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MO DAU

Trong nhitng nim gan day, cang ngiy cang c6 nhiéu co s¢ dé tin rang thé gigi tu nhién thyc sy 1a siéu
d6i xtng . Néu ty nhién 1a siéu d6i xng, ngoai viéc ta s& cd mot ly thuyét truong luong tir ty tai chuan va
ngoai viéc théng nhat boson véi fermion, ta con ¢ co hoi dé xay dung mot ly thuyét trudng twong thich
vé hap dan. N6 ciing 1a mot dam bao dé 1oi giai ddi v6i bai toan phan hoa tuong tac thanh cac bac khac
nhau s& khéng bi anh huéng boi cac bo chinh bic xa.

Céc két qua nghién ctu thyc nghiém vé siéu hat ddng hanh s& cho phép ta xay dung thir nghiém nhiing
mo hinh béan hién tugng luan cho cac qué trinh sinh hay va tan xa phi dan tinh sau cta cac hat co ban.

Muc tiéu duogc dit ra cho Luan vin nay la nghién ctru qua trinh hiy cip e*-e” trong d6 c6 su hinh thanh
cua siéu dinh stop va siéu ddy, sbottom trong khuon khé cua sy mo rong tdi thiéu mé hinh tiéu chuan, ma
ta s& goi 1a M6 hinh tiéu chuan siéu ddi xing tdi thiéu

. Luan van nay c6 cau trac nhu sau:

Chuong I s& dugc ding dé nhap mdn Iy thuyét truong chuan siéu doi xing (SGFT). Chang t6i chi
mudn tém lugce nhitng diém chinh yéu va nhat la chi néu Ién nhiing gi ching t6i can dén & nhitng phan
sau cua luan &n. Phan cudi cua chuong, chiing toi ciing s& diém qua noi dung vat chat caa mé hinh MSSM
va dién giai vai trd quan trong cia stop va sbottom trong mé hinh d6. Ban dén sé tham sé doc lap kha di
caa MSSM.

Chuong II s& duge ding dé cu thé hoa MSSM, trong dé, truong thanh phan sé 1a truong vat ly. Nhu
vay, ta s& phai ban dén vi pham d6i xiang (ca vi pham mém Ian vi pham tu phat) va thong qua co ché
Higgs ta s& ¢6 pho khéi lugng céc hat vat ly. Ta ciing s& ban dén qua trinh sinh ra stop va sbottom trong
cac may va cham lepton. Chlng ti s& tim biéu thuc giai tich cho thiét dién sinh cac siéu hat d¢ong hanh
nay trong qué trinh hity cu thé .

Chuong III s& dugc danh cho qua trinh phan ra stop va sbottom khi tinh d¢én bé chinh SUSY-QCD 1-
vong véi tham sé trong siéu thé Higgs la phuec.

CHUONG I
MSSM TRONG NGON NGU TRUONG THANH PHAN
1.1. M@ hinh tiéu chuan (SM)

M6 hinh tiéu chuan dang dugc coi la Iy thuyét chinh thong cho tuong tac cac hat co ban & thoi diém
hién tai . M6 hinh tiéu chuan 1a mot ly thuyét bat bién chuan véi nhdm chuan 13 tich tryc tiép cua ba



nhém don SU(3)c, SU(2). va U(1), von dugc ding dé mo ta tuong tac manh, yéu, dién tir mét cach riéng
ré.

Tat ca hat chat trong SM dugc chia thanh ba thé h¢, véi cac dic trung gidng nhau, chi khac nhau vé
khdi Iwgng. Thanh phan thuan phai, va thanh phan than trai cua chat dugc coi 1a cac hat khac nhau vi
chiing twong tac yéu khac nhau.

Phan tay chiéu ctia neutrino va electron tao thanh ludng tuyén ciia nhom twong tac yéu , con phan tay
dam 13 don tuyén cia nhém d6. Ca phan tay ddm va tay chiéu ciia quark déu ton tai, phan tay chiéu cia
chling tao nén ludng tuyén con phan tay dam, sé 1a cac don tuyén ciia nhom tuong tac yéu.

Trudng chuan s& bao gom: mot truong  , tuong tng véi nhém , ba truong Yang-Mills :
twong ng v&i nhom va tam truong gluon , trong (tng Vi nhom

Lagrangian cho tuong tac dién tir - yéu cua tat ca cac hat trong SM sé& c6 dang:
lr— o = o _ . 1 o1
L, :E[qua/qﬂua/l +0Li Bu, +di Bd, +9R'/D/3R]—ZB,WB” _ZF;vpuu

Lagrangean khéng c6 sb hang khdi lugng cac hat boi vi sy c6 mat caa ching s& 1am vi pham d6i xting
thuan tay (chiral). Khéi lugng ciia hat s& duoc sinh ra nhd co ché Higgs va dé thuc té hoa diéu nay ta gia
sir trong SM con ¢6 mot da tuyén cua mot truong “vo hudng phic”, khdng mau, goi la truong
Higgs:

1
——(D*H\! _
Lagrangian cho truong Higgs s€ c6 dang: Ly = 2 (DH) Du H-V (H )
Thong qua tuong tic véi truong chuan Yang-Mills, ba bac ty do cua né s& bi truong nay “nubt” dé tao
nén ba bac ty do thir ba cua trudng chuan va nho d6 truong chuan sg tré nén cé khéi lugng

Dé sinh khdi cho cac truong chat, lepton va quark, ta phai dua vao cac s6 hang twong tac dang Yukawa
gitra truong Higgs va truong vat chat. Nhirng sé hang nay néi chung 1 t hop tuyén tinh giita truong chét
va truong Higgs sao cho chung la vé huéng Lorentz, vé huéng va siéu tich yéu bang khong. Céc
s6 hang d6 co

dang . Ta thdy sb hang thir ba khdng thoa mén diéu kién siéu tich bang khang, vi tong
siéu tich céc thira s6 ciia n6 bang 1. Tuy nhién, néu khdng c6 s6 hang nay, co ché Higgs khdng thé sinh
khéi cho quark va khong thé khir duoc di thuong dong truc. Vi vy, thay cho viéc phai dwa thém vao mot
ludng tuyén Higgs mai, ta dung ludng tuyén  c6 siéu tich bang — 1.

Lagrangian ciia SM cd dang sau day:

L=giJq +%[ai,D/q +1i P+ i Bu, +d i Bd, +§RiﬁeR]

1 1 1
+=(D"H) D, H - = 1?H"H +—A(HH)?
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+ y'gHu, + y°gHd, + y*IHe, + h.c



M0 hinh tiéu chuan véi Lagrangian trén 1a ly thuyét tai chuan hoa dugc va giai thich dugc hau hét cac két
qua thyc nghiém da c6 dén nay, dy doan dugc nhiéu sy kién ma sau d6 da dugc kiém chang. Dién hinh la
tién doan dugc sy ton tai dong trung hoa va quark duyén.

Tuy ¢6 rat nhiéu vu diém, nhung M6 hinh tiéu chuan ciing c6 rat nhiéu nhuoc diém can phai khic phyc.
Thir nhat, mé hinh c6 qua nhiéu tham sé tly y, can duoc xac dinh bang thuc nghiém.

Thir hai, md hinh khéng giai thich dugc tai sao nhém chuan la tich tryc tiép cua
nhung chi ¢6 tuong tac yéu la vi pham chin lé. N6 khong giai thich duoc sy lugng tir hoa dién tich.

Thir ba, n6 khéng giai thich duoc tai sao di 6 ba thé hé chat nhung trong thé gigi quen thugc lai chi
thé hé thir nhat c6 mat. N6 khong cho phép xéac dinh khdi lugng quark va lepton.

Thir tu, né chua ¢ co ché dé xac dinh khéi lugng hat Higgs.
Thir ndm, n6 khong giai thich dugc van dé vi pham CP ctia tuong tac manh.

Cudi cung, nd khong giai quyét duoc bai toan phan hoa twong tac thanh cac cap khac nhau (hierarchy
problem).

Dé giai quyét cac van dé trén da co rat nhiéu phuong phap khic nhau dugc dua ra nham mg rong mod
hinh tiéu chuan.

1.2. Siéu dbi xirng, SUSY

Mot xu huéng la tim cach mo rong nhom ddi xirng ngoai, tie 1a dbi xang khong thoi gian, sao cho lién
két cua né véi dbi xing trong la khdng tam thuong, tirc 1a khong don gian 14 tich tryc tiép gitra hai loai
dbi xtng do.

Néu kha ning lién két gitra ddi xung trong va ngoai ton tai, phép bién doi trong s& cam sinh mét phép
bién d6i ngoai, va nhom ddi xing ngoai sé duoc Mé rong hon, ngoai nhirng nhém d4 duoc liét k. Do
xang nay 1a dau hiéu ton tai cia mot sé hat co ban méi, goi Ia hat siéu dong hanh.

Nhom ddi xing ¢6 chira ca vi tir sinh chin, 1é véi phép toan giira cac vi tir sinh gom ca giao hoan tir 1an
phan giao hoan tir, duoc goi 1a siéu nhom. ddi xing cho boi siéu nhom va siéu dai 6, s& dugc goi la siéu
d6i xang, supersymmetry

Siéu dbi xing dan dén rat nhiéu h¢ qua
1.3. Céc thanh phan bit bién si¢u di xirng ciia té hop siéu trwong

Tir tinh chat phan giao hoan cia toa do 1é suy ra, tich mot s6 siéu truong thuan tay ciing 1a siéu truong
thuan tay. Khi xay dung tac dung, ta phai tinh tich phan cua Lagrangian trong toan siéu khong gian. Mot
siéu truong luon 1a ham ddi véi toa do chan. DAi véi toa do 1é, siéu truong tay chiéu chi phyu thudc vao
con siéu truong tay dam chi phu thudc vao

1.4 Ly thuyét trwong chuin siéu déi xieng, SGFT



Vi nhém chuan Abel, siéu truong vecto V déng vai trd cia truong chuan. Tuy nhién, do né c6 tha
nguyén bang 0 cho nén  s& c6 thir nguyén 1/2, chir khéng phai bang 2 nhu yéu cau cia tenso cudng do
truong chuan. Bé co duge tenso cuong do truong chuan hop ly, ta lap

,Va s& ¢6 thir nguyén bang 3.

Doi voi trudong chuan non-Abelian, siéu truong chuan sé& duoc cho bang , trong d6 ham mii
duoc hiéu la khai trién Taylor cia né va g 14 tich twong tic va V 1a siéu trudng vecto nio do.

1.5. MSSM

MSSM la SQFT véi nhém chuan 1a . Khi d9, thay cho céac truong thong thuong,
ta c6 cac siéu truong sau :

Thay cho ba trudng chuan vecto ta xét ba siéu truong vecto \71' \72, \73
B, >V, =(B,B,,Dy),
W) -V, =(W'w!,D), =123
G: >V, =(g".G:.D;), a=1..8

MOi trudng chat vén duoc din ta bang mot spino tay chiéu trong SM duoc thay bang mét siéu truong
tay chiéu trong MSSM.

Dé dam bao tinh kha tich, khéng thé ding  va  cling mét lic nhu trong SM, cho nén, ta can dén mot
siéu truong Higgs thir hai dé tao khéi cho quark va ciing can thiét ¢é khir di thuong dong truc do tuong
tac cua ludng tuyén thir nhat véi truong chuan. Siéu truong Higgs thir hai ¢d isospin yéu bang % nhung
¢ siéu tich yéu bang -1 :

Khi d6, twong tic Yukawa sé& cO dang , trong d6, mdi s6 hang la tich cua ba siéu truong tay chiéu dang
3
— E c D c U c
W, = Z[yij HdLiEj + Y HinDj +Yi HuQin ]"'IUHqu
=

Bén canh , con c6 nhiing tich ba siéu truong tay chiéu cho biéu thuc bat bién siéu dbi xtirng. Nhitng sé
hang nay phéa v& bao toan sé baryon va lepton vén dugc thuc nghiém kiém ching mot cach rat chinh xac
la khong bi vi pham. Dé c6 thé loai bo cac s6 hang ndy mot cach hop ly, nguoi ta dua vao yéu cau toan R-
chan le.

Hé qua cua tinh bao toan R-chin I¢ 1a siéu ¢ong hanh phai xuét hién thanh cip va diéu nay nghia 13, siéu
dong hanh nhe nhat (LSP) phai Ia hat bén.

1.6. Vi pham siéu déi xirng



Néu siéu ddi xing thyc sy 1a ddi xang cia ty nhién thi né chic chin ciing khong phai 1a dbi xtrng hoan
toan chinh xac ma bi vi pham dén mot mirc do nao do. Didu ndy c6 thé nhin thay rd, boi vi néu khéng,
khéi Iwong cua selectron da bang khdi lwong cua electron va do d6 nhét dinh selectron da dugc phat hién.
, ngudi ta cho rang, SUSY khong bi vi pham, ma chi 1a vi pham ty phat tai mot “khu vuc 4n” nao do.
Thang ning lwong c6 sy vi pham tu phat ndy cao hon nhiéu so véi thang ning lwong cia tuong tac yéu.
Sy vi pham ty phat nay dugc lan truyén théng qua twong tac chuan hodc twong tac hip din dé dén duoc
“khu vuc hién” cia MSSM va 1am nay sinh sé hang vi pham mém bao gom :

+ S hang khéi lwong gaugino
+ S6 hang khdi lwong vo huéng
+ Sb hang twong tac vo hudng bac hai va bac ba.
Can ¢6 nhirng yéu cau gi ddi vai cac tham sé vi pham mém. Hai han ché quan trong nhat la:

1. Khdng dan dén dong trung hoa 16n co thay d6i huong vi (FCNC) va khong c6 vi pham sb
lepton

2. Ly thuyét khong dan dén vi pham CP qua lon.
Nhitng tham sé khdng nam trong twong tic Yukawa dan dén vi pham CP déu duoc gia dinh Ia thyc.

Ta c6 thé xac dinh duoc cac tham sb doc lap cia MSSM. Trong khu vuc vi pham mém, ching ta d co
Mo, My, Ag Va B. Trong khu vuc Higgs ching ta c6 tanp va w. Vi khéi luong quark dinh khéng do duoc
bang thyc nghiém va A, c6 xu hudng tién téi mot gia tri ¢ dinh tai Mz, cho nén, A (Mg) co ban la mot an
s6 cua ly thuyét. p? va B 1a xac dinh (nhung dau cua p thi khong). Do ¢6, MSSM véi R-chin I¢, tham s
vi pham mém pho quét va vi pham biic xa dién yéu, s& duoc xac dinh boi 5 +1 tham s6: my My, Ag, tanp,
At va dau cua .

Chuwong II Lagrangian twong tic va quy tic Feynman trong
MSSM

Dé thu dugc phd khéi lugng cua cac hat vat Iy trong mot ly thuyét ta phai tién hanh quy trinh tiéu
chuan phéa v& dbi xung véi gia tri trung binh chan khéng cua truong Higgs. Ta s& chon trung binh chan

0
khong cua hai da tuyén Higgs nhu sau: <H 1> = i[;lj, <H 2> = %[ J
L,

véi v, 0, thoa man phuong trinh

e2

| 8sin’Ocos’ 0

2 2 mz 2 _
U —U, )+ H1+|1“| L, = —HsV,

e2

| 8sin?0cos?0

2 2 m> 2 .
U —U, )+ My, +|,u| L, =~ HsV,



Dién tich e cua hat lién quan dén cac hé s6 lién két g, , thong qua mét tham s 6 duoc goi la goc

Weinberg e = g, C0s6 = g,sinf.

Lagrangian tuong tac giita truong quark ¢ va cac truong chuan photon (y ), wion, zion va gluon (g ):

Ly, =—€€, a7 aA,

@

qqZ

9 qr” {( |§L —€ sin? QW)PL —& sin’ QWPR}qZ”

- cosO,,
___ 9 5
== cosd,, qr” (CqLPL +CqRPR)q
Cor =g —€,sin°0,,
L = — = (W, T7*Rb+W,by*R1)

aqw \/E
Lo = —9.T<G.Tqr"q,
Tuong tc giira cac siéu dong hanh ciia quark (quark vo huéng) véi trudng chuan. Ching gom:
- Squark-squark-photon
Ly, = iee, (6,00, + G0"Gx ) A,
=iee,A, (RIRY + RIRY, ) §;0"G;
= iee,5,A,0,0"
- Squark-squark- Z°
ig

Ig ~* AU ~* AU ~* R~
0z cos @, Z, (CquLa#qL +CqRqRquR): c0s6,, ¢;Z,4;0"q
- Squark-squark-W *
ig AL xR | 6 G - N & xS~
Logw = ﬁ(wﬂ £0"D, +W, B8, ) = %(RQR;W# £,3"6, + RYREW, B;5°F, )

- Squark-squark-gluon
s u

qug = igs-l-ra('?"/:az1 (qiréqus + q;réqus) = igsTrzéijGaq?réyqis

Tuong tac gitra trueong quark véi nam truong Higgs:



Lo = 5’00 + s3H G + 53 A°Gy°q + H T (S,P, + Py )b+ H b (P, +5{P, )t
Tuong tac giira squark va Higgs boson c6 thé viét duéi dang tong quat nhu sau:
Legs = H, (677,027) Gy [q] =(Gy) H.a/a;
qR ]
Quark-squark-chargino
Loy = gt (—Uy; P + YV, P ) 77b + T (YoV, P ) 7/bg
+gb (-V,; Py + YU, P ) 7776+ gb (YV,P ) 7°E
07 (U, + YV, P )ty + g 7; (YoV,;P. )by
07;° (VP +Y,U, P )bE + 9 777 (YV,; P, )bty
= gT (IjPy +kyP,) 270, + 9T YoV, P2 ) 7;bs
+0b (-V,;Pe + YU, P ) 77°E + gb (YV,, P ) 7,°E,
+0 77 (U P+ YV, P )ty + g 7; (YoV,; P )by
+0 77 (Vi P +Y,U, P )bE + 9 777 (Y, P, )bis

+
+

Quark-squark-neutralino
Lo = ga ( fP. +h%P.) Z0G, +9a (g P + fP ) 700, +H.c
= gq(a}P, +biP ) 7.0, + 9 7¢ (al P, + biP: )ua
Quark-squark-gluino
Ly =—v20,T2[ (0, P.G°0,, — G,Pe0°0s. ) + (3°PL0,6, — G°PL0, G, )]
= —/2g,72| 4. (RiP. — R3P. ) §°d, + 3° (RIP. ~ R%P: )G |
Gluon-gluino-gluino

Ly = 2= £,,,G20°"0°

999 o abcSu

Squark-squark-gauge boson-gauge boson



q~ij " u
gz ~F ~* o~
4422 = COSZ 0 Zﬂzu (Cc?LquL +C:RqRqR)
w
g’ .
= COSZ 0 Z ZH (CqLqulR?l + CqRquzR?Z)q]q
_ 9
 cos’ 0 22,270,0,
W

Tuong tac bon squark

1 a a a ~ 3* ~
Lagaa ) 95T e (R'lRll R2R )qlmq.n(RkﬁlRﬁ szng)qlf' G =

1
= —E g;sznTrS S” Sﬁq]mqmqkr qIS

Chuong III BO CHINH QCD CHO CAP SQUARK VOI THAM SO PHUC
Sy pha tron phén tay chiéu va tay ddm ctia squark Khi dé, do rong riéng phan cua phanra g (6, =T, b)
thanh trang thai fermion cubi cuing sé la

1

g°A? <m§ ,mj,m?o)
| Xk x
167rm§i

ma ‘ +‘b ‘ )( —mj—m%)—4Re(ai‘~‘k*bii)mqij}

1

g°A? <m§ ,mj,m?o)
| Xk x

167rm§i
(i +[o ) (m . ) 4Rea ot mgm, |

Do rong riéng phan cua phan ra §; (G, = fi, 6,) thanh trang thai boson cubi cliing (gauge va
Higgs) sé la:

F(qi—WIHEE):

va




A [ 2 ()
167m mgi

gZ

F(di _)Wi+ql:):

3
2 —
2|pz 2 (2 M2 2
g ‘le‘ A (Illqz,lllz,lllql)

16zm;m,

r(qi -7 +q1)=

3
2 2
2 2 2 2 2
g A (mqi’memq;.)

167rm§i

H
Cq}qi

I(G—>H +q))=

o lc(q/H ) 2% (mEmd, mt)
167rm§2

F(qi — H, +q1):

Ta c6 nhan xét sau day vé két qua d& nhan duoc & trén. Qué trinh e'e” — qTJ. dién ra théng

qua kénh s véi hat truyén Ia photon va Z —boson



