UED Journal of Sciences, Humanities & Education —

Nhan bai:
16 -01-2015
Chap nhan ding:
25-03-2015
http://jshe.ued.udn.vn/

ISSN 1859 - 4603

NGHIEN CU’U CAU TRUC PHA CUA CHAT HAT NHAN POI XUNG TIEM
CAN
Luong Thi Théu

Tém tat: Vat chét twong tac manh va dam déc da dwoc cac nha vat Ii hat nhan quan tam nghién ctu
tlr 1au. Chuyén pha cla cac hat nhan da duoc khéo sat trong nhiéu bai bao li thuyét. Cac cong trinh
nghién ctru dwa trén cadc mé hinh hién twong luan duoc thiét 1ap truc tiép tir cac bac ty do nucleon. Cac
md hinh hat nhan phi twong di tinh st dung cac dang khac nhau cta thé nang twong tac nucleon-
nucleon da thu dwoc nhiéu thanh céng trong nghién clru chat hat nhan & mat d6 thap va nidng lwong
thap. Tuy nhién, ly thuyét hat nhan phi twong déi tinh lai that bai khi phdn anh cac tinh chét vat ly cia vat
chéat dong déc. Trong bai bdo nay, ching tdi nghién ctru céc tinh chét cla chat hat nhan dwa trén mo
hinh chét hat nhan di xirng tiém can cé tinh dén twong tac vo hudng-vecto, md ta rd kich ban chuyén

pha khi -

1dng loai mét clia chét hat nhan dwéi mat d6 bao hoa.

Tir khoa: Chat hat nhan; dbi xtrng tiém can; twong tac vé hwdng-vecto; chuyén pha; ciu tric pha.

1. Gi&i thiéu

Hién nay, céc thi nghiém va cham ion nang luong
cao la cong cu manh tao ra vat chit twong tic manh, dic
néng, cung cap co hoi khdm pha céc tinh chat thi vi cia
vat chat & diéu kién cyc tri. Chinh vi vay, nghién ciu vé
chuyén pha va cAc tinh chat ciia hat nhan da tro thanh mot
cha dé néng, hip dan manh m& cac nghién ciu thuc
nghiém va ly thuyét. Ly thuyét hat nhan twong ddi tinh
Walecka di rat thanh cong khi tai hién céc tinh chat vat ly
cua hat nhan niang va hat nhan trung binh. Cac md hinh
hat nhan tuong ddi tinh khac da va dang dugc phét trién
va thu duoc nhiéu két qua quan trong. Tuy nhién, tat ca
c4c mo hinh hat nhan tuong di tinh néi trén déu c6 mot
thiéu s6t nghiém trong, cu thé: ching khong phan anh doi
xing chiral, mot ddi xang hién nay dugc thira nhan 14
mét trong nhitng ddi xtmg co ban cua tuong tac manh.
Chuyén pha chiral trong trang thai vat chat dong dic
dong vai trd quyét dinh trong nghién ciru cac tinh chat vat
ly cua c&c hat nhan kich thich va cau trlc cua cac sao mat
d6 cao va tién trinh hinh thanh vi try.

2. Cosé ly thuyét va phwrong phap nghién ctru
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2.1.Lagrangian cua mé hinh nghién ctru

Dé nghién ctu cdu triac pha cua chit hat nhan di
xung tiém can chang ta sir dung mot s6 két qua cua [2]
trong d6 sit dung md hinh Nambu - Jona - Lasinio m¢
rong (ENJL) vai mat do Lagrangian:

L =Ly +,U‘,77/o'//' (@))

Ly = l//(l@ M)y + S[(1/7'//)2

HFiytw)] —%[(W”w)z 4

Wrsrw)?]+ &[(W2 + @

(1/117571//) ][(W w)? +(l//757 w)’]

[(W —l//)2+(t//757“ l//)]

0 day w la toan tir truong, mo ta hat nucleon; u la
thé hoa, p = dlag(pp,pn) Mpn = Mg p./2 us 12 thé hoa
baryon, p la thé hoa isospin; mo 1a khéi lwong tran cua
nucleon; y* 13 cac ma tran chuan Dirac; 7 = {12}
voi 74,722 1a cac ma tran Pauli tac dung trong khong
gian isospin; Gs, Gv,Gs, va Gy la c4c hang sb lién két.
2.2.Thé nhiét dong

Trong gan dang trudng trung binh, ta thay c4c toén
tir treong meson bai cac gia tri trung binh cta ching ¢
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trang thai co ban cua chat hat nhan lanh. Mat do
Lagrangian dugc viét lai:

-2 * . N 3
Lyer =W (i0-M +iy, G, vr, ©
+7o W —U (05, p,,U,V),
o day,

. " (4)
M* =m, —Gs*u, (5)
/up,n = :uB ilul /2' (6)
Bo= =Y. =ty —[G, —G,, (0 +v?)]pg,

. (7
w=u -G p,

1
Uy, ,,03) = S[G, (07 +v7)
(8)

-G, p2 -G, p? +3G, (u* +v*) p2]
:%[és(u2+v2)—zzvp8+va§—G,p.2],
Voi
6. =G, +6,p% =G, [1+ (22,6 = L2Cx

o G

Thé nhiét dong tai nhiét do T va thé hod p duoc
viét:

S

T
QT,p)=—InZ )

Liy dinh thirc trong toan bo khong gian vi, khong
gian Dirac, khong gian spin va khong gian xung lugng,
ta co:

|nZ=\T7U(pB,p,,u,v)+NfZIn

K

. _ . (10
(ko — Ef)(ko + E+)(ko —-E )(ko + E+)
T4
Biéu thirc cuia thé nhiét dong duorc viét lai:
Q=U(pg,p,,u,V)+ N,

{E, +TInn'n,+E +TInn'n’},
& day N¢= 2 vai chét nuclear va Ny = 1 véi chét neutron,
E,=E Mg, (12)

1a phd nang lugng cua nucleon trong chat hat nhan,

*=J(Ekiur/2>2+é§v2, (13)

12

va
E =vkZ+M™ (14)

la nang lugng ctia mot nucleon.
+ Ex/T -1
n.=[e™ +1] (15)

chinh 1a cac ham phan b Fermi.

Trang thai vat Iy ma chung ta quan sat phai la trang
thai &ng véi cuc tiéu caa thé nhiét dong, néi cach khéc
diéu kién dé ton tai trang thai co ban cua chat hat nhan
dugc xac dinh boi cac phuong trinh nhu:

8_!2:0’69_08_92018_920.
ou v dw, Oy

2.3.Cac tham s6 ctia mé hinh

Bay gio ta di xac dinh céc hang sb lién két Gy, Gs
khoi lugng thuan cua nucleon mg, tham so cat A 1a cac
tham s6 caa mé hinh.

Ta khao sét trong gigi han nhiét d6 khong va lay
tich phan trong hé toa d6 cau ta thu dugc:

k3
psszS_sz
N, *
u=-——1] kdk—
7 k?+M™
(m _M*)Z (16)
=°—+_V 2
26 2 1

+N—;jkA K2dkk? + M2,
T ke

Tir rang budc trén, sir dung phian mém tinh toan
Mathematica tién hanh tinh sé. Theo [2] ta thu duoc gié
tri cho cac tham so6 ciia mo hinh nhu sau:

mo = 41.264MeV, G, = 8.507fm?,¢ = 0.032,
Gv/Gs=0.933 va A = 400MeV,
2.4.Phwong trinh trang thai

Xuét phét tir hé thrc:

P=-Q 14y cyc tiéu (17)
Biéu dién ap suét P theo mat d baryon p; ta co:
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. d°k (18)
—H )pB - J

@2r)’
[BE, +TIn(n"n )+T In(n"n;)]
tuong ty, biéu thirc cia mat do ning lwong duoc viét:
m-M")* G
LR
2G,

Gr
? p|2 + (g

P=—

3
%pf + (s =) pg =N, j% 9
[BE, +T In(n"n)+T In(n"n;)]
Tir (18) — (19) ta thu duoc:

1. Ning luong d6i xang hat nhan
_ p_é 82‘9bin
8 opf
2. Hé s6 khong chiu nén caa chat hat nhan

=0 (20)

oP
K(pg,a) =9—,
(ps. ) o (21)
véi @ 14 bat ddi xung isospin: o = 20 " Fe |
Tri s6 cua céac hing sé lién két Gy, GsPtham sé cit
A, & va khéi lugng thuan mp cia nucleon da duoc xéac
dinh & phan trén.
2.5.Céau truc pha

Trong phan nay, ta tién hanh nghién ciu sy bién
thién cua khéi lugng hiéu dung M+ theo thé hoé baryon
Mg va chuyén pha khi - léng & mat do dudi bdo hoa cua
chét hat nhan. D6 1a nhitng van dé co ban caa vat |y hat
nhan hién dai.

Phd nang lugng cta nucleon trong chat hat nhan:

Ei=Ext pr, (22)
vai
IU* =Hp _[Gv _Gsvuz]pB' (23)
Phuong trinh khe:
d’k M~
Uu=p, = ———(n_+n_-1),
ps J- (272_)3 ) ( — + ) (24)

Mat do baryon va thé hoa baryon:

N, [ 2 ) -n), @

Hg = IU* +[Gv _Gsvu ]pB! (26)
trong d6 N_=[e5'" +1]™" 1a ham phan bé Fermi.

Mt khac ta di c6 biéu thirc caa khéi lugng hiéu dung
M*

M*=m,—Gsu (27)
Vi

és :Gs +Gsvpé =

6.+ (2 ) f—”’G

S

Str dung bo tham s6 ta da tinh dwoc & phan trén, tién
hanh tinh s6 ta v& dugc db thi mé ta sy phu thudc cua
khéi lugng hiéu dung M+ vao thé hoa baryon ps tai mot
Vai gié tri cua nhiét do nhu Hinh 1. O day, cac duong nét
lién tuong ing Véi cac nhiét do T = OMeV, T= 60MeV,
cac duong nét dut twong Gng véi cac nhiét d6 T =
10MeV, T = 50MeV , cac duong cham chim twong ung
véi cac nhiétdo T = 20MeV T =30MeV, T= 40MeV.
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Hinh 1. Su phy thugc cia khdi Liwong hiéu dung M* theo
thé hoa baryon s tai cac gia tri khac nhau cia T. Tir
phdi sang tréi, ¢ phia trén, cdc do thi lan heot twong
ung voi T =0MeV, T =10MeV, T =20MeV, T =30MeV,
T =40MeV, T =50MeV, T = 60MeV.

Tir truc quan hinh V& ta thdy, ro rang la ddi xtng
chiral phuc hdi tiém can tai ps I6n va hon nira, v6i T
I6n, khdi lwong hiéu dung 1a mot ham don trj cua thé
hod baryon ps. Kiéu biéu hién nhu vy thuong dugc
dinh nghia 1a mot bién ddi crossover. Trong khi d6 véi
nhiét do thip, khéi lugng hiéu dung M+ 1a mét ham da
tri cua thé hoa baryon ps. DBé xac dinh loai chuyén pha
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ching ta c6 thé st dung phuong phap duoc dua ra boi
Askawa va Yazaki [1]. Theo phuong phap nay, trong
viing ma khéi lugng hiéu dung M+ 12 mot ham da trj cua
thé hoa baryon g thi d6 thi caa thé hiéu dung theo M+ s&
c6 hai gi4 tri cuc tiéu. Tai nhiét d6 chuyén pha thi hai
cuc tiéu nay c6 cing do sau. DSi véi mién ma khoi
lwong hiéu dung M* 14 ham don trj cua thé hoa baryon
g, tai nhiét do chuyén pha, thé hiéu dung theo M+ c6
maot cuc tiéu.

3. Két luan

Trong bai bao nay, chung t6i da st dung mé hinh
Nambu-Jona-Lasinio mé rong (ENJL) dé nghién cuau
céc tinh chit cua chét hat nhan d6i xtng tiém can co
tinh dén tuwong tac v hudng - vec to, mé ta rd kich
ban chuyén pha khi - long loai mét cua chat hat nhan
duéi mat d6 bao hoa, chi ra ddi xing chiarl phuc hdi
tiém can tai mat dé baryon cao (ng véi cac nhiét do
T xac dinh. Thé hién vai trd khdng thé thiéu cua ddi
xtrng chirl trong nghién ciru tinh chat hat nhan. Dy
kién trong thoi gian téi, ching toi tiép tuc nghién cuu
sy anh huéng cua bat dbi xung isospin 1én céc tinh
chét vat ly caa chat hat nhan.
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A STUDY ON THE PHASE STRUCTURE OF ASYMPTOTIC SYMMETRIC NUCLEAR MATTER

Abstract: The strong and dense interaction matter has attracted physicists’ attention for a long time. The phase transition of the
nuclear matter has been investigated in many theoretical papers. The studies have been based on the phenomenological models directly
established from the nucleon degrees of freedom. The models of non-relativistic nuclei using different forms of the nucleon-nucleon
interaction potential energy have gained much success in the study on nuclear materials at a low density and low power. However, the
theory of non-relativistic nuclei failed to reflect the physical properties of the solidified materials. This paper studies the properties of
nuclear matter based on the model of asymptotic symmetric nuclear matter, taking into account the scalar-vector interactions and clearly
describes the scenario of the first-class gas-liquid phase transition of the nuclear matter under saturation density.

Key words: nuclear matter; asymptotic symmetry; scalar-vector interaction; phase transition; phase structure.
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