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Last week

* improvement of xsec precision and BG rejection due to mainly---..
* new techniques in removing 2f Z_leptonic BG while preventing signal loss

 implemented isolation cut for muon and gamma

This week

Further improvement of xsec precision and BG rejection due to

most importantly

an isolated lepton finder processor introduced by Junping—san
rejects almost ALL 4f WW_semileptonic BG (used to be dominant residual BG)

now we have A 0/0 =4.01 +/-0.00% with a much higher signal eff
89% (1) before Mrecoil cut (120-140 GeV) / 56% after Mrecoil and likelihood cut

Last week’ s best: A o/0 =4.04 +/-0.00 %
83.5 % before Mrecoil cut (120-140 GeV) / 46% after Mrecoil and likelihood cut




* jisolated lepton finder processor introduced by Junping—san

« Uses “MLP” : neural-net algorithm based on root package TMVA

* Apply cut on calculate the MVA output (€= likeness) to distinguish signal isolated
lepton from other particles

* recovery of photon from FSR / beamstrahlung

My current procedure for generating rootfiles with muon candidates

1. run isolated lepton finder processor

2. Run my original processor = put relevant variables into “muon” tree

3. do final selection inside an analysis file




Final Selection NEW

73 GeV < M _inv < 120 GeV

10 GeV < pT_mumu < 140 GeV

Econe vy >40GeV (%)

dptbal = pT_mumu — pTy_max > 20 GeV
|cos(@_Zpro)| < 0.9

120 GeV < Mrecoil < 140 GeV

definition

e M_inv :invariant mass of 2 muons

* pT_mumu : pT of reconstructed muons
* pTy_max: pT of most energetic photon
* 0O _Zpro=Zproduction angle

* Econe_mu: cone energy (cos08>0.9) around muon
* Econe_y: cone energy (cos6>0.9) around most
energeticy

*Pt_sum = |Pt_dl - Pt_¥| (in vectors)




Now most dominant BG after all selection are

4f 77 semileptonic : 990
4f 7ZWWMix_leptonic: 324
4f 7 leptonic : 211

VS
Higgs: 1174

The number of events (correctly weighed) after each selection step is in

/ home/ ilc / jackie / jackieZHProcessornew /
data / output_150320.dat



Likelihood function: L =P(M.inv) * P(Pt) * P(CosZ) * P(Pt bal)

Higgs
2f Z |_
4f 27 sl
4 7 |
4f ZZWWMix_|

Likelihood cut
In(L) > -16.5 seems best




1 weeks ago: hist. recoll all hist_recoil_all
Entries 46681 hist_recoil_all

60 Mean 126.8 = Entries 63204
RMS 16.61 Mean 126.2
RMS 16.69
2 / ndf 329.2/338
height 90.84 + 2.30
mean 125.4 £ 0.1

no. of events
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III|IIII

/)

i l,],“qu,.,! i ’ i |

| "1'|!=i'..l

l

by .I!i| 4 ||'|I|Ihl '| n. Ihu

1 50 160 150 160
recoil mass [GeV] recoil mass [GeV]

=4.01 +/-0.00 %

Xsec error
Entries 10000
Mean 0.04013
RMS 0.0013
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Conclusion

Thanks to new lepton finder ,
I can obtain similar BG rejection and a slightly improved xsec
precision while maintaining higher signal efficiency

now A o/0 =4.01 +/-0.00 % sig_eff = 89% before Mrecoil cut

Next steps :

apply similar method to
other polarization scenarios and ECM= 250 GeV

and COMpare

In time for ALCW15 (physics session)

I will also start



BACKUP




Final Selection definition

e 84GeV<M inv<98GeV * M_inv :invariant mass of 2 muons

— e pT_mumu : pT of reconstructed muons
* 10 GeV <pT_mumu < 140 GeV « pTy_max: pT of most energetic photon
e dptbal = |pT_mumu—-pTy_max| > 10 GeV * 6_Zpro =Zproduction angle

* |cos(0_Zpro)| <0.91
| ( _£P ) l _ * Econe_mu: cone energy (cos08>0.9) around muon
* 120 GeV < Mrecoil < 140 GeV * Econe_y: cone energy (cos8>0.9) around most

energeticy
*Pt_sum = |Pt_dl - Pt_¥| (in vectors)

Final Selection NEW
* Econe_mu< 110 GeV

73 GeV < M_inv <120 GeV | i4ened

10 GeV < pT_mumu < 140 GeV

Econe_y >10GeV (%)

* Pt_sum >40 GeV
dptbal = pT_mumu - pTy_max > 60 GeV (*)

|cos(0_Zpro)| <0.91
120 GeV < Mrecoil < 140 GeV




The improvement reported at last week’ s meeting

(both eLpR and eRpL) (only eLpR)
Nsig Nbg S/B ratio  sig eff A o/oMC) 2621 4F WW._s! 4f 22 sl

2 weeks ago 1056 2189 0.48 46.1 (74%) 4.39+/-0.00% (RMS: 0.16%) 225(0.011% 241 (0.009% 950 (0.52%)

1 week ago 1062 2010 0.53 46.4 (74%) 4.27+/-0.00% (RMS: 0.15%) 95 (0.004%) 306 (0.010%) 967 (0.53%)
(best result)

current In(L)>—20 1056 46.2 (84%) 4.05+/-0.00% (RMS: 0.13%) 34 (0.002%) 116 (0.004%) 840 (0.46%)
(best result)
In(L)>—19.8 1041 . 45.5 (84%) 4.04+/-0.00% (RMS: 0.13%) 31 (0.001%) 111 (0.004%) 802 (0.44%)

 Significant reduction in each major BG (25% reduction )
* improvement in xsec precision
* Signal efficiency before M_recoil cut is about 10% higher

[ xsecerror |
Entries 10000

Ao/o=404+/- 0.00%
(RMS: 0.13%)

What contributed ??

nq of evants

— More sophisticated methods to
remove 2f Z BG without losing much
signal

— isolation cuts for muon and gamma

. . . 0.035 0.04 0.045 0.05 0.055 0.06 0.065 0.07
— usage of likelihood cut XSEC error
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Cone energy around muon (~ 26 deg)

hist EsumM_jackieZH_4f WW_semileptonic_elL_pR
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Entries 21802
Mean 6.4
RMS 15.98

Higgs
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4f ZZ sl
4f WW _sl
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Cone energy around most energetic gamma
(~ 26 deg)

Higgs
2f Z_|_

The gamma from 2f_Z_leptonic
should be isolated

- Econe_v is small

Cut below 10 GeV

while in coincidence with condition on
Ebal = E Y +E_dI




recoil mass fitting method

1st step:
* Fit only signal with GPET float all 5 pars X2/ ndf 356.2 /338
height 73.64 £ 2.39

* Fit only BG: 3" order polynomial ' mean 1255 + 0.1
2" step :
fit Sig + BG : only float height and mean

fix others from step 1

hist_recoil_all
Entries 71356
Mean 126.3
RMS 16.77

no. of events
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€ SIGNAL: GPET: 5 parameters :

- 2 x_xmean <k 7
o Gaus (left—side) ,

o
o

2
_—) }+(1—b)exp{—k(m)}exp(k2 /2)} (M > k) Gaus + expo (right side)
o o

Toy MC Study Toy MC ‘IOOOO SeedS :i:;;recoil_all_MC 525:::; recoil_all N1|1§);262'21

§ QOE RMS 16.68
@ 2 1 ndf 373.7/338

goal: test quality of fitting method , height  77.48+3.49

mean 125.6 + 0.1

in terms of M, xsec etc
method:
generate MC events according to fittied “real” data
(Poisson)
fit MC hist with same GPET function = get Nsig, xsec i E T R T T R

recoil mass [GeV]




MEEAEDEEDTM | EAHZECMEE—LIFEEBOLLE NEW

Pol € Ao/o xsec [fb] Nsig significance
(-0.8,+0.3) 47.7+/-05% 4.9+/-02%  6.71+/-0.34  1092+/-55 17.7
(+0.8,-0.3) 47.8+/-05% 5.0+/-02%  453+/-026  720+/-41 17.8
(-0.8,+0.3) 66.4+/-0.5% 3.6+/-0.1% 10.52+/-0.38  1747+/-64 21.7
(+0.8,-0.3) 64.4+/-05% 3.3+/-0.1%  8.68+/-0.30 1398+/-48 22.7

) COXRD fitting@iFEX115-150 GeV~ (AWLC14 @ Fermilabdkl)
IRFE350 GeV DA EHEHZEILITT. Aoc/oh47+/-02% ~H/ELT-

s#1:  ECM =350 GeV €-> ECM = 250 GeV :
ECM= 250 GeVDAEMNA /0 &MhEE HMNBEL U DIEENE BIE DS EBEIFIELPTIEE R

. E&%’)ﬁ*ﬂidﬁaﬁ‘c Ao/o LX%&%#?&&%’)
e (+08,-03): #EADELH. S/B AT oEELY - WW BGASEEE [ZHN 4

ER) EiTstudyEDBAELY:
. assumed L (350, 250 GeV) =(333, 250 fb-1) vs RDR: (300 fb-1, 188 fb-1)
«  C(study : ALL 2f, 4f, 6f BGs (whizard generator) vs only WW, ZZ (pythia generator ?)



ILC sample used in analysis

e+te>Zh->uph  125GeV 350 GeV 333fb-1  P(e-,e+) =(-0.8,+0.3) Full ILD

(+0.8,-0.3) (ILD_01_v05 DBD ver.)
M Pe2e2h .eLpR / Pe2e2h. eRpL

H—"™X
H decay mode
independent

BG :
all 2f, 4f, 6f processes

major BG after event selection:
2fZ 1 (u ), 4F WWsl , 4f ZZ.sl (u uff, puvv)

Higgs recoil against di—lepton (U ) system



