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Goal:  

 precise measurement of  

• Higgs mass 

•  cross section  σH  :  N = σ*L*ε 

 

Dimuon recoil mass   peak @ mh 〜125 GeV 

measure Higgs without having to look directly at Higgs  !! 

 

 

e+e-  Zh  μ+μ-h process is important for 

 model independent measurement of absolute Zh coupling  :      

 

   ghZZ ^2 ∝ Γ(h  ZZ*) / Γtot 

 

  also useful for other couplings and  branching ratios 

 

 

  

  recoil mass study using  e+e-  Zh  μ+μ-h  
@ Ec.m.s. = 250 GeV,  L  = 250 fb-1  polarization:  

(e-, e+) = (0.8, 0.3)  



Changes from previous week 
 
   corrected some bugs in analysis     e.g. when selecting best muon pairs 

 
 
 
  do  track selection at beginning and change method  
           before : dP/P^2   now: cos(trackAngle)              details later 
 
 
    further optimization of BG rejection  improve signal efficiency 
      this time,  efficiency table is made in narrow signal range  using weighted events 



Samples 
 for now, only  used   eLpR and eRpL 

/grid/ilc/prod/ilc/mc-dbd/ild/dst-merged/250-TDR_ws/ 
 

Assign weight based on cross section, luminosity, polarization  

event weight =  pol_weight * ( process_cross_section * assumed_integrated_luminosity )  

/ ( number_of_reconstructed_events ) 
 

Signal sample:      

higgs_ffh/ILD_o1_v05/v01-16-p10_250 

rv01-16-p10_250.sv01-14-01-p00.mILD_o1_v05.E250-TDR_ws.I106479.Pe2e2h.eL.pR-00001-DST.slcio 

rv01-16-p10_250.sv01-14-01-p00.mILD_o1_v05.E250-TDR_ws.I106480.Pe2e2h.eR.pL-00001-DST.slcio 
 
 
List of BG process for Zmumu 
•  4f_ZZ_leptonic 
•  4f_ZZ_semileptonic 
• 2f_Z_leptonic 
• 4f_WW_leptonic 
• 4fSingleZee_leptonic 
• 4fSingleZnunu_leptonic 
• 4f_ZZWWMix_leptonic 

 dominant ones 



Final Selection  

   analysis after filling root files 

 

•   86 GeV < M_mumu < 95 GeV    
•    123 GeV < Mrecoil < 135 GeV 
•    10 GeV < pT_mumu < 70 GeV 
•    0.2 < mumu_acoplanarity < 3 
•    |cos(θ_Zpro)| < 0.91    
        (Z production angle) 

Muon Selection   

•reject neutrals  

• Ptot > 5 GeV 

• small E_cluster / P_total < 0.5 

• opposite charge  

  Best track selection 
                    cos(track angle) < 0.95 
                    |D0/δD0| < 4       

Best Z Candidate Selection 

 2 mu candidates with opposite charge 

     if several possibilities : 

 choose pair with invariant mass closest to Z mass 

Evaluate data selection 
efficiency in within range 
of 123 – 135 GeV 

 calculate recoil mass with 
correction  for 14 mrad beam 
crossing angle 

fixed & changed 
changed 



Comparison of Some Parameters 
between Signal and BG Processes 



Impact parameter  

D0/δD0 

BG 

  4f_singleZee_leptonic 

For some BG processes  

  exceed +/- 4 slightly 

 

  do cut :     |D0/δD0| < 4 

signal this cut  will be more effective after 
stau-tau samples are  included 



 Cos(track angle) 

BG is More forward 

Signal 

 more isotropic than BG 

2f_ZZ_l 

black :4f_ZZ_sl 

Green: 4f_ZZ_l 

Blue: 4f_WW_l 

 

more straight-forward to use 
cos(trackAngle) than dP/P^2 for 
track quality selection  

  

do cut :    

cos(trackAngle) < 0.95 



 good track selection  

dP/P2 

BG 

  4f_ZZ_leptonic 

BG  (esp 2f_Z_l  is spread 
to large error regions 

BG 

 2f_Z_leptonic 

signal 

Used to do cut :     dp/p2  < 5E-5 



 correlation between Cos(track 
angle) and dP/P^2 

BG 

More forward 

BG 

4f_ZZ_l 

Signal 

  

BG 

2f_Z_l 



 correlation between PT and dP/P^2 

BG 

4f_ZZ_l 

Signal 

  

BG 

2f_Z_l 



 PT of dilepton system 

  do cut :   10 GeV<  pT_dl  < 70 GeV 

BG 

 dominated by 2f_Z_leptonic, 
many low PT events 

High PT events for 
other BG types 

Signal 

:  0 – 70 GeV 

  peak at about 60 GeV 

BG 

 2f_Z_leptonic 

BG 

 4f_ZZ_leptonic 



 acoplanarity 

  do cut :   0.2 < acop < 3 

 fabs (atan2(py1,px1) – 
atan2(py2,px2)) 

if (acos>pi) {acos = 2*pi - acos;} 

  

Signal 

 peak ～ 2 

BG 

dominated by 2f_Z_leptonic 

Sharp Peak at π 



Z production angle 

  do cut :     |cos(θ_Zpro)| < 0.91 

 blue:    BG (4f_ZZ_l 

 very forward  

 use for cut  

 

 Black:   Signal 

 isotropic 

 



BG Rejection Efficiency :  123 – 135 GeV 

after M_rec cut …..      
      PT_dl  and  cosθZ  cut seem quite effective for improving S/N   
  

Signal efficiency 
60% 

BG reduced 
to  6 %    

S/N improved to  
0.47 

if wider M_inv cut (80-100 GeV)  S/N =  0.37 
   not as good 
 if no initial track selection:   S/N = 0.22 



fitted recoil mass  :   

 Mh = 125.3 GeV +/- 70 MeV 

 recoil mass  after implementing all  cuts   

 calculate recoil mass with 
correction  for 14 mrad beam 
crossing angle 

  BG:   3rd order polynomial  

    

   signal :   GPET:  5 parameters :  Gaus (left-side) , Gaus + expo (right side) 
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•  Higgs recoil mass study using  e+e-  Zh  μ+μ-h @ Ec.m.s. = 250 GeV,  L  = 250 fb-1 
 
•   changes made to data selection method 
 
•  updated results:  
     signal efficiency ε = 60%,   S/N ～ 0.47,   S/sqrt(S+BG) ～20,  BG effficiency  5.5 % 
 

• fitted recoil mass :    125.2 GeV  +/-  70 MeV    will aim for better precision  

•   optimize data selection method        want higher signal efficiency 

           study distribution of various parameters 
 
•   include eLpL & eRpR +  other BG processes  (tau related , hadronic , ect……   just to be sure) 

 
•   estimate mass resolution using pseudo-experiments 
 
•   analyze scenario of unpolarized beam     ILC will be commissioned with unpolarized beam ?? 

•   in near future,   analysis at Ec.m.s. = 350 GeV   

 Summary 

Further Plans 



Thank You everyone for Listening 

 

Thank you to  

Daniel-san, Fujii-san, Suehara-san, Tanabe-
san, Watanuki-san, Miyamoto-san and others 

 for your help and advice 



BACKUP 



BG Rejection Efficiency :  115 – 140 GeV 

after M_rec cut …..      
      PT_dl,  cosθZ,  and acop cut seem quite effective for improving S/N   
  

Signal efficiency 
56 % 

S/N 〜0.22 



 example dagrams 
for BG process for 
Zmumu 



 track angle 

Signal 

 peak ～ 2 

BG 

dominated by 2f_Z_leptonic 

Sharp Peak at π 

Signal 

 peak ～ 2 

BG 

 4f_WW_l 

BG 

 4f_ZZ_sl 

BG 

 2f_ZZ_l 



 Cos(track angle) BG is More forward 

Signal 

 peak ～ 2 

Signal 

 more isotropic than BG 

BG 

 4f_WW_l 

BG 

 4f_ZZ_sl 

BG 

 2f_ZZ_l 



BG Rejection Efficiency (OLD) 

after M_rec cut …..      
      PT_dl,  cosθZ,  and acop cut seem quite effective for improving S/N   
  

Maybe cut too 
much signal 

BG reduced 
to 0.2% !!   

S/N 
improved to  
～ 1.5  



Generated 1000000 events 
according to histogram 

 Toy MC  pseudo experiment  

GeV 

No.  
of 
events 



recoil mass distribution for some BG processes 

2f_Z_leptonic 

This may be causing high energy BG in combined histogram 

4f_WW_leptonic 

fitted recoil mass  :   

 Mh = 92.6  GeV 

 BG 

  4f_ZZ_leptonic 

 eLpR 
 BG 

  4f_ZZ_semileptonic 

 eLpR 



Calculation of Event Weight 

Assign weight based on cross section, luminosity, polarization  

  

event weight =  pol_weight * ( process_cross_section * assumed_integrated_luminosity ) 

/ ( number_of_reconstructed_events ) 

 

Ec.m.s = 250 GeV 

luminosity 250fb-1 

 

ILC  polarization:  ex)    if eLpR   :    (PL+PR)/ (PL-PR)  :    (e-, e+) = (0.8, 0.3)  :  

for electron: 90% is left-handed (10% is right handed)   

for positron: 65% is left (35% is right)  



BG with large cross section 

• 2f_Z_leptonic  

•  4fZZWWMix_leptonic(eLpR) 

•  4f_ZZ_semileptonic(eLpR) 

• 4f_WW_leptonic(eLpR) 

BG with large weight 

• 2f_Z_leptonic  

 other BGs gave similar weights 




