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Systematic uncertainty from b jet multiplicity

e The

only difference with SR(>=2 b jets) and CR(O b jets) is the number of b jets

| feel like the probability of a event has more than 2 b jets doesn't impact the probability of the events's FR probability, since we are doing jet object removal
with fakeable tau

e How to do investigate this?

Measure the FR in CRa and CRb

The difference is going to be our systematic uncertainty for b jet difference!
Check jet multiplicity impact with CR and CRa

We maybe should include CRc as validation region for FR too!
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B jet multiplicity impact on FR(O Vs >=2 b jets)
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From left to right: etalO, 0.8]; etal0.8, 1.6]; etall.6, 2.4]; from up to down: 1 prong, 2/3 prongs
15% uncertainty is more than enough
For bins with low statistic, the under coverage is understandable due to the under coverage from the FR error

Measurement is really a tradeoff between statistic and systematic uncertainty! Found the best balance to achieve best accuracy
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B jet multiplicity impact on FR(O Vs 1Vs >=2 b jets)
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® 5% uncertainty is more than enough

® For bins with low statistic, the under coverage is understandable due to the under coverage from the FR error
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® We may want to further optimize the eta bin of FR measurement to reduce statistic uncertainty yet not introduce further inaccuracy
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Jet multiplicity impact on FR(>8 Vs <8 jets)
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We can safely assign the FR uncertainty measured in CRa and CRb to SR

. .
e 7 E
ptol tau mother ot

Jet multiplicity has very little impact on FR measurement from bins where statistics are enough
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B jet multiplicity impact on FR(O Vs >=2 b jets)
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® 5% uncertainty is more than enough

® For bins with low statistic, the under coverage is understandable due to the under coverage from the FR error

® Measurement is really a tradeoff between statistic and systematic uncertainty! Found the best balance to achieve best accuracy
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B jet multiplicity impact on FR(O Vs 1Vs >=2 b jets)
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® 15% uncertainty is more than enough

For bins with low statistic, the under coverage is understandable due to the under coverage from the FR error

We may want to further optimize the eta bin of FR measurement to reduce statistic uncertainty yet not introduce further inaccuracy
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Jet multiplicity impact on FR(>8 Vs <8 jets)
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® Compare CR and CRa
® et multiplicity has very little impact on FR measurement from bins where statistics are enough

® We can safely assign the FR uncertainty measured in CRa and CRb to SR
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B jet multiplicity impact on FR(O Vs >=2 b jets)
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® 15% uncertainty is more than enough

® For bins with low statistic, the under coverage is understandable due to the under coverage from the FR error

® Measurement is really a tradeoff between statistic and systematic uncertainty! Found the best balance to achieve best accuracy
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B jet multiplicity impact on FR(O Vs 1Vs >=2 b jets)
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® 5% uncertainty is more than enough
For bins with low statistic, the under coverage is understandable due to the under coverage from the FR error

We may want to further optimize the eta bin of FR measurement to reduce statistic uncertainty yet not introduce further inaccuracy
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Jet multiplicity impact on FR(>8 Vs <8 jets)
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® Compare CR and CRa
® et multiplicity has very little impact on FR measurement from bins where statistics are enough

® We can safely assign the FR uncertainty measured in CRa and CRb to SR
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Summary

e For all there years, the b jet multiplicity and jet multiplicity impact on FR are
consistent

o Jet multiplicity has almost no impact on FR which makes sense, which means we
can safely use the 15%(or even less) uncertainty assosiated with b jet in CR and SR

e Bjet multiplicity has low impact on FR, we can assign 15% or 10%

o Other systematic uncertainty source to consider later

o The substraction of MC gen tau events in SR could be a source of uncertainty

o For now we are assumming all fakable tau are jets, we could have electrons or muons
too.

o How ever, the over assigned systematic uncertainty from b jet multiplicity may over this
too. If we do validation in CRa and VR, everything covers fine we may not need to
further investigate these

e We might want to optimize FR measurement with eta, lesser bins to reduce
statistic uncertainty
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Event yield in FR cross check regions(2018

regions tttt  uncert tt uncert fakeTau uncert tX uncert VV uncert sil uncert Wlets uncert s+b data data/bg

TtauOISR 984 006 41031 13.80 649752 2712 151.31 515 004 003 9591 51 4905 294 1090678 -100 -0.00 0.09
TtauOICR 004 000 9749 214 760287 2889 482 105 002 002 138 061 9888 329 780550 774400 099 0.00
TtauOIVR 058 001 147686 828 1054225 3427 4362 306 008 004 4403 347 80.07 334 1218750 1212400 099 0.01
TtauOICRa 002 0.00 184.69 293 1420778 3910 639 112 024 007 713 140 27549 579 1468172 1553900 106 0.00
TtauOICRb 028 001 2854.48 11.52 1790416 44.24 7552 413 012 005 12307 579 22636 673 21184.00 2163700 102 0.00
TtauOICRc 265 0.03 739635 1195 N64742 3630 22428 648 018 005 24170 777 12399 441 1963656 1952900 099 0.02

Table T TtauOl verison 4, fake tau from FR, other MC requiring gen tau

regions tttt  uncert tt  uncert qcd uncert ttX uncert VV uncert singleTop uncert WlJets uncert totalMC data data/MC
TtauOISR 1297 006 760183 2046 335492 41808 25490 710 006 003 17097 683 5385 305 1144950 -1.00 -0.00
TtauOICR 005 000 21873 355 475114 54674 857 132 007 004 439 109 1004 340 509300 774400 152
TtauOIVR 081 002 292797 12.81 510874 55936 7191 436 014 006 8442 480 9097 358 829097 1212400 146
TtauOICRa  0.02 0.00 37567 459 962837 780.28 .07 160 054 om 1668 213 30740 619 1033975 1553900 150
TtauOICRb  0.35 0.01 507479 16.64 199631 82907 12454 569 030 008 21709 769 25070 701 17663.47 2163700 1.22
TtauOICRc 320 0.03 131271 2459 604533 67040 33254 844 023 007 35897 989 N0.76 458 1816374 1952900 1.08

Table 2: TtauOQl verison 4, all MC prediction

o TTTT signal negligible in control regions
e CRc could also be a great validation region
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Event yield in FR cross check regions(2017)

regions tttt  uncert tt uncert fakeTau uncert tX wuncert VV uncert si uncert Wlets uncert s+b data data/bg

TtauOISR 662 004 279939 1096 456070 2322 10249 376 006 003 6821 416 3470 244 757216 -100 -0.00 0.08
TtauOICR 003 0.00 9702 204 153080 3651 387 082 007 003 249 079 10973 370 74400 1M67200 099 0.00
TtauOIVR 043 001 102706  6.64 8504.51 31.33 3595 240 003 002 2777 266 6720 375 966294 946300 098 0.00
TtauOICRa 001 0.00 16975 2.69 2138756 4942 503 092 029 007 752 138 28788 659 2185804 2314400 106 0.00
TtauOICRb 017 0.01 183303 888 1325228  38.83 4983 313 019 005 8936 477 15760 571 15382.45 1572500 102 0.00
TtauOICRc 171 0.02 476708 1389 764756 30.00 14761 480 007 002 16262 617 8228 343 1280893 1248400 097 002

Table 3: 1tauOl verison 4, fake tau from FR, other MC requiring gen tau

regions tttt  uncert tt  uncert qcd  uncert ttX uncert VV uncert p uncert Wlets uncert S+B data data/MC
TtauOISR 869 005 513136 16.33 232160 38307 16957 523 009 004 11912 550 3937 2.64 778980  -100 -0.00
TtauOICR 004 0.0 20216 329 483371 432.62 704 122 012 004 477 110 12355 394 5171.38 1167200 226
TtauOIVR 058 001 202857 1036 407731 52973 6290 341 013 004 5590 378 7580 338 630118 946300 150
TtauOICRa  0.02 0.00 31527 405 1191091  956.39 830 123 060 010 1529 197 31951 693 1256990 2314400 184
TtauOICRb 022 0.01 321217 12.83 744391 66552 8336 412 028 007 14921 617 17898 547 106814 1572500 142
TtauOICRc 206 0.02 723129 1909 361299 42835 20270 608 016 005 23843 781 7328 3.66 N36090 1248400 110

Table 4: 1tauOl verison 4, all MC prediction

e TTTT signal negligible in control regions
e CRc could also be a great validation region
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Event yield in FR cross check regions(2016)

regions tttt  uncert tt  uncert fakeTau uncert ttX uncert VV uncert singleTop uncert WJets uncert s+b data data/MC _ sensitivity
TtauOISR 522 004 199631 971 531096 2517 6919 327 002 001 4867 358 2691 225 745728 -1.00 -0.00 0.06
TtauOICR 005 000 145m 262 15042.49 4186 553 086 009 003 em 127 13826 467 1533765 1530000 100 0.00
TtauOIVR 050 001 95962 673 M45629 3662 3192 245 004 002 2587 262 6136 321 1253558 1284700 102 0.00
TtauOlCRa 003 0.00 28224 365 2858063 5737 951 134 024 004 1238 181 45592 941 2934095 3080700 105 0.00
1tauOICRb 022 0.01 197647 968 18878.89 4698 4693 325 015 003 7603 448 7440 556 2115309 2272200 107 0.00
TtauOICRc 148 002 400254 1322 888677 3263 11558 436 008 002 12105 533 7257 288 1320017 1357700  1.03 0.01

Table 5: 1tauOl verison 4, fake tau from FR, other MC requiring gen tau

regions tttt  uncert tt  uncert qcd  uncert ttX uncert VV uncert singleTop uncert WJets uncert S+B data data/MC
TtauOISR 696 0.04 379806 14.45 216732 43200 12735 464 006 002 8933 486 3265 249 622173 -100 -0.00
TtauOICR 007 0.00 31225 418 719895 530.76 794 129 019 004 nse 177 16183 517 769310 1530000 199
TtauOIVR 069 001 193127 1034 566320 74255 5638 348 om 003 5141 3.69 7319 361 777625 1284700 165
TtauOICRa  0.03 0.00 54598 547 2363282 153584 1573 188 068 007 2356 249 52092 10.02 2473974 3080700 125
TtauOICRo 027 0.01 353678 13.85 1040822 1240 7678 438 035 005 14769 623 20126 606 1437134 2272200 158
TtauOICRc  1.80  0.02 612701 1813 456454 82647 16788 580 012 003 18296 695 5957 309 mo3g7 1357700 122

Table 6: TtauOl verison 4, all MC prediction

e TTTT signal negligible in control regions
e CRc could also be a great validation region

Huiling Hua



FR in CR1 and CR2, no prong division
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Statistic uncertainty of FR

PR = AN MO
e Tricky here because we are dividing two poisson distribution
e Error propagation case(the default calculated by root Divide method)
o The error of each bin has to be small compared to mean(essential assumption for error
propagation)
o denominator and numerator uncorrelated(no correlation matrix in equation)
o 0(FR) = 5 0*(X) + ;—j « o7 (Y) (Xis numerator, Y is denominator)

e When event count it low we have other methods available suggested by CMS
statistic group

e For simplicity use default provided by ROOT Divide
o When we substrat MC for
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