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Production x-sections follow the SM:

Nllarch 2019 | | ' ' | | QMS lPreIirlninal;y
CMS measurements 7 TeV CMS measurement (stat,stat+sys) ——O—+
vs. NNLO (nLo) theory 8 TeV CMS measurement (stat,stat+sys) — & —
13 TeV CMS measurement (stat,stat+sys) @
YY OF 1.06 £+ 0.01 £0.12 5.0 fb"
WY, (NLO th.) — 1.16 = 0.03+0.13 5.0 fb™’
ZY, (NLO th.) — 0.98 +0.01+0.05 5.0fb™
ZY, (NLO th.) e 0.98+0.01 +0.05 19.5fb™
WW+WZ =) 1.01 £0.13+0.14 4.9 fb™
WW 1.07+£0.04+0.09 4.9 fb"
WW .. 1.00+0.02+0.08 19.4fb™
WW ——e 0.96+0.05+0.08 2.3fb™
WZ o 1.05+0.07 £ 0.06 4.9 fb"
WZ —e — 1.02+0.04+0.07 19.6fb™
WZ —o+—i 0.96+0.02+0.05 359 fb"
ZZ R S E— 0.97 +0.13+0.07 4.9 fb™
ZZ . 0.97 +0.06+0.08 19.6fb"
ZZ o 1.06 +0.02+0.04 137 fb™’
Al results at: 1 Production Cross égction Ratio: o.../c °
http://cern.ch/go/pNj7 . exp theo



Higgs couplings follow the SM:
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There exist no new colored particles in the TeV domain:
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But, the SM still needs be extended for various physical reasons:
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Reconciling SM with GR is an intricate problem.

curved spacetime
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flat spacetime
(Poincare invariance)

(Wald, arXiv:0907.0416, ‘09)


https://arxiv.org/pdf/0907.0416.pdf
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All loop momenta are cut off at Ai,. Then all the bosons, including the gauge bosons, acquire O(A?O) masses:

(loop momentum) ;4 = Ay

VE(k) VY (k)

Nk2)( kyky — k2 ny) + cyh% 1m0,

(D’Attanasio & Morris, hep-ph/9602156, '96)
(Peskin & Schroeder, QFT book, '95)


https://arxiv.org/pdf/hep-th/9602156.pdf
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The SM effective action contains then a «hard mass term» for each gauge boson:

§Sy(n,Ap) = [ d*x =7 ¢y A% tr[V, VF| + 0.logA, + 0.(finite terms)

a=1,..8 21 SUQ3),
Iu Cg = 16 w2 Ys
i=1,..3 21 SU(2
B _ 39 2 U(1)y

H B = 329y



Color breaking demolishes confinement and destructs therefore all the hadronic structures.
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Isospin is broken explicitly and spontaneously (by (H) # 0) . Electromagnetism is broken by ¢, # 2 cp .

(95 — g7) (H)?
(g% - 912/)<H>2 + 2(cy — 2 CB)A?J

tan 26y, = tan 26y, = 9, J* # 0

(Okun&Voloshin, ‘77; Ignatiev&Joshi, ‘96)



http://inspirehep.net/record/268594/files/v19-n3-p99.pdf
https://arxiv.org/pdf/hep-ph/9604238.pdf

How to prevent charge and color breaking (CCB)? How to sweep away (SSV(n,As,,,) ?

Start with the rather trivial identity:

55{/ = _IV + 5SV ~+ IV
in which

c
Iy(m) = [ d*x =7 TVtr[VW Gad

is a kinetic structure involving the loop factor ¢y, .

(DD, arXiv:1901.07244,’19; arXiv:1605.00377, ‘16)



https://arxiv.org/pdf/1901.07244.pdf
https://arxiv.org/pdf/1605.00377.pdf

Now, expand the second Iy, via by-parts integration and combine the result with 65, (n, Ap,).
This leads to the renewed 65y (1, Ap) :

§Sy(n.Ap) = —Iy(m) + [ d*x =7 thr[V“(—Dﬁv + A%, nw)VV +0,(K,V*)]

in which D,, is gauge-covariant derivative, and

Dpztv = Dzn,uv — D,uDv — Vuv

is the usual inverse V, propagator.



The first step is to go to curved spacetime of a putative metric g,,,.
Thus, in view of the general covariance, let

Nuw 2 Guv

under which

au — VM' Dﬂ — DI«U Dﬁv—> Z)ﬁv = nglﬂ/ —D,Dy, —Vyy

so that 65y (n, Ay,) changes to

§Sy(9,0p) = —Iy(g) + [ d*x =g cytr[VE(=DZ, + A%, g, )VY + V,(K,VE)]

in which the covariant derivative V,, satisfying V, g,p = 0, is that of the the Levi-Civita connection

1
gr,tfv =5 g Ap (augvp + avgpu - apgvu)



It is natural to associate the Poincare breaking scale Ay, to spacetime curvature.
It is thus conceivable to extend the metrical map

Nuv = 9uv

by the curvature mape

A?o Iuv 2 Ruv(gr)

where R, (I'(g)) is the Ricci curvature of the Levi-Civita connection.
These two maps do indeed nullify the problematic gauge boson mass action

§Sy(g,R) = —Iy(g9) + [ d*x /=g cytr|[VH(=DZ, + R, (ID))VY + V7, (V)]

—Iy(g) + Iy (g) =0

if ¢y is held unchanged under curvature map! This seems to yield precisely what is sought! The CCB seems over !
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if ¢y is held unchanged under curvature map! This seems to yield precisely what is sought! The CCB seems over !



How to prevent contradiction ? How to make curvature approach work? One possibility is to replace the
Levi-Civita connection gFlfv by an “affine connection” Fjv. Namely, assume now that the metrical map

Nuv = 9 uv

is followed by an «affine curvature map» of the form

A% G © Ry (D)

where R, () is the Ricci curvature of the affine connection Fp{lv. These two maps now lead to

§Sy(g,R) = —Iy(g) + [ d*x /=g cy tr|VA(—D3, + R, (1) )VY + V, (V)]

J d*x \J=g cytr|[VA(R,,,(T) — Ry, (9T) VY]

if ¢y is held unchanged while 47, g, © R, (I).



How to prevent contradiction ? How to make curvature approach work? One pos<” aplace the
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.ield unchanged while A, g,, © Ry, ().



How to prevent contradiction ? How to make curvature approach work? One possik ™ ty is to replace the
Levi-Civita connection gFlfv by an “affine connection” FL{IV. Namely, assume no* > metrical map

Nuv = 9 uv

is followed by an «affine curvature map» of the form
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where R, (I') is the Ricci curv~’ arfine connection Fp{lv. These two maps now lead to
§Sy(g,R) = —I-" x =g cy tr[VA(=D3Z, + Ry, (D) )VY + 7,(,VH)]
~X~[—g thr[V“(]RW(F) — R, (91 )VV]

if ¢y is held unchanged while 47, g, © R, (I).



A .. . .
[;» dynamics is set by curvature sector, and curvature sector stems from corrections to the vacuum and Higgs sectors:

)

= (2 mZ + str[m?)])
321m2A%,

—— G H P



Employing the metrical and curvature maps, the vacuum and Higgs sectors lead to the curvature sector:

550 (g, R) = = d*x V=7 1z Sr{1I(R(g, MY+ sr[m?IR(g, 1) + - R(g, Dh?)

R(g,I) = g*" Ry, (T) Y

Higgs-curvature
Cc

coupling { = ?h

would be M3, if it were not
wrong in size (str[m?] ~ A%))
and sign (str[m?] < 0) !



Employing the metrical and curvature maps, the vacuum and Higgs sectors lead t- e curvature sector:
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The BSM sector must have requisite degrees of freedom to generate Mp; correctly.

» BSM sector is spanned by scalars h', gauge fields V,/, fermions f, ---

> SM+BSM is spanned by scalars H = {h, h'}, gauge fieldsV, = {V,, 11/},

» BSM mass spectrumism’ = {m,, , my, Mg ey

> SM+BSM mass spectrum is M = {mp, ,my , ms, My, myr, Mer o+ }

» Then, fundamental scale of gravity takes the form

1
64712

M3, = % (cm str[m?] + ¢, str[m’?]) - str[M 2]

one-loop
scale or stack of m’ sets Mp;



The complete curvature sector, reinstated with BSM effects, can be put into the form:

55(g,R) = [ d*x y=g {(~Q Ry (1) + 5 str[11(R(g, 1) = ey Ry (IDDE{VHVY]}

KW = %‘}(2 gV — ¢y tr[VHDY]



At last the Fpﬁ, dynamics! I‘Lﬁ, obeys the equation of motion:

FVa Q,uv =

Its solution is:

1 —
F,L%V — grp{lv + 5 Q 1)AP(Vuva + Vva/,L — Vprw)

this solution is actually a non-linear
PDE for I}, because Q,,, involves the
affine curvature R(g,I’) ~ o' + IT



Dropping H and V, for simplicity and clarity, the curvature is found to satisfy the equation

2str[1]R 3 2str[1]R 2str[1]R
R =R —3V2log(1l+ SAZ%I ) — >V, log(1 + S;I%l YWH log(1 + S;z,%l )

R(g,T) = R(g) for R(g,T) « Mp,
for R(g,T) ~ M3, non-linearities dominate!

At high curvatures gravity may deviate from EH form!



At last the I‘Lﬁ, dynamics! It will now be possible to determine if I‘L{lv doesind-  approach to gI‘P{lv. In this regard,

I‘Pﬁ, obeys the equation of motion: . ’b\
W
((\6
O
e
"W Quw =0 o ©
-\
’b\(\ NN
\X
O(\ ﬁ N
Its solution is: Q,}\V)N ™ (\69 v
AL
1 e (0‘0
L4 =904, + ,6(30 860 pu = %Quv)
e OV s\‘\(e
> o

this solution is actually a partial
differential equation for Flfv
because @, involves the affine
curvature R(g,I') ~ o' + IT
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I‘Lﬁ, does indeed approach to gl“,fv | Indeed, with str[1] = 0, the affine connection takes an algebraic form

Ap
1 [ (M3 -1
A =94 + 2 ((sz g+%) ) (V3yp + Vo Hpp — V, Ko)

V2

1
)

— gr4i
=T + 32 (7K + BIy, — V,5,) + O(

involves only the scalars H and
gauge bosons V,, in SM+BSM!



Corresponding to the affine connection, the affine curvature takes the form

‘72

Ry (1) = Ry (1) +0(7 )
Pl

so that the notorious CCB gauge-boson mass action becomes

55,(g,R) = [ d*x =7 cytr[VA (R () — Ry (90) W] = 0 + [ d*x y=7 cVO(VMzgf)

no contribution to scalar
and gauge boson masses!



Corresponding to the affine connection, the affine curvature takes the form
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With the affine curvature

‘72

Ry (1) = Ry (1) +0(7 )
Pl

the complete curvature sector takes the form

65(9,R) = [ d*x V=g {~ Q" Ry (1) + 15 str11(R(g, 1) = ey Ry (DI [VEVY]]

= [ d*xy=g{- "2 R(g) % R(g) 7 + 0 (X))



With the affine curvature
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With the affine curvature Q\’QA
Qo(’b
Ry () = Ry (1) +0(—— M2, ) Qz\(\
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no higher-curvature terms !



Symmergence left behind only logarithmic UV-sensitivities. Nevertheless, the equivalence relation

A 1 U
j%)
1 = —+log—
08 AW 2€ 08 AW

enables passage to dimensional regularization! Independence from u leads to RGE’s.

SM(3, 7, A%, log A,,) SM(¥, g, R, log )

D D
BSM(y’, 1, A%, log A,) BSM(¥', g, R, log )



Gravity is incorporated into the SM in such a way that:

CCB is suppressed; GHP is neutralized; BSM is specified; Dim. Reg. is recovered.

There exist numerous problems to be investigated:
» What is the high curvature limit? Are there BH solutions?
» Is there an underlying SUSY? Can it have a say on the CCP?
» lIs inflation a scalar field? Or, is it a vector?
» Can Poincare breaking be made dynamical?

» How to characterize various BSM phenomena?



Thank You



