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. Processes For simplicity ,

I e - scattering of a very heavy particle, e.g.,
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3.Radiativecoroech.co#-- Higher - order contributions to free- Level amplitudes from diagrams with . . .
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a) Vertexcoorech.ae#UV- divergence & IR - divergence
(most interesting , ④ below )

b) Exteruallegcoroech.com# UV- divergence E- 112- divergence

( not amputated , ⑦ later)

c) today:
UV- divergence

( complicated evaluation , ⑦ later)



•ex-sfaus (Bremsstrahlung)

K → 112 - divergence 6-30
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4. Spoilers

• UV- divergences : cancel in observance quantities

• IT- divergences : cancel with the divergence , of the bremsstrahlung diagrams



6.25ottbremrstoaulwgr.BR#hug= Electromagnetic radiation emitted by decelerated
, charged particles

Soft = Lou -energy photons ( 4=0)

2
. Can be classically derived from Maxwell 's equations (① PES pp. 777-182)

3
. ¢ Corresponding QFT processes :
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Mo : (unknown ) interaction amplitude



4.simplificah.eu#
• Soft photons : 151 a Fi -FI
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5. Then
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elastic scattering bremsstrahlung



6
. Scattering cross section ( cf. (4. re) ) :
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Evaluation :
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8. Approximation
• PooHeut:m Soft - photon approximation breaks down at 621951=15
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→ Introduce upper cutoff
at Igf}



• Pooslew2im Prolalility of radiating a very soft photon is infinite !

-7 ID- divergences of perturbative QED

Solution Regularization Gerth finite photon mats µ > o :

F. = # '→I
↳2+42

and therefore asymptotic , for re -so

du = logµtTt) flag@ 'EIN) n log (EI)=Ilagµ⇒
M

• Relativistic limit (Ep,p . >> m ) :

ZIP ,p ' ) = 210g (Itu) with -g2= - (p- pipe > o
T

Proof: ⑤ PES pp. too -182 , starting at E-g. (6.12)



9.Result

docp-spitrj-docp-MI-E-g.n.my#a!!?.
for µ→ 0 (regularization ) and Ep,p . > sur ( or - q2 = Tgif → a )

10.tw :

• Dependence of uuphyu.ca/pleofoumu1eM
• Logarithmic divergence for - q2 → a (→ cannot be interpreted as poos.si/iq)
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⑤ next lecture
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2.Geueralfoom.fmflip ) = f ( pm, pm, NM, we, e , Q )
3.Restn.ch

a) LoreuAcovariauce:m MM transforms like JM →

MM = A - PM + B . put T. P 'M

= A. pm t B. ( P'Mt pm) t C. (PM- pm) (6. t)

b) Recall the@) = m - Uk) and a- Cpi)#' = u-cpy.cn →

X = X(pm,p'M, we .ee ) -I for X= A.B. C

g
g2--812=42

c) g2= (pl- p )2= 262 - p-P') only non- trivial scalar →

X= XC q2 , m ,
e, G ) for X= A. B. C



d) Ward identity for UK ) gauge -symmetry of QED Lagrangian :

Fm MCT :p )
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⑦ TGS pp. 238-244 for a proof and pp . 159 - toe for a motivation
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4. Grordouideutity f
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a-Cpi , Tintin Ucp, I a-(P'IVMUCP) - TCP') 2T UCP) (6.2)

5. Therefore
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Fi (of' ) : form factors


