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- Asymptotic Free
« B -function and Renormalization Equation
. oL determination

 Scale dependence/R-rotio

UV divergence
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, IR divergence
- Around “IR divergence”
« IR divergence in QCD/KLN theorem /
 foctorization

« DGLAPEquation/PDR
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e Lesson3

- Asymptotic Free
« B -function and Renormalization Equation
. oL determination

 Scale dependence/R-rotio

GOAL:Understanding
(1) running ot

(DA g

(3) u2(renormalization scale) and Q2 (energy
scale of the process)




Renormalization Equation/ 3 -function
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Now we are ready 1o discuss running o
ond asymptotic free!
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Renormalization Equation/ 3 -function
e Whatis B-function?
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Renormalization Equation/ 3 -function
e Whatis B-function?
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Renormalization Equation/ 3 -function
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Asymptotic free!
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Renormalization Equation/ 3 -function

7139 — 1509975 + 32513
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Renormalization Equation/ 3 -function
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Renormalization Equation/ 3 -function
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Renormalization Equation/ 3 -Function
Let's solve renormalization equation'
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Renormalization Equation/ 3 -function
Let's solve renormalization equation!




Renormalization Equation/ 3 -function
Let's solve renormalizotion equation'
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Renormalization Equation/ 3 -function

Meaning of the boundary condition
Boundary condition:1/ ot (u4)=0@ u?=A"*

Solve w.r.t A /
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Renormalization Equation/ 3 -function
Meaning of the boundary condition

Solve w.r.t. A / l

A = pexp[—1/(28pcs(p)]

o (A ) = ©0 - Lower limit where p-GCD con beapplied!
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Renormalization Equation/ 3 -function

Exercise
_ 11C4 — ATpny
.._J[] — T
:
© M,=91.178b GeV
o (M)=0.1184
s h.=h
C,=3
o TF:1/ /A /

A




' Renormalization Equation/ 3 -function 1

Higher order corrections
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Renormalization EQuation/ d/_3_—Funcﬁon l

Higher order corrections

32 )

::—3 (:1112 L —InL — 1) + —)

50

L = In(Q2/A2)

A ., @NLO=2007300 MeV

m, = 2 —3MeV, mg=4—6MeV, m; = 80 — 130MeV
Massless quarks |

Massive quarks

me ~ 1.3GeV, my ~ 4.2GeV, m; = 170 — 175GeV

e .~ am




' Renormalization Equation/ 3 -function

Higher order corrections
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Renormalization Equation/ ot meas,
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Renormalization Equation/R-rotio

 General discussion
- Physical observoble: P < Energy scale independent
Pz =In@%/ u?, ot J=C(T)ot +C(T)oL .+

dP(T.0g) ( 0 Oovg

_I_

d In y1? Jdlnp?  Olnp? dag




Renormalization Equation/R-rotio

« General discussion

Introduce a new function o (7 ):




Renormalization Equation/R-rotio

« General discussion

Introduce a new function o (7 ):




Renormalization Equation/R-rotio l |

« General discussion

Introduce a new function o (7 ):
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Renormalization Equation/R-ratio

i e
B - General discussion

All ¢ (or u) dependences can be encapsulate in o ()




Renormalization Equation/R-ratio

« General discussion

- P(7,as(r)) = P(0,04(7)) IEELCIAD

All ¢ (or u) dependences can be encapsulate in o ()
« Example:R-ratio

o(ete” — hadrons)

R =

ete” = )




Renormalization Equation/R-rotio |
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Renormalization Equation/R-rotio

o(eTe” — hadrons)

- oleTe” — putuT)
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Renormalization Equation/R-rotio

» Example:R-ratio g _ o(ee” — hadrons)

oleTe — utu™)

: R = Ry (1 + )
+ /P @2:8 2\ g

P> >
SIOtet

Q2 dependence




Renormalization Equation/R-rotio ’

« Exomple :R-ratio |

iRRD{l : (i)+1411(%) 128(W)3+---}



Renormalization Equation/R-rotio

e Exomple:R-rotio




Renormalization Equation/R-rotio

’ Example :R-rotio Systematic error from theoretical prediction

150 200




Renormalization Equation/R-rotio

’ Example :R-rotio Systematic error from theoretical prediction




Renormalization Equation/R-rotio

’ Example :R-rotio Systematic error from theoretical prediction

100 150 200
I [GeV]
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Renormalization Equation/R-rotio

’ Example :R-rotio Systematic error from theoretical prediction

100 150 200
I [GeV]




Renormalization Equation/LL

 General Structure of HO corrections

Typical loop correction
as(p) (n2erE)e / > o f?)

ir T(l—e) Jo  K+Q2

al(p) (p2e®\  ag(w) (1 o2
I'(e) = —+In o2 + Ole)

47 | QQ | A € ,
: 0ER, 020
£ -exponsion. ¢ =1+c:1 G c /
C.=97
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Renormalization Equation/LL

 General Structure of HO correcﬁons
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Renormalization Equation/LL

 General Structure of HO correcﬁons




' Renormalization Equation/Scheme Dependence

« Renormalization scheme dependence
- Two schemes: Scheme A < SchemeB

A = pexp|—1/(28pas(p)]
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Renormalization Equation/Scheme Dependence |
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Renormalization Equation/Scheme Dependence
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