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1.  70	
  <	
  Miss	
  mass	
  <	
  140	
  GeV	
  
2. W11	
  Y	
  minus	
  >	
  0.0005	
  
3.  |cosθh|<0.95	
  
4. Max	
  Etrk	
  <	
  30	
  GeV	
  
5. W1/W2	
  b-­‐likeness	
  <	
  0.2	
  

(No	
  b-­‐jets)	
  
6.  b-­‐likenss	
  (2j)	
  <	
  0.2	
  	
  

(Reject	
  Hàbb)	
  
7.  likelihood	
  >	
  0.7	


1. Missing	
  mass	
  
2.  cosθh	
  
3. W11	
  Y34	
  
4. W1	
  b-­‐likeness	
  
5.  #	
  of	
  charged	
  tracks	


Same	
  cuts	
  with	
  Takubo-­‐san’s	
  analysis	
 Likelihood	
  variables	
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  mass	


Nov.	
  25.	
  2011	
 ILC	
  physics	
  and	
  so4ware	
  mee9ng	
 3	


Compare	
  with	
  takubo-­‐san’s	
  result	
  
Ecm=250	
  GeV,	
  L=250	
  d-­‐1	
  
Difference	
  from	
  the	
  Takubo-­‐san’s	
  cut	
  :	
  Evis	
  (Wàvl	
  rejec9on)	


w/o	
  Evis	
  cut	
with	
  Evis	
  cut	


Evis	
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Figure 3: Distribution of the reconstructed Higgs mass after selection cuts.

background became !νqq. The lepton in the !νqq final state comes from the leptonic

decay of a W and has a larger energy than leptons from jets. We hence required the

maximum track energy (Etrk) to be below 30 GeV.

Since we are focusing our attention on the H → WW ∗ decay in this analysis, the

ZH → ννbb process is a background to be discarded. We thus rejected ZH → ννbb

events by requiring the number of b-tagged jets (4−jetNb) to be 4−jetNb ≤ 1. Since

the ZH → ννbb channel has two jets in the final state, candidate events were further

jet-clustered into two jets and then required to have no b-tagged jets, 2−jetNb = 0.

After all the selection cuts, we performed a likelihood analysis as follows. We used
missM , cos θH , Y−, 4−jetNb, and the number of charged tracks as the input variables

of the likelihood function and tuned the likelihood cut position to maximize signal

significance. We obtained a maximum signal significance of 7.6 at a likelihood cut

position Lcut = 0.79. Figure 3 shows the reconstructed Higgs mass distribution

after all cuts. Fitting the distribution with a double Gaussian plus a second order

polynomial, we estimated the expected accuracy of the branching ratio BR(H →
WW ∗) to be 15.7%, assuming that the measurement accuracy of the ZH cross-

section is 2.5% [10]. The branching ratio can be determined to an accuracy of 5%,

however, by using processes with leptonic decays of the W [23]. The number of

events before and after the selection cuts are summarized in Table 1.
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Likelihood	
  cut	
  discriminant	
  looks	
  different	
  à	
  Caused	
  by	
  b-­‐likeness	
  and	
  Y34	
  variable	
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All	
 Rec	
 Mh	
 MM	
 Y-­‐	
 cosθ	

 wblike	
blike(2j)	
 Etrk	
 LR	
 Eff.	


vvww(4j)	
 678	
  	
 678	
  	
 611	
  	
 604	
  	
 603	
  	
 579	
  	
 564	
  	
 548	
  	
 536	
  	
 367	
  	
54.2%	


vvww	
 1486	
  	
 1408	
  	
 638	
  	
 632	
  	
 629	
  	
 604	
  	
 589	
  	
 573	
  	
 561	
  	
 372	
  	
25.1%	


vvbb	
 7101	
  	
 7101	
  	
 4628	
  	
 4585	
  	
 4001	
  	
 3816	
  	
 662	
  	
 300	
  	
 293	
  	
 128	
  	
 1.8%	


ZH	
  all	
 10634	
  	
 10396	
  	
 6255	
  	
 6194	
  	
 5463	
  	
 5219	
  	
 1988	
  	
 1592	
  	
 1553	
  	
 915	
  	
 8.6%	


nlqq	
 298103	
  	
298103	
  	
34186	
  	
16975	
  	
14132	
  	
12410	
  	
11986	
  	
 11746	
  	
11114	
  	
 1060	
  	
 0.4%	


nnqq	
 63649	
  	
 63649	
  	
 2382	
  	
 2334	
  	
 1890	
  	
 1712	
  	
 1400	
  	
 1354	
  	
 1290	
  	
 230	
  	
 0.4%	


llqq	
 335756	
  	
335753	
  	
 5502	
  	
 2611	
  	
 2278	
  	
 913	
  	
 612	
  	
 571	
  	
 535	
  	
 68	
  	
 0.0%	


nnll	
 108074	
  	
 58504	
  	
 6249	
  	
 5553	
  	
 90	
  	
 80	
  	
 80	
  	
 80	
  	
 70	
  	
 0	
  	
 0.0%	


qqqq	
 378726	
  	
378726	
  	
 529	
  	
 172	
  	
 170	
  	
 18	
  	
 11	
  	
 9	
  	
 9	
  	
 2	
  	
 0.0%	


llll	
 753964	
  	
752157	
  	
16913	
  	
 6836	
  	
 2159	
  	
 471	
  	
 447	
  	
 432	
  	
 363	
  	
 0	
  	
 0.0%	


SM	
  all	
 1938270	
  	
1886890	
  	
65761	
  	
34481	
  	
20719	
  	
15603	
  	
14535	
  	
 14191	
  	
13380	
  	
 1361	
  	
 0.1%	

HàWW(4j)	
  Signal	
  significance:	
  7.7	
  
Takubo-­‐san’s	
  results:	
  7.6	
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1. MissingMass>	
  60	
  GeV	
  
2.  |cosθh|<0.95	
  
3.  10	
  <	
  Pt	
  <	
  70	
  GeV	
  
4.  |Pl|	
  <	
  60	
  GeV	
  
5.  Sum	
  of	
  coneEjet	
  <	
  120	
  GeV	
  
6.  #	
  of	
  charged	
  tracks	
  >	
  10	
  
7.  #	
  of	
  PFOs	
  >	
  40	


Now	
  try	
  to	
  improve	
  with	
  some	
  other	
  cut	
  parameters	


1. Missing	
  mass	
  
2.  cosθh	
  
3. MW1	
  
4.  Acoplanarity	
  
5.  #	
  of	
  charged	
  tracks	


Background	
  suppression	
  is	
  improved	
  but	
  
signal	
  significance	
  is	
  reduced	
  	
  
à	
  Need	
  to	
  op9mize	
  cut	
  parameters	


Signal	
  significance	
  ~	
  7.0	


Likelihood	
  variables	
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Process No cut After cuts Lcut > 0.79 Nc = 2

ννH(H → all) 10,634 1,518 756 546

ννH(H → WW ∗ → 4-jet) 680 512 348 258

"""" 753,964 46 0 0

qqqq 378,726 8 3 2

""qq 335,762 409 94 70

ν"qq 299,866 8,571 1,063 692

νν"" 103,704 3 0 0

ννqq 63,649 1,090 207 110

Table 1: Cut summary.

3.3 Analysis Results

We investigated the distributions of the variables sensitive to the anomalous cou-

plings. The distributions of the W boson momenta in the Higgs rest-frame (pW )

and the jet angle in the W boson rest-frame were plotted after selection cuts. The

jet angle distributions were plotted for the on-shell (cos θj1) and off-shell W bosons

(cos θj2) separately. We also examined the distribution of the angle between the

two W boson decay planes (φplane) corresponding to that between the two up-type

quarks from the decays of the W bosons. We applied double c-tagging to select the

two up-type quarks (c quark) in ZH → ννWW ∗ → ννcscs, where the selection

efficiency was 88% as shown in Table 1. The φplane was histogrammed using the

two c-tagged jets, without identifying their charges. Distributions for the ZH events

were obtained, evaluating the contamination from the SM backgrounds by fitting the

Higgs mass distribution for each φplane bin. Since the branching ratio of the Higgs

to channels other than H → WW ∗ will be determined with much better accuracies

than the statistical errors shown on the distributions [23], we subtracted the back-

ground from these decay modes ignoring their systematic errors on the cross-section

to obtain the distributions of pW , cos θj1, cos θj2, and φplane for ZH → ννWW ∗

events.

To estimate the sensitivity to the Higgs anomalous couplings, the distributions

of pW , cos θj1, cos θj2, and φplane for events with non-zero anomalous couplings were

compared with the SM case. For the comparison we varied two of the parameters

a, b, and b̃, whilst the third was set to zero. We then drew probability contours

for ∆χ2 = 1, 2.28 and 5.99, corresponding to 39%, 68% and 95% confidence levels
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SM	
  all	
 10127	
 1367	



