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ÑÒÎ () + Êâàíòîâàÿ Ìåõàíèêà (~) =Êâàíòîâàÿ Òåîðèÿ Ïîëÿ ≡Ôèçèêà Ýëåìåíòàðíûõ ×àñòèö
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ÑÒÎ

x, y, z - çàâèñÿò îò ñèñòåìû êîîðäèíàò;
(x1 − x2)

2 + (y1 − y2)
2 + (z1 − z2)

2 - èíâàðèàíò
(t1 − t2)

2 − (x1 − x2)
2/c2 = inv = (τ1 − τ2)

2

(∆t)2(1 − (v/c)2) = (∆τ)2

∆t = ∆τ/
√

1 − (v/c)2

∆t >> ∆τ åñëè v −→ c
c = 3 1010 ñì/ñåê = 300 000 êì/ñåêÔåððàðè: 300 êì/÷àñ
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ÅÙ� ÑÒÎ

(t, x/c) - 4-âåêòîð â ïñåâäîåâêëèäîâîìïðîñòðàíñòâå

(E, p ∗ c) - åù¼ îäèí ÷åòûðåõâåêòîð
E2 − p2c2 = m2c4 � èíâàðèàíò; ìàññà(ýëåìåíòàðíîé ÷àñòèöû)
E2(1 − v2/c2) = m2c4; E = mc2√

1−v2/c2

π+ - ìåçîí, π+ → µ+νµ τ = 10−8 ñåêóíä,

L = c ∗ τ = 3 ìåòðà
mπ = 140 ÌýÂ, E = 100 �ýÂ, L = 2 êèëîìåòðàNo2PPT - Prosper � p.3/12



Îñöèëëÿöèè íåéòðèíî�îæäåííîå â ïîêîå ìþîííîå íåéòðèíî ÿâëÿåòñÿñóïåðïîçèöèåé ìàññîâûõ ñîñòîÿíèé. Ïîýòîìó çàâðåìÿ

τ =
~

c2∆mîíî ïåðåéäåò â ντ − τ -íåéòðèíî.
~ = 1.05 · 10−34 äæ· ñåê � ïîñòîÿííàÿ Ïëàíêà;ïîÿâëÿåòñÿ â �îðìóëàõ Êâàíòîâîé Ìåõàíèêè.

[~] = [E][t] = [p][x].
~ � êâàíò äåéñòâèÿ.
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Ëåãêîå óëüòðàðåëÿòèâèñòñêîå íåéòðèíîîñöèëëèðóåò â ëàá. ñèñòåìå çà âðåìÿ
t =

~

c2∆m

E

mc2�Óñêîðèòåëüíûå� ìþîííûå íåéòðèíî èìåþò

E ∼ 10 �ýÂ; ìàññû è ðàçíîñòè ìàññ íåéòðèíî

∼ 0.1 ýÂ.Ïîëó÷àåì
L =

~c

∆mc2

E

mc2
∼ 10−4 ñì 10 �ýÂ

0.1 ýÂ ∼ 107 ñì ∼ 100 êì

No2PPT - Prosper � p.5/12



CNGS, OPERA

Figure 1: Top: The main omponents of the CNGS neutrino beam at CERN. Bottom: Sketh of the 730km neutrino trajetory from CERN to Gran Sasso.2 The CNGS neutrino beamFig. 1 top shows the main omponents of the �� beam at CERN [1℄. A 400 GeV protonbeam is extrated from the SPS and is transported to the CNGS target. Seondary pionsand kaons of positive harge are foused into a parallel beam by two magneti lenses, alledhorn and reetor. A long deay pipe allows the pions and kaons to deay into �� and �.The remaining hadrons are absorbed in a beam dump. The muons are monitored by twosets of detetors downstream of the dump.Fig. 1 bottom shows the 730 km path of the CNGS neutrinos from CERN to GranSasso. The beam is optimised for produing a maximum number of CC �� interations inOPERA at Gran Sasso. Fig. 2 left shows the underground layout of the SPS and of CNGSat CERN; Fig. 2 right shows the sheme of the SPS operation during the August 2006 testrun. The energy distribution of the beam at Gran Sasso is shown in Fig. 3: the mean ��beam energy is 17 GeV, the ��� ontamination is �2%, the �e ( ��e) is < 1% and the numberof �� is negligible. The L=E� ratio is 43 km/GeV. The muon beam size at the seond muondetetor at CERN is about � �1 m; this translates into a neutrino beam size at GS of2
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WÝëåêòðîäèíàìèêà: �îòîíûÑëàáûå âçàèìîäåéñòâèÿ: W -áîçîíûÌíîãîîáðàçèå ñëàáûõ âçàèìîäåéñòâèé:ðàñïàä ïèîíà â CERN;ðîæäåíèå τ -ëåïòîíà τ -íåéòðèíî â �ðàí Ñàññî
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Ñîëíöå
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Ôîòîí è W -áîçîí � áðàòüÿ
p + p → DW+∗ → De+νeÈ, áóäü W -áîçîí áåçìàññîâûì,Ñîëíöå ñâåòèëîñü áû

W -áîçîíàìè!!!Êàê äàòü ìàññó W -áîçîíó?À òàê æå, êàê ïîëó÷àåò ìàññó �îòîí âñâåðõïðîâîäíèêå(ý��åêò Ìåéñíåðà; âûòàëêèâàíèå ìàãíèòíîãîïîëÿ èç ñâåðõïðîâîäíèêà).
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Áîã Ëþáèò ÒåîðåòèêîâÂ ìåòàëëå çà ýòî îòâåòñòâåííû ïàðû ýëåêòðîíîâ(êóïåðîâñêèå ïàðû; ñïàðèâàíèå çà ñ÷åòâçàèìîäåéñòâèÿ ñ ðåøåòêîé).Êàê �âûòîëêíóòü� W -áîçîíû èç âàêóóìà?�àçëèòü ïî âàêóóìó õèããñîâñêèé êîíäåíñàò.Ýòî åäèíñòâåííûé ñïîñîá ïîëó÷èòü òåîðèþñëàáûõ âçàèìîäåéñòâèé, â êîòîðîé ìîæíî äåëàòüâû÷èñëåíèÿ.
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Ý��åêò Õèããñà, áîçîí ÕèããñàÌàññû W -áîçîíîâ, ýëåêòðîíîâ, ìþîíîâ,
τ -ëåïòîíîâ, êâàðêîâ âîçíèêàþò áëàãîäàðÿõèããñîâñêîìó êîíäåíñàòó.Îêîí÷àòåëüíîå ïîäòâåðæäåíèå ýëåêòðîñëàáîéòåîðèè:îòêðûòèå áîçîíà Õèããñà.Åãî ìàññà ïðåäñêàçàíà òåîðåòè÷åñêè:

MH = 90 ± 40 �ýÂ
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Êîëëàéäåðû ÖÅ�ÍàÂ CERN íà e+e−-êîëëàéäåðå LEP II ïîëó÷åíîíèæíåå îãðàíè÷åíèå: MH > 114 �ýÂ.
pp-êîëëàéäåð LHC, ðàñïîëîæåííûé â òîì æåòóííåëå, ãäå áûë LEP, íà÷íåò ðàáîòàòü â ýòîìãîäó.Íà íåì áóäåò îòêðûò áîçîí Õèããñà.
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