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Status

» Statistic error added in table

» Unify some selection criteria
» Two nuHZZ’s BDT study finished



uuHqqvv before

Table 7: Cut flow table for puggvy channel

Cut Signal ZH Background  2f Background 4f Background ﬁ
Expected 1000.88+3.17 11405116 801811977420  107203890+11291
Pre — selection  616.68+2.48 30494 +89 480828+1893 515448+748
Signal or not 211.44+1.45 30282 +89 480828+1893 515448+748
M issing < Maijer  103.46£1.02 28674 +87 36576641652 486638+728 0.1102
Nipfo) 100.24+1.0 21686 £78 12184 +£301 3321621600 0.1657
M jimuon 89.98 +0.95 16833 +54 9085 +260 207927474 0.186
M gijes 82.95 +0.91 2768 +21 52 +19 1737754433 0.1974
Minissing 71.56 +0.85 1679 £17 14 £10 13434 +120 0.5804
+cos 0 71.56 +0.85 1679 £17 14 10 13434 120 0.5804
COSOyigible 67.99 +0.82 1535 £16 0+0 8545 +96 0.6749
Angle, 57.71 £0.76 1109 £13 0+0 2197 +48 0.995
e on 56.5 £0.75 1048 +13 00 941 +£31 1.2488
M 56.5 +0.75 1048 +13 0+0 941 +31 1.2488
M isinie 54.02 +0.74 930 £12 0+0 790 +£29 1.2823
*Pyisibte 54.02 £0.74 930 £12 0+0 790 +£29 1.2823
*Pr . 54.02 £0.74 930 +12 0 +0 790 +29 1.2823
*Eleading jer 54.02 +0.74 930 +12 0+0 790 +29 1.2823
*Pr ey o 54.02 £0.74 930 £12 0+0 790 +£29 1.2823
*E sub—teading jer 54.02 £0.74 930 +12 0 +0 790 +29 1.2823
*PT oy teating jo 54.02 £0.74 930 +12 0+0 790 £29 1.2823
not gqgHZZ 46.67 +0.68 738 11 0 +0 644 +26 1.2343
not vwHZZ 46.67 +0.68 738 11 0+0 644 +26 1.2343+0.2054

120 < Angle,; < 170



npuHqqvv upgrade

Table 8: Cut flow table for uuggvy channel(upgrade)

Cut Signal ZH Background  2f Background 4f Background 45?:
Expected 1000.88+3.17 1140511+6 801811977420 107203890+11291
Pre — selection 616.68+2.48 30494 +89 4808281893 515448+748
S ignal or not 211.44+1.45 30282 +89 480828+1893 515448+748
Minissing < Magjer  103.46£1.02 28674 +87 36576641652 486638+728 0.1102
Nipfo) 100.24+1.0 21686 +78 12184 301 332162600 0.1657
M gimuon 89.98 +0.95 16833 +54 9085 +260 207927+474 0.186
M i jey 82.95 £0.91 2768 +21 52 £19 173775+433 0.1974
M s sing 71.56 +£0.85 1679 17 14 +10 13434 +120 0.5804
*Cos 71.56 +0.85 1679 £17 14 £10 13434 +£120 0.5804
COS0pte 67.99 +£0.52 1535 £16 00 8545 +£96 0.6749
Angle, ;(60,170)  60.89 £0.78 1187 =14 0 +0 2233 +49 1.0321
dimwaon 59.24 +0.77 1111 £13 0+0 965 +32 1.2816
tM;};,[ 59.24 £0.77 1111 £13 0+0 965 £32 1.2816
M,isibie 55.35 £0.74 966 +12 0+0 805 £29 1.295
*Pyisible 55.35 £0.74 966 £12 0 +0 805 29 1.295
#Pr. 55.35 +0.74 966 +12 0 +0 805 +29 1.295
*Eieading jet 55.35 £0.74 966 +12 0 +0 805 £29 1.295
* P ting 55.35 £0.74 066 +12 0+0 805 +29 1.295
*E sub—teading jet 55.35 £0.74 966 +12 0 +0 805 £29 1.295
P ating o 55.35 £0.74 066 +12 0 +0 805 £29 1.295
not qqHZZ 48.0 +0.69 774 +11 0 0 659 +26 1.247
not vwHZZ 48.0 +£0.69 774 £11 0+0 659 +26 1.247 +0.2059
60 < Angle,; <170 4



VVH qq uu be.l:O re Table 12: Cut flow table for vvgquu channel
Cut Signal ZH Background  2f Background 4f Background ﬁ
Expected 6844.99+21.65 114051146 BOIB11977+420 107203890+£11210
Pre — selection 238.62+4.04 30494 +89 480828+1893 515424748
Signal or not 226.71+3.94 30268 +89 4808281893 5154241748
M imuon < Maijer  101.442:2.64 27436 +88 58876 +662 3584314625 0.1521
N(pfo) 97.54 +2.58 20843 +79 364 +58 231698+501 0.1939
M missing 79.06 £2.33 769 +£23 37 £31 2083 £47 1.4508
M gimuon 78.38 +2.32 707 +21 7 +7 1732 +43 1.5596
M i jet 68.04 +2.16 576 £20 00 830 +30 1.7719
*cos 0 68.04 £2.16 576 £20 0 +0 830 £30 1.7719
co50,i5ibie 64.55 +2.1 552 +20 0 +0 452 +22 1.9743
Angle, 59.62 +2.02 239 £13 00 70 £8 3.1041
M o 58.59 £2.0 214 £13 0 +0 65 +8 3.184
tMr’I.'l.’jﬂ 58.59 £2.0 214 £13 0 +0 65 +8 3.184
Misibie 57.91 +1.99 175 +11 0 +0 54 +7 34122
*Pyicible 5791 +£1.99 175 11 0+0 54 7 34122
*Pr. . 5791 +£1.99 175 £11 0+0 34 +7 3.4122
*Eleading jet 57.91 +1.99 175 +11 0 +0 54 +7 34122
i 5791 +1.99 175 +11 0+0 54 +7 34122
*Egupteading jer 5791 £1.99 175 +11 0 +0 54 +7 34122
P teading o 5791 £1.99 175 =11 00 54 7 34122
not )ty HZZ 5791 +1.99 175 11 0 +0 54 +7 34122
not ggHZZ 50.52 £1.86 130 £10 0+0 43 +6 3.3773+0.2609

Angle,; < 130

rec

165 <

dimuon <215



npHqqvv upgrade

Table 13: Cut flow table for vvgquu channel

Cut Signal ZH Background  2f Background 4f Background ﬁ
Expected 6844.99+21.65 1140511+6 801811977420  107203890+11210
Pre — selection 238.62+4.04 30494 +89 4808281893 5154244748
Signal or not 226.71+3.94 30268 +89 480828+ 1893 5154244748
M gimuon < Miijet 101.44+2.64 27436 +88 58876 +662 358431+625 0.1521
N(pfo) 97.54 +2.58 20843 £79 364 +58 231698501 0.1939
Mmissing 79.06 +2.33 769 +23 37 +£31 2083 +47 1.4508
M gimuon 78.38 +£2.32 707 +21 7 +7 1732 +43 1.5596
M gijer 68.04 £2.16 576 £20 00 830 £30 1.7719
*cos 0 68.04 £2.16 576 +£20 0 +0 830 £30 1.7719
oS0y 5inte 64.55 +2.1 552 +20 0+0 452 +22 1.9743
Angle,;(135) 60.65 £2.04 269 +14 00 78 £9 2.9985
MY (o) 60.65 £2.04 269 +14 0 £0 78 £9 2.9985
M 60.65 +2.04 269 +14 00 78 9 2.9985
M yisinie 59.89 +2.02 211 £12 00 65 £8 3.2662
P oisivie 59.89 +2.02 211 +12 0 +0 65 +8 3.2662
Pr 59.89 +2.02 211 12 0+0 65 +8 3.2662
*Eleading jer 59.89 +2.02 211 £12 00 65 £8 3.2662
Ll 59.89 £2.02 211 £12 0 +0 65 +8 3.2662
B teading i 59.89 £2.02 211 +12 0 +0 65 +8 3.2662
L tting o 59.89 +2.02 211 =12 00 65 +8 3.2662
not p' i HZZ 59.89 £2.02 211 £12 0 +0 65 +8 3.2662
not gqgHZZ 523 +1.89 159 +11 0 +0 52 +£7 3.2227+0.2547

Angle,; <135



Table 17: Cut flow table for gguuyv channel

gqHppvv before

Cut Signal ZH Background  2f Background 4f Background

Y5 +8
Expected 20254.08+64.05 114051146 801811977+420  107203890+£11210
Pre — selection 826.57+£12.94 30494 £89 480828+ 1893 5154244748
§ignal or not 203.35+£6.42 30291 +89 450828+1893 5154244748
Moissing < Maimeon ~ 108.3644.68 27112 +75 46222241857 474655+718 0.1104
N(pfo) 103.09+4.57 19806 +66 17185 +358 3136024583 0.1741
M i jet 97.83 £4.45 4531 +41 44 +18 2505274521 0.1937
M gimuon 83.85 +4.12 3468 +25 14 +10 1741504434 0.1989
Mmissing 64.81 £3.62 1961 £19 7 +7 11132 £109 0.5648
*coy 0 64.81 £3.62 1961 £19 77 11132 £109 0.5648
CoS0,isiple 60.76 £3.51 1796 +18 0 +0 6827 +86 0.652
Angle,,; 53.27 +£3.28 1197 +14 0 +0 1264 +£37 1.0622
mre 51.24 +3.22 1194 +14 0 +0 661 +26 1.1737
5:};.- 48.41 +3.13 950 +13 0 +0 534 +24 1.2364
M isible 45,37 £3.03 749 +11 0 +0 464 +22 1.2781
P yisibie 45.37 +3.03 749 +11 0 +0 464 +22 1.2781
*Pr. 45,37 £3.03 749 11 0 +0 464 +£22 1.2781
*Eleading jet 45.37 £3.03 749 +11 00 464 +22 1.2781
Pl g 45,37 £3.03 749 +11 0 =0 464 +22 1.2781
*E cub-leading jer 4537 £3.03 749 £11 0 +0 464 +£22 1.2781
P T v 1 45.37 +3.03 749 +11 0 +0 464 +22 1.2781
not u*u HZZ 39.5 +2.83 275 +7 0 0 345 £19 1.5366
not vwHZ7Z 39.5 £2.83 275 £7 0 0 345 £19 1.5366+0.2257
35 < N, < 100

75 < Mgije; < 110



npHqqvv upgrade

Table 18: Cut flow table for gguuvy channel

Cut Signal ZH Background  2f Background 4f Background ‘,‘&_ﬂ
Expected 20254.08464.05 114051 1+6 8018119774420 107203890+11210
Pre — selection 826.57+12.94 30494 +89 480828+1893 515424+748
Signal or not 203.35+6.42 30291 +89 480828+1893 5154244748
Mumissing < M dimuon 108.36+4.68 27112 +75 462222+1857 4746554718 0.1104
N(pfo)40,95) 96.21 +4.41 17726 +63 10817 +284 2907041561 0.1702
Maijei(75,105) 87.7 +4.21 3248 +37 14 10 2255944494 0.1833
M gimuon 74,94 +£3.9 2356 +20 7 +7 157235+412 0.1875
Missing 57.52 +3.41 1434 +16 0 +0 9677 +102 0.5443
*CoS 0 57.52 £3.41 1434 £16 0+0 9677 £102 ().5443
COSO0yisible 54,48 +3.32 1313 15 0 +0 5748 +£78 0.6459
Angle,, 48.2 £3.12 052 +12 0 <0 1160 +£35 1.037
rec 46.18 +3.06 949 +12 0 +0 587 +25 11606
rec. 43.34 £2.96 733 £11 040 472 422 1.2264
M isible 40,71 +£2.87 647 +£10 0+0 418 +21 1.2237
P cible 40.71 £2.87 647 +10 0 +0 418 +21 1.2237
Pro.. 40.71 +2.87 647 +10 00 418 +21 12237
*Eleading jet 40.71 £2.87 647 £10 0+0 418 £21 1.2237
*P-;-Mm » 40.71 £2.87 647 +10 0 <0 418 +21 1.2237
+E - ieading jo 40.71 +2.87 647 £10 0 +0 418 +21 1.2237
P i eading oo 40.71 £2.87 647 £10 0+0 418 £21 1.2237
not u*u  HZZ 3544 £2.68 206 +6 0 +0 305 £18 1.5143
not vwHZZ 35.44 +2.68 206 +6 0 +0 305 +18 1.5143+0.2218
40< N pfo < 95 8

75 < Mgije; < 105



BDT on uypnHZZ (vvjj)

> Pre-BDT cuts

Cut

Mmissing > Mdi—jet
20 < N(pfo) <90
80 < Mgyi_muon < 100

110 < MZecotl 140

di—-muon

|cos Oyisipe | < 0.95

» ROC Curve

True Positive Rate

Receiver operating characteristic

1.0 4
0.8
0.6
0.4
0.2 4
—— train:ROC (area = 0.8878)
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Normalized Unit

BDT on uypnHZZ (vvjj)

» Output BDT score
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¢ Background (test)
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BDT on uypnHZZ (vvjj)

Cut Signal ZH Background 2f Background 4f Background \/SS_
1B
» Cut Flow Expected 1000 1140511 801811977 107203890
Pre — selection 616 30494 480828 015424
Signal or not 211 30282 480828 515424
Mpnissing > Mdijet 107 1608 115062 28811 0.283
N(pfo) 104 908 33480 14161 0.4722
M gimuon 92 296 24151 1629 0.5714
s g M o 89 256 1642 406 1.8279
BDT this time cosbyisibie 85 240 388 127 2.9422
BDT score 45 6 0 2 6.1727
Cut Signal ZH Background 2f Background 4f Background Sb =
Ezpected 1000 1140511 801811977 107203890
Pre — selection 616 30494 480828 515448
Signal or not 211 30282 480828 515448
Mnissing > Maijet 107 1608 115062 28809 0.283
N(pfa) 104 908 33480 14159 0.4722
M iimuon 92 296 24151 1625 0.5714
Merely cut-based M gijes 87 280 851 819 1.9395
M pissing 71 124 97 101 3.6196
*xcos 0 71 124 97 101 3.6196
costlyisible 68 118 22 39 4.349
Angle,,; 62 95 14 20 4.4919
Myee o 61 79 14 8 4.7795
Mges, 59 69 0 1 5.1374
*Mvﬁsibie 59 69 0 | 5.1374
*Pvisibgf_ 09 69 0 4 5.1374
*Pr o 59 69 0 4 5.1374
*Eieading jet 59 69 0 4 5.1374
*Bﬂuading jet o9 69 0 4 5.1374
*Esub—leading jet 59 69 0 1 5.1374
*Pr o ading et 59 69 0 1 5.1374
not qqHZZ 59 69 0 1 5.1374
not vvHZZ 50 36 0 4 5.2503

11



BDT on uypnHZZ (jjvv)

> Pre-BDT cuts

Cut

Mpissing < Mai—jet
20 < N(pfo) <90
80 < My on < 100
110 < Mol ' < 140

|cos Byisipte | < 0.95

» ROC Curve
Receiver operating characteristic
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Normalized Unit

BDT on uypnHZZ (jjvv)

S
> Output BDT score > N BDT score cut
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BDT on uypHZZ (jjvv)

Cut Signal ZH Background 2f Background 4f Background \/SS+_B
FExpected 1000 1140511 801811977 107203890
> CUt FIOW Pre — selection 616 30494 480828 515424
Signal or not 211 30282 480828 515424
Minissing < Mdijet 103 28674 365766 486613 0.1102
N(pfo) 100 21686 12184 332136 0.1657
M gimuon 89 16833 9085 207927 0.186
BDT this time My o 87 16144 321 25675 0.4236
c0s8yisible 82 14667 0 12539 0.4992
BDT score 54 806 0 605 1.4262
Cut Signal ZH Background 2f Background 4f Background Sb+ 5
FExpected 1000 1140511 801811977 107203890
Pre — selection 616 30494 480828 515448
Signal or not 211 30282 480828 515448
Miissing < Maijet 103 28674 365766 486638 0.1102
N(pfo) 100 21686 12184 332162 0.1657
M gimuon 89 16833 9085 207927 0.186
_ Maijet 82 2768 52 173775 0.1974
Merely cut-base ;& 71 1679 14 13434 0.5804
*cos 0 71 1679 14 13434 0.5804
cos0yisible 67 1535 0 8545 0.6749
Angle,,; a7 1109 0 2197 0.995
Miee on 56 1048 0 941 1.2488
*Mges, o6 1048 0 941 1.2488
Myisibie 54 930 0 790 1.2823
*Pyisible 54 930 0 790 1.2823
*Pr 54 930 0 790 1.2823
*Eleading jet 54 930 0 790 1.2823
T wting e 54 930 0 790 1.2823
*Esub—lﬁﬂding jet 54 930 0 790 1.2823
*Pr 0 ading et 54 930 0 790 1.2823
not qqHZZ 16 738 0 644 1.2343
not vwHZ Z 46 738 0 644 1.2343

14



Next to do
» Complete the other 4 channels’ BDT study
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