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Motivation

* Higgs Particle

107

1072

1072

14F

{ """""""""" H ------------------------- #.§-

1.2

0.8F

BT IIIIII|
N e

IIII|
_._“
.
.
.
S
u .
.
.
| 0y
.
.
o .
S
r .
| .
.
r S
- .
- .

ATLAS
s =13 TeV, 24.5-79.8 fo' z.
my=125.09GeV, ly,| <2.5,p , =78% &

TTTT

SM Higgs boson

T T T T T T

L4
S W

— 68% CL

95% CL

m,(my) used for quarks

IIII| | IIIIIII| | IIIIIII| | IIIIIII| | IIIIIII+‘

107"

1

10 10°
Particle mass [GeV]

* CP Property:

* With Gauge Boson

* CPV appears at high dimension
operators:

* Opiw = @ oW, WK
* With Fermions

* CPV appears already at dim-4:
« flys +iyse)fh

* Third Generation Fermions:
.t
* b-quark
* top-quark



Htt: Indirect Measurement

*gg > h - yy

* Gluon-gluon fusion and diphoton decay

t,b
New Physics

* Indirect constraints on the particles in the loop

* Model-dependent
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Htt: Direct Measurement

* Direct Measurement through tth production
m, _

* Current Measurements Lo Kit(cosa + iys sina)th
v

511" (7 TeV) + 19.7 b (8 TeV) + 35.9 fb™ (13 TeV)
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Measurement of the CP Structure

t 9

* Higgs-top CP structure affects the spin correlation in the final states

me _ L
L > — kit(cosa + iyssina)th
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* Observables: (In top-pair CM frame) : | e ©)
* 9*: The angle of top-quark w.r.t LW* y | 3 (be)
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Observables

* Observables: (In top-pair CM frame)
* 0*: The angle of top-quark w.r.t
beam-axis

* Ag}5: Azimuthal angle between
the leptons

parton level (parton — truth)
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Reconstruction of the System!
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Mébé%v(m) = min {max [M;, (¢1,m), My, (G2,m)]},

q1,92

Event Reconstruction Pr = Gir + Gor
M;, = M,,,

MW'1 = ]\4‘/[/2 =mw .

1

- Stransverse Mass
- W mass Reconstruct the Neutrino and the top system

- Top mass

- BDRS Algorithm with p; > 200 GeV
- Boosted region:

Reconstruct the Higgs - Better Reconstruction/Rejection
- Better CP sensitivity
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parton level (parton — truth)

Measurement @ 14 TeV
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* Improvement at FCC 0.050 7 :
e Larger Cross Section / i
* Larger Luminosity £ =30ab1 : |
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Measurement @ 100 TeV

parton level (parton — truth)
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Summary

* Top Yukawa coupling as well as CP structure is one of the important
targets we want to measurement with high precision

e tth production is used, with h —» bb and dilepton channel for top-
pair
+ At HL-LHC, we can probe |a| < 36°, with 5K—"t ~20%:
* Well control of the systematics of backgroundstis necessary
* At FCC-pp, with huge increase of the cross section and luminosity:
* |a| < 3° and SK—’?~1% is achievable

* Systematics can be well controlled utilizing the correlation between ttZ and
tth



8/26/21

Backups

ywu@okstate.edu

12



1507.07926

Event Reconstruction 800
- o
* Higgs: 0 A, o

e0Ofk 0 tt gm0

e BDRS Algorithm:
* Focusing on Boosted region p¥ > 200 GeV

* Cons:
* Smaller Cross Section

* Pros:
* Better reconstruction of the Higgs
* Better rejection of backgrounds
* Better CP sensitivity
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Event Reconstruction

* Constraints in the System 1= ---j--;- --3-5-
* W-boson mass \ \ E
e Topquarkmass by | 2 1 . .

* MET measurement

 Two combinations of b-quark and lepton
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(bf) ~ o . — ~ - ~ (e) - . 5 _ = _
Mycy, (M) = (11{11(1;21 {max [My, (q1,m), My,(g2,m)]}, M, 4, (m) = min {max [Myy, (q1,m), Mw,(q,m)]},
’ q1,92
Pr = qir + @r, Pr = Gir + @or,
Mt1 = Mt2 , M _ MW2 ,
]\4{/‘/1 = ]\41/V2 =myw . M Mt2 s mt —
0.030 - ' ' ‘ :I Correct 'partition 9 0.030F I:I Correct partltlon 1 1.4} ;
[ Wrong partition 1 Wrong partition 107
0.025 | 0.025 |- 1 120
[ 107

0.020 g 0020 18%°F vl B

% 0.8}
0.015 S o015 o

5 [

= 0.6
0.010 | 0.010f

0.4} — My
0.005 - ] 0.005 - : - Myt
0.2} R T B My + |
0.000 s ‘ 0.000 . T ‘ : [ e M
o 100 00 300 400 500 600 0 50 00 150 200 250 300 0.0 . . . . . N o
Mazcw [GeV] Mazcr [GeV] 50 100 150 200 250 300 350 400

s = ————— G —— e R I T— —

mimn =173 Gev  M20W  mtree -.80.4.GeV MaCT e — 1532 Gevie 100



Event Selection

cuts 14 TeV tth ttbb ttZ o
N, = 1, 4b-tags, pt. > 20 GeV, |nf| < 2.5
= N 7l 0.358 | 4.08 | 0.106 || 9.45
p?r > 30 GeV, |’I7]| < 2.5, Nj =2 Np =2
50 GeV < mBPRS < 150 GeV 0.306 | 2.18 |0.0971| 10.9
Resolving combinatorics 0.239 1.47 (0.0796 | 10.3
cuts 100 TeV tth tthb | ttZ o
N, = 1, 4b-tags, p% > 20 GeV, |nf| < 2.5
" =S 7l 215 | 351 | 6.93 || 194.9
pr > 30 GeV, || < 2.5, N; > 2, Ny =2
50 GeV < mBPRS <150 GeV 17.7 | 177 | 6.15 || 223.0
Resolving combinatorics 14.0 116 | 5.11 216.3
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