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Di-top final state QCD
background
. Total amplitude: (99 - 1) t
A= Algg — tt) + Algg — @ — 1) ’ **
* |nterference between the M
amplitudes in the cross- )
section! ! ' r
« Signal-background
interference: large destructive Signal
contribution (99 - @ - ti) f
* Invariant mass distribution of LRGN
the top quarks significantly | R
distorted — peak-dip structure f

|
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Simplified model framework

 Extended Higgs sector
 Consider two scalars (@, ®2) such that
- massive than di-top threshold ( Ms > 21m4)

— produced via gluon fusion with top-triangle loop | | cp-even CP-0dd

o

- CP-mixed character ygm_( )
Lok = —=1(c +iv5¢;) tH
- decay to top quarks - V2 '/ 5£
* Analytical implementation (Mathematica) Yukawa-coupling

modifiers

* Monte-Carlo implementation (MadGraph 3.4.0)
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* |nvestigate impact of interference effects on the
distribution profiles

« With two scalars: signal-signal interference possible

« Contribution of signal-signal interference
 Conditions? |Mpy, — Mp,| < Ty, +T'n,

» Possible distribution profiles? Modifications to the usual
peak-dip?

* Scalars mixing at loop-level » Z-factors (complex
numbers) -» modify distribution profiles?

* Followed by Monte-Carlo simulations
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Investigate impact of interference effects on the
distribution profiles

With two scalars: signal-signal interference possible

Contribution of signal-signal interference
Conditions? My, — Mpu,| <Tu, +THh,

Possible distribution profiles? Modifications to the usual

peak-dip?
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Summary of the Monte-Carlo implementation

Sizeable imaginary parts above
the di-top threshold, effective
coupling - poor approximation

Incorporate the full top-triangle
loop

Two scalars, Yukawa-coupling
modifiers, internal bookkeeping
variables, and the Z-factors in
the FeynRules file

“hacked” python files in the
FeynRules output files, Fortran
routine for the top-loop

4.5+

3o

Form factors for the contributions of top quarks

""" Re[Af(t]
(Wl
()]
(

—— IMAf (W]

“““ Re[A%,
2

— Im[AY,

r=§/4mf

+ MadGraph caveats! (for e.qg., internal
parameters vs external parameters, etc)
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. - - Allow th lars to mix at the loop-
Investigation with Z-factors ievel - Zfactors (complex numbers

-~ modify distribution profiles?

* Lowest-order interaction states H 1, H 2 - mix at loop-level -
h_a, h_b loop-corrected mass eigenstates

* Following arxiv:1610.06193, for particles that mix, the total
amplitude (gg » ¢ — tt) can be written using Z-factors and the
Breit-Wigner propagators as

A= D ZalF | AW | D ZuTy
a=1,2 iZHl,HQ j=H1;H2

- Z-matrix complex elements! [finite wave function normalisation
factor (proper normalisation of the S-matrix)]

/23



In our case, we have,

~(X,Y)
U

A (X,Y)
L',

X (ct,1 +iY5C1)

X (ct,2 + 1Y5C,2)

>

ZAhQHl(Ctjl + /i’}/56t,]_) -I_ Zh H2 Ct 2 —|— /2”75Ct 9 ) A:}EEW

a

( hoH (Ce1 + 195Ce1) + Zh i, (Cto + 1956 2) )
( 1(Ct 1+ 7;756&1) + Zhng Ct2 + Z’}’5Ct 2 ) A
(2, )

Ce1 + 19581) + Ly, (Cr2 + 17561.2) )

10/23



 With
ZnvH = 21, Lh Hy = 212, Ly 1) = 221, Ly Hy = £22

« The amplitude can be written as

Aoc | Zii(ern +iv56e,1) + Zia(ero + 156 2) AEF(P% Zii(ce,1 4+ 195€64,1) + Zi2(er2 + 1956¢2)

v v
Production side Decay side

+ (221(61;,1 + iY5Ce 1) + Zao(cro + i’}’ﬁét,Q)) Afb (p?) Zo(ceq + 195€,1) + Zoa(cp2 + 1795C1,2)

W v
Production side Decay side

* |dentifying

Complex
Cr1 — L1161 + L1262 Yukawa-
. - . Z-factors couplin
Ctq = Z11C1 + 212Gy 2 can be modﬁierg'
Ct2 — 422C12 + 421611 ‘ complex ‘ N
i i i numbers Additional
Ct2 — L22Ct2 + £21Ct1 phases!

11/23



do/dm(tf) [fo/GeV]
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Good agreement between analytical
and Monte-Carlo results
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do/dm(tt) [fo/GeV]
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ct2 flipped, different behaviour of
signal-background interferences
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Takeaways!

 Monte-Carlo (and analytical) implementation of
individual signal and interference contributions
considering mixing between the scalars

* Mixing between scalars can lead to highly non-trivial
distribution profiles, rich phenomenology

 One needs precise estimation of the Z-factors
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Application to the C2HDM

« Compare results with exisiting literature in arXiv:1909.09987v?2
« 2HDM with a CP-violating scalar sector

* The Yukawa-coupling modifiers can be calculated using the

elements of the rotation matrix that diagonalizes the 3x3 mass
matrix to give a diagonal matrix with mass eigenstates

« We consider the lower-right 2x2 submatrix

C1€2

{Ri;} =R= ((613233 + s1¢3)

—C159C3 + 5153

51C2
C1C3 — 515253

—(c183 + s152¢3)

52
C253

C2C3

)

Type I:

Type 11 :




; = I I T T T T T T T T T 1 Ll ‘ T T T T I 1 1 1 L
) - - 508.6 GeV (Sig1) |
O i - 609.4 GeV (Sig2) |
. | | £ 60l Pl --- Sig1 + Intf,
608.6 GeV+intf. —— = | 2'92 +S'”"-| .
3 Q) T I = i —-- Sig1-Sig2 Intf.
i 609.4 (;}e\ :HIltf. | _g [ — Signal + All Intf.
| 608.6 GeV ------- ) 40
| : / T _ © — —]
] 609.4 GeV ------- Ms; -608.6 GeV | |

ry =31.5GeV
¢yt =0.58 ]
Gy = -0.88 ]

M32 =609.4 GeV

do/dm(tt) [fb/GeV]

M =291 GeV
- Ci2 = -0.85 1
Gio = -0.68

0% smearingj i

400 500 600 700 800 900 1000 I 1
m(tt) [GeV] -20j |
1 1 I | L L L | | | | Il { L L L il J 1 Il L L ‘ L | 1 1 I L L L L
arXiv:1909.09987v2 400 500 600 700 800 900 1000

m(tf) [GeV]

* Signal-Signal interference can be significant
(not considered previously)
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do/dm(tt) [fo/GeV]
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« Signal-Signal could be as large as one of the pure signals!
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