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@ fixed-order, the prediction, scheme- and scale-dependence

€ Guessing a renormalization scale Q “typical momentum transfer”, or to
eliminate large logs or to improve convergence

€ Varying the scale in a certain range, e.g. [Q/2, 2Q] to discuss its uncertainty
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=.. Recent applications of PMC

1. Novel method for the determination of «

PHYSICAL REVIEW D 99, 114020 (2019)

PHYSICAL REVIEW D 100, 094010 (2019)

Thrust distribution in electron-positron annihilation using the principle

of maximum conformality Novel method for the precise determination of the QCD running coupling

from event shape distributions in electron-positron annihilation
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Phys. Rev. D98, 030001 (2018)

AR T R & 2021/5/16 BIMEEKE EHN



=.. Recent applications of PMC
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=.. Recent applications of PMC

The method for extracting a,(M,) in e*e collider:

» predictions matched Monte Carlo models to correct for
hadronization effects

» based on analytic calculations of non-perturbative and
hadronization effects, using methods like power corrections,
factorization of soft-collinear effective field theory, dispersive
models and low scale QCD effective couplings

| We note that there is criticism on both classes of as extractions described above: |
| those based on corrections of non-perturbative hadronization effects using QCD-inspired |
| Monte Carlo generators (since the parton level of a Monte Carlo simulation is not defined |
| in a manner equivalent to that of a fixed-order calculation), as well as studies based

| on non-perturbative analytic calculations, as their systematics have not yet been fully
: verified. In particular, quoting rather small overall experimental, hadronization and
| theoretical uncertainties of only 2, 5 and 9 per-mille, respectively [425,427], seems
lerealistic and has neither been met nor supported by other authors or groups.

(P [Particle Data Group],
. Phys. Rev. D98, 030001 (2018)
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=.. Recent applications of PMC

The two classic event shapes: the thrust (T ) and C-parameter e+e- collider

‘ — = T 2
S|P A 3 Z_i__j pi||p; | sin” 0
T = max — C = § ' D)
> |Pi] oo
Phys. Lett. 12, 57 (1964). Phys. Lett. B 74, 65 (1978).
Phys. Rev. Lett. 39, 1587 (1977). Phys. Rev. D20, 2759 (1979).

: Currently, the main obstacle for achieving a precise determination of :
1 a (M) is not the lack of precise experimental data, especially at 2% 1
: peak, but the ambiguity of theoretical predictions. :

Rep. Prog. Phys. 69, 1771 (2006).
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=.. Recent applications of PMC

The differential distribution for T or C:

1 dc - — . 9, = i
_—O— = A(’r)a@ B(T)”‘SZ(Q)‘FO(UEJ Q \/g using

conventional method

1 dc _ _ \ \
Bl A(’r)as( + B(T.p?.}mnag(,ufmc) + O(a@)
oy, dT

_ NC,y - _
B(7, tr)econ = T, B(T.;;?,).n_f + B(7, i1 )in,

L

pmc __ .
oy = [l €X]D [ .-




=.. Recent applications of PMC

PMC scale (GeV)

11— .
0.500 F

0.100¢
0.05

Sculcs,f‘v{?

————— Conventional scale
PMC scale in QCD
PMC scale in QED

0.0
0.0N5F

Q =M , using conventional method

» Scale monotonously increases with T (C).

» In the two-jet region, has a bound and
low scale.

» active flavors nf changes with T.

yields the correct physical behavior, and
similar behavior are obtained in the SCET
theory and other literatures (ZPA 339, 189
(1991); EPJC 74, 2896 (2014)).
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=.. Recent applications of PMC

(1-T)oryder [d(1-T)

» The NLO and NNLO are large and the

[l ~—- Conv., LO - ALEPH
l %13 -~ - Conv.,NLO = DELPH

pQCD series shows a slow convergence.

AR -+ Conv,NNLO ° OPAL
\ — PMC .

Cony.

» Estimating the unknown higher order QCD
by varying the scale [1/2Q, 2Q)] is unreliable.

» The predictions are plagued by scale
uncertainty, and even up to NNLO, the

predictions do not match the data.

C/orydor/dC

- Conv., LO
-~ Conv.,NLO
* Conv., NNLO
—— PMC
+« ALEPH data

» The extracted coupling constants are
deviated from the world average, and are
also plagued by scale uncertainty.

» The scale uncertainty is eliminated,
predictions are in agreement in data.




1/c do/dC

(data-fit)/data

=.. Recent applications of PMC

i ALEPH data E Qz\/g =M,

E_ =91.2 GeV-

A

S
x\ fit range

statistical unicertainty

?‘I; \ §

8 T ] Conv.

S oo ines s 3 One value o at scale M, is extracted (o, (My)).
i L---- NLo, 0,=0.1437 £0.0003, 3" /n, ~1.4 \\+ i

oo stsanmsane s\ 1| ¥ thefit range of T (C) distribution is narrow.

\':.‘. 4+

3 % | v the fit range is arbitrary, different fit range leads

_"'I""!""""""""""""'.-";""'-._'___!*"_ .

:_ stat. @ exp. yncertainty _.r" f i to dlfferent o s *
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=.. Recent applications of PMC

T T T 1Q=\s =M,
0.26-{ : PMC
s {ii v' The extracted « . are in agreement with the
T HH{ ' world average.
0 13: H&{}}H%{{} } } { ]
016] e ] v" The extracted o . are not plagued by scale
b uncertainty.
Q (GeV)
| ¥ Since PMC scale varies with T (C), we can
mi] § extract the strong coupling at a wide scale
MT\\J e range using the experimental data at single
o.mi&“ : center-ofmass-energy.
% 0.2 . N \33 -
0 H#WHHH i 1| | In QED, the running of the QED coupling at a
018F " HHHH wide scale range can be determined from events
o6t 1| | atasingle energy./s
o e.g., (OPAL Collaboration), EPJC 45,1 (2006)
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=.. Recent applications of PMC

Yyo Y do
the mean value of event shapes, (y) = / ——=dy,
Jo Ohnay

v' it involves an integration over the full phase space.

v it provides an important complement to the differential
distributions and to determinate «

—————————————————————— pPme < /5 is also suggested by

v PMC scales of differential distribution , - :
l I Studies of QCD at e"e™ centre-of-mass energies
are also very small. between 91 and 209 GeV

The ALEPH Collaboration

v' the average of the PMC scale for

differential distribution is closg to the Eur. Phys. J. C 35, 457 - 486 (2004)
scale of mean value. self-consistent.



=.. Recent applications of PMC

0.16

0.14

0.1

<(1-T)>
=

0.0

0.06

0.04

A Thrust

n  C-parameter

Q (GeV)

as(M2) = 0.1185 4 0.0011(Exp.) £ 0.0005(Theo.)

= (.1185 & 0.0012, (3)
as(Mz) = 0.1193%50010(Exp.) Z5gg16(Theo.)
= 0.1193%5 5o1o; (4)

Vs (GeV)
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The Large Hadron-Electron Collider at the HL-LHC

LHeC Collaboration and FCC-he Study Group (P. Agostini (Santiago

CERN-ACC-Note-2020-0002, JLAB-ACP-20-3180

e-Print: arXiv:2007.14491 [hep-ex] | POF

other event shapes ,p,B,y,,B+...
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=.. Recent applications of PMC

2. Basic process yy *—> 1), puzzle

The simplest charmonium production process "/*’}’ — T)e

week ending

PRL 115, 222001 (2015) PHYSICAL REVIEW LETTERS 27 NOVEMBER 2015

2.0
Can Nonrelativistic QCD Explain the yy* — 5, Transition Form Factor Data?

Feng F(:ng.I Yu Jia,** and Wen-Long Sang"" 4
! China University of Mining and Technology, Beijing 100083, China
’Institute of High Energy Physics and Theoretical Physics Center for Science Facilities, 1.5
Chinese Academy of Sciences, Beijing 100049, China
3 Center for High Energy Physics, Peking University, Beijing 100871, China
4School of Physical Science and Technology, Southwest University, Chongging 400700, China
3State Key Laboratory of Theoretical Physics, Institute of Theoretical Physics,
Chinese Academy of Sciences, Beijing 100190, China
(Received 12 May 2015; published 25 November 2015)

IF(Q*)F(0)]

prediction fails to explain
the BaBar measurements 00
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=.. Recent applications of PMC

F(Q?) = O [1 +0Wag(p,) —i—aﬁ(,{h-)] ,

453 <nc |L1-r X (1“*31 ) |0>

(0) _
© T 02 L 42 = i :
(@ +4m2)yme = 60 = CpfO(r) 5@ (u,) = BRh(jr) + C82 ().
: : 11 p?
BE) () = m hanlr)+ 70| |
1 > HA
CrfV (1) = —Cp(Ca +2CF)In [ }5)
2 Mme
C(2) (2) 1@ D)1 1y 6
Ny (J“’T‘) — fregnf(T) - E "Ff (T) 11 QQ _|_mg ( j
F(Q*) =" [1 +6Wq + a-g(,uph{c)] PMC _ SCE} (p2r)
Jas My [ = [l XD S ONE
11C4 .
Son(ur) = —5C3) () + BE) ().
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=.. Recent applications of PMC

NNLO gives large
FCDDV(D) _ C(D}(l

_ ’ negative contributions,
FConv(U) . = C(D](l

encounters large scale
FCDnV(U _ C(D}(l

uncertainty
In fact, when ur < 1.3 GeV, the F(0) becomes negative

FPMC0) = (1 -0.13 - 0.37)
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=.. Recent applications of PMC

Scales (GeV)

0.07
o 0.06}
A - PMC scale setting
20t Conventional scale setting
ot eemmmtT

------- PMC scale

2 Conventional scale 0.01F

1 . . .

0 20 40 60 80 100 D'DOO 20 40 60 80
Q? (GeV?) Q? (GeV?)
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=.. Recent applications of PMC

Factorization scale uncertainty: Mass mc uncertainty:

FO (0)] 2, = 043¢, 0,226 F(0) = 0229, 014, 0.07c0

FPMC(0) = 0.62¢, 0.50¢@, 0.34¢0). F(0) = 0.50¢9, 0.46¢©), 0.43¢0)

for uf=1 GeV, mc and 2mc for mc= 1.68, 1.5 and 1.4 GeV
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=.. Recent applications of PMC

Renormalization and factorization scale uncertainties

2.0 - -
B cConv. (up=mg)
B conc. (v, =1Gev)
1.5
PMC (un =mg)
————— PMC (u 1 = 1 GeV)
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= BABAR data
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=.. Recent applications of PMC

Mass mc and factorization scale uncertainties

2.0 +— 2.0
! \\ \.\
1]
\ . Conv.
1 \ Bt I N [ S m =15 GeV, u, = m,
' \ . mc=1AGeV, i = m,
sl -.\ e H=Me 15 m.=1.5 GeV, 1, = 1GeV
! . . PMC
S I - me=14GeV, s =m;
g S \_‘:_'r m.=1.5GeV, u, = m, -"‘-._ E—- me=1.4 GeV, u, = 1 GeV
= BN S~ T | = 1.0
i o TS = el ¢ BABARdata
g ’m:=l.4GeV, Ly = 1GeV g
05 %‘* me=1.5GeV, iy, = 1 GeV =~ |
~—= BABAR data

0.0
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All the uncertainties are included
S-Q Wang, X-G Wu, W-L Sang, S J. Brodsky, Phys.Rev.

D97 (2018), 094034
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9. Summaty

BT -ERENHTEULEAR BB - -4t
HU ARG RERBEVEIE “EHIERSI” KT HE

- - NTTi i trA% 4275 2 T B BB AL B vm A B AL 5 RAK
#5117 7t

PMCREIREER

1) B B PRSI THaE

2) AERtEIrYIEERESLE

3) WHLIEM PRIA SERUEEIRSELTR, KIEEF—HERE

4) KRASHELTRNHELFS, SRIUEFRSIERESRE, FTRT
{HEARAN TSI REreBER?

R RETNRETT S
1) WEg (BEAFIURED
2) TRAFESNELTRRESE—MERE
3) RSN 8EKE S BRI ERRSL(E
4) REMAVEEERAER, ARERTAIRTUTEIRIMENE, TxeH<
NERRIARAESH UL EE
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