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Why evasive maneuver?

• Higgs coupling modification factors relative to the SM:

κx =
gxxh

(gxxh)SM

.

• The modification factor for the gg → h production

Rgg =

∣∣∣∣∣κt���
�:− 4

3
F1/2(τt ) +

∑
f =t′,b′

κf F1/2(τf )

∣∣∣∣∣
2

∣∣F1/2(τt )
∣∣2 ≈ 9

when κt = κt′ = κb′ = 1 in the SM-like limit.
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Consequences
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The maneuver

• NP contribution to gg → h is proportional to κgg = (κt′ + κb′).

• Wrong sign limit:

κV = 1 (V = W ,Z)

κu = 1 (for up type quarks)

κd = −1 (for down type quarks and charged leptons) .

• The NP contribution to h→ γγ

κγγ =
∑

f =t′,b′,τ ′

Q2
f N f

c κf

=

(
+

2
3

)2

· 3 · (+1) +
(
−1

3

)2

· 3 · (−1) + (−1)2 · 1 · (−1) = 0 .

• The NP contribution to h→ Zγ

κZγ =
∑

f =t′,b′,τ ′

Qf T f
3 N f

c κf = 0 .

4 / 8



The maneuver

• NP contribution to gg → h is proportional to κgg = (κt′ + κb′).

• Wrong sign limit:

κV = 1 (V = W ,Z)

κu = 1 (for up type quarks)

κd = −1 (for down type quarks and charged leptons) .

• The NP contribution to h→ γγ

κγγ =
∑

f =t′,b′,τ ′

Q2
f N f

c κf

=

(
+

2
3

)2

· 3 · (+1) +
(
−1

3

)2

· 3 · (−1) + (−1)2 · 1 · (−1) = 0 .

• The NP contribution to h→ Zγ

κZγ =
∑

f =t′,b′,τ ′

Qf T f
3 N f

c κf = 0 .

4 / 8



The maneuver

• NP contribution to gg → h is proportional to κgg = (κt′ + κb′).

• Wrong sign limit:

κV = 1 (V = W ,Z)

κu = 1 (for up type quarks)

κd = −1 (for down type quarks and charged leptons) .

• The NP contribution to h→ γγ

κγγ =
∑

f =t′,b′,τ ′

Q2
f N f

c κf

=

(
+

2
3

)2

· 3 · (+1) +
(
−1

3

)2

· 3 · (−1) + (−1)2 · 1 · (−1) = 0 .

• The NP contribution to h→ Zγ

κZγ =
∑

f =t′,b′,τ ′

Qf T f
3 N f

c κf = 0 .

4 / 8



Implementation

• Not possible in the SM with only one scalar doublet.

• Type II 2HDM:

κV = sin(β − α) , (V = W ,Z)

κu = sin(β − α) + cotβ cos(β − α) , (up quarks)

κd = sin(β − α)− tanβ cos(β − α) . (down quarks and charged leptons)

• Wrong sign is achieved by

cos(β − α) = 2
tanβ

, with, tanβ � 2 .
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Results

Benchmark:

mt′ = 550 GeV , mb′ = 510 GeV , mτ ′ = 400 GeV , mν′ = 200 GeV ,

mH = 400 GeV , mA = 810 GeV , mH+ = 600 GeV .
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Caveat emptor

“ Whoever thinks a faultless piece to see,
Thinks what ne’er was, nor is, nor e’er shall be, ”

Alexander Pope

• Direct searches at the LHC? Sometimes relies on assumptions about
Vi4 and/or V4i . (1205.0575).

• What about perturbative unitarity once LHC pushes too far?

• What about vacuum stability? More scalars?
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Conclusion

• A sequential fourth generation of fermions faces constraints from
many different considerations.

• But, at least, we know how to survive the constraints arising from
measurements of Higgs signal strengths.

• This scenario can be tested in the di-Higgs production. Substantially
higher no. of events expected. (Work in progress!)

THANK YOU !
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