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Êîìïëåêñ ÂÝÏÏ-2Ì

Ïàðàìåòðû êîìïëåêñà:
√

s = 0.4÷ 1.4 ÃýÂ;

ILmax = 4 · 1030
ñì

2
ñåê

−1;

Ðàáîòàë ñ 1974 ïî 2000 ãã.

Èñïîëüçîâàííûå äàííûå:

Èñïîëüçîâàëèñü äàííûå òðåõ ñêàíèðîâàíèé ñ øàãîì 10 ÌýÂ â îáëàñòè√
s = 1040 ÷ 1380 ÌýÂ ñ ïîëíîé èíòåãðàëüíîé ñâåòèìîñòüþ

9.054 ïá−1.
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Äåòåêòîð ÑÍÄ
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Ñõåìà ÑÍÄ. 1 � âàêóóìíàÿ êàìåðà, 2 � äðåéôîâûå êàìåðû, 3 �
ñöèíòèëëÿöèîííûé ñ÷åò÷èê, 4 � ñâåòîâîäû, 5 � ÔÝÓ, 6 � êðèñòàëëû NaI(Tl),
7 � ôîòîòðèîäû, 8 � ïîãëîòèòåëü (Fe), 9 � ñòðèìåðíûå òðóáêè, 10 � 1 ñì
æåëåçíûå ïëàñòèíû, 11 � ñöèíòèëëÿöèîííûå ñ÷åò÷èêè, 12 � ìàãíèòíûå
ëèíçû, 13 � ïîâîðîòíûå ìàãíèòû.
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Óñëîâèÿ îòáîðà

Ïðîöåññ e+e− → ηπ+π− èçó÷àåòñÿ â êàíàëå ðàñïàäà

η → γγ (Br = 39.38%) .

Íàëè÷èå ðîâíî äâóõ çàðÿæåííûõ ÷àñòèö ñ òðåêàìè â äðåéôîâîé

êàìåðå è ðîâíî äâóõ íåéòðàëüíûõ ÷àñòèö;

0.5 < Etot/2Ebeam < 0.9 � ïîëíîå ýíåðãîâûäåëåíèå â êàëîðèìåòðå;

22.5◦ < θ1,2 < 157.5◦ � ïîëÿðíûé óãîë äëÿ çàðÿæåííûõ ÷àñòèö;

36◦ < θ3,4 < 144◦ � ïîëÿðíûé óãîë äëÿ íåéòðàëüíûõ ÷àñòèö;

ζ3,4 < 0 � ïàðàìåòð êà÷åñòâà ôîòîíîâ (èñïîëüçóåò ïîïåðå÷íîå

ðàñïðåäåëåíèå ýíåðãîâûäåëåíèÿ â êàëîðèìåòðå);

|Z| < 5 ñì � Z-êîîðäèíàòà òî÷êè âûëåòà çàðÿæåííûõ ÷àñòèö ïî

ðåçóëüòàòàì ðåêîíñòðóêöèè;

R1,2 < 1 ñì � ðàññòîÿíèå îò òðåêà äî îñè ïó÷êîâ;

χ2
π+π−γγ < 20 � ïàðàìåòð êèíåìàòè÷åñêîé ðåêîíñòðóêöèè â

ãèïîòåçå e+e− → π+π−γγ.
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Ôîíîâûå ïðîöåññû

Ìîäåëèðîâàííûé ñïåêòð èíâàðèàíòíûõ ìàññ ôîòîíîâ â îáëàñòè√
s ≥ 1300 ÌýÂ
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Ðàñïðåäåëåíèå ïî mγγ � ýêñïåðèìåíò,
ìîäåëèðîâàííûå ñóììàðíûé ôîí è ýôôåêò è
âêëàäû îòäåëüíûõ ôîíîâûõ ïðîöåññîâ ïî

ìîäåëèðîâàíèþ, íîðìèðîâàííûå íà
ýêñïåðèìåíòàëüíóþ èíòåãðàëüíóþ ñâåòèìîñòü.

1 e+e− → ωπ → π+π−2π0

2 e+e− → a1π → π+π−2π0

3 e+e− → π+π−π0

4 e+e− → e+e−γγ

5 e+e− → KSKL

Ïðîöåññ ×èñëî ñîáûòèé

ωπ 231
a1π 181

π+π−π0 19
e+e−γγ 228
KSKL <1

ηπ+π− 268

Ñóììà 927

Ýêñï. 1003
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Îïðåäåëåíèå ÷èñëà ñîáûòèé (η → γγ)π+π−
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1362.5 ÌýÂ≤

√
s ≤ 1387.5 ÌýÂ

Àïïðîêñèìàöèÿ ñïåêòðîâ ïðîèçâîäèòñÿ ñóììîé äâóõ ðàñïðåäåëåíèé

Ãàóññà (ýôôåêò) è ïîëèíîìà âòîðîé ñòåïåíè (ôîí).
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Ýôôåêòèâíîñòü ðåãèñòðàöèè

, MeVs
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Çàâèñèìîñòü ýôôåêòèâíîñòè ðåãèñòðàöèè ïðîöåññà e+e− → ηπ+π− îò

ýíåðãèè äëÿ ðàçëè÷íûõ ñêàíèðîâàíèé.
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Àïïðîêñèìàöèÿ áîðíîâñêîãî ñå÷åíèÿ e+e− → ηπ+π−

Ôóíêöèÿ äëÿ àïïðîêñèìàöèè âûáðàíà íà îñíîâå ðàáîòû 1.

σB(s) = 4α2

3
1

s
√

s
|F (s)|2

(
√

s−mη)2∫
4m2

π

√
q2Γρ(q2)p3

η(s,q2)

(q2−m2
ρ)2+(

√
q2Γρ(q2))2

dq2,

p2
η =

(s−m2
η−q2)2−4m2

ηq2

4s

(1)

Çàâèñèìîñòü øèðèíû ρ(770) îò ýíåðãèè îïèñûâàåòñÿ ôîðìóëîé:

Γρ(q
2) = Γρ(m

2
ρ)

m2
ρ

q2

(
p2

π(q2)
p2

π(m2
ρ)

) 3
2
,

p2
π(q2) = q2

4 −m2
π

(2)

1Í.Í. À÷àñîâ, Â.À. Êàðíàêîâ. Ê èññëåäîâàíèþ ðåàêöèè e+e− → ηπ+π−. Ïèñüìà â
ÆÝÒÔ ò.39 âûï. 6, 1984.
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Ôîðìôàêòîð F (s) îïèñûâàåòñÿ êàê

F (s) =
∑
V

m2
V

gV γ

gV ρη

s−m2
V + i

√
sΓV (s)

(3)

Ãäå V = ρ(770), ρ(1450) è ρ(1700).
Äëÿ ρ(1450) è ρ(1700) ïðèíèìàåòñÿ ΓV (s) = ΓV (m2

V ).
Çíà÷åíèÿ gρρη è gργ âû÷èñëÿëèñü èç äàííûõ PDG ïî ôîðìóëàì2:

g2
ργ = 4π

3 α2 mρ

Γρ→e+e−
, gργ = 4.97

g2
ρηγ = 24

α m3
ρ

Γρ→ηγ

(m2
V −m2

η)3
,

gρρη = gργgρηγ = 0.007786 ÌýÂ−1

(4)

AV = gV ργ/gV γ . Ñâîáîäíûìè ïàðàìåòðàìè àïïðîêñèìàöèè ÿâëÿþòñÿ

Aρ(1450) è Aρ(1700). Ôàçû ïðåäïîëàãàþòñÿ ðàâíûìè 0 èëè π.

2M.N. Achasov, Study of the process e+e− → π+π− in the energy region 400 <
√

s < 1000
MeV. arXiv:hep-ex/0506076, 2005.
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Âû÷èñëåíèå ðàäèàöèîííûõ ïîïðàâîê

Ñ èñïîëüçîâàíèåì ôóíêöèè σB(s) ñòðîèòñÿ ôóíêöèÿ, îïèñûâàþùàÿ âèäèìîå
ñå÷åíèå3:

σvis(s) =

2Emax√
s∫

0

F (z, s)σB(s(1− z))dz (5)

Ãäå F (z, s) � ïëîòíîñòü âåðîÿòíîñòè èçëó÷åíèÿ ôîòîíà ñ ýíåðãèåé z
√

s/2.
Ôóíêöèÿ σvis(s) èñïîëüçóåòñÿ äëÿ àïïðîêñèìàöèè èçìåðåííîãî âèäèìîãî
ñå÷åíèÿ ñ ïîìîùüþ ïðîãðàììû FIT4.
Ðàäèàöèîííàÿ ïîïðàâêà âû÷èñëÿåòñÿ ïî ôîðìóëå:

1 + δ(s) =
σvis(s)

σB(s)
(6)

σexp
B (si) =

σexp
vis (si)

1 + δ(si)
(7)

3Ý.À. Êóðàåâ, Â.Ñ. Ôàäèí. Î ðàäèàöèîííûõ ïîïðàâêàõ ê ñå÷åíèþ îäíîôîòîííîé
àííèãèëÿöèè e+e−-ïàðû áîëüøîé ýíåðãèè.

4À.Â. Áîæåíîê è äð. Ïàêåò ïðîãðàìì àïïðîêñèìàöèè ñå÷åíèé â ýêñïåðèìåíòå ÑÍÄ.
Ïðåïðèíò ÈßÔ 99-103, 1999.
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Áîðíîâñêîå ñå÷åíèå

Ðåçóëüòàòû èçìåðåíèÿ áîðíîâñêîãî ñå÷åíèÿ äëÿ ïðîöåññà

e+e− → ηπ+π− íà ÑÍÄ. Äëÿ ñðàâíåíèÿ ïðèâåäåíû äàííûå BaBar5 è

ÊÌÄ26.
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Àïïðîêñèìàöèÿ ïî äàííûì ÑÍÄ
(äî 1400 ÌýÂ) è BaBar
(1400 ÷ 2000 ÌýÂ).
χ2 = 25.61/18, P = 11%.

5B. Aubert et al. The e+e− → 2(π+π−)π0, 2(π+π−)η, K+K−π+π−π0 and
K+K−π+π−η Cross Sections Measured with Initial-State Radiation. arXiv:0708.2461v1
[hep-ex] 18 Aug 2007.

6R.R. Akhmetshin et al. Study of the process e+e− → π+π−π+π−π0 with the CMD-2
detector. Phys. Lett. B 489 (2000) 125-130.
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Çàêëþ÷åíèå

Ïîëó÷åíû ïðåäâàðèòåëüíûå ðåçóëüòàòû èçìåðåíèÿ ñå÷åíèÿ

ïðîöåññà e+e− → ηπ+π− â îáëàñòè
√

s = 1.04 ÃýÂ ÷ 1.38 ÃýÂ.

Ïîëó÷åííûå ðåçóëüòàòû ñîãëàñóþòñÿ ñ ðåçóëüòàòàìè BaBar è

ÊÌÄ-2, ïðè ýòîì èìåþò ëó÷øóþ ñòàòèñòè÷åñêóþ òî÷íîñòü.
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Òàáëèöà: Áîðíîâñêîå ñå÷åíèå
√

s, ÌýÂ σvis, íá σB, íá 1 + δ

1080.43 <0.19 CL=95% <0.217 CL=95% 0.875

1167.29 0.074 ± 0.047 0.084 ± 0.054 0.876

1237.63 0.221 ± 0.081 0.253 ± 0.093 0.872

1289.71 0.336 ± 0.100 0.388 ± 0.116 0.868

1325.54 0.600 ± 0.165 0.693 ± 0.192 0.866

1351.41 0.645 ± 0.114 0.743 ± 0.134 0.867

1376.52 1.107 ± 0.188 1.271 ± 0.218 0.871
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Îòáîð
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îãðàíè÷åíèÿ íà êà÷åñòâî ôîòîíîâ.
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×èñëî ñîáûòèé è ñå÷åíèå ðåãèñòðàöèè â èíòåðâàëàõ

Ýêñïåðèìåíò MHAD9701
Èíòåðâàë, 2Ē, ×èñëî Èíòåãðàëüíàÿ Ñå÷åíèå

MeV MeV ñîáûòèé ñâåòèìîñòü, íá−1 ðåãèñòðàöèè, ïá
1012.5-1112.5 1080.4 -2.06 ± 3.15 381.78 -5.4 ± 8.2
1112.5-1212.5 1167.3 1.60 ± 1.67 69.32 23.1 ± 24.1
1262.5-1312.5 1289.7 0.71 ± 1.71 23.26 30.5 ± 73.4

Ýêñïåðèìåíò MHAD9702
Èíòåðâàë, 2Ē, ×èñëî Èíòåãðàëüíàÿ Ñå÷åíèå

MeV MeV ñîáûòèé ñâåòèìîñòü, íá−1 ðåãèñòðàöèè, ïá
1012.5-1112.5 1080.4 1.3 ± 3.5 426.65 3.0 ± 8.3
1112.5-1212.5 1167.3 16.9 ± 8.5 1056.91 16.0 ± 8.0
1212.5-1262.5 1237.6 20.9 ± 7.9 805.07 26.0 ± 9.9
1262.5-1312.5 1289.7 37.6 ± 11.2 1192.67 31.5 ± 9.4
1312.5-1337.5 1325.5 29.2 ± 8.0 528.58 55.2 ± 15.2
1337.5-1362.5 1351.4 54.4 ± 11.0 740.84 73.4 ± 14.9
1362.5-1387.5 1376.5 72.8 ± 12.4 735.91 98.9 ± 16.8
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Ýêñïåðèìåíò MHAD9901
Èíòåðâàë, 2Ē, ×èñëî Èíòåãðàëüíàÿ Ñå÷åíèå

MeV MeV ñîáûòèé ñâåòèìîñòü, íá−1 ðåãèñòðàöèè, ïá
1012.5-1112.5 1080.4 -2.9 ± 4.5 929.45 -3.1 ± 4.8
1112.5-1212.5 1167.3 2.0 ± 6.6 1156.15 1.7 ± 5.7
1212.5-1262.5 1237.6 5.5 ± 5.3 428.18 12.9 ± 12.5
1337.5-1362.5 1351.4 25.8 ± 8.3 579.67 44.6 ± 14.3
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Ýôôåêòèâíîñòü è âèäèìîå ñå÷åíèå

Ýêñïåðèìåíò MHAD9701√
s, MeV σreg, ïá ε, % σvis, íá

1012.5-1112.5 -5.4 ± 8.2 9.65 -0.056 ± 0.086
1112.5-1212.5 23.1 ± 24.1 9.64 0.239 ± 0.251
1212.5-1262.5 � 9.55 �
1262.5-1312.5 30.5 ± 73.4 9.44 0.323 ± 0.778
1312.5-1337.5 � 9.34 �
1337.5-1362.5 � 9.25 �
1362.5-1387.5 � 9.16 �

Ýêñïåðèìåíò MHAD9702√
s, MeV σreg, ïá ε, % σvis, íá

1012.5-1112.5 3.0 ± 8.3 9.66 0.031 ± 0.086
1112.5-1212.5 16.0 ± 8.0 9.66 0.165 ± 0.083
1212.5-1262.5 25.9 ± 9.9 9.53 0.272 ± 0.103
1262.5-1312.5 31.5 ± 9.4 9.36 0.337 ± 0.101
1312.5-1337.5 55.2 ± 15.2 9.21 0.600 ± 0.165
1337.5-1362.5 73.4 ± 14.9 9.07 0.809 ± 0.164
1362.5-1387.5 98.9 ± 16.8 8.93 1.107 ± 0.188
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Ýêñïåðèìåíò MHAD9901√
s, MeV σreg, ïá ε, % σvis, íá

1012.5-1112.5 -0.003 ± 0.005 9.75 -0.032 ± 0.049
1112.5-1212.5 0.002 ± 0.006 9.61 0.018 ± 0.059
1212.5-1262.5 0.013 ± 0.012 9.44 0.136 ± 0.132
1262.5-1312.5 � 9.28 �
1312.5-1337.5 � 9.16 �
1337.5-1362.5 0.045 ± 0.014 9.06 0.492 ± 0.158
1362.5-1387.5 � 8.96 �

Âèäèìîå ñå÷åíèå, óñðåäíåííîå ïî

ýêñïåðèìåíòàì√
s, MeV σvis, íá

1012.5-1112.5 -0.024 ± 0.038
1112.5-1212.5 0.074 ± 0.047
1212.5-1262.5 0.221 ± 0.081
1262.5-1312.5 0.336 ± 0.100
1312.5-1337.5 0.600 ± 0.165
1337.5-1362.5 0.645 ± 0.114
1362.5-1387.5 1.107 ± 0.188

σi
vis ± δi, i=9701, 9702, 9901

wi = 1/δ2
i

W =
∑

i wi

σvis = 1
W

∑
i wiσ

i
vis
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Ïîïðàâêà ê ýôôåêòèâíîñòè

Ïîïðàâêà ó÷èòûâàåò íåòî÷íîñòü ìîäåëèðîâàíèÿ ìíîæåñòâåííîñòè

ôîòîíîâ.

Èñïîëüçîâàí ïðîöåññ e+e− → 3π íà ýíåðãèè
√

s = mφ = 1020 ÌýÂ.

Îòáîð ñîáûòèé ïðîèçâîäèëñÿ ñ ïîìîùüþ òåõ æå óñëîâèé, ÷òî è

ñîáûòèé èçó÷àåìîãî ïðîöåññà â äðóãîé îáëàñòè èíâàðèàíòíûõ ìàññ

ôîòîíîâ.

Ïóñòü N exp
2γ - ÷èñëî ýêñïåðèìåíòàëüíûõ îòîáðàííûõ ñîáûòèé ñ äâóìÿ

ôîòîíàìè;

N exp - ÷èñëî ýêñïåðèìåíòàëüíûõ îòîáðàííûõ ñîáûòèé ñ ïðîèçâîëüíûì

÷èñëîì ôîòîíîâ;

Nmc
2γ - ÷èñëî ìîäåëèðîâàííûõ îòîáðàííûõ ñîáûòèé ñ äâóìÿ ôîòîíàìè;

Nmc - ÷èñëî ìîäåëèðîâàííûõ îòîáðàííûõ ñîáûòèé ñ ïðîèçâîëüíûì

÷èñëîì ôîòîíîâ.

δeff =
N exp

2γ /N exp

Nmc
2γ /Nmc

(8)
δeff = 0.9695
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