HEIDELBERG

Il S ——
= WIS =
lﬁuu\ bl | ZoKuNeT

SEIT 1386

Alexander Rothkopf
Institute for Theoretical Physics
Heidelberg University

in collaboration with
Seyong Kim (Sejong-U.) and Peter Petreczky (BNL)
arXiv:1409.3630

DF Deutsche

Forschungsgemeinschaft

10+ INTERNATIONAL WORKSHOP ON HEAVY QUARKONIUM 2014, CERN, NoVEMBER 10-14 2014



BoTtTOMONIUM IN NRQCD AT T>0

Bottomonium in Heavy-lon Collisisons

i \ | UNIVERSITAT

HEIDELBERG
ZUKUNFT
SEIT 1386

= At RHIC and LHC: Precision era of relativistic heavy-ion collision experiments

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



BoTtTOMONIUM IN NRQCD AT T>0

UNIVERSITAT
HEIDELBERG
ZUKUNFT
SEIT 1386

Bottomonium in Heavy-lon Collisisons

= At RHIC and LHC: Precision era of relativistic heavy-ion collision experiments

= Bottomonium as non-relativistic probe at current facilities (M >>T ,,.~305MeV)

(T, from M. Wilde, Nucl. Phys. A 904-905, 573c (2013))
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= At RHIC and LHC: Precision era of relativistic heavy-ion collision experiments

= Bottomonium as non-relativistic probe at current facilities (M >>T ,,.~305MeV)

(T, from M. Wilde, Nucl. Phys. A 904-905, 573c (2013))

= Sequential melting of Bottomonium states as QGP thermometer

see e.g. H. Satz, Nucl. Phys. A 783 (2007) 249

Bottomonium in Pb+Pb collisions
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= At RHIC and LHC: Precision era of relativistic heavy-ion collision experiments

= Bottomonium as non-relativistic probe at current facilities (M >>T ,,.~305MeV)

(T, from M. Wilde, Nucl. Phys. A 904-905, 573c (2013))

= Sequential melting of Bottomonium states as QGP thermometer

Bottomonium in p+p collisions
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see e.g. H. Satz, Nucl. Phys. A 783 (2007) 249

Bottomonium in Pb+Pb collisions

= How to understand bb suppression in a strongly coupled QGP: lattice NRQCD

started by J. Fingberg, Phys. Lett. B 424 (1998) 343, recently: FASTSUM G. Aarts et. al. JHEP 1407 (2014) 097, JHEP 1111 (2011) 103
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Effective Field Theory: Lattice NRQCD
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= Separation of scales T/My<<1, Aqp/Mg<<1, p/My<<1: systematic expansionin 1/Mga
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D2 D
LNRQCDsz(lDt+2MQ —I—...)1|)—|—('Z.,]L(...)(t_,—ZFLL Fm,+q(...)q

V V V

Heavy quark { and antiquark ¢ as separate Light medium d.o.f. from a fully
non- relativistic Pauli spinors relativistic lattice simulation

= Separation of scales T/My<<1, Aqp/Mg<<1, p/My<<1: systematic expansionin 1/Mga

= Individual Q or anti-Q in a medium background: Initial value problem G(t)=<{(t)*(0)>

2
G(x,T+a) = UZ(x, T) (1 — 4]5[% + ... ) G(x,T) well behaved if Mya > 1.5
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D2 D
LNRQCDsz(lDt+2MQ —I—...)1.|)—|—('t.,]L(...)((_,—ZFLL Fm,+q(...)q

V V V

Heavy quark { and antiquark ¢ as separate Light medium d.o.f. from a fully
non- relativistic Pauli spinors relativistic lattice simulation

= Separation of scales T/My<<1, Aqp/Mg<<1, p/My<<1: systematic expansionin 1/Mga

= Individual Q or anti-Q in a medium background: Initial value problem G(t)=<{(t)*(0)>

2
G(x,T+a) = UZ(x, T) (1 — 4]5[% + ... ) G(x,T) well behaved if Mya > 1.5

= 35, (Y) and 3P, (x,,) channel correlators D(t) from products of heavy quark propagators G(t)

D(T) — Z<O(X, T)GXTOT(XO>TO)GiT>med 0(381;7(, T) = 0Oj, O(3P1;X, T) = ZiO'j — Zj (O]

X
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A Medium With Nf=2+1 Light HISQ Flavors

= Light d.o.f. (gluons, u d s quarks) represented by HotQCD configurations

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

A. Bazavov et. al., Phys. Rev. D 85 (2012) 054503
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A Medium With Nf=2+1 Light HISQ Flavors

= Light d.o.f. (gluons, u d s quarks) represented by HotQCD configurations

A. Bazavov et. al., Phys. Rev. D 85 (2012) 054503

= 483x12 with relatively light pions M_~ 161MeV and a T.=159+3MeV

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

UNIVERSITAT
HEIDELBERG
ZUKUNFT
SEIT 1386



BoTtTOMONIUM IN NRQCD AT T>0

A Medium With Nf=2+1 Light HISQ Flavors

= Light d.o.f. (gluons, u d s quarks) represented by HotQCD configurations

A. Bazavov et. al., Phys. Rev. D 85 (2012) 054503

= 483x12 with relatively light pions M_~ 161MeV and a T.=159+3MeV

HotQCD HISQ/tree action 483 x N my q/ms =0.05

B 6.664 6.700 6.740 6.770 6.800 6.840 6.880

a[fm] 0.1169  0.1130 0.1087 0.1057  0.1027  0.09893 0.09528
Mpa 2.759 2.667 2.566 2.495 2.424 2.335 2.249
T/Tc(Ne=12) | 0911 0.944 0.980 1.008 1.038 1.078 1.119
3 6.910 6.950 6.990 7.030 7.100 7.150 7.280

alfm] 0.09264 0.08925 0.086 0.08288 0.07772 0.07426 0.06603
Mpa 2.187 2.107 2.030 1.956 1.835 1.753 1.559
T/Tc(Ne=12) | 1.151 1.194 1.240 1.286 1.371 1.436 1.614

= |Important property for the use with lattice NRQCD:

10th International Workshop on Heavy Quarkonium 2014, November 13th 2014
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2.759 >M,a>1.559 > 1.5
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= Light d.o.f. (gluons, u d s quarks) represented by HotQCD configurations

A. Bazavov et. al., Phys. Rev. D 85 (2012) 054503

= 483x12 with relatively light pions M_~ 161MeV and a T.=159+3MeV

HotQCD HISQ/tree action 483 x N my q/ms =0.05

B 6.664 6.700 6.740 6.770 6.800 6.840 6.880

a[fm] 0.1169  0.1130 0.1087 0.1057  0.1027  0.09893 0.09528
Mpa 2.759 2.667 2.566 2.495 2424 2.335 2.249
T/Tc(Ne=12) | 0911 0.944 0.980 1.008 1.038 1.078 1.119
3 6.910 6.950 6.990 7.030 7.100 7.150 7.280

alfm] 0.09264 0.08925 0.086 0.08288 0.07772 0.07426 0.06603
Mpa 2.187 2.107 2.030 1.956 1.835 1.753 1.559
T/Tc(Ne=12) | 1.151 1.194 1.240 1.286 1.371 1.436 1.614

= Important property for the use with lattice NRQCD: 2.759 >M,a >1.559 > 1.5

= Temperature changed by variation of the lattice spacing 140MeV < T < 249MeV

fixed scale approach by FASTSUM: G. Aarts et. al. JHEP 1407 (2014) 097, JHEP 1111 (2011) 103
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= Light d.o.f. (gluons, u d s quarks) represented by HotQCD configurations

A. Bazavov et. al., Phys. Rev. D 85 (2012) 054503

= 483x12 with relatively light pions M_~ 161MeV and a T.=159+3MeV

HotQCD HISQ/tree action 483 x N my q/ms =0.05

B 6.664 6.700 6.740 6.770 6.800 6.840 6.880

a[fm] 0.1169  0.1130 0.1087 0.1057  0.1027  0.09893 0.09528
Mpa 2.759 2.667 2.566 2.495 2424 2.335 2.249
T/Tc(Ne=12) | 0911 0.944 0.980 1.008 1.038 1.078 1.119
3 6.910 6.950 6.990 7.030 7.100 7.150 7.280

alfm] 0.09264 0.08925 0.086 0.08288 0.07772 0.07426 0.06603
Mpa 2.187 2.107 2.030 1.956 1.835 1.753 1.559
T/Tc(Ne=12) | 1.151 1.194 1.240 1.286 1.371 1.436 1.614

= Important property for the use with lattice NRQCD: 2.759 >M,a >1.559 > 1.5
= Temperature changed by variation of the lattice spacing 140MeV < T < 249MeV

fixed scale approach by FASTSUM: G. Aarts et. al. JHEP 1407 (2014) 097, JHEP 1111 (2011) 103

= Low temperature configurations available at b=6.664, 6.8, 6.95, 7.28
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A Novel Bayesian Spectral Reconstruction

= |nversion of Laplace transform required to obtain spectra from correlators

D(7) :JOOZM dwe " p(w)
—2Mq
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A Novel Bayesian Spectral Reconstruction
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= |nversion of Laplace transform required to obtain spectra from correlators

N

D; = Z exp—wTi] p1 Awy

=1 2. data D, has finite precision

10th International Workshop on Heavy Quarkonium 2014, November 13th 2014
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A Novel Bayesian Spectral Reconstruction
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= |nversion of Laplace transform required to obtain spectra from correlators

N :
- 1. N  parameters p, >> N_ datapoints
Di =) expl-aimil pt Aw X o
=1 2. data D, has finite precision

= Give meaning to problem by incorporating prior knowledge: Bayesian approach

M. Jarrell, J. Gubernatis, Physics Reports 269 (3) (1996)

= Bayes theorem: Regularize the naive x? functional P[D|p] through a prior P[p]|1]

Plp/D, 1] oc P[Dlp] Plpll]
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A Novel Bayesian Spectral Reconstruction

= |nversion of Laplace transform required to obtain spectra from correlators

N :
- 1. N  parameters p, >> N_ datapoints
Di =) expl-aimil pt Aw X o
=1 2. data D, has finite precision

= Give meaning to problem by incorporating prior knowledge: Bayesian approach

M. Jarrell, J. Gubernatis, Physics Reports 269 (3) (1996)

= Bayes theorem: Regularize the naive x? functional P[D|p] through a prior P[p]|1]
Plp|D, I] o< P[DIp] PlplI]

= New prior enforces: p positive definite, smoothness of p, result independent of units

P [p| I] X eS S=u Z Awq (1 — ‘|’ log [ml ] ) PRL 1\1('1B(;:Jn1i§;'12',R1'82003
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A Novel Bayesian Spectral Reconstruction

= |nversion of Laplace transform required to obtain spectra from correlators

N :
- 1. N  parameters p, >> N_ datapoints
Di =) expl-aimil pt Aw X o
=1 2. data D, has finite precision

= Give meaning to problem by incorporating prior knowledge: Bayesian approach

M. Jarrell, J. Gubernatis, Physics Reports 269 (3) (1996)

= Bayes theorem: Regularize the naive x? functional P[D|p] through a prior P[p]|1]
Plp|D, I] o< P[DIp] PlplI]

= New prior enforces: p positive definite, smoothness of p, result independent of units

P [p| I] X eS S=u Z Awq (1 — ‘|’ log [ml ] ) PRL 1\1('1B(;:Jn1i§;'12',R1'82003

= Different from Maximum Entropy Method: S not entropy, no more flat directions
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A Novel Bayesian Spectral Reconstruction

= |nversion of Laplace transform required to obtain spectra from correlators

N :
- 1. N  parameters p, >> N_ datapoints
Di =) expl-aimil pt Aw X o
=1 2. data D, has finite precision

= Give meaning to problem by incorporating prior knowledge: Bayesian approach

M. Jarrell, J. Gubernatis, Physics Reports 269 (3) (1996)

= Bayes theorem: Regularize the naive x? functional P[D|p] through a prior P[p]|1]
Plp|D, I] o< P[DIp] PlplI]

= New prior enforces: p positive definite, smoothness of p, result independent of units

P [p| I] X eS S=u Z Awq (1 — ‘|’ log [ml ] ) PRL 1\1('13(;:?1?;'12','21'82003

= Different from Maximum Entropy Method: S not entropy, no more flat directions

d
6—P[p|D,I] =0
Y

p=pBR

10th International Workshop on Heavy Quarkonium 2014, November 13th 2014
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Bottomonium Correlators Close To T=0
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S.Kim, P.Petreczky, A.R. arXiv:1409.3630
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Bottomonium Correlators Close To T=0
SEIT 1386
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= Linear dependence: interpolated values to calibrate mass shift at intermediate
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Spectral Functions Close To T=0

10000 . . . . . : : : . . -
_ 4 _ _ 4 _ 4 _ 4 _ 13
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1 15 2 25 3 3.5 4 1 1.5 2 2.5 3 3.5 4
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= =|- num— S —
N,=12001,=[-0.5,30] p™™=20 N, =10

= Bayesian reconstruction:
m,=const, 512 bit precision, Atol=10"%°
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10000 . . . . . . . . o
p=6.664 32* — B=6.95032* - B=6.664 32* — p=6.95032% — |8
1000 ¢ B=6.800 32* — B=7.280 48°x64 — 7 10F B=6.800 32* —  PB=7.280 48°x64(44) — §
100 | g
8 10¢ 1 2 1} 5
Ea TF &é ZSQ %
< g
01} 3 0.1 a
0.01 ¢ S-wave T=0 P-wave T=0 §
T T s 2 25 3 a5 4 R s 2 25 3 a5 4
Aw [GeV] Ao [GeV]
, , N,=12001,=[-0.5,30] p"™=20 N_,=10
= Bayesian reconstruction: . . 2
m=const, 512 bit precision, Atol= 10"
= S-wave ground state peak very well resolved, next peak mostly from Y(2S)
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Spectral Functions Close To T=0

10000 : : : . . . . . . . .
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[
£
0.01 F S-wave T=0 P-wave T=0 =

0.001 - - - - - - 0.01 ' - - - -

1 1.5 2 25 3 35 4 1 1.5 2 25 3 3.5 4
Aw [GeV] Ao [GeV]

N =12001 =[-0.5,30] p"vm=20 N. =10
= Bayesian reconstruction: v w7l B jack

m,=const, 512 bit precision, Atol=10"%°

= S-wave ground state peak very well resolved, next peak mostly from Y(2S)

= P-wave ground state broader: worse s/n ratio and smaller physical peak size
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Spectral Functions Close To T=0

10000 ; . . : : : . . . . -
p=6.664 32 p=6.950 32 p=6.664 32" — p=6.950 32 - |9
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1 1.5 2 25 3 35 4 1 1.5 2 25 3 3.5 4
Aw [GeV] Ao [GeV]

N =1200 I, =[-0.5,30] f™™=20 N._ =10
= Bayesian reconstruction: v w7l B jack

m,=const, 512 bit precision, Atol=10"%°

= S-wave ground state peak very well resolved, next peak mostly from Y(2S)

= P-wave ground state broader: worse s/n ratio and smaller physical peak size

My, (1) = MYRAP 4 C(B) = 9.917(3)GeV > MT |, =9.89278(26)(31)GeV

Xb1( Xb1
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Reconstruction Accuracy: S-wave
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N.32 =

'N32 -
N2 -

'N32 -
N 12 -

N.64 (44) —
N, 12 -

S.Kim, P.Petreczky, A.R. arXiv:1409.3630

B=7.280
AT=2 MeV AT=6 MeV AT=8 MeV AT=21 MV
Am=2 MeV Am=4 MeV Am=7 MeV Am=31 MeV
1 15 2 1 1.5 2 1 15 2 1
Ao [GeV] A® [GeV] Ao [GeV] Ao [GeV]

= High precision of the improved Bayesian reconstruction (narrow width resolved)

= How does accuracy suffer from limited available information at T>0 (Nt=12) ?

= One of the tests we ran: truncate T=0 dataset (Nt=32/64) to Nt=12
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S.Kim, P.Petreczky, A.R. arXiv:1409.3630

N.32 = 'N32 - 'N32 - N,64 (44) -
. N2 - N2 - N12 -
B=7.280
AI'=2 MeV AI'=6 MeV AI'=8 MeV AT=21 M&V
Am=2 MeV Am=4 MeV Am=7 MeV Am=31 MeV
1 15 2 1 15 2 1 15 2 1
Ao [GeV] Ao [GeV] Ao [GeV] Ao [GeV]

= High precision of the improved Bayesian reconstruction (narrow width resolved)

= How does accuracy suffer from limited available information at T>0 (Nt=12) ?

= One of the tests we ran: truncate T=0 dataset (Nt=32/64) to Nt=12

B = 6.664:

Overall Limits:

10th International Workshop on Heavy Quarkonium 2014, November 13th 2014
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Reconstruction Accuracy: P-wave

10" b

S 100 f

-BR
pxb1

107 f

= Estimate systematics: truncate T=0 dataset (Nt=32/64) to Nt=12
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. Pp=6.664

N.32 -

N 12 -

B=6.800

N.32 -
N2 -

N.32 -
N 12 -
B=6.950

N,64(44)

N 12 -

p=7.280

S.Kim, P.Petreczky, A.R. arXiv:1409.3630

P-wave
A'=-16 MeV 4§ Ar=11Mev Ar=13 MeV / AI=39 MeV
Am=14 MeV ‘' Am=52 MeV Am=72 MeV Am=171 MeV
1.5 2 2.5 3 1.5 2 2.5 2 2.5 2 2.5
Ao [GeV] Ao [GeV] Ao [GeV] Ao [GeV]

= Due to a worse signal-to noise ratio, effect in P-wave is larger than for S-wave

Overall Limits:

B = 6.664:
B =7.280:
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Bottomonium Correlators At Finite T

1.015

1.05

T=160MeV w& _ 1.04 | T=160MeV »e _ 1 @
101 b T=184MeV & + Nmeas‘400 1l = T=184MeV & ¥ +Nmeas'400 §
G T=249MeV & S 403l T=249Mev e E
: ¢ ; = 3 b i
a + ll, = i &
= 1.005 ; i = 1.02f ® ' 1%
: P p b R ° o L
19 dip . :*:*g** : 4 & } ) o ¢ 1 ¥ “
1 oS xe xez it B =

0.995 - - - : : : 0.99 : . . . - -
0 02 04 06 08 1 12 14 0O 02 04 06 08 1 12 14

T [fm] T [fm]
S-wave at most 1% change P-wave at most 5% change

= Statistically significant in-medium modification above T=160MeV

= Side remark: similar qualitative and quantitative behavior for n,and h, (scalar)
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S-wave Spectral Functions At T>0
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1000 T T T r T 1000 T T T r r
100 | S-wave 100 | S-wave
New Bayes MEM
10 10 ]

P (o)
pY-MEM((’))

S.Kim, P.Petreczky, A.R. arXiv:1409.3630

0.1 0.1 -
-0 —0.98T —1.08T¢ —1.19T¢ —1.37T 0.8/Tg —1.01Tg —1.12Tg —1.24T¢ +1.44T¢ —
1T —1.01Tg —1.12Tg —1.24Tg —1.44T¢ — 0.94TC —1.04Tq —1.45T¢ —1.29T¢ — 1.61Tg —
10 11 12 13 14 10 11 12 13 14
o [GeV] o [GeV]

N,=1200 |,=[-1,25] B"m=20 N, =10

= Bayesian reconstruction:

m=const 512 bit precision, Atol=10"%°
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S-wave Spectral Functions At T>0
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1000 T T T T T 1000
100 | S-wave - 100 F S-wave
New Bayes MEM
S 3 07
o = : — :
>-‘O. 1 - >_‘Q- 1 r '
0.1 0.1 '
-0 —0.98T —1.08T¢ —1.19T¢ —1.37T 0.8/Tg —1.01T¢ —1.12T¢ —1.24T¢ +1.44T¢ —
1T —1.01Tg —1.12Tg —1.24Tg —1.44T¢ — 0.94TC —1.04Tq —1.45T¢ —1.29T¢ — 1.61Tg —
0.01 Il|084TS —1.04T¢ —115T¢ —1.20T¢ —1.61Tg — | 001 Ho98Tg —1.08T¢ —1.19T¢ —1.37T¢
10 11 12 13 14 10 11 12 13 14
o [GeV] o [GeV]

N,=1200 |,=[-1,25] B"m=20 N, =10

= Bayesian reconstruction:
m=const 512 bit precision, Atol=10"%°

= New Bayesian method resolves peaks much better than MEM

= observed broadening and peak shifts at finite T smaller than accuracy limits
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S-wave Spectral Functions At T>0
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= Bayesian reconstruction:
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NN
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0. —1.01T. —1.42T~ —1.24T
0.94TC —1.04T¢ —1.15Tg —1.29T¢
0.98T¢ —1.08Tg —1.19Tg —1.37Tg

S.Kim, P.Petreczky, A.R. arXiv:1409.3630

14475 —
161Tg —

o [GeV]

N,=1200 | =[-1,25] B™™=20 N.__=10

J

512 bit precision, Atol=10%°

= New Bayesian method resolves peaks much better than MEM

= observed broadening and peak shifts at finite T smaller than accuracy limits

= Well defined ground state peak present up to 1.61T.= 249 MeV
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= Worse signal to noise ratio leads to larger Jackknife errors than for S-wave

= observed broadening and peak shifts also smaller than accuracy limits
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P-wave Spectral Functions At T>0
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P-wave New Bayes
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=
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T=0 —0.98Tg —1.08Tg —1.19T¢ —1.37T 0.91Tg —1.01Tg —1.12Tg —1.24T | 1.44T —
0.91Te — 10170 —142TC — 17247 — 144718 — | o4 Wl 0:94TS —1:04T¢ —1:15T¢ — 12078 11617 — |
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o [GeV] o [GeV]
Ground state peak visible Ground state peak disappears
up to T=1.61T_ for T>1.29T,

Worse signal to noise ratio leads to larger Jackknife errors than for S-wave

= observed broadening and peak shifts also smaller than accuracy limits

New approach finds well defined peak up to highest T investigated 249 MeV

MEM result similar to FASTSUM G. Aarts et. al. JHEP 1407 (2014) 097

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

UNIVERSITAT
HEIDELBERG

S.Kim, P.Petreczky, A.R. arXiv:1409.3630



BoTtTOMONIUM IN NRQCD AT T>0

Systematic Assessment Of P-wave Survival
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= Peaked features can arise from either physics or numerics (c.f. Gibbs ringing)
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= Peaked features can arise from either physics or numerics (c.f. Gibbs ringing)

= Reconstruct non-interacting spectra from free NRQCD correlators (U=1)
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Systematic Assessment Of P-wave Survival
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= Peaked features can arise from either physics or numerics (c.f. Gibbs ringing)

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

100 | M=2.76

10 |

pXm'BR((D)

0.1

0.01

T=140MeV N 400 —
rescaled free —

pXm'BR(m)

100

10 |

01

0.01

M=1.56

T=249MeV  N_400 —
rescaled free —
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= Peaked features can arise from either physics or numerics (c.f. Gibbs ringing)

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

100 } i} : 100 ¢ = ]
M=2.76 T=140MeV  N,400 — M=1.56 T=249MeV  Nc400 —

rescaled free = rescaled free —

10 | 10

pXm'BR((D)
pXm'BR(m)

0.1 f 0.1

S.Kim, P.Petreczky, A.R. arXiv:1409.3630

0.01 0.01

9 10 11 12 13 14
® [GeV]

= At T=140MeV: clear difference between ground state peak and numerical ringing

= At T=249 MeV: ground state peak less pronounced but a factor 3 remains
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= Lattice NRQCD: efficient non-perturbative treatment of Bottomonium at T>0

= |mproved Bayesian approach to spectral function reconstruction is promising

= Improves on the MEM: higher resolution on same datasets
= No restricted search space: accuracy suffers from loss of information alone
= On HotQCD lattices with N=2+1 light HISQ flavors ( 483x12, T.=159+3MeV)
= In-medium modification of correlators above T=160MeV [up to 1% (Y) and 5% (X,) ]
= S-wave and P-wave ground state spectral peak well defined up to 249MeV
= N_=12 datapoints allow us to set upper bounds on in-medium modification
= A systematic comparison between free and interacting spectra show:

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

= Lattice NRQCD: efficient non-perturbative treatment of Bottomonium at T>0

= |mproved Bayesian approach to spectral function reconstruction is promising

= Improves on the MEM: higher resolution on same datasets
= No restricted search space: accuracy suffers from loss of information alone
= On HotQCD lattices with N=2+1 light HISQ flavors ( 483x12, T.=159+3MeV)
= In-medium modification of correlators above T=160MeV [up to 1% (Y) and 5% (X,) ]
= S-wave and P-wave ground state spectral peak well defined up to 249MeV
= N_=12 datapoints allow us to set upper bounds on in-medium modification
= A systematic comparison between free and interacting spectra show:

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

Thank you for your attention
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= As expected: high momentum behavior changes but IR unaffected
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Default Model Dependence
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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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