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Tan xa neutron-hat nhan giau neutron: Cyc cda ma trin tan xa qua nghiém cia
ham Jost va cau trdc lién tuc wng dung cho 2O
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THONG TIN BAI BAO TOM TAT
Qué trinh xuz Iy: Trong bai bao nay ching t6i nghién ctiru tan xa neutron-hat nhan giau
Ngay nhdn bai: 10/12/2025 neutron trong md hinh don kénh, tap trung vao ciu tric lién tuc tng
Ngay nhdn ban chinh sia: 16/3/2026  dung cho 2*O. Cac cuc cua ma tran tan xa duwoc xéac dinh tir cac
Ngay nhdn dang: 20/3/2026 nghiém cta ham Jost. Ma tran T va mat d6 mac (level density) cho
Ngay xuat ban: 20/4/2026 trang thai lién két va lién tuc ciing duoc tinh toan. Két qua thu duoc
vi tri cac dinh cong hudong chu dao va cac dinh CLD (continuum
Turkhéa: level density) dong pha cing d6 thi |]1](k)|2 trén mat phing néng
Ham Jost; luong phuc va xung lugng phuec. Két qua nay cung cip chuan doi
Ma tran tan xg; chiéu va 1am nén cho viéc tach riéng dong gop cua cong huong cling
Cong huaong; nhu mo rong da kénh vai Hartree-Fock-Bogoliubov & cac nghién

Cau trac lién tyc. ctru tiép theo.

1. GIOI THIEU

Dit liéu hat nhan 1a nén tang cho nhiéu linh vuc khoa hoc - ky thuat (nha may dién hat nhan thé hé méi,
thién van hoc hat nhan, y hoc hat nhan...). Dé nghién ctu vat ly hat nhan, buéc khoi dau quan trong 1a khao
sat cAu trac thong qua twong tac truc tiép gita nucleon va hat nhan muc tiéu, tir d6 phan tich cac san pham
phan tng (Ring & Schuck, 2004).

Tén xa nucleon-hat nhan thuong duoc md ta boi mé hinh thé quang hoc va Iy thuyét ma tran R (Kapur &
Peierls, 1938; Lane & Thomas, 1958). Mé hinh thé quang hoc 1a3 mot md hinh hién tuong luan dung dé phan
tich tiét dién tan xa c6 dang nhu ham cua ning lugng dén cua nucleon & c&c muc ning lwong cao. Thé nay
dugc xay dung dua trén y tuong dua bai toan @ + 1 neutron tuong tac voi nhau sang bai toan hai hat bang
cach dua ra mot truong thé trung binh va chi coi cac hat nay tuong tac véi trudong thé d6. Thé quang hoc
(Kunieda et al., 2007) dugc gia sir 1a thé phirc véi muc dich thé hién sy hip thu caa hat nhan bia. Ly thuyét
ma tran R 1a mot ly thuyét hién tugng luan dé phan tich cac cong hudong sic thu dwoc tai ving ning luong
thap cuia tan xa nucleon — hat nhan. Tuy nhién su lién két gitra hai khung ly thuyét nay chua duoc rd rang,
mac du ly thuyét hinh chiéu Feshbach da dugc ching minh dua trén sy két cap cua kénh. Khong c6 mét
khung ly thuyét thdng nhét cho ca hai viing ning luong. Gan day, mé hinh thé quang hoc vi mé (MOP) tinh
todn duya trén phuong phap tuong tac hat dao dong (PVC), di tai tao duoc dir liéu thyc nghiém tan xa dan hoi
ctia neutron va tan xa khong dan hoi cua proton ma khong can bat ky théng s diéu chinh nao (Blanchon et

al., 2015; Hao et al., 2015; Mizuyama & Ogata, 2012; Mizuyama & Ogata, 2014), ngoal ra su tai tao mot
phan ctia mot so cong huong sic ciing duoc tinh toan. Cac két qua nay phd hop vé mat dinh tinh voi ly
thuyét hinh chiéu Feshbach.

CAu tric cong hudng 1a ddc diém trong yéu co the quan sét trong tan xa nucleon - hat nhan. B¢ giai thich
thoa dang hién tuong nay can mot khung ly thuyet bao gom ham séng va thé nang nhat quén, cho phép mé ta
ddng thoi cau tric va phan tng hat nhan, bao gém ca cong huang.

Ham Jost la cdng cu hitu ich dé phan tich ma tran tan xa. Ham Jost dugc dinh nghia nhu hé s6 ndi giira
nghi¢m "thong thuong” va "bat thuong™ cia phuong trinh Schrédinger (Jost & Pais, 1951). Cac nghi¢m cua
ham Jost trén mat phang nang luong phirc twong tng voi trang thai lién két va cong huong va phu hop voi
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diéu kién bién twong tng. Tir ham Jost ta c6 thé xay dung ma tran tan xa va ham song tan xa; cac cong
hudng ciing hién 1én nhu cuc ctia ma tran tan xa trén mat phang nang luong va xung luong phc.

2.CO SO LY THUYET VA MO HINH TINH TOAN

_Khi thé nang duoc cho dudi dang thé cau va ddi xang, V(1) = V(r), phuong trinh Schrédinger duoc
viét dudi dang

_ﬁ(a2 1(1+1)

= = )+ vy (s k) = EG) y (s k) (1)
Phuong trinh (1) c6 hai dang nghi¢m, nghi¢m thong thwong u;;(r; k) va nghi¢m bat thuong v” )(r k).
Nghiém u;;(r; k) thoa man diéu kién chinh quy tai r = 0, wi(r = 0; k) = F(0) = 0va v(+)(r k)
théa man tinh tiém can lzmr_)oovl;r)(r k) = 0 (kr) - (i)’“%ikr
Phuong trinh tich phan cho u;;(r; k) va vl+)(r k) cé dang
w;(r; k) = Flkr) + fo dr’ go, (rr'; k) Vi;(r") wy;(r'; k) 2
v k) = 0P (k) + [ dr Go (rr's k) V() v (' k) ©)
voi Fy(kr) = rj,(kr) va 0 (kr) = rh® (k).
Ham Jost j,; (k) dugc dinh nghia 1a hé s6 két ndi u;; jva ”z 7 1) (Rakityansky, 2002)

w(rs k) = 5 [JD v k) + 100 v s 0] (6)
Biéu thirc tich phan caa ham Jost
JEG) = 1 F 2227 dr 0 (kr) V() w(r; k) @

Wronskian cua hai nghiém (u;;) va (vl] )

le[u,v(i); K] = (s avl] (r; 2N (+)( ) 20 6u1](r k) (®)
MA&i quan hé gitta Wronskian vai ham Jost
Wilu,v®; k] = £ +Jy;(£k) ©)
Diéu kién cua trang thai lién két
W;k) =0 = Jj(k) =0 (10)
va
limy oo pnyj(r) = 0 (11)
do d6 ham song lién két duogc viét dudi dang
w (i k) = S5 v (s k) (12)
Mat d6 mirc duge dinh nghia thong qua phan 4o cia ham Green mot hat nhu sau
p(E) = + % Im ¥, [dr G(ro,ro; E) (13)

Dinh nghia nay ép dung cho cd trang thai lién két va lién tuc. Dau phu thudc vao viéc dang xét trang thai
hat hay trang thai lo.

Trong tinh toan s6 ciia bai béo nay, mat do mirc cho mién lién tuc duoc tinh bang céch trir dong gop clia
cac trang thai lién két khoi tong mat do muc.

Ma tran tan xa duoc dinh nghia (Canto & Hussein, 2013) va ma tran S;; (k) dugc dinh nghia tir ham Jost
nhu sau
IR )

5 P

Si(k) = (27)
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Ta co méi lién hé gitra ma tran tdn xa va ma tran T

Do d6, ma tran T ¢6 thé duoc tinh toan tir ham Jost theo cong thic sau
)
) = L(A® _
Tl] (k) — (]l(;.)(k) 1 (29)

Tir phuong trinh (27) ta thay ring cyc cua ma tran tan xa dugc xac dinh bang diéu kién ]l(;')(k) = 0.
Trong birc tranh tan xa, cac cong huéng nam ¢ ving ning lugng duong E > 0 va trang thai lién két nam o
vung nang lugng &m E < 0.Trong boi canh nay, cong hudng dugc xem la mot cuc cta ma tran tan xa nam
O ntra dudi cia mat phang nang luong phiac ImE < 0 nhung c6 phan thyc duong ReE > 0.

3. KET QUA TINH SO VA THAO LUAN
Trong phan nay ching t6i s& trinh bay két qua tinh s6 cho céc thanh phan ma tran T, mat do mic dong thoi

dbi chiéu vai vi tri cua cyc cong huong duoc tim thay tir diéu kién ]l(;'

)(k) = 0 v6i mic nang luong duong.
3.1. Thé twong tic va tham sé tinh toan

Trong bai bao nay, ching t6i st dung md hinh thé quang hoc dang Woods-Saxon (WS). Thé V, () su
dung trong phuong trinh (1) c6 dang:

Vij(r) = Veentral() + Vso(r) + Ve(r) (30)
trong d6 bao gom thanh phan trung tam
N-Z
Veentral() = (1 = 0,67 2, ) Vi fous (1) (31)
thanh phan spin - quy dao
Vso() = (1 = 067 2, ) Vagus(xa) L - @ (32)
thé Coulomb
2
0= (2 - ()= 8]
Voi
_ (=1, proton
t; = {+1, neutron (34)
fus(®) = —— (35)
d WS x
Gus() = — e = (36)
X = (37)
Ri = aiAVi + .Bi (38)
Loo=jG+1)—10+1) -2 (39)
RC = Rl' (40)
Bing 1. Thong sé thé WS va hat nhan bia
A N Z
24 16 8
Term V [MeV] a [fm] o B [fm] Y
1 -60.0 0.67 1.27 0.0 0.3333
2 0.0 0.67 1.27 0.0 0.3333
3 0.0 0.67 1.27 0.0 0.3333
4 -17.0 0.67 1.27 0.0 0.3333

3.2. Ham Jost trén mat phang ndng lwong va xung lwong phirc, cuc cong hirong

Str dung thdng s dau vao tir bang 1, ham Jost dugc tinh theo cong thire (6) va duoc mo ta trén mat phéang
nang lugng phuc va xung lugng phuc (hinh 1-5).
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Vi tri cyc cong huong k. (bang 2) thoa min diéu kién Jij (+) (k) = 0, tuc la c&c nghiém cua ham Jost va
tuong (Ng VGi cuc cuia ma tran S trén mat phing xung luong phuc va c6 nang lugng cong huong
h2k? r

|J|J(k)| for jl=6(=f5/,) on 1st Riemann sheet |J|J-(k)|2 for jl=6(=fg,) on 2nd Riemann sheet

20 102 20
0
10 L 0
> =
2 26 [ 2%
2, LS s, 02
w = w =
£ i E 104
-10 -10
108 108
-20 -20
108 10°%

30 20 -10 0
ReE [MeV] Re E [MeV]

Hinh 1. |J;;(K)[2 trén mat phang Riemann thir nhat (hinh trai) va trén mat phang Riemann thi hai (hinh phai) cho f /.

|J|j(k)|2 for jl=7(=f2) on 1st Riemann sheet |.J|j(k)|2 for jl=7(=f7/2) on 2nd Riemann sheet

0.08 0.08
\2
1
0.06 o 0.06
0.04 100 0.04
0.02 0.02
102
0.02 10 -0.02
-0.04 -0.04
108
-0.06 -0.06
-0.08 10° -0.08
1 12 18 2

14 16 E 14 16
Re E [MeV] Re E [MeV]

Im E [MeV]
°
Im E [MeV]

|J|,<k>

Hinh 2. |J;;(K)[2 trén mat phang Riemann thir nhat (hinh trai) va trén mat phang Riemann thi hai (hinh phai) cho £ /.

y(K)P? for jI=8(=g7,) on 1st Riemann sheet 195(K)[? for jI=8(=gy,) on 2nd Riemann sheet

20 102 20 102
0 0
50 10 - 10
s Y
2 102% 2 1027
) < oo £
w = w =
£ = £ F
= 104 . 10%
-10 10
10 108
20 20
4 10°

- - 0
ReE [MeV] Re E [MeV]

Hinh 3. |J;;(K)[? trén mat phang Riemann thir nhat (hinh trai) va trén mat phang Riemann thi hai (hinh phai) cho g /,.

vai I 1a d6 rong cong hudng. Gid tri k.5 va E (bang 2) twong tng véi vi tri ma tai do | /) (+) (k)| =0 trén
mit phang ning luong va xung lugng phirc (xem hinh 1-5).

|J|I k)| for jl=9(=ggp) on 1st Riemann sheet |J,i(k)|2 for jl=9(=gg,) on 2nd Riemann sheet

20 10? 20
0
10 10
102%
0 =
10
0 :
10%
-20 <20
10®

-30 -20 -10 [ 10 20 30
ReE [MeV] Re E [MeV]

Im E [MeV]
3

k)|
Im E [MeV]
-

3

Hinh 4. |J;; (k)2 trén mat phang Riemann thir nhat (hinh tréi) va trén mat phang Riemann thi hai (hinh phai) cho gg .
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1=9(=gg)) 1I=8(=g7)»)
0.4 L
Tl 10°
02 - T 102 o
0 1M 10 %
02 1l 10° 2
-8
04 | 10
e S B 10-10
45 4 05 0 05 1 15
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Hinh 5. |J;;(K)[? trén mat phang xung lwong phirc cho gg 120 97/2:87/21 f5)2-

Bang 2. Cuc cong hudng, nang luong cong huong va do rong cong huong

K, [fm™] E [MeV] T [MeV]
fs/2 0.5867 — i0.0783 7.0056 —i1.9039 3.8078
fr2 0.2990 — i0.0034 1.8520 — i0.0432 0.0863
97/ 0.9457 — 10.2439 17.299 —9.5599 19.1198
Joj2 0.7399 — i0.0766 11.222 —i2.3501 4.7002

3.3. Matran T va mdt do muc

Dua trén cong thuc (29) va (13), chdng t6i biéu diép dong thoi ma tran T va mat do muc cung véi vi tri
cuc cong husng (Cuc cua ma tran tan Xa) trén mat phang nang lugng phic, qua do cho thay d6 rong cong
huong 6 lién hé dén dac trung ciia ma tran T va mat do mac (hinh 6-7).

Phan tich cac cuc cua ma tran tan xa cho thay sy biéu hién caa mot cuc trong dai lwong quan sat duoc
|T|? phu thuoc manh vao sy dong gép ciia cong hudng va nén phi cong huéng. Khi nén yéu, bién do cong
huong chiém wu thé va tao dinh kiéu Breit-Wigner rd rét; khi nén manh (dac biét khi pha nén gan 7 /2), giao
thoa kiéu Fano c6 thé Iarp léch hozc tham chi triét tiéu dinh trong |T|?. Bong thoi, vi p(E) « d§/dE, cuc
dai ctia mat do muac cé thé rong va léch so véi cuc dai bién do.

Doi voi trudng hop f;/,, I' = 0.0863 MeV 12 cong husng rat hep, nén nho; pha di qua /2 rat nhanh
nén |T|? xuét hién dinh cao, gan déi xung; mat do mirc ¢ dinh sic tring véi E, ..

Déi véi truong hop fsj2: I' = 3.8078 MeV va gq/, V6i I' = 4.7002 MeV la cac cong huong kha rong,
dinh |T|? bét sic va d& chiu anh huong cia nén; mat d6 mac van ¢ cuc dai nhung kém ndi bat hon so voi
truong hop cong huang hep.

Déi véi truong hop g7/, I' = 19.1198 MeV Ia cong husng rat rong, nén manh va pha nén quanh E,. xap
Xi /2 gy giao thoa Fano, khong con dinh rd trong |T|? (chi tang don diéu), trong khi mat d&& muc van co
cuc dai rong va cd thé léch so véi vi tri cuc cong huong.
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Hinh 6. So sénh ma tran T va mat d6 mirc tuong ng cho cuc cia ma tran tan xa trén mat phing nang lugng phuc
cho jl =6 (fs;2) vajl =7 (f;2).

Dé 1am rd sy bién d6i hinh dang cua |le|2 va su triét tiéu dinh cong huong & cac kénh co do rong léon,
ching tdi 4p dung ly thuyét Fano duya trén su tach biét ma tran tan xa thanh phan nén (background) va phan
cong hudng. Theo d6, ma tran T;; tong dugc bieu dien qua cong thirc Gell-Mann-Goldberger (Mizuyama et
al., 2020):

Ty(E) = T, (E) + TiP(E) 8, (E) (42)

trong d6 TIS.O) dai dién cho ma tran T ctia phan nén, dic trung cho thé tan xa (potential scattering). Su giao
thoa giira kénh cong huéng va nén lién tuc dugce dinh luong qua tham sb bat ddi xing Fano q;; dugce dinh
nghia (Mizuyama et al., 2020):
1- iTl(jo) (E)

1oy B ©
O cot 6, (E) (43)

qi;(E) =

VGi 61(]9) la pha nén. Duya trén két qua tinh toan, déi véi truong hop cong huang hep (jl = 7, ang Véi f ,):
pha nén 55 tai ving niing luong E, ~ 1.85 MeV Ia rat nhé. Khi d6, tham s Fano c6 gia tri tuyét déi rat
l6n (lg7] — o0). Theo Iy thuyét Fano (Mizuyama et al., 2020), hinh dang cia |T,|? s& tién vé dang Breit-
Wigner doi xitng va sac nét.

Déi vé6i truong hop cong huong cuc rong (jl = 8, ung Vi g7/2): Trang thdi nay c6 do rong I' ~
19.1 MeV I6n hon nang lugng cong hudéng E, = 17.3 MeV.
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Hinh 7. So sénh ma tran T va mat d6 mirc tuong ng cho cuc cia ma tran tan xa trén mat phing nang luong phuc
cho jl =8 (g7/2) vajl =9 (go,2)-

V& mit vat ly, thoi gian song T = A/I" cuc ngan khién n6 khdng con 12 mét trang thai chuan lién két theo
nghia théng thudng. Do anh hudng caa hang rao ly tim cao (I = 4), pha nén 6§°) dat gia tri Ion (= /2) tai
ving E,, dan dén |qg| — 0, gia tri |g| nho gay ra su giao thoa huy manh mé giira phan cong huong va phan
nén, lam triét tiéu dinh cong huong trong |T|?, khién nd hoa tan vao nén lién tyc.

4. KET LUAN

Trong bai bao nay, ching t6i phan tich tan xa neutron-hat nhan giau neutron thdng qua viéc tng dung
ham Jost trong tinh todn cyc cua ma tran tan xa, ma tran T va mat do mac. Trén ca mat phang nang luong
+) h2k? . T,

;; (k) = 0 xéc dinh tryc tiép vi tri cuc, véi E = — = B - i

phirc va xung luong phirc, diéu kién J >

N . -2 3 2 . \ 2 9
cac cuc cong huong ndm & ImE < 0 va ReE 1 > 0. Viéc biéu dién ddng thoi |T|2, p(E) va | ]{j*) (k)| thé
hién mdi lién hé giira hinh dang dinh, va d6 rong cong huong I

. Két qua don kénh nay dong vai tro la mot Chuén déi Chiéu (benchmark) ly twong, thiét 1ap mot "phd nén™
ve mit so hoc dé kieém chung cac phuong phap bien doi pho nhu bien doi ty 1€ phirc (CSM) dua trén hé thirc
day du mo rong (ECR) dua ra boi Berggren (1968). Viec thict 1ap chuan don kénh nay cho phép tach biét ro
rang dong gdp dong hoc don hat, lam co s¢ dé xac dinh cac hiéu tng cau trac da hat (nhu két cap) khi mo
rong sang mo hinh da kénh HFB.
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