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Why this talk may be relevant — or not ;)

+ Idea relevant for many
lattice-QCD calculations
at 7>0

+ understand QCD where we
think it is simple

+ revisit first non-perturbative
coefficient
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Why this talk may be relevant — or not ;)

+ here: only quenched limit of QCD
(no quarks)

« hard work done by others, we only

+ idea relevant for many Interpret their results
lattice-QCD calculations + only 1% effect ... for guenched QCD
at 7>0

+ understand QCD where we
think it is simple

+ revisit first non-perturbative
coefficient
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Methods

Lqcp = —iF:fyF;‘” + ... where F!'" = 0tAY — OV Al — gfabcA’,;‘AZ

Andre.Peshier@uct.ac.za * Tracing the QCD pressure * Frankfurt University, Dec 2016


mailto:Andre.Peshier@uct.ac.za

Methods

Lqcp = —F“ F 4 ... where FM" = 9FAY — 0¥ A" — g fapcAy A
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Perturbation theory
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Methods

where FM = gAY — 0¥ AP — g fupcAl AY
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Perturbation theory CHALLENGES

P 1+ c30?% + c30%? 4+ (cqa + é1Ina) a*? + c5a°/? + (¢ + éslna) a%? + . ..

DPsB
[Shuryak 1978]

[Kajantie et al 2003]
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Perturbation theory CHALLENGES
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Perturbation theory CHALLENGES
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Perturbation theory “diverges”

toy model: scalar “QFT” in d=0 dimensions
» “Lagrangian” L = fz?+Az* - ‘“partitonfnc’ Z(\) = /da: exp(—L()\))

* perturbative expansion Z(\)/Zy =1—3X+ 2 10502 F ...
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Perturbation theory “diverges”

toy model: scalar “QFT” in d=0 dimensions

» “Lagrangian” L = fz?+A\z? - ‘“partition fnc” Z()\)—/da:exp(—L()\))

* perturbative expansion Z(\)/Zy =1—3X+ 2 10502 F ...
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Lattice QCD CHALLENGES

[Borsanyi et al, 2012]
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Lattice QCD CHALLENGES

finite-size artefacts in particular around T_. correlations

-
""--.,.
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cont. limit —=
- Boyd et ICIl. | | -
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[Borsanyi et al, 2012]
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Lattice QCD

integral method: pressure from interaction measure Z =e — 3p

p(T) n /T dT’ Z(T') p(To) where e = sT° = p
=0

T where o = T with s = dp/0T
0

T4
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Lattice QCD

integral method: pressure from interaction measure Z =e — 3p

T where e = sT' —
p(T) dr' I(T')  p(Ty) N 81?
i =0 + T g Where o = T with s = 9p/
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Scrutinize existing results [Borsanyi et al, 2012]

¥ lattice
pQCD fit

compare to pQCD A = 0.73T,. known
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Scrutinize existing results [Borsanyi et al, 2012]
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Scrutinize existing results [Borsanyi et al, 2012]
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Scrutinize existing results [Borsanyi et al, 2012]

| | | | j

PQCD should be
“better” at large T ...

pQCD fit
=t
E 10-1 compare to pQCD A = 0.73T,. known
— fit: Cg — —724+3
1072
. | | | ] & |
0.5 § I.\'\., ] int. method ; 08 :_ ,.e""' b
= - == from fit 7 - e
‘E: \ 2 0.6 ~’! 7z cont. limit -
X i 1 < vy '
I X - —.. 0(g®) fitted :
_ 0.1 & 4 & 04 - - 0O(g®) fitted + nonpert.
- - o -
- ] y
0.05 F ] 02 [ .
I i 1 1 1 1 1 11 1 II 1 1 1 1 1 I-
1 103 1 10
T/Tc

Andre.Peshier@uct.ac.za * Tracing the QCD pressure * Frz 22


mailto:Andre.Peshier@uct.ac.za

Scrutinize existing results [Borsanyi et al, 2012]
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Theory & models

theory

ADJUST PREDICT
narams J VERIFY

phenomena, observables
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Theory & models

theory

ADJUST PREDICT
narams J VERIFY

phenomena, observables

= in practice, we always use models/approximations
+ validity check is crucial
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Theory & models

theory

ADJUST PREDICT
narams J VERIFY

phenomena, observables

= in practice, we always use models/approximations
+ validity check is crucial

= in QFT
- adjusting parameters = renormalization
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Our approach

 thermodynamic renormalization: match perturbative results
to lattice data at sufficiently large “renormalization temperature”
to specify model parameter(s)

use interaction measure (being the actual lattice “observable”)

0 (pmodel/T4)

Imo el — T5
del oT
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Our approach

 thermodynamic renormalization: match perturbative results
to lattice data at sufficiently large “renormalization temperature”
to specify model parameter(s)

use interaction measure (being the actual lattice “observable”)

0 (pmodel/T4)

Imo el — T5
del oT

= check range of applicability of adjusted model by comparison

with lattice data (not by vague arguments “coupling small”)
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Our approach

 thermodynamic renormalization: match perturbative results
to lattice data at sufficiently large “renormalization temperature”
to specify model parameter(s)

use interaction measure (being the actual lattice “observable”)

0 (pmodel/T4)

Imo el — T5
del oT

= check range of applicability of adjusted model by comparison

with lattice data (not by vague arguments “coupling small”)

= make predictions for other observables in applicability range
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(n|/) models (n=0)

pressure (= thermodynamic potential) to order n:

1+ Z C,. am/2] where py = 8 X 2§—§T4

Pn) — Po
m=2
Cy, = —1.2
C; = +5.4
C, = 6.8lna + 16.2
Cs = —45.7
Cs = —36.6lna+ cg (for p = 27T)

running coupling to order /.
4 —k
Oz(g) = Z a,k(L)L
k=1

a; =1.14, a2 = —0.96In L, a3 = 0.41 + 0.81(InL — 1) In L

2
L(T)=In|——| where A\ =A/T.
T,

C
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Running coupling

a
0.50} o
fairly similar for /=2 and /=3
(and /=1 after rescaling)
0.20} — 1=
=2
_1=3
0.10
0.05-

T T, R 10
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(5|2)-model

... how NOT to: p-scheme

§  matching p(s)

: Hﬁ-ﬁ.

102

L/T.

¥ ¥imar

i

10°

D(5|2) (Ia >‘) = Piattice (I)

7Z cont. limit

- 0(q®) fitted

-~ 0(g®) fitted + nonpert.
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(5]2)-model ... how NOT to: p-scheme
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(5]2)-model ... how NOT to: p-scheme
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(5]2)-model ... how NOT to: p-scheme
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(5|2)-model

§  matching p(s)

@ Hﬂ-ﬁ

102
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¥ ¥iman

i

10°

D(5|2) (Ia >‘) = Piattice (I)

7Z cont. limit
- 0(g¥) fitted
-~ 0(g®) fitted + nonpert.
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(5|2)-model

§  matching p(s)

@ Hﬂ-ﬁ

10
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(5|2)-model

I(5|2) (Ia >‘) = Tlattice (I)

e T T T
b A
1 _E = ___ -3
| | | | b=
2 0 - — g 0 g :- = E
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= = E | | 1 1
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(5|2)-model

) = 0.58 £ 0.11 L2 (L5 A) = Liastice(T)
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(5|2)-model
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(5|2)-model
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(5|2)-model
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applicability range: 7> 40T_
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(5|2)-model
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(5|2)-model
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(5|2)-model
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(5]2) model

breakdown at T* ~ 40T, because “coupling too large” ...?

_ | | I I
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(5]2) model

breakdown at T* ~ 40T, because “coupling too large” ...?

— | | —
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(5]2) model

breakdown at T* ~ 40T, because “coupling too large” ...?

— | | —
1 — ? f 1QCD —
E . = T : a(10T,) = 0.10
7 i N ‘& ~=7" Lep) Q@I(10Te) a(40T,) = 0.08
= 107 F - >, s E «(400T,) = 0.06
= .. :
3 ]
i
107% gt 3
E l | |-
1 10 107 10°

T/T. similar properties as
asymptotic series

P51 (40T.) = po[1 — 0.09 + 0.12 — 0.01 — 0.08] ~ po[1 — 50.09]
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(6/3) model

more difficult
+ 2 parameters

A(6]3); C6

+ expect smaller
applicability range
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(6/3) model

more difficult
+ 2 parameters

A(6]3); C6

+ expect smaller
applicability range

3
CG/C([S]

fit over interval [T, T, . ]
N 1 I I 1 I 1
R Ty = 6007,
L75 oy, —— Ty =400T., -
:\ \\ “:\\\ — Tf — SOOTC |
AN L 2N -ees Ty =200T,
: \ ‘ oo Tf = IOOTC

1.25 _
A~y
10 F -
[ I I 1 I 1
0.0 0.5 1. 0 1.5
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(6/3) model

more difficult
+ 2 parameters

A(6]3); C6

+ expect smaller
applicability range

applicability range: 7> 3007 _

fit over interval [T, T, . ]
N 1 I 1 I 1
R Ty = 6007,
L75 oy, —— Ty =400T., -
:\ \‘ “:\ — Tf — SOOTC |
. W ---== T} = 2007,
A e Ty =1007,
—~
$ 1
1.25 -
% R\\ -
"--..____-__-b
1.0 | -
1 I 1 I 1
0.0 1.0 1.5 2.0
A Asps)
51
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Results

1.0 —

0.95 -

P/Po

0.85 -

Iiﬂ ] 7
R
P*6|3)
= Pi5p2)
i 1QCD OLD
m 1QCD revised T

107 10°
T/T,
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Results

1.0 I I I
i 5 Eﬁﬁﬁim |
0.95 F 3 2 -
L S
S‘i - Pl i
= 09 f F Ploiy .
;" = Psp2)
I @ @ 1QCD OLD ]
0.85 :‘ B 1QCD revised
l 4 | | |
1 10 107 10°
T/TC

matching
interaction measure at large T

l

“re-calibration” of
pressure at T > 47T

slower approach to free limit
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Results

1.0 I I I
i i Eﬁﬁﬁim i
0.95 F 7 2 -
L S
S‘i - Pl i
= 09 f F Ploiy -
f = Psp2)
I @ @ 1QCD OLD ]
0.85 i‘“ B 1QCD revised
l 4 | | |
1 10 107 10°
T/TC

matching
interaction measure at large T

l

“re-calibration” of
pressure at T > 47T

slower approach to free limit

non-perturbative coefficient

Ce — O(—40)
Cg — —72+3
Cg — —95 1+ 6
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Results

095 - 0.8% ¥ mmﬂiﬁ E“-r—_
i.-%

(- - -
S, y
= 09 f X T How -
a === D)

I @ @ 1QCD OLD ]
0.85 i‘“ B 1QCD revised

| | | |

1 10 10? 10°

T/T,

matching
interaction measure at large T

l

“re-calibration” of
pressure at T > 47T

slower approach to free limit

non-perturbative coefficient

Ce — O(—40)
Cg — —72+3
Cg — —95 1+ 6
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Resumeé

1.0 T T T |

0.95

p/po

0.9

correct 0.85

T/t

int. DOWN

/
III IIIIII
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Resumeé [arXiv:1610.08530]

« new approach to deal with lattice artefacts (which have physics reasons):
combine integral method with perturbative QCD
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« new approach to deal with lattice artefacts (which have physics reasons):
combine integral method with perturbative QCD

* 1% modification of pressure, slower approach to asymptotic freedom
~ relevant to benchmark improved analytical methods
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Resumeé [arXiv:1610.08530]

« new approach to deal with lattice artefacts (which have physics reasons):
combine integral method with perturbative QCD

* 1% modification of pressure, slower approach to asymptotic freedom
~ relevant to benchmark improved analytical methods

e
-

/Z[;fm:&u "
LA 5 ¥ ﬂﬂrfﬂz/ﬁfm

Wm JSSSN, A
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~ relevant to benchmark improved analytical methods

« impoved value of 1* nonperturbative coefficient
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Resumeé [arXiv:1610.08530]

« new approach to deal with lattice artefacts (which have physics reasons):
combine integral method with perturbative QCD

* 1% modification of pressure, slower approach to asymptotic freedom
~ relevant to benchmark improved analytical methods

« impoved value of 1* nonperturbative coefficient

e outlook: phenomenological implications for physical case
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