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The Belle | detector

KL and muon detector

Resistive Plate Counter (barrel outer layers)
Scintillator + WLSF + MPPC

- (end-caps , inner 2 barrel layers)

—"

EM Calorimeter
Csl(Tl), waveform sampling electronics

\

electrons (7 GeV)

\
]

Particle Identification

Time-of-Propagation counter (barrel)
Prox. focusing Aerogel RICH (forward)
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. - .'..A__ = -
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' |

positrons (4 GeV)

Vertex Detector
2 layers Si Pixels (DEPFET) +
4 layers Si double sided strip DSSD

Central Drift Chamber

Smaller cell size, long lever arm
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KEKB to SuperKEKB

= target luminosity:
e+ 4 GeV36A] L =8 x 103 cm2 s

et "SRRG
vewreameee SUpErKEKB ‘ : v o

4w

Low emittance positrons

= Nano-beam scheme
(P.Raimondi for SuperB)

Add / modify RF systems

for higher beam current e double beam currents

e squeeze beam @ IP by 1/20

to inject Positron source
Damping i ’ v )
———— New positron target /

capture section

%

SuperKEKB

Tum

KEKB

Low emittance electrons
to inject

\ 100 f‘
S5mm @ p
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KEKB to SuperKEKB

parameters

| beamenergy | E JEEERD

| hafcrossingangle | @ |
|_horizontal emittance | &
| emittanceratio | K
| beamcurrents | b |
| Luminosiy | &

0.425
I
18 24
0.88 0.66
1200/5.9
|.64 1.19
129 90
100/2
2.1x10%

mrad

3.2 46
0.37 0.40
32/0.27 25/0.30
3.6 2.6
0.088| 0.0807 l
10/0.059

8x 1033

um
cm2s~!

KEKB
oy=1lcm -l ,

Ezﬁ; S5mm

g el
‘ \/§¢$ SuperKEKB
o, =0.049 cm. i
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KEKB to SuperKEKB

parameters

beamenergy | E» |

3.5

0425
| halfcrossingangle | @ I mrad
|_horizontal emittance | & [IE 24 3.2 4.6 nm
[ emittanceratio | K XS 0.66 0.37 0.40 %
1200/5.9 32/0.27 25/0.30 mm
| beamcurrents | b [REY 1.19 3.6 2.6 A
129 90 0.088| 0.0807
100/2 10/0.059 um
n 2.1x10% 8x10% J cm 25!
g 3000 | l | Belle 'II 2018 (;)reliminar'y) k
8 Median=-0.015cm .*o
S 2500 | 063=0.055cm . ’. E
o 2000 f v .
Q@ + + 4+ Runs 1869-2047
o, = €z 03 g 1500 | . ;
\/§¢$ SuperKEKB 1000 F .' ' h
o, = 0.049 cm. 00 (1 sanps b
i o, ! Y g
-0.4 -0.2 0.0 0.2 0.4
Zo [cm]
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New challenges

= x40 luminosity:
* x40 produced signal events
* Higher background

(detector occupancy, fake hits,
radiation damage)

= MC * Higher event rate
BELLE I PR (trigger rate, DAQ, computing)
e Ty = |mportant to have a dedicated phase
i f for background studies, detector
% response and alignment
- MC
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Belle I schedule

> T e Phasel:
2 6o l Accelerator commissioning
- . .
€ sof 2 o Con (completed in 2016)
= o .
o 40f E e Detector roll-in
g: 30f o (April 2017)
£8 20 * Phasez:
x‘l()35 1°§ Total BaBal\r+BeIIe Luminlosity ) BaCkground StUdleS
> S S - Physics possible
7 : .
g o SuperKEKB Goal (Apl’l' 201 8)
5-:;: af- e Phase3:
E ;‘E), zE_ . — A S ! KEIKBIPerforTanlce I:U” Be”e ”
2016 2018 2020 2022 2024 (early 2019)
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We are here

o = Goals:

g 605_ - Accelerator operating for the first time with
g F - N | QCS magnets

E S0 w .

2 F @ @ |~ - Verification of nano beam scheme (target
g 0f- o - L~10A34cmA(-2)s/(-1))

2% b= F - Understand machine background and detector
C -

- ‘3; 10 performances
10 e ;a.aﬁ.é;:’ - Data taking for physics

e s

E~ = Detector:

=Y -

%w; b - Belle Il with no VXD detector but BEAST2
ST S S R - — detector

2016 2018 20

— dedicated beam background detectors + 1
VXD ladder per layer
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70 = Goals:
] so;_ - Accelerator operating for the first time with
I o QCS magnets
g 50F i % S -
o M ¢ - Verification of nanas !
B B - pm\ 2bth:
f32 ctor
£8 L

x103°

2>

L7

-

T = Detector:

= 1Y

%«vz  Belle Il with no VXD detector but BEAST?2
A | detector

— dedicated beam background detectors + 1
VXD ladder per layer
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Bhabha candidate event
exp3 run126 ev/3
Apr. 26, 2018

Phase2 Vertex Detector




Luminosity Run, 26" April 2018 First Hadronic Event
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Experiment 3
Run 125

note: vertex detector not shown Event 223



Current status of the accelerator

Phase 21.5 (100/4,1004): 20180612
f_{g‘ :?18; {ﬁ% igg Eg&gg} Study Phase 2.1.6 (200/4,100/4): 2018/06/13
Luminosity 000 (now) 52.294 (peakin 24H @12:49) [10°%/cm?/sec) Fhase 2.1.7 (200/3,100/3): 20180620
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. {4 . .
First rediscoveries

o Ks

QT\ w l= %\ LIIIIT1IIITI.1]1rrr]‘l]lrIrrtlIrrt‘r]rr!r]‘r1!l]rr1
O Belle lI ) > | ¢ ]
S 15} £y f'-d‘=”5 b’ - 21000} L it m 8 pb—
% - 2018 (Preliminary) P & | +* J P
O] - t - = 0 ; Belle I 2018 |
— - t ¢ E{ >0.15 GeV 7 2 800\ ¢ Preliminary -
S 10f b ' 5 ot *
. . — + - | A

= - —+ Data ' ' - 600( ¢ b
= X i BRIV IR LI AJPUE I SRFUE YO
m = —
= i Y ) 4001~ .
E 0 . 5 ;_ . / w“ .“....M. N““ .“x - .

. Ftetan™ : 200}
0.0 l L A A l A L A l A A L l A A A l A A A l &'— l 1 JLL " Ll 1 llll l‘LLl N
008 0.10 0.12 0.14 0.16 0.18 45046 0.470.480.49 0.5 0.510.520.53 0.54 0.55
2 m(x*x) (GeV/c?)
m,. (GeV/c?)

e Evidence of Ks and 1o (~5 pb-1)
e \ery early stage of data taking, preliminary plots
e (Calibration at the first stage
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. {4 . .
First rediscoveries
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Bottomonium spectra

~1999 at post B-factories era

(2301)L
J

(28+1)
L,'s, ’s, P, °P, °P, 'P, D, °D, °D, D, "2, 's, ’s, °P, °P, *p, 'P, °D, D, °D, 'D, "2,

11000 11000
‘\; Yoo g V@) v, (10890)
> . > B
g om0 § 10000 wanso| DD
210600 .  Open flavour threshold 10600 Y49 open flavour threshold
= iy 2,(10610)
10400 . 10400, .
YRS w . YOS) » | o [ w
10200 1211, (2P) g — | 10200} 0d?)1, (2P) o b, (2F) I
10000z , 100001 w2 . ]
9800 l.-(!’)ul’).h:‘n n1P) 9800 IJ‘P)I.‘(").I.;‘”M")
® Established s Established
9600 9600} = New states
9400 (1) Y 9400/ = (18
h(19) h(15)
9200

200 | P S PO O | (B (Y | P TR T I B B . .
o-+ 1" 200 1++o++ 1+~ 3“ 2- 1- 2~+ ??fc 0-0 1" 2++ 1++0++ 1+° 3- 2“ 1- 2-6 ??‘fc

Current samples in fb™ (millions of events)

Experiment  Y(1S)  Y(2S) Y(35) Y(45) Y(5S) Y(6S) s
CLEO 1.221) 1.2(10) 1.2 (5) 16 (17.1) 0.1(0.4) - 23%
BaBar - 14 (99) 30(122) 433 (471) R} scan R} scan 11%
Belle 6 (102) 25(158) 3(12) 711 (772) 121 (36) 5.5 23%
Bellell
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Bottomonium spectra

at post B-factories era

= Achievement in Belle

(28+1)
- L,'s, s, °p, °P, P, 'P, °D, °D, °D, 'D, "
« discovery of np, ho ~11000 o o F LR TR R 1 TR
, : o V@9 y, (10890)
* discovery of Zy (exotic nature >10800- m
g Z,(10650)
~ L
of above threshold Y state) 310600 '+ Open fldvour threshold
= oow  Ly(10610)
10400
Channel Fraction, % Y(38) w | o -
Z,(10610) Z,,(10650) 10200 . J,,'u,,,'l;m‘..(m N
T(18)x* 0.547016+0.11 01725000
T(28)x* 3.62:0764079 1391038 0 ‘°°°°:'(5,\'(;s)
T(38)x* 2.153333+040 1.63705 0% . ,.:m' e
420, 42-0. 9800 (1P) h1P)
hy(1P)x* 345207 0% 841130406 T * Established
hy(2P)x* 4672150 0 14753533 9600/ * New states
B*B" + B°B™* 85.6130.527
B B ces 737:2:1’1257 9400 = \_(:3—) Theory
n15)
PRL 116 (2016) 212001 92001 ey 2
O-+ 1 2++ 1++ o++ 1+° 3 2 1- 2-6 ?? ‘fc

Current samples in fb™ (millions of events)

Experiment  Y(1S)  Y(2S) Y(35) Y(45) Y(5S) Y(6S) s
CLEO 1.221) 1.2(10) 1.2 (5) 16 (17.1) 0.1(0.4) - 23%
BaBar - 14 (99) 30(122) 433 (471) R} scan R} scan 11%
Belle 6 (102) 25(158) 3(12) 711 (772) 121 (36) 5.5 23%
Bellell
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Bottomounium @ Belle |I

= below Y(4S):
e bottomonium study/search
e new physics in decay (DM / light Higgs)
e anti-nuclei production (possible DM application)
e paryon physics

e 300 fb-! @Y(3S): order of magnitude increase

Current samples in fb™ (millions of events)

Experiment  Y(1S)  Y(2S) Y(3S) Y(45) Y(5S) Y(6S) s
CLEO 12(21) 12(10) 1.2(5) 16 (17.1) 0.1 (0.4) i 23%
BaBar - 14 (99) 30(122) 433 (471) R}, scan R}, scan 11%

Belle 6(102) 25 (158) 711 (772) 121 (36) 5.5 23%
Bellell 300(1200) ) 5x10%(5.4x10%) 1000(300) 100+400(scan) 3.6%
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Bottomounium @ Belle |I

= above Y(4S):
e cxotica discovery
* precision Zp mass measurement

e 1ab ' @Y(5S): also Bs physics
e 100 fb1'@Y(6S) + ~400 fb-' scan

Current samples in fb™ (millions of events)

Experiment  Y(1S)  Y(2S) Y(35) Y(45) Y(5S) Y(6S) s
CLEO 1.2(21) 1.2(10) 1.2 (5) 16 (17.1) 0.10.4) - 23%
BaBar - 14 (99) 30(122) 433 (471) R} scan R} scan 11%
Belle 6 (102) 25(158) 3(12) 711 (772) 121 (36) 5.5 23%
Bellell 300(1200) 5x104(5.4x104)C1000(300) 100+400(scan i 23.6%
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Precision study: i, masses

® open question: Zp masses are below or above BOB” thresholds?
¢ fundamental question to understand their nature

Phys. Rev. D 93, 074031 (2016)

(@)

Arbitrary units

Arbitrary units

Arbitrary units

Arbitrary units

of, it [T Hw .
10.6 10.65 10.7 104 10.5 10.6 10.7 10.7
M(BB"), GeV/c® M(B'B"), GeV/c® M(h,(1P)r), GeV/c® M(h,(2P)r), GeV/c®
estimate of the Zb location
with respect to the thresholds:
=~ Belle Il P
_ _ e5(Z,) = (0.6075:40 +i0.02109%) MeV,
- 1ab’ @ Y(55): determine if they are located e5(Zy) = (09712 + 0.847022) MeV,
above or below the open threshold

eg(Z,) = M(BB*) — M(Z,),
eg(Z,') =M(B*B*) - M(Z,)),
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New states: Z,% from Y(65)

PRL 117, 142001 (2016)

e Belle energy scan, search for Y(6S)—m+ - hp(1P,2P) decay
e Observation of Zp(106XX) state, but unable to resolve them

g N | Ny
= =
> T >15}
< s | @ | 2" ©)
E o | o |
- < L <
Z ~ | | ~10F
{ 0’2 2_ + c’e |
g g bt b 19
> 0H— 4= =
% "~ " T[] & .
J 3 | X N O
& o [ 1 o
: ol f TR
% L
] PP N TRV [P D . . S | T | .
. 105 106 10.7 108 10.7 108
108 1085 Em:lo(.éov)‘lo.gf: 1" Mm,”(ﬂ). Gev/cz Mmi”(n)' Gev,cz

= Belle ll
- Understand Y(6S)— Z, decay
-Y(6S) = 11+ 11 hp(1P,2P)
-Y(6S) = 1 Y(1S,2S,3S9)
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(Ant)deuteron from Y(35)

PRD 62, 043003 (2000) _

Phys.Rev. D89 (2014) no.11, 111102 e din cosmic ray have long since been considered

§-F | i a probe for supersymmetric relics in the galactic

§:: s +_+_ | halo

g 1oE- + - . ' .

¥k ey e d production described with coalescence models

2 ++..fr+ C— tuned on HEP data

§IZ; + = e need of further constrain in the production model

i == _

P + = e = CLEO and Babar measured the d spectrum

A e (no dedicated PID or tracking)

5 4 =

5 : : /_‘+ - s,..fmr.

1 AT = Belle II:

11/ b - dedicated tracking and PID

° —— - collect ~3x104d
Process Rate .
T, AR LOIE 10 - world best estimate of coalescence parameter
150 2 281 504958 w 10 - search for excited nucleons (d*)

(9.63 £0417]37) —_ : :
(3.01 £0.13037) x 1076 - dd associated productlon
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A-A tuteraction

Phys. Rev. Lett. 110, 222002

10%g
= From Belle: L B(1528)2dX ). ............ S
s Apr : AA
* No sign of weakly bound H dibaryon 10°E
S -;_ )
. S 10%k L e W
e Near threshold enhancement in 2 fF =TT F _
exclusive annihilations T
Y(15,25) = A A X (still not published)
10° :

= Belle Il
- search for H dibaryon in missing mass (Y(3S) = A A H + hadrons)
- high statistics study near threshold

o 'GV'W) ]
gu' ILm-zsow’ " m;e
Rough extrapolation for 300 fb-1 Y(3S) § o
~60 Million events with one A or A o6l .
~3 Million events with one A A pair o IV A N
5 111 11156 1 '1;":"::;;'!3
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Conclusions

e SuperKEKB is completing the commissioning phase
e Phase? data taking started:
e first collisions registered 2 months ago!
e cffort to understand machine and the backgrounds, detector
response, and test the software

e Physics run will start at the beginning of 2019

e Potential for bottomonia physics in several different aspects

The fun just started..Stay tuned!
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Conclusions

e SuperKEKB is completing the commissioning phase

e Phase? data taking started:
e first collisions registered 2 months ago!
e cffort to understand machine and the backgrounds, detector
response, and test the software

e Physics run will start at the beginning of 2019

e Potential for bottomonia physics in several different aspects

4

Thanks for

The fun just started..Stay tuned! :
the attentiov
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