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l. Background' UV divergences of loops
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Two devils over the renormalization building
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II. Free flow of ideas 7 /7%},%3
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Newton's Laws of Motion

UV-free scheme
arXiv:2305.18104
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( The physical contributions of loops are finite with

contributions from UV regions being insignificant.]
To obtain the physical results of loops, an equation is introduced
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UV-free scheme: b. Loop-level Log / , \‘“,:n:\-u,

assume that the physical transition amplitude 7p with @4 theory
propagators can be described by an equation of
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In massless limit 70 =Te(s) + Te(t) + Te(u) ko y ) AP =
2 2 2 2 q 1 +po .
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the n-point physical correlation function G%, ™) can be set Kby k-p l%Z
by the physical field ¢p(x) with ¢p(z) = ZY2¢(z, ), AP N &
and the rescaling factor Z is finite here. The local cor- N Taking Cy = 2logr
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G (g, \,m,--- , 1)) in the pcrturbatlon cxpansiojn can 2 Vo If Cy = 3
' (n) — — = — —2logr)e*"*F, F .
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the variation of p in the masslcss limit can be dcscribed
by a relation

O charge values of quarks coincidence, or correlation?
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This is the form of the Callan-Symanzik equation [5, 6], tWO_lOOp tranSItlon ?‘*—"‘:
and we have another picture about it in UV-free scheme. Kay !
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ll. The hlerarchy problem (c. Loop-level A%, A%)
e Power-law divergences (A%, A*)
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A real problem for renormalization!



%} O é:f} Power-law divergences (A%, A%)

In UV-free scheme V (V=W,Z) in unitary gauge

Higgs in the first diagram TV [/dfldggdgg 871:;;%;»225 53)} o
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where the symmetry factor sy is sy = 1, 2 for W, Z

After integral, one has respectively. After integral, one has
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top quark loop

Higgs in the third diagram
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Considering p in the electroweak scale,

125 GeV Higgs can be obtained without fine-tuning,
l.e., an alternative interpretation within SM.
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Power-law divergences (A%, A*)

V (V=W,Z) in the third diagram
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IV. Graviton loop in Einstein gravity
S—/d4X\/—_g[—%R+£M] Guv = Npw + Kl

Huge Devil (Gravity)

Non-renormalizable

Loops: |Renormalization T :
P Einstein Gravity
? hEinstein Gravity
cannot be quantized!?
Plan B: |Another alternative method
UV-free scheme

For the primary antiderivative {—dependent choice
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One-loop propagator
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The pr < aff asymmetry involved at one-loop level in
a particle propagation means that time reversal is not
invariant in quantum gravity, i.e. an arrow of time at the
microscopic level.
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Here Ay is Ay = b2 — ac, with a = 2z + (1 — 2)z(x — 1),
b=yzq+ (1 —2)x(x — Dp, c = y2¢*> + (1 — 2)z(z — 1)p?
As, Ao, Ay, Ay are coefficients related to sextic, quartic,
quadratic, logarithmic divergence inputs respectively.
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MitZ  Why does the UV-free scheme seem effective for 60) N el () rissi e i

o) ) . .
7 ‘ power-law divergences and give another picture? cancel out UV contributions of loops

0 0
The to the Higgs mass )

N\

Regularization & Renormalization
(0 —  o0)

hierarchy
problem [ (b) An interpretation within SM

J

(a) Equivalent transformation of the loop integral from
UV divergence to UV divergence mathematically ex-
pressed form (regularization), with renormalization re-
quired to remove the UV divergence.

(b) Analytic continuation of the transition amplitude
from UV divergent 7 to UV converged 7p (the UV-free
Two alternative routes of concern scheme here), without UV divergences in calculations.

Loop result

Physical input Physical output

UV-free scheme
(no UV divergence)

UV-free scheme  Analytic continuation
_ n 0" T (§)
75w 75— | [ L%w,

Riemann zeta function

: Finite input UV divergence input (continuation)
Tree level Loop finite | Loop Log | Loop A%, A A°, ..

Pk
p

Originally.well-defined Verif'ied WOM To llae verified
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As expected by Dirac!

o,_Physical output

r-----------

| UV-free scheme | Tr ) 7,

‘-----------

P. A. M. Dirac | believe the suc-
cesses of the renormalization theory will

be on the same tooting as the successes
of the Bohr orbit theory applied to one- LOOp road

electron problems.

| schemes | Treelevel | Loopfinite _ s Loop A%, A% A, ..

Regularization & renormalization Problematic
UV-free scheme OK OK OK OK

Physical input

Both loops of the renormalizable Standard Model and non-renormalizable
Einstein gravity being OK!

QFT
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V. Summary and outlook SEiERIYa
A. An alternative method --- UV-free scheme: gLk
Finite loop results obtained without UV Dark Matter '
divergences, the original y°> matrix, and effective New World =S
for loop Log and power—law divergence inputs.

B. To the hierarchy problem of the 125 GeV Higgs,
an alternative interpretation without fine-tuning
within SM.

C. It is possible to incorporate Einstein gravity
into the framework of QFT.

Outlook: ALRMSROME

Coupling unification
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