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New	
  preliminary	
  result	
  from	
  BESIII	
  

on	
  the	
  $me-­‐like	
  form-­‐factor	
  of	
  the Λ	





space-­‐like	
  &	
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events	
  we	
  don’t	
  usually	
  show	
  in	
  public	
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What	
  would	
  a	
  ΛΛ	
  at	
  rest	
  look	
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  in	
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_	
  

For	
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  π+	
  &&	
  1	
  π-­‐	
  with	
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  track	
  from	
  r≈3cm	
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For	
  	
  Λ	
  	
  pπ-­‐	
  (or	
  nπ0	
  )	
  and	
  Λ	
  	
  nπ0	
  _	
  

For	
  	
  Λ	
  	
  pπ-­‐	
  and	
  Λ	
  	
  pπ+	
  _	
  _	
  

@	
  Ecm	
  =	
  2mΛ	
  +	
  1	
  MeV	
  

conventional analyses 
  at higher energies 

two methods 
are consistent 



Cross	
  sec$on:	
  e+e-­‐	
  γ*ΛΛ	
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no sign of σ∞β fall-off 
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  form-­‐factor	
  of	
  the	
  Λ	



€ 

Geff (m)  =
3m2σΛΛ 

4πα 2β 1+1 2τ( )
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Rela$on	
  to	
  the	
  Λ’s	
  $me-­‐like	
  Form-­‐Factor	
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Is there some 
structure here? 



The	
  Z(4430)	
  



Found	
  by	
  Belle	
  in	
  2007	
  

S-­‐K	
  Choi	
  et	
  al	
  Belle:	
  PRL	
  100	
  142001	
  

2007	
  slice	
  &	
  dice	
  analysis	
  

M(π+ψ’)	
  

BKπ+ψ’	
  

€ 

Bf (B0 →Z4430
− K +) × Bf (Z4430

− →π− ʹ′ ψ ) = (4.1±1.9 ±1.4) ×10−5

5.2σ	



€ 

M = 4433 ± 4 ± 2 MeV
Γ = 45−13−13

+18+30  MeV



Z(4430),	
  	
  “smoking	
  gun”	
  mul$quark	
  
meson?	
  

u	
  
c	
  d	
  

c	
    decays to ψ’  must contain cc pair 

 electrically charged   must contain ud pair  

_ 

_ 

If it is a real meson … 



Neither	
  confirmed	
  nor	
  contradicted	
  by	
  BaBar	
  

Belle	
  :	
  660M	
  BB	
  

BaBar	
  :	
  455M	
  BB	
  

Z(4430)±→ψ(2S)π±	
  

Significant	
  signal	
  at	
  Belle	
  
	
  v.s.	
  

Only	
  hint	
  with	
  1.9σ	
  at	
  BaBar	
  

Sta$s$cally,	
  both	
  are	
  not	
  contradic$ng	
  
with	
  each	
  other,	
  but	
  clear	
  answer	
  is	
  to	
  be	
  
given	
  by	
  higher	
  sta$s$cs	
  data.	
  

PRD79,112001	
  

PRL100,142001	
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Dalitz Plot 
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2-body isobar model for Kπψ’ 
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κψ’ 

K*(890)ψ’ 

K*(1410)ψ’ 

K0*(1430)ψ’ 

K2*(1430)ψ’ 

K*(1680)ψ’ 

KZ+ 

€ 

M 2
∝ α iAi

BW

i
∑

2
€ 

BZ ∝
1

MZ
2 −mψ 'π

2 − iMZΓz

BZ	
  

€ 

Ai ∝
1

MKi
*
2 −mKπ

2 − iMKi
*ΓKi

*

Does	
   fit	
  the	
  data?	
  

€ 

M 2
∝ α iAi

BW

i
∑
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ + βBZ

2

2

Or	
  do	
  you	
  need	
   ?	
  



2013:	
  4-­‐Dim	
  ampl.	
  Analysis	
  from	
  Belle	
  

	
  4-­‐dim	
  ampl.	
  anal:	
  	
  	
  MKπ,	
  Mπψ’,	
  θµ,	
  φ	



K	
  Chilikin	
  et	
  al	
  Belle:	
  PRD	
  88	
  074026	
  

M2(π+ψ’)	
  

6.1σ	



€ 

M = 4485−22−11
+22+28  MeV

Γ = 200−46−35
+41+26  MeV

€ 

Bf (B0 →Z(4430)−K +) × Bf (Z(4430)− →π− ʹ′ ψ ) = (6.0−2.0−1.4
+1.7+2.5) ×10−5

higher mass & 
broader width: strong interference 

between Z & K* amps 
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K-­‐	
  



BW	
  resonance	
  on	
  a	
  large	
  coherent	
  
background	
  

phase	
  structure	
  of	
  ABW	
   constructive 
interference 

destructive 
interference 

BW=|ABW|2	
  
Bkg	
  

Mpeak	
  

Cartoon,	
  for	
  
illustra$on	
  only	
  



Shape	
  of	
  Z(4430)	
  “peak”	
  

K	
  Chilikin	
  et	
  al	
  Belle:	
  PRD	
  88	
  074026	
  

M2(π+ψ’)	
  

6.1σ	



€ 

M = 4485−22−11
+22+28  MeV

Γ = 200−46−35
+41+26  MeV

destructive 
interference 

constructive 
interference 

€ 

M = 4433 ± 4 ± 2 MeV
Γ = 45−13−13

+18+30  MeV

2008 1-dim fit 

2013 4-dim fit 



LHCb	


•  Very	
  large	
  cross	
  sec$on	
  in	
  forward	
  
region	
  in	
  pp	
  collision.	
  

•  ~2K	
  B	
  mesons	
  /w-­‐1	
  wrt	
  e+e-­‐	
  B-­‐factories	
  
•  Flight	
  length	
  of	
  boxom	
  and	
  charm	
  

hadrons	
  ~5-­‐10×σvtx	
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B→K+π-­‐	
  example	


Bs→Ds	
  example	




Z(4430)	
  confirmed	
  by	
  LHCb	
  last	
  year	
  
BKπ+ψ’	
  :	
  	
  4-­‐dim	
  amplitude	
  analysis	
  

PRL	
  112,	
  222002	
  	
  

>13.9σ	



€ 

         JP =1+

M = 4475 ± 7−25
+15  MeV

Γ =172 ±13−34
+37  MeV

All	
  Kπ	
  masses	
  

M(π+ψ’)	
  (GeV)	
  M(π+ψ’)	
  (GeV)	
  

K*	
  veto	
  

4475	
  MeV	
  

R.	
  Aaij	
  et	
  al	
  LHCb:	
  PRL	
  112	
  222002	
  



Rescaxering	
  process?	
  

Pakhlov,	
  PLB	
  702	
  (2011)	
  139	
  

Meng	
  &	
  Chao,	
  arXiv:0708.4222	
  

BW	
  amplitude	
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  BW	
  phase)	
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  DsJ	
  mass	
  

low	
  DsJ	
  mass	
  

M	
  (π+ψ’)	
  

clockwise	
  phase	
  mo$on	
  



phase	
  mo$on	
  reported	
  by	
  LHCb	
  

Model-­‐ind.	
  Argand	
  plot	
  

BW	
  resonant	
  phase	
  mo$on	
  

BW-like resonance behavior is clearly established  

counter-­‐clockwise	
  phase	
  mo$on	
  



Pentaquark-­‐like	
  states	
  from	
  LHCb	
  

Slide	
  from	
  Tomasz	
  Skwarnicki’s	
  talk	
  at	
  LP2015,	
  Lubjana	
  





ΛbK-­‐pJ/ψ	
  Dalitz	
  plot	
  

M
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Amp.	
  anal.	
  for	
  ΛbK-­‐pJ/ψ	
  ;	
  J/ψµ+µ-­‐	
  

6	
  variables:	
  	
  MKp	
  and	
  five	
  angles	
  



Include	
  all	
  known	
  Λ*	
  resonances	
  



Significance	
  and	
  results	
  









Phase	
  mo$ons	
  



Pc(4380)	
  &	
  Pc(4450):	
  contain	
  at	
  least	
  5	
  quarks	
  

u	
  
c	
  d	
  

c	
    decays to J/ψ  must contain cc pair 

 Decays to proton   baryon # must be B=1  

_ u	
  

Pentaquark! 



Tetra-­‐	
  &	
  Penta-­‐quarks	
  have	
  been	
  found	
  

but which ones?? 

or mixtures of some (all?) of these? 



Comments	
  
 	
  Tetra-­‐	
  &	
  Penta-­‐quarks	
  exist	
  and	
  have	
  been	
  observed	
  

	
  -­‐molecules?	
  …diquark-­‐dian$quarks?	
  …mixtures?	
  

 	
  Preliminary	
  results	
  from	
  BESIII	
  show	
  anomalous	
  behavior	
  
	
   	
   	
  in	
  the	
  Λ	
  $me-­‐like	
  form-­‐factor	
  at	
  the	
  q2=2mΛ	
  threshold	
  	
  	
  

 	
  The	
  game	
  has	
  changed:	
  
	
   	
   	
  -­‐experiments:	
  	
  simple	
  peak	
  fi�ng	
  is	
  not	
  enough;	
  

	
   	
  	
   	
  full-­‐blown	
  amplitude	
  analyses	
  are	
  required	
  
	
   	
  -­‐theory:	
  	
  	
  cartoons	
  that	
  show	
  that	
  a	
  theory	
  can	
  produce	
  
	
   	
   	
  peaks	
  won’t	
  suffice	
  fits	
  to	
  data,	
  including	
  phases	
  
	
   	
   	
  are	
  necessary	
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