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I. Angel or Devil?--- Free tlow of ideas on UV divergences

a1 The ultraviolet catastrophe
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I. Angel or Devil?--- Free tlow of ideas on UV divergences
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Regularization Renormalization

Paradigm procedure

Renormalization
(counterterm)

Based on: BPHZ scheme
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Regularization and renormalization
of gauge fields

G. 't Hooft, M. Veltman




Issues/puzzles in Regularization and

Renormalization (BPHZ):

a. Infinity (UV divergences )

b. Log divergence is OK, power-law
divergence is not

c. y° issue (DR)

d. Unitarity gauge vs Feynman-'t Hooft
gauge

Free flow of ideas

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!

P.A.M. Dirac

: I 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-
electron problems.

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

cannot tolerate departing from the standard rules of mathematics. Of
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.



Go forward in the direction pointed
by Dirac:

a. No UV divergence (mathematically
well-defined).

b. A general method with both Log and

power-law divergences being OK!

P.A.M. Dirac

Is it possible in a method?



ll. New perspective --- UV-free scheme

Newton's Laws of Motion

Low-energy

UV regions

corrections (Planck scale)

Loop
Negligible _
A presumption: Negligible?!

The physical contributions of loops are finite with contri-
butions from UV regions being insignificant.

UV-free scheme: ~ _ e OTe(&s - 6)
Tp= [/dfl di 0&1 -+ - 0&; } {1, ,&:}—0

I Jia, arXiv:2305.18104

Regularization & Tamed loops: A way to obtain finite loop results without UV divergences
renormalization . Lian-Bao Jial 23 *

+C




UV-free scheme:

assume that the physical transition amplitude 7Tp with .

propagators can be described by an equation of

OTk (&1, , &)
T — [/d& - dg; ggll. O Lgl,... £ 0

a. Tree-level:

the photon propagator ;;i”;’; :

—igu  OTR(E) _ —iguv(=1)
Te(€) =it e = GPrerion

[fdfaTF(g} %; with C' =0

Tp = Udgaﬁ(qg—m — %

the gauge field propagator restored

+C (1)
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where a Feynman-like amplitude Tg(&p,---,&) is in-
troduced, which is written by Feynman rules just
with parameters &1, ---,& added into denominators
of propagators. For the integral over &, here we

introduce a definition of the primary antiderivative

[fdfr--dfi a@éf?_’_é&’,&)] with the constant term being

absorbed into C' (for example, for the integral [zdx =

% + C, the primary antiderivative is [ [zdz] = %-), and
the supplement C' is a boundary constant related to the
transition process. After integration, 7p will be obtained
in the limit of parameters &, — 0, ---, & — 0. If Eq. (1)
is applied to tree-level and loop-level processes without
UV divergences, C' = 0 is adopted. For loop processes
with UV divergences, C' can be set by renormalization
conditions, symmetries and naturalness. The number of
the parameter &; introduced is as few as possible in the
case of the loop integral becoming UV-converged. For
a loop with UV divergences, one parameter £ is intro-
duced for logarithmic divergence, and two £ parameters
are introduced for quadratic divergence (three £ param-
eters needed at most for a loop being converged). For
multi-loops, a set of & parameters is introduced for each
loop. The method above is UV-free scheme.



N 4 ~ ~ .

b. Loop-level Log: . ’ ;
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Feynman-like scattering amplitude Considering the renormalization conditions,
. 2 4 . .
Te (&) = (i) / dk : ‘ the amplitudes are taken to be zero at s = 4m?,
2 (2m)4 k2 —m?24-€ (k + ¢)>—m? / 0
The physical scattering amplitude H2 2 2
- Ch = /dazlogm —4dm~x(1 — x)|.
,7—( ) [/dfaﬁ(@]g 0‘|‘Cl 1 3972 . [ ; ( | )]
)\2 ; The total one-loop physical amplitude
G a0 + Te(u)
i\ _—z'>\2/ g [1 m? —x(1 —x)s
Te(s)= 327r2/ dx log[m2 —z(1 —x)s] +C . ~ 3202, L% 2 —am2z(1 — o)
0 2 (1 _ 2 _ (] —
An explanation why universal constant parts (y_E, log(4rm)) +log m ig x)t + log m Q;T(; a;)u}

should be subtracted along with infinity in renormalization.

A freedom of § in propagators ~N A

No troublesome UV divergence in loop calculations! ' %g
9




The axial anomaly

A P4
q k*p q k+p
k
k-p; k-p, Zez
A Po v P,
. . U x *
8,”“5 = iq, Tp" "€, (p1)ex(p2)
2
€ 2 CO
_ avfBA
= —— (5 + R, F,
623 T o) %
o, ~
p k P

Log divergences are OK
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Y ° the original form

If Co =2 SM self-consistent

charge values of quarks
coincidence, or correlation?

%)
k+q

p1-K

P1



two-loop transition

7':[]ﬁ58§§£ﬂ5%d+0

:[(—i)\) fdé d*k 4 d*kp i i

2 (2m)4 (2m)4 k‘i—mQ (kat+q)?>—m?
—1 7

X&%—ﬂnz+§ﬁ(k34—h4+p@2—ﬂﬂ £—0

+C,

with ¢=p1+po. After the kp integral, one has

zA d'ka i i
x| dE 5
(271' )Ak53—m? (katq)?—m?

+C.

16?72 (ka+ps)?z(1 —3:) —m2+x§] £€—0

The expression can be rewritten as

4
~1
Y /dm/dy/dg d kA .
(k% +2yka-q+yg®>—m?)?
C
167r2 (ka+ps)?x(1—2x) m2+x§L—>o+

—i\) d*k 4 —1
/ dx/ dy/ / N Gy T6m2(1—2)

l—z

[ZDB+(1 z)DA]?’] €0

+C,

with DA—kA—I—kaAq—I—yq —m?, Dg=(katps)*-m?/z(1-
)+§ / (1—z). After evaluatmg the k4 integral, one has

M/ / dy/ / d£167r216772 2_;25)]@(#0
=iy, o]

with A=[(y(1—2)q+2p3)?—(yg* —m?)(1—2) —p32]x(1—
x) + m?z. Considering the renormalization conditions
that the corrections should be zero at ¢> = 4m?, the
result can be written as

——(_6)\)3 1 T 1 1 z1 —z)lo
P 2(47r)4/()d/0dy0dz[(1 )log A
~ log[(4°¢*~ya* +m?)a(1-2)]] ~Co

_;?igi /O e /O dy /O ldz% [(1-2)tog AAO

. v2q% —yq®+m? }
g(4y2—4y—|-1)m2 ’

logA+C

11 With Ag = [y(1—2)(y + 2 — y2)dm® + (2> —2)p — (dy —
m2(1—2)]z(1—z)+m?3z.



l1l. The hierarchy problem (c. Loop-level A%, A%)

P — — — —

power-law divergences (A%, A*)

LHC
| Higgs boson For W, Z
™ 195 GeV In Feynman-"t Hooft gauge (A?)

- lAccentuate W — 72 _.z2' 0 TTT7C " ~ 2 _Z m?

H t
H X "' H H H H g H
““““““““ Q Supersymmetry?
X -

The hierarchy problem . 4
IA2 In unitarity gauge (A™)
2 0\2 2 2 2 2 . v
Mz = (Mpy) +—8772112 | M7 + 2My, + M, — 4mj| DN = —— ~ (g,uu_k’u"j )
U Voo k2 —m7 m45

o [ (’ [] [ ]
Fine-tuning! A real problem for renormalization!
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____izi}___ _-_O___ ___{V‘Ei;@___ power-law divergences (A%, A*)

V (V=W,Z) in unitary gauge

In UV-free scheme

. Vi
Higgs in the first diagram Tt = /d§1d§2d§3 0T (&1, 82, 53)]
_ aTHl (g 5 ) - 851 8€28€3 {51 752953}_)0
TH1: /d d F 1,62 —|—C -.2m2 d4]€
P i S1dé2 0&10&5 ]{51,62}—)0 v d§1d&2dEs Wg;w
my d*k
= [(-sirgt aciaes [, Gl k)
2 (k2 —mi, + & + & +&3)1 {616,651 -0
T 1 +C.
(k2 —miy + & + 82)7 Her g} -0 where the symmetry factor sy is sy = 1, 2 for W,
After integral, one has respectively. After integral, one has
2
1. 3my 1 Vi_ va My (31 19 C
Te' = Z3»27r2f02(10g m—H +)+C Te ’U2SV 1672 ( 05 ms, * 2>+
3m ,u2 .2m3, 3m3, ,u2 5
= Gan2,2 %8 m¥ ): 13 025y 1672 (log m2 T8

+C

+C,
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top quark loop

t__ I 87;?(51752)
Te = / dada =5 S ]

3m? d*k
— [t dedee | o

2i(f+my) P+ K+ my)

+C

xtr( (k2—m2+&14+E&)3 (p+ k)2—m? )} {51,52}—>0+O’
== 2L ol — a1 o)
x(3log 2—p21:r(1—3:)+2)+o
—3;’;f 4?;: Olda:[l _ ::ix(l )]
X (log — b + 2)

mi; —p?z(l—z) 3
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power-law divergences (A%, A*)

Higgs in the third diagram

- O H3
7~PH3: _/d§1 7-]5‘851(51)]51%0

I oM d*k
— _(—32)2#/ dé, / 2y
—i

G TEP T P e o

+C

+C

Om4 7 1 1
H3 H
P 202 16%2/0 v 08 m3; — xz(1 — )p? +

omy [ p?
— 3 dx 1 .
7/327'('2?)2/0 r08 m4; — x(1 — z)p?




\ 7 H” -
H Sy Ho H HH 4 power-law divergences (A%, A*)
4 4 Gi 1 1 2 1
T = | do([3 — ="+ 35)
V (V=W,Z) in the third diagram +£—ix(11;x) (200 =20~ 1)} log - — 25
7-V3: _/dé‘ df df 871:*‘/3(51752753)] +C 1V p2 '
P R T e 0608 (a1 0 PR A

_ 4 4 . v v 2 (1 —
| _ 4,rnV d£1d§2d€3/ d*k 62(.9“ : k' E /mV) P fém4 ) (—21z(1 —x) + 1))—|—C
| v2sy (2m)4 (k2 —mi +&1+E2+E3)4 . Yo L .
i (4Pl ) i " )y T )
(k +p)? —my, {€1,62,63} 0 P ooa)@00-202- 1)) 2
m$, 12 & mé, —x(1—z)p?
1 p*(22z(1-2)-1) _p4x(1—x)(—21:c(1—x)—|—1))
2 4
Considering ¢ in the electroweak scale, . tamy L2my
power-law

125 GeV Higgs can be obtained without fine-tuning,

i.e., an alternative interpretation within SM. divergences are OK

in UV-free scheme!
15



Different schemes As expected by Dirac!
Physical output

Regularization & U
renormalization | —

Loop road

Regularization & renormalization(BPHZ)

UV-free scheme

Physical input

P.A.M. Dirac

UV-free scheme OK OK OK

UV-free scheme

OTr (61, , &)
Tp = [/dfl - d&; géll_ .- O&; ]{gl,--- §i}—0

16

+C'  An alternative scheme for loops




IV. Summary and outlook

A. An alternative scheme --- UV-free scheme for loops was introduced, and

finite loop results can be obtained without UV divergences. The y> matrix
remains the original form, and the unitary gauge can be adopted for gauge
bosons with masses.

B. UV-free scheme can be adopted to describe tree-level transitions and
Loop Log and power—law (4%, A%) divergences.

C. To the hierarchy problem, 125 GeV Higgs can be obtained in UV-free
scheme without fine-tuning, i.e., an alternative interpretation within SM.

Outlook: It is the beginning of a new method.

Thank you!



