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Current Status  & New Activities

 analysis done for  Zmumu channel at ECM = 250 GeV, 350 GeV, 500 GeV
 results summarized last week 
comparisons made between ECM and  polarizations  

 reform  of analysis codes  (〜 finished after 1 month)

 studied effect of uncertainty of BG statistics on xsec error

 analysis for  Zee  channel at ECM = 250 GeV,  350 GeV

discovered that GPET should not be used reliably  for Zee anymore
(details coming up)
 Making transition to using Kernel estimation function



Ecm=250 GeV Ecm=350 GeV Ecm=500 GeV

(-0.8,+0.3) 3.5% (-0.8,+0.3) 4.1% (-0.8,+0.3) 6.1%

(+0.8,-0.3) 3.6% (+0.8,-0.3) 4.5% (+0.8,-0.3) 7.2%

Compare of results between alternative ECM and polarizations

 ECM= 250 GeV  has 17 % better xsec precision   (w.r.t. 350 GeV) 

higher statistics,   better momentum resolution  sharper recoil mass peak 

 Pol (+0.8, -0.3)  has 10% worse xsec precision 

although WW BGs significantly suppressed  (higher S/B ratio),   statistics is lower

Current ( April, 2015) 

xsec precision is improved by 17% 
from AWLC 2014   (@Fermilab)
for  ECM=350 GeV   Pol (-0.8, + 0.3)



Reconstructed data
recoil mass histogram

plotted together with fitted BG

350 GeV :  (+0.8, -0.3)

350 GeV :  (- 0.8, + 0.3)

250 GeV :  (+0.8, -0.3)

250 GeV :  (-0.8, +0.3)



At last week’s meeting, I received 
comment about BG statistics

• is lack of statistics a issue for 500 GeV?

major residual BG have large weights  

Investigated error of # of BG based on 
binomial distribution

δε = sqrt(ε(1-ε)/N)      

N: # of generated events

for 500 GeV,    error of total BG is about 4.4%  

(c.f.  Poisson error sqrt(NBG) 〜 1%,  But  not appropriate for small statistics)

• even larger error for some major BG processes (4f._sl ,  2f_l)

• for 250 , 350 GeV, binominal error < 1%, a little less than Poisson error.



I changed the BG level in Toy MC study to test the effect 
of BG uncertainty on xsec error

• for 500 GeV, only 1.2% effect if BG change by 4.4% 

•only 2.5% even if BG change by  as much as 10%

• effect on xsec error is very much negligible for 250 GeV and 350 GeV

similar results if float BG normalization in Toy MC



First results for Z ee channel analysis

• For Zee, due to bremsstrahlung  , 

signal shape is more non-Gaussian    (left side of GPET)

even if brem recovery is implemented

• GPET should no longer be used, even for statistical error study

•for 250 GeV, maybe still OK (?)

• problem gets serious for 350 GeV 

(also issue of interference with ZZ fusion process xsec increasing)



compare dilepton 
invariant mass 
distribution 

Zee (red)  

vs   Zmumu (blue)

• Zmumu much sharper

• Zee has a long tail towards large 
inv. Mass   (ZZ fusion)

250 GeV

350 GeV



Sig + BG (red)

BG only (pink)

250 GeV

350 GeV

Xsec error  (Toy MC)

250 GeV

• 3.6%  if fix BG  

• 4.9%  if float BG

Xsec error  (Toy MC)

350 GeV

• 7.4 %  if float BG  



combined stat error of both leptonic channels

250 GeV;    

2.4%    (Zmumu:  3.3%    and Zee:  3.6%)

(fix BG in Toy MC)

2.8%     (Zmumu:  3.4%   and Zee   4.9%)

(float BG)

350 GeV: 

3.6%  (Zmumu : 4.1%   and Zee: 7.4%)

(float BG)



Sig only

250 GeV

Zee

350 GeV

Zee



Sig only

350 GeV

Zmumu

350 GeV

Zee



Conclusions

• Checked effect of BG statistics on xsec error
• first results for Zee channel
• realized limitation of GPET for Zee at 350 GeV
• analysis code has been improved for better efficiency

Plans 

• analysis for  Zmumu and Zee channel at ECM = 250 GeV,  350 GeV,  500 
GeV using Kernel estimation function

combine both leptonic channels for a reliable estimate of statistical errors at each ECM

 also do analysis for ZZ fusion process

 study systematic errors



BACKUP



BG only (pink)

250 GeV

BG only (pink)

350 GeV



350 GeV, Zee



250 GeV, Zee



Δσ/σ (fix BG)
= 4.07  % 

Δσ/σ (float BG) 
= 4.46  % 

• BG level is usually fixed for Toy MC (optimistic scenario)

• xsec error is about 10 % worse if we float BG (pessimistic scenario)
not a  big degradation since I fit recoil mass spectrum over a wide range         

GOOD

BG level fluctuation 
is controlled by 
fitting recoil mass 
over a wide range 
(100 – 160 GeV)

ECM= 350 GeV :  (- 0.8, + 0.3)

This is an improvement 
from previous studies



Measures were taken to prevent signal bias i.e.  Higgs decay mode dependence

• the “traditional”  dptbal ( = |Pt,dl | - |Pt,γ| )   cut    

for removing 2f BG (γ back-to back w.r.t.  di-lepton)

used to be a concern for signal bias  (esp.  H  ττ, H γγ )

• isolated photon finder:   
confirms  almost all γ we look at   have small cone energy)  i.e. not from Higgs decay

Pt,sum º Pt,g +Pt,dl NEW

NEW

Now use 
(instead of dptbal)    

contains info on vector direction 

to single out back to back events

distr. of  Pt>sum 

•red: 2f_Z BG

•Blue: Higgs

Cut 

Pt_sum < 10 GeV



distr. of  

overall distr. of  PDG of γ parent

+/- 13  FSR (μ)

22: ISR

< 1 %

Most of the time, 

no photon

25: 

Higgs decay

< 1 %

Owing to the improved data selection methods,  

Higgs decay mode dependence is minimized

total signal loss due to Pt_sum < 10 events 

out of this, 

events with γ from Higgs decay  < 1  

for any ECM, polarization

Pt,sum º Pt,g +Pt,dl

Events with γfrom 
Higgs decay

Events with  
ISR γ

10 GeV

no Higgs decay mode bias caused by Pt_sum cut

Shows effect of isolated γ finder



Research Plan 
(ongoing and in near future)

 recoil mass study using leptonic channels
e+e- ZH  μ+μ-H    (e+e-H)

at alternative 
center of mass energies (ECM)
and beam polarization 

Higgs recoil against   di-lepton  system

Goal: 
precise  model-independent  measurement of absolute Higgs cross section 
a “must-have” for measurement  of total Higgs width and Higgs couplings

• study impact of ECM and polarization on  precision of  σZH and mh

 contribute to decision for ILC run scenario



Signal signature

a pair of isolated energetic muons with 

di-lepton invariant mass  (Mμ+μ- )  close to Z mass

Data Selection Method

Dominant backgrounds

• e+ e- Z Z  μ+ μ- X  :      forward  Z production angle

• e+ e- γ Z  γ μ+ μ- :         energetic γ , pt balanced with di-lepton

• e+ e-W W μ+ μ- ν ν  :      broad Mμ+μ- distr.

recoil mass effective for cutting BG

Recoil mass 



Muon Candidate Selection 

opposite +/- 1 charge

• E_cluster / P_total < 0.5 

• isolation (small cone energy)

 removes nearly all 4f_WW_sl BG

• Minv closest to Z mass

• cos(track angle) < 0.98  & |D0/δD0| < 5  

Data selections done in a way to 
guarantee Higgs decay mode independence

Optimized in terms of signal significance and 
xsec measurement precision

definition
• M_inv : invariant mass of 2 muons
• pt_mumu  : pt of reconstructed muons
• pt,γ :   pt of most energetic photon
• θ_Zpro = Z production angle

Final Selection

•73 <   GeV < M_inv < 120 GeV 
• 10 GeV < pt_mumu < 140 GeV

•

• |cos(θ_Zpro)| < 0.9

•120 GeV < Mrecoil < 140 GeV

• Likelihood cut
similar methods for other ECM and polarizationsECM=350 GeV, (-0.8,+0.3)

Pt,sum º Pt,g +Pt,dl > 10 GeV  

• Use info of cone energy around most 
energetic gamma 

 cut 2f_Z BG using info on  pt_γ while 

prevent bias on signal

In red box:  key improvement points w.r.t. 
previous studies



dominant BG after 
final selection

(Mrec 120-140 GeV + 
Likelihood cut) 

Balanced pt of γ and 
di-lepton

Isolated lepton finder

Performance of 
data selection

0



ΔMh
= 105 
MeV 

Toy MC study results
Fitted Higgs mass

Statistical error (RMS) is :

105 MeV (0.08%)  for ECM=350 GeV

and 

39 MeV (0.03%)   for ECM=250 GeV

systematic bias of fitted mass still 
need to be studied

350 GeV,

ΔMh 
= 39 MeV 

250 GeV



recoil mass fitting method

 SIGNAL:   GPET: 5 parameters :   
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• Fit signal with GPET  

• Fit  BG  with   3rd order polynomial

Sig + BG
BG only

Fit range:  100-160 GeV

Gaus (left-side) ,

Gaus + expo (right side)

Toy MC  10000 seeds

goal: test quality of fitting method

evaluate xsec precision  

method：

generate MC events according to fitted “real” data

(Poisson distr.) 

fit MC hist with same function as “data”  get Nsig, 

xsec

Toy MC study

Gaussian Peak with Exponential Tail



Sig + BG (blue)

BG only (pink)

Fitting over a wider range 115 – 225 GeV

If we ignore issue of  H*WW peak beyond 160 GeV 
threshold and fit in a wider range for 500 GeV

Better xsec error  in this case  〜 5 %

we can still achieve this if we use the appropriate fitting function (?)



Sig + BG (blue)

BG only (pink)

Many challenges 

• lower signal cross section

• signal peak buried in BG

•Difficulties in fitting     

Fitting over a wider range 115 – 225 GeV

Zmumu signal xsec  

•250 GeV  :  17.14  fb

•350 GeV:  11.31  fb

•500 GeV:    5.679  fb  

(〜 1/2 of 350 GeV,  1/3 of 250 GeV)

Recently I have analyzed 500 GeV results as well

From Toy MC study, 

500 GeV xsec error   6– 8%

(+0.8, -0.3)
(-0.8, +0.3)


