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NGUNG TU CUA VAT CHAT TRONG MO HINH SIGMA TUYEN TINH
CUA HE PHA TRON HAI THANH PHAN

L& Viét Hoa', Nguyén Tuin Anh?, Ping Thi Minh Hué? va Dinh Thanh Tam*
YKhoa Vit Ii, Truong Pai Hoc Sw Pham Ha Noi
2Khoa Céng nghé Ning lugng, Truong Pai Hoc Pién Lic
3Khoa Ndng lugng, Truong Dai Hoc Thity Loi
4Khoa Todn - Li - Tin, Truong Pai Hoc Tdy Bdc

Tém tit. Bai bdo khio sat hién tugng ngung tu vat chit trong hé pha tron hai thanh phan
trén co s& mo hinh 1i thuyét trudng sigma tuyén tinh. Thu dudc biéu thic ctia thé hiéu dung
Corwall-Jakiw-Tomboulis (CJT) trong gan ding HF va tit d6 riit ra cac phuong trinh khe
dbi véi cac mat do ngung tu va cac phuong trinh SD cho ham truyén. Céc két qua tinh sb
chiing t6 trong hé c6 thé ton tai hai kich ban ngung tu la chi c6 mdt loai hodc ca hai loai
ngung tu nhung khong dong thai tiy thudc vao anh hudng ctia nhiét do hay thé héa. Cic
qua trinh ngung tu ny déu thudc chuyén pha loai IT di ngung tu do hiéu ting nhiét hay do
hiéu tng lugng ta.

Tir khoa: Tac dung hiéu dung CJT, dinh 1i Goldstone, md hinh sigma, phuong trinh khe
(gap), phuong trinh Schwinger-Dyson (SD).

1. MGé dau

Trong nhitng nim gan dy nhiéu cong trinh [1-3] lién quan dén chuyén pha, sy phd v3 va
phuc hoi dbi xing, su ngung tu Bose-Einstein di dugc thuc hién trong khudn khd mo hinh sigma
tuyén tinh vi mo hinh nay dugc coi la thich hgp nhét cho i thuyét vé céc hién tugng & ning lugng
thip ctia sic dong luc hoc lugng tit (QCD). Tuy nhién cé mot khé khin nghiém trong lién quan
dén viéc tai chuin hoa thé hiéu dung théa man dinh 1i Goldstone. Ngoai ra cic mo hinh trude day
chti yéu méi han ché & mot trudng (c6 thé c6 nhiéu thanh phan) hoic hai trudng trong trudng hop
phi tuong dbi tinh. Do d6 viéc mé rong mo hinh d€ mo ta hé pha tron hai thanh phan trong trudng
hop tuong dbi tinh 14 hét stic can thiét vi né cho phép 1am sing td nhiéu hiéu tng lién quan dén
cAu triic ndi tai ctia cic sao compac kiéu nhu sao notron [4, 5], hay su ton tai ctia chit quac trong
pha mau-vi bi giam him & mat do du 16n va nhiét d6 thip [6]. Bai bdo nay trinh bay nhiing két qua
nghién ctiu buéc dau theo hudng do.
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2. Noi dung nghién ciu
2.1. Céc hé thic tan sic

Chiing ta nghién ctiu sy ngung tu ctia vt chét trong hén hop hai thanh phan dugc mé ta
bing mat do Lagrangien:

L = (8°%")(80¢) — (8°¢*)(0adp) — ip1[(8°0") — ¢*(8o9)] + (113 — m3)(¢"9)
+ (0%*)(Oow) — (0°Y*)(Datp) — ip2[ (0™ ) — ™ (D)) + (15 — m3) (V™)
— M(67)2 = Xa( P — A" ) (V™). 2.1)
O day
a=1,2,30, = %ﬁo = %Kﬁ = %((bl +ipa), Y = %(% + ithg). (2.2)

Bing phép dich truong

¢—>¢0+%(¢1+i¢2); ¢—>¢0+%(¢1+i¢2), (2.3)
c6 thé viét lai Lagrangian (2.1) duéi dang:
L =1Lo+ L1 + Lo, (2.4)
trong do
Lo = (uf —m)ef + (13 — m3)eg — Mdg — Aoty — AGG¥5, (2.52)
2 2
I = g(@hon? - 5@un? + HL5 0 - (3n0d + 0 ) o2
2 .2
+ %(80@)2 - %(8&52)2 i B b5 — <)\1¢(2) + %ﬂ%)(b%
1 1 2 - m?2 A
+ 5(301/11)2 - 5(5’a¢1)2 + B2 5 m21/’% - <§¢(2) + 3/\2%)1/1%
1 1 2—m3 A
+ 5(80%)2 - 5(@11/)2)2 + B2 5 me% - <§¢(2) + )\2¢(2)>1/)§
+ 11 [(Bo¢1)d2 — ¢1(Bo¢2)] + p2[(Both1) b2 — ¥1(8otba)], (2.5b)
A A A
Ly = =61 +69)° = (0 +98)” = (61 + 6D (0 +3) — V200 (001)

— 12V2¢0(00t1) + (uF — m3)V2¢001 + (15 — m3) V20011
— MV2h001(26% + ¢3 + ¢3) — AoV 20101 (203 + UF + ¥3) — 2Apodi o

- %[\/5%%(21/1(2) + T+ 93) + V20011 (208 + 61 + ¢3)]. (2.5¢)
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Tir day ta thu dugc cac biéu thifc clia nghich d4o ham truyén & miic cdy trong biéu dién xung luong:

o w2 — k2 —m? 211w
iDy " (ks ¢, o) ( " ! pien )

—2i 1wy, w2 — k2 — m3
2 12 =2 ;
o w: —k*—m 2t f1ow
iGo (ks ¢, = n 3 e . 2.6
0 ( Po 1/)0) ( — i powy, w% 2 _mi ) (2.6)
O day
My = —ps+mi4+6ME+ Mg T = —pud 4+ m? 42002 + M,
My = —ph+ms+ MG+ 6AayF; TR = —ph 4 my + AG+ 2005 (27)

Miit khéc, thé 6 dién thu dudc truc tiép tir (2.1) c6 dang:
U = (uf = m3)df + (3 — m3)ug + Mg + Aty + Ag5ui. 2.8)

Do d6 cuc tiéu ctia né dan dén (khi ¢g # 0,1y # 0) cac phuong trinh:

oU

WZO = —ui+mi+ 2068 + M5 =0,
0

U _ 22y ) _
0

Cic phuong trinh (2.6) va (2.9) truc tiép sinh ra cdc hé thic tin sic ma trong trudng hop

k| < 1 ching c6 dang:
A3 ~
NPy L ]
Mg+ pd
Aot 7
Wy~ | —2200 g (2.10)
V&%+@“

Nhiing biéu thiic vita nhin dudc mo ta hai boson khong khéi lugng dudc sinh ra do su pha v dbi
xing SU(2) x U(1) — U(1) theo dung dinh li Goldstone.

2.2. Thé nhiét dong & gan ding HF

Tiép theo ta sé& tinh thé hiéu dung & gin diing HF ciing tiic 12 gan diing & gian dd bong béng
kép. D€ 1am diéu nay, ta tién hanh cac tinh toan nhu trong [3] va két qua thu dudc 1a thé hiéu dung
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CJT & nhiét do hitu han V§™/T (¢, 40, D, G) trong gn diing HF:

Vi T (¢o,100, D, G) = (—pi +m3) g + (—p3 + m3)g + Aoy + Aoty + Apgdg

+1/ {lnD 1(k>+lnG1(k>+Do‘1(k;<z>o,wo)D+Gal<k;¢o,wo>6‘—211}

2 o] s o]
2 ]+ 2] [
| foe)
f o]

A fon] 2] fo
A o] [ fons] 3 f o

o] f
el

2.11)

O day Dyq, Gaa, (@ = 1,2) tuong ting la cac thanh phan ctia ham truyén ciia cic trudng ¢, va

dé cho gon chiing ta ciing st dung ky hiéu nhu trong [3]:

/ﬁ £k = / dgkgfwm )i wn=2nm/B: B =1T.

Dua vao (2.11) chuing ta thu dugc cac phuong trinh sau:
* Cdc phwong trinh khe (gap) cho cdc mdt do ngung tu ¢g, g

—pf 4+ mi + 2\ 075 + Mg + g, =0,
— 3 +m3 + Mg + 2X0¢ + 11y, = 0.

*Cdc phwong trinh Schwinger-Dyson (SD) cho ham truyén

Dil(k’) _ WTQZ + EQ + M12 _Qlena
2411wy, w2+ k+ M3 )7
Gl = [ CATREME e )
2490y, w2+ k? + M}
O day
M12 = —,U% + m% + 6)\1¢g + )‘w(Z) + E¢>1 = m% + Z¢>1>
M22 = —,U% + m% + 2)\1¢g + )‘w(Q) + Z¢>2 = m% + Z¢>2>
M5 = —p5+m3+ Mg+ 6Xot)f + Iy, =m3 + Iy,
M} = —p3+m3+ A2+ 20002 + Ty, = M3 + I,

(2.12)

(2.13)

(2.14)

(2.15)
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\g|
<
Il

L 3\ D11 + M\ D22 + /Gn + /G227

Ypy, = /Dll + 3X /D22 + /G11 + /GQQ,

le = /Dll =+ /DQQ + 3)\2 Gll + )\2 G227

My, = /D11 + /D22 + A /Gn + 32 G22 (2.16)

Céac phuong trinh (2.14) va (2.15) cho thiy dinh 1i Goldstone khong con dudc thda min trong gin
ding HF. Do d6, viéc tiép theo 13 phai tién hanh diéu chinh thé hiéu dung d€ chiing thda man dinh
1i do.

2.3. Khoi phuc dinh li Goldstone

D& thu dugc thé hiéu dung théa min dinh 1i Goldstone ta tién hanh nhu trong [7]. Cu thé 1a
bd sung vao thé hiéu dung C‘]T(qbo, o, D, G) mot lugng AVCJT c6 dang:

AVETT = M1 2P Poa — PaaPo] + yA2[2QaQba — QaaQup] + 2APaaQup,  (2.17)
trong d6 da st dung ki hiéu

Pa= [ Du®). Qu= [ Gul)s ab=1.2 (2.18)
B B

Khi d6 ta thu dudc thé hiéu dung mdi:
CJT
(60, %0, D, G) = V5T (g0, 40, D, G) + AVFIT

= (=i +m)gg + (—p5 +m3)Ug + Mg + Aoty + AGGG
+ % /Btr{ In D~ (k) +In G~ (k) + Dy (k; ¢o, 10) D + Ggl(k; b0,%0)G — 2]1}

3)\ 3\ A 3\ 3\ A
41P11 41P22 + 21 Py Py + 2@11 2@22 + Q11Q22 + P11Q11
A A A
+ ZPHQQQ + ZPQQQH + ZPQQQQQ + 2\ [Ph — PiiPay — PPy + P3y
+yX2 [QF — QuQ22 — Q22Q11 + Q3] + 2A[P11Q11 + Pi1Qaz + Pa2Q11 + Po2Qa2).

(2.19)

Tir day bang cach doi hodi dinh 1i Goldstone dudc thda man ching ta sé tim dugc z = y =
—1/2, 2z = 0. Nhu vay thé hiéu dung ma trong d6 dinh 1i Goldstone dudc khdi phuc c6 biéu thic:

CJT
(¢0,%0,D,G) = (—pi +mi)dg + (—p3 + m3)vG + Mg + Aty + Adgh

= tr{lnD—1<k> G (k) +Dal<k; ¢o,wo>D+Gal<k;¢o,wo>G - 211}
B8

2
A A 3\ 3\
+ 41 P? + 41 P2, + 21P11P22 + Qn + Q22 2@11@22
A A A A
+ ZPuQn + ZPHQQQ + ZPQQQH + ZPQQQQZ’ (2.20)
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Dua vao (2.20) chung ta thu dugc cac phuong trinh khe va SD méi thay cho (2.9) va (2.10):

A A
—p3 +mi + 201 0% + AYG + 3A P+ A P + 5@11 + 5@22 =0,

A A
— i3 + M3 + AGF + 2X0f + §P11 + = Po2 + 3X2Q11 + A2Q22 =0, (2.21)

2
D) = [ ¥t B2+ ME =2
201wy, w,% + k2]
2 12 2
Gk = [ “ntETME 2w (2.22)
20wy, ws+k
0 day
2 2 2 2 2 A A
Ml = —U1 + my + 6)\1(b0 + )\1/)0 + )\1P11 + 3)\1P22 + 5@11 + 5@22,
2 2 2 2 9 | A A
M3 = Uy + mo + /\¢>0 + 6)\21/)0 + §P11 + §P22 + )\2@11 + 3)\2@22. (2.23)

Céc phuong trinh (2.20) - (2.23) chifa toan bo thong tin vé cic qua trinh nhiét dong c6 thé
xay ra trong hé. Tuy nhién d6 déu la nhitng phuong trinh tich phan khong c6 nghiém dudi dang
giai tich. Vi thé d€ di dén cac két luin c6 y nghia vat Ii 16 rang, cAn phai tién hanh tinh s6. Day 1a
mot qud trinh phic tap va muc tiép theo clia bai bdo nay sé néu 1én mot sd két qua bude dau ctia
qua trinh nay.

2.4. Mot s6 két qua tinh sb

Trong muc nay chiing t6i thuc hién tinh sb d€ nghién ctiu sy ngung tu clia vat chit trong
mo hinh sigma tuyén tinh ctia hé pha tron hai thanh phan ting véi hai qud trinh khi nhiét do
thay d6i va khi thé héa thay ddi. D6 1a hai qué trinh vat li dién hinh tuong tng véi chuyén
pha nhiét va chuyén pha luong ti. D€ 1am diéu ndy, tru6c hét cin chon cic thong sb cho md
hinh. Dya vao tai liéu [8] chiing toi chon cic khdi luong va thé héa tuong tng véi kaon, cu
thé 1a m; = 5MeV,m; = 4MeV,py = 4,5MeV; con céc hing s lién két dugc chon la
A1 = 0,0048MeV, Aa = 0,005MeV, A = 0,02MeV .

* Ngung tu do hiéu iing nhiét

D& khao sét su ngung tu do hiéu ting nhiét tiic 1a do su thay d6i nhiét do, ching t6i chon thé
héa cho trudng 1) (khac mot chiit so véi trudng ¢ vi & day thuc chét chiing ta dang xét cic ciip hat
gin gidng nhau nhu cip kaon, cip pion...) 1a po = 2,5MeV.

Tién hanh giai s6 cac phuong (2.21) va (2.23) vdi cic thong sb da chon chiing toi thu dugc
su phu thudc nhiét do ctia cac mat dd ngung tu ¢g va 1o nhu trén Hinh 1. RO rang 1a trong trudng
hop ndy chi tdn tai su ngung tu clia trudng 1. Hon nita khi nhiét do ting thi mat do ngung tu vy,
ma né xuét hién & nhiét do gan T' = 0, gidm don diéu vé khong. D6 1a diu hiéu cla chuyén pha
loai II tai nhiét do t6i han T,,; = 0,25K. K&t qua nay hoan toan phit hgp véi su phu thudc nhiét do
cia M2 va M3 dugc cho trén Hinh 2 ma & d6 chi ¢c6 M2 méi c¢6 phan duong tuong dng vdi sy ton
tai cua .
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Hinh 1. Su phu thudc nhiét dé ciia cdc mdt do ngung tu ¢ va 1

2 M3 (MeV)
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Hinh 2. Sy phu thuc nhiét dp ctia cdc binh phuong khoi luong hié¢u dung M? va M?

* Ngung tu do hiéu ving luong tir

Su ngung tu do hiéu ting lugng tii 1a su ngung tu khi thay ddi thé héa tai mot nhiét do xac
dinh. Hinh 3 bi€u dién sy phu thudc thé héa o clia ¢ va g tai nhiét d6 T = 0, 26 K. Nhu c6 thé
thdy trén hinh nay, khi thé héa p, ting, mat do ngung tu vy giam dan vé khong va sau d6 dudc
thay thé bi mat do ngung tu ¢g. Véi pige1 = 2,96MeV < g < ez = 3, 74MeV c6 mot ving
trong tuong ng v6i khong ton tai ca hai loai ngung tu. Hon nita sy bién thién don diéu ctia ¢ va
1o ciling cho thiy diu hiéu vé chuyén pha loai II. Su phu thudc thé héa clia cac khdi luong hiéu
dung dugc bi€u dién trén Hinh 4 ciing phu hgp véi nhiing nhan xét trén: cd M? va M3 déu c6 phan
duong nhung ngin cich nhau béi mot viing tréng.
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3. Kétluan

Trong khuon khd bai bao nay, véi cach tiép can dua vao hinh thic luan tic dung hiéu dung
CIJT chiing t6i kho sat su ngung tu clia vat chit trong hé pha tron hai thanh phan dugc mo ta béi
mo hinh 1i thuyét trudng sigma tuyén tinh. Nhiing két qua chinh la:

1-Thu dudc biéu thiic ctia thé hiéu dung CJT ma n6 théa man dinh li Goldstone. Tir d6 nhan
dugc cac phuong trinh khe dbi véi cac mat dd ngung tu va cac phuong trinh SD cho ham truyén.

2-Ciéc két qua tinh s6 budc dau cho phép nhan xét rang c6 thé ton tai hai kich ban clia su
ngung tu 1a: chi ¢6 su ngung tu ctia mot thanh phan hoic ca hai (nhung khong ddng thdi) tiry thudc
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vao anh hudng ctia nhiét do hay thé héa. Hon niia du 1a su ngung tu do hiéu ing nhiét hay lugng
tti thi cac qua trinh nay déu thudc chuyén pha loai II.

D€ c6 nhitng két luan day dd vé cdc qua trinh nhiét dong x4y ra trong hé cin phai tién hanh
nghién ciu sd mot cach toan dién vé ciu triic pha ctia hé, d6 chinh 12 huéng nghién cifu tiép theo
trong thdi gian téi.

Loi cdm on. Bai bio nay nam trong khudn khd ciia Pé tai nghién cttu khoa hoc cip bd s6
B2015-25-33 cua B0 Gido duc va Dao tao.
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ABSTRACT

The condensation of the matter in the linear sigma model of the two-component mixing system

Le Viet Hoa', Nguyen Tuan Anh?, Dang Thi Minh Hue?, Dinh Thanh Tam*
Y Faculty of Physics, Hanoi National University of Education
2 Faculty of Energy Technology, Electric Power University
3 Faculty of Energy, Water Resources University
4 Faculty of Mathematics Physics - Informatics, University of Tay Bac
The paper examines the phenomenon of condensation in the two-component mixing system
based on the linear sigma field theory model. The expression of Corwall-Jakiw-Tomboulis
(CJT) effective potential is obtained in HF approximation and thereby leaded to gap equations
for condensate density and SD equations for the generators. The numerical results show that
two condensation scenarios can exist in only one type or both types of condensation (but not
simultaneously) depending on the effect of temperature or chemical potential. These condensation
processes belong to the phase transition of second order whether condensation is due to thermal
effects or due to quantum effects.

Keywords: The CJT effective action, the Goldstone theorem, the linear sigma model, the

gap equations, the Schwinger-Dyson (SD) equations.
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