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Çà îòðèìàíèì ðàíiøå àíàëiòè÷íèì ôîðìàì õâèëüîâî¨ ôóíêöi¨ äåéòðî-
íà â êîîðäèíàòíîìó ïðåäñòàâëåííi äëÿ ñó÷àñíèõ ðåàëiñòè÷íèõ íóêëîí-
íóêëîííèõ ïîòåíöiàëiâ NijmI, NijmII, Nijm93, Reid93 i Argonne v18 ðîç-
ðàõîâàíî çàðÿäîâèé GC , êâàäðóïîëüíèé GQ i ìàãíiòíèé GM ôîðìôàêòî-
ðè äåéòðîíà. Ïîðiâíþþòüñÿ òåîðåòè÷íi ðîçðàõóíêè ç åêñïåðèìåíòàëüíèìè
äàíèìè ïðîâiäíèõ êîëàáîðàöié (Bates, BLAST, Bonn, JLab, Mainz, Naval
Research Lab, NIKHEF, Orsay, Saclay, SLAC, Stanford, VEPP3, VEPP4) òà
îãëÿäiâ (Abbott, Boden, Garcon, Karpius). Ðîçðàõîâàíó ïîçèöiþ íóëÿ ôîðì-
ôàêòîðiâ ïîðiâíÿíî iç çíà÷åííÿìè äëÿ iíøèõ ïîòåíöiàëüíèõ ìîäåëåé. Ïðè
âåëèêèõ çíà÷åííÿõ iìïóëüñó àñèìïòîòèêè ôîðìôàêòîðiâ äåéòðîíà Gi âè-
çíà÷àþòüñÿ êîåôiöi¹íòàìè àíàëiòè÷íèõ ôîðì õâèëüîâî¨ ôóíêöi¨ äåéòðîíà,
íóêëîííèìè içîñêàëÿðíèìè ôîðìôàêòîðàìè i ñòåïiííþ iìïóëüñó.

Êëþ÷îâi ñëîâà: äåéòðîí, õâèëüîâà ôóíêöiÿ, ôîðìôàêòîð, ïîçèöiÿ íóëÿ,
àñèìïòîòèêà

1 Âñòóï

Äåéòðîí ¹ íàéïðîñòiøiì ÿäðîì. Ïðîñòîòà i íàî÷íiñòü áóäîâè äåéòðîíà ðîáèòü
éîãî çðó÷íîþ ëàáîðàòîði¹þ äëÿ âèâ÷åííÿ i ìîäåëþâàííÿ íóêëîí-íóêëîííèõ ñèë. Íà
äàíèé ÷àñ äåéòðîí äîáðå âèâ÷åíèé åêñïåðèìåíòàëüíî i òåîðåòè÷íî [1�6].

Òåîðåòè÷íî âèçíà÷åíi çíà÷åííÿ ñòàòè÷íèõ õàðàêòåðèñòèê äåéòðîíà äîáðå óçãî-
äæóþòüñÿ ç íàÿâíèìè åêñïåðèìåíòàëüíèìè äàíèìè. Îäíàê íåçâàæàþ÷è íà öå, iñíó-
þòü ïåâíi òåîðåòè÷íi íåóçãîäæåíîñòi i ïðîáëåìè. Íàïðèêëàä, â äåÿêèõ îñòàííiõ ðî-
áîòàõ îäíà [7, 8] àáî îáèäâi [9] êîìïîíåíòè ðàäiàëüíî¨ õâèëüîâî¨ ôóíêöi¨ äåéòðîíà
(ÕÔÄ) â êîîðäèíàòíîìó ïðåäñòàâëåííi ìàþòü âóçëè ïîáëèçó ïî÷àòêó êîîðäèíàò.
Iñíóâàííÿ âóçëiâ ó õâèëüîâèõ ôóíêöiÿõ îñíîâíîãî i ¹äèíîãî ñòàíó äåéòðîíà ñâiä÷èòü
ïðî íåóçãîäæåíîñòi i íåòî÷íîñòi â ðåàëiçàöi¨ ÷èñåëüíèõ àëãîðèòìiâ â ðîçâ'ÿçàííi ïî-
äiáíèõ çàäà÷ [5,6,10]. Àáî öå ïîâ'ÿçàíî ç îñîáëèâîñòÿìè ïîòåíöiàëüíèõ ìîäåëåé äëÿ
îïèñó äåéòðîíà.

Ñëiä çàçíà÷èòè, ùî òàêi ïîòåíöiàëè íóêëîí-íóêëîííî¨ âçà¹ìîäi¨, ÿê Áîííñüêèé,
Ìîñêîâñüêèé, ïîòåíöiàëè Íåéìåãåíñüêî¨ ãðóïè [11], Argonne v18 [12], Ïàðèæñüêèé,
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NLO, NNLO, N3LO, Idaho N3LO ÷è Oxford ìàþòü äîñèòü íåïðîñòó ñòðóêòóðó i ãðî-
ìiçäêó ôîðìó çàïèñ. Íàïðèêëàä, îðèãiíàëüíèé ïîòåíöiàë Reid68 áóâ ïàðàìåòðèçî-
âàíèé íà îñíîâi ôàçîâîãî àíàëiçó Íåéìåãåíñüêîþ ãðóïîþ i îòðèìàâ íàçâó: îíîâëåíà
ðåãóëÿðèçîâàíà âåðñiÿ - Reid93.

Êðiì òîãî, ÕÔÄ ìîæå áóòè ïðåäñòàâëåíà òàáëè÷íî: ÷åðåç âiäïîâiäíi ìàñèâè çíà-
÷åíü. Ïðè ÷èñåëüíèõ ðîçðàõóíêàõ îïåðóâàòè òàêèìè ìàñèâàìè ÷èñåë iíîäi äîâîëi
ñêëàäíî i âçàãàëi íåçðó÷íî. I ñàì òåêñò ïðîãðàì äëÿ ðîçðàõóíêiâ ¹ ãðîìiçäêèé, ïå-
ðåâàíòàæåíèé i íå÷èòàáåëüíèì. Òîìó ¹ äîöiëüíèì îòðèìàííÿ áiëüø ïðîñòèõ àíàëi-
òè÷íèõ ôîðì ïðåäñòàâëåííÿ ÕÔÄ. Ó ïîäàëüøîìó ïî íèõ ìîæíà ðîçðàõóâàòè ôîðì-
ôàêòîðè i òåíçîðíó ïîëÿðèçàöiþ, ùî õàðàêòåðèçóþòü ñòðóêòóðó äåéòðîíà.

ÕÔÄ ó çðó÷íié ôîðìi íåîáõiäíi äëÿ âèêîðèñòàííÿ ó ðîçðàõóíêàõ ïîëÿðèçàöiéíèõ
õàðàêòåðèñòèê äåéòðîíà, à òàêîæ äëÿ îöiíêè òåîðåòè÷íèõ çíà÷åíü ôîðìôàêòîðiâ
äåéòðîíà òà ïîðiâíÿííÿ ¨õ ç åêñïåðèìåíòàëüíèìè äàíèìè.

2 Àíàëiòè÷íi ôîðìè õâèëüîâî¨ ôóíêöi¨ äåéòðîíà

Â 2000-x ðð. áóëî çàñòîñîâàíî àíàëiòè÷íi ÕÔÄ â êîîðäèíàòíîìó ïðåäñòàâëåííi.
Ñåðåä íèõ ñëiä âiäìiòèòè ïàðàìåòðèçàöi¨ Äóáîâè÷åíêî [13], Áåðåæíèé-Êîðäà-Ãàõ
[14], à òàêîæ ïàðàìåòðèçàöiþ ó òàêié ïðîñòié ôîðìi [10]

u(r) = r
N∑
i=1

Aie
−air,

w(r) = r3
N∑
i=1

Bie
−bir.

(1)

Òóò u i w - ðàäiàëüíi ÕÔÄ â êîîðäèíàòíîìó ïðåäñòàâëåííi äëÿ êàíàëiâ ç îðái-
òàëüíèì ìîìåíòîì L=0 i 2. Íåçâàæàþ÷è íà ãðîìiçäêi i äîâãîòðèâàëi ðîçðàõóíêè i
ìiíiìiçàöi¨ χ2 (äî âåëè÷èíè ìåíøèõ çà 10−4), äîâîäèëîñÿ àïðîêñèìóâàòè çà äîïîìî-
ãîþ (1) ÷èñåëüíi çíà÷åííÿ ÕÔÄ äëÿ ïîòåíöiàëiâ Íåéìåãåíñüêî¨ ãðóïè (NijmI, NijmII,
Nijm93, Reid93) i ïîòåíöiàëó Argonne v18, ìàñèâè ÷èñåë ÿêèõ ñòàíîâèëè âiäïîâiäíî
ïî 839õ2 i 1500õ2 çíà÷åíü â iíòåðâàëi r=0-25 Ôì. ×èñëî äîäàíêiâ ñóìè áóëî âèáðàíî
N=11. Êîåôiöi¹íòè Ai, ai, Bi, bi àíàëiòè÷íèõ ôîðì (1) äëÿ ïîòåíöiàëiâ Íåéìåãåí-
ñüêî¨ ãðóïè âêàçàíi â [10]. Ðîçðàõîâàíi ÕÔÄ íå ìiñòÿòü íàäëèøêîâèõ âóçëiâ ïîáëèçó
ïî÷àòêó êîîðäèíàò. Ðîçðàõîâàíi ïî ÕÔÄ ñòàòè÷íi ïàðàìåòðè (ðàäióñ, åëåêòðè÷íèé
êâàäðóïîëüíèé ìîìåíò, ìàãíiòíèé ìîìåíò, âêëàä D- ñòàíó òà àñèìïòîòèêà D/S-
ñòàíó) i òåíçîðíà ïîëÿðèçàöiÿ t2i óçãîäæóþòüñÿ ç ëiòåðàòóðíèìè òåîðåòè÷íèìè é
åêñïåðèìåíòàëüíèìè äàíèìè.

Â [15] ïðîâåäåíî äåòàëüíèé îãëÿä àíàëiòè÷íèõ ôîðì äëÿ õâèëüîâî¨ ôóíêöi¨ äåé-
òðîíà â êîîðäèíàòíîìó ïðåäñòàâëåííi. Îïèñàíî ÿê àíàëiòè÷íi ôîðìè, òàê i ïàðà-
ìåòðèçàöi¨ ÕÔÄ, íåîáõiäíi äëÿ ïîäàëüøèõ ðîçðàõóíêiâ õàðàêòåðèñòèê ïðîöåñiâ ç
ó÷àñòþ äåéòðîíà.

3 Ôîðìôàêòîðè äåéòðîíà

Äëÿ êiëüêiñíîãî ðîçóìiííÿ ñòðóêòóðè äåéòðîíà, S- i D- ñòàíiâ òà ïîëÿðèçàöiéíèõ
õàðàêòåðèñòèê ðîçãëÿäàþòüñÿ ðiçíi ìîäåëi NN ïîòåíöiàëó. Ðîçïîäië çàðÿäó äåéòðî-
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íà äîáðå íå âiäîìèé ç åêñïåðèìåíòó, îñêiëüêè âií çäiéñíþ¹òüñÿ òiëüêè ÷åðåç âèêî-
ðèñòàííÿ ÿê âèìiðþâàíü ïîëÿðèçàöi¨, òàê i íåïîëÿðèçîâàíèõ ïðóæíiõ ðîçñiÿíèõ äè-
ôåðåíöiàëüíèõ ïåðåðiçiâ. Îäíàê éîãî ìîæíà âèçíà÷èòè [16]. Äèôåðåíöiàëüíèé ïåðå-
ðiç ïðóæíîãî ðîçñiÿííÿ íåïîëÿðèçîâàíèõ åëåêòðîíiâ íåïîëÿðèçîâàíèìè äåéòðîíàìè
áåç âèìiðþâàííÿ ïîëÿðèçàöi¨ âiäáèòèõ åëåêòðîíiâ i äåéòðîíiâ çàäà¹òüñÿ ôîðìóëîþ
ó ðàìêàõ ïðèïóùåíü ïåðøîãî Áîðíiâñüêîãî íàáëèæåííÿ i óìîâ ðåëÿòèâiñòñüêî¨ ií-
âàðiàíòíîñòi [1, 2, 17,18]

dσ

dΩe
=

(
dσ

dΩe

)
Mott

[
A(p2) +B(p2)tg2 (θe/2)

]
, (2)

äå
(
dσ
dΩ e

)
Mott

- ïåðåðiç ðîçñiÿííÿ íà áåçñïiíîâié áåçñòðóêòóðíié ÷àñòèíöi, îòðè-
ìàíèé Ìîòòîì; θe - êóò ðîçñiÿííÿ åëåêòðîíiâ ó ëàáîðàòîðíié ñèñòåìi; p - ïåðåäàíèé
iìïóëüñ äåéòðîíà â îäèíèöÿõ Ôì−1; A(p) i B(p) - ôóíêöi¨ åëåêòðè÷íî¨ òà ìàãíiòíî¨
ñòðóêòóðè:

A = G2
C +

8

9
η2G2

Q +
2

3
ηG2

M ; B =
4

3
η (1 + η)G2

M , (3)

äå η = p2

4m2
d
; md=1875.63 ÌåÂ - ìàñà äåéòðîíà. Òóò çàðÿäîâèé GC(p), êâàäðó-

ïîëüíèé GQ(p) i ìàãíiòíèé GM (p) ôîðìôàêòîðè ìiñòÿòü iíôîðìàöiþ ïðî åëåêòðî-
ìàãíiòíi âëàñòèâîñòi äåéòðîíà [2, 3]:

GC = GENDC ; GQ = GENDQ; GM =
md

2mp
(GMNDM +GENDE) , (4)

äå içîñêàëÿðíèé åëåêòðè÷íèé i ìàãíiòíèé ôîðìôàêòîðè

GEN = GEp +GEn; GMN = GMp +GMn.

Ñêëàäîâi ôîðìôàêòîðiâ Di âèçíà÷àþòüñÿ ïî ôîðìóëàì

DC = S
(1)
0 + S

(2)
0 ; DQ =

3√
2η

(
S

(1)
2 − 1√

8
S

(2)
2

)
; (5)

DM = 2

(
S

(1)
0 − 1

2
S

(2)
0 +

1√
2
S

(1)
2 +

1

2
S

(2)
2

)
; DE =

3

2

(
S

(2)
0 + S

(2)
2

)
, (6)

äå åëåìåíòàðíi ñôåðè÷íi S
(i)
0 òà êâàäðóïîëüíi S

(i)
2 ôîðìôàêòîðè [19,20]

S
(1)
0 =

∞∫
0

u2j0dr; S
(2)
0 =

∞∫
0

w2j0dr; S
(1)
2 =

∞∫
0

uwj2dr; S
(2)
2 =

∞∫
0

w2j2dr. (7)

Òóò j0, j2 - ñôåðè÷íi ôóíêöi¨ Áåññåëÿ íóëüîâîãî i äðóãîãî ïîðÿäêó âiä àðãóìåíòó
pr/2; GEp, GEn (GMp, GMn)- ïðîòîííèé i íåéòðîííèé içîñêàëÿðíèé åëåêòðè÷íèé
(ìàãíiòíèé) ôîðìôàêòîðè, ÿêi âèðàæåíi ÷åðåç îðèãiíàëüíå äèïîëüíå íàáëèæåííÿ
[4]. Äëÿ ôîðìôàêòîðiâ Di âèêîíóþòüñÿ óìîâè ïðè p2=0 i GEN (0) = 1; GMN (0) =
µp + µn
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DC(0) = 1; DQ(0) = m2
dQd; DM (0) = 2− 3PD; DE(0) =

3

2
PD.

Ïðè÷îìó òîäi ñàìi ôîðìôàêòîðè äåéòðîíà ðiâíi

GC(0) = 1; GQ(0) = m2
dQd; GM (0) =

md

2mp

(
(µp + µn)(2− 3PD) +

3

2
PD

)
,

äå PD, Qd - âêëàä D- ñòàíó i åëåêòðè÷íèé êâàäðóïîëüíèé ìîìåíò äåéòðîíà:

Ðîçðàõîâàíi òåîðåòè÷íi çíà÷åííÿ GQ(0) i GM (0) äëÿ ïîòåíöiàëiâ Íåéìåãåíñüêî¨
ãðóïè ïîòåíöiàëiâ (NijmI, NijmII, Nijm93, Reid93) òà ïîòåíöiàëó Argonne v18 (Av18)
âêàçàíî â Òàáëèöi 1. Åêñïåðèìåíòàëüíi çíà÷åííÿ GQ(0) i GM (0) ðîçðàõîâàíi ïî ôîð-
ìóëàì GQ(0) = m2

dQd; GM (0) = mdµd/mp.

Òàáë. 1: Çíà÷åííÿ GM (0) i GQ(0) äëÿ ðiçíèõ ìîäåëåé

Ïîòåíöiàë GM (0) GQ(0)

NijmI, NijmII, Nijm93 1.6941; 1.6943; 1.6929 24.351; 24.214; 24.056

Reid93, Argonne v18 1.6936; 1.6929 23.947; 24.210

Bonn A, B, C, Q [1] - 24.8; 25.1; 25.4; 24.7

Reid SC, Paris, Av18 [1] - 25.2; 25.2; 24.1

NijmI, NijmII [21] 1.697/1.695; 1.700/1.695 24.8/24.6; 24.7/24.5

Paris, CD-Bonn [21] 1.696/1.694; 1.708/1.704 25.6/25.2; 24.8/24.4

Argonne18, JISP16 [21] 1.696/1.694; 1.720/1.714 24.7/24.4; 26.3/26.1

Moscow06, Moscow14 [21] 1.711/1.699; 1.716/1.700 24.5/24.2; 26.0/25.8

Idaho, eD [21] 1.714/1.700; 1.715/1.700 26.22/25.98; 25.83/25.54

Åêñïåðèìåíò [1] 1.7135 25.833

Ïðîâåäåíî ïîðiâíÿííÿ ç iíøèìè òåîðåòè÷íèìè ðîçðàõóíêàìè. Ïðè÷îìó äàíi ç
[21] âêàçàíi äëÿ ðåëÿòèâiñòñüêèõ/íåðåëÿòèâiñòñüêèõ ðåçóëüòàòiâ îá÷èñëåíü.

Íà Ðèñ. 1-3 âêàçàíî ôîðìôàêòîðè äåéòðîíà Gi(p), ðîçðàõîâàíi ïî ÕÔÄ (1) äëÿ
ïîòåíöiàëiâ NijmI, NijmII, Nijm93, Reid93, Argonne v18 (ïîçíà÷åííÿ âiäïîâiäíî - N1,
N2, N93, R93 i Av18). Ïîðiâíþþòüñÿ òåîðåòè÷íi ðîçðàõóíêè ç åêñïåðèìåíòàëüíèìè
äàíèìè: äëÿ çàðÿäîâîãî ôîðìôàêòîðó GC(p) - êîëàáîðàöié Orsay [22], Bates [26,43],
JLab [16], NIKHEF [45], VEPP3 [46�48], VEPP4 [49], BLAST [50,51] òà îãëÿäiâ Boden
[42], Garcon [26] i Abbott [44]; äëÿ êâàäðóïîëüíîãî ôîðìôàêòîðó GQ(p) - êîëàáîðàöié
Orsay [22], Bates [26, 43], JLab [16], VEPP3 [46�48], VEPP4 [49], BLAST [50, 51] òà
îãëÿäiâ Garcon [26] i Abbott [44]; äëÿ ìàãíiòíîãî ôîðìôàêòîðó GM (p) - êîëàáîðàöié
Stanford [?, 52, 53], Orsay [22, 23], Naval Research Lab [54] òà îãëÿäó Karpius [55].
Òàêîæ åêñïåðèìåíòàëüíi çíà÷åííÿ ìàãíiòíîãî ôîðìôàêòîðó îòðèìàíi äëÿ Mainz
[24], Bonn [25], Saclay [27], SLAC [28,29], âèêîðèñòîâóþ÷è ñïiââiäíîøåííÿ ìiæ GM (p)
òà ñòðóêòóðíîþ ôóíêöi¹þ B.

Ñëiä çâåðíóòè óâàãó íà çíàêîçìiííiñòü ôîðìôàêòîðiâ ïðè 4.7-4.9 Ôì−1 äëÿ
GC(p); ïðè 12.8-14.7 Ôì−1 äëÿ GQ(p); ïðè 6.3-8.1 òà 11.4-12.2 Ôì−1 äëÿ GM (p).

Ðîçðàõîâàíà äëÿ ïîòåíöiàëüíèõ ìîäåëåé ïîçèöiÿ íóëÿ çàðÿäîâîãî ôîðìôàêòîðó
GC(p0) ïðèâåäåíà â Òàáëèöi 2. Îòðèìàíi çíà÷åííÿ ïîðiâíÿíî ç äàíèìè äëÿ iíøèõ
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Ðèñ. 1: Çàðÿäîâèé ôîðìôàêòîð GC(p).
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Ðèñ. 2: Êâàäðóïîëüíèé ôîðìôàêòîð GQ(p).

ïîòåíöiàëüíèõ ìîäåëåé òà ç åêñïåðèìåíòàëüíèì çíà÷åííÿì. Ïîçíà÷åííÿ â Òàáëèöÿõ
âêàçàíî çãiäíî öèòîâàíî¨ ëiòåðàòóðè.

Ïîçèöi¨ íóëÿ äëÿ êâàäðóïîëüíîãî i ìàãíiòíîãî ôîðìôàêòîðiâ (Òàáëèöi 3 i 4)
çíàõîäÿòüñÿ çíà÷íî ïðàâiøå, íiæ äëÿ çàðÿäîâîãî ôîðìôàêòîðó. Íà æàëü, âiäñóòíi
åêñïåðèìåíòàëüíi çíà÷åííÿ äëÿ iìïóëüñiâ áiëüøå 7 i 9 Ôì−1 äëÿ ôîðìôàêòîðiâ GQ
i GM âiäïîâiäíî.

ßê çàçíà÷åíî â [26], ïîçèöiÿ íóëÿ äëÿ ôîðìôàêòîðó GC ïîâ'ÿçàíà iç âiäøòîâ-
õóâàëüíèì õàðàêòåðîì NN- âçà¹ìîäi¨ íà ìàëèõ âiäñòàíÿõ. Áëèçüêèìè äî åêñïåðè-
ìåíòàëüíîãî çíà÷åííÿ ïîçèöi¨ íóëÿ p0=4.11-4.39 Ôì

−1 äëÿ GC ¹ äàíi, îäåðæàíi äëÿ
Reid93 i NijmII ïîòåíöiàëiâ, à â öèòîâàíèõ äæåðåëàõ - äëÿ ìîäåëåé Bonn-B, OBEPF,
Moscow, TCM, 5NC.

Â iíòåðâàëi ïåðåäàíèõ iìïóëüñiâ äî 7 Ôì−1 åêñïåðèìåíòàëüíå çíà÷åííÿ íóëÿ äëÿ
ôîðìôàêòîðó GQ íå âèÿâëåíå. Áëèçüêèìè äî åêñïåðèìåíòàëüíîãî çíà÷åííÿ ïîçèöi¨
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Ðèñ. 3: Ìàãíiòíèé ôîðìôàêòîð GM (p).

Òàáë. 2: Ïîçèöiÿ íóëÿ çàðÿäîâîãî ôîðìôàêòîðó GC

Ïîòåíöiàë p0, Ôì
−1

NijmI, NijmII, Nijm93, Reid93, Argonne v18 4.80; 4.60; 4.81; 4.60; 4.71

Bonn-B, FULLF, OBEPF [56], 5RM [2] 4.28; 4.26; 4.10; 4.8-5.1

4RIA [26], Moscow, NijmI, NijmII [32] 4.3-4.6; 4.1; 4.6; 4.4

CD-Bonn, Paris [32], TÐ [50], NijmI, NijmII [30] 4.4; 4.9; 4.19; 4.9; 4.7

CIA, RIA [31] 4.24-4.53

CD-Bonn, Paris, ÐIÍ [30], NIA [3] 5.2; 4.6; 4.3; 4.6

9RIA [33], 9DWF [34] 4.5; 9.2-12.3; 4.5-6.0

5NC [45], IA AV14, IA+MEC AV14 [43] 3.8-4.7; 4.5; 4.0

Paris, Av14, Bonn-E [26], TCM [35] 4.5; 4.4; 5.3; 4.2

QCB82, QCB86 [36], MMQCM [37], Graz-II [4] 4.4; 4.5; 4.5-5.2; 5.67

RIA [38] 4.5-5.2; 11.4-13

QCM [39]; OBEPQ-A, B, C [40] 4.4; 4.1-4.5

Åêñïåðèìåíò: [26] 4.39±0.16
Par. III îãëÿäó [44] 4.21±0.08
Par. III [51] 4.19±0.05
Par. I äëÿ äàíèõ [46] 4.11 (+1.34;-1.00)

Par. I äëÿ äàíèõ [16,26,46] 4.17±0.57

íóëÿ p0=7.2 Ôì
−1 äëÿ GM ¹ ðåçóëüòàòè, îäåðæàíi äëÿ Nijm93, Reid93 i Argonne v18

ïîòåíöiàëiâ, à â öèòîâàíèõ äæåðåëàõ - äëÿ ìîäåëåé QCB82, QCB86, TCM.

4 Ïàðàìåòðèçàöiÿ ôîðìôàêòîðiâ äåéòðîíà

Ó ðîáîòi [2] âèêîðèñòîâóþòüñÿ ôóíêöi¨ ïiäãîíêè òåîðåòè÷íèõ ðîçðàõóíêiâ äî åêñ-
ïåðèìåíòàëüíèõ çíà÷åíü ôîðìôàêòîðiâ äåéòðîíà
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Òàáë. 3: Ïîçèöiÿ íóëÿ êâàäðóïîëüíîãî ôîðìôàêòîðó GQ

Ïîòåíöiàë p0, Ôì
−1

NijmI, NijmII, Nijm93 12.4; 12.2; 13.8

Reid93, Argonne v18 12.8; 12.6

9RIA [33]; RIA [38] 8.7-10.9; 8.9-12.2

Òàáë. 4: Ïîçèöiÿ íóëÿ ìàãíiòíîãî ôîðìôàêòîðó GM

Ïîòåíöiàë p0, Ôì
−1

NijmI 8.0; 14.7

NijmII 6.5; 14.3

Nijm93 7.4; 15.3

Reid93 6.9; 14.9

Argonne v18 6.8; 13.5

Moscow, NijmI, NijmII [32] 5.3; 6.9; 6.0

CD-Bonn, Paris [32], 9DWF [34], TCM [35] 6.7; 5.8; 5.5-7.5; 7.2

QCB82, QCB86 [36], QCM [39], NIA [3] 7.1; 7.2; 6.5; 6.6

5RM [2], MMQCM [37] 5.6-6.1; 6.8-7.5

RIA [38] 6.5; 11.1

Åêñïåðèìåíò [29,44] 7.2±0.3

G
(fit)
C = e−Q

2/3.5F ; G
(fit)
Q =

25.8298

1.01

(
e−Q

2

+ 0.01e−Q
2/100

)
F ; G

(fit)
M = 1.7487e−Q

2/2.5F ;

äå F =
(

1 + Q2

mε

)−1 (
1 + Q2

0.71

)−2

; Q2 - êâàäðàò iìïóëüñó â ÃåÂ2; mε=0.05365 ÃåÂ2.

Â [2] ðîçðàõóíêè ôîðìôàêòîðiâ äåéòðîíà ïî öèì ôîðìóëàì äàþòü çàäîâiëüíi çíà-
÷åííÿ âiäíîñíî åêñïåðèìåíòàëüíèõ äàíèõ òiëüêè â îáëàñòi 0-0.5 ÃåÂ.

Â îãëÿäi [44] íàÿâíi ùå äâi ôîðìè ïàðàìåòðèçàöi¨

Gi(p
2) = Gi(0)

[
1−

(
p

p0
i

)2
][

1 +

5∑
k=1

aikp
2k

]−1

;

 GC
GQ
GM

 = G2
D

(
p2

4

)
·M(η)

 g0

g1

g2

 ;

äå àìïëiòóäè ïàðàìåòðèçîâàíi ó ôîðìi ëîðåíöiàíó gk = pk
4∑
i=1

aki

αki+p2
. Äëÿ 18 i

12 ïàðàìåòðiâ äëÿ êîæíîãî ôîðìôàêòîðà öi ïàðàìåòðèçàöi¨ äàëè χ2/N=1.5 i 1.8
âiäïîâiäíî, äå N - êiëüêiñòü åêñïåðèìåíòàëüíèõ äàíèõ. Êðiì öüîãî, ïàðàìåòðèçàöiÿ
ôîðìôàêòîðiâ äåéòðîíà ó ÿêîñòi äîáóòêó ãàóñiàíà íà ñóìó (SOG) [57] áóëà çàñòîñîâà-
íà äëÿ åêñïåðèìåíòàëüíèõ äàíèõ îãëÿäó [44]. Äëÿ 33 ïàðàìåòðiâ öi¹¨ ïàðàìåòðèçàöi¨
χ2/N=1.5.

Â íåðåëÿòèâiñòñüêîìó iìïóëüñíîìó íàáëèæåííi âåäó÷i äîäàíêè ôîðìôàêòîðiâ
äåéòðîíà âèçíà÷àþòüñÿ êîåôiöi¹íòàìè ðîçêëàäó (Cj , mj) â êîîðäèíàòíîìó ïðåä-
ñòàâëåíi òà ñòåïiííþ iìïóëüñó [41]
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GNRC ∼ -
1

p3
(GEp +GEn) f(Cj ,mj); GNRQ ∼ -

m2
d

p7
(GEp +GEn) f(Cj ,mj); (8)

GNRM ∼ -
1

p3
(GMp +GMn) f(Cj ,mj); (9)

òîáòî ãîëîâíi ÷ëåíè ðîçêëàäó çàðÿäîâîãî i ìàãíiòíîãî ôîðìôàêòîðiâ äåéòðîíà
âèçíà÷àþòüñÿ òiëüêè S- ñòàíîì õâèëüîâî¨ ôóíêöi¨ äåéòðîíà, à D- êîìïîíåíòà äà¹
äîäàòêîâèé âêëàä â ãîëîâíèé äîäàíîê êâàäðóïîëüíîãî ôîðìôàêòîðó. Øâèäêå ñïà-
äàííÿ åëåêòðè÷íîãî íóêëîííîãî ôîðìôàêòîðó â ïîðiâíÿííi iç ìàãíiòíèì ïðèçâîäèòü
äî øâèäøîãî ñïàäàííÿ çàðÿäîâîãî i êâàäðóïîëüíîãî ôîðìôàêòîðiâ, íiæ ìàãíiòíîãî
GM . Â ðåëÿòèâiñòñüêîìó iìïóëüñíîìó íàáëèæåííi ôîðìôàêòîðè äåéòðîíà âèçíà÷à-
þòüñÿ âèùåâêàçàíèì íåðåëÿòèâiñòñüêèì íàáîðîì ôîðìôàêòîðiâ:

GRi ∼
√
md

p
GNRi ; i = {C,Q,M} .

Äëÿ ÕÔÄ (1) ñôåðè÷íi òà êâàäðóïîëüíi ôîðìôàêòîðè (7) áóäóòü çàïèñàíi ó ôîð-
ìi

S
(1)
0 = 32

N∑
i,j=1

AiAjaij(
p2 + 4a2

ij

)2 ; S
(2)
0 = 61440

N∑
i,j=1

BiBjbij
(
3p4 − 40b2ijp

2 + 48b4ij
)(

p2 + 4b2ij
)6 ; (10)

S
(1)
2 = −3072

N∑
i=1

AiBi(ai + bi)p
2

(p2 + 4(ai + bi)2)
4 ; S

(2)
2 = −98304

N∑
i,j=1

BiBjbijp
2
(
3p2 − 28b2ij

)(
p2 + 4b2ij

)6 ;

(11)
äå aij = ai + aj ; bij = bi + bj . Òîäi, âðàõîâóþ÷è ñêëàäîâi ôîðìôàêòîðiâ Di çãiäíî

(5) òà (6), ñàìi ôîðìôàêòîðè äåéòðîíà Gi (4) ìàòèìóòü íàñòóïíi àñèìïòîòèêè ïðè
âåëèêèõ çíà÷åííÿõ iìïóëüñó

GC ≈ 32GEN

N∑
i,j=1

AiAjaij(
p2 + 4a2

ij

)2 ; GQ ≈ −
9216GEN√

2η

N∑
i=1

AiBi(ai + bi)p
2

(p2 + 4(ai + bi)2)
4 ; (12)

GM ≈
md

mp
GMN

32

N∑
i,j=1

AiAjaij(
p2 + 4a2

ij

)2 − 3072√
2

N∑
i=1

AiBi(ai + bi)p
2

(p2 + 4(ai + bi)2)
4

 . (13)

I, ïiäñòàâèâøè âåëè÷íèìè GEN , GMN i η, ìîæíà çàïèñàòè àñèìïòîòèêè ôîðì-
ôàêòîðiâ äåéòðîíà Gi äëÿ âåëèêèõ çíà÷åíü iìïóëüñó òàêèì ÷èíîì:

GC ∼
1

p8
; GQ ∼

1

p12
; GM ∼

1

p8
. (14)
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Îòæå, àñèìïòîòèêè ôîðìôàêòîðiâ äåéòðîíà âèçíà÷àþòüñÿ êîåôiöi¹íòàìè àíàëi-
òè÷íèõ ôîðì ÕÔÄ, íóêëîííèìè içîñêàëÿðíèìè åëåêòðè÷íèì òà ìàãíiòíèì ôîðì-
ôàêòîðàìè òà ñòåïiííþ iìïóëüñó. Êðiì öüîãî, çíàþ÷è àñèìïòîòèêè ôîðìôàêòîðiâ
äåéòðîíà, ìîæíà âèçíà÷èòè ¨õ âêëàä â ñòðóêòóðíi ôóíêöi¨.

Âèñíîâêè

Âèêîðèñòîâóþ÷è âiäîìi àíàëiòè÷íi ôîðìè ÕÔÄ â êîîðäèíàòíîìó ïðåäñòàâëåííi
äëÿ ïîòåíöiàëiâ NijmI, NijmII, Nijm93, Reid93, Argonne v18, ðîçðàõîâàíî çàðÿäîâèé
GC , êâàäðóïîëüíèé GQ i ìàãíiòíèé GM ôîðìôàêòîðè äåéòðîíà. Ïîðiâíþþòüñÿ òå-
îðåòè÷íi ðîçðàõóíêè ç åêñïåðèìåíòàëüíèìè äàíèìè ïðîâiäíèõ êîëàáîðàöié (Bates,
BLAST, JLab, Naval Research Lab, NIKHEF, Orsay, Stanford, VEPP3) òà îãëÿäiâ
(Abbott, Boden, Garcon). Ðîçðàõîâàíó ïîçèöiþ íóëÿ ôîðìôàêòîðiâ ïîðiâíÿíî ç äà-
íèìè äëÿ iíøèõ ïîòåíöiàëüíèõ ìîäåëåé.

Ïðè âåëèêèõ çíà÷åííÿõ iìïóëüñó àñèìïòîòèêè ôîðìôàêòîðiâ äåéòðîíà Gi (12)-
(14) âèçíà÷àþòüñÿ êîåôiöi¹íòàìè àíàëiòè÷íèõ ôîðì ÕÔÄ, íóêëîííèìè içîñêàëÿð-
íèìè ôîðìôàêòîðàìè, à òàêîæ ñòåïiííþ iìïóëüñó.

Çíàþ÷è ôîðìôàêòîðè äåéòðîíà, ìîæíà âèçíà÷èòè òàêi âåëè÷èíè ÿê ôóíêöi¨ åëå-
êòðè÷íî¨ òà ìàãíiòíî¨ ñòðóêòóðè A(p) i B(p), òåíçîðíi t2j i âåêòîðíi t1i ïîëÿðèçà-
öi¨ [2], òåíçîðíó àíàëiçóþ÷ó çäàòíiñòü Ayy i âåêòîðíi (òåíçîðíi) êîåôiöi¹íòè ïåðåäà÷i

ïîëÿðèçàöi¨ ka
′

a (ka
′a′

aa ) â ðàìêàõ ìîäåëi îáìiíó ω-ìåçîíîì [58], êîåôiöi¹íòè ñïiíî-

âî¨ êîðåëÿöi¨ C
(0)
xz , C

(0)
zz òà òåíçîðíi àñèìåòði¨ A

(0)
xx , A

(0)
xz , A

(0)
zz äëÿ ïðóæíîãî ëåïòîí-

äåéòðîííîãî ðîçñiÿííÿ â ìåæàõ íóëüîâî¨ ëåïòîííî¨ ìàñè [59] òà iíøi ïîëÿðèçàöiéíi
ñïîñòåðåæóâàíi â ïðîöåñàõ çà ó÷àñòþ äåéòðîíà.

Îòðèìàíi ðåçóëüòàòè äîçâîëÿþòü â ïîäàëüøîìó âèâ÷èòè åëåêòðîìàãíiòíó ñòðó-
êòóðó äåéòðîíà, äèôåðåíöiàëüíèé ïåðåðiç ïîäâiéíîãî ðîçñiÿííÿ, à òàêîæ îá÷èñëþ-
âàòè òåîðåòè÷íi çíà÷åííÿ çàðÿäîâîãî i ìàãíiòíîãî ðàäióñiâ äåéòðîíà [40] òà ñïiíîâèõ
ñïîñòåðåæóâàíèõ dp-ðîçñiÿííÿ.
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On the received coe�cients of the analytical forms for deuteron wave functi-
on in coordinate representation in form rl+1*exp(-A*r) for the modern reali-
stic nucleon-nucleon potentials NijmI, NijmII, Nijm93, Reid93 and Argonne v18
are calculated charge GC(p), quadrupole GQ(p) and magnetic GM (p) deuteron
form factors. An original dipole �t for proton and neutron isoscalar electric
and magnetic form factors is used for calculations. Theoretical calculations of
values of the deuteron form factor are compared with their experimental data of
world collaborations (Bates, BLAST, Bonn, JLab, Mainz, Naval Research Lab,
NIKHEF, Orsay, Saclay, SLAC, Stanford, VEPP3 and VEPP4) and reviews
(Abbott, Boden, Garcon and Karpius). The change of the sign of form factors is
in the pulse regions at 4.7-4.9 fm−1 for GC ; at 12.8-14.7 fm

−1 for GQ; at 6.3-8.1
and 11.4-12.2 fm−1 for GM . The theoretical values for the form factors GQ(0)
and GM (0) were calculated at the boundary condition for the momentum at
p2=0. Calculated positions of the zero for deuteron form factors are compared
with values for other potential models. The peculiarities of parametrizations of
deuteron form factors for theoretical approaches and �ts of theoretical calculati-
ons to experimental values, which are described in the cited literature, are
analyzed. Formulas for spherical and quadrupole form factors are writed, whi-
ch are expressed in terms of the coe�cients for the indicated deuteron wave
function. At large values of momentum the asymptotics of the deuteron form
factors are determined by the coe�cients of the analytical forms for deuteron
wave function, nucleon isoscalar form factors and the order of momentum. The
further use of deuteron form factors for obtaining polarization observables in
processes involving deuteron as a projectile is discussed.

Key words: deuteron, wave function, form factor, position of the zero,
asymptotic
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