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INTRODUCTION

Standard Model :
— Higgs doublet ()
— Higgs potential behaves as

V(®)=)\(92%-1?)? v~ 246 GeV
mi=4)\V and ’\hhh=76§ )\V"—“%mﬁ/Vz

Deviation between the direct measurement of A1
and indirect one from my
— sign of NP

Goal :

e Reconstruction of the Higgs potential (SM, MSSM, ...)
e Experimental establishment of Higgs mechanism
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SM

AphL, Measurement through the processes

double Higgs-strahlung: ¢ e~ — Zhh

@ /s=500 GeV
Cross Section for m,~120 GeV o,;,7=0.185 fb
— only 93 hhZ events are expected w/ £=500fb™"’

hhZ—bbbbqg ~ 60% : Major final state
hhZ—bbbbft4~ ~ 8%
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MSSM

Higgs potential is more complex
more trilinear self couplings exist :

Ahhh AhhH AHHH AhAA ALHYH-
AHH+H- hAA AHAA

double Higgs-strahlung: ete™ — ZH;H;, ZAA [H;; = h, H]
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No dedicated study, the SM analyses would be recycled

23-28-0ct-2000 Higgs self couplings @ /3 = 500GeV
LCWS200-Fermilab



PROCESSES AND MC

Feasibility studied in SM framework @ ,/s= 500 GeV with m;=

120 GeV/c?
process Ny | o (fb) | generator | Ln(fb™)
Signal
hhZ (Z—qq) 11k | 0.13 | GRACE | 84.10°
hhZ (Z—¢+¢07) 5k | 0.02 | GRACE | 270.10°
2 fermions -
Zry 4.2M | 8200. | PYTHIA 514.
79— tty 150k | 550. | PYTHIA | 2145.
4 fermions
WW 3.9M | 7700. | PYTHIA 5009.
WW-—Wtb 17k | 16.8 | PYTHIA | 12.10°
77 300k | 550. | PYTHIA 545.
Wev 2.6M | 5300. | PYTHIA 502.
Zee 3.7M | 7400. | PYTHIA 504.
hZ 35k | 70.5 HZHA 1631.
tth, hZ—tth 3k 0.4 | GRACE | 7500.
6 fermions
WWZ (Z—qq) 21k | 19.8 GRACE 3383.
WWZ (Z—¢t¢") | 8.6k | 2.8 | GRACE | 10225.
777 (Z—qq) 6k 0.53 GRACE | 30188.
777 (Z—¢*t¢~ vp) | 9.5k | 1.01 | GRACE | 28083.

Table 1: Cross-sections for signal and background processes, Monte Carlo statistics and

simulated luminosity (Lsim)

.[-"Himnln.t.(,w] ﬂ 500ﬂ)I
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At this level s/b ~ 8.5 107°
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DETECTOR

detector simulation with a Parametric Monte Carlo
SIMDET.3/GEANT.4

L

4 T magnetic field and P/™"(charged) > 0.5GeV/c are reconstructed

VDET 6 ¢ [16°,164°]

TPC 6 € [12°,168°]
Forward tracker 6 € [5°,25°] and [155°,175°]
Forward pchambers | 6 € [5°,12°] and [168°,175°]

Table 2: Acceptances of the tracking system devices defined by their polar angle (8).

Sub-detector Angular Energy Energy
Sub-detector | acceptance | Threshold | resolution

ECAL 4.6° 1GeV | AE/E=10.2%/+/E(GeV)
HCAL 4.6° 1 GeV | AE/E=40.5%/+/E(GeV)
LCAL 1.7-3.1° 30 GeV | AE/E=10.%/+/E(GeV)

Table 3: Characteristics of the calorimeters.

Angular acceptance down to  5° (TPC+Calo.)
2°  Luminometer

e jet b-tagging

— based on combination of impact parameter in rz
and r¢ views.

— use b-tagging parametrisation from R. Hawkings
(5um, 5 layers)

e Energy Flow

— AEjet/Ejet ~ 40%//Ejet
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i) Preselection
multiplicity

ii) Variables based on 'Event Shape’
thr, cthr, £, PY, Mpcnispheress Plosion
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__SELECTIONS

iii) Six jets (clustered with DURHAM)
e event forced in 6 jets topology
e jet b-tagging
iv) Combinatory & masses
3 di-jets (hhZ) — 90 combinations
e direct use of the reconstructed di-jets masses

- msg matches a Z mass
- At least one b jet among the recoiling jets
- my2 and may4 such that ||miz-mgs|| is minimum

e simply combined to form the distance Dist
Dist=\/((m12 — @')2 + (’ITL34 — 11,93)2 + (TTZ56 — mz)z)
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T T A TS ST R IS PR T R

v) Multivariable
informations from
e b-content of the system recoiling to the Z
o di-jet masses (m12, M34, Ms6)
are combined in a multivariable analysis (NNet)
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NUMBERS

Number of events with £=500fb~" (m,=120 GeV/c?)

process presel b-content b-content NNet
event (1) () >0.
shape 3)

hhqq 41.4 34, 27.1  27.5
hhéte- 6.7 6.2 5.1 6.4
total hhZ  49.1 40.2 32.2 33.9
€hh7Z 52% 43% 35% 36%

WW 2114. 233. 74.3 32.
Zry 44938. 116. 34. 24.
77 484. 7.4 0.
WWZ 331. 0.6 0.14
277 56.6 19. 8.4
hZ 174. 0. 0.
tth 3. 0. 0.

cowoo

total bkg. 48089.  376. 117.4  64.3

s/b 0.1% 11% 27% 53%
s/vb 0.22 2. 3. 4.2
A B C D
(1): loose cuts
(2): tightened cuts
(3): w/ NN>0.5 31hhZ and 26.4 backg —s/vb =6.
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Ao /o

Cross-section (o,z)measurement takes into account
a caracteristic variable (pisT, NNouput, -.. )

selection Ac/o
variable  £= 500f/b~' 1000fb~' 2000fb:
B DIST 32.8 % 256 % 17.7 %

C DIST 29.8 % 21.5% 15.1 %
B Npor ™ 24.1 % 17.3% 11.6 %
D NN output 20.4 % 129 % 10.3 %

Table 4: Relative error (Ao /o) on o,z for different selections and integrated
luminosities

- Ao /o
my Ohh?7 Ngg% €hhZ L= 500 1000 2000
(GeV/c?) (fb) fb~! fb~! fb~!

120 0.186 93. 43% 24.1% 17.3% 11.6%
130 0.149 74. 43% 26.6% 19% 17.7%
140 0.115 57. 3% 32% 23% 1%

Table 5: Relative error (Ac/0) on ouyz with the selection B+Nije, " for

different Higgs boson masses and integrated luminosities; cross-sections are
reported and (N2)9) the expected number of hhZ events with £=500fb~"
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onnz as a function of Ay
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SM Double Higgs-strahlung: e" ¢ — ZHH
L Vs =500 GeV/M,; = 120 GeV :
0.6 o™(ZHH;x) [fb] >

0 I l
1 0 1
K
AN A~1.T5xAc /o
selection AXN/A

variable L= 500! 1000f/b~! 2000fb!
B Nrecoil syst. 42.2% 30.3% 20.3 %

bjets

D NN output 35.7% 22.6% 18.0%

Table 6: Relative error (A)\/)\) on Appp for different selections and integrated
luminosities
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CONCLUSIONS o

It is important to measure \,11,
(reconstruction of Higgs potential)

but the Cross-section is very tiny

e very good VDET is mandatory
e Energy Flow is essential also
e Multivariable method would help

e Luminosity is welcome (i.e. 2000fb™)

AMX/X ~ 18% achievable
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