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Loi noi Rau

Chung ta fia biet ngudn nang lugng tir mat troi cung cap cho so song tren
trai fiat. Vi vay viec tim hieu cac qua trinh xay ra tren mat trdi la chu fiel hap
dan thu hut cac nha khoa hoc tren the gidi trong hang thap ks qua. Ngodi ta fia
fida ra gia thuyet nguon nang 166ng giai phong t& mat troi la do cac phan 6ng
nhiet hach, cac phan éng nay bien fioi 4 proton thanh Heli. Trong cac qua trinh
nay co mot loai hat sinh ra ma chung ta quan tam la neutrino. Vay fiieu gi co
the khang fionh la ben trong mat tr6i xay ra cac phan éng nhiet hach, fie khang
fionh gia thuyet nay thi viec can co cac thi nghiem ghi nhan mot 166ng 16n
neutrino 6 mat fat fien to/ mat troi la bang chdng thuyet phuc nhat. Tuy nhien
cac neutrino col tiet dien tdéng tac rat yeu voi vat chat, vi vay chung co the de
dang thoat ra khoi mat tréi fien trai fiat ma khong thay fioi nhieu cac tinh chat
vat ly ban fiau cua no, fileu nay cung dan fien viec ghi nhan neutrino rat kho
khan, cac Detector muon ghi nhan neutrino fioi hoi phai co kich théoc rat 16n,
va rat ton kem. Na co nhdng tinh toan bang ly thuyet tinh thong 166ng neutrino
mat trdi, cung nho cac phep fio thdc nghiem xac fionh thong thddng neutrino.
Nhong that khong may cac ket qua gida ly thuyet va théc nghiem khong khop
vOi nhau. Van fie' nay fia lam fiau flau cac nha khoa hoc trong mot thoi gian dai
va bay gid van la van fiel chéa co 16i giai thich thoa fiang. Na co nhéng gia
thiet 66 Ada ra fiel giai thich s6 khac nhau nay, mot trong cac gia thiet fiol la
gia thuyet “Oscillation”, la gia thuyet fi6oc chap nhan nhieu nhat. Tuy nhien
chung toi khong fii sau vao van fie Oscillation ma chg tap trung vao phan tich
thi nghiem fio thong 166ng neutrino cua thi nghiem Kamiokande, mot trong cac

thi nghiem noi tieng ve fio thong 166ng neutrino iddc tien hanh & Nhat. Thi



nghiem nay chu yeu fio thong 166ng neutrino cua °B va hep. Ket qua thi
nghiem cung cho thay co s sai khac fiang ke gida ly thuyet va thdc nghiem,
trong fio fiac biet gia tro thoc nghiem thoing 166ng hep 16n hdn nhieu so vai tinh
toan bang ly thuyet. Trong khuon kho: luan van nay chung toi chz gidi han trong
viec fida ra hodng mdi giai thich sé/ khac nhau cua phoi hep gida ly thuyet va

thdc nghiem ma khong xet fien qua trinh “Oscillation”.



Chwong 1
Tong quan ve neutrino mat troi

Lonh vdic nghien cou ve: mat troi rat rong, bao gom cac hien t66ng bao
t0, vet fien tren mat trdi, cac chu Ky cua mat tréi , neutrino cua mat troi, nhat
chan hoc “Helioseismology”.. Nhéng muic fiich ch6éng nay giadi thiéu tong quan
ve tinh hinh nghien céu neutrino cua mat tréi, cac thi nghiem fio neutrino, cac
van fie: ma khoa hoc choa giai quyet iddc ve neutrino.
1.1 S6 l6d¢c ve mol hinh chuin cua mit troi.

Mat trdi la mot trong voi soi cac vi sao trong vu tru, toa ra nang 166ng
t0 cac phan 0ng nhiet hach dodi dang fiong nang cac hat (fiac biet trong fiol co
neutrino) va photon. Muon nghien cou cac phan éng nhiet hach & loi mat troi,
ng0odi ta phai thu thap cac thong tin t0 cac phan 6ng fiol thong qua cac photon
hoac neutrino. Tuy nhien cac photon i60cc sinh ra o' loi col the phai mat 100.000
nam hoac lau hén [15] fie “tham thau” ra bei mat mat trGi va fii vao khong gian.
Trong suot thoi gian fio bat ki cac fiac fiiem nao ma chung ta quan tam ve: cac
phan 6ng nhiet hach 6 loi khong the xac fionh fiddc. Rieng chz co cac neutrino
t00Nng tac rat yeu vai vat chat nen co the dei dang fii qua phan loi mat troi . Hon
ndia cac neutrino mat troi chuyen fiong voi van toc anh sang fien trai fiat chg
trong vong vai phut, noi cach khac neu chung ta fio i6dc neutrino 6 mat fiat thi
ngay thoi fliem fio, chung ta co the suy ra cac phan éng xay ra ben trong mat
trdi cach fiol khoang vai phut. Do fio neutrino la kenh quan trong fie tim hieu
cac qua trinh xay ra ben trong loi mat troi.

Ben canh ol cac nghien cou ve quang hoc cua mat tréi cung cung cap

hau het cac fiac filem vel mat tr6i bao gom: khoi 166ng M, ban kinh R, thanh



phan hoa hoc bel mat, fio sang. Tuoi mat tréi id6c xac fiinh td cac nghien cou
ve thien thach. Bang 1 dodi liet ke cac thong so iddic xac fionh.

Bang 1.1 Cac thong so cua mat trdi [15].

Cac thong so Gia tro
Khoi 166ng 1.989x10%kg
Ban kinh 6.9599x10°m

No chieu sang 3.826x10%°w
Tuoi 4.57%10° nam

Cac mo hinh mat trdi sé dung cac thong soi fia Addc xac fionh nay AG6C
phat trien t& nhéng nam 1950, nham fie hieu cac qua trinh ben trong mat troi.
Cac mo! hinh noi chung xem mat tréi la moi trédng fiong nhat khi, trong fiol xay
ra qua trinh fiot chay proton & loi. T6 fiol cac phddng trinh trang thai cua mat
trdi AGOC rut ra td cac gia fionh sau.

- Can bang thuy léic (Hydrostatic Equilibrium), toc la bat ¢ fiiem nao
ben trong mat troi, ap suat td ben trong ra can bang voi ap l6ic hap
dan ben ngoai vao.

- Van chuyen nang 166ng t0 loi ra be mat do cac photon va chuyen
fiong fioi 10u.

- Nguon nang 166ng chinh la phan dng nhiet hach.

- No giau cac nguyen to hoa hoc chz thay fioi do phan 6ng hat nhan.

Cac mo hinh ket hép mo hinh t66ng tac yeu cua vat ly hat cd ban v8i moi hinh
mat tréi gom cac ph6dng trinh trang thai (ap suat, nhiet fio, mat fio...) Ad6c goi

la Mo Hinh Mat Trdi chuan (Standard Solar Models) hay SSM



O fiay chung ta chz gidi han tim hieu mo hinh t66ng tac yeu. No bao gom
cac phan 6ng hat phan bien fioi 4 proton thanh Heli, hinh 1.1 chz cac phan dng
chinh xay ra & loi mat trdi, cac phan éng nay fid6c biet fien nhod chuoi (hay con

goi lar chu trinh) proton-proton, hay chuoi (chu trinh) p-p.

p+p—D+e’+ve p+e +p—D+ve
| ¢ J
D+p—>3He+y
v r v
3y a0 3 3 st 7 3 "
He+ He—a+2p He+ He—'Be+y He+p—a+e +ve
"Be+e—'Litve "Be+p—°B+y
"Li+p—2a !B Be*+e"+v,
®Be*—2a

Hinh 1.1 Chu trinh p-p, nhéng phan 6ng chinh xay ra trong mat trdi [15].

Ben canh fio cung co cac phan dng chiem t le rat nho so vdi chu trinh p-p.
Hinh 1.2 chg chu trinh Cacbon-Nito-Oxi, cung bien fioi 4 Hidro thanh Heli,
nhong phai s6 dung Cacbon, Nito, Oxi, la nhéng chat xuc tac. Ngoai chu trinh
CNO, con co cac chu trinh Ne-Na, Mg-Al, vi so cac phan 6ng cua cac chu trinh
nay rat be so vdi chu trinh cac phan éng p-p, dan fien fiong gop nang 168ng vao
tong nang 166ng Adéc sinh ra 6 mat tri cua cac chu trinh nay cung rat be nen

trong luan van nay chung ta chz gidi han tim hieu chu trinh p-p.



Hinh 1.2. Chu trinh CNO [15].
1.2 Pho thong 166ng neutrino tinh toan theo ly thuyet.

Tdrhinh 1.1 chung ta thay neutrino fiédc sinh ra té cac phan 6ng sau

p+p —» D+e"+v, (viettitla pp)
p+te-+p —»  D+ve (viet tat la pep)
*Hetp —» o€ +v, (viet tat la hep )
'‘Bete- —  Li’ +v, (viet tat la 'Be )
B —»  Be*+e'tv, (viettatla®B)

O hinh 1.2, neutrino cung A6dc¢ sinh ra td cac phan éng phan ra e”.
BN —» BCt+e'tv, (viet tat la °N )

PO —  PN+e' v, (viet tat la 0

Tinh toan fiay fiu nhat vel mo hinh mat trdi chuan Ad6c phat trien boi

Bahcall va cac cong s6[2]. Ho xay déng mo hinh mat tr6i chuan vai ly thuyet

mai nhat ve thuyet tien cua cac sao va cac do! lieu input mdi nhat bao gom tiet

dien cac phan 6ng hat nhan, tinh chan boc xa (Radiative Opacity), thanh phan
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hoa hoc & tren mat troi, he so khuech tan, cac hang so cua mat troi nho khoi
I66ng, ban kinh, fiol sang.. . Trong fio cac gia tro tiet dien hau het fiddc tinh
toan bang ly thuyet va hau nhé khong co gia tro théic nghiem fie so sanh, vi cac
phan 6ng nhiet hach chinh xay ra tren mat trdi chu yeu la t6dng tac yeu vai tiet
dien rat nho, nen vai kb thuat hien tai, ng6di ta khong the tien hanh fio tiet dien
cac phan 6ng nay. Mot trong nhéng fiac fiiem quan trong fie co the tinh soi cac
phan 6ng tren mat trdi la fio sang fiddc ki hieu L (L la nang 166ng ma mat trdi
giai phong d6di dang photon trong 1 giay), fio sang co the suy ra bang cach fio
nang 166ng dooi dang photon 6 mat fat ( hoac & ve tinh) nhan 66 trong 1
giay va trong cm?® (ki hieu la 1) to fio suy ngddc trdl lai fio sang cua mat troi
theo cong thoc L =4zR’l (R la khoang cach t& mat tr6i fien mat fiat hoac ve
tinh), td gia tro fio sang, chung ta coi the tinh fi6dc tong nang 166ng mat tréi phat
ra trong 1 giay, do qua trinh can bang nhiet, nang 166ng mat fii sel bang nang
I60ng sinh ra nen tong nang 166ng fio se bang voi nang 166ng do cac phan dng
nhiet hach sinh ra, té fio suy ra so cac phan 6ng nhiet hach can thiet, fay la
mot trong nhdng thong tin quan trong fie tinh thong 166ng neutrino. Mac du
nhom Bahcall khong fida nhat chan hoc “Helioseismology” vao trong mo hinh
cua minh nhéng tinh toan cua nhom chz ra khép rat tot gida gia tro van toc am
thanh “Sound Speed” fiddc xac fionh theo Helioseismology va van toc am thanh
tinh theo mo hinh tinh toan cua nhom [2]. Theo Bahcall chung ta col gia tro
thong 166ng neutrino va phoi neutrino fi66c cho 6 fidc cho & bang 1.2 va hinh

1.3.

11



Bang 1.2 Thong 166ng neutrino mat troi fien trai fiat theo tinh toan cua Bahcall

vOi sai so 1o [3]

Neutrino téi cac phan 6ng Thong 166ng  (x10®cm™?s™)
p-p 5.94x1 (1.00°2%
pep 1.39x107%(1.007°%
hep 2.10x107’
Be 4.8x10™(1.0072%
B 5.15%107(1.007%%2)
BN 6.05x107%(1.00°%%2)
50 5.32x107%(1.009%
1012 - - —— - y - —1
- ://’—\ Pho thong 166ing —
ook e neutrino BP98(+c) ;
109 ;r "Be- :
—_ F '°N-,»"—’_:::::—\"\ ]
- 108 T _+F- \ .
o A Pl BeIL
§ we Y R 1
(@)) 6 :.__ TR _ -= " -1 E ﬂ;
= 108 3 / 3
o 104 ¢ ! E
e E 1 q
— / | 1
103 E : E
S e |

Nang 166ng neutrino (MeV)

Hinh 1.3. Pho thong 166ing neutrino theo tinh toan cua Bahcall [3].
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Hien nay gia tro thong 166ng va pho thong 166ng neutrino t6 mat trdi theo tinh
toan bang mo hinh cua nhom Bahcall fiddc xem la chuan nhat ve mat tinh toan
bang ly thuyet. Vi vay cac phep fio bang thdc nghiem neu fiem so sanh véi ly
thuyet fieu Ad6c lay to cac tinh toan cua Bahcall.

1.3. Cac thi nghiem fio neutrino mat troii.

1.3.1. Detector Clo Homestake.

Nay la thi nghiem fio neutrino fiau tien fivdc R. Davis va cac cong so
tien hanh. Thi nghiem bat fiau hoat fiong nam 1968 va fien nay van con tiep
tuc. Detector s dung 615 tan chat long C,Cl, iie ghi nhan neutrino thong qua
phan 6ng bat neutrino

Vet 'Cl— e +"Ar

Nol giau cua fiong vo *’Cl chiem 24.23%. Ngdding nang 166ng neutrino fie co the
xay ra phan 6ng nay la 0.814 MeV, vdi nang 166ng nay, theo hinh 1.3 thi cac
neutrino cua 'Be, pep, B, hep tham gia phan tmg. Nen hien nhien viec nghien
cou tong kenh neutrino rieng lel la khong the thdc hien voi Detector Clo
Homestake. *'Ar co thdi gian song 35 ngay fiddc chiet ra bang phddng phap
hoa hoc va fi6dc fiem bang ong fiem tz le. Thdi gian cho moi lan lay so lieu dao
fiong t& mot fien ba thang.

Vi phoithong 166ng neutrino theo tinh toan cua Bahcall BP98, gia tro dd
fioan cua so fiem cua Detector Clo Homestake phai la[15]:

Riewe =7.7772  Abn vo neutrino mat troi.( viet tat la SNU)
Trong fio 1 SNU=1 neutrino bo bat tren 10* nguyen té bia trong 1s.
Trong khi fio t2 le fio thoc te la

Riome =2.54+0.14+0.14 (SNU)

measure
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Ta thay chz bang khoang 33% so vdi gia tro i6dc tinh bang ly thuyet, sé khong
thong nhat gida gia tro do' fioan toi ly thuyet va gia tro fio théc nghiem fiddc biet
fien la van fie' neutrino mat troi “solar problem™.

1.3.2. Thi nghiem Kamiokande va Super-Kamiokande.

Vao nam 1987, Detector fio neutrino mat tr6i Kamiokande bat fiau hoat
fiong 6/ Kamioka Mozumi Mine, Nhat Ban , fien 1996 thi ngdng. Sau fio iddc
nang cap thanh Super Kamiokande, fien nay van con hoat fiong. Detector gom
3000 tan n6dc fddc choa trong thung hinh tru, dien tich be mat cua thanh thung
fiboc N6Oc bao phu khoang 20% ong nhan quang fiien dung fie ghi nhan boc xa
Cherenkov. Khi neutrino fii vao thung chéa ndoc, tan xa voi electron, electron
bo giat lui, fioi v@i cac neutrino nang 166ng 16n (vai MeV), thi electron giat lui
co nang l66ng lon, trong moi trodng nooc electron se phat ra bbéc xa
Cherenkov, ngddng ghi nhan electron giat lui fioi voi Detector Kamiokande la
9MeV, sau fiol iddc toi 6u xuong con khoang hén 6 MeV, nen thi nghiem nay
che nhay fioi vdi neutrino nang 166ng cao, theo pho neutrino cua hinh 1.3 thi
Detector Kamiokande che ghi nhan neutrino cua kenh °B, hep. Thi nghiem
Kamiokande cung chdng to gia tro io AG6c bang théc nghiem nho hén gia tro
A6oc tien fioan tdl ly thuyet.

Voi pho neutrino tien fioan bang ly thuyet t6 BP98 SSM thi Detector
Kamiokande phai ghi nhan gia tro thong 166ng la[15]:

Do =5.150% x10°em s ™
Trong khi fio gia tro thong 166ng théc tel fio AdAC:
@ amiokende _ 2 80'2 2 x10°cm s

Gia trd nay t66ng 6ing voi khoang 14 tan xa neutrino —electron trong mot thang.

Sdi sai khac nay cung phan anh “van fie neutrino mat troi””. Trong luan van nay

14



chung toi tap trung vao phan tich van fiel pho neutrino hep qua cac so lieu cua
Super-Kamiokande 1.
1.3.3. Detector Galli SAGE va GALLEX.

Hai thi nghiem SAGE va GALLEX bat fiau hoat fiong t& nhéng nam
1990, thi nghiem SAGE fi6dc fiat & Mount Andyrich, Caucasus Mountains, Nga
va GALLEX 6 ham Gran Sasso gan Rome, Y. Ca hai thi nghiem fieu ghi nhan
neutrino qua phan 6ng:

vet''Ga—> e +''Ge
Vi "*Ge khong ben va phan ra nen fiédc chiet ra fiem & ong fiem tz le. Detector
SAGE gom 27 tan Gali ran, sau fio fiddc tang len fien 55 tan Gali, trong khi
Detector GALLEX s6 dung 100 tan chat long GaCl;HCI nhé la bia trong fio co
30.3 tan la Gali. Nang 166hg ngddng cho phan 6ng nay la 0.233 MeV, do vay
theo hinh 1.3 thi hai Detector nay nhay ca keinh neutrino pp, cung té hinh 1.3 ta
thay hau nh6 100% neutrino i60c sinh ra 6 kenh pp, nen viec co ghi nhan them
kenh nay trong phep fio rat quan trong.
Vi pho neutrino tien fioan bang ly thuyet t6: BP98 SSM thi hai Detector phai
ghi nhan soifiem la[15].
Reaos =129°¢ (SNU)

Trong khi gia tro thoc te fio fiddc la:

RS%E _ 6748 (SNU)

measure

REALEX _ 784+ 6 (SNU)

Thi nghiem cung cho thay gia thdc nghiem thap hén gia tro fi6dc tinh theo ly

thuyet.
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1.3.4 Thi nghiem SNO va gia thuyet Oscillation.
TdI s6 khac nhau gida gia tro fio bang théc nghiem va gia tro tien fioan
bang ly thuyet (“van fiel neutrino mat tréi’’), ngddi ta fia fda ra 2 gia thuyet:
- Phai chang la tinh toan bang ly thuyet sai?
- Neutrino v, fiédc sinh ra to mat troi “Oscillation” thanh v,,v.. Chinh
vi vay khi ngddi ta tien hanh cac thi nghiem fio ve, se thay thong
166ing thap hén so vai gia tro ly thuyet.
Muon kiem chéng gia thuyet thdi 2, ngddi ta tien hanh thi nghiem fio ca thong
166ng Ve, v,,v.. Neu tong thong 166ng cua 3 loai neutrino fio bang voi gia tro
tien fioan bang ly thuyet thi kha nang gia thuyet thé 2 fiédc chap nhan hon.
T6 nam 1999, thi nghiem fio thong 160ng cac loai ve, v,, v; (viet tat
SNO) fidéc tien hanh & Canada, thi nghiem s6 dung 1000 tan nédc nang f6oc
choa trong binh bang acrylic dang cau. SNO ghi nhan cac loai neutrino qua cac

phan 6ng sau.

vyte — v te’ (ES)
Vetd — e+p+p (CO)
vitd — vy +p+n (NC)

Trong fio, Ki hieu x la cho ca 3 loai neutrino.

O phan éng (ES) la phan 6ng tan xa fian hoi tren electron “Elastic Scattering”,
mac du phan éng xay ra cho ca 3 loai neutrino nhdng gia tro tiet dien cho loai
Ve 16N hon nhieu so voi hai loai v, v.. Phan dng (CC) la phan 6ng dong cac hat
mang filen “Charged current” chz xay ra vai ve, va phan 6ng (NC) la phan 6ng
dong trung hoa “Neutral current ”” xay ra cho 3 loai neutrino nho phan dng (ES)
nhong tiet dien fioi voi 3 loai neutrino khong khac nhau nhieu nho phan 6ng

(ES). Ng6di ta ghi nhan iddc phan dng (ES) va (CC) la nhd boc xa Cherenkov
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cua electron sau phan dng, con phan dng (NC) thi dda vao phan 6ng bat
neutron, cac phan 6ng nay chg nhay voi neutrino nang 166ng cao nen cung nho
thi nghiem Kamiokande chz fio neutrino cua °B, hep. Cac ket qua cua thi
nghiem SNO la[1]

®. =1.76°%, x10°cms™

® . =2.39%3, x10°cm?s™

®,. =5.09%"%. x10°cms™
Vi o, la thong 1606ng tong cho ca 3 loai neutrino, trong khi gia tro tien fioan
bang ly thuyet la @, =5.15%7, x10°cms™ (bang 1.2), s0' sai khac hai ket qua
nay nam trong gidi han sai so nen ket qua nay co the: xem nho phu hdp voi gia
tr0 tien fioan bang ly thuyet neu co qua trinh Oscillation. Td ket qua cua SNO,
gia thuyet Oscillation cang fiddc cung co va hien nay gia thiet nay A66c chap
nhan hon ca.
1.3.5. Van fiei thong 166ng neutrino hep tdi thi nghiem Kamiokande.

Thi nghiem Super-Kamiokande fio nang 166ng neutrino t6 Enij,= 5MeV
fien Emax=20MeV, To 5MeV fien 14 MeV ngo6ai ta chia thanh cac khoang nang
I606ng vai so gia 0.5 MeV, con 14 fien 20MeV f6dc chia thanh 3 khoang nang
[66ng 14-15MeV, 15-16MeV, 16-20MeV. Theo thi nghiem Super-Kamiokande
I, ta co bang 1.3 mo ta pho thong 166ng gia tro fio AG6c t& théc nghiem va gia tro
do fioan ly thuyet. Viec chia cac khoang nang 166ng 16n t0/ 14 fien 20 MeV nh6
vay Vi thong 168ng neutrino ®B va hep nho 6 khoang 14 fien 20MeV (hinh 1.3)
so vai thong 166ng toan pho. Theo tinh toan mbi nhat cua Bahcall, gia tro thong
166ng cua kenh ®B la 5.79x10°cm™s™ va hep la 7.78x10°cm™s™'[11]. Ta thay
thong 166ng hep nho hon °B khoang 10° lan nen fiong gop vao viec ghi nhan

neutrino & thi nghiem la khong fiang ke. Tuy nhien , nang 166ng cdc fai cua
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neutrino °B la khoang 14.8 MeV, con nang l6dng coc fiai cua neutrino hep

khoang 18.8 MeV[11], nen t6 16MeV trd fii thi chz co thong 166ng neutrino cua

hep fiong gop. Vi vay ma trong khoang t6 16 fien 20 MeV thi fiong gop cua pho

hep la chu yeu so vdi pho cua °B.

Bang 1.3. Tz lel cac s6 kien ghi nhan bang thdc nghiem va sé kien do fioan

bang ly thuyet trong moi khoang nang 166ng. Non vi cua cac tz lei nay la so s6

kien ghi nhan neutrino/ktan/nam. Gia tro trong ngoac chg sai soi [11].

Nang 166ng(MeV)

Te lel quan sat

Tz lel do fioan B

Tz le d6 fioan hep

5.0-5.5
5.5-6.0
6.0-6.5
6.5-7.0
7.0-7.5
7.5-8.0
8.0-8.5
8.5-9.0
9.0-9.5
9.5-10.0
10.0-10.5
10.5-11.0
11.0-115
11.5-12.0
12.0-12.5
12.5-13.0
13.0-13.5
13.5-14.0
14.0-15.0
15.0-16.0
16.0-20.0

74.7(+6.6;-6.5)
65.0(+3.3;-3.2)
61.5(+2.4:-2.3)
54.1(+1.7:-1.7)
49.4(+1.5:-1.5)
44.3(+1.4:-1.4)
36.3(+1.2;-1.2)
28.7(+1.0:-1.0)
25.0(+0.9;-0.9)
20.8(+0.8;-0.8)
16.2(+0.7:-0.7)
11.2(+0.6;-0.5)
9.85(+0.51;-0.49)
6.79(+0.42;-0.40)
5.13(+0.36:-0.33)
3.65(+0.30;-0.28)
2.46(+0.25:-0.23)
2.02(+0.22:-0.20)
1.72(+0.21;-0.19)
0.949(+0.16;-0.13)
0.341(+0.10;-0.08)

182.9
167.7
151.9
135.3
119.2
103.5
88.3
74.1
61.4
49.9
39.6
30.7
23.28
17.27
12.45
8.76
5.94
3.88
4.01
1.439
0.611

0.312
0.309
0.294
0.284
0.266
0.294
0.236
0.211
0.196
0.185
0.167
0.149
0.130
0.118
0.098
0.090
0.073
0.060
0.094
0.057
0.068

Theo phan tich cua thi nghiem Super-Kamiokande |1 nam 2006, ket qua fidéc

trinh bay & bang 1.3, nhin tong quan ta cung thay gia tro fio bang théic nghiem
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nho hén so véi gia tro d6 fioan bang ly thuyet (dan fien ngddi ta fida ra gia
thuyet Oscillation). Tuy nhien khi ng6di ta tien hanh fio cac s6 kien neutrino
trong khoang t61 18 fien 20 MeV fie tinh thong 166ng cua hep, Viec chz fio trong
khoang nang 160ng nay nho fa noi 6 tren, trong khoang nang 166ng nay chz do
kenh hep fiong gop, nen ngddi ta col the tinh gia tro théc nghiem thong 166ing
toan pho cua hep phai la 73x10%m™s™® [11] , trong khi gia trd tinh bang ly
thuyet la 7.78x10°cm™s™, ta thay gia tro théc nghiem lai cao hén gia tro ly
thuyet, fiang lel qua trinh Oscillation phai lam gia tro fio bang théic nghiem nho
hén gia tro fio bang ly thuyet, nhdng 6 khoang nang 166ng to1 18 fien 20 MeV thi
lai ngodc lai, va s chenh lech nay len fien ~10 lan. Na co nhom tac gia
Massimo Coraddu i6a ra gia thuyet do anh hddng cua moi trodng plasma trong
mat tr0i dan fien sO sai lech nay , tuy nhien trong luan van nay chung toi tap
trung vao viec fida ra gia thuyet khac co the giai thich van fie tren (2 van fie

nay se Adoc trinh bay 6 chééng 3).
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Chdoéng 2
C0 sO ly thuyet tinh toc fio phan dng
khong cong h6dng tren mat troi

Thong 166ng neutrino phu thuoc vao toc fiol phan 6ng cua cac phan 6ng
sinh ra neutrino, nen hien nhien muon tinh thong 166ng neutrino thi chung ta
phai tinh toc fio phan éng sinh ra neutrino, cac yeu to anh hdéng fien toc fio
phan 6ng tren mat trdi la mat fio cac hat tham gia phan 6ng, nhiet fio mat troi,
van toc cac hat, tiet dien.., trong chd6ng 2, chung ta se co cai nhin tong quan
ve cac yeu to tren, va anh h6dng cua cac yeu to tren fien viec tinh toc fio cac
phan éng tren mat tréi. Ly thuyet cua chédng nay fiat ¢d s6 cho cac tinh toan
cua choong 3, 4 va chu yeu n6dc tham khao to tai lieu [14].
2.1. Toc fio phan 6ng tren mat troi.

Chung ta iia biet, tiet dien phan 6ng phu thuoc vao nang 166ng cac hat
tham gia phan 6ng, hay van toc t66ng fioi cua cac hat tham gia phan éng. Vi
vay chung ta se ki hieu c=c(v), goi N, N, la mat ol loai hat X,Y t6dng éng
tham gia phan 6ng. Nho fia noi O tren, tiet dien phu thuoc vao van toc téong
fioi cua cac hat tham gia phan 6ng, vi vay chung ta co thei xem loai hat X hoac
Y fidng yen, va hat con lai se chuyen fiong voi van toc v. Do vay neu ta chon
hat X Adng yen, thi hat Y se chuyen fiong hodng tdi hat X véi van toc v, va
thong 166ng cua loai hat Y se la: j, =N v. Td fio toc fiol phan ong (ki hieu r)
se bang tich cua thong 166ng loai hat Y nhan vdi tiet dien phan éng va mat fio
loai hat X.

r=7j,0c(VN,=N,N vo(v) (2.1)

Trong fio r la so phan 8ng xay ra trong 1 cm® trong 1 giay.
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O fay, van toc v khong bang hang so, cac hat nhan chuyen fiong hon
loan, khong phai hat nhan nao cung co van toc v nh6é nhau, van toc t6ong fioi
cua cac hat nhan phu thuoc vao nhiet fiol cua mat tréi va bien fioi tren mot
khoang rong t61 0 fien «. Gia sé chung ta co ham phan bo xac suat cac hat tren
mat troi theo van toc la ¢(v), voi fiieu kien chuan hoa.

['e]

j¢(v)dv:1 (2.2)

0
Nho vay fai 166ng¢(v)dv moita xac suat cac hat nhan col van toc t6ong fioi v
nam trong khoang t6 v fien v+dv, nen tich vo(v) trong cong théc (2.1) phai

~..A

fdoc lay trung binh tren ham phan bo van toc, (o(v)v):
<o(v)v>:=j¢(v)o(v)vdv (2.3)

Va toc fio phan dng r Adoc tinh

r=N,N, {c(v)v)= jquwmv (2.4)

Trong cong thdc (2.4), tich N,N, fiddc dung cho hai loai hat khong fiong nhat,
con fioi vOi cac hat fiong nhat thi so hat N phai fié6c chia cho 2, nhdng moi cap
hat phai fidéc tinh 2 lan, do vay trong tré6ng hép tong quat cong thdc (2.4) se
Aooc viet

r= NXN 1+5 jq)(v)a(v)vdv (2.5)
Ta thay toc fio phan 6ng sel phu thuoc vao ham ¢(v), val o(v), chung ta sel lan

160t khao sat cac fiai 1006ng fio fioi voi fileu kien nhiet fiol tren mat troil.
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2.2 Ham phan boivan toc Maxwell-Boltzmann .
Chung ta fia biet fioi v@i chat khi ly t6éng & trang thai can bang nhiet, thi van
toc cac phan to khi col the fi6dc mo ta bdi ham phan bo theo van toc Maxwell-

Boltzmann (viet tat la MB),

,( m \? mv?
¢(v)=4nv (27[ij eXp[_Zij (2.6)

Trong fio T la nhiet fio, m la khoi 166ng cua phan td khi ma chung ta quan tam,

fiay la ham mo ta xac suat phan bo cac hat theo van toc (hay nang 166ng) va
nooc chuan hoa fien 1. VOi fileu kien cac hat nhan 6 mat trdi cung co the xem
nho trang thai khi va cung co ham phan bo van toc nho (2.6). Ham nay co the
fidoc viet dooi dang phu thuoc vao nang 160ng ¢(E)«< Eexp(-E/kT) (E la
flong nang cua hat) va co gia tro coc fiai ¢(v) _ tai E=KT (hay noi cach khac
xac suat cac hat co nang 166ng E=kT la 16n nhat), voi nhiet fioi tai loi mat troi
khoang 15 trieu fiol thi gia tro E=kT=1.3keV, fiac filem cua ham nay la khi
E<KT thi ¢(v) fi6dc xem nho tang tuyen tinh theo E, con khi E>KT, thi ¢(v)
giam rat nhanh theo ham mu exp(-E/kT)(hinh 2.1), v6i ham phan bo

Maxwell-Boltzmann, khi co mot so rat 16n cac hat cho trooc thi so hat co van
toc 6ng voi nang 166ng E=KT la I6n nhat, xac suat cac hat co nang 166ng E>kT

sel giam rat nhanh theo ham mu exp(-E/KT).

Noi voi cac phan éng tren mat trdi, van toc cua hai hat nhan toééng tac X,Y

fidoic mo ta bdi ham phan bo van toc MB la

3/2 2

m m.v

V. )=4rv.? X exp| — ==
#(v) =47V, (2;;ij p[ 2KT j

3/2 2

m m, Vv
vV, )=4rv ? y exp| -——X
#(v,)=4rv, (hij p( 2KT j
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¢(E) 4

>

¢max —

kT Nana 166na E

Hinh 2.1. Ham phan boi theo nang 166ng MB.

Nho vay(cv) 6 phoong trinh (2.3) fidc viet lai dodi dang tich phan hai 16p
theo hai ham phan boi van toc.

<UV>ZII¢(VX)¢(Vy)U(V)VdVXdVy (2.7)
Trong fio v van la van toc t66ng foi gida hat X va Y, thanh phan van toc
v, vav, fi6oc chuyen vei toa fio khoi tam, so dung khoi 166ng rut gon cua cac

hat toong tac, u=mm /(m, +m ) va khoi 166ng tong M =m, +m , Aai 160ng

~ A

(av) 00c viet theo cac bien van toc t66ng fioi v va van toc khoi tam V.
(o) = [ [$(V)(v)or (v)vavay (2.8)
00
Trong fio cac ham phan bo van toc fia i6oc bien fioi la
(V) =amv () e - |

3/2 2
#(v)=4rv (27;ij Xp( KT

(2.9)
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Hai ham nay cuing fi6dc chuan hoa bang 1, mat khac trong tich phan (2.8) thi
o(v) chg phu thuoc vao bien v nen chung ta co the lay tich phan (2.8) theo bien

V, (2.8) tr0 thanh

['e]

(ov)= jq)(v)a(v)vdv (2.9a)

0

The cong thoc (2.9) vao bieu thdc nay, chung ta fiddc

(ov)=4 (anTj jv o exp[—%}dv (2.9b)

SO/ dung E = %yvz , phd6ng trinh nay fi6dc viet dodi dang

<0v>=[ij WTO‘(E)EEXDK—%jdE (2.10)

i
2.3. Tiet dien cac phan 6ng khong cong hodng tren mat trail.

Theo ly thuyet phan 6ng hat nhan, thi phan dng cua cac hat trung hoa

, 1 e ‘ .
chang han neutron co o « =, con fioi voi cac hat mang fien.
V

1 1
o(E)or o (2.11)

Theo hinh 1.1 ta thay neutrino fiddc sinh ra chu yeu td cac phan 6ng cua cac
hat mang filen nen chung ta chz quan tam fienc(E) océ, fioi vOi phan 6ng cua
cac hat mang fiien, ton tai them the fiay Coulomb vai bieu thoc.

2
V. (r) =leTze (2.12)

Hat nhan X muon fien hat nhan Y fie xay ra t6dng tac hat nhan thi no phai vt

2

qua rao the Coulomb co fioicao V.(r) = Z,12,8

n

, trong fiol R, =Ry+Ry, Ry, Ry lan

166t la ban kinh hat nhan X, Y. Chang han véi phan 6ng p+p —» D+e’ +v,
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thi fiol cao rao the Coulomb tinh fi6dc la E.=550 keV, trong khi fio vai fiieu kien
nhiet io mat trdi T ~15x10°K, nang 166ng trung binh cua cac proton

Ezng ~2keV , neu theo quan niem co fiien thi proton khong the v66t qua the

Coulomb fie t66ng tac hat nhan fi66c, muon vt qua rao the thi cac hat nhan
phai coinang l166ng > 550 keV, nhdng xac suat cac hat nhan co nang 166ing I6n
hén 550 keV rat be. Ta lap t& soi so sanh

¢(E =550keV) _77x10°12 (2.13)
B (E =KT =1.3keV)

Ta thay tz so nay qua nho, nen hien nhien so hat co nang 166ng > 550 keV
khong fiu fie sinh ra nguon nang 166ng tren mat trdi. Tuy nhien cac phan 6ng
van xay ra voi mot so 166ng cac hat co nang 166ng <550 keV, fio la nho! hieu
6ng xuyen rao 160ng t0. Ta co cong thdc cho xac suat xuyen rao [14]

1/2
P~ exp] _2KR arctan(R. /R, -1)° R/ (2.14)
(o (Rc / Rn _1)1/2 Rc

1/2
Voi K :[%“(EC —~ E)} , R¢ la vo tri mal thei Coulomb bang voi nang 166ing cua

hat. T6 bieu théc (2.14) ta co bang 2.1 chz ra cac gia tro xac suat xuyen rao.
Tai nang 160ng thap E<<E. , thi Rx>>R,, bieu thoc (2.14) co the viet lai dodi
dang fion gian hén

P =exp(-27n) (2.15)
Nai 166ng n fi6dc goi la thong so Sommerfeld va bang voi

Z.Z.e°
n =122

2.16
> (2.16)
NhO vay tiet dien phan dng cung tz le voi xac suat xuyen rao P

o (E) oc P =exp(-27n) (2.17)
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Hien nhien neu nang 166ng hat tdi 16n hén fio cao the: Coulomb thi P=1.

Bang 2.1 Gia tro xac suat xuyen rao cua phan éng p+p.

Nang 166ng p toi ( keV) Xac suat xuyen rao
1 8.9x107"
2 5.6x107
5 1.7x10™

10 3.1x10°
20 2.4x107
50 0.14
100 0.35
200 0.64
500 0.99
550 1.00

T6/(2.11) ta co o(E) oc% va (2.16) thi o (E) oc exp(~27m) , ket hop 2 tinh chat nay

ng0di ta co the viet tiet dien d66i dang sau.
o(E) = %exp(—Znn)S(E) (2.18)

Trong fio ham S(E) mo ta t00ng tac hat nhan, fioi voi cac phan dng khong cong
hooing thi S(E) thay fioi cham khi E thay fioi, S(E) fiooc goi la thda soi thien van
hay thoa so hat nhan. Chung ta tien hanh 66c¢ 166ng gia tro tiet dien o cua phan
ong p(p, e*v)D tai fiznh coc fiai cua ham phan bo MB, vdi fiieu kien nhiet fio
mat tri T~15 trieu fio, luc nay ¢,,, tai E=kT=1.3 keV. Ta co gia tro o cua phan

dng nay o =10"°b tai E=2MeV[14, tr.139], vi tai nang 166ng nay exp(-2m)=1,
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nen ta co o(E)zéS(E):lozob, dan fien S(E)~2x10*bMeV, vi fiay la phan dng

khoing cong héding nen S(E) khong thay fioi nhieu khi E thay fioi nen col the
xem S(E)~2x10*bMeV . Tai E=1.3 keV, voi nang 166ng nay xac suat xuyen

rao P=exp(-2m7)=1.25x10°, nhé vay gia tro tiet dien sel la

o(E) :éexp(—Zmy)S(E) ~1.95x10%b. (2.19)

Gia tro tiet dien nay rat nho vOi fiieu kien nhiet fiol tren mat troi.

Thay gia tric(E) 6 (2.18) vao (2.10), chung ta fiddc

~ i1/2 1 . _E_L
(oV}-[ﬂuj —(kT)SIZ;[S(E)exp[ = Ellz}dE (2.20)

trong fio Aai 166ng b xuat hien td théa soi xuyen rao exp(-2zn), AGOC tinh

1/2

b=(2u) " ne*2,Z,1 h=989Z,Z,1"*(MeV)"? (2.21)
Gia trd b® cung fiddc goi la nang 166ng Gamow, ki hieu Eg. Noi voi cac phan

ong khong cong hédng, trong cong thdc (2.20),S(E) thay fioi cham theo nang

166ng, s6 phu thuoc nang 166ng chu yeu la do thdéa so mu exp(—%— E?’Zj’

trong fio thda so exp(— b j xuat hien mo ta kha nang xuyen rao the: Coulomb,

El/Z
thoa so nay rat nho khi nang 166ng thap, va tang khi E tang, con thda so
exp(—%) xuat hien do ham phan bo MB, thda so nay giam rat nhanh khi E
tang, do vay khi lay tich 2 thda soi nay, tich sel fiat coc fai tai E,.
bkT \** 3
E, :(Tj =1.22(Z;Z;uT})  keV (2.22)
Trong fio T la nhiet fio & fién vo 10° °K. V6i nhiet fio tai loi mat troi khoang 15

trieu Ao, Te=15, ta co gia tro Eq cho mot vai phan éng.
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p+p : Eo=5.9 keV

p+N : Eo=26.5 keV
a+’C E,=56 keV
¥o+1%0 ; E,=237 keV

Ta thay fiznh cua ham phan bo MB tai E=1.3 keV, co nghéa cac hat se' phan bo:
nhieu & fiznh 1.3 keV, Nhong so phan 6ng xay nhieu nhat khong phai nam 6
fitnh ham phan boi MB ma 6! v0 tri cach xa fizgnh, tai gia tro Eo, tuy tong loai phan

dng mal gia tro Eq sel khac nhau.

A
Ham phan bo MB

~ Xac suat xuyen

Nznh . ‘ Y

G rao the

amow __——" Coulomb
g cexp(-b/E"?)
wn
3
P
= Tich cua ham phan bo: MB
o va xac suat xuyen rao
/ >
Eo Nang 166ng

Hinh 2.2. Mol ta ham phan boi MB va ham xac suat xuyen rao the: Coulomb,

tich cua hai ham cho ta mot ham gan giong ham Gauss .

Ng060i ta nhan thay ham exp(—£ b

T El’zj co hinh dang giong nhé ham Gauss

(hinh 2.2) nen co the xap x& gan fiung theo ham Gauss nhd sau.
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LB D) o3 )| (EZEuY
exp( = Emj_exp( = jexp{ (A/Z j} (2.23)

trong fio A/2 la fio rong mot nda cua ham Gauss Addc xac fionh

Al2=2 (EXTY = 0.375(2222uT¢ )" kev (2.24)

- 31/2

Te la nhiet fio trong fidn vo 10° °K, chang han vdi nhiet fio & phan loi mat troi

khoang 15 trieu fio thi T¢ =15 ta coigia tro A/2 cho vai phan 6ng

p+p : AI2=3.2 keVV
p+“N : AI2=6.8 keV
a+C : AI2=9.8 keV
0+0: AI2=20.2 keV

Tom lai chung ta thay fioi voi cac phan 6ng khong cong héong thi toc fio phan
ong cho 1 cap hat (ov) fi6dc xac fionh & (2.20) co nhdng fiac fiiem.

- Noilon cua (ov) t lei voi fio 16n phan dien tich fi6dc gidi han bdi ham

. o . ‘ bkT
Gauss nho hinh (2.2) (phan gach cheo) 6ng voi fiznh Gauss la E, = (Tj
- Noirong mot nda fienh Gauss fi6dc xac fiinh A/2 = %(EOkT ).
3

~ AL

- Toc fiol phan b,ng<av> 66c xac fionh chu yeu trong khoang nang

166ng t61 Eo-A/2 fien Eq+A/2. Ngoai khoang nay (ov) hau nhé khong fiang ke.
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Chdong 3

Gia thuyet mai giai thich van fie cua pho neutrino hep

Nho fa trinh bay 6 chdbng 2, ta thay tiet dien cac phan 6ng tren mat tri
phu thuoc vao ham phan bo MB, van fie fiat ra la phan bo MB fi66c ap dung
cho cac chat khi 6 trang thai can bang nhiet, cac tinh toan cua Bahcall chu yeu
dung ham phan boi nay fie tinh toc fiol cac phan dng tren mat tréi, con cac hat
tham gia phan dng tren mat troi la cac hat nhan mang fiien chd khong phai la
phan t6 khi trung hoa, cac ion mang fiien tao thanh moi trédng plasma, lieu
phan boi nay con ap duing cho cac hat mang fiien hay phai 6 mot dang khac. Co
nhieu tac gia fia xem xet van fie nay va fia hieu chgnh lai ham phan bo MB, khi
fiol cac tinh toan ve phoi thong 166ng neutrino fia Aiddc hieu chanh lai. Ve van fie
pho! neutrino cua hep & thi nghiem Kaminokande I, nhom tac gia Massimo
Coraddu cung fia xem xet trodng hop anh h6dng cua moi trédng plasma fien
viec tang gia tro thong 166ng hep so vai tinh toan cua Bahcall (dung ham phan
bo MB). Chung ta se' khao sat tinh toan cua nhom nay.

3.1 Ham phan bo non-Maxwell-Boltzmann trong moi tr6dng plasma.

Cac tac gia fau tien xem xet kha nang ton tai ham phan bo khong phai
la ham phan bo Maxwell-Boltzmann (non-Maxwell-Boltzmann viet tat la non-
MB) la Kocharov cung cac cong s6 [7] va Clayton [6], sau nay Bahcall cung fia
tinh toan anh héong cua plasma vao viec lam thay fioi pho neutrino. Nho fia
trinh bay 6 chd6ng 2 chung ta co ham phan bo MB ~exp(—E/kT), thi theo fie
xuat cua Clayton ham phan boi nay se fi6oc hieu chznh [6].

exp(~E/KT) —exp| -E/KT ~5(E/KTY | (3.1)
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O fiay & la tham so;, AiGOC xac fonh tuy thuoc vao fAieu kien cu the, co the am

hay déong, thdoing H <<1, do 6 nho nen & phan nang 166ng (E<KT/9) thi fiai
166ng E/KT >6(E/KT)2— &xp-E/KT—SE/KTY | =eq(~E/KT) va ex) -E/KT—(E/KTY |

giong phan bo: MB ban fiau. Tuy nhien khi nang 166ng 6 phan fiuoi cua phan bo

(E>KT /8 ) thi thanh phan S(E/KT)* trong ham mui (3.1) fiong gop fiang ke va
e>§o(—E/kT);te>§o[—E/kT—5(E/k'I’)2J, nhd vay ham phan bo theo fie xuat cua

Clayton giong ham phan bo MB 6 phan nang 166ng E<KT /&, con 6 phan fiuoi
phan bo (6ng vOi nang 166ng cao) thi khac nhau, chinh s6' khac nhau dan fien
toc flo phan 6ng cuing thay fioi theo bieu thoc sau [7]
<G(V) V> = <0(V) V>0 e” (3.2)
trong fio 7/=(E0/kT)2, E, AGOC xac fionh 6 (2.22). <G(V)V>O la toc Aol phan
ong theo tinh toan phan bo MB. Nho fia neu 6 chdééng 1, theo thi nghiem
Super-Kamiokande nam 2001, gia tro thong 166ng cua hep fio bang théc nghiem
gap khoang 4 lan so v@i tinh toan ly thuyet [7] (gia tro nay fiddc tinh co xet fien
Oscillation), do vay khi fia dung ham phan bo cua Clayton, muon gia tro thdc
nghiem khép vai ly thuyet thi
(a(V)V)=4(c(V)V) =(c(V)V) ™ >e™ =4 (3.3)
Massimo Coraddu cung cac cong s6' fia tien hanh tinh toan [7] .
-0.017<6<-0014 (3.4)
Nho vay viec nhom Massimo Coraddu ap dung ham phan bo theo fiel ngho cua
Clayton co the! giai thich sd khac nhau gida gia tro théc nghiem va ly thuyet cua

pho thong 166ng hep, theo quan fliem cua chung toi nhom Massimo Coraddu

dung ham phan boi theo fie:ngho cua Clayton van con nhding van fiel sau:
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- Vi 8 am nen E><O(—E/ KT—-E/ k'|‘)2)_>oc khi E—ec, dan fien vo ly, do

vay ham phan bo nay phai fiddc cho bang 0 6 phan nang 160ng cao,
nghba la ta chz ap dung ham phan boi nay vdi gidi han tren Eyax nao
fio. Nieu nay co ve géong ep.

- Khi ap dung ham phan bo mdi thi khong chz lam thong 166ng hep
tang ma cung lam cac kenh thong 166ng khac °B, pp, ‘Be.. tang, mac
du nhom tac gia Massimo Coraddu chz ra rang voi ham phan bo moi
chu yeu chg lam tang thong 166ng hep, con cac kenh thong 166ng
khac thay fioi khong fiang ke, nhdng fiay la so thay fioi khong mong
muon.

3.2.  Kha nang Levy flight dan fien ham phan bo non-MB.
3.2.1 S0 kien cac ion nang 160ng cao t6 mat troi.

Theo chung toi mot trong cac s6 kien phu fiotnh ham phan bo MB la
viec ghi nhan cac proton co nang 166ng 16n hén 10 MeV t6 mat tr6i [13], khong
nhéng proton ma con cac loai hat khac electron, *He, va cac ion 16n hén, theo
hieu biet chung ta hien nay thi nhiet fio be mat mat tréi ~5500 °C, vdi nhiet fio
nay kT=0.0005 keV, ta lap t so:

s (E =10MeV)
s (E = 0.0005keV )

~ exp(=20000000) (3.5)

t2 so nay noi len rang v6i ham phan bo MB thi kha nang ton tai cac hat mang
nang 166ng 16n hon 10 MeV khong the xay ra, tuy nhien ng0di ta van ghi nhan
cac ion nang I66ng cao t0 vai MeV cua electron fien vai GeV cua proton, cac
hat nang 166ng cao tdi mat tréi gay anh hodng fien cac thiet bo ve tinh, va tédng
tac voi bau khi quyen, cac proton nang 166ng cao nay se tééng tac vdi cac

nguyen to cua bau khi quyen, trong cac san pham tao ra bao gom neutron fi6oc
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guan sat 6 mat fiat bang cac Detector neutron, nhd vay chinh cac s6 kien ion
nang 166ng cao nay fia phu fitnh ham phan boi MB. Col kha nang chinh yeu to t
trodng cua mat troi la nguyen nhan, chung ta biet la nhiet fio cua mat trdi rat
I6n, col the ion hoa hau het cac nguyen to tren mat troi, do vay khi mat trdi to
guay xung gquanh no thi cac ion cung quay, sinh ra dong filen cdc 16n san sinh to
tréGing, chinh tdi tréding nay co thel gia toc cac ion fien nang 166ng rat 16n, trong
khi fiol ham phan boi MB khong tinh fien hieu éng nay, du sao thi viec ton tai
cac hat ion mang nang 166ng cao la théc te ma ham phan bo MB khong the
giai thich fiddc va viec boi chinh lai ham phan bo MB la fiieu can thiet

3.2.2. Levy flight.

Van fie fat ra cua viec xuat hien cac ion nang 166ng cao, trong khi ham
phan bo MB khong mo ta fiddc hien t66ng nay, do fio chung toi fie: ngho hieu
chenh ham phan bo: MB sao cho no van mo ta fiéoc cac tinh chat cua ham phan
bo MB 0/ vung nang 166ng thap, va mo ta ié6c kha nang xuat hien cac ion 0
vung nang I606ng cao, va ham phan boi se fi6dc viet lam 2 phan

P(V) = By (V) + Brigh_energy (V) (3.6)
trong fio ¢, (v) la phan bo MB, @, e (V) 1@ ham phan boidung fie: moi ta cac
ion nang 166ng cao, voi fileu kien:

0 vung nang 166ng thap ¢, (V) > 6,1 _energy (V) (3.7)

0 vung nang 166ng cao 5 (V) < Bighenergy (V) (3.8)
co nghta la ban fiau ham phan boi ¢,;5 (V) 3> g _enerqy (V) » NhONG sau khi tang nang
160Nng thi ham phan boig,,; (v) giam nhanh hon ¢, ..., (v) dan fien & vung nang

160Ng a0 @5 (V) < Bigh_energy (V) (NINN 3.1). O fiay nang 166ing thap hay cao chz co
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nghba t66ng fioi phu thuoc vao nhiet fio, nang 166ng thap co nghba la 6 vung

E ~ kT, nang 166ng cao t6ong 6ng VOI E > KT .

$ve (E) e (E) + ey (E)
A A
¢max—' ¢max -1
—
’ > I ->
KT Nang lugng E kT Nang lugng E

Hinh 3.1.Ham phan bo moi khi fiéa ¢, e, (V) Vao.
Chung toi fiéa ta gia thuyet viec ton tai ¢, .., (v) la do co cac ion

chuyen fiong theo mot loai “Random walk™ goi la Levy flight. Chung ta biet
fioi voi chat khi & trang thai can bang nhiet, cac phan td khi chuyen fiong hon
loan, sel va cham véi cac phan td khi lan can, cac va cham nay la ngau nhien,
khi mot phan td xay ra qua trinh ngau nhien fii t& mot va cham nay sang mot va
cham khac, qua trinh fio goi la “Random walk”. Nac fiiem cua chat khi co cac
phan td khi chuyen fiong theo Random walk Levy flight thi no corham phan bo:
theo nang 166ng giam cham hon so vai phan bo MB khi cho nang 160ng tang va
fiieu nay thoa man viec ton tai ¢, ..., (V) f00C trinh bay 6 tren. Vay van fie
fiat ra la phan t6 khi co Random walk Levy flight col gi fiac biet? Chung ta biet
khi cac phan t6 khi chuyen fiong va va cham cac phan t6 khac, thi xac suat no
va cham vai cac phan td khi lan can la 16n nhat, do khoang cach gida cac phan

to khi lan can la nho nen cac phan t6 khi se co Random walk nho, neu chat khi
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col cac phan to tuan theo cac Random walk nho nay chung ta se co ham phan
bo MB nho fia trinh bay & chédng 2. Tuy nhien neu chat khi vi mot ly do nao
fio co mot 166ng 16n cac phan to co xac suat va cham vai cac phan té lan can
nho, khi fiol cac phan t6 nay se chuyen fiong t6 do mot quang fiddng dai ma
khong va cham vai cac phan té lan can, luc nay cac phan t6 se co Random
walk 16n, Random walk nay fiddc goi la Levy flight. Viec chung toi fida gia
thuyet Levy flight doa tren ¢ soi cac s6 kien ghi nhan cac hat mang nang 166ng
cao t0 mat troi. VOi fileu kien nhiet fio mat troi, cac hat muon fiat nang 160ng
cao nho vay thi chung phai fiddc gia toc bdi to trodng cua mat trdi, trong qua
trinh gia toc nho vay cac hat se chuyen fiong fionh h6dng, do fio xac suat va
cham vai cac phan td khi lan can sel thap va cac hat se co Random walk la
Levy flight.

Mat khac Levy flight fa fi6dc kiem chong bang nhieu théc nghiem,
chang han viec xac fionh Lewvy flight trong lonh véc chat ran [9], hoac xac fionh
Levy flight bang mo phong cac va cham cua cac phan t6 theo mo hinh Landau-
Teller[5]. Trong linh vdc thien van, Levy flight iddc fida ra fie giai thich van
fie cua cac an tinh, cac an tinh la cac ngoi sao khong the nhin thay bang mat
thé6ng, ma thong qua cac tin hieu radio phat ra t6 chung, cac tin hieu radio nay
Adbc tao ra do qua trinh dao fiong mat fiol electron gida cac vi sao, neu tinh
toan theo ly thuyet fiung thi cac tin hieu fiddc ghi nhan keo dai theo théi gian tz
le voi fio dai bédc song theo bieu théc A%, tuy nhien gia trd fio théc nghiem
khac voi tinh toan bang ly thuyet. Co the giai thich co sd sai khac gita ly

thuyet va thdic nghiem neu fida vao Levy flight [4].
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Do fio trong cong théc (3.6) chung ta viet lai ¢, oo, (V) = @ie, (V) , VOI
yeu cau ham ¢, (v) giam cham hon ¢,.(v) khi nang I60ng tang. Chung toi fie

ngho ¢, (v) co dang nho sau:

) 8_,u 12 1 ) mv2 )
¢(V)Levy - B( T j (kT)llz eXp{ (ZKTJ

Nho fia fiel cap 6 chédng 2 thi ta co ham phan boi MB theo van toc & cong thoc

(3.9)

(2.6), chung ta col the viet bieu thdc nay dooi dang phu thuoc vao nang 166ng

E = uv®/2 nho sau:

su)? 1 E ( Ej
ey (8 E o[- E 3.10
Nat x=E /KT thi (3.5) tro thanh
8. vz
¢(X)MB :(7j (kT )1/2 XeXp(_X) (3-11)

Khi fio ham phan bo mdi co dang

¢(X)=¢MB(X)+¢LeW=(8—“j %xexp(—x)w(s—“j 1 expex)  (3.12)
T T

(kT (kT)"

Vvai ¢, fi6oc xac fionh

$(X) 0y = B(S_uj WGXP(—XQ) (3.13)

T

trong fio B va « la cac tham so, B rat nho va 0<a <1, 6 ch6dng 2 chung ta

cung fa fe cap ham phan bo phai fAd66c chuan hoa, nghéa la

[$(x)dv = [gedv+[4y,dv=1, trong khi fio ham ¢, fia fiGoc chuan hoa
0 0 0

j ¢yedv =1, do vay ham ham ¢, phai thoa yeu cau j ¢ .,dv <1, viec chon
0 0
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a>0 lafe jq)Levydv hoi tu, con « <1 lafie 4, giam cham hon ¢,,, khi E tang,
0

B rat nho la fiel thoa yeu cau j ¢..,dv <1, Khi fio bieu thoc tinh tiet dien se! la:
0

<6V> = <6V>MB + <UV>LeW (3.14)
Voi (ov), . latoc fio phan 6ng cho mot cap hat fidoc tinh theo phan bo: MB nh6
fia iddc xac fonh & (2.10), co nghta la voi tinh toan theo ham phan bo MB, thi
chung ta se co ket qua thong 166ng cac kenh neutrino fia Ad6c xac fionh theo

Bahcall nho 6 bang 1.2 va hinh 1.3, the (3.13) vao (3.2), (oV)LeW fiooc xac fionh:

(V) oy = B[ij (kT)" Ta(x)exp(—x“ Jdx (3.15)

u 0

0 flay chung ta chz quan tam fien (ov) 6 (3.15). Muc fiich cua chung toi la
Levy

tien hanh 66¢ 166ng gia tro B va « sao cho phan bo Levy co the giai thich van
fie gia tro thdic nghiem thong 166ng hep cao hén so voi gia tro tinh toan bang ly
thuyet cua Bahcall trong khi fiol van khong lam anh hddng cac kenh pho
neutrino khac.

3.3. Kha nang xay ra cac phan 6ng t6éng tac manh sinh n".

Chung ta ia biet cac phan dng t6éng tac manh co tiet dien rat 16n so
vQi tiet dien cua cac phan 6ng té6ng tac yeu, nhong thoc te tren mat troi so cac
phan 6ng t6dng tac manh rat nho so vOi cac phan éng té6ng tac yeu. T6 hinh
1.1 mo ta chuoi p-p tren mat troi, trong chuoi nay co cac phan 6éng tdong tac
manh.

dtp  ——»°He +y
‘He+’He — a+2p

*He+'He — Be+y.....
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Mac du tiet dien cac phan éng rat 16n so vdi tiet dien cac phan 6ng to0ng tac
yeu nhong mat o so hat lai rat be, chang han mat fio loai hat D lai phu thuoc
vao chinh phan 6ng t66ng tac yeu sinh rano p+p > D+e"+v,. Chung toi Aat ra
gia thuyet, v6i ham phan boi col phan fiuoi keo dai “Levy” thi co the xay ra
phan dng t6dng tac manh p+p = D+x’ vOi Q=-140 MeV? Muon xay ra phan
ong nay thi nang 166ing tong hai proton ban fiau phai 16n hén 140 MeV,
sau fio chinh n* lai phan ra ™ > u'+v, , p’" > e'+ ve+v,, kha nang chinh cac
neutrino A66c phan ra nay co the giai thich sé' sai khac cua thong 166ng hep
gioa ly thuyet va thdc nghiem? Vi pho thong 160ng neutrino ve,v,0 phan 6ng
u'-> e+ vetv,, thay fioi to/ 0 fien 53 MeV, nen co kha nang fiong gop lam cho
gia tro fio thoc nghiem thong 1686ng hep cao hén so voi gia tro tinh toan bang ly
thuyet, fiieu nay hoan toan co the xay ra. Nho fia trinh bay & chédng 2, chung
ta Aa 66c 160ng gia tro thi tiet dien phan dng t6ong tac yeu p+p->D+e’+v,
o,, ~1.95x10cm™ , trong khi fio tiet dien cac phan 6ng t66ng tac manh
~10°cm?* , nhé vay chz can phan bo Levy giam cham col gia tro rat nho 6 phan
nang 166ng cao (>140 MeV, 6ng vOi phan fiuoi pho ) cuing co the xay ra cac
phan dng sinh neutrino nho fie cap 0 tren, t6 o fong gop vao thong 166ng hep
mat troi, trong khi ham fio fioi voi ham phan bo MB thi khong the: xay ra cac
phan éng sinh ©". Vi mol hinh co xet fien hai phan 6ng n° > p™+v, , u" >
e+ vetV,, chung toi tinh toan thong 166ng neutrino fi6dc sinh ra to hai phan
dng nay nho sau:

O chobng 1, chung ta fia fie cap thong 166ng hep fio fivdc theo thi
nghiem Sper-Kamiokande | la 73x10%m™s™, trong khi gia tro tinh bang ly,

thuyet cua Bahcall la 7.88 x10°cm™s™, theo chung toi fio lech 73x10°cm™s™-
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7.88 x10°%cm™s'=65.12x10°cm™s? do thong 186ng ve t8 phan éng p* >
e+ vetv, fiong gop, fiieu fio giai thich tai sao gia tro thdic nghiem cao hon
nhieu gia tro ly thuyet nh6 vay va gia tro B va o fid6ic 66c 166ng sao cho thong
I60ng cua ve f0OC sinh ra tol phan 6ng nay (chz gidi han t6 0-20 MeV) bang
65.12x10°cm™s™.

T6I bieu thoéc toc o phan 6ng cho 1 cap hat (3.15) 6ng voi phan bo Levy
chung ta co bieu théc tinh so phan 6ng trong 1 cm® va trong 1 s:

1/2
N,N N,N, [ 8 v2 ¢ u
foo =ﬁ< V), = Bﬁ[—j (kT) j (X),sr0 exp(—x“ Jdx (3.16)

T 140Mev/kT
O fay chung ta fAa fiat x=E/kT, nang 166ng ngédng cho phan 6ng p+p->
D+r" la 140MeV. L6u y, trong cong thoc (3.16) chung ta chz gidi han cho phan

éng chung ta quan tam pp—>D+x", vdi gia tri tiet dien la a(x)p nhong

(p.z")D’
thoc te ham phan bo Levy khong chg fiong gop cho phan 6ng nay xay ra, ma
cung fiong gop cho cac phan éng 6 chu trinh pp va CNO néa (hinh 1.1 va 1.2),
nghoba la (3.16) phai fiddc viet
1/2
N,N N,N, [ 8 v2 ¢ u
oy =1 oV), =B 2] (1) (), e

trong fio o (x) . bao gom phan 6ng p+p->D+x" va cac phan éng 6 chu trinh pp

to
va CNO, tuy nhien muc fiich cua chung toi chz giéi han tham so B va o cua
ham phan bo Levy sao cho vdi ham phan bo nay thi chz co kha nang xay ra
phan dng p+p->D+r", nhong khong anh hédng fien cac phan 6ng & chu trinh p-
p va CNO, fiieu nay se khong lam thay fioi tinh toan cua Bahcall nhéng col the
giai thich s6 chenh lech gida ly thuyet va théc nghiem cua pho neutrino hep.

Viec gidi han tham soi B va a. nho vay sel fiddc trinh bay 6 chodng 4.
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Mat khac nhiet fiol cua mat trdi cung nh6 cac tham so khac nhé mat fio,
ap suat khong phai la hang so, nhiet fio, mat fiol ap suat se' giam dan to loi ra
be mat, cac so lieu ve mat fio, nhiet fio, ap suat.. chung toi lay t6 cac tinh toan
cua Bahcall [17], 6 fiay xem mat tr&i col dang cau fi6dc chia thanh nhieu 16p
nho, moi 16p i se 6ng vbi phan the tich co nam trong phan gidi han cua hai mat
cau ban kinh Ri; va R;, 6ng vdi moi 16p nho nhé vay thi cac fiai 166ng nhé mat
fio, nhiet Ao, ap suat.. la hang so, do vay so phan 6ng se la tong cua tat ca so
phan 6ng cua cac lop.

AZZA =Zrivi (3.17)

trong fio V; la the! tich cua 16p thd i, r; la toc fiol phan 6ng trong 16p thdi i, A, A;
lan 166t la so phan dng tren mat trdi va so phan 6ng trong I6p thdi i cua mat
troi, the (3.16) vao (3.17) chung ta Adoc.
A= BZVM(EJM(H ) T (%), 000 EXP (=X )X, (3.18)
. ' 1+6, \mu ' 140Mev/KT, Hp(paT)D ' '
Vi soi phan 6ng A fiéoc sinh ra trong 1s thi hien nhien chung ta sel co thong
I606ng neutrino flo NGOC O trai fiat se' la
¢, (0—>53MeV) = A/(47L%) (3.19)
L la khoang cach to mat trGi fien trai fiat, ¢, la thong 160ng cua neutrino sinh ra
to u'. Trong cong thoc (3.18) chung ta tien hanh xac fionh gial tro tiet dien o cua
phan éng p+p = D+x, theo [10] chung ta co hinh 3.2.
Theo hinh ve! thi gia trd tiet dien thay fioi theo nang 166ng, khi nang
I66ng tang thi tiet dien tang, chung toi chon gia tr0 o =20ub (6ng Vi nang
166ng tong ban fiau cua hai proton khong 16n hén 140 MeV nhieu). Viec chon

gia tro tiet dien thap (6ng voi nang 166ng cua " thap) vi neu chon gia trj tiet
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dien 16n thi sel 6ng vO6i nang 166ng ban fiau cua proton cao, dan fien nang 166ing

cua 7" sel cao.

100.0

S0.0

20.0

Lo O

Tyat {.“-b)

y
.

MeV/c 9.5

Hinh 3.2 Mo ta t66ng quan tiet dien cac kenh khac nhau cua phan éng p+p 6

gan ngddng, truc Adng la gia tro tiet dien, truc ngang la fiong 166ng max cua

pion sau phan éng. Hai fiddng lien tuc la Aiddng fiddc tinh toan bang ly thuyet.

Nho vay nang 160ng cac san pham phan ra cung cao (tat nhien bao gom ca

neutrino), va phol neutrino sel thay fioi, chung ta biet ©* > p*>ve, va ve nay co
il

phoi trai dai té 0 fien 53 MeV, khi pho neutrino thay fioi thi khong con trai dai

t6 0 fien 53MeV ma se 6/ cao hon tuy vao nang 16dng cua =" sau phan dng,

trong khi pho neutrino cua hep chz trai dai t0 0 fien 18.8 MeV, muon pho

neutrino to/ san pham phan ra cua pion van nam trong khoang 0-18.8MeV,

chung toi quan tam fien cac pion sau phan 6ng co nang l66ng thap (6ng voi
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tiet dien nho), 0 fay gia tiet dien o =20ub A66c chon bang hang so voi muc
fiich la fiel tien hanh 66c 166ng gia tro B va o t6 phoi Levy. Cuing vi chung toi
qguan tam fien cac gia tro tiet dien & gan ngédng nen trong tich phan (3.15),
chung toi chz lay can t6 140 MeV fien 280 MeV. O can tich phan nay, hien
nhien " t6/ phan 6ng p+p->D+x" co fiong nang 16n hdn 0, nen v, to p*>ve co
nang 166ng khong con thay fioi t0 0 ien 53MeV ma phai 6 khoang nang 160ng
cao hon. Ne fién gian viec tinh toan & fiay che gia s flong nang cua =" bang 0.
Trong cong thoc (3.19) thi thong 166ng ¢, 6ng vdi pho neutrino t6/ 0 fien
53MeV ma chung toi chz quan tam fien t& 0 ien 20 MeV (gi6i han fio cua thi
nghiem Super-Kamiokande) nen trong cong théc (3.19) phai nhan vai trong so

A, trong fio A ABdC tinh

20MeV
j 0, (E)dE
A=rl — (3.20)

53Mev
[ 0,(E)E

0
trong o 6, (E) pho thong 160ng cua ve, (3.19) tro thanh

@,(0—>20MeV) = A, (0 - 53MeV) = AA/ (47 L) (3.21)
nho fia fie cap 6 tren thi

»,(0 — 20MeV) = 65.12x10°cm?s™* (3.22)

fieitinh 4, phai xac fionh hamé, (E), chung toi tham khao ham 6, (E) t0/ website
Super-Kamiokande Home[16], ham phan bo theo nang 166ng cua electron
trong phan ral p"> e+ vetv, .

do,(E) GIm® _
- 267(3—2 3.23
dE. 1000t B7%) (3.23)

e

42



trong fiol E¢ la nang 160ng electron, ¢ =E,/E_,, , E, . la nang lI00ng coc fai cua

electron E  =m, /2=53MeV , G la hang so Fermi.
Trong tinh toan ham pho thong 166ng cua electron 6 (3.23), ng6di ta khoi
166ng cua electron va nho vay co thel xem phan ra cua p* ra 3 hat fieu khong
co khoi 166ng (vi neutrino cung xem nho khong co khoi 166ng), vi ly do foi
xéng nen fiay cung la ham xac ficnh phoi thong 166ng cua neutrino, the (3.23)
vao (3.20) tinh fiddc 1 =0.087.
The (3.21) vao (3.22) chung ta i6oc

¢,(0—>53MeV) = A/(471%) =7.47x10°cm *s™* (3.24)

voi L la khoang cach t6 mat troi fien trai fiat, L=1.496x10° km, t& (3.24) ta co:

NN 8 12 . 280MeV /KT,
A=BYV, 2| = | (KT, oot =X X
Sl o oy " s 0L (325)
=2.1x10%(s™)

hay noi cac khac trong 1s phai co 2.1x10* phan 6ng sinh ra ",
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Chdoéng 4
Ket qua tinh toan va ket luan

4.1 Ket qua cua B va a.

Nho fia trinh bay 6 ch6dng 3 viec tinh toan gia trd B va o phai thoa man
2 fileu kien,

- Giatro B va a phai khong anh hédng fien cac phan dng 6 chu trinh p-

p va CNO.

- Toc fio phan 6ng sinh 7", A=2.1x10%%(s™)
Tré6c het chung toi gidi han B va a fie ham Levy khong anh hééng fien tinh
toan cua Bahcall fioi véi cac phan 6ng &6 chu trinh p-p va CNO. Viet lai cong

thoc tinh toc fio phan 6ng cho ham phan bo moi: (ov)=(ov) +<av>LeW, vOi

(ov),, Xac filnh 6 (3.11). (ov), . =[%} (kT )1/2 Ta(x)xexp(—x)dx

[e'e]

1/2
trong khi (ov),, xac finh 6 (3.15), (ov), = B[ij (kT)" ja(x)exp(—x“ Jdx

u 0

Rieng (oV}LeW 0 (3.15) iddc phan tich thanh 2 thanh phan sau

1/2
8 ° u
<O-V>Levy = B(”—j (KT )1/2 ja(x)pp‘CNO exp(—x )dx+
H 0
g WV . 4.1)
B(n_j (kT )1/2 .[ O-(X)p(p,n*)D exp(—x“ )dX
lLl 140MeV /KT

trong fo a(x)p la tiet dien cho cac phan éng 6 chu trinh pp va CNO 6 hinh

p,CNO

1.1 va 1.2, con a(x)p VH)DIa tiet dien cho phan 6ng p+p~>D+xr’, muon ham

(p
phan boi Levy khong anh h6dng fien cac ket qua tinh toan cua Bahcall (Bahcall

dung ham phan bo MB fie tinh cho cac phan éng 6 chu trinh pp va CNO) thi

44



12

8 .

B[ﬂ_ﬂj (kT)" I (X) 1 cxo E¥P(—X )dx<<[ j ) [o(X) ) o XEXP(—X) X (4.2)
0 0

De nhan thay 6 (4.2) chung ta chz can yeu cau Bexp(—x“)<< xexp(—x), tuy

nhien nho fia & trinh bay 6 tren thi do ham phan bo Levy giam cham con ham

phan boi MB giam nhanh khi tang nang 166ng nen Bexp(—x“)>> xexp(—x) khi E

cao, muon 66c 166ng gia tro B va o thoa (4.2) thi chung ta fie y nhan xet é cuoi
chodng 2, gia tro toc fio phan 6ng tinh theo cong thdc (4.1) iddc xac fionh chu
yeu trong khoang td Eq-A/2 fien Eq+A/2, co nghéa fiong gop cua ham phan bo:

MB khong fiang ke trong khoang E>Eq+ A/2, hay noi cach khac

8 E+A/2

- V2
2 12

[ j j X) xexp(—x)dx ~ (Ej (KT) E.Lza(x)xexp(—x)dx 4.3)
< (oV)(0<E <) ~(oV)(E,~A/2<E<E;+A/2)
neu ham phan boi Levy thoa man fiieu kien

Goy(E=E +AI2) < s (E=E,+A[2) 4.4)
thi (4.2) sel thoa man, vi ham Levy giam cham so vdi ham phan boi MB nen voi
fieu kien (4.4), suy ra d., (§—A/2<E<E +AI2)<qg(E ~A/2<E<E+A/2) nen
(OV) 1y (Eo=A/2<E<E;+Al2) <(0V), (B, ~AI2<E<E,+A/2).

Chung ta yeu cau ¢,,,, trong (4.4) phai fiung vai tat ca cac kenh neutrino,
tuy nhien chz can yeu cau kenh co Eq 16n nhat thi cac kenh con lai hien hien

2/3
flung, theo (2.22) ta co E, =(¥j =1-22(ZfZ§ﬂT§)U3 keV , dba vao hai chu

trinh & hinh 1.1 va 1.2 thi ta thay E, éng v6i phan 6ng p+'*N col Eq la 16n nhat
bang 26.5 keV va A/2=6.8keV do co tich Z;Z, la 16n nhat, do fio theo (4.4)

chung ta co
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B0y (E = 33.3keV)

< (4.5)
s (E =33.3keV)

voi fieu kien nhiet fol & loi mat tr6i 15 trieu o, thei ¢, .4, t0 (3.11) va
(3.13) vao (4.4), (4.4) trd thanh:
Bexp(-25.6") «<1.95x107"° (4.6)

Bieu thoc (4.6) la gidi han cho pho Levy fi66c fida vao sao cho van
khong anh hééng fien cac ket qua tinh toan cua Bahcall. Bay gid chung ta tien
hanh 66c 166ng gia tri B va o thoa phédng trinh (3.20), A=2.1x10%(s™), fiay la
phdong trinh tich phan co hai an so, trong khi chung ta chz co 1 phd6ng trinh
nen khong the giai, tuy nhien muc fiich chung toi la chz 66c 166ng gia tri B va o
nen chung toi tien hanh tinh toan nho sau, chon a =0,1 sau fio tang o len voi so
gia 0.02, the lan 166t gia tro o vao phééng trinh (3.20), chung ta se tim fiddc gia
tr0 B, cac gia tro o va B fiddc trinh bay 6 bang 4.1.

Bang 4.1. Moi quan he gida B va o cua ham phan bo Levy.

Giatr o Giatri B Bexp(-25.6%) | Gia tri a Giatro B Bexp(-25.6%)
0.10 3.1x10% | 7.77x10°°| 0.28 3.1x10% | 2.59x10%
0.12 1.9x10%* | 4.34x10%| 0.29 1.0x10%° | 7.72x10%
0.14 1.6x10% | 3.31x10°*| 0.30 4.9%x10" | 3.47x107%
0.16 1.8x10% | 3.35x10°%°| 0.31 3.6x10" | 2.34x107°
0.18 2.2x10°% | 3.66x10%| 0.32 43%x10"° | 2.55x10™°
0.20 3.7x10% | 5.46x10%| 0.33 9.0x10™ | 4.87x10™
0.22 1.1x10% | 1.42x10%°| 0.34 3.4x10" | 1.67x10™
0.24 5.9x10%" | 6.68x10%°| 0.35 2.5%10” 1.11x10°®
0.26 7.8x10% | 7.63x107°
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Tdibang 4.1 ta nhan thay khi a cang nho thi B cang nho, va ngééc lai o
cang 16n thi B cung lon, fiieu nay fi6oc giai thich vi khi a. nho ham ¢, giam
cham khi tang nang 166ng, nen chung ta chz can B rat nho cung co the: mo ta
vung nang 166ng t6 140MeV fien 280MeV, trong khi o 16n thi ham ¢, giam
rat nhanh khi tang nang 166ng nen chung ta phai can B 16n hén mdi mo: ta iddc
vung nang 166ng td1 140MeV fien 280MeV. Khi o cang nho (nho hén 0.1) thi
ham ¢, giam rat cham nen co the: xem nh6 hau nho khong fioi khi thay foi
nang 166ng, fiieu nay chung toi khong mong muon vi muc fiich chung toi fida
ham ¢, vao la fie: mo ta mot ham giam cham khi nang 166ng tang ché khong
can giam qua cham nen khong can thiet xet gia tro oo nho hén 0.1. Vi gia tro a
=0.35 thi (4.7) khong con fiung nda , nen o Aiddic gidi han <0.34, vay chung ta
col gibi han cua o va B la:

0.10<a<0.34 t66ng 6ng voi 3.1x10*<B< 3.4x10™* (4.7)
Ong vo6i moi cap gia tro o va B nhé vay fieu mo ta fio6c mot ham 4, giam
cham theo nang 166ng va mo ta fiddc hien t66ng gia tro thoic nghiem thong
166ng hep cao hon gia tro iddc tinh bang ly thuyet.

Thdc tei fioi voi s6 phan boi cac hat tren mat troi ta co ham phan boi cang
nha khi nang 166ng cang I6n, hay noi cach khac xac suat xuat hien cac hat co
nang 160ng cang I6n se cang nho, nhdng khong giam qua nhanh nhd ham ¢,
nen chung ta moi can mot ham ¢, ..., 9iam cham khi cho nang 160ng tang fe
mo ta hien téong tren. Tuy nhien viec xac suat phan bo cac hat cang giam khi
tang nang 160ng tuan theo mot quy luat nao fiol ma chung ta chda hieu ro 6o
nen viec chung toi iéa ra ham ¢, co nhieu kha nang I6a chon cap gia tro o va

B ma t6dng 6ng voi moi cap o va B, qua trinh giam theo nang 166ng sel khac
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nhau, o cang nho, 4., giam cang cham, a cang lon thi 4, giam cang nhanh
nhong van giai thich fiodc van fie pho thong 166ng hep. Nay la 6u filem cua

ham ¢, ,,, ma chung toi fida ra.
4.2 DG fioan pho thong 166ng neutrino v, ,ve va v, .

Xet phan éng n° > p'+v,, co Q=33.91 MeV, ap dung fiinh luat bao
toan nang 160ng va fiong 166ng chung ta tinh Addc nang 166ng v, sau phan ra la
29.79 MeV, fioi v6i phan 6ng p" > €'+ ve+v,, phol thong 166ng cua ve va v,
thay foi t61 0 fien 53 MeV, neu xem =", u* ban fiau fidng yen thi toi (3.24) suy ra
thong 166ng v, ,ve va v, fiddc dol fioan 6 mat fiat la 7.47x10°cm™s™ vOi nang
I66ng t6ong 6ng nho sau, nang 166ng cua v, la 29.79MeV con nang 160ng cua
veVa v, thay fioi to 0 ien 53MeV. Tuy nhien trong cong théc (3.25) thi can tich
phan fiddc lay to 140MeV fien 280MeV, trong khi ngdding nang 166ng cua phan
ong p+p == che la 140MeV, do fio khong the xem =" Adng yen ma phai co
fiong nang ban fiau nao fiolva p* cung vay, nen v, toi phan éng p* > e+ vet+v,
khong thay fioi to 0-53MeV ma phai 6 khoang cao hon. O muc 1.3.5 chung ta
cung co fie cap ngddbi ta tinh thong 166ng neutrino hep bang cach fio cac
neutrino co nang l60ng to 18-20MeV, tdl o suy ra thong 166ng cua toan pho
nang 166ng neutrino hep, tuy nhien & hinh 1.3 ta thay thong 166ng neutrino hep
trong khoang nang 166ng nay rat nho, chz can s6' iong gop nho neutrino to u*
> e+ vetv,trong khoang nang 160ng 18-20MeV cung fiu lam gia tro thong
I60ng toan pho nang 166ng cua hep thay foi rat nhieu. Trong khi fioi nang 166ng
ve khong thay fioi t6 0-53 MeV ma & khoang cao hdn nen gia A fi6dc tinh 6
tich phan (3.20) khong fid6c lay can té 0-20MeV ma phai lay can 6 mot gia tro

cao hén 0 va fien 20MeV. Do fio khang fionh fio lech gida théc nghiem va ly
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thuyet cua thong 166ng hep bang 65.12x10°cm™s™( 6 muc 3.3) chinh la do
thong 160ng ve toI p* = e'+ vet+v, fiong gop vao khong con fiung nda (khang
fionh nay thoa man chz khi xem =" fi6dc sinh ra té phan éng p+p—>D+n" co fiong
nang bang 0) ma co the la gia tro nho hon 65.12x10°cm s nhieu. Nieu nay dan
fien gia tro thong 166ng neutrino v, ,ve va v, nho hon 7.47x10°cm™s™. Do fio|
chung toi chz fida ra do' foan ton tai cac neutrino v, ,ve va v, t0 mat troi co
nang 166ng 16n hén 20MeV va chung toi choa fida ra Addc gia tro thong 166ng
cu the va fiang chol théc nghiem ghi nhan cac neutrino nay.

Tuy nhien viec cac thi nghiem ghi nhan cac neutrino t6 mat tréi 6 vung
nang 166ng 16n hén 20MeV la mot viec khong fidn gian. Vi cac neutrino fien
fien mat fat bao gom cac nguon khac nhau, neutrino iddc sinh ra té mat tréi 0
chu trinh p-p co nang 166ng thay fioi td1 0 fien 20MeV, neutrino td cac sieu sao
nang 166ng thay fioi td 20 MeV fien 80 MeV [12], neutrino tdi khi quyen trai fiat
co nang 160ng thay fioi to vai chuc MeV fien vai GeV[8], cac neutrino nay xuat
hien do cac hat nang 166ing cao tdi vu tru vao tééng tac voi bau khi quyen. Neu
bay gidi ton tai them nguon neutrino t0 mat trdi co nang 166ng 16n hén 20MeV
nho chung toi do fioan thi ta thay cac phoi nay se chong len nhau. Dan fien thi
nghiem muon phan biet cac nguon rieng biet khong iidn gian va tat nhien viec
ghi nhan s6' ton tai cac neutrino co nang 166ng 16n hén 20 MeV t6 mat troi
cung se gap kho khan. Chung toi col lien lac thanh vien cua nhom tien hanh thi
nghiem Kamiokande. Hol fiang chuan bo viet mot bai bao (chéa xuat ban) ve
viec ton taii cac phan dng n° > p'+v, ,u" > e"+ ve+v, 0 tren mat tréi va tien
hanh thi nghiem ghi nhan cac neutrino nay. Chung toi hi vong sel tim fi6éc

nhding thong tin to bai bao nay.
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4.3 Ket luan.

Ham phan boi cac hat la yeu to rat quan trong xac fionh toc fiol phan 6ng
tren mat troi, viec ghi nhan cac ion nang 160ng cao 0 nhiet fio thap fioi hoi
chung ta phai hieu chznh lai ham phan bo MB, chung toi fi6a ra gia thuyet ve

Levy flight va fie ngho ham phan bo

1/2 2 \%
¢(V)Levy = 8(87“} Wexp{(;}j }nham muc fiich giai thich van fie pho

hep, 6 muc 3.2.2 chung toi fia fida ra gia thuyet nguyen nhan viec ton tai Levy
flight chinh lar do t6 trédng cua mat trdi gia toc cac hat fien nang 166ng cao, tuy
nhien nguyen nhan co the la do mot qua trinh vat ly khac, nhéng muon ton tai
cac hat mang nang 166ing cao 0/ nhiet fio thap thi nhat thiet cac hat phai chuyen

fiong theo Random walk la Levy flight. O fAay co the xem cong thdc

1/2 2 \%
¢(V)Levy = 8(87“} Wexp{(;}j } la cong théc ban théic nghiem mo ta

them cac hat mang nang 166ng cao, qua fio xuat hien them cac phan 6ng sinh
neutrino p+p>D+n’, n'>u’+v,, u'> €'+ ve+v , co the giai thich van fiel pho
neutrino hep.
Nhding van fie chung toi giai quyet iddc trong luan van nay la

- Noa ra gia thuyet ton tai phan boi Levy flight tren mat trdi, mo ta

~ AL

66c vung nang 166ng cao cua hat nhan tren mat tréi qua ham

(V)Levy'

-

- Co the giai thich fiddic so chenh lech gita thdic nghiem va ly thuyet
cua thong 166ng neutrino hep.
- Dd floan phoithong 166ng neutrino 6/ vung nang 166ng cao.

Nhdng mat han che trong luan van:
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~ AL

- Giatro tiet dien O onyo CNEABOC 60C 160Nng ~20pb.

" )D

- Ham chung toi fida ra ¢(V)Levy las chz mot fiel ngho, col the chéa phai la

mot ham toi Ou.

- Choa tinh fien hieu chenh khi xet fien ©* Addc sinh ra té phan 6ng
p+p->D+n" co fiong nang ban fiau, dan fien p* fiéoc sinh ra t6/ phan
ra m > p'+v, cung co fiong nang ban fiau. Tdl fio, pho cac neutrino
t phan ra p* > e+ ve+v, can fi6dc hieu chenh.

Tuy nhien van fie chung toi fida ra co the se gap nhieu tranh cai, can

phai co thdc nghiem ghi nhan neutrino vung nang I60ng 16n hén 20MeV mdi
co the xac nhan fi6éc, do fio che dong lai 6 moc fio 66¢ 166hg a va B, cac gia tro

B va o cua ham ¢(V)Levy 6 bang 4.1 moi ta Aiddc gidi han trong vung khong anh

h6ding fien cac tinh toan cua Bahcall va co the giai thich fiddc van fie thong

I66ng cua hep. Trong t66ng lai gan chung toi se tinh toan véi gia tro O or )0

chinh xac va tinh fien hieu dng thay fioi phoi neutrino khi xet fien nang 166ing
cua m' to phan dng p+p=>D+n’. Tl fio fida ra gidi han o va B tot hon.

O fiay cung muon nhan manh rang neu viec hieu chznh lai ham phan bo
MB cua chung toi fiung thi chung ta can co cai nhin méi ve ham phan bo theo
nang 16Gng cua cac hat nhan tren cac ngoi sao, qua fio chung ta cung phai xac
fionh lai cac cong thdc tinh toc fio phan 6ng cua cac phan éng co Z 16n, vi voi
cac phan 6ng nay the Coulomb 16n nen fioi hoi cac hat tham gia phan 6ng co
nang 166ng 16n moi co kha nang v6ot rao the Coulomb fie tham gia phan 6ng,
ma khi hat & nang 166ng 16n thi toc fiol phan 6ng Addic xac fionh chu yeu to

¢(V)Levy, chang han fioi voi cac chu trinh Ne-Na, Mg-Al.., qua trinh hinh thanh

**C t0 3 hat anpha, chung toi cung fia khao sat anh hodng cua ¢(v),, vao toc

o1



fio phan &ng hinh thanh *2C va nhan thay toc fio phan 6ng thay fioi rat 16n so
vOi tinh toan v6i ham phan bo MB. Van fie nay fidéc trinh bay 6 luan van thac

cua Tran Huy Dung.
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PHU LUC

Chodng trinh tinh toan B va o cho trodng hdp a=0.14.

matdo=ReadList["C:/matdo.txt" ,Number];
matdohidro=ReadList["C:/matdohidro.txt",Number];
nhietdo=ReadList["C:/nhietdomattroi.txt",Number];
bankinh=ReadList["C:/bankinh.txt" ,Number];

Array[a,1284,1];
For[i1=1,1<1284,++1,a[1]=matdo[[1]]*matdohidro[[1]]*6.023*10
23 1:
r=a[l]*a[1]/2*(4/3*Pi*(bankinh[[1]]*6.955*10"11)"3)*Sqrt[2/
P1]*(8.6171*10"-
5*nhietdo[[1]]/(0.5*%931*1076))"0.5*3*10"8*0.1*10"-
27*Integrate[Exp[-x"0.14],{x,140*10"6/(8.6171*10"-
5*nhietdo[[1]]),280*10"6/(8.6171*10™-5*nhietdo[[1]11)}]
giatricuoi=a[1284]*a[1284]*(4/3*P1*(bankinh[[1284]]*6.955*1
ON11)N3-
4/3*Pi1*(bankinh[[1283]]1*6.955*10"11)"3)*Sqrt[2/P1]*(8.6171*
10"-5*nhietdo[[1284]]/(0.5*931*1076))"0.5*3*1078*0.1*10"-
27*Integrate[Exp[-x"0.14],{x,140*10"6/(8.6171*10"-
5*nhietdo[[1284]]),280*10"6/(8.6171 Print[''gia tri r la",r]
*10"-5*nhietdo[[1284]])}]

sosanh=r/giatricuol

For[1=2,1<1284 ,++1,r=r+a[1]*a[1]*(4/3*Pi*(bankinh[[1]]*6.95
5*10M11)73-4/3*Pi*(bankinh[[1-
1]1]1*6.955*10M11)"3)*Sqrt[2/P1]*(8.6171*10"-
5*nhietdo[[1]]/(0.5%931*1076))"0.5*3*10"8*0.1*10"-
27*Integrate[Exp[-x"0.14],{x,140*10"6/(8.6171*10"-
5*nhietdo[[1]]),280*1076/(8.6171*10™-5*nhietdo[[1284]])}11:
Print[''so phan ung trong mot giay ", r]
dapso=(2.1*10"29)/r;

Print['dap so can tim la',dapso]

r=0;
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