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1 Ñïåêòð ôîòîíîâ ñèíõðîòðîííîãî èçëó÷åíèÿ

Ýíåðãèÿ, èçëó÷åííàÿ ýëåêòðîíîì ïðè ïîâîðîòå ñ ðàäèóñîì ρ íà óãîë θ îïðåäåëÿåòñÿ âûðàæåíèåì:
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ñèíõðîòðîííîãî èçëó÷åíèÿ è èõ ýíåðãåòè÷åñêèé ñïåêòð îïðåäåëÿþòñÿ âûðàæåíèÿìè [1]:
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Ai(z) è Ai′(z) � ôóíêöèÿ Ýéðè è åå ïðîèçâîäíàÿ. Ñðåäíåå ÷èñëî èçëó÷åííûõ îäíèì ýëåêòðîíîì ôîòîíîâ
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Ïðè ïðîëåòå óëüòðàðåëÿòèâèñòñêîãî ýëåêòðîíà ÷åðåç ïîëå âñòðå÷íîãî ñãóñòêà óñðåäíåííûå ðàäèóñû

è óãëû ïîâîðîòà ýëåêòðîíà ðàâíû [2]:
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, ãäå Np - ÷èñëî ÷àñòèö âî âñòðå÷íîì áàí÷å, (4)
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σx � σy � ïîïåðå÷íûé ãîðèçîíòàëüíûé ðàçìåð ñãóñòêà, σz � ïðîäîëüíûé ðàçìåð ñãóñòêà, Θ � óãîë
âñòðå÷è ïó÷êîâ (äàëåå Θ = 0.015).

Èçëó÷åííûå â ïîëå âñòðå÷íîãî ñãóñòêà ôîòîíû ïðåäïîëîæèòåëüíî ìîãóò ðàññåèâàòüñÿ íà ýëåêòðî-
íàõ (ïîçèòðîíàõ) âñòðå÷íîãî ñãóñòêà. Äëÿ îöåíêè âåëè÷èíû ýòîãî ýôôåêòà ïðåäëàãàåòñÿ ñëåäóþùàÿ
ïîñëåäîâàòåëüíîñòü äåéñòâèé:

1. Âû÷èñëÿåì ñïåêòð è èíòåíñèâíîñòü ïó÷êî-òîðìîçíîãî èçëó÷åíèÿ îäíîãî ýëåêòðîíà çà îäíî ñòîëê-
íîâåíèå ïó÷êîâ.

2. Óìíîæàåì ïîëó÷èâøèéñÿ ñïåêòð íà çàâèñèìîñòü ïîëíîãî ñå÷åíèÿ êîìïòîíîâñêîãî ðàññåÿíèÿ îò
ýíåðãèè ãàììà êâàíòà ïðè ôèêñèðîâàííîé ýíåðãèè ÷àñòèö âñòðå÷íîãî ïó÷êà.

3. Óìíîæàåì ðåçóëüòàò íà âåëè÷èíó ðàñ÷åòíîé e+e− ñâåòèìîñòè, ïðåäïîëàãàÿ îäèíàêîâîñòü ãåîìåò-
ðèè îáëàñòè âçàèìîäåéñòâèÿ.
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Íà îñíîâå ïðèâåäåííûõ âûøå ôîðìóë çàïèøåì ñâîäíóþ òàáëèöó îñíîâíûõ ïàðàìåòðîâ çàäà÷è:

Òàáëèöà 1: Ñâîäíàÿ òàáëèöà ïàðàìåòðîâ
Beam energy, E0 [GeV] 45.6 80.0 120.0 175.0

Beam current [mA] 1390 147 29 6

Bunches / ring 70760 7280 826 64

Particles / bunches 4.00e+10 4.10e+10 7.10e+10 2.04e+11

σx at I.P. [m] 6.36e-06 1.67e-05 2.51e-05 3.66e-05

σz at I.P. [m] 4.10e-03 2.30e-03 2.20e-03 2.90e-03

Piwinsky parameter 9.66 2.06 1.31 1.19

ρx, ρy [m] 2.07e+01 5.22e+01 6.48e+01 6.32e+01

θx, θy [rad] 2.04e-05 1.92e-05 2.05e-05 2.95e-05

U [eV] 6.02e+04 2.13e+05 9.26e+05 6.16e+06

Ec [eV] 1.02e+07 2.18e+07 5.91e+07 1.88e+08

〈nγ〉 0.019 0.032 0.051 0.106

Luminosity/IP [cm−2s−1] 1.37e+36 1.64e+35 4.60e+34 1.40e+34

photon energy [eV]1 10 210 310 410 510 610 710 810 910

>
 / 

[1
eV

]
γ

<
N

14−10

13−10

12−10

11−10

10−10

9−10

8−10

7−10

6−10

5−10

4−10

Photon emission probability vs photon energy

Ðèñ. 1: Ñðåäíåå ÷èñëî ôîòîíîâ ïó÷êî-òîðìîçíîãî èçëó÷åíèÿ îäíîãî ýëåêòðîíà çà îäíî ñòîëêíîâåíèå.
Ïàðàìåòðû äëÿ ðàñ÷åòà âçÿòû èç ïîñëåäíåãî ñòîëáöà Òàáëèöû 1.
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2 Çàâèñèìîñòü êîìïòîíîâñêîãî ñå÷åíèÿ îò ýíåðãèè ôîòîíîâ ÑÈ

Ñå÷åíèå êîìïòîíîâñêîãî ðàññåÿíèÿ [3] çàâèñèò îò ïàðàìåòðà κ = 4EγE0/(mc
2)2:
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Ðåçóëüòàò ïðåäñòàâëåí íà Ðèñ. 2. Âû÷èñëèì ýêâèâàëåíòíîå ñå÷åíèå ïðîöåññà, â êîòîðîì ýëåêòðîí (ïî-
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Compton scattering cross section vs initial photon energy (E

Ðèñ. 2: Çàâèñèìîñòü ñå÷åíèÿ ðàññåÿíèÿ ôîòîíà íà âñòðå÷íîì ýëåêòðîíå ñ ýíåðãèåé E0 = 175 ÃýÂ îò
ýíåðãèè ôîòîíà.

çèòðîí) èçëó÷àåò ôîòîí â ïîëå âñòðå÷íîãî ñãóñòêà, à çàòåì ýòîò ôîòîí ðàññåèâàåòñÿ íà ïîçèòðîíå (ýëåê-
òðîíå) âñòðå÷íîãî áàí÷à. Òàêîå �ñå÷åíèå� îïðåäåëÿåòñÿ ïðîèçâåäåíèåì ôîðìóë (3) è (6) è ñîîòâåòñòâóþ-
ùèìè ïàðàìåòðàìè èç Òàáëèöû 1. Èçîáðàæåíî íà Ðèñ. 3.
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Emission probability multiplied by scattering x-section (E

Ðèñ. 3: Çàâèñèìîñòü ýêâèâàëåíòíîãî ñå÷åíèÿ ðîæäåíèÿ + ðàññåÿíèÿ ôîòîíà íà âñòðå÷íîì ýëåêòðîíå ñ
ýíåðãèåé E0 = 175 ÃýÂ îò ýíåðãèè ôîòîíà.
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3 Îöåíêà ïîòîêà γ-èçëó÷åíèÿ è ïîòåðü ýëåêòðîíîâ èç ïó÷êà

Îñòàëîñü ïðîèíòåãðèðîâàòü è óìíîæèòü ïîëó÷åííîå �ñå÷åíèå� íà ñâåòèìîñòü. (Âïîëíå âåðîÿòíî, ÷òî
íàäî áóäåò åùå ïîäåëèòü íà äâà èëè îêîëî òîãî...) Â ýòîì ïðîöåññå ýëåêòðîíû è ïîçèòðîíû èçëó÷àþò
æåñòêèé ãàììà êâàíò è âûáûâàþò èç ïó÷êà â áëèæàéøåì ìàãíèòå. Ðåçóëüòàòû ïðèâåäåíû â Òàáëèöå 2:

Òàáëèöà 2: Ñâîäíàÿ òàáëèöà ðåçóëüòàòîâ
Ýíåðãèÿ ïóñêà, E0 [ÃýÂ] 45.6 80.0 120.0 175.0

Ñâåòèìîñòü/IP, L [cm−2s−1] 1.37 · 1036 1.64 · 1035 4.6 · 1034 1.4 · 1034
Êîë-âî áàí÷åé, Nb 70760 7280 826 64

×àñòèö â áàí÷å, Ne 4.0 · 1010 4.1 · 1010 7.1 · 1010 2.0 · 1011
�ñå÷åíèå�, σ∗ [×10−28ñì2] 1.2 1.3 1.3 1.6

L · σ∗ [1/ñ] 1.6 · 108 2.1 · 107 6.0 · 106 2.2 · 106
L · σ∗/Nb [1/ñ] 2.3 · 103 2.9 · 103 7.2 · 103 3.5 · 104
âðåìÿ æèçíè [ñ] 1.7 · 107 1.4 · 107 0.9 · 107 0.6 · 107
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