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motivation

Higgs Potential: V(n — — m H77 o -

/ / Bartic Higgs coupling, which
is difficult to measure at both

physical Higgs field mass term trilinear coupling LHC and ILC. even SLEICH

e a new interaction (non-gauge interaction).

o the non-trivial probe of the Higgs potential, offer
a direct independent determination.

e accurate test of this coupling may reveal the
extended nature of Higgs sector, like 2HDM and
SLibY.

o difficult to measure at LHC for a light Higgs.




Measurement of the trilinear Higgs
self-coupling @ ILC

~ dOUle Higgs—str ahlung (dominate at lower energy)

o WW fusion (dominate at higher energy)




Measurement of the trilinear Higgs
self-coupling @ ILC

total cross section
[fb]

ete-->ZHH |
e e-->HH v W-fusion
Combined

solid : m, = 120 GeV
dashed : m, = 180 GeV

0.1

E \e+\

CM energy [GeV]



e — /P

0 =152b  @F., = 500GeV, My =120GeV [ Ldt = 2ab”"

e 1l -1 jetS mode (10% x 70% x 70% ~ 4.9%)
L g b oH o > e

8 jets mode (70% x 70% x 14% x 2 x 45% = 6.3%)
v qq H bbb H > Wl — Ajeis
v + 6 jets mode  (70% x 70% x 14% x 2 x 45% = 6.3%)¢
Z —qq H—bb H—-WW*—lv+2jets

4 jets mode  (20% x 70% x 70% ~ 9.8%
g ] bE H — bE work is ongoing

: (arXiv:0907.2524v1)
6 jets mode  (70% x 70% x 70% ~ 34%)

7 g L bbb T b




Part I: Fast Simulation

set up: JSF framework

o Generator: Physsim

helicity amplitudes are calculated by HELAS

ii. phase space integration and four momentum generation are
performed by BASES/SPRING

iii. parton showering and hadronization are carried out by PYTHIA

o Simulator: JSFQuickSimulator

* GLD geometry and detector performance related parameters are
implemented (GLD V4’)

initial state radiation, beam width, beamstrahlung, w/o beam polarization




€' +e — ZHH — (11)(bb)(bb) — 2 leptons + 4 bjets

pre-selection:

e number of tracks >= 25
total visible energy between (300,600) GeV
two isolated charged leptons
force the other tracks to four jets
combine the four jets by minimizing

2 _ (M(b,b) — My)? | il b) — Mu)* i (M(1,1) — Mz)*

D= 5 5 5
0%, 0%, o7




signal and main backgrounds

/ Ldi = 2abas

cross section | expected survived
(fb) number (pre-selection)

0152 304 154

Zid 70.0 140000 1618

V4 <Hks 1030000 3560

t t-bar 531 1062000 9023

WWZ 36 72300 1943

/177 0.8 1600 125

for the further selections, efficiency is very important!




algorithm of b tagg€ing used in fast simulation

for a track:

s

Norm = [(2)2 + (£

helix parameters

r,z :the coordinates of the track origin
Or, 8z : the errors of the coordinates

for a jet:

define a cut fNsigCut = 2.5, and
count the number of tracks which
satisty Norm>tNsigCut




2 leptons 4 bjets mode  preliminary result / Ldt = 2ab™"

A5 US| ZH Ll t t-bar WWZ 177

MC events 1M 250K 1.25M 4.5M 750K 500K

expected events 140000 1030000 1062000 72300 1600

pre-selection . 1618 3560 9023 1943 125

mva_wwz>1.0

mva_zz>0.97

mva_zh>0.97
mva_tt>0.98
mva_zzz>(

70GeV<M(Z2)<110GeV

Ycut>0.015

2b(H1) (Noffv > 0)

2b(H2) (Noffv > 1)

mva_zzz>(0.5224
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2 leptons 4 bjets mode  preliminary result / Ldt = 2ab™"
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2 leptons 4 b-jets mode prelimina,r’y result

/ Ldt = 2ab -
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2 leptons 4 b-jets mode prelimina,ry result

/ Ldt = 2ab -
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2 leptons 4 b-jets mode prelimina,ry result

/ Ldt = 2ab -
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2 leptons 4 b-jets mode prelimina,ry result

/ Ldt = 2ab -
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2 leptons 4 b-jets mode prelimina,ry result

/ Ldt = 2ab -
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significance: 2.50




2 leptons 4 b-jets mode prelimina,ry result

/ Ldt = 2ab -
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2 leptons 4 b-jets mode prelimina,ry result

/ Ldt = 2ab -
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et +e” —» ZHH — (q7)(bb)(WW™*) — 8jets

pre-selection:

number of tracks >= 25
total visible energy between (300,600)

force to 7 jets (from cheating information, it is more possible to
reconstruct W* as one jet).

combine the 7 jets by minimizing

i (M(W,W*) — Mg)? - (M(q,q) — Mz)? g (M(q,q") — Mw)?
5 5 5
O-MH O-MZ O-MW




8 jets mode

preliminary result

/ Ldt = 2ab

ZHH — (q9)(bb)(WW*) — 8jets only!!

neural-net

7,
signal

t t-bar

expected

183

1062000

pre-selection

2.6

483949

chi2<20

52

65144

: | 90<M(H1)<130

5.1

63157

: | 110<M(H2)<150

s

36670

signal

t t-bar

expected

304

1062000

pre-selection

190.6

483949

mva_tt>0.32816

113.0

105563

mva_tt>0.62930

50.7

30173

mva_tt>0.77987

9:l

3000

mva_tt>0.80740

2.0

634

mva_tt>0.81256

e

70<M(Z)<110

55

34359

ycut>0.005

2

ycut>0.0076

Q@*

cut based

8454

challenging!

R




E e - ZHH — (qp)(bb)(WW™) — lv + 6jci8

pre-selection:

number of tracks >= 25

total visible energy between (300,600)
one isolated charged lepton

force the others tracks to 6 jets

combine the 6 jets by minimizing

2 (M(b7 E) R MH)2
D (e 2
O'Hl




lv+6 jets mode preliminary result / Ldt = 2ab™"

pre- mva_mlp

Zabscied selection >(0.8367

304 Sils2 e

72300 5224 155

1600 43.9 2.49

pre: mva_mlp

Eepeoted selection >(.8358

challenging!

304 S12 11.8

1062000

the pre-selection efficiency is even higher than signal




summary (parti)
er +e¢e —/ZHH —

o Il + 4 b-jets mode is possible to observe the
higgs trilinear coupling with 2.50 significance

based on current fast simulation. Actually, b-
tagging still can be improved to suppress the c
c-bar contamination in ZZZ background. It is

necessary to do the full simulation.

o 8jets mode and lv + 6 jets mode are very
challenging to suppress the t t-bar background
effectively.




Part 1I: Full Simulation

set up: Marlin framework

e Generator: Whizard

e Simulator: Mokka

* ILD geometry and detector performance related parameters are
implemented

o Reconstruction and Analysis: Marlin

initial state radiation, beam width, beamstrahlung, w/ beam polarization




E' +e — ZHH — (l1)(bb)(bb) — 2 leptons + 4 bjets

selection criteria:

read out from PandoraPFOs Collection

5/

total visible energy between (300,600)

e number of tracks >=2

at least two isolated charged leptons (the pair nearest to Z mass is selected)
force the other tracks to four jets

combine the four jets by minimizing

M®b,B) — Mg)?  (M(b,5) — Mg)?
- IO = MaP | (MO = My)? |
OH, OH,

do not effect minimization




lepton selection (preliminary)

ECal and HCal informations can be used for lepton identification.

Eiotai=Ercar+Encar

P>15 GeV e-identification | p-identificantion P>20 GeV e-identification | p-identificantion

Eecar/ Etotal >0.6 <0.5 ErcaL/ Etotal >0.8 <0.5

Etotal / Ptrack >0.9 <03 Etotal / Ptrack [0.8,1 .2] <0.5

HZ recoil mass by ILD my requirement

isolation requirement: Econe<20 GeV
.VS. Momentum |

Econe .VS. Momentum |

® from Z

@
Electron Ll

@® from Z

Econe/GeV

® fromH

Econe/GeV

—h —h —h N
ey ;) o] o
o o

COScone = 1SS

e

very small
angle, still high
cone energy

PR - R LT T ik 3 fetren b BCa 2 2, k .‘-'“‘ X : —J- gothates] 4 1
100 120 140 16 180 200 160 180 200 1
Momentum/GeV Momentum/GeV 8




Btag (LCEFIVertex)

red: both H to bb
blue: both H to non-bb

h1 h3
Entries 1519 Entries 1519
Mean 0.6458 Mean 0.6997

RMS 0.3804 b2 (H 1 ) RMS 0.3501

Entries 1519 Entries 1519
Mean 0.6691 Mean 0.6822
RMS 0.3743 RMS 0.3593

Pl I = I I O I N |
T

b-likeness




preliminary results
and compare with fast simulation

red: full simulation
blue: fast simulation

Invariant mass of Z

— e*e™HH full
- WuHH full

— I'I'HH fast

=
N

I

o

bremsstrahlung + multi scattering




Higgs masses

red: full simulation
blue: fast simulation

h1 h3
Entries 3223 Entries 3223

Mean 113.7 Mean 115.1

RMS  18.93 RMS  18.27

|III|III|III|III|III ji 21 II|III|III|III|III|

60 80 100 120 140 160 180 200 60 80 100 120 140 160 180 200




red: full simulation

others... blue: fast simulation
h1 I_h_5| h5

Entries 3223 Entries 3223
Mean 14.95 Mean 465.1
RMS 17.74 RMS 28.67

1 1 I 1 1 1 1 I 1 1 1 1 I 1
400 450 500 550

&2

h9

Entries 3223 Entries 3223
Mean 304.1 = Mean 113.3
RMS 44.73 RMS 18.94

2

Ntracks

o IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

=
N

more complicated interactions between particle and detector




summary (Part ii)

analysis framework has been completed and
basic check done.

the preliminary result of full simulation shows
consistency with fast simulation.

more full simulation samples are generating
and need to be analyzed.

work is ongoing...




Thank you very much!
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some feelings of the output classifiers for
signal and backgrounds

TMVA Input Variable: mvazzz |

= Signal
'////)] Background

TMVA Input Variable: mvawwz TMVA Input Variable: mvazz

9:

Normalised
Normalised —
Normalised

O = N W » 01 O N © ©
TITT T ITT[ITT [T T T T T[T I IT I IT T[T T

U/O-flow (S,B): (0.0, 0.0)% / (0.0, 0.0)%
U/O-flow (S,B): (0.0, 0.0)% / (0.0, 0.0)%

O a N W &~ O O N O
U/O-flow (S,B): (0.0, 0.0)% / (0.0, 0.0)%

TMVA Input Variable: mvazh |

TMVA Input Variable: mvatt |

3F

25F

t t-bar

Normalised —

I

O
(1]
°
s
£
£
(®)
<

| MLP method used

1.5 F

1F

U/O-flow (S,B): (0.0, 0.0)% / (0.0, 0.0)%
U/O-flow (S,B): (0.0, 0.0)% / (0.0, 0.0)%

© = N W & O O N © ©
TTTITTIT TITT[TTTI[TTIT[TIITI T TTTIT TTTTTT]TT

mvazzz

each event has five classifiers
26




significance

174

event number p_signal

significance

95.0%

20

99.0%

99.8%




neural-net analysis for the last step

input:
Ycut Evz’s muva_<z<z

' .046e+01

RE(H, ) M(H) e
.106e+00

cos 05 cos b3 231e+00
.159e-01

‘ COS 9j11| | COS (93'21‘

TMVA response for classifier: MLP Cut efficiencies and optimal cut value

LA I L R L B B B B LI B — L — S|gna| efficiency —_—— Slgnal purity
L. Signal efficiency*purity
Eackground .efflclency | s /.\/ﬁ

|
N

Q|
=
D

=y
»

Normalized
0 N
Q
0
13
(o)

q
(o)
c
=
o

—
=Y
ignificance

o
s

Efficiency (Purity)

o
©

o
(=2]

1 | 111 1 |
e ¢ :
=Y

. —----For-4--siéna-l-and-2-béckground ..... ............... E
_  events the maximum S/\'S+Bis : : :
. 1.5581 wirhen cutting iat 0.1138 I

| | | | | | | | | | | | | | |

o
N

U/O-flow (S,B): (0.0, 0.0)% / (0.0, 0.0)%

111
o

1 -1 -0. 0
MLP response MLP output

-0.




signal .VS. background

red: signal

black: ZZZ
hi [h1] hi

after cuts

Entries
Mean
RMS

11510 Entries 11510

0.9859
0.1457

Mean
RMS

458.9
32

500 550 600

800

L I L
450

h1

Entries 11510 Entries 11510
Mean 18.34 Mean 0.05203
RMS 23.98 RMS 0.02512

Ycut

=

0 | I I 11 I I 1| J_I—J'\-.L J_.:.I Ll
0 20 40 60 80 140 160 180 200

o




Invariant masses

h1

Entries
Mean
RMS

11510
91.13
4.55

Entries

Mean
RMS

11510
110.4
16.67

100

160

1]

95

110

red:

signal

black: ZZ7

h1

Entries

Mean
RMS

11510
113.2
15.06

I
100

I
120

140 160




polar angles (Z, H1, HR)
red: signal
black: ZZZ

hi
Entries 11510
Mean -0.004203
RMS 0.5598

the angles were arrayed as:

p1 < p2 < Pp3

1

II|III
0.8 1

0

hi hi
Entries 11510 Entries 11510
Mean -0.005184 Mean 0.005032
RMS 0.5307 RMS 0.5145

2

o

= III|III|III III|III|I

=)

= III|III|III|III|III|III|III|III|I




look into the ZZZ background event by event

2T AL A AN

after all the cuts except the last one

047 7% 1ol
0.737% 118
4.6
41.9

surv1ved events

event number

efficiency(%)

86

18.3

47

6.4

5

e

8

0.3

S

0.003

2 run investigated (100K)




decay angles

red: signal
black: ZZZ

h5 h5
Entries 23020 IEI Entries 23020

Mean 0 Mean 3.951e-17

2 jets from H2

2 jets from H1

1—\.1..%'1..#'.\-} Ul

[ -

-0.8 -0. -0.4 -0. . 06 0.8 1

I_I:l—llllllllllllll

-0.8 -06 -04 -0.2 0 02 04 06 038 1

1
el L

o

=)
=TT

@ h5

Entries 23020
Mean 4.167e-18
RMS 0.5322

a little different, why? 2 ]_ept()ns from Z
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