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Ââåäåíèå

Èçìåðåíèå ñå÷åíèÿ e+e− → ηγ, η → γγ â
îáëàñòè ýíåðãèè E = 0.98− 1.06 ÃýÂ

Îñíîâíîé âêëàä â ñå÷åíèå ϕ(1020) → ηγ

Èíòåðôåðåíöèÿ ñ ρ(770) è âûøåëåæàùèìè
ðåçîíàíñàìè ÿâëÿåòñÿ îñíîâíûì èñòî÷íèêîì
ìîäåëüíîé îøèáêè

Èçìåðåíèå øèðèí ìàãíèòîäèïîëüíûõ
ðàäèàöèîííûõ ïåðåõîäîâ ìåæäó ñêàëÿðíûìè
è âåêòîðíûìè ìåçîíàìè èñïîëüçóþòñÿ äëÿ
èçó÷åíèÿ ñìåøèâàíèÿ η − η′

Èçó÷åíèå íàðóøåíèÿ SU(3) ñèììåòðèè

Ïðîâåðêà ôåíîìåíîëîãè÷åñêèõ ìîäåëåé

3.5 4 4.5 5 5.5 6
6 10×) γη→φ) B(-e+ e→φB(

Stat. Only Total PDG

SND 2007
-6 10× 0.118) ± 0.067 ±(4.050 

CMD-2 2005
-6 10× 0.247) ± 

-0.043

+0.040(4.093

CMD-2 2001
-6 10× 0.159) ± 0.041 ±(3.850 

SND 2000
-6 10× 0.11) ± 0.04 ±(4.00 

CMD-2 1999
-6 10× 0.17) ± 0.08 ±(3.53 
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Êîëëàéäåð ÂÝÏÏ-2000

Îñíîâíûå ïàðàìåòðû

ÂÝÏÏ-2000:
Äèàïàçîí ýíåðãèè 0.3− 2.0 ÃýÂ

Ïåðèìåòð - 24.4 ì

Ñâåòèìîñòü íà 1.8 ÃýÂ 0.9 · 1032
ñì−2 ñ−1

Íàáðàíî áîëüøå 1 ôá−1 ñ 2010
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Äåòåêòîð ÑÍÄ
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9 ñëîéíàÿ äðåéôîâàÿ êàìåðà

Àýðîãåëåâûé ñ÷åò÷èê äëÿ K/π
ðàçäåëåíèÿ (p > 300MeV )

Ýëåêòðîìàãíèòíûé êàëîðèìåòð
1640 êðèñòàëëîâ NaI(Tl)
18◦ < θ < 162◦ (95% òåëåñíîãî
óãëà)

Ìþîííàÿ ñèñòåìà
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Èíòåãðàëüíàÿ ñâåòèìîñòü

Èçìåðåíèå ïðîâîäèëîñü â äèàïàçîíå ýíåðãèè îò 980 ÌýÂ äî 1060 ÌýÂ

Ñóììàðíàÿ èíòåãðàëüíàÿ ñâåòèìîñòü ñîñòàâèëà 73 ïá−1

Â 7 ðàç áîëüøå â ïèêå ïî ñðàâíåíèþ ñ ïðåäûäóùèì èçìåðåíèåì
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Îòáîð ñîáûòèé e+e− → ηγ

Òðè è áîëåå ôîòîíà â

äåòåêòîðå

Îòñóòñòâèå òðåêîâ

Õîðîøèé χ2

êèíåìàòè÷åñêîé

ðåêîíñòðóêöèè

Îñíîâíûå ôîíîâûå

ïðîöåññû:

e+e− → 2γ(γ)

e+e− → π0γ
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Âûáîð ïàðû ôîòîíîâ îò ðàñïàäà η

Ðàâíîìåðíî ðàñïðåäåë¼ííûå òî÷êè: e+e− → 2γ(γ)

Èíâàðèàíòíàÿ ìàññà ïàðû ôîòîíîâ îò e+e− → ηγ è e+e− → π0γ
ãðóïïèðóþñÿ âáëèçè ìàññ η è π0 ñîîòâåòñòâåííî

Ðàñïðåäåëåíèå Äàëèòöà â ïèêå ðåçîíàíñà
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Ïîäãîíêà ðàñïðåäåëåíèÿ ïî Mγγ

Äëÿ ïîäãîíêè èñïîëüçîâàëàñü ôóíêöèÿ, ñîñòàâëåííàÿ èç ðàñïðåäåëåíèÿ ñèãíàëà è
ôîíà
NsigFsig + Fbkg
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Àïïðîêñèìàöèÿ ñå÷åíèÿ

Äîáàâëåíî èçìåðåííîå ñå÷åíèå â
îáëàñòè Å=1.07-2.0 ÃýÂ
SND Phys.Atom.Nucl. 86 (2023) 6,
1157

Ïîäãîíêà ñå÷åíèÿ ïðîâîäèëàñü â
ìîäåëè âåêòîðíîé äîìèíàíòíîñòè

Âêëàä
ρ(770), ω(782), ϕ(1020), ρ(1450), ϕ(1680)
ó÷èòûâàëñÿ â ïîäãîíêå

φω = 0◦, φϕ(1680) = φρ(1450) + 180◦

σηγ(E) =
q(E)3

E 3

∣∣∣∣∣∣
∑

V=ρ,ω,ϕ,ρ′,ϕ′

AV (E)

∣∣∣∣∣∣
AV (E) =

mVΓV e
iϕV

DV (E)

√
m3

V

q(mV )3
σVηγ

DV (E) = m2
V − E 2 − iEΓV (E),

q(E) =
E

2

(
1−

m2
η

E 2

)
,
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Àïïðîêñèìàöèÿ ñå÷åíèÿ
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Ïîëó÷åíî ÷åòûðå ðàçëè÷íûõ ðåøåíèÿ

Õîðîøåå êà÷åñòâî ïîäãîíêè

Íåîäíîçíà÷íîñòü â âûáîðå ðåøåíèÿ

Parameter Solution 1 Solution 2 Solution 3 Solution 4

σϕ, nb 60.69+0.36
−0.39 56.39+0.35

−0.31 57.24+0.42
−0.50 61.19+0.34

−0.38

ϕϕ, deg . 192± 6 124± 5 150± 8 215± 5

σρ′ , pb 3.6+3.0
−2.2 1.5+2.2

−1.5 28.5+6.6
−6.8 32.7+8.0

−8.2

σϕ′ , pb 5.4+8.7
−3.5 4.6+6.2

−3.0 3.5+2.7
−3.5 3.0+4.5

−3.0

ϕρ′ , deg . 28± 31 39± 28 −103± 9 −147± 8
∆E18, keV 40± 10 41± 10 40± 10 40± 10
∆E24, keV −213± 15 −208± 15 −211± 14 −214± 15
χ2/ndf 35.2/37 37.4/37 37.6/37 36.5/37
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Òî÷íîñòü èçìåðåííîãî ñå÷åíèÿ

Â ïèêå ðåçîíàíñà ñòàò. îøèáêà
ñîñòàâëÿåò 0.7%

Íà ãðàíèöå ñòàò. îøèáêà
ñîñòàâëÿåò 33%

Äâà ñêàíèðîâàíèÿ
ñîãëàñóþòñÿ ìåæäó ñîáîé

Èñòî÷íèê ñèñò. íåîï. ∆σ/σ,%
Ñâåòèìîñòü 0.6
Óãîë θ 0.6

χ2 êèí. ôèòà 0.3 - 0.6
B(η → γγ) 0.5

Ðàçáðîñ ýíåðãèè σE 0 - 0.7
N ñèã. ñîáûòèé 0.1 - 15

Èòîãî 1.0 - 15 1000 1010 1020 1030 1040 1050
E, MeV
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Ñðàâíåíèå ñ ïåðäûäóùèìè ðåçóëüòàòàìè

Ïîëó÷åííîå ñå÷åíèå ∼ 5% âûøå ïî ñðàâíåíèþ ñ ïðåäûäóùèìè

èçìåðåíèÿìè
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B(ϕ → e+e−)B(ϕ → ηγ)

σϕ = 12πB(ϕ → e+e−)B(ϕ → ηγ)/m2
ϕ

B(ϕ → e+e−)B(ϕ → ηγ) = (4.297+0.022
−0.025 ± 0.050) · 10−6

(Ðåøåíèå 1)
B(ϕ → e+e−)B(ϕ → ηγ) = (3.993+0.024

−0.021 ± 0.047) · 10−6

(Ðåøåíèå 2)
B(ϕ → e+e−)B(ϕ → ηγ) = (4.053+0.034

−0.028 ± 0.052) · 10−6

(Ðåøåíèå 3)
B(ϕ → e+e−)B(ϕ → ηγ) = (4.332+0.024

−0.027 ± 0.050) · 10−6

(Ðåøåíèå 4)

Âêëàä ∆B/B,%
Ñå÷åíèå 1.1 - 1.2

σρ 0.4 - 0.6
Γϕ 0.2

∆E18, σρ, σϕ′ , ϕρ′ 0.4
Âñåãî 1.2 - 1.4

3.5 4 4.5 5 5.5 6
6 10×) γη→φ) B(-e+ e→φB(

Stat. Only Total PDG

SND 2025 (This work)
-6 10× 0.050) ± 

-0.025

+0.022(4.297

SND 2007
-6 10× 0.118) ± 0.067 ±(4.050 

CMD-2 2005
-6 10× 0.247) ± 

-0.043

+0.040(4.093

CMD-2 2001
-6 10× 0.159) ± 0.041 ±(3.850 

SND 2000
-6 10× 0.11) ± 0.04 ±(4.00 

CMD-2 1999
-6 10× 0.17) ± 0.08 ±(3.53 

Ñóíãóðîâ Ê. Ä. (ÈßÔ ÑÎ ÐÀÍ) Èçìåðåíèå ñå÷åíèÿ e+e− → ηγ 10 Ìàðòà, 2026 13 / 14



Çàêëþ÷åíèå

Áûëî èçìåðåíî ñå÷åíèå e+e− → ηγ â îáëàñòè ýíåðãèè 980-1060

ÌýÂ

Ñóììàðíàÿ îøèáêà èçìåðåííîãî ñå÷åíèÿ â ìàêñèìóìå ϕ(1020)
ðåçîíàíñà ñîñòàâèëà 1.5%

Èçìåðåííîå ñå÷åíèå èìååò íàèëó÷øóþ òî÷íîñòü íà äàííûé

ìîìåíò è ëåæèò âûøå ïî ñðàâíåíèþ ñ ïðåäûäóùèìè èçìåðåíèÿìè

Èç ïîäãîíêè ñå÷åíèÿ â ìîäåëè âåêòîðíîé äîìèíàíòíîñòè áûëî

ïîëó÷åíî ïðîèçâåäåíèå B(ϕ → e+e−)B(ϕ → ηγ)

Îïóáëèêîâàíà ñòàòüÿ â Phys.Rev.D 113 (2026) 052003
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Ïðèëîæåíèå
Èçìåðåíèå ñâåòèìîñòè

Äëÿ èçìåðåíèÿ ñâåòèìîñòè èñïîëüçîâàëñÿ ïðîöåññ e+e− → γγ

Ïðîöåäóðà èçìåðåíèÿ ñâåòèìîñòè âçÿòà èç ðàáîòû

ÑÍÄ PRD 110 (2024)7, 072001 (e+e− → KSKL)

Selection criteria:

Íåò çàðÿæåíûõ òðåêîâ;

Íå ìåíåå 2 ôîòîíà;

E2 > 0.3
√
s;

|∆ϕ| = ||ϕ1−ϕ2|−180◦| < 15◦;

|∆θ| = |θ1 + θ2 − 180◦| < 25◦;

θ∗ = (180◦−|θ1−θ2|)/2 > 45◦;

Âêëàä ∆IL,%

Óñëîâèå θ∗ > 45◦ 0.5

Óñëîâèå |∆θ| < 25◦ 0.04

Óñëîâèå E1,E2 > 0.3E 0.04

Ôîí îò ðàñïàäà ϕ 0.2

Òåîðèòè÷åñêàÿ 0.1

Êîñìè÷åñêèé ôîí < 0.1

Âñåãî 0.6
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Ïðèëîæåíèå
Âûáîð ïàðû ôîòîíîâ îò ðàñïàäà η

Ïðîöåäóðà âûáîðà ïàðû ôîòîíîâ (E1 > E2 > E3):

CMD-2 Phys.Lett.B605 (2005) 26-36

E3 <
m2

η√
s
→ Mγγ = M13 =

√
4Eb (Eb − E2)

E3 >
m2

η√
s
→ Mγγ = M23 =

√
4Eb (Eb − E1)

Äîïîëíèòåëüíîå óñëîâèå îòáîðà
350ÌýÂ< Mγγ < 750 ÌýÂ

Ãðàíèöà îáëàñòåé
M2

13 +M2
23 = 4E2 −M2

12 = 2M2
η
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Ïðèëîæåíèå
Ïîäãîíêà ðàñïðåäåëåíèÿ ïî Mη

Fbkg = α
[
β · F I

bkg + ((1− β) · D + 1) · F II
bkg

]
E = 1020 MeV
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Ïðèëîæåíèå
Àïïðîêñèìàöèÿ ñå÷åíèÿ

J el =
2

3
J u − 1

3
J d − 1

3
J s

J el =
1√
2
J ρ +

1

3
√
2
J ω − 1

3
J ϕ
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