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Ââåäåíèå

Èçó÷àåìàÿ ðåàêöèÿ

π− +Be → φπ0 + A∗
, φ→K+K−

, π0→γγ.
φπ0

-ñèñòåìà I = 1 ⇒ ñîñòîèò èç qq̄ss̄ ⇒ OZI ïîäàâëåíèå

Íàáîð êâàíòîâûõ ÷èñåë φπ0
-ñèñòåìû

L S P D F

JPC 1+− 0−− 1−− 2−− 1+− 2+− 3+− 2−− 3−− 4−−

b1 nonqq̄ ρ1 ρ2 b1 nonqq̄ b3 ρ2 ρ3 ρ4

Ëåïòîí-Ô(ÈÔÂÝ) π− + LiH→K+K−π0 +A∗ @32.5�ýÂ
N = 349 ± 46, C(1480), Γ = 130 ± 60ÌýÂ, BR(φπ)/BR(ωπ) > 0.5

E852(BNL) π− + p→K+K−π0 + n @18�ýÂ N ∼ 1000 Mφπ < 1.75�ýÂ

BaBar,SND,BESIII e+e−→KK̄π0
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Óñòàíîâêà ÂÅÑ

Îñü z - âäîëü ïó÷êà, y - ââåðõ, x - äî ïðàâîé òðîéêè

MWG: S1 · S2 · S3 ·A10 · A11 ·K1 ·K2

MAIN: MWG · TargetVeto
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Äàííûå è Ìîíòå-Êàðëî

Àíàëèçèðîâàëèñü äàííûå ýêñïîçèöèè 2.5 · 1011 ïó÷îâûõ ÷àñòèö áåç ó÷åòà

ìåðòâîãî âðåìåíè.

�àñïðåäåëåíèå äàííûõ ïî ñåàíñàì

Ñåàíñû run44 run45 run47 run48 run59 ñóììà

2012 2013 2015 2015 2022

MAIN,109 2.20 1.46 1.08 1.29 0.87 6.90

MWG,108 0.15 0.10 1.50 1.90 1.58 5.23

Ñãåíåðèðîâàíû íàáîðû ñîáûòèé îáðàçîâàíèÿ φπ0
â âîëíå JPMη = 1−0− 

∆(1232) è φρ− â âîëíå JPMηLS = 2−0+P2  íóêëîíîì.

π 0π φ

p,n
∆, 0∆

π
N

π

dNBe

dx
= NF · (4/3·dN0

dx
+ 5·dN−

dx
)

|π−p >= 1/
√
3|3/2 − 1/2 > −

√

2/3|1/2 − 1/2 >

|π−n >= |3/2 − 3/2 >
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Îòáîðû ñîáûòèé π + Be → K+K−π0 + A∗

Îòáîð ñîáûòèé π +Be → h+h−π0 + A∗
èç ðåêîíñòðóèðîâàííûõ äàííûõ:

�ëàã óñïåøíîé ðåêîíñòðóêöèè

ìåòêà òðèããåðà MAIN

1 âåðøèíà ⇒ 1 ïó÷êîâàÿ ÷àñòèöà èäåíòè�èöèðîâàííàÿ êàê π-ìåçîí

z-êîîðäèíàòà âåðøèíû ñîâïàäàåò ñ ãåîìåòðè÷åñêèì ïîëîæåíèåì ìèøåíè

2 ïðîòèâîïîëîæíî çàðÿæåííûõ òðåêà â ìàãíèòíîì ñïåêòðîìåòðå

2-3 �îòîíà  |mγγ −mπ0 | < 20ÌýÂ. Ýíåðãèÿ íåñïàðåííîãî Eγ < 0.5�ýÂ

Ïðîåêöèÿ èìïóëüñà h+h−π0
-ñèñòåìû íà íàïðàâëåíèå ïó÷êà PxL.

26 ≤ PxL < 30�ýÂ

îòñóòñòâèå êîðîòêèõ òðåêîâ â êàìåðàõ ñòîÿùèõ ñðàçó çà ìèøåíüþ

Àìïëèòóäíûé ìåòîä èäåíòè�èêàöèè çàðÿæåííûõ ÷àñòèö ñ 4 ãèïîòåçàìè

ππ, πK,Kπ,KK.

Êðèòåðèé èäåíòè�èêàöèè:

îòíîøåíèå 2-é ïî âåëè÷èíå âåðîÿòíîñòè ê ìàêñèìàëüíîé α = P (hyp)next

P (hyp)max
≤ 0.4

Âêëàä e,π ïðåíåáðåæèìî ìàë.
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Õàðàêòåðèñòèêà ñîáûòèé K+K−π0

Wed Mar 13 09:57:06 2024
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,
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Âûäåëåíèå φπ0
-ñèñòåìû â ñîáûòèÿõ K+K−π0

Èíòåðâàëû â ïðîöåäóðå âû÷èòà-

íèÿ �îíà:

- ëåâûé �îíîâûé

1.000≤MKK<1.010�ýÂ

- ñèãíàëüíûé

1.015≤MKK<1.025�ýÂ

- ïðàâûé �îíîâûé

1.030≤MKK<1.040�ýÂ

run44 run45 run47 run48 run59

M 1020.0 ± 0.3 1020.2 ± 0.4 1019.9 ± 0.5 1020.1 ± 0.4 1019.9 ± 0.5

σ 3.8 ± 0.3 4.0 ± 0.4 4.6 ± 0.6 3.9 ± 0.4 4.9 ± 0.6

N 710 ± 53 543 ± 46 362 ± 40 400 ± 38 388 ± 41

Ïàðàìåòðû ïèêà è êîëè÷åñòâî φ-ìåçîíà â ñåàíñàõ

Äîðî�ååâ Â. (ÍÈÖ ÊÈ - ÈÔÂÝ) Èçó÷åíèå îáðàçîâàíèÿ φπ0
-ñèñòåìû 03.04.2024 7 /16



Ñâîéñòâà ñîáûòèé  φπ0
1

 

a)

0

50

100

150

200

N
/6

0
M

e
V

1.2 1.4 1.6 1.8 2 2.2 2.4 2.6 2.8 3
M,GeV

0.4
0.6
0.8

1
1.2
1.4

b)

0
20
40
60
80

100
120
140
160
180
200
220
240

N
/6

0
M

e
V

0.6 0.8 1 1.2 1.4 1.6 1.8 2 2.2 2.4 2.6
M,GeV

0.4
0.6
0.8

1
1.2
1.4

c)

0

50

100

150

200

N
/6

0
M

e
V

0.6 0.8 1 1.2 1.4 1.6 1.8 2 2.2 2.4 2.6
M,GeV

0.4
0.6
0.8

1
1.2
1.4

d)

0

50

100

150

200

250

300

350

N
/0

.0
2

5

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
2t’, GeV

0.4
0.6
0.8

1
1.2
1.4

Ñïåêòðû ìàññ a)-K+K−π0
, b)-K+π0

, )-K−π0
, d)- −t′. Êðàñíûì - ÌÊ φπ0

â 1−0−

âîëíå  ∆0−
. Ñèíèì - íåïîïðàâëåííûå íà ý��åêòèâíîñòü äàííûå
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Ñâîéñòâà ñîáûòèé  φπ0
2

Â �îðìàëèçìå Çåìàõà àìïëèòóäà ðàñïàäà JPMη = 1−0− → 1− + 0− :

A = ~Pπ0 × ~PK− = Pπ0 ·PK− sinΘπ0 sinΘCK− sin (φCK− − φπ0)
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Ñâîéñòâà ñîáûòèé  φπ0
3
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Ý��åêòèâíîñòè ðåãèñòðàöèè JPMη = 1−0− φπ0
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Ôîí. Ñâîéñòâà φπ−π0
-ñèñòåìû 1
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2−0+P2 âîëíå  íóêëîíîì. ×åðíûì - íåïîïðàâëåííûå íà ý��åêòèâíîñòü äàííûå
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Îöåíêà �îíà φπ−π0
-ñèñòåìû

Âêëàä �îíà JPMηLS = 2−0+P2 φρ−(êðàñíûì) â ñïåêòð ìàññ φπ0
áåç äàííûõ

run59.
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�àñïðåäåëåíèå ïî êâàäðàòó ïåðåäàííîãî 4-õ èìïóëüñà t′

 / ndf 2χ  25.92 / 17
p0        70.2±  1072 
g         0.461± 5.551 
c         0.07±  7.76 
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 / ndf 2χ  25.92 / 17
p0        70.2±  1072 
g         0.461± 5.551 
c         0.07±  7.76 

(a) η a2-îáìåí

 / ndf 2χ  443.8 / 17
p0        154.5±  2103 
g         1.09± 13.37 
c         0.03±  8.09 
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 / ndf 2χ  443.8 / 17
p0        154.5±  2103 
g         1.09± 13.37 
c         0.03±  8.09 

(b) ω ρ-îáìåí

 / ndf 2χ  59.41 / 38

Constant  0.058± 5.733 

Slope     0.362±6.626 − 
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 / ndf 2χ  59.41 / 38

Constant  0.058± 5.733 

Slope     0.362±6.626 − 

 / ndf 2χ  64.32 / 38

p0        1.33± 27.84 

c         0.242± 2.652 

 / ndf 2χ  64.32 / 38

p0        1.33± 27.84 

c         0.242± 2.652 

() φπ0
ýêñïîíåíòîé-êðàñíûì, π-îáìåí - ñèíèì

a2, ρ-îáìåí
(1− c·g·t′)·exp(c·t′)
π-îáìåí
|t′|/(t′ −m2

π)
2·exp(c·t′)
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Ñèñòåìàòè÷åñêèå ïîãðåøíîñòè

Ïðèìåíåíà äðóãàÿ ïðîöåäóðà âû÷èòàíèÿ �îíà ïîä φ-ìåçîíîì - �èëüòðàöèÿ

Óñòîé÷èâîñòü ïðîöåäóð �èëüòðàöèè è âû÷èòàíèÿ

◮
ñäâèã íà÷àëà áèíîâ íà 0.03�ýÂ

◮
ñäâèã íà÷àëà áèíîâ íà 0.0025ÌýÂ â ãèñòîãðàììå MKK äëÿ �èëüòðàöèè

◮
�àñøèðèíû íà 4ÌýÂ èíòåðâàëû â âû÷èòàíèè

◮ ±σ ê øèðèíå ñèãíàëà φ-ìåçîíà â �èëüòðàöèè

Çàâèñèìîñòü ñïåêòðà ìàññ φπ0
îò ïîðîãà è ìåòîäà èäåíòè�èêàöèè

◮ α = [0.2, 0.4, 0.6, 0.8, 1]
◮

ïðèìåíåí ïîðîãîâûé ìåòîä

Çàâèñèìîñòü ñïåêòðà ìàññ φπ0
îò íèæíåãî ïðåäåëà îòáîðà ïî

PxL = [26, 27, 27.5, 28]�ýÂ

Äîïîëíèòåëüíûå òðåáîâàíèÿ:

◮
Îáðåçàíèå ïî −t′ < 0.2�ýÂ2

◮
Îòñóòñòâèå ñèãíàëà â ñýíäâè÷àõ îõðàííîé ñèñòåìû ìèøåíè

Îáðàçîâàíèå φπ0
-ñèñòåìû â K-ïó÷êå

Îöåíêà �îíà φπ0π0
, φπ−π0

äëÿ φππ LIPS, φρ− LIPS

Âêëàä JPMη = 1−1+ âîëíû îáðàçîâàííîé â ðåçóëüòàòå a2-îáìåíà

ÌÊ îáðàçîâàíèå íåéòðîíà ñ φπ0 JPMη = 1−0− â π-îáìåíå íà ïðîòîíå
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Çàêëþ÷åíèå

Ïðîâîäèòñÿ èçó÷åíèå φπ0
-ñèñòåìû îáðàçóþùåéñÿ â ðåàêöèè ïåðåçàðÿäêè 29

�ýÂ-íîãî ïèîííîãî ïó÷êà íà Be ìèøåíè óñòàíîâêè ÂÅÑ â äàííûõ ïîëó÷åííûõ

â ýêñïîçèöèè èíòåãðàëüíûì ïîòîêîì 2.5·1011 ïó÷êîâûõ ÷àñòèö. Íàáëþäàåòñÿ
2403± 98 ñîáûòèé  φπ0

-ñèñòåìîé îáëàäàþùåé ñëåäóþùèìè ñâîéñòâàìè:

ñïåêòð ìàññ èìååò ñëîæíóþ ñòðóêòóðó

èìååò êâàíòîâûå ÷èñëà âåêòîðíîãî ñîñòîÿíèÿ â âîëíå JPMη = 1−0−

â ïðîöåññå îáðàçîâàíèÿ äîìèíèðóåò π-îáìåí

ðîæäàåòñÿ â îñíîâíîì âìåñòå ñ ∆(1232)-èçîáàðîé
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Äîïîëíèòåëüíûé ñëàéäû

Ââåäåíèå

Ëåïòîí-Ô π−p→K+K−π0n @32.5�ýÂ
!OZI C(1480) N = 349± 46, Γ = 130± 60ÌýÂ, BR(φπ)/BR(ωπ) > 0.5

E852 π−p→K+K−π0n @18�ýÂ N ∼ 1000 !C(1480)
BaBar,SND,BESIII e+e−→KK̄π0

Âîçáóæäåíèÿ ρ: 23S1ρ(1450), 13D1ρ(1700), 23D1ρ(2150).

Ñòðóêòóðû ρ(1900) îêîëî ïîðîãà NN̄ .

(a) BaBar, SND, BESIII φπ0
(b) BaBar, SND, BESIII ωπ0

Äîðî�ååâ Â. (ÍÈÖ ÊÈ - ÈÔÂÝ) Èçó÷åíèå îáðàçîâàíèÿ φπ0
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Ñïèðàëüíàÿ ñèñòåìà êîîðäèíàò φ-ìåçîíà

z

x

y

z’y’

x’

φP


KP
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Äîïîëíèòåëüíûé ñëàéäû

Ïó÷êîâûé ñïåêòðîìåòð è òðèããåðíàÿ ñèñòåìà

BSPC01

BCHER1

BSPC02

M15

BSPC03

S1

BCHER2

HPC01

S2

BCHER3

S3

HPC02

A10A11

HPC03
HPC04

TGUARD M13

K1 K2

MWG: S1 · S2 · S3 ·A10 · A11 ·K1 ·K2

MAIN: MWG · TargetVeto
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Äîïîëíèòåëüíûé ñëàéäû

Îõðàííàÿ ñèñòåìà ìèøåíè
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Äîïîëíèòåëüíûé ñëàéäû

Õàðàêòåðèñòèêè óñòàíîâêè

Ïó÷îê:

◮
Èíòåíñèâíîñòü 2× 106/

◮
Ñîñòàâ π : K : p̄ = 98% : 1.6% : 0.2%

◮
Èìïóëüñ 29�ýÂ ñ ðàçáðîñîì ±1%

◮
Òî÷íîñòü èçìåðåíèÿ èìïóëüñà ïó÷êîâûì ñïåêòðîìåòðîì ðàâíà 0.7%

Ìèøåíü èç Be öèëèíäðè÷åñêîé �îðìû

◮
Òîëùèíà 4ñì ⇒ 10%X0, 10%λI

◮ ∅4ñì

Øèðîêîàïåðòóðíûé ìàãíèòíûé ñïåêòðîìåòð âòîðè÷íûõ ÷àñòèö:

◮
Èíòåãðàë ïîëÿ ìàãíèòà B × L ∼ 1.5Tì ⇒ kick = 0.6�ýÂ

◮
Òî÷íîñòü èçìåðåíèÿ èìïóëüñà âòîðè÷íûõ ÷àñòèö â äèàïàçîíå 3− 25�ýÂ
ñîñòàâëÿåò 0.5− 1.2%

Ïîðîãè â Ì×Ñ äëÿ π : K = 3.7 : 13.2�ýÂ äëÿ ∆n = 7 · 10−4

Êîëè÷åñòâî âåùåñòâà çà ìèøåíüþ äî êàëîðèìåòðà ∼ 5%X0

Ýíåðãåòè÷åñêîå è êîîðäèíàòíîå ðàðåøåíèå êàëîðèìåòðà äëÿ 5�ýÂ-íîãî

�îòîíà ñîñòàâëÿåò 4% è 3.2ìì ñîîòâåòñòâåííî.
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Äîïîëíèòåëüíûé ñëàéäû

Èäåíòè�èêàöèÿ çàðÿæåííûõ ÷àñòèö h+h−π0

Àìïëèòóäíûé ìåòîä ñ 4 ãèïîòåçàìè ππ, πK,Kπ,KK.

Âåðîÿòíîñòü ãèïîòåçû P (hyp) =
∏

i

4096 · Pi(ADC) , ãäå

i - íîìåð êàíàëà êîòîðûé áû çàñâå÷èâàë ýëåêòðîí

Pi(ADC) - âåðîÿòíîñòü àìïëèòóäû i-ãî êàíàëà

Pi(ADC) =
30∑

k=0

e−ni ·nk
i

k! · sik(ADC), ãäå

ni - ÷èñëî �îòîýëåêòðîíîâ â i-ì êàíàëå ñîãëàñíî ãèïîòåçû

sik(ADC) - k-êðàòíàÿ ñâåðòêà îäíîýëåêòðîííîãî ñïåêòðà i-ãî êàíàëà

Êðèòåðèé èäåíòè�èêàöèè:

îòíîøåíèå 2-é ïî âåëè÷èíå âåðîÿòíîñòè ê ìàêñèìàëüíîé α = P (hyp)next

P (hyp)max
≤ 0.4

Âêëàä ýëåêòðîíîâ â ñèñòåìó K+K−π0
íå îáíàðóæåí ìåòîäîì E/p.

Ïðèìåñü π-ìåçîíîâ ïðåíåáðåæèìî ìàëà.
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Îòðàæåíèå K+K−π0
â π+π−π0

Wed Mar 13 09:57:06 2024
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Ñïåêòðû ìàññ a) π+π−π0
, b) π+π0

, ) π−π0
, d) π+π−

,

Äîðî�ååâ Â. (ÍÈÖ ÊÈ - ÈÔÂÝ) Èçó÷åíèå îáðàçîâàíèÿ φπ0
-ñèñòåìû 03.04.2024 23/16



Äîïîëíèòåëüíûé ñëàéäû

Îòðàæåíèå π+π−π0
â K+K−π0

Wed Mar 13 09:57:06 2024
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Õàðàêòåðèñòèêà ñîáûòèé π+π−π0
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0.5 1 1.5 2 2.5

M,GeV

0

5000

10000

15000

20000

25000

30000

N
/1

5
M

e
V

a)

0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

M,GeV

0

2000

4000

6000

8000

10000

N
/1

0
M

e
V

b)

0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

M,GeV

0

2000

4000

6000

8000

10000

12000

N
/1

0
M

e
V

c)

0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

M,GeV

0

1000

2000

3000

4000

5000

6000

7000

8000

9000

N
/1

0
M

e
V

d)

Ñïåêòðû ìàññ a) π+π−π0
, b) π+π0

, ) π−π0
, d) π+π−

,

Äîðî�ååâ Â. (ÍÈÖ ÊÈ - ÈÔÂÝ) Èçó÷åíèå îáðàçîâàíèÿ φπ0
-ñèñòåìû 03.04.2024 25/16



Äîïîëíèòåëüíûé ñëàéäû

Ôèëüòðàöèÿ φπ0
-ñèñòåìû
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(f) run59

Âû÷èòàíèå �îíà K+K−π0
. Ñïåêòð ìàññ φπ0

.
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Ôîí. Ñâîéñòâà φπ−π0
-ñèñòåìû 2
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a)-cosΘπ−π0 , b)-φπ−π0/π, )-cosΘHK− , b)-φHK−/π
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Ôîí. Ñâîéñòâà φπ−π0
-ñèñòåìû 3
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Ñðàâíåíèå φπ0
äëÿ òðèããåðà MAIN è MWG
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 / ndf 2χ  14.21 / 14
Prob   0.4338

Constant  0.088± 5.243 
Slope     0.662±7.155 − 
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Prob   0.7587

Constant  0.150± 4.099 
Slope     1.082±6.498 − 
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Slope     1.082±6.498 − 
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MAIN - êðàñíûì, MWG - ñèíèì. Äàííûå 47, 48, 59 ñåàíñîâ. Âåðõíèé ðÿä - PxL,

Íèæíèé - t′ è MKKπ
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Ñðàâíåíèå MM2
äëÿ òðèããåðà MAIN è MWG

�àñïðåäåëåíèÿ ïî êâàäðàòó íåäîñòàþùåé ìàññû äëÿ η, ω-ìåçîíîâ è φπ0
.
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Îáðàçîâàíèå φπ0
-ñèñòåìû â Ê-ïó÷êå
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