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Why are we interested in Lee-Yang Zeroes?
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Why are we interested in Lee-Yang Zeroes?

What is a LYZ?

® A zero-crossing of the generating
functional/partition function Z
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Why are we interested in Lee-Yang Zeroes?

What is a LYZ?

® A zero-crossing of the generating
functional/partition function Z

® A divergence/ discontinuity in the
freeenergy F = —B~* log(Z2).
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Why are we interested in Lee-Yang Zeroes?

What is a LYZ?

® A zero-crossing of the generating
functional/partition function Z

} ® A divergence/ discontinuity in the
oL ) free energy F = —B3~ ' log(Z).
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= How are complex LYZs connected to the (real) critical endpoint?
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Complex phase transitions?

Partition function :

Z=> exp(-BEy).
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Complex phase transitions?

Partition function :

= Zexp(—ﬂEi)-

Extend to complex energies E;
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Complex phase transitions?

Partition function :

Z= Z exp(—BE;) .

Extend to complex energies E;

® Z has complex zeroes (LYZ),
since

exp(iz) = cos(x) + isin(z) .



Introduction Lee-Yang Zeroes Results Conclusion Additional Slides
[e] o] le]e) [e]e]e} (o]e} (e]e]

Complex phase transitions?

Partition function :

Z= Z exp(—BE;) .

Extend to complex energies E;

® Z has complex zeroes (LYZ),
since

exp(iz) = cos(x) + isin(z) .

® LYZs move to the real axis -
linked to external parameters
N, T orm.
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Complex phase transitions?

Partition function :

Z= Z exp(—BE;) .

N =10 O
12 [e)
Extend to complex energies E; 1o
150
18
® Z has complex zeroes (LYZ), 20,
since S o
€0 L 2
exp(iz) = cos(z) + isin(z) Y
o)
o
® LYZs move to the real axis - °
linked to external parameters o
Re g

N, T orm.
Wikipedia MSCA-IF-No-892956

=

= Predict real phase transition!
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Lee Yang edge singularities in QCD

® Simple LEFT for meson interactions: O(4)
theory

0(4) line b)

tricritical point

PhysRevLett.125.191602: Connelly, Johnson,
Mukherjee, Skokov
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Lee Yang edge singularities in QCD

® Simple LEFT for meson interactions: O(4)
theory

® Atm, — 0 we find a second order phase
1 0@ tine b) transition at high 7.

tricritical point

PhysRevLett.125.191602: Connelly, Johnson,
Mukherjee, Skokov



Introduction Lee-Yang Zeroes

[e]

[e]e] ]o)

Results
[e]e]e}

Conclusion Additional Slides
(o]e} (e]e]

Lee Yang edge singularities in QCD

Imz a) - o) tine b)

tricritical point

Réu' Re‘p

PhysRevLett.125.191602: Connelly, Johnson,
Mukherjee, Skokov

® Simple LEFT for meson interactions: O(4)
theory

® Atm, — 0 we find a second order phase
transition at high 7.

® As we go to physical pion masses the LY
travels through the complex plane for
increasing Re p.
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A Functional Approach

The path-integral / generating functional:

Z[J] = /d(pexp{ —Slp] +J - o}
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A Functional Approach

The path-integral / generating functional:

Z[J) = /d(pexp{ —Slp] +J - o}
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® SJ¢] classical action of the theory.
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A Functional Approach

The path-integral / generating functional:

Z[J) = /d(pexp{ —Slp] +J - o}

® SJ¢] classical action of the theory.

® Real function of a complex variable.
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A Functional Approach

The path-integral / generating functional:

Z[J) = /d(pexp{ —Slp] +J - o}

® SJ¢] classical action of the theory.

® Real function of a complex variable.

® Sample from oscillatory integrand
(Lattice).

Integrand

PoS LATTICE2021 (2022) 223: Attanasio,
Bauer, Kades, Pawlowski J

arXiv 2203.01243: Pawlowski, Urban
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Test case:

° O(N)withd =0, N =1

® (Classical input parameters m = 1, A = 1
® Direct evaluation of Z
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The O(N) Model

Stel = | {%so(w) [-22 +m?] o(a) + %so(zr*}
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Magnetisation M = (¢), at minimum of the effective potential w[J]. J
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Magnetisation M = (¢), at minimum of the effective potential w[J] .
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Magnetisation M = (¢), at minimum of the effective potential w[J] .
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Recovering a Real Phase Transition
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Recovering a Real Phase Transition
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Summary & Outlook

Investigated the convergence of
functional flows in the complex
plane using DG-methods.

Retrieved location of the
Lee-Yang singularity in d = 0 and
d = 4.

We extracted the critical mass

m? of the real phase transition in
d=4!
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Summary & Outlook

Investigated the convergence of
functional flows in the complex
plane using DG-methods.

Retrieved location of the
Lee-Yang singularity in d = 0 and
d = 4.

We extracted the critical mass
m? of the real phase transition in L7

d=4! 10%

= Go towards QCD phase structure and complex ! )
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Thank you for your attention!

Friederike lhssen
ITP Heidelberg
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A Functional Approach

The infrared regularized path-integral / generating functional:

Zk[J] = /[d@]ren,p22k2 exp{ - S[@] + J - 90} )

1
/[d<ﬂ]ren,p22k2 = /[dW]ren exp{ - 590 - Ry - w}
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A Functional Approach

The infrared regularized path-integral / generating functional:

Zk[J] = \/[d@]ren,pzzkz exp{ - S[@] + J : 90} )

1
\/[dtp]ren,;ﬁzkz = \/‘[d(p]ren exp{ - 590 : Rk . 4‘0}

e Suppression of IR momentum modes by
k-dependent mass term.
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A Functional Approach

The infrared regularized path-integral / generating functional:

Zk[J] = /[dw]ren,pzzkz exp{ - S[@] + J : 90} )

1
/[d¢]ren,p22k2 = /[dg&]ren exp{ - 590 : Rk . 4‘0}
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e Suppression of IR momentum modes by
k-dependent mass term.
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e Access to non-perturbative IR regime by
stepwise integration of low energy 1 .
momentum modes.
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M(¢y, H) = ¢prom, with Oy, w[J(dz, dy)] — H|¢w=¢:c,EoM =0

Scaling relations:
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