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Eichten: 18
narrow states 
still missing !!!
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First question: where to runFirst question: where to run

Oggi parlero' di: 
- grandezza e limiti della Y(6S) in phase II
- altre ragioni per fare Y(3S) in phase III 
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First question: where to runFirst question: where to run

Y(6S)                 Yb?             Y(2D)            Y(1D)

Prospects of a pilot run at Y(6S) in phase II
More physics with 1 Billion Y(3S) in phase III 
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Boundary conditionsBoundary conditions
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BELLE-I scans BELLE-I scans 

   - 61 points, 50/pb, 10.75-11.05 GeV         
    - 16 points, 1/fb,   10.63-11.02 GeV

Not just Rb analysis: also Yππ
Exclude Ali's peak at 10.91
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We may think to take 10 fb-1 at
10.75 (where Rb collapses and R

Y
 

starts rising); not a scan, just stay
there   

BELLE-II phase-2 BELLE-II phase-2 
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We may think to take 10 fb-1 at
10.75 (where Rb collapses and R

Y
 

starts rising) ... and 10 fb-1 at 10.65
(where Rb shows a dip, just above
the B*B* threshold) 
   

BELLE-II phase-2  BELLE-II phase-2  

Study these channels: BB,B*B,B*B*,Yππ,Yη at 10.65,10.75
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Y(6S) results in Belle-I Y(6S) results in Belle-I 
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Y(6S) results in Belle-I Y(6S) results in Belle-I 
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Y(6S) prospects in Belle-II phase II Y(6S) prospects in Belle-II phase II 

?? probably meant 11.4-11.5

(Voloshin at B2TIP-2016)

Voloshin has explored
consequences of the molecular
model to the spectrum of the Zb
states: neutral partners (Wb)
with J=0,1,2 are expected on
the same energy range, and
should be reachable from Y(5S)
via radiative transitions.
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For Z
bs

 , we need at

least 11.2 GeV, i.e.
E>M(B*Bs)+M(K) 

- Y(6S) not enough

- Zbs cannot go to
h

b
(2P), M=10.25

Threshold for Z
bs

+K

ZZ
bsbs

 searches in Belle-II   searches in Belle-II  
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Y(6S) prospects in Belle-II phase II Y(6S) prospects in Belle-II phase II (Voloshin at B2TIP-2016)
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Y(6S) prospects in Belle-II phase II Y(6S) prospects in Belle-II phase II 
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Y(6S) prospects in Belle-II phase II Y(6S) prospects in Belle-II phase II 
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BF[Y(5S) → η Y(2S)]=(2.1  ±  0.7  ±   0.3) x 10-3 
BF[Y(5S) →  η  Y(1D)]=(2.8  ± 0.7  ±   0.4) x 10-3

BF[Y(5S) →  η  h
b
(1P)] < 3.3 x  10-3    (90% CL)

BF[Y(5S) →  η  h
b
(2P)] < 3.7 x  10-3    (90% CL)

Assuming σ(e+e- → Y(5S)) = (0.340 ± 0.016) nb  

hb(1P)
2.4 s

Y(2S)
3.3 s

Y(1D)
5.3 s hb(2P)

<1 sY(1S)
1.8 s

Preliminary

37

η transitions from Y(5S)Y(5,6S)  eta meson transitions

Questions: large eta
transitions also from
Y(6S)? Is hb(3P) reachable
 with eta transitions?
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Y(6S) luminosity [fb-1]
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Belle 90% CL upper limit at 5S     

Belle 90% CL upper limit at 5S

BelleII projection for 5σ signal

BelleII projection for 5σ signal

Y(6S)  eta meson transitions

250                500               750               1000                 1250     

250                500               750               1000                 1250     
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SuperKEK LimitsSuperKEK Limits
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BSM at Y(3S): BSM at Y(3S): χχ
b0b0

(1,2P) coupling to Light Higgs(1,2P) coupling to Light Higgs
Godfrey-Logan @ B2TIP-2016
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BSM at Y(3S): BSM at Y(3S): χχ
b0b0

(1,2P) coupling to Light Higgs(1,2P) coupling to Light Higgs
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BSM at Y(3S): BSM at Y(3S): χχ
b0b0

(1,2P) coupling to Light Higgs(1,2P) coupling to Light Higgs
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Phase II  TrackingPhase II  Tracking
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Babar: two analyses:
-   Aubert et al., PRD78, 112002 (2008) 
Using data from Y(4S): ISR exclusive decays
-   Lees et al, PRD84, 011104  (2011)
Inclusive dipion transitions from 108 M Y(3S) 
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Theoretical predictions from

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

Better resolution and better efficiency 

BaBar σ BaBar ε BelleII  σ BelleII  ε

Y(3S) → Y(2S) ~4 MeV 16.7 %  2.5 MeV 45%

Y(3S) → Y(1S) < 4 MeV 41.8%  1.8 MeV 63%

Y(3S) → Y(2S) MC Y(3S) → Y(1S) MC

Dipion transitions: BELLE-II vs BabarDipion transitions: BELLE-II vs Babar Tamponi @ B2TIP2016
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BaBar upper limit

B
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S
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p
 h

b(1
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)]

Y(3S) luminosity [fb-1]

ϒ(2S) →π+π- ϒ(1S)

χ
b1,2

(2P)→ π+π- χ
b1,2

(1P)

BelleII projection for 5σ signal

Quite complex pattern of transitions
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PRD84, 011104  (2011)

Great improvement thanks to 
better resolution

7

Y(3S) →  ππ h
b
(1P)
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Phys.Rev.D 84 091101(R)

12

B [Y (3 S)→π0hb (1P)]
B [Y (3S)→ηY (1 S)]

>10

Isospin violating

Isospin preserving

Controversial evidence of 
Y(3S) → π0 h

b
(1P) → γ π0 h

b
(1S) 

BelleII projection for 5σ signal

BaBar evidence

Y(3S) luminosity [fb-1]

B
F

[Y
(3
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) 

→
 π

h b(1
P

)]

Y(3S)  single meson transitions
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Testing QCD multipole expansion

Three transitions should be visible from Y(3S) but
experimental limits, where available, are  below theory
expectations:

- B(Y(3S) → ηY(1S))              theory:  5-10× 10-4 

                                          BaBar:   <1x10-4  
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BelleII projection for 5s signal
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The projection assumes a
significant improvement of the 
reconstruction performances w/ 
respect to BaBar

→ compare Belle and BaBar
     on  Y(2S) → h Y(1S) 

Y(3S) luminosity [fb-1]

BaBar upper limit

Y(3S)  single meson transitions



5th Belle-II Italian Meeting R.Mussa, Bottomonium Physics at Belle-II

Testing QCD multipole expansion

Three transitions should be visible from Y(3S) but
experimental limits, where available, are  below theory
expectations:

- B(Y(3S) → ηY(1S))              theory:  5-10× 10-4 

                                          BaBar:   <1x10-4  

 

M
a
s
s
 
[
G
e
V
]

9.4

9.6

9.8

10

10.2

10.4

10.6

10.8

11
Non-relativistic potential

Unresolved triplets

Observed states

Y(1S)

Y(2S)

Y(3S)

Y(4S)

Y(5S)

Y(6S)

(1S)
b

�

(2S)
b

�

(3S)
b

�

(4S)
b

�

(1P)
bJ

�

(2P)
bJ

�

(3P)
bJ

�

(1P)bh

(2P)bh

(3P)bh

)JD
3Y(1

)JD
3

Y(2

D)1Y(1

D)1Y(2

- -1 - +0 + +0,1,2 - +1 - -1,2,3 - +2

1S
3

0S
1

0,1,2P3 1P
1

1,2,3D3 2D
1

P CJ

Theoretical predictions from

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

13

BelleII projection for 5s signal
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Testing QCD multipole expansion

Three transitions should be visible from Y(3S) but
experimental limits, where available, are  below theory
expectations:

- Y(3S) → ηY(1S)              theory:  5-10× 10-4 

                                     BaBar:   <1x10-4  
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Theoretical predictions from

Eur. Phys. J. C72 (2012), Issue 4, 1981- Y(1D) → ηY(1S)    Voloshin: PLB 562, 68(2003) 

QCD Axial Anomaly should enhance Y(1D) → ηY(1S) with respect 
to  Y(1D) → ππY(1S)
  → no quantitative analysis
  → Y(1D) reconstruction through 
      radiative cascade: 
      High sensitivity to low 
     energy backgrounds 
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 η transitions from Y(3S) 
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Testing QCD multipole expansion

Three transitions should be visible from Y(3S) but
experimental limits, where available, are  below theory
expectations:

- Y(3S) → ηY(1S)              theory:  5-10× 10-4 

                                     BaBar:   <1x10-4  
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- χ
b0

(2P) → η η
b
 

  → BF of the order of few 10-3    (S-wave)
  → BelleII estimate  ~40 M χ

b0
(2P)  →   ~10000 reconstructed events

  → full inclusive analysis, low energy photons: hard to estimate the backgrounds now...      

Voloshin: Mod.Phys.Lett. A19,
2895(2004)

- Y(1D) → ηY(1S)    Voloshin: PLB 562, 68(2003) 

QCD Axial Anomaly should enhance Y(1D) → ηY(1S) with respect 
to  Y(1D) → ππY(1S)
  → no quantitative analysis
  → Y(1D) reconstruction through 
      radiative cascade: 
      High sensitivity to low 
     energy backgrounds 

 η transitions from Y(3S) 
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Y(3S) to Y(1Y(3S) to Y(133DD
1,2,31,2,3

)  states via 4-photon cascades  )  states via 4-photon cascades  

Problem : QED+beam backgrounds, to be estimated
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Theoretical predictions from

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

Spin triplet  - spin singlet transitions
sensitive to heavy quark spin symmetry breaking

18

Very recent paper: arXiv:1604.00770

B-meson 
loop

bottomonium

bottomonium

Components of the 
loop for different 
transitions

 Hindered M1 transitions from Y(3S) 
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Theoretical predictions from

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

Experimentally unexplored territory

h
b
(2P) → γχ

bJ
(1P)

   → requires Y(5,6S) data
   → Low background (exclusive reconstruction)
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Theoretical predictions from

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

 Hindered M1 transitions between P waves

χ
bJ

(2P) → γh
b
(2P) 

   → requires Y(3S) data
   → High background (inclusive reconstruction)
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CLEO results : 

BABAR  results : 

With 0.8-1 Billion Y(3S) decays, we can
search for anti-tritium and He-3 production in
bottomonium 

 Antinuclei in Y(3S) decays
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Conclusions 

We may be able to do some valuable physics during phase-II run ,
without low momentum tracking , and no vertexing. 
It's a gamble to predict how many papers we'll be able to write.

A pilot run on  Y(6S) peak, even with only  20fb-1 , will give us
about the 10x data taken in  Belle-I. IF machine people are willing
to work so close to machine limits, this is the most interesting
point, but many other thresholds open 50, 100, 200 MeV above

Coupled channels effects studies are feasible at  10.65 +10.75 GeV, 

200-300 fb-1 at (and about) the Y(3S)   will allow to publish >10
physics papers after the frst year of data taking :
 - BSM physics from 0++ states       - spectroscopy of D waves 
 - hindered radiative transitions      - antitritium in Y decays
 - many eta transitions 
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Eichten 2008: rethinking at CCCM Eichten 2008: rethinking at CCCM 
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