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Introduction

* Higgs-like particle was found at the LHC!

* |nvestigation of the detail of that particle is
important, especially the verification of mass
generation mechanism.

Full simulationof H - 17~
mode has not been done.

coupling constant with Higgs

mass (GeV)




Motivation for precision measurement

Any deviation in Higgs
coupling and mass
relation is an indication
of new physics.
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The small theoretical uncertainty in T mass makes the
H — t+1~ branching ratio an ideal probe for new physics.
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Target of this study

e Estimation of precision of branching ratio of
H - t777 mode

* Previous study with fast simulation
->4.6-7.1% (My =120 GeV, RDR)

* |n this study, we evaluate the precision
with full detector simulation for the first time
at E.,, = 250 GeV.
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Analysis condition

* Higgs properties
— My =120 GeV
—Br(H—->1tt717)=8.7%
 Machine parameters
— Ecym = 250 GeV
— Integrated luminosity L = 250 fb,
— Polarization P(e*,e™) = (+0.3,—0.8)
* Simulation conditions
— Full simulation with ILD model

— Using LOI samples for now (to be updated with DBD
simulation tools in the future)
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vV (~20 %)
1qq (~70 %)
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Main background

4 leptons background
eeee, eeuu, eett,

UPUU, UUTT, TTTT

Z H with other Higgs decays
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Event reconstruction

— ‘ 1: Z reconstruction

* leptonID
identify e/u by using

EgcaL and EgcaLtTEHCAL

EgcALtEHCAL Ptrack
4« Trejection
/ do not use tracks displaced
from IP

2: T reconstruction ‘

clustering based on T mass
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Z reconstruction (2) : T rejection

)
Interaction x

use impact parameter for T rejection
dy: perpendicular to beam axis (x-y plane)
Zy: along to beam axis
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T rejection (Z - u*u™)

— u from Z = uu
— u from T = uvv (from Higgs)
— hadrons from 1 (from Higgs)
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T rejection (Z - u*u™)

“—u from Z = uu
— u from T = uvv (from Higgs)
— hadrons from 1 (from Higgs)

Vs
o
C
Q
>
QD
G
@)
"

WWHMWH ﬁ HHHH.H{H NH LI

10 15 20 25
|ZO/U(ZO)|

[ TTT
—

=]
n

LCWS12 @ Arlington, Texas (2012/10/24)



T reconstruction

l+

Mcluster < 2 GeV

—=2 | Mclyster




Event selection (Z —» eTe™)

Cut O (pre-selection):

require e e~ candidate,
# of 7~ candidate == selecteand T

’

# of Tt candidate == 1,
Cut 1: # of tracks <= 8

Cut2: 110 < Eyis < 240 /Z mass cut
Cut 3: |cosOnissmom| < 0.98

Cut4:70 < M, <110 suppress

Cut5:90< E, <120 / X i
Cut 6: cosf,.- < 0.92,cos0,+ > —0.92 t-channel diagram

Cut7:20 < E,- <90,20< E_+ <90
Cut 8: cosf,+,- < —0.2

Cut 9: cosO+,.- < —0.4 . .
Cut 10: cosf,- < 0.92,cosf,+ > —0.92 | irreducible bkg

Cut 11: 116 < Myecpil < 134 ey | (€ €T T)

suppress
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Event selection (Z —» eTe™)
L =250 fb N

—AII
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Event selection (Z —» eTe™)
L =250 fb N
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Event selection (Z —» eTe™)
L =250 fb ’

—AII
—/H - eett
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Event selection (Z » u*u™)

Cut O (pre-selection):
require u* u~ candidate,
# of T candidate == 1,

# of T~ candidate ==

Cut 1: # of tracks <=8
Cut2: 110 < Eyi5 < 240

select uand t

Cut 3: |[c0sOmissmom| < 0.98 suppress no Z events

Cut4:70 < M, < 110
Cut5:90 < E; <120
Cut6: E,+ <90,E,- <90
Cut 7: cosf,+,- < —0.2
Cut 8: cosO +,- < —0.45

irreducible bkg
Cut 9: 118 < Myppgi] < 140 =———

suppress

(uptt)
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Event selection (Z - u™u™)
L—250fb1 ~

—AII
—/ZH - uutt
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Event selection (Z - u™u™)
L = 250 fb! ~

—AII
—/ZH - uutt
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Event selection (Z - u™u™)
L =250 fb! ~
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Results

No cut 228.3 7320 2.382e+05 5.423e+05 1.494e+10
After cut 97.2 2.5 63.6 7.7 0.025

B 97.2
significance(Z - eTe™) = 7771738 =17.4

No cut 211.1 7320 3513 7.589e+05 1.494e+10
After cut 129.5 3.2 84.0 17.8 0.16
129.5

significance(Z - utu~") = =8.5
5 (&= v/129.5 + 105.2 23




Summary

* We evaluated the precision of the branching
ratio of H — t7 7~ with full detector (ILD)
simulation at E,, = 250 GeV.

—7ZH —» ete 1717 : estimated yield = 97.2,
significance = 7.4

—7ZH - utu~ 1ttt : estimated yield = 129.5,
significance = 8.5

* Combined significance =11.3
<-->A(0-Br)/(c-Br)=9%(Z - [T]7)
* Next step: Analysis of Z — qqg
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Backup slides
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Lepton ID

. 2D EecaL
EgcaLtEHCAL

EgcaL

EgcaLtEHCAL

> (.92, ZECALTEHCAL - () §

track

< 0.6, EgcaLtEHcAL < 0.5

‘Ptrack
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/T separation (Z — ete™)

htemp

Entriace TEAS

/ZH — eett sample

e from Z — ee

e from T = evv (from Higgs)
hadrons from 7 (from Higgs)
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/T separation (Z - ete™)

/ZH — eett sample
e from Z — ee

e from T = evv (from Higgs)
hadrons from 7 (from Higgs)

Ak
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FSR / Brems recovery

cone : :
) Neutral particles in the cone are
combined with the lepton candidate.

lepton
candidate

Z mass plotof ZH — eett

c0SO.opne = 0.999

w/o recovery
w/ recovery

Entries
Mean
RMS

3418
83.81
17.79

In case of more than 2 lepton
tracks, the pair most consistent

with Z mass is chosen.
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Prlmary track selection (Z —» ete™)

 energy of pfo > 10

RMS 19.68 |

an ] Lo e |

L L ‘
40 60 80 100
pfo_e

|z0/z0err| of pfo< 5

1 |d0/dOerr| of pfo < 50

abs(pfo_d0sig)

ZH — eett sample
e from Z — ee

e from T = evv (from Higgs)
hadrons from 7 (from Higgs)




Primary track selection (Z - u*u™)

1 energy of pfo > 20

L PSRRI ISR Pyl S N = V1) 2 o = S ~ TS
10 20 30 40 50 60 70 80 90 100
pfo_e

1 |z0/z0err| of pfo< 7

1 |d0/dOerr| of pfo < 3

LA g,

10
abs(pfo_d0sig)

ZH — uutt sample
ufromZ - uu

u from t = uvv (from Higgs)
hadrons from 7 (from Higgs)




Event selection (Z —» eTe™)

Cut O (pre-selection):

require e e~ candidate,

# of T~ candidate == 1,

# of T candidate == 1,

Cut 1: # of tracks <=8

Cut2: 110 < Eyi5 < 240

Cut 3: |coSOnissmom| < 0.98

Cutd:70 < M, < 110

Cut5:90< E, <120

Cut 6: cosf,- < 0.92,cos0,+ > —0.92
Cut7:20< E,- <90,20< E_+ <90
Cut 8: cosf,+,- < —0.2

Cut 9: cosO +.- < —0.4

Cut 10: cosf,- < 0.92,cosf_+ > —0.92
Cutll: 116 < Mpgco < 134
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Cuts for Z —» e*e™ (after pre-selection)

—
=]
Ln

—
=]
P

—
=]
X

other SM BG

-k
=
(X}

—

-
=
-

-
=]
R

10
£

# of tracks <= 8




— All
—— eeH, H-»>t1
uuH, H==tz
—— 1tH, H->11
ZH, H->others
—— eEee
el

eeTT
——— uuu

LUTT
- ITIT
other SM BG

.
=
A
= y

110 < Eyi < 240
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— All all
eeH, H->11 Entries 55495
uuH, H->1t Mean [H0.01268
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all

— All
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— Al [ al — Al I T

—— eeH, H->tt Entri —— eeH, H->tt
' ntries 5020 ' S 5020
— uuH, H->11 — uuH, H->11 m

ctH, Hett Mean -0.438 CeH, Hoote . 0.4228
2H, Hovothers RMS __ 0.6881 ZH Hoothers | LRMS | 0.6627
— eegee — eege
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uutt LUTT
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— All
—— eeH, H->tt eeH, H->tt
uuH, H->tt uuH, H->tt

ttH, H-=>11 1tH, H->t1

ZH, H->others ZH, H->others
—— eeee eeee

eeuy eeup

eett eett
— uupp — upun

uutt uutT

TTTT TTIT

other SM BG other SM BG

20 < E_+ < 90,20 < E,- < 90
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: 2225
R 0.4003
0.6125

cosf_+ > —0.92, cosf,- < 0.92
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none
pre-sel
# of tracks <=8
110 < Eyis < 240

(s ——

< 0.98

70 < M, < 110

90 < E, < 120

cosf,- < 0.92
cosf,+ > —0.92

20 < E,- < 90
20 < E,+ <90

cosf,-,+ < —0.2

cosf,-+ < —0.4

cosf,.- < 0.98
cos@,+ > —0.98

116 < Myeeop < 134

2.382e+05

1.338e+04

1.316e+04

1.216e+04
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5.243e+05
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1115
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89.55
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19.69
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4.325e+09

4.692e+06
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225.0

225.0

225.0
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7.532e+09

4.146e+06

4.131e+06

3.406e+06

31.26

23.83

23.83

6.350e+07

4.702e+04

4.218e+04

2.563e+04

1.044e+04

1130

638.3

311.9

259.3

257.5

151.2

3.545

0.025

0.00187

0.0534

0.0532

0.0642

0.189

0.863

1.05

3.80

3.99

4.07

5.55

6.78

7.43




Event selection (Z » u*u™)

Cut O (pre-selection):
require u*u~ candidate,

# of T7 candidate == 1,

# of T~ candidate ==

Cut 1: # of tracks <=8

Cut2: 110 < Eyi5 < 240
Cut 3: |cosOmissmom| < 0.98
Cut4:70 < M, <110
Cut5:90 < E, < 120
Cut6: E,+ <90,E,- <90
Cut 7: cosf,+,- < —0.2
Cut 8: cosf +,- < —0.45
Cut9: 118 < Mygcoi < 140
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Cuts for Z —» u*u~ (after pre-selection)
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all

— All
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all
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none
pre-sel
# of tracks <=8
110 < Eyis < 240
|cosOmissmom| < 0.98
70 < M, < 110

90 < E; < 120

E.- <90
Ee+ <90

cosl,+,- < —0.2

cosO,+,- < —0.45

118 < Myeeoj < 140

7.589e+05 4.325e+09  3.023e+09
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