
JËma [03]

Exhg†ste giat– oi akÏloujec antidràseic apagore‘ontai:

1. p+ p̄ ! �

2. n ! p+ �

3. ⇤ ! ⇡+ + e� + ⌫̄e

4. K� ! ⇡0 + e�

5. p ! n+ e+ + ⌫e

6. � ! e+ + e�

7. ⇡0 ! 3�

8. p+ ⌫µ ! n+ µ+

9. p+ p̄ ! 2⇤

L‘sh

1. p + p̄ ! �. Den diathre–tai h 4-orm†: H anallo–wth màza thc arqik†c
katàstashc e–nai � 2mp > m� = 0, diaforetik† apÏ thn telik†.

2. n ! p + �. Den diathre–tai to hlektrikÏ fort–o: E–nai 0 sthn arqik†
katàstash kai +1 sthn telik†.

3. ⇤ ! ⇡+ + e� + ⌫̄e. Den diathre–tai o baruonikÏc arijmÏc: E–nai +1 sthn
arqik† katàstash kai 0 sthn telik†.

4. K� ! ⇡0+e�. Den diathre–tai o leptonikÏc arijmÏc hlektronik†c ge‘shc:
E–nai 0 sthn arqik† katàstash kai +1 sthn telik†.

5. p ! n+e++⌫e. Den diathre–tai h 4-orm†: H anallo–wth màza thc arqik†c
katàstashc e–nai mp < mn +me  mn+e+⌫ , diaforetik† apÏ thn telik†.

6. � ! e+ + e�. Den diathre–tai h 4-orm†: H anallo–wth màza thc arqik†c
katàstashc e–nai m� = 0 < 2me  m2e, diaforetik† apÏ thn telik†.

7. ⇡0 ! 3�. Den diathre–tai h suzug–a (h diàspash g–netai me thn hlektroma-
gnhtik† allhlep–drash): E–nai C⇡ = (�1)L+S = (�1)0 = +1 sthn arqik†
katàstash kai C3

� = (�1)3 = �1 sthn telik†.

8. p+⌫µ ! n+µ+
. Den diathre–tai o mionikÏc arijmÏc: E–nai +1 sthn arqik†

katàstash kai �1 sthn telik†.

9. p + p̄ ! 2⇤. Den diathre–tai o baruonikÏc arijmÏc: E–nai 1 � 1 = 0 sthn
arqik† katàstash kai 1 + 1 = 2 sthn telik†.
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JËma [04]

Jewr†ste thn ant–drash

X1 + X2 + e
� ! Y + ⌫e

Ïpou X1,2 kai Y e–nai stajerà swmat–dia.

a. (60%) Prote–nete thn tautÏthta twn tri∏n swmatid–wn X1,2 kai Y , dikaio-
log∏ntac leptomer∏c thn apànths† sac.

b. (40%) Sqediàste to diàgramma Feynman qamhlÏterhc tàxhc pou perigràfei
thn ant–drash.

L‘sh

a. Ta zhto‘mena swmat–dia den mporo‘n na e–nai Ïla leptÏnia, giat– me tr–a
swmat–dia sthn arqik† katàstash kai d‘o sthn telik† den mporo‘n na dia-
thrhjo‘n oi leptoniko– arijmo– anà ge‘sh. Den mporo‘n ep–shc na e–nai
mesÏnia, giat– autà den e–nai stajerà. Mpore– loipÏn na upoteje– Ïti e-
–nai Ïla baruÏnia, apÏ ta opo–a ta mÏna stajerà e–nai ta prwtÏnia kai ta
(dËsmia) netrÏnia. Gia na diathre–tai kai o baruonikÏc arijmÏc ja prËpei
to Y na Ëqei baruonikÏ arijmÏ –so me to àjroisma twn baruonik∏n a-
rijm∏n twn X1,2. H aplo‘sterh epilog† e–nai ta X1,2 na Ëqoun to ka-
jËna baruonikÏ arijmÏ 1 kai to Y na Ëqei baruonikÏ arijmÏ 2. Gia na
diathre–tai kai to hlektrikÏ fort–o ja prËpei to àjroisma twn fort–wn
twn X1,2 na e–nai +2 kai to fort–o tou Y na e–nai +1. 'Ara ta X1,2 e-
–nai kai ta d‘o prwtÏnia kai to Y e–nai deutËrio, opÏte h ant–drash e–nai
p + p + e

� ! 2
H + ⌫e (mia tripl† s‘nthxh pou pragmatopoie–tai me yhlÏ

rujmÏ ston 'Hlio). Ja mporo‘se na jewrhje– kai h genikÏterh purhnik†
ant–drash (A1, Z1)+(A2, Z2)+e

� ! (A1+A2, Z1+Z2�1)+⌫e, Ïmwc tÏte
o telikÏc pur†nac e–nai katà kanÏna diegermËnoc kai sunep∏c astaj†c.

b. To diàgramma Feynman qamhlÏterhc tàxhc pou perigràfei thn ant–drash
fa–netai sto akÏloujo sq†ma. Parale–pontai oi (isqurËc) allhlepidràseic
metax‘ swmatid–wn mËsa stic dËsmiec katastàseic (baruÏnia), opÏte to de-
‘tero prwtÏnio emfan–zetai wc ‘jeat†c’.
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Upàrqoun enallaktikËc epilogËc pou perigràfontai parakàtw.

1.

X1 = e
+

X2 = ⌫e Y = � ) e
+ + ⌫e + e

� ! � + ⌫e
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2.

X1 = e
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X2 = � Y = ⌫̄e ) e
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� ! ⌫̄e + ⌫e
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3.

X1 = ⌫e X2 = � Y = e
� ) ⌫e + � + e

� ! e
� + ⌫e

4

�e

e�

Z

e�

�

�e

4.

X1 = p X2 = � Y = n ) p + � + e
� ! n + ⌫e
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ApÏ tic parapànw antidràseic, h 2. kai h 3. prok‘ptoun apÏ thn 1. metajËtontac
pr∏ta to fwtÏnio kai to netr–no kai sth sunËqeia to pozitrÏnio kai to antinetr–no
metax‘ thc arqik†c kai thc telik†c katàstashc, kai pa–rnontac pànta upÏyh Ïti h
metàjesh sunepàgetai suzug–a swmatid–ou-antiswmatid–ou (to antiswmat–dio tou
fwton–ou e–nai o eautÏc tou). Oi metajËseic autËc sunepàgontai kai allag† tou
forËa allhlep–drashc, apÏ W se Z.
Sthn 4. to telikÏ ele‘jero netrÏnio jwre–tai stajerÏ swmat–dio, an kai sthn

pragmatikÏthta den e–nai, me mËso qrÏno zw†c sqedÏn 15 leptà. Ep–shc, stic 1.
kai 2. to pozitrÏnio mpore– na antikatastaje– me µ+ kai to ant–stoiqo netr–no
na g–nei mionikÏ, parÏlo pou kai to miÏnio den e–nai stajerÏ swmat–dio, me mËso
qrÏno zw†c 2.2 µs, allà me arket† kinhtik† enËrgeia mpore– na dian‘sei megàlec
apostàseic kai na aniqneute–. 'Omoia kai sthn 3. to eiserqÏmeno netr–no mpore–
na epilege– mionikÏ kai to exerqÏmeno hlektrÏnio na antikatastaje– me µ�. 'Olec
autËc oi antidràseic, an kai pio d‘skolec na pragmatopoihjo‘n sth F‘sh † sto
pe–rama apÏ thn ant–drash p+ p+ e

� ! 2
H + ⌫e, e–nai apodektËc apant†seic tou

probl†matoc.
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