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Perturbative QCD

Perturbative QCD

Write an observable as an expansion in ag

o(Q) = Z C(i)(Qa pr) ()
i=0
where
das +2
dlogu B( s)— Zﬁlaj

j=0
Scale dependency of o

o0

do dc(? i) i1 = j+2
=3 (ot 00l o
j=0

~ dlogu? 4 |\ dlog

= recursive scale dependency of c(
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Perturbative QCD

Approximation of scale dependency of the partial sum oy

dO‘k

Aok et o8
dlog 2 ~ s P

Approximation of Ay (through scale variation, 11, = Q/2...2Q)

doy

diog 17 (2log(2Q) — 2log(Q/2))

n=Q
~ 30/8(—’—1 kﬂo C(k)

kﬁ‘
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Bayesian statistics

Bayesian statistics

Definition of probability

» Frequentism: relative frequency of occurrence of an experiment’s
outcome

» Bayesianism: degree of belief (DoB), combination of a priori
probability distribution and data incorporated in a likelihood
function
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Bayesian statistics

Density function f, uncertain variable A, DoB that Ak € [a, b]
b
C(Ak € [a, b]) = /f(Ak) dAg
a
Conditional density: coefficients ¢ . k) are known,
Ay ~ ak+ k)

f(ctkt1), ¢ (k)

(DI, ) (), ... ¢y
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Bayesian statistics

» Expansion of observable

fcVo)
00 0.30
o=Y dc". -
=0
0.20
. 0.15
» Choice of a such that all
c() of the same order 0.0
» ¢() < & uniform 005
distributed 3 ) -1 0

(i)
c
3
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Bayesian statistics

Degree of belief (e.g. 68.3% or 95.5%)

Ok
¢ (Ak € [_6’(’6/(] |C(O)a sy C(k)> = / f (Ak|C(O), RN C(k)> dAg
5k

and we can derive an expression for the size of dx

56) _ a@+'max (¢, ..., cM) ) if 0% < =5
K a@*+'max (c©,...,c¢®) [(k+2)(1 — p%)] D it po% > e

where p% = p/100 and p =1...100.
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Renormalization scale

Reproduce renormalization scale variation

56 _ a@+'max (¢, ..., cM) if p% < &5
o @t max (¢, .., M) [(k+2)(1 - p%)] D it p% > =
LO NLO NNLO
Choice of expansion parameter
. i 1 N
" - i (i
| i =3l
i=0
5 o0
] » 7= Y (i )lasso)a)
i=0
r(gg—>H) 68% e i )
S > o= (asfo)d
—_ CH formula with only 50 =0
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Factorization scale

Parton distribution function

» fy(x)dx: probability to find a
quark g with momentum
fraction between x and
X 4+ dx in a proton/antiproton

» long distance part
Observable (e.g. structure fct.)

Fa(x, Q) = xi (i) [cg> ® f} (x, Q, )

i=0

g5

PDFs for Q=10 GeV
Xfg(x,Q)
xfa(x,Q)
xfu(x,Q)

0.6f

» Expansion in as, convolution ol X1sx.Q)
integral
() . . 02
» ¢, contain short distance,

perturbative part 00 02 04 06 08 10
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Factorization scale

Factorization scale variation

Repeat same procedure as for renormalization scale variation (us = fir)

_ dR
~ dlog 2
> (1)
-1 das [ 0 } i dc, i 0 df
= f f c,
XIZ_O:(QS dlog 12 ©ijta dlogu?® tos |G ®dlog,uf

Factorization scale dependency of pdfs given by DGLAP evolution equation

af B > it |:P¢(7:7) ® f] (X /Jf)
2 s ) ’
dlog 12 Z,.zo

where ng are the splitting function and the convolution is given by

[P = [ FPOO o F 0.
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Factorization scale

LO NLO

0.0025F g, ‘ ‘ - : . — .
§ N ; 0.003f . i
0.0020F / %, : ! «
, \,
0.0015F E o002 \, 1
< ooot0- : 2‘ 0,001} / S
N ~ K ", -
S 00005 i Y% 0.000
0.0000F i Scale Variation - -0.001F "\_‘ Scale Variation 1
~0.0005F § ,,f" e 320X(PRBANSIXQ) : Y0 R N A— Y2 PORNsBOSIX.Q) ]
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X X
» DoB ~ 83% > DoB ~ 94%

Approximation

dF;

Ak ~3
dlog ,u? 1i=Q

~ Bxakt [Pc(,g) ® Cgk) ® f| (x,Q)
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Outlook

Outlook

» Motivate scale variation from Bayesian statistics

» Expansion parameter for RS
» Extend the formalism to the FS

» Finding the correct expansion parameter

» Can we use c) ® f (FS) instead of just c() (RS)?

» Check the formalism for more examples, e.g. top pair
production

» Alternative to scale variation?
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