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Physics with $rst data taking



First physics run

First physics run ~ 300/fb

→ Some data at Y(4S) are mandatory

→ ~ 200/fb can be taken 

      at different energies

→ Vertexing may not be optimal

Missing states
   Y(13D1,3), Y(2DJ), hb(3S)...

Interesting states
   hb(1S,2S), hb(1P,2P), Y(13D2)

          Options
 � Y(5,6S) scan 
 � Y(3S) data
 � Y(1,2D) scan
 � Exploratory run at Y(6S)

W
ORK IN PROGRESS

https://belle2.cc.kek.jp/~twiki/bin/viewauth/Physics/FirstPhysicsTaskForce
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50/ab Y(4S) data sample potential
 � ~10 Millions h

b
(1P) tagged with  h-> gg 

 � ~3.5 Millions h
b
(1S) tagged with  h-> gg 

 � high precision  1S hiperfine splitting
 � precise determination of h

b
(1S) width

 � h
b
(1P) and h

b
(1S) decays and transitions



Y(3S) opportunities
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Non-relativistic potential

Unresolved triplets
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Theoretical predictions from

Eur. Phys. J. C72 (2012), Issue 4, 1981

Why 3S
 � Access to the Y(1D) states

 � Access to c
b
(2P)

 � Hindered transitions
     to both h

b
(1S) and h

b
(2S)

 � pp tagging for Y(1,2S)
      � Y(1S)  invisible�

 � single meson transitions 
     to h

b
(1P)
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h
b
(1,2S) from Y(3S)
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h
b
(1,2S) from Y(3S)

y(2S) / J/y � g h
c
(1S) uncorrected

gg fusion

 h
c
(1P) � g h

c
(1S)

y(2S) / J/y � g h
c
(1S) 

corrected

B decays
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)

E1 
= -12 ± 3 MeV

 M(h
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)

M1 
– M(h

c
)

E1  
= -7.7 ± 1.4 MeV

 M(h
c
)line shape factor:

Same factor for the h
b
(1S)?

Eγ
3
exp(Eγ

−2/(8β2))

b = 65 ± 2.5 MeV 

PRL 102 (2009) 011801, 
Erratum-ibid. 106 (2011) 159903
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Challenging pattern for all the Y(3S) 
hadronic transitions

Phys.Rev.D 84 091101(R)

Y(3S): hadronic transitions

B [Y (2 S)→ηY (1S)]
B [Y (2S)→π πY (1 S)]

=(1.64±0.25)×10
−3

B [Y (3 S)→ηY (1S)]
B [Y (3 S)→ππY (1 S)]

<2.2×10
−3

OK

3 s below theory

B [Y (3 S)→π0
h

b
(1P)]

B [Y (3S)→ηY (1 S)]
>10

Isospin violating

Isospin preserving

Heavy quark spin symmetry breaking  effects
already at Y(3S)?
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Y(3S): study of Y(1D) triplet
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Y(13D2)

Discovered by CLEO: Y(3S) Æ gcbJ(2P) Æ gY(1D) Æ gcbJ(1P) Æ gY(1S)

Seen by BaBar: Y(3S) Æ gcbJ(2P) Æ gY(1D) Æ p+p- Y(1S)

Preliminary results from Belle: Y(5S) Æ p+p- Y(1D), Y(5S) Æ h Y(1D)

J=1 and J=3 states have yet to be seen/resolved

Hadronic transtion patter is not yet clear

PRD 70, 032001 (2004) PRD 82, 111102 (2010)

ICHEP 2014

EPS-HEP 2013

From Brian Fulsom's talk at
B2TIP



Y(3S): study of Y(1D) triplet
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Y(1D) direct scan
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Y(1D) direct scan
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Y(6S) exploratory run
From Roman Mizuk's 
talk at first B2TIP
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Y(6S) exploratory run
From Roman Mizuk's 
talk at first B2TIP
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Y(6S) early scan
From Roman Mizuk's 
talk at first B2TIP
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Invisible #nal states

Not really dependent on beam energy
Not limited to early physics period

Exploit the low luminosity early physics period to implement single particle and 
missing energy triggers
    � 3 tracks trigger for Y(1S)  invisible in Y(3S) dataset�
    � Single photon trigger fro dark photon searches

Gianluca Inguglia, Igal Jaegle, Christopher Hearty

From Gianluca's talk
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MC generators for early physics

MC generators validation groups
   � validation
   � tuning

Early physics needs this
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Y(nS) MC generators
New 

Analysis ?
 

Theoretical 
work 

needed?

 EvtGen 
methods to 
be written?

Timescale Priority Contact 
person

Fix 
DECAY.DE

C

No No No Short HIGH U. Tamponi

PYTHIA 
tuning

Yes No No Long HIGH U. Tamponi

pp 

transitions  
Y(5S)

No No Yes Medium HIGH R. Mizuk

Soft ISR  
suggeste

d

No Maybe Short - 
Medium

MEDIUM ?

pp 

transitions  
Y(4S)

Yes No (?) No (?) Medium - 
Long

LOW (?) ?

pp 

transitions  
among 
Y(nS)

suggeste
d

No Maybe Medium LOW ?

Y(nS) → g 

hb

Yes Yes Yes Long LOW ?
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~Done

Ongoing



Summary

First physics program should be
 � Complementary to Y(4S) and Y(5S)  
 � Not demanding in terms of vertexing 
 � Fruitful even with  L ~ 300/fb

Y(3S) run
 � conventional bottomonium measurements
 � invisible Y(1S) decays 
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Y(6S) exploratory run
 � maybe very interesting
 � should we do it with limited vertexing and/or limited PID (?)
 � Should we push KEKB at its highest energy from the beginning?

Y(3S) run

 � compatible with Y(1,2D) scan 



Backup              
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Hadronic transitions: Y(4,5S)

Γ[Y (nS)→ηY (mS)]
Γ[Y (nS)→ππY (mS)]

≪1

Γ[Y (nS)→ππh
b
(mP)]

Γ[Y (nS)→ππY (mS)]
≪1

Spin-flip prediction

Γ[Y (5 S)→ππ h
b
(2P)]

Γ[Y (5 S)→ππY (2 S)]
=0.77±0.08−0.17

+0.22

Γ[Y (5 S)→ππ h
b
(1P)]

Γ[Y (5 S)→ππY (2 S)]
=0.46±0.08−0.12

+0.07

Experiment 

No suppression

b quark 
spin flip

no b quark 
spin flip

PRL108,
122001

p

p

p

Γ[Y (5 S)→ηY (1 S)]
Γ[Y (5 S)→ππY (1S)]

=0.16

Γ[Y (5 S)→ηY (2S)]
Γ[Y (5 S)→ππY (2 S)]

=0.48

Belle 
preliminary

No suppression
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Γ[Y (4 S)→ηY (1S)]
Γ[Y (4 S)→ππY (1 S)]

=2.41±0.40±0.20

PRD 78, 112002

Spin flipping-enhanced 
transition



BF[Y(5S)   � h Y(2S)] =  (2.1  ±  0.7  ±  0.3) x 10-3 
BF[Y(5S)   � h Y(1D)] =  (2.8  ±  0.7  ±  0.4) x 10-3

BF[Y(5S)   � h hb(1P)] =  < 3.3 x  10-3    (90% CL)
BF[Y(5S)   � h hb(2P)] =  < 3.7 x  10-3    (90% CL)

Combinatorial background subtracted

hb(1P)

Y(2S)
Y(1D)

hb(2P)

Belle
Preliminary

Γ[Y (5 S)→ηh
b
(1P)]

Γ[Y (5 S)→ππ h
b
(1P)]

<0.94

Γ[Y (5 S)→ηh
b
(2P)]

Γ[Y (5 S)→ππ h
b
(2P)]

<0.62

Y(5S) → h bb



First single meson, 3S   � 1P 
transition  observed with > 5 s

Combinatorial
background 
subtracted BF[Y(4S)�h hb(1P)] = (1.83 ± 0.16 ± 0.17)x10-3 

Belle
Preliminary

Y(4S) → h bb

G
hY(1S)

 =  4 KeV 
G

ppY(1S)
 = 1.7 KeV

G
hhb(1P)

 = 37 KeV  

One order of magnitude
larger than any other Y(4S)
transition



pNRQCD: 41± 14 MeV/c2

    
Lattice: 60 ± 8 MeV/c2

Kniehl et al., PRL92,242001(2004)

Meinel, PRD82,114502(2010)

DMHF(1P) = +0.8 ± 1.1 MeV/c2

DMHF(2P) = +0.5 ± 1.2 MeV/c2

1S Hyperfine 
splitting

1P Hyperfine 
splitting

Hyperfine splitting = M(triplet) – M(singlet) Spin interaction term:

P wave  Odd � y(r)   � |y(0)| 2 = 0  

S wave  Even � y(r)   � |y(0)| 2 ≠0  

PDG ’12 : 69.3 ±  2.8 MeV/c2

Probing the spin structure
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Exotics in Y(5S) decays
Bottomonium equivalent of X(3872)

CMS: inclusive search for
Xb    pp → Y(1S) in pp collisions

Belle: exclusive Y(5S) decay
Y(5S)  g → Xb   g w → Y(1S)

BB threshold region
Xb

Guo et al 2014 
(arXiv:1402.6236)

X(3872) is closer to D0D0* than to D+D-*

0.11 MeV

8.18 MeV

D0D0*

D+D-*

X(3872) 
0.32 MeV

B0B0*

B+B-*

sizable isospin violation X(3872)  pp→  J/y

Xb  w→  Y(1S)

Xb  pp → Y(1S)

Isospin preserving

g

w

PLB 727 (2013) 57

arXiv:1408.0504

Isospin violating

Xb 
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Exotics in Y(5S) decays

Y(5S)  � g Xb  � g w Y(1S)

Xb

Y(5S)  � g   p+p-p0      µ+µ-

Y(1S)

(e+e-)

5C kinematic fit

w

g

No Xb

c
b
(1P)

reflection
No c

b
(3P)

arXiv:1408.0504
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Y(5S) → w c
b
(1P)  

w

g

w

c
b
(1P)

B[Y(5S)   � w c
b0

(1P)] < 3.9 x 10-3

B[Y(5S)   � w c
b1

(1P)] = 1.57 ±–0.22 ± 0.21 x 10-3

B[Y(5S)   � w c
b2

(1P)] = 0.60 ±–0.23 ± 0.15 x 10-3

B[Y(5S)  �gXb   � gw Y(1S)] < 2.6 – 3.8 x 10-5 

arXiv:1408.0504
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DMHF(1S) [MeV]

LQCDpNRQCD

DMmiss (p+p-g)(n)

ISRhb(1S)

cb(1P)

PRL101, 071801 (2008)

ISRhb(1S)

PRL103, 161801 (2009)

PRD81, 031104 (2010)

hb(1P) decay

from Y(5S)

hb(2P) decay

from Y(5S)

hb(1P) decay

from Y(4S)

30 40 50 60 70 80

.
.
.

.
.

80

.BaBar '08 Y(2S)  � g hb(1S)

BaBar '09 Y(3S)  � g hb(1S)

Cleo '10 Y(2S)  � g hb(1S)

Belle Y(5S) � ppg hb(1S)

Belle Y(4S) � hg hb(1S)

Preliminary

PRL109 (2012) 232002



Belle has discovered two charged 
bottomonium-like resonances:

The states are observed in 5 final 
states, all with consistent masses, 
close to the BB* and B*B* threshold.

Analysis of angular distributions 
suggests JP=1+ for these states.

ArXiV:hep-ex/1110.2251, to PRL

PRL108,032001

simultaneous discovery 
of h

b
(1,2P)

Z
b

p

p

p

p

Y(nS)  � µ+µ-  
- Clean final state
- Pure Y(nS) sample
- p+p- recoil tag

3 other observation
of Z

b
's !

Z
b 
in Y(nS) #nal states

PRL108,122001

M
2 (Y

( 1
S

) p
)



Y(2S) p+p-
Y(1D) p+p-

Y(2S) →p+p-Y(1S)  

h →gg

An evidence of Y(1D) 
was seen in inclusive 
MM(p+p-) spectra

B[Y(5S) Y(1D)� p+p-] B[Y(1D)�cb(1P)g →Y(1S)gg] = (2.0±0.4±0.3) 10-4 

Significance 9 s

PRL108,032001

simultaneous discovery 
of h

b
(1,2P)

pp

g

g
µ+µ- p+p- gg 

final state

Significance 2.9s

Y(5S)→Y(1D)p+p-

Preliminary



Missing hadronic transitions
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Non-relativistic potential

Unresolved triplets

Observed states

Y(1S)

Y(2S)

Y(3S)

Y(4S)

Y(5S)

Y(6S)
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�
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b
�
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⇥
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Theoretical predictions from

Eur. Phys. J. C72 (2012), Issue 4, 1981

What we have measured:
Y(5S)  � h/pp Y(1S) 
Y(5S)  � h/pp Y(2S)   
Y(5S) � pp Y(3S)   
Y(5S) � pp hb(1P)   
Y(5S) � pp hb(2P)
Y(5S)  � h/pp Y(31D)
Y(5S)  � w c

b
(1P)

Y(4S)  � h/pp Y(1S) 
Y(4S)  � pp Y(2S) 
Y(4S)  � h hb(1P)

c
b
(2P)  � pp c

b
(1P)

c
b
(2P)  � w Y(1S)

Y(2S)  � h/pp Y(1S) 
Y(3S)  � pp Y(1S) 
Y(3S)  � pp Y(2S) 
Y(1D)  � pp Y(1S) 
 
 
  

Only  Triplet  Triplet/Singlet�
7



h
b
(2S) claim  

Belle:  DM
HF

(2S) = 23.4        MeV
Dobbs et al.:  DM

HF
(2S) = 48.7  MeV

arXiv:1204.4205

 +4.0
 - 4.5

Dobbs et. Al analyzed the data from 
CLEO-III searching for
Y(2S)-> g (bb) 
with exlcusive reconstruction of
(bb)   X   in � 26 different hadronic modes

BF[Y(2S)  � ghb(2S)] x BF[ghb(2S)   hadrons]�  = (46.2           ±10.6) x 10-6 +29.2
 - 14.2

Y(2S)
hb(2S)

Hadrons

Hadrons
cb(1P)



Identical reconstruction modes

25 fb-1 at Y(2S) energy 
(158 M Y(2S) decays, 16x CLEO)

87 fb-1 below Y(4S) energy 
for the study of the contiuum 
background study

BF[Y(2S)  � ghb(2S)] x BF[ghb(2S)   had]  < 4.9 x 10� -6

hb(2S) claim by 
Dobbs et Al. is 
disconfirmed by Belle.

~ one order of magnitude
below the claim by 
Dobbs et at

arXiv:1306.6212

Y(2S)
hb(2S)

Hadrons

Hadrons
cb(1P)

Exclusive h
b
(2S) at Belle 
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