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I. Background: UV problems
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I. Background: UV problems

Renormalization . . . I
Three devils over the renormalization building

) . Big Devil (Dark energy)
Large Devil (Higgs mass) N Huge Devil (Gravity)

4\ So far so good. But .. Step out of the

, =
00 — 00 log zone> =
Log divergence is OK | div, Power-law e —
3 8 €rgences are proble™? , t !
The cost: making infinite bare parameters .St . ‘ﬁ‘Q“H‘
as the foundation of the theory to cancel fa—
. Renormalization [ OOQ ==
out UV divergences of loops. FT (SM
g p 0O - OO QFT (SM)
” Pa
~3 >:< Three UV problems (power-law divergences)
‘ (1) Higgs mass (125GeV)
A post-hoc approach . . . .
for UV divergences (2) Einstein gravity (non-renormalizable)

(3) Dark energy (10129)
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I. Background: Pioneers' Vision £XES

Hence most physicists are very satisfied with the situation. They say:
“Quantum electrodynamics is a good theory, and we do not have to
worry about it any more.” I must say that I am very dissatisfied with the
situation, because this so-called “good theory” does involve neglecting
infinities which appear in its equations, neglecting them in an arbitrary
way. This is just not sensible mathematics. Sensible mathematics in-
volves neglecting a quantity when it turns out to be small—not neglec-

ting it just because it is infinitely great and you do not want it!

I disagree with most physicists at the present time just on this point. I

cannot tolerate departing from the standard rules of mathf:matics. Oof
course, the proper inference from this work is that the basic equations

are not right. There must be some drastic change introduced into them
so that no infinities occur in the theory at all and so that we can carry
out the solution of the equations sensibly, according to ordinary rules
and without being bothered by difficulties. This requirement will neces-
sitate some really drastic changes: simple changes will not do, just because
the Heisenberg equations of motion in the present theory are all so
satisfactory. I feel that the change required will be just about as drastic as
the passage from the Bohr orbit theory to the quantum mechanics.

| The shell game that we play is technically called 'renormalization'.
But no matter how clever the word, it is still what | would call a
dippy process! Having to resort to such hocus-pocus has
prevented us from proving that the theory of quantum
electrodynamics is mathematically self-consistent. It's surprising
that the theory still hasn't been proved self-consistent one way or
' the other by now; | suspect that renormalization is not
Feynman mathematically legitimate.

Is it possible to have a method where UV
divergences are absent by construction?
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They envisioned a self-consistent
quantum theory whose physical

. predictions were inherently finite,
rendering the subtraction of
infinities fundamentally
unnecessary.




UV-free scheme
arXiv:2305.18104
Commun. Theor. Phys. 78, 015201

Il. Free flow of ideas jfﬁ JhA
--- UV-free scheme % e’
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Newton's Laws of Motion

A presumption: T R e |

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

T 87%(517 i)
T - To = _/d& - d€; dE, -~ 0 ]{617"' ’gi}—>0+C

(% primary antiderivativeyk + boundary constant)

or Tp= [(df)”ang;fé)} +C,  (Similar to E, = —GMTm+C)
L £—0

Quantum

Mechanigs

UV regions
(Planck scale)

A conceptual by ﬂg ﬁgfﬁy arXiv:2403.09487

breakthrough: 4 A 1 £ K

Y FE YT
Derivative
—
€.9. [f(X): 1+t +22 42342+ .. ]- Analytic continuation
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Negligible?!

Negligible
Starting point: physical
laws evolve locally.

Regularization &
renormalization




The loop calculation involves the following steps:

(a) Write down the transition amplitude 7g by the Feyn-

man rules.

(b) Add £ to the denominator of a propagator in the
Mathematical beauty loop and take the derivative a sufficient number of times;
Feynman parameterization is required for cases involving
multiple propagators.
(c) Integrate over the loop momentum to obtain a UV-
convergent result.

” _—

‘i i.-

P.A.M. Dirac

OTe (61 &
Tp= [/dfl S dg gé&. “ag_g )] | O+C (d) Evaluate the antiderivative with respect to £, then
! A S take the limit & — 0 of the primary antiderivative,
arXiv:2305.18104 thereby obtaining the UV-convergent primary antideriva-
or Commun. Theor. Phys. 78, 015201 e !

(e) Set the boundary constant C' at specified reference

arXiv:2403.09487 energy points to derive the final result 7p.

To a new route: It first reproduces the successful

A renormalization results, and then gives an explanation
Tp has UV transformation invariance g the three UV problems.

an(g)] is denoted as T2 (€)
£—0 -



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 70 =7e(s) + Tp(t) + Tp(u) AP . .
<y 2 2 2 2 q 1 P2
o ) . . k+p g K 5 the original
SZ—t:—u:ﬂ, 2(log—+log—+log—) Kk y
" 32 l%Z form
the n-point physical correlation function G%, ™) can be set Kby k-p4
by the physical field ¢p(x) with ¢p(z) = ZY2¢(z, ), AP v &
and the rescaling factor Z is finite here. The local cor- Taking Cy = 2logr
relation function G (shorthand for a full expression 8#j“5 = iqp’TP;“'” ’\g: (p1)ex(p2) 1
G (g, \,m,--- , 1)) in the pcrturbation cxpanslon can 2 If Cy = -3
; (n) Gy = (2 — 2logr)e®”P E, F
be written as G™) = Z~ =0, *v"PX SM self-consistent

16723

the variation of p in the 111asslcsq limit can be dcqcribcd
by a relation

charge values of quarks coincidence, or correlation?

(9 8 ! ks rl Py
pa— + B +n7)G™ = 0. fil AN’
Wa T Pax ™) two-loop transition v \
L -
This is the form of the Callan-Symanzik equation [5, 6], fa o s & \a
and we have another picture about it in UV-free scheme. [ d¢ OTr (5)] +C \,‘f{ ——
The p-dependent term in UV-free scheme is from the €0 p”” RN
boundary constant C. For the ¢! theory in the mass- (—i )\) dka dkp i i p 5 q
less limit, the one-loop result of the parameter v is zero = [ f 173 5 7 3
(TP?p =0). The beta function can be derived by Eq. (10), (2m)* (2m)* k3 —m? (katq)?=m Two-loop calculation
with the result y —1 1 ] LC by hand
B=—ings 73’ (k2 —m2+€)2 (kp + katps)2—m2leso
— 3)‘2 (A3) with ¢=p1+p2
o 7 m%&w
L running in a finite picture Log divergences are OK e




The transition:

Regularization &

. UV-free scheme
renormalization

d*k 1
21)% (k2—A)?
Taking 7¢ = 1/(k*—A)?

Interpretation: I :/
An integral with logarithmic divergence (

dPk 8Td 5) D
In the dimensional regularization / f a g_)g +C) Ip _/ d”k !

_/ d% / =2 +Od (2m)P (k*—A)?
- (k2—A +£)3 ]g—m ) Renormalization is required
dPk a’rd g) 1 _

The momentum integrationand j _ /dff 40 _4 I4 it d k } LC

the antiderivative are exchanged f A +&)3le=0
de;

- /dff —A +§) L—m ¢ Non-commutation UV-free scheme

A natural transition
GO AHEAD
10




Regularization & renormalization :: UV-free scheme

Top-down structure - Bottom-up structure

Top eo + Ae Upa UV physics
0 — &0 being free!

UV physics beig free/

Low-energ
region

Hn

HE

An illustration: electron physical charge e = eg + Ae = ¢, + Ae,,

ﬂ Bottom ¢ =¢, + Ae”

Down € — €0+A€ [
Locally finite

UV divergences Only u

and u

) T Foiae

X 00X AR E
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The hierarchy problem (c. Loop-level A%, A%)
I —— Higgs in the first diagram

H1
LHC T = [/d&d@a@f (gé’&)]{& o0t
: 1082 1,62}
Higgs boson m2, dik
-3y asdea [ 5
125 GeV (2)
x = } e
l Accentuate (k2 —m?2, + & + &)3 1 {1,610 '
H t
Hy .
by % . y O PR y After integral, one has
------------ o o T o (] 3 1
»* Large Devil TH1 My log — +C

327‘1’2 2 miy

The hierarchy problem (Higgs mass)

SmH lo i

3A2 - 2,2 2 "
M} = (M) + M7, + 2M5, + M3 — 4m; B Ry,
" 1T 822 M v d 125 GeV Higgs can be obtained
without fine-tuning, i.e., an
alternative interpretation within SM.

Fine-tuning!
A real problem for renormalization!
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lll. Graviton loop in Einstein gravity
S—/d4X\/—_g[—%R+£M] Guv = Npw + Kl

Huge Devil (Gravity)

Non-renormalizable

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

For the primary antiderivative {—dependent choice

p+k 2l
e Al enlral - )] v R, 0 =0
x log(m? —pzsr:(l—ar))—l—cw,

n

A
=A—log|A| +C.
n!

with the Ward identity automatically preserved by the
k primary antiderivative.
arXiv: 2403.09487



One-loop propagator , : ‘.
% H,uva_ﬁ = NupaMvp + MuBMva — NMuvap ) Ot
p= e e : g

RS The pr < aff asymmetry involved at one-loop level
uy«/\/\/\/\/\—aﬁ HV aﬁ ,U,I/% ""\M_f‘-aﬁ

o , , 4i 111
Z'LH;LU,U,y 1 DTN 2ik)? i ! v o ¢ —(=1)(ix)? r(—-)3 - ot — 83 -2
7‘Pﬂ |:“{ 323 ava = V#3V3H4V4| LUV zaﬁp)‘lp)\g 7;)!;:( 2) 1671-2/ (_7){ [401,2(1 :E) PpYp pB Ty =(=1)(ix) 1672 UdT( 4){4[4(41 8z°+ 2z
RN ] "2 4 3 VR P
+2p2((1_2$) (15:1: —151?—2)(])”13 naﬁ+pa ¢ j,l.l./) +2:r+l)p‘“p pp-+p ((835' 16z° +4x°+4x 1)

VHraB|Aspsvadapary n

x (&1 =& log&r)+ 1 = (1024 = 2023+ 1722 = Tz+2) (p PPt + ppPye x (p"pn +p”}29“n"“ +p”p:*n:“’(;kp”p“j”:)w
5 3, e +p p 0P ) +p* (152" —2302% +1032° +2”’(1fm —2;1-"" e p' ' +2p°p )
X(flloggl——ﬁl)ﬂ +C¥ . F122 + 1)y + (852 — 1702° + 13922 — 54 + 3) x (14x* —322° +252% —6x—1)) +p* (22 (112> — 222
- 1 +132—2) ("o P Py e) + (122 — 242° + 1622
—0. x (1”0 + Py ))] 1og7_pzx(1_$)}+cgwﬁ, oo . s
—4z+1)n )] log—pgm(l_m) } +CEer,

n—loop with overlapping divergences

. . AT otal — t2(nH) 2n . 2
superficial degree of divergence 2n+2  T¢*" = A—log|A| +C Tp Tp + T+ 4+ T
v +7r(log) + Tp(finite)

af,ptq
Te =27 16 1672 /dm] d# dz24(1—z 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?
0 1 pvafpoe Az, Aa, Aj, Ay are coefficients related to sextic, quartic,
{A3 3! + A2 + A1B + AO} log A, +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
+4(2812" — 5622° + 6832% — 402z + 273)(z — 1)?]
XM (n*PnPT + n*onPP) + [T44a® + a(193222 + 44x
+1203)(z — 1) + 4(2972* — 5942+ 156322 — 12662
+673)(z — 1)%In"7 (0" + ™) + [440a®
+a(15642% — 1100z + 2423)(z — 1) + 4(2812*
56223 + 68322 — 402z + 273)(z — 1)2|n*P (nHPnre°
+0"7n"P) + [1032a* + (33962 — 3020z + 801)
x(z —1) + 4(591z* — 118223 + 11012 — 510z +215)
x(z = 1)*) (P me 4 g nProe 4 nernPogee
A0 ey g 4 iy Ty e
0y P) + 169607 + a(4844x% + 848z + 4147)
x(z — 1) + 4(787z* — 15742> + 25212° — 1734x

+795)(z — 1)’ "n"7) .
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Parameter A, (l=p+q)

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

Ap=

Yo*(82* = Bz 4 7) = 2a” (4x* = 82" + 162 = 122 + 11)yz + a(142* - 282" + 5327 - 30z + 28)y°2*

s
-4 "_L{m,‘
a

14z =z + 1)

—2a(x — 1)z(21

R 2*[a*(6 — 92 + 92%) + a*(x — 1)2(47 — 75z + 832" — 162" + 82*)y(1 - 2)=

e "4 a4 - 8
257 + 322" = 142° + 7' )y (1 = 2)27 +28(z — D21 =z + 2°)*)*(1 = 2)2° + @ ((z = Dx(-12 + 212
—412%)(1 = 2)4 (=7 + Mz — 62° — 162" + 82" )y2)| (0 ¢ ¢"¢" + """ "¢ ") + 8y*2*[a* (T - 9z + 92%) — 28
x(z = 1)z(1 =z +2°)'y*(1 - 57z + 59z — 42 4 22)(1 = 2) + (=14 + 46z — 732" + 562"
—282*)y2) + a*((x — 1)2(=3 + 292 — 292°)(1 = 2) 4 (=7 — 9z + 2° +162° 82" )yz) + a*yz((z — 1)z(~
+162" = 82*)(1 = 2) + (12 = 172 + 372" — 402* + 202" )y2)| ("¢ " ¢" " + "0 "¢ ¢"¢
xz(1 =2+ 7)1 - Ya'(9(z - 1)x(1 -
—=172% = 242 4+ 126%)(1 = 2) + (14 — 452 + 7327 - + 282%)yz) + a®(x = 1)xy(1 = 2)2(10(x - 1)2(5 - 62+ 62°)
%(1 = 2) + (=38 4 31z + 92° — 802" + 402 )yz) + 2a*(=3(x = 1)*2*(1 = 2)* + (x = 1)2(17 — 18z + 182%)y(1
+( N(p’pe"
+62°) + 28(z — 1)*2*(1 — 2 + 2°)*y*(1 -

P yay’ 2 (2 - 1)2(49 -

»o ) -4

— T4 T2 )y2) + 2a(z = 1)zy* (1 = 2)2% ((x = 1)2(=35 + 292

OV P 0 ") - Byzla® (562
+2a*((x = 1)2(7 = 2+ 2°)(1 = 2) + (=21 4 34z — 30s° - 82° + 42*)
xyz) + 2a(x — N)ry’(1 - 3(x — 1)2(=7 + 62 — 22 — 82" + 42*)(1 — 2) + (14 — 452 + 732" — 562" + 28x%)yz)
+a*(2(x = 1)%2* (3 + 22 — 227)(1 = 2)* + (2 = 1)2(=47 + 107z — 9127 — 322> + 162*)y(1 - 2)z + (53 — 50x + 30z
+402° - 202% )y +a’yz((x = 1)*2%(=30 + 872 — 7927 — 162° + 82*)(1 = 2)? + (2 = 1)2(11 = 30z + 34z% — 82"
+4r')y(1 = 2)z + 2(=8 = 11z + 2607 — 282 + 14z )y 27) " p ¢ ¢" ¢"¢" —8la® + 28(x — 1)°2°(1 — z + %)y’ (1 ,
x2¥ 4+ a®(2(x — 1)r(1 — 2 + 2°)(1 = 2) + (~2 = 5z + 52%)y2) + 2a(zx — 1)*2%y*(1 - 2)*2%((x — 1)2(—14 + 4z + 152°
—382° +192*)(1 = 2)+ (14 — 45z + 732" - 562+ 282" )yz)+a* (1 - 22)*(x - 1)*2°(1
)+ a*(x = Day(1 = 2)z((x = 1)*2* (=14 122 — 122°)(1 = 2)* + 3(z - 1)z
11z + 392% — 561° + 282" )y(1 — 2)z + 2(—8 — 11z + 252% — 282 + 142*)y?2*) + a*(z — 1)z(1 - 2)(2(x - 1)?
1P e """
2(8a*(1 = 22 + 22%) — 28(x = 1)x(1 = 2 4 27)*y* (1 = 2)2* + ap?=*((x = 1)2(49 — 88z + 1422°
4+ 452 — 7327 +562" — 282" )yz) + a*(12(z — 1)z(1 — z + 2°)(1 — 2) + (=31 + 88r—104z"
2((x = 1)2(=16 + 21x — 292% + 162° — 8z*)(1 = 2) + (17 = 5l + 692” — 362" + 182 )y2)]

3x + 112* — 162" + 82*

2)% 4 (z = 1)a(7 — 8z + 82°)

xx*(1 =z +2°)(1 = 2)*+ (2 = 1)2(10 + 92 — 927 )y(1 — )z + (18 — 252 + 79z — 108z" + 54z*)y’z

a8

+0° "0 "¢ 0") + 8y
—1082" 4 542%)(1 - 2)+
+321% — 162" )yz) + 24°

(0" LS+ 0 ) -
xy(1 = 2)z((x = 1)x(68 = 113z + 1292 322" 4+ 162*)(1 = 2)+ (=26 4 117z —
xz(~11 4 52z - 52¢* 44 Tz4 2" = 162" 4 82*)yz) + 2a(x — 1)z
~162" + 82*)(1 = 2) + (14 — 4z

x(27 = 31z + 632" — 642" 4 32

(6 — 11z + 112°) + 56(z — 1)*2%(1 — z + 2°)*y* (1 = 2)?2* + @®(z = )z
32° 4 1922% - 962 )yz) + a*((x - 1)
14 2)z(T— 122+ 205°
12 =372 4 372°)(1 = 2)* + (z = D)z

R N R

8 v B vop 2%t

'V 0 ) -
x(=11 — 32z + 322”)(1 — 2) + 2(27 2) + 2a(x — Vzy*(1 -
+562° —282%)(1 = 2) + 2(14 — 45 + 732" — 562" + 28z )yz) + a’y2((z — 1)*2*(7 + 3
—8(z — 1)2(13 — 29z + 432% — 282" + 142 )y(1 -
+81z = 812%)(1 = 2)° 4+ (= = 1)a(=21 + 17x ~ 33;

tat((z -1z

=4 (35 = 57 +

~162*)y(1 -

p @ o 3 vop
’q ”

¢+ ") = A56(x = 1)’ (1 2 + &

(PP S+ P + P
x((x = 1)%2%(1 = 2) 4+ (1 = 2 4 2°)yz) = a’(z = Dz(1 = 2)((z = 1)z(1 = 2) + 4(z - 1)2*(1 - =
4+(=10 = 31z + 312%)yz) + 2a(x = 1)° 2y (1 = 2)*2*((x = 1)x(—=28 + 39x - 532°

—d(z-1)z*(1~-2)
o — 142%)(1 = 2) 4 2(14 — 452

2’ + 282 )yz) + o’ (x — Day(l — 2)2((z — 1)*2° (37 — A1z + 412°)(1 — 2)* = 2(z — 1)z(38 — Tlz + 992"

+73z% — §
+4(10 — 21r + 352° — 282 + Mz )y?s?) + a*(x — 1)x(1 = 2)((x — 1)*2* (=5 — 22 + 227)

287° + 14z'),

562 + 282 )y(1

2 o P

P e " + 0" 0" P "
Ya" + PP e + P ¢ 0 ") + 4[4a"(1 — 2
2a"((x = 1)2(3 - 8z + 82°)(1 - 21z + 132% + 162 — 82)
((x = 1)z 162 + 482% — 42" + 22%)(1 = 2) — 3(14 — 452 + 732 - 562” + 282%)
xyz) 4 a*(A(z = 1)*2*(1 = 5x + 527)(1 (x = 1)2(61 = 104z + 562° + 962° — 482*)y(1 = 2)z + 2(1 4 9z + 1927
—562° + 28x%)y*2?) — 2a% (z — 1)xy(1 — 2)2((x = 1)*2% (=29 + 75z — 672" =162 +82*)(1 - 2)* + (x — 1)x(—35 + 66z

x(1 = 2)*+8(z — 1)z(6 -z + 2 )y(1 - - 36z + 50z

o a up Voo 8 u 8 40 a

+° 0+ P4
+2°) = 56(x — 1)"2*(1 — z +

¢+’ + e

2y

*y*(1 -

+(2

xyz) + 2a(x — 1)*2*y*(1

21 pages



IV. Dark energy in QFT
Big Devil (Dark energy)

« 2
3
2

) )

Uniformly Expanding Universe :h-?:.! "‘::;:;"",s :i‘“’::":: AtO ms

rate is accelerating by study- 4'9%
ing Type la pcmovae The

brightness of a supernova

indicates its distance, and

the color indicates its redshift

due to cosmic expansion. Da 'k

Top: In a uniformly expand-

ing universe, the distance Matter

increases (the brightness

decreases) as the redshift 26.8%

grows larger, as illustrated.

Bottom: The relation between

distance and redshift changes

in an accelerating universe.

High-redshift supernovae

appear more distant (and

thus fainter) than is the case
for uniform expansion.

Dark
Energy
68.3%

Apparent brightness
A

;

5 A ..
%@’\W

TODAY

A+ CDM

k2+m ~

o (2w} 2 1672
10120 o@
(2.3 meV)4

New ultraviolet catastrophe

2 — 4

Vacuum energy

16



The vacuum energy density

Riemann zeta function

C(s) *Z“L
n=1

i )

= [0 fuaey [ (‘;;’; > ( k2+;?+£)5]w+c
= (~1)2 gi i log(m?) + C
= (Daggami 8 s Lrovencaser

arXiv:2410.06604

No longer a problem caused by the UV region

massless field

If dark energy comes from the vacuum
energy, then the contributions of

“e £ heavy fields should be suppressed by | _____ R
. u,<
some unknown mechanisms. S, i
B C ,’,_ij_ -7
The ripple description W=.Z h.t

An effective active degrees of
—m2 /2

freedom g* = g.e m; /U

Gaussian distribution

Naturalness

. Neutrino fields play a major role

FA

Tﬂ,pl



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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AftZ  Why does the UV-free scheme still hold

PO\ : e
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 — Tp) A test

i (a) New particles (TeV) needed to
The cancel out UV contributions of loops
hierarchy to the Higgs mass

Two alternative routes
J

~

UV-free scheme  Analytic continuation
T e TR i
e R

J

[ (b) An interpretation within SM

Finite input UV divergence input (continuation) B

Tree level Loop finite | Loop Log _ P<,0°

Originally well-defined

19



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

_Physical output
o— ’.___________,

| UV-free scheme |

‘-----------

Physical input

Regularization & renormalization (o0-o0) Problematic

UV-free scheme (Tp->Tp) OK OK OK OK

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

20



; : UV-free scheme
Dev11 Tp— E)“m

+C
agn L—m

In an mherently finite framework,
loop diagram calculations become
substantlally simpler.

parameters

4Z,
L g UV-free scheme
Input £ 1 \_\Output

WEARS

7R

TR

From the handling of UV divergences to their preclusion by design.
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V. Summary and outlook

A. An alternative method --- UV-free scheme: Finite loop results 7
obtained without UV divergences, and this is effective for loop Log and

power—law divergence inputs. ¢ d=N:: ot
B. To the hierarchy problem of the 125 GeV Higgs, an alternative BIAss *%iiﬁ
interpretation without fine-tuning within SM. FRATIE IR JDHIH IR,
C. Applications to Einstein gravity and dark energy. HeINH IR B 55T )E ,

ERFTEMAETSIAR O FIRSERER,
Outlook: |

Dark Matter :
New World

The beginning of a new method.

WG E arnseR, #ERG

\H
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Thank you!
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