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Consider aDark Confining Group with

Ncolours

F light quarkfavoury

1 loopbetafunction is negative assumingnootheractivecolouredscalars
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Confinement A

Mesonicboundstatesform
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LinearSigmaModel tomodel lowenergymesondynamics

Mesons condensateoflightquarks
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MesonicEffectiveMasses

ofield dependentmasses zerotemperaturemasses
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Part I PhenomenologyExample



Phenomenologyexample Baryogenesis
M.Dichtl.J.Nava.siPascoli FSala

arXiv 2312.092821

Need a firstorderPT from a confininggroup

PTmustbesupercooled

Tn Teg whereTeg is whenprad DU

Make an abundanceofhadrons through

iffy
ifeng.gs

fubeubesfifdfg.li
fermionflux

con.fi eaimsale

f
Bubble wall wallboost VTnuc2fi Manyhadrons fermionsproduce

I Baldes4 Gouttenoire FSala alsooutsidewallto conserve
chargearXiv 2007.08440



Manymorehadronsproducedfromhighenergyfermioncollisions

Ocoffffy
hadronsproducedcomparedwith

non confiningPTLorentzfactorofconfiningfermions

Yieldofahadront

Yy Y 30couf Brihadr 1
Tnf

TR

Thad Feg

41ft

With a portal totheSM which destabilises whose decayviolates

B CXCP

p ofbaryonsonaverageper decay
YB EVKsphYI

1 if beforeewsphaleron.isactive elseat



Part I StandardLoreforGW GravitationalWave

Phenomenology

frompreuequations p 1

RPasechnikMReichert F Sannino ZW Wang arXiv 2309.16755

DCroon R HoutzVSanz arXiv 1904.10967

A HumboldtJ Kubo SVanderWoude arXiv 190407891

L Sagunski P Schicho DSchmitt arXiv 2303024501



Steps

o acts as orderparameterforthephasetransition
Viree M 0

q
o
1g
04

zero tempvacuum O m

g
fit
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to fi
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21 Thermalcorrections arisefromCJTformalism

8
Consistentsumof 2 loop Velt T

31Polyakov loopcorrectionsdue togluoniccontributions



Two loopthermaleffectivemasses inCT
Equivalentto daisy
superdaisyresummation

1 Hartree Fochapproximation
T

Mesonself energiesindependentON X 1
ofmomentum energyOIN X IT

41 EffectivepotentialinCJTreads
tree level propagator

VIOG V10
fun
G k 1 G ChioG k 1 V2 oG

dressedpropagator
Hartree Scalarloop

v 5P 0 Val5 Is Pseudoscalar loop



31 SchwingerDysonequationfordressedpropagator

DRoderJRuppert DRishke arXiv nud th 0301085
Dressed propagators

Sab1k 01 Iab k
Hartreeapprox

Sb hl Sab Mab Kl

Pib Kl Isp
Tab h Pib Kl kSab M ab K

tree levelpropagators
where

East 2 8 511 o.o.s.s.pe self energies
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Omittingvacuumcontributions to the integrals ie we canavoid

highlynon trivial renomalisation

19 91 99 art exp VIII s

f 91 99 t exp VIII 11

ie we have a systemofcoupledequationsforthethermaldressedmasses
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SolvedNumerically
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ThermalCorrections LookLike
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Limitsof Applicability

Unitaritybounds
from 22scattering

a XX xx b no no

Unitaritybroken

for 7 4 Mo 1 106 Gevi my 5.8 106Gev1

mn 1.06 107Gerl f 1270GeV



21 MatsubaraZeroModes

athigh temperatures infraredBosonicmodesbecomehighlyoccupied

andtheeffectiveloopexpansionparametergrows like

g gnisle.tl 9É 9th

forthesignaOf
free

to



CTT increasesMcoTI St inthephenomenologicallyinterestingregion Iusually

CRITERIA at most 10 of test o Xett it exceeds16T

Nucleation Critical
temp temp

Xett i

4pt T
coupling IMIO.TT

Benchmark

F 3 N 3

fi 1102GeV



Polyakov Loop Improvement

Buildan EFTtomodelaconfining.PTnear tothe ChiralSymmerryBreakingPT

Expect a Zn centresymmetryto distinguishconfined deconfined phases

Lix acts as anorderparameterforthisphasetransition
1 0 isconfinedphase

II Tr II 1 1 isdeconfinedphase

ThermalWilsonline ie _Dexpli deAuii.es
PathOrdering 1

temporalcomponent



ThermalEffectivePotentialof gluonsector preserving In symmetryis

PLM T f.by
1112 ball 4 b en 1 n

belt dota as as
af f

fitparametersfromlattice

RPasechnikMReichert

FSannino ZWWang
2309.167551



mediumconnectsthepuregluonic chiralcomponents

Vmed ZFT 91,3 Tre in 1 Lee in 1 Like felt

assumingzerochemicalpotential

where Ep VIPITMI is theenergyofthequarks

Quarkmasstermmg go O

K Fukushima VShokov
0111constant arXiv 1705.00718

NB 1 1 assumingzerochemicalpotential



TechnicallyLix acts as anorderparameterforthisphasetransition

commonlyjustuseMeanFieldApproxfor t.ie

VPLM 10TI Vmed OT Min VPLM OTL Vmed OT L
O 1 1

Benchmark F 4 N 3

ConfiningPTat T1 2ft

Mo 1 106 GeV

Min 1.54 107 Gev

Mx 5.8 106 Gell
fit 2121.32GeV



NB Ignoringvacuum
full potential contributions

Neff 10,71 Vismcot ME
VermleT Vmed o E T

Vest OT



FirstOrderPT
Wherethefalse vacuumprobabilityis

J

Parent

If arffi.at iatifiiP
Weightfunction

fi
falsevacuum

True
Nucleation Percolation occurswhen

g
Vacuum

Tp Tn 0.34
a S i

2
pm

a
falsevacuum or

P Tp 0.7
Vacuumfulcrum J.Ellis.M.Lewicki.J.M.NO arXiv 1809082427



GW Spectra Capriniet.at arXiv 1512.06239

SensitivityCurve

legLISA Sumofmanywavesofdifferentfrequencies

Lookslikeastochasticbackgroundin aGW

A
interferometer legLISA

frequencyspectrum
α latentheat

BH inversedurationofPT
Tn nucleationtemperature
Vw bubblewallvelocity

W 4 Ai B Laurent J Vandevis arXiv2303.10171



Smallermass increaseNumericalResults
signalstrength

N 4 colours envelopeisminmaxfor Tr Efn 0.12,51

MI E 1,257 106 GeV
fit 10.5.1.5 103GeV



Part II

AnomalyMediatedSUSYBreaking AMSB

Based onargumentsfrom

CCsakiR TitoDAgnolo R GuptaE Kuflik TRoy arXiv2307048097

D Kondo HMurayama B Noether arXiv 2505181381

HMurayama arXiv2104.011797

CCsakiHMurayamaOTelem arXiv 210410171



ComparisonwiththeLargeNlimit theOriginofthe ymass

Classicallywhenmg O

UFlexUCFR SULFIL SULFIR UM ex UMIR

Quantummechanically
0111A UM L UM R

isexplicitlybroken

Anomaly

2mjh 1392
TRIGG

assumedonlydue to F fundamentalfermions SUN gaugegroup

givesmassto theGoldstonebosonn associatedtoV11 acurrent



ifmass inQCD ismuchhigherthantheotherpseudo
Goldstone

pions.massgeneratedfrom t Hooft instantonterm

IG tHooftPhysRevLett 37811967

PhysRevD 143432119761

breaksaxial

chargeconservation2Fmassless
fermionsinstanton

r

detPhi

Coupling Cg8e8pi2g2 det leftoverlinepsileft1gamma5rightpsiright
Tell taleinstantoncoupling



In thelargeNlimit theanomalyvanishes

2mjam Fg TRIGG f
TriGG 0

16m

where X gN isthe t Hooftcouplingwhichisheldfixed

However fortheChiralLagrangian to recovermin 1 scaling
N

V detI N th c

correctlymatchestheexpectationfromthelargeNlimit
EWitten NudPhysB 1491197912853207

GVeneziano NucPhysB159 19791213 2247



Such apotentialwouldhavea branchedstructure

V12

subtiti

3 16172fn L actualpotential

L k O N 1

whichcannotbegeneratedbyinstantons

C saki.et.at arXiv2307048097



Storyfrom AMSB C saki.et.at arXiv2307048097

Tree levelpotentialforthe squarks if
Kahlerpotentialis notquadratic α

superpotentialis notcubic
gauginoViree 2Wgi 2 w VectorsuperfieldWx Xxt

mom 2kg 2 k K

m 2Wg 2 k 3W hic 95 2 2 K is Kahlermenic

Idea Toconnect withQCD musttakelimit

1km N

QCDconfinementscaled Susybreakingscale

D Kondo HMurayama B Noether arXiv 2505.18138 HMurayama arXiv 2104.011797

Csaki TRoyMRundorfer TYoun arXiv 2505.07593
CCsaki HMurayamaOTelem arXiv 2104.10171



y

CASEI FIN ADS Superpotential C saki.et.at arXiv230704809

W IN FI
1ff

N F Treman
alsoseeeg

whereMff QfQf are themesons
MDine PDraper L Stephenson

Haskins DXu arxiv 1612.05770

ScalarPotential

Vu constants detU
N F

the

where V einpinata

RecallHiggs H Iii hire
1
fieldredefinition



ICCsaki AGomesH Murayama
CASE II F N N 1

B Noether DRVarierNO Talemalsoseeeg arXiv 2212.032601
INSeiberg arxiv hepth 95090667 Nochange

Protected from Runaways to IncalculableMinima

CASE II NH F 3N 2 Gauginocondensation in thedualgaugegroup

Wd I 9Mjg Trimam

fundamentalsofSUCF N
Relatesscalesoforiginal dualtheories

13N FI3Ñ F f 1
F N
µF

andresults inthesamescalarpotential

Vu constants detU
F N

the
C saki.et.at arXiv2307048097



Important

Impossible torestoreChiralsymmetry Ie write Vasa functionof I

NoteWewant todothis to investigateTheterm to trywouldbe
symmetrybreaking

c det IIP c c

where p 1 17 N for F Ntl but

TERMISNOTANALYTICAT I O

Symmetrycannotbelinearlyrealised

IS Coleman JWess B Zumino
Structureofphenomenologicallagrangians1PhysRev1771196911

Onlyhave V11 u SUCH symmetry linearlyrealised



Canalsosee this in scatteringamplitudes

a Xb

CP 15211 4F 6 pF pF

Positionofthevacuum

It of 4 F 1 F 31 F 2 F 11
It

Cannottake 0 Ofor p not integer

NB Suchdynamicsfamiliar inHEFT A Falkowski R Rattazzi arXiv 1902.059361

R Alonso JCCriado R HoutzMWarXiv 2312.008811 etc



How can we investigatesuch a term withGWs

Chiral
symmerryalreadymildly

brokenexplicitlybyquarkmasses

Addsmall degeneratequarkmass term
min

Vsm
Ep

Tr I Tr It

New tree levelpotentialforo

Viree101 Eo m 0
1g
04

Zerotemp tree levelvacua O E m fi tofit
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Vacuumevolution nowlooks like

t

Y
I Mayhavenucleation

o

Keeps usaway
fromthe non analytic would be symmetricpoint

Mustbeverycarefulaboutthis

egshift everything
aroundo.fi
Ism So fil

my
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Soffit



Aside

zerotemperaturemasses

Mol01 E cpltp21FFPixof.it shiftedequationsfordressed
F F masses
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PreliminaryResults

76 N 4

ME 0.5 2.57 106 mi 0.001 0.17 106 GeV1

Mo 10.5 1.31 106 UnitaryAperturbative MY 10.0010.051 106 Gev

fit 0.6 1.81 103 GeV

fit 10.9 1.87 103 Gev
TunedMasses



PreliminaryResults

F 6 N 4

ME 0.5 2.57 106 mi 0.001 0.17 106 GeV1

Mo 10.5 1.31 106 UnitaryAperturbative MY 10.0010.051 106 Gev

fit 0.6 1.81 103 Ger My 10.551 106 Gev1

fit 0.9 187 103 GeV my 10.557 106 Gev



Conclusions

1 1 Interestingto test out theseAMSB QCD arguments

Questionsaboutapplicabilityeg
reversing

confinement Susybreakingscales

21 Gravitational wavephenomenologymaybeoneangle perhaps
incombinationwith a meson massspectrum

31 Nevertheless there aremany unknowns uncertainties

alwayscheckyourEFT isunitary



Backup Boundedness
fromBelow

Whathappenswhen F 4

Viree
my
0
q
o

1,004

The EFTcutoffis at47ft

If V o 4nF V10fu
potential isboundedfrombelowLIVE.iheky.tn
If V10 411ft V10 fill
potentialNOTboundedfrombelow

withinEFTvalidity


