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Standard Model Effective Field Theory

SMEFT is a model independent way to look for BSM physics
• Higher-dimensional operators as relics of higher energy physics, e.g., dimension-6:

Le f f = ∑i
ci

Λ2 Oi = ∑i
sign(cj)

Λ2
j

Oi

• Operators constrained by SU(2)×U(1) symmetry, assuming usual quantum
numbers for SM particles

• Constrain operator coefficients with global analysis of experimental data;
• Non-zero ci would indicate BSM: Masses, spins, quantum numbers of new

particles?
• Dimension-8 contributions scaled by quartic power of new physics scale:

∆Ldim−8 = ∑i
c̃i

Λ̃4 Oi = ∑i
sign(c̃i)

Λ4
i

Oi

• Study processes without dimension-6 contributions,
e.g., light-by-light scanering, gg → γγ...

• Neutral triple-gauge couplings (nTGCs): ZγZ∗, Zγγ∗
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Previous nTGC studies�

Assuming only Lorentz and U(1)em gauge invariance

Γαβµ
ZZV (q1 , q2 , q3) =

(q2
3 − m2

V )

m2
Z

[
f V
4 (qα

3 gµβ + qβ
3 gµα)− f V

5 ϵµαβρ(q1 − q2)ρ

]
,

Γαβµ
ZγV (q1 , q2 , q3) =

(q2
3 − m2

V )

m2
Z

{
hV

1 (qµ
2 gαβ − qα

2 gµβ) +
hV

2
m2

Z
qα

3 [(q2q3)gµβ − qµ
2 qβ

3 ]

− hV
3 ϵµαβρq2ρ −

hV
4

m2
Z

qα
3 ϵµβρσ Pρq2σ

}
.

f V
4,5 and hV

1,2,3,4 are function of q2
i , but treated as constant in experimental analysis

LNP =
e

m2
Z

[
− [ f γ

4 (∂µ Fµβ) + f Z
4 (∂µ Zµβ)]Zα(∂

α Zβ) + [ f γ
5 (∂σ Fσµ) + f Z

5 (∂σ Zσµ)]Z̃µβ Zβ

− [hγ
1 (∂

σ Fσµ) + hZ
1 (∂

σ Zσµ)]Zβ Fµβ − [hγ
3 (∂σ Fσρ) + hZ

3 (∂σ Zσρ)]Zα F̃ρα

−
{

hγ
2

m2
Z
[∂α∂β∂ρ Fρµ ] +

hZ
2

m2
Z
[∂α∂β(□+ m2

Z)Zµ ]

}
Zα Fµβ

+

{
hγ

4
2m2

Z
[□∂σ Fρα ] +

hZ
4

2m2
Z
[(□+ m2

Z)∂
σ Zρα ]

}
Zσ F̃ρα

]
,

The conventional nTGC form factor formalism was adopt by previous LHC experimental analysis, but it disregards SU(2)×U(1) of SM!

�G. J. Gounaris, J. Layssac, and F. M. Renard, Phys. Rev. D 61 (2000) 073013
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Dimension-8 nTGC operators with Higgs�

CP breaking(C odd, P even)

OBW = i H†BµνWµρ
{

Dρ, Dν
}

H,

OWW = i H†WµνWµρ
{

Dρ, Dν
}

H,

OBB = i H†BµνBµρ
{

Dρ, Dν
}

H.

CP conserving(C odd, P odd)

OB̃W = i H† B̃µνWµρ
{

Dρ, Dν
}

H,

OBW̃ = i H†BµνW̃µρ

{
Dρ, Dν

}
H,

OW̃W = i H†W̃µνWµρ
{

Dρ, Dν
}

H,

OB̃B = i H† B̃µνBµρ
{

Dρ, Dν
}

H.

Matching form factors to SMEFT operators

hZ
3 =

v2M2
Z

4cwsw

CB̃W
Λ4

hZ
1 =

M2
Zv2

(
−cwsw

CWW
Λ4 + CBW

Λ4

(
cw

2 − sw
2)+ 4cwsw

CBB
Λ4

)
4cwsw

hγ
1 =−

M2
Zv2

(
sw

2 CWW
Λ4 − 2cwsw

CBW
Λ4 + 4cw

2 CBB
Λ4

)
4cwsw

hV
2 and hV

4 are absent!

�C. Degrande, JHEP 1402 (2014) 101
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CP-conserving Dimension-8 nTGC operators

We propose the pure gauge operators of dimension-8 (OG+ ,OG−) that
contribute to nTGCs and are independent of the dimension-8 operator
involving the Higgs doublet.

gOG+ = B̃µνWaµρ(Dρ DλWaνλ+Dν DλWa
λρ),

gOG− = B̃µνWaµρ(Dρ DλWaνλ−Dν DλWa
λρ),

O
B̃W

= i H† B̃µνWµρ{Dρ , Dν}H + h.c.,

OC+ = B̃µνWaµρ
[

Dρ(ψL TaγνψL) + Dν(ψL TaγρψL)
]
,

OC− = B̃µνWaµρ
[

Dρ(ψL TaγνψL)− Dν(ψL TaγρψL)
]
.

OC+ and OC− are connected to (OG+ , OG− , O
B̃W

) by the equation of

motion: DνWa
µν = ig

[
H† Ta Dµ H − (Dµ H)† Ta H

]
+ g ψL TaγµψL

OC+ = OG−−O
B̃W

,

OC− = OG+ − { iH† B̃µνWµρ[Dρ , Dν]H+ i 2(Dρ H)† B̃µνWµρDν H + h.c.} .

Left side and right side have the same contribution to ψψ̄ → Zγ
3 independent nTGC operators
Only ψL in OC− → OG+ can not contribute to ψR ψ̄R → Zγ
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Neutral Triple Gauge Vertices

Dimension-8 SMEFT:

Γαβµ
ZγZ∗ (G+)

(q1 , q2 , q3) = −
v(q2

3−M2
Z)

MZ [Λ4
G+ ]

(
q2

3 q2νϵαβµν+ 2qα
2 q3νq2σϵβµνσ

)
,

Γαβµ
Zγγ∗ (G+)

(q1 , q2 , q3) = −
sW v q2

3
cW MZ [Λ4

G+ ]

(
q2

3 q2νϵαβµν+ 2qα
2 q3νq2σϵβµνσ

)
,

Γαβµ

ZγZ∗(B̃W)
(q1 , q2 , q3) =

v MZ (q2
3−M2

Z)

[Λ4
B̃W

]
ϵαβµνq2ν ,

Γαβµ
Zγγ∗ (G−)

(q1 , q2 , q3) = −
sW v MZ
cW [Λ4

G− ]
ϵαβµνq2νq2

3 .

Conventional form factor parameterization:

Γαβµ
ZγV∗ (q1 , q2 , q3) =

e (q2
3 −M2

V )

M2
Z

(
hV

3 q2νϵαβµν+
hV

4
M2

Z
qα

2 q3ν q2σϵβµνσ

)
,

Full SU(2)×U(1) gauge constraints:

Γαβµ(8)
ZγV∗ (q1 , q2 , q3) =

e (q2
3−M2

V )

M2
Z

[(
hV

3 + hV
5

q2
3

M2
Z

)
q2νϵαβµν+

hV
4

M2
Z

qα
2 q3ν q2σ ϵβµνσ

]
,

O(E5) terms must cancel each other in amplitude with longitudinal Z:

T [ f f̄ → ZLγ] = hV
3 O(E3) + hV

4 O(E5) + hV
5 O(E5) = Λ−4

j O(E3) .
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Matching Form Factors to Dimension-8 Operators

T [ f f̄ → ZLγ] as contributed by the gauge-invariant dimension-8 nTGC operators must obey the equivalence theorem (ET):

T(8) [ZL , γT ] = T(8) [−iπ0 , γT ] + B ,

The residual term B=T
(8) [v

µ Zµ , γT ] is suppressed by the relation

vµ ≡ϵ
µ
L− qµ

Z /MZ =O(MZ/EZ).

Only O
B̃W

could give a nonzero contribution to T
(8) [−iπ0 , γT ] = O(E3)

OG+
does not contribute to T

(8) [−iπ0 , γT ], but can contribute B = O(E3).

hZ
4 /hγ

4 must be fixed to cancel their contributions to T [ f f̄ → Z∗ → Zγ] + T [ f f̄ → γ∗ → Zγ] via right-handed fermions.

Relations between form factor coefficients hV
4 = 2 hV

5 , hZ
4 =

cW
sW

hγ
4 and :

h4 = −
sign(c̃G+)

Λ4
G+

v2M2
Z

sW cW
≡

r4
[Λ4

G+ ]
, hV

3 = 0 , for OG+ ,

hZ
3 =

sign(c̃
B̃W

)

Λ4
B̃W

v2M2
Z

2sW cW
≡

rZ
3

[Λ4
B̃W

]
, hγ

3 , hV
4 = 0 , for O

B̃W
,

hγ
3 = −

sign(c̃G−)

Λ4
G−

v2M2
Z

2c2
W

≡
rγ
3

[Λ4
G− ]

. hZ
3 , hV

4 = 0 , for OG− ,
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Feynman Diagrams

e−e+ → qq̄γ

(a)
e+

e-

q

q

γ

Z,γ
Z

(b)
e+

e-

q

q

γ

Z,γ

(c)
e+

e-

q

q

γ

Z,γ

(d)
e+

e-

q

q

γ

Z

• (a) nTGC s channel Zγ

• (b) SM t and u channel Zγ

• (c) Reducible SM backgrounds

• (d) OC+,OC− contribution

Diagrams of qq̄ → l−l+γ have the same structure
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Amplitudes of f f̄ → Zγ

helicity combinations λZλγ =(−−,−+,+−,++, 0−, 0+)

T ss′,T
sm

 −− −+
+− ++

=
−2 e2Q

sW cW (s−M2
Z)


(

c′Lcot θ
2 −c′Rtan θ

2

)
M2

Z

(
−c′Lcot θ

2 +c′Rtan θ
2

)
s(

c′Ltan θ
2 −c′Rcot θ

2

)
s

(
−cLtan θ

2 +cRcot θ
2

)
M2

Z

, SM leading enegy dependence: s0 (−+,+−)

T ss′,L
sm (0−, 0+) =

−2
√

2 e2Q (c′L+c′R) MZ
√

s

sW cW (s−M2
Z)

(1, −1) ,

(c′L , c′R) = ((T3−Qs2
W )δ

s,− 1
2

, −Qs2
W δ

s, 1
2
)

T ss′,T
(8),F

 −− −+
+− ++

=
(cV

L+cV
R )e2(2hV

3 M2
Z + hV

4 s)(s−M2
Z) sinθ

4M4
ZcW sW

 1 0

0 −1

, hV
4 leading enegy dependence: s2 (++,−−)

T ss′,L
(8),F(0−, 0+) =

√
2 e2(s−M2

Z)
√

s

4M3
Z cW sW

(2hV
3 +hV

4 )

(
cV

L sin2 θ

2
− cV

R cos2 θ

2
, cV

R sin2 θ

2
− cV

L cos2 θ

2

)
, hV

3 leading enegy dependence: s3/2 (0+, 0−)

(cZ
L , cZ

R)= ((T3−Qs2
W )δ

s,− 1
2

, −Qs2
W δ

s, 1
2
) and cA

L = cA
R = QcW sW (δ

s,− 1
2

, δ
s, 1

2
)

denote the couplings of initial states fermions
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Cross section of f f̄ → Zγ

σ = σ0(SM
2) + σ1(SM× nTGC) + σ2(nTGC

2)

σ0 =
e4(c2

L+c2
R)Q2

[
−(s−M2

Z)
2−2(s2+M4

Z) ln sin δ
2

]
8πs2

W c2
W (s−M2

Z)s
2

= O(s−1),

σ1 =
e2cL Q T3 M2

Z

(
s−M2

Z

)
4πsW cW s

1
[Λ4

G+ ]
−

e2Q(cL xL−cR xR)M2
Z

(
s−M2

Z

)(
s+M2

Z

)
8πsW cW s2

1
[Λ4

j ]
,

=
e2cL Q T3 M2

Z

(
s−M2

Z

)
4πsW cW s

h4
r4 −

e2Q(cL xL−cR xR)M2
Z

(
s−M2

Z

)(
s+M2

Z

)
8πsW cW s2

hV
3

rV
3

= h4O(s0) + hV
3 O(s0),

σ2 =
T2

3 (s+M2
Z)
(

s−M2
Z

)3

48π s
1

Λ8
G+

+
(x2

L+x2
R)M2

Z

(
s+M2

Z

)(
s−M2

Z

)3

48π s2
1

Λ8
j
+ cross terms

=
T2

3 (s+M2
Z)
(

s−M2
Z

)3

48π s

(
h4
r4

)2
+

(x2
L+x2

R)M2
Z

(
s+M2

Z

)(
s−M2

Z

)3

48π s2

(
hV

3
rV
3

)2

+ cross terms

= (h4)
2O(s3) + (hV

3 )2O(s2) + cross terms,

(xL , xR) = −Qs2
W (1, 1), (for Oj = OG−),

(xL , xR) =
(

T3− Qs2
W , −Qs2

W

)
, (for Oj = O

B̃W
),

(xL , xR) = −(T3 , 0), (for Oj = OC+).
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Kinematical structure

The full amplitude T ss′
σσ′λ can be expressed as combination of Tss′ (λZ λγ)

T ss′
σσ′λ( f f̄ γ) =

eMZDZ
sW cW

[√
2 eiϕ∗

(
f σ
R cos2 θ∗

2
− f σ

L sin2 θ∗
2

)
T T

ss′ (+λ)

+
√

2 e−iϕ∗
(

f σ
R sin2 θ∗

2
− f σ

L cos2 θ∗
2

)
T T

ss′ (−λ) + ( f σ
R+ f σ

L ) sinθ∗T L
ss′ (0λ)

]
,

( f σ
L , f σ

R) = ((T3−Qs2
W )δ

σ,− 1
2

, −Qs2
W δ

σ, 1
2
) denote the couplings of

final states fermions

cos ϕ∗ =
(p

q,e−×pZ) · (p f ×p f̄ )

|p
q,e−×pZ | |p f ×p

f̄
| .

At LHC, q can be emitted from either proton beam→ cos ϕ∗ terms

cancel out, cos(2 ϕ∗)=2 cos2 ϕ∗−1 are not affected
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ϕ∗ Distribution of OG+&h4

Normalized angular distribution function at
O(1/Λ0),O(1/Λ4),O(1/Λ8)

f 0
ϕ∗ =

1
2π

+
3π2c2

− f 2
−MZ

√
s (s+M2

Z) cosϕ∗− 8c2
+ f 2

+M2
Z s cos2ϕ∗

16πc2
+ f 2

+

[
(s−M2

Z)
2+ 2(s2+M4

Z) ln sin δ
2

] + O(δ), ,

f 1
ϕ∗ =

1
2π

−
3π( f 2

L− f 2
R)(M2

Z + 5 s) cos ϕ∗
256( f 2

L+ f 2
R)MZ

√
s

+
s cos 2ϕ∗
8πM2

Z
,

f 2
ϕ∗ =

1
2π

−
9π( f 2

L− f 2
R)MZ

√
s cosϕ∗

128( f 2
L+ f 2

R)(s+M2
Z)

,

(c2
± , f 2

±) = (c2
L ± c2

R , f 2
L ± f 2

R)

Define

O1 =

∣∣∣∣σ1

∫
dϕ∗ f 1

ϕ∗×sign(cos2ϕ∗)
∣∣∣∣ = O(s),

to get leading energy dependence of interference term.

SM

Λ-4

Λ-8

0 0.5 1.0 1.5 2.0

-30

-20

-10

0

10

20

30

ϕ*/π

f ϕ
*j

qq̄ → Zγ → l−l+γ at LHC
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ϕ∗ Distribution of O
B̃W

&hZ
3

f 0
ϕ∗ =

1
2π

+
3π2c2

− f 2
−MZ

√
s (s+M2

Z) cosϕ∗− 8c2
+ f 2

+M2
Z s cos2ϕ∗

16πc2
+ f 2

+

[
(s−M2

Z)
2+ 2(s2+M4

Z) ln sin δ
2

] + O(δ),

f 1
ϕ∗ =

1
2π

−
9π(cL xL+cR xR)( f 2

L− f 2
R)

√
s cosϕ∗

128(cL xL−cR xR)( f 2
L+ f 2

R)MZ
+

s cos2ϕ∗
4π(s+M2

Z)
,

f 2
ϕ∗ =

1
2π

−
9π(x2

L−x2
R)( f 2

L− f 2
R)MZ

√
s cosϕ∗

128(x2
L+x2

R)( f 2
L+ f 2

R)(s+M2
Z)

,

Define

O1 =

∣∣∣∣σ1

∫
dϕ∗ f 1

ϕ∗×sign(cosϕ∗)
∣∣∣∣ = O(s1/2),

to get leading energy dependence of interference term.

(a)
SM

Λ-4

Λ-8

0 1 2 3 4 5 6

-0.2

0.0

0.2

0.4

0.6

ϕ*

d
σ

σ
d
ϕ
*

250 GeV

e−e+ → Zγ → dd̄γ
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Photon PT Distribution at O(1/Λ8
G+)

(a)

LHC(13TeV)
SM

Λ = 3TeV

Λ = 4TeV

Λ = 4.5TeV

0.2 0.4 0.6 0.8 1.0 1.2 1.4
10-7

10-5

0.001

0.100

10

PT (TeV)

f P
T
(f
b
/G
eV

)

(b)

pp(100TeV) SM

Λ = 20TeV

Λ = 25TeV

Λ = 30GeV

2 4 6 8 10 12

10-8

10-6

10-4

0.01

PT (TeV)

f P
T
(f
b
/G
eV

)

• Distribution function of SM decreases with PT

• Distribution function of OG+ increases with PT
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Sensitivity Estimates

Z =

√
2
(

B ln
B

B+S
+ S
)

=

√√√√2

(
σ0 ln

σ0
σ0+∆σ

+ ∆σ

)
×
√
L× ϵ ,

L is the integrated luminosity, and ϵ is the detection efficiency.
In order to maximize the detection sensitivity, we divide events into bins
of PT (γ) and construct the following significance measure:

Ztotal =
√

∑Z2
bin .

at O(Λ−4)

Λ ∝ (L×ϵ)1/8 , (for B≫S ),

Λ ∝ (L×ϵ)1/4 , (for S≫B ).

at O(Λ−8)

Λ ∝ (L×ϵ)1/16 , (for B≫S ),

Λ ∝ (L×ϵ)1/8 , (for S≫B ).

Sensitivities of ΛG+ at O(Λ−4), Z → ll

√
s LHC (13TeV) pp (100TeV)

L (ab−1) 0.14 0.3 3 3 10 30

Λ2σ
G+ (TeV) 2.1 2.4 3.3 14 17 19

Λ5σ
G+ (TeV) 1.6 1.8 2.6 10 12 15

Sensitivities of ΛG+ at O(Λ−8), Z → ll

√
s LHC (13TeV) pp (100TeV)

L (ab−1) 0.14 0.3 3 3 10 30

Λ2σ
G+ (TeV) 3.0 3.2 3.9 21 24 26

Λ5σ
G+ (TeV) 2.6 2.8 3.4 17 20 22

Including Z → νν

√
s LHC (13 TeV) pp (100TeV)

L (ab−1) 0.14 0.3 3 3 10 30

Λ2σ
G+ (TeV) 3.3 3.6 4.2 23 26 28

Λ5σ
G+ (TeV) 2.9 3.1 3.7 20 22 24
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SMEFT Form Factor Sensitivities

√
s 13TeV (ℓ ℓ̄) 13TeV (ℓ ℓ̄, νν̄)

L(ab−1) 0.14 0.3 3 0.14 0.3 3

|h4(O1)|×105 5.8 (18) 3.7 (11) 1.0 (2.8) 5.8 (18) 3.7 (11) 1.0 (2.8)

|h4 |×106 14 (28) 11 (21) 5.2 (9.1) 9.6 (18) 7.5 (14) 3.8 (6.4)

|hZ
3 |×104 2.7 (5.0) 2.1 (3.8) 1.1 (1.8) 1.9 (3.4) 1.5 (2.7) 0.80 (1.3)

|hγ
3 |×104 3.1 (5.8) 2.5 (4.5) 1.3 (2.1) 2.2 (4.0) 1.8 (3.1) 0.97 (1.6)
√

s 100TeV (ℓ ℓ̄) 100TeV (ℓ ℓ̄, νν̄)

L(ab−1) 3 10 30 3 10 30

|h4(O1)|× 108 3.4 (11) 1.6 (5.0) 0.85 (2.6) 3.4 (11) 1.6 (5.0) 0.85 (2.6)

|h4 |×109 6.1 (13) 3.9 (7.8) 2.6 (5.1) 4.0 (8.1) 2.6 (5.1) 1.9 (3.4)

|hZ
3 |×107 8.9 (17) 6.0 (11) 4.2 (7.5) 6.1 (11) 4.2 (7.5) 3.0 (5.2)

|hγ
3 |×107 10 (20) 6.8 (13) 4.9 (8.7) 7.2 (13) 4.9 (8.7) 3.5 (6.1)

2σ, 5σ

With same integrated luminosity, bounds at 100TeV pp colliders is around O(10−3) of
bounds at LHC.
Bounds of h4 is O(10−2) of bounds of hV

3 .
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Correlations between Sensitivities

σ2 = Ax2 + By2 + Cxy
ρ(x, y) = − C

2
√

AB
ρ(Λ−4

G+ , Λ−4
j ) = sign(rV

3 r4)ρ(h4 , hV
3 ) ∝ s−1/2,

ρ(Λ−4
B̃W

, Λ−4
G−) = sign(rZ

3 rγ
3 )ρ(h

Z
3 , hγ

3 ) ∝ s0

LHC(13TeV)

h3
Z solid curves
h3
γ dashed curves(a)

140fb-1

300fb-1

3ab-1

-20 -10 0 10 20

-2

-1

0

1

2

h4×10
6

h
3V
×
10
4

LHC(13TeV)

(c)

140fb-1

300fb-1

3ab-1

-3 -2 -1 0 1 2 3
-3

-2

-1

0

1

2

3

h3
Z×104

h
3γ
×
10
4

LHC(13TeV)

B

W solid curves

G- dashed curves(a)

140fb-1

300fb-1

3ab-1

-0.02 -0.01 0.00 0.01 0.02

-0.6

-0.4

-0.2

0.0

0.2

0.4
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SMEFT vs Naive Form Factor Sensitivities

√
s 13TeV (ℓ ℓ̄, νν̄)

√
s 100TeV (ℓ ℓ̄, νν̄)

L(ab−1) 0.14 0.3 3 L(ab−1) 3 10 30

|h4|×106 9.6 7.5 3.8 |h4|×109 4.0 2.6 1.9

|hZ
4 |×107 5.2 4.0 2.0 |hZ

4 |×1011 2.8 1.9 1.3

|hγ
4 |×107 5.9 4.7 2.4 |hγ

4 |×1011 3.3 2.1 1.5

h4 is much weaker than conventional form factors hV
4

O(20) at LHC and O(100) at 100TeV pp colliders
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Comparison with Experimental Analysis(Z → νν̄)

CMS Run-I(arXiv:1602.07152):
√

s=8TeV L=19.6fb−1

ATLAS Run-II(arXiv:1810.04995):
√

s=13TeV L=36.1fb−1

CMS: hZ
3 ∈ (−1.5, 1.6)×10−3, hγ

3 ∈ (−1.1, 0.9)×10−3,

hZ
4 ∈ (−3.9, 4.5)×10−6, hγ

4 ∈ (−3.8, 4.3)×10−6;

ATLAS: hZ
3 ∈ (−3.2, 3.3)×10−4, hγ

3 ∈ (−3.7, 3.7)×10−4,

hZ
4 ∈ (−4.5, 4.4)×10−7, hγ

4 ∈ (−4.4, 4.3)×10−7.

For ATLAS inputs(13TeV, 36.1 f b−1, assuming ϵ = 0.75), we use conventional form
factors to derive the bounds:

|hZ
3 | < 3.0×10−4, |hγ

3 | < 3.4×10−4, |hZ
4 | < 4.4×10−7, |hγ

4 | < 4.9×10−7,
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Comparison of Correlainons

SMEFT form factor:
ρ(h4, hV

3 ) ∝ s−1/2

Näıve form factor:
ρ(hV

4 , hV
3 ) ∝ s0
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Comparison of e+e−, pp Colliders
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Summary

• nTGCs provide unique probe of dimension-8 SMEFT operators

• We propose new nTGC form factor formalism which match
Dimension-8 SMEFT
Conventional nTGC form factor formalism disregards
SU(2)×U(1) of SM
ATLAS and CMS are redoing the analysis

• Sensitivity in 3-4TeV range at LHC
comparable to sensitivity of ILC(1TeV e+e− collider)

• Sensitivity can reach O(20 − 30)TeV at pp (100TeV) colliders
higher than sensitivity of CLIC (3-5TeV e+e− collider)
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