
gr�fetai
dσ

dΩ

∣
∣
∣
∣K.M. = |M|2 1

64π2

pf
pis

'Askhsh 10 De�xte ìti gia uyhlè
 enèrgeie
, h energì
 diatom gia thn skèdash ��hlektron�ou��-��mion�ou�� d�netai apì th sqèsh

dσ

dΩ

∣
∣
∣
∣K.M. = α2

4s

(
3 + cos θ

1− cos θ

)2

O rujmì
 di�spash
 w
 sun�rthsh tou |M|Gia diasp�sei
 th
 morf 
 A→ 1 + 2 + 3 + ...+ n akoloujoÔme
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thn �dia mèjodo
dΓ =

1

2EA
|M|2 d3p1

2E1(2π)3
· · · d3pn

2E1(2π)3
(2π)4δ4(pA−p1−p2−...−pn)

To dΓ onom�zetai diaforikì
 rujmì
 (differential rate).'Askhsh 11 De�xte ìti gia th di�spash A→ 1 + 2, kai gia tosÔsthma hrem�a
 tou swmatid�ou A, pa�rnoume

Γ =
pf

32π2m2
A

∫

|M|2 dΩ

O olikì
 rujmì
 di�spash
 e�nai to �jroisma twn Γ gia ìle
 ti
dunatè
 diasp�sei
 tou sugkekrimènou swmatid�ou. Bèbaia, to Γ
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d�netai apì th sqèsh
Γ = −dNA

dt

1

NA
→ NA(t) = NAe

−Γt

Qrìno
 zw 
 onom�zetai h posìthta Γ−1.Skèdash ��hlektron�ou��-��hlektron�ou��H diafor� me thn ant�stoiqh skèdash ��hlektron�ou�� - ��mion�ou��e�nai ìti t¸ra èqoume ìmoia swmat�dia. Epomènw
, ja prèpei topl�to
M gia A+B → C +D na paramènei anallo�wto sthnallag  A←→ B kai C ←→ D. 'Etsi, ektì
 apì to di�gramma(a) tou Sq.2, ja prèpei na p�roume up' ìyh ma
 kai to di�gramma(b) tou id�ou sq mato
. O lìgo
 e�nai ìti èqonta
 ìmoiaswmat�dia, den mporoÔme na xeqwr�soume an to hlektrìnio Cèrqetai apì thn koruf  me to hlektrìnio A   apì thn koruf  me67



to hlektrìnio B.
Sq ma 2:

Epomènw
, ja prèpei na ajro�soume ta pl�th kai ìqi ti
pijanìthte
, mia
 kai oi dÔo peript¸sei
 èqoun ti
 �die
 arqikè
kai telikè
 katast�sei
. Gia to (a) èqoume  dh gr�yei ìti d�nei68



pl�to

−iM = −i(−e2)(pA + pC)

µ(pB + pD)µ
(pD − pB)2T¸ra loipìn to pl�to
M ja perièqei kai th suneisfor� apì todi�gramma (b)

−iM = −i(−e2)
[
(pA + pC)

µ(pB + pD)µ
(pD − pB)2

+
(pA + pD)

µ(pB + pC)µ
(pC − pB)2

]

Blèpoume ìti h allag  pC ←→ pD metatrèpei ton èna ìro touajro�smato
 ston �llo. Shmei¸ste ìti h analloi¸thta touMsthn allag  pc ←→ pD e�nai arket  gia thn analloi¸thta kai w
pro
 pA ←→ pBSkèdash ��hlektron�ou��-��pozitron�ou�� (crossing)Sto Sq.3 blèpoume ta dÔo pijan� diagr�mmata sthn skèdash69



��hlektron�ou��-��pozitron�ou�� kaj¸
 kai ta ant�stoiqa ìpou tapozitrìnia èqoun antikatastaje� apì hlektrìnia me ant�jethorm  (phga�noun p�sw sto qrìno kai èqoun arnhtik  enèrgeia).To anallo�wto pl�to
 ja d�netai apì th sqèsh

Sq ma 3:
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M = (−e2)
[
(pA + pC)

µ(−pB − pD)µ
(−pB − (−pD))2

+
(pA − pB)µ(pC − pD)µ

(pC − (−pD))2
]

(11)Upenjum�zetai ìti h diat rhsh enègeia
-orm 


pA + pB = pC + pD → pA + (−pD) = pC + (−pB). Prosèxte ìti hkoruf  +ie(pB + pD) sthn skèdash e−e− g�netai −ie(pB + pD)gia thn per�ptwsh e−e+ (to fort�o tou pozitron�ou e�nai +e).Tèlo
, to pl�to
 e�na anallo�wto sthn allag  pC ←→ −pB pouantistoiqe� se antallag  dÔo exerqìmenwn hlektron�wn. JamporoÔsame na p�roume toMe−e+→e−e+ apì toMe−e−→e−e−apl� mèsw th
 sqèsh


Me−e+→e−e+(pA, pB, pC , pD) =Me−e−→e−e−(pA,−pD, pC ,−pB)(12)71



'Askhsh 12 Gr�yte to anallo�wto pl�to
 gia ti
 sked�sei


e−µ+ → e−µ+ kai e−e+ → µ−µ+ kai elègxte to crossing me thn

e−µ− → e−µ−.
Anallo�wte
 metablhtè
Gia thn skèdash AB → CD èqoume dÔo anex�rthte
 metablhtè
(p.q., sto K.M. èqoume thn orm  kai th gwn�a skèdash
). All�e�nai qr simo na ekfr�soume toM w
 sun�rthsh posot twnanallo�wtwn se metasqhmatismoÔ
 Lorentz. Apì ti
 tèsseri
ormè
 mporoÔme na fti�xoume 3 anallo�wte
 posìthte
: pApC ,

pApD kai pDpB, apì ti
 opo�e
 bèbaia mìno oi dÔo e�naianex�rthte
. QrhsimopoioÔme sun jw
 ti
 stajerè
 tou
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Mandelstam

s = (pA + pB)
2, t = (pA − pC)2, u = (pA − pD)2

Sq ma 4:
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'Askhsh 13 De�xte ìti s+ t+ u =
∑
m2

iGia na anaparast soume ti
 epitreptè
 (fusikè
) perioqè
 twn s,

t kai u qrhsimopoioÔme èna di�gramma dÔo diast�sewn, Sq.5. Toisìpleuro tr�gwno èqei Ôyo
 iso me ∑im
2
i . Upenjum�zoume toje¸rhma th
 gewmetr�a
 ìti to �jroisma twn apost�sewn k�jeshme�ou sto eswterikì enì
 isìpleurou trig¸nou apì ti
 pleurè
tou e�nai stajerì kai �so me to Ôyo
 tou trig¸nou.Gia thn skèdash e+e− → e+e−, sto K.M., èqoume

s = (p1 + p2)
2 = (E + E,pi − pi)

2 = 4E2 = 4(m2 + k2)

t = (p1 − p3)2 = (E − E,pi − pf )
2 = −(2k2 − 2k2 cos θ)

u = (p1 − p4)2 = (E − E,pi + pf )
2 = −(2k2 + 2k2 cos θ)Ta swmat�dia èqoun sto K.M. èqoun �dio mètro orm 
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|pi| = |pf | = k kai epeid  èqoun �dia m�za èqoun kai �dia enèrgeia.'Ara, s ≥ 0 kai t, u ≤ 0. All� epeid  s+ t+ u = 4m2sumpera�noume ìti s ≥ 4m2.
Sq ma 5:
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Blèpoume apì to Sq.4 ìti gia thn e+e− → e+e−, h metablht 

u = (pA − pd)2 apotele� thn s metablht  th
 e−e− → e−e−

se+e−→e+e− = ue−e−→e−e−opìte, gia thn e−e− → e−e−, h fusik  perioq  e�nai t, s ≤ 0 kai

u ≥ 4m2'Askhsh 14 De�xte ìti gia thn skèdash e−µ− → e−µ−, hfusik  perioq  twn metablht¸n e�nai t = 0 kai su = (M 2 −m2)ìpou M kai m e�nai oi m�ze
 tou mion�ou kai tou hlektron�ou.Sqedi�ste to di�gramma Mandelstam.'Askhsh 15 Elègxte ìti h Ex.12 e�nai th
 morf 

Me−e+(s, t, u) =Me−e−(u, t, s)
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