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Introduction

Vs (TeV) _~—Lroduction cross section (in pb) for my = 125 GeV
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€ NLO is now standard, thanks to automated tools
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Introduction
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Introduction

pQCD calculable quantity p can be expanded in perturbative series

k=1

0 O[k _7 0 —4-d
pug) = e, (ﬂR)[l-I'Zrk(/? ) ijfR)] Go= 2t 9 (O
R

op(H=) _

@entional Scale Setting MethoD Otly,

& infinite order, no scheme- and scale-
dependence

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

® Guessing a renormalization scale Q,
only a guess work !

€ Varying, e.g. [Q/2, 2 Q] to discuss its
uncertainty

# Convergence is usually problematic

mIﬁanan

e - -
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Introduction
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40— Lo 4
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35— No EW comection
C MSTW2008nnlo68cl, &, = 0.1171
30 - NNLO NNLO NNLO NNLO ? * ?
C approx. N"LO approx. N'LO approx. N'LO part. N'LO
C FO. | NNLL o NNLL F.O. | F.O. | F.O. | NALL | F.O.
baseline dFG ABNY STWZ dFMMY BBFMR BBFMR  ADDFGHLM

1 | LO |NLO |N?LO|Total
mu/4]9.42[10.64] 3.50 [23.56 scale error 2490 for [mH/2, 2mH]

mpy/2|7.43| 8.89 | 4.82 |21.14

my_|6.02] 7.53 | 5.21 |18.76] | scale error 4/ %0 for [mH/4,4mH]|
2my |4.98( 6.45 | 5.19 |16.62

dmpy (4.19] 5.58 | 4.95 [14.72

slow convergence
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Introduction

estimates the magnitude of unknown higher-order

S my = 125 GeV
N LHC 8 Tev
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Principle of Maximum Conformality(PMC)

scale-setting methods

» the renormalization group improved effective coupling method(FAC).

FAC

/0 — Coasp (/u

PAC )

G. Grunberg, Phys. Lett. B 95. 70 (1980)

» the principle of minimum sensitivity (PMS).

PMS

op 0
Oftr

P.M. Stevenson, Phys. Lett. B 100, 61 (1981);

» the Brodsky-Lepage-Mackenzie method (BLM) and its underlying principle of
maximum conformality (PMC). S.J. Brodsky, G.P. Lepage and P.B. Mackenzie, Phys.

BLM

PMC

5B JRLHCYI B TAE

n, —term

Rev. D 28, 228 (1983)~

Cited 1076

all order
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Principle of Maximum Conformality(PMC)

PRL 110, 192001 (2013) PHYSICAL REVIEW LETTERS 10 MAY 2013
‘“r . . week ending
Systematic All-0 PRL 109, 042002 (2012) PHYSICAL REVIEW LETTERS 27 JULY 2012
Sc
S . . 10P PUbHShiﬂg Reports on Progress in Physics
Ellllll]ldtl]lg Rep. Prog. Phys. 78 (2015) 126201 (15pp) doi:10.1088/0034-4885/78/12/126201
CP3-Origins, Danish Institute f
and SLAC National Ac: .
Review

SLAC National Accei

Department of Physic
(

We introduce a gener:

'SIAC National
*Department

It 1s convention
take an arbitrary r

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’

Stan and Wu, Phys.Rev.Lett.109,042002(2012)

Stan and Wu, Phys.Rev.D85,034038(2012)

Matin, Stan and Wy, Phys.Rev.Lett.110,192001(2013)
Stan, Matin and Wu, Phys.Rev.D89, 014027 (2014)

Wu, Stan and Matin, Prog.Part.Nucl.Phys. 72,44(2013)
Wu, Ma, Wang, Fu, Ma, Stan and Matin, Rep.Prog.Phys. 78, 126201 (2015)
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Principle of Maximum Conformality(PMC)

The scale dependence of the strong coupling constant is controlled by
the renormalization group equation (RGE) via the 8 function:

I+2

2 2 0 [af(ur) af(ur)\ "
ﬁn‘“fﬁf( ) Zﬁ*( )

If one can find a proper way to sum up all known-type of Bi-terms
into the coupling constant, then one can determine the effective
coupling for a specific process definitely at each perturbative order,
and thus, the renormalization scale dependence can be greatly
suppressed or even be eliminated.



Principle of Maximum Conformality(PMC)

‘ flow chart ‘

Choose any renormalization scheme R
Choose arbitrary initial renormalization scale py
Identify {3} — terms using known ny — terms
PMC —T: PMC — BLM correspondence principle
PMC —I1: Rz — scheme

!

Shift scales of a™ to pPMC to eliminate all {37} — terms

!

Conformal Series

v Ciaf M pPMC) with C; the conformal coef ficients

Result is independent of pg and R at fired order
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Principle of Maximum Conformality(PMC)

Introducing the Rs-scheme by subtracting a constant —6 in addition
to the standard subtraction, In(41) — y, the degeneracy relation:

Phys.Rev.Lett.110,192001(2013)

On = Topo +'?"1,U{1(ﬂ)+[?20‘|‘ﬁﬂ?21 ‘Fﬁl?zl.-l-j r3,2] a’

+ (74,0 + Boro1 + 2617131 + 23130?“‘3 o+ 3Bora1 + 3Bran + Birs, 3] a*(p) +

On = ruo+maa
+73,00 .+‘-"4 uﬂ

conformal series,
which is scale-and
scheme independent!




Higgs production

H, i’ﬁ/
fiym, (1, p1y) 5
r U H OH H;—HX = § / ds ‘Cij(sess qu)a—ij(saﬂ'f-. R):
,I.'J: . [ — 1 J
H, J mY
_O§f i/ Ha (T2, 11 5)
1 Sti“
L]
FIG. 1: Diagrammatic illustration of Higgs boson produc- ﬁij - g / ?fﬁHl (:El" 'uf) ijHz (3:2’ 'uf) !
tion at hadron colliders, computed from the convolution of s

partonic cross-sections &;; with the corresponding parton lu-
minosities L£;;.

Gy (5, My R) = 2 [0l (s, M, R)a2 (1) + 03 (s, M, R)a2 (1) + 03 (s, M, R)al (1) + O(a3) |

57602 = H

0 (s, M,R) = (s, M, R),

0V (s, M,R) = co(s,M,R) + ¢, (s, M, R)n,

?IS](S:M', R) = C%{U(s,ﬂf, R) —|—cg-T_L(5!i1.f! R)ny
+cio(s, M, R)n}.
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Higgs production

aij(s, M, R) = Gvg [f YoaZ(pr) + ("';izj.fﬂ + 2.30"';%{1) ay(pr) + ('?';fo + 26815 + 3.}'30"'33;1 T 333’?2) ay(pr) + O(ﬂi)}
T?D = C?ijn
ij L i ij ij 30?1
rog = 5(2¢5y +33¢y,), 1y = ——=
2 4
1 3
iy = 1{ 642c5'| + 45 + 66¢5, + 1089¢7 ),
ij 1 ij ij ij 3‘—“3 2
T31 = 5(1952,1 "—’3 p —33e35), T3 =

V) + 720l (Q5)
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Higgs production

Conventional PMC
(27) LO |NLO [N?LO|Total| LO |NLO |N2LO|Total
(gg9) @)TGS 5.21 |18.76]6.02| 9.58 | 8.01 |23.61
(gq) |0.00]-0.11]|-0.31 |-0.42(0.00{-0.32| 0.21 |-0.11
(gg) ]0.00{-0.08| -0.16 |-0.24|0.00|-0.17| 0.02 |-0.15
(qq) 0.00]0.008| 0.006 |0.014|0.00|0.007| 0.007 {0.014
(gq + qq’)[0.00| 0.00 | 0.006 [0.006]|0.00| 0.00 | 0.006 |0.006
(gq + gq’)|0.00{ 0.00 | 0.001 [0.001[0.00| 0.00 | 0.001 |0.001

Conventional

PMC

LO

NLO |N2LO

Total

LO

NLO|N2LO

Total

9.42
7.43
6.02
4.98
4.19

10.64| 3.50
8.89 | 4.82
7.53 | 5.21
6.45 | 5.19
5.58 | 4.95

23.56
21.14
18.76
16.62
14.72

6.02
6.02
6.02

9.58 | 8.01
9.58 | 8.01
9.58 | 8.01

23.61
23.61
23.61

6.02
6.02

9.58 | 8.01
9.58 | 8.01

23.61
23.61
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Higgs production
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Higgs production

OlInel 7 TeV
ATLAS(H — ~v) [4, 5] 35113
ATLAS(H — ZZ* — 41) [4, 5]| 3373,
LHC-XS [3] 17.5 £ 1.
PMC predictions Ql.?lﬂ:%g
PMC
aof Conv.
VS=8TeV LHC-XS
NNLO+NNLL
“r NNNLO
E' ——H —
= ——H —ZZ* — Al | ]
":" —+—Comb.
4 L
|

ATLAS-CONF-2016-081

o " JELHCYI B TAE &1

210/0, 23% and 29%

Olnel = 59.0“_‘3:;[stat.}:%:é[syst.} pb

New data 8th August
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Higgs production

Oralpp = H = vy) = Oma B = A,

110
100} LHC-XS .
PMC Application of the Principle of Maximum Conformality to the Hadroproduction of the
90f - T Higgs Boson at the LHC
. —aTTeV N ,
& s0r - ] Sheng-Quan Wang',* Xing-Gang Wu?," Stanley J. Brodsky®? and Matin Mojaza'®
e ——8TeV 1Schaol of Science, Guizhou Minzu University, Guiyang 550025, P.R. China
— 70F r 7 2 Department of Physics, Chongqing University, Chongging 401331, P.R. China
[ 13Te.“' *SLAC National Accelerator Laboratory, Stanford University, Stanford, California 84039, USA and
€ B0F 1 | Nordita, KTH Royal Institute of Technology and Stockholm University,
]‘ it Roslagstullshacken 23, SE-10691 Stockholm, Sweden
50 F 4 (Dated: August 19, 2016)
:n We present improved pQCD predictions for Higegs boson hadroproduction at the Large Hadronie
+ 40r- 7 Collider (LHC) by applying the Principle of Maximum Conformality (PMC), a procedure which re-
]‘ sums the pQCD series using the renormalization group (RG), thereby eliminating the dependence of
=, 30F | ] 7 the predictions on the choice of the renormalization scheme while minimizing sensitivity to the initial
= choice of the renormalization scale. In previous pQCD predictions for Higgs boson hadroproduction,
\':g 20 b it has been conventional to assume that the renormalization scale p, of the QCD coupling a.(p. ) 1s
4= _4 the Higgs mass, and then to vary this choice over the range 1/2mpy < py, < 2my in order to estimate
& 10+ d the theory uncertainty. However, this error estimate 1s only sensitive to the non-conformal 5 terms

in the pQCD series, and thus it fails to correctly estimate the theory uncertainty in cases where

PRD 94, 053003 (2016)

oaalpp =+ H = vy) T TeV 8 TeV 13 TeV
ATLAS data [50] 49+18 42573 5275

LHC-XS [3]  24.74+2.6 31.0£3.2 66.17¢3

PMC prediction ~ 30.1733 383737 85.877
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Higgs decays

R F—AN T aw

> Higgs to bb\bar 5ol w@ 3
» Higgs to gg e —n D |
» Higgs to yy %),0.25_ :
> Higgs to Tt P 5
> Higgs to WW* &
N~

> Higgs to ZZ* I. 1 l.LiLlI 1 1 1 ] 1 1 1 1 1 1 l 1 1 1 1 1
1 0480 100 120 140 160 180 200
M, [GeV]

E=7TeV,L=51 " {s=8TeV,L<196 "

l I l l l l
ATLAS Preliminary m, = 125.5 GeV Combined CMS Preliminary m, = 125.7 GeV
p=080:014| p =065
W.ZH — bb M
(E=7 TV [Lat= a7 -
E=sTev ez’ H—s bb
H— 1t . u=115+062
E-TV: Lot 26 -—
fE-8TEV Lt .-.Eafb"
H—;V«f[w"'—mh- (-
E=TTV [Ld-da
i;-am\-:]l.m-zn.?rn" - u=110=041
H— vy
fE=TTeV [Lat=ad -
J;-a're\-:]Lg_-zn.?m" H—yy
H—s ZZI_ 1 4 w=077£027
E=TTv e -asn’ -
(E=5Tev: JLat=207 0"
H— WwW
Combined n=130%+020 p=068+020
E-TRv: [Lt-s6-45m" .
{E=-8Te\: [Ldt- 13- 207 1"
| | | | | | | =22
A 0 +1 w=092+028 I I | I
Signal strength () 0 05 1 1.5

i 2 25
Best fit o/,
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Higgs — yy

JoDaO =TT
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Collaborations
arXiv:1503.07589

‘ H-yy
| } _I 1 I ] I I | I ] ] I 1 I T ] 1 1 I 1 T ) 1 I 1 I_ I
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e Q) " {5=7TeV,L=5.11t" (MVA) S+B Fit ]
I v L (5=8TeV,L=19.6 " (MVA) Bkg Fit Component 11
~4000 Cl+1e -
Data 2011+2012 | 4 I <20 i
SM Higgs boson m =126.8 GeV (fit) I —~ B I
Bkg (4th order polynomial) I _EB B
I 3000 :
e 2 |
I © - |
m -
| | £2000( I
D .
- |
N |
X I
|
|
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h______________‘

B RLHCYHE T A/E2

m}; = 125.07 = 0.29 GeV

= 125.07 £0.25 (stat.) = 0.14 (syst.) GeV
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Higgs — yy

[ Q = t,b,c,t heavy fermion, dominate by t quark }

y M} o (™) 6)
C(H — yy) = = fi (f’-rﬂ + %f’-wm (6)

av g | ) :
+(%) fﬂl.-"n.’.-"u’bli'.i'

Phys. Lett.B 721 131
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Higgs — yy

¥ 10 _xi0
T T T T T T T T T LN T T T T T T T T
— L P ]
ERE 4 =K1 3 T
- - -y
QBB
= =
re s 96T
ot = | -
= e S
g' e 966
) )
e t'__‘_'-_- 9.65
o o
N
Conventional scale setting PMC scale sotting
Q963 . QB3
.52 1 1 1 1 1 1 1 1 o562 L L L L L L 1 L
- 100 150 200 250 300 350 ADD 450 500 50 100 150 200 250 300 350 400 450 sao
it (CeV)
r L s

pimit (GeV)

I'nLo (10_3 keV)
Scale puinie My/2 | My 2M s
0
error 18% Conventional scale setting|] 180.1 162.0 148.0

PMC scale setting 148.7 148.7 148.7

C(H — y¥)lpote = [9.502 + (1.62075 139) > 107" + (2.20071335¢) x 107 keVo  peir o) [arras
I(H — v7)|loms

I'(H = yy)lpme = [9.502 + 1.487 x 107" + 1.415 x 107*] keV,
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Higgs —bb

‘ H— bb ‘ H

f

The CMS Collaborations arXiv:1303.0763

3G pMymj(Mp)
4/2m

+(c20+ 210 5) al(My) + (c30 +c3, 1A f
+e3.2n7) a3 (My) + (ca0 +cany
-|—£'4!3Hfr + -12‘4’3.?1}} -:I;I(MH] + (’:'{-:IE)] (2)

. o AGpMpmi(My) . . -
I(H — bb) = — ;:E_bl ) L +T1.Duf:-nlt:|‘ls 'i“z.ﬁ[if;mt:'ﬂ""i"ﬂ.ﬂ{if’rnﬂj"‘ ?"t:n'[!f'rmijili‘:'

I'(H — bb) =

[1+cioas(My)
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Higgs —bb

|| Conventional scale setting PMC scale sotting
LO NLO | NLO | N°LO | N'LO | Total LO NLO | N?LO | N'LO | N*LO | Total
[, (KeV)[[1924.28| 301.74 | 72.38 [ 3.73 | -2.65/12380.48)1924.28]| 436.23 | 48.12 | -18.12 | -1.38 {2380.1

/T || 80.53% |16.39% | 3.03% | 0.16% | -0.1 I'?i:\ R0.54% | 18.26% | 2.01% |-0.76% | -0.069% N~————

|
I [
I B |
l —_— I
I N e - Qa | I
1 -—=C3 I
1 = |
| -?-' B0 e I
I N I
= o] § l
| f—"_j I
I = [
I anf . :
I [
. agl— ' ' ' ' ' ' ' I
| 100 150 200 EE-IZI. 300 350 400 450 =i I
l pp (GeV) l

Q1 =623 GeV, Q2 =405 GeV, Q3 =53.1 GeV.
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w10 xin”
T T T T T 1 T T T T 1 1 T T 1 T
----- NLO
- - =2
245} NTLO | 245} .
....... :"\.-:"I_[::I
= _\;-Il 0 —
.,-r. - wr e o mm  m  —  E e ae ee ae E EE EE E E
L | 1 T n4f 1
= N 5
== e T lg' e
1 235 T 1 235F .
x5 Ma =
= - -] |- MLO
- Fam )
23f Se - 23f == =NIL0 | 4
e [ N Bty NLO
e I
2251 == aas| MNALO |
00 150 200 350 300 350 400 450 SO0 iD0 150 200 350 300 350 400 450 SO0
i (CeV) P (GeV)

[(H — bb) .0?3 + 0.041 MeV,

5.0, Wang, X.G. Wu, X.C. Zheng, J.M. Shen, and Q).L.
Zhang, Eur.Phys.J. C74, 2825 (2014).

cited
by Peskin
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Higgs —bb

043 T T T
¢+ Conv.
0.28¢ « PMS
T * PMC-I
0.26¢ % « PMC-II
0.24f ¢ ¥ f J } -3
0.22+ o
0.2
0.18 - * -
R, R Rs

Wu, Ma, Wang, Fu, Ma, Stan and Matin,
Rep.Prog.Phys. 78, 126201 (2015)
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Summary

4 N

v'b and c physics. differential calculation:-----

v The main uncertainties are removed

v’ the conformal seties. the convergence can be greatly
improved in principle

v’ the precision of QCD tests

v’ the sensitivity of the collider expetiments to new
physics beyond the standard model

& /




Summary
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