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TOM TAT
Thé man chdan ¢ khodng cach 1ién hat nhdn rdt nhé déng vai trd quan trong [a 1am
tang toc do phan wng tong hop hat nhan trong nhitng thién thé dam ddac nhu sao lun trang
hay sao neutron. Trong bai bdo nay, sau khi da thao lugn bao quat va chi tiet vé nhirng
cOng trinh mdi nhat lién quan dén viéc khuéch dai cia toc do nay theo gia tri ciia tham so
twong lién, chung toi dé nghi ba cong thirc nham muc dich cdi tién do chinh xdc cia cac
biéu thirc xap xi cua thé man chan ¢ khoang cdach gan bang khong. Cdc ket qua thu dwoc
co tinh den sy lién tuc giita dac tinh cua plasma OCP va plasma hon hop nhiéu thanh
phan ciing nhw quy tac hon hop tuyen tinh noi tiéng.
ABSTRACT
Magnifiying synthetic nuclear reaction rate in the condensed plasma OCP

The screening potential at the tiny values of the antinuclear distance plays an
important role in increasing the rate of the synthetic nuclear reaction in condensed
celestial bodies such as the white dwarfs or the neutron stars. In this paper, after referring
the most recent works concerning the magnification of this rate due to the values of the
coupling parameter, we propose three formulae with the aim to improve the precision of
the approximate expressions for the screening potential at near zero distance. Those
results obtained were taken into account the continuity between the characteristics of OCP
plasma and the multi component mixture plasma as well as the well known linear mixing
rule.

1.  Mé dau

Nguon ning luong chinh dugc birc xa tir cac sao trong vii tru ¢6 ngudn goc 1a
phan g tong hgp hat nhan. Cac phan ing nay anh hudng dén qua trinh tién hoa
ctia nhimng thién thé tao bdi plasma c6 mat do khoi lugng cao nhu sao lun trang
hodac sao neutron. Trong plasma, cac hat nhan c6 thé vugt qua hang rao the
Coulomb do hiéu tng duong ngam lugng tir dé gay ra phan ung tong hop. Toc do
phan ing hat nhan dugc tinh boi hé thirc tong quat:

R=0o(V)VN;N;,

trong d6, o(v)la tiét dién tan xa, ham theo tdc d6 twong d6i v gitra cac hat nhan
tuong tic, va N;, N; la cac mat do hat. Ban than o(v) duoc biéu thi qua thira s vat
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li thién van S(¢), 1a ham theo ndng lugng ¢, dac trung cho twong tac hat nhan gitra
hai ion, theo:

o(e) :%exp[—\/%j.

N1 A s A e € Ao A A N N A
O hé thuc trén, s6 hang exp(— /—Gj cho biet xac suat truyén qua hang rao the
€

Coulomb cua hai hat nhan, véi ¢ la nang lugng Gamow [4].

Trong mot cong trinh tién phong trong linh vuc vat 1i thién van hat nhan
(nuclear astrophysics) [14], Salpeter ¢4 khang dinh rang khi mat d6 khéi luong cua
hé plasma du 16n dé anh huéng man chin cua cac hat nhan xung quanh hai hat nhan
tuong tac tré nén dang ké, toc do phan ung hat nhan & trén duoc nhan thém hé sb
khuéch dai e™'*", dic trung cho tac dung cia moi truong bén ngoai 1én tuong tac
giita hai hat nhan nay. Hé sb h, 1a thé man chan ¢ khoang cach lién ion gan bang
khong (1 khoang cach tai d6 phan g tong hop hat nhan xay ra), k va T lan luot 1a
hang s6 Boltzmann va nhiét d6 cia méi trudng.

Viéc xac dinh gia tri ctia hé s6 hy ¢6 tim quan trong dic biét, lién quan dén
linh vyc vat li hat nhan dé tinh toan hiéu suat phan tng tong hop hat nhan trong
thién thé va dong thoi nham dwa ra mot biéu thic ctia thé man chan cho moi gié tri
cta khoang cach lién ion va cho moi twong quan giira thé nang tuong tac Coulomb
va nang luong chuyén dong nhiét. Chang han, trong méi truong plasma lién két
manh, hé s6 khuéch dai duoc danh gia 16n dén c& 107. Trén thé gidi, cho dén thoi
gian gan day, da c6 nhiéu cong trinh lién quan dén van dé tinh hé s6 hy (xem, vi du
nhu, [2], [3]). Trong bai bao nay, dya trén phuwong phap tham sd hoa hiéu ung trat
tu dia phuong da dugc trinh bay trong mot cong trinh trudce [8], ching toi s& dé xuat
mot biéu thirc giai tich cho hé sb hy twong thich véi cac két qua md phong Monte
Carlo (MC) cho plasma lién két manh, mé hinh vat 1i phi hop véi qua trinh tién hoa
Xay ra trong sao 10N tring va sao neutron va dong thoi dap tng duoc cac yéu cau vé
vat 1i ctia bai toan nhu tinh chin va luan phién dau ctia hé thire Widom, tinh chinh
Xac cua hé sd Jancovici, quy tac hdn hop cia plasma da ion lién két manh ciing nhu
tinh lién tuc giira plasma mot thanh phan va plasma nhiéu thanh phan.

2. M0 hinh khao sat

Trong khudn khd ciia bai bao nay, ta s& chi dé cap dén viéc xac dinh su
khuéch dai ciia phan tmg hat nhan trong méi trudng plasma mot thanh phan (OCP —
One Component Plasma) c6 dién, gdm cac hat mang dién tich duong +Ze nhu
nhau, dat trong mot bién dong nhat electron mang dién tich —e c6 tac dung trung
hoa dién. M6 hinh OCP duoc xem 1a thich hop dé dién ta chang han nhu sy dbt
chay carbon: C + 2C , phan tmg tong hop xay ra trong sao 10n tring c6 mat d6 khoi
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luong 16n dén khoang 10°g/cm?va nhiét do dat dén 10°K . Hiéu tng luong tir lién
quan dén tdc d6 phan tmg tong hop hat nhan trong truong hop dang xét ¢6 tac dung
nhat dinh khi “lam nhoe” (quantum smearing) ving phan ki cia thé Coulomb, s&
dugc khao sat trong mot cong trinh Khac.

Pé dic trung cho su twong quan giita ning lugng chuyén dong nhiét c6 do 16n
vao ¢& KT cia cac ion va tuong tac diy Coulomb giira cic ion mang dién tich cling
dau Ze, ta sir dung tham s6 twong lién quen thudc, duoc dinh nghia boi:

_(ze)

akT
trong d6, a la ban kinh khdi cau ion, dugc tinh theo mat do hat n nhu:

1/3
a:(i) |
4rn

V6i dinh nghia trén, ta c6 thé hinh dung dugc tinh chét cia plasma phy thudc
vao d6 16n cua tham sd twong lién I': khi chuyén dong nhiét chiém wu thé, moi
truong plasma s& trang thai luu chat va nguoc lai, néu tuong tac Coulomb quan
trong hon, ta s& c6 plasma két tinh. Gia tri ngudng cuia I', tai d6 c6 sy chuyén pha tir
lwu chat sang tinh thé 1ap phuong tam khi (bec) duge danh gia vao ¢d: ', =172
[15].

Néu ki hiéu H(R) 12 ham dic trung cho tac dung ciia man chan ctia méi truong
xung quanh 1én hai ion tuwong tac nhau, thi vdi R la khoang céach 1ién ion, hai ion
nay sé chuyén dong trong truong thé hiéu dung

vew-" ww, )

, - - (2Ze)’ .
hoac néu tinh theo don vi r _R va (2¢) , taviet: V(r) L H(r).
a a r

XAc suat twong tac (contact probability) giira hai ion cho béi ham phan bd
Xuyén tam [2]:

o()=e| -1{ -0 |- A fenp| e o

(kT )3/2

trong d6, A 1a s6 khéi hat nhan tinh theo don vi khéi luong nguyén tir (amu) va P(e)
1a dai luong dic trung cho xé4c sudt truyén qua hang rao thé Coulomb. Néu goi r. la
diém giat 10i (turning point) trong Ii thuyét tan xa c6 dién, ta c6:

P(s )_—jdrﬁ(r) £
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Sl , . se 20X ‘A (ZE)2

Gia tri cua r, dugc xac dinh béi di€u kign: ~——=¢

I

3. Khuéch dai toc d9 phan vrng hat nhin trong plasma OCP lién két manh

Trong nhiig sao 10n trang hodc sao neutron, d 16n cua tham sé twong lién
dugc danh gia vao khoang 100 nén van dé tinh xac dinh gia tri cua hé so hg la rat
quan trong. Dé tinh cac gia tri ctia hé sd nay twong ng véi cac tham sb twong lién
khac nhau, ta co thé str dung mot trong hai phuong phap:

Thu thap dir liéu cho ham phan bd xuyén tam g(r)tir cac mé phong MC va
suy ra gia tri cho thé man chan H(r) tir hé thirc: H(r) =%+%.

Mt khac, tinh d6i xtng ciia bai toan cho phép ta viét thé man chan H(r) dudi
dang da thirc Widom c6 bac chan, luan phién dau [16]:

H(r)=h,—hr’+hr*—hré+.., (2)
trong do6, hé s6 Jancovici h; dd dugc chimg minh c6 gia tri chinh xac: h =0.25 [10].

Vi c4c md phong MC khong thé cho dugc cac gia tri ctia g(r) ¢ cac khoang
cach lién ion quéa nho nén ta bat budc phai sir dung cac phép tinh ngoai suy dé co
dugc cac biéu thirc cua hy trong img véi cac gia tri khac nhau cia tham sb T.

Khai thac phuong phéap tham sé héa hiéu ung trat ty dia phuong [8], cac hé s6
cua da thirc H(r) duoc biéu thi theo cac ham phu thudc tham s6 ' nhu sau

h =25:ak(ln1")k, 3)

rat thuan tién khi mudn thyc hién cac chuong trinh trén may tinh. Céc hé sb a, trong
khai trién da thirc h; déu da duoc cho trong mot bang.

Cach tiép can khac dé tinh duoc cac gia tri ciia hé s6 hg 1a sir dung cac ham
nhiét dong luc: Hé plasma dugc xem nhu gdm N -2 ion va mot phan tr ludng
nguyén tir tao boi hai ion gan nhau dén mot khoang cach nao d6. Ta c6 thé ching
minh rang hy 12 hiéu sb giita nang luong ty do cua hé plasma trurdc va sau phan @ng.
St dung quy tic hén hop tuyén tinh (linear mixing rule), ta co dugc:
h, =2f (')~ f(2°°T"), véi ki hiéu f(I') 1a ning lugng tu do cla ting ion theo don
vi cta KT, va s6 hang 2°°T twong (mg v&i tham sb tuwong lién cua hé ludng nguyén
tr [17]. Do gia tri cua nang luong ty do f(I') dwoc cung cép truc tiép tir cac mod
phong MC, ta c¢6 thé suy ra cac hé sb hg.

Sy tuong dong giira cac két qua thu dugc cho ho tir hai phuong phép trén da
dugc phan tich trong mt cong trinh gan day [1].
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Dé c6 dugc hé sd hy cho plasma luu chat lodng, cac tac gia H. DeWitt va W.
Slattery [6] da sir dung cac m6 phong MC véi 57><108 cau hinh cho 1 000 ion véi
cach tiép can nhiét dong luc & trén dé thu dugc biéu thic:

(DDWS

Moows = Im) — —Dus. 4a
0DWS hODWS( ) 1001—, ( )
Voi:
hypus (IM) =1,056349 +%—%(o, 274823InT +1,084312), (4b)
®pys =2,7INTC+4,8. (4c)

Trong cong thirc (4a), cac ham h . (Im) Xuat phét tir két qua ctia quy tic xap
Xi hdn hop tuyén tinh d4 trinh bay & trén va ham @, 1a két qua ctia hiéu chinh tir
phép tinh cho plasma nhiéu thanh phan. Céac hé thirc xap xi (4a, b, va ¢) ¢ trén
tuong doi phu hop véi céc dir liéu thu dugc tir cic md phong MC véi phuong phap
hon hgp tuyén tinh thyc hién boi chinh cac tac gia nay, nhung chi trong khoang
T e[t 20].

Mot hé thirc twong tu véi (4a, b, va c) cling dd dugc cac tac gia trén néu ra
trong mot cong trinh khac [5]:

1039957 _1 (0,274823InT +1,084319) — = (0,0271InT +0,048) (4d)

1
hoows =1,056299 + [0/676936 _F F

va ciing cho két qua co sai sd nho khi so sanh véi cac dit liéu MC cung cip boi
chinh cdng trinh nay.

Nham muc dich c6 dugc dong thoi két qua h, —~/3MY? & gidi han cta ché do
nhiét hat nhan c6 dién tuong tmg voi I' <<1 theo [14] va quy luat h, =const ddi véi
Iwu chét Coulomb (T > 1), L. R. Gasque et al da dé nghi [9]:

1,07541%2
hoe = 174 ° (5)

4
1,0754
( 075 j 1
3

Tuy nhién, hé thirc trén chi cho gia tri tuong d6i chinh xac ciia hy véi I >80,
con ddi véi cac gia tri khac cua T, sai s 1a kha dang ké. Theo cac tac gia, cac sai sd
trén la chap nhan dugc néu so sanh vai sai sO do phép tinh thira so vat 1i thién van
S(e).

Gan day hon, khi quan tdm dén su tong hop cta cac hat nhan 2C va %0 trong
cac sao, trén co s& két hop phuong phap gan dang WKB cho hiéu ing dudong ngam
lwong tir xuyén qua hang rao thé Coulomb tao bai hai hat nhan tuong tac va phuong
phép thé cta trudng trung binh tinh (static mean field potential) do cac ion l1an can,
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c4c tac gia A. 1. Chugunov va H. E. DeWitt d& thyc hién 129 mo phong MC dé thu
duoc cac dir liéu cho plasma BIM dugc xem nhu chinh xac nhat cho dén nay [2].
Truong hop plasma OCP dugce suy ra tu hé thire tong quat, cho thdy & vlng gia tri
cta tham s6 twong lién ma ta quan tdm trong khuon kho cua bai bao nay, két qua
thu dugc 1a hoan toan twong thich véi thong bao trude dé thuc hién riéng biét cho
plasma OCP [3], hoic vé&i két qua cé duoc tir cac md phong Monte Carlo st dung
tich phan 1 trinh (PIMC - Path Integral Monte Carlo) do Militzer va Pollock thyuc
hién [11]. Theo [3], su phu thudc cua hé sb hy vao do 16n cua tham s tuwong lién
duoc cho boi:

ooy =T° A + A + BT + 83F2 (6)
JA+T 14T ) B+ B +T

VoI

A =2,7822, A, =98,34, A =3-A/[A =14515,

B, =-1,7476, B, =66,07, B, =112, VA B, = 65.

Pic diém cua hé thuc trén, twong ty nhu trong [9], 14 ta co thé suy ra gia tri
cua hy tiém can vai 1i thuyet Debye-Huckel van dung cho plasma lién két lodng:

hochu \/_rllz (T <<1).

Khao sat sy tuwong hop gitta h¢ thirc (6) ¢ trén vdi cac dir liéu MC cua H.
DeWitt va W. Slattery [5], ta thav sai so cta hy la khoang 0,13% cho céac gia tri cua
I'>10, hoan toan chap nhan duoc so sanh véi sai s0 cia m6 phong MC. Trén co s¢
do, ta c¢6 thé xem nhu hé thirc (6) cho ta cac gia tri cua hy twong Gng véi moi gia tri
ctia tham so T.

Bdng B.1. So sénh c4c gia tri ho trong céc bai béo [7] va [5]

r homcos [7] Nomcoo [5]
10 1,0962 1,0994
20 1,0962 1,0953
40 1,0901 1,0879
80 1,0828 1,0803
160 1,0770 1,0737

Pé c6 thém thong tin vé murc d6 chinh xé4c cua céc sb lidu cung cip boi cac md
phong MC, chung ta c¢6 thé tham khao bang B.I: O cac cot thir hai va thi ba 1an luot
la céc gia tri ciia hé sd hy cung cap bai cac cong trinh [7] va [5]. Céc gia tri cia
homcss & cOt thir hai duoc ching t6i suy ra bang phwong phap xép xi truc tiép tir cac
dir liéu cho ham phan bd xuyén tam g(r). Ta c6 thé nhan thay cac gia tri nay c6 do
léch 16n nhét 1a 3,3x10°° twong tng véi T =160. Diéu dang luu y 1a khi thyc hién
cac phép tinh xap xi trén, ching t6i d& kiém nghiém duoc cac ham thé man chin
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h(r) theo khoang cach 1ién ion r 1a cac da thirc bac chén, luan phién dau theo dung
da thirc Widom (2), dong thoi, cac hé sd h, trong khai trién (2) ¢6 gia tri gan dung:
h ~ 0,25, nhu da chiing minh bdi Jancovici [10].

Trong bai béo nay, ching ta sé& str dung céc gia tri cua hé sb hy cho boi [5], tirc
la cac gia tri & cot thir ba ciia bang B.1, do su twong thich gilra cac so liéu ndy voi hé

thire (6) nhu da trinh bay ¢ trén.

bé théy & méi quan hé trong vi¢c tinh todn hé s6 khuéch dai phan ung hat
nhan trong trudng hop tong quat cho plasma nhiéu thanh phin (MCP -
Multicomponent Plasmas) va plasma OCP, dong thoi dé c6 sy tuwong thich véi
phuong phap sir dung quy tic hdn hop tuyén tinh, chung téi d¢é nghi hé thirc

sau cho hy:
o
h, =h (Im)———
b = hy(Im) 00T
trong do:

h, (Im) =1,056299 +

5
va: @=> a(InD)*,
k=0

1,039957 1

0,676936
r

r

(0,274823InT +1,084319)

Cac hé sb a, dugc cho boi bang B.II dudi day :

Bdng B.II. CAc hé sé ciia cong thikc (7c)

(72)

(7b)

(7c)

do

a1

dp

ds

dg

ds

6,69370

—0,69922

—2,80549

1,95369

—0,43372

0,03298

H.1. Bién thién ciia ho theo InI. Chdm tron 1a
di liéu MC [5]. Duong lién nét 1a hé thiic dé

nghi (7a, b, va c). Puong dirt nét 1A Né thie (4d)

tir /5], va dwong gach cham [a hé thire (5) tir [9].

(=~ T ST - ]
T S S R

T T T
2.5 3 3.5

T T
4.5 s

1
55

H.2. D6 thi sai sé gitka hé thire (4d) va diF
liéu MC clng tir cong trinh [5].
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