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Outline

Intent of this work: predict results at Ecm=350GeV with SB2009 beam 
parameters, serving as inputs to the discussion of the impacts of the 
SB2009 beam parameters on ZH study.

Work Flow:

GUINEA-PIG Beam Simulation

PYTHIA Event Generation

Fast Simulation of ILD

Analysis

Further reading: accompany notes of this work are provided on the 
agenda 
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Beam Simulation

Using GUINEA-PIG with SB2009 Beam parameters given by Brian 
Foster’s talk on SB2009 Meeting at DESY 2009
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Event Generation
Event generation using PYTHIA: 

Beam Pol. (e-: -80%, e+: +30%) at Ecm=350GeV

Estimate the Integrated Luminosity for various sets of beam parameters 
according to Peak Luminosities: taken RDR 500 as reference

Resulting numbers:

4

3 Event Generation

I use PYTHIA for the event generation. The event generation takes the beams simulated
by GUINEA-PIG as inputs through the interface CALYPSO. A validation of the codes of
the event generation is given in Appendix B.

I take the ZH → µ
+
µ
−
X channel under study, with two major background reactions

the WW (W+
W

− → µ
+νµµ−ν̄µ) and the ZZ (ZZ → µ

+
µ
−
ff̄). Their cross-sections at√

s =350 GeV with beam polarization (e− : −80%, e
+ : +30%) are listed in Table 1.

Appendix C gives a discussion of these numbers.

Reaction Cross-Section
ZH → µµX 7.1 fb

WW 346 fb
ZZ 165 fb

Table 1: Reactions and cross sections at
√
s =350 GeV with beam polarization (e− :

−80%, e
+ : +30%). The signal is indicated by bold face letters.

If I take the RDR 500 peak luminosity (Lpeak,RDR500 = 2.0 × 1034cm−2s−1) and inte-
grated luminosity (Lint,RDR500 =500 fb−1) as reference, the estimated integrated luminosity
of a given set of beam parameters should be [12]:

Lint =
Lpeak

Lpeak,RDR500
· Lint,RDR500 (1)

Following this rule, these integrated luminosities for various beam parameters are listed
in Table 2.

RDR SB2009 w/o TF SB2009 w/ TF√
s (GeV) 250 350 500 250.a 250.b 350 500 250.a 250.b 350 500

Peak L (1034cm−2s−1) 0.75 1.2 2.0 0.2 0.22 0.7 1.5 0.25 0.27 1.0 2.0
Integrated L (fb−1) 188 300 500 50 55 175 375 63 68 250 500

Table 2: Estimated Integrated luminosities for various beam parameters [11].

4 Fast Simulation

I developed a dedicated fast simulation algorithm for the ILD detector concept. The fast
simulation firstly parameterizes the momentum resolution obtained from the full simulation
of the ILD detector [6] as a function of momentum and cos θ. It thus smears the MC true
momentum of a given lepton candidate according to the parameterized momentum resolu-
tion. This algorithm is detailed in reference [5], including a validation of it by comparing
the fast simulation results with those of the full detector simulation.

The higgs recoil mass distribution of the signal after the fast simulation is shown in
Figure 3, comparing with the one before fast simulation.

Figure 4 compares the recoil mass distributions of the fast simulated signal with beam
parameters SB2009 w/o TF 250b and 350, with their integrated luminosity taken into
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Fast Simulation
A dedicated Fast Simulation Algorithm is developed for the ILD concept

Parameterize the Momentum Resolution as a function of P and cosθ

The MC true momentum of a given muon is smeared according to this 
parameterization.

5

2 Parameterization of the Momentum Resolution

The first step is to have the momentum resolution of the ILD detector. We parameterize
the momentum resolution of ILD detector as a function of the momentum (P ) and cos θ of
leptons. The momentum resolution function is given by Equation 1.

∆P

P 2
=






a1 ⊕ b1/P : | cos θ| < 0.78

(a2 ⊕ b2/P )
�

sin (1− | cos θ|) : | cos θ| > 0.78
(1)
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Figure 1: The black scatter plot shows the distribution of momentum resolution of the ILD
detector as a function of lepton P and cos θ obtained from full simulation of the detector.
The red surface shows the fit of Equation 1 to the distribution. The parameters obtained
from the fit is shown in Table 1.

a1 2.08× 10−5 (1/GeV)
b1 8.86× 10−4

a2 3.16× 10−6 (1/GeV)
b2 2.45× 10−4

Table 1: Parameters in Equation 1 obtained by fitting it to the distribution of momentum
resolution of the ILD detector shown in Figure 1.

Equation 1 is thus fitted to the distribution of momentum resolution got from the full
simulation of the ILD detector, as shown in Figure 1. In this figure, the black scatter
plot shows the momentum resolution as a function of P and cos θ from ILD detector full
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Figure 2: Comparison of the invariant mass Mdl of the lepton pair (top) and the recoil mass
MH (bottom) distributions from fast simulation and full simulation of the ILD detector at√
s =250 GeV.
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Figure 3: Comparison of the recoil mass distribution of the signal before and after fast
simulation with beam parameters SB2009 350 w/o TF.
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Figure 4: Comparison of the recoil mass distributions of the signal after fast simulation
with beam parameters SB2009 w/o TF 250b and 350, with integrated luminosity taken
into account. The beam polarization is (e− : −80%, e+ : +30%).
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Fast Simulation
Comparison Before and After Detector Simulation: ZH at 350 GeV

6

Major contribution to the width of peak: 
Momentum Resolution
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Fast Simulation
Comparison Before and After Detector Simulation: ZH at 250 GeV
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of the incoming beams. It is imposed by accelerator components such as the initial

linac, the damping rings or, in case of electron beams, by an undulator in the electron

beam line. The relative beam energy spread for
√

s = 250 GeV are 0.28% for electron

beams and 0.18% for positron beams, as given in Table 3.2. The uncertainty of detector

response, in this measurement, is mainly the tracking momentum resolution, as given

by Equation 3.1 for ILD.
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Figure 6.27: The Higgs recoil mass distribution in the µµX- channel (top) and eeX-

channel (bottom), comparison of that in generator level and after detector simulation.

Figure 6.27 compares the Higgs recoil mass distribution in the generator level and af-

ter full detector simulation and reconstruction for µµX-channel (top) and eeX-channel

96

From my thesis and LOI

Major contribution to the width of peak: 
Beam Energy Spread
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Fast Simulation
Comparison RDR 250 vs. 350
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Figure 5: Comparison of the recoil mass distributions of the signal after fast simuation with

beam parameters RDR 250 and RDR 350, with integrated luminosity taken into account.

The beam polarization is (e
−
: −80%, e

+
: +30%).

account. Also compared are those of the RDR 250 and 350 beam parameters, as shown in

Figure 5.

At
√
s =250 GeV, the major contribution to the width of the mass peak is the beam

energy spread [3]. While at 350 GeV, beam energy spread is no more the major contribution,

instead, the detector momentum resolution, which increases proportional to the square of

the lepton momentum, becomes dominant.

5 Analysis and Result

The analysis procedure [3] after the fast simulation is similar to that of my study based on

the full simulation samples:

• A cut based background suppression. The cuts are defined in Table 3. These cuts are

independent of the Higgs decay mode.

• A Likelihood further rejection of background [3]. The variables (PTdl, cos θdl, Mdl

and acolinearity ) employed in this Likelihood suppression are also independent of

the Higgs decay mode.

• The resulting recoil mass (Mrecoil) spectrum of signal and background is fitted to

derive the results of the MH and the ZH cross-section measurement [3]. I choose the

physics motivated function [3] to describe the signal.

5
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Fast Simulation
Comparison SB2009 w/o TF 250 vs. 350
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Figure 3: Comparison of the recoil mass distribution of the signal before and after fast
simulation with beam parameters SB2009 350 w/o TF.
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Figure 4: Comparison of the recoil mass distributions of the signal after fast simulation
with beam parameters SB2009 w/o TF 250b and 350, with integrated luminosity taken
into account. The beam polarization is (e− : −80%, e+ : +30%).
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Fast Simulation
Comparison All the 4:
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Major difference between RDR and SB2009:
Luminosity!
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Analysis

Same analysis procedure as for the LOI:

Numbers of signal and bkgs: Ecm=350GeV

11

Cut-Chain

(1) | cos θµ| < 0.99

(2) PTdl > 20 GeV

(3) Mdl ∈ (80, 100) GeV

(4) acop ∈ (0.2, 3.0)

(8) Mrecoil ∈ (115, 150) GeV

(9) Likelihood Further Rejection

(using variables PTdl, cos θdl, Mdl and acol)

Table 3: The cut-chain for background suppression.

After the background suppression, the remaining numbers of events of signal and back-

ground reactions are given in Table 4.

Reactions ZH → µµX ZZ WW

Ninitial 1248 29k 61k

Nselected 633 658 30

Table 4: Numbers of events before and after background suppression, for signal and back-

grounds.

Beam Par Lint (fb
−1

) � S/B MH (GeV) σ (fb) (δσ/σ)
RDR 250 188 55% 62% 120.001± 0.043 11.63± 0.45 (3.9%)

RDR 350 300 51% 92% 120.010± 0.084 7.13± 0.28 (4.0%)

SB2009 w/o TF 250b 55 55% 62% 120.001± 0.079 11.63± 0.83 (7.2%)

SB2009 w/o TF 350 175 51% 92% 120.010± 0.110 7.13± 0.37 (5.2%)

Table 5: Results of different beam parameters, assuming a beam polarization of (e
−

:

−80%, e
+
: +30%). The results of RDR 250 and SB2009 w/o TF 250b are scaled from my

previous analysis based on full simulation according to the integrated luminosity. That of

RDR 350 is estimated by scaling the result of SB2009 w/o TF 350 obtained here according

to the integrated luminosity.

Figure 6 shows the fit to the recoil mass spectrum of remaining signal and background.

An equivalent plot with beam parameters RDR 250 can be found in reference [3, 4].

From Figure 6, the derived results of the Higgs mass measurement is MH = 120.010±
0.110 GeV, and of the cross-section is σ = 7.13± 0.37 fb (δσ/σ = 5.2%). A comparison of

the results with other beam parameters are shown in Table 5, together with the efficiency

(�) and signal over background (S/B). In this table, the results of RDR 250 SB2009 w/o

TF 250b are scaled from my previous analysis [3, 4] based on full simulation according to

the integrated luminosity. And the results of RDR 350 is estimated by scaling the result of

SB2009 w/o TF 350 according to the integrated luminosity.

The higher S/B at
√
s =350 GeV is due to better background suppression. For example

the variable cos θdl, its distribution of ZH signal is much center for
√
s =350 GeV than

250 GeV [3], while that of the ZZ background is much forward.

6
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Analysis
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Figure 6: Fit to recoil mass spectrum of signal plus background based on the fast simulation,

at
√
s =350 GeV, with beam polarization (e− : −80%, e+ : +30%) beam parameters

SB2009 w/o TF, and assuming an integrated luminosity of 175 fb
−1

.

When comparing RDR 250 and 350, the errors on the cross-section are similar, while

the error on the MH at 350 GeV is worse by a factor of 2 than that at 250 GeV.

When comparing SB2009 w/o TF 250 and 350, the higher luminosity at 350 GeV gives

better result on cross-section, but not on the MH , which is worse by 1.4 times due to the

wider mass peak.

For a given
√
s, the results of SB2009 w/o TF are worse due to the decrease of luminosity.

Also, the comparison above shows the results on Higgs mass is about 3 times worse

if we change to use beam parameters SB2009 350 w/o TF, and on the cross-section more

than 1.5 times worse.

A Validation of the Beam Simulation

In order to validate my simulation codes, I firstly simulated the beam with beam parameters

RDR 250 [1, 11] at
√
s =250 GeV, and compared my simulation with that simulated

centrally by SLAC for the Letter of Intent production [7].

Figure 7 and 8 show the comparisons of my simulated luminosity spectra and those of

SLAC central production with beam parameters RDR 250. They confirm with each other.

7

SB2009 w/o TF 350
δMH=110MeV; δσ=5.2%
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Results
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250 GeV [3], while that of the ZZ background is much forward.
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Observation from me:

(1) S/B higher at 350 GeV than 250GeV: due to better bkg suppression

(2) RDR 250 vs. 350: Xsec -  similar; mH - worse by a factor of 2 at 
350GeV

(3) SB2009 w/o TF 250 vs. 350: Xsec - better at 350GeV; mH - worse by a 
factor of 1.4 at 350GeV

From you: ....
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BKG suppression
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BKG Suppression
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Higgs Recoil Mass 250 vs 350
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