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Tém tat: Thuc nghiém do phan ing trao doi dién tich (*He, t) tai goc tan xa ~ 0 d6 va
nang luong > 100 MeV/nucleon, dugc thuc hién tai Trung tdm Nghién ciu Hat nhén
(RCNP) dai hoc Osaka, Nhat Ban, la phuong phép doc ddo cho phép xac dinh cuong do
chuyén dich Gamow—TeIIgr d6i’Vc’yi cac trang thai kich thich cao cta hat nhan, ma phuong
phap do phan ra béta truyen thong khong the lam dugc. Phuong phap nay duoc thyuc hién
dua trén gia thiét vé su doi xang spin dong vi trong cadc hé hat nhan dong khoi. Bao
céo trinh bay hai ngi dung quan trong cua thuc nghiém do phan tng (*He, t):

1. Van dé nhan dién hat dua trén phuong phap do thai gian bay va 6 mat nang lwong

2. Xéc dinh tan xa tai cc goc rat nho, xap xi 0 do

Tir kh6a: trao doi dién tich, nhan dién hat, dé mat nang lirong, chuan goc, Grand Raiden.
I. MO PAU

Chuyén dich Gammow-Teller (GT) la dic trung co ban trong qua trinh twong tic yéu
chiu téc dung cua toan tur quay (flip) spin-isospin, ots, trong dé o, T lan luot 12 toan tir quay
spin va toan tir quay isospin[1]. Toan tir t_bién doi proton thanh neutron, nguoc lai 1. bién
d6i neutron thanh proton. Chuyén dich Gammow-Teller va chuyén dich Fermi gay bai toan tir
7+ goi 1a cac chuyén dich duoc phép. Spin dong vi T 1a mot sé lugng tir pht hop dé mé ta
tuong tac hat nhan khéng phu thudc dién tich khi xem anh
huong cua tuong tac dién tir 1a twong doi nho. Cac hat
nhan ddng khdi (isobar) chi khac nhau thanh phan T, —
hinh chiéu I&n truc z cua vector spin dong vi T dugc dinh
nghia nhu sau T, = (N — Z)/2, va ching c6 cau trac dbi
xung guong. Gia sir vé ban chat twong tu (proton va
notrén duoc xem nhu nhitng hat ddng nhat) trong hat
nhan dong khdi, khi d6 cé4c trang thai trong ng trong cac
hat nhan nay dwoc goi 1a céc trang thai twong tu dong
khéi (hodc don gian 12 trang thai twong tw) va duoc cho l1a
c6 clng cau trac hat nhan. Céc chuyén dich két ndi cac to
hop muc nang lugng khac nhau ciing dugc goi la cac
chuyén dich twong tw. Chlng c6 mirc ning luong va

T=+1 T.= T=- cudng do chuyén dich giéng nhau. Chling ta goi trang thai

, thap nhat c6 T =1, J® = 0" trong hat nhan T, = 0 1a trang

Hinh 1. 7rang thai chuyén dich  thai twong tu dong khdi (IAS) cua trang thai co ban 0°
tuong t cua fiat nhan A=26. trong hai hat nhan T, = +1, nhu hinh 1[1].

Nghién ciru mot cach hé théng tinh d6i ximg spin dong vi tir viéc do cudng do chuyén
dich, cdu tric mirc va xac dinh cac dic trung lugng tir trong hé hat nhan dong khéi hay céc
hat nhan guong 14 rat quan trong. Diéu ndy cé ¥ nghia dic biét cho cac hat nhan khong bén &
xa duong bén B vi & d6 viée xac dinh truc tiép ciu tric mic va cac dic trung luong tir cua
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chding rét kho khan do “thdi gian song ngén”. Bang viéc nghién ciru cau tric cia cac hat nhan
dong khdi hay hat nhan guong cua chung (la nhiing hat nhan bén) ta c6 thé biét dugc
nhing thong tin vé cau tric mirc nang luong cua cac hat nhan khong bén nay. bay la van
dé dang dugc quan tdm cua vat ly hat nhan hién nay, khi ma hé théng hat nhan bén da duoc
xay dung twong ddi hoan chinh thi cac nha vat ly dang gianh sy quan tdm dic biét cho cac
hat nhan & xa duong bén B. Bén canh d6 déy 1a cac sb liéu hat nhan quan trong dé tiép can dén
mét trong nhitng hién twong can 1am sang té cua vat 1y thién van, goi 1a supernova kiéu 2
[2,3]. Ban chit cua hién twong ndy 1a su phé vé 16i cia cac ngdi sao 16n gay bai 4p suét suy
bién electron khi khéi luong cua 161 vuot quéa khdi luong gidi han Chandrasekhar, ma trong
giai doan dau tién I1a su bét electron va phan ra B gdy bai cac hat nhan vo pf véi vai tro vu thé
cua cac chuyén dich GT va Fermi [2,3]. Chinh vi vay nhiing nghién ctu vé chu dé nay da
dugc thuc hién tir nhitng nam 1980, trong d6 viéc xac dinh cuong do chuyén dich GT trong
cac hé hat nhan ddng khéi 1a mot noi dung thuc nghiém quan trong.

Chuyén dich GT duoc sir dung thong qua con dudng thuc nghiém phén ra B. Cuong do
Gammow-Teller - B(GT) dugc xac dinh truc tiép thong qua cuong do chuyeén dich rat gon:

B, (GT)= Yk | <flouctai>]” L)

Véi |i> va [f> 1a cac trang théai lwong tir dau va cudi cua hé; u=-1,0,1; k bién chay cho
cac nucleon .

Tuy nhién do phéan ra B bi gigi han bai nang lugng phan tng Q nén viéc nghién curu cac
chuyén dich GT ¢ céc trang théi kich thich cao bi gigi han. Khi nghién ctru co ché caa phan
g trao ddi dién tich & goc tan xa nho va niang lwong trung binh (~100 MeV/nucleon) ngudi
ta thay rang ching c6 thé kich thich cac hat nhan gidng nhu phan ra f. Mat khéac khi thay doi
nang lugng cua chum hat téi ta
c6 thé kich thich hat nhan ¢
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nang 600 tan mang tén Grand

Raiden (GR). Thiét bi nay cho phép do cac dic trung dong hoc cta hat nhu dong ning, goc
tan xa va phé nang lugng kich thich véi d6 phan giai cao ~30keV, dac biét cho phan tng trao
d6i dién tich (3He,t) trén cé4c hat nhan v6 sd va vo pf va xéac dinh cac cuong do chuyén dich
Tz =+1 — 0 & gbc tan xa nho ~ 0°. Hinh 2.b 1a phé thuc nghiém cua phan tng *®Ni(CHe,t) tai
RCNP c¢6 @6 phan giai 35keV.

Thanh cbng cua céc nghién ciru cudng do chuyén dich thuc hién tai RCNP c6 su dong
gop rat 16n cua phé ké tir Grand Raiden (GR). Tuy nhién thuc nghiém (3He t) nguoi ta can do
rat chinh xéac cac dic trung dong hoc Cua triton nhu dong nang va goc tan xa dé tir 46 xay
dung phé kich thich cua hat nhan du can nghién ciu. Bé c6 thé xac dinh céc chuyén dich GT



thi cac phép do nay can thyc hién tai goc tan xa rat nho, ~ 0°. Trong béo céo téc gia s& tap
trung gidi thiéu vé hai phuong phap nhan dién hat va do & géc gan 0°.

Il. NOI DUNG

1. Gidi thiéu vé cac thiét bi thuc nghiém

C6 thé ndi rang thiét bi dong vai tro
quan trong nhéat d6 1a pho ké tir GR. DPay la
thiét bi duoc thiét ké cho cac phép do v6i do
phan giai cao vé niang luong hay goc... Pho
ké tr GR bao gém cac nam cham tir ludng
cuc (D1, D2), tir cuc (Q1, Q2), 6 cuc (SX) va
da cuc tu (MP)[5]. Téc dung chinh cua ching
la 1ai va hoi tu chum hat & kénh ra cua phan

Detector x4c dinh Detectornhfn dién hat
g6ctan xa hfing ds mé.lm‘ing

Sieveslit == °

T S e ung toi cac detector toa d6 (MWPC) va
e 192x 208sirps o emdsEm e detector do ndng luong. Do thiét ké cho cac
thuc nghiém dac biét ma pho ké tor GR ¢o

3He beam at 140 MeViu

duoc mdéi lién hé gitra goc tan xa cua hat trén

Hinh 3. So d6 nguyén ly cua thi nghiém. bia 65 va trén mat phang hoi tu (mat phang

hoi ty duoc dinh nghia 1a mat phang ngang

ma cé4c hat ¢ kénh ra cua phan ang sau khi qua pho ké tir s& di t6i cac detector toa do va
detector do d6 mét nang luong dugc dit trén cac mat phang nhu hinh 3).

Hé thong detector tai mat phang hoi tu cta phd ké tir GR. Trong d6 hai detector toa do
MWPC1,2 (multi-wire proportional chamber)[5] duoc sir dung dé xac dinh vj tri va goc cua hat
sau khi di ra tir ctra s6 Mylar ciia GR. Phia sau MWPC la hai detector plastic Ps1 va Ps2 chlng
duoc sir dyung dé tao tin hiéu diéu khién trong phép do thoi gian bay TOF (time of flight), dong
thoi chung ciing dugc dung dé xac dinh do mat ning luong cua cac hat & kénh ra.

2. Phuong phap nhan dién hat

Chung ta biét rang khi cac hat di vao phd ké tir dudi tac dung cua tir truong thi cac hat
c6 cung ti s6 khdi luong trén dién tich A/Z di vao cing 1 15 cua sieve slip s& dén cung 1 vj tri
& trén mat phang hoi tu[6]. Nguyén ly nay gidp chlng ta c6 thé nhan dién hat va tir d6 giup ta
lya chon nhitng su kién quan tdm va loai bt di nhitng can nhiéu bai cac hat tich dién khac
bang cach sir dung tir truong diéu khién ching. Viéc ddng nhat hat duoc dua trén hai thong
tin:

Thir nhat: Do mét ning luong trén cac detector nhap nhay Ps1,Ps2. Bo mat ning luong
cua hat phu thudc va dién tich Z, sb khdi A va ning luong theo hé thirc Bethe-Bloch[6]:

_d_E 4-1'[8 Zl NB 47[6 lel NB (2)

dx m0V1 mopl

2 2 2
Vé6i B = Z[l 2m]_0vl In (1 —V—l) —Z—;] vi, Z:e vd my la van tbe, dién tich va khdi
lwong cua hat téi; N va Z 1a sb nguyen tir va s6 hiéu nguyén tir cia vat liéu; mo va e 1a khoi

lwong va dién tich cua electron; tham sé I 1a nang lwong kich thich va ion hoa trung binh cua
vat liéu. Khi cac hat c6 cing xung luong thi ta c6 —Z—f ~ A3Z% va ching ta thdy c6 thé sir
dung phd mat nang luong (AE) dé phan biét hat véi dién tich va sé khdi khac nhau.



Két qua do d6 mat nang lugng
cho bai céc bo bién ddi tuong tu s6
ADC va sau khi xt ly bang phan
mém duoc dua ra trén hinh 4.a,b.
Hinh 4.a va 4.b cho thiy d6 mat
trung binh do duoc ¢ Psl va Ps2. Vi
tri ving dinh cua *He va °H thu
duoc sau khi két hop véi mé phong,
tuong ung cac kénh trén Psl la ~
700 + 850 va ~ 200 + 350; Trén Ps2
la ~ 750 + 850 va ~ 200 + 300. Boi
I& dién tich cua *He gap 2 lan dién
tich ciia *H nén d6 mat ning luong
(~Z°) cua *He gap 4 cua °H. Vung
phd < kénh 200 trén hinh 3.a,b c6
L N | e -h : : | thé 1a electron hay positron tao ra tir
L foooe ........ ........ - c4c phan @ng phu chéng han nhu

o LR L 1 phan Gng *He -> *H + e* + v. Hinh
PR Ear) 4.cd 1a ving phé cua *H sau khi
Hinh 4. D mét nang hrong trung binh trén Ps1-a,c.e va “gate”, sau khi hiéu chinh lai thi thu
Ps2 —b,af,; Tuong quan do ma”'tﬂavng luong trén Psl va duoc phé) cua 3H nhu hinh 4.e.f.
Ps2—gh Pong thoi xay dung tuong quan do
mét niang luong trén Psl va Ps2

duoc phd hinh 4.g,h, trong d6 4.h 1a phd da gate chi ¢6 hat triton tao ra tir phan ung.

1o |

Thir hai: Pong thoi chung ta ciing ¢ thé dung thdng tin vé thoi gian bay (TOF) dé nhan
dién hat. Thoi gian bay duoc tinh 1a thoi gian hat bay tir bia dén khi hat toi cac detector plastic
vé6i quang duong bay 1a c¢b dinh thi thoi gian phu thudc vao van téc hat. Miat khac dong niang
cua hat K = mv?/2 (theo hé thirc ¢b dién). Nhu vay thoi gian bay s& phu thudc vao khéi luong
va dong nang cua hat. Tuy nhién véi phan tng ma ta dang xét thi hat téi *He va hat tan xa
triton c6 sb khdi gan bang nhau (Mspe = 3.016029, My = 3.016049), dong thoi dong ning cua
*He sau khi qua bia ciing rat gan voi dong ning cua hat triton sau phan tng. Nhitng phan tich
trén cho thay thoi gian bay cua hai hat cé thé bi chdng chap. Nhu vay nhan dién hat triton va
*He cha yéu sé dua trén thong tin vé dd mét nang lugng do duoc trén cc detector plastic.

3. Phuong phéap xac dinh goc tan xa rat nho

Trong phan tng trao déi dién tich dang (®He,t), ot 16n nhét tai goc 0°[7], chinh vi vay
viéc do tai goc xap xi 0° dong mot vai trd quyét dinh dén két qua thuc nghiém. Y.Fujita va
nhom nghién ctu da dua ra giai phap sir dung thiét bi chuan goc sieve slit[5]. Vi tri cia sieve
slit da duoc dinh nghia tur trude, do d6 vi tri cua mai 16 trén sieve slit cling hoan toan xac dinh
hinh 3. Mat khac mdi 16 nay lai twong ung véi mot goc tan xa cua triton trén bia, né ciing
tuong GNg voi mot vi tri trén cac MWPC. Sir dung chim hat t6i cuong d6 yéu (goi 1a “run”
chuan goc) ta s& xay dung goc tan xa tai mat phang hoi tu O, va @ 12 ham cua toa do trén cac
MWPC - hinh 5.a. Gia su dait MWPC,;, MWPC, lan luot tai mat phang (Xi,y1) va (X2,y2)
vuodng goc vai truc z (la truc co phuong tr GR dén mat phang hoi tu). Goc O, va Prp — lan luot
la géc hinh chiéu caa ching xudng mat phang (x-z) va (y-z) va oz dugc tinh theo cong thic:

tanfp,  tan6,

(4) tanf, = 2L (5)

X2—X1
tanfg, = 3) tane, =
fp ( ) (pr tan y siny Lpc

Lpc



0y 12 gdc léch giira hinh chiéu cua hat trén mat phang (u-z) va truc z, & d6 mat phang U
dugc dat léch so vai mat phang x goc y = 48.2° trén mdi MWPC; Lpc la khoang cach giira hai
MWPC. Nhu vay tir cdc gdc tan xa & mat phang hoi tu O va o, da dugc xac dinh dya trén
toa do cua hat.

Goc tan Xa tai bia O 12 ham cia 05, Xgp theo cong thic (6). Voi C, D la ham cua Xy
(Xfp 12 vi tri trén MWPC).

Othgt = C* 05y + D (6)
Tai moi vi tri Xipy Oihtgt 12 ham cuia Oy, bang gia tri C1, D; phu thudc vao toa do cua Xep.
“Fit” cac gia tri C va D thu duoc ham C(Xsp), D(Xfp). Tir d6 Viéc xac dinh Ongr tai mot vi tri Xg,
bat ki tro nén dé dang.
Tuong tu nhu Othigt, Pphtgr cling 1a mot ham cha Binegr, Yrp, Xsp theo cong thuc (7)
Ophtgt = (Aio + Air*Othegr + AiZ*ethtgtz + Ais*ethtgts)

+ (Bio + Bir*0thgt + Bio* Othig” + Bis™ Otnugt’) * Vi (7)

Trong do Ay, Bi la ham cua xq,. Cac ham cta A, B dugc “fit” tir @phegt, Yip sau khi da “gate”
cac gia tri Oy trong cac khoang cua Xfp. Do tinh bdo hoa cua tr truong dét bao pho ké tur s&
lam sai khac d6 phan giai goc, phan giai vi tri thu duoc trén mat phang hoi tu nén trong tat ca
cac tinh todn va phan tich trén tac gia

sE i ¥y y v b L ¢ datién hanh hiéu chinh trong qua trinh

i b A ) phén tich so li¢u thd bang phan mem
= | 8%y R € UL S R sir dung code cuia Hirohiko Fujita.

E Bk | Pty Hinh 5.b 1a két qua goc tan xa

Nl pid Q[ &' % cua triton sau bia qua cac phép tinh

2 , 2 y toan, bién doi tur giad tri thu dugc tai

0 i 4 ’ cac detector & mat phang hoi tu nhu

o X,:,[mm] — ] da trinh bay ¢ trén. GOc tan xa cua

hat triton trén bia 65 (nhu trén hinh

Hinh 5. Hinh anh v tri céc I6 cia sieve slit theo Xp,— Yy 5¢) d;qchflnhh’ theo cac goc Burg: va

tai mat phang hoi tu — a, theo Ot — Ponge SaU bia — b, Goc Pphtgt DG he thirc (8).

tan xa thuc cua triton trén bia va trén cac mat phang chiéu Nhu vay trong muc nay ta da
- xay dyung moi lién h¢ gitra goc tan xa

trén bia, trén mat phing hoi tu va toa do trén mat phang hoi tu. Véi s6 lisu chum *He cuong

d6 16n, khi ma khong str dung thiét bi chuan goc sieve slit thi viéc xac dinh vi tri caa hat trén

mat phang hoi tu va gdc tan xa cua hat triton tré nén khong quéa kho khan.

es ~ ’eghtgt + (prz)htgt (8)
.  KETLUAN

B4o c4o trinh bay phuong phap nhan dién hat bang do d6 mat nang luong, két hop do
thoi gian bay. Két qua thu duoc cho phép nhan dién *He va triton 12 hai hat c6 khdi lugng xéap
xi bang nhau tir s6 liéu thuc nghiém do tai RCNP. Bén canh d6 tac gia con giéi thiéu phuong
phap do tai gdc rat nhé quanh 0 do vai phd ké tir Grand Raiden va hé théng detector thiét ké
dic biét. Trong phép do thiét bi chuan goc sieve slit dé xac dinh vi tri cling nhu goc cua hat
trén cac detector dit tai tiéu diém, va tir 6 c6 thé tinh duoc gdc tan xa cua triton trong phan
ng. Céc két qua thu duoc cho phép xac dinh chinh xac dong hoc caa triton, dé 1a co sd cho
nghién ctru cac chuyén dich GT va chuyén dich Fermi.
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THE PARTICLE INDENTIFICATION AND SCATTERING ANGLE
DETERMINATION OF THE TRITON IN THE HIGH-RESOLUTION
(3HE,T) REACTION EXPERIMENT

Abstract: The experiment on the high-resolution charge-exchange reaction of (3He,t) at
scattering angle of approximately 0 deg. and incident energy greater than 100
MeV/nucleon has been used to determine the Gamow-Teller transitions for the high
excited states of nuceus, where the beta decay measurement can not access. The
experiment was performed at Research Center for Nuclear Physics (RCNP), Osaka
University in December 2009. The method is based on the assumption of isospin
symmetry in the isobaric systems. In this paper we would like to present two important
results from the experimental data analysis:

1. Particle identification based on the time of flight (TOF) and energy loss measurement.

2. Scattering angle determination at approximately 0 deg. by using sieve-slit calibarator.

Keywords: charge-exchange, particle indentification, enerqy loss, calibarator, Grand Raiden.



