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Motivation V2"L
e Fermion masses are generated through H
Yukawa interaction ]F

e Heaviest SM particle (top) expected to have

largest Yukawa coupling to the Higgs field. Indirect constraints on top Yukawa coupling

possible through ggH and H->yy loop processes.

* Nodirect observation yet. e ATLAS+CMS Run-1 combination of ratio of

measured coupling to SM expectation (ki)

K =0.87+0.15

e Direct measurement of top-Yukawa coupling
g . .
needed to disentangle any new physics effects.

H e ttH production cross-section measurement is one
direct way to measure top-Yukawa coupling.




Experimental strategy & challenges

e Production cross section: ~507 fb: About 1% of total
Higgs cross-section.
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e Object identification and reconstruction among multiple proton collisions

e Many types of objects in the signal signature: y, e, y, T-hadronic, jets, b-jets
e Combined Identification efficiency decreases
e High combinatorial background [mainly in ttH(bb) ]
e |dentification of prompt and non-prompt leptons [ mainly in ttHML |

e Large irreducible background from tf+HF and ¢tV



Lumi Pub Results

Data taking
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* Data from 2015 and 2016 runs used for this analysis e Peak Luminosity of 1.4 x 1034 cm-2s-1

 After quality requirements 36.1 fb- e Pile up almost doubled for 2016 runs

 Many efforts to mitigate pileup effects
e ATLAS data acquisition efficiency: 92.1%(2015) — 92.4% (2016)

e Only a few non operational channels in sub detectors: %0-3.5%


https://twiki.cern.ch/twiki/bin/view/AtlasPublic/LuminosityPublicResultsRun2#2016_pp_Collisions
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Signal and Background modeling ATL-COM-PHYS-2015-1510
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e Alternative: SherpaSF
e Parton shower, QCD scales and PDF uncertainties are also (ME+PS@NLO ), Powheg+Herwig7
considered

e Alternative samples used as additional systematics in the fit


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-076/ATLAS-CONF-2017-076.pdf
https://cds.cern.ch/record/2113264




ttH(bb): Categorization

« Categorized into sub channels to increase * All b-tagging working points used in region definitions

sensitivity * Rejection : c-jets : 3—35; light jets: 30—1500

e (Categorized according to number of leptons,
number of jets and b-tag discriminant

none loose medium tight very-tight
Efficiency - 85% 77% 70% 60%
Discriminant value 1 2 3 4 5
Sub channels
21
e Exactly two opposite sign leptons, Veto Z-candidates, No hadronic T
e Require =3 jets and =2 medium b-tagged jets

u o%
/

 Exactly 1 lepton.
Pr > 200 GeV Pr > 250 GeV
* Boosted Category:
* Presence of two R=1.0 reclustered jets (for Higgs and top candidate)
e Remove jets which have pT < 50GeV and pT>1500 GeV
* Resolved Category: Failing boosted selection

* Require =5 jets and =2 very-tight or =3 medium b-tagged jets

v




ttH(bb): 2lepton Regions
* Regions constructed for 3 and >4 jets.
* SR’s constructed with high b-tag discriminant
* Three SR’s: purity ranging from 1.8% to 5.4%
* Highest signal purity in region with 3 very tight and 1 tight b-tag

 CR’s for tt+b, tt+c and tt+light to constrain uncertainties, backgrounds,

(1%, 2") jet Dilepton, 3 j (1%, 2") jet Dilepton, > 4 j
b-tagging | b-tagging
discriminant discriminant
(3. 3) (3. 3) CRiiy>1c

(4.3) (4.3) /
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b-tagging b-tagging
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Bsrs [ Ji+light [Jti+=1c [Jti+=10




ttH(bb): 1lepton Regions

(1%, 2nd) jet
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Boosted Channel is not categorized
further

SR’s defined for 5 and =6 jets

Highest purity in 4 very tight b-tag
bins (=6 jets)

CR'’s for tt+ =1b, tt+ >1c and tt +
light

(5.5) (5,4) (5,3)(5,2) (4,4) 43)(42)(33)(3,2)(2,2) (5,1) (4. 1) 3.1) (2,1) (1, 1) (;“d. 4h) jet

Single Lepton, > 6 j
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\
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N
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tt + =1c .tf+ >1b
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Multivariate analysis ATLAS-CONF-2017-076

* |n signal regions, MVA techniques used to further separate signal and background

Reconstruction BDT ( 2| and 1l resolved SRs) Likelihood discriminator (11 resolved SRs only)

* Probability of signal or background based on PDF’s for

* Reconstruct ttH(bb) system from jets _
signal and background.

B ——— e i
Matrix Element method (SR>=6ionly) 5 % AriAs Preiminary ~ eDaa  mH
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-076/ATLAS-CONF-2017-076.pdf

ttH(bb) Fit * tt+ >1b/c normalization freely floating in the fit
e Simultaneous profile likelihood fit to all SR’s and

; ; . . . ..
CR’s * SR’s are binned in BDT discriminant output. Event
L] L] , -_— L] L]
yields in CR’s [except t t+=1c 1I-CRs (binned in HT)
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-076/ATLAS-CONF-2017-076.pdf

ttH(bb): Systematic Uncertainties

Pre-fit impact on u:

0,=+A0 0,=-A6
Post-fit impact on u:
6,=+AB 6,=-A8

—e— Nuis. Param. Pull
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ATLAS Preliminary

tt+>1b: SHERPA5SF vs. nominal
tt+>1b: SHERPA4F vs. nominal
tt+>1b: PS & hadronisation

{s =13 TeV, 36.1 fb™

tt+>1b: ISR/ FSR

ttH: PS & hadronisation
b-tagging: mis-tag (light), NP 0
k(tt+>1b) = 1.24 £ 0.10

Jet energy resolution: NP 1
ttH: cross section (QCD scale)
tt+>1b: tt+>3b normalisation
tt+>1c: SHERPASF vs. nominal
tt+>1b: shower recoil scheme
tt+>1c: ISR/ FSR

Jet energy resolution: NP 0
tt+light: PS & hadronisation
Wi: diagram subtr. vs. nominal
b-tagging: efficiency, NP 1
b-tagging: mis-tag (c), NP 0
ET"°: soft-term resolution

b-tagging: efficiency, NP O

-2 -15 -1 -05 0 05 1 15 2

(6-6,)/A8
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ATLAS-CONF-2017-076

Largest impact from tt+bb generator
modeling

Fit reduces the uncertainty on several
systematics

Systematics which are shifted from
their nominal values are checked


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-076/ATLAS-CONF-2017-076.pdf

ttH(bb):Results

Dilepton
(two-u combined fit)

Single Lepton
(two-u combined fit)

Combined

e Measured [ =0.84

ATLAS Preliminary \s =13 TeV, 36.1 fbo™

-
ot.

m, = 125 GeV
stat.
tot (stat syst)
+1.02 ( +0.54 +0.87
——e—— -0.24 “1'05 (052 “0.91)
+0.65 , +0.31 +0.57
—eo— 0.9 6 ( 051 os54)
+0.64 ( +0.29 +0.57
—eo— 084 55 (02 o54)
o b b b b e b L 1

0 1 2 3 4 5 6

Best fit u = 6"/cll,

+0.64
—0.61

e Excluded p > 2.0 at 95% CL

13

Dilepton

(two-u combined fit) [

Single Lepton
(two-u combined fit)

Combined

with 1.40 (expected 1.60)

ATLAS-CONF-2017-076

ATLAS Preliminary Vs =13 TeV, 36.1 fbo™
T T T T I T T T T T I T T T T

m,, = 125 GeV

g==== Expected * 1o
Expected £ 26
—— Observed

0 1 o 3 4 5

----- Expectled (u=1)

95% CL limit on o/c,,(ffH)


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-076/ATLAS-CONF-2017-076.pdf

ttH multilepton




ttHML: Sub channels

e Main background is ¢ (with 1 fake lepton)

* High lepton multiplicity reduces backgrounds

* Analysis divided into 7 orthogonal sub categories
according to the muiltiplicity of hadronic tau and
light leptons

Number of Thag
N

3¢+1Thad

Signal Fraction [%)]

1 2 3 4
Number of light leptons

e Common jet selection: Nits> 2 and Nbjets > 1
o (Categorization based on loose lepton definition
e Optimized lepton selection in each category

e Eg: Nonprompt lepton BDT to suppress fakes from B-

hadron decays
15

ATLAS-CONF-2017-077
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e
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* H—ww mode dominant in light lepton
channels.

e H— 17 dominant in hadronic T
channels


https://cds.cern.ch/record/2291405

ttHML: Sub channels

e Except for 3l+1Thad all sub channels use MVA
techniques to further separate signal from
background

e 2ISS0T: 2 BDT’s: against ttV and ttbar

e 3l0T: 5 dimensional multinomial BDT to
build categories enriched in ttH, ttW, ttZ,
ttbar, diboson

e 2|ss+1T: 1 BDT against ttbar

e (Cut and count cross check analysis in
high sensitivity sub-channels.

e Different background composition in different
sub channels

. VV NonPrompt

e Non prompt backgrounds estimated from a low
jet multiplicity region using data driven as well as
semi-data driven methods.

e Dedicated control regions for constraining
irreducible backgrounds >

ATLAS-CONF-2017-077

@ - | | | | | | | | | | | = @
()] 1.8 5 . 42 &
S ATLAS Preliminary -
16~ e Vs =13 TeV 1.8
: —1.6
1.4 =
- —1.4
12 =
B2 —1.2
= | e 1,
o8 : | | i i =
- —0.8
08 el ¥ T P 0.6
0.4 = 1 = 1 | & ~0.4
0.2 ‘ ______ —o.2
E | l | — ,' 4 -
2se gp U, 2 2USs, J0g, Sy o, 315, 3ss S D 3§
S R Z en,/bheddep/e’ e:;’rhaq g h;h‘id l;’ad 7;760' . W CR”Z CR lbosoe; (ég
ATLAS  Preliminary W qmis-id [JtTW
s =13 TeV Otttz [ Diboson
- @ Fake 7., @ Non-prompt
[ Other
2/SS 37 SR 4¢ Z-enr. 4¢ Z-dep.
2fSS+1Thad 2fOS+1Thad 3f+1rhad 1f+2rhad

37 ttW CR 3¢ ttZ CR

e &

37 VV CR 37 ttCR

€ €


https://cds.cern.ch/record/2291405

ttHML: Fit

ATLAS-CONF-2017-077
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e Simultaneous fit in 12 Bl Fake 7, »/ Uncertainty
10° --- Pre-Fit Bkgd.

regions (CR+SR)

 Single bin used in 3l CR’s
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e 3l+1T
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depeleted)

* BDT shape information
used in 5 SR’s
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https://cds.cern.ch/record/2291405

ttHML.: Systematics Uncertainties

Pre-fit impact on u:

90=+A9 90='A9
Post-fit impact on u:
= 60=+A8 90=-A8

—eo— Nuis. Param. Pull

ttH cross section (scale variations)
Jet energy scale (pile-up subtraction)
Luminosity

Jet energy scale (flavour comp. 27SS)
Jet energy scale variation 1

ttW cross section (scale variations)
ttZ cross section (scale variations)
Thaq Identification

ttH cross section (PDF)

ttH modelling (shower tune)

Flavour tagging c-jet/thaq

tte ¢ cross section

37 Non-prompt closure

ttW modelling (generator)
Non-prompt stat. in 4th bin of 37 SR
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ATLAS-CONF-2017-077

Highest impact ttH
Modeling: Scale
uncertainties

Jet energy scale and
resolution

Non prompt lepton
estimation (poor statistics
in control regions)

ttV modeling scale
uncertainties


https://cds.cern.ch/record/2291405

ATLAS-CONF-2017-077

ttHML: Results

: . . . - : : - Channel Significance
ATLAS Preliminary Vs=13 TeV, 36.1fb" Observed Expected

—Tot.  *Stat. Tot. (Stat.,Syst.) 2005+1thaa 090 0.50
2£0S + 1Thag RN B SRR 1755 {5 ) 1£+27had - 0.60
1€ 4+ 2lig | bt @1 0.6 75 (%05, 113) 4¢ . 0.80
il i 0.5 g5 (o3, 'o3) 30+17 130 0.90

+1.8  (+1.7 +0.6 had . :

37 + 1Thag el 1.6 5 (Giss So2) 20SS+1 34 [ 1
2¢SS + 1Tiaq poH 3.5 ﬂ:; (2 e + 1 Thad aa Ao
3¢ o 185 158 pot) 3¢ 240 Lo
2¢88|  yeH 1.5 "0 (%04, o) | 2(SS 210 1.90
combined 104 1.6 ’_ng (o2, fg:;) Combined A 0er ) Q0

2 0 2 4 6 8 10 12
best fit M for m =125 GeV

* Measured U = 1.6i8:j with a significance with respect to background only hypothesis 4.10 ( expct. 2.80)
e Cross section extrapolated to inclusive phase space

o(ttH)=790"""(stat)"'? (syst) fb

—-150 —-150

e (Cut and count cross check analysis in most sensitive channels
e Alternate fit model with floating ttV 15% loss in sensitivity p(ttH)

e ttV in agreement with SM
U, =092+0.32

+0.25

‘ut?Z = 1'17—0.22 19


https://cds.cern.ch/record/2291405

ATLAS-CONF-2017-045
ATLAS-CONF-2017-043

Combination with ttH(yy) and ttH(ZZ*)

"goH verF | WH [lizH ggzH ttH llbbH | tHgb  tHW

ATLAS Simulation Preliminary H — yy, m  =125.09 GeV
L

tH lep Ofwd
tH lep 1fwd
ttH lep §
ttH had BDT1
ttH had BDT2
ttH had BDT3

ttH had BDT4
tH had 4j1b

tH had 4j2b

O 01 02 03 04 05 06 0.7 08 0.9
Fraction of Signal Process / Category

* One ttH and two tH categories in the leptonic
channel

* 6 categories in the hadronic channel

20

. . . I ggF-0j W VBF-p. Low
ATLAS Simulation Preliminary gy ogr1jp" Loy 8 VBF-p. High
T -
H - 72" > 4l B o1 Med L
X B goF-1j-p] High gy 1
13 TeV, 36.1 ib T
I goF-2 I bbH

0j
1 pi'- Low

1] pf-Med

Reconstructed category

1j p2-High
VBF-enriched pjT-Low
VBF-enriched p‘T -High
VH-Had enriched
VH-Lep enriched

ttH-enriched
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Expected Composition

e Adding ttH->ZZ" resonant region
* Orthogonal to multilepton 4| category


https://cds.cern.ch/record/2273852
https://cds.cern.ch/record/2273849

Combination

Combining multilepton, bb, yy, ZZ*

tHjb and tWH treated as background and fixed to SM

prediction

All backgrounds set to SM prediction

uo =1.1710.19(star)" >’ (syst)

—-0.23

590+16OJ%

—150

Significance : 4.20 (expected : 3.80)

ATLAS-CONF-2017-077

T T T l T T T l T T T l T l( tIOtI. )l (lStla.tll . ISVISt.I )
ATLAS Preliminary Vs=13TeV, 36.1 fb’
— total stat.
ttH ZZ — < 1.9 (68% CL)
ttH yy ==l 0.6 tg_.; ( tg.'g ; tgg )
, +0.6 0.3 +0.6
ffH bb e 0.8 “5e (753, 05 )
0.5 03 +0.4
fiH ML K-o-4 1.6 "), (5,53 )
A Y ¥ S 02 +03
ttH combined - ked 1.2 j0.3 ( toz 3 toz )
[ T R S PR N T SN TR NN SN TN T NN N SR T NN SR S|
—2 0 2 4 6 8 10

best fit M for m =125 GeV

+0.15

—0.14

+0.09 —-0.09

Non-prompt light-lepton and fake 71,4 estimates
Simulation statistics +0.08 —0.08
Jet energy scale and resolution +0.08 —0.07
modellng . =0.
ttH modelling (acceptance) +0.07 —0.04
er Non-111ggs boson bDackgrounds . =0.
Other experimental uncertainties +0.05 —0.05
Luminosity +0.05 —-0.04
Jet flavour tagging +0.03 —-0.02
Modelling of other Higgs boson production modes +0.01 —0.01
Total systematic uncertainty +0.27 —-0.23
Statistical uncertainty +0.19 —-0.19
01 Total uncertainty +0.34 —-0.30



https://cds.cern.ch/record/2291405

ATLAS-CONF-2017-077

Combination (et (st
ATLAS Preliminary Vs=13TeV, 36.1 fb
- , N — total stat.
Combining multilepton, bb, yy, ZZ i1, Hostr b , 1.5 112 (09 w08
tHjb and tWH treated as background and fixed to SM 07 07 oo
. . T , |—e—] 0-6 +VU. ( +U. ’ +U. )
prediction ttH, Hovy 06 \ 061 -02
All backgrounds set to SM prediction tiH, H—bb e - 0.8 fg_'g ( i8§ , i8§ )
fiH, HoVV Ko 4 15 00 (04,754 )
[ 1740.10 027 dHoombined| o 12703 (22,93
. =1.17=x stat) . (syst S P N N
IuttH ) - ( )—0.23( Y ) -2 0 2 4 6 8 10
bestfit u form, =125 GeV
O p— 590“60]([7 o 3: I*étanldarcle(I)dell e e i
7H ~150 L 4 Bost fi ATLAS Preliminary
o5l —68%CL [ttH — v, ZZ, bb, ML] ]
" .--95% CL Vs=13TeV, 36.1 fb’
. . ol ]
Significance : 4.20 (expected : 3.80) :
15 e ]
s '. @ -
o T -
o % 0.5 i 15 2


https://cds.cern.ch/record/2291405

Summary

e Results from the searches for ttH production using 36.1 fb-1 ATLAS recorded data shown

e Challenging and complex analysis: Improvement possible due to better background modeling and
use of multivariate techniques.

+0.4

e ttH multilepton: #=1.6£0.3(stat)”; (syst) 4,10 (expected 2.80)

+0.57

o ttH(bb): #=0.8410.29(stat)_;,(syst) 1 40 (expected 1.6 o)

 Combination with ttH categories in H(yy) and H(ZZ*->4l)

u_, =1.17%0.19(stat)’ >’ (syst)

—-0.23

Significance : 4.20 (expected :3.80) Evidence !!

Extrapolated cross section consistent with SM prediction

160 +
o, =590"_ fb o =507 fb

—150

* Towards observation of top-Yukawa coupling:

e Already recorded 42.7 fb-1 of data in 2017
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Data / Pred.

ttHML: ttW/ttZ CR’s
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ttHML.: light lepton fakes

2¢SS 3¢ 4¢ 1€4+2Thag  20SS+11hag  200S+11had  3C+1Thag
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ttHML:Hadronic 1 fakes

Fraction of fake t,_, [%]
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70 ATLAS Simulation - 500 ~ Pre-Fit B Fake 7., 7/ Uncertainty E
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28



LVTIlilo /7 Vi

Uawia/ 1 1cu.

LVTlito

Uawaa ./ 1 1cu.

ttHML.: fit distributions
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ttHML: Cross-check analysis
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ttHML: Cross-check analysis
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ttHML: Cross-check analysis
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ttH(bb): Background composition

ATLAS Preliminary [ Jtt+light []tt+>1c [tt+>1b
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Dilepton
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3j 3 2
CR f.igh CR#>1p @
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ttH(bb): Classification BDT input

Events / bin

Data / Pred.

Events / 25 GeV

Data / Pred.

o L R B L I
ATLAS Preliminary EI tff)at? " EEH 1

400f Vs = 13 TeV, 36.1 fb’ L+1g t+21¢
Single Lepton Wit +>1b @+ V

350F sk P [INon-tt 7 Total unc.
SR --- ttH (norm)

300} Post-Fit --- Pre-Fit Bkgd. ]

1 W///*://WWW

03007 02 03 04 05 06 07 08 09 1
LHD
L e N B o B
120 ATLAS Preliminary é Eatfil_ " EEH o
_ -1 + lig 1+ 21c
§‘|13LTGV’ 0107 miszib @i+V
100k lnsgje epton; OONon-tt 7~ Total unc.-
SRj --- ttH (norm)
i Post-Fit ... --- Pre-Fit Bkgd.

80

4
GGG I

0.5

200 250 300 350
mpi9% (reco BDT) [GeV]

0 50 100 150

Events / bin

Data / Pred.

Events / 0.25

Data / Pred.

ASQF T T e e T e L T T
ATLAS Preliminary \;I t[f)at?' " EIEH 1

400} Vs =13 TeV, 36.1 fb” L+ 19 t+21¢C
Single Lepton Wt + >1b - @t + V

350f >96j P CINon-tt 77 Total unc. |
SRi --- ttH (norm)

300} Post-Fit --- Pre-Fit Bkgd. ]

o] FE T ——— P P
125} :
1WWWWW%%
075} ]
05 - : - - : : : - '
0 01 02 03 04 05 06 07 08 09 1
1/(1 + exp(-MEM_-4))
240_'I"'I‘"l"'l"'l"'I"'I"_'I"'I
. ATLAS Preliminary ¢ Data mtH
200f single Lepton Wit +21b @t +V
ng P [JNon-tf 77 Total unc.
180} SR; peeereeeeey === 1tH (norm) ]
160} Post-Fit . --- Pre-Fit Bkgd. ]
140 : ]
120 : - ]

100 _‘- 91 ]

b,
L

1.25

—_

0.75
0.5

P |

24 26 28 3 32
avg
ARY

34

Events / bin

Data / Pred.

LR L LN L L B LA BRI L B

400F ATLAS Preliminar IEI tff)at?_ " EEH e ]
_ -1 + lig +21c

350% finglz;e):gn%j P miecib @iev ]
6 []l\_lon-tt 2, Total unc.

300} SR --- ttH (norm) ]

Post-Fit --- Pre-Fit Bkgd.
250

50

o] ST B W T = =
1.25¢ ]
1 //////74////74////744/////////////////W@%WW
0.75F ]
05

02 04 06 08 1
Reconstruction BDT output (w/ Higgs info)

1 208 -06 -04 -02 0



ttH(bb): Prefit-Postfit SR’s 2l
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ttH(

bb): Prefit-Postfit SR’s 11
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ttH(bb): Matrix Element method

* (Calculate the likelihood of each event
to originate from ttH or tt + bb

e Used in most powerful signal region
6j SR1

Olaf Nackenhorst. CERN-THESIS-2015-186

transfer function

maps detector response to diagram

parton distribution function

accounts for production mechanism

X 7Q2 f X an 1
Li = Z / = |671)| |q‘2’2|( 2 )|Mi (Y)ﬁT(X;Y)Id‘I’ndY
flavor matrix element

describes signal or background process
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ttH(bb): CR disturbutions
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ttbar + HF modeling

Systematic source Description tt categories

tt cross-section Up or down by 6% All, correlated
k(tt + >1c¢) Free-floating tt + >1c normalisation tt+ >1ec

k(tt + >1b) Free-floating tt + >1b normalisation tt +>1b
SHERPASE vs. nominal Related to the choice of the NLO generator All, uncorrelated
PS & hadronisation PowHEG-Box+HERWIG 7 vs. POWHEG-BOX+PYTHIA 8 All, uncorrelated
ISR / FSR Variations of pr, pr, hgamp and Al4 Var3c parameters All, uncorrelated
tt + >1c ME vs. inclusive MG5_aMCQNLO+HERWIGH+: ME prediction (3F) vs. incl. (5F) tt + >1c

tt + >1b SHERPA4F vs. nominal  Comparison of t£ + bb NLO (4F) vs. POWHEG-Box+PvyTHIA 8 (5F) ¢t + >1b

tt + >1b renorm. scale Up or down by a factor of two tt + >1b

tt + >1b resumm. scale Vary pq from Ht/2 to pommps tt + >1b

tt + >1b global scales Set g, pr, and pr to pommps tt + >1b

tt + >1b shower recoil scheme Alternative model scheme tt +>1b

tt + >1b PDF (MSTW) MSTW vs. CT10 tt + >1b

tt + >1b PDF (NNPDF) NNPDF vs. CT10 tt +>1b

tt +>1b UE Alternative set of tunable parameters for the underlying event tt +>1b

tt +>1b MPI Up or down by 50% tt + >1b

tt + >3b normalisation Up or down by 50% tt + >1b
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B-tagging Charm rejection and Efficiency scale factor
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Performance: Jets & b-tagging

light-jet mistag rate: 10-50% uncert.
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Performance: Leptons

* Leptons reconstructed using calorimeter as well as tracking information

o Ol 1 T g
? = #&W §0.09§— TLAS Preliminary +Highp (30 < p < 35)—2
Q0 - e - () - -
= § . = 008E {5-13 TeV, L = 33.9 fb sLow p (15 < 1 < 20)=
W 0.95[- o 5 0'075_ 2016 calibrated data g E
E ATLAS Preliminary el Dl = S 0.061- . = E
B _ # —uu N L = = - =
09 »E_.13 TeV, 333 fb —o Jy—puaMC LT 0.05¢ = . -
—o—  Medium muons —e— Z—uu Data N 0.041 - g =
:_'_ No TRT selection applied —o— Z—uu MC § 0.03E . & L
- - b
0.85— mM>01  [WStatonly = Sys®Stat - 0.02E . i E
Q N N E -* * =
S 1.02 001 __a=* e =
~ e L P
© iy ol v vl o ool pae I owa l parg Fag g [ag ol
© %0 82 84 86 88 90 92 94 96 98 100
(@) 0.98 -, ....................................................................................................... ;_ mee [GeV]
5 678910 20 30 40 50 10° » Calibrated leptons robust to pileup
p. [GeV]
L .. : e
. Identlflcat|0n+e_ﬁ|.0|ency of e/py measured in Z— "] > 800CATLAS Proimhinary | —4- Da E
and J/¥ —[*/” in data. O oif=taTevaen’  EEZT
~ - 27,7 .4 3-track COwW—-1 .
2 600 4. [ Jet—lxfakes -
% - gty . [ Uncertainty E
l-I>-l 500;_ w3 Z—tt Preit _;
. _ 400+ ; =
e Hadronic T are reconstructed from calorimeter ZHAE. E
cluster and tracking variables. 200§ =
o . 100 .
* |dentified using a Boosted decision tree - .
Igorithm (BD CIREE T | SR Tat
aigo (BDT) 7 £ i* TT++++“"°“""’ *’*’+++++ E:
E 0.5 £ .’ ] l l I l 3
© 50 100
(]

42 Myis(k, rhad) i



Performance: Leptons
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. . : For electrons and muons
e Uses calorimeter and track variables associated

to electrons . . . . .
e Uses isolation variables as well as track jet variables (b-

tagging algorithms)
e Factor of 17 reduction in charge flip processes at

95% efficiency  Reduces lepton fraction from B-hadron decays by a
factor of 20

e (Calibrated inZ — I"I"events

e These BDT’s are only used in multilepton channels
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