Extending the Predictive Power of Perturbative
QCD Using the Principle of Maximum Conformality
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Quantum Chromodynamics (QCD)

O Fields:

; Quark fields, Dirac fermions (like &)
w! (x)  Colortriplet: i = 1,2,3=N,
Flavor: f=udschbt

A [1} Gluon fields, spin-1 vector field (like y)
e\ Color octet: a=1,2 8 =N_*-1

3 Lagrangian density:
LQCD[W"‘I) Z‘F |:[I'::I o ‘:{J 1 } b"’ _"."7’:?;‘:|if:"|'1r
2
_E[Gﬂ"{y::‘ - G‘."‘{lﬁ.ﬂ - EE.-.‘TS'EA_LI.J‘J:‘TI ]
+ gauge fixing + ghost terms

[t .1, ]1=1iC 1

Color matrix: abe e

O Gauge invariance:
v, >y =U,(x)y,

=17

- ~ A
A4, —A4,'=UXA4U (x) +:|_G#L (I}]L (x)

where A =4 1
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Quantum Electrodynamics at Small Distances
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The standa d deviation of /i is 1/y/w.
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>"Choose” its value (=Q) to eliminate large logs or
the one to improve pQCD convergence

=>"Vary” its value within certain range such as
[1/2Q, 2Q] or [1/3Q, 3Q] to discuss its uncertainty

BEYEEITMRER AQCDHECEE R IIREZ— 18




TN IR PR R IE
Explicit breaking: o BE{RX

Implicit breaking: ?ﬁﬂ?’iﬁﬁl (!ll]Renormann ZEY)

24y mE o

1) YRRz KT o - FEAES ;
W Rlog-TH i #E Eik sk, febRin 2 X T & Bt ER(&E.
ARSI AR R ebs F oA —3, ToikifERTRAERMMETE:
MACE,  ToiE2H T 1 2 1 B 8 M A IR R 24 AT
S -5,  [Tikmiee AR B LA RN EEEH)
Mo ISIESRISEMNEIRE U REH: BewHES 28R ] ,
Wi To iR TR
3) HigTi s 5EEEBUKBEBX:

3) ToiE RGN AE FRAEE T AR B 51 BT A 5 A R S R

fESER AR e SIS E R SR
BiRBIRERREENE ?

19



RIS S FMERIILIR, REGEIFERNERE

XL --- os<1

fSREAE, MSbar [ F—mms

AIEAE

. n TIRER S
RETBUEINENTE — TN

\_ HEE -

L  as-RIREEARBLGEHARIRIN SRS
' AZEFEBARE ?
F&s
‘ . Renormalon-%&§{Y
Blﬁ[‘ﬁ%ﬂl%’:%ﬂgﬁllﬁﬁiﬁkm;a—MiEi@EIJZ:iE?& nann i1
HTERS ? o Pon! B~ By




BIRMEEEMNIEHSN=25

— . SHEREEmIT RS - {EiR R
BiF: =HESMATE, sk
EOFERIEITE. Feynmanfan s, SIME=SE. Baiers. =R, Fre
B RE AT R

iR EA T IERERCEEITSEL 5 = =|getRaREAYERL
Bin: &XEEREERMN THEHERS

SEBVEGTRERBN S RTINS E S NS E
@Lﬁﬁﬁ

. SREERNSHRERTES = TS | Vg, mr
BiT: ETCMEItES, SERAN SR, FFHRELTE ARAE SRR

EAFFEESEFHIMENE, BEITREERNSHMISEREC A REL
21




PQCDEISIRHAR, MIKEEEEESFERIFAR
% BEFEMIREREMEAERIRE
Rl HEIR

ST T

Lit42 804, AEBLM, PMS,
FACEFHEIGE

Z— S

22



PMS-SH&EIEES

L Optimized perturbation theory — non
» |__minimize the higher-order contributions - PMS | «

N

taISRe

BLM=> nf-term
QEDM IR =GM-L 7 %

CSR=> i 77 A E I “1/137-
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FAC-SHSER(ERER

Any observable <=> an effective coupling constant (idea useful)
Fastest Apparent Convergence - FAC

[How about cut off all higher-order-terms ?]
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BEEEE{ER (QED) fiztAE{EA (QCD) ZiHE(EE
Running Couplings
¢ QED
;\; N '; /1) ‘Bare” electric charge
0% = is screened by “halo”
T A of e*e-pairs
In terms of Feynman diagrams: ¢ QCD: similar, but now have:
Ja a
AN A\ AN ;
"'E fe:nim; + .. \ . \ S
loops fermion gluon
— infinite series of diagrams which can be loops loops
(approximately) summed: pa— Extra diagrams produce anti-screening
o @ ()] e qoiISABEIT /L
al(g ) =olg, ,r/[l— T lﬂ‘g} - 'Ia*_—"iiﬂéﬂ]i]ﬁ arr(q:}=ﬂ«s(g§}/{l + Ba,(q; ]1n| q—ﬂ
o by sinclo din f S5qoXRER \ o)
— replace by single diagram L
with running coupling Jeig) where B :2;‘""1‘ with N.=3 N, =6
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Ea: «ngﬁﬁ*i» ijieﬁgﬁﬁﬁ E iﬁ'l'i Self-consistency requirements of the renormalization group for setting

alT, {ci})

A

the renormalization scale

Stanley J. Brodsky™
SLAC National Accelerator Laboratory, Stanford University, Stanford, California 94039, USA

Xing-Gang Wu'

Department of Physics, Chongging University, Chongging 401331, People's Republic of China,
and SLAC National Accelerator Laboratory, Stanford University, Stanford, California 94039, USA
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Review BFERICEEAZEERIENY

Renormalization group invariance and
optimal QCD renormalization scale-setting:
a key issues review

Xing-Gang Wu', Yang Ma', Sheng-Quan Wang', Hai-Bing Fu',
Hong-Hao Ma', Stanley J Brodsky’ and Matin Mojaza’ 26
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---BHEIFRF B E

R,+,- four-loop level o
Factorial divergence

suppressed !

R, (four loop)

TABLE 1. Coeflicients for the perturbative expansion of o c ot
Ral Q) before and after the PMS scale setting, where we have 1 3 = 3
ot ) = 1.2 GeV for ny=3, Q = 3 GeV for ny=4, and Conv. 5. M023 26 36509 127.079

Q= 3.6 GeV for ny=5

['(H — bb) (four loop)
o @ a
Conv. 20145 41.765 -825.508

MS  0.34376 21,2286 -142.810 >

TABLE IX. Coeflicients for the perturbative expansion of fs
before and after the PMS scale setting. po = My.

PMS 03906 1.2380 -6.1747

and after the PMS scale setting. jg = M.

TABLE V. Coefficients for the perturbative expansion of rj

PMSEZAE[H

[£{fRenormalon- & &N
AN B — AR BV LSS
BN MESES AT E

RAER P TR
RHMEREMLERERAEN

PM S/Ds lh\?ﬁ;‘Ez ﬁ §‘

R,+,- four-loop level

/LO\ NLO NLO  N°LO total

/

1D T T T T T T T T T T T
3-jet

T ¥ -1 T

08 — ]
Lo 06 3E!P7/J FEH BLM/PMC :
3 04 PM . R

02 .

= a5 0w 0B ¥

G, Foramer and B I...'m:lpn.-. Z. Phy=s. C 39, 101 {19858).

convergence

Conv. [ 0.04499) 0.00285 -0.00117 -0.00033 0.04635
PMS \ 0.0460 100010 00001
SN

Accidental series

0.00007  0.04638
/LO\ NLO N°LO N’LO total

R (fOUI" |00p) Conv. (0.10320}0.05541 0.02898 0.01441 0.20200
PMS ¥.19935 0.01552 0.00981 -0.00975 0.21493

/LO\ NLO NLO N°LO

total

_ Conv.[0.20371] 0.03767 0.00194 -0.00138 0.24194
PMS \0.23967<0.00061 0.00161>0.00046 0.24144
\‘H_/

NLO N2Lo
03 pms < Q03 pMs I

['(H — bb) (four loop)
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Those RG invariants are also helpful for transforming
the pQCD approximant p, under the T scheme to any
other scheme (e.g. the & scheme). This can be achieved
hy applying two transformations simultaneously,

a® = a® and CF —C5. (9)

The coupling constant af can be derived from a® by us-
ing the extended RG equations, in which the SSS -terms

that determine the scale running behavior of aa can be
achieved by using the relation,

B%(a3) = (8a3/0a) B%(aZY). (10)

The coefficients C¥ can be obtained from the coefficients
CF by using the RG-invariants p;, e.g. up to N*LO level,
we have

c? =r:7'*‘f~ (11)
cS =R 4+ p+ lcR(ﬁ B5) + L (BR — 85).(13)

4 164, 128

It 1s noted that the above method for scheme transfor-
mation is useful, since at present, most of the calculation
are done within the MS-scheme.

\\
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FIG. 2. The pQCD 21:|-1'e-:|n:l:lcnns. for Bnm(@Q,m) versus the
Pmzo-term at the N°L = 2) and N'LO (n = 3) levels
respectively. Q=31.6 GeV As a comparison, both the results
for conventional scale setting and PMS are presented.
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FIG. 5. The pQCD predictions for v, (M+, m) versus the
Bmza-term at the N’LO (n = 2) and N*LO (n = 3) levels re-
spectively. As a comparison, both the results for conventional
scale setting and PMS are presented.
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0 ] : 25
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FIG. 3. Comparison of the combined {32, 33}-dependence for
the N?LO prediction R3 under the conventional (Conv.) scale
setting and PMS, respectively. Q=31.6 GeV.
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FIG. 6. Comparison of the combined {35, 33 }-dependence for
the N*LO prediction r} under the conventional (Conv.) scale
setting and PMS, respectively. 28
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The independence of the PMC prediction on the parameter ' demonstrates its scheme-independence.
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