Emergent Gauge Symmetries in Particle
Physics and Cosmology -

The Standard Model works very well at LHC and in precision measurements,
much better than many expected.

Open puzzles with neutrinos, baryogenesis, dark matter, dark energy...
New particles and/or new principles? How special is the Standard Model?

Idea of an emergent Standard Model
Gauge symmetries ,dissolving,, in extreme ultraviolet at ~ 1016 GeV .
Scale hierarchies in particle physics
- Cosmological constant scale ~ m, < Higgs mass << Planck mass
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Quarks, leptons and gauge bosons
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Standard Model working very well

- Higgs discovery at CERN
- Very SM like
- Higgs self coupling an
issue for future

measurements
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T g -
Higgs Potential —
The SM Higgs comes with good UV behaviour

Higgs
potential
Our Stable
vacuum
!
Metastable
Higgs \
field v

- Brout-Englert-Higgs mechanism preserves gauge invariance with
massive W and Z gauge bosons

- Renormalizable
- Perturbative Unitarity with measured Higgs mass

- Vacuum Stability V(@) = p?|®” + A|@|".
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Running couplings in particle physics

The situation for QED and QCD can be summarized in a graph
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Running couplings
Running Standard Model parameters [C++ code of Kniehl et al, 2016]
V{(g) = i’ éo* + A($¢*)

—

1__. g’
-t g
0.8_— - =g,
[ . . yt
0.6 AL &
’n‘;?z 04:_ - = m ] | | [ [ ] : = N |
/\=‘)l,2=0.13. ACa m = m = =
02
0__
n I| IIIII L 11 J IIJ 11l 1110 JIIJ IJIIIIllI]IIIIllIIIIIIIJlLI_LI.lIJJJIIIIllIIIIIIIJI]_LLL
10* 10° 10® 10" 10™ 10™ 10" 10" 10%
n [GeV]

. 1l 5 & . ([ ay v .
miyy = _l,,~’,-~’_ my = _l(-"z + g")v? my = !/fﬁ (f = quarks and charged leptons)



R

unning masses and Higgs vev

*  Running Standard Model parameters [C++ code of Kniehl et al, 2016]
- Running W, Z, top and Higgs masses and Higgs vev
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Results from LHC: Critical physics in UV ?

LHC: So far just Standard Model
Higgs and no new particles

Running couplings/masses.

Remarkable: the Higgs and top
mass sit in window of possible
parameter space where the SM
is a consistent theory up to the
Planck scale wth vacuum close to
the border of a stable and meta-
stable.

Possible critical phenomena in
the extreme ultraviolet.

Implicit reduction in the number
of fundamental couplings.
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iggs self-coupling perspe

Higgs self-coupling A challenging to measure!

L]
collider di-Higgs single-Higgs
(1) excl. (2.a) glob. (3) excl. (4) glob
with HL-LHC w/o HL-LHC
HL-LHC 0% (50%) | 52% 47% — 50%
HELHC | 10-20% (n.a)  na 40% 80% 50%
| ILCuso - _—_— 20% 37% 49%
ILCss0 = - 28% 37% 46%
| ILGseo 2% (27%) | 2T% 27% 32% 38%
ILCy000 10% (n.a.) 10% 95% 30% 36%
| CLICss — _— 46% 120% 50%
CLIC, 500 36% (36%) 36% 1% 78% 49%
| CLICs000 1% ma) | na 35% 63% 19%
FCC-eeaqn = = 19% 21% 49%
| FCC-cesgs - _—_— 19% 21% 33%
FCC-cellP . . 14% 14% 24%
‘ FCC-eh 17-24% (n.a.) ‘ n.a. n.a. n.a. n.a.
FCC-eefeh/hh | 5% (5%) 6% 18% 19% 95%
‘ LE-FCC 15% (n.a) ‘ n.a n.a. n.a. n.a.
CEPC — — 17% 18% 49%
L]

Standard Model prediction

ctives

—

Higgs@FC WG November 2019

di-Higgs single-Higgs
HL-LHC HL-LHC HL-LHC
_____ 50% 0% (473%)
HE-LHC HE-LHC
. [10-201% Dsn% (4086)
HE-LHC . FCC-eelehihh D FCC-eeleh/hh
I 5% 5% (18%)
LE-FCC LE-FCC
15% na.
FCC-eh, FCC-eh
FCC-eefeh/hh I D-1?+24°.2m Dna =
FCC-eels,
under HH threshold FoCon
FCC-ee —_— 33% (19%)
N \ I FCC-ee,,,
---------------------------------------------- 433 (19%)
iLE i
ILC 10% 36 ﬁ;sﬂ )
ST B Ot
under HH threshold D' T
CEPC 49% 12%9%)
CEPC
_____ 497 (172%)
| Clic,, clic,,,
CLIC o411 48% (35%)
CcLIC CLIC
ARy | P 49% (315%)
L 0 6 (419
CLIC.
0 10 20 30 40 50 5% (46%)

68% CL bounds on x, [%]

All future colliders combined with HL-LHC

[de Blas et al, THEP 2020]
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Open puzzles

SM is mathematically self consistent but is is physics-wise and
where does it come from?

Neutrinos
- Tiny masses, CP violation, Dirac or Majorana
Baryogenesis
- Matter-antimatter asymmetry in the Universe
Fermion families
- Why are there 3?
Dark Matter - 27% of energy budget
- Suggested by galaxy properties, CMB, gravitational lensing
Dark Energy/Cosmological Constant - 687% of energy budget
- Accelerating expansion of the Universe
Hierarchies of scales, p.- << Higgs mass << Planck scale

Primordial inflation: Suggested by flatness, isotropy, homogeneity,

absence of magnetic monopoles...

11
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Emergent Symmetries and Particle Physics
B

Are (gauge) symmetries always present ?
(Gauge symmetries determine our particle interactions)
Making symmetry as well as breaking it

Emergence: Many body system exhibits collective behaviour in the IR
which is qualitatively different from that of its more primordial
constituents as probed in the UV.

» Can give extra symmetry in the IR, absent in the UV.

- Gauge symmetries dissolving in the UV instead of extra unification

Standard Model as long range tail of critical system which sits close to
Planck scale [Jegerlehner, Bjorken, Nielsen ...].

Examples in quantum many-body physics: Fermi-Hubbard, Superfluid 3He-A

12
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Emergent symmetries

—

Analogy:

Imagine an Ant crawling on a carpet. From afar the
carpet looks flat and translationally invariant. Up
close, e.g. as perceved by the ant, the carpet develops
structure with hills and bumps.

The translational invariant symmetry is perceived in
the infrared, but dissolves up close in the ultraviolet
when one looks closely at it.

Also classical physics emerging from quantum physics.

13



xample: Fermi-Hubbard Model

Strongly correlated electron system on 2D lattice

H=—t Z ;. Cic +U Z 1TC1TC1J,C11

(ij)e

Low energy limit at half filling, behaves like Heisenberg magnet

Hor = Z(C;[gﬁa,ﬂﬂz‘,ﬂ}-(C}aﬂraﬁﬂjﬁ} J = 4tgfrU
i,] -
v ¢
Quasi-particles with spin-charge separation ,/? 2 Wl
g K ¢
.Spinons" feel new local SU(2) gauge symmetry t ¢
- [PW Anderson and collaborators, PRB 1988] ¢
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Superfluid 3He-A with Fermi points

Emergent gauge symmetries (SU(2) and U(1)) plus chiral fermions and
limiting velocities. Spin dof becomes dynamical fo an internal observer
[Volovik]. N3= +1

P;=(0.0.pp) E

2 2
P -
E*(p) = (2m — :u) + ¢4 (p x 1)?,

[Anderson+Morel, 1961] —

p,=(0.0,—pp)
N3=—1

Gap with Fermi points at A(D) = ppey sind

Green's function and topology in momentum space
g_l(pg} — eff‘i.(p;,: — pg) + higher order terms
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Towards an emergent particle physics

(Topological-like) phase transition < new dof including gauge symmetries
- E.g., Statistical system near critical point.
- Long range tail is renormalised (finite) QFT
[Wilson and Kogut, Peskin and Schroeder]
- If contains (massless) J=1 excitations > gauge theory!

Unitarity with massive J=1 bosons = Higgsed and Yang-Mills structure
Small gauge groups most probably prefered
Possible hint for emergence scenario

- Vacuum Stability and perhaps new critical phenomena in the UV

- SM parameters perhaps correlated with physics deep in the UV
through vacuum stability.

16



ﬁ

An Emergent Standard Model

e —

Standard Model as an effective theory with infinite tower of higher
dimensional operators, suppressed by powers of the (large) emergence scale M

Global symmetries tightly constrained by gauge invariance and renormalisability
when restricted to dimension 4 operators, e.g. QED

- . |
L =iyt D b — maph — lF I

Can be broken in higher dimensional operators, suppressed by powers of M

Examples, lepton and baryon number violation, Weinberg, PRL 1979

E.g. Lepton number violation < Majorana neutrino masses at mass dimension 5
(Weinberg)

OLYIN;:(PL). . .
0; = ¢ )Eﬂ; e Iy, =~ Agw/ M

Also Lorentz violation at D=6 ? (Bjorken)
17




Emergent Particle Physics

—

- The low energy expansion at a glance

Table 5.1. Typical operators in a low energy expansion. The large ultraviolet scale M
here is taken to be about 101 GeV. The operators at D = 1,2,3 are tamed by the
symmetries. Table adapted from [Jegerlehner (2014a)].

dimension operator scaling behaviour
oo—many
irrelevant
T : operators
no
data D=6 Be, (O¢)2, ()2, . .. (E/M)?
| D=5 La,gﬁaﬂ”F#uﬂs,a%GﬂuGP”:... (E/M)
|
E'Xperlmental D=4 (56‘5)2 i é-il._. (F#U)Q. TE'E:"‘H'“ D,u o ... ln(Efﬂf)
data ' ' T '
4
D=3 o3, P (M/E)
D=2 &, (A,)? (M/E)?
D=1 @ (M/E)3

*  Coupling constants and masses ..conspire” to give a stable SM vacuum.



Emergent Symmetries

At low energies a QFT is governed by the values of a
relatively small number of relevant and marginal
couplings or operators.

* These few relevant and marginal operators can be
invariant under a wider range of field transformations
than a generic, irrelevant operator would be.

* The effect of irrelevant operators are strongly
suppressed at low energies, making it appear that the
theory has the larger symmetry group.

* Thus, symmetry can be emergent in the low energy
theory (infra-red), even if it is not present in the
microscopic theory,

e.g. associated with IR fixed point.

19



Standard Model and energy scales - Axions
—

Introduce new pseudoscalar coupling to the QCD topological charge density Q

M is large condensate scale for the axion, axion potential has minimum to
cancel © angle, with light mass excitation of this replacing strong CP violation

1. 1 a .
E = —§d#a.d“a — 642 ’\[ +0] O o
zfq |
‘1
1 Okeds u 57
F?  my,my ,
m? = —= m2

© M?(my + ma)?

* Non-renormalisable dimension-5 operators for
L violation (Majorana neutrino mass)

Two photon(gluon) - axion coupling interactions .



ﬁ
Where are we? —

SM makes sense up to very high scales
- How special is the Standard Model?

We know just the QCD, EW scales plus (here) the M scale where
the Higgs self-coupling might cross zero

Possible emergent SM with BSM in the higher dimensional
operators and SM parameters linked to physics at the highest
scales through vacuum stability

The scale of emergence here comes in the same ball park as
relevant to (Majorana) neutrino masses plus (tfo come) dark energy
and inflation.

Next, connections to cosmology...

21



Extra reading
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Emergent Gauge Symmetries in Particle

Physics and Cosmology, Lecture 2 "

The Standard Model works very well at LHC and in precision measurements,
much better than many expected.

Open puzzles with neutrinos, baryogenesis, dark matter, dark energy...
New particles and/or new principles? How special is the Standard Model?

Idea of an emergent Standard Model
Gauge symmetries ,dissolving,, in extreme ultraviolet at ~ 1016 GeV .
Scale hierarchies in particle physics
- Cosmological constant scale ~ m, < Higgs mass << Planck mass

Cracow Theoretical School, June 15-20, 2025
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Emergent Symmetries and Particle Physics
e

Are (gauge) symmetries always present ?

(Gauge symmetries determine our particle interactions)
Making symmetry as well as breaking it

Emergence: Symmetries dissolving in the UV instead of
extra unification

Standard Model as long range tail of critical system which sits close
to Planck scale [Jegerlehner, Bjorken, Nielsen ...]

[SDB, Phil Trans Royal Society A 380 (2021) 20210059]
24
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Running couplings
Running Standard Model parameters [C++ code of Kniehl et al, 2016]
V{(g) = i’ éo* + A($¢*)
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Emergent particle physics

Vacuum stability of the pure SM
- Sits very close to the border of stable and metastable
- Within one standard deviation of being stable up to the Planck scale

Consider possible (topological-like) phase transition

- New degrees of freedom with emergent gauge symmetries and J=1
excitations

Long range tail of a statistical system near a critical point behaves as
renormalized (finite) QFT.

Ising model and ¢* with critical dimension 4
[Wilson and Kogut, Peskin and Schroeder]

- If the low energy phase contains (massless) J=1 excitations, then it is
a gauge theory!

Also RG evolution inducing new local and global emergent symmetries at
IR fixed points

26
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An Emergent Standard Model

e —

Standard Model as an effective theory with infinite tower of higher
dimensional operators, suppressed by powers of the (large) emergence scale M

Global symmetries tightly constrained by gauge invariance and renormalisability
when restricted to dimension 4 operators, e.g. QED

- . |
L =iyt D b — maph — lF I

Can be broken in higher dimensional operators, suppressed by powers of M

Examples, lepton and baryon number violation, Weinberg, PRL 1979

E.g. Lepton number violation < Majorana neutrino masses at mass dimension 5
(Weinberg)

OLYIN;:(PL). . .
0; = ¢ )Eﬂ; e Iy, =~ Agw/ M

Also Lorentz violation at D=6 ? (Bjorken)
27




Connections with Cosmology

07, Now
*~13:8 billion years

< :aogisl’lfd‘n years
E Cosmic Dark Ages=—"
L. 380,000 yedrs

Universe Age




The Cosmological Constant

Vacuum energy is measured just through the
Cosmological Constant in General Relativity

1 Sy C

R,u.rz — 59,{1.:/ R = _C—Lll,u.y + Ag,u.p

Energy density  pyac = A X c? /(87G)

receives contributions from ZPEs, vacuum potentials (EWSB, QCD) plus
gravitational term

Pvac = Pzpe T Ppotential T PA

The Cosmological Constant determines accelerating expansion of the
Universe < it is an observable and therefore RG scale invariant

- Numerically, astrophysics (Planck) tells us p,,. ~ (0.002 eV)* 2



Cosmological Constant —

The Cosmological constant measures the vacuum energy density perceived

by gravitation -
A = 1.088 x 10726 ¢m—2

Pvac = A X C4/(8’/TG)
Astrophysics (Planck) tells us p,,. ~ (0.002 eV)*

Usual physics (particle, atomic...) measures differences between quantities
Gravitation couples to everything.

Before coupling to gravitation, can set the zero wherever you want, e.qg.
Normal ordering.

Still, issue of small cosmological constant scale compared to (at least) the
QCD and EW scales.
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Cosmological Constant

Is an observable and therefore RG scale invariant

d

—,0\-'21(: — 0 Pvac = Pzpe £ 2 Ppotential T PA>

dyi?

Scale dependence (explicit p, in masses and couplings) cancels:
What is left over?

Curious: With finite Cosmological Constant there is no vacuum
solution of Einstein's equations of GR with constant Minkowski
metric (Weinberg, RMP)

- No longer global space-time translational invariant
- Metric is dynamical with accelerating expansion of the Universe
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Cosmological Constant Scale

With emergence spacetime translation invariance and zero cosmological
constant makes sense at dimension 4

- E.g. Global Minkowski metric works in laboratory experiments
Cosmological constant scale then suppressed by power of M

Then, scale of Cosmological Constant ~ scale of neutrino mass ~ 0.002 eV

/1’\"aC ~ TNy N ;\g“, /:\[ Gives M ~ 1016 GeV

[SDB+J.Krzysiak, PLB803 (2020) 13535,
SDB, Phil. Trans.Roy.Soc.Lond.A 382 (2023) 20230092]
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Cosmological Constant

—

* Anthropic argument (Weinberg)

- Cosmological Constant can be at most 10x bigger to
allow galaxies to form

- Corresponds to a factor of EW scale (and Higgs mass)
constrained to be at most 30% bigger with matter
contributions taken as fixed

MJ/‘"’@ s
)

5] /5@0\\

2 i

—
W
o

Top mass M, in GeV

8

7

5

o

=

<
Ananeqinuad-uoN

W
o

E)— 5‘0 160 15lO 260 -
Higgs mass M;, in GeV
- Interesting that in the range of limits of a

perfurbative SM with maximum size of the Higgs mass



Hierarchy Puzzles - Zero Point Energies.

Zero point energies (important through Cosmological Constant)

‘max (13]\
Pzpe = 5 Z{h“’} — Z gi / \,/L,2 + m?2.

particles

Symmeftries - Covariance - and the correct vacuum Equation of State

- _ m* [2 3 O m?
prC = _pzpe — —N g-j 647{'2 z + § — ) I 471’/12 +

For Standard Model particles, p,,. comes from coupling to the Higgs
- Proportional to particle masses, m*

- Imaginary part for Higgs with vacuum instability ?”':‘21 — 2\ 1*2

(Using a brute force cut-off gives radiation EoS, p=3p, for leading term)
- Reminds one of Anomalies with symmetries and UV regularisation...
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Interpreting the ,gravitational term"

Volovik analogy with quantum liquids from condensed matter
physics, based on Gibbs-Duhem relation

E —uN
Evac = ( a ) = —Pvac-

V

E-TS —uN =—pV

Spectral density , .
microscopic

of vacuum energy degrees of freedom
)L(E) completely compensate

i confribution of
zero-point energy
| of quantum fields

without fine-tuning?
| .
1

. = F
contribution of E contribution
Zero-noi v ~Planck L .
-point energy of microscopic
of quantum fields \:legl'ees of freedom

EPlanck

e
3 4 ~
€zero point "”j dE E "~ ~ Eplanck —» €vac :de ;‘»(E) =0
0
0
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Open Cosmology Puzzles _—

The scale of DE and Majorana neutrino masses are entering at the same
order in the low energy expansion

fivac ~ My ~ A2 /M
Time dependence of Dark Energy?

- Possible time dependence in the coefficient in the low-energy
expansion as we relax from the phase transition that produces the
SM or in M, the scale of emergence.

Scale ~ 106 GeV similar to the typically taken in inflation models.
- Might there be a connection?
- Physics above M? Emergent gravitons like with 3He-A?

Dark matter candidates: Axions, BHs.

- Also fluctuations in the system above the scale of emergence which
might get frozen out. Condensed matter analogue with lattice
vibrations in the Fermi-Hubbard system.

36



Dark matter candidates

—

Candidates as new particles, PBHs or some new gravitational phenomena

If new particles, then entering at D=?
Axions, SUSY, 2HDMs come at different orders in low energy expansion,

QCD axion Lagrangian with usual mass scale taken between ~ 10° GeV and
~ 1013 GeV (constraints from laboratory experiments and astrophysics)

1. . a o - ifu . _ |
Lo=— E{_jﬂ adta+ Vi — C_)QCD 3 - ;,u,y Y — ,{}J na ’I;'.-'“'}’E,"}"'u P—...
1 N 4

Nearby galaxies phenomenology (rotation curves), DM at D > 4 (?)
vi = G My,ap, ap ~ 1.2 x 1071 ms™2 to within 10-20%

2Ta) X ag N ap

ap =cHy~1.1x 10710 ms=2  ap = *\/A/3 =cHy ~ 0.9 x 1071 ms™2
37



Possible Analogy from Condensed Matter.

Recall Fermi-Hubbard model in low energy limit U L
Strongly correlated electron system on 2D lattice /}
J

H=—1 Z ¢l Cio + UZC;TTCI-TCL-—:H.
(27)o !

J=4t*/U

Low energy limit at half filling, behaves like Heisenberg magnet:
- Quasi-particles with spin-charge separation
- ,Spinons” feel new local SU(2) gauge symmetry

- Lattice was so far taken as fixed.

Lattice site vibrations correspond to bosonic phonon excitations.
Possible analogy with Dark Matter along with emergent gauge system.



- Inflation —

Primordial inflation suggested by flatness of the Universe, its isotropy
and homogeneity plus lack of observed monopoles &tc that might have
been formed in the very early Universe.

Initial period of accelerated expansion by factor ~102¢ in 10-33 seconds.

Modelled via new .inflaton" scalar field with slow-roll potential

V(o)

3

5 u >
PoMB Pend reheating
Ad

Simplest models with a single .inflaton" fit to CMB amplitudes gives
inflation scale V ~ 10%¢ GeV, expansion involves bigger than ~60 e-folds.

The .re-heating” transition to Big Bang cosmology as the end of inflation
with explosion of SM matter and radiation.



Inflation and GWs —

Degrees of freedom above the scale of SM emergence ?

Gravitational waves from inflationary period expected to imprint on the
CMB in terms of tensor to scalar ratio. Quantum fluctuations get
stretched to superhorizon scales. Can re-enter the horizon at radiation
or matter dominance. Tensor perturbations (6WSs) can lead to
polarization of the CMB - B modes

- Connected to the scale of inflation.

Declination [deg.]
&

- o\ 1/4
1/4 _ 16 r
V14 — 1.06 « 10 Gev(ﬂ'm)

[ =
Right ascension (deg )

From Planck, WMAP and BICEP2/Keck measurements combination

ro.o5 < 0.036 at 95% confidence level
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Probing the highest scales

—

Vacuum stability of the SM assuming that the Higgs self-coupling
really behaves SM-like.

Majorana neutrinos through the Weinberg operator

Proton decays and axions ? Lorentz violations ?

Dark energy physics with Cosmological Constant scale ~ 0.002 eV
.Inflation" physics < can we see B-modes?

High frequency gravitational waves ~ 10° Hz would be sensitive to
early Universe physics at these energies. First experimentalist
ideas how to measure.

41



Summary, Conclusions and Open Puzzles .

The SM is working very well in present experiments, from low energy
precision up to 13 TeV collider energies.

Nice ultraviolet behaviour.

Is mathematically consistent up to the Planck scale with (very close to)
vacuum stability with the running Higgs coupling.

Open physics puzzles: neutrinos, baryogenesis, families, DM, DE, inflation...

Emergence

SM born in a topological-like phase transition below 106 GeV
New global symmetry breaking in higher dimensional operator terms.

Cosmological constant linked to global symmetries of the metric for
.pure vacuum” Universe. Scale comes out with similar size to tiny
Majorana neutrino masses.

Phase transition connection to inflation? CMB and high frequency GWs.

DM possibilites, how might any fluctuations from above the cut-off

freeze out with coupling to gravity like fluctuating lattice sites with
Fermi-Hubbard?
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Model might be emergent with its gauge symmetries and

particles “bom® in a topological like phase transition deep in
the ultraviclet. The particle masses and couplings would be linked
to the stability of the vacuum. In this paradigm the casmal ogical
constant scale has similar size to tiny Majorana neutrino masses.
There are interesting consequences for dark matter. Following an
intreducticn to our present knowledge of fundamental interactions,
the book discusses the paradigm of an emergent Sandard Maodel
and its links 1o cosmology and early Universe physics. Emergence
would imply deep connections between the world measured in our
experiments and physics at work in the far ultraviclet.

This book explores the idea that the paricle physics Standard

Staven Bass” book on emergent symmetries makes a compelling case for
the new paradigm of emergence as the guiding principla for understanding
elemantary particla physics and itz mystares and opan problams. Thara is
a nead o understand and find the paterns that characterize the Standard
Model of particle physics and provide clues to solutions to unsolved
problems in particle physics and cosmaology, whara gravity merges with
particla physics. Condenzad mattar physics is a treasure trove of emargant
phenomena that often helps to understand structures such as reanormalzable
guantum field thaorias and thair underkying symmetries. Enjoy reading this
comprehansive intraduction and gain a new perspective on partick physics,
cosmology, and what nature might reveal to us beyond.

Professor Fred |egerlehnear,
DESY-Zeuthen ared Humbaldk Universitit zu Bedin

This is a graat book that challanges our thinking about extenzions of the
madarn theory of alementary interactions, the Standard Modal, and its
intarface with cozmology. The most common approach is to search, so far
unsuccessfully, for new mass scales and for even mora fundamental gauge
symmatries, like forinstance Grand Unification of all elementary forces. The
author takes a radically differant point of view. After a compact and perfactly
prasantad raview of the basics of the Standard Maodel, he shows that the
gauge symmaetry of the Standard Model can be an effactive, “low anergy”
pattarn of elementary intaractions, which dissalves at high enargy in soma
topological phase transitions. Such an approach is predictive, avoids cartain
puzdaz of the Standard Modal and can address its limitations! Tha book is
rafrashing and definitaly warth reading.
Professor Stefan Polorski
University of Warsaw

Extra reading
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