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Introduction

| have been trying to think of new ways to improve the

H — WW trilepton analyses enough to push us over the
Standard Model sensitivity threshold as soon as possible. |
revised the set of discriminating variables in a way that might
help.
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Discriminating Variables

WH Analysis
AR(Opp. Sign Close leptons)
Br
Hr
Inv. Mass(Opp. Sign Close leptons)
Ap(2"epton, Br)
Inv. Mass (3 lep, &, Jets)
m+ (All leptons, jets, Er)
2nd |epton pr
AR(Opp. Sign Futher leptons)
my (all three leptons)
NJet
my (3¢ lepton, &)
Inv. Mass(Lepl, Lep2, &)
my (all-Leps, &) (NEW)
Lepton Type Combinations (NEW)

ZH Analysis
NJet
Br
Lead Jet Ey

AR (W-Lep, Lead Jet)
A¢(vector sum of leptons, Er)
mr (All leptons, jets, Er)

Hy

A¢2™ lepton,Br)

Inv. Mass (3 lepton, &, Jets)
my (jets)

Inv. Mass (W-Lep, &)

my (W-Lep, Br) (REMOVED)
Inv. Mass (all three leptons)

AR(Opp. Sign Further leptons)

Aé(Z-leptons sum, 3" lep.)(REMOVED)

AR(Opp. Sign Close leptons)
Ap(W-Lep, Er) (NEW)
Lepton Type Combinations (NEW)



Let’s look at the new variables’ distributions:
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WH Analysis: mr(all-Leps, &)

This appears to
have helped
discriminate
against Z~ and
Fakes a little bit
better, despite
other similar
discriminating
variables.
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Figure: New variable for the WH trilepton analysis
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WH Analysis: Trilepton Combinations

There appear to be COF Run 1 prfminary [iosao COF Run 1 prfminary (50
many features in here oS meseever w et we
to decipher. One is
the preference for Z~
to be eet, possibly
because the
converted photon
tends to show as an
unspecified track (?).
Although, Z~ also COF Run 1 prelminary [i-sam

| WH Signal Region (Z-Peak Removed) wz
seems adverse to

#Events (Norm. to 1.0)
#Events (Norm. to 1.0)

v
muons overall in this
Z -peak-removed oo

region. Mostly, I'm
hoping to improve
discrimination

#Events/lep. combination
#Events/lep. combination

against WZ, such as A
the switch in

preference between

eee and eep.

Figure: New variable for the WH trilepton analysis
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ZH Analysis: A¢(W-Lep, Er)
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Figure: New variable for the ZH trilepton analysis
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ZH Analysis: Trilepton Combinations

The signal
appears to be
roughly flat
along with WZ
and ZZ,
unfortunately.
However, there
is solid
structure for Z~
and Fakes.
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Figure: New variable for the ZH trilepton analysis
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Now let's see how these changes affected the neural
network score:
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WH Analysis NN Score
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Figure: Left plot is OLD (from January), right plot is the NEW score. We see better
discrimination between signal and background, but strangely the data does become

more spread out in the signal region. The expected limit improves a little (~ 4% near
my = 165GeV), but the observed limit stays about the same.
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ZH Analysis NN Score
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Figure: Left plot is OLD (from January), right plot is the NEW score. We see more
promising improvements here. The background is pushed to the far left region better
(mostly the Fakes, but there does seem to be a better data-to-WZ ratio in the signal
region) and there are only three data events with NN score > 0.0 rather than seven.
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Let’s look at the old and new limit tables for comparison.
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OLD WH Analysis Limits

Limits 110 | 115 | 120 | 125 | 130 | 135 | 140 | 145 | 150 | 155
2 o 171 | 965 | 643 | 434 | 329 | 274 | 243 | 212 | 195 | 17.3
1 o 121 | 69.4 | 45.8 | 31.0 | 234 | 195 | 17.1 | 151 | 139 | 12.4
Median, ; o 852 | 49.1 | 325 | 21.8 | 165 | 13.7 | 12.0 | 106 | 9.73 | 8.77
% o 62.3 | 35.6 | 23.7 | 16.0 | 12.0 | 9.96 | 8.69 | 7.62 | 7.14 | 6.56
e 492 | 27.9 | 184 | 125 | 9.47 | 7.70 | 6.80 | 596 | 564 | 5.29
ObserverJ‘/ 834 | 483 | 352 | 252 | 182 | 154 | 13.6 | 12.2 | 11.0 | 9.62
Limits 160 | 165 | 170 | 175 | 180 | 185 | 190 | 195 | 200
29 s 15.7 | 160 | 17.7 | 20.6 | 239 | 295 | 35.1 | 40.7 | 474
19 e 11.2 | 114 | 128 | 146 | 169 | 20.9 | 251 | 29.3 | 333
Median; u 7.99 | 816 | 9.16 | 10.3 | 11.9 | 149 | 17.9 | 20.7 | 23.3
2% o 5.96 | 6.14 | 6.84 | 7.70 | 8.87 | 11.0 | 13.3 | 152 | 171
2% o 482 | 495 | 557 | 6.19 | 7.15 | 8.81 | 10.7 | 12.2 | 13.7
Observed/ 887 | 865 | 101 | 120 | 142 | 164 | 19.7 | 25.2 | 26.8

Table: WH trilepton analysis limits for 5.3fb™.
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NEW WH Analysis Limits

Limits 110 | 115 | 120 | 125 | 130 | 135 | 140 | 145 | 150 | 155
T2 o 163 | 93.6 | 605 | 41.6 | 31.7 | 25.4 | 22.9 | 200 | 18.6 | 16.9
1 s 115 | 66.1 | 43.1 | 29.6 | 22.8 | 182 | 16.1 | 141 | 13.1 | 12.1
Median ; o 822 | 471 | 305 | 212 | 162 | 12.9 | 11.4 | 9.99 | 9.32 | 859
2 rem 61.0 | 34.8 | 224 | 155 | 11.9 | 952 | 8.39 | 7.41 | 6.97 | 6.44
e 48.7 | 278 | 17.9 | 12.3 | 941 | 759 | 6.70 | 597 | 557 | 5.23
Observed/ | 76.4 | 439 | 29.2 | 22.4 | 17.4 | 136 | 1256 | 11.0 | 10.2 | 9.61
Limits 160 | 165 | 170 | 175 | 180 | 185 | 190 | 195 | 200
+29 o 151 | 154 | 179 | 197 | 231 | 296 | 353 | 40.3 | 45.4
19 e 107 | 11.0 | 12.8 | 14.0 | 16.6 | 208 | 252 | 28.7 | 32.7
Mediany ; ou 7.74 | 7.85 | 9.12 | 9.89 | 11.7 | 147 | 17.9 | 20.2 | 23.2
2% o 591 | 595 | 6.79 | 7.52 | 8.78 | 109 | 13.3 | 150 | 17.1
2% 483 | 493 | 565 | 6.16 | 7.28 | 879 | 10.7 | 12.1 | 137
Observed/ . | 880 | 9.24 | 10.2 | 110 | 14.2 | 183 | 22.0 | 26.0 | 295

Table: WH trilepton analysis limits for 5.3fb~%. At my = 165GeV,
there is about 4% improvement in expected limits, but no
improvement in observed limits.
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OLD ZH Analysis Limits

Limits 110 | 115 | 120 | 125 | 130 | 135 | 140 | 145 | 150 | 155
29 e 296 | 173 | 103 | 710 | 529 | 415 | 342 | 28.6 | 26.8 | 243
1 210 | 1226 | 740 | 504 | 37.0 | 29.7 | 242 | 204 | 18.8 | 174
Median/ .\ 148 | 852 | 516 | 354 | 258 | 20.7 | 16.9 | 145 | 133 | 123
19 em 106 | 60.8 | 36.9 | 255 | 18.6 | 14.9 | 12.3 | 105 | 9.75 | 9.06
2% e 804 | 457 | 279 | 193 | 143 | 113 | 965 | 833 | 764 | 7.15
Obsewed/ 204 | 121 | 782 | 528 | 432 | 344 | 286 | 23.1 | 229 | 20.9
Limits 160 | 165 [ 170 | 175 | 180 [ 185 [ 190 | 195 | 200
F29% e 226 | 219 | 239 | 257 | 283 | 341 | 394 | 436 | 484
10 e 159 | 157 | 17.2 | 183 | 202 | 24.1 | 28.1 | 30.7 | 33.7
Mediar/ 113 | 111 | 12.2 | 130 | 143 | 17.2 | 20.0 | 21.9 | 23.9
19 em 8.38 | 833 | 9.04 | 973 | 106 | 12.8 | 15.0 | 16.2 | 17.9
2% e 6.73 | 675 | 7.33 | 7.85 | 8.66 | 10.4 | 12.2 | 13.2 | 14.6
Observed/ 152 | 139 | 180 | 17.8 | 21.7 | 25.3 | 32.8 | 332 | 357

Table: ZH trilepton analysis limits for 5.3fb™*.
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NEW ZH Analysis Limits

Limits 110 | 115 | 120 | 125 | 130 | 135 | 140 | 145 | 150 | 155
T2 o 275 | 154 | 96.1 | 66.4 | 49.0 | 385 | 324 | 283 | 26.0 | 241
1 o 193 | 109 | 683 | 47.1 | 34.8 | 27.8 | 22.8 | 20.0 | 183 | 16.9
Median; u 135 | 76.7 | 47.7 | 33.0 | 245 | 195 | 16.2 | 141 | 12.8 | 12.0
2% rem 975 | 55.6 | 345 | 238 | 17.7 | 141 | 11.8 | 10.3 | 9.40 | 8.83
—20/ 75.7 | 42.8 | 267 | 185 | 137 | 11.0 | 921 | 817 | 7.44 | 7.05
ObserverJ‘/ 193 | 105 | 72.7 | 478 | 353 | 29.3 | 225 | 241 | 183 | 154
Limits 160 | 165 | 170 | 175 | 180 | 185 | 190 | 195 | 200
2 o 210 | 209 | 228 | 249 | 27.1 | 337 | 389 | 435 | 471
1 o 15.0 | 150 | 163 | 17.9 | 19.7 | 23.8 | 27.8 | 30.9 | 333
Median ;o 107 | 10.6 | 11.6 | 12.7 | 14.0 | 169 | 198 | 21.9 | 239
1% rem 7.98 | 799 | 877 | 954 | 105 | 126 | 14.8 | 163 | 17.9
~29/ 6.54 | 661 | 727 | 7.84 | 860 | 10.4 | 12.1 | 134 | 148
Observed/ 124 | 108 | 142 | 131 | 185 | 21.9 | 284 | 311 | 37.3

Table: ZH trilepton analysis limits for 5.3fb~. At my = 165GeV, there
is about 4.5% improvement in expected limits and 20% improvement

in observed limits, probably due to the reduction of data events in the
signal region of the NN score.
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OLD Trilepton Analysis Limits

Limits 110 | 115 | 120 | 125 | 130 | 135 | 140 | 145 | 150 | 155
2 o 140 | 80.4 | 516 | 35.4 | 26.0 | 216 | 184 | 157 | 146 | 12.8
1 o 995 | 570 | 37.1 | 25.1 | 187 | 152 | 13.0 | 11.2 | 104 | 9.15
Median ;o 69.7 | 40.1 | 25.8 | 17.6 | 13.0 | 10.7 | 9.08 | 7.79 | 7.26 | 6.40
2% o 50.4 | 29.0 | 18.8 | 126 | 9.32 | 7.64 | 6.56 | 5.65 | 5.25 | 4.68
~29/ 386 | 22.1 | 141 | 968 | 7.11 | 5.80 | 4.96 | 430 | 4.05 | 3.66
Obsefved/ 76.0 | 441 | 323 | 225 | 17.4 | 144 | 123 | 104 | 9.99 | 861
Limits 160 | 165 | 170 | 175 | 180 | 185 | 190 | 195 | 200
29 s 114 | 115 | 128 | 140 | 162 | 196 | 235 | 26.2 | 300
19 e 837 | 810 | 919 | 10.1 | 115 | 140 | 16.7 | 188 | 21.4
Median; u 5.86 | 578 | 650 | 7.19 | 8.07 | 9.96 | 11.7 | 13.3 | 15.0
2% o 431 | 426 | 477 | 524 | 592 | 7.28 | 856 | 9.67 | 10.9
—20/ 3.38 | 342 | 377 | 409 | 471 | 573 | 6.71 | 7.58 | 8.47
Observed/ 658 | 599 | 7.83 | 861 | 108 | 123 | 16.1 | 18.7 | 195

Table: Combined trilepton analysis limits for 5.3fb™ >,
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NEW Trilepton Analysis Limits

Limits 110 | 115 | 120 | 125 | 130 | 135 | 140 | 145 | 150 | 155
29 s 129 | 740 | 478 | 337 | 250 | 20.1 | 16.8 | 149 | 13.6 | 125
19 e 932 | 529 | 339 | 238 | 178 | 142 | 120 | 105 | 9.78 | 8.87
Mediany ; u 65.7 | 375 | 24.0 | 166 | 125 | 996 | 8.46 | 7.42 | 6.88 | 6.27
2% o 476 | 272 | 175 | 120 | 913 | 7.25 | 6.17 | 544 | 501 | 4.63
2% o 369 | 21.2 | 136 | 9.25 | 7.08 | 557 | 479 | 426 | 3.92 | 3.65
Observed/ | 63.9 | 366 | 244 | 174 | 144 | 114 | 102 | 8.36 | 8.19 | 6.66
Limits 160 | 165 | 170 | 175 | 180 | 185 | 190 | 195 | 200
2 s 10.6 | 10.7 | 12.6 | 135 | 154 | 194 | 23.0 | 25.9 | 29.1
1 s 759 | 7.75 | 887 | 968 | 11.1 | 13.8 | 16.6 | 185 | 20.9
Mediary; m 5.44 | 547 | 632 | 6.88 | 7.91 | 974 | 11.7 | 13.1 | 14.8
2 rem 406 | 413 | 465 | 5.08 | 581 | 7.20 | 861 | 9.63 | 10.7
2% e 326 | 335 | 3.73 | 410 | 469 | 577 | 6.87 | 7.65 | 852
Observed/ | 582 | 533 | 6.63 | 6.90 | 9.55 | 11.8 | 16.0 | 19.2 | 21.8

Table: Combined trilepton analysis limits for 5.3fb™*. In the combined
H — WW trilepton limits, at my = 165GeV there is a 5.4%
improvement in the expected limits and an 11% improvement in the
observed limits.
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Finally, here’s the comparison plot between the v17
trilepton limits in January and now.
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H — WW Trilepton Limits
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Figure: Comparison plot between the v17 trilepton limits in January, and now with the
new discriminating variable list.
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Conclusions

@ Better separation has improved the observed limits.

@ This change does include the change in systematic errors since January, most of
which became slightly worse.

@ This does still include the Z~ 17% scale down similar to W~. Repealing this
scale down has recently been decided and new templates will have to be made
before making a new H — WW combination with this change to the trileptons.
For the sake of making a more consistent comparison, | waited to make this
change.

@ The new variables used should still be relevant for these two trilepton regions
when revised to accommodate Geumbong's trilepton analysis. I'm still working
on that.

@ Another expected improvement: I'm nearly finished with a new WZ -trilepton
cross section measurement. This has not been done since 1.1fb—! and WZ is
the largest background in both of my trilepton regions, so maybe it will help
reduce some systematic errors. | still need to figure out how to change WWFit
into a WZFit to extract the cross section measurement.
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