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= the top quark is the heaviest known fundamental particle

o 180 times the mass of the proton

® |argest coupling to the Higgs in the SM

o expected to play a special role in new physics scenarios

= discovered in pp collisions at the Tevatron in 1995
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= the LHC is a top factory

= extensive programs at ATLAS and CMS to measure its properties
= theoretical predictions available at NNLO+NLL

= we've entered the era of precision top physics

= what can LHCb add to the picture?
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LHCb
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LHCb - running conditions
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0
= optimised to study beauty and charm hadrons
= fully instrumented in the forward region
02<n<H
o ideal acceptance for bb events
" precise vertex detector
o separate primary and secondary vertices
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data-taking at LHCb
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stable data-taking with luminosity levelling
average pile-up ~ 2 (twice design)
1 and 2 fb~! collected in Run 1 at 7 and 8 TeV

o ATLAS/CMS collected approximately 25 fb—!
LHCb is expecting ~6 fb—1 at 13 TeV by end of Run 2

Integrated Recorded Luminosity (1/fb)
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LHCb - a general purpose detector in the forward region
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= LHCb explores from very low to very high pr

= strange physics, e.g. KO — upu

= measurements of W and Z production and decay

o PDF constraints in a unique kinematic region

= direct searches for new physics, e.g. Dark Photons, LLPs

™
LHCb = isolation

applied

—— |

prompt-like sample
pr(i) > 1GV,p() > 20GeV

prompt gty
|
|

\ﬁ«/ \‘

T

3
3
1

10* 10°
m(ut ) [MeV)
m 0.6 T T T T
< 05F LHCb
0.4fF p>20Gev B
F 20<n<45
03F —_—
0.2 E— -
0.1 & —— data (s=8Tev
oF ,,;" POWHEG + PYTHIA
E —_ (sin?¢!' = 0.2315)
-0.1F
E ——
-0.2Fg—
0 E 1 1 1 1 E
'%0 80 100 120 140 160
m,, [GeV]

S. Farry | University of Liverpool

9/50



LHCb as a top detector

= the top quark is over 30 times heavier than a B hadron

® how does LHCb fare as a top detector?

Advantages

= unique forward rapidity coverage
= Jow pile-up environment

= excellent vertex resolution for jet tagging

Disadvantages

" Jow acceptance
® low luminosity compared to ATLAS/CMS

" no E%iss for selection or full top reconstruction
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reconstructing top physics channels

= Br(t — bW) ~ 100%

= can study a number of tt final states depending on the decay of the W bosons

o up to 2 leptons, up to 6 jets
= each final state presents different statistics/backgrounds/purity

" |imited acceptance at LHCb makes a partial reconstruction attractive
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reconstructing top quarks in the forward region LHCb-PUB-2013-009

= expected number of tt events in LHCb fiducial region by final state
o2<n,j) <45
o pr(f,5) > 20 GeV

> do(fb) | 7TTeV | 8TeV | 14TeV
= Ib|285 + 52504 + 944366 =+ 663
o Ibj | 97 + 21198 + 352335 + 323
o |2 Wh| 32 £ 6| 65 +£ 12| 870 + 116
—_ o
() bj | 10 + 2| 26 + 4| 487 + 76
= o 4 £ 9| 79 £ 15| 635 + 109
b 19 £ 4| 39 + 8| 417 £ 79

= /(b final state is most statistically accessible at LHCb in Run 1
o will contain largest background component

o does not differentiate between single top and top pair

® 3 number of final states inaccessible in Run 1
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https://cds.cern.ch/record/1557385/files/LHCb-PUB-2013-009.pdf

top physics as PDF constraints [JHEP (2017) 04:p. 044]

NNLO, global fits, LHC 13 TeV
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= top production at the LHC is dominated by gluon-gluon fusion - :

= top quark production cross-sections provides significant constraints on the
gluon PDF at high-x
o both normalised differential top rapidity and inclusive cross-sections
contribute

...... + top-quark differential

® complementary to those from inclusive jet data
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http://dx.doi.org/10.1007/JHEP04(2017)044

forward tops for PDF constraints

= forward top quark production provides reach to even higher x than
central region

= reductions of greater than 20% on the gluon PDF possible for
measurement precision of 4%

o ATLAS/CMS precision in ey channel ~ 3.5%

Reduction of gluon PDF error (%)

[JHEP (2014) 02:p.
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http://dx.doi.org/10.1007/JHEP02(2014)126

tt Charge asymmetry [Phys. Rev. Lett. (2015) 115:p. 052001]
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= charge asymmetry exists in quark-initiated ¢t events at NLO due to interference effects
= forward-backward asymmetry, Apg measured wrt proton direction at the Tevatron
= deviations seen in the past, largely alleviated by updated predictions

® LHC offers new energy regime to probe the asymmetry
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http://dx.doi.org/10.1103/PhysRevLett.115.052001

tt charge asymmetry at the LHC
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" Jower expected asymmetry at the LHC tt asymmetry
ATLAS, l+jets - 0.0090 + 0.0044 = 0.0025
. e EJC 76 (2016) 87
© symmetric pp initial state CMS, I+jets (template)  He 0.0033 = 0.0026 = 0.0033
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. . . — . PRD 94 (2016) 032006
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http://arxiv.org/abs/1307.6225
http://arxiv.org/abs/1307.6225

tt Charge asymmetry at LHCb [Phys. Rev. (2015) D91:p. 054029]

LHC
N

= | HCb, by virtue of its forward acceptance, is in a unique position anti-top
to measure the charge asymmetry

® higher rate of quark-initiated production gives less dilution

= quark direction better aligned with ¢f system due to valence quarks

® can access asymmetry by measuring relative differences in rate of
top/anti-top production in the forward region

o tops identified through ¢£b final state
o rises to as high as 8% in the very forward region

pp— (tf— IX), {s = 14 TeV

., (Ib) > 20/60 GeV '
20<n(b) <45

m, = 173.25 GeV
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o requires good control of backgrounds and their asymmetries

= can also measure A4 using dilepton final state
o only measure lepton asymmetry, no top reconstruction

® LHCb has already made measurement of Abg’ [Phys. Rev. Lett. (2014)
113:p. 082003]
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http://dx.doi.org/10.1103/PhysRevLett.113.082003
http://dx.doi.org/10.1103/PhysRevLett.113.082003
http://dx.doi.org/10.1103/PhysRevD.91.054029

heavy flavour tagging




jet reconstruction at LHCb

= jet inputs prepared using particle flow algorithm

= clustered using anti—kr algorithm with R=0.5

= jet energy resolution ~ 10 — 15%

= performed measurements of W and Z production in association with jets

at 7 and 8 TeV

= also searches for long-lived particles decaying to jets, J/1 production in

jets, etc..
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[JHEP (2016) 05:p. 131]

[Phys. Rev. Lett. (2017) 118:p. 192001]
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http://dx.doi.org/10.1007/JHEP01(2014)033
http://dx.doi.org/10.1007/JHEP05(2016)131
http://dx.doi.org/10.1103/PhysRevLett.118.192001

jets and heavy flavour tagging [JINST (2015) 10:P06013]

= developed inclusive b and c-jet tagger at LHCb

= exploit tracking and vertexing capabilities of detector

= procedure:
o reconstruct 2-body vertices from displaced tracks in event
o merge into n-body vertices (SV) by linking vertices with shared tracks
o number of kinematic and quality requirements on track and vertices

" jet is SV-tagged if the event contains an SV within AR < 0.5 of the jet axis
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http://dx.doi.org/10.1088/1748-0221/10/06/P06013

bdts [JINST (2015) 10:P06013]

= two separate BDTs trained to separate light from heavy flavour jets, and b from c jets, using
o SV displacement from PV
o SV kinematics
o SV charge and multiplicity Moy = \/m—i-psiné
o corrected mass of SV

o jet properties

5 o I o
o) b-jets S | Cijets k)
5 5 os 5
2 os- Qos { Qos
of oF 1 of
-0.5- : b osf ] 0s-
LHCb simulation ] [ LHCb simulation LHCb simulation
B Y S R - B TS R Y- B TS VY-
BDT (bcjudsg) BDT (bcjudsg) BDT (bcjudsg)
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http://dx.doi.org/10.1088/1748-0221/10/06/P06013

heavy flavour tagging efficiency [JINST (2015) 10:P06013]
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= light-jet mistag rate < 1% for b-tag efficiency of 65% and c-tag efficiency of 25%
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http://dx.doi.org/10.1088/1748-0221/10/06/P06013

heavy favour tagging validation [JINST (2015) 10:P06013]

B T T T 1

ko] ]

E 4

° - B

8 20000 -
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L | = tagging efficiencies validated in data using number of control samples
] o B+jet, D+jet, displaced p + jet, prompt and isolated p+jet
= flavour composition of samples determined before (“total”) and after
log(x? tagging (“pass”) using fits

9 o all jets, and subsample containing muons
§ = “total” determined by fits to impact parameter of highest pp track in jet
§ = “pass” determined by fits to two-dimensional BDT outputs

o systematic determined by performing fits to Mo and SV multiplicity

BDTeccs)
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http://dx.doi.org/10.1088/1748-0221/10/06/P06013

heavy flavour tagging validation
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[JINST (2015) 10:P06013]

" b and c jet tagging efficiencies accurate in simulation
to 10% (above pr of 20 GeV)

= mistag rate also determined using sample with “back-
ward"” or “too-long-lived” secondary vertices

o consistent between data and simulation at the level
of 30%

S. Farry | University of Liverpool
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http://dx.doi.org/10.1088/1748-0221/10/06/P06013

Run 1 measurements




top production in the “b final state [Phys. Rev. Lett. (2015) 115:p. 112001]

® reconstruct top through the presence of a high pr muon and a b-jet
= 3fb~! of data collected at 7 and 8 TeV

= first step is to measure W + (b, c,l) cross-sections

selection

= single high pr muon, pr > 20GeV, 2.0 <n < 4.5
® high pr jet, pr > 20 GeV, 2.2< n<4.2
" AR(u,j) > 0.5

= require p7(ju + 7) >20 GeV
o ju - reconstructed jet containing muon

o proxy for missing energy in the system

pr (1)
pT (ju)

® ju also allows for construction of isolation variable,
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http://dx.doi.org/10.1103/PhysRevLett.115.112001

W + (b, c,1)
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[Phys. Rev. (2015) D92:p. 052001]

0.5
BDT(blc)

®= jets SV tagged and b- and c-jet content extracted from fits to 2D BDT distributions in each bin of pr(u)/pT(ju)

" purity determined using fit to muon isolation spectrum

= measurements performed of
o ratios (W*j/Z5, W(b,c)/W3)
o asymmetries (Wb, Wc)

S. Farry | University of Liverpool
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http://dx.doi.org/10.1103/PhysRevD.92.052001

W + (b, c,l) results
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[Phys. Rev. (2015) D92:p. 0520

= good level of data/theory agreement observed

01]

= experimental measurements dominated by statistical uncertainties

® measured We¢ asymmetries = 20 smaller than SM expectations

S. Farry | University of Liverpool
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http://dx.doi.org/10.1103/PhysRevD.92.052001

top production in the “b channel [Phys. Rev. Lett. (2015) 115:p. 112001]

8 T T T — T T T T
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pr(b) W(b,c)+jet
" tightened fiducial region to measure top contribution

o reduce di-jet background by requiring larger muon pt threshold (25 GeV)
o reduce Wb by requiring large jet pr (50 GeV)
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http://dx.doi.org/10.1103/PhysRevLett.115.112001

“b - background subtraction [Phys. Rev. Lett. (2015) 115:p. 112001]
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http://dx.doi.org/10.1103/PhysRevLett.115.112001

pb - significance

LHCb

e Data

! ga—

= profile likelihood used to compare Wb hypothesis with Wb + top

70

95 00
p,(1+b) [GeV]

Charge Asymmetry

[Phys. Rev. Lett. (2015) 115:p. 112001]

= both differential yield and charge asymmetry as a function of pr(u + b) used

o combined 7 and 8 TeV datasets

B uncertainties treated as Gaussian nuisance parameters

® 5. 40 significance observed
CDF, DO, ATLAS, CMS and now LHCb have observed top production

S. Farry | University of Liverpool
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http://dx.doi.org/10.1103/PhysRevLett.115.112001

b - cross-section [Phys. Rev. Lett. (2015) 115:p. 112001]

combined single-top and tf cross-sections determined

s =7 TeV LHCb data \s =8 TeV LHCb data ‘
by subtracting W + b background from data

40!

S

corrected for efficiencies determined from both data and
simulation

35

=}

R LR AR R AR

30

S
n

tt accounts for &~ 3/4 of top production
total signal yield of 220 £+ 39

cross-sections in agreement with predictions (MCFM
NLO, CT10)

dominant uncertainty due to tagging efficiency (10%)
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100

uncertainties of 5-10% from purity determinations
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http://dx.doi.org/10.1103/PhysRevLett.115.112001

top production in the £bb channel [Phys. Lett. (2017) B767:pp. 110-120]

= ¢bb final state offers more suppression of backgrounds (e.g. QCD)
o can also use final state electrons

= simultaneous measurement of W + bb, W + € and tt production at LHCb in both ubb and ebb final states
020 fb~! at 8 TeV

selection

= pp(f) > 20GeV, 2.0 < nh(n°) < 4.5(4.25)
o isolated

" 125 < pr(j) < 100GeV, 2.2 < 7(j) < 4.2
o SV-tagged, BDT(bc|udsg)> 0.2

= AR(¢,j) > 0.5

= pr(f+ j1 + j2) > 15 GeV

S. Farry | University of Liverpool 33/50


http://dx.doi.org/10.1016/j.physletb.2017.01.044
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:

[Phys. Lett. (2017) B767:pp. 110-120]

uGB - BDT trained to separate W + bb and ti

uniform boosting technique [JINST (2015) 10:T03002]
used to reduce correlation with mass

trained using number of kinematic and topological vari-
ables

o pr, 7, jet mass

o AR separation between jets

o lepton scattering angle in dijet rest frame

S. Farry | University of Liverpool
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http://dx.doi.org/10.1088/1748-0221/10/03/T03002
http://dx.doi.org/10.1016/j.physletb.2017.01.044

£bb - fits
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[Phys. Lett. (2017) B767:pp. 110-120]

—+- Data(u)
W-+bb
tt

B W+cc

M Background

® 4-dimensional fit to extract signal yields
o di-jet invariant mass

o BDT(b|c) for both jets - separation between b and

c-jets
o uGB

= samples split by lepton charge and flavour

= backgrounds determined from mixture of data and sim-

ulation
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http://dx.doi.org/10.1016/j.physletb.2017.01.044

£bb - results

LHCb, /s=8TeV

o(W*+bb)
o (W'HJB)I | —T
0.02 004 X

* MCFM CT10

Cpaay,
CJoaa,

O(W'+cT) —

W)

1 1 1
0.14 0.16 0.18

01

a(th)

tt signal observed with significance of 4.90

measurement precision ~ 40%

[Phys. Lett. (2017) B767:pp. 110-120]

o similar contributions from statistical and systematic

sources

many systematics will reduce with higher statistics

o purity extraction, tagging efficiency, jet energy scale

also used to place limits on Higgs production [LHCb-

CONF-2016-006]

o H — c¢ at LHCb with the HL-LHC? see here

S. Farry | University of Liverpool
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Run 2 measurements




top production at /s = 13

= centre-of-mass energy increased from 8 TeV to 13 TeV

o factor of ~ 3 increase in inclusive tf cross-section

> do(fb) | 7TTeV | 8TeV | 14 TeV
= b [ 285 = 52504 + 044366 + 663
= Ij | 97 + 21[198 + 35[2335 + 323
< |2 wh| 32 + 6| 65 ]
> 1a 5 + 12| 870 + 116
[3) bj | 10 + 2| 26 + 4| 487 + 76
= | 44 £ 9 79 £ 15| 635 £ 109
b 19+ 4| 39 £ 8| 47 £ 79

= factor of ten increase in the tt cross-section

o higher signal-to-background ratio

at LHCb(!)

o can explore final states inaccessible in Run 1

= collected ~ 6fb~1!

of data in Run 2 so far

Inclusive ti cross section [pb]
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top production in the peb channel [JHEP (2018) 08:p. 174]

= top production in the dilepton channel offers the highest purity final state
o extra lepton suppresses W + bb and QCD backgrounds
o different-flavour leptons suppress Z + bb

= out of statistical reach in Run 1, possible with boost in stats coming from increase in /s

= analysis based on data collected in 2015 and 2016 ~ 2fb—!

® muon and electron, pr > 20GeV, 2.0 < n < 4.5

o isolated, prompt
" SV-tagged jet

o no bdt requirements, high purity final state
= AR(¢,j) > 0.5, AR(u,e) > 0.1

= 3 total of 44 candidates selected
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http://dx.doi.org/10.1007/JHEP08(2018)174

peb - backgrounds [JHEP (2018) 08:p. 174]

N(Z+jet) = 0.32 + 0.03

® |eptons produced through Z — 77 or misidentification of muon or electron
B jet through genuine b-jet or misidentified charm or light jet

" determined by normalising to fully reconstructed Z — puu+SV-tagged jet

N(Wt) = 1.8+ 0.5

® top production in association with W produces identical final state

® determined using Powheg and scaled by efficiencies

N(mis-id) = 3.9+1.9

= events containing one mis-identified lepton (QCD multi-jet production, W + jet, tt etc..)

® determined by extrapolating from same-sign control region
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http://dx.doi.org/10.1007/JHEP08(2018)174

peb - invariant mass [JHEP (2018) 08:p. 174]

’>'\ 188 T LML
8 16F LHCb, (5=13Tev
8 14;_ —4— data
12t -SVt = shapes taken from data (mis-id) and simulation (Z7,
0 10 Wt, tt)
e 105 Bl Z+ets 7 )
é 8:— [ Lepton MisID = t¢ shape normalised to (data - background)
L 25_ = purity of ~ 87%
25_ = good agreement in kinematic variables (muon, electron,
E jet pr, m)
0

o

100 200 300
M(epb) [GeV]
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http://dx.doi.org/10.1007/JHEP08(2018)174

peb - lepton kinematics [JHEP (2018) 08:p. 174]
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peb - jet kinematics [JHEP (2018) 08:p. 174]
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http://dx.doi.org/10.1007/JHEP08(2018)174

peb - cross-section [JHEP (2018) 08:p. 174]

cross-section calculated according to standard formula

measured in fiducial region defined by kinematic requirements on muon, electron and jet

N — Npy
0 = Lz g'frcs’

luminosity, £ = 1.93 £+ 0.07 fb~!

efficiencies calculated using simulation validated using data-driven methods

resolution efficiency Fres accounts for migrations in to and out of the fiducial region

o = 126 + 19 (stat) £ 16 (syst) = 5 (lumi) b

S. Farry | University of Liverpool 44/50


http://dx.doi.org/10.1007/JHEP08(2018)174

peb - systematic uncertainties

= overall precision of ~ 20%, statistically limited

® systematic uncertainty dominated by uncertainty on jet tagging
o will improve with increased datasets and further studies

® uncertainty on background dominated by mis-id

o data-driven approach will improve with more statistics

" selection efficiency dominated by uncertainty on isolation requirements

[JHEP (2018) 08:p. 174]

Source %

trigger 2.0
muon tracking 1.1
electron tracking 2.8
muon id 0.8
electron id 1.3
jet reconstruction 1.6
jet tagging 10.0
selection 4.0
background 5.1
acceptance 0.5
total 12.7

. Farry | University of Liverpool
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peb results

® measurements compared to predictions in measurement fidu-

cial region (top)
= extrapolated to top quark level (below)
0 2.0<yt<5.0

= results compared to POWHEG and aMCatNLO
o interfaced with Pythia for the parton shower
o decays performed with Madspin for aMCatNLO

= compatible with SM predictions

LHCb

5=

B

o+
o
He

13TeV

data
POWHEG
aMC@NLO
MCFM

[JHEP (2018) 08:p. 174]
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conclusion




outlook

= |ast low-statistics tt cross-section measurement at LHCb
= expecting > 6fb~! of 13 TeV data by end of Run 2

o measurements in other final states in progress
= attention turning to systematic uncertainties

o work ongoing to improve uncertainty on tagging
efficiency

> 50fb~! with LHCb upgrade (Runs 3+4)
o percent-level statistical uncertainties

LHC roadmap: according to MTP 2016-2020 V1 W s
LS2 starting in 2019 => 24 months + 3 months BC | Shutdown
LS3 LHC: starting in 2024  => 30 months + 3 months BC :e::"“a:;":”ssmnwu
Injectors: in 2025 => 13 months + 3 months BC MM TP

2o | 2016 [ 2017 | 2018 | 201 | 2o | aom

LHC
Injectors Run 2 S 2
SE

[ [ 2023 [ 2024 [ 2025 | 2026 | 2027 | 2028

e Run 3 Ls3 Rui

Injectors

— PHASE 2 —————
2031 205 | 20m 2035

LHC

Ls4 Ru LSS5
Injectors
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HL-LHCb [1808.08865 [hep-ex]]

— 0

§. é. pp—tT—IbX, 10TV : t::;axil:;i

= 7E aMC@NLO + Pythia = scalerTota Unosrtinty

S BF NNPDF3L m =1725Gev

< 5 final state current 23fb~1 50fb—! 300fb~! < x>
4F /b 220 54k 117k 830k 0.295
3 bb 24 8k 17k 130k 0.368
i3 peb 38 1k 2k 12k 0348
o L1ebb - 120 260 1.5k 0.415

—1E 1 1

12 3 4

n()

= proposal recently submitted for LHCb Upgrade Il to take data during the HL-LHC (Run 5)

= 300 fb—! of data at LHCb
o almost 1M tops!

B statistical power to measure top asymmetry in number of final states

® can reach even the most inaccessible final states
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http://arxiv.org/abs/1808.08865

conclusion

= presented first measurement of top production at LHCb in Run 2
= LHCb moving from the era of “top observation” to “precision measurements of top production”

® more Run 2 measurements to come

® LHCb can make important contributions to the LHC physics program!
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precision luminosity at LHCb [JINST (2014) 9:P12005]

= luminosity measured at LHCb using two methods: Van der Meer Scan (VDM)
and Beam-Gas Imaging (BGlI)

® beams scanned across each order in VDM to trace beam profile

" in BGI method neon injected in beam-pipe to reconstruct beams using collision
vertices

= both methods combined to determine luminosity

Distribution of vertices overlaid on detector display. z-axis is scaled by
1:100 compared to transverse dimensions to see the beam angle.

,Beam | - Gas, Beam 2 - Gas.

= ypdated luminosity measurement uses improved two-dimensional description of beam density profile
= BGl and VDM methods combined to achieve precision of 1.7% in 2011 and 1.2% in 2012

= “the most precise luminosity measurement achieved so far at a bunched-beam hadron collider”
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tt asymmetry - cut diagrams
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FIG. 3. Cut diagrams.
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tt production at LHCb

MCFM-6.6, pp — ff, /s = 7 TeV.
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(z, Q?) coverage at LHCb

POWHEG—p8, s = 14 TeV
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App summary - Tevatron

Tevatron tt Asymmetry Preliminary
tt Ay Asymmetry (A‘F'B)

CDF Lepton+jets (9.4 fb™) N .

PRD 67, 092002 (2013) . 16.4 = 4

CDF Dilepton (9.1 fb™) n

PRD 93, 112005 (2016) . 12+ 13

DO Lepton+jets (9.7 fb™")

PRD 90, 072011 (2014) | T 106 = 30

DO Dileptons (9.7 fb')

PRD 92, 052007 (2015) — 175x63

Tevatron combination |— 128 + 2.5
Lepton qn Asymmetry (A::a)

CDF Lepton+jets (9.4 fb™) 3.2

PRD 89, 072003 (2013) . —_ 10.5 = 7§

CDF Dileptons (9.1 fb™)

PRL 113, 042001 (2014) . T 7.2+6.0

DO Lepton+ets (9.7 fb™) 3.4

PRD 90, 072001 (2014) | -T 50 = 37

DO Dileptons (9.7 fb™)

PRD 88, 112002 (2013) -1 4.4 +3.9
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CDF Dileptons (9.1 fb)

PRL 113, 042001 (2014) —— 76 = 82
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PRD 88, 112002 (2013)
Tevatron combination 10.8 +4.6
NLO SM, W. Bernreuther and Z.-G. Si, PRD 86, 034026 (2012)
NNLO SM, M. Czakon, P. Fiedler and A. Mitov, PRL 115, 052001 (TO‘S)
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https://www-cdf.fnal.gov/physics/new/top/2016/AFB_TeV/Afb_Combo_Top16.pdf

heavy flavour tagging validation [JINST (2015) 10:P06013]

® 3 number of control samples used to validate heavy flavour tagging performance

1.B + jet fully reconstructed b-hadron plus jet, enriched in b-jets
2.D + jet fully reconstructed c-hadron plus jet, enriched in b and c jets
3.u+ jet displaced muon + jet, enriched in b and c jets

4.W + jet isolated prompt muon, enriched in light jet content

= study all jets in control samples, and subsamples where jets contain muons
o presence of muon in jet enriches (b, c) content further, but only probes a subsample
= ) and c tagging efficiencies determined by performing simultaneous fits to samples 1-3 before and after tagging
requirements applied
o “total” - fit to impact parameter of track with highest pr in jet

o “pass” - fit to two-dimensional BDT templates

= sample 4 used to study light jet mis-tag rate, and for data-driven templates
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heavy flavour tagging validation [JINST (2015) 10:P06013]
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heavy favour tagging validation
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[JINST (2015) 10:P06013]

= fits shown for B+jet (left)

= uncertainties on yields by performing
alternative fits using Mcorr. and SV

multiplicity
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heavy favour tagging validation
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