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Overview: Standard Model of Elementary Particle Physics

The SM of particles, developed in 1970's, includes 61 particles as follows:

@ 12 Leptons, 36 Quarks , 8 Gluons, W=, Z° Photon and Higgs
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Top quark decay in the SM:
t(pe) = b(po) W (pw) — bI"(p1)vi(py)

— a: Off-shell particle t

~ b: On-shell particle t

I+
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1 —
Mo = —— [Mo[2dP
dlo 2mt| b|2dPS3 (1)

S Mo /(1 + 25:)

spin

-5 dap d , d° P

dPSs = (2m) 2E, 2E, 2F

1
S 0/ (pe = po = puy = p1) = 55— dEbdE,

The Breit-Wigner prescription of the W™ boson propagator:

(2 B ! )2 = &
- M\2/V - M§V+1MWI'W (p2W_ Mﬁv)2+(MWFW)2
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The decay rate at the loest order(a: Full calculation)

2V |2
FSM(e s prtyy) = M IVel™ ) o g yva R0
o /) 1027 sin” Oy (R=1) ©)

2 ] | wl2, + m?(R — w)? N

_ _ _w
+[3(w DR w)+wm2 wl2, + m?(1 —w)?

t

1
r2 (1 2 3 2 2
N {3(# w(l+ R —2w)+ m;(1—R)’+ mi(R—w)" x

(R+2w— 3)] (tan_l W +tan mt(l_”)) } (2)

R = (my/m,)?, w = (mw/m:)?, v =71,
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Narrow width approximation (b)

we introduce the following identity

1_/d2/ “pw W54 (pw+ — pr+ — pu,) (3)

2
27

dPS,(t—bW+)

1 d? d®
{ GryE, Bryiagy 270" (b =P —pw) }

" 2m. \(27)32E, (21)2Ey
1 { d*p dp,
2mW (27‘1’)32E/ (27T)32E,,,

dPS,(W+—I+u)

(27)*6*(pw = prv — pu) }
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(Pl — miy)* + (mwlw)?
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Narrow width approximation (b)

MW+ = )

rt— b/+1//) = I(t— bW”L)
Fw
— T(t— bBWHBH(W* = IT1)), (4)
VS2 - R - R 2
rgM(t—>bW+):’"fa_f (1+R—2w+( ) ) (5)
8sin“ Oy w
S=(1+R-w)/2
Br(W* — 7tu,.) = 11.25 4 0.20( in units 1072)?
1J. Beringer et al. [Particle Data Group], Phys. Rev.-D 86+2012) 010001. 9
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Numerical results

m; = 1.776 GeV, m; = 172.98 GeV,

my, = 80.339 GeV, my = 4.78 GeV,

My = 2.085 + 0.042 GeV, sin? Ay = 0.2312,
a = 0.0077 and |Vip| ~ 12

0.1543
0.1645 (6)

Mt — brtu,)

Mt — brtu,)

2C. Patrignani et al. [Particle Data Group], Chin. Phys. C 40 (2016) no.10, 100001. 10
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Top quark decay in Beyond the
Standard Model
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Simplest scenario of BSM: Two-Higgs-Doublet Model

@ In particle physics, a two-Higgs-doublet model (2HDM) is an
extension of the Standard Model in which a second Higgs doublet is
added to the Higgs sector of the SM

@ The addition of the second Higgs doublet, after spontaneous
symmetry breaking, leads to five physical states:

© The light and heavy CP-even neutral Higgs bosons h and H
(mH > mh)

© The CP-odd pseudoscalar Higgs A

@ Two charged Higgs bosons H*

@ Such a model has six free parameters:

© Four Higgs masses (mp, my, ma, my+)

© Ratio of the vacuum expectation values of the two electrically neutral
components of the two Higgs doublets (tan 8 =< H> > / < Hy >)

© A mixing angle («)
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Top decay in the 2HDM: t — bH™ — blty,

The Yukawa couplings between H*, b and t quarks are expressed as :

L= B B {Valdpe AL +5) + B(L =) huslps)]
+Ciby (1= )t} (7)
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Top decay in the 2HDM: t — bH™ — blty,

The Yukawa couplings between H*, b and t quarks are expressed as :

L = 2\[ H*{ Vel (pe){A(L +5) + B(1 — 75) }us(ps)]
2my
+Cthy, (1= 78) 1} (7)
A B C

Typel | mycotp | —mpcot8 | —m,cot 8
Type ll | mycotB | mptan m, tan 8
Type lll | mycotf | mptan3 | —m,cot 3
Type IV | mycot3 | —mpcotfB | m-tanf
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The decay rate at the loest order (a: full calculation)
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Narrow width aproximation (b)

("]
FEM(t — bITy) = T5M(t — bHT) x Br(H™ — I™1)) (9)
("]
FooM(t — bH") = me( g\”ﬂvfb‘ )? {(A2 +B*)(1+R—y)
+2AB)VRIAI (1R, y) (10)

A(x,y,2) = (x — y — z)* — 4yz is the Killén function (triangle function)
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Narrow width aproximation (b)

("]
o> (¢ — bIfw) = T8 (£ — bH™) x Br(H — I"w) (9)
("]
MMt — bH") = me( g\Wthb‘ P{(A+ B+ R-y)
+2AB)f}A%(1, R,y) (10)

Ax,y,2) = (x — y — 2)*> — 4yz is the Killén function (triangle function)

1
BI’(H+ — T+V-r)model—l ms m,
14 3|V P[(75)7 + (32)7]

1
14 3|Ves P[(72)? + (52)? cot* ]

Br(HY = 7 v ) model—ui
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Numerical results in the 2HDM

ms =95 MeV, m. =167 GeV, m,=1776 GeV, |V|=0.9734,
my+ = 95 GeV and tan8 =8
from full calculation:

ryede!! = 36x107*

rledet - — 559 x 107* (11)

In the NWA scheme:

rorode!! 35x 107"

ryede! = 568 x107* (12)
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Interference effects: t — b+ W /H"(— ITy))

MTotaI(t N b/+l/+) = Mts—>bl+1/+ + th—)bl*'u+ (13)
|Mol? = [MgM|? + |Mg=M 2 + 2Re(MFM - Mg™'T) (14)
[7ot = T§M(t — bITvy) + TEM(t — bltuy) +Tf" (1%)
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Interference effects: t — b+ W /H"(— ITy))

n Ca?VI
1

+ fly,w, Ty, T
m%(y—w)2+(ﬁrH+\/arW)2[ (}/w H W)+

g(y7w7rH7rW) + h(vay I_H;I_W) + Q(%WarH,rW)]}

gly,w,Th,Tw) = flyewlneTyw)
Q(y7w7rH7rW) = h(y — w, rH < rW)
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2. 2 2
fly,w,Tu,Tw) = mtln(R y)'mi +yTh < 2

(1 )2mt +yr2 mt(y —W) [A(]' _y)2
+BVR(1 — y?)] +2yyelulTw[A(y — 1) — ByVR]
+yl?, [A(y +w —2) = B(y + w)\/ﬂ)

h(y,w,Tw,Tw) = Q[tan_lmt(R_y) ~tan-! mt(l—Y)] y

WFH WI—H
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2y 1)rwo7) T 2An7 ((1 )T+ (- y)rwa)}
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Numerical results

my+ = my+ and tan 3 = 8:

rgM rOBSM r(l)nt
Type | | 0.1543 | 453 x 103 | 9.95 x 10~°
Type Il | 0.1543 | 69.4 x 1073 | —682 x 105

my+ = 85 GeV and tan 5 = 8:

rgM rOBSM r(l)nt
Type | | 0.1543 | 4.2 x 1073 9.2 x 1076
Type Il | 0.1543 | 65.1 x 10~3 | —129 x 106
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