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Ýêñïåðèìåíòû LHCb

In 2015 LHCb discovered 2 exotic pentaquarks:

M1 = 4380± 37MeV , Γ = 205± 104MeV

M1 = 4450± 5MeV , Γ = 39± 24MeV
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Íîâûå èçìåðåíèÿ ãîâîðÿò, ÷òî

a)Ñïèí - ÷åòíîñòè
ìîãóò áûòü ëþáûå
á) Ñòàòóñ Pc(4380)
íåîïðåäåëåííûé

Äîâîëüíî ïðèíöèïèàëüíûå èçìåíåíèÿ!
Êàê èõ ìîæíî ïðèíÿòü â ìîäåëè ìîëåêóëû èëè
hadrocharmonium?
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What is the nature of LHCb pentaquark

Quark contents uduc̄c

a) molecule Σc + D̄ �
distance between cc̄
is large
b) hadrocharmonium,
Ψ2s+Proton �
distance between cc̄
is small.
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Born-Oppenheimer approximation

In Born-Oppenheimer approximation mass of c, c̄ is in�nite.
Light quark are moving in the static �eld of heavy quarks.
a) molecule Σc + D̄ � distance between cc̄ is large
b) hadrocharmonium, Ψ2s+Proton � distance between cc̄ is
small.
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Ìîëåêóëà

Â ðàáîòå LHCb íîâûå äàííûå íàçâàíû òðèóìôîì

ìîëåêóëÿðíîé ìîäåëè.
Îñíîâàíèåì äëÿ òàêîãî ñóæäåíèÿ ñëóæèò áëèçîñòü
ñîñòîÿíèé ê äâóì ïîðîãàì:

MΣc + MD = 2455 + 1865 = 4320 (1)

MΣc + MD∗ = 2455 + 2010 = 4465

Êàê âîçíèêàþò ÄÂÀ áëèçêèõ ñîñòîÿíèÿ â ñèñòåìå Σc + D∗?
Íåò ïîíÿòèÿ ñâåðõòîíêîãî ðàñùåïëåíèÿ, ïîñêîëüêó
π-ìåçîííîå âçàèìîäåéñòâèå çàâèñèò îò ñïèíà.

Vπ = ~s1 ·~s2V =

{
V , S = 3/2
−2V S = 1/2

}
Ïðîáîâàëè � íå ïîëó÷àåòñÿ....
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Ìîëåêóëà
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Ìîëåêóëà

À â ñèñòåìå Σc + D (äëÿ Pc(4312)) âîîáùå íåò
îäíîïèîííîãî îáìåíà.

Òàêèì îáðàçîì èäåÿ ïåíòàêâàðêà êàê äåéòîíà íå
ïðîõîäèò!

Âîçìîæíî âñå æå, ÷òî îíè ïðåäñòàâëÿþò ñîáîé ñâÿçàííûå
ñîñòîÿíèÿ ÿäåðíîãî òèïà (ïîòåíöèàë çà ñ÷åò îáìåíà
σ, ρ, ω-ìåçîíà). Íî òîãäà ýíåðãèè ñâÿçè ïîðÿäêà 50 MeV,
Ðàçìåð 1fm. Íåòó êàðòèíû ñëàáîñâÿçàííîé ìîëåêóëû

áîëüøîãî ðàçìåðà

À òîãäà ïðè ÷åì áëèçîñòü ê ïîðîãó? È êàê îáúÿñíèòü
äóáëåò ñîñòîÿíèé?
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Hadrocharmonium

Ïîòåíöèàë âçàèìîäåéñòâèÿ ìåæäó íóêëîíîì è ìàëåíüêèì ψ′

ïîëó÷àåòñÿ èç ìóëüòèïîëüíîãî ðàçëîæåíèÿ äëÿ ψ′

ρE (x) � ïëîòíîñòü ýíåðãèè â íóêëîíå, p(x) � äàâëåíèå, α �
ïîëÿðèçóåìîñòü ÷àðìîíèÿ.

Ïîòåíöèàë íå çàâèñèò îò ñïèíîâ ÷àðìîíèÿ è íóêëîíà.
Ïîýòîìó äëÿ ñâÿçè Ψ(2S) + N åñòü äâà âûðîæäåííûõ

ñîñòîÿíèÿ ñî ñïèíàìè S = 1
2

−
, 3

2

−

Ïîòåíöèàë V (x) âûâåäåí äëÿ ïðåäåëà mc →∞. C ó÷åòîì
ïîïðàâîê ïî 1/mc âûðîæäåíèå ñíèìàåòñÿ � ñâåðõòîíêîå

ðàñùåïëåíèå.
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Ñâåðõòîíêîå ðàñùåïëåíèå â Hadrocharmonium

Âçàèìîäåéñòâèå ñâåðõòîíêîãî ðàñùåïëåíèÿ îïðåäåëÿåòñÿ
ïîëÿðèçóåìîñòüþ è ñðåäíèì õðîìîýëåêòðè÷åñêèì E è
õðîìîìàãíèòíûì ïîëåì B ïî íóêëîíó:

Heff = − α

2mQ
Sj〈N(p′)|E a

i (DiBj)
a|N(p)〉,

âûðàæàåòñÿ ÷åðåç GG̃ ïî íóêëîíó, à ýòî ñðåäíåå âûðàæàåòñÿ
÷åðåç ñèíãëåòíóþ àêñèàëüíóþ êîíñòàíòó íóêëîíà.
Îêîí÷àòåëüíàÿ ôîðìóëà:

Heff =
α

mQ

4π2

3Nf

g
(0)
A (−q2) (S · q) (sN · q) ,

S � cïèí ÷àðìîíèÿ, sN � ñïèí íóêëîíà
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Ñâåðõòîíêîå ðàñùåïëåíèå â Hadrocharmonium

α ôèêñèðîâàíà èç ïîëîæåíèÿ öåíòðà ïåíòà-äóáëåòà
(α = 17.2GeV−3).

Ñèíãëåòíàÿ ga èçâåñòíà õîðîøî g
(0)
a ≈ 0.3 èç äàííûõ ïî

ïîëÿðèçîâàííîìó deep inelastic.

Ê ñîæàëåíèþ, ïëîõî èçâåñòåí åå ôîðìôàêòîð. Ïðèíèìàÿ

g
(0)
A (−q2) =

g
(0)
A

(1 + q2/M2
A)2
,MA = 800MeV

(ñîîòâåòñòâóåò íàøåé ìîäåëè íóêëîíà) ïîëó÷àåì

∆MHF ≈ 21.1 MeV vs 17 MeV (LHCb)
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Òðåòèé ïåíòàêâàðê

Îòêóäà âçÿòü 3é ïåíòàêâàðê? Íóæåí äðóãîé ÷àðìîíèé,
êîòîðûé èìååò ïðèìåðíî òàêîé æå ðàçìåð

Â êóëîíîâñêîé êàðòèíå èìåþò îäèíàêîâóþ ýíåðãèþ
âîçáóæäåííûå ñîñòîÿíèÿ 2S è 1P (l = 1). Ýòî ÷àðìîíèé
íàçûâàåòñÿ χc , åãî êâàíòîâûå ÷èñëà 0+.
Ðàññìîòðèì ñâÿçàííîå ñîñòîÿíèå χc0 è íóêëîíà. Ïîòåíöèàë
òàêîé æå, òîëüêî âõîäèò ïîëÿðèçóåìîñòü χc0. Îíà
íåèçâåñòíà è ñ÷èòàòü åå ìû íå óìååì.
Óìåëè áû åñëè áû çàäà÷à áûëà êóëîíîâñêîé. Âû÷èñëÿÿ, â
êóëîíîâñêîé çàäà÷å

x =
α(1P)

α(2S)
=

159

251
≈ 0.63

Åñëè ïðèíÿòü òàêîå îòíîøåíèå

MPc ≈ 4298 MeV
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Òðåòèé ïåíòàêâàðê

LHCb ÷èñëî (4312) ïîëó÷àåòñÿ äëÿ x ≈ 0.58

Âíèìàíèå: Ïðè hadrocharmonium èíòåðïðåòàöèè Pc(4312)

èìååò ÷åòíîñòü ïëþñ � èìåííî 1
2

+

ïðè ìîëåêóëÿðíîé èíòåðïðåòàöèè ÷åòíîñòü ìèíóñ � 1
2

−
.
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Ðàñïàäû â äóáëåòå ïåíòàêâàðêîâ

Ó êîìïîíåíò ïåíòà-äóáëåòà äîëæíà áûòü îäèíàêîâàÿ
øèðèíà (??), à ïî äàííûì LHCb îíà îòëè÷àåòñÿ â 3 ðàçà!

Äåéñòâèòåëüíî, øèðèíû ðàñïàäîâ ðàñïàäîâ â çàêðûòûé

÷àðì Pc → J/ψ + p îäèíàêîâû.

Ìû ñîñ÷èòàëè øèðèíû èç 3/2 ðàíüøå, à èç 1/2 - òåïåðü

Øèðèíû èç 1/2 áîëüøå, ïîñêîëüêó ñòàíîâèòñÿ äîñòóïíîé
âîëíà ñ L = 0.
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Ðàñïàäû ïåíòàêâàðêîâ

Äåéñòâèòåëüíî, ðàñïàäû èç ñîñòîÿíèÿ 1
2

−
â òðè ðàçà

áîëüøå, ÷åì èç ñîñòîÿíèÿ 3
2

−
. çà ñ÷åò ðàñïàäîâ â îòêðûòûé

÷àðì.

Íî ñàìè øèðèíû çíà÷èòåëüíî áîëüøå, ÷åì ãîâîðèò LHCb
(â äâà ðàçà è áîëåå).

Òðåòüåìó ïåíòàêâàðêó ðàñïàäàòüñÿ íåêóäà. Ðàñïàä â
çàêðûòûé ÷àðì J/ψ + N âîçìîæåí íå ÷åðåç 2, à ÷åðåç 3
ãëþîíà. Äëÿ âû÷èñëåíèÿ íóæíî çíàòü

〈N |
G3

µν

32π2
|N〉

Íåèçâåñòåí ýêñïåðèìåíòàëüíî è òåîðåòè÷åñêè. Îòêðûòûé
÷àðì ïîäàâëåí ïî ÷åòíîñòè (âûñøèå L).

Îäíàêî, ñîáñòâåííîé øèðèíû χc0 (10 Mev) äîñòàòî÷íî
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×òî åùå?

Åñòü åùå ìíîãî âîçáóæäåííûõ ñîñòîÿíèé ÷àðìîíèÿ. Îíè
ìîãóò îáúÿñíÿòü ïðåøèðîêèé ðåçîíàíñ â îáëàñòè 4380....

Conclusions: Îáà ñöåíàðèÿ ïðîõîäÿò íîâûå äàííûå LHCb ñ
òðóäîì, íî ìîëåêóëÿðíûé � õóæå...
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Ýêñïåðèìåíò Gluex

JLAB: êîëëàáîðàöèÿ Gluex:

γ + p −→ J/Ψ + p → Pc → J/ψ + p

Íè÷åãî íå îáíàðóæåíî!

a) Ïè÷îê îòâå÷àåò
ãèïîòåçå, ÷òî

Br(Pc→J/ψ+p)=2%

á) ïðèíÿòî, ÷òî ïåðå-
õîä γ â J/ψ ïî âåê-
òîðíîé äîìèíàíò-

íîñòè
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Ýêñïåðèìåíò Gluex

VDM: â êà÷åñòâå h ìîæíî âçÿòü ëþáîé àäðîí - J/ψ, ψ′, . . .,
äàæå ρ-ìåçîí. Ôîòîí � ðåàëüíûé, ïîýòîìó äàëåêî îò ìàññû
J/ψ. Ýòî - ìîäåëü (Âîëîøèí, Êóáàðîâñêèé). Áûëî áû ep,
ìîæíî áûëî áû èçìåðèòü áåçìîäåëüíî.
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Ýêñïåðèìåíò Gluex

Ýêñïåðèìåíò GLUEX, cêîðåå âñåãî, ïðÿìî ïðîòèâîðå÷èò
äàííûì LHCb

Br [Pc → J/ψ + p] = R

(
Br[Λb → PcK−]

Br[Λb → J/ψpK−]

)−1

Èçìåðåíèÿ R îò LHCb äëÿ Pc(4440): R = 1.11± 0.33%.
×òîáû ñîãëàñîâàòü ñ GLUEX: ÂÑÅ ðàñïàäû Λb → J/ψpK−

èäóò ÷åðåç ïåíòàêâàðê! (íàì íàäî 0.04!). Ýòî òåì áîëåå
ñòðàííî, ÷òî øèðèíà ïåíòàêâàðêà ìàëåíüêàÿ ïî GLUEX.
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