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Ñöèíòèëëÿöèîííûé äåòåêòîð
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Ñõåìà ñöèíòèëëÿöèîííîé óñòàíîâêè CENTER

27ì

32ì

3ì×4ì
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Áëîê-ñõåìà ëèâíåâîé óñòàíîâêè - I: ñèñòåìà ÀÖÏ

òðè àìïëèòóäíûõ äèàïàçîíà:

• âûñîêîé (HS);

• ñðåäíåé (MS);

• è íèçêîé (LS)
÷óâñòâèòåëüíîñòè
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Ôóíêöèîíàëüíàÿ ñõåìà ñèñòåìû ÀÖÏ

Îáùàÿ ñòðóêòóðà ñèñòåìû Ñòðóêòóðà ìîäóëÿ ÀÖÏ

• Äèàïàçîí âõîäíûõ
àìïëèòóä 0.01...5Â.

• Äèàïàçîí âûõîäíûõ êîäîâ
1...4095 (12 ðàçðÿäîâ).

• Ïåðèîä òàêòîâîé ïîñëåäîâàòåëüíîñòè 2µs.

• Ñóììàðíîå âðåìÿ ñáîðà äàííûõ 512µs.
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Áëîê-ñõåìà ëèâíåâîé óñòàíîâêè - II:
ñèñòåìû êîíòðîëÿ & óïðàâëåíèÿ

• ñïåêòðîìåòð

• èíòåíñèìåòð

• òðèããåð
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Äèñêðèìèíàòîð èìïóëüñíûõ ñèãíàëîâ
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Ñõåìû ãåíåðàöèè òðèããåðíûõ ñèãíàëîâ

¾Ïëîòíîñòíîé òðèããåð¿:
P

∀D (AD) > T

¾Òîë÷êîâûé òðèããåð¿: ∃D : AD > T
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Èçìåðåíèå èìïóëüñíûõ ñïåêòðîâ

Àíàëîãîâûé êîììóòàòîð

Èìïóëüñíûé ÀÖÏ
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Îáùèé âèä ñèñòåìû ñáîðà äàííûõ
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Ïðîãðàììû óïðàâëåíèÿ óñòàíîâêîé - I: ñèñòåìà ÀÖÏ
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Ïðîãðàììû óïðàâëåíèÿ - II: ñèñòåìà êîíòðîëÿ
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Ðåçóëüòàòû êîíòðîëüíûõ èçìåðåíèé
Èíòåíñèâíîñòü ñèãíàëîâ Àìïëèòóäíûå ñïåêòðû Ñòàòèñòèêà ñîáûòèé
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Èçìåðåíèå àìïëèòóäû ñöèíòèëëÿöèîííîãî ñèãíàëà - I

Èñõîäíûå èçìåðåíèÿ:
êîäû àìïëèòóä â òðåõ äèàïàçîíàõ

Ïðîöåäóðà ¾ñøèâêè¿ äèàïàçîíîâ

Phs = ams · Pms + bms

åñëè

Pms > tms
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Èçìåðåíèå àìïëèòóäû ñöèíòèëëÿöèîííîãî ñèãíàëà - II

Ïðîáëåìû ¾ñøèâêè¿: (íå)ïåðåêðûòèå äèàïàçîíîâ

14 / 35



Èçìåðåíèå àìïëèòóäû ñöèíòèëëÿöèîííîãî ñèãíàëà - III
Ïåðåõîä îò êîäîâ ÀÖÏ
ê ïëîòíîñòè ïîòîêà ÷àñòèö

D = Pspc/Mspc

Êàëèáðîâêà êàíàëîâ
â ñèñòåìå ÀÖÏ

Pspc = ahs · Phs + bhs
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Ðåçóëüòàò: îáúåäèíåííûå êîäû àìïëèòóä
& îöåíêè ïëîòíîñòè ïîòîêà ÷àñòèö
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23.02.2015 02:07:48 [1028] BCD
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Äèíàìè÷åñêèé äèàïàçîí èçìåðåíèé ïëîòíîñòè ÷àñòèö - I

D = Pspc/Mspc ; Pspc = ahs · Phs + bhs ; Phs = ams · Pms + bms

ams ' 30 ; bms ' 2000 ; ahs ' 0.8 ; Mspc ' 3

Pmax
ms = 4000

Dmax ∼ 30000− 70000
(ïî äâóì àìïëèòóäíûì

äèàïàçîíàì)
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Äèíàìè÷åñêèé äèàïàçîí èçìåðåíèé ïëîòíîñòè ÷àñòèö - II
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Ôóíêöèÿ ÍÊÃ

ρNKG (r , s,Ne) =

(0.366s2(2.07− s)1.25(r/Rm)s−2(1 + r/Rm)s−4.5/R2
m) · Ne ,

Rm = 120 m
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Àïïðîêñèìàöèÿ ïëîòíîñòè ïîòîêà ÷àñòèö

χ2 =
∑

D (nD/SD−ρNKG (rD(x0,y0),s,Ne)
σ(nD/SD) )2 → min[x0,y0,s,Ne ]
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max: 5035; sum: 61163; shower: 6.3 4.2 2.5e+06 0.94 35.6
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Ðåçóëüòàò: àïïðîêñèìèðóþùèå ôóíêöèè ÍÊÃ
& îöåíêè ïàðàìåòðîâ ØÀË
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23.02.2015 09:12:06 [4324] BCD
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23.02.2015 04:47:50 [2230] BC
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Ñïåêòð ØÀË ïî ÷èñëó ÷àñòèö
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Ñïåêòð ØÀË ïî ÷èñëó ÷àñòèö & íîâûå èçìåðåíèÿ
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Ñïåêòð ØÀË & ñòàòèñòèêà

Îæèäàåìîå êîëè÷åñòâî ñîáûòèé çà 1000 ÷àñîâ èçìåðåíèé

Ïîðîã

CENTER

(çàïóùåííàÿ

÷àñòü)

CENTER +

ïåðèôåðèÿ

R . 100ì

Ne > 105

(E0 & 3 · 1014eV)
2 · 105 8 · 105

Ne > 106

(E0 & 3 · 1015eV)
6 · 103 2 · 104

Ne > 107

(E0 & 3 · 1016eV)
60 200

Ne > 108

(E0 & 3 · 1017eV)
� 2
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ÐÅÇÓËÜÒÀÒÛ ÐÀÁÎÒÛ

• ïðîèçâåäåí òåõíè÷åñêèé çàïóñê ïåðâîé î÷åðåäè

ñöèíòèëëÿöèîííîé ëèâíåâîé óñòàíîâêè ¾CENTER¿.

• îòðàáîòàí êîìïëåêñ ïðîãðàìì è àëãîðèòìîâ, ïîçâîëÿþùèõ

ïîëó÷àòü ôèçè÷åñêóþ èíôîðìàöèþ (ïëîòíîñòü ïîòîêà

ëèâíåâûõ ÷àñòèö è ïàðàìåòðû ØÀË) ïî èñõîäíûì äàííûì

ñöèíòèëëÿöèîííîé óñòàíîâêè (êîäàì ÀÖÏ).

• ôèçè÷åñêèå ðåçóëüòàòû òåñòîâûõ èçìåðåíèé íà óñòàíîâêå

¾CENTER¿ óäîâëåòâîðèòåëüíî ñîãëàñóþòñÿ ñ äàííûìè

ïðåäûäóùèõ ýêñïåðèìåíòîâ íà Òÿíü-Øàíüñêîé ñòàíöèè.
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Ïëàíû ðàçâèòèÿ íà 2015-16ãã

• óñòàíîâêà ïåðèôåðèéíûõ ëèâíåâûõ äåòåêòîðîâ ñèñòåìû

CENTER íà ðàññòîÿíèÿõ 20-30 ì è 40-50 ì îò öåíòðàëüíîé

ïîäñèñòåìû; âðåìåííûå (óãëîâûå) èçìåðåíèÿ.

• ïîäêëþ÷åíèå âòîðîé ëèâíåâîé ñèñòåìû CENTER-II è

ñîâìåñòíûå èçìåðåíèÿ ñ äåòåêòîðàìè àäðîííîãî

êàëîðèìåòðà.

• ïåðåõîä ê èçìåðåíèÿì ñ äèíàìè÷åñêèì äèàïàçîíîì

àìïëèòóä (1− 2) · 106.

• ïîäçåìíûé êîìïëåêñ äåòåêòîðîâ: ìþîííûé ãîäîñêîï è

íåéòðîííûå äåòåêòîðû.
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Ñõåìà ñöèíòèëëÿöèîííîé óñòàíîâêè - II
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Âîçìîæíûå íàïðàâëåíèÿ èññëåäîâàíèé
• óãëîâîå ðàñïðåäåëåíèå & àíèçîòðîïèÿ ëèâíåé â îáëàñòè

ýíåðãèé 1014�1018 ýÂ.

• ñòðóêòóðà ïîòîêîâ ÷àñòèö â öåíòðàëüíîé îáëàñòè è

íåïîñðåäñòâåííî â ðàéîíå ñòâîëà ØÀË.

• ýíåðãåòè÷åñêèé ñïåêòð (íàêëîííûõ) ëèâíåé.

• îñîáåííîñòè â ñïåêòðå ëèâíåé, ¾ýêçîòè÷åñêèå¿

âçàèìîäåéñòâèÿ è òåìíàÿ ìàòåðèÿ.

• ØÀË & ñåéñìîëîãèÿ.

• ØÀË & íåéòðîíû.

• ØÀË & àäðîííûå(?) ñîáûòèÿ â ïîäçåìíîì íåéòðîííîì

ìîíèòîðå. 28 / 35



ØÀË & ñåéñìîëîãèÿ

G.A. Gusev et al Cosmic Rays as a New Instrument of Seismological Studies // BLPH vol. 38, 2011, 12,
374.
G.A. Gusev et al The First Results of Observations of Acoustic Signals Generated by Cosmic Ray Muons
in a Seismically Stressed Medium // BLPH vol. 40, 2013, 3, 74.
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ØÀË & íåéòðîíû: âðåìåííûå õàðàêòåðèñòèêè

• âðåìåííûå ðàñïðåäåëåíèÿ
ñèãíàëîâ â íåéòðîííîì ìîíèòîðå

• íåéòðîííûå èçìåðåíèÿ ñ âûñîêèì
âðåìåííûì ðàçðåøåíèåì

A.P.Chubenko et al Anomalous time structure of extensive air shower particle �ows in the knee region of
primary cosmic ray spectrum // Journal of Phys.G, 2002, 2, 251.
A.D.Erlykin The neutron �thunder� accompanying the extensive air shower // Journal of Phys.G, 2006,
34, 565.
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ØÀË & íåéòðîíû íèçêîé ýíåðãèè

A.P.Chubenko et al The in�uence of background radiation on the events registered in a neutron monitor
at mountain heights // Journal of Phys.G, 2008, 35, 085202.
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Î ïîäçåìíîì íåéòðîííîì ìîíèòîðå
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A.P.Chubenko et al Neutron Events in the Underground Monitor of the Tien Shan High-Altitude Station
// BLPH vol. 38, 2007, 34, 4, 107�113.

A.P.Chubenko et al The underground neutron events at Tien-Shan // Proc. of 30th ICRC, 2008, 4, 3�6.
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Ìîíèòîðèíã ñèãíàëîâ íà ïîäçåìíûõ äåòåêòîðàõ

• ìþîííûé òåëåñêîï:
âåðòèêàëüíûå ñîâïàäåíèÿ

• íåéòðîííûé ìîíèòîð: âåðõ • íåéòðîííûé ìîíèòîð: íèç
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Ïîãëîùåíèå àäðîííîé êîìïîíåòû â ãðóíòå (GEANT4)
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Íåéòðîííûå ñîáûòèÿ â ïîäçåìíîì ìîíèòîðå
• ñïåêòð ñîáûòèé ñ ëèâíåâûì

òðèããåðîì

• ñîáûòèÿ áîëüøîé êðàòíîñòè ÁÅÇ
ëèâíåâîãî ñîïðîâîæäåíèÿ
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