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The Belle 1l experiment

Belle I
+ Legacy of B factories, BaBar and Belle: d | iAo E;’L!_
! -
+ Precise measurement of CPV in B system. : ; . s :
= L D, =
+ Nobel prize 2008 to Kobayashi, Maskawa (& Nambu). i A > -
+ Belle Il builds on the excellent B factory experience, wEooe. . /BN, b PN
p

shifting focus to search for BSM physics:

+ Extremely precise measurements in the quark and charged lepton sectors:
increased statistics needed, current datasetx50.

+ Quantum manifestation of NP:
potential higher NP mass sensitivity than Energy Frontier.

M, [TeV]
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Super
KeKB

The SuperKEKB collider

Asymmetric e*e circular collider.

Ecollision = My(as) and from Y(1S) to ~ Y(6S).

+ New nano-beam collision scheme:

7
0‘0

instantaneous luminosity world record x40

> 8%x10%° cm2s 1,

Hosted at KEK, Tsukuba.

e'-4GeV-3.6A

/
g

4
Sy

-

3 km ring

vertical beam size

o, ~ 50 nm

e-7GeV-26A

collision point

Belle Il detector

—— - -

Positron damping ring

6—

beam-beam

beam current

g
2enr:

O_>I<
<1+ 'i)
U@

Z

.

parameter

beam size ratio @IP

(flat beams)

By

I:I: g:l:y RL
Ry

\

)

D

o

Belle I

vertical beta function @IP

3 ‘ beam crossing angle 83 mrad | crossing angle x3.8

.. | Electron-Positron

linear accelerator

Parameters KEKB SuperKEKB SuperKEKB
(LER / HER) | crab cavities phase 2 phase 3 5
En. (GeV) 35 /8.0 4.0 /7.007 | 40 /7.007 N xg;);t
e, (nm) 18 / 24 22 /5.2 32/ 4.6
o* (um) 147 / 170 16.8 / 22.8 10 / 11
oF (jim) 0.94 /0.94 | 0308/05 | 0.048 / 0.062
3% (mm) 1200 / 1200 | 128 / 100 32 / 25
B (mm) 5.9 /5.9 216 /24 [ 027/030 | B,/20
&y 0.129 / 0.09 | 0.0240 / 0.0257 | 0.088 / 0.081
2¢0(mrad) 22 83 83
Tyeam (A) 1.64 / 1.19 1.0 /0.8 36 /26 |1x2
Nb bunches 1584 2500 2500
£(10~em—2s71) 2.11 1 80 2x40
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Super « D
KEKB Belle Il calendar o

2 Belle IT

+ SuperKEKB switched on in Jan. 2016: single beams circulated during 5 months (BEAST Phase 1).
+ First collisions delivered in Apr. 2018: BEAST Phase 2 commissioning, March-July 2018.

+ Start of physics run scheduled early 2019.

Target integrated luminosities:

» 2019-20: 1 ab™* > present dataset. 70¢
> L
- 2021: 10 ab™. S 60
e = Goal of Belle Il / SuperKEKB
» 2024:50 ab™ € 50F
o0 - K
> SuperKEKB is a B-D-t Factory: © G40
55x10° BB, S a30f ohyst
g F = nase 3"
45x10° T, £ 20 7 :
- 2 9 months/year
65x10° cc. 10 i 20 days/month
S D I
1035 g-_ ~
z F a
3. °F 2
é (\Ijm 4:_ a.
< 52
o) -
Q - . . et ! ! . ] .|, .
% 017 2018 2019 2020 2021 2022 2023 2024 2025
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<EKE On-going Phase 2 run o

= Belle I
+ Phase 2 data taking: M ] T e
= March-July 2018. " HER injection | % e e [
+ First collisions delivered on April 26. z ;ta/rt g
+ Increasing the luminosity: *| e | o
= Fine tune beam parameters up to 10** cm? s . :—J i
T e S T
+ Belle Il commissioning: v injection collision E q
+ Belle Il at interaction point, w/o vertex detector. g:""\H;p
+ Operation of detector and DAQ. : 4 S0 S OSSPy e ey e e
= Performances: particle rediscovery (VO, 1°, ...), -

counting (luminosity, B, ...), lepton-id (J/y—ee, up) and K/m-id (D**—D° (DK t*) t¥), ...

< BEAST SuperKEKB induced background study:
+ Insure safe vertex detector operation.
+ Give feedback to machine: increase luminosity while keeping BG under control.
+ Validate BG simulation and extrapolate of over ~2 orders of magnitude in luminosity.

+ Physics with early data:
+ ~20 fb* and w/o vertex detector.
+ Light NP searches (dark photons, ...), quarkonium studies, ...
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BEAST and beam induced background /O

Belle I

+ Success of Belle Il physics program relies on impact llustration of impact from beam induced BG
of beam induced background:

+ Possible radiation damage.

+ Possible degraded physics performances due to high
detector occupancy.

<+ BEAST BG study, in 2 Phases:

Belle at KEKB Belle at SuperKEKB

< Phase 1, Feb.-June 2016:
+ Belle Il not at IP, no solenoid, no final focus, dedicated sensors in place of Belle Il.
+ Circulation of individual beams: study of single beam BG, published in NIM A 2018: arXiv:1802.01366.

+ Phase 2, March-July 2018:
+ Belle Il @IP, dedicated sensors in place of vertex detector (1 phi-module of PXD+SVD installed).

+ Collisions: study of single beam & beam-beam BG.

3 TS



https://arxiv.org/pdf/1802.01366.pdf

D

Super

<exs|  Breaking news: first collisions in Belle Il (1) <O

April 26, 2018
All Belle Il sub-detectors register collisions.

+ Collision tuning to reach 1034 cm= s adiabatically

=y | (starting e.g. from 4.7x103? cm™ s, as of May 5):

Fiss &
— -100 Belle IT

+ Squeeze By = 8mm > 3 mm (final goal > 2 mm).

L 150 Super

IP size: ox =400 um , 6y =4 um I<’EI<B

7
L X4

— -200

Peak Iummos@y. 7-9«103’7 cm 21§ -1

Increase l. =250mA /220mA > 1 A/ 0.88 A.

7
L X4

Increase beam parameter &+, ~0.014 > 0.03.

¢

< |ncrease number of bunches =600 > 1576.

Improving every day!

+ Particle “rediscovery” in Belle Il, with first data:

(\Tc')\ \Illlllll\ll\llllll\lll |||||\|\I_
> ¢ . ><103
[ 1 - ; — — —— —
31000_ f det=~5 o S 15k Belle II | +|++I++ | | A E
> f } Belle ll 2018 | 2 b 2018 (Preliminary) det=~5 P ]
.g 800 { Preliminary - Q) - ! E S 015 6ev i
5 bt S 1ol IO |
Belle II r X 7 o N 7]
600 t - S —— Data ' '
ITRITTILINR I R LI R R TR = I '
KEKB - . L - Mﬁ 4
> 400/~ - = 05 ., JRTIPv .,,-i
i K O 9 rtyr i d ] w ..mwo"“'*"'o ]
o RS~ PTUTU IN data | - TeC—ryyindata ;
i 1 0.0 4t—
8 0.08 010 0.12 014 016 018
(f) |||||I\||‘I||||I\Ill|||||\ll\llllll\lllllllll\l\l_ ’YY (Gev/c )
.450.460.470.480.49 0.5 0.510.520.530.54 0.55
m(wn) (GeV/c?)
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Physics at Belle Il

+ Update of Belle Il sensitivities: clean: only 2 B mesons produced

guantum correlated 1 state
Belle Il Theory Interface Platform (B2TIP)
(to be published soon in Prog.Theor.Exp.Phys.).

. B, |
|FuII Event Interpreta‘uon:I e (7 GeV)I | o (4 GeV) | az~ 130 g
Tag FR!® @ Belle FEI @ Belle MC FEI @ Belle IT MC YOS) B . it >V
Hadronic B* 0.28 % 0.49 % 0.61 % >
Semileptonic BT 0.67 % 1.42 % 1.45% : b K.0 L IES T
Hadronic B° 0.18 % 0.33% 0.34% 7 well defined initial state S ~ T
Semileptonic B? 0.63 % 1.33% 1.25% : =7
Bsig flavour identified from
B2TIP document

/ companion meson gr +

=~0.18 : =
20,6 | Beam constrained AE 2 =
S r 3 - B2TIP -
50.145— AE = E} — Ef oy = (205D n0st — 5)/2V's S Ci 60000 T zooth document Flavour tagg' ng:
0121 o S 1-0
g 01F- simulated 5 ~ —_— R z € X (1 = zwi)z =37.4%
- + 0 S § | =z
Yot Belle IIMC /3 B =D = 40000 (was 30.1 % in Belle)
0.06— f = h ey (Belle Il M
0.04F- | iS R
- Belle MC ° 1 L S
0.02F ' continuum g 20000 ii 5 e - A S Jr o S|gn|ﬁcant hardware &
- o A e s i .. d
T =01 005 0 006 01 0T 02 g == _,.-" h’"‘"‘""” ft i t
AE (GeV) = S e sortware iImprovemen
: : "SI0 05 '(( ‘79) T 05 10 w.r.t. Belle.
Unique skills of Belle Il for: ol

<3 i i 2 = i
inclusive measurements: B — Xy, B — X288, . see next talk by Ami Rostomyan

0 . . % /
+ events with missing energy: B*—t*v, B— D"ltv, t decays, ...
+ events with neutrals: B®— Ks%r%y, BO— Ks°Ks?Ks?, BO—> yy, ... > good complementary with LHCb.

8
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Early physics: quarkonia and exotics <o

Belle I

+ Plethora of quarkonium-like states observed in the last decade:

(2S+1) (2S+1)
L e 3 3p 3p 3p Ip 3p 3p 3p 'n ? .
500 6) :So 351 3p2 3P1 3P° ‘P1 303 3[)2 3D1 1D2 ??7 110(')‘(.; so 51 Pz P1 Po P1 D3 02 D1 D2 2 hadror‘"c
<
— Y(58 — .
S 750 g @ v, 10890 tetraquark molecule hybrid  glueball
% v CC 10800}~ 2. (10650 = S
g 3 10650 i - SN T
‘o 4500 (a1 Py v(as) . 7 1 /&;éﬂw ) S,
H B Y360) 2s0) £10600 s :)pen flavour threshold /@ @/ / : @ / S /
= 4250 . u ¥(4260) } f Z2(3250) s Yoy (3P) Z,(10610) { @ & d P & ( & .“-
X(4160) ¢ \141(4:00; z,(=050) 10400 = & \\ =/~ 2 n __ \.Y e @
4000 “,(4:“0) - X(3915) z:wz YES) w | -
X@930) m ™ 11(3.900) :1'(1:1) 10200/ 1k2P) 1, (2P) o hy(2P)
3750 x@en) - Yoo I i
. Open charm threshold w(3770) -
mezs) V(29) 10000 w
3500 Y n mes¥2S)_o -
Yo 9800/ uL1P)y, (1P) z.,(" oy W(1P) e ¥ c b <
3250 = Established = Established W—: C
3000 vJ/.w m New states 9600 m New states Y. < s
1.(1S) — Theory e* < q (_l
2750 Theory 9400} = (1)
n,(18) e e
2500— | NI I T | | 9200~ L ! |- Lo | | e E
Or T 20T 2 T2 p 0" 1T 27 10T 1T 3T 2T 1 2 7 S ’ ¢ >’\/\/<<c
* C
- e + Y + e Y <
Post B-factories era quarkonium spectra e e C

Charmonium-like production modes

+ Belle Il features unique skills for further bottonium- and charmonium-like characterisation:

+ Various production modes, e.g. of charmonia: ISR, B-decays, two-photon, double-charmonium.

» Energy scans at / above / below thresholds, from Y(1S) to Y(6S), possibly 11.35 GeV (Au/\ threshold),
11.5-11.6 GeV (partners of X(3872) and Z,(10610), Z,(10650)).

+ Many properties can be measured: absolute and inclusive branching ratios, angular distributions, spin-
parity, line shapes, final states involving neutrals, ...

+ Very small existing datasets: increased stat.x10, 10 fb! per 10 MeV-scan point, 500 fb! at each new
vector state.

> opportunity for Belle Il of a possible unique early scientific impact.

2)



D

Early physics: the dark sector <o

Belle I

+ Light dark matter and light mediator searches in Belle II:
+ Dark photons, dark higgs, axion-like particles (ALPs), mass scale ~GeV or sub-GeV.

+ Production, e.g.: e*fe = M+X, e*e"— Y(ns) = M+X, e*e = B+X = K+M+X.

+ Example: on-shell dark photon decaying to invisible DM:

+ Signal: single, mono-energetic, high-E photon & peak in recoil mass.

+ Single Photon trigger with 1 GeV threshold.

S 107
@ 8__Signal example :n‘ ]
@ [ m,, =7 GeV " ]
E of i
woor i,
i E
!
/. 18 —11 - A R Y di —
. . /. o] 10 : _.*" Belle Il (Phase 2) .
5 5F . 7 Belle Il (Phase 3)  —]
c Of % , 10_13 -*"\LDMX1@4GeV -
5 ] 5 e LDMX2@8GeV -
B2TIP document E.. [MeV] 1071° & My =3 My [—
gx=0.3 ]
10—17 gl L " | ]
0" 1
2 . : , m, [GeV/c?]
+ Particularly relevant with Phase 2 data: B2TIP document y
\
+ Low luminosity and lower beam background allow to open up triggers. Belle Il calo more

L 68 hermetic than BaBar
+ Small dataset can still give world best sensitivity.

10
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S Conclusion and outlooks D

Belle I

’ Bélie]l control room, April 26, 2018, at 00:38 am
+ Belle Il has started successfully taking data. - — .

+ Belle Il will play a key role in particle physics:

R/
L X4

Accumulated experience from Belle & BaBar.

K/
%

Unique skills for various measurements.

+ Good opportunities of early scientific impact.

R/
L X4

Huge dataset of 50 ab™': many measurements

will start to be syst. limited
> |lots of work ahead!

+ Expected experimental performances often improve w.r.t. Belle despite 20x higher beam
induced background and lower boost.

+ Looking forward to the next decade of exciting Belle Il results!
Stay tuned: https://twitter.com/belle2collab https://www.facebook.com/belle2collab and like us!

11
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Belle Il detector

KL and muon detector:
Resistive Plate Counter (barrel)

- — Millato WLSF + MPPC (end-caps) )
EM Calorimeter: WP’
Csl(Tl), waveform samp 2\\\&\;‘ ////7 :
Pure Csl + waveform sa \\\\\\\Q\ / .

\ M —— Ll |

= I « e . )
- - IE a |dentification

| 2-0f-f )pagation counter (barrel)
electron (7GeV) = | - ' Prox. focusing Aerogel RICH (fwd) )

Beryllium beam pipe

=

_ 2 layers DEPFET + 4 |ayers \§

< 1§\< J | positron (4GeV)

'/}

«

- -
Central Drift Chambe
He(50%):C2He(50%), Small ce RSNS
lever arm, fast electronics S

\ ’ J




SuperKEKB parameters

D

o

Belle I

B, (mm)
B," (mm)

g, (nm)

g, (pm), coupling

Sy

o,” (um)

(A)

Ibeam

Nbunches

Luminosity
(1034 cm-2 s-1)

KEKB
LER /HER

1200/ 1200
5.9/5.9
18 /24

1498 / 1598

0.129 /0.090

0.94 /0.94

1.64/1.19
1584

2.1

Phase 1

2.0/4.6

~10/ -

1.01/0.87
1576

Phase 2 4x8

128 / 100
2.16/2.4

2.1/4.6

29.4/64.4, 1.4%
(105 / 230, 5.0%)

0.0484 / 0.0500
(0.0257 / 0.0265)

0.25/0.39
(0.48 / 0.74)

1.0/0.8
1576

2 (1)

Phase 3

32/25
0.27 /0.30

3.2/4.6

8.64/12.9
(0.27% / 0.28%)

0.088/0.081

0.048/0.062

3.6/2.6
2500

80
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SuperKEKB beam energy

HER Beam Energy (GeV)

8.8 r
8.6 |

8.4

8.2

7.8

7.6

7.4

.

6.8 L

Beam Transport

(magnet)

Final Focus

Quads

Eem $

T~

Beam Transport
(magnet)

Eecm=11.24 GeV

==

N

YB$=0.284 .77

Y(4S)

\

Linac
Energy

4

L | L
405 4.1

L | )
415 42

1 | L
425 4

1 | 1
3 435 44

LER Beam Energy (GeV)

1ils)




BEAST Phase 1 beam background study

Publication in NIM A, 2018:
First Measurements of Beam Backgrounds at SuperKEKB
arXiv:1802.01366
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https://arxiv.org/pdf/1802.01366.pdf

D

B2TIP document /O

Belle I

Belle Il Physics Book to be published soon in PTEP: update of Belle Il sensitivity studies.
See Belle Il Theory Interface Platform: https://confluence.desy.de/display/Bl/B2TiP+WebHome

+ Inclusive and exclusive Leptonic and Semi-leptonic B decays, |Vu| and |Ve|:
B>, B—uv, B—DMtv, BTy, B—XcTv, B—D**8v, B—1i8v, Bs—K8v, B—X. 8V, B XLV, ...

K/
L 4

Radiative and electroweak Penguin B decays:
B—Xs,a¥, Biss VY, Bs) vy, B—Xsyy, B—=Xs 488, B—K82 (inclunding tt), Bsy—tT, B2K' vy, B4s—vyv, b—qrr, ...

= Time Dependent CPV, B and a:
~ B/PKs, B—J/Pm®, B—=dKO, B—=n'KO, B—wKs, B—Ksnt°, B—Ksmt%y, B—mrt, B—nn®, B—pp, B—pm,...

Determination of y.

Charmless hadronic B decays and direct CPV:
 B—pKY, B—K'T, ...

+ Charm physics:
+ Quarkonium-like physics.
T phySiCS: cLFV decays, CPV, ...

« Dark sectors and Light Higgs.
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https://confluence.desy.de/display/BI/B2TiP+WebHome

Available datasets

Integrated luminosity of B factories

(fb™)
1200 %
[—KeE  —pep |

>1ab™!

Y(3S):3fb!
Y(2S): 25 b !

800 Y(1S): 6 b}

' ~100 b !

' ' ~ 550 fb!
Y (4S): 433 fb !

Y(3S): 30 fb !

1998/1 2000/1 2002/1 2004/1 2006/1 2008/1 2010/1 2012/1

On resonance :
Y(5S): 121 b !
Y(4S): 711 b !

Off reson./scan:

On resonance:

200 ! // ! Y(2S): 14 fb*
| : ] Off resonance:
, : - ~54 fb!
o N N 1 L 1 N N N N 1 " " " " " " L

Existing datasets in fb-! (M events)

Experiment  Y(1S5) Y(2S) Y(3S) Y (4S) Y(55) Y(6S)
CLEO 1.2(21) 1.2(10) 1.2 (5) 16 (17.1) 0.1(0.4) -
BaBar - 14 (99) 30 (122) 433 (471) R, scan R, scan
Belle 6 (102) 25(158) 3(12) 711 (772) 121 (36) 5.5
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