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Fluctuations on the lattice
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Motivation

The Equation of State from fluctuations
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From determining higher order
corrections from the shift with
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From Taylorexpansion
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Motivation

Why fluctuations?

@ Extrapolation of Equation of State to finite 4 — important for heavy
ion collision phenomenology
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Motivation

Looking for criticallity with fluctuations

Experimental signature for critical end-
B

point: non-monotonic behavior of ’fg(us)
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Motivation

Looking for criticallity with fluctuations

Experimental signature for critical end-

point: non-monotonic behavior of (MB)
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Motivation

Looking for criticallity with fluctuations

Experimental signature

for critical end-
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point: non-monotonic behavior of X% (ug)
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Search for the critical endpoint with lattice
QCD by looking at Lee-Yang-Zeros (for exam-
ple [Giordano:2019slo], [Mukherjee:2019eoul],
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Why fluctuations?

@ Extrapolation of Equation of State to finite 4 — important for heavy
ion collision phenomenology
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@ Sensitive to criticallity both in experiment and theory

-5 0 50 100 150 200
T (Mev)



Motivation

Resonances from fluctuations
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Motivation

Why fluctuations?

@ Extrapolation of Equation of State to finite 4 — important for heavy
ion collision phenomenology

@ Sensitive to criticallity both in experiment and theory

© Can be used to search for new resonances in the Hadron spectrum
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Motivation

Fluctuations and Heavy lon collision experiments
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Motivation

Why fluctuations?

@ Extrapolation of Equation of State to finite 4 — important for heavy
ion collision phenomenology

@ Sensitive to criticallity both in experiment and theory

© Can be used to search for new resonances in the Hadron spectrum

@ Comparison to freeze-out physics in heavy ion collisions
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State of the art

X2 and x2 in the continuum

0.2

b
»

0.3
;¢ 2438 ——
0.15 | ‘@ 32%10 ——
$ 40°%x12 —=—
: 48%x16 —e—

cont —a—
011 - cont X_BQ ——

% P . HRG
u.as-} k ;i;iﬁ'f%'}i;

200 300 400 . - T MeV]
T (MeV) 120 130 140 150 160 170 180 190 200 210 220

[Borsanyi:2012cr] [Bellwied:2015Iba]

0.2

X2

0.1

60 80 100 120 140
1




State of the art

xE and X2 on finite lattices
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Our set-up and analysis

Lattice set-up

N, used for T=145 MeV @ 4Hex + dbw2 action
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Our set-up and analysis

Systematic errors

We have to deal with systematic errors from the continuum extrapolation and the scale setting.
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Our set-up and analysis

Systematic errors

We have to deal with systematic errors from the continuum extrapolation and the scale setting.
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Our set-up and analysis

Systematic errors

We have to deal with systematic errors from the continuum extrapolation and the scale setting.

Scale setting is done with f; and wj. Continuum extrapolation:
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New continuum results
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New continuum results
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New continuum results
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New continuum results

TR
20 g continuum 4
1.20 rxaxa s
2010 ——
1.00 24%12 ——
] 3 HRG ——
*
0.80 |- " —
$
060 3 —
040 L i ,
020 =
T [MeV]
. . . . . . . .

00
130 140 150 160 170 180 190 200



Results

New continuum results
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New continuum results

g

I e e e 2.00 etz 16 ]
20x10

1.20 Fralta contuym j ! } o |

2010 ——
1.00 3 24%12 ——1 |
HRG ——
L 1.00
0.80 . g i i

] 0.50 1
0.60 |- 3 B H
3 0.00 $
040 - . g : .
.3 Ty fipiet
020} S ] 050 T [MeV] |
Tivev] L T el
0.00 e 130 140 150 160 170 180 190 200

1 1
130 140 150 160 170 180 190 200



Results

New continuum results
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New continuum results
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New continuum results
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Results

Comparision with different actions
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Comparision with different actions
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Results

Strangness neutrality: (ns) = 0 — Continuum results
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Strangness neutrality: (ns) = 0 — Continuum results

T T T T T T T T T — — — 5.0 T T — T
1.0 [PalP2 cum.;.:;;; | 15 j’s P2 an“:\:;;g | 40 | Pg/P2 LT=2 wmmu&:)g ]
20°10 o1 2010 —— 20%10 +—4—1
24%12 —o—t 24512 et 3.0 24312 —4— 7|
0.8 HRG —— 7| 1.0 HRG —— HRG ——
' 20 I g
L \! | 1.0 H { 1
08 . 05 1 1431ias
. 0.0 i $ -
04| ® B 0.0 1 — 4.0 1 l i { } B
*e te IR R * 20 |
02t .3, o 05 E a0l J
T [MeV] T[MeV] 40k T[MeV] |
L L L L L L L oL L L L L L L L L L L L L L L L
130 140 150 160 170 180 190 200 130 140 150 160 170 180 190 200 130 140 150 160 170 180 190 200
R — TE BT — R L —
120 |x88 contnuym 1 2.00 X6z continugm 1 6.0 [XgX2 e 1
X 16°x8
2010 —o—i 2, .
1.00 7 2412 —— 1.50 323::2 ——i | 4.0
3 s HRG —— HRG ——
0.80 . g 1.00 1 2.0
]
060 | 3 1 0.50 |- i } 1 00
040 - y , i 20
- .3 0.00 ¥ 4 - }
020 - ] ¥i¥ et 40 { |
T [MeV] 050 | T [MeV] ] T [MeV]
0.00 L P . P . L P 60 P . P .

L L
130 140 150 160 170 180 190 200 130 140 150 160 170 180 190 200 130 140 150 160 170 180 190 200



Strangness neutrality: (ns) = 0 —Comparision with different actions
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Results

Conclusion
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o First continuum extrapolated results for high order baryon number fluctuations
@ A 4Hex 4 dbw? action allowed for a continuum limit from N, = 8,10,12
o With LT = 2 the volume effects are under control in the low temperature region.



Results




T [MeV] [ 163 x 8 | 20° x 10 | 243 x 12
130 31741 | 71090 | 68689
135 33528 | 106403 | 66960
140 34977 | 69690 | 75229
145 336975 | 188571 | 111435
150 65374 | 108481 | 81590
155 34057 | 96985 | 89559
160 37145 | 68619 | 94053
165 156044 | 67668 | 98744
170 34397 | 42314 | 11831
175 34180 | 36522 | 12089
180 30594 | 25229 | 12727
185 30051 | 18396 | 13066
190 30293 | 18267 7141
195 31276 | 15008 7199
200 31919 | 13346 7390

Table: Number of configurations analyzed on our three lattice geometries.
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