKB

N I .
; Belle Il 2018 (preliminary) ] design
- Median=—0.015cm * ]

B ]
]
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SuperKEKB/Belle Il 2018 (preliminary)

- The nano beam scheme is working!

| | | | L
05/03 05/10 0517 05/24 05/31
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Phase 2 status

- Phase 2 operation continues until July 17t

- Achievement so far

- Peak luminosity: ~1.35 x 10%3cm2s1(1/20 of KEKB record)
- Integrated luminosity: ~180 pb-! as of June 4t

Phase 2.1.1 collsion optcs: 2018/05/22
EE& i?gg %ﬁ ;Sg H;E%:z] Collimator Study Phase 2.1.2 collsion optics: 201805728
Luminosity 000 {now) 13.282 {peak in 24H @20:16) [10°/cm®sec] Besa e IP: 200 mun(H) /4 (V)
Inreg. Lum. O(Flly  0iDay)  0(24H) [/pb] 6/5/2018 11:29 IST
Jpy i v o 5 5 G R RS S s sy B TR

L 10—5
oo | £ 109

10®
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E . /1 | S
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108

pa330] @ pareal2p
[9d/] umT “Banuy

E | 1 | 1 |
12hg"s  15h 18" 21" ofg" 3h
6/4/2018 6/5
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_Phase 3 preparation

- After phase 2, vertex detectors will be installed to Belle Il
- 4 layer silicon strip (SVD) + 2 layer pixel (PXD)

- Significantly improve the vertex resolution
- Compensated for reduced boost

140
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Bl r——.
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Belle SWVD2 cosmic (Data) BN715

H —_—— a= 174203 um
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80H
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120p

Belle Il single track events (MC)
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Early physics program

- Phase2: commissioning with partial Belle 1l (no VXD)

- Data taking time is limited...2018 Apr to July

- We aim to accumulate 20 fb-! of collisions data, but it
depends on the machine and detector status

- Even for the limited situation, we plan to study some
Interesting topics as our early physics program
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Y(6S) resonance

- Unique opportunity to focus on Y(6S) resonance
- Belle: 5.6fb-t and no other experiments (resonance scan by BaBar)

- Bottomonium studies
- Possible exotic resonances in the intermediate states

T(6S)

Z,, observation: Phys. Rev. Leit. 108 (2012) 122001 i

Y(6S) = Zp* m- — hp(1P, 2P) i+ -

Wi

6S) = Zv* - — Y(1S, 2S, 3S) n+ 71 Z i 2 :;' Sine

68 — Zb+ m — Nb P T, hymr, mop M, X7, Tp :f xem, Tp

[l
6S) = Wl it 11, Wh = No 11 ,XpT, YP anl._rp
6S) = v Xo (= w Y(1S)) ) -

Y(B6S) = 1t Xo (— wY(1S))

mm, Xom, Lp
QCD hybrids in BB*

(6S)
(6S)
(6S)
(6S) = Wp0y, Wp = no 11 ,XoTT, YP
(6S)
(6S)
(6S)

1
2
3
4
5
6
7
8

S(J%): B ) 1=(0%) 1-(1t) 1-(2%)

In phase 3 we propose 100 fb-! data taking on Y(6S) resonance
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Dark sector

- Newly introduced single photon trigger enables to explore
the dark photon (A’) decays
- Energeticy : E, >1GeV
- Secondary y : none or E,<200MeV

efe > yA A > xx

« A’ ... dark photon
* x ... dark matter

Belle ] (Phase 3)

" LDMX1@4GeV % 1
Lomxzescey - D0ab
Qp = 05
3my=ma

10 1072 10" 1 s
Challenge: background m, [GeV/c’]

2018/6/8 Belle Il Experiment: Status and Physics Prospects




Phase 3 program

-We have a lot of topics In the phase 3!

- Today | focus on a few topics relevant to
lepton flavor anomaly
- B>D*v
- B2>KH
- LFV In 7 decays
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B—DO%v: challenge to lepton universality

- Theoretically clean channel in SM
- Charged Higgs can contribute the decay
- R(DY) is sensitive parameter to BSM!

— T T T — T ]
12(2012]

b
q

sz = 1.0 contours

=== SM Predictions

Br(B » D™tv)
Br(B - D™ puv)

R(D(*)) =

‘ Exp SM
R(D*) [ 0.304+0.013+0.007 0.252+0.003
R(D) ‘ 0.407+0.039+0.024 0.300+0.008

Belle Il Projection
—— Belle Combination
—— Babar
LHCb
—— World Combination
- SM prediction: PRD92 054410 (2015), PRD85 094025 (2012)

Belle II 5 ab-!

4.10 away from the SM

) SM = Very clean theoretical
Belle Il should be able to confirm the Biiall e P,

excess with ~5ab™ data 0.2 1
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B—K*{: yet another smoking gun

- Interesting discrepancy as well as measured in P5’

JHEP 08 (2017) 055

(=]
.
o~

@ LHChH
BIP
Y CDHMV 7
B EOS ]
® flav.io
* IC
T N
4

o
—

T -~ o) ;

|
5
2 2
q- [GC‘\*'L/CHI] o 0.04 C 70% data Y(43), 6 months, slow ramp-

(K*) (1<q?<6 GeV/c?) Uncertainty

[ —e— 70% data Y(45), full 9 months
0.02 - All data Y(4S), full 9 months
W LHCb estimate

I\\\‘I\I\I\I\\\I\\\\\l\l\\\l\\\l\l
2017 2018 2019 2020 2021 2022 2023 2024

- Belle Il: good electron identification Year
K*ee: ~200 events/ab-! Note: LHCb value is extrapolated from run-1 result

K*uu: ~280 events/ab
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Lepton flavor violation in 7 decays

- Extremely suppressed in the SM

B(r — ly) = 3% N 3@ \2 <107 ~ 107"

i

- Many BSM model enhances the LFV decays

- Belle Il can access variety of t LFV decays
to test many NP models

Model Source 107 '
SUSY+GUT ; PRD 66(2002)11501
SUSY SO(10) : PRD 68(2003)033012
SM+ heavy VR i PRD 66(2002)034008
Non-universal Z' - PLB 547(2002)252
Little Higgs - JHEP 0705, 013 (2007)
SUSY Higgs - PLB 566(2003)217

SM EPJ C8 (1999) 513

= CLEO
» BaBar
« Belle

LHCb
* Belle ll

90% C.L. upper limits for LFV‘_idecays

ol oA AREST B Bk e @0 wuv! ] | Tk | AR Tiridie e AAAA
L T T “'$"-‘ Hyww“anmxxfxf’“’h$ o pTEX
o' WOl Ll "
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Luminosity and Physics Prospect

70¢

Goal of Belle 11/Super
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Summary

Belle Il + SuperKEKB is steadily being
launched

thZaration IS ongoing
- Commissioning toward phase 3 operati
FusteamommAmza

Rich aarly ané iong term physics progmns
a plenty of results coming soon!
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Calendar year 2016 2017 2018 2019
Japan FY JFY2016 JFY2017 JFY2018 JFY2019

Summer shutdown|
(power saving)
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/ Plan as of Feb 2017 M ewO) w/ ful Belle 1
Phase 1 o  Phase 2 Phase 3

w/o Belle 1l
I I T - -
M VXD installation

ER start - -_-
LER start —

R renovation for phase 2, including
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|

DR installation & startup DR commissioning
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1' Feb. 2019
%‘_’:\5' _— |
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I
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