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I) Importance of scale-setting; IT) General arguments for solution
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Why PMC ?

B

Any pQCD calculable quantity p can be
expanded in perturbative series

.. 2 °
@: rocta (i) [1 1 (in) ﬂs(:['R) + ra(siR) aZ(pir) T

T2

p stands for physical observable, Up to infinite
order, there is no scheme- and scale- dependence: any

choice of scheme/scale should result in same prediction.
i, ToRREHEH T AFRIEREIR 1% € H &
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What's conventional sca’féfetting
(%l BEFRHARMT AR HRREXRBETRIEREMEHE)

—@UesSS a renormalization scale Q, to be typical momentum transfer,
or the one to eliminate the large log terms

=> Keep it fixed to the end during the calculation

=> Vary in a certain range, e.qg. [Q/2, 2 Q]; or take several typical
momentum transfer to discuss its uncertainty




One point
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How to get more reliable pQCD estimation ?

BIMNENFTEERN/EREANERTEA BRI ?




Puzzles under
Conventional Scale Setting

I) Its estimation is scheme-dependent at fixed order.

IT) Its estimation strongly depends on the choice of Q. Why
just a factor of ¥2 or 2 and not 10 or 20 ? Which is the

favorable momentum transfer ?  (WEAf 5 75 B g T4 BLECu

III) The convergence of the pQCD series is problematic.
Especially, when there are large renormalon terms. (32 I,

1R 2 N¥t 1 = pQCDU S AR e 4 R AeAm ) i B ZEAKHRE )
Even if it agrees with the data, it is only guess work !
One way out is to use the experimental

data, which inversely greatly depresses the
predictive power of pQCD !
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As a conventional wisdom: one may think that by finishing more
and more higher order calculations, such scale uncertainty can be reduced
to a large degree.

The question for such naive scale-setting is:
I) One may want to obtain accurate estimation as much as possible with
known loop results. This method can not answer this via a systematic way.
IT) We still do not know definitely which scale provides the central value.
We do not know whether the relative importance of known LO, NLO, ...,
just the fakes for wrong choice of scales.
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Thus, the renormalization program inserts a non-physical scale at
which the UV pole is removed, and this artificial scale is a serious
and dangerous source of theoretical systematic uncertainties.

Then, how to solve the problem ?

The key point is to find a universal way to set
the right behavior of running coupling for any process.

A1 RE BB FE A B E AT N R SR

[ EzhT A UL K i fetr ]

The suggestion of asymptotic free theory (pQCD)
=> only results in coupling < 1; but do no know its accurate value

While, as a further step, PMC or PMS or others = try to determine
=> a definite value for running coupling (or determining its scale)

1
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Extended Renormalization Group Equations

K, Naive truncated series to know o,
at different scale --- not reliable !

as(P)=ar(Q)+[f(P,Q)u%(Q)

B Why it is better and useful ?
A way out for scale-dependence

The scale is changed along
the evolution trajectory with
Conventional RGE a continuous fashion, thus
avoiding the presence of

d oR(u)\ —i - R (1) dissimilal: scales a_n_d large
T ( T )— B (— | expansion coefficients

=1




Each scheme leads to
different cR, and vice versa

Extended RGE !

ﬂ+2d
Bnla,{ci}) = OL Ha, {ci}) f 7 ~

Can we discuss the uncertainty
-of cR in a consistent way as that
of the scale ?

Bl s R BRI i 0 7 72

S.J. Brodsky and H.J. Lu, Phys.Rev. D51, 3652(1995).
G. Grunberg, Phys.Rev. D46, 2228(1992).

|| Equivalent to usual RGE ||

Tr) = a(TR, {CEH})“

]

Scale equation

Useful for a reliable error
analysis on higher order

Scheme equations
(r,{c;})

13



Solution for the scale-equation up to the
four-loop level

( 33 | r“z) f“(T'{E‘}\" da

—In— | = —_—

A atro{ect) Bla:{a})

where m = {.:ﬁ.z;f."'.ﬁ] lnlrfﬁ with g stands for an initial
scale. Up to O(a®), it leads to

XRIEAT N A A

Convenient way =>|L = (_Sﬁfﬁl)ln[;ﬁjﬁg]l B A oy ST i 2

L = C-I—l—l—]llﬂ,—l—[:ﬂg —1) ﬂ++:'3 - 2;2 i lag—l—@{a?’)
a

A the asymptotic scale parameter, its value is
correlated with the integration parameter C.

14



@= C+l+lna+({:2 —1) a+¢ag+0(a3)
a

Scale-equation to be solved iteratively

L] Eetting a = % to cancel the Ll-term. And we can find the coefficient L7
® Sething a = % + 1% to cancel the ["term. And we can find the coefficient for L1

+ =+ to cancel the L= term. And we can find the coefficient for [—2

e

& Setting a =

]
&)
® Setting a = % + % + tF + £ to cancel the L 2term. And the final renormalization

equation is of accuracy O(1/L%), which is rightly our present required aceuracy.

Final four-loop formulae

a e (C—InL) H—=[C*+C+es— (20 —InL+1)InL — 1] +

{c (CQ+§C+382—2) — 1_2"3 — {36’2+5C+302—2— (3(3_1DL+§) 1DL:| 1nL}+C)(@

. K.G. Chetyrkin, B.A. Kniehl and M. Steinhauser,
particular MSbar C «— Phys.Rev.Lett. 79, 2184(1997).
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Several scale-setting have been suggested:

BLM, PMS, FAC and PMC; which one is correct,

in principle ?

e It depends on whether it satisfies the self-
ﬁ%@ﬁﬁ consistency conditions derived from the
renormalization group invariance

PHYSICAL REVIEW D 86, 054018 (2012)
Self-consistency requirements of the renormalization group for setting
the renormalization scale

First-belief Existence of the [optiAmaI] scale p,
No scale dependence
Mhi’_ic?{}) =( [scale invariance], (9 NO SCheme dependence
da TR {L’R}) = (0 [scheme invariance]. (10) ﬁ%gﬁfﬁljﬁﬂﬁ %?ﬁ@ Ij\j

B AN
X N\
\\
A\
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any physical
observable can be
used to define an
effective coupling
constant

G. Grunberg, Phys, Letw. 955, 70 (1980).
0. Grunberg, Phys. Lett. 110B, 501 (1982).

G. Grunberg, Phys. Rev. D 209, 2315 (1984).

second

Reflexiviry. Gjven an effective coupling a () speci-
hed at a regpdrmalization scale g, we can express it

s of 1tselt but specihed at another renormal -
ization scale ',

aglp) = a(pu') + frlp wai(p) + -+ (14)

where (g, ') o Infw®/ ™). When the scale ' is
chosen to be g, the above equation reduces to a
trivial identity.

ﬂajl[,u,]l . |[|I'l,,t.|L2f,,L|Lﬂ]|" ﬂ':""'l:'a_t{#’]l
i lnw™ ! (I )t

This shows, generally, the rnght-hand side of
Eq. (14) depends on g’ at any fixed order.
Thus, to get a correct fixed-order estimate for e, (g,

a self-consistency scale setting must take the unique
value w1’ = g onthe right-hand side of Eq. (14). If a
scale setting satishies such property, we say 1t 18
reflexive.

17



Nen two ditterent ettectve coupling
,u,l]l and e (- ) under two different

emalkirAtion schemes, we can expand any one of
them in terms of the other:

oy pey) = aalpea) + rpalpeg, #2]'-11}?2'{#2:' + o,

cegalpra) = agy(poy) + raglpea, pydas (pey) + -+

third After a general scale setting, we have

gy (py) = agalpy) + Falpy, p3)as,(ps) + - -,

ol pa) = aglp)) + Pyl pylas (p)) + -

éﬂtiiﬂé pry = Agzppeq and g = Ajzpes, if
Az = L,

we say that the scale setting 15 symmetric.

18



ven three effective coupling con-
: ol s ), and () under three
renormalization schemes, we can expand anv one of
them in terms ot the other; 1.e.,

g lpty) = agalpea) + ralpeg, P'fz}'ﬂfg{#z]' + .-

h aolfts) = agalps) + ralpes, pada(pea) + -
fourth i) = gy (o) + ray (e, oy () + -
4

After a general scale setting, we obtain

g (py) = aglps) + Fralpy, pilas(ps) + - -

]

Setting _p,; = Anpr, p3 = Asapa, and  pl =
USEVIERR L

Apadpdy = 1, (21)

we say that the scale setting 1s fransitive.

aalpes) = aa(py) + Falps, piai,(pd) + -,
el fig) = agq(py) + Fralpes, pyag () + -

Transitivity

AwpC

Relatiow of observables muust be independent of intermediate scheme

C #B sdentical to A # B

A natural requirement

of RG invariance

19




Commensurate relation among different o,

S.J. Brodsky and H.J. Lu, Phys. Rev. D51, 3652(1995)

N
ey s = o= 0.4350))
Transitivity
ity [ 1.BTLY) | oy | 2.770))
T
ceo | 1360 / \ ey [0 / v ap{0.6140Q)

NS [ NS
o gl 1 180 kg, (11807

""‘a.,.“‘ "ﬂ,.-"'

e, (0.90400)

REEAFRR T R FTERHS AR

20
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G. Grunberg, Phys, Lew. 958, 70 (1980).
G. Grunberg, Phys. Lett. 110B, 500 (1982},
G. Grunberg, Fhys, Rev. D 29, 2315 (1984).

Comparison of different scale-settings

py = Coak(u"*)

HRITE
HIEA R

Optimized perturbation theory —

minimize the higher-order contributions - PMS
P.M. Stevenson, Phys. Rev. D23 (1081) 2916

Nuclear Physics B 868 (2013) 3864 t

21



Question for FAC and PMS

Difficult: how to use them for all orders other than NLO; not easy

Kernel Limitation: These two schemes are only optional/effective and
do not answer the question of whether their scales are optimal/physical ?

FAC:

PMS:

N
pn = Coak () + Z Cilpe)orE™ ()

- BRIk,

EBEANB AR AR

3 (™%t = 0. | no higher-order terms

G. Grunberg, Phys.Lett. B95, T0 (1980); PhysLett.

B110, 501 (1982); Phys Rev. D29, 2315 (1934).

P.M. Stevenson, .Phys-,]_.ett. E1o0, 61 (1931]; Phys,Rev.

don
A

|p=p

Pus = 0

D23, 2016 (1981); NuclPhys. B203, 472 (1982);

force it to satisfy RG-invariance at fixed order

HigAxE




In fact, we have found that the present
procedures for PMS suggested by
Stevenson may have some internal

errors when extending to higher order

other than one-loop. This part of work
IS In progress.

At present, we have finished a four-loop
comparison with PMS and PMC

H, Z£/4, PMSIEASLHELE, TR

23



On the other hand, we find that
PMC satisfies all the following properties

- Satisfies all basic requirements: Existence, Unitary, Symmetry,
Transitivity, Reflexivity, which are deduction of RG-invariance

op _0

- scheme-independent ou,

- a better perturbative convergence due to elimination of renormalon

=R, HEE—TRUEHET,
FAFEEPMCRi = I AR IBRV R IR G =




What is PMC ?
B

Choose renormalization scheme; e.g. ot (uiB)

KAEER R KEERR

s ER e . l
Loose it arbitrary initial renormalization scale

!

Identify {ﬁ;—R} — terms using ny — terms

‘ PMC-BLM - one )
|

Phys. Rev. Lett. 109, 042002 (2012)

through the PMC — BLM correspondence principle |
order-by-order l ‘ ’ Rs-scheme - two

Shift scale of s to upMC to eliminate {58} — terms : . :
Phys. Rev. Lett. 110, 192001 (2013)

| |
Conformal Series Elimi nate

Basic procedures of PMC
Lr: SRAH ELAE P 58 B B - BB 40 <8

25



First way

of achieving the goal of PMC

BB ERITARAEK

Main idea: The renormalization is done via an order-by-order
manner; The scale setting can also be done following the same way: i.e.
the behavior of the running coupling and hence its scale is determined
by at least one-higher order terms, thus one can derive the scale by
absorbing highest nf-terms into the coupling via a step-by-step way.

Consistent with large p0O-idea, also similar to seBLM (Kataev),
but are different

\\\\\\\\\\\\
\
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standard procedures for PMC

To set PMC scales up to NNLO, the starting point

a™(Q) + (A 4+ Agng)a™ Q)

free of a, :(

S

T

5

+(B1 + Bang + Ban})al t*(Q)

)

+(C + Cang + C-'g,n'f‘; + C4n§;]ﬂ§+3(Q] + - }

to set the effective scale Q* at LO

;_:-=m[ A1l Q") + (By + Bang)al T (Q*)

+(Cy + -‘f-‘gn.f + 53?1?)&;”3[@*] + - } . (11)

The second step 1s to set the effective scale Q** at NLO

—
—

:l B ?1+E‘[Q )
@)+ (2




standard procedures for PMC

NNLO ;

L) o[ (@)

and the final %tep 15 to set th% effective scale: Q*** at

. a5 . a5 . Z = 5%
Ar=di+da, =5 +?3:| L =00 +?C9
B = % [1::69-;n + 1348 + 152mdg + 88(n + 1]4;45 + (45, — 10898, ;-n]
i
. -1 . . .
By = . [ﬁﬁ-;n + 11A% + 1904y + d(n + 1)434, — dn( By + 3333;-]

. 1 . .
Oy = TP [ — 403037 n% 4+ 143T4EALHS + 5n + 2rY) + S4BT, + 350270, +
'}

A048Hsn) — 1248440 n(n® — an — T) + T2414a0(1 + n)(Bddon — 24280 +

1214073 + 2n)) + 8407 n(285Tn + 252812 + n) — 95532H3(3 + )

&= [22392::‘,:13 — 522724, %8 + 5n + 2?3+ 2n) — 204N -B0, +

1
ToA,

BE34T + 933Han) — 4841401 + n){194an — 122 Bam + 804505 + 2n)) +
.-'.lgnn [—5088n — 1925 [T+ n) + 3186802 + n) + 52272 H (B + 5m) )+

2445501671 + n—827 + 311n))

— ITEMTyn® + ATE2A0 B + Bn + 2n®) 4+ 144 4an (4T + 1880 +

1
AT6Aa
198:n) — 912443 (n? — dn) + 2984 1 A0 (1 + n)(-ZFn + Ag2(3 + 2n])

I'.;.‘3=

¢

At least three-effective scales

Coefficients

-4 ggnl:—S?E\-n + 5TEH(2 + n] + 9504 B[54+ Bn]:l]

&y = ! — [33.;:-1 + 232 H + 3aF0) + (n+ 13(1585 + 407 - 1::@95’3'].'1]',]
dim+1]41

Cp= ———— [21:-1 + 2)Ba(2H) + 338) + (= + 1)[198, - 4(C3 + 380% :-H:]
dim+1]41

28



standard procedures for PMC

In 3 o+ o The effective scales
+% (.5[,1 2 %2 81 In Q*: a2(Q)[)14) should be a
N S TN o S perturbative series of
5:*2 Q:,.@ v Q. so as to absorb all n-

ey =g (16) dependent terms properly

where the effective scales Q™™™

are determined so as

to eliminate Aany, B‘gn. ¢ and L on g-terms completely, the

parameters = and z

The effective scales depends

are used to eliminate the Bgn% and

on the scheme.

the a‘gn? terms respectively, and the parameter y is used

to eliminate the Cg?i.?—terln. It is found that

(Transitivity)
w2 _ 64 (17) Relations between different
T scales give scale
Q2 6By ‘e, .
T = on b (18) displacements among
, different schemes
an* _ 6C2 . . 19
')**2 - = .'E ]
K (n+2)B;
and .'-..
3(n+1)A% — 6nB
- (rn + l L niss (20) ‘A ‘G‘W(Ez} _ &'GM_L{QQJ
(n+1)(2n 4+ 1)A3 — 6n(n + 1)A3 By 4+ 6n%C
= n 42 4{21]
3(n + 253 — 6(n+ 1)4,5s . well-known one-loop relation
z = (22)

29
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Subtle points for setting PMC scales

scales can be set up in a general scheme-independent way

* We shift the initial renormalization scale Q into effective ones
until we fully absorb those higher-order terms with n.-
dependence into the running coupling.

“We need to set at least one effective scale at each order”
Since each order will introduce at least one-new-p-term

“Different terms at the same perturbative order may contribute to
different scales Q*, Q**, and etc., which depends on how these
ns-terms come from.”

we use nf-terms to identify the B-terms

30



subtle points

especially

.
Another way: a unified effective scale Q* is used for all orders

G. Grunberg and A.L. Kataev, Phys.Lett. B279, 352(1992).

S.V. Mikhailov, JHEP 0706, 009(2007).

o different
WF’/MC scales

31



subtle points

H Especially in the threshold region

two different
\ PMC scales
L

LO Q; O Q)
X
Hard transverse gluon exchange | —e—*
(1+ a(s §°) .,,) several %
48 .
B-velocity of heavy quark in t-tbar rest frame improvement

T
~— —Coulomb terms

Instantaneous coulomb potential
Sommerfeld's rescattering formula

S.J. Brodsky, A.H. Hoang, J.H. Kuhn and T. Teubner, Phys.Lett. B359, 355(1995)

32



subtle points

When performing the scale shitts ) — Q*, Q* — Q**
and Q" — Q""" we eliminate the n¢- terms aasmmated
with the {3, }-terms c'{}mpleteli

Note

No UV-

divergence
Those n¢-terms, which are

ark foop ‘ irrelevant to the ultra-violet
cutoff and have no relation to
the B-terms, should be identified
and kept separately after the
BLM scale setting

Light-b

33



subtle points

The BLM — PMC correspondence

PMC, dealing with the B-series, provides the principle underlying
BLM scale setting.

However to find what’s the f-expansion series like ?

1)

2)

Since it is more convenient to calculate the ni-terms (light-quark loops).
So usually, we only keep in mind to deal with 3-terms, in practice,
we directly deal with nf-term.

The relation between 3 and n, is not in a simple way, i.e. 3, include the 2-quark
-loop, 1-quark-loop and 0-quark-loop contributions. So to get the same n¢-series,
the combination of 3-term is not unique, which is more adaptable ?

3

O.V. Tarasov, A.A. Vladimirov and A. Yu Zharkov,
Phys.Lett. B93, 429(1980); T. van Ritbergen, J.A.M.
Vermaseren and S.A. Larin, Phys. Lett. B400, 379(1997);
325 M. Czakon, Nucl.Phys. BT10, 485(2005).

: ng +

T1
1%~ 20243.0 — 6964.30n; + 405.089n7 + 1.49931n}
X ‘

34



S.V. Mikhailov, JHEP 0706, 009(2007).

AL Kataevand 8.V, Mikhailov, Teor.Mat.Fiz. 170, 174-186 (2012)

Up to NNLO / PMC expansion

A 4

const.,ﬂo,ﬂl,ﬂz
const., 4,, A, (,Boﬂl),ﬁz,ﬂz’ﬂz B
\

More explicitly, up to NNLO, the physical observable
can be expanded in the {f;}-series as,

< ro|al(Q) + (A} + ASBo)al THQ)
— )
051 4 BY5d)a Q)

>
Yyt O + OB Q)] (33)
-

We call it “The BLM — PMC correspondence’

Under such
correspondence,

BLM and PMC are
related with each
other exactly

One-10-One

Ay = A + 1145

2

Ay = —§A§
By = B} +102BY +121B)

_ 2 0 0
B2 = _5(1982 +22B3) Cy = %{325@3 + 456CY 4 792CY)

4 ;

_Z 8

By = gBa C—'4=—§C-’2

2857
Cy =C) + Tcg' + 112207 4 1331CY

1
Cy = _E(EDS?)CS — 3732CY — 4356CY)
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Second way (Rj)

of achieving the goal of PMC

Main idea: The behavior of the running coupling is determined
by absorbing the whole B-series pertaining to this particular
coupling constant into the running coupling at one time. It provides
a natural demonstration for PMC.
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Thus, the elimination of 6-terms is equivalent to eliminate p-terms

In the modified minimal subtraction scheme (MS-bar) one subtracts together
with the pole a constant [Bardsen, Buras, Duke, Muta (1978) on DIS results]:

In(dr) — g
This corresponds to a shift in the scale:

pr= = p? exp(lndr — yg)

A finite subtraction from infinity is arbitrary. Let’s make use of this!

Subtract an arbitrary constant and keep it in your calculatio
. In(4m) —vg — 6
Observation n(dm) = e =9,
Hs = s exp(—8) = p° exp(Indr — g — 4)

Observable in the R5-scheme:

ps(Q?) =ro +r1a(p) + [r2 + Bor18la(p)? + [ra + Bim16 + 2Bpr26 + Bari16%)a(u)® + - - -

:RO = m R Rln Ar—yg — MS F‘ﬂ — p.il—s E]ip{]]l"—l:ﬂ - "]’E} y ,u.gﬂ = ,u.gl E]ip{ﬁg - -‘5]_]

Renormalization Scheme Equation

5 = B~ =0 — PMC




po( Q%) = alpo)™ D ripr(Q%/ pd)alpo)* |
k!=|:|

a(po)* = afs)® + kfoda(ps)*+! (17)

+k [,-31-5 + ”‘“,%15359] a(ps)*+?
2k +3 b+ 1)(k+2
+ fa 8% + M

2 00" | alus) .

+ k [,-Sgé+

ph = Q7

i AL I

Shows which term should bg absorbed into which coupling

ps(Q*) =riar(ps)™ + [r2 + nforidr]aa(ps) ™ + [‘-‘f‘z + nfrior + (1 + 1) Farada +

nin+ 1)

Aaridy| as(ps)"

+ |ry+nfarydy + (v + 1)Frad + (0 + 2) Fyrady + n(3+ ?n:lﬁlj-gl'rl'ﬁf + Wﬁéﬁﬁg
e pa ﬁﬁné?] as(ps)™ + 0"y . [T (15)

p(Q%) =r1,00(Q)" + [re,0 + nfaro]a( @) T + [ll‘a,n +nfirey + (n+ 1) Fora 1 +

nid 4+ 2nj

+ (a0 + ?’1,!3:3?’“2__1 =+ |:?'1 + 1]}31'1‘3.1 + |:?'1 =+ EjﬁDTdrl =+ 2

+n|[n+ 1in+42)

o ﬁ%-m.a] (@) 4+ O™+

Gofirae +

n[n; ljﬁgi"a.z a(@Q)"

n+1)in+2)

2
Aaras
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According to the principal of maximum conformality we must set the scales
such to absorb all ‘renormalon-terms’, i.e. non-conformal terms

p(Q%) = ro, c:'+ r1,0a(Q) + fﬁnﬂ{@ﬂ + 51a(Q)° + B2a(Q)* + - )r2a
'-l- (30'11(@]'3 + ﬁlﬁﬂﬂ(ﬂ?} + e )rao+ (:5’5 + e )ras

l- LR L B N 0N R B
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Application of PMC and
Its Interesting features
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I) Top pair production

I p+plp) — Q+0Q+X I
g+q — Q+0+X
g+g — Q+0+X
g+q — Q+0+X

o(S.n7) = ¥, [ dnadady(s,m, 1) 0xa,42) 2, 42)
T
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A) Total cross-section

H, P
— ]“"_"f Figmy (1, 5 AT S
Hadronic i AL Bedr
Cross-Section ’ BEEZ R ZH

Hs d_j_
: fj_.-"Hg(-rE:- .f-"'*_f}

THy Ho—tt X _Z / ds ‘EEJ{S S .l”ff)"jzj(s ﬂs{.“r) Hos .Hf}

L3 d_.-m
1 Sd“
- ] s
Parton luminosity | 2;; = G / ?fﬁHl (1, p08) firm, (22, p05) a, _
T

QPprocess
skion | o = Lg{fﬂ (0. Qa2(@Q) + f (. Q)a¥(@) + 2 (p. Q) (@)},

L N LN
I_U N\ |+H|_u
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PMC scale-setting

NLO .Iﬂ Q} [4113 +Bl Dlj (E) *’:1'1]13 =1 EIEIT{.‘J!Q]
NNLO ,ﬂ Q:l 42 ij -+ BQ@F ng [D‘?zj + Eh@ﬂr) quj (%).ﬂ

2. 2 * n 3 *
my oy = Apija (Q7) + |:Alz'j} a Q1) +

[51213' + BE«;jﬂ'f} ffj(@;] +

first step

second step lﬁﬁj (%) + Fayy (g) ] a3 (Q3)
g, | at(@i")




general formula

Q-initial scale

QF 2 , perturbative
Ny =In Qz + 5o In series
LO PMC scale , |
In Q15 E-’.Blz-j _ QBl i 124[|ULQJ
QE 4[32'_5? 251(]?4 Bl*.',j
@ 9B most important
NLO PMC scale In 1*2 _ 2225 || greatly improve the
1 Ay NLO estimation
“4ldetermines = qg — channel LO scale
(oo T2 »{determines = qq —channel NLO scale
29 \ e —
| ’ — 1A .
%) |\ |determines = gg — channel LO scale
— B R determines = gg —channel NLO scale
Jveryi ant dip 381-::""':"

J5

— T T T
B 1000 1EEII'.‘- 'dl'.'lﬂ 1El.'lil 1EIEI.'I ?ﬂ‘.’lﬁ

T~ 2 -

slight change for gg-channel
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(gg)-channel
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initial-scale dependence for t-tbar total cross-section at NNLO

e —————
Why is there quite small initial-scale dependence ?
S —

There is remaining scale dependence at any fixed-order.
But the effects from unknown-terms are highly suppressed,
se aII unknown B-terms are absorbed into the higher-order of
cales themselves. Exponentially suppressed !




:.¢ ~¢“ :0 .
Clqﬂventina.l scale-setting _: PI'-;f[C—‘gcale—set-t-ing

LO |2NLO i NNLO total LO |ZNLO :| NNLO total
(qq)-channel|| 4080 [+ 0.075 % 0.480 6453 | 4841 |2 1.756 3 -0.063 £.480
{gg)-channel|| 0.522 ; 0.425 a 0.155 1.102 0.520 |= 0.506 5  0.148 1.200
{ gq}-channel || 0.000 :—D.DSGGE 00050 -0.0316 0.000 E—D.DSGTE 0.0050 -0.0315
{ gq)-channel || 0.000 E—D.DSEFT: 0.0050 -0.0315 0.000 :—D.DSEE_: 0.0050 -0.0316
s1m 3.511 ‘-_1.3'26 :. 0.654 T.489 53.3613 -‘_2.188 . 0.095 T.626

G 58

. v .

L4
TABLE L Total cross-sections (in unit:"eph4 for the top-quark pair production at fhe*Tevatron with V'S = 1.96 TeV\For the

scale it = ). Here @ = m: = 172.9 GeV and the central CT10 as the PDF [51].

.0" ) “‘ ..“ .“‘
C&'m-'entitl_nal scale-setting N PI\-IC‘-_sca,le—set-t-ing

LO [*NLO :| NNLO total LO | *NLO i3] NNLO total
(g7)-channel || 23.283 [= 3.374 3  1.842 28527 || 22244 [= 7127 4 -0785 | 28420
(gg)-channel|| 78.692 545.9153 10637 | 135.113 || 78.390 |2 53.570 ; 8530 | 142.548
(gg)-channel | 0.000 |2 -0.401 & 1404 1025 || oooo [2-0408 1 1403 1.006
(gq)-channel|| 0.000 |%-0.420 2| 0235 0186 || 0.000 [2-0.424 I 0.235 _0.188
sum 101.975| =48.4717 | 14118 | 164504 [100.643) wosess| 9414 | 171796

) L] . ]

. L “ :

TABLE II. Total cross-sections (in it ”Eﬂ:n] for the top-quark pair production®ad®the LHC with +/'S = 7 TeV. For the
conventional scale-setting. we set the renormalization scale i, = ). For the PMC scale-setting, we set\the initial renormalization
scale puy'™ = Q. Here @ = m: = 172.9 GeV and the central CT10 as the PDF [51].
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total differential cross-section versus Vs
(very small initial scale-dependence)

dosz/dy/s o< (24/5Li;64;5)

1
1
P Tevatron 1.96 TeW
—
L T T _
o B4 q4q
R g9
g E-fi
2
w E
= 1
D 1E-104
o 1 [ Q= m,
E-129 B
] |----G=20m,
1E .ui _'D= lIIIs
1
1E-16 — T e
400 800 1200 1600
J5 (GeV)

2000

5 (pbiGeV)

dod

- T —

~— aﬂ‘
~—
aq

—

LHC 14 TeV

J5 (GeV)

T
10000

total cross-section almost unchanged !

PMC scale-setting Conventional scale-setting
Q=m/d | Q=m/2 | Q= | Q=2my | Q=dmelfl ppr = m:/2 | pr = my | pr = 2y
Tevatron (1.96 TeV)|| 7.620(5) T.622(5) | 7.626(3) | 7.622(6) | 7.623(6) T.742(5) TAR9(3) | 7.199(5)
LHC (7 TeV) 1716(1) | 1770 [ 1ris(y) | mirn [ el 1ess1) | 1ea6(1) | 157.5(1)
LHC (14 TeV) 041.8(8) | 941.9(8) |941.3(5) | 941.4(8) | 941.4(8) i 923.8(7) | 907.4(4) | 870.9(6)
3%-4%

unchanged, within error 10-3
10m, (20m,) =>15%(19%)
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12

PMC estimation
PP R weeeen pstimation without PMC
—u— COF; 10043224
—v— D 11010124
19 mmewm D0 1105.5384
";i'_-._
7 o
- l;'-'."_-....
Wi
o Tevatron e
I I I
150 B 170 17 HO
mt

280 J — PMC eslimalion
sersnr pglimalion withoul FKIC
—u— ATLASarxiv 11083899
. —d— ATLASarxiv 12011889
240 . e A TLAS arxiv 12024892
g —o—  CMSarxiv 11055681
—o— CMSamxiv.110B.3773
200 < "'1._
b
Ty
e
160 - gy
LHC S
i .
120 T T T T
a2 165 170 176 180
m_ (GeV)

This shows the conventional scale m, is a lucky guess for

the total cross-section.

However it well underestimates the ttbar-asymmetry !
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B) Forward-Backward asymmetry

g, _ W >0 =0l <0 oy > 0) - o(uf” <0)

o(ytt > 0) + oyt < 0) BB o (yf? > 0) +o(yf < 0)

I Ty (doy/dMy) [AE;EJ;Z-J [A:;:g};:; [A:;:B]) fA:;:ngab Aég
1.5F
& i _
<10
= 7 T 7 T T
S 7.5ph 2.10 2.3c 330 1.80 330
05 158% * ! + ! !

[ 1 CDF 0.07fb/GeV T .
[ W DO, 429  cosooooooo 15.2%
- DO, S 19.60 ~oooommaas 18% 150,  E——

1108.3341

Figure 1: Top-antitop production at the Tevatron. The ratio Osy/ Oexp is displayed for the total cross section
oy and its invariant mass distribution (do /dM;)” for Mz € [0.8,1.4] TeV. The inclusive asymmetry in the
parton frame is shown for the lepton + jets channel, (AFB)?; - besides its bin (A )~ for high invariant mass
M > 0.45 TeV,, as well as for the dilepton channel, (A% ). The asymmetry in the laboratory frame is denoted
by (AL )1, and Afy is the charged lepton asymmetry. Numbers correspond to the central measured values [1].
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A more detailed comparison of SM and exp.

_ - 5,CDF 5

tE (M,; > 450 GeV) = (47.5 4+ 11.4)%

CDF

altonen et al., CDF 'Colle.nboration, Phys.Rev. D83,
112003 (2011).

QCD NLO

QCD NLO +
EW ~20%

W. Bernreuther and Z2.G. 5i, Nucl.Phys. B837, 90 {2010},

ALy ~ 7% and A¥, ~ 5% Afp(Mg > 450 GeV) ~ 8.8%

A p(AF) ~ 9% (7%) [31, 32] and Afp(Mg >
450 GE“\’) ~ 12-8% [32]- J.H. Kuhn and G. Rodrigo, JHEP 1201, 063(2012).

W. Hollik and D. Pagani, Phys.Rev. D84, 093003(2011).

Maybe new physics, but any new source of asymmetry should not

break the good-agreement with total CS ~59%
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dominant asymmetric qd —channel

NLO

(a; ) “ (b ad)

“ib) “(c)

Conventional scale-setting | PMC spale-setting
LO NLO NNLO total total
(q7)-channel|| 4.800 | 0.963 0.483 6.336 6.417
(gg)-channel || 0.526 0.440 0.166 1.132 1.208
(gq)-channel || 0.000 | -0.0381 0.0049 -0.0322 -0.0332
(gq)-channel || 0.000 | -0.0381 0.0049 -0.0322 -0.0332
sum 5.416 0.985 0.659 7.402 7.559

TABLE 1. Total cross-sections (in unit: pb) for the top-quark pair production at the Ievatron with pp-collision energy v/.S = 1.96
TeV. For conventional scale-setting, we set the renormalization scale pp = . For PMC scale-setting, we set the initial

renormalization scale Iuifgm = @. Here we take @ = m; = 172.9 GeV and use the MSRT 2004-QED parton distributions [34] as

the PDF.



A consistent perturbative-order-analysis of the asymmetry

NLO*—qq NNLO —qq
~ a®Ny+alNa+ 0(al)
 ofDg+ a3Dy 4 alDs + O(ab)
[ DiNy DNy DN
_l_ﬂ_z( 14V 1Nz 2 1)+___]

= —_ —_—

DE Dy Dy

total LO total NLO total NNLO

Using conventional scale-setting

EHLE afbl cagDg 10 18% 1 12%]

|~ same importance

- AT / P p AT
[a3]V] : @t Ny ~ 1: 50%] N1Dy /Dy term and the Ny term

present SM estimation is estimated by App = F-as.

e just call it LO asymmetry



Using PMC scale-setting

(a2 Dy : ExiDl catDy~1:41% : Q%T
(N7 aiNs ~1:3%)]

=)

NNLO-terms N,, D, are highly
suppressed and negligible

Dy

AFB = O [1?\?1 — (kg (

DNy
Dq

DN,
(%)
)

we just call it NNLO asymmetry

\4

It is natural to assume all the
higher orders are also negligible

resummed == App =

3]
CES.:\'H

o Do +@0D

>Ny + a2aN; + o? Ny

inclue t >l Arp =

CEED[] +

final formula

CEEDI G




short notation as HP

*
[W. Hollik and D. Pagani, Phys. Rev. D84, 093003(2011).|

The results obtained by using conventionaliscale-setting can be
greatly improved by using PMC :

Aif‘_'é-lP'@(&E&) + Ai:{ﬁlpch.ﬂj } (11)

ot HP =.3 (EP['.-IC!:NLD) =2 (EPMC:,NLD)
AHPMC _ Ty Has tEX i R AcE:HPm: o) + * R
FE - tot, PO .HP3 COTTV rg ] HJ‘:'2 L CONY
HyHa— X ol (pE™) ag T (pR™)
tot HP = 3 (EP['.-IC!:NLO) 7.2 (EP[-.-IC!:NLO)
qepPMe _ ) THyHa i = 'R APPHP| "
FB tot, PRC H.HPE |: -:n:rmr:l FB e ﬂ-HPE |: -:n:umr:l
HiHo—tiX s Hy = Ip

AT | otaza) + AR lo@e) §12)

=]

T D

a global PMC scale for NLO
*

@: exp(—9/10)m; ~ 70 GeV

& (ﬁﬁm ”m) = 0.1228.

FIG. 6. Dominant cut diagrams for the ns-terms at the a’-
order of the { g§)-channel, which are responsible for the smaller
effective NLO PMC scale ;.TEMC‘NLD, where the solid circles

afF (my) = 0.008 [31, 32].

stand for the hight-quark loops.

[31] JH. Kuhn and G. Rodrigo, JHEP 1201, 063(2012).
', Hollik an . Pagam, Phvs. . . 11
32| W. Hollik and D. Pagani, Phys. Rev. D84, 093003(20
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around 1oc-error is obtained

D.asr

7 - - - - sl AT e .-
- AT . : A__ (VL= 450 Gal)
tt-rest frame AT 2af  Lab frame Af - ) == (MG / +3a
; - T . -
3-155 FAC 15f Fhs
ulz: J.5-__-____
J4f
. PMC

1E

pPMC

nir

PMC ™

24

tE,P MO o

= —PMC ML
~ 8.39% [:#n :l = 0.1460

Ef;m:‘-.l.‘ﬂLG' ~ exp(—19/10)m, = 26 GeV.

App s = 127% ;. AN,

. HPMC - .
A, =(9.7,89,8.3)%, AP, =(6.4,5.9,5.4)%. App ™ (M > 450 GeV) = 35.0% ‘

P
b

At_FE'_El:H"fEE = AR Ge-ﬁl,-rj — |:13.g.. 12.5, 11.9)%..

CDF
ATCDE _ (1584 7.5)% APRCPT — (15.0 + 5.5)% S
B Aaltonen et al., CDF Collaboration, Phys.Rev. D83,

112003 (2011).

(475 + 11.4)%

A (M > 450 GeV) =
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II) PMC Scale setting for 3-jets
events at LO

R. K. Ellis et Al, Nucl. Phys. B178, 421-456 (1981)
S.J. Brodsky and L.D. Giﬁstinn, arXiv: 1107.0335.

ete”™ = g4+ g+ g up to NLO
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ete” - g4+ g+ g up to NLG‘

y: the maximum
virtuality of the jet

1-2y l—y—=z
= f dz/ dr T[l —x — z, x, z]ag(s)
y y

— ((lnm 4]
5

— au(s) {T(y} - “S?E ((C(y) -

) )

r

= T(y)as(s) |1 - - G (gg

y)

Y)

s

2 _ 5, C
Hpry = S X €Xp (_3 T 7

Cly)

(%)

)

LO-BLM/PMC scale
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Physical scale should decrease with the decrement of jet energy

Smaller PMC-scale
improve perturbative
expansion

Wrong behavior

At smally
rifp) =0.] FAC
d Ry

— =0.| PMS
1

- - - 0...
- 0.
- - '.,
2 - BE
Fa
F
P Heim
1 4

0 0.020.040.080,080.10.120.14

GM-L scale
‘A
I #.l"lr'\f/": = ﬁl
<

*
>
>

gluon jet

o =

R T N N N T

e i e —

1
010 015

b4

Qﬂ‘ and B. Lampe, Z. Phys. C 39, 101 (1988).
e oA - AP > »



III) Scale setting for R(Q) at NNLO
and a comparison of different scale-
setting schemes
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o(ete” — hadrons, Q)
olete” — ptp=.Q)

=R(Q)

Roi. _32 [ (a"5(@)) + (19857 — 0.1152n) (a” )2

(X, /75, 0\
+ | —6.63694 - 1.20013n; — 0.00518nF — 1.240=L—" - (@)
156.61 + 18.77n s — 0.7974n2 + 0.0215n ckzq—%)g (o))
+ | —156.61 +18.77ns — 0. ny + 0. -ﬂ-f@gz 3 (a {Q))
q 9

P.A. Baikov., K.G. Chetyrkin and JH. Kuhn,
Phys.Rev.Lett. 101, 012002(2008); arXiv:0906.2987 [hep-
ph|; K. Nakamura et al. (Particle Data Group), J.Phys.
G37, 075021 (2010).

C is for singlet contribution and is small

As usual, we set C=0
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e If taking the experimental resuits for R(Q) ”

From the experimental value, r_+_-(31.6Gel) =
3 T B+~ (31.6GeV) = 1.0527 £ 0.0050 [26], we obtain

AL = 4127208 MeV

II"IS t-decays (N3LO) |Iro—|
.'L 3 59 + 18 lhIE-“-“I Quarkonia flattice) lc:x
'l-IS ld_-ﬂ Y decays (NLO) —0—yk
DIS F, N3LO) 0 i
DIS jets (NLO) —o—

ete jets & shps (NMLO) ——O+——
I

— electroweak fits (N3LO) n—:o—i
ﬂ._';l-..r.& (4&{2 ) U 1 QQ"' 8 8?% ete~ jets & shapes [Zh{ll_loj 5 0?_0_.112 — Ois )

as(MZ)

w those obtained from ete™ colliders. 1.e. a'ﬂ'fs[ﬂ-f z) =0.13+£0.005+0.03 by
the CLEO Collaboration [28] and &f_’g(ﬂf z)=0.1224 4+ l].OlJ:BE from the jet shape anatlysis

S. Bethke, Eur.Phys.J. C64, 689 {ED{jQ]
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e Inversely, if taking the value of o (M,)

215 4+ OM el

wrong 4-loop coefficient

Eur.Phys.J. C'64, 680 (2000)

I5(Mz) = 0.118440.0007

«

Foq.r-fi.oop

) | Aifiln,=s = 2457, MeV and Agg

= 21313 MeV

e Discuss the four-loop uncertainty caused by C

(C-> c;) => using scheme-equation

Even take C to have
the value comparable
with other terms at

af[31.6GeV]

= 0.0665 £ 0.0063

“R. Marshall, Z.Phys. C43, 595 (1989).

E — 0.06645

af' = 0.06016

11.6325 (477)

13.1768 (287)

11.6673 (471)

13.2054 (284)

the same order 4B = 0.07276

1R A 19
| |cf'| = 16.1230. cf = —16.1239| 10.3512 (726)
Several percent R o e
around 2% of cft=0 10.3932 (717)
. imental error it = +16.1239| 10.4348 (707)

11.7020 (466)

13.2338 (282)
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A comparison of PMC and PMS

3r e PMC T -
(= = PMS
- = =Ry PMC-ITI

| A comparison up to four-loop level Experimental data

> _
*  Experimental data2
x  Experimental data3
- . .- 3.67
1 1 1 1 1 1 1 1
10 15 20 25 30 35 40 45 50

This shows that at the four loop-level, two methods of PMC can
obtain the same results; while, PMC and PMS also consistent with
each other in this sense.
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IV) Scale setting for Higgs decays

E'E' |;—| L L || LI —§§
= b ()
(8] L &
- T
2otk TT (@ 27 _|%
R —r E
2 [ — .
+ L ¢ i
x
107 =
o - -
N C ]
Ay -
T o7 A -
3
10 I
|
up ; N
-4 11 1 I | | | | Im 1 1 11 | | | | | | | 1
080 100 1200 140 160 180 200
i My [GeV]
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\

W Mumi(My)
4./

(cap +eaany + cqanG + caan})

[1+cro as(Mu) + (c204 canng) al(Mu) + (cap + caang + caan}) a

as[*"-{Hj + @[ﬂ'a :l] d

az(Mp)

Note: The quark masses are neglected for two loop calculation,
so all nf-terms should be absorbed into the coupling constant.

T(H—bb)=

3GrMupmg(M .
F H?ﬂ’ﬁ-': H:I{1+ - D(ﬂ:«-mt:' I:,[I:,.mt:l [J"gul:,uhﬂmtjl +;3u1"g_1|:,[1¥“t:l] .sl:Ju':ﬂmt:'

4427
init

+ [rSI:IUI.r- :I+.lj1i'21I: mlt:l+2.3|:|1"31|: Lmt:l_i_lljnraglz ]]'l]t-:l] [,[I:,.n]t:I [rAD[,[I:,.n]tj

+ﬁ2?2 e mm:' + 2!-7-"1?3 e mn:' + 313uf‘3 ot m”’:' + 31y 1 (1 m"’:'
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Total cross sections almost unchanged

| " Conventional scale setting | PMC scale setting |

Lo [ NLO | NLO [ N°LO | N'LO | Total | LO | NLO | N°LO | N°LO [ N*LO | Total
T, (KeV)|l1024.28[ 30174 7238 | 373 | 265 |23s0.4s][1024 28] 43623 | 4812 | isa2 | _13s [2380.13
/T [|50.53% |16.39% | 3.03% | 0.16% [-0.11% [ s0.54% |15.26% | 2.01% |-0.76% [-0.06%

TABLE I. Decay width for the process H — bb up to four-loop level. For conventional scale setting, we set the rencrmalization
scale ur = My. For PMC scale setting, we set the initial renormalization scale p'f" = My, Here I'; stands for the decay
width at each perturbative order with ¢ = LO, NLO and etc., ['tot stands for the total decay width. My = 126 GeV.

Guess work:jagree at NLO
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v 24 w24l .
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R I e R = e e
[ 235} - 1 o238f .
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23 - 2af -==N2LO | {
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I T —Td
225 == 225} NALO | ]
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Lt ey Mt GeV)

PMC estimation

Shows exactly LO, NLO contributions




A comparison with several BLM-extension methods

Iy I'I_-D.-"ll_'t.nb FNLCI_-"Tmt ]-_'N L0 _-"Ttm TN 3LO .-"I]-_'t,c-t TN* L .-'Tltcm
conventional scale setting 2.389 MeV 80.53% 16.39% 3.03% 0.16% —0.11%
==BLM 2.389 MeV S0.567 18.25%, 1.99% -0.72% -0.08%,
PMC-I 2.388 MeV S0.55% 18.26% 2.03% -0.76% -0.10%;
R;-scheme 2.389 MeV B0.54%, 18.26% 2.01% -0.76% -0.06%
BKM [66] 2.75 MeV T4.5% 17.7% 5.3% 1.8% 0.7%
FAPT with I =2 [5?] 2.38 MeV TO.5% 16.29% 4.3%; - -
FAPT with [ = 3 [67] 2.4 MeV T8.5% 16.1% 4.2% 1.2% -

TABLE III. A comparison of several approaches for caleulating the perturbative coefficients of H — bb, where the predictions of
the PMCL] scheme, the Hj-scheme and the seBLM scheme, together with the ones derived under conventional scale setting, are
presented. Here I'; stands for the decay width at each perturbative order with ¢ = LO, NLO and etc., ['ior stands for the total
decay width. The initial renormalization scale is taken as My = 126 GeV. To be useful reference, the results of Refs [66, 67)
for the FAPT scheme and the BKM scheme are also presented.

o (KeV)
}.l!-i,-nii jL{H .IIIE J.ifH 211.{H
Conventional scale setting| 435.42 |391.73 | 356.18 Th Th
seBLM [64] 435,95 | 435.95 | 435.95 ese ree ways
PMC-I [49] 435.03 |435.99 | 436.08 are consistent with
Rj-scheme [54] 436.12 | 436.23 | 436.32 > eaCh ther

TABLE IV. Initial scale dependence for I'nLo of H — bb.
Here I'; stands for the decay width at each perturbative order L
with i = LO, NLO and etc. The predictions of the PMC-I, ‘ |

Rs and seBLM schemes are almost independent of pi™*. The
cases for higher order decay widths 'y zpn, U'vapo and Upyapn

are the similar. My = 126 GeV,

T(H — gg) = 0.373 £ 0.030 MeV.

['(H — bb) =2.380 4 0.073 £ 0.041 MeV |

Mz =126 £4GeV
B () = 18 £0.08 GV
— g () = 1B GV

T{H — B){GeV)

22

100 150 200 250 00 350 400 450 500
R (GeV)
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The conditions for (H->gg) up to three loop level
are similar to the case of (H->b+bbar)

x 10
A -=L0
-=-=NLO
N2LO
4 N3LO

[{H — gg)(GeV)

100 150 200 250 300 350 400 450 S00
pinit (GeV)

FIG. 5. Total decay width I'(H — gg) up to three-loop level
under conventional scale setting versus the renormalization
scale iy = p™*. The dash-dot, dashed, dotted and solid lines
are for LO, NLO, N°LO and N*LO estimations, respectively.

x 10
5_
=
= e e e ——
L=
Iar
=)
o ==L
9 - ==MNLO
cNILO
— N30

100 150 200 250 300 350 400 450 500
Ju:-:l'l.lt- I:GE"-':l

FIG. 6. Total decay width I'/H — gg) up to three-locp
level after PMC scale setting versus the initial rencrmaliza-
tion scale g™t The dash-dot, dashed, dotted and solid lines
are for LO, NLO, N*LO and N*LO estimations, respectively.
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Dominant process for finding Higgs

A3
[(H = yy) = ﬁ

£l

e I[_Zi.l'.l.'i.t- ] L ¥ {_jl'.l.it- ] ¥
Aro + Anro [_.u-i.mt}'% + Annvo (™) ('?'(L) + Agpw :] :

(2:2)

where ;aEﬂt stands for an arbitrary initial choice of renormalization scale 1, and under the

conventional scale setting, it 15 nsually fixed to be the typical momentum of the process,
g iy = ;z-i.“i"' = mpy. The coeflicients are defined as,

.-I:l-\. .-I:I-\. .-I:I-\. 2

Ao = (A'ﬁf*'[frw)—l—‘itfl'g J(rf;'+;-1}’(rf;.) . (2.3)

Lo ~ (1Y, .

ANLo (M) = 24/ A1 oA Ay (Te), (2.4)

2

o . (@) . _

AnNLo (™) = 24/ Ao Re | A A; ’(m} + (A;A'; ’(rf;.) . (2.5)

” _

Apw = 2v/ALoApy- (2.6)

All coefficients can be changed into the forms with pole mass,
which provides a better platform for testing the idea that own

B-terms involving coupling constant can be absorbed into the coupling
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Figure 1. Decay width versus the initial renormalization scale pi2* for Higgs decay H — ~~ under
the conventional scale setting (left) and the PMC =scale setting (right). The solid and dashed lines
stand for the total decay widths up to NLO level and NNLO level, respectively.

Decay width of NLO terms (1073 KeV)

M My /2 My Mg Scale
Conventional scale setting 180.1 162.0 148.0 Independence
PMC scale setting 148.7 1457 1487

T(H = 77)|pole = (9.650 x 1070 4 (1.62015-110) x 1077 + (2.200713555) % 107)Ge¥2)
(0.650 x 1070 + 1487 x 1077 + 1.415 x 107%)GeV, (3.3)




V) Scale setting for QCD pomeron at
the next-to-leading order level
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15 — T T T T T T T T " T T T T 1
v == PRCs LO QBOX [£=0)

- — —PMC+ LO QBOX £=3) New pOinT .

PMS + LO QBDX

X L3{0%=16 Gev? E Sllgh1' gauge dependent

ol s opalLoi=1s cev® ]
= ]
=
s w(Q?,0) =0.15 ~ 0.18,
.
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T ] a(4*~*) = 851 nh  for £ =0, |
a{y**) = 1006 nh for £ =1, oy = 1 TeV,
a(v*+*) = 11.12nb forf =3
05 2 25 3 35 4 25 5 85 & &85 Wy = 2 TeV, we obtain
— el
Y=in {SWL‘Q ) aly*+*) = 10.50 nb for £ =10,
a(v**) = 1267 nh  for £ = 1.
PMC alv*4*) = 1419 nb for £ = 3.
PR Q2] Q | 2Q
Q)% =1 GeV? {/0.1490.149/0.149 »
Q? =15 GeV? | 0.176]0.176|0.176 = -womm tio ety
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a(y"yY)inb)

Varying * within the region of [1, 100] GeV?, we obtain w45 (0%, 0) € [0.082,0.158]
for the Landan gauge of £ = 0, wﬁéﬁ(@g, 0) € [0.124,0.168] for the Feynman gange

of £ =1, and wEME(Q%0) £ [0.149,0.176] for the Fried-Yennie gauge of £ = 3, % : L L m v TR E—
Y=In(s_/Q%)

respectively.

FIG. 5. The energy dependence of the total cross section of highly virtual photon-photon collisions
with Q? = 20GeV? predicted by NLO BFKL under PMC scale setting for future linear colliders.

‘Where the uncertainty comes from the choice of gauge in the MOM scheme.
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VI) Scale setting for J/y +y¢{cJ}
Production at the B Factories
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Conventional scale setting|| PMC scale setting

init

ey 2 m, Vs/2 NG 2me | /s/2 | Vs
o0 ()| 9.23 | 681 | 521 [12.14] 12.14 |12.14
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FIG. 2: PMC scales versus the initial renormalization scale pi8® for the polarized cross sections of

the et + &= = J /1 + y o processes with J =0,1,2.




A
Summary and Outlook

.
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I. PMC provides self-consistent way to set the effective
scales, which leads to scheme=-independent result. QCD is
not confromal, however one can use the PMC to convert a
PQCD series with the corresponding conformal QCD series.

II. A combination of PMC to Extended-RGE can be used
to derive a precise QCD estimation.

III.Top-pair production total cross-section agree with exp data.

IV.Top-pair asymmetries are within 1c-error. SM is OK ?

V. A new approach to achieve the PMC goal is suggested.

V. By applying PMC to Higgs decay, Pomeron, J/y+y
production (polarized or unpolarized), and etc., we show
PMC works well.

Since it suppress an important systematic error,
PMC shall have too many applications for high
energy processes .......

PMCj5, RNMNEXEFEHBRERELRENHTHRIRE
(BREFHERRER) » AmAKESER NS5 AFYE

PR T EE e o B 22 KR B
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Still, we have many points to be clarified

I) The inner connection conformal symmetry to B-terms ?

IT) In low energy, what's the preferred behavior of o ?

ITT) Automation ?

IV) Factorization scale ?

V) A convenient way to deal with NNLO nf-terms only ?

VI) A detailed discussion of PMS and PMC ?

VIT) Are all the PMS steps OK ?

VIIT) Possible questions of PMC, such as pQCD convergence

IX) A detailed discussion of scheme dependence under PMC ?
Why a physical scheme, such as MOM, is better than
other schemes in certain cases.

AWK F AL FFRIPMC; AT, SEAR, HKFEKE
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