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. Coupling Constant and Peytwrbative  Caladation
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then can FVadéCC &L:H rates n diffeene expeviments .

—  lets consider
& is detemined ot QF Prom o,

whats the vate 0, ot QL ?



e 1) At tree-level, ( Bon-level, leading order )
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Fovr any physical obsennbles, the theorvecical prediction has to

be fLinite .
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— @ In loop cAalations
Twe kinde of diverqendes
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Note : How i$ p introduced in loap calculations 7
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— @ Any phystad obseyvable has to be  Finite .

'fn loor calewlation
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= Need to add * counter terms © 1o the Laqmmgc'am
to canel the divergence in lagp caledation

and  obtain  finite predz‘cﬁ‘an_

Renowalization

Cowntey temt = pole tem*  + Linite prete
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Renormdization  Procedure.  for g Fenormdizalde  Theory

L = £ e, Wowe, - )

First , detve. the venovmalized coupgmq Gren . via

dose = Gven (1t 99)

Where &4 4 the comteertet  in genenl  propovtional <o

f-;"jm in  n- dimensional  veqularization which  cancels
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Measure acpy from G at a chosen K, Then,
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. B - function .
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8o(Mg) 16 physital ocbsovable
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Running a, in QCD

2N,
Py ===
a.(M,)=0.12

Aqcp (N =5, one—loop) =99 MeV
Aqcp (N =4, one—loop) =170 MeV
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Matching at m,

2125
A® = A(n, =5)] —
A(n; =5)

m, =4.3GeV  (MS —bar bottom quark mass)
AY =134 MeV
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Factorization

— DIS proes -
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o Infmred Sinqularity in loop clalations

— Soft div. cancelled after including all diagam contributions .

|oop ® Keal emission
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KNL Theorem

eq.

— Collinaay div.

Ty P Mg 2o > Collineny div.
®  Paysiodl obs. has v be nfrared  Finite !

= Al the ollinear dv. £om lgop caladations has Aisa.ppear (

Need Faetorizaton Theoran to show they can be absorbed

into the definitin © of ppF .



—— +  Feyaman Oiagrams

*  Tree level .

% Loor Cantribution €o havd part;
Ultra.. — Caacel ( Renovmalizaton)
Soft = (ancel ¢ gNL)

Collineay — |[eft .
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. Scale

—— Hadvn  Collider
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— M coladate to sl oder indc, the & shadd be

indep. of KR & M.

— |} finite order cdodation, we choose

R =& & M =Q <o “diminate” possible (uge log.
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— In padice, we vary R € M to test (or etimate )

higher order corrections.
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—  PDefine
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