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Essential elements of field theory

e General framework.
e Global and local symmetries.
e From classical to quantum field theory.

The Standard Model (SM)

" e Building the SM Lagrangian: first principles and
O Utl ine phenomenological evidence.

e Testing the SM consistency.

e Strengths and weaknesses.
e Probing SM predictions at the LHC.




* Building the SM Lagrangian: first principles and
phenomenological evidence

* Steps towards the SM Lagrangian

T h e * Main building blocks
d d * Main phenomenological consequences
* Testing the SM consistency
I\/I O d e ‘ * Global fit of precision observables

e Constraining new physics

* SM limits and problematics aspects



The Standard Model of particle physics: the artist rendering

A very minimal quantum field theory describing
strong, weak, and electromagnetic interactions,
based on a local (gauge) symmetry

SU(3)e x SU(2),x U(1)y = SU(3)cx U(1)q

Strong interactions: gluons - m, = 0

Electromagnetic interactions: photon - m, = 0
Weak interactions -
Tl Wil Due to the presence of a scalar field whose potential
Leptons spontaneously breaks the gauge symmetry of weak

interactions and gives origin to massive gauge bosons (W,Z)

The Higgs boson (H) is the physical
Let’s build it step by step! particle associated with such field
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Building the Standard Model Lagrangian

I= “%t F/:v F
+ (LD +he

» Steps towards the SM Lagrangian. T )L; ‘6()- )Lj SZS +h c
> Main building blocks. I

» Main phenomenological consequences. t 'R\glz -\/(¢>




Towards the SM of particle physics

Translating experimental evidence of particle interactions into the right gauge symmetry group:
one of the most fascinating story in particle physics

d Electromagnetic interactions = Quantum Electrodynamics (QED) — U(l)QED
» Plenty of phenomenological evidence to go beyond E&M and classical FT very early on:
Lamb shift in atomic levels, anomalous magnetic moment of the electron (g,), ...
The true testing ground of QFT ideas, paved by phenomenological success.
Remarkably tested to this days at lepton and hadron colliders.
Still, not everything can be explained by an exact abelian gauge theory!

v VVY

o

trong interactions = Quantum Chromodynamics (QCD) - SU(3)¢

Evidence for strong force in hadronic interactions.

Gell-Mann-Nishijima quark model interprets hadron spectroscopy.

Need for 3-fold quantum number (color) < hadron spectroscopy, ete~ — hadrons.

DIS experiments — confirm parton model based on SU(3)..

Exact non abelian gauge theory explains confinement vs asymptotic freedom.

Much more (the whole physics program of hadron colliders!). .

VVVVYY



J Weak interactions — quite puzzling ...

» Discovered in neutron f-decay:n - p + e~ + v,.
» New force: small rates/long lifetimes.
» Universal: same strength in both hadronic and leptonic decays:
P Nope v, U e VeV, T UV, ..
» Violate parity (P).
» Charged currents only left-handed.
» Neutral currents not of electromagnetic origin.
> First description by Fermi Theory as a four-fermion interaction Gr — Fermi constant
Gr [GF] = [m]™*
Lr=—7 @1 —75)n)E"(1—ys5)ve) (in units of ¢ = A = 1)
V2
> Easily accommodate a massive intermediate vector boson >< >/\ng<
—
g + -
L = —WT'TJ + h.c.
e e ’ d De d De
1— 1—
Jy = i d 4 vt L Gr _ gu® -

V2 aMz 4T <My



» New force with massive mediators — SSB gauge symmetry

» 3 gauge bosons (2 charged+1 neutral), chiral interactions —» SU(2);

» Cannot be the whole story otherwise they would have the same mass upon SSB
(but My, +# M)

» Only possibility, without extending to a gauge group that would have many more gauge

bosons is
on ﬁ U(1) QED Y — hypercharge,
Y=Q-T
SUQ2)L xU(l)y — U(1)q 0 echargg(QEg)
T3 = SU(2) generator

SU3)e x SU2), x U(1)y 228 SU3)e x U(1)g

Lsv = Lqep + ﬁEW’\

__ pferm gauge SSB Yukawa




Strong interactions: Quantum Chromodynamics (QCD)

See lectures by A. Huss

Exact SU(3) Yang-Mills theory - SU(3)

- 1 Dy = 0y +igs AT
LQCD — Z Q% (le_ mZ) QZ B ZFG,MVFEV a a a abc Ab pc
, Fo, = 9,A% — 0,A% + g, fo* AL AC

> Q;—»>(i=1,..,6>u,d,s,c,b,t) fundamental representation of SU(3). (dim=3) = quark triplets
Qi
Qi=| Q
Qi

> A — adjoint representation of SU(3) (dim = N? —1,N = 3) - 8 massless gluons (gauge fields)
» T?* — SU(3). generators (Gell-Mann matrices)
> g — strong coupling constant — gauge coupling of QCD (as = g2 /(4m)?)

» All other fermion fields are SU(3) singlets



Electromagnetic and weak interactions: unified into the

Glashow-Weinberg-Salam theory

Spontaneously broken Yang-Mills theory based on SU(2); XU (1)y

U SU(2); — weak isospin group, gauge coupling g

» 3 generators T = g% /2 (0% Pauli matrices, a= 1,2,3)

> 3 gauge bosons: W,", W, W
> Y = % (1 — y5)y fields are doublets of SU(2)
> Yp = % (1 + Y)Y fields are singlets of SU(2)

i

Y, Pr + Yr; mass terms are
forbidden since not gauge invariant

d U(1)y— weak hypercharge group (Y = Q — T3), gauge coupling g’
» 1 generator — each field has a Y quantum number (charge)

» 1 gauge boson: B¥




Three generations (families) of fermion fields — Summary of quantum numbers
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C-( N = Ver ViR VrR 1 1 0 0 )

Last line (right-handed neutrmos) is not part of the SM. Why? More to come ..
Interesting to notice that v has zero charge under the entire SM group!




1- Lagrangian of the fermion fields

For each generation (here specialized to the first generation)

Lo =Lp(iP) Ly + er(ilD)er + Qr(iPQr + ur(iP)ur + dr(iP)dg

With covariant derivative |
Dy =0 —igWiT" —ig' SY B,

acting on the left/right fields as

ig 0 W, i [ gW. —4g'YB, 0
Put = %5\ - 3 s
W,u O O _gW,U, - g YB/,L
o, 1
D,r = 0.+ 29/§YBM
where Wf are defined as: 1
Wi = S (WhF i)

V2

|
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ferm

Separating kinetic and interaction (current) terms, Ly, can be written as

where

EfEezgvm _ L:ferm + ['CC' +£NC’

kin

= EL(’L'@)LL + éR(i(}?)eR + ...

= %WjDeLfy“eL—I—W;éLfy“VeL—k...
_ QW3[— % _ m A ]_|_9_/B [Y(L)(_ % 4 e )
— 9 VeL”Y" VeL €L €L 9 n VeL”Y" VeL €L €L

+ Y(GR)DeR’}/’uVeR + Y(@R)E_ZR’)/MGR] + ...

Wf — mediators of charged currents
Wlf, B, - mediators of neutral currents

'\ However, neither 11/ nor B, can be identified with the photon
field (4,) because they couple to neutral fermions

13



Rotate W,f and B, introducing a weak mixing angle 0y, (a.k.a. Weinberg angle)

W, = sinfyA, + cos by Z,

B, = cos Oy A, —sinby Z,

Such that the kinetic term is still diagonal and the neutral current Lagrangian becomes (Y = v, e;, er)

- - Y
Lnc = Py* (g sin Oy T° + ¢’ cos 9W§> YA, +Py* (g cos 0w T° — ¢’ sin 9W5> vz,

\ J
|

Y Q identified as the e.m. charge
2

_ i 3 4
eQ = gsinbty T~ + g cosbOy Applying Q to any fermion field gives

gsin@y,, = g'cosfy, =e

Notice:

» Charged and neutral current violate P (couple differently to L- and R-handed fields)
» Neutral currents are universal (same for all fermion generations) & SU(2) gauge symmetry
> No tree-level flavor-changing neutral currents (across generations)

14




Feynman rules: obtained from tree-level 2- and 3-point correlation functions

AP
J
()

WH
J
()

JAZ

1€

2254

ey (vy — agys)

Y (1 —5)

You can calculate them!

T3
Ve = _S_WQ +—7 (Vector coupling)
) Cw 4 2SWCW
T¢
ar = 250 (Axial vector coupling)

15



2 - Lagrangian of the gauge fields

The SU(2); XU (1)y gauge-field Lagrangian is initially written as:

1 a _— 1 U B,Lw — a,uBy_apr
— W W — B, B"

[eauge _ , ,
4 We, = 9,We— W+ get Whwe

EW T 4

and then expressed in terms of the physical charged- and neutral-current mediators (Wﬂi,ZM, A,) obtaining:
_ gauge 3V 4V
‘Cg;;/lge T [’kzn + ‘CEW + ‘C’EW
where
[oose _%@W; AW OW T — W
_ i(auzy L0, 20" 7" — 0" 2" — i(aﬂAy _ O, AL)(BF AT — 97 AM)
Low =

4v
‘C'EW —

3-gauge-boson vertices involving ZW W~ and AW TW )
A-gauge-boson vertices involving ZZWTW =, AAWTW
AZWTW ™, and WTW - WTW ™)

(
(

16



Feynman rules:

obtained from tree-level 2-, 3-, and 4-point correlation

—1

K2~ M2

-

ko k,

My

)

In a particular gauge choice
(more details discussed later)

= 1€Cv |guv(ky —k-)p + gup(k— — kv ) + gop (kv — ki)

= i62CVV/ (2gwgpa — GupYvo — guogl/p)

17



3 - Lagrangian of the scalar field
The SSB of he EW SM gauge symmetry SU(2), XU(1)y = U(1)

See Lecture 1

Introduce one complex scalar doublet of SU(2),withY = 1/2:

.
6= ( i ) e L357 = (DP6) Dyt — 261 p — A(679)?

where: D, ¢ = (0, —igWT* —ig'YyB,) (T* =0°/2,a=1,2,3)

The EW SM gauge symmetry is realized as a spontaneously broken symmetry by choosing a particular vacuum
expectation value (vev) of the field ¢ that minimizes the scalar potential, e.g.

o2 1/2
<¢>—1<0> with ’U:(T'u> (n? <0, A >0)

Notice: all SU(2),xU(1)y generators are broken for this choice of vacuum configuration, but Q = T3 + Y is not
18



The weak gauge boson mass terms arise from

1 0
(D*¢)'Dyp — -+ g(O V) (gWﬁa“ +¢'B,) (ng“ab + ¢'B") ( ) ) 4.

1 02
— 5 [92(W5)2 +92(W3)2 + (—QW,:;) +9Bu)? +--

where we can read that

Notice: My, and M, are function of gauge
~ 1 couplings (g,g') and v = \/u?/A, as
+ - 1 2 _ v
WM o \/§(WH + ZWM) — | Mw =95 expected for a SSB theory
) . 1 3 ! _ 2 /12 v
i Iy = \/W(QWM_QBM) — |Mz=+g"+g 2

cos By, = g sin 8y, = g' Mw cos @
w = ) = - — =
/gZ _|_ gIZ w /92 _|_ g12 MZ w

while the linear combination orthogonal to Z,, remains massless and corresponds to the photon field

'W3+gB,) — |Ma=0

(g
Va2 +g?m " .




To identify the physical scalar field of the SM, work in unitary gauge

_enX(®)T 0 SU(2) 1 0
= ( v+ H(z) ) o= \/§< v+ H(z) )

such that the Lagrangian only depends on the field H (the y,(x) degrees of freedom having been traded for
the longitudinal component of the massive gauge bosons)

1 1 A 1
L=p*H?* - \WH? - ~H*= —-M?H* - \/;MHH?’ — ZAH‘*

e e

H — SM Higgs boson with mass | M3 = —2u? = 2Av?| and self-couplings

H_ H_ _H
\\\ M2 \\\ //// M2
»----H= —3ZTH \><\ = —SZU—QH

20



Note on gauge choice: R¢ gauges

Quantization of gauge theories implies choosing a gauge-fixing condition

» Abelian gauge case, for simplicity

L= —EF“”FW + (D"¢)" D¢ — V(9)

4
» Upon SSB
o) = %«v T 61(2)) + ia())
L=~ FP (0461 + gAR9n) + 3 (00 — gA (v + 61))" — V(9)

\ J
|

Eliminate momentum-dependent ¢, contributions to
A, propagator by cleverly choosing the gauge condition

1

=

(0, A" + Egues)

21



The generating functional of the quantum theory becomes:

7 = C/DAngngbQ exp [/ d*r (ﬁ — %GQ)] det (%)

where:

1 2
LG

»Cghost

1
‘5AM<‘¢”32+<

1
( u¢1) - —m¢1¢1

¢ [—82 —&(gv)? (1 + —

1——) 0" — (g W”) 4,

§

( u¢2) _f

(Q’U) ¢2

Gauge and scalar propagators in the generic Rg gauge:

(AF(k)AY (—k))
(P1(k)p1(—Fk

(P2(k)pa2(—

k2 — mi

—1
) = T
k2 — mg,

k) =

(-

—i

kH kY

k“k”)_+
k? k2 — &m?,

£

k2

)

Notice: ¢, directly talks to the longitudinal
component of A#, same mass!




From Lz — (D“qb)T(Duql)) — couplings to gauge bosons

oC

v

M2 M2
____H— VMY 7 — VAV
Al A N H

: the entire scalar sector depends only on two parameters — (u?, 1) or (v, 1) or (Mg, v)

Very constrained paradigm: precision measurements of My, v, and Higgs-boson
couplings are the ultimate test of the SM

» My, Higgs boson couplings — LHC experiments
2,5

GEm
> v —> udecay /\{‘ I'), = 1527T§Lf(mz/mi)(1 + 0rc)

t \V\V<<ve Gp 92 1
: Gr_ 9 (2GR
g% < M2, © V2 8My 202 2Gr)

23



4 — Yukawa Lagrangian (scalar-fermion interaction)

Fermion masses are generated via gauge-invariant Yukawa-like couplings
Lo = ~T QLo up — T Qpédy — T Lgly +hec.

Such that upon SSB

v+H Fwdzv—l—Hd I‘”lzv—l_H

vz V2 %
SN M (1 ; 5) fhe.
VR

ﬁYukawa

L _ T) St
EW - Fu uL

l‘}i—khc

f f
v U, Ug

non-diagonal MY =TY . MP — Uf 18Yi Uf Diagonal mass matrix
“mass” matrix ! VO] p = UL M Ug :

/Li — (U[Jj)zgfi and f/i — (Ué)z’jf]j{ Mass eigenstates

24



Rotating to the “mass” basis

H
Lo = N U MUL f5 (1+ v>+h.c.
fri.g
el p! r/ / H
= me (fLfr+ fRfL) (1+;>
f?ll:hj

modifies the charge-currents Lagrangian by a matrix of flavor-mixing couplings:

L (UNU " d, W, + hee.
\_Y_I

g
Loo = 2=
Tz

Vewn = (UHTUS Cabibbo-Kobayashi-Maskawa matrix

» Why there is no CKM for leptons in the SM?

- Very intriguing: flavor physics has its origin in the scalar sector of the
SM, and follows from the mechanism that generates fermion masses.

25



Testing the EW SM consistency

» Including quantum corrections.

» Global fits of EW precision observables.




Standard Model — Quantum corrections
The SM Lagrangian is made of renormalizable dim=4 structures (all of them!)

»CSM — £QCD+»CEW

_ ferm gauge SSB Yukawa
— [’EW +£EW +£EW +[’EW

Loco = D@ —m), DAY, 761G,

Low = Y@, vrVir

[Emse %FG’WFﬁwiBWBW See Lecture 1
L3 = 0"60u0, 267, 0"
Loy — YrHyYg

The systematic procedure outlined in these lectures will apply with extra constraints
imposed by the presence of a partially spontaneously broken gauge symmetry.

27



The set of fundamental parameters of the SM Lagrangian is:
/ 17
95,05 905 9o > Mo, Ao Y0, Vo

here taken as bare parameters. Thanks to relations induced by the symmetries of the theory, e.g.

. / qq’ “natural” relation: they will be finite, but
e =gsinby = g cosbtly — e= \/m corrections depend on input parameters
g T9 (my, My, ...)
v v/ g% + g2 M e
MW:g—,MZ: g9 — il J = — = cosbw

2 MZ:‘/92+9/2_9/

we can trade them for other or “better” sets of input parameters (more precisely measured), for example:

]
gs,0, €0, MW,O ) MZ,O ) MH,O y TILF.0 VO

and switch to the corresponding set of renormalized or physical parameters upon imposing
suitable renormalization conditions.

28



Renormalization conditions

» QCD: in the absence of a mass scale, use MS scheme or minimal subtraction scheme, i.e. subtract
just pole parts of each divergent proper vertex.

> EW: use procedure illustrated in Lecture 1 for a scalar A¢* toy model — on-shell subtraction scheme.
» Mass/coupling renormalization

> Field renormalization

iz ()< (V2 VI (2

A() V ZAZ V ZAA
» Impose renormalization conditions (traditionally) of the form (“on-shell” conditions):
e? Thomson
SMi; = Re[Sv (M%)] , 6Zw = —Re[S%' (ME)], ... a(0) = = | limitg? - 0

Once expressed in terms of the renormalized parameters and fields, any physical observable is finite and can
be calculated at the proper perturbative order in QCD+EW and compared with experimental results.



Global fits of precision measurements

= The symmetry structure of the Standard Model defines specific relations among couplings
and masses, such that a minimal set of parameters can be identified.

= The renormalizability of the theory assures that tree-level relations are modified by finite
calculable corrections.

" Precision measurements of masses and couplings via multiple observables:
= Test the consistency of the theory at the quantum level
" Indirectly probe new physics via virtual effects

Very successful history!

30



The last successful story

Global fits of precision EW observables gave us strong indications of where to find the

SM Higgs boson and we now use its mass as one of the EW precision observables of
the EW global fit to constrain new physics.

80.5 March201l2 : : | +29
[CJLHC excluded MH — 94_24 GeV — 190 ™
1 — LEP2 and Tevatron % | 68% and 95% prob. contoursé
]l ... LEP1 and SLD MH < 152 (171) GeV (@) | [T HL-LHC projections !
S

[T Fitw/o M, m,

‘ =

68% CL

180 [~

T |A|1:LIA|S| T LN L N B B B 'Hlfo'!alllillst'at.lo'nlgl' |

‘." T 1 T
Run 1: {s =7-8 TeV, 25 fo”, Run 2: {s = 13 TeV, 36.1 fb”' Total  (Stat. only)
i RuniH—o4l —e— 1 124,51+ 052 (£ 0.52) GeV e e
S Run 1H—syy 126.02 £ 0.51 ( +0.43) GeV ToooIziiiIiiiiiiiiiiiiiicg
m=172.8 £ 0.4 GeV

80.3 1 Run 2 H—4/ 124.79 +0.37 ( + 0.36) GeV
7 Run 2 Hoyy 124.93 + 0.40 ( £ 0.21) GeV 170 —
h T T T Run 1+2 H—>4/ 124.71+0.30 ( + 0.30) GeV - E E M= 80.379 + 0.007 GeV
1 55 Run 142 Hoyy 125.32 +0.35 ( + 0.19) GeV :

© RuniCombined ~ f—e— 125.38 £ 0.41 (£037) GeV i :EEE
Run 2 Combined 124.86 +0.27 ( +0.18) GeV - flt E E
Run 1+2 Combined 124.97 £ 0.24 (£ 0.16) GeV . . . . L Ll | . . . L
 ATLAS+CMSRunt +—e— 12500024 (£021) GeV 80.3 80.35 80.4 80.45
| |

e Mw [GeV]

m,, [GeV]

PRI S S N N TR S S T N E
123 124 125




Global fits of EW precision observables — general strategy

» Pick a minimal set of input parameters to SM predictions, e.g.
» a,Gp,Mz My, my, mg, Vegy, &g = a-scheme
» My, Gg,Mz My, m¢, mg, Vegpy, @s = My, —scheme

» The best measured ones (a, Gr) are fixed, the others are floated.

» Compute EW precision observables (EWPO), including all known higher-order quantum corrections
» Z-pole observables (LEP/SLD):I7, sin*B¢ ¢, A;, Arp, -..
» W -observables (LEP Il, Tevatron, LHC): My, I}y,
» my, My, sin®0, ;¢ (Tevatron/LHC)

» Perform best fit to EW precision data (EWPD) through different fitting procedures and compare with
experimental measurements.

» Beyond SM: parametrize new physics effects on EWPO and constrain deviations from SM in terms of
chosen parameters. Examples:
» Oblique parameters: S,T,U, ...
» SM effective field theory (SMEFT) — Wilson coefficients

32



EW Observables: Theoretical parametrization

» Analytic theoretical predictions of Z and W boson observables.

e Ex: Z-pole observables:

9 1 gv,i 2 <§X;) 3
sin QeffJ = - (1 — —’) Af = 5 AFB,f = ZAeAf
4 g, n <9v_f>
JA,f
GrMj 2 2 127 Pelhaa po _ Lhad 0 Lo
FZ’f Nf 24\/§7T4 [(gv7f) _|_ (gA,f) ] Uhad M% FQZ e Fe q,V Fhad

» Functions of all the parameters of the model (masses, couplings) through SM quantum

corrections .,



Global fit of EW observables — last update

For My, we combine:

 All LEP 2 measurements

 Previous Tevatron average

(d ATLAS and LHCb early measurements
O CDF [My=(80.4335+0.0094) GeV]

O ATLAS [M,=(80.3665+0.016) GeV]
a CMS [M=(80.3602+0.010) GeV]

My = 80.366 + 0.0080 GeV (without CDF)
80.356 + 0.0045 GeV (from fit)

For m; we combine:

(J 2016 Tevatron combination

(d ATLAS Run 1 and early Run2 results

( CMS Run 1 and early Run 2 results

QO CMS I4j [m=(171.77+0.38) GeV]

d CMS I+j boosted [m=(173.061+0.83) GeV]
(d ATLAS I+j boosted [mt=172.95+0.53) GeV

m,=172.31 4+ 0.32 GeV
172.38 + 0.31 GeV (from fit)

CMS Preliminary
T | T I: T
my in MeV :
LEP combination | N _
Phys. Rep. 532 (2013) 119 80376 £ 33 !
DO | + G_’_‘ _
PRL 108 (2012) 151804 80875+ 23 ]
CDF | 80433.5 + 9.4 ! ——
Science 376 (2022) 6589 |
LHCb | 80354+ 32 b -
JHEP 01 (2022) 036 I
ATLAS | 80366.5 + 15.9 e —
arxiv:2403.15085, subm. to EPJC |
CMS | . o
This Work 80960299 'J|'°_| == EW fit
L | L ” L | L |
80300 80350 80400 80450
With HL
precision

68% and 95% probability contours
i Fit without M,,, m), and m,_
[T Fit without M,, and m|
- [T Fun Fit
180 - [[_I] Experimental Weésurern
I /|
170 —
i d
R U 10 SO I S B
80.25 80.3 80.35 80.4 80.45
My [GeV]

J. de Blas et al. 2204.04204, updated

my [Gn

180

170

68% and 95% prob. contours§

[T HL-LHC projections |
(1) Fit w/o M,,, m, .
[IT1 Full Fit (Current)
[T Full Fit (HL-LHC)

7 GeV
| | | I | | | | ‘ | \‘ 1 :\: ‘ | | |
80.3 80.35 80.4 80.45
Mw [GeV]

J. de Blas et al. 1902.04070
HL/HE-LHC Report 34




Highlighting sensitivity to anomalies

A recent challenge: CDF new M\, measurement

contours
and m,

m,

urements

S" 240 [~ 68% and 95% probability
o [ Fit without My}, m/,
(-2- - Fit without and
W
e 220 - [[T] Full Fit
i D:D Experimental meas
200
De Blas et al. -
[2204.04204] 180 I
160 [~
SHEP
1 1 1 | 1 1 |

M,,=80.379 +0.012 GeV

80.3

80.5

M [GGV]

m; [GeV]

11t |\ ISV |

200

150

200

150

- 68% and 95% probability contours

Fit without M,,, m, and
[I"T] Fit without M,, and

[TT1 Funl Fit

[[__T] Experimental measurements

iy

\

I | 1 I I
80.4

80.5

Mw [GGV]

| 68% and 95% probability gontours
Fit without M,,, m, nd m

- [[_T] Fit without M,, and

- [T Fun Fit

[[__T] Experimental measurements

A\
\

H

-

gHEPIR

80.3

80.

4 80.5

Mw [GeV]

after
“standard”

M,=80.4133 £0.0088 GeV

after
“conservative”

M,,=80.4133 +0.015 GeV
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Far-reaching effects of EW precision fits: SM vacuum stability

0.10
0.08 30 bands in 0.120
- \ M; =173.3 £ 0.8 GeV (gray) o~
-\ a3 (M) = 0.1184 + 0.0007(red) =
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Criticality (A = 0) condition reached for A=101°-10%? GeV.
Is this a signal of NP below the Planck scale?
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Beyond the SM: {S,T,U}
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Beyond the SM: SMEFT (d=6)
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