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(Gauge-termion theories

1 . . B + Importance 1n the natural world: ~QCD, ~EW sector
S — Z F Ly F [ - »Cgf = [' gh =+ ZMD w 4+ Non-trivial dynamics and features:
g e Confinement
e Dynamical chiral symmetry breaking (dySB)
~21daret Model of Elementary Particles e Walking dynamics

higgs 4+ Answer to fundamental puzzles of nature:

» Strong dark sectors responsible for Dark Matter

» Composite Higgs and Technicolour models

« Cosmological phase transitions and gravitational wave signatures

GAUGE BOSONS

VECTOR BOSONS
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What we know so tar trom tirst-principles?

1 _
q — / ZF SVF S’V + Lo + Loy + VI + Where asymptotic freedom is lost o5t -f
x -k :
4+ Few flavours: QCD-like theories 0'4;' “g
20 = 0.3f
| SHPON
. 0.2 ECaswell 74
- + CBZ IR fixed-point (perturbative) 0.1¢Banks, Zaks 82
. 5 B gg 110 A N 10—30 10—20 10—10 |
9T (@m2\ 3 3T P
fund
Ny 10 5 (34 20
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“2Cp — 4CpTe Ny — =—CATpN¢ | + - --
(4#)4(SCA CrIr Ny 3CAF f>‘|‘
S _- + Tailor-made task for the functional Renormalisation Group: Fk [¢]
| e Quantitative Thssen,Pawlowski,Sattler, Wink[2408.08413]
02 e Versatile: easily study large range of parameter and theory space

SU ( N C) e Chiral limit with no difficulties
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Colour continement and the gluon mass gap

+ Absence of coloured asymptotic states + fRG bootstrap approach to confinement:
+ Massive spectrum of bound states (glueballs) - Mass gap generated by quantum fluctuations
AA -
DAY (07) = Zan(®) (07 + miap ) = Zas() P’

+ Existence ot a gluon mass gap: - Uniquely defined confinement condition

- Wilson area law

lim Ze(p®) o (p°)°  lim Z4(p?) o (p*) 72"
- Kugo-Ojima conditions p—0 p—0

- Confinement-deconfinement phase transition

Cyrol,Fister,Mitter,Pawlowski [1605.01856] He11‘2bst,Luecker,Pawlowski[ 1510.03830]
7L | A : - FRG, scaling ‘ ' | ' | ‘ ___._ ] . G )
, T e e N e _ + New: “easy” confinement
2 Sternbeck et al. el = Kaczmarek et al. ‘02
B Fos- & S grmea® - Cutoff dependences suffice
& T s o | peeere oo . .
= 1| S 0s ] ira - Semi-analytical
E ¥
. Ve i | - Facilitate study beyond QCD-limit
0.1 . : ! ! . :
p [GeV] ° 1 2 3 4 5 6 7

1T,

Alvaro Pastor Gutiérrez, Max Planck Institute for Nuclear Physics, Heidelberg 4



Continement in correlation tunctions  N.=3 N;=2

+ Flows computed: { JAgys GAce: A3, A4, A, LA, Zc}

+ Exchange couplings:

2

F(AW)} >

o [ k 7=1 _  Jayy

VYT A 2422 A (1 +m2,,)
N

X Aqpa) Z/)ww<.p2

+ Decay of correlation functions below the mass gap scale

kconf ~ Mgap ™ Tconf ™ AQCD

+ The interplay of gapped gauge and ghost contributions

O RO = %—2@; 0 —%ﬂ%ﬁ

Cyrol,Fister,Mitter,Pawlowsk1 [1605.01856]
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"Easy’ continement

Gluon propagator dressing:

3of Ny =2 'f
://5 2.55. — This work
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Emergent composites

B 1 a 17a —a a 1 a 7 T > a
I = / Fa P + (0,") D50 - T (0, A% + 0 [ (vuDp)] ¥ — A [(zp TY iys T w)ﬂ L
Stratonovich’57 Hubbard’59 Gies, Wetterich ’01
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Dynamical ySB N, =3 Nj =2
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+ Obtaining fundamental parameters

- Constituent fermion masses: m,, (within 10% error)

+ Flows computed: {h, V(¢), Ly L, )\7;}

- Chiral condensate: (6) ~ f,

+ Continuous interpolation between chirally symmetric . .
P s - Composite masses of bosonised channels: m_, m

and broken regimes

+ Account for higher dimensional fermionic operators
+ A clear and precise way to diagnose ySB oo ,
via higher-order scalar potential
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Many tlavour dynamics
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'walking
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Interplay ot scales and tundam

ental parameters
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Boundary ot the contormal window

cr1t
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Summary and conclusions

+ Comprehensive first-principles study of the landscape of gauge-fermion theories:
- “Easy” new treatment of confinement

- Determination of fundamental parameters:

- M, ,(0), m;, size of walking regime, ...

- Lower boundary of the CBZ window N J(ﬁrit = 10.76 10 og

- Flow over Effective Field Theories
ask me!
- Scalings of strongly coupled CFTs

Thank you for your attention!
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