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Motivation

To cancel the quadratic divergence and the log divergence of the Higgs
mass, we can introduce some new particles. We want to figure out the
constrains on these new particles in a model independent way. And we call
these constrains the sum rule.

We propose a channel qq → t/t
′ → qht

′
to detect the sign of the ht

′
t
′

coupling besides its value.
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Sum Rule
Quadratic Divergence

Let’s start to see what are the constrains.

A general fermions mass matrix,

M = M0 + f U [H/f ] (1)

If electroweak is broken H = v + h, we construct a Yukawa term and Mass
term relation:

Tr[(
∂

∂h
M).M† + M.(

∂

∂h
M†)]|h=0h (2)

= Tr

[
2

(
U ′(0)U ′†(0) +

1

2
(M0U

′′†(0) + U ′′(0)M†
0)

)
v +O(

v2

f 2
)

]
h
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Sum Rule
Quadratic Divergence

The previous result is exactly the cancellation of the quadratic divergence,

∂2

∂H2
Tr[M.M†]|H=0 (3)

= Tr[U ′(0)U ′†(0) +
1

2
(M0U

′′†(0) + U ′′(0)M†
0)] = 0

So that the relation we constructed vanish in the order of v
f ,

Tr[(
∂

∂h
M).M† + M.(

∂

∂h
M†)]|h=0 = 0 +O(

v2

f 2
) (4)

If we diagonalize M, the relation can simply write down,

YiiMii = 0 (5)
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Sum Rule
Log Divergence

∂2

∂H2
Tr[(M.M†)2] = 0 (6)

∂

∂h
Tr[(M.M†)2]|h=0h = 0 +O(

v2

f 2
) (7)

Simply,

YiiM
3
ii = 0 (8)
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Sum Rule
Example

The Maximally Symmetric Composite Higgs Model1 is a new type of the
Composite Higgs Model with additional global symmetry, the maximal
symmetry.
This model has two interesting features:

The quadratic divergence and the log divergence is canceled

Sensitive to the Yukawa coupling’s sign

Substitute the M in the general sum rule equation,

V
(
ε

2
qS − ε

2
qQ + ε

2
tQ − ε

2
tS

)
= 0 (9)

V
(
M2

S

(
ε

2
qQ − ε

2
tS

)
− M2

Q

(
ε

2
qQ − ε

2
tS

))
= 0 (10)

1More detail about the model, see 1702.00405
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Mid-term summary

We get the model independent sum rule

YiiMii = 0

YiiM
3
ii = 0

in the approximation of order v
f , and we prove that these relation is exact

in the Maximally Symmetric Composite Higgs Model.
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Collider Analysis
Channel

Define ”flip rate”: the cross section change ratio of the flip of the ht
′
t
′

sign.
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The Benchmark Point
The Maximally Symmetric Composite Higgs Model

mt = 148GeV mt′ = 1791GeV mx2 = 1632GeV mt1 = 1500GeV

σt′ = 20.89 fb σx2 = 5.041 fb σt1 = 56.29 fb

σf
t′

σt′
− 1 = 0.26

σfx2

σx2
− 1 = −0.25

Γtp = 8.30GeV

Zt : 42.92% Wb : 26.06% Zx2 : 12.76% tH : 8.30%

Γx2 = 13.92GeV

Ht : 37.51% Wb : 32.84% Zt : 18.33% Wx5 : 6.08%

Γt1 = 19.11GeV

tH : 51.45%% Zt : 32.43% WWt : 11.81%
(11)
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The Benchmark Point
Little Higgs Model2

f = 811,mt′ = 1490GeV (12)

σt′ = 184.9fb,
σf

t
′

σ
t
′
− 1 = −0.13

The branch ratios obey equivalence theorem.

The larger flip rate in the Maximally Symmetric Composite Higgs Model
comes from the cancellation of the ht

′
t
′

and hx2x2.

2More detail on 0512128
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Signal/background
100 TeV, 3ab−1

cuts no cut 2-lepton cut I SRs BDT significance

qht
′
→ qhzt → q(bb)(ll)(qqb) 770.84 492.87 396.55

47.35 33.96

6.05

3.80 /
22.71 10.72
3.03 /

ttZ → (qqb)(qqb)(ll) 1.45× 105 9.25× 104 7.81× 104

358.30 24.11
772.71 /
516.93 42.81
952.22 /

Table: Maximal Symmetric Higgs Model result. Precut for background: Z
PT>500 GeV.

The significance of the flip detection is about 1.2.
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Signal/background
100 TeV, 3ab−1

cuts no cut 2-lepton cut I SRs BDT significance

qht
′
→ qhzt → q(bb)(ll)(qqb) 3663.48 2332.75 1826.26

194.96 121.38

17.03

25.86 /
122.54 25.16
23.26 /

ttZ → (qqb)(qqb)(ll) 1.45× 105 9.25× 104 7.81× 104

358.30 26.76
772.71 /
516.93 17.50
952.22 /

Table: Little Higgs Model. Precut for background: Z PT>500 GeV.

The significance of the flip detection is about 1.3.
Other backgrounds like Zjj → (ll)jj contribute no more than ttZ
background. And all the background will be considered in the paper.
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Jet tagging
Top tagging

Using Convolutional Neural Network ( CNN ), the multi-jet classification
is:

Imply this CNN method for more
signal events ( by consider the jets
widely separate from the parton
level particles ) and less background
events ( the smaller fake rate ).
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Conclusion

We derived the general sum rule: YiiMii = 0 and YiiM
3
ii = 0 for the

quadratic and log divergence respectively

In the Maximally Symmetric Composite Higgs Model, the sum rule is
validate for any order of V

Via channel qq → t/t
′ → qht

′
, the measurement of the absolute

value of the Yukawa coupling is expected in 100 TeV collider, also this
provides a way to measure the sign although the significance is not
good

Using the CNN for the jet tagging will improve the efficiency
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Thank you!
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Backup

The general condition where Higgs mass is free of quadratic divergence,

∂2

∂H2
Tr[M.M†]|H=0 = 0 (13)

We can expand U(H) by H, U(H) = U ′(0)H + 1
2U

′′(0)H2 +O(H3), and
then substitute U in Eq. 13

Tr[U ′(0)U ′†(0) +
1

2
(M0U

′′†(0) + U ′′(0)M†
0)] = 0. (14)

Now if electroweak is broken H = v + h, the quadratic divergence terms
proportional to single h are
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Tr[(
∂

∂h
M).M† + M.(

∂

∂h
M†)]|h=0h

= Tr[
(
U′(0) + U′′(0)v

) (
M

†
0 + U′†(0)v +O(v2)

)
+

(
M0 + U′(0)v +O(v2))(U′†(0) + U′′†(0)v

)
]h

= Tr[
(
U′(0)M

†
0 + M0U

′†(0)
)

+ 2

(
U′(0)U′†(0) +

1

2
(M0U

′′†(0) + U′′(0)M
†
0 )

)
v +O(v2)]h

= Tr

[
2

(
U′(0)U′†(0) +

1

2
(M0U

′′†(0) + U′′(0)M
†
0 )

)
v +O(v2)

]
h

= 0 +O(v2)h (15)

In the third line, we suppose the tadpole of Higgs field H can not be

generated through loops i.e.
(
U ′(0)M†

0 + M0U
′†(0)

)
= 0.
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