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New Hadrons at 13t Generation B-Factories )
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Where the Future starts — KEK (Tsukuba, Ibaraki) D
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SuperKEKB - Overview o
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SuperKEKB — Increasing Luminosity B

Belle I

Nano-beam Scheme

== Final Focusing Magnet (QCS)
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Belle I

Belle II Detector - Challenges B

o T Y, j . O Lower boost
“‘?&i“”a £ ¥ O Better vertex resolution
| ol Q Higher background
e Q Detector occupancy, fake hits
\\ O Radiation damage
| Q Higher event rate
MC a Trigger rate
0 DAQ
O Computing
Q Important to have a dedicated phase for
O Background studies
QO Detector response and alignment

Belle geometry MC
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Belle II Detector - Overview {B

Belle I

Pixel Detector (PXD)

Silicon Vertex Detector (SVD)

e\(7GeV)
Central Drift Chamber (CDC)

TOP counter (TOP)

Aerogel RICH counter (ARICH)

Electromagnetic Calorimeter (ECL)

K /Muon Detector (KLM)

B ©Rey.Hori/KEK
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Belle II - Commissioning

Phase 1
SuperKEKB accelerator
w/o QCS
No Belle Il Detector

(R Wy

Phase 2
SuperKEKB w QCS
Belle Il w partial
Vertex Detector
Beam optimization
Background studies
Detector Calibration

(B Global Schedule

_b:.'b
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Belle I

Calendar year 2016

2019

Japan FY

JFY2016

JFY2019

MR startup

wjoQCS
Phase 1 yjogelen

MR renovation for phase 2, including
installation of QCS and Belle Il

Summer shutdowr)

(power saving)

Phase 3 will start within
JFY2018 (target is Feb.)

-

1_3

g 1 1

VXD installation

Phasei - .

Phase 3 operation

g months / year
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Belle II - Commissioning

D
o

Belle I

Phase 1
Q SuperKEKB accelerator
w/o QCS
O No Belle Il Detector
2019
JFY2019
Phase 2 sonmeZaac
O SuperKEKB w QCS P
Q Belle Il w partial r—
Vertex Detector g seatyss & ¥,fu..m... N
. . . /o Belle Il Phase
0O Beam optimization ey m — - -
. D installation
Q BaCkg rou nd StUdleS MR renovation for phase 2, including st
D Detector Cal ibration MR startup installation of QCS and Belle Il Phase 3 operation
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Belle I1 - Commissioning B
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Results from Phase 2 — Detector Performance
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Results from Phase 2 — ‘Rediscoveries’
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Belle II - Commissioning

Phase 1

SuperKEKB accelerator

w/o QCS
No Belle Il Detector

(R Wy

Phase 2
SuperKEKB w QCS
Belle Il w partial
Vertex Detector
Beam optimization
Background studies
Detector Calibration

Phase 3
Belle Il Detector w full
Vertex Detector
Physics Run

M. Hoek

’:’ Global Schedule
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Calendar year 2016

2018 2019

Japan FY JFY2016 ~ JFY2018 JFY2019
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JFY2018 (target is Feb.)
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Total integrated luminosity per Day [fb~1]

Belle II - Commissioning
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Phase 3
Belle Il Detector w full
Vertex Detector

Physics Run

M. Hoek

Spec L [1090]

QO Beam current 0.5 A in both rings
Q Lyear~4 % 103 cm™%s71

O ~250 pb~! per day achieved

O Routine data taking
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Belle IT Physics Plan <D

Belle I

50 x the Belle’s BB sample by 2027

x10°
0 Rare B decays, New Physics Belle I
A CP violation
Q 7 physics
a Bottomonium (Only Belle Il can do
it!)
Q Charmonium and Charmed baryons
Q Hyperons
= See Belle || Physics Book -~ _ Belle
(arXiv:1808.10567 [hep-ex]) LI T BT T A A
Current samples in fb™* (millions of events), and the proposal for Belle Il
Experiment  Y(I1S)  Y(2S) Y(3S) Y(45) Y(55) Y(6S) %
CLEO 1.2(21) 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 - - 300 (1200)  5x10* (5.4x10%) 1000 (300)  100+400(scan)  3.6%
JGlu
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Running at Y (45) — B to K(cC) <D
Belle I
1000_
Uniquely donein e*te™ B- 20007
. — 800 —_
factories % v [
_ > i % 1500
All quantum numbers available 3 e o L
Allows to calculate absolute BR < . S 1000
Competitive with LHCb g T s
200~ L
Allows reconstruction of [ i
0 hadronic transitions with S R R T T I R
0 ] . Mmiss(l(”) (GeV/c?) Mmiss(r:*) (GeV/c?)
m°,n, w in final state 5000 _
— 2S C
0 states decaying with large @ " )w (e) xmm:gil,}%*’”
multiplicities ot o4 %
> S i
Further developments: G 2000 G o002
QO Ky recoils (search for the S 1se0r S ool
T 1 2 2t
spin singlet1 “D, ) Ewoo— g
. L 1000—
O Comprehensive study of 500/ i
KD®D®™ and KD®)D** I S e oL L L ‘
3.55 3.6 3.65 3.7 3.75 3.75 3.8 3.85 3.9 3.95
M, iesicy (GEV/C?) M, esic) (GEV/C?)
[PRD 97, 012005 (2018)]
JGlu
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Running at Y (4S) — Double Charmonium B

Belle I

Double charmonium production

O Absolute BR and cross sections

Q The legacy of previous generation (mostly ° Sy y(28)
Belle) : -

O ete” > cc(17) cc(0F)
Q J/y, Y’ recoils

Q Most recent result: the discovery of

Xc0(2P) (studying the J /4 D recoil)
[Phys.Rev. D95 (2017) 112003]

Q Future prospects, with larger statistics
(>5ab™1):
O ete” > cc(0%) cc(1” or1t)
Q n. or y.o recoils ‘
Q Study of angular distributions: 50 | i)
O to decouple overlapping states T L
0 to do cross checks on JF¢ o yu Wk o
0O Study on double charmonium from Y (3S5) 2 2.5 3 3.5 4 4.5

_ M. () GeVic?
0 Belle has evidence of J /i, x., from [Belle, PRL 98, 082001 (2007)]
Y(1,2S) [PRD90,112008(2014)] o

cT

JPC=*+

|
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o
o

T
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|
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N/20 MeV/c?
=
P
&

JGlu
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D

Running at Y'(4S) — Initial State Radiation D
[BES Ill, PRL 118,092001 (2017)]
0 Access to line shape of vector states 100 4 vz
0 Y (4230),Y(4260),Y(4360) could all be 8 sl -
explored £ S,
O Unexpected Y (4260) line-shape measured at ; 60;_
BESIII, inconsistent among different modes. $ a0
Could explore w ISR ;$ -
A Cross sections of exclusive (cc) + hadrons © 20__
QO Search for strange partner of Z(3900) in 0 g
K*K~J /Y Is (GeV)
Golden Channels FE.,, (GeV) Statistical error (%) Related XY Z states
wra—J /1 4.23 7.5 (3.0) Y (4008), Y (4260), Z.(3900)
T (2S5) 4.36 12 (5.0) Y (4260), Y (4360), Y (4660),
Z.(4050)
KTK—J/ 4.53 15 (6.5) Z .
7T R 4.23 15 (6.5) Y (4220), Y(4390), Z.(4020),
Z.(4025)
WY e 4.23 35 (15) Y (4220)
10ab-' (50ab")
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Running at Y'(4S) — Two Photon Interactions

0 ]PC — 0—+ 0++ 2++
Q Also uniquely measurable at Belle |l

A Could disentangle two of the four
states seen by LHCb in ¢ J /Y

O need >10 ab~! to confirm the scalar
states found by LHCb

120

100

b
LHCD e | W+ ﬁ

Candidates/(10 MeV)

80

60

40

4100 4200 4300 4400 4500 4600 4700 4800
My [MeV]

[PRL 118, 022003 (2017)]

Mass (MeV)

4500

4000 -

3200

3000
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. . 3 /
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he(1F) Ye1(1P)
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S/ (18)
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o=t 1 l-ll-— ptt 1++
JP(.
JGlu
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Running above Y (4S) — Accelerator Limits

HER Beam Energy (GeV)

7.6 L

74 F

6.8 -

M. Hoek

8.8 [

Beam Transport  Final Focus
(magnet) Quads

8.6 |
8.4 |

8.2 |

7.8 F

Ecm=12 GeV

Ecm=11.24 GeV

T

O Current machine limits:

Beam Transport

(magnet a Present max E.,~ 11.02 GeV, a bit

\ above Y(65)

0O Possible max E.,~ 11.24GeV, at A A,

threshold (J-arc upgrade)

Y(6S)

72 F

13=0.284 .-

\

D
o

Belle I

A Not enough spare cavities to run safely at

Linac Y(6S)
— 0 Major modifications required for running

above Y(6S5)

1 I 1 1 | 1 1 | 1
405 41 415 42 425 4
LER Beam Energy (GeV)

1 | 1
3 435 44

SuperKEKB PF/AR Injector

“(essssess]-{een | Y
New RF gun 5 nC e 1.1 GeV 3239:1
(J Thermionic gun 10 nC ' e+ damping ring
-arc
1.5GeV oy energy
A e LER
Primary electron New Positron Bunch roy Energy
29GeV, 10nCx 2 Capture Section S S knob ompression :;?CG:\;
[ l [ o ~ o0
HER
B PF-AR 7.0 GeV
6.5 GeV 5nC x 2
< C 2 > < 3 5 P g.2nC x1 20 um
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Running at Y(55) <D

Belle I

QO Y(55): 1ab~! “high statistics”

run ; S0
*= D= Z‘r W' ; i ‘ i W
B*B b by ¥ ; : b2
0 Settle nature of Y(55) . _l_ —!— T "'-l'-
a Y(5S) line shapes tr, hm,mp  mmoom T [ ok, o
0 Apparent discrepancies in :
shape in 7Y modes vs. nmth B*B Zy  mVbLE
modes | j-
. . Tm, hym, Mop /! x»m, Tp
Q Precision Z, measurements /
Q Z, above or below open BB Wao /
flavour threshold ‘
O Exotica discovery s, Xom, Tp

I9(J®): 1+(1%) 1-(0%) 1-(1%) 1-(2%)
Voloshin, PRD 84, 031502 (2011)
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Running at Y'(6S) — Accelerator Upgrade needed e

(R

Y(6S): 100 fb~! exploratory run
Comparing Y(55) and Y(65)
decay rates

Di-pion transitions for discovery
of more Z, states?

Molecular model for Z, predicts .

neutral partners (W,), shouldbe  p.z. Z! wy,

reachable via radiative I

tl’anSitionS Tr, hem, myp mem, Xom, Tp

Further hadronic transitions to )

W, states are expected above B'B Zy

11.3 GeV, unreachable at I

present. T, hem, nep |

n transition to Y(2D) B Wy /

. e, Lp
I6(J7): 17(17) 1-(07)
. Hoek QCD 19| Montpellier, France|2nd-5th July 2019
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.;l”r?_
Yo, Tp
Wi o
BT T,r)
1(17) 17(2%)
JGlu
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Running at Y'(3S) — (Antt)Deuteron Production B

Belle I

Q d in cosmic ray have long
since been considered a probe
for supersymmetric relics in the
galactic halo 30

D d prOdUCtIOH deSCrIbed Wlth E E ’ L) . Belle Il extrapolation (80% efficiency, p > 0.4 GeV/c)
coalescence models tuned on ¢ 25 ——e—— BaBar data [PRD 89 (2014) 111102
HEP data = N .
O need of further constraints & 20 n (300fb™@Y(35)
in the production model ;f- - ‘ |
A CLEO and Babar measured i 15:_ .
the d spectrum (no dedicated o F
PID or tracking) 0 10:_ ‘
Q Bellelll: % 5 4,%{
0 dedicated trackingand PID © | e, %
4 [T 1 TS [ N Sl 050 A 1 A TS R il | \*\ M
Q collect ~3 x 10* d 0y 05 1 15 5 o b 3
O World best estimate of p* [GeV]
coalescence parameter
JGlu
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Running at Y'(3S) — Quarkonia and Exotics

O Could collect 10-fold BaBar data set at
Y(3S) resonance

QO Focus on conventional bb physics
Q Y(1°D, ) triplet: discover | = 1,3
Q n,(1S, 25): confirm m(n, (1S, 25))
0 Hadronic (r°,n*n~,n, w) decays
O Radiative transitions

Q Search for H-dibaryon in missing mass
(Y(3S) > HX,H - AA or Apmt™)

Q high statistics study near threshold
0 Rough extrapolation for 300 fb~1 Y(35)

0 ~60 Million events with one A or A

0 ~3 Million events with one AA pair

M. Hoek QCD 19| Montpellier, France|2nd-5t july 201
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S 2
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1(35) Y(3S)—w o

=
=
@)

¥(58)
-
Z,(10650)
! {:5’ Open flavour threshold .
- 1 Z,7 (10610

Ty l3P)
1 "I":EDJ’

—
1usl2P) g, (2P op) h(2F

bl | |
Y10 YD) v(1D /4,10

"> T )
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90% UL B

‘EPhys. Rev. Lett. 110, 222002

-30 -20 10 20 30

-10 o
M-2m, (MeV)

<o




Outlook

I I W

(I

M. Hoek

Upgrade of SuperKEKB finished
Belle |l started to take data
Goal is to integrate 50 X Belle data by 2027

Unique production methods to probe charmonium(-
like) systems

Y (3S) peak: if high luminosity running does not spoil
the beam energy spread, at least 300 fb~! data taking
is planned

Y(5S) peak: at least 1 ab™! is envisaged, to have
impactful new results

Y(6S) peak: a pilot run of 10 fb~1 | then up to 100 fb~1

Scan of the high energy region (10.5 to 11 GeV):
400 fb~1?

QCD 19| Montpellier, France|2nd-5th July 2019
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