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Possible new physics indicated by loops: The Higgs mass
and the Einstein gravity
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|. Background: New physics New physics
1) Neutrino mass
2) CP violation and baryon asymmetry

3) The hierarchy problem of Higgs mass

4) Quantization of Einstein gravity [PreCise teSt]

5) Dark matter and dark energy

?
New Physics = New Particles

[ Loops ]

New phenomena/principle — new physics itself

New Physics = New Phenomena'! ]-

New Physics = New Principles !!

E.g., Special Relativity, Photo-electronic Effect, GR,
P and CP Violations, ...... He 2023



l. Background' UV divergences of loops

: o Paradigm procedure  Devil or Angel? Physical output
~ Field
" Theory
9. uv dlvergencel DeV|I DeV|I S Y
T‘*m - Angel Physical input
Qsﬁrm _
musmarmensm NOE WeII deflned Regularlzatlon Renormallzatlon Loop road

Two devils over the renormalization building

Renormalization Large Devil (nggs mass),  Huge Devil (Grawty)
I\ ==
Log dlvergen_ce Is OK, ey
Powe';:aw dl_vergence Renormalization ggg e
IS problematic 0O - 0O — QFT (SM)




II. Free flow of ideas e JhA

A b AL
--- UV-free scheme % & f} gi % é UV-free scheme
7F g arXiv:2305.18104
Newton's Laws of Motion A 1) 7% :

A presumption: = o o

Low-energy

( The physical contributions of loops are finite with]
corrections

contributions from UV regions being insignificant.

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

[ 67%(617 352)
) To=| [dé - d C
Te 7 / 3 < &1 -+ 0E; }{617-":€i}—>0+
goamum (primary antiderivative + boundary constant)
| 90" Tr (§)
or Tp— /(df)” L, N
’ i " e (Similar to E, = —G%+C)
A conceptual
ST breakthrough:
Negligible?! - ’E:BGUE

Regularization &
renormalization

Negligible ‘

A EARRE, LK ‘
WA K A
Tp




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



ll. The hlerarchy problem (c. Loop-level A%, A%)
e Power-law divergences (A%, A*)

" LHC ForW, Z
S5 e Higgs boson In Feynman-t Hooft gauge (Az)
, . 3 g B ;
e W 125 GeV N S T PR
l Accentuate \/-
H t . Supersymmetry?
M Saped A _ﬂ_O__H_ H%H >l<n unitarity gauge (A*)
. i —i KPR
The hlerarch)zf problem ;{’\%N,\ ) (9 T )
Mz = (My)* + 553 [ M7 + 2My, + My — 4m] |
Fine-tuning! Large Devil

(Higgs mass)

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
1VQ2043 1,82,83 75—
T = / dgrde, 7T (En2)] e 2m3, a'
i 960 e = [i7 agagas [ i
m2, d4k
(k* — ’m% +&+ 6+ &) @ a0

2

X +C.
(k2 — m%r +& + 52)3} {€1,62}3—0

where the symmetry factor sy is sy = 1, 2 for W, Z

After integral, one has respectively. After integral, one has

2m m2 1 5%
SmH 1 _ v "'V 31, AN
7}, 32 Uz(log m%{ +1)+C T 1671'2( gm%/ + 2)+
2 2
3mH [ IU‘2 — -sz 3mV 1 HJ é
327T2’U2\10g m2, +1). 2"UQSV 1672 (log 75 mé, i 6) '



H t
\ 7 H,' .
LV X A _T_O__H_ A 4 Power-law divergences (A%, A*)

g V (V=W.,Z) in the third diagram
top qua’rk loop . . . . amd 6 1 1 p? 1
Higgs in the third diagram Tp‘“”:ﬁmﬂf de([5 — Ty (w—a® + 35)
t_ 3mi i ! 2 2 p* x(l—;;) zv 1
Te =— 02 An? ; drim; —p~z(l — z)] s 92?,”?1{ i /1dw og (1 ) o :ri_“i/ 15 (202 —202°—-1)| logm
1 b v? 1672 J, m?, — z(1 — z)p? 1 p?
x(31og mZ — (i =) +2)+C B omd, ldfs o 2 5 Ton (22¢(1 — ) — 1)
; T U322 ' m2, —x(l —z)p? ptr(l -z
:_3;"’;3;12 Oldm[l - 5;3:(1 )] e n el = o (1= )+ 1)+C
t mi 3 ' 1 p? s 1
m; —p*x(l—x) 3 +i ;L'(l—;L')(ED;L'—QD;L'Q—l)] ‘ i
mé; 12 s mi —x(l1—x)p?
. ) ) i_pQ(QZI(l—I)—l)_p43:(1—1:)(—213:(1—ﬂ:)+1))
Considering p in the electroweak scale, 12 123 12,
125 GeV Higgs can be obtained without fine-tuning, Power-law
l.e., an alternative interpretation within SM. divergences are OK

In UV-free scheme!
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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

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.
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One-loop propagator

......

quWW\f—aﬁ UV

’. . - 2 -
T . 2 lHuauyM vy ¢ (2’”6) 7

N 2 1672

V.Lwca3|)\3p3v3r\4,u4i}4 N
x (&1 —& log &)+ :

3
x(elos&i—5&)] | +Ch?

= 0.

(0P + 170 *) )] log —

n—loop with overlapping divergences

superficial degree of divergence 2n+2  T§*" =

af,ptq iy
To = (2i)%k>( /da:/ ng dz———
16 1672 24(1 —
po, q K ( ?)
{A3 3,0 +A2 +A1A +A0} logA—+C“”°"BP"
PV, p ’

arXiv: 2403.09487
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(Vﬂzw:smwz\/\mw\zaﬁphph 7},’3: > 1671'2/ (—f){ [4027( )pp”papﬂ

+2p?((1-22)*(152% =152 =2) (pp"n"" +p°p ")
4 +(10z4—20z3+171:2—7z:+2)(p”pﬁ77'“0‘+p“p n’e
+p¥ponHP +ppen ) +p* ((1152* —2302° + 10322
+12z + D" n? (852 — 17023 4 1392> — 54z + 3)

b
plr(l—x)

AA—Tlog|A| +C
n!

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.

4i [* 1.r1 A
1)(in)? oz [ do(-){ 7l

+22+1)p"p"p®p” + p*((82* —162% + 42 +4z-1)
x(p"p ' +p 0 + p p !+ p? n”ﬁ)
+2x(142° —242° + 13z — 4)p*p"'n°? + 2p°p

x (14z* =322 4252 —62—1)) +p* (22(1 12° — 2222
+132—2) (0% 4P ) 4 (122* — 242° + 162>

C«,lwai? ,
—x) } Tl

Te=(— — 823 4242

}+C’g“’“5.
—dz+1)n"n*")| log—
—p

7-1;,total :7;2&&1) _|_7-l;t2n+ __|_7;2

+7pr(log) + Tp(finite) ,

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.



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
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7Wr49 Why does the UV-free scheme still hold " (@) New particles (TeV) needed to

for power-law divergences? cancel out UV contributions of loops

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
T, ) T~ [/kd&)”w
oE™

‘|£~>0

Riemann zeta function

+C,

: 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

14



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
,;;g,__________-

I UV-free scheme | -

‘-----------

e fuer 7]

Physical input

m EE Loop A%, A% AS,..

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
Forces of Nature

QFT

15



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

16
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