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(GHIEN CU'U VAN BE TACHYON TRONG MO HINH
HADRON SOI DAY CUNG VO1 CAC KHOI LUGNG
QUARKS DUCUC GAN VAO CAC PAU MUT

Nguyén Xuan Han
Dai hoc Khoa hoc Tiwr nhién - DHQG Ha Néi

. Mb hinh koi day ciing véi cac khéi lwong diém & cac dau mit da dwgc nhigu
id nghién ciru [1 - 5]. Cac két qud thu dwoc ¢ thé cho birc tranh vat ly rd rang
4 swr cam tu cdc quark trong ly thuyét sic déng hoc lwong tir [3]. Cac quark trong
on lién két véi nhau qua trudng vécto gluon. Birc tranh twong tu phan nao giéng
« hat dién tich am va cac hat dién tich dwong lién két véi nhau bang truéng dién
(héc véi triedrng dién tir, truong gluon ¢é nhing tinh chat ddc biét do sy twong tac
thau. Trong mé hinh sgi day - hadron ngudi ta da chi ring "thé ning” twong tac
cda 2 quark phu thuéc mot cich tuyén tinh vao khodng cach giira chiing [6]. Dieu
sho phép ta gidi thich khong tim thiy quark & trang théai tu do. Chinh vi vay viéc
ung Iy thuyét lwong ti cho mé hinh soi diy cing véi khéi lirgng di€ém & cdc dau
] mot bai todn 1y thi va bire thiét trong hwdng nghién ctru nay. Tuy nhién nhirng
than nhu tinh phi tuyén, trang thai co bdn tachyon va thir nguyén khéng vat ly cda
g thosi gian... lam cho bai todn phirc tap va dén nay van chua cé 1o gidi. Trong
bio nay bwéc diu ching toi nghién ciru nhitng van dé trén trong mé hinh soi day
gian Nambu - Gato da dwrge cdi bién cling véi cdc dau mat khéi lwong. Céc téc
| - 5] da chi ra thir nguyén t&i han cda khong thoi gian va tachyon nhur trang théi
in trong soi day Nambu - Gato lién k&t véi nhau [7]. Khéi lrong cda trang théi co
Erong & day dwoe xac dinh béi nang lwogng Casimir [3]. Chinh vi vay nghién clru
pia bidu thire ning lugng 1idy tioiig mé hinh soi ddy da dwoc cdi bién 6 thé cho
et vé trang thii tachyon, va phuong hwéng loai bd né dé€ xay dung mot 1y thuyét
5 tir sgi day hoan chinh. Noi dung cda bai bdo nay dwge bé cuc nhw sau: (4] muc
xem xét gim han phi twong ddi tinh d€ cho mé hinh Nambu - Gato cling véi cdc
Elir«c_)fng, di€m & cdc diu mat. V@ mit vat Iy mé hinh cdi bién thu duwoc & day b
i dung d€ mo td cde quark di ning. Sau khi tién hanh tuyén tinh hod cdc phuong
chuyén dong va cdc didu kién bién ta thu dwoc nghiém tong quét cho bai todn (cdc
riéng cho bai toan bién tuyén tinh). Céc tan sd riéng cda cic dao dong ngang soi
dwoe xdc dinh bdi phuong trinh siéu béi. o muc 3 chiing ta tim duwgce biéu thirc
hing lwong Casimir nhu ham $8 cda khéi lwong quark bang cd hai cich gidi tich va
s6. Diéu quan trong la & day ton tai mdt ving cdc gid tri khéi lvong cda quark,
r d6 ning lwong Casimir ro rang la dwong. Két qud nay cho phép hy vong khd ning
quyét van dé tachyon trong mé hinh sgi day twong d6i tinh cling véi cdc diu muit
lwgng. Muc 4 danh cho viéc thdo luin két qud nhan dwoe.
. Chiing ta xét dong lwc hoc cla sgi diy Nambu - Gato ciing véi cée khdi lwomg
mi,i = 1,2 & cdc dau mit. Phiém ham tic dung twong &ng dwgc xdc dinh bdi
thire:




1(%)

& day v la hang s6 déc trung cho sirc cing soi day va cé thi nguyén binh phwong
lrong, z¢#(r,0), u=10,1,2,..., D-1;0 < ¢ < v | sy thong s6 hod cda siéu mit v
hai chiéu £ va mé td chuyén déng cda soi diy. S8 hang thir nhidt & vé phdi cong
(1) chinh 1a tdc dung cda s¢i day khong khéi lwong twong doi tinh, s6 hang thi h
td tdc dung cda cdc khéi lwrong di€m dwoce gin & diu mit cc soi diy. Dé cho ci
dao ham ching ta sir dung cdc ky hiéu sau:

S'= - [’ d.rf:’wdam"i:mjf"df\/(dzy(z:(r)))z, _»,

tu = 0z,(r,0)/87, z, = Bz(r,0)/d0,
dz (1, 0i(1))/dr = 2,(7, 0:(7)) + 2}, (7, 05(7))3:s(7).
Céc ham s6 0y(),i = 1,2 md td chuyén dong cda cidc dau miit trong mit phing cd

théng 86 r, 0. Chiing ta viét ro su phu thudc vao van téc anh séng c trong tac dun
va sit dung chudn th&i gian 2°(r,¢) = et = r. Két qud ching ta cé:

" 2
5= fat [ dole )+ G - Y mie [ ae? -
0 i=1

- Oday #(t,0) la cdc thanh phan khéng gian 3 chiéu cda vecto bat bién Lorentz z#, 3

Z(t,0:);i = 1,2;00 = 0,02 = 0; thay cho sirc cing cia soi day ching ta dva vio m
khéi lwong tuyén tinh p, cda sgi day v = p,c [3]. Dau chdm ky hiéu dao ham theo |
diu phay chi dao him theo 0. Bay gi¢ ching ta gid thiét vin tdc cda tit cd cac
sqgi day #(¢,0), va cdc dau mit Z;(t) nhd hon van téc 4nh sing c:

1Z(t,0)| < ¢ |:':'.| <c

Ta trién khai cdc bi€u thirc dwéi ddu tich phén trong céng thirc (3) theo chudi |Z(t,
va ta c6:

5 T 2 (322 2 m, £
S=—pcfa‘t[ do'v‘a:”{l——--——+—..——+---}+Z-——/dtz,-.
0 =2 2

2¢2 22712

Tich phan theo ¢ cila 36 hang thi nhét trong céng thirc (4) xéc dinh do dai soi d:
thoi diém t, s6 hang thir 2 mé td cdc khéi lwong didém & 2 d3u mit soi day. Néu ti
han s6 hang dau tién trong ddu méc & cong thire (4), thi ta cé the tim dwoc téc
hi¢u dung dwéi dang [3]:
ta ' 2 ms -
T = —pye [ [£1(0) - Ea(e)lat = Y 2L

i=1

Nhu viy trong giéi han phi twong déi tinh soi day sinh ra thé ning twong téc giir
khéi lrong diém ting mét cach tuyén tinh cung v&i khodng cdch:

(121 = Z2]) = —poc’|21(t) — £5(t)|.

Céc toa do cia sgi diy hoan toan bién miat khéi dong lwe hoc soi day. Két qud
cac tic gié [3] da thu dwogc trwée day khi phan tich chuyén déng cda sei day trong
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phi twong déi tinh. Nhir viy mé hinh soi day twong déi tinh néi hai khéi luong
c6 thé xem xét nhir sir tirong déi tinh hoa theo tinh thin cda Poincare vé bai toin
wong doi tinh cida hai vit the véi thé nang twong téc ting mét cdch tuyén tinh [8].
h thé nang tuyén tinh nay (it nhat & khodng cach lén gitra cdc quark) da duge sir
mét cach rong rai trong cac mo hinh hién twrong luan quark hop phan cac hadron
fa ti€p tuc gid thiét la do dai cda soi day | khong ddi theo thai gian, ¢6 nghia thod
dieu kién: #'(t,0) = const = ({/7)?, diéu nay c6 thé chdp nhan duwgc khi ching ta
xét cac dao dong khong trong phép gan diing phi tuong déi tinh. Sir dung tac dung
hiing ta tim dwgc phrong trinh chuyén dong cho soi day [10):

L A e
T 7%+ 3p 80'(1- )= (7)

ic diéu kién bién dién ta cac phuong trinh chuyén dong cho cdc dau mat khai lwong
hy:

2
e ?rﬂar = ﬁpn :»2 —f

mE = 8 - khi: o=0, (8)
i i i Z L LFV I -
mof = -Tp}r £ -~ IE'%—EQE', khi p=n. (9)

ém tong quat cia phirong trinh phi tuyén (7 - 9) cho dén nay chwa ai nhén duorc,
birde diu ta gidi han gidi ti€n hanh gidi hé phwong trinh tuyén tinh twong irng, cé
a ta tién hanh tuyén tinh hod trong phuong trinh chuyén déng (7) va cdc diéu kién
(8, 9), két qud ching ta c6 bai todn bién dwéi day:

F—af" =0,
0<eo<n, —o00<t<o0, (10)
F=qf, khi =0,

F=—g#, khi p=r.

y a=mc/l,g; = mpoc?/(Lmy), i = 1,2. Do tinh tuyén tinh cda h¢ phwong trinh nén bai
(10) sé tach ra thanh nhirng bai toin bién giéng nhau cho tirng thanh phan cda
o #(t,0). Sit dung phuong phip gidi da dwoc trinh bay ti mi [3] cho cde bai todn
loai nay, ta tim dugc bicu thire khai trién dudi diy cho cdc dao dong ngang cia
lay:

. - Pit = o :
J - ' —awnt)=ual0),7=1,2,.... D—-2
(t,o)=Q + T +i Sy ,E_.., exp(—aw t)wnu (&), i=1
n#0

5 cic hing s8, chiing déng vai trd toa do cia "tam trong lwong” cila soi day tai thai
nt=0: : =
SR Dt =0, ] 12
¥ =y [ oD =0,0%(0) (12)
ay €(0) = 1+ ¢ '[8(¢) + (¢ — 7)] 1a ham trong sG, ¢ la théng s6 khong thir nguyeén
pol/mm, my = my. PJ la xung lwong toan phan bdo toan cla s¢i day:

P! = fﬂ do P (t,0) = E:_—! : dafj(t,o')f(o'). (13)

@
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Tir (12, 13) ta c6 Hamiltonien cda hé dang xét:
o ﬂ‘_" g =2 292
H= 23./0. (2% (o) + a*7'*)do.

Trong cong thirc (11) céc bién dé a, thod man cdc quy tac théng thudrng cla phép
hep phirc a} = a_,;wn 12 cdc tri riéng, con u,(o) |A cdc ham riéng cida bai todn bié
u'(0) +wau(e) =0, 0<o<m,

w?u(0) = —qu'(0), wau(r) = qu'(x),
con cac gia tri rieng w, la nghiém cda phurong trinh siéu boi:

2qw
w? — g2’

tan{mw) =

Céc tri riéng wn dwgc phan bd déi xirng déi véi diém khong trén truc s6 thwe, vi
ching ta cé thé d4nh s8 thit tir chiing sao chow, =0,w_, = ~w,,n=1,2, ... va cic
riéng u, sé thod man diéu kién un(e) = u_n(o). Ham riéng co6 dang [11]:

un(o) = Ny |cos(w, o) — %"—sin(unfr) =012

N, 1a cic h¥ng s6 chuin hod:

; 7(pol +
ot e oy DAL AU ";h"}_
o

1), = B 1.

2
o IO i, W
2 (2(14"?2}"'?

Khi cdc khéi lrong & cdc diu mit cia soi diay tién & khéng, thi g — o0, w, —n, u
V/2/m cos(na) va phép trién khai (11) sé tién 1&i 1o gidi d€ cho soi day tw do. Thay
vao (18) chiing ta cé:
P? ok
H = m + ? Z(ﬂ‘nﬂ‘: -+ ﬂ:ﬂn)
n=|

Trong dé6 M = 2m + p,l. Khi chuyén sang ly thuyét hrogng ti thi cic bién dé ayn,a;
trd thanh cic todn ti, cdc méc Poisson cho toa do va xung lwong 2/(t,¢), p(t,0') sé
thanh cdc giao hoan tif:

[x'(t,0), P (t,0")] = ihéijb(c — a'),
hay twong dwong véi nhirng hé thire sau:
[Q P} =ihb;;
[QL,&L‘] =wnbijbpymo:i,j=1,2,... ,D=-2,nm=+1,4£2,..
Cac toan tir sinh huy dwec dwra vao theo cach thong thurong nhir sau:
L
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[”:z'“j;j] :ﬁTJérnn”,WI: I.Q,... (21}

ung cdc cong thire (19 - 21) chiing ta tin duge biéu thirc cudi cling cho todn tir
iltonien:

P <. - 9.2
H = }_ﬁ - uhL...'“ 2‘1 ﬂ:;af, ik 7 an‘ (22)
1=

n=1 n=l]
e . - ’ 2 " - - .
jJang cuol cung trong cong thirc (22) chinh la ning lvgng Casimir.

3. Ning hrong Casimir trong cic mé hinh soi day véi do chinh xdc dén thira s
ng bing binh phurong khéi lirgng ciia trang thai co ban [3]. Vi vay dua vao diu cda
g hrgng Casimir ta ¢6 the di dén két luan: trong trang thai co bdn & phé cia soi
¢ tachyon hay khong? Chiing ta dwa vao dai lurong khong thir nguyén déc trung
nang lwong Casimir cia tirng bac tu do ngang cia soi day

2
Cw) = 5 3 wala) (23)
n=l
g nhu cde bai todn twong tir da xét & [12] , thi tong (23) sé phan ky. Vi vay , dé gia
1ang hrong Casimir C(g) ¢6 ¥ nghia vat Iy ta phai sit dung cdc qud trinh khir phan
¢6 nghia 1a loai bo cdc gid tri vo han bing cdch tai chuan hod gia tri nang lvong
mir . Nhung rat tice cho dén nay khong ton tai mot phrong phap tdng quat don
10 dé khir phan L) cho bai toin nay, dién nay hoan toan twong tw nhw phuong
p R - Bogoliubov dé cho cic yéu 16 S - ma tran trong Iy thuyét trudng lwong tir.
hé ta phdi tim cich tai chuan hoa thich hop déi v nang hrong Casimir trong tirng
mg hop cu thé. O day ta chi gioi han thao luan sir phu thuoc ning lwgng Casimir
khéi hrgng cia quark . ¢6 nghia la thong s6 ¢ = p,t/(mm). Gidi phwong trinh (16)
g phuwong phap sO [I 1], ta c6 két qua:

=gy, | | 2q
Cr (‘H“*ﬁ*‘ :jrg[(n(?)“;;] (24)

g dd e, labéd 0 <e, <1 va thod man phurong trinh sau day:

T s I o U
COH =fp = =— ‘Hm#{n:(}, n=1,2...
2 q 2

phrong trinh (16) bing phirong phap gidi tich ta c6 két qui [11]:

32} ! ™ !
PATEL S z |
Cr' = g2 +fn dzln[L+ e H(z{,q)dh(”)] (25)

y phurong trinh (16) v&i ¢ = 0,4 = 2o ta ¢6 nghiém w, =n, cdon n=1,2,... la nhirng
ri xac dinh bat kv, va C(q = 0) = C(g = =) = —1/24. Rait tiéc ta khong tim dwoc
¢ diéu tiém can cia nghiém phirong trinh (16) cho cdc gid tri tan s6 riéng wa(q) &
ng hop dong thiri khi n lon va ¢ — n (cho gigi han khéi luvong cic quark nhe) vi
» gin ding phi twong déi tinh cho ham tdc dung & trén sé khéng ¢6 co s&. Ta biéu
ham Cg(q) trén do thi (xem hinh vé & dwéi) bang cach 1dy cdc gid tri s6 twong
vén cdc cong thive (24) va (25). Cdc do thi dé sé dien td sw phu thudéc nang lwong
mir Cr(g) vao thong sd khong thir nguyén ¢ = p,I/mm. Diéu quan trong la & day ton
e gid tri ¢ (c6 nghia la cdc gia tri khéi hrong quark) lam cho nidng lwong Casimir
wong. Nhur vay viee ké tinh thém cdc gid tri khéi lwong cda quark trong mé hinh
lay hadron thi ta ¢6 thé loai bd dwee vdn dé tachyon.

LY
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Db thi dién td s phu thuéc cda ning lwong Casimir
. vao khaéi luong cda quark qua thong sé q.

4. Ta da tién hanh nghién ciru mé hinh don gidn soi day twong dai tinh cling
céc khéi lwong quark dwoc gin & cdc dau mit. Trong phép gan ding phi twong
tinh:(diéu nay thich hop véi cic quark dd ndng) ta da nhan duoc thé ning twong
gitra cdc quark ting tuyén tinh theo khodng cich , diéu nay cho mét birc tranh dé |
vé sy cam tl quark trong sic dong hoc lwgng tir . Sau khi tuyén tinh hod phuong t
chuyén déng va dinh tinh cdc diéu kién ta nghién ctu dong lwe hoc cila quark, ta
dwoc cde bi€u thire dién td dang diéu tinh cla ning lwgng Casimir vao khéi lwong
céc quark. Két qud n&y chirng té rdng déng gép cda tachyon vao nidng lweng Cas
vé nguyén tdc c6 thé loai bd bing cdc khdi lrong cia cdc quark trong mé hinh soi
hadron . D€ thu dwgc két qud hiru han cho n&ng lwong Casimir ta da nhan duoc
bi€u thirc khdc nhau (24) va (25) , didu nay la két qud cda viéc st dung hai phég
chudn hod va khir phan ky khic nhau . Theo cdc két qud nghién ciru ly thuyét hién
vé cdc hiéu ng Casimir chwa cho phép phat biéu cich tinh todn nao la ding, vi
héi d6 dén nay van con la van dé bd ngd [12]. Déng chi ¥ vin dé tachyon & trén ¢
bdt diu dwoc quan tim nghién ciru gan day trong mé hinh |y thuyét soi day cirmg c
véi céc khdi lwong & cdc ddu mit [13, 14]. Téc gid cdm on cdc GS. Barbashov B
Nesterenko V.V., Dao Vong Dirc, dd cho nhiéu ¢ kién thdo luan bé ich. Bai béo h
thanh dwéi sy tai tro cda Churong trinh nghién ciru Co ban KT-04.3.1.17.
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STUDY OF THE TACHYON PROBLEM IN THE STRING MODEL
OF HADRONS WITH MASSIVE QUARKS ATTACHED TO ITS ENDS

Nguyen Suan Han
College of Natural Sciences - VNU

) the model of relativistic string with massive quarks attached to its ends, the
\dence of the Casimir energy on the quark mass is investigated. The quark dynamics
ated in the nonrelativistic approximation and the linearization of the equations of
n and boundary conditions is accomplished. The Casimir energy Cr as a function of
1ark mass m is found. In principle, obtained results have shown there is a possibility
ve he tachyon problem in the model of the relativistic string with massive ends.



