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Project Overview
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Cut-based Done Done Done Done Done
Merge into framework Done Done Done Done Done
BDT Study Done Done Done Done Done
Put BDT code in package Done Done Done Done Done
Optimize cuts again Done Done Done Done Done
Higgs width fitting in the  Done Done Done Done Done
framework
Combined fitting Done

I
Table & Plot style Done
Draft On-going
ee channel On-going
EFT On-going



BDT on npnHZZ (vvjj)
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BDT on npnHZZ (vvjj)

» Cut Flow
Cut Signal ZH background 2f background 4f background
Fxpected 1000 1140511 801811977 107203890
Pre — selection 616 30494 480828 515424
Stgnal or not 211 30282 480828 515424
Mpissing > Mdijet 107 1608 115062 28811
M gimuvon 95 725 73741 6833
Mjee 95 706 7886 1359
N(pfo) 94 336 3268 574
Ptisible 89 312 342 168
BDT score 66 36 14 11

Table 1: p*pu~ HZZ (vvjj) Cutflow (BDT)



BDT on ppHZZ (vvj))
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BDT on nnHZZ (Jj vv)
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BDT on nnHZZ (Jj vv)

» Cut Flow
Cut Signal ZH background 2f background 4f background
FExpected 1000 1140511 801811977 107203890
Pre — selection 616 30494 480828 515424
Signal or not 211 30282 480828 515424
Mmissing < Mdﬁjet 103 28674 365766 486613
M gimuon 92 22473 215445 239023
M 92 22379 17363 20611
N(pfo) 89 16760 321 16304
Ptyisivie 74 4341 59 1273
BDT score 63 1073 7 494

Table 2: p*p~ HZZ (jjrv) Cutflow (BDT)



BDT on ppHZZ (vvj]))
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BDT on vwHZZ
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BDT on vwHZZ

» Cut Flow
Cut Signal  ZH background 2f background 4f background
Expected 6544 1140511 801811977 107203890
Pre — selection 238 30494 480828 515424
Signal or not 226 30268 480828 515424
N(pfo) 226 29861 152634 444218
M.isible 201 710 15429 10306
cos 0 144 510 367 831
BDT score 87 42 0 23

Table 3: vv HZZ Cutflow (BDT)
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BDT on vwHZZ
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BDT on qqHZZ (vvup)
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BDT on gqHZZ (vvpup)

» Cut Flow
Cut Signal  ZH background  2f background 4f background
Ezxpected 20254 1140511 801811977 107203890
Pre — selection 826 30494 480828 515424
Signal or not 203 30291 480828 515424
Mmissing > Mdimuﬂﬂ 94 3179 18606 40769
Ni(pfo) 91 2502 2050 15114
Mgijet 8D 1793 14 6178
cos 0 67 1439 0 2175
M icibie 67 1345 0 1476
BDT score 46 377 0 233

Table 4: qq HZZ (vv pFp~) Cutflow (BDT)
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BDT on qqHZZ (vvup)
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BDT on qqHZZ (up vv)
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BDT on ggqHZZ (up vv)

» Cut Flow
Cut Signal  ZH background 2f background 4f background
FEzpected 20254 1140511 801811977 107203890

Pre — selection 826 30494 480828 015424
Signal or not 203 30291 480828 515424
M issing < Mdimuon 108 27112 462222 474655
N(pfo) 106 21480 27891 332167
Myijet 103 4833 111 265479
cos 80 3576 7 156099

Myisibie 77 2913 0 8750

BDT score 37 167 0 148
Table 5: qq HZZ (p* p~ vv) Cutflow (BDT)
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BDT on qqHZZ (up vv)
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Cut optimization on pupHZZ (vvjj)

» Cut Flow
Cut Signal  ZH background  2f background  4f background
Expected 1000 1140511 S01811977 107203890
Pre — selection 616 30524 481301 515955
Signal or not 211 30307 481301 015955
M nissing > Maijet 107 1605 115175 28838
- Miimuon 95 726 73813 6836
Previous Mzee 95 707 7894 1360
N(pfo) 04 336 3271 574
Ptloisible 89 312 342 168
Anglein 85 298 283 139
J“nf‘.rmms,;ﬂg and Jﬁ'{dij ef 62 80 254 46
Single Jet 54 67 0 9
cut signal  zh background 2f background 4f background
Expected 1000 1140511 801811977 107203890
Pre — selection 616 30494 480828 515448
Signal or not 211 30282 480828 515448
i Mnissing = Maijer 107 1608 115062 28809
Optlmlzed M+, 95 725 73741 6830
Myss o 93 671 4911 1032
N(pfo) 89 253 1396 324
Ptyisibie 85 235 261 77
Anglesin 81 225 216 64
M‘i’niﬂﬂiﬂﬂs ﬂ"fd:ijﬂl 63 65 0 6
Ptjﬂﬂ’z, Ejetl,E 513 51§ 0 3
not qyHZ Z o6 26 0 3
not vvHZZ 47 22 0 3
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Cut optimization on upHZZ (jjvv)

» Cut Flow
Cut Signal ZH background 2f background 4f background
Expected 1000 11405611 801811977 107203890
Pre — selection 616 30524 481301 015955
Signal or not 211 30307 481301 515955
Missing > Maijet 103 28701 366125 487117
. JLU Fr— 92 22495 215657 239256
Previous MEEe 92 22401 17380 20630
N(pfo) 89 16776 321 16319
Ptyisible 74 4345 o9 1273
Anglein Tl 4186 n9 1216
ﬂ’fmi.'.r:sing and Mdije:t 47 866 0 276
Single Jet 42 716 0 260
cut signal  zh background 2f background 4 background
Expected 1000 1140511 01811977 107203890
Pre — selection 616 30494 480828 515448
Signal or not 211 30282 480828 515448
O pt| mized Mgijet < Mpissing | 103 28674 365766 486638
M+, 92 22473 215445 239022
dimuon 90 21802 13226 17787
N(pfo) 87 16327 186 14406
Ptyisitte 66 3423 0 744
Angle,,in 64 3294 0 711
Minissing, Mdijet 43 703 0 200
Ptie1 2, Ejenn 2 38 289 0 189
not gqgHZ Z 39 510 0 175
not vwvHZZ 35 510 0 175
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Cut Signal ZH background 2f background 4f background
Raw events 6844 1140511 801811977 107203890
> Cut Flow Pre — selection 238 30494 480828 515425
Signal or not 226 30268 480828 515425
N(pfo) 198 10580 61902 268709
115GeV < Myisinte < 135GeV 175 450 9694 6533
|cos@] < 0.9 126 328 132 414
130GeV < M3Ee.,. < 220GeV 123 285 125 366
43GeV < Pyigivie < 60GeV 109 157 6 105
10GeV < Mgijer < 100GeV 106 150 6 100
_ Fleading jet 99 122 0 54
Previous Esubleading jet 97 116 0 16
Angle,,; 92 103 0 34
13GeV < Mgimuyon < 100GeV 92 100 0 33
cos Byisivle 92 100 0 33
80GeV < M1ec, < 107GeV 87 89 0 30
not 120GeV < M7 < 130GeV | 75 65 0 30
not 120GeV < ﬂfi:}cﬂ < 130GeV 71 46 0 26
cut signal zh background 2f background 4f background
Frpected 6844 11405611 801811977 107203890
Pre — selection | 238 30494 480828 515424
Signal or not 226 30268 480828 515424
N(pfo) 198 10580 61902 268708
Misibte 175 450 9694 6533
imi cos 126 328 132 414
Optl mized M gimuon 123 211 118 239
Pisible 109 87 0 Do
Mijet 106 77 0 33
Elmding Jet 99 61 0 13
E,subie.udiny jet 97 60 0 15
Angle,,; 92 a7 0 11
M+ - 92 49 0 11
M 11:12&3;.';1:? 87 46 0 9
not pntu HZZ 79 31 0 9
not qqHZZ 77 21 0 8
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Cut optimization on qqHZZ (vvup)

» Cut Flow

Previous

Optimized

cut signal  zh background  2f background  4f background
Raw events 20254 1140511 801811977 107203890
Pre — selection 826 30494 480828 515425
Signal or not 203 30271 480828 515425
ﬂl‘missing > Al[di'muan 94 3167 18606 40769
N(pfo) 91 2502 2050 15114
M isibie 90 2220 557 6573
cos theta 72 1797 59 2156
Mz 70 1506 14 1942
Phisible 69 1459 14 1843
M gijer 67 1207 0 1526
Eieading 67 1191 0 1203
Eeubleading 67 1186 0 1119
Angle,; 67 1165 0 1003
M givuon 67 1105 0 970
(:osﬂmm-m 64 1048 0 850
Mycc, . 64 973 0 817
Ptyisible 63 962 0 775
not wtu—HZZ 63 962 0 775
not vl ZZ 56 884 0 744
cut signal  zh background 2f background 4f background
Ezpected 20254 1140511 801811977 107203890
Pre — selection 826 30494 480828 515424
Signal or not 203 30291 480828 515424
Mipissing = Maimuon 94 3179 18606 40769
N(pfo) 91 2502 2050 15114
Myisivie 76 1326 118 3582
cos 60 1061 0 1131
T won 45 379 0 659
visible 43 348 0 583
Myijet 41 289 0 802
Ficading jet 40 277 0 322
Esubleadt'.ng Jet 39 270 0 268
Angle,; 39 264 0 240
M aimuon 39 246 0 229
c050yisinte 37 233 0 202
i sible 37 210 0 119
Ptyisible 37 210 0 119
notutpu " HZZ 37 210 0 119
notv 30 166 0 110

21



Cut optimization on qqHZZ (nuvv)

cut signal  zh background 2f background 4f background
Expected 20254 1140511 801811977 107203890
> CUt FIOW Pre — selection 826 30494 480828 515425
Signal or not 203 30271 480828 515425
Miimuon > Mmissing 108 27103 462222 474656
N(pfo) 106 21479 27891 332167
M,isibie 102 5496 2277 46449
cosl 82 4051 0 13096
M3 on 7 3492 0 2617
Puisible 77 3461 0 2507
. Mgijet 75 2795 0 1841
Previous Eieading jet 74 2584 0 1466
Biibloading iei 73 2544 0 1397
Angle,,; 68 2157 0 963
M gimuon 66 1832 0 772
cos0yisible 64 1734 0 570
Mre, 50 844 0 395
Ptuisible 49 822 0 369
not uytu~HZZ 44 335 0 324
not vwHZZ 44 335 0 324
cut signal zh background 2f background 4f background
Expected 20254 1140511 801811977 107203890
Pre — selection 826 30494 480828 515424
Signal or not 203 30291 480828 515424
Myirmuon = Missing 108 27112 462222 474655
__— N(pfo 104 21274 17185 318984
Optimized Mg}m;mz 86 3138 261 25231
cos f) 69 2345 0 6503
Mjee on a0 626 0 708
Poisible 48 542 0 a72
Mijer 45 325 0 404
Eleadi'ng et 44 302 0 277
Esubleading jet 44 300 0 238
Angle,; 43 272 0 217
Mimuon 39 177 0 101
{:059,, isible 38 165 0 57
Mree, 33 149 0 51
Plyisivie 33 147 0 45
notutHZZ 33 147 0 45
nolvwH ZZ 33 147 0 45
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BDT on npnHZZ (vvjj)

» Fitting Result

BDT (%) Cut (previous) (%) | Cut (new) (%)

UuHvVvjj 15.10 17.82 16.89
uuHjjvv 56.76 71.09 71.62

vHZZ 13.45 15.41 13.22
qqHvvuu 50.89 65.23 54.19
qqHuuvv 45.60 o4.17 42.74

Combined 9.49 11.09 9.85
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Summary

» BDT study for all channels completed

» BDT merged into the frame work (local)

» All channels’ cuts optimized

Next to do

» Update framework on github (framework optimization, new cuts, fitting
code, etc.)

» Merge request for BDT part
» Work on the draft
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