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Overall	
  Limits:	
  
� = 6.664 : �mT < 2MeV, ��T < 5MeV
� = 7.280 : �mT < 40MeV, ��T < 21MeV
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Overall	
  Limits:	
  
� = 6.664 : �mT < 60MeV, ��T < 20MeV
� = 7.280 : �mT < 200MeV, ��T < 40MeV
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New	
  approach	
  finds	
  well	
  defined	
  peak	
  up	
  to	
  highest	
  T	
  inves5gated	
  249	
  MeV	
  

Ground	
  state	
  peak	
  visible	
  
up	
  to	
  T=1.61TC	
  

Ground	
  state	
  peak	
  disappears	
  
for	
  T>1.29TC	
  

Worse	
  signal	
  to	
  noise	
  ra5o	
  leads	
  to	
  larger	
  Jackknife	
  errors	
  than	
  for	
  S-­‐wave	
  	
  
observed	
  broadening	
  and	
  peak	
  shi|s	
  also	
  smaller	
  than	
  accuracy	
  limits	
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MEM	
  result	
  similar	
  to	
  FASTSUM	
  	
  G.	
  Aarts	
  et.	
  al.	
  JHEP	
  1407	
  (2014)	
  097	
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  ringing)	
  



10th	
  Interna5onal	
  Workshop	
  on	
  Heavy	
  Quarkonium	
  2014,	
  November	
  13th	
  2014	
  	
  

BOTTOMONIUM	
  IN	
  NRQCD	
  AT	
  T>0	
  

Systema^c	
  Assessment	
  Of	
  P-­‐wave	
  Survival	
  

Peaked	
  features	
  can	
  arise	
  from	
  either	
  physics	
  or	
  numerics	
  (c.f.	
  Gibbs	
  ringing)	
  

Reconstruct	
  non-­‐interac5ng	
  spectra	
  from	
  free	
  NRQCD	
  correlators	
  (U=1)	
  



10th	
  Interna5onal	
  Workshop	
  on	
  Heavy	
  Quarkonium	
  2014,	
  November	
  13th	
  2014	
  	
  

BOTTOMONIUM	
  IN	
  NRQCD	
  AT	
  T>0	
  

Systema^c	
  Assessment	
  Of	
  P-­‐wave	
  Survival	
  

 0.01

 0.1

 1

 10

 100

 9  10  11  12  13  14

ρ
χ

b
1
-B

R
(ω

)

P-wave

M=2.76
T=140MeV      Nc400

rescaled free

 0.01

 0.1

 1

 10

 100

 9  10  11  12  13  14

ρ
χ

b
1
-B

R
(ω

)

ω [GeV]

M=1.56
T=249MeV      Nc400

rescaled free

P-­‐wave	
  

S.
Ki
m
,	
  P

.P
et
re
cz
ky
,	
  A

.R
.	
  a
rX
iv
:1
40
9.
36
30
	
  

 0.01

 0.1

 1

 10

 100

 9  10  11  12  13  14

ρ
χ

b
1
-B

R
(ω

)

P-wave

M=2.76
T=140MeV      Nc400

rescaled free

 0.01

 0.1

 1

 10

 100

 9  10  11  12  13  14

ρ
χ

b
1
-B

R
(ω

)

ω [GeV]

M=1.56
T=249MeV      Nc400

rescaled free

P-­‐wave	
  

Peaked	
  features	
  can	
  arise	
  from	
  either	
  physics	
  or	
  numerics	
  (c.f.	
  Gibbs	
  ringing)	
  

Reconstruct	
  non-­‐interac5ng	
  spectra	
  from	
  free	
  NRQCD	
  correlators	
  (U=1)	
  



10th	
  Interna5onal	
  Workshop	
  on	
  Heavy	
  Quarkonium	
  2014,	
  November	
  13th	
  2014	
  	
  

BOTTOMONIUM	
  IN	
  NRQCD	
  AT	
  T>0	
  

Systema^c	
  Assessment	
  Of	
  P-­‐wave	
  Survival	
  

At	
  T=140MeV:	
  clear	
  difference	
  between	
  ground	
  state	
  peak	
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  peak	
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  factor	
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Conclusion	
  

Lacce	
  NRQCD:	
  efficient	
  non-­‐perturba5ve	
  treatment	
  of	
  Bo#omonium	
  at	
  T>0	
  

Improved	
  Bayesian	
  approach	
  to	
  spectral	
  func5on	
  reconstruc5on	
  is	
  promising	
  	
  

On	
  HotQCD	
  lacces	
  with	
  Nf=2+1	
  light	
  HISQ	
  flavors	
  (	
  483x12,	
  	
  TC=159±3MeV)	
  

S-­‐wave	
  and	
  P-­‐wave	
  ground	
  state	
  spectral	
  peak	
  well	
  defined	
  up	
  to	
  249MeV	
  

Nτ=12	
  datapoints	
  allow	
  us	
  to	
  set	
  upper	
  bounds	
  on	
  in-­‐medium	
  modifica5on	
  

Improves	
  on	
  the	
  MEM:	
  higher	
  resolu5on	
  on	
  same	
  datasets	
  
No	
  restricted	
  search	
  space:	
  accuracy	
  suffers	
  from	
  loss	
  of	
  informa5on	
  alone	
  

In-­‐medium	
  modifica5on	
  of	
  correlators	
  above	
  T=160MeV	
  	
  	
  	
  [up	
  to	
  1%	
  (ϒ)	
  	
  and	
  	
  5%	
  (χb1)	
  ]	
  

A	
  systema5c	
  comparison	
  between	
  free	
  and	
  interac5ng	
  spectra	
  show:	
  	
  

	
  	
  S-­‐wave	
  and	
  P-­‐wave	
  ground	
  state	
  survive	
  up	
  to	
  at	
  least	
  T=249MeV	
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S-­‐wave	
  and	
  P-­‐wave	
  ground	
  state	
  spectral	
  peak	
  well	
  defined	
  up	
  to	
  249MeV	
  

Thank	
  you	
  for	
  your	
  a;en^on	
  

Nτ=12	
  datapoints	
  allow	
  us	
  to	
  set	
  upper	
  bounds	
  on	
  in-­‐medium	
  modifica5on	
  

Improves	
  on	
  the	
  MEM:	
  higher	
  resolu5on	
  on	
  same	
  datasets	
  
No	
  restricted	
  search	
  space:	
  accuracy	
  suffers	
  from	
  loss	
  of	
  informa5on	
  alone	
  

In-­‐medium	
  modifica5on	
  of	
  correlators	
  above	
  T=160MeV	
  	
  	
  	
  [up	
  to	
  1%	
  (ϒ)	
  	
  and	
  	
  5%	
  (χb1)	
  ]	
  

A	
  systema5c	
  comparison	
  between	
  free	
  and	
  interac5ng	
  spectra	
  show:	
  	
  

	
  	
  S-­‐wave	
  and	
  P-­‐wave	
  ground	
  state	
  survive	
  up	
  to	
  at	
  least	
  T=249MeV	
  



10th	
  Interna5onal	
  Workshop	
  on	
  Heavy	
  Quarkonium	
  2014,	
  November	
  13th	
  2014	
  	
  

BOTTOMONIUM	
  IN	
  NRQCD	
  AT	
  T>0	
  

Dependence	
  On	
  The	
  NRQCD	
  Discre^za^on	
  

Reduce	
  the	
  effec5ve	
  temporal	
  step	
  size	
  for	
  NRQCD	
  propagator	
  E.O.M.	
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As	
  expected:	
  high	
  momentum	
  behavior	
  changes	
  but	
  IR	
  unaffected	
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Default	
  Model	
  Dependence	
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Free	
  Spectra:	
  Default	
  Model	
  Dependence	
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Free	
  Spectra:	
  Default	
  Model	
  Dependence	
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