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  The The ηη transitions transitions  OutlineOutline

Physics with 600 M Y(3S): Physics with 600 M Y(3S): 
- The - The η,πη,π transitions transitions
- Hindered E1  transitions- Hindered E1  transitions
- M1 transitions to - M1 transitions to ηη

bb
(1,2S)(1,2S)

- D waves- D waves
- Y(3S) - Y(3S) →→  ππ ππ Y(1,2S)Y(1,2S)
- Antinuclei from Y(3S) - Antinuclei from Y(3S) 

Target Ldt: 150 fbTarget Ldt: 150 fb-1-1  

All during BEAST-2 Phase?All during BEAST-2 Phase?
                                Or Or 
50 during BEAST-2, and 50 during BEAST-2, and 
100 while taking frst  Y(4S)100 while taking frst  Y(4S)
data (3 abdata (3 ab-1-1) ) 

Alternative scenarios:  

Running at ϒ(4S)  and continuum point
Running at ϒ(6S), 30 fb-1  = 6x Belle-I

Scan of ϒ(13D
1
) , 7x2fb-1 points , 14 total   

Scan of ϒ(23D
1
),  10x1.5fb-1 points , 15 total  

Can we do them during BEAST-2 Phase?

Luminosity ramp-up scenarios:
- at L1 = 1x1034, 0.75 fb-1 /day 
  How many days to reach L1? 
  How long will Phase-II last? 
 

  



Krakow B2TIP: WG7 
R.Mizuk(ITEP), R.Mussa (INFN Torino), C.P.Shen(Beihang),

Y.Kiyo(Juntendo), A.Polosa (Roma), S.Prelovsek (Ljubljana)  

Theory: 
Maiani,Guerrieri:   Charmed (and light) Tetraquarks 
Ali: Beauty,charmed and light Tetraquarks
Guo: Molecules  
Eichten: Hadronic Transitions in cc and bb
Vairo:  Radiative Transitions in cc and bb

Experiment:
Mizuk: Running at 6S, scanning 10.95 to 11.25
Mussa: Running at 3S, scanning Y(1,2D)
Tamponi: MC Generators 
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  The The ππππ//ηη transitions: TH vs EXP  transitions: TH vs EXP 
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  Hadron transition puzzle: solved?   Hadron transition puzzle: solved?   From Eichten's
talk at Krakow
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  Hadron transitions: a new paradigm?Hadron transitions: a new paradigm?
For lower states, QCDME works: 

 2M(D0)-M(ψ') = 53.11 MeV/c2             2M(B0)-M(ϒ3S) = 204 MeV/ c2  

 2M(D+)-M(ψ') = 43.57 MeV/c2             2M(B+)-M(ϒ3S) = 204 MeV/c2 

 2M(D
s
)-M(ψ') = 250.5 MeV/c2              2M(B

s
)-M(ϒ3S) = 378 MeV/c2 

Large enhancement of  ψ' →ηψ explained by the proximity of the DD,D
s
D

s
 thresholds. 

Large isospin violation in ψ'→πh
c
due to the large D0-D+ mass difference 

In bottomonium , degenerate B0B0 /B+B- threshold → no isospin violation
The eta transition 3S to 1S is still in the ballpark: wavefunction overlaps can suppress is ,
like it happens in hindered E1 transitions. We ought to measure it, and (precisely) the 
E1 hindered transitions from 3S to 1P states.
 

From Eichten's
talk at Krakow
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Z
b

  The The ηη transitions transitions
S wave

P waveTesting QCD multipole expansion
In low mass region:
Y' → ηY : M2*E1+M1*M1
Y' → ππY : E1*E1
 (Y' → ηY)/(Y' →ππY) ~ (Λ

QCD
/m

b
)2

Three more 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 

BaBarPRD84,42003(2011)     <1x10-4  

 -  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 estimates available.

- B( χ
b0

(2P) → η η
b
)~ few 10-3    (S-wave)

Voloshin: Mod.Phys.Lett. A19, 2895(2004)
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      ϒϒ(3S) (3S) →→  ϒϒ(2S) (2S) ππ00  ππ00    Sample: 6M 3S decays, excl for neutrals,
incl+excl for charged
Assuming Y(2S) to ee+uu = 4.06%
 

CLEO: Bhari et al. PRD79,011103 (2009)
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      ϒϒ(3S) (3S) →→  ϒϒ(2S) (2S) ππ++  ππ--    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) 

-ϒ(2S) →π+π- ϒ(1S) from 3S
-No ϒ(3S) →π+π- h

b
(1P) 

-ϒ(3S) →π+π- ϒ(2S) 
-ϒ(2S) →π+π- ϒ(1S) from ISR
- Ks→π+π- 

- χ
b1,2

(2P)→ π+π- χ
b1,2

(1P)

Systematics dominated: 
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      ϒϒ(3S) (3S) →→  ϒϒ(2S) (2S) ππ++  ππ--    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) 

-ϒ(2S) →π+π- ϒ(1S) from 3S
-No ϒ(3S) →π+π- h

b
(1P) 

-ϒ(3S) →π+π- ϒ(2S) 
-ϒ(2S) →π+π- ϒ(1S) from ISR
- Ks→π+π- 

- χ
b1,2

(2P)→ π+π- χ
b1,2

(1P)

Systematics dominated: 
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M1-E1 Discrepancy in  M1-E1 Discrepancy in  ηη
bb
(1S) mass measurements (1S) mass measurements 

PNRQCD@NLL PRL92,242001(2004)
Lattice QCD     PRD82,114502(2010)

 M1 transitions: inclusive  from 3S (Babar,CLEO) and 2S (Babar, Belle)
 E1 transitions: inclusive from   hb(1,2P) produced in Y(4,S) decays  (Belle)
Lineshape Skewness, as in the case of charmonium? Width = 10 MeV vs 30 in cc
In any case : we must improve the error on the M1 radiative width:   
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Converted photons for   Converted photons for   ηη
bb
(1S) mass measurements (1S) mass measurements 

Phys.Rev. D84 (2011) 072002

Energy resolution improves
from 25% to 5% : ISR peak
and η

b
 peak are better

resolved. Width+lineshape
measurement can be possible.

Selecting conversions in the
inner CDC wall reduces
multiple scattering and
allows further improvement
of the resolution.

BEAST-2 material can favor
conversions, increasing the
Vee sample.

ϒ(3S)

Perfect understanding of material budget is key.
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Converted photons for   Converted photons for   ηη
bb
(1S) mass measurements (1S) mass measurements 

Phys.Rev. D84 (2011) 072002

Energy resolution improves
from 25% to 5% : ISR peak
and η

b
 peak are better

resolved. Width+lineshape
measurement can be possible.

Selecting conversions in the
inner CDC wall reduces
multiple scattering and
allows further improvement
of the resolution.

BEAST-2 material can favor
conversions, increasing the
Vee sample. 

ϒ(2S)

Perfect understanding of material budget is key.
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Can we improve systematics and resolution removing the ISR peak? 
From 600M Y(3S) , we have 3% dipion tagged Y(2S) , i.e. 18M , about 1/8 (1/6) of the
Belle (Babar) sample, with 30% less combinatorial contamination (from qq continuum)
Again, the slow pion effciency is the key factor.

More More ηη
bb
(1S) pathways (1S) pathways 
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Best limits on Y(3S) to  ηη
bb
(2S): 

Photons: 
CLEO <6.4x10-4 

Conversions: 
Babar < 13x10-4 

With 600 M decays: 
UL < 10-5 ?

Hints of signal from single
Photon spectrum in Belle
Data  
(unpublished)  

 

M1 transitions to  M1 transitions to  ηη
bb
(2S)? (2S)? 

ISR  ηη
bb
(2S) 
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Precise pNRQCD
calculations on direct E1
transitions are now
available to be compared
with phenomenological
models.

 

  Radiative E1 Widths: direct  

The direct E1 transitions are already systematics limited.

The 1P to 1S transitions can be compared to theory only measuring
total widths: best candidate is  χ

b0
(1P): 30 keV/ 0.02 = 1.5 MeV? 
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Hindered E1 transition widths are the
most sensitive to relativistic
corrections on wavefunctions, which
are essential for the calculations on
hadronic transitions.   

 

  Hindered E1 Widths  
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Theory papers on hindered P-wave M1
transitions in bottomonium do not exist; for
charmonium see Guo,PoS ConfinementX (2012) 136 )

Urgently need theory calculations on this topic:
Vairo , Pineda ? 

E1

                     M1           
    

                  E1

Hindered M1 between P wavesHindered M1 between P waves

Idea: search for the frst hindered M1
transition between P-wave bottomonia, in
MM(γγγ) replacing the   π0 mass constraint
with the requirement that MM(γ

low
) = M(χ

b
).
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  Spectrum below threshold Spectrum below threshold   Spectrum below threshold Spectrum below threshold 
Below threshold:
* 3S: η

b
(3S) not yet observed by

anyone,  maybe reachable from h
b
(3P)?

* 3P:  χ
b
(3P) discovered at LHC, not

yet resolved, we may eventually study
them from 4S
         h

b
(3P) : too high to be reached

from 5S via Z
b
, maybe from 6S? How? 

* 1D states :  S=1 states BEST
STUDIED from 3S, S=0 maybe
reachable from h

b
(2P)

* 2D, 1F, 1G: totally unknown
We propose to search for the lowest
member of the 2D triplet with a scan.
The others may be reached from 6S.
The 1F triplet 2,3,4++ is very close in
mass to Y3S, but may be reached from
the 2D triplet via E1 radiative
transitions.  
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    A puzzling A puzzling ππ00  transition  transition

Babar:
3 sigma evidence of h

b
 from the

inclusive search of
e+e- → ϒ(3S) → π0h

b 
 →π0γη

b

In charmonium: 
  Ψ'→π0 h

c
(1P)           8.4 10-4

  Ψ'→ η J/ψ              3.3 10-2

In bottomonium:  
ϒ(3S) →π0 h

b
(1P)           8.6 10-4 

ϒ(3S) → η ϒ(1S)             < 10-4 

Isospin violating transition strongly favored?

=                        =  2.5 10-2

    =                        > 8.6
  

PRD 84 (2011)091101

PRD 84 (2011)042003

PRD 84 (2011)091101
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Spectrum open items:

Lattice predictions on 1D splittings:
Daldrop et al., PRL 108, 102003 (2012) 

CoG of Y(1,2D) systems in potential models:
Godfrey/Rosner, PRD 64, 097501 (2001) 

  Theory on Y(1,2D)Theory on Y(1,2D)
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Belle

BaBar

CLEO

  Bottomonium D wavesBottomonium D waves
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    Tetraquark-maniaTetraquark-mania From Ali's talk
at Krakow



SuperKEK LimitsSuperKEK Limits
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Wrap-up (in italiano)

Fisica durante BEAST-II dipende da:
-  Ldt integrabile
-  Rapida defnizione del material budget 

Y(3S) e' la best option per > 100 fb-1

First papers most likely from :
- eta transitions
- radiative (hindered) transitions
- 4-photon cascades , for D states
- 3S to 1S dipion transitions

Y(6S) e' buona per <60 fb-1 (10x Belle-I)

Scans alla Y(1,2D) non realistici per il 2017
Alternative: prese dati sul continuo? DarkPhoton? 

 



3rd Belle-II Italian Meeting R.Mussa, Physics at Belle-II startup

Backup
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    Cusp in  KCusp in  K++  →→  ππ++  ππ00  ππ00    NA48/2, PLB633,173 (2006)

In 2006, NA48/2 measured the ππ 
scattering length using 60 M K+ decays,
ftting the cusp observed at  M=2m(π± )
in the neutral dipion mass spectrum. 

At low energy the ππ interaction is
described by two scattering lengths who
vanish in the chiral limit:

Weinberg, PRL17,616(1966)

Using ChPT, theory predicts:

Colangelo, et al, PLB488,261(2000)
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    Cusp in  Cusp in  ϒϒ(3S) (3S) →→  ϒϒ(2S) (2S) ππ++  ππ--    

The cusp effect was calculated using
NREFT. Liu et al,EPJC73, 2284 (2013)

 The reduction on the number of
events is 9% in this process. 
(13% in K+ decay, 8% in η'→ηππ )

Can we measure it with
600M Y(3S) decays ?

M(π0π0)
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    Cusp in  Cusp in  ϒϒ(3S) (3S) →→  ϒϒ(2S) (2S) ππ++  ππ--    

The effect was simulated assuming to have 60k,600k,6M
events in the range M(π0π0)=0.27-0.29, 1/6 of the total. 

Assuming 600M decays with 10% dipion acceptance, we
have 0.1*1.85%/6 ~ 185 k decays in that range. 

Can we use all events under the Y(2S) peak in MM(π0π0) ?
Penalty for extra clean Y(2S) decays: 
- exclusive dilepton : 4%*αε
- charge dipion recoil: 20%*αε

60k

600k

6M
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  Total widths of cc and bb even P waves 
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    Y(3S) in PDG nutshellY(3S) in PDG nutshell

The narrowest vector quarkonium
Annihilation width to light hadrons ~10 keV

203 MeV below the lowest BB threshold

Systematics dominates already dipion 1,2S transitions and direct E1 transitions
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    C'e' spazio per la fsica?C'e' spazio per la fsica?
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    C'e' spazio per la fsica?C'e' spazio per la fsica?
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    BEAST-II inventory BEAST-II inventory 
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Aubert et al., PRD78, 112002 (2008) 
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