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The big picture INFN

Quarkonium physics is complex and extensive

— Decays in annihilation

— Decays in open flavor

— Spectroscopic levels

— Transition rates

— Prompt production modes
— Cross section line-shapes
— Rare and invisible decays

— Leptonic decays
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Open questions: future research lines INFN

1) The qa description of spectroscopy is way too naive
— Flourishing of effective models (molecule, tetraquark, cusp...)
— Light quarks are a dominant effect
— Hadronic transitions pattern is much more complicated

— No real solution in sight...

2) We can make precision conventional spectroscopy
— NNLO NRQCD predictions on widths and splittings are available

3) The bottomonium hadronic annihilations are surprising, unexplored and
sensitive to the gluon fragmentation
— Strangeness enhancement

— Large nuclei production 3
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The Belle |l detector

KL and muon detector
Resistive Plate Counter (barrel outer layers)
Scintillator + WLSF + MPPC
' end-caps , inner 2 barrel layers
R ( ps , y! )

= —

EM Calorimeter
Csl(Tl), waveform sampling electronics

\

Particle Identification
Time-of-Propagation counter (barrel)
Prox. focusing Aerogel RICH (forward)
Vertex Detector -8
2 layers Si Pixels (DEPFET) + L e
4 layers Si double sided strip DSSD

oy

Central Drift Chamber

Smaller cell size, long lever arm

electrons (7 GeV)

positrons (4 GeV)

Belle Il TDR, arXiv:1011.0352

— See Higuchi-san’s talk tomorrow

INFN
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The Belle Il physics program

Current samples in fb™ (millions of events)

D

Experiment  Y(15) Y(25) Y(3S) Y(4S) Y(55) Y(6S) Eﬁfg
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 5x10% (5.4x 10%
:: 50x the Belle’'s BB sample by 2025

2 F
2 o Goal of Belle 11/SuperKEKB ‘ _, Rare B decays, NP
= 4f — CP violation

8 f
%' 30 — T physics
£

1oF 20 daya/month — Charmonium and Charmed baryons
. o Lot [T DR Do D
;1° 8 — Hyperons
8~ O — Fragmentation functions
£ o |
3§ — QED / low mult cross section
] DI N PN I I
o 2?) 20118 2019 20120 20121 20122 20123 20124 2025 s 5
Calendar Year
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The Belle Il bottomonium program INFN

Current samples in fb™ (millions of events)

) T(n
Experiment  Y(15) Y(25) Y(3S) Y(4S) Y(55) Y(6S) T&g
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 5x10% (5.4x 10%
g ellell  Projection (Feb 2017) Head-to-head competition with LHCb on B physics
=
g 10
5
T . — Unrealistic to spend 20% of our luminosity at non-
& Y(4S) energies
6
) — Bottomonium physics do not need 50x samples
LHCb
2 -@- Belle (1) 70% data Y(4S)
-8 Belle (Il all data Y(4S)
0

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
Year 6
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The Belle Il bottomonium program INFN

Current samples in fb™ (millions of events)

Experiment  Y(1S)  Y(29) Y(3S) Y (45) Y(55) Y(65) 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 - ] 300 (1200) 5x10% (5.4x10%) 1000 (300) 100+400(scan)  3.6% 1.6% for
f T bottomonium only
- Narrow states spectroscopy (Y(1D), %, (nP)...) - Bs physics
_ _ o . - Exotica discovery ) . .
- Exotica as virtual contributions to transitions .. Exotica discovery
- Precision Zb mass measurement .

- Precision NRQCD test - Y(5S-6S) lineshape

- Missing hadronic and radiative transitions
- New Physics (DM / light higgs)

- Light meson spectroscopy in transitions
- Missing hadronic and radiative transitions

- Baryon physics (inc. correlations)

- Anti-nuclei production (with DM applications)

- Gluon fragmentation

- Inclusive charmonium production and DD correlations

- LFV and LUV in Y(nS) decays
7

Umberto Tamponi - “Exotic and conventional bottomonium studies at BELLE 11" - DIS 2018



The Belle Il bottomonium program

Current samples in fb™ (millions of events)

D

Experiment  Y(15) Y(25) Y(3S) Y (4S) Y(55) Y(6S) %%ﬁg
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 - - 300 (1200)  5x10* (5.4x10% 1000 (300) 100+400(scan) 3.6%
%' E - — Non-relativistic potential
S 112_ m.s’ —@— Unresolved triplets tl;dr:
3 10.8= 1 "yiss) —— Observed states
] -
6 e Y(5S, 6S) — Exotica and conventional bottomonia
104} e I '/,M(3P) h, (3p) Y(ZED) m
1021 B T o Y(3S) — Annihilations, fragmentation, light hadrons and
W T conventional bottomonia
- VU EE
9.8~ Yo (1P)
9.6 ; Theoretical predictions from
9.4; -T(:S)—- '_(.1_)' Eur. Phys. J. C72 (2012), Issue 4, 1981

o
a
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Selected topics: Spectroscopy

— Search for exotica
— Precision tests of NRQCD
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Exotica: General strategy

D
iNFN

— Take data as high in energy as possible (but on a resonance)

How to maximize the discoveries?

— Explore ntw, M, o, y transitions (exclusive, inclusive, multiple...)

SuperKEKB limit

Missing conventional

Spin singlets gateways

GeV  Threshold

A
11.6 4
11.4
11.2 - —

] &S — —
LL:0 —_ - S—

* * 58 -
108 I B < —
B.B; — —

10.6 § 2 5 43_\ —
10.4 3S 3P - 1G

1 2D —
10.2 1F

i 2P —
10.0 4 28 1D
9.8 - 1P

1 Spectrum (bb) States
g D (bb)

1 1S
9.4 -

Iy 0 1 2 3 4 5
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Exotic states: direct search INFN

If the Z is a loosely bound state, then several other molecules must appear at the thresholds

Re-elaborated from Mod. Phys. Lett. A 32, 1750025 (2017)

11.0/ Isospin triplets o) Isospin singlets
Y(55S)
10.8
S
8 BB~ V48 Wi Wep X} X Xb2
— B*B Z W1 X Xp1
010.6) Gy T Yis) TR
10.4 Y(35S)
102 J'= 1+ 0ot 1+t  2F 1+ ot 1+t 2t

— These new states are accessible via 1, p or Y transitions form Y(nS)
(tables in the backup) 11
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. . D
Exotic states: direct search INFN

If the Z is a loosely bound state, then several other molecules must appear at the thresholds

Re-elaborated from Mod. Phys. Lett. A 32, 1750025 (2017)

11.00 Y(65)-p + X Isospin triplets Hes) Isospin singlets
— Y(6S)»w + X
—— Y(6S)->y + X Y(55)
10.8/
S
S BB z W, Wi
— BB Zp W1
@ 10.6 BB Wio Y(45)
10.4- Y(35)
ST G L S A
10.2 J
Belle Il goals:
— p PHSP suppression: 0.5% — Y(6S): 100 fb™* exploratory run
— g transitions are probably more appealing — Y(5S): 1 ab™ “high statistics” run 12
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Exotic states: iIndirect search Cinrn =
Exotic stats contribute to the hadronic and radiative transitions from narrow quarkonia

— Complementary approach to the direct search from the Y(5S) and Y(6S)  Y.H. Chen et al, PRD93 (2016) 034030
Physics Letters B 760 (2016) 417421

T(nsS) —./\ T(nS) . > /\ T(nS) 4? T(nS) ~
l , & ‘
T(msS) : T(mS) T(mS) ’ T(msS)

AVAVAV A
i Belle Il Goals:
e — Perform full amplitude analysis of Y(3S) — nr Y(1S), Y(2S)
— Branching ratio of hindered radiative transitions
ma
—_— 13
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NRQCD crisis in charmonia INFN

Theoretical progresses are producing more and more precise predictions, but we start
seeing large discrepancies with the data

12

wof  Phys. Rev. Lett. 119, 252001 (2017) .-~
— Quarkonia is a privileged ground to approach the

T 8f
NPQCD problem and test new theories. Jagn .
c F
. e . 5 T ab NNLO
— NNLO predictions on 1 — 7vy: 1700+ diagrams computed 10° = } —— -
. - . ) A 2f PDG Dala
CPU hrs, and still a large discrepancy with the measurement Fes=s=s=ooo___
oF __:=:==:== ————
(and slow convergence?) f N0 TTESEs==oo N0
_ I I T B | P
210 1.5 2.0 25 3.0 3.5 4.0 45

wr (GeV)
— Are we about to witness the crisis of the NRQCD?

Bottomonium is even less relativistic!

14
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Precision NRQCD: the 1 (1S) <

The m, (1S) is very well known theoretically, but the experimental measurements poor or absent

n.(1S) = vy, No measurements N, (1S) total width, Poor measurements
b 1
2 T T T T T 20 N v T T T T T T T T T T T
- Phys. Rev. Lett. 119, 252001 (2017) s
10._ et 1 . PDG Data
[ Lo
=i | - —~
= o8 1 =
X0 =)
& oel =
T ‘ N
L .’ VNNLO 0
E ur NNLO ; <
= 04f . £
m ""— -------- —— L!
o TTTEe— m~mmeme__ VNLO
0.2_ NLO -
0_0- 1 1 1 1 L 1 L I L 1 L I L 1 L 1 L 1 L 1 L | 1 1 L | _10 i i i | i i | f i ] | ; § | v ) ; i i ‘ |
2 4 6 8 10 12 14 2 4 6 8 10 12 14
i (G o (GV)
15
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Precision NRQCD: The Belle |l prospects INFN

Belle 1l m (1S) samples: - F
% B — Non-relativistic potential
50x Belle] iy 11 &
[ | e e —®— Unresolved triplets
0.5 Millions with vy tag from Y(3S) [10x BaBar] 1080 —
n 10.8 ¥(58) —— (Ob
0 B served states
© B
2106 —o— ——
T v 1 M) == ———
10.4f lyy (37) Ba(3P) —
L e y(2'n,) Y(2D)
I D) e
10.2[— ) h, (2P) Y YO
B ¥(1’n,)  ¥(1'p)
10— (' ) —
- Y (28
n (28)
- b E e
= b(1P)
9.8~ Yy (1P)
9.6/ . "
- Theoretical predictions from
L —— Eur. Phys. J. C72 (2012), Issue 4, 1981
9.4  yug —o—
O 1, (18)
- | | | | | |
F°¢ 1 o* o0,1,2°* 17 1,2,3° o
351 1So 3P0,1,2 1P1 3]:)1,2,3 1D2 16
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Precision NRQCD: The Belle |l prospects INFN

Belle 1l projection (approximate)

Br(m, — ) x 10*

n,(1S) — vy
1.2 s e ey e B L S S |
- Phys. Rev. Lett. 119, 252001 (2017)
1.0+ e
i LO
0.8
0.6} ]
7777 —1
04 M
f"‘ __________________ vNLO
02¢ NLO T TT==s
00 [ L 1 1 1 1 1 | 1 |
2 4 6 8 10 12 14

n,(1S) total width

20

-
-*

* PDG Data

'(n, — LH) (MeV)

17
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Selected topics: Two ideas to exploit the
annihilations

— Inclusive production of exotic charmonia

— Deuteron production
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Annihilations overview

Y(nS) — ggg is a small hadronic event

Baryon and strangeness enhancement

D
iNFN

— 10-15 particles, but very high energy density (~10 GeV / fm?)

— Common features with heavy ion / pp collisions

PRD76 012005 (2007)

99g/qg Enhancement

3031106-002

4 T T T T | T T T T T T T T I T T T T

1S Data

3SData |

isMC |

o

- ¢ 4

E o 3smMc |
2 t L _]

| ¢ w i

o

| o 2 . |
1 .

i + i

i ¢ .t ]

| & i4] <g> |
0 L L L L | 1 1 1 L | L L 1 1 E @* é‘n
0.00 0.25 0.50 0.75

Scaled A Momentum

Production of charmonia
Phys. Rev. D 93, 112013

Production of nuclei
Phys.Rev. D89 (2014) no.11, 111102

Process Rate

B(Y(3S) — dX) (2.33+0.157038) x107°

B(T(28) — dX) (264 +£0.11752%)x107°

B(Y(1S) — dX) (2.81 049702 x107°

olete” = dX) [/s~ 10.58GeV] (9.63+ 04171 07)fb
oleTe” = dX)

014 0.137937y%x 1076
o(eTe~ — Hadrons) (3.0 To31) X

Anti-deuteron is 10 times
more abundant in Y(nS) — ggg
than in e'e — qq at the same energy 19
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Idea nr. 1: Charmonia production

We have observed ~20 exotic charmonia in different channels

X (4700)
— —
— Usually each one appears in e e AFAL
X§'4500)
one channel only 0001 y(415)45)
| oo X(4350)
Y (4360
00, Y (4274)
L vty - . Y (4260)  Y(4230) - D5 Dy
— Only the X(3872) has been seen {760 1(4160)(2D) Y (4140) '
.. . . . ) , DyD* |
in inclusive prompt production cozzzzoo o VABS) - - zotaom) Hp0
o , 4000 - ---—- Y(4008) oo X(3915) oo Xc2(2P) DsDs
(G X BF ~ 7%) Of \|j ) % ——------ DO D0
= Z9(3900 == | x@s12) | ]
% »(3770)(1D) (3900) G872 2(3823)(1D) popo |
g 25) ¥(25) :
=t Te
(1P
he(1P) xe1(1P) xe2(1P)
3500
Xco(1P)
J/p(15)
3000 | _"e(1S)
o+ 1—- 1-}‘—— ot+ 1++ 24‘--}— 2—‘— 72?7 20

ke
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Idea nr. 1: Charmonia production INFN

We have observed ~20 exotic charmonia in different channels

— Usually each one appears in 10* :\ Deuteron @ALICE Phys. Rev. D 92, 034028 (2015)
one channel only 103 ;_ .
— Only the X(3872) has been seen = 102?
in inclusive prompt production @; 10
(6x BF ~ 7% of ') CON | b >;(3872) @CMs
| .

-1 “~,
10 = Hypertriton @ALIC

=)

H Q.

— Evidence of non-molecular nature? S = (rescaled from Pb-Pp
e} ~

© H||| I I||H||| |I||II||| I I|H|I||

5 10 15 20 25

GeV
p, ( ) 1
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Idea nr. 1: The Belle experience INFN

Belle searched for exotica in Y(nS) annihilations

— No signal, strongly statistically limited analysis!

Based on Phys. Rev. D 93, 112013 [Belle]

L === Y(18) > w(25) + X
i IS SRS (RS SR TR il MR S s s e T
G : : 5 5 : : 5 5 : ()= 1) =

—— Y (1S) — exotica + X

|II||IIII|IIII|IIII|IIII|]II||I|II

10 :
5 :
: z
. I 1 l 1 | . 1 . l . 1 s 1 1 1 1 1 .
)((33;‘?) B }:{496‘0) “(4,960) 4 i’(dgso) 53 5(436‘0) & ):(4950) o ,:,74’40) = )((4350) & {-(3900) = %(4‘?00) = ‘%(’4430) 5 %(4050} = %quao) = = ‘_ﬂ’r‘d/y’
i R Ty oy WEg Ny e T Pl ey R e, g
— Can we get anything more than just statistics from Belle 11?7
22
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Idea nr. 1: DD* correlations INFN

L. Maiani’s talk at
“Bound states in strongly

* Production at Colliders speaks against Pythia (252 :: yP**>2:: £=100 nb™")

extended objects; 30
* using Pythia to estimate the probability to
find a D-Dbar pair in the relevant phase
space, factors of 10-2 with respect to the g
X(3872) cross section measured by CDF _
(~ 30 nb) are found. 00 02 04 06 08 10
ke (GeV)

coupled systems”

23
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Idea nr. 1: DD* correlations INFN

L. Maiani’s talk at

Pythia (252 :: yP">2:: £=100 nb™}) )
“Bound states in strongly

* Production at Colliders speaks against

extended objects; 3 coupled systems”

* using Pythia to estimate the probability to 2
find a D-Dbar pair in the relevant phase 5
space, factors of 10-2 with respect to the 1
X(3872) cross section measured by CDF
0- . | ‘ | . R
(~ 30 nb) are found. 00 02 04 0.6 08 1.0

ke (GeV)

BaBar measured a reasonably high production of D* from
Y(1S) annihilations B[Y(nS) — D* + X] = 2.5%

Belle Il will have:
— ~10x the data
— Better efficiency at low momenta

We can aim for associated DD* and (maybe) DD* correlations,

and if we actually observe also the X(3872)..
24
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Idea nr. 2: Bottomonium for astrophysics INFN

Donato, Fornengo, Salati, PRD 62, 043003 (2000)
) . . . . . . Aramaki et al. Phys. Rept. 618 (2016) 1-37
d detection in cosmic rays is considered since long a probe ys- Tep (2018)

for low or intermediate mass WIMPs

-y bb channel - mpy =20 GIeV' -
— Anti-deuteron production is described by p-n coalescence
models tuned on the HEP data 107 ¢ 3
_ AMS
dNg _ @) mqg 1 dN; dN, N S
dTy; 6 mamg \/T(% + 2m T dTy dTj ﬁ . -_/0" X _
N L2 \5) W
— Most recent data are from Alice % 107k i \ :
(large final state, MC-driven correction) (o\,nd
1078 3 bac\L <ov> =2e-26 cm3s’! 1
— Strong need to further constrain the d production model ; MAX fluxes
(new AMS-02 data are coming, few He3 could have been observed ) 10° 5 """,
T [GeV/n]

25
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Idea nr. 2: Deuteron production at Belle Il

Dedicated PID software is being developed to minimize systematics

— Neither Belle nor BaBar had specific deuteron ID form the very beginning

Belle Il goals
— BF[Y(3S) — d+ X ] =3 x 107
— Collect ~30000 d, with dedicated tracking and PID

— Get the world best estimate of the coalescence

parameter

— Simultaneous fit of the proton spectrum to reduce the

model systematics

— dd associated production

¢/GeV]

dB[Y(3S) > d+ X]/dp [10

Umberto Tamponi -

D
iNFN

301
Hi [ Belle Il extrapolation (80% efficiency, p > 0.4 GeV/c)
25; + ——e—— BaBardata [PRD 89 (2014) 111102]
o0F + Extrapolation to 300 fb!
- f;¥ of Y(3S)
1 5:_ .'.u : :. 1
= “‘
I jf ..p
1 0 i L) :'l
[ 4" ]
- Se |
5j "5'..]'
[ ...nn.‘
£ o fopm
07 i L 5 sl S *\'.'.M =
0 0.5 1 1.5 2 25 3
p* [GeV]
26
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Wrapping it up INFN

Belle Il offers: Belle 1l could take
— Improved tracking (efficiency and resolution) — O(ab™) at Y(5S)
— Improved hermeticity (smaller boost) — Fine-grained scan around Y(5S) and Y(65)
— 8-10x Belle statistics — O(1 Billion) Y(3S)

— 10 MeV-wide cross section scans

Unfortunately, nothing comes for free
— Bellell is mainly focused on BSM physics in the weak sector
— Most of the data taking will take place at Y(4S) for B physics: max 30% of data off-Y(4S),
including continuum

— Competition with LHCb is pressing

Support and inputs from all the QCD theoretical physics communities are welcome! -7
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Backup
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Precision NRQCD: the n (1S) status INFN

The 1, (1S) is very well known theoretically, but the experimental measurements are poor and inconsistent

— Precision test of NRQCD (Precision soft QCD?)

E1l transition
h (1P, 2P) —  (1S)

9410

9405 1

0
N
BN
L

2
N
BN

9400

9395+

93901

N, (1S) mass [GeV]

93851 M1 transitions
Y(2S, 3S) — m,(15)

9380
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Accelerator requirements for bottomonium

— Present max ECm

— Need to run safely at this energy

— Would greatly profit from a linac upgrade to reach 11.24

GeV (see next slide)

New RF gur
Thermionic
J-arc
1.5 GeV

Primary electron New Positron

D
o

Belle IT

INFN

Beam Transport Final Focus
_ 88 (magnet) Qupds
. >
~ 11.02 GeV, a bit above Y(6S) S a6 Bcae12 GeV N
g; (magnet)
o 84
& J-Arc upgrade
g 821 .11.24 GeV Current Max Ecm
@ 8 \ ~11.02 GeV
% Ecm=11.24 GaV

7.8

1.6 GeV J-Arc

i Y(6S)

YB=0284 .-

7.6

Linac
Energy

\.

" 1 al 1 i L ol L i 1 "
415 42 425 43 435 44
LER Beam Energy (GeV)

7.4

7.2

Y(4S)

1

6.8 4

P T
405 41

SuperKEKB PF/AR Injector

PF
. 2.5 GeV
n5nC . 1.1 GeV 0.2nC x 1
gun 10 nC ® . damping ring ‘

X !

Bunch " Energy
Compression | Compression

29 GeV, 10nC x 2 Capture Section
gssssssss) ===k | SS55 =SS | sssss==1 issssssss
<4 > < 30

C-2

3-5

Umberto Tamponi - “Exotic and conventional bottomonium studies at BELLE 11" - DIS 2018



. . D
Idea nr. 2: Bottomonium for astrophysics INFN

Donato, Fornengo, Salati, PRD 62, 043003 (2000)

d detection in cosmic rays is considered since long a probe Aramari ot al. Phys. Rept. 618 (2016) 1-37

for low or intermediate mass WIMPs

— it's kinematically easier to produce a d from %Y annihilation than from SM processes

« T, p, K, e...
~a e d

Propagation
hadronization _. coalescence
/ p

Y
— E and n production rates — Galactic density profile
rel. uncertainty ~ 10 rel. uncertainty ~ 20
— d production model — Transport models
rel. uncertainty ~ ~ 50 - 200 rel. uncertainty ~ 500

31



Idea nr. 1: Y(nS) for exotic charmonia

A tentative comparison between Belle and CMS.

D 2AE—-- e ] e eariaeeeeteeaaeean
o — SO olpp - X(3872) + X | x BIX(3872) — mimliy] :
3225 NANNNNNS olp > y(@8) + X] B[ Y(@5) 5 Tr ] ,E:?Tev,1OGeV/c<pT<SOGeV/c-----.. . ...............................
8 1.8 z_ . BF[Y(1S) — exotica +X] x B[exotica %,ﬂ 90% LIL. N ' ........................ ' ...........
NyeE—---- BFIY(1S) —» w(25) + XIx B[ w(@2S) » n'wdiyT =~ i e ... .
ﬁ . — ) ) ) L ] :
g 14 E_ ............................................ : ................................................................... L 2 : ...........
8 12F—------- . N A e..... AEEEPREPRES S e reaanann R e PRP viernnn Oy .- REEEPREPRRE
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Belle Il prospects with 300 fb:
— 3-5 x sensitivity in inclusive production from Y(3S)
B[Y(nS) — X(3872)+had] / B[Y(nS) — y'+had] > 7% 32

— 10-15 x sensitivity in double charmonium



Idea nr. 1: Y(nS) for exotic charmonia Cinen =

BaBar measured a reasonably high production of D*
from Y(1S) annihilations

B[Y(nS) — D* + X] = 2.5%

Belle Il will have:
— ~10x the data

— Better efficiency at low momenta

B‘ : | T T T I T T T I T T T I T T I_+_| :
z - Phys.Rev. D81 (2010) 011102 P .
-a __ +++ __
E 0.2 e i
84 B . i
0.151 . .
i . ]
0.1 —+—_+_ ]
005 + -
0 . L A R PRI R | i

0 0.2 0.4 0.6 0.8 1

FIG. 3: Reconstruction efficiency for the decay chain
T(2S) = 7t7 T(1S), T(1S) — D**X as a function of the
scaled D*= momentum x,,.
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Exotica in direct production INFN e

e'e - hb(1 P)

o®(h,(1P)x'T) (pb)

e'e - hb(1 P)

o®(h,(2P)x'n) (pb)

IR [N S SR SR NN NN TR T S S | RS R T SO SR SR N S
10.8  10.85 109 1095 11
E,., (GeV)

Belle Il scan goal:
— Investigate the presence of a broad resonance at 10.750 GeV
— 10 MeV wide steps, 10 fb™ each (10x Belle scan)
— Y(5S) and Y(65) line-shapes in R, R,__and R _
— Rb decomposition (BB, BB*, B¥B*, BB*n, B*B*n, BsBs ...)
~7s | Overall goal: settle the nature of the Y(5S) 34

"o
R P e T Ll
10.9 10.95
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L. D
Precision measurements: the Zb masses INFN

The measurement of the Zb masses is foundamental to determine their nature:

are they above or below the B*)B* thresholds?
— Equivalent to the X(3872) mass problem: above or below the open threshold?

Phys. Rev. D 93, 074031 (2016)

50F F 3F F
; (a) 50F (b) - (c) - (d)
40 1 r r r
%) b %) 401 %) 2_— %) 4
€ | ERN. e g
> | > 30¢ > [ > |
£ 20} g . S qf g,
g R I 57
< [ < [ < <
| e -
B 10: 0_|||J|»H-{‘||+|I-} ................. + I
ofp e TR} Jr| b ﬂﬂ | T ﬁ J[ o + e
10.6 10.65 10.7 104 105 106 107 10.6 10.65 10.7
M(BB"), GeV/c? M(B'B’), GeV/c? M(h,(1P)r), GeVi/c? M(h,(2P)r), GeV/c?
Current best estimate of the Zb location
Belle Il Goals:

with respect to the thresholds:

— Determine if the Zb are located above or below the
eg(Zy) = (0.601 575 £ i0.021007) MeV,

7. 0.97+142 1 0 84+022y MeV open flavour threshold using 1 ab™ of Y(5S)
en(Zy') = (0972055 + 10.84255) MeV. — Stat. Uncertainty from 1. to 0.3 MeV

Umberto-Tamponi=-*“Exotic-and-conventional~bottomonium-studies-at"-BELLEI" - DIS 2018
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Conventional states: direct search

D

— Y(5S)-Y(6S) are portals to the missing narrow states
— Y(5S) — m Y(1D) is the largest Y(5S), single-meson transition

— The conventional spectrum gets contributions from the couple channel effect (again, light quarks...)

GeV
11.6 -

11.4
11.2

11.0

10.8

10.6 -F

10.4 —
10.2 —
10.0 —
9.8 —
9.6 —

9.4

F

Threshold

Spectrum (bb) States

Mod. Phys. Lett. A 32, 1750025 (2017)

Name L S Jre Emitted hadrons [Threshold, GeV /c?]
wBS) 0 0 0 [11 12], ¢ [11.36]

h(BP) 1 0 1+ = [10.82] ] [11.09], 7/ [LL.50]
me(IDY 2 0 2°F [10 93],[¢ [11.17]

m2(2D) 2 0 92—+ [11 23], ¢ [11.47]

Y,2D) 2 1 (1,2,3)- = [10.73],  [11.00],}y’ [11.41]
Ths(1F) 30 3+t = [10.63],  [10.90], ly’ [11.31]

o (IF) 3 1 (2,3,4) [11 14], ¢ [11.3]

mwa(1G) 4 0 4=+ [11 31], ¢ [11.55]

T,0G6) 4 1 (3,45 = 10.81],ln [11.08], ' [11.49]

Belle 1l goals:
— Search for new, predicted, resonances
— Use both single transitions and double cascades
— Fill the remaining spectrum to measure the effects of

the coupled channels contributions 36
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Super-KEKB

Super-KEKB aims for 8 x 10** cm? s™

-2 -1

Peak luminosity (cm™s
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1036 [

SuperKEKB

KERS

[

Year
SuperKEKB will try to make the smallest fy* in the world !
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= 402 CESR A i
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L . i
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107 =
L]
SuperKEKB
PO PSS RURIDN] SO IR 0 SN I [Se) D~ Il
1970 1980 1990 2000 2010 2020 2030 2040

Year

D
o

. . Belle I
P. Raimondi °°

KEKB head-on (crab crossing) Nano-Beam Scheme SuperKEKB

O, 56 mm o, 10-12 um

o, 100-150 um

O. 6-7 mm

(bpwinskT ~ 20

Half crossing angle: ¢

interaction region = bunch length interaction region << bunch length

37
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Super-KEKB B

Super-KEKB aims for 8 x 10** cm? s™ Belle I

0 Competition with LHCb is quite pressing!
60 >,
GM,o.f-Be”e II/S“NKEKB = elle ll  Projection (Feb 2017)
50 / g
g 10
'§ 40 2
Q 8
30 S
20 6
10 1 ,
1 ab~ " (Belle data size 4
x103% g LHCb
2" e Bele (Il) 70% data Y(48)
§ 6 -8 Belle (II) all data Y(4S)
e
5'7 4 0 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
85 2 Year
PEPEPEPE B -2l B B B B B
¢ 2017 2018 2019 2020 2021 2022 2023 2024 2025 A reasonable non-Y(4S) request:
-1
Calendar Year 1ab @ Y(5S)

100 fb' @ Y(6S)
300 fb" @ Y(3S) (1.2 Billions)

400 fb' scan (?)
38
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Rare decays as BSM pProbes  coseyandtogan prys. rev. 0, 055014 2016) B

%,(2P) — 1t is sensitive to the presence of a CP-even light Higgs (as B — 11, B — 1v...) el

BRZ (xy0(2P) — 77) = (1.9 4 0.5) x 1012 Maew — M2,

Will only need (My,,./Mp,,.,) tan 8 ~ 30 for ©O(100) signal events in T(35) = yxw(2P) — y717

2 2312
BRY (xpo(1P) — 77) = 3.1 x 10713 } § ll N Mg tan 5]

Results: T(35)
| DELPHI ete~ — bbg(— bb)

25 . . 25 T : —
Y(3S) = v3,0(2P) — vt Y(28) = vxpo(1P) = yt'e
20 | +~ CMs 20
v pp— P =TT
748 TeV
5 gy L 15 F
« g/ T @
c c
I Y 2 A R 7 2
o+ S/ T - 10 F -
5} allowed by direct searches 5 allowed by direct searches
0 I e e e i e « ATLAS 0 e renom oo
— ¢ = vy
0 50 100 150 200 250 5oy 0 50 100 150 200 250
My ey, (GEV) Mpew (GeV)

Bellell prospects:
— Collect 300fb™" at Y(3S) only, and run both fully inclusive and fully exclusive analysis
— Challenging background from QED ee — ytt 39
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. . D
Exotic states: direct search INFN

— If the Z is a loosely bound state, then several other molecules must appear

— Exploratory run, no predictions on the production rates Mod. Phys. Lett. A 32, 1750025 (2017)

I¢(JP) Name Composition Co-produced particles [Threshold, GeV/c?] Decay channels
1T(1H) Z i 7 [10.75] Y (nS)m, hy(nP)m, np(nS)p
1+(1h) Zy B*B* 7 [10.79] Y (nS)m, hy(nP)m, np(nS)p
1-(0%) [Weo BB p [11.34]] 7 [10.56] Y (nS)p, np(nS)m
17(0%) | W, B*B* p [11.43]] v [10.65] T (nS)p, np(nS)m
1-(1%) | Wy BB* p [11.38] v [10.61] T(nS)p
, 1-(2%) | Wae IRtk p [11.43]} v [10.65] Y (nS)p
B*B* Zi (1) X BB 7 [LL.15] T(nS)7, (08w
1 (e EE=EY B*B* n [11.20] Y (nS)n, mp(nS)w
; ! ot(ot X BB w [11.34 10.56 T (nS)w, np(nS)n
Imhmme wmunTe : x, Tp 0+Eo+; X! B*B* w {11.43} {10 65} Tgnsiw, m,Ensg
; / otat) | Xe BB* w [11.39]| v [10.61] T (nS)w
B*B Zy _lvlb_l i 0+ (2%) | Xepo B*B* w [11.43]| v [10.65] T (nS)w

Tﬂ': hbﬂ" TP ‘.' X»T, Tp

' Belle Il goals:
BB Wio / — Y(6S): 100 fb* exploratory run
— Y(5S): 1 ab™? “high statistics” run

— full-fledge search in all the possible channels:

mm, Xem, Tp

I%(J%): 1*+(1%) 1-(0%) 1-(1%) 1-(2)
— hadronic (mostly from 6S)

— radiative (very low BF, mostly from 5S) 0
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Y(1S) — invisible

Y(1S) — invisible is well calculable in the SM

BR(Y(1S)3v¥) _27G My 4, 7 |
BR(Y(1S)%e'e)  6ard’ (~1+sin*6, ) =4.14x10

BR(Y(1S)»v¥v)~9.9x10°

Non-SM contributions from Y(1S) - xx

Belle Il prospects

— 10x dataset w/ respect to BaBar
— Sensitivity ~1 x 10 on the BF

Belle: Phys.Rev.Lett. 98 (2007) 132001

D
iNFN

4% in BaBar

Source (%)
Track selection 5.6
70 veto 2.4
Fisher discriminant 6.1
Other selection requirements 1.1
T(3S) —» ntn T(1S) 7.6
Trigger efficiency 8.7
Fit bias 0.2
Statistics of control sample 1.4
B(Y — ptu™) 2.0
Total 14.7

— Reduce the systematic with precision measurement of the pp and gg transitions

— Trigger is crucial: capability to trigger on 2p + missing energy depends on the BG levels and luminosity
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Y(1S) — invisible INF

Y(1S) — invisible is well calculable in the SM Belle: Phvs. Rev. Lett. 98 (2007) 152001
700 é 31 g
) 4 ) _ 600 e ','“‘ 3
BR(Y(1S)»vv) 27G'M ) T E
( ( ) \:V) — : Y(zls)(_l_l_isinzew) —4.14%10 4 3 500 : ey ]
BR(Y(1S)%e’e) 64ma 3 g 400 | )
BR(Y(1S)3vv)~9.9x10"° S a0 :
S 200 | ]
W 100 £ Peaking:background ;
09.4 I I9.:|-2‘ I9.Ll4‘ ‘9.4I|-6I I ‘9.;8‘ — 9.15 I 9?52
Non-SM contributions from Y(1S) — xx <ol (GeV/c?)

BaBar, Phys. Rev. Lett. 103, 251801 (2009)

k?
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The n_ width conundrum (INFN

Phys. Rev. Lett. 119, 252001 (2017)
40 ‘ < :

['(n. — LH) (MeV)

e i - ~ What do | understand from this?
~ S~ PDG Data
30—'.\_\— — NNLO is still not enough
20“ — “*f — Is NRQCD converging fast enough?
____________ ~  — The problem is not in the experimental
1op resolution
ol
i vNNLO
S ————-NlD =—=--- wo A funny coincidence: what happens if we
-10 S/ 00 =seeee- O meseee- vLO
. ... - take the measurements done with M1
1.0 4.0 4.5
naive fit?
11.5 +4.5 GAISER 1986  CBAL J/h— v X, 9(28) — v X
11.0 8.1 £4.1 12 BA| 2000F BES J/Y — yn. and ¥(2S) — yn,
17.0 +£3.7 £7.4 10 BAI 2003 BES J/p — .
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