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HIEN TUQ'NG PHA VO’ POI X(’NG NGHICH PAO
TRONG CHUYEN PHA NHIET &' HE BOSON HAI THANH PHAN

Ding Thi Minh Hué', Nguyén Tuén Anh’

Tém tit: Chuyén pha nhiét la s thay doi vé chat trang thdi cia hé tai diém chuyén pha khi nhiét
do thay doi dat dén gid tri toi han. Loai chuyén pha nhiét va cdc kich bdn chuyén pha duoc xdc
dinh qua viéc khao sat sy phu thudc nhiét do cua cdc tham 6 trdt tw dic trung cho hé. Bai bdo nay
trinh bay nhitng két qua nghién ciru vé chuyén pha nhiét trong hé boson hai Zhdnh phan hoa tan nho
st dung phwong phap tac dung hiéu dung Cornwall-Jackiw-Tomboulis trong gan diing bong bong
kép cdi tién. Két qua cho thdy chuyén pha nhiét trong hé la chuyén pha logi hai, xay ra khi nhiét do
duwoc ha xuong dén gia tri to1 han theo mot trong hai kich ban: chuyen pha phuc héi doi xung hodc
chuyén pha phuc héi phd vé doi ximg nghich dao.

Twr khoéa: Gia tri téi han, tham sé trat tu, thé hiéu dung, phuc hoi ddi xung, pha v& déi xung

nghich déo.

1. PAT VAN DE

Nhimg nim gin ddy, co nhiéu cong trinh
nghién ciru vé chuyén pha nhiét trong hé boson
hai thanh phan ca vé Iy thuyét 1an thuc nghiém
(Alexander L. F. and Christopher J. F., 2012;
Anderson R. P et al, 2009; Cornell E. A. and
Weiman C. E., 2002; Tran Huu Phat et al,
2009), dac biét 1a nghién cuu cta nhom Carl
Wieman, Eric Cornell va Wolfgang Ketterle
thudc Pai hoc bang Colorado - My da gianh
dugc giai Nobel vat ly nam 2001 (The Nobel
Prize in Physics , 2001). Ké tir thanh céng vang
doi nay, c6 nhiéu cong trinh nghién ctru vé tinh
chat va ciu tric pha ton tai ciia hé boson hai
thanh phan khi chuyén pha nhiét xay ra. Tuy
nhién, cho dén nay van chua c6 cong trinh khoa
hoc nao cong bd su ton tai cua hién tuong pha
v& dbi xtmg nghich dao (ISB) trong hé — 13 hién
tuong duoc cho 1 rat hiém xay ra trong tu
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nhién. Trong khi d6, thuc nghiém da ching
minh rr?lng hoan toan c6 thé ton tai nhidu loai
chuyén pha dugc tao bang cach don gian 1a diéu
chinh cac tham s (Cornell E. A. and Weiman
C. E., 2002). Ttc 1a, nghién cuu vé cac kich ban
chuyén pha nhiét ciia hé boson hai thanh phan
van dang 13 mot trong nhitng bai toan hap dan
nhét cua vat 1y hién dai.

O bai bao nay, véi muc dich nghién ciru cac
kich ban chuyén pha nhiét di v6i hé boson hai
thanh phan dé tim ra cac hién twong méi, chung
to1 dua trén cach tiép can thé hiéu dung Cornwall
—Jackiw—Tomboulis (CJT). Day la phuong phap
hién dai, chinh xac va phu hop véi cac nghién
ctru vé chuyén pha (Amelino G. and So - Young
Pi, 1993; Cornwall, J. M. et al, 1974). Pé thuc
hién duoc muc tiéu dé ra, trude tién chang t6i st
dung mo hinh tuwong tac ctia hé boson hai thanh
phan duogc biéu dién boi Lagrangian cua hé:
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truong @, (w); my, (my) 1a khdi luong cua
nguyén tir boson loai thir nhat va thir hai; Ay, A,
A 1a cac hang s6 lién két va luon dwong:
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nhiét, ing voi mdi gia tri xac dinh cua thé hoa
va hang so lién két, hé s& trai qua chuyén pha
nhiét néu nhiét do duoc diéu chinh dat dén gia
tri t61 han T..

Dua trén (Tran Huu Phat et al, 2009), chung
t6i thu dugc thé hi¢u dung CJT trong gan dung
bong bong kep cai tién — 1a phép gan ding phuc
héi dinh 1y Goldstone:
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Céc cong thic (4) va (6) sé duoc sir dung dé thuc hién nghién ctru s6 & phan I1.
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Bai bao nay duoc trinh bay véi ciu triic gdm
ba muc vo1 muc hai la phén chinh, trinh bay céc
két qua tinh s6 vé cac kich ban cta chuyén pha
nhiét va loai chuyén pha tuong ung. Két luan
ctia bai bao duge trinh bay & phén 3.

2. CHUYEN PHA NHIET TRONG HE
BOSON HAI THANH PHAN

O phan nay, ching t6i thu duoc cac kich ban
chuyén pha nhiét ciia hé boson hai thanh phan
tai cac gia tri dugc chon cia thé hoa khi héng sb
lién két khong thay doi bang cach khao sat bai
toan mau dbi v6i hé hdn hop gom vo sb cac
nguyén tr % Rb va *Rb (c6 khbi luong rat gon
mjpr = 80 GeV).

Trudce ti€n, chung t6i xét su phu thudc vao
nhiét d6 cua cac tham sé trat ty @ o, ¥ (g v6i
bd gia tri cua cac tham s6 dugc chon dua trén
hai tiéu chi: thi nhéat, gia tri ciia cac tham sb
thudc vung ma thuc nghiém co thé diéu chinh
duoc (co0 vai nm) (Alexander L. F. and
Christopher J. F., 2012; Ketterle W., 1999); thit
hai, gia tri b tham s6 duge chon phai thod man

za
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didu kién hé gdém hai thanh phan tron lan:
4434z = A* > 0 (Tran Huu Phat et al, 2009). Vi
du, chon 4;=5.10"%eV?, 1, =0,4.10"%eV?, 1 =
2.10"%eV72 4 =5.10"%eV, ur = 1,5.10"%V va
Ay = 5.10"%eV? 2, = 0,4.10%eV?, 4 = 2.10
Pev? 4y =5.10"eV va u, = 0,8.10"%eV. Két
qué cho & hinh 1a va 1b.

Hinh 1a cho thiy hai tham sé trat tuw @ o, ¥ o
khac khong tai 7 = OK va giam don diéu vé
khong khi nhiét d¢ tang dén gia tri toi han,
tuong tmg 1a T, va T,y Kich ban chuyén pha
nay goi la chuyén pha phuc hoi déi xtimg (SR).
Hinh 1b biéu dién kich ban chuyén pha SR ddi
v6i thanh phan tht nhét va kich ban chuyén pha
pha v& d6i ximg nghich dao (ISB) trong chuyén
pha nhiét ctia hé boson hai thanh phan: tham s
trat tu ¢o khac khong tai 7 = 0K va giam don
diéu vé khong khi nhiét d6 ting dén gia tri t6i
han 7. Tham sb trat tu o bang khong trong
khoang nhiét d¢ thod man 0 < T < Ty, s€ khac
khong khi T,y = 946,92 nK > T > T.y =
342,86 nK va lai bang khong khi T > T, .
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Hinh 1. Sy phu thudc vao nhiét do cua cac tham 6 trdt tw ®y; Wotai dp = 5.1 02eV?),=04.10"7eV?,
A=210"eV? u; = 510"V va uy = 1,510V (a) va tai 1y = 5.10°eV? 1, = 0,4.10%eV?
A=2.10"eV? u;=5.10"eV va u, = 0,8.10"%eV (b).

Hon nita, sy bién thién don diéu vé khong
cla cac tham sb trat tu theo nhiét 4o ¢ hinh la
va 1b cho thay sy chuyén pha tuong tng 1a loai
hai (Landau L. D., Lifshitz E. M., 1987).

Tiép theo, do hién tuong ISB la dic biét hiém
Xy ra trong ty nhién nén dé kiém tra xem hién
tuong nay c6 thé ton tai trong hé khi xdy ra
chuyén pha hay khéng, ching toi v& sy phu
nhiét d6 ctia nhiét dung déng tich cia hé ing
v6i bd tham s6 & hinh 1b,
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Két qua cho ¢ hinh 2: R& rang kich ban
chuyén pha ISB ddi v6i thanh phan thir hai la
hoan toan xdy ra trong tu nhién vi nhi¢t dung
dang tich c¢6 gia tri duong tai diém chuyén pha
va sy chuyén pha 14 loai hai boi vi nhiét dung
dang tich co6 di ki tai diém chuyén pha (Landau
L. D., Lifshitz E. M., 1987).
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Hinh 2. Sy phu thudc nhiét d6 cia nhiét
dung ddng tich tai u; = 0,8.10"%eV .

3. KET LUAN

Bing cach khao sat cac kich ban chuyén pha
nhiét trong hé boson hai thanh phan & phan II,
chung t6i thu dugc cac két qua méi nhu sau:

1. Khéng dinh ton tai hién tugng pha vo dbi

xtng nghich dao trong chuyén pha nhiét & hé
boson hai thanh phan khi diéu chinh thé hod hoc
u cta mot trong hai thanh phan.

2. Chuyén pha nhiét trong hé boson 1a loai
hai d6i voi tit ca cac kich ban kha di, xay ra
theo mot trong hai kich ban: phuc hdi dbi xtng
hodc pha v& dbi ximg nghich dao.

3. Xéac dinh chinh xac gia tri nhiét d6 toi han,
gitp thuc nghiém c6 thé diéu chinh dé quan sat
dugc qua trinh chuyén pha.

Ngoai ra, két qua nghién ciru s6 mot 1an nita
khang dinh tinh chinh x4c ciia phuong phap tac
dung hiéu dung CJT va ciing khang dinh rang
hoan toan c6 thé tao ra cac kich ban chuyén pha
theo ¥ mudn bang cach don gian 1a diéu chinh
cac tham s0.
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Abstract:
INVERSE SYMMETRY BREAKING PHENOMENA FOR THERMAL PHASE
TRANSITION IN BINARY - MIXTURE BOSON SYSTEMS

Thermal phase transition in binary - mixture boson systems is studied by means of the Cornwall-
Jackiw - Tomboulis effective potential approach in the improved double - bubble approximation
which preserves the Goldstone theorem. Its main feature is that the transition is second order
occurring when the temperature is reduced to critical value associating with two types including
inverse symmetry breaking transition and symmetry restoration transition.

Keywords: Critical Value, Order Parameter, Effective Potential, Symmetry Restoration (SR),
Inverse Symmetry Breaking (ISB).
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