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;%-./+"’$$36 1%(-2,)*2 9(#$)-1/2

!/*.6,2&5($+.’ t→, $,7-7*%$"&%* (, (7.",6 1/2, ( 89:,"*6.:

Lkin = t̄→
(

i /ω → gsε
A /GA)

t→, (1)

gs ; ),"($*"$* (.9<",8, +/*.6,2&5($+.’, εA ; =#"2*6&"$*9<"3&
8&"&%*$,%3 8%#773 SU(3).

!/*.6,2&5($+.’ t→ . t, ,7,(%&2,+*""3& 89:,""36 7,9&6:

Lint = fsgs
! t̄→ϑµωεAtRGA

µω + h.c., (2)

! ; 6*(>$*0"35 7*%*6&$% ",+,5 =./.)., ϑµω = (i/2) [ϖµ, ϖω ],
$&"/,% "*7%’1&"",($. 89:,"",8, 7,9’

GA
µω = ωµGA

ω → ωωGA
µ → gsf ABC GB

µ GC
ω ,

f ABC ; ($%#)$#%"3& ),"($*"$3 8%#773 SU(3).

!""#, !$%&’(), *+,-") t→--).+- 3 / 11



<*),#5) =’6$8)$)

Gµp Gωq Gεr gsfpqr
(

gµω
(

pε
1 → pε

2

)
+ gµε

(
pω

3 → pω
1
)

+ gωε
(

pµ
2 → pµ

3

))

C̄G p CG q Gµr gspµ
2 fpqr

t̄p tq Gµr gsωr
pqεµ

t̄p t→
q Gµr

i
2

gsfs
!

ωr
pqϑµω pω

3
1 + ε5

2

t̄→
p tq Gµr

i
2

gsfs
!

ωr
pqϑµω pω

3
1 → ε5

2

t̄→
p t→

q Gµr gsωr
pqεµ

Gµp Gωq Gεr Gϑs g2
s
(

fprt fqst (gµω gεϑ → gµϑgωε) + fpqt frst (gµεgωϑ → gµϑgωε) +

+fpst fqrt (gµω gεϑ → gµεgωϑ)
)

t̄p t→
q Gµr Gωs →

i
2

g2
s fs
!

(
ωr

pt ωs
tq → ωs

pt ωr
tq
)

ϑµω 1 + ε5

2

t̄→
p tq Gµr Gωs →

i
2

g2
s fs
!

(
ωr

pt ωs
tq → ωs

pt ωr
tq
)

ϑµω 1 → ε5

2

!""#, !$%&’(), *+,-") t→--).+- 4 / 11



>#)0*)883 =’6$8)$)

?*%",& ((9&+*) . ,2.",@",& ((7%*+*) %,12&".& +,/0#12&"",8,
$,7-)+*%)* ./ 89:,"-89:,"",5 *"".8.9’A.. .
)+*%)-*"$.)+*%),+,8, %*((&’".’

!""#, !$%&’(), *+,-") t→--).+- 5 / 11



<)*$%’ *%+"’$#’ t↓ , pp-91%52$%,’$#?4

Λ = mt*

Λ = 1 TeV

Λ = 5 TeV

Λ = 10 TeV

Λ = 100 TeV

0.5 1.0 1.5 2.0 2.5 3.0

0.001

0.010

0.100

1

10

100

mt* [TeV]

σ
(p
p
⟶

t *
t*
⟶

t g
tg
)

s = 13 TeV

Λ = mt*

Λ = 1 TeV

Λ = 5 TeV

Λ = 10 TeV

Λ = 100 TeV

0.5 1.0 1.5 2.0 2.5 3.0

0.001

0.010

0.100

1

10

100

mt* [TeV]

σ
(p
p
⟶

t *
t*
⟶

t g
tg
)

s = 14 TeV

Λ = mt*

Λ = 1 TeV

Λ = 5 TeV

Λ = 10 TeV

Λ = 100 TeV

1 2 3 4 5

0.01

1

100

mt* [TeV]

σ
(p
p
⟶

t *
t*
⟶

t g
tg
)

s = 28 TeV

Λ = mt*

Λ = 1 TeV

Λ = 5 TeV

Λ = 10 TeV

Λ = 100 TeV

0 5 10 15 20

0.01

1

100

mt* [TeV]

σ
(p
p
⟶

t *
t*
⟶

t g
tg
)

s = 100 TeV

pp ↑ t̄→t→ ↑ t̄gtg , B (t→ ↑ tg) = 1
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”ϑ/ϑ ; ,$",(.$&9<"*’ %*/",($< /"*@&".5 (&@&".5 29’ (9#@*&+
! = mt→ . ! ↔ mt→ 7%.
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E#4’*+(0 $+*+()5 #8)(#*(#6# ) @3/(#6# /#F8+()5 t→
,

pp-$B#41(#,+()5G @/) H(+/6)5G LHC, HL-LHC ) FCC-hh

, :3,)$)I#$B) #B I3$$0 (#,#6# $#$B#5()5.

>3$$I#B/+(0 $4’*3) ! < mt↑ , ! ↔ mt↑ ) ! = mt↑ .

E/+8$B3,4+((0+ :(3*+()5 $+*+()9 8+I#($B/)/’CB

,#:I#F(#$BJ 8#@#4(+()5 #6/3()*+()9, @#4’*3+I0G ):

@3/(#6# /#F8+()5, /+:’4JB3B3I) @#)1#, #8)(#*(#6# t→

845 +$B+$$B,+((#6# $4’*35 ! = mt↑ ) ! < mt↑ .
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