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|. Background: UV problems

The ultraviolet catastrophe

\//%ﬂ-ﬁ%m&

M,

Physics thrives
on Crisis

¥
\ AT ih
\\/

N T e

~
\\\\

0 1 2 3 4 5 6 7 8 9 Apm

UV divergences of loops

e Paradigm procedure  Devil or Angel?
G B SUC R : ﬁﬂ o DA
_ Field S Ca.(
> Theory ) \ Y-
= e Uy dlvergencel ;Devn DeV|I G .

R Angel
Not weII deflned Regularlzatlon Renormallzatlon Loop road

Physical input '




|. Background: UV problems

R lizati Three devils over the renormalization building
enormafization Big Devil (Dark energy)
/ Large Devil (Higgs mass) ‘ Huge Devil (Gravity)
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Three UV problems (power-law divergences):

(1) Higgs mass (125GeV) 4
(2) Einstein gravity (non-renormalizable) ji
(3) Dark energy (10129) & E




Il. Free flow of ideas erﬁ JhA
- UV‘free SCheme 7 /.’:‘ — Uv_free scheme

arXiv:2305.18104
A presumption: = o o

Newton's Laws of Motion

Low-energy
corrections

Physical contributions of loops are finite with contributions
Local from UV regions of momenta being insignificant.

To obtain the physical results of loops, an equation is introduced
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Quantum

Mechanigs

UV repi (primary antiderivative + boundary constant)
regions r 0" Tr (€)
or Tp= f(df)” } +C,
(Planck scale) _ 9" | (Similar to E,, = — Gl\:m_l_c)

A conceptual
breakthrough:
A EAAR, LK IR

E.
Derivative
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To a new route: It first
reproduces the successful
renormalization results, and
then gives an explanation to
the three UV problems.

Negligible?!

Regularization &
renormalization

Negligible

Tr




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

6T( e z)
%:[/d&md& gél_..agf Lgl,---,&-}—m

The physical scattering amplitude
+C.(1)  Tp(s)= Udgam@]& 0+01

l

) / 5/ (2m)* (k%= m2+f (k-l-Q)Q—m?L—m_l_Cl’
a. Tree-level: R 2
Te(s)= 327r2/0 dx loglm® — x(1 — x)s] +CY .

the photon propagator =&~
b PrOPAS p? e A freedom of ¢ in propagators|

—1 v aT —1 v _].
7%‘(5 ) p2 _Iz_?;%’ gg(g) — (p;ifg_l(_%))g »  Considering the renormalization conditions, s = 4m?,
2

ITr (& —iGuv : t=u=0. ”}‘/ 1 —4 1—

A — e gt = v
87%(5 _ —lguw No troublesome UV divergence /» ~
To = df = =
o= L/ L%O piic in loop calculations! v &

the gauge field propagator restored



In massless limit 7p=7¢(s) + 7p(t) + Tp(u) kop ; AP .
12 2 2 2 q 1 +Po "
the n-point physical correlation function G%, ) can be set Kby k-p l%Z form
by the physical field ¢p(x) with ¢p(z) = ZY2¢(z, ), AP v P2
and the rescaling factor Z is finite here. The local cor- Taking Cy = 2logr
relation function G (shorthand for a full expression 5#3,'#5 — iq#Tﬂ.u,\e* (Pl)fi (pa) )
G(”)(qb, A,m, -+ ,pu)) in the pcrturbation expansmn can 02 If Oo = —3

( 2)

be written as G(™) = Z~ =0,
the variation of p in the masslcss limit can be describcd
by a relation

a d
il il (n) —
(Mf +53A+HW)G 0.

= (— — 2log r)e™PAF,, Fay

1672 SM self-consistent

charge values of quarks coincidence, or correlation?

. . P3 l\ "l,(‘Ei - .rr Py
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 !
The p-dependent term in UV-free scheme is from the Tr — [ de 37}“(5)] LC \;\:’
boundary constant C. For the ¢* theory in the mass- P o0& leso P b,
lcss limit, the one-loop result of the parameter ~ is zero 4 4 . .
(T P = O) The beta function can be dorlved by Eq. (10), = [( i) / £ dkad ki 5 ‘ 5 ! 3
with the result o (2m)* (2m)* k5 —m? (katq)*—m
B =—ipg-Tp / ; -1 i
o o |CHEs | IEE— 3] 0
312 OO, Y o (k—m2+8)? (kp + ka+ps)?—m?le—o
~ 16n2 B = °ee with g=p1+p2
An illustration: UV physics being free  / ’

electron physical charge e = ey + Ae = ¢, + AeHI

Log divergences are OK



The hierarchy problem (c. Loop-level A%, A%)

, LHC
Higgs boson
125 GeV

l Accentuate
H.

H t
H X " H HOH H £ H

Higgs in the first diagram

H1 __ 67;‘1‘{1(51, 52)
71) B [/d£1d£2 851852 ]{51 £21—0

2 d*k
= |(=3i); ] dérde i

x = | +C
(k.2 - m%{ +&1 + £2)3 {61,821 —0

After integral, one has

) . 3mj3 1
Large Devil T = i alon Ly + 1)+ C
The hierarchy problem (Higgs mass) sy 2L
A2 T 3272920 m% '
M? = (M?)? + 5 (M7, + 2M7, + M7 — 4m]]

Fine-tuning!
A real problem for renormalization!

125 GeV Higgs can be obtained
without fine-tuning, i.e., an

alternative interpretation within SM.



lll. 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

p+k 2l
7_;% _ (§+ ) (10 |£-|—A| _(Z ) :|£_}0 e 7;”} 562/ d:lj( g.LWPQ) (]_ —717)
x log(m? — p*x(1 — x)) + C*,

A"
= A—|log|/_\| +C'.
" with the Ward identity automatically preserved by the
k primary antiderivative.



One-loop propagator ywap/2

H,u.vaﬁ = NuaNvp + NupTva — NuvNapg

, . i3 . GENS . :
p? + ie ) REHENHRIIR
The puv +< aff asymmetry involved at one-loop level in
R a particle propagation means that time reversal is not

PV AAARAA= 3 HV af HVAAS Arq invariant in quantum gravity, i.e. an arrow of time at the
. ! microscopic level.
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Vwaﬁ\)\wwshmun +2p2((1—22)%(1522 — 150 —2) (p"p"1*® +p°p° ,Lw) +2z+1)pHp pp? + p? (82 —162° +-42% +4x—1)
X(£1—£1 log 51)+ 4 374 +(10$4_20$3+17$2_7$+2)(p”p Trua-l_p » 1] (pvpdn_un +p.upinun +pup(tn;.'d+pupr1nu:)
5 3, e +p p 0P ) +p* (152" —2302% +1032° +2T(14T —24"‘" e 4)1"’ ’ +2P ! )
1 +13:r—2)(7}“”7}”5+7]m-r;‘”“)+(121-'1—241:L‘+16:1:2
— x(n#anuﬁ+n#3 vey)] logf}—&—cg”“ﬁ ) )
—p _CL‘( —IL‘) _4T+1) g nr,f)] log pgT(l_T) } + C(;:.wryﬂj
n—loop with overlapping divergences
. . AT otal — t2(n+) 2n . 2
superficial degree of divergence 2n+2 TE2" = A= log|A| +C Tp Tp + T 4+ T
n: +7Tp(log) + Tp(finite) ,
aff,p+q
= @)% 16 1672 / dmf d# d224(1 —2) Here Ay is Ay = b2 — ac, with a = 2z + (1 — 2)z(x — 1),
po, q A3 b=yzq+ (1 —2)x(x — Dp, c = y2¢*> + (1 — 2)z(z — 1)p?
1 As, Ag, A, A fficients related to sexti ti
i} L pvafpo 3, Ao, Aj, Ay are coefficients related to sextic, quartic,
X{A EN + A2 + A1B + AO} log AO +C quadratic, logarithmic divergence inputs respectively.
KV, p
arXiv: 2403.09487
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af, p+q

Pa, q

uv, p
% ([440a” + a(15642” + 1300z + 23)(z — 1)
64a
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Parameter A, (l=p+q)

In the case of p* =% = 0, the result is

Ap=
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IV Dark energy in QFT

Uniformly Expanding Universe il e e s e Atoms

that the universe’s ex] (pansion 4'9% Dark

Energy
68.3%

the color indicates its redshift
due to cosmic expansion. Da 'k

Top: I iform! nd-
gt s o Matter

i the brij
rosagel o v 26.8%
grows larger, as illustrated.

lation

thus fain tu)thanithecu
for uniform expansion.

TODAY

A+ CDM

ke+m*~

o (2w} 2 1672
10120 0@
(2.3 meV)?

New ultraviolet catastrophe

2 e 4

Vacuum energy
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: ‘ BT
The vacuum energy density Tp= [/(%f%g(g)]w;rc‘

_ 3
= (v fuae? [ ( k2+;?+ )t

- 1
2 4 2
= (1) gi o gmd log(m?) +C
Riemann %(‘1;\1 fllln('ti(m 7_1 B (_1)2_} | 1 m4 o m? UA likes /\QCD and the
¢(s) =) - P gi 642 & #f\ electroweak scale v
1

arXiv:2410.06604
No longer a problem caused by the UV region

ssless field
- If dark energy comes from the vacuum massigps Ll
. energy, then the contributions of
“e £ heavy fields should be suppressed by | _____ €l MoV
. u,c 'V
some unknown mechanisms. s, JL -
““““““““““““““““““““““““““““““““““““ c,T b =77 e
The ripple model W=.Z h,t _
. R Y - e R eV
An effective active degrees of
2 2
*k —m.
freedom ¢g* = gie ?/M.A |
Naturalness Gaussian distribution Pl

5 Neutrino fields play a major role



Neutrino mass and dark energy density (2.3 meV)* Ho ~ 70 km /(s- Mpc)

100

" Likewise, the neutrino mass window set by dark energy
%0 | 1 is 6.3 meV < m; < 16.3 meV, 10.7 meV < mo < 184
meV, 50.5 meV < mg3 < 52.7 meV, and the total neutri-
no mass is 67.5 meV < mj +mo +mg S 87.4 meV.

Energy scale (meV)

Hubble tension

The nearby universe

1

Neutrino mass of v4 (meV)
Naturalness Ho= (73.04 +1.04) km /(s- Mpc)
50 s e (2.37 meV)4

The early universe
H.= (67.4 +0.5) km /(s-Mpc)
(2.24 meV)*

101

Energy scale (meV)

0 5 10 15 20
Neutrino mass of v3 (meV)

1y has a slow-running behavior
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Atz Why does the UV-free scheme still hold

2N - i 2
for power-law divergences: (a) Equivalent transformation of the loop integral from
Regularization & Renormalization UV divergence to UV divergence mathematically ex-
(0 - o) pressed form (regularization), with renormalization re-

quired to remove the UV divergence.
(b) Analytic continuation of the transition amplitude
from UV divergent 7g to UV converged Tp (the UV-free

scheme here), without UV divergences in calculations.

@ Loop result Physical output

UV-free scheme
(Tr > Tv) A test (a) New particles (TeV) needed to
Two alternative routes of concern The cancel out UV contributions of loops

hierarchy to the Higgs mass y

~

UV-free scheme  Analytic continuation

[ (b) An interpretation within SM

7w 7= [l T, - ’
5 £—0 “4’6*
Finite input UV divergence input (continuation) (@’i\“e
€
Tree level Loop finite | Loop Log _ P<,0°
Originally well-defined Verified MOW To be verified
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As expected by Dirac!

P. A. M. Dirac believe/ the suc-
cesses of the renormalization theory will
be on the same footing as the successes

P of the Bohr orbit theory applied to one-
> electron problems.

,_Physical output
,iég,__________-

I UV-free scheme | !

‘-----------

ne|Jaor P e

Physical input

Regularization & renormalization (o0-o0) Problematic
UV-free scheme (Ty->Tp) OK OK OK OK

Both loops of the renormalizable Standard Model and non-renormalizable Einstein gravity being OK!
The Four Fundamental meanes ”Z“é%“” ]
Forces of Nature / \ \
Clectro- Strong S Speqal \
magnetism | Interaction | S bt relativity

N QFT
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V. Summary and outlook

New method reproduces the successful renormalization
results for log divergences, and gives an explanation to
the three UV problems:

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

b) It is possible to incorporate Einstein gravity into the

framework of QFT.
¢) An alternative interpretation of dark energy in QFT.

Outlook:
It is the beginning of a new alternative method. Thank you '
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