Model independent determination
of the top quark Yukawa coupling
from LHC and ILC data
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Motivation

light Higgs: g, from ttH associated production
framework: data from LHC ( L= 30 and 300 fb-1)
data from ILC at E.,, = 500 GeV , L=500 fb-?!

> ILC: small cross section — 1.5 to 0.01 fb
for M= 100 to 145 GeV @ E,,=500GeV

E = LN GeW

130 130 14 1540
My [GeV]

» LHC: only rate pp~>ttH, H>xX model independent measurable
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ldea

L HC: measurement of rate
oun X BR(H=>bb)
oxn X BR(H2>WW)

> g2 x BR(H>xx)

ILC: measurement of branching ratio
BR(H->bb)
BR(H>WW) H

Combination of both measurements
—->Mmodel independent determination
of top quark Yukawa coupling

Markus Schumacher, Top Quark Yukawa Coupling from LHC and ILC, ECFA LC WS, Durham 3/11



LHC rate measurements

H-2>bb:

t>bqgq t->blv H>bb

c~ 110 fb @ M, = 120 GeV
H2>WW:

a) 2 likesign leptons: t2>bl*v t2>9gg H-=2>I* v qq
b) 3leptons: t> blv t>blv H>WW->qgqlyv
t>blv t2>bgg H>WW>Ilvlyv
c—2x18 fb @ M, = 160 GeV

Backgrounds considered :
tt+ W, Z, Wj, tt, WW, bb, jj WW, WZ, Wbb, Z+j, W+j, W+t
Cross sections: 492 pb to 5x10-3 pb
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ttH with H->bb

consistent with ttH,H->bb production, m,, — m
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ttH with H>WW

2 lepton topoloqgy: 3 lepton topoloqgyv:
t2>blv t2>blv H->qqglv

t>blv t>bgg H->Ivly

— ttH 160 GeV/ic®

2 likesign

t>bl*v t>bgq H->1*vqq I
eptons
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2 likesign leptons, three leptons

6 jets, 2 b-tagged 4 jets, 2 b-tagged
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Rate measurement o X BR

from sidebands +control samples

10%0 for H - bb at low luminosity
596 otherwise

efficiency uncertainty from (depends on nr. of leptons and bs):

lepton isolation + reconstruction : 3 20 +2 %0
b-tagging: 326 overall reconstruction: 2 %o

luminosity uncertainty 5%bo

L: F"-‘.E U b]l:l
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From ox BR to g;x BR

Comparing observed rate with theoretical prediction:

A(g? 1 xXBR)

g2 XBR

Estimate of higher order
uncertainty in cross section:

a(pp — tH + X)) [{b]
Vs =14 TeV

B, = 120 GeV

Py =m, +M/2

o(pp — Htt) [pb]
WE =14 TaV

140 180
M [GeV]

Markus Schumacher, Top Quark Yukawa Coupling from LHC and ILC, ECFA LC WS, Durham 8/11



Measurement of branching ratios at ILC

¢ Data

ZH - puX model independent determination of o,
from recoil mass in ete 2>ZH=2>I1l X
measurment of rate o, X BR (H>XX)

1) ete->ZH~>Il bb

i) ete 2>ZH->11 WW

%
&}
v
—
~
“
)
D
(=
|54
B
E]
B
g
=
P

determination of

BR(H->bb) and BR(H>WW)

my (GeV) lBR{“hb'l / BR{“hh} ABR(WW)/BR(WW)

SM Higgs Branching Ratio
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Determination of g,

Assume Born level relation: c — g,

9 2
Combination of 1 ﬁ(%uHXBR))
LHC and ILC giuXBR  J1HC
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Ag,~ 16 to 27 % (12 to 23%) Ag,~ 13 to 17 % (7 to 11%6)
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Conclusions

synergy of LHC and ILC allows model independent
determination of top quark Yukawa coupling
from combination of data

expected error on g;:

Ag /g .= 13tol7 %
dominated by systematic uncertainties

-
fas

LHC 300 fh ™ at 14 TeV + LC 500 tb™ at 500 GeV

S
B

incl. syst. error

stat. error 4JI'I|:'|'

o

of
5
S
5
>
=
=
¥

-
- -
o'.:. -

- "

1 Arnaud Gay
LC 1000 fb ™ at 800 GeV sessasanns
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More info: hep-ph 0407159
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Accuracy in determination of g,
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