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A_pplications

Solid state physics Asymp. free/save QCD toy model

chirally
symmetric
(m =0)

wranslationally | 5
invariant

(m #0)
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from [CAsTRO NETO et al., RMP 2009], from [BRAUN et al., PRD 2011] from [THiES et al., PRD 2003]

see also [HERBUT etal., PRB 2009]
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Four-Fermion Theories

Ny N
L= Z%a (Ia — Im) wa - % Z <J3M1¢a> (EbMﬂ/}b)
a=1

a,b=1
with
W, 1) spinors, a flavour index,
m mass, N¢number of flavours
A (inverse) coupling, My, M, matrices
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Chiral Symmetry U(/N)

Chirality does not exist in odd space-time dimensions.
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Chiral Symmetry U(/N)

Chirality does not exist in odd space-time dimensions.

But: In reducible representation (4-comp. spinors) we have 5 to define

s () e s (7
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Chiral Symmetry U(/N)

Chirality does not exist in odd space-time dimensions.

But: In reducible representation (4-comp. spinors) we have s to define

s () e s (7

Order parameter

¥ =(4v) #0
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Absence Of Chiral Symmetry
Breaking
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What to expect?

< GN Large-/V;
(broken) (symmetric)
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What to expect?

— oN M |attice Large-V;

(broken) W analytical (symmetric)

—_—
Il 2B 'l
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D
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Dabelow, Gies, Knorr, 19

Our Result (PRD100 (5) 2019)
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The (Putative) Continuum PD

chirally
symmetric

—
strong coupling
PD=Phase Diagram, xSB=Chiral Symmetry Breaking
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The (Putative) Lattice PD

probably
first order

symmetric

—_—
strong coupling
PD=Phase Diagram, LAP=Lattice Artifact Phase, xSB=Chiral Symmetry Breaking
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The (Putative) Lattice PD

probably Weak ing ( tic)
eak coupling (symmetric):
first order iping 'y

symmetric

—_—
strong coupling
PD=Phase Diagram, LAP=Lattice Artifact Phase, xSB=Chiral Symmetry Breaking

DRﬁ[RI/CERSgH'-%%- A New Phase Transition and Chiral Symmetry in 1+2D Thirring Model February, 2020
ENA

Julian Lenz 7/13



The (Putative) Lattice PD

probably Weak ing ( tic)
eak coupling (symmetric):
first order iping 'y

Intermediate (potentially ySB):
0000®
@000
00000
o] Jelele)
O000®

symmetric

—_—
strong coupling
PD=Phase Diagram, LAP=Lattice Artifact Phase, xSB=Chiral Symmetry Breaking
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The (Putative) Lattice PD

probably Weak ing ( tic)
eak coupling (symmetric):
first order iping 'y

Intermediate (potentially ySB):
0000®
@000
00000
o] Jelele)
O000®

Strong coupling (LAP):
00000

symmetric

—_—
strong coupling
PD=Phase Diagram, LAP=Lattice Artifact Phase, xSB=Chiral Symmetry Breaking
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The (Putative) Lattice PD

probably Lattice Filling Factor:
first order

1 LAP
k~<0...1 strongly coupled
0 weakly coupled

symmetric

—_—
strong coupling
PD=Phase Diagram, LAP=Lattice Artifact Phase, xSB=Chiral Symmetry Breaking
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Overview (16 x 15?)
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The New Transition
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But...

< GN Large-/V;
(broken) (symmetric)
Our Result
l / (PRD100 (5) 2019)
; ; ; ; —Q)
% 4 5 6 7 g
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But...

< GN Large-/V;
(broken) (symmetric)
Our Result
l / (PRD100 (5) 2019)
; ; ; ; —Q)
% A 4 5 6 7 8 00‘

How to construct
the continuum limit here?
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But...
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But...

Continuum limit

< GN Large-Ns
(broken)

Our Result
(PRD100 (5) 2019)
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How to construct
the continuum limit here?
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Continuum limit

Large-Ns
(symmetric)

Our Result
(PRD100 (5) 2019)

11 2 3 4 5 6 7 8

How to construct
the continuum limit here?

Maximum’s Position

o1s LY J

010

|
os

5,

000 [t sacee T

05 06 01 0% 0% L0 L0

¥

.. a new second order phase transition not related to chiral symmetry.
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ﬁling Factor k
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ﬁe Resolution
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ﬁe Resolution
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The New Phase Diagram

chirally

probably symmetric

first order

(—
strong coupling
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The New Phase Diagram

chirally

probably symmetric

first order

Gap (no
continuum limit)

/ Triple
Ne = 1.0 P D] Point

—
strong coupling
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Conclusion
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a)nclusions and Outlook

Conclusion: Thereiis ...

- no chiral symmetry breaking in 1+2D Thirring models (with Nf € N).

* anew phase transition not related to order parameters we know of.
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a)nclusions and Outlook

Conclusion: There is ...
no chiral symmetry breaking in 1+2D Thirring models (with Nf € N).
a new phase transition not related to order parameters we know of.
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Mass Dependence
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gectral Density
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Maximal Condensate
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Maximal Condensate
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%sceptibility Scaling
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D_ual Formulation

The (Euclidean) Partition Function

Z= /@@@qp e /L= S wy(k)det D[{k}] = /dz e UE)
{K}

o O O O O O
o O O O O O
o O O O O O
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D_ual Formulation

The (Euclidean) Partition Function

z- /.@@@zp e JE = Y wa(K)det D[{K}] = /dz e U
*

« free dynamics
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D_ual Formulation

The (Euclidean) Partition Function

z- /.@@@zp e JE = Y wa(K)det D[{K}] = /dz e U
®

® 6 & 6 0 0 - free dynamics
® © © © 0 O * interaction sites
® ¢ &6 ¢ 6 O
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D_ual Formulation

The (Euclidean) Partition Function

z- /.@@@zp e JE = Y wa(K)det D[{K}] = /dz e U
®

® 6 & 6 0 0 - free dynamics
® © 6 © 0 0 interaction sites

+ Pauli: exclude interaction sites
® ¢ 6 ¢ 0 ©
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D_ual Formulation

The (Euclidean) Partition Function

7 /9@% e JE = CS wy(K)det D{K}] = /dz & UT)
w9

® 6 & 6 0 0 - free dynamics
® © © © 0 O * interaction sites

« Pauli: exclude interaction sites

® O ©® ©® O @  onecoupling perinteraction
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D_ual Formulation

The (Euclidean) Partition Function

7 /.@@@zp e JE = CS wy(K)det D{K}] = /dz e U
W

® 6 & 6 0 0 free dynamics
® © © © 0 O interaction sites

Pauli: exclude interaction sites

. . . . . . one coupling per interaction
The effective potential U(X)..

.. can be calculated from expectation values measurable on the lattice.
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The Effective Potential (16 x 15?)

u(z)
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The Effective Potential (16 x 15?)
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The Effective Potential (16 x 15?)
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Conclusion:

No chiral symmetry breaking in red. 1+2D Thirring models (with N € N).
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a)ntinuum Limit
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a)ntinuum Limit
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a)ntinuum Limit
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a)ntinuum Limit
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