EFFICIENCY CALIBRATION FOR ATLAS B-JET

IDENTIFICATION ALGORITHMS

Many analyses in ATLAS, like top quark and Higgs measurements and searches for new physics, rely on the identification of jets containing b-
hadrons (b-jets) at high efficiency while rejecting more than 99% of non-b-jets. These algorithms, called b-taggers, exploit the distinct decay
properties of the b-hadrons. Using different machine learning approaches, like Boosted Decision trees, deep neural networks, and recently also
Recurrent Neural Networks (RNNIP) and deep sets, powerful discriminators are built to discriminate b-jets from c- and light jets. For the first time,
the algorithms have been trained on jets reconstructed using information from the ATLAS tracker and calorimeter (“particle flow jets”). We measure
the tagging rates in ATLAS collision data from the full Run 2 of the LHC (2015-2018) and correct the MC simulations to reflect the measured rates.
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derived. These factors are measured in samples enriched in either b, charm or light jets. The efficiency
measurements are provided as functions of the jet pT (transverse momentum) as the tagger performance depends on
the jet pT. Correction factors (Scale Factors) are measured for each single-cut operating point defined by a cut on
the discriminating variable corresponding to an average b-jet identification efficiency of 85%, 77%, 70% or 60% in

that the algorithm and its inputs are well 3l T 456 simulated ttbar events. The scale factors are smoothed as a function of the jet pT and differences in efficiencies
understood in simulation ATL-PHYS-PUB-2017- 013 sitvenedizssicel]l — pbetween MC generators are taken into account by adding an additional correction factor [ATL-PHYS-PUB-2020-009].
B-jet efficiency calibration: Charm jet mistag calibration: Light jet mistag calibration:
Dileptonic ttbar PDF method Single lepton ttbar method Negative tag method
ulethod Vethod :  Diffoult light flavor dominated
> Pure sample of b-jets is selected by targeting the dileptonic > Select sample of ttbar events inthe b icult to create light flavor dominate
decay of ttbar events lepton+jets decay W / sample due to high light jet rejection BT n—
> Main features of the event selection: > Exploit large branching ratio of W->cX —eo— ; £l isgeEr (a0 = 1 g1 ey /J\ optrads
+ == 1 electron & == 1 muon decay to create sample enriched in _ v > SOI““;’? rgetasure mistag efficiency Ofé | o e
« Exactly 2 jets charm jets ’ . n;oMl Le aggfr v of signed : ""
- | > Main features of the event selection: Jets from W- Viake Use of symmetry ot sighed =
» Calibration is extracted using __ impact parameter distribution for &
 two iats i 1 t | » ==1 electron OR muon decay e 5
the two jets in the even " e m; ¢ > Exactly 4 jets ?ght;ets and s.trong asymmetry
“ b g or b & charm jetS 06 04 02 0 02 04 06
Eur.phys.J. C 79 (2019) 970 ATLAS-CONF-2018-001 > Reduce tagging rate of b-jets rack signed, (mm)
I e § % ks oo 1 > Perform measurement on jets > Light jet response unchanged
g +Dus | o | AR o S assigned to the hadronically
79l Control > Constrain remaining non-b-jet o —owdd decaying W-boson Original Hloeliree Calibration
o lee B, Region background using a 1200 o ont > Use kinematic likelihood Tagger Tagger

| Signal Region-}

bbbt o b b b b e beor bl b b e A

O[T I T T TT[TTT T TTTTTTTTTTTTTTTTTTTTITT
TR T T[T [T T[T TTT T 7T} | T

boundaries due to statistical

i i 1000 . . .
‘°2 simultaneous template fit to a00 fitter to assign jets to ttbar
’ data in signal and control B e L Birepakis bedkusig G Ak o)
. 400F . . .
. regions _ 200 > Extract charm mistag efficiency “”Cegsl'igtéfi‘;rf‘zzeer;tﬁzs(;f;etirsgce n
& 1.2 | N 14 P . . H
g ety _ > Reduccisi uncl:ertalnty to § e in data using a combined UeerEy )
;)- e percent leve g o ~ - likelihood fit > New method developed recently
g L T S0 R0 T0 R e0 00 0 iz, o » Calibration using leading jet in Z(->ll)+jets events
100 200 300 400 500 600 700 800 - - . . . - -
. [GeV] Ftag-2020-001 Ftag-2020-001 > 2D combined fit reduces uncertainty by constraining
LL - ATLAS Preliminary i5=13TeVv, 139" R T S S B R B non-light jet contribution Ftaq 2020 001
Results p ° e i Resuits R R R o £ 22 it ey |l reraan
S - S | . += 1.4 DpLire, =70 % Single Cut OP B esSults n - Pre"mi"ary 13TeV, oo’
> MC-to-data correction factors S .. antikreosewpriow sets - » MC-to-data correction factors & ~~ " " o ; _ e 2 '[)9[‘1“2?7';}8 wih Zjets Events .
| _ £ 127 s essued scale Facor (otalnc) : : o 18 e atired Sesl Facor (ota unc) E » MC-to-data correction factors T q - %
CO”S'Stent W|th 1 LJ_", i | Iargely Compatlble W|th 1 *J)' 12: [ Smo th dS | Factor (total unc.) . I I bl ) h 1 o 1.8: anti-k, R=0.4 EMPFlow Jets ’ )
2L, - 1 . . SR B - - t\\*\\—\ Smoothod Soale Factar (ot e I
> Uncertainties at percent o 1.1 7 > Uncertalntles at the Ievel Of a % - . arge y C?m_patl = Wlt é’ 16, ' )
0 : : £ t L S E » Uncertainties at the level of = 14- -
Ievel (1 -2 A)) 1k § e percen 1 4 NN \ . 10 20(y - 1 2: NN_TLL L =
: dtr - » | » ] ' ' N\ M - o SN \x\\\\\ AAMIMIIInmme
» Dominant uncertainties from : N » Dominant uncertainty from ttbar = N . . NMiiniirrt
e edtel e Fef @ : modelling 09 \\\\\\& » Dominant uncertainty from = \i\\\\\\\\\\\\\\&\
scale and resgl, ujtion 9y o E 05t : extrapolation, reduced by 081 E
L i C ] SRR I B R R i} . ]
102 10° 50 100 150 200 250 better inner detector O
o [GeV] 0. [GeV] \ simulation o0 100 150 200 250 300
_ s ! N\ p, [GeV]
V4 High-pT extrapolation % Smoothing procedure Conclusions & Outlook
» Data statistics insufficient for jet senmlinektn  Bowsiies W S s @l o fer fersiver » ATLAS analyses prc?flt frorr_1 taggers. V\.llth |mproved perform_ance
pT>400GeV to extract efficiency —_— ts and o " ATL-PHYS-PUB-2020-04 » B-tag, charm and light mistag efficiencies are measured in
» Extend central value of b- S T aras | results and uncer ainties \_N't e — S data and MC, results are mostly consistent and MC-to-data
L>).. L \/_ 1 non_parametrlc reg resslon (%)) c ATLAS Preliminary —— Scale factor (smoothed, bandwidth = 0.6) = .
efficiency for pT(jet) >400GeV g DSL ; r13 Te;/%sok?xf:d ., P & 1.25 ie=13TeV, 130 ] Uncertainy (smocthed, bandvidh =08) —] correction factors are close to 1
. - m - (:) - ’Sb = o @ = DL1, 70%<3ingle Cut OP —— Scale factor (smoothed, bandwidth =0.2) . . . . .
> Derlve addltIOnal SyStematICS 5 N > ReC nlqued t t t b 2 1-155 b-jets ’ Uncertainty (smoothed, bandwidth =02) > Uncertalntles at percent Ievel for b-tagg|ng eﬁ:'C'ency and at 10_
- - o 1 @ 11— Scale factor (data-based, total unc.) — . .
using MC for pT(jet)>400 GeV: 5 | emove discontinuities at bin 2 o M - 20% for light mistag rate

Extrapolation uncertainties due to

= » Constant work on improvements of taggers

physics and detector modeling are .- +§Ca'etf:C;°f oo ot o > Iluctuatlons ts due t ogsE B . » Charm-jet tagging also possible using the b-tagging algorithms
. 0 - ——oMmootnea and extrapolaied scale 1actor oF ) ) ] . . . . . . . .
added to measured uncertainties L Smoohed and extep AnjprreAsiapisils LU e nione o9 sk oancidn =02) =831 with the same training, with slight modifications to the tagging
y h t t 0.85F Risk (bandwidth =0.6) =12.3
» Improved method, simulations and s Bl Extrapolation uncertainty ngoroug approach to optimize osb . discriminant definition
use of RNNIP reduces uncertainties @ b lcev SMCEHITE [PEEMEETE DR et » Development of calibration methods in progress to extend

efficiency measurements to other phase space like large jet pT

Angela Burger

Oklahoma State University On behalf of the ATLAS Flavour Tagging group ATLAS

EXPERIMENT



https://cds.cern.ch/record/2718610
https://cds.cern.ch/record/2718948
http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/FTAG-2019-005/
https://arxiv.org/abs/1907.05120
http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/FTAG-2020-001/
http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/FTAG-2020-001/
http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/FTAG-2020-001/
https://cds.cern.ch/record/2710598
https://cds.cern.ch/record/2306649
https://cds.cern.ch/record/2273281

