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n4i h' ¢ Khoa h ¢ T, nhi°n L« tdn t3nh
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c8§c arhiluyém vd °n Khoa Vdt | 1T, Ph,ng n"c
Gi§m hi " u Tr€ ng nYi h ¢ Khoa h> ¢ T, n
trong su' 't th i gian h ¢ tdp v° th ¢ hi

Tti clng xin c¢cIm hn n4i h ¢ BS&ch khe
th ¢ hi  n ludn §n-0t5h7t.ngS . qtha [tQ "t "ni” yT @2
i cho t'i trong c'ng t&c nghi°n c¢c_ u

nHc bi t, t'i ch®©n th” nh ¢clm hn gia
thfy tdn t_.y, L ng nghi p L8&8ng m/Jn, nh
ph€hng di " n v | " ngu n L, ng | ¢ tinh
khtn LWnthoém€hmg tr3nh h ¢ v nghi®°n c.
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M, nbiU

1. L2 do I, a ch n LQ t i

Vdt chblt t i, chi Jm kvhdtl ncgh B2t7 % _ta nvgl
trong nH_ mg nthaltXe, a vdt |'T hi ' n L4i. C
quay c¢c,a thi°n h”, thblu k2nh hblp dXn,
c.a vdt chblt t i, song bl[n chblt hdt ch
M2 h3nh chdModel-G8M)amcdar vdt | T hUdt L« L
trong vi ¢ mt t[ ba trong b n | ¢ ch b

Hi ggs, n- vXn khtng thW gil[i th2ch ngu’
mdnh m€ t h¥%c LcXx§c vml ch3prmh8tm't rri Wng SM [ 4

Nhi Qu h€ ng tifJlp cdn | T thuy/Jt L« L=
Trong s’ L., -Swindh3umh (RSN JI717] v. i hyt
t" 1-h4ytv, (uwmparticle) c,a Georgi [53], \
like partick s ) n’ i l °n nh€© nh_ng . ng vVvi°n Lfy

dao L, ng c¢c.a khol[ng cé&tch igigiaarmamt mHt h
h3nh RS, ¢- thW L-ng vai tr SMfw n iv, gi

hdt, ch¥%nglLD€xablGedorgoging khu'n kh" IT
nguy°d,uwhdtl ¢c- c8c LHc treng kh8c bi t
cYnh L., hdt axion, ban Lfu L€ ¢ LQ xu

ChargePari ty) trong sdc L. ng h' c,cli €gndgamnyg
L€ ¢ xem x®t nh€ c8c _ng vi°n tiQm nktn

Vi ¢ khl[o s8t c¢c8c h4t gil thuy/J]t n"vy
T nghoa k®p: m t mHt gi %p | " m s8&ng t,
h€ ng t3m ki/Jm m i thl'ng qua c¢c8c dblu h
x4 v° mngtnhgaol @_ nt trong vot'i  &ir *QiSMIG&YA. dtt i

Si°u t©n tinh SN1987A, quan s§&t L€ ¢
L. n, cung cblp m t ph,ng th2 nghi m thi
nhi t L TD80MeVdao mdt L, vdt chblt kh’  ng



mii tr€ ng |I»i si°u ton guBhtr8ahli @nn

sinh neutrino clng nh€ ¢c- thW s[n sinh
t i fermion. nHc bi t, vi ¢ ph8t hi n |
ngu, i I »i si°u t©n tinh thangs qula€ pnhgstv
ntng |1 € ng neutrino quan s§t L€ ¢ v, i
ChHt ch€ L i v.i bbbt k8 ka%xnM. hao h_t n!
Trong ng. cinh n”y;(dnerhgy Ihg sts nrkLantge
| € ng vdt |IT then ch t. N- x8c L nh | €
| € ng trong m t khol[ng th™ i gian do sT

Ti °u chuXn Raffelt quy L onhkW?inhg il W ika
neutrino quan s§8t L€ ¢ t. SN1987A (khol
b sung phli t-10 @Hhgsl( k icBm g R L.288n1§%"
GeVtrongh L hn v' t nhi°n) [75]. R"ng bu, c
l oYi tr. khloHegggi anhtimam s ¢, a nhi Qu

Vi ¢ khai th8c d. i u | "m ngu, i ¢, ¢
r" " ng bu,¢c tham s° cho ¢c8c m! h3nh chuX
c8c ¢clng b trong n€ ¢, trong khi tr®°n
C., thw,8 ttrroecnmgh qtu8§n x4 hai nucl eon ph§8t
c,ng s L« s d_,ng d. li " u | "m ngu,i c
v, i tham s  tprhorn olh, wedEhkk Dbl saanta nghi °
tr3nh t &nn xtYhatibhtprhhctiong d, a tr°n d. |
kholng thang ntnhgltl € ‘b@yTek thofd ki phénmghién u
c. u SMamsht h* ng qua qus8 tr3nh h,y cHp pl
phfn neutrino tau c¢- trao L i h4t radic
ch®©n kh!'!ndg ronag rkddbedidp, 802

MHc d% vbin LQ n"y, chnh€ngghioan quayn ¢
l i " u tr3nh8dhi yh m tth'ecng ph€hng phg&p t2nh
cho c8c qus8§ tr3nh t€ehng t8c trong m?ti
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th ¢ t° n-gl qiu84, ichow8c | o4i hut Lfu v o v
th ¢ chuy°n s©u vQ IT thuy/Jt tr<€ ng | €
tU4p, Vv hi Wu bi Jt -Dir/BpseEinn sbt” e itnh hin'dg trkBlt |

Luch &n nay nghién @ hi u_ ng¢, a radion trong tantplasmonplasmon
trongy n | n SN1987A, trong ssinh plasmon hayd chHit i t va cHin e'e .
Ngoaira, ldhdnconkfio s 8§t L achtvapquatiomy ... v_. i a
hdt t a axion v  agu8viTeénh, ypostrébpOhiéng 8 mD 1
tti ch” ra ti /pinhadd .4k hti§ nt ra@@®t cl.l @ nquh& n r
|l fn so v,i qu8 tr®*nh n"y khi trao L i
th ¢ tJ] hay tr°n c8c m8y gia t c. Tillp
quatrinhe’d Y 3squa tr-lm@t I'" xem xM®4t hliagdin &g Il
ng€. . ng gi.i hUn céw ph@&Emhsp mingcBE€ R
trenh kh8c nheng c¢- kJJjt qul ch2nh x8c |

C8c k/Jt qul c¢c,a ludn 8n c¢c- L, tiln ctd8yn c
x4 bJngFeynndhk JL" h" p v. i c¢c8&c kiJn th_ c¢ tI
v’ vdt I[B. thi°n vin

Nh€ vdy, vi ¢ nghi®°n ¢c_. u tm&hmg nth§ € hg
m’ r (Bayand the Standard ModeBSM)v © ¢ §c¢c h’ qgul ¢, a c¢
mang t2nh th i s, cao, v ph% h'  p v, i
h> ¢ hi n nay. n- | " AlHI dio. Ingdwr _-BHtrmldy ro
L hao h_,t ntng | € ng v° ti/Jt di n t§gn

h3nh chuXn m r ngo

2. M, c L2ch, L i t€ ng v™ phUm vi nghi-

M, c L2ch c¢c,a ludn 8n n"y | " kh[o s8§t
cicBSML " i v, i m t s qu8 tr3nh t&n x4 L§
ch™ ra khii mbng 3pnh&ti Jm c8c h4t m, i th?

trong c8c qusg§ tr3*nh t8n x4, g-p phfn L

m r,ng.

11



n"i t€ ng ch2nh c¢c_a ludn &n BSMbax §c |
g m: hUt radi emdt  h%t§ct haddtaxvidan,c hublt t i

Phdm vi nghi°n ¢c.u c¢c_,a ludn 8&8n bao ¢
qusg8 tr3nh nhelta&Smoxny plvasmon |, n SN19E
fermion v~° pl a@d.mohi Ap tvlaece Gt hi r
tr3nh: sinh vdt chblt t° i fermion t_. ph

oangng:

electronaposi t r on. C8c qusg§ tr3¥nh n"y thu, c Kk

Nh. ng kJt qul I'T thuy/Jt v° t2nh to§t
ki n m i vQ khl[ ntng kiWm tra L, ph¥% h’
c8§c d. ki n th ¢ nghi m th'ng qua c8c

3. Ph€hng ph8p nghi°n c¢_u
Trong ludn &n n”"y, ch¥%ng t'i s’ d, n
tin cdy c.a Vdt |T ntng 1€ ng cao, cln

i u tr°n m8y t2nh:

APh€hng phgp c¢c.a | T thuy/Jt tr<€ ng | € nq
Ph€hng ph8p n"y cho ph®p x©y d, ng bi °r
LW t2nh ti/Jt di n t8&8n xY vi phon v~ t
c.n gi¥%®e talt2maol h, tn@ynlg” I thgclng
hi  u qul LW Ili°n k/Jt c8c mt t[ IT thuy

As" d_, ng phfn mQm Matlab LW veE LY th v

APhoen t2ch s 1i u b3ung LY th’

4. h nghoa khoa h ¢ v™ th, c¢c ti_,_n c_,a |1
C8c kJJt qul nghi°n ¢c.u c,a ludn 8n

cao kiJjn th ¢ vQ vdt IT h4t c¢ch bln, 1i°

cacBSM.C* ng tr®*nh n"y LHt nQn tIng cho Kkeé¢
h3nh nh€ h4dt rattidon, viUdec 8§c &@YYaxivaeln, cih b
vi ¢ khlo s8t nh_ng qu8 tr3nh tg&gn x4 L

12



C8c phon t2ch I T thuy/Jt vQ L-ng g-p
nh€e ti/JJt di n t8&8n x4 to"n phfn v" nktng
ra rung [nh h€ ng c¢c,a ch¥%ng c¢c- thw LUt

ao

v ng x&c vIl' ki Wm ch_ng st n tYi ¢, a c

ntng |1 € ng cao ° t<€hng lai, LY ng th i |
m: h3nh vdt |IT hi " n LUij
5. Nh_ng L-ng g-p m i c¢c,a ludn 8n

Ludn &8§n x©y d . ng m t c8ch c¢c- h th'
ntng | € ng cho c8c qu$§ tr3nh t€hng t§c
trong nh_ ng nghi°n ¢c.u tre ¢ LOYy nh€e c:

Ludn 8&n t2nh to8&n hi u _ 4plgsmenvatonga di o
qusg8 tr3nh sinh vdt edhBlt It Ffedmi®m & ht
hdn d<€, i m i cho gi § tr o&kt8r ong gmcth©al
c.a khm. Ic&€cnggi.i hUn n"y mnh hhn m t
ctng b° qu & tJbgenllLOYyY @o. Do L.-, s€&€ g
| € ng vdt |T ¢- thw Lo L€ ¢ trong th c
L. r.ng phon r «,

in h " g€a uwht trong hai qua trinh quan tig lae’d Y g vaa oy

L€ ¢ L8§nh gi§ s, cho thbly ti Butvasdi n
D a tr°n d. |i u quan s8t neutrino t_. S
L " nh ¢c8c r " ng bu, ¢ chsgustoi Jyt, ihten§cl °kn]tt hga
gopphfn | "m s8§nHhUt, tvangtc8§cct&hmg t8&c n
6. B c¢c,c c.a ludn 8n

C¥%ng v, i phfn m Lfu, kAt ludn v~ ¢!

L€ ¢ tr3nh by trong 4 ch€©hng nh€e sau:

ACh€hng 1: M, t s~ m¥dth3mtbltc htu'Xin. m° r _ nc

13



ACh€hng 2: C'ng th_c t2nh nktng | € ng has

ACh€eh3iggi u _ng c¢c_,a radion trong c8c (¢
Randall Sundrum °~ v_, n°” 1. n SN1987A.

ACh€ehng 4: n-hlgd o " ®m ©8& wWus§ tr3nh t€hn

14



CHhuwNG AT.S MOHINHCHU§fNM, R NG.VXxTCH[TT |

Trong ch€hng n”"y, ludn 8§n SWM m rmg sth
tr3nh bBSWMtm°w $7T Wu v° c8c . ng vi°n vdt
t hi-nh€ m! h3-BuhdruRmd kdnav | i bblt bh%n, tc¥hg

BSMk hi t #%ah EfBE)Xu tcuing cblp nQn t[ng | T 1
hi "  n trong .c8§c ch€hng sau

1.1. M, t s m! h3nh chuXn m r_ ng

SMc, a vdt |IT h4t ch bln LY di n chc
khoa h ¢ hi ' n LYi, cung cblp khutn kh™ |
t8c c¢ch bl[n c¢c.,a t nhi°n: t€hng t§&c Li n
n"y L& cngk©yr°n nQn tfng | T thuy/Jt tr <€

SUBExSU@RL*xUl)y, tr Su@mk- t[ t<€hng t&c mUnh
|l ¢ h ¢ | € ngu@xuUlyy@€D}Y | c8o t<€hng t&c |

Mt h3nh chuXn phon | o4i c¢c&8c h4t <ch
vaboson (spin nguyénTacf er mi on L€ ¢ chia th" nh ba
cHpp quark v m t cHp | epton. C8c quark
taimgluophi " n t <€ ng giam c¢cfm m"u khiJn ch?%

|l epton khlng mang m"u n°n ch” c¢ch u t€h
TrongSM, c8c t<€hng t&c ch bln L€ ¢ mt

chuXn ( gaugel phoostoonn) cch o stp@€mng t §c Li n

mUnh, v WEEBchbos &hn Trong Khiphotodjva gluon khéng co

kh i 1€ ng, c8c bos bw=8237U+ 0012GeN WaMz= | € n
911876 +00021GeV. Kh i | € ng n"y L€ cEngldatnh r :
Higgs, trong L- tr<€ ng Hi ggwi mpGeVvar i Wn
phg8 v_ t. phg8t L"i x_.ng chuXn Li n ylJu.
t €hng t8&8c Yukawa v,i tr<€ ng Higgs. S p
kh” i 1€ ng kholng 125 GeV L« anf@¥M[@.hdn c
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SMban Lfu ph, thu,c v™ o 19 tham s’ t
bao g m ba tham s~ Li n yJu (h3ng s  F

bosonZ) , ch2n kh i 1€ ng fer mi onKobaymshn t h e
Maskawa, cdgnCD,v kih'g-d € ng Higgsl vi, h?3
ch2nh x8c th, ¢ nghi m hi n LYi L,i h, i

tiJt hhn. Nh™ khu!tn SMHL '« ILTY9tt Huey Bt ndchh Hitg
| . n, ti°mx8lkosn cah2nnht Ui v~ t2nh chblt c.
phg§8t hi " n, v.i L, ch2nh x8c bln t€ ng I
(Large ElectrorPositron Collider) va LHC (Large Hadron Collider) [12, 86].

Tuy nhi°n, d% LYt LSM&hhhgnghfh” hh
ho"n ch" nh vQ c8c t<€hng t&c ch bln. LT
tr'ng ¢l vQ mHt th ¢ nghi m | ¥n | T thu\
s. ph8t triwWn cB3M c®o Widyt heywigt mv dth 3 Inih
xXublt nh2um gi[i quy/Jt m t hoHc nhi Qu vV blr
t8§i tUo | Yi SBctharighnkchAggl €. mg t hblp h
Trong phfn tifp kKkbmox ®t heshg St Mdaw Slc: he
t hi u BBMtti °su bi Wu nh<Sumdrhi@m h( vRaindtaH dn g

TeV), m* h3nh chUtbbltv biddc tm! Ih3 whH - t

1.11.S  c¢cfn thift phlfi m r, ng M h3nh ct

Trong phfn n~vy, cchiV¥ntgi Jft ic &cE wxkHm IX@®:
khing thW gili quyl/Jjt, t. L- | "m r» s, |

Vdt chblt t i

M t trong nh_ng b33ng ch._ ng mdnh mE n
SMLJ/n t. <c¢c8c quan s8t thi°n vin h ¢ vQ
khtng ph8t ra, khtng hblp th, v° khtng
tr ¢ tiJp b3ykng c8&8c thiJt b’ guang h ¢
vdt tchbltL€ ¢ suy ra m t c8ch r» r~ " ng t._
th€ ng v b_.c¢c x4 Li n t.
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ao

Dblu hi u LFfu ti°n vQ s, t“n t4i c_ a
F.Zwi cky v7"0o nh_ ng nktm 1930 ftkhiiJ] udn gt rpchng
thi°n h” Coma [16] vdBwitcky chlhgWwnt iblnwgr
trong c¢c. m qug§8 |.n so v,i kh i 1€ ng nh?
vdt chblt kh'ng nh3n thbly LW gi. ¢, m tnh
nhi°n, ph8t hi' ' n n"y kh!nghil@i cclko nig/n
ntm 1970. Quan s8t thuy/Jt ph_, c hhn LJn
"¢ b.RubWn v® ¢, ng s, . Theo L nh ludt N
n°n gi[m dfn khi kholng c8cdhV2Tuynhi@m t hi

c8c Lo LYYc cho thbly vdn t ¢ quay gfn n
ngo"i c¢_.,a thi°n h”, LiQu n"y ch" ra r?3
thbly ph©n b" ° wv¥%¥%ng ngo”"i n"y, tUYe th" i

Hi " n t€ ng thblu k2nh hblp dXn cung ¢
di n c¢c_,a vdt chblt t i. Theo thuy/Jt t€h
khéng-t h® i gian, dXn LJn s, | ch h<€e ng c,
| n. B33ImM@n ctxTbhhps. | ch h€ ng c.,a §nh
c8c ¢, m thi°n h” gfn hhn, ¢c8c nh” thi*°]
trong c¢c. m thi°n h™ L-. C8c kJt qul <choc

ph©n b° vdt Tcbphlt mnh3hfohblyal€h ng t, s
trong vI tr, [40].

X8c L  nh ch2nh x8c nhblt vQ | € ng vdt
b ¢ x4 nQn vI tr, (Cos@WMRER) .MiCMB wlaveb Ba

c,n 14 t_ v, N L, n, mang thlng tin v
V' tinh Bl &8MckcBe¢ Bao L, ng nhi t L, nh
ch€ea t. ng c¢-, cho ph®p x8c L nh ch2nh
vi tr, [36]. Kt qul ch2®tthblyg vrddwndg hlbe’
chblt c_. a vI Yéuh?=01200+0001chdtt rlong khi vdt ¢
chi/m ®holvig phfn c, n | Yi | © nktng | € ng
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nW m t h4dt ¢- thW L-ng vai tr, |~ v
cfu quan tr ng [21]: (i) trung h,a Li’
thang th® i gian v Buml0’'s , h tc c( tkhh oi[ nggi atnu’
(iii) khtng t€ehng t8c mUnh (khlng mang
h " p LW tYo ra mdt L, vdt cSMklh*th'gi cqué 8t
th, a m«n L"ng th i tblt ¢l c8c y°u cfu |

Neutrino |~ _ ngSMtih° na dn«yn nbhablty °tur ocnfgu
h,a Li " n, “"n L nh, khtng t€hng t&c mUn]
chuyWn L, ng v,i vdn t ¢ gfn b33ng vdn t°
khing thW gili th2ch Lh€ cm’c btuh Y%nrgvsct at hg
quan s§t vi tr, h ¢ cho thbly vdt chblt
v o th i LiWm phi t€hng L i t2nh. C8§c
(electron, muon,tauygar ks) hoHc t<€hng t&c mUnh (gt
tr. . Do L-, cf8MUWibJgdo pch'[m cnBc rhthtg m, i
vdt chblt t i | YYnh.

Kh' i | € ng neutrino v~ dao L, ng neutri

M, t h4n chJ] th ¢ nglMl m khamgtgi hig 1
kh i 1€ ng neutrino. Trong SM gle& nmeu:!
t€hng t.  nh€e photon. Tuy nhi®°n, hi n t
r-ng, c¢ch. ng t, neutrino phrli c- kh'i |

3

Dao L, ng neutrino |~ hi n t€ ng m t
th" nh | o4i kh8c khi l an truyQn trong Kk
bi Jn th"nh neutrino tau hoHc neutrino ¢
L " nh.€Hignnty ch” ¢ thW x[y ra nJju c§¢
c8c trUYng thsgi flavor kh'ng tr¥ng v, i (
flavorse, 3,301 © t° h° p tuyJ/n t2nh 313 3athéngsoa t r U
ma tmrdm PMNS -MékoNakagawabakata).
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Mt tronBlunhj ng WFu ti°n vQ dao L, n

nghi mK8&mipkande ° Nhdt B[n v o ntm 1998
muon t. c¢8c tia vl tr_, trong kh2 quyW
Neutrino Observatory) ° Canada L« x8c |
[ 37], gili quy/Jheublni 8® mht Jur'hi t7 n t ¢
nghi m neutrino t_. |, phlfn _ng h4t nho

clng L« quan s§&tcé&caol I pnhgfl meung intbt tnhc

X8c sublt dao L, ngsgvgsl @ chadhd obfii nce

~ - z

04 Owu OEkf] OET—h (1.1)

trondgl L-g-8@ ta, ngG | © hi u b3nh ph€ehng Kk
trUng ths8LI khkhol g ng§Eh" | mbnnputing@@Qmg Vv~
th2 nghi m L« x8c L nh L€ ¢ c8§c tham s’
ba neutrino, c¢c- hai hi ©db3y®h ppthO@hng K|

(l'i °n quan L/Jn dao 3, ngd mpemuQaw(il n & nmHytu atnr
dao L, ng neutrino kh2 quyWn) [86].

nW gi i th2ch SMe¥fin IL€ g mmeut migno ,C§c
th°m neutrino ph®n ¢ ¢ phl[i v~ 0o ph’ h 4t
t nh€e c8§c fermion kh§cli Tuh2ohiE® ccgH
nhG hhn c¢c8c fermion kh8c r bltDeW,trangkhi ( k h
el ectron nhG nhblt trongD@5eV)l epton t2ch

Ch chJ] ¢cfu bdp b°nh (seesaw) cung c

| € ng neutrino nh, . Trong c¢ch c¢chJ]] n"vy,
Maj orana rblt |, n v"™ neutrino ph©n c¢. c
h® p v.i quaees8w. | CAnchkJJt tr ¢ tiJp kh’
| € ng cao, |7 m t L BSM | c quan tr ng ¢
Bblt L i X -pglwndvdt heslhblt
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M t trong nh_ng b2 Xn |.n c¢c,a vi tr,
chblt m™ hfu nh€ khlng c¢c:- phl[n vdt chblt.
vdt chblt n°n L€ ¢ tUo ra v,i s~ 1€ ng b
s§t cho thbly vI tr, hi " n t49i b" chi ph
n"y L€ ¢ L nh |€ ng tai 6t"%P, 4s0u b array otn. t[

Andrei Sakharov L« LQ xublt ba LiQu

baryon trong vI tr, sh khai: (i) vi ph
| € ng baryon; (ii) vi phUm L i x_ng |i
nghoa I|tr3%milk wdit§ | T kh*ng gi ng h t khi
LTo chi Qu khtng gian; v~  (iii) | ¢ch kh,

ng x[y ra trong L$MAun, kai m nk hct[n gb ac @ni Qou
nh€eng m_ ¢ QP tvrionpghd4™ qusg8 nh, LW gili t
s§t L€ c.

TrongSM, vi phUm CP ch” xublt hi n tronq
trong ma tKobdyashiabkhtwa. M ¢ L, vi phUm

b°i bblt blrdn3J®BBkoJuy nhi°>n, c8c t2n]
phdm CP n"y c¢ch”™ ¢+ thwW tYo ra bblt L i »
L 1.n [36, 52].

Ngo " i ra, Vi phdm s’ baryon trong S
nhi_u | o4n g i Il © sphal eron. Sphal eron
cho ph®p chuyWn L i gi_a c¢c8c trUng t h§g
v’ s | eptronnh CE€ghalu&ron ch” hi u qufl
xung quanh th i LiWm chuyWn pha Li n vy
yJu | " chuyWn pha bdc nhblt yJu hoHc <ch
s. | ¢ch kh, incoOhibB®nghohiqgu ¢F3nh sinh

Do L-, cfn tIIBMOW badigmm c8§agngu n v
ch chJl chuyWn pha Li " n yJu bdc nhblt mYy
hai | € ng t ubggsDoubletdigdet2(HDW9G , m®* h3 nh si
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t i thiWu (Minimal SupMSSH)ywank ma HinbsirBt an
| epton ¢c- thW cung cblp c8c ngu n vi pht
sinh baryon [35].

Vbin LQ ph©n bdec

Vbin LQ ph®©n bdc | © m t trong nSM ng Vv
N- LQ cdp LJn c©u h, i t Yimwéds al@&hn i dli €
hhn rblt nhiQu so v,i thang ntnsgD10*€ ng
GeV), v ' n | bdc t., nhi®°n c¢c_,a hblp dXn |

Trong | T thuy/Jt tr€ ng 1€ ng t , kh’
hi" " u ch"nh 1€ ng t rblt |.n LJn t. c8c
boson chuXn. Hi u ch " nh b ch2nh m t v

ddng [55]:
urmbDs? (1.2)

trongl L-thang nkng | € ng cut ofldt,ham st h
d%ng LW bihWwm dir°m @i .ai nkng xung | € ng

thuy/Jt tr<€ ng. NJu khtng c¢c- vdt |I'T m i
| "m cho kh i 1€ ng Higgs | . n hhn rblt nl
m onwd 1@&V, c¢c8c s hUng kh&c trong | T t

l  n hi u ch"nh n"y, t_c¢c 3% &  hinayu ch’
tr€e ¢ coi |~ khtng t. nhi°n v’ |17 dblu h
| € ng thblp hhn thang Pl anck.

C8c gil[i ph8p cho vbin LQ ph®©n bdc t
Si°u L"i x.ng gili quy/Jt vbin LQ n”"y b3
hdt trong SM, v,i c¢c8c L-ng g-p v,ng | €
bosonvafermion[70] C8c m! h3nh chi Qu bSundsumng n
gi i quyJ/Jt vbln LQ pho©nthdt hangcqung, ht
Planck hi u d,ng ° mHt vdt | T c_,a c¢h¥ni
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Vbin LQ CP mUnh
Vbin LQ CP m4Wrmhiyll]t kM cLhgoaggi an QC
ch a m t s° hUlng vi phUm CP c¢- dUng:

i [—0"0 h (1.3)
trondladbic CPQCDgsl © h33ung s thnhngteBsominpie
tr€ ng ®I Uéntensor | ikbnd m yx. @[ ¢o- to SA

X ng c¢c,a QCD nh<€eng vi phdm L-cih/bn. dgo)CP

NJO neutron s€& c- mo me nt |l € ng c.
EDM)d® d C8&c th2 nghi m Lo EDM [<al0Heutr
eAcm [63], |dMHA°uy nhiegl %ihing cung cHp |1
phlTi nh, L/Jn vdYdy (W oaguyi 8 )t.dbm ibGlt nk 8y
g i | " vbin LQ CP mUnh.

Gi[i phg&p L€ ¢ chblp nhdohrchgQuhetceh
(PQ) [73], L€a v o Wilebb L ph8&_ vng tt o pnh &t,

n“y b phg8 v_., mt hUdt Goldstondhim @ x
d.ng tr° vQ kh*ng m t c8ch L ng h c¢c. A
dXn nfju kh i 1€ ng c¢c,a n- num trong kh

Th ng nhblt c8c t<€hng t&c mUnh, yJu, Li’

M t L. ng | ¢ trilJt BsSMk” gmamgtmung Ik
b "n t€hng t&c ch bln th"nh mSM Ida tth@hyr
t§8§c mUnh, yJu, Li ' n t. L€ c¢c mt t[ b"i ¢k

t8c kh8c nhau. Tuy nhi°n, khi ngodi su
| € ng cao b33ng ph€ehng tr3nh nh-m t §i c

i Wm ° thang npla%Gelve mg ir Bit vQa&k h[ nitng
Unification).
C8&c I|I1T thuy/Jt Grand Unified Theory (

| biWu hi n kh&c nhau c¢c,a m t t<€hng t
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cao. C8c m!* h3nh GUT th<€ ng 8UBSQUOP n c &
holHst c3IJBRxSU2LxUL)ynh€e m t nh-m con. Tuy
GUT Lhn giln nhblt ti°n Lo&8n pho®©n r« pr
thnghi m hi n t4i [10].

Hhn BMMmQ"n to"n khtng kJt h  p L€ c |
h-a thuy/Jt t€hng L i r, ng c¢c,a Einstein
L€ ¢. Thang ntng | € ng t. nhi°nMeho |
10°GeV, nhi hi utrEhblig€edXg tr cndn gquan
I T thuy/Jt ho"n ch nh m* t[ tblt c[ b’ n
thuy/Jt d©y hoHc I T thuy/Jt v,ng | € ng t°

5

T-m I'49i, mHc d¥% rblt th"nh ¢ctng tron
thang ntng ISBvg Ei nnnwi@®Qu hYn chJ ngh
nghi m: SM kh'ng gili th2ch L€ ¢ vdt c|
vdt -pchhfbit vdt chblt. VQ mHt | T thuy/t: VveE
khing thW h p nhbly S8cch cléhmbfnl&hoh
ntng | € ng thblp.

Nh. ng hU4n c¢chJ] n"y L« th¥%c LXy s. ph
lyBSM.Ca&cBSMLL€" ¢ L Q xublt nh33m gi i quy/t m,
thang ntng | € ng cao, LY ng th i phl[i t¢
| € ng thblp hhn thang vdt | T m i. Trong
ti Jt B@Mti SO0 bi Wu.

nfu tmdhinhRandaBundrum (RS) s& L€ ¢ tr3r
tiJJp theo. M h3nh RS I m t trong nh_n
h ¢ khh'ng gian ntm chi Qu cong LW giT li t
v’ thand 76i]".n MfJJth3nh n"y clng-mdt hd&lgn v
h€ ng m i |i°n quan LJjn k2ch th+e€e c-c, a
Kl ein ¢, a cHkn tmr.€@,ngmSMi3nh RS c¢c- thw L
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sinh vdt chblt t i, m ra kh[l[ ntng gi li
t"i trong m t khu!'n kh th  ng nhblt.

1.1.2. MO hinh Randall-Sundrum

Mé hinhRandalSundrum (RS) | m t trong nh,
thuy/Jt, L€ ¢ LQ xublt ntm 1999 b°i Lisa
t. nhi°n vbin LQ phon bdcDTeY)vythahg®lamk gi
(D10®°GeV). RS kh'ng ch”™ m ra m t c&ch t
th i gian, m" c¢c.,n d, b8§8o h"ng |l oUt hi |

gia t cguwuan s8t thi®°n vin h c.

Mo hinhRandalSundr um m° -trh'nig &ihamgb n chi Q

thanh khéng t h™ i gian ntm chi Qu, trong L- <c¢h
orbifoldSYZ;( v, ng tr ., n v_i L i x_.ng phln chil/J
-t h" | gian nmpitch angaidi mHig bn (Vltraviolemi Qn
brane- UV° y=0vamHt h”" ng ngo4i, gdn v, i miQn

(Infrared brane IR* y=1L) . C&§c tr€SMg- chhWlgdr,_ @ar °n
tr€ ng hblp dXntloam tirhi W@rgrittrnonnt m chi Qu

T a L, c.,a m t-tth"Wm diroamgnikm!algi Qu
re ¢ vift d€ i ding:

ds’ = e?Vdp AX'dXT dy?, (1.4)
trondpd L- metric Mink@dWwlkg & nlLcho®b'gi c,
gianantide Sitter ylEmtchi Qu, cvh’i Qu ph? ][ 4,
| " m bi/JJn L i hi  u qul thang ntng | € ng
| . n gi. a thanip®c®d\anck” (tktheomon dr?iGeVimay /ju
khtng c¢cfn hi u ch " nh c&c tham s’

Trong ¢c8c k ch blfn LiWn h3nh, to’"n
hblp d¥n mU4nh hhn ° mHt UV v’ yJu dfn kit
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h " ¢ n"y gi Yp -Snitn dhr3unnh gRafnidagdy JJjt tr ¢ t |

| € ng gi.a | ¢ hblp dXn v~™ | ¢ Li n yJu
Lagrangian hi " u d,ng v~ tr<€ ng radion
Liot= Loux+ LuvU(y T 0) +LirU(Y T L), (1.5)

trongw!lL™> :Lagrangi an chockihQu ,git_ & kil nn

Trong m6 hinh RandalSundr u m, Kk h™ i bul k |~ vV Yar
gi.a mHt t ngodi UV v" mHt h” ng ngodyi
| ¢, v~ c¢c8c tr+€ ng c hu, hd & LagrangiantchowcdcQn
tr€ ng LHt tr°n c8c mbitul “ Llhagr darfgi &rh ttn
( mHIt t ngoUi ), gdn ugli" tLhagm g ngt o 1t@ °
h“ " ng ngoli), niBiunmf¥ um3 xBcRa&namal IpPhfFn Vv
tr€ nghe® Hi.GEshai tlwvallkxpblEnhi n thtng
delta Dirag=00V)vaey&¢(VR) trx8c L nh s [
tr€ ng tr°n c8c mHit ri°ng bi t trong K
compact h-a v™ t2zch
ra m t h4t v! h<€ ng
a khol[ng ¢c8ch L gi_.a hai mHt. HUYt n°~
i gi.a hamhih'gd akihBn8echigQ@& tr3nh vdt
tr°n mHt | R, cho ph®p chuyWn c¢c8c LHc t
thw ki Wm nghi m t4i m8y gia t ¢ [46, 5

h " p metric cong, ¢
g i | "u rdaidinons. Rdaad

C.
-

Lagrangian hi u d_,ng cho radion t€hi

fle adi ogg Y S Mh (1.6)
tronogdl L- k3 v ng chOWIKhwng o, a rtadisomr
c.a c8c tr<€ ng SM c- dUng:

1'% A W 4 OO BadQ caQ RORQ 8

B "0"0 h 1.7)
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trong thUngs§d f© 1€t mt t[ L-ng g-p t.
Z, c8c fermion v° Higgs, s hUldng cu’ i
tr°n QED (taeHnvgQCDmag3Vv. iC8c L ' nh t€hng
tr3nh t&n x4 L€ ¢ xO©y d., ng t. Lagrangi

Kh” i 1€ ng, h™ m truyQn c_,a radion

B3nh ph€hng kh' i | € ng r &Wise\n L€ ¢ >
a +'“ A @DcQl h (1.8)
tronml|l L-kh i | € ng radi-oh” higuak] bght ck

congc. a kthh' nig g-desSitterAht i gi 8§ tr° k8 v ng tr
(VEV) ¢, a tr€ ng v! heayiseg 1| h H3ng H08hkE

chi Qu, li°n h' wmtm EhiQuld €hfiggfrhdac k
k2nhchki,Qu ph_Xk&thitt, " cmnt s~ nh, m: t[ L
bi/Jn t° | troWgseh cthifm Gbbdbadgen nhG
cong c¢ch bln [42].

H' m truyQnilradi,on wvig ph©n r« L€ ¢ b

O i _ (1.9)
L©ey, s | b3nh ph€hng t ng xung | € n
h nghoa th ¢ nghi ' m v" ng d,ng vi tr,
MOhinhRandalSundrum | © m t | T thuy/Jt nQn
ntkng | €SMigvng oa§ch st h di, nggi aknh tnntgm c hi Qu
LHc bi t. D b8o n"i bdt c¢c.a mt h3nh |
chuXn, g m graviton truyQn La -KemiKQu v |
graviton), clinmgg rrald® omUtv "vic8§kt€eh' qul vQ
VQ mHt th ¢ nghi m, c8c m8y gia t ¢
ki JJm t2n hi u eSuamdmiunmh3 mh iRébrddalll”™ vi ¢
KaluzaKl ein ¢, a graviton c¢c- kh"i | € ng c.
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treng. KJt qul m i nhblt L« thi/t | dp g

v.i h4t vt h<€e ng radion, hi n ch€a c¢c- t
c8§c r"ng bu,c gig&n tif]p L« L€ ¢ LHt ra
ki JHWmggs. Ngo~ i ra, c¢c8c m8y gia t ¢ thl

photon L€ ¢ k8 v ng s€&€ cung cblp kh[ nt

c,a radion [T72].

Trong lonh v ¢ thi°n vin nktng | € ng
ng m i quan s8§8t L€ ¢, nhblt |~ c8c qus
m?t i tr€ ng plasma ¢, ¢ mdnh nhe€e | »i Si
radi on gmoma haimptak°nh thblt tho8t nktn.
v gi.,i hdn c¢8c tham s c¢c_.,a m* h3nh [ 6
v ¢c8c quan trdc vI tr, L« LHt c8c r " ng
v' gi 8 tr hkBgv(WBVEh®nakradion trong |

T-m | Yi-SuRdndal I~ m t m* h3nh v, i m
T hdt, thi°n vin h c v~™ vli tr. h ¢ hi
graviton, radion v°™ c¢c8c t€ehng t8c La c
v’ I T thuwdltt Iniminkcdrion chuXn. Trong L -,
n“i bdt v° L«, Lang nhdn L€ ¢ s. quan
cf th., ¢ nghi m m8y gia t ¢ v° vdt |1 t|

1.1.3.M6 hinh chwqxm' r, ngv. i bEibi/nt I va u-ht

Bblt biJn nguyl®n II"T mgutan tr ng trong
trong L- c8§c LUYi | € ng vdt T gi. nguy
gant h® i gian. H. Georgi (2007) LQ xublt 1
bblt bi/n t° 1 khtmgngnlyg- vcgc Tpmfinmttru
g i-hlYt Wunparticle), v,i t2nh chblt bblt

T2nh chblt @Mtb[n c,a u

U-hdt c¢- thw I~ v h€e ng, vecth, hoHu
nguy° ndu)tUhd4it” khtng c¢c- kh i 1€ ng x8c L’
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h® p li°n t_c c8c trYYng thsg§i, LO©y |~ h’
t8§c yJJu v,i c¢c8c h4t chuXn [27, 82].

H m truyQhiet, alcB8e&€ wg, vecth v~ ten:

Vi h+e€e, ng:

¥ — N , (1.10)
Vect h:
3 — A woon, (1.11)
Tensor:
3 — A Ye A, (1.12)
trong L
AR Q —h

Y i -A QA 7 A AA N -A QA R (1.13)

Lagrangi anc_ta@hluig vt 8c c8c hUt trong m! h
T€hng t §ch @t _val cHB€ mg, vect hSML'€tcens
mt t[ b i [27]:

) —db A —do @ i —® aRo A —0 0 6 h
] —¢@ A A —" r " h

-1 —CEr 0P 1 OPT6 h. —"O0"d0l h (1.14)
v.a(i=0121" c¢c8&c h=yng s t<€hng t&c hhYtu d,
v h€e ng, véedthteoBAttéemsoargudy,° g ti™ IL, ng
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4 chi Quid®®|, a WwYo h " fakHi hp i /ErE;cSMvaGusi o n
lac€ ngr¥€ ng gauge.

h nghoa th ¢ nghi m v"™ _ng d,ng vIi tr,

M rSMvg i bblt bHUtn It rm t vlQuxublt | T
d. Lo&n th, c nghi m LHc bi t v’° tiQm nt
hi u-hcdta cuw thW xublt hi n thtng qua cé§c
SMt 4i c¢c8c m8y gia t ¢ hdt, t_. L- c¢c- thy
cblu tr¥%c ph” nktng | € ng, cSMkchmhge gd §ad «
L€ ¢c. Tuy nhi®°n, L/Jn nay che€ea c- b un g
c. ah Gut , 28,337

3

Hhn n_ a, vQ mHt | T -t %@wdnmspdatsink cac pha a m
t €hng t8&c c¢- t2nh phi ¢ LiWn trong gi
c§8§c hi u _ng giao thoa LHc bi db, qpuha Lt
cho ph®p ph©n bi t c¢c8&c dblu hi u vdt |1

Ngo“i ra, c¢c&c kJt qul Lo I € ng th c
gi.i hin cho c¢c8&8c h  -hsdt tnd@hun ¢ ht¥geg Iti °nn t
ra kh[ ntng kh&m phg& vdt |IT m i ° <c8§c

hi n thYga wXmWnc ch_ ng hJt.

C8c t2nhh#@to8m- viQhW g-p phfn gili th
trong c8c khl[o s&§t thi°n vin, vI tr, h’
t“n d€ v° chuyWn pha tro+#mditvicutnmg, cdlip I
tiJJp aodm m 8ic BBM. tClBwy JtHc tr enlgltp,hibad d
tiJJjt di n t&n x4 c¢c- d, Lo&n IT thuy/Jt k
qua c8c th2 nghi m ° m8y gia t ¢ hyt t
vauh 4t BIMgndsp L Q xublt v ki Wm nghi m c8§
m° SM khtng thwW gili th2ch, LY ng th" i
| Xn 1T thuy/Jt vQ bln chblt vdt chblt t
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1.1.4.M6 hinhchu{xm r ngk hi  t}fva bhHL |

Vdt chblt t 2®chi fm khopfnd € ngSM_ a Vv
ch€a L<€a ra L€ ¢ ng vi°n vdt chblt t i
th ¢ nghi m | Xns81 v@uydh.t CE8cqgugawnc, a
thblu k2nh hblp d%Xn, c¢c¥%ng nh_ng ph8t hi’
thiJt SMLW big sung th°m m t hoHc nhi Qu
hi  n t€ ng n"y [86].

Nh. ng kJt qul th, ¢ nghi m vQ vdt chl

L " nh kholng kh i 1€ ng, LHc tr€ng nhi’
chblt t i. nW ph% h p v.i d_. 1i u quan
ti°u chgy feaah,tg m:
AXublt hi n _ng vi°n vdt chblt t i “n L r
Avdt chblt t i phli SMehh'gng8&§chyijut i, a mé
L, vdt chblt t" i theo d, i " u vI tr, n’
APh% h°p v.i c¢c8c r"ng bu,c th,c nghi n
ph€hng ph8p d, t3m vdt chblt t i

V.i c8c y°u cfu tr 3SML« nh®Qu mhEStnhgt mi
gi i ngu"n g ¢ v’ L, ng |.,c h ¢c c,a vdt
tt1i L<€ea ra g-p phfn tYo nQn t[ng cho c¢
tr. . c tiflp v.,i hai nh8nh daharhibltv @ Vv dtf eal
by ° phfn sau, gi%up |i°n kJJjt chHt <ch¢€

I T thuy/Jt v~° ki Wm nghi m hi n L4i

Th. nhblt, mt h3nh W MP t "  ng qus8t ( We
t |I.p h4t vdt chblt t i ¢c- t€hng t§&c Yy
nh€ v h#hnyg, ¥®cmion. ML h3nh n’ i bdt
th nh mda@ vl', kti'wm dnghi m th, ¢ nghi m La
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Th hai, axion v’ h4t t0 ax uabtti omi "In t
trong c8c |1 thuy/Jt tr€ ng | € ng t v~

ao

LQ CP mlnh trong QCD v" kh[l[ ntng t n t

Cu' i cPBBMK i WBBLqSUBExSUBLxU(1)x) cho ph®p s
hi" " n phong ph% c¢c.a c8c hUt vdt chblt t i
th i gili th2ch nhiQu hi n t€ nBSMtr n |
M1 h3nh vdt c h blt t WI MP

Vdt chblt t i |7 th" nh phfn khlng th)\
h3anh th” nh cblu tr%c vl tming | €0mg brRmgr
Trong c¢c8c _ng vie°n vdt chblt t i, hyt W
| T thuy/tngwhi tmh v, i nhi Qu kJt qul quan

WI MP (Weakly I nteracting Massive Par

v o GeV LJn nhi Qu TeV, kh'ng mang Li n
t €hng t&c yJu v,i vdt &hblHi g€ hgHE Lc §Ve
m i) v’' th i gian s ng rblt d’'i,ZL[Mdtb[

L t"n d€ c,a W MP xublt hi n do qug§ tr
c8§c WI MP ban Lfu c©n b=3ung BN dauw, lhg
btng | Ui khi dréii tngl€ nhgd kxhu ingl € ng c. a
r€e ¢ x8c L  nh t. [79]:

8

v. ao& © tiJJt di" " n h_y trung b3nh c_,a WI N
S. "n L nh ¢, a WI MPLgidinx In@®npl,_,i w&cd
Ztrong si°u L°i x.ng ngtn cln ph®n r« c

t"ng qugt cho tr<€ ng WIMP v! h€ ng qua

fl Al -a ? -17? -1 0@, (1.16)
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trongatlr€ ng vHt chbBl€ had Hi 9gssv "t €hng
v’ tr€ mlg"Hhggs, t<€hng t&c trong tr € nq

VQ th, ¢ nghi m, qu§ tr3nh kiWm nghi’

d, t3m tr, c tiJJp v,i c¢c8c m8y d, ngfm s
tiJ]Jp c8c s[n phXm h,y hoHc pho©n r« (gar
mHt tr° ithil]) b -LAR k&EobeAMBI2, Vv~ cu i c¥
ki JJm t49i c8c m8&y gia t ¢ thJ h m i (L
ng§ng ch¥% T, th2 nghi m LZ (2024) 1 o04yi

di " n t&n x9RxU0%cn?uanh vihg 36 GeV [9].

~

WIELMP | yJJu t° trung t©m trong | t|
tr,, gi. wvai tr, “n L nh cho thi®°n h",
c8c dUng ph©n b" wvdt chblt t i. D% L«

c
L/n viXxany c h€a c - byng c¢ch_ng tr ¢ ti-f]]p x§&
nh€eng clng ch€a | o4i tr. khl nktng n"vy.
nh€ ARGO, DARWI N, LBECA v° c¢c8c khlo s8§

m r,ng gi.,i hWMP kibhWmncha.ng W
T-m I Yi, mt h3nh W MP | " c¢cfu n’" i hblf
L' Xy c8c ch<€ehng-Itlr 3tnhhu yt/pt, cl in°gnhingmi nh, kh
t i trong vdt |T hi n LYi [86].
ML h3nh Axion v~™ c¢c8c hUdt t a axion
Axion | m t h4t v* h+<€e ng LHc bi t L
L"i x ng CP mUnh tr oQui @I DtUMof 8@ hc c i f] €P
axionax ublt hi n nh-€-Qoldstonetkid 9(B)gb * Na@mlBu vt
kh"i 1€ ng nh, do hi " u ng | € ng t . C
c- kh i 1€ ng v’ h s t€hng t8&c hi u ¢

CP, th€ ng gHp trong c8c m:* h3nh m r |

ntng | € ng thblp Qumnnnhharigtma gy Li

ph, thu, ¢ axion c¢c,a Lagrangian c¢c- thW |
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fl, -Hhd ——0"0 -wWQ 00 —IQ (1.17)

trong &l thamg s ph&8-Quinbh [ 39]ngPREac

th€ ng s€ ¢c- th°m t€hng t&c m i <c¢_,a hut
W, Z, ZN,

M t tcr8&nd i Wm n° i bdt ¢, a axion v~ h
vi°n vdt chblt t i-mdh!ig agewal ®dtnglc, n” h
thw c.,a tr€ ng sau gi«n n° vl tr_ . Khi
c- kh i 1®E9tnglJw " nkihit L, QCD, hi u _ ng
c- thw b | " ch h€e ng so v,i trYng t h§i

tr€, ¢ hay sau chuyWn pha QCD, bi Wu th_
dao L'Y®ga YsD kh8&8c nhau [30Mc. pmGeV v i

“YsM¥gcp,mdt L, axion t_. ch chJ | ch he€e n
»” Zz T"
mQe ¢ pTiy ooV (1.18)
trondg L-g-c¢c | ch ban LFfu.
NJju L° i xQuigniPelx’'cegh88 v_  tr € mdtgilai
c.,a axion v~ c8c hut t a axion s€& phOoOn
tr.,. Ng€ c¢c |1Ui-QunfAo phig wa PSauvceipim phs

5

h€ doey vI tr, v° t€ ng L!men s& L€ c

s &€ [qgi ph-ng th°m axion v™ 0o mdt L, t  ng

Vai tr, th ¢ nghi m c,a axion v~ c8§c
bng nhi Qu thiJjt b ti°n ti/]n t_. vdt |
vin h ¢ bao g m hi u _ng | "m I Ynh sao,

nh€e IiEblngt hmemg I ng ¢, ¢ ¢, a neutron (E

c ¢ vI tr_,, LQu giwp LHt ra c8§c gi.i h
Ngo " i ra, ph€hng ph8p ¢, ng h€ ng vi
c§ch Lo tr. c¢c tiJlp s. hi'n di n c¢c,a axi
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photon trong mti tr<€ ng ¢, ng h€ ng de€
hi u Lo L€ ¢ trong c¢c, ng h€ ng ph, t hu,
Gap mMdt Ja, lkiionIn® nly, alxirmntB, tr€Wntg?2 mly c
c.,ng N¥€ nlge s chblt 1€ n@ c,a bu"ng c. 1

0 "Qm® wd +—D0 1 (1.19)

H

Cing Paiublt cho biJ/Jt bi°n L, t2n hi u

trong mti tr€ ng c¢c.ng h€e ng d€ i tg&gc L
d, t3m th, ¢ nghi m axion hoHc c8c hit t
ADMX, HAYSTAC, ORGAN, | AXOé v _ i L nh{
kh i |1 € ngngv 't 8¢ cs 'a ta&xh on QCD chuXn.
Axion v™ c¢c8c hyt t a axion nJu L-ng
qgus8 tr3nh h3nh th"nh, ph8t triWn v~ pho
t" i c,a thi°n h”, c¢c8c c¢c, m thi®°n h", c bl
h ¢ivmdt L, axion/t a axion cho thbly v
v fav™ kh' i ImMs€g |l &ami prh% h°  p v. i-CDM§c m
(LambdaCol d Dar k Matter, m! h3nh chuXn vQ
t2n hi u LY mon,t mMeiutd%me ,phkotng hblp dXn
hgt t a axion v,i vdt chblt th€ ng, t.
v t3m kiJjm c&c hi ' n t€ ng vdt |IT m i.
ng€. . ng kh i | € nig vdange Ydne_ kit hlggt H'€i L Xy

ghép axiophotongax U~ ng m. ¢ rgbR10H@V!. vz d,

T"ng quan, axion v~ c¢8c hyt t a axi
vdt chblt t i trongSM8an " mic m3 mmnmg LJn c
cho nhiQu qug§ tr3nh vdt |IT m i. S kIt
Lo&n I T thuy/Jt, v° c¢c8c th2 nghi m ph§t
vi ¢ kiWm tra c8&c m* h3hh°axinginhi gn_ &
h> ¢, vdt I'T hdt, v° c¢ctng ngh | € ng t’
B°n c¢cUYnh L-, c¢c8c c¢cing ngh  nh€e giao tF
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c.ng h€e ng La tfn s° <c¢cing tif]p t,c n©n
trong t€hng | ai gfn [ 32, 86].

M@ hinh 3-3-1 SU(3)k x SU(3). x U(1)x

M6 hinhSU@BxSU@BLxU@L)xI ©~ m, t trong nh_ng M! |
nh3um 1T gili ¢c&8c hi ' n t€ ng nh€e s  thr/
mdnh c¢c_.a m* h3nh n"y |7 gil[i th2ch s’

bblt biJn d th<€ ng, diostonr@gauge obblu swr
h€ ng, v~ ¢8c _.ng vi°n cho vdt chblt t i

kh' i | € ng neutrino, m: h3nh c¢c,n L€a r

5

ao

! ng th i @idindg heca ph” Lh49t v~ L, ng |
sh khai

M, t LiWm n i bdt3-1kH&c cc, & hié mh 3 mrh n3y
vdt chblt t°i m i nh€ axion hoHc c8c hdut
v o phfn v! h€e ng c¢c,a Lagrangi &fvacad” ng
quark,D,Uv_ i Li " n t2ch x8c L nh v*™ kh" i |
X ng pBhhoMieXn vdt chblt t i SidnhhEangr e
tu i th  ve t tu i vl tr,, ph¥% h  p v, i
bln ¢c.,a m: h3nh n"y (t_. phi°n bl[n t i
kh i 1€ ng hoHdpmt_rc mege lce pthd®rn) ttrii Wn v
hi " n t€ ng h ¢ v. ng chdc. Khl[ ntng m r
pha vI tr_, v° sinh ra c&t ldUnm, tvdtr cth

h€© ng nghi°n c¢c_u gi“"hu tni Qrflintng c_, a vdf

C8c d Db&8o th ¢ #Bdhbamwm g. @ kwh[hhhahg
m i tYi LHC, FCC hoHc qua c8&8c t2n hi u
vdt chblt t i thtng qua th2 nghi m tr c
ph©n ¢ dars,ng 'vihi n t€ ng d° th€ ng th
Vbin LQ ki Wm ch_ng m* h3nh qua m8y d, t

vQ mHt | T thuyJ/t L« cho thbly €©u thJ so
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1.2. Cac I&d va chHit” i trong mo hinh chua m' r, ng

Vdt chblt t° i | " th"nh phfn ch€a x8§c
§nh s8&8ng hoHc b_c x4 Li " n t. n°n khtng
vdt chblt t° i L€ ¢ nhdn biJjt gqua c8c hi
h "m trn qu: LYo, [nh h€e ng LJ]Jn s,  t
thi°n vin h BSMh€anvléinhiCQe _ng vi®°n h
thz2ch vai tr, n"y. Hai nh-m n" i bdt L€
chblt t i fermion.

1.2.1. VdchHt'i vingh-e€

Vdt chblt t° i v h€ ng | ° m t trong
trong vdt |T h4t hi n LYi [86]. Lo4i h
vi h€ ng th, ¢ hoHc v h<€e nd@®SMnh , Xuibltx |
ph, Zah@ i x. ng Abelian Xn hoHc c8c cblu

L€ ¢ kT hi'gu cp-h " khiiJjnl @' ng t. si°u nhG
Li " n t2ch [49].

C8§c L, ng It h¥%cl TL Xyhunygti °n c¢. u vdt ct
th2ch mdt L, t"n d€e (d€ | € ng vdt chblt
b"i to&n L i x.ng CP mUnh, L ng th i t
qua c8c hi u . ng Y€ qud ntg tmh<enchidg, | »i

cuspcore [32].

Qug tr3nh sinh mdt L, t"n d€ g m hai

tr€ ng v h€e ng ° trUng thsg8i c¢cO©n b3ung
khi vIi tr, ngu,i dfn, tift di n t§n xt
AL-ng btngothdnh vdt chblt t i c¢c,n | Ui
vi h<€ ng khtng °~ v tr2 ¢, c tiWu thJ n
vi h€e ng dao L, ng tdp thW quanh v  tr?2

C8c th2 nghi " m hi n LYi (XENONNT, Lz
s-ng) L« li°n t,c thu hGp kh*ng gian t
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tiJjt di " n t&n x4 v° kh i 1€ ng, LYng tl
vdt |'T h4t v, i thi°n vin h ¢ quan s§t.

1.2.2.Vd chbit” i fermion

H4t vdt chblt t° i fermion |~ m t tro
ngodiSM, L€ ¢ nghi®°®n c¢c_u r,ng r«i trong V:«
chblt t i fermion mang spin 1/2, c¢c- thW
Dirac), th€ ng khing mang Li n t2ch Li

trtm GeV3nha8vimicth chJ/ h3nh th nh vIi tr,

n. ng | ¢ |IT thuy/t ph8&8t tri Wn SMdt cl
., nhu c¢cfu gili th2zch mdt L., vlI tr, th,
neutrino, s bblt c¢c©n x_ ng vdt chblt/ phT[

t2nh to&n vQ vdt chblt t i fermion cling
neutrinoMaj or ana, h Yt axion/t a axion hoHc
flavor m r, ng.

n.ng h ¢ h3nh th”>nh h4t vdt chblt t i

3

| ©, ¢ch c¢chJ L'ng LHKHc nhi t, h4dt fer mi on
chuXn vI tr, sh khai, khi vI tr, gi«n
AL-ngobtwuy tr3® LJn nay v, i mdt L, p h
h3nh W MP neutralino, fermion Lhn tuyl]
cho nh_ng fermion ¢, ¢ nhG, dao L ng | €
vdt «chobitg ts'oing sv. i L, ng | ¢ c¢c_,a axion n
sinh kh i 1€ ng phi nhi t, bao g m ch

dXn, c¢c8c hi u _ng gia nhi t s. m ngay s:¢
tr€ ng Imrg nghtngtwvi%ng vi tr, khlng tu®r
ban Lfu.

T%y v 0o b[n chblt Majorana hay Dirac
c, thwW s& s d,. ng c8c dUng Lagrangian |
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0"Qi i
D OQE T ODE O

; T 4 »Q.h
h

-t 4 oa. (1.20)

trong "L-vdt chBhl 't kh faddtim@&dntgt htl ~ i tfr e mi
vl h€ ng trung gian, truy@n h®mhggstgti
Yukawa gi_a DM vh[62t r<€ ng v! h<€ ng

n’oi v, i hi " n t€ ng h ¢ | € ng -t v
Arge¢cell esRueda (RAR) chekphi®pl €iMg fter2n
ch,c L/Jn 100 keV mang | 4i s. “n L nh |:
dfi ng®©n h™ V%ng&§d tntgi th " h ph_c v, Vvi ¢
t v°™ kh[ ntng ph8t sinh I, Len si°u n|

C&c d. Lo&n hi n t€ ng h ¢ t. c¢c8c n
chifJu tr ¢ tifp v,i d. |li " u quan tr dc

t h?2 nghigm nh€e XENONNT, LZ, PandaX, Su
quan sat neutrino (IceCubByperK a mi okande) cung cblp c8c
r<« v° ph8&8t hi n t2n hi u hblp th, LHc t
ph®p Lo thi°n vein h ¢ nh€© kh[o s8t vdn

vi tr, (CMB) v’ ' °m! hph,Lngigs valii tu thihen
vV, guan tr dc. Vai tr, hi  n t€ ng h ¢
qua nguy°n |2 | oYi tr. Pauli trong ml[n

ap

h” kh” ng |
T-m | 4i, vdt chblt t° i v h€e ng v v

then ch  t giwp n" i kgt vdt I'T h4t v _i

vi' ' c truy vJt ngu” BSML a cvhli Qu _v "h’ kci, Wnp hné

t" i La ng nh.

1.3.K}jludh chehng 1

Trong ch€ehng 1, l udn 8&n L« tr3nh b~
m’ rSMw™ c¢c8c h€ ng tiJ]lp cdn ti°u bi Wu

38



RandalSundrum cho thbly vai trkhe[agra8clr

hai mHt thlng gWa sehndiRin @olldbaemuydnt b~

th® i L€a ra ch chJ/] Syh®pngaduanxtuams o8 mk

M r. ng bblt-htHitJmc_ ta” Georwii cwng cblp m t

L- c8c to&n t ¢c- bdc th_. nguy°n t° |

LHec treng, c¢- khl ntngt Idi gnlts8mrs8cldv ™ t
m8y gia t’  c.

H

B°n cUnh L-, ch€ehng 1 clng L« tr3nh
trongcacdBSMv ©  h ai nNh-m _ng vi°n ch2nh |~ vd
fermion. Nh. ng kJ/JJt qul t ng 6MEQuU nnlydm
t. i vi ' c gili quy/Jt m t kBMa LEtgh tch it t
tfng |I'T thuyJ/Jt c¢cfn thiJt LW nh_ ng ch®€ehr

ti/Jt di n t&n xY9Y v ph®©n t2ch ntng | €
SN1987A, g8& L» khhohs wu-hUmgvéoacBadigo

caichdt m, i. tham gi a
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hi n c. a
ntng | € ng
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c8c
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t hw
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| € ng
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h i
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LHc tr€ng
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tr3nh
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| €
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tr€ ng
| €
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ng t

c LYi guan ml n

ng nhblt c, aklwing ¢B8"
ng | . ¢c h ¢ ¢, a
ctng ¢, r’"ng mYn h
C. t hWw, nJju
qusg tr3nh |~ ngu, i c¢_a h’
s8t , dXn LJ/Jn mO©u t |
s8§t ktéh ok phhmp d iodr

m, |

guan tr’
t [ L, mti ot

mE& L

ml
bu,6 c
sy €'tf nqusiim ct ag
m
t. quan
p Vv, i
h3 nh

quan
m1 h gt

Li Wn h3nh ¢c- s.c r”"ng bu, c
s ajenaT Wg&n?3W0i  Me Vp hv8't ndt’
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tJ] L-, Raffelt L« LQ xublt m t ti°u chu?>
tho§8t ntng | € ng b sung phli th, a m«n

- M10%ergg''s! hay - M7.288 x 10%’GeV, (2.1)

nh3m kh'ng | "m thay L i L&8ng kW th i g
re ¢ t. SN1987A [43, 75].

Ti °u chuXn Raffelt L« L€ ¢ &p d, ng r
| °n nhi Qu k BS8SMI[44b5D,59, 6Ddt blalo ‘g° m axi on Vv
c8c boson v h+€ ng nhaG, c § ¢ B®Mkhac.@acn g L
gi § tr° s n'y s€ L€ c s d,ng xuy°n s

Trong ch€ehng n"y, ch%ng tti s& Le€a r
hao-Bho m t s qu8 tr3nh v,i c¢c8c hUit t
thudt giln LY Feynman. C8c biWu th_ c¢ t
cho vi ¢ 8&8p d,ng ti°u chuXn hao h_t ntr
m i trong ic/Bpc tchhe&hnglHc bi t | ° trong
tr€ ng si°u tO©n tinh SN1987A.

Ta ¢c- biWu th ¢ nktng | € ng hao h_t t

2

1 dpt
MH[ 5 s B H/QE@T (1% f5(Ey)) (2m)*

2
-4 o ) I 712
%0 (;p ;pj) (2.5,-1+1)(2:.-2+1)ZM|’

- b (2.2)
v.pl " xung | @lrngxhdtg vVvsesing sphtanirehkht v -
filfn 1€t | " s° Iblp LFy aho c8&c hdt va

1 db@)cho f &r mi on
fi(Ei) = : : N 2.3
exp(Pipt) £ 1 dblcho BosonN (2.:3)
db@cho toson
14 £5(B), ) (2.4)

dbldcho f&r mi on
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2.1. Nt n g nglha@ h t cho qua trinh tan xdhai h& bosonvao, hai ht boson ra
Cp d,ng biWu th. c cho hai hdt boson Vv~

. 1 / d 1 d 1
E = 7 T 5 .
psn J 2E:1(2m)? Bt 2E5(2m)P B2tz

. d*py.—— - : _
2E4(2n)3 " PP2E,(2m)3 " PV clBs—ma)/T _ 1 e(Ea—pa)/T _

% [ 1 d3_> 1 — E(EB_HS”T E(Ed—lﬁzi_}fT

. 1
x (2m)*6(Ey + Ey — E3 — Ey) 8 (1 + Pa — 3 — ﬁh)ﬁ Z |M|%.

spins (2_5)
nHHs ——B;,qs. X®t biWu th ¢ B (cho h
o
d'?’ﬁ,'; = 4?r[ dp,;pf
J0
B / dpifi _ _Am f""dptﬁ 1 |
2E5(2?T)‘j 2(2?1’}3 0 E; elEi—pa)/T _ 1 (26)
T 7 O & ,tasuyra
5 > dE;E; E? —m? 1
T 4n? [EZ—m2 B el —m)/T —
1 +00
nHib — v ii=1,2,taco:
o0 mz
B = E n dj;ﬁ.f T:_ﬂﬁ
(2.7)

V3 vdy, ta thu L€ c:
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1 d*p 1 d*p 1 o ‘”d
PSN ?El(?-‘ff) ATt _ 1 2By(2m)3 F2pe2 | pgn16md my ‘!

ol (V- () i

Sau LOy ta xi®t b ik Tichiphan tEempva cho’Qnp

(2.8)

Q nfp,chtyO & 1R, ta thu L€ c:

: ﬁ 2 (Mm2)?
°T ,oqwlﬁfr*‘ fl dxlf dm\/ml \/ 72 ( T )

y 1 / dqu 1 1
I L ka2 2 . F F F
e —1enF -1 S AT g2 Jmi
elE3—p3)/T elBa—pa)/T 5 5
()T — 1 o T — 1" (B, + E» — E3 — E4)|M|2. (2.9)

K2 Minp umQwOm BOFTgmiwy . M Siedta suy ra:

2w m o0
/d‘ip;j —/ ?dp] smr?ds?] d{p-??r/ smﬂdﬂ] g% dp.
0 0 0

(2.10)
Do L- biWu th_ ¢ (2.9) tr° th” nh:
da: d \/ m1 \/ o [(m2)?
_ o | 2 m _ (M2
,(JSNlﬁ?r ! ™2 ? : 2 ( T )
y 1 / 24 1 1
e*’*'l_“l’]’—1:5’12_’?2—187"r 0 \/mq—}-p \/m + p?
eEstEa—p3—pq
X [e(Ba—na)/T — 1][e(Ea—pa)/T — 1]
X J(El + B — \/m§+p2 - \/m§+p2)/ | M |2 sinf df
0 (2.11)

nHt O ©O a m a m,taco
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P P 1
da = : + : dp=padp ‘ F .
(\/7 N +p2) N ErN e
(2.12)
Khij =0tacoU=mg+ms,vay Y EhiUY D
ChuyWn sang Uaxc@h pho©n theo
. T > > J mi\ 2 ma\ 2
= vt o o fy = () V- ()
7 psn16at f_’gu l/;",}?- “yaTr a2\
. 1 1 i
eI — 172 —1 87
/m do ela—pz—pa)/T
x —p
mytmy & [e(Wm3+P—m)/T _ ][ely/mi+r—na)/T _q]
x 0(Eh + E2 — a) / | M|?sin @ db.
Jo (2.13

Sau khitichphanthedd t o " n b,

h*m sf(Ohdy€))ph@blut h? a
f ((h) hayf (Jo) ( d O

t 2 n kich pharbtd hadi(Ear Ex1 U),

hhayyola
nghi m phe€kngOt O3 gy Q@ .Khl:
oo=FE1+ FEy=F', (2.14)
o — \/Er“ +mj +mj + 2E2m2 — 2E2m? — QmEmEI
2F (2.15)

Tr€ ng h p LHc bi t Kkhi mkhhlmthic€ ng hai

\/E'4 —4E"m? E? — 4m?
PO = 2F - 2 :
. 2 I 2 r
ap = me + py + ms -+ py = QE;[ = 2E2 =F.
Vo ey e (2.16)
K2 Mi: u
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2
A d \/ - \/2 (@)
pSNIG?T ™ o ﬁl 2\ T T2 T

63’1_71' - 1eﬂ"-2-‘*F —1 (2.17)

ta thu L€ c:

.1 po eloo—ps—pa)/T

e=A"—— f |M|2sin 6 dé.

87 [ (v/mI+eB—ns)/T _ 1] [ (v/m3+03—pa)/T _ 1

(2.18)

Thypgvalbv "0 ta thu L€ ¢ biWu th ¢ L., hao

boson v o Vv~ hai hdt boson ra | ":

i \/E"‘ + m% + mﬁ — QE’Emg — QErgmg — Qﬂagmg
8 2FE"?

E('E’v_”S_ﬁdJ(‘I‘ /WW . 9 iﬂ'
* SIN &7 .
[e(\;"_m§+ﬁ%—#3)fT B 1] [meiwﬁ—mw _ 1] 0

(2.19)

nHb —-hviQ p8VdY O O »®Y &Y o &Y+ —
®w w8 'ng th_c¢ (2.19) tr° th” nh:

i A"i VE*—2(m3+ mE)E’g;- m3 +mj — 2mims
8 2F'

eT1+z2—(pa+pa) /T

m
x M|2sin 6 dé.
[e(v"m§+ﬂ%—ﬂslﬂ‘ _ 1} [e(\/miwa—mﬂ' _ 1] ./n Ml

(2.20)

Leumfmim, ta nhdn L€ c:

1 E?— 4m?‘ eT1+T2—(p3+pq)/T

8 2F" [B(II+I2)I?—#3.’T - 1] [e(rl+z2)f2—.u4fi" _ 1}

(2.21)
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Cu' i c¥%ng tAWMaiy( 2b.i1lWu tvhioc bi Wu th_ c¢c (2.2

, T4 = o \/.2 my 2\/ 9 ma\ 2
°= pSNlﬁ'Ird _/r.n]deII in?‘dlfg 1 (T) 2 (T)

1 1 1
x ef1—m/T _ 1 exa—pa/T _ 1 87

E? _47”3' eT1+e2—(u3+pa)/T m 5
SRR Y [ +=) 2T _ 1] [elmrtea)2-m/T — 1] fo IM["sin6 df.

(2.22)

2.2. Nt n g nglh#® h t cho qué trinh tdn xdm_ t fermion, m, t ph[n fermion

thanh m t fermion va m, t ph'n fermion cé cung ki ° hge

Cp d,ng biWu th ¢ cho m t fermion

. m,
v m t phlfn fermion ra, ta c-
NERRY N -
rov | @ B TG B
1 — 1 — el:Els ) /T el:E.g )/ T
fi 3p37d3p4. - .- .
2E;(2m)3 2E,(2x)3 elBs—pa)/T 11 elBa—pa)/T 41

- - - |
x (27)'6(E, + By — B3 — By) 8*(p1 + P2 — Py — Py 3 |MpP

spins (223)
NHHS —Bpp®g. X®t bi Wu th. c¢c B (cho
phfn h4dt fermion v~ o0):
a*p; f; ar [ p? 1
2E; (27~ 202m)3 J, T E; BT 11
. (2.24)

T.1 O a ,tasuyra:

1 t  EdE; E2—m? 1

Ar2 m; KE? _ m? E; elBi—pm)/T 4 1

_ L [ ip R
e W T B m)T 11
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nHib — v, i

=B o (3t
uaT eTi +1

(2.25)
V3 vdy, ta thu L€ c:
1 / &pi 1 &S 1 s /°° 5
psv | 2E12r) B 22 Brta T psyi6at fm !
o0 2 2 1 1
it (7) V- (7) |
X/.m_Tz IQ\/Il T IQ T BII_“++18I2_ﬂ_]2+1
(2.26)

Sau L Oy kthd i \)®@tOmip

ip. Tich phan theapva cho™Qnp
"Q np,chayo a n,

ta thu L€ c:

. T * > \/ m) 2\/ ma\ 2
= [ 4 d 2_ (22 2_ (2
c pSNlﬁﬁ’lA Il/g;g 2\ (T) 2 (T)
1 1 &Spi

x

1 1

A 1o F 1) o0 g
elEz—u3)/T elEa—pa) [T —

— — 2
X E(E:;_F‘SL'"T + ].E(E"_#‘i}f?T—'— l-a(El + Eﬂ E3 E.j) |.ﬂl’.{| .

(2.27)
K2 Minp umQwOm BOFTg My . M Siedta suy ra:

o0 w 2 g o0
[dsﬁzf pgdpf sinada[ d(pz??ff smedef o2 dp.
1] 0 0 0 0

(2.28)
Do L- biWu th_ ¢ (2

. 27) tr° th™ nh:

. T > = 9 mj 2\/ 92 ma 2
== PSNlGﬂA fm+ dIl /T_Jﬂg dirﬂ‘/Il B (?) I2 B (T)
1 1 1 [, 1 1
X 5 o p~dp
eIl_’ll—l-leIQ_k?'—l-l 87 Jo \/m§+p2 \/mg—|-p2
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eEstBa—ps—py

" eE—p)[T ¢ 1[eBr—p)/T 4 1]

S| By + B> — 24 p2— 2 4 )/ﬂﬁsmade.
x (l \/mg P Jm,; P D| |

(2.29)
nHt O ©O a M a Mm.T. L
do = £ + p dp=padp !
ﬂm%%—pz «\;‘mg—l—pi’ \/mg—f—pQ\/mg—i—pE (2.30)
Khi} =0tacoU=mg+m,va; Y #&hiUY D
ChuyWn sang Utac@h pho©n theo
A 00 00 2 2
é:T—/ dII/ drg\/.r%—(ni]) \/Ig—(@)
psn167t Jm m T T
" 1 1 i
eI 12— F 41 87
®  da ela—pa—pa)/T
x —
L3+m4 o p[E(\meerz—m}f’f‘ + 1][€(\/m3+p2—pm'r +1]
x 8(Ey + Es —Q)/ |M|2sin0do.
0 (2.31)

Saukhitichphanthdd t o" n b, h”™ m sfUhyeQ)ip hd blu tth? o
f()hayf(Jo)( do t 2nh chblt dEa Efl O h Uphly@oda c -t
nghi m tgnh €BnEO O ;' Q &Khi L.

) = El + E? = Era (232)

\/Er"‘ — m% + mi — 2E"2m% — QE'zmg — 2m%m2

4
Po 2F '

(2.33)
Tr€ ng h’ pkbhHt b#e bhgkham=midmtach: b3JIng n'l

\/E'4 —4E"m? E' — 4m?2

B !
p‘:] QEI — 2 ?
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ap = -\f’!ﬁ% + P% + 1;‘?&?, + pﬁ —2F, =2F>, = E". (2.34)

K2 hi u:
4 o0 oo 2 2
A" = Tlﬁ 4[ d:rl/ dm\/r%—(%) \/x%—(%)
PSNIOT Jmy 2
y 1 1
1T +1em T +1 (2.35)
ta thu L€ c:
(@o—p3—pa)/T (L
el P < [ | M2 sin 6 db.
81 ag [e{\/m§+ﬁ%—#3)ﬂ'+1] [e(x/mi+ﬂﬁ—m)ﬂ'+1] 0
(2.36)
Thygvalbv "o ta thu L€ c:
e A’”i \/EILl +mi +m] — 2E2m3 — 2E?m] — 2m3m}
8w 2E"72
e E' —pz—pa)/T T
X / |M |2 sin 6 d6.
[E(Jmﬁﬂ%—m)ff 4 1] [e(\/miﬂﬁ—mlff + 1] 0
(2.37)
nHb —-hviQ p8vdY O O »dY &Y o &Y+ —
®w ®w8C*ng th. ¢ (2.37) tr° th” nh:
é:A"i \/Erd—Q(m§+mg)E'2+mg—|—mi —2m§mg
8w 2E"2
eT1+z2—(p3+pa) /T T___
X / |M |2 sin 6 db.
[e(\/méwﬁ—us}ﬁ' _ 1] [e(\/m§+p%—m)ﬂ" _ 1] 0
(2.38)

Leumsfmim, ta nhdn L€ c:
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1 E?— 4’”1_% e(E'—p3—pa) /T

.:Afﬂ'_ Mg . ﬁdg
) 8m  2E [e(E'/2=03)/T 1] [elE'/2-1a)/T 4 1] ]D [M]* sin

(2.39)

Cu'i c¥%ng ta thu L€ ¢ biWu th_ ¢ L., hao
v: m t phlrfn h4t fermion v o, m t hut f

T-’l /M oo ) 2 \ >
f=——— d’_rl/ dro\[ ] — (%) 5 — (%)
psn 1674 my /T ma/T

1 1
X et1—m/T 1 ] exo—p2/T 1 ]
11 I e G
X S o ni=m :3 TItTy  pg / |M[*sin 6 db.
825 T 1)le™z T +1] Jo
(2.40)
L€u T: thJ] h-a h ¢ c,a phlfn h4t tr8§i dI

2.3. NL n g ng h# h t cho qué trinh tan xXdm, t fermion, m_t ph['n fermion
vao, sinh hai boson c6 cung ki * hg€

Cp d,ng bidwst hcltotmntg hdt fer mi on v

vio th” nh hai h4dt boson ra, ta c¢-:
o1 / &pi 1 d*p3 1
psn J 2E\(2m)3 B g 2B5(2m)3 Btz o
. 1 2 ﬁ 1 ﬁi’ E:(Es—ﬂsr)-ﬂ‘ ,_::(Ea—#4r)1ﬂ' |
2FE3(2m)3 2E4(27)3 elEz—ma)/T _ 1 e(Es—pa)/T _ 1

1
x (2m)'8(Ey + By — Bs — E0)8°(p + P2 — pa — pa); ) IMP.
spins (2.41)

an)s —Bspg‘hg-

X®t biWu th ¢ B (cho m t h4it fermion v
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g [ Lhfi _ 4n [T n 1
2E;27)3  2027)3 ), T'Ei eEmd/T 110

(2.42)
T.1 O a ,tasuyra:
p_ 1 t®  EdE; E?—m? 1
 4x2 m; E2—m? E e(Ei—m)/T 4 1
"~ 4x2 ]m,- ABi E; = m; e(Ee—m)/T 41
nHid —vii=l,2,tacd
2 oo 2
oL ol (3
47 m T/ ez 41
(2.43)
V3 vdy, ta c¢-:
1 ] d&pi 1 d&>p> 1 / p
— — — Iy
psn | 2E:(2m)° Ak 2E5(27)% 2p2 Ly pgn16Tt fmy
oo 2 2
mj mo 1 1
< m\/ﬁ_ () \/Ia_ () |
m T 2 T Il—%l ;.;24_'"12
e € +1le +1 (2.44)

Sau Loy ta xy®t np  ikTich phant tt@aempe va cho’Qrnp

Q fp,chtuyO & 1R, ta thu L€ c:
£ = d&: d.r \/ — (= \/1:2— (%)2
pSNlﬁ’EA ! 2 T 2 T

» 1 1 /d3p3 1 1
BI‘_P"TJ‘+IE="2_%2+1. 167 \/m§+p§ \/m%+p§
e(E3—us)/T e(Ea—pa)/T o
X B —m)/T — 1 eEa—pa)]T — l'a(El + Ey — E3 — Eq) M.

(2.45)
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K2 i um ' QwOm B'OFTgmOwv . M )edta suy ra

2 s 00
[aﬁm —[ p d,o] smé‘dt’i‘] dcp-?ﬂ] smt?dﬂ/ p*dp.
0 0 0

Do L- biWu th_ ¢ (2.45) tr° th"nh:

2
. 2 _ (M2
£= pgﬁlﬁﬂ"‘[ d.E[/ dIQ\/ JIE ( T )

1 1
2
fcz'_'Tl'+lfe""'2_EF+l 87"./[) \/m-;+p2 \/m,|+p

ﬁf'::ﬁf‘;d — 3y
X [ BT _ )[BT _q]

x6(E1+Eg—\/m;+p2 \/m4+pz)f 2sin 6 df.

(2.46)

x

(2.47)
nHt O ©O a M a M, tacéo
P P 1
da = ‘ + , dp=padp ‘ : .
(\/m§+p2 \/mi+pz) Vmi+ ot /mi+
(2.48)
Khi} =0tacoU=mg+m,va; Y #&hiUY D
ChuyWn sang Utac@h phon theo
2
. my
£ = ,O-f,wlﬁ‘ﬂ' / dI.f dIQ\/I] — \/I%—(T)
eT1— -ﬂ- —l—le"?_‘,? +1 87
/m dor ela—p3—pg)/T
x —
matms & p[ewm§+p2—m)ﬂ‘ — 1][eVmi+e?—na)/T _ q]
xé(El+E9—a)] [MP2sin6de.
0 (2.49)
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Saukhitichphanthedd t o" n &€, ih” anblsf(QRayd@)pf ®n t h ™ n
f((b)hayf(Jo)( do t2nh chblt diEa Eti O h Uphhy@oda c -t
nghi m ph€®yngOtO3nky Q .Khi: L.

oag = F1+ By = E, (2.50)

_ \/Er“ - mg + mi +2E'"? % e QE'Qmﬁ — 2m%mi

2F (2.51)

Po

Tr<€ ng h'kphil Hech bii "1t€ ng neanul n, Utt al &"hiedan g

\/E'4 — 4E"m? E'? — 4m?2
.

f
. 2F - 2 ’
a2 2 2 2 f
ap=+/ms+ps+a/mr+py=2F=2F=F.
' A A B (2.52)
Kz hi  u:
T4 00 00 N 2 o 2
mr__ _ . L2 (M R
T /m.,; o /'—';z ﬂh?\/"r1 (T) \/IQ (T)
1 1
x

i B2 ’
ef1™T + 1™ 7T +1

(2.53)
ta co:

: _A_,m 1 20 E(C‘D—#S—M]!‘T fir |ﬂ:{|25m9d9
8 a [ewmﬁﬂ%—#s)ﬂ' _ 1] [6(\/"13+ﬂ%—#4iﬂ" _ 1] 0 '

Thygvalh® (252)vao(254 a t hu L€ c:
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i \/E"l + mg - mg — 2E’2m§ — 2E’2m% — Q-mgm%

- — Aﬂ'ﬂ' _
c 8 2E"

eT1+T2—(p3+pa)/T

x
[e(\/m§+ﬂ%—#3]ﬂ' _ 1] [e(\/m3+p%—pm’r _ 1]

f | M2 sin 6 do.
0

(2.55)
nHb —-hviQ p8vdY O O »dY &Y » &Y+ —
®w w8ng th ¢ (2.55) tr° th nh:
: :A"”i \/E”l —2(m3 +m3)E? + m3 +m] — 2mim3
8 2E"
eT1+T2—(pa+pa) /T fﬁ _‘2
X M|2sinédb.
[ewm§+ﬂ%—#3)ﬂ' _ 1] [e(\/m3+ﬂﬁ—mlﬂ" _ 1] 0 |
(2.56)
Cu'i c%ng ta thu L€ ¢c biWu th ¢ L, hao
m t phlfn h4dt fermion v~ o,lasinh hai bos
T4 oo o0 \/2 2 |, 2
£ = —  — dr dzo I—(m) :r.—(m)
psn 167 [mlﬂ' l[;;;ﬂ‘ =T 2~ T
1 1
8 eT1—m/T 1 eT2—p2/T 41
11 $1+I2—u—3;-ﬂ w ]
X =5 - S f|M|23mﬂdﬁ'.
24. KJfludh ch€ehng 2
TrongCh€hng 2, |l udn 8n L« x©y d, ng m t
ntkng 1€ ng chuy®°n bi 't cho ba qug§ tr3nt
l bly b i c¢lnh t_. v, n° SN1987A. Tr°n ch
bi°n L, tVWwn txtHgguatdb habbbsonvadh ai boson r a
cho m, c 3.1), m t fermion t€hng t8c v,
v, i m t phln fermion (8p d, ng cho m,c
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cho m ¢ 3.3, 4.2) L« L€ ¢ suy ra Lfy L

chi tiJt v o kh i 1€ ng, nhi t L, v~ b

ng§ng ch¥% T, theo hiWu biJJt hi n nay
biJn L i gili t2zch v™ chuXn h-a L, hao
tr3nh by m t c¢c8ch LFy L., ¢c- h  th'  ng,

khi 8paod§mngqus8 tr3*nh t€hng t8c c, thWw,
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CHhu NG 33U N&IC ARADION TRONG CAC QUA TRINH
ThuNG TCAMG@HINHRANDALL -SUNDRUM
V. N L, N SN1987A

Qap

V. n’ l . n SN1987A | " m t ngu n phé8t
radion,..Trong plasma c¢c_,a si°°u tO©n tinh, pho
laplasmon.Theeyl , qu§ tr3nh hao h,t nktng | € ng
bJlng s, si nhKlilgeiaw it _ onp Klanpuzzegmadn .y mpH@E smi
clng ¢c- thw L€ ¢ sinh ra th'ng qua-ch c
nucl eon, pofa L " mgtmblt thoS§t 4dtng | € ng

C8c nghi°n ¢ u #8384 Ly x[eln, x®&, h19
hdt/radion | °n qug8 tr3nh t Slectrerdosipdn.a s mo n
Trong L -, pl a-pmohi cT elmlot Wg ma)s jph as ma L «
c,n radion |~ h4t d. Lo8n trong c8c mt
RandalSundr um. Pl asmon ¢ - thw L€ ¢ phst l
ph&p th. ¢ nghi m hi n LY .nh€ quang ph’

Trong ch€ehng n"ybaglu@dmnr 8§mht it 3€mimgb 't 8
trao L i hdt radion. Mot 7 pl asmon t
l ', qus8 tr3nh t€ehng t8c gi_a electron
qusg tr3nh hpositonsikbgahaithte cglr@sysmon. Trong L -
v L8nh gi &8 s vQ tifJjt di n t&n x4 to-

so s8nh v,i c¢c8c qu8 tr3nh trao L i pho
hao .hatqe8 tr3nh v~ L€a ra ng€e ng de, i
radion-c - t ham chi JJu LJn c¢c&c t~ i |i u gfn

KJt qul ¢, a ch€ehng ba ni1m trong ba I
t2n trong Vv~ ngo”i ne. c. C. t h W: Th_ n |
ti °@rhleQrole of radion in SN 1987A cool
(Toan Vdt -h HRGHN c¢ - fARadioh effects@n Dark Matter fermions
productioninefdcol | i si onso, v~ th._ ba | ° b7 L
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Th, LT H" NiSearching radion Signatute€through plasmon production
SN 1987A coolingo I fn | €t theo th t.

3.1.Hi u_ ng ¢ a radion trong tan xdplasmonplasmon’ v, n" | n SN1987A

3.1.1.Ti/Jl di ntan x4

Xétc§c hi u _ng c. ax»¥ axi Cn Ib°an gg u & tLr
L -ng g-p v o-pl &8s moW, plt®&hmgn_ngstwald, tr a
L€ ¢ biWu di,n trong H3nh 3.1.

PV oyl

q
,,F,,
(0]

PV Pa, i

q
,,y‘,,
o}

ki,0  Fkoyp ko.p ko

Hinh31.Gi n LY Feynman c_a qu$§ tr3nh t<€hng
H m truyQn ¢, a radion c¢c- d4ng:
—1

Dy=—"—
‘ 2 _ 2 | i
q° —my +ic (3.1)

n"nh t<€hng t-Basmoaradionlapcla s mo n

—2i
L m2 PO
Vﬁ”%@ = @ maug

In@ly” kh i | € ng plasmon.

Theo quy t dc Feynpnhaéhngt abit°hnu LL € tc§ nb 3xnth:

s

|M|2 = 79+ 6cos®0 + cos*d)

1
8 (s —m3)*(9)! . (3.3)

T. biWu th ¢ 3.3, ta t2nh ti/JJt di n t§

do 1 g3 : .
— = _ — (9 + 6c0s%0 + cos*)
dQ 230472 (5 —m3)*(p)* (3.4)
Do L-, tiJt di n t8&8n x4 to"n phfn | ~:
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7 s3
3607 (¢)* (s — m3)?

T =

(3.5)
3.1.2.n, haoht nt'mg | €

n, hao h_t ntng | € ng mt t[ | @nmng nl
m i Lhn v kh i 1€ ng qua m t th i gia
T, 8&8p d,ng c¢ctng th. ¢ (2.22) ° m,c 2.1
boson, L, haoch,  tctmigng hl. @ ng :

_ T4 0 oo \/2 m 2\/ s (a2
: ~ psn16mt L1/T1drl ‘[nzﬁ-dm 1 (T) T2 (?)

o 1 1 1
eT1—m/T _ 1 ez2—m2/T _ 181
E? - 4m? eT1+Ta—(us+us) /T

.
TTRE [emrm /T — 1] [e@tm2mlT — 1] ]O |M|?sin 6 df. 6)

V. jissl © mdt L, ciphamalpst iF nsil %€l tt @i kh i | €
c., a plBEgEmE)2=EY, biWu th_ ¢ (3.6) c¢c- thw
_ T EZ—m?, ((2E-2ua)/T e
°T psn256m0 f drlm:GI S 7= (7)
x Ig—(%) ,}A ,,lﬁ |M2sinfd6.
e T —1e2 T —1
(3.7)
Qua m t s ph®p bi/Jn L i, cu' i c¢c¥%ng t
trinha%7T Yayn h€© sau:
_ 7 w [T, [ em1ta-24 2 (ma)?
~ B s @) /%Adm/—"%dm(eﬂ%*%l)g A7)
9 ma\ 2 (I]-l-;tg)s 1 1
x Ty — | — .
2 (T ) [TQ(I1+IQ]2—mi]2 Ezl—gfl—l EIQ—EF -1
- (3.8)
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3.1.3.Cac ki qul tinh s va th[o ludn

Trong n, i dung n"y, c¢ch¥ng t!'i s& vVvE¢€
phfn (c*ng th_c¢ 3.5) v~ L, hao h_,t nktn
c8§c t 437§, uch%ag trhF 12510 @GeV, gsi B10%g/cn?,
m= 19 MeV, T = 30 MeV. nfu ti°ndthech3 nh
h“m c, a nktng VOw€ mn=glL2%Ge Vi vt ©neBic 9.0RITe/, t r
15.04 TeV and b. 05 TeV, t<€hng

14
25 %10 '
——(0) = 9.02TeV
- = . ($) = 15.04TeV
2} (¢) = 18.05 TeV

Hinh32.Ti Jt di ouatindo T ®rphofhn vho, atng | € ng

n€ ng cong tr°n L th , t. tr°n xu ng oc
chon khingw=<T_ % C2adlieWi, 15. 04 nmM=1\M568eV. 18. C

, @9

T. L th cho thblymMavi it cic mpit§8&n rx Y
k8 v ng chon®kThit/ntg driadni otn§n x4 to”"n ph

et tng | °n ° W@W®ng m t gi § tr’

Trong vdt I'T h4t, tifgt di n t&n x4Y
hoHc phln _ng nhblt L nh s&€ x[y ra gi_ a
|l . n hhn t€hng . ng v.,i x8c sublt t€hng t !
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x8c sublt x[y ra phln _ng thblp hhn. Tha
nghi " m th€ ng tr[i r,ng nhiQu bdc L, |
10 *?barn, 1 femtobarn 20%®barn) L i v, i c¢8c th2 ngh
[ 34]. Ch3ng hY9n, tifJt di n sn sinh hyf

Trong blng 3.1 de, i LOy, ch¥%ng t*i t

H

to" " nvph¥fimi u . ng c_,a radion.

BIngTB8OJt di n waquatwndl 1tO0 Tn KN qul thu L
nhau c¢ hom &8@onhag 81.25 GeV1.5 GeV, 2.5 GeV, 5 Geva10 GeV).

G0(TeV) IMms=1TeV Ms=1.T2e V Ms=1.T5e V
2.26 9. 23%31 1. 3381 2. 00881
4.51 5. 82801 8. 38T41 1. 3un@81
9.02 3.64121 5. 24341 8. 1aADBPI
15.04 4. 70@d71 6. 78341 1. 058981
18.08 2.2n@d71 3.26a381 5. 1QP11T

G0(TeV) IMs=4TeV Ms=6T e V Ms=8T eV
2.26 1. 471831 3. 32821 5. 9n3EI
4.51 9. 32051 2. 09031 3. 72961
9.02 5. 82591 1. 3n@81 2. 33041
15.04 7.53061 1. 69981 3.0u481
18.08 3.63321 8. 1N461 1. 483317

T. bl ng h3w 1t hibty: n B.ZXmxd0b a r n5.91 F1®'2barn.
Nju ph®p Lo WE=10TdeVh8 cTeV¥, nkhi L- tift d
tr3nh t 8nplxads npodnashmoonn to"n c¢c- thW ph§gt
| i nh. maaln nghoay cho vi ¢ t3m ki/Jm ra
Trong 66 i k8cutBc gil L« x8c L  nh t|
qus§ tr3nh -phot xd mM'hokinng ¢c- hi u _ng r

dog 139 atlw

2 p\2
dQ ~ (1807)2 mB (3 +cos™6)",

(3.9)
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xd4 pnl at

BIngT3.s  gi.a tpAfndtc-nht8no xHgt o, ma -prlaadsimoonn s oi wvv  ii tti&nt
c- hi u ng c, a ramhiotnon "tidiv, d§d §ni & Ut rpddavok &mEcnog. ch®ahnkght €gng. ¢

a wiaA6| O paA6| O pgaAs| O pwaAe| VO t4A6| MO g4Ae| MO yale

& @ P X TP T PRC WP T cuypm BtogimpTm B XCPTT P c Xy m

@ p UBSTmwyp T PPLOTP T PRI TC P PR YypTm Yoy VB C QT

P& OQQ G| B g VBITOMET | XETMYYT | pRCOTPT | YBIMWYT | pYNC PN | O MO P T

p &t @ XowpTm W C QP T PR UXQPT P8TC @ P T cgopuypm IPTTPT

p @ru aPpCpPpWYTm T8 wu T X8TCT PT T8 WL TP T PP cowpm pBwY TP T

& @ LV TOTp T X8 wom PP X T Yp T WCTypTm pR X oM o C W T

@@ p og Yy m TXQTIPTM XS Yp T VE T WP TT PPYpPTM CBlww) T

pR L' BBA( uBig BIUTTPT | CRUCT | IHPOPN | CRYTPT | xBYpYPmn | pFpgPT

p Bt Cuvoqpm oPgmyp I VB W T TETTIPT BT W T PH wX yp 1T

p @ru PE X WTp TT PRT p@T CRXXTPT gt omp m Pnompm U Yo

c& @ PE X TP TT PR C WTIp TT Cuyopm CBtoCipT @ xompmn P Cwy

@ p BipptpTm PPLOEPT PRI TC TP T PR Yp@Tm Yoy VB C QT

pm' A6 a8t ¢ UBTTTX @ TT X8 Twyp m PRCOYPT Brmwe PR TC T Of IO T

part @ XX W C X TP T PR UXPT peiopm CopypTm ITTPT

p @ru oPpCCpT 18 woQ@Tm XCT T T8wWLET pPpcopTm PEOWY TP TT

& @ VE T TP T X8 woT T PP X T Yp T Y CT opT pR X oM o C W T

@ p og ypypTm I§Qumpm X Yo pTm VE T WIp T PPyYpmpTM CBlww) 1

pt' BRBSA6 0Bt ¢ C8tu T T ¢cdovompTm THPTIPT o8 Y T X& Yp o P pg T

p &t Chuvoqpm oPgmuyp VB W Tt TTTIPT W T W T PH wX Yp Tt

p @ru P X WTp T PRT PP XX Gt ompm PO P Yoy




973a1w0

70" 101257m®
(3.10)
Ti Jp theo, ch¥ng t?1i L€a ra c8c gi 8§
phfn c¢c- hilGuph®lgng adiddgmhh €h.ng) tw. dinh 3.1
t v nktng | € ng khs§c

nhau trong Blng 3

thbly rung ti /]t di
p h f h2790x16°H g81poradfl § m, ¢ ( 3 .
.3, ch¥ng t?i]

C8c kIt

qgqul s° <cho
tiJt di n

to" n

Trongh® nh 3

| I « -meh&€"m tth h”~
c.ov, i gc&ctr  km8cVnhBung,&. 3 d€ i L Oy
gi. i hUmadrg iv.ci ac8c ginmg(xxemHinhX3h 8c nhau
2.9e-20 T T T T
1.9e-22
13e-24 |
=
3
8.8e-27
5.9e-29
4.0e-31
Hinh33.n, hao h, tlL@logbi®undi ddnkE€cmlE hyr
t. tr°n xu ng d€ i t<€hng 5.mMg vV,
n um

i1 0g iG&® Vm «
hdn tr

ngang t<€hng . nQ .288x10¥GgV., i



Bl ng GBih®. decaté( L € x'8fct hihh3.3) ngv i

cac gia tfrkhac nhau cam.

a OQw Dol "YQ w
P& U p @ru
pd T p &I
C® Tt Bt C
u8t T ®p
pBIT 8 @

T. blfng 3.3, ch¥%wng t @&agih[blymking. gTir a
t i |i u [80], c8c t8c gil[ L« khimMg ¢ da

radiont o= 178GeV khim=30MeV t hl ng quarl g ®8§ 't& Atnh t
qul tr°n LéEy romg mayhiJmgc u n"y | . n hh
3 bdc L, Il . n.

Trong m,c n"y, ch¥%ng t!'!i L« khl[o s§8t
|l “m |1 4Ynh si °u t©n tinh SN1987A. Qua ph
ng c,a radion | °n tiJt di n t&n x99 1|~
radionvaplamon c¢c- thwW tYo ra c¢c8c t2n hi u c-
c- thw Lo tiJJt di n c¢c,a qu§ tr3nh t§&n
ch¥%»ng t!'i hy v ng L-ng g-p gi8&n tilJ]]lp v
L'i Qu ki @ LRafhfaeol th- W .288k16%Gel\Ve’ ncgh Yang t ! |
khim= 1.25 GeV t h3@30gil8.06 TelN Wrkhimd=2, 10 cGaV, ¢
hin d@&dé: 2, 26 TenV.y KJ/lta quldn 8&n L« L€ c
Journal of Physics L8nh dblu s, c¢clng nh.

n&€ng chv T 47t rofg tt&§d diil ul4d x®t LJn
t " i t h” nhgravitond KalmzeK lheoiHoc v © ¢ h A0 TeM<bIIR <r un ¢
1TeV, kh i | € ng vdt chibé [01i 1T TAVadh €, n ¢
khl thi. KJt qul 47 alLQuvmisit ttth Y%cvy ngdamh
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L/Jn m! h3-8bhnKRamdattdong b i c¢c[nh si°u t
cC.u m r.r ng theo h€ ng n"y Lang ti/flp t,

3.2. Hi' u_ ng ¢ a radion trong qué trinh sinh vat chBi t” i fermion t. va chfim

electron-positron

Vdt chblt t° i fermion Ivdtm ¢hihtt th3inhl:
t. c¢c8c hU4t c¢ch blfn lo4i fermi oB masg dpi
ti °u chuXn L, s©u quang h ¢ cho qug§ tr?3
gi [ L« x8c L nshD1fTeV kHN © @+ 30Mdo0omy h Ut

trong 61 ,i khiofung kh i 1€ ng c_a vdt chblt
Trong n, i dung n"y, ch¥%%ng t?i] phon t
hdt wvdt chblt t i f er miposiron€'€ong phln _ n

3.2.1.  TiJidi ntanxy

Xay d ng céng thc ti/J di n tan ¢ a qua trinh tihi n* hinh 3.4, trong
L radion Qtrumggianvsiah raklp.r.[khielkectronposi t ron v a

L&y, vdt chblt t i fermion.

e (p1) X (P3)

o(q)

e (p2) X(P1)

Hinh 34.Giln © Eeynman cho qua trinket Y ....[qua radion
H m truyQn ¢, a radion c¢c- dUlng:
—4

Dy=————
72— -mfs + i€ (3.11)
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Hinh35.n " nh t €©hn-dermiog-phifadienmion
n"nh t €hn gfermi@ep hr[ard i foexr mi on h3nh 3.5 |~

31 8

Vg =——— ('5 — Do — =1 )
off = Tapgy T RT3 (3.12)

Bi°n L, cho qug§ tr3nh n"y L€ ¢ biWu di,.

- =3l —1
M = v(p2) ) (D1 — b2 — §me] u(pr) P2 i

X Ty (p3) 2_<—;> [ — B+ D1 — gmy ] vy (pa) - (3.13)

B3nh ph€ehng phfn t ma trdn | 7:

784 m2m?

M|? = X 2o - 1) — 2 (Da - 1a) — 2

| M| (QQ_W%)Q (6)? [([)2 p1) mp][(p.a P4) mX]. 310
Trong h' kh i t©m, c8c xung | € ng b’ n
R Ohph f Oh ph  OF@R f  Oh @A (3.15)

N n n 1O i8

Do L-:
_ 5 2 5 9
101'102—§*an ]3;1'p4—§—m,xl
n, |.n xung | € ng ba chiQu 1|~

s 4m? o ] 4m?
A= 1- =y T
2 s, 2 s . (3.16)

Tidit ' n vi ph©n ¢, a qu§ tr3nh |~
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do 49 mim} |k| 1 (s~ pr) — m2][(ps - pa) — m?]

9 " 3% 0 7 @ —m2)? ' v (3.17)
hay:

do 49 m2m? - Llrnf((!5 _om?)

dQ 14472 (¢)? (s — mi)2 s _ (3.18)

T. L- ta thu L€ ¢ tifgt di ' n to"n phfn |

2.9 :
_ 19 mgmy, L 4m§((9 B sz)
367 ()% (s — mQ) s X . (3.19)

322. n haoht nt'mg | €

n"i v.i si°u T=©n3& iMeV, &phidOndg  cnt ncg
2.2 ch€ehng 2 fchromihan WwUdtphwl[m HhYt fer mi o
phln hUt fermion,-cl:, chanagg HhH_ht cntdrig | € nq

2
g=—" dn/ d?g\/ — | \/:r?— (—Ti‘?)
psn 167! /mi/i' ot 1 2\

eT1— .ul/TJrl er2— #z/T+1
gty
SRR

1 €I1+£2

/ |M|%sin 6 df.
1] Jo

T “+axo [

8227 +1][e

xq + r9
2

_H4
T

(3.20)

V., lisn=10%g/eml © mdt L, ¢, aenke ikl Fin° U € ©n |t
| € ng v~ thJ] h- a vichalt iderméon, eau khcbinr dtanthuv © h
L ‘& bMith c L Haoht nt nggalu@trinke'd Y ...[Ja:

e 2 2 ow1twa—(ux+px) /T

49T mZ m3 / / \/11 (%) \/-"32 - (=)
me/T Jm /T

E =

32 72 PSN g))z C‘rl pe/T +1)( ro— H+/1 1)

(21 + 22)% T?

— QmE

% (e(@1+z2)/2—px/T 4 1)( (@1t+22)/2=px/T 4 1) 2
(1 + :1?2)2T2 dxy dro
X | ——F —2my 5 5
2 (e +29)? T m(b] (3.21)
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3.2.3.

h.

t

Cac kI qul tinh s va th[o ludn

BOy
ntng

gi’

e

t a

ng

t

c.

h.

a

c

hi'

gus

n phon

tr3nh

t2ch
30c59,n g

68, 79,1 bBhg=0511MeV, m =10GeV, 200GeV,ms= 0.1- 10 GeVvad =

1.0,15,1.7,40T eV |

thayl’ i (hinh 3.8y ~

o

e

b,
H3 nh
ng

de, i

KBV  ii tcCBt

t ham

tr3nh

6 «10722 my = 10GeV, my =0.1GeV
st
4
\
4r
—_ \
E \
EEIaR
— \
° \
2 AN
N
~
~
1F S o -

. :---.. e T T T
1.0 1.5 2.0 25 3.0 3.5 4.0 4.5 5.0
V5 (TeV)

Hinh 36.S . ph, thu,6 c
14 10718 my = 200 GeV, m, =5.0GeV
n
12H
\
1k \\
\
=08kl
g \
= \
e 06 AY
AN
N
0.4 N
~
~
-
0.2k S~ ~ o
0 . e e
1.0 1.5 20 25 3.0 3.5 4.0 4.5 50
V3 (TeV)
Hinh 37.S . ph, thu, c
Ti JJp theo, ch¥ng

67

bdy &,
gi § doavame.k hgc

22
6 =10 i

s

Lfu v o.
tgh,

nhau

mg = 200 GeV, m, = 0.1GeV
T T T T

——]

C.

s

t

a

C

h.

\
2F \\
N
\\
1 S -
1.0 1?5 2‘:}“‘ ;.5 3.0 35 4.0 4.5 50
Vs (TeV)

c, #10t i /)t Q¥D.1GeVBy§ m x Y
14 %1018 my = 10GeV, m, =5.0GeV
12'\

\
1H\
\
\
0.8 Y
\
0.6 \\
\

04r \\
0.2 o~ <o

DT.D 1.‘5 2.‘0 2‘.5 3.0 3.5 4.0 4.5 5.0

V5 (TeV)

c., #0t | /it Q¥ b5.O0GeVBYyE m x U

t @theotOv 2nip=HLO0GeV, m végk &

nv,mgthayl’ © i & Ok hTeV(hinh 3.9), va@ 6= 4 TeV(hinh3.10).

bi J]

N¥Hha othho @



§ 210 my =10GeV, m, = 10.0GeV

10718 T T T T v
-
1078
— 102 F 1
=
2
fial
<
S g2} 1
m =0.1GeV
— = .m =50GeV
m_=10.0 GeV
1024 1
1028 \

1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0

V3 (TeV)

1078 T T T v . . .
e
1078
— 102 1
a
-]
=
=
& g2z}
10 m = 0.1 GeV
— = .m =5006eV
m = 10.0 GeV
104
N m

0 h
1.0 15 20 25 3.0 35 40 45 5.0

V3 (TeV)

c, am i Jjt L @ir10GeGIE§ n mx Y

m, =200 GeV,{ ) = 1.0 TeV

1.0 1.5 2.0 25 3.5 4.0 4.5 5.0

30
Vs (TeV)

Hinh39.Ti /Jt di n ©t&m xWYEPC.i@hnpmhtemu, c

noo©

t §n x Wé=10Tavoy ,

m¢=10 GeV,{ ¢ ) =4.0 TeV

10718
=
1020 f
— 102 1
o
=
T
£
=2
] -24
L
10 m =0.1 GeV 1
-_—— .m\=5.DGeV
m_=10.0GeV
1026 \
1028

1.0 1.5 20 25 3.5 4.0 4.5 5.0

3..0
V3 (TeV)

Hinh310.Ti /Jt di n k8§

68

m,, =200 GeV,( ¢) = 4.0 TeV

1078 p
&
1020 F
10552 1
=24
o r m =0.1GeV
- .m\!S.DGeV
m_=10.0 GeV
10726 \
1028 P . i . L . .
1.0 1.5 2.0 2.5 3.0 3.5 4.0 45 5.0

V3 (TeV)

x| U E PO o.ifphn i htemu | ¢
t §n x Wo=40TaVoy ,

n i



Ch¥%ung t!i L€a ra c8c gi 8§ tr s’

h" m mey aiO=1TeVvad a=10TeV-40Te V 348 ng
B[ndgS3.biJn thi°n ticJja dqu@Ptr@mea Ut m" 0.
meVv . ViO= 1TeV.

4 00 , OOI &

M6 P8I YQ U 6 pB YQu e p&YQd el TYQG
T T |18 I P T pBL @ P T P® Cc o Tt CupipT
T | PPTMNMEPN | TPwPpTPTT | YPTYPT RBXYWT
P8t [T M QT pBOL @ @ T PO Cc o CupipT
G P OMPT | XPCOMT | PBWOTP T PP TP TT
o8t T | 08P P P T PX @ T yp T PH X TL P TT CBXopTm
VBt T | PP TTTT WP TT TR 1 o1y yp 1t o) X X up TT
X | LT |acB®PYUPT | X8 QO PT | pBT X P T
PBIT| T& MY T pdou L Yp Tt P® ¢ ¢ Xp Tt CuUmMma@

KJt qul blfng 3.4 cho t hbly27xil0&barnr
t . 4i40x10% barn.

T€hng t nh€ tr°n, ch¥%hng t*i x8c L
tinhe'd Y Gqgua t€hng t&§c photon. @E¥mGlL” F
qua trao L i photon xem h3nh 3. 11.

e (p1) x(ps)
v(q)
e*(p2) X(ps)
Hinh311.Gi [n LY Fey @ ;. fqhuln g r¢ updioton.r ao L°
T. tift di " n vi pho©n ¢, a qus8: tr3nh th:
do o 4m?
dQ  16ms Vs (3.22)

x [ 12 (s(1 = cos?0) + 4m?2 (1 + cos? 0)) + d2 (1 — cos® 0) (s — 4m2) | ,
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ta t2nh L€ ¢ tiJt di n t&n x4 to"n phfl
0 i )+ (s — a2
0y = & - Lix(s +8my) + dy (s — dmy . (3.23)
T s tifJt di " n to"n phfn c¢c- hi u _r
o 49 x137 m? m?( (s — 4*rrr,§) s
oy 6 m{(p)2(s— m3)? [ 12(s +8m2) + d2(s —4m2) | (3.24)
T. c¢ct'n@3.thd4), ch¥%ng t!ri thu L€ ¢ t°
nhau trong B[ng 3. 5.
B[ng 35.T s gi atifdi ntan¥toan pfng aquatrinhe’d © ...[c - hiradion n g
so v,i tr€ ng h'‘p @ h——eha phpotedi. p, LOY,
TTeAd pTehd TGeN8Gel BiGeMt T plle 8
G 0Q( _ L _
M p8UYQA M p®'YQW W p&YQW W 18UYQG
T T | VBTEUL P TT C& LTI T P LQgTIp T oPp QL T
VBITL | PR Q@ T | UBHCXTPT | T YN W | XBP G Yp T
PBIT| UBTOGC PT | CRUT@PT | PRUCEPT | 0P QU TP T
KJt qul cho thbly ti/Jt di n t&n x4 th
L i photon t. 5 LJn 10 bdc 1. n, LiQ
c- L-ng g-p c,a radion (nJju c¢c-) s& mUnl
Cu' i c%ng, trong h3nh 3.12, ch¥ng t°
nh€ m t ¢l m cy.ai c8c gim§ tr  kh8c nhau
Bfng 3.6 d€ i LO©y ch¥%Wng t!i Leadra (g
ng v, itrc8ckhgiigmtehmgl €aditon h3nh 3.12.

Bl n @ GBihthd @c¢ akdv ng chan khdng radiotbséx

4 00w Bedl "OQ &
p ofp Y
CMT ¢po
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e 171, = 10 GV
-y, = 200 GeV

27e33

1.8e-35

P

Hinh312.n, hao h_ td/Mdi(GeVytheod& nm€ ng tm2n _ ng

100GeV, L€ mg mv€D0GeV. n€ ng ngang®O |~ m
7.288 x 10%" GeV.

Trong nghi8fn, cgtial smrat rfong -KEOTGey. 2. 1
Nh€e vdy, kJt qul nghi °n ¢. u c_, a C¢hedung t
[17], tXENOYBD th« | oUi tr7.10%cE%=710810t di
cho kh' i | €nyergGeMdt ThBt diin t&n x4 tr
bdc v, i c¢c8c kJt qul L., nghowO=10Tevi/Ju t i
40TeV thi quérinhe'd Y ...Jho"n to"n ¢- thW ph8t hi’
ki-@ .2B8x1097GeVvamt hay 1I0GeVt 200@eV, gi . i hyj
chogcagi [ r.18Ge V x Al36Gay.

Nghi°n ¢c.u n"y c¢c,n c¢c- thWwmgc,retdn2g ot
YO Gl - vdt chblt t°i v ht€.ing, hoHc t §i

33.Hi "u . ng c_,a radion trong s, positomh pl a
331. TiJt di n t&n x4Y

Trong m,c n"y, ch¥%ung t!i khldhth ¢
r~ng bu, c thieed oguat rgaolfglasthoh.n h

Qug§ tr3nh L€ ¢c mt tI b°i giln L Fey
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e (p1) p(P3)

€+(P2) Tp (1)4)

Qo

Hinh313.Gi [n L Feynmea#ay oobhqua utSr a o 3lh'hi r
n"nh tehd(@) tegor '‘dg)dalng:

3i (. . 8
“2(g) (=12 - §m). (3.25)
H m truyQn ¢, a radion spin 0 I°

—1i
Dy(q) = 54—+
old) = 2= Mgt 1 i (3.26)

B3nh ph€ehng bi°n L, t&n x4 t2nh L€ ¢ tI

4m2m? ‘ 4B AE?
(M| = ——— 4 Y [(p1-p2) —m] ("” mh  mZ
(@) (4> —m2) A Al (3.27)

Trongh kKi©®m, t ng xung | € ng c,a c8c hyut
ne N nNp nNp T8 (3.28)
Xung | € migQb @, a c8&c hut L€ ¢ vifgt 1 Ui
n Ohph n Oh ®ph
n  Omp, n Oh P8 (3.29)

Theo L nh | udxtunbgl ol € ongn nttan gc - :

0O O O O i Wwh (3.30)
v.i m i hUt%i $sstd & - Ui°nta thu L€ c:
ntnp OO nptRp OO0 1 ——8 (3.31)

Ti/Jp theo, ta thu L€ ¢ tiJt di n vi pt

12



do 1 |P'|W 1 1- 2y m2m’
dQ 6472 || 3 @) (s —m2)?

 64n2s

T. L. ta t2nh Lepkfnidédngi’

< 2
2+ (1——2)
QmA

m2m’ 1

77 & (@)4 s (s —m3)?

[
jay
3
=
ol v

' (s — 4mz)

1N
S

3

| =
. b2

1

s

332. n haoht nt'mg | €

Cp d.ng cilng th,

cho qu§ tr3nh t§&n
kh i | €

c (2.57)
x4 m t hut

ng, ta c¢-
. T4 o0 ' oo ‘\/2 N 2\/.2 )2
T psn 1674 /ml/TdfM/;nQ/Tdm Ty — (T) x5 — (T)
1 1

eri—m/T 4 1 eza—p2/T 4
11 €:€1+I2——u' ;“’

St 2 [er_lgi_%é - 1] [e%ﬂ‘% - 1} /{; |M|%sin @ df.

Sau m, t s’ ph®p bijJn L’

vigt 1 4i de |

quatrinhe’d Y oo L €° ¢

‘ 2 ‘ a2
. m‘.r"ﬂj'__llf-l e Jr /-'x, J. 1/1-12 _ {g}‘._} \/1‘:; . (.'.u,}
- = aar . 14 iy ara I
G4m psn (@) S

me/T {f""' pe/T 4 1) (._r--rzhrr,f')’ I 1)

| T XS i _"
(ri'—-_!-—“—"'r'l — 1)

x
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(3.32)

t 8§n

x Y

(3.33)

m.,

f er mi

(3.34)

bi Wu

dUng:

2

h.

t

.3

on

0"



)

’i.."| i .:'-_:_!l"}'f"" LH.';"‘ T2(r) + xa)*\ "
W = = |24 | - —————— .
= 2m'1

{i.r. b 29)2T? mi]

(3.35)
3.3.3. Cackijqultinhs vathlo ludn
Sau Loy ta x |1 XUsv chbngil]€ ng mhao
v, i c8c gi 8§ thntd khBca nhaa3®g ja {h¥%og[ L1
m = 0.5- 50 GeV,& 6= 0.001- 9.0 TeV,ma= 19 MeV, T = 30 MeV}sn= 10"
gem®l © b, tham s Lfur¥¥nb. bTyosg phpht e
x @WvaoOv . i ba §avg mt=r0 Ge¥., a
252107
() = 9.0 TeV
—-— (¢) = 2.2 TeV
(¢) = 0.9TeV
25
A1.5L
E .
0.5
0 Ry

50 100 150 200 250 300 350 400 450 500
V5 (GeV)

Hinh314.Ti JJt di  n td&na xdHu & 8taym3pmthfFenhu, ¢ nt
| € ng NOve m =x0GeV.
n“ th cho thbly tikhindd€®, in 3@ nGeW, gs:

di n t8&n x4 to"n phfn vBddan cxh&on s u Bit¥ntg€
c8c hUt v o gfn nh€ nhau ° <c¢c¥%ng LiQu ki

Trong blng 3.7 de€ i LOy, ch¥ng t11i C

t o" n pddipmtham gia vao quénh.
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B[ n @S i thién i} di n tan ¥itoan pnc . a

m v i MO=1TeV.

& 006 , OOIE
M8 WBTYQw e 8 YQw e TBYQW
T® T PR T Cp T T® pYp PA T Cp T
P8t T PR T Cp T T& p Yp 1 PA T ¢p Tt
U8t PR T Cp T T& p WP T PA T Cp Tt
q B P& T op T T CCP T P& T op T
L BT p® L TP T T® T TP TT pd® L TP T
4 000 , OOl &
M8l TBTUYQa et 8T TYQ( Beél T8 TTYQ ¢
& 1T PH p wp T PH p wp T pETpCpPp T
1.00 PH p wp T PH p wp T pETpCp T
L8t T PH p wp T PH p wp T pETpCpP T
G Br PH C TP T PP C TP T p8TpCpP T
L B PH C XP T PH CXP T P8P XPp T
Ti Jp ltuhdeno,8n kh[o s8t L, haeed gyt ntn
t racgadibnTir ong h3nh 3.15, ch¥%ng ti bi Wu
tr’ k8 v ng ch®©n kh!'ng c¢, amr@5dioGeV. v, i (
2.1e-09
e M = 0.50 GeV
- = My = 1.25 GeV
9.4e-14 f myy = 1.50 GeV
—_—— 1 = 2.50 GeV
myy = 5.00 GeV
4.2e-18 myg = 10.00 GeV
;1.9&—22
‘W 8.8e-27 4
4.0e-31 °’*~rv.‘;-‘:-.___:_' ________
1835} i e R R
8.2e-40 . '
0 1 2 3 < 5 6
() (TeV)
Hinh315 n. hao h-teodlit mg€ In® mgang |~

mn

cC gi-=7.28%MA GeV.

q u & Otop,thenhamea



vabfng 3.8 cho gi.i hWuou odee Vv, c_m8c88g
v, i LiQu Kk#7.288x10”fGeV. c_ a

Bl n@Gidhth _dceatwé ngvicacgiairg am.

a OQu ™ 1m| P8t P& L PR T | ¢ TT| vt | p BIT
M6 "'0Q 6] WwCHPW ¢ T@PX| P LAY p CENG| X @ Q| LBIO| TV

KJt qul t. Dblfng 3.8 cho thbly ng+€. ng
gagi [ mmkhikKgim= 0.5 GeV t h3 ddcg€ 9n2¢6 .d6®, iGe
khim= 10 GeV th3 g€ A§.d® Ge¥.an8ng cht?
Kumar Das et al . [ 80] &&=3197 Gevehoo =50iIM8V t r

v "  @Q=407 GeV chan =100 MeV trong quatrinhf © '’ trao L i r a

Nh€ vdy kJJt qul ¢, a ch¥%ng t!i <c¢- th
L« L€ ¢ nhdn Ltng ° tUp ch9i kh'ogHahdhc k1
Metropolitan University, Natural Science and Technology).

34. Klflu&h ch€ehng 3

Ch€ehng 3 tdp trung pho©n t2ch vai tr
sao v, n si°u ton tinBusHnIBM7ADtaohn
k°nh t€ehng t8c kh8c nhau, ch€ehng n"y L:¢

-~

t §n xUY v'nktngc I nmbltc, a | »i si°u ton ti

s’ c.a m! h3nh ph% h' p v, i d. i u qual

N, i dung m,c 3.1 tdp trung khl[o s§8t
théng qua qua trinbbkY % ( t r omb " Lpl asmon) . Ngo" i r
rng hi u _ng c¢c,a radion c¢c- thw tr° n e
tiJt di n t8&n xY9 L4t t, i 2gihg ttrrong5.v91 c
s. t°n tYi ¢, a radion. Trong vdt IT th
quan s8§8t; L"ng th i L€ ¢ s d,ng LW r"~

hdt yJu kMBSM. trong c8c



K/fqum c3.2chothygiatrtijdintan¥leld Y ..f ht ng qua ¢t
radi on t2@%xy10%ib air Mm4ax10%bar n v "Gtlr,am Hhn ph

t . 5 LJn 10 bdc L, l . n, Li Qu n"y cho tFh
c.a radion (nJu c-) s€ mUnh -DRB8xKGFT k h?
GeVvamt hay 10Ge Vt 200@eV, gi. i hUrmagielin t.h

918Ge V x RAl3Gay.

N, i dung m,c 3.3 L€a ra gi 8§ teed til
Y apxc:- hi u _rragi o nad544038barnl’ /J1017x10%barn.
Khim= 0.5 GeV t h3 &acg € Nn2g6 .d6® mGetl Ga¥ thi k h i
ng€. ng d&& i 4£9.a45 GeV. n&ng ch¥ T, the
[80] t3m L€ ¢ gi®i=197 GeViehot -n H0S, Me & =07 ¢, a
GeV chom =100 MeV trong quatrinn; © . Nh+€ vdy kIJJt qul
|l . n gblp L*i | fn kJt qul n"y. V3 vdy, L

C&c kNt qul tifgt di " n t&n xY9Y to" n g

kho[ng femtoolbamrm. Trong khi, thang b
trong c¢c8c th2 nghi m th€ ng trr[i rn
femtobarn(1 picobarn =10 *?barn, 1 femtobarn¥0®*bar n) L i v, i «c 8§

m8y gia t c¢c LiWn h3®nh. Ch3ng hUn, ti ]t
fb. Nh€e vdy, ti/Jt di n 4pl8smonxelectrogositrorg u § t
thing qua trao cl it hrvd dpiho8nt hhoi” nn tLlo€ nc. n

vQ ng€e ng gi, i hdn d<e€, i co@c -k 3t hwW nlg” csh
bu, ¢ quan tr '  ng cho vi ¢ t3m ki/Jm radi:¢
| © ¢ch s° mang |1 44i nh_ng T nghoa quan t
Ltng b"i ° ¢l tUp ch2 trong n€ ¢ v ° qu’

77



CHhuNG MENG GERUBYT VéOo CCC QUC TRCNH Thu
Trong ch€hng n"y, ludn 8hUYs&vito3qghtg
t €hng t 8c c- S . tham gia c_, a h-Wdsitran, a a
kinh LiWn. Tr<€ ¢ htlh,clhidhn 8lh, xtOn dx % g
phfn v™ L, hao h_t ntng 1€ ng c.,a qus
qul tiJt di n t8&n x4, so s&nhhWt /i Lg8ungh
s L., hao h_t ntng tI& .ngHaci, a hgfun§ ct, ra® nchh
b"i ° tY9Yp ch2 Communi c @npartcte £ffedtsnon Panky s i ¢
Matter production from photon and axibni ke o v~ t Yp ch2 VNU
Mathematics Phy s i ¢ s fiUnpartideieffects olpl@mon production from

electronposi tron anni hilation in SN 1987A0.
4.1. Qua trinh sinh vt chbit” i fermion t. photon va it t a axion

41.1. TiJidi ntan x4

Gin LY Feynman c¢c,a qu§8 tr3nh t<€hng

a(p2) X(pa)

Hinh 41. Giln © Beynmancho quatirhyY ...[t r ao-h Bt i u
H"m Lagragian & (o@,) ajph uig Yamg 08¢ :

C. Gy e
Lint =~ Pa Fyy 0"0Y + — o Fpy 0O,
Ay Ay , (4.1)
trong L-
A=t By
Ay Ay (4.2)
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Lyl 7 tr € QulgT ax oWt tc- ut hdo,ugyt hang htnce
I Hicr €n g-h €¢s,/C4li h3ng s t<€hng t&8c khtng
c.a qus§ tr3nh c¢c- dUng:
agﬁinl :A(—Pl 5;)+[)1)(5/)) q,u Y + Be I?(_pa) gp;? q,u 5v
D 0A, 005 o T e i
= [A (*pl ' Q) 5:2 +p1eq” + B Eopap p(llgpﬂqﬂ] . (43)

Theo quy tdc feynman c¢c- bi°n L, t&n x\4

ey 1Ay
iM =, L A[=(p1-q) 67 + p1og”] + Beguas p"g"° /}‘_ o
i p{ [—(p1-0) 8 + P16¢”] + Beouap 17 9™ q QSm(duw)( 9°")
9 Condu—2 _ 1
X (—q° —ic u(ps) (Civn + Coyyys) —— v(p4)
f ’ THAT L 2sin(d, )

2

. du_ ]- — a o
x (—=1)(—¢* — ic) Wu(pg) (C1Y” + C2v7y5) v(pa).

(4.5)
trong C;Cohublts hi n “udcChatux ot @hnhgift@®eng L°
tacu ava

_167%2  D(du+3)
dy = (2m)2du T(d, — 1) T(2d,) ] (4.6)

o

Sau khi t2nh to§n, s€ thu L€ ¢ b3nh ph:

M == D4 JAP U + o)) + 2ABE (1 = 1) | [(a-p0)ea-pa)a - pa)
+ (ap)(rpa)(a-p)] = 120 APICa (ap1)*(s-p1)
= 8[IAR (11 + [Cal?) + BE (11 = Cof) | str-pa)n-p) },

4.7)
LABt, rong c!ng8)vwaxh, c (4.2,
_ du _ . 2 i d‘u—2 1
 2sin(d,) (=0 —ie) AduT1
(4.8)
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h 3

Trong quy chifJJu kh i t©m, xung | € ni
pr = (E1, D), p2 = (E2, —p), ps = (E.k), ps= (B, —k) (4.9)
E:é E, E,é E. (4.10)
Nh€ vdy:
S= (pL+ P2)®= (ps+ pa)’ = P = 4E7, (4.11)
s 4m? - f 4m?
L Ry L S Y
2 2 s, (4.12)
Oy~ nktng | ®vamgl Ftn§nl & 4%, | © kh i | € ng
vdt chblt t° i fermion. T. L- ta c¢-:
s 2m?
e (- 228)
s ), (4.13)
,g-( 2m§<)
p3-pr=5|1-—
2 s/, (4.14)
s | Am?2 4m2 ]
";()]-})3:])2-])4:i 1— 1— ; 1—T' cos 6
i ‘ ' 1, (4.15)
| 4m2 4m? |
1?1'2042292'1?3:1 1+ 1 — g' 1— ; cos f
‘ ‘ 1, (4.16)
5 2m? E
¢p=5{l-—], q-P3=q-p1=3
s , (4.17)

trond "L -g-iwatei h ay

c8c

t a

t hu

=)

C:

3 2
M2 = —D? "5 {2(|A|2 +|BP) (IC1]* — |Caf?) (1 -

— [lAP(IC11* + |C2l?) + | B(IC1 12 = |Caf*)]
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A2 A2
< [1-(1- J”‘ﬂ)(l "“)cnsﬂal}.
5 &

T. biWu th_ ¢ (4.18), ch¥%ng ti t3m L€

(4.18)

d E -
T 64;23 %W - 1921?r23 ‘/174;3 smzn -
s (4.19)
trongsl -B gs8 (4.20)

Ti Jp theo, kJt qul tifJt di n t&n x4 to

2
VAR AN 1
_ S 8 du 2ly—4
7= 3847(' 2 - 2 S A4du*2
| dm2 sin’(dm) ]
s

2
< {[ = 1P RICn + 1) + 2ACuP (16 = 1)) (1 - 222)

2 2

- m?
+3‘Cg|2|02|2(1f2%) (1f2—*)
s S
2 2 2 2 2 2 1 ma m}
# LI+ 10) + P (163 = i) [1 = 5 (1= a72) (1 =00}
(4.21)

Apdngcongthctng qu §thaothi nimting , | €acbhtuc LLe
haoht n £ nggalgu@trintay ..frao-hl&ti |G :

T4 /OO /OO Ma\ 2
£ = —02—om— da daxo 21\ /22 — (—)
307270 psn S, T V"2 T

y 1 1 VT2 () + 29)? — 4m?
er1—py/T _ 1 era—pa/T _ T(x1 + 12)
x v b2y /1 _-"'i- L 2dy -1 1 |
GEDIGEDIECD A

(4.22)
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X { [1Ca* (2101 + |C2I*) + 2G4 (IC1* = |Cal?)] (' -

., N 2m? 2m?
_ 3Gy 2|Ca? (l - —) (l - )
- o

O (IC11* + 1C2f*) + [Cal*(ICuI* = |Cal*)] ['

gy &
2m;
5

L bly
di

b, tha# &’
t 8n x4

pIVES [B3],% " o
n phfn

y
(7))

V() + 29)? —
T(x1 + x2)

p[27]

t o” L,

v

2
Ad[:

sin(dym) |

3072 WJ ,OSN 0 Ma /'11

1 1
e;{:l—,u.a,./T -1 er—/.Ln./T —

1
4dyy
A"

9
my

S

2y —4 4m? m

a

S

P
4mX

.El—‘y-:rg—QpX/T

(er1+ro Hx n 1) ( T’( + 1) Sil’lQ(WdU)

2 my
(4 m )

4.1.2. Cac ¥} qul tinh s va th[o ludn
Th,

Me V
TeV, d) =

2

X d U

2d—1
1+ °

a2
m

S

1

Ady —2
Ay

X

hi’

[59],
1.6

phfnuiv-

C n t2nh
kK h" i
LJ]n

M3 nh

t 0o8n
| € ng
9 [ 26,

s’ v, i
h 4t

27] .

c., a

1.
4 . 2.

T. h3nh

9.

4. 2 ch¥%¥ng ta c-

v. du=1. Trong db=a 1.r6€ nlg. h,

pl .
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2,

2
&) L (4.24)
S

+2-—4
S

hao

b,
t
Ch ¥ng

t hW t th_E@iy

8

c h¥ng

t

h, t

(4.25)

G:\Sl’O | i
cw@=laxi
t

L

wie gt d

L

nti

H
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m, = 300 GeV, mx =10 MeV

=16
=17
=18
=19

m, =500 GeV, m, = 10 MeV

a(barn)
N,
o(barn)

Hinh 42.S ph thu c ¢ atijdi ntan¥lg aquatrinha ® ...[vaoni., L ©gmd=
0.1 GeV, m= 300 GeV (tréi) va g= 500 GeV (phi).
Ti/p t hvdhey, rl» mHn e a vht 1én qua trinh tan%a
....[’chang téi so sanh/idi n tan ¥¢ a qué trinh nay v quéa trinha &% ....[théng
qua trao L i

trinha & ...[b Jon g

photon. Do
c8ch t€ehng 1t

vdy,tancdclamua t i
nhe€e tr °n.

Ch¥ng t i «c¢- BQu,nhofp Phafpga: t 8¢ c. a

- e ‘ Moo
I/(L’}"‘;' - 2 ,(}m,- Jelegite] ql QQ ) (426)
Tiflp t_,c biJn L i v° thu L€ ¢ b3nh
qua trao L i photon b3ng:
. 1 s? . . 52 Am? )
My 2 = = i [5(@ —dy) = 5 (i = dy) (1= —=) cos® 0 + dsmiydy | (4.27)
L @vadsl = mopmmgactlve mo mmyr c | g a vd chAl
t"i fermione. Cu i cung, biM th ¢ ti/T di ntan ¢ a quéa trinfa & ....[thdng qua
trao L i photon c¢c- dUng:
2 2
Yoy (2 2 ( 2’&) o2 2]
U”’792167r [""("*’*x d.X) 1+ . +12mxd><_ (4.28)
Ldp blng s i u gi8& tr° tift -dHtn t
v’ khi khtng c-his, tham gihaiclaput” ™ s’
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Ny

s LfusuvlITeV,das 100GeV: t

nhi Qu m_ ¢

ms= 10MeV, du = 1.6.

BT n @ TiAd ntan ¥toan pfing aquatrina & ...[K h i

n £mg300GEY vang = 300G8\ B n htatua m h

TeV'L'Q

¢+ u-hit/phatan va’

TeV'

ts .7, tUi c8c m c¢c nktndg | €n@g¥khs§c

W 'YQ® , QO1 ¢ , QOO & T,
P8t g oTLIp 1T PE WT P T PF X X TP T
G8t Wp TX P T VP PC P T P QT P T
o8t PETT C Yp T PP PP T YBox Y up 1T
T8t PH L WP TT 8T (p TT VpuLvTpT
L8t PE QG PT |08 CPTPT | CBPOPT
3t PELLTPT |THT QTP T CpogpTm
X8t P8 cwP T P COoXpT CEXemp ™
8t PR p @ p TT g v wgp T PR OGP T
w8t P YPwg T P8TT L TP TT P® ¢ T TT
P PH UL @ p TT P& WT @ T PE Yo p T
p @ PR C MY T PR op T PP TP p T
p &t PRYppTm pRLYTp T o) PT Yp T
p &t PR oY T Cpyprmpm g oppp T

Blng 42. Ti/j di n tan ¥itoan png aquatrinfa ¥ ...[k h i

¢+ u-hit/phatan va’

ts ,%, t4i c8c m ¢ nktndg | €n@g¥ khs§c

W "YQ® , QO1 ¢ OOl ¢ w Ko
p8t PE WT ¢ T
G8t Yoy VP PG PT V& WY
o8t OBPMIP T PP oppT C® wp
181 o8 Yt |CFOT PT | p® WC XP T
L8t od vowpT o8 C Q1P T PH TP TP TT
@3t oX WYPP TP P XxXuvpTm
X8t TFCT PN [ GBCOXPT | gFQT P
U3t T UM T g vV wE T UV C X P TT
w8t T8 ogTpTm p&TT L TP T T8 CWXY T
p Bt HpXxPTm PE WT ¢ T o® X xypm
p @t T wCpTm P® @ p g T o8t WTp T
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p @ TRWVUWPT [pHLVYTPT | QYT T
p &t LR PXXPT [CPYPTPT | BT QIPT

KJt qul chotrtdrbly , k lgd-Big ¥&. MBtomiyl dTTe V
-13 TeV v" khi -rk4ttil}tngdig -np tcgna xud c_, a q
t . 26 LJn 28 bdc L, l-hHt so v i K hi k ht?
4.2.Quatrinh h, ycHpelectronp o s i t o nu-ndr awolngra k&iplasmon
4.2.1.TiJ di ntan x4

Gi[n LY Feynman v~ ct8c® nth nchh a @hnig: t ¢

e~ (k1) Yo (p1)

et

et (kz) Yo (p2)

Q

Hinh43.Gi T'n LY Feyecia¥magugo-h B8 nhu
An " nudie:

; Ao Mg
L — Jl’
ATt AR
An'nhor r

4i)g

e (=p1-p2- " +151h) -
{1

H m truyQn c¢_a h4t v! h<€e ng:
'Z.Ad'u - 2 o dy—2
Ssin(dm) 7 ) | (4.29)
trong L-:

L 16727 D(dy + 1)
“ d“ - (2,”)2(11.']_—‘((1“ —_ ]_)F(QdLl). (4.30)

Bi°n L, t&n x4 c¢c- dUlng:
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(id1 — A277) iAd,

iM =0 ) i (—q? e\ du=2 .
¢ U(kQ) Aﬁ.”_l QSln(duﬂ') ( q LE) U(k])
4"/\ ny v
.+ (P g+ PR - p)E (o). (430

Bi Jn L'L¥€ ttabmhh ph€hng bi°n L, t&n x4

— Az 162
M = [(k2) (i — Moy Yulky)|” —2 3
M = [olh2) 0 = Dy )] 4sin”(d, ) AfT—2

2(2dy—4)

X q (=prep2- g™+ PiP) (pl-m-g‘“’ +p’fp§)

X €, (p1)e,(p2)ew (p1)ew (p2)- (4.32)

Chiuy:B R | R N Q , ta co:

2 42

142 X2
IMF " sin’(d ﬂ'd)u' Add,._glqglgd“_'l (—p1-p2- " +P1P5)(—p1 - P2

v ' ! PPy’ P2u Doyt
Xg””"‘P‘l’PS)'(—gpp"" ;gp)(_gpv"'l' ;Qu)
A A

4[N = N) (ka2 - k1) — (A + A3)m?]

(4.33)
1642 N3
M2 = D |22 [0 = A3 (ke ky) — (A + A3)m?
| M| sinz(dnw)Aﬁdﬂ-—zlm (AT = M) (k2 - k1) — (AT + A5)me ]
X [2(p1 - p2)® +m}] . (4.34)
X®t trong h° kh i t©m ta c¢c- c¢c8c xung |
N Ohph Q Ohiphn Oph nn ©Ohiph
Nh&ytacéi n 10,
2 2
A= L1l = T
2 s . (4.35)

T. L+ biWu th_c¢c (4.34) L€ ¢ viJgt 19i 1°
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2 )2
M| = 16A43,73 C2dy—4

sin?(d,m) ALt —2

(4.36)
2 SQ 'TTL2 :
X {(AQ A2)2 (14_) (A%+/\§)m§} {21(12?“")2“71;11
Ta thu L€ ¢ biWu th ¢ tiJt di n t§&n
et 17
4m?
d_G' — 1 1- SA A?iuAQ 2dy,—5
aQ 1672 | _ am? Sin2(du7r)Aﬁd“'_2 '
242 2 42 s* nlgl
X | (AT — A\5)= ( A2+ Am? | [2=(1 —2—2)? + m
4 s (4.37)
AG A3 - 5700 1 tma 2 2, 12y, 2
= du S| (A2 22 A2 + A2)m2
A sin®(d,m)AS—2 [ ama l( ) { i Q)m}
52 2m2\ 2
x lE(I_TA) +"'”f**]'
(4.38)
Khiil & ,taco:
AQ 1)\232&“—5 4m
4”3
" 1A [().2 )3 (A2+)\}m]
s (d,m)Ay™
2 22 2
X [%(1— mA) +mj1]
5
(4.39)
Cp d.ng €2n§7)yhtznh L, hao h_t ntng
hdt fermion v o, hai h4dt boson ra, ta
ntng | € nged] ¥apa§ tr3nh
m me\ 2
dx \/:r — \/332—(—6) :
012WJPSN /1;10/1'" 1/W/tr ! ’ r
r1+r2 24
X . | M2
FE ey (4.40)
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Thay bi Wu t h. 6 )

"0 biWu th. c (4.

' T4dv—2 )\2 AE,{ / f / ’.rm
£ = id dlz
647 PSN sm dD 7' A v me /T me/T

er1tra—2pa/T

2
X 13(&>
2\7 (H—LH)(IH%“)(

J]aﬁ)ﬂz nA 2
e” 2 T —1)

say—2 | T m : 4
X (21 + 22)" V7 7(331 + 29)4 1—2— +my| .

4.2.2.Cac ki qul tinh s va th[o ludn

(4.41)

n, hao h_t nktng | € ng d<€ suvdUng 8" m
t dukh&8c nhau L€ ¢ biWu di_._n ° h3nh

4 . 4.
1><10’2f:
|
|
08 1
MRS [
|
osf !
~ I
3 I
o |
04 |
|
|
02} i
\
\ g
701 0z 03 04 05 06 o7 08 08 1
Ay (TeV)

Hinh44n, hao h_ t-trterog h'@.recgn& agan3m ngang
v.i gi.i h4ln tr°n-¢728%107GeW.ao h_t nt
TiJp theo, ch¥%ng t!'i Ls®a mdnyge.8g

BIng 4Ng€. ng gi.i h®nnghaothhnglgbunyn

Q PD P P | pB | CB q& G® | ¢8

Y YQuo@T (p@U | USTYTCE XTI T X | T TT( TP Q| TP T

Tr€, ¢ LOey, c8c t8§c gil khSawna&mngrbnrog
kholng t. 1 TeV LLJmeN0 LTj@V 3[ 4%V 131 ..
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thu L€ ¢ ph% h’ p v, kJt qufl
hh®., ph, thu, c c_,a tiJt di’
tammi L€ ¢ bi Wu di_. n trong H3nh
-
0 2 4 B\/-;? (T‘:._\IJB 10 12
Hinh45. n™ th™ ti ]t
Nh€ ch¥%ng ta c¢c- thW quan
blng 4.4 v 4.5, ch¥Yng t?i
b i u b [ msgax=l, 3=aWMC, mac 8IMeMW, eablls ~ :
MeV, i = 1 TeV L/Jn 13

4.5,dy =2.1,2.2,2.3,24.

Bl ndg 4Gi §

t

(e

cung

trong
t 8n
4 . 5

qla quéartrinte*@ @ o, % tHeolli 0 * n
s &Trorigcach 3 n h

Tde v1.6,1.7,4.81h.g9 by ngt 4o rlc

t i J]tc  c@d trimhe'd 8 oo xh&bMitva “in

c 8§c Wy, vsdu<2.
N , OOI &
NO & Q  pH Q p¥& Q  p& | Q pd |
¥ oO@THQ(Y pALYQCY LIIYPTYQU ¥ & X WA
p8t ®oopm P8t Y @p T & wp T LB PCp T
q8t 8 gpp T X8 copTm G oop T PXTTPT
o8t @ popTm Cpmp T ypxppm CBTMOpP T
a8t PE WwpP T VP @ Wp T drugpm Up X yp
L8t CE pwp T WpuL Pp T P WP T PR C gp T
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08t o8 o Yp PH Mwp T X® mMwp 1T od ¢ mp T
X8t X XPT 8 X XpTm PE O TP T ppoppT
e Pu xpT O MTPp T PR Yup T wfop @p T
w8t WBTwEp TT vt xp m C¥ T Yp Tt Pp® pup T
p Br PP X PP T PXCUpPT o u mp T CgpTpT
p @t P& X Gp T X Ycopm V& COp T Op C TP T
p & pRpTPT PP QTP T QBT TIP TT 8 gyp T
p @t Cd wwp T P8 mgp ™ Bopup m VO wtpT
B[nBEGASE tr  tilJJt cdia ng @8Pnpaddohi v, " in P& d nb,
(dy, u),du>2.
N , OO1 ¢
NO & Q P Q ¢’ Q c® Q c8
¥ TXYQRY TWTHNHQ(Yy 1T eYWQ( ¥ T mMYQU
P8t CpTp T O COopTr PB T wp ™ od YxpT
8t OPT OP T pY X op ™ V® wop T P T Ip T
o8t oPULU XPT PO PGP T T®YPwpTm P® Yup T
8 PE WXP T Vg pYp T rwop T g oyp
L8t o8 e¢p T P® ¢ op ™ 0D X Yp 1 CT TPT
@3t XX CppTm oCPULTIPT P COop T yp x op 1
X3t P® C pp T Xuxpm oYPT (P T pPBo Yp T
U8t Cg oyp T pE vTpTm X wop T TTLwop 1T
Bt T® wXp T Cd v Yyp P8 p wp m X8pup T
p Br X& T wp 1T T T QP T cg vup T P8 ¢ Yp m
p @ PP PGP X TOop T 181C wp @ oupm
p Gt PP o TP TT P8t p Yp 1 PP ouvp T OB QTP T
p &t CpyYprT P& wup T W TUP TT Pg TP TT
4 AUMO E @ h AETT C OEE 1 I OE U O

kho[l®h?b ar n10t?Far nduvv, 1.

10%b a r ndy+2.1j2.2,2.3,2.4.

ph®p
quatrinhe’d 1 Yooooho " n to" n c -

Do -,
Lo

c8c

L e’
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43.Kfludh ch€ehng 4

Trong ch€hng n~ vy, c¢h%nshgdtt tir oknlgl oc §sc8§
t €hn g s tthmo giagca 4t a axion va qua trinh sinh Y cHp electrorpositron.
nfu ti °n, ¢ h-<€thqudtrinh sinhe bhll £ ifermdon t photon va Bt
taaxionad’ ...iv, i nhi Qu gi § tr dukh8§c8amhlah’ ic,
li°n quan. C8c LY th s i u cho thbly
t §nmMixxb ng. GGFr §ngr kho{5nlg f8b 2tAF bfnbg 1 diBe V
TeV v° khi c-hlt-.ng ig)}tp dd.an u §n xY c_ a
LJn 28 bdc L, | . n shoYtv.,, i khi khlng tr ac¢

Tiflp theodgVYgmE €l t3 xleme x® L« cho kI
trong khibamg tHaraQov, 1.6, 1.7, 1. 8Bham 9 v~
LAn " M&Or nyv, 2. 8, 2.2,2.3,2. 4. Ch¥ang t i L
| © ng€. ng d€ i chorohgnghofEng 0€1af Te
khi 204106d Do L., c8c L8&nh gi 8§ n"y |°
ct!ng tr3nh kh8c nhe€eng c, t hW hhn.

Cg&c kJt qul n"y g i T kh[ nktng s d,
ki JJm gi &§n tiJ]p BIMo hi n t€ ng m i °
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KeT LUxN

Ludn 8&n n~ gacnmig hhi3°mh cchue Xncm arc@&g hyY

thw | ° radion Suadmumh?3 vkt Rath@Wtal ™ i h Yte
axion L-ng vai tr, trung t©m trong c8c
c8§ch ¢c- h'” th ng LJn c8ch ®¢ dlng tBec
tog&8n cfn thifgt, LHc bi t |~ c¢ctng th_ c 1

c8§c biWu th ¢ cho c¢c8c ti/Jt di n t&n xUY
x99 thtng qua t-hdb. L'Hhnradaentkhag§8 t2nt

8n L« suy ra c¢c8c gi,i hU4dn (constrnmdi nt)
h3nh chuXnh@n k8 vigng choO©n k&hd ngge€ agt nid
| € qug, aht . . .trong mti tr<€ ng saokbtsg°u

| € ng cao. C8c kJt qul c¢c.,a ludn &§n c¢- t

n« x©y d, ng m t c8ch ¢c- h' th'  ng v~
| € ng cho c&8c qu$§ tr3nh t€hng t&c gi. a
qgu8t hhn so v,i c¢c8c nghi°n ¢, u tr+€e ¢ L«

Ludn 8n L« x©y d, ng c¢c8c biWu th c gi
g-p c¢c.a h4t radion trong ba qu§ tr3nh t
qua L- thift Idp m i li°n h  tr_ c tillp
thenwn, L ng th i thu L€ ¢ gi.i hUa&adth, c

Ludn 8&8n LQ xublt v~ tri Wn khhdai vt 2on hh ati
tr3nh quan tr ng, x8c L suh Im€cc cdisio, it iH]
v.i kJt qul L« ctng b" ", 4Up phPmgl tWcs
ntng | € ng si°u cao.

H

Vi ¢ L§nh gi &8 tift di n t8&8n x4 thtng

photon nhi Qu bdc L, l . n cho uhiblyt mvoco L
tr3nh t€hng t8&c |7 rblt | . n. Gi§ tr til]
picobarn |~ ph% h’ p v, i kho[ng t3m ki J]i
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D, a tr°n r"ng bu, c chHit ch€&€ c¢c_,a Li QL

ng€. ng gi, iochdnhdehiGpckbdolng gi. i hin
L€a ra c8c ng€ . ng gi.isdcYm m ihYtho m har
ch"nh so v,i gi.i h4n c¢ci. C&c gi.i hdun

v’ ph©n bi t c¢c&8c m* h3nh chuXn m-h4%t ng
trong m t s~ qu§ tr3nh t8&n_x% nidnag IS®1H

T-m I i, c¢c8c kAt qulf c¢c.,a ludn 8&8n c¢- t
c- trong c8c m! h3nh chuXn m r,ng Vv~
c8c qus8§ tr®nh m i trong t<€hng | ai
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Phl].,c A: Cing th_c¢c hao h_t
Trong ph, |_.c¢c n"y, ch¥%wng ti |i°
v.i hai h4dt v o v~° hai h4dt ra kh§gc
Al. T. hai hdt sang N hyt t 8§n x4
d*pi al dp
‘= H/ D )H T (L £(E) (2
PSN
4 2
V.l " xung | @lng xuthtg Vv &hl,Fon HYE trd -
c8c h4dt va chYm Lfu v o v~° LFu ra
(F) — 1 db@)cho f &r mi on
f”( )_ E;— ? .
exp(~7*) £1 dbldcho Boson
1+f;(E), db@cho toson
dbldcho f@&r mi on
A2. T. hai hYyt boson sang hai hut

= / o ! dpy 1
€ = : ‘
psn ) 2E1(2m)3 B 2B, (2m)3 B

d:;p_‘; 1 d;p_z’l 1
X | ————=|1 78 B ey
i g e (R

X (2@45(& + By — By — Eg)8*(pi + p5 — p3 — pa)

M2,
* s+ 1)( 2c,2+ le

‘n])HLS

1 ] &3 1 &3ps 1
bsn | 2EN(n)3 BpA | 2Es(27) 2tz
dgp‘é d3pf,1 elEz—ps)/T el Es—pa) /T
f QES(QTT)S QE;l(Q“jT)S E_r{E.'S_f-‘I}}/T —1 E(E-l —pa)/T —
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x (2)'6(E1 + Ea — B3 — Ex)6*(5i + 95 — 73 — pi)

1 2
G TG 2 M

spins
n Hit, _ 1 I d*pi 1 d*p3 1
psn 0 2B (2m) (g g 2EL(2m)% Rk
(B3 u3)/T (E4 ;J4)/T
nHEp - ¢ c

e(Fa—p3)/T _ 1 e(Ba—pa)/T 1
A3. T._. fhearimihotht sang

hai hdt boson
AT 1

1 f *py 1
psN J 2E1(2m)? B | 2Fp(2m)3 JBapa

+1

37 3 =
x/ dpd. 4D x

2F5(2m)% 2E4(27)3
x (2m)*6(Ey + By — B3 —

Ad. T hai hdt f er mi

. . . L. 1
B8+ — s — )7 Y |MP?

spins

on sang hai hy

3.7 3.
2F3(2m)3 2E4(27)3 e(Es—us)/T 41 e(Ba—pa)/T

x (21)46(Fy + By — Ez — Ey)83(pi + ps — 13

A5. T hai hU4t boson

— 1 112
i)y > M

spins

sang hai hyt

Y d3p3 d3py o(Es—p3)/T  (Ea—pa)/T
£ _/ 2E3(2?T)3 2E4(2’.'l’)4 elEz—p3)/T 1 e(Es—pa)/T 4 1

(2m)*

8(Ey + Ey — Es — E))8(pi +p> — pa —

x 0(E1+ Ea — Es — Ey)6°(pi +p2 — 13 pq](21+1)(282+1 ;ﬂsl
A6. T m t h4dt fermion, m t h4t ph
L1 / d>p) 1 d>p 1
 psn J 2E4(2m)? gL 2E5(27)% B2tz
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&y PPy
. f 2By 2B, 2 <

U |
x (2n)18(E\ + Ea — E3 — Eq)6* (5 + P2 — pa — p1); > M.

spins

A7. T. m t hdt fefreni minon ms and Um,

phln fermion

. A{"l} dap-é dsp-;l c[h‘i‘_f-‘i‘)irr (3{H'1 _““i)f"r
£= 5 T : g
/ 253(27{)? 2E,1 (2‘]]')3 ({(PJS—}‘SHI + 1 ({(""1-1 —,u.;)_ff + 1

.
x (2n)'8(Ey + By — By — E)S*(5i + 52— s — )5 ) IM”

spins

Trond®A4YDc- dUng:

, T 1 1
AP =AW =~ x D x :
psn 167 eI — 1em T — 1

D—/mdx /Ood:c \/:132—(’rﬂ)z\/:ﬁ—(@>2
m e VAT N AT
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Bl.

B2.

B3.

B4.

B5.

Bé6.

B7.

BS.

B9.

B10.

BI11.

Bl12.

B13.
Bl14.

Ph,_ |l . c B. nhn

] = [ke] [m/s]”

leV =1.602 x 107177

1] =624 x10%eV ~ 6.24 x 10" GeV
1GeV™2 = 0.380 x 10* barn
1pb=10""2bamn, 1fb=10""barn

I .
B = 2—’ ~ 1.054 x 107375

|

fie =~ 3.162 x 1072 Jm ~ 1.973 x 1074 GeV cm
E=mc, 1g=~56x10"GeV

c—H=1 = lem~5.068 x 1013 GeV !

lg —18 4
= ~ 4.3 % 10 GeV
P~ 1 em3 *

psn = 107 glem® ~ 4.3 x 107 GeV*

[(@)] = GeV
[s] = [p?) = [m?] = GeV*

i~ GeV
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Cl.

C2.

C3.

Cs.

Cé6.

C7.

C8.

C9.

Ph, |l ., c C. Ctng th_c t2znh

Trl =4
Tr(+") =0, Tr(mdt sd 1é ) =0
Tr(+#9") = 4¢", Tr(a IJ) = 4(a-b) = 49"
Tr(1#974797) = 4(g"' ¢ — g"4" + ¢"°4"")
Mo rong: Tr (abéd) = 4[(a-b)(c-d) — (a-¢)(b-d) + (a-d)(b-c)]

Tr [ f‘.q,\f‘n o ﬁlr.ngrl] _ gn-ln-g Tr [ﬁlr.m;i o ,.I,n-gu]
— g™ Tr [y°2 .. 40m] 4. 4 g™ Tr[yo2. . 4o21]

Mo rong: Tr [F}.lﬁ.g e fa.;gn] = ajas 1T [fa.;:. . flgﬂ]

+...—apag Ir [flgflq . fa.gn,] + ... —apaa, IT [&g .. .F}.g»,.,_l]

Tr {":r'r,) — 0, Tr (* *f’) =0, Tr (,,m,, Ha¥) = Tr (s AJ‘*}“AF’)
Tr (y57"4"4") = 0

Tr(*}-”ﬁﬁ*}-”*}-“s*}-ﬁ) = 4ig*P?%  Tr (*}-,r, il hfd) = di £y pg a'D"d”

Tr {",r ’,:r,e y mu,, ,} ~ ) — 4 (gpu E;mr}l - glr;pfudrfi +yup Ejrd'!’)\

TA shvps _ gr.r)-. SHVPT Hr.r'r Ej:up).)

9

(A =" =29 v =0.1,2,3.
Cha ¥ ring 4, = g,,7". Cac ma trin Pauli o, 1a:

01 0 —i 1 0
g = T2 = O3 = .

1 0 i 0 0 -1

00 = 5‘&; + 'ﬁf;jk-ﬂ'k._ Sijk hoan toan phan doi Xfmg LE103 = +1.
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DI.
D2.

D3.

D5.

D6.
D7.

D8.

DO.

DI10.

DI11.

DI12.

DI3.

D14,

DI5.

DI16.

DI7.

DIR.

DI19.

D20.

D21.

Ph, | . ¢ D.

(¥, 47} = P9 + ¥t = 29"

vs = iy = —ivgmvens
M= g

{75 ,1}—11

o = 5 "7 "]—; P =)

T Yo = Qe — '.fﬂ;w
YY" = =29 — 4%, qpant = -2a

By T = 49", qualnt = dab

P < N E A Y TR 3. 0 -
YA = —297909%, quabint =
a“vam, =12

0123
gz =—¢ =1

S0

—2(a1,a%, — 846",
N

-

ib = —bi + 2ab

= ,}r[JP-f-,}rU

=

T =

,.lr.,u Alr.ﬁ — .-}.",.lr..il

-"lr'rul Ve 'Tluk -*}.-':-] #}-."‘k+1 - .a-lr.,“'rl. —

T = gt
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Ph, I,
ELX®t 1h{qtp1l) + hyt
Pi+ki=po+ky=0,
Suy ra
fi=Fi=i ==k
K2 hi" u xung | € ng
p1= (Ev, pa),
p2= (Es, pa), hay
p1= (E, pa),
po = (Es, k),
E2Theo L nh ludt b
prt+ki=p2tk
cho ta
Ei+ E2=Es+ B4l WI.
Trong h kh' i tom
il = kil =p, Il = [kl = k.
V. i t_ng hyut

Ef = [pi|* + mi.

Ef = |pa|* +m3,

Do |pi| = |k1| = p va || = |ks| = k, ta cO
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c E. H kh'i

2 (k1) Y hyt
b " n chi Qu

ky = (Ea, k1),

ke = (Ey, k2)

ki= (E2, T pa,

k?:(E*iJ_E).

[o to"n ntng

E3 = |k1|* +m3,

E_f = |,Eg|2 + mi

t ©m

3 (p2)

Xung

e



2 2 2
El_ml:p'!

B} — m} = k2

o . o
E2 —m3 = p?

2 2_ 1.2
E4 _m;l—k .

H

T. L nb=(mik)o&+E2)?r 4t ra c8c h
k h’ i t ©m
) [s —(my + mg)z] [S — (my — 'm,g)z}
P = :
4s
2 [s — (ms + 'm.4)2] [,5' — (mg — 'm.4)2}
' 4s '
B = S+ m% — m%1 By = S+ m% — mf
2,/ 2\/s
By = 5t m3 —mj} B =5t m3 — mi
2¢/s 2/s
E3.C§c tr <€ nlgi hi p L Hc

a)V, mu=mel m, m=ml M, tasuyra

b) V. rmw=ml nm, msc -

Trong h’

t hMd khsgc

kskr (pi+ ki, BimEz= Enémi = 2E+ s= 4E2

trong

Khi L -
b s+mj—mi 4E%*+m3—m}
W= iE
B, — S+‘m,;21 —m% B 4E2+m§ —mg_
W AE
c)V, imc - t h,nkch-8ct hM. KBGISE s
E.=E. Khi L-, ta c-

Vi =E1+ E2=E + E,

a

v LY ng th i
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s—t—m%—m%

P S—) E,
25 |

E, =

Nh€ vdy, ta suy raWpch€hdhgng r3nh bdc hai

(Vo) —2EVs+(mi—md)=0khi ., ta c-

Vs=E+ \/E2 +m3—m?

Do L-, biWu th ¢ nktng 1€ ng c¢c,a c8&8c hu

Ey=+\s—FE= \/E2+m§—m%

P +m3—-m3; E+ \/ E? +m3 —m? m3 — m3
q = = = =
2y/s 2 2(E+ /E*+m3 —m3)
B S +m32-mi E+ \/E2 +m3 —m? m3 —m3
4 = e = -
2y/s 2 2(E+ /E*>+m3 —m?)

Ba c'ng th_ ¢ tr°n L¥%ng cho tr€k&g h
(c- thwW kh8c hoHc b3ng nhau).
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Ph, I _,c¢c F. BiJn L"i Lhn v ¢, a L
nNW thudn ti n cho c8c t2nh to8n tror
(2.1) sang Lhn v  GeV. Tr€ ¢ hJft, s d,

1 erg=6.241509 x 18'GeV,
1g=15.609588 x 18GeV,
1si'=6582119%FeV.101
Do L -,

_ 106.241509 x 1011 GeV , _ e
109 erg g1 s~ = 10" 6.582119 x 10~ GeV
&8 5.609588 x 1023 GeV (65 )

— 7.288 x 10727 GeV.

Bi Wu th ¢ tr°n L€ ¢ s d,ng trong c&
qus8 tr3nh ph8t pl asmon, t, a axion hoHc
LTm blfo r nmgguwhi cmJji IKhmng | " m moOu t hu
neutrino quan s§8t Le ¢ c.a SN1987A.
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