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Tém tat: Chuyén pha lwong tir la hé chuyén tir trang thdi lwong tir ndy sang trang thdi lwong tir
khdc khi thé hod hodc hang sé lién két thay doi, dat dén gid tri t6i han (di qua diém chuyén pha) ¢
nhiét do gci‘n 0K. Cac kich ban chuyén pha luong tir dwoc xac dinh qua viéc khao sat sy phu thugc
vao thé hod hodc hdng 56 lién két & moi gia tri nhiét do cuc thcfp ciia cdc tham sé trét tw dic trung
cho hé. Bai bdo ndy trinh bay nhiing két qua nghién ciru vé chuyén pha lwong tir trong hé boson hai
thanh phan hoa tan nho s dung phu’ong phap tac dung hiéu dung Cornwall-Jackiw-Tomboulis
trong gan diing bong bong kép cdi tién. Két qua cho thay chuyén pha lu’ong tir trong hé la chuyen
pha logi hai, xdy ra theo mét trong hai kich ban: chuyén pha phuc héi déi xirng hodc chuyén pha
phd vé déi ximg nghich dao.

Tw khoa: gia tri t6i han, tham sb trat tu, thé hiéu dung, phuc hoi ddi xung, pha vo doi xung

nghich déo.

1. PAT VAN PE

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), Tuy nhién, d6i véi hé luong tir & nhiét o
cuc thép, khi thé hoa hoc hodc hﬁng sb lién két
thay doi, dat dén gié tri t6i han s& xay ra chuyén
pha luong tir trong h¢ (Moshe Gitterman, 2014),
Nhung, cho dén nay, co rat it cong trinh nghién
clru vé chuyén pha lugng tir trong cac hé boson,
ddc biét 1la hé boson hai thanh phﬁn hoa tan.
Trong khi d6, su phat trién cia nganh cong nghé
luong tir rat can thong tin day da vé chuyén pha
lugng ti trong cac vat chat luong tu, 1a vat liéu
quan trong trong cac may tinh lugng tir trong
tuong lai. Nhu vay, nghién ctru vé chuyén pha
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lugng tir trong cac h¢ boson dang la mét trong
nhiing bai toan hay, mang tinh cap thiét thoi dai.

O nghién ciru truée (Dang Thi Minh Hue,
Nguyen Tuan Anh, 2016) ching t61 da khao sat
céc kich ban chuyén pha lugng tir trong cac hé
boson ddng nhat. O bai bao nay, chung toi tiép
tuc nghién ctru cac kich ban chuyén pha luong
tr d6i v6i hé boson hai thanh phan khi thé hoa
thay d6i dé tim ra cac hién tugng moi. Str dung
phuong phap thé hiéu dung Cornwall-Jackiw—
Tomboulis (CJT) - 1a phuong phép hién dai,
chinh xac va phu hop véi cac nghién ciru vé
chuyén pha (Amelino G. and So - Young Pi ,
1993; Cornwall, J. M. et al, 1974) dé khao sat
cac kich ban chuyén pha luong ti.

Pé dat duoc muc tiéu nghién ctru, chung to6i
su dung md hinh tuwong tac cta h¢ boson hai
thanh phan duoc biéu dién boi Lagrangian cua
hé dudi day:
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i =1, 2; a;1a cac do dai tan xa song am tuong
ung vdi va cham gilta cadc nguyén tir khac loai.
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Nhu vay, cac tham s6 diéu khién 1a nhiét do,
thé hoa va hang sd lién két.

Duya trén (Tran Huu Phat et al, 2009), chung
t6i thu duoc thé hiéu dung CJT trong gan ding
bong bong kép cai tién — 1a phép gan ding phuc
héi dinh 1y Goldstone:
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Str dung thé hoa hiéu dung
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Céc cong thie (4) va (8) s& dugc sir dung dé
khao sat gian d6 pha. Tir d6 dua ra cac kich ban
chuyén pha luong tir kha di trong hé.

Bai bao nay duoc trinh bay véi ciu triic gdm
ba muc vé1 muc 2 1a phﬁn chinh, trinh bay cac
két qua tinh sb vé cac kich ban chuyén pha
luong tir va loai chuyén pha tuong tng. Két
luan cua bai bao dugc trinh bay & muc 3.

2. CHUYEN PHA LUQNG TU TRONG
HE BOSON HAI THANH PHAN

O phan nay, ching t6i thu duoc cac kich ban
chuyén pha cta hé boson hai thanh phan hai
thanh phﬁn tron 1an khi thé hod hoc cia mot
thanh phan thay d6i trong khi nhiét do va hang
sO lién két khong thay dbi. Cu thé, chung toi
khao sat bai toan mau ddi v6i hé hdn hop gom
v6 s cac nguyén tir *Rb va *’Rb (c6 khdi luong
rut gon m;, = 80 GeV).

Dé ¢ duge buc tranh téng quat vé céac kich
ban chuyén pha khi hang sb lién két bang hang
sO, chiing t6i v& gian dd pha trén mat phang (T,
u2) tmg véi bo tham sé dwgce chon nam trong
vung gia tri thuc nghi¢m cua ching (Alexander
L. F. and Christopher J. F., 2012; Ketterle W.,
1999) va thoa man diéu kién hé gdm hai thanh
phan tron 1an (Tran Huu Phat et al, 2009). Vi

du, 2, =5.10"%eV? 1, =0,4.10"%eV? 1 =2.10
Zev- 2, ur =510 2ev. Két qua cho ¢ hinh 1
duoi day.
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Hinh 1. Gian dé pha trén mdt phang (T, u2)
ung voi bo tham $6 mau dwoc chon & trén.
Trong d6 @y, wy la cdc tham sé trdt ti, cdc
dwong pha ieng véi cac tham sé dong e M,
M bang khéong. TCP la diém ba téi han.

Hinh 1 cho thay, voi mot gia tri khong d6i
cua nhiét dg, hé s€ trai qua chuyén pha lugng tur
khi thé hod thay doi, xay ra khi thé hoa u, dat
gid tri t6i han, u,= p. - 12 hoanh d6 diém giao
ctia duong thang 7= const v6i dudng 4 =0, B =
0. R3 rang, 2. < 2.10™% eV phu hop voi khoang
gia tri ¢6 thé diéu chinh trong thyc nghiém cia
thé hoa. Nhu vy, trong thuc nghiém, bang cach
gilr nguyén so hat cua thanh phan thir nhat va
thay d6i s6 hat cua thanh phan tht hai trong hé
dén khi u, dat gia tri toi han s& quan sat duoc
chuyén pha lugng tir & mdi gia tri nhiét do cuc
thip ctia hé. Néu thé hoa 16n hon gia tri 2.107'
eV, sé khong xuat hién chuyén pha luong tur
trong h¢. Pac biét, voi nhi¢t do ctia hé dugce gil
khong d6i va thip hon 400nK, khi diéu chinh
thé hoa, s& dong thoi xay ra chuyén pha lugng
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tr d6i voi ca hai thanh phan cta hé. Néu nhiét
d6 cua hé cao hon 400nK, khi thay doi thé hoa,
chi ton tai va xay ra chuyén pha luong tir d6i
v6i thanh phan thir hai cua hé.
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Hinh 2. Sy phu thudc vao u;, cua cac

tham s6 trat tu.
Pé minh hoa két luan rut ra tir gian d6 pha va
¢6 duge su hiéu dﬁy du vé cac kich ban chuyén
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pha c6 thé xay ra, trudc tién ching t6i xét su
phu thude vao thé hoa ctia cac tham sb trat tu do,
o tai gia tri cuc thép cua nhiét d6 va bo tham sb
duoc chon cua hinh 1, vi du 7 = 5nK. Két qua
cho ¢ hinh 2.

Hinh 2 cho thay rang d6i xtng ctia hé bi pha
vO (tham sb trat tu Yo khac khong) tai gia tri toi
han cta thé hod u; = ey = 0,93.10%V > 0.
Tuc 1a xay ra hién tugng chuyén pha pha v& dbi
xtng nghich dao (ISB) di v6i thanh phan thir
hai khi thé hoa dat toi gia tri toi han, trong khi
xdy ra hién tuong chuyén pha khoi phuc ddi
xtng (SR) ddi v4i thanh phan thir nhat khi thé
hoa dat gia tri t&i han u.p = 2.10"%eV. Sy bién
thién don diéu cta cac tham s trat tu theo U2
ciing cho thdy su chuyén pha l1a loai hai. Diéu
d6 duoc khing dinh mot 1an nita & hinh 3, biéu
dién sy phu thudc vao cac tham sd trat tu cua
thé hi@u dung f’?ﬁr — ﬁ;- 5 quanh gia tri t6i han
cuda thé hoa tai 7= 5nK.
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Hinh 3. Sy phu thudc cua thé hiéu dung vao cdc tham 0 trdt tu xung quanh gid tri toi han
cua the hoa o T = 5nK.
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Hinh 4. Sy phu thuéc vao thé hod Uz cua cdc
tham so trat tu tai T =650nK.

Tiép theo, chung t61 xét sy phu thudc vao thé
hoa u, ctiia cac tham sb trat ty & nhiét 46 T =
650 nK > 400 nK. Két qua cho ¢ hinh 4: R
rang chi xay ra chuyén pha lugng tir ddi véi
thanh phan tht hai trong hé khi thé hoa u, =
0,77.10"2 eV tmg véi kich ban chuyén pha la
ISB va su chuyén pha tuong tng ciing 1a loai
hai. Tuc 14, ¢6 thé tao ra cac kich ban pha mong
mudn bang cach don gian 1a diéu chinh cac
tham s6.

3. KET LUAN

Bang cach khao sat cac kich ban chuyén pha
luong tir dya trén gian do pha vé& trén mit phang
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(T, p), ching toi da thu duoc cac két qua méi  luong tir khi thay doi thé hoa dat dén gia tri t6i

nhu sau: han. D6 1a chuyén pha phuc hoi dbi xting hodc
1. Hoan toan co thé quan sat duoc bang thyc  chuyén pha pha v& d6i xing nghich dao.

nghiém chuyén pha luong tir trong hé boson hai 3. Két qua nghién ciru sb gép phan cung cap

thanh phan va chuyén pha 1a loai hai. thong tin cho cac nha thuc nghi€ém trong linh

2. Ton tai hai kiéu kich ban chuyén pha vuc may tinh luong tir.
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Abstract:
QUANTUM PHASE TRANSITION IN BINARY — MIXTURE BOSON SYSTEMS WHEN
CHEMISTRY POTENTIAL CHANGED

Quantum 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 chemistry potential is approached 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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