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Introduction: Theory and background 2 rom
W

e CPV (Charge-Parity Violation) generates matter-antimatter
asymmetry

e CPVinthe Standard Model (SM) is insufficient to explain
matter dominated universe

e In 2010, DA reported an anomalous asymmetry from semi
leptonic b-hadron decays, 3.60 from SM [1]

e Canusetop quark decays as a source of b-hadrons to

measure this at ATLAS = IF . Standard Model | ]

e Following from statistically-limited analysis using 20.3fb-1 ot | f\\ ********* 3
Run 1 dataset [2] o ;i N :

e 140 fb-1 Run 2 dataset will improve statistical ¢ T B :
uncertainties and updates to analysis techniques will = Dm#v)‘( | :
improve systematics Sp S Do Doun o

e LHCb has excluded the D@ measurement as result of B: R S = S
indirect (from mixing) CPV [3] but we are able to probe -3 -2 -1 0 alg[%] [3]

th e d I reCt case [1] arXiv:1310.0447v1 [hep-ex] [2] arXiv:1610.07869v2 [hep-ex] [3] PRL 117 (2016) 061803 2




Charge tagging and soft muons Wi HoLLOwaY

e Use ttlepton + |ets channel with exactly one

prompt lepton. Also require events to have a soft 5\ Fﬁ”
muon.

e Prompt lepton from W-boson decay tags the b-quark %Sif 7 ¢
charge at production i

e Soft muons are produced by semi-leptonic decay of ! ; ’
hadrons within b-jets (Lower p; hence “soft”). Tags ! ®)
the b-quark charge at decay =

e Measure these values and unfold to build charge
and CPV asymmetries

e For events where the prompt lepton and soft muon W Vi
come from opposite sides of the tt system, identify . R R o

and flip the prompt lepton charge. This is known as
same-top/different-top assignment
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Event selection o TR

e Usetilepton + jets channel with exactly one

prompt lepton b v
e Also require events to have a soft muon (pT >4 \ W

GeV) coming from the semileptonic decay of a b- —_—

hadron or c-hadron originating from the b-quark or b- e t t \

guark g b

e The jet producing the soft muon is considered Soft
Muon Tagged (SMT)

e Werequire =z 4 jets with pT > 25 GeV, and 21 b-jet
(at 77% efficiency working point)

e Most often the SMT jet and b-tagged et are the
same




Backgrounds Bt | HoLioway

e Lepton + jets tt events with soft

muons can be imitated by: Multiiot 2
o Single top urte gjat Z+Jets |
Production Charge Symmetric Production Charge Symmetric
o W+J et S Lepton and SMT charge uncorrelated jet Lepton and SMT charge uncorrelated "
o Z+tets Wotdet -
.. -+ q g
o Mu | tIJ et Production CgrgeSAsymmetric J leoson J\V}/\;\'
o D| b oson L g V\,\")’\;W ' Production Charge Asymmetric
= ! Lepton and SMT charge uncorrelated
Y¢ 3 - . /1/\,1/‘
° .. ttV/tt H . . ’5‘6;]6'5'65'0‘—0'— Lepton and SM:Vuncorrelated r
e Multijet yield estimated using A
Asymptotic Matrix method | tchannel s-channel Wt-channel
e Also have background from Single Top . M }_{
within tt due to misidentification Mixed
b etWeen p rom pt an d S Oft muons _ Productlon Charge Asymmetric _l Production Charge Symmetric
— eg prompt muons produced Lepton and SMTcorreIated Leptonand SMTuncorreIated Lepton and SMTcorreIated
close to jets and passing soft muon
selection




Control Plots: Soft muons L RO Ay
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Control Plots: Prompt Leptons B0 oWy

x10° x10°
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Control Plots: EX'S and yields o

v §I1I0:?I TTT I L ] TTT I T T I LI I LI l T 17T [ T TT | r1TT ‘ Event SeleCtion dominated by Signal
S goof- _eDaa [ = e W+Jets and combined single top channels are
L C /s=13TeV, 14010 " lZ +jets [JW +jets - _ i
J00l- CPV W Single TopMl Other largest background contributions
S I Multi-Jet 7~ Uncertainty
600 [ Pre-Fit — Sample Contribution Percentage Contribution
s ATLAS E tf (1.6168 + 0.0005) x 10° 83.7%
: i W Hiets (1.0581 + 0.0003) x 107 5.5%
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e Essential to determine if prompt lepton and soft muon
come from the same-top (ST) or different-top (DT)

e At 8 TeV, assignment was sensitive to changes in
initial and final state radiation resulting in large
systematic uncertainty so 3 new methods are being
tested:

o Cut on AR between the prompt lepton and soft muon

o SKM (Simple Kinematic Method), a simple “top mass”
reconstruction

o BDT (Boosted Decision Tree) trained on 4 different
feature sets
e Performance evaluated considering efficiency, &, and
purity, p. Ultimately, how systematics are affected will
be the most important




ST/DT: Angular separation (AR) < DI

e Place a cutonthe AR between the prompt lepton and soft
muon

o AR(Lp =Ap(l pw)? + An(l, p)?
e Optimised cut at AR =2.05

Same-Top
0.8

Different-Top

Overall, max.=0.730@AR=2.05

0.6

0.4

ATLAS Simulation

02 work-in-progress

e Yieldsie=p=0.730 g ¢
5 — . . —— Same-top
£ 160 A7LASSimulation Y
2 ~  work-in-progress —— Different-top AR()
W 140
B —— Qverall
120{— =
100_— : Same-Top
— 08
— - —— Different-Top
80 - i Overall, max.=0.730@AR=2.05
— 0.6
60— C
B 0.4
40— oal ATLAS Simulation
- 5 work-in-progress
20— -
00 AR(1)
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ST/DT: Simple Kinematic Method (SKM) 3;;; ROVAL v

e Method:
1. Take SMT jet and jet with the highest 200 -
b-tagging score as the b-jets - g gyém
2. Using the constraint my, = m,,, the z- — ;ﬁ((i:ttt:))
component of the neutrino’s four 3001
momentum Is calculated 250 1 I

work-in-progress

3. Usethe b-jetsto reconstruct the leptonic top L,

4. Choose b-jet that more closely constructs the
“top mass”. If the chosen b-jet is an SMT-jet,
then this event is assigned ST (if not, then %]
DT). 50 A il
e Top mass usedis 150 GeV due to my, constraint. 0 3 P eyl

. - - . . . 50000 100000 150000 200000 250000 300'000 300 ooo
TEStS ShOW Improved effICIenCy and pU rlty If thIS Invariant mass of lepton, neutrino and SMT-jet (MeV)
value is used

150

e Yields:p=0.678




ST/DT assignment: BDT o DR

Jet Features, charge included oo Jet Features, no charge
e BDT istrained on 4 feature sets: Sum| s
_ ) _ _ .| ATLAS Simulation o wmor | LTS .
With/without jet variables and work-in-progress ATLAS Simulation

1.2 1

with/without prompt lepton and soft
muon charges

e Aimistoreduce initial and final state .
radiation systematic and investigate

work-in-progress

L.25

L.00

)75

).50

).25

).00

O.I:.I: d | ag O n al el em entS | n m | g ra.tl O n ’ _0.75 -0.50 -0.25 0.00 025 050 %TD? o "-1.00 -075 -050 -025 0.00 025 0.50 oévDsT Sc0;00
) Leptonic Features, charge included Leptonic Features, no charge
matrix T = TE
2.0 ° °
STDT method Overall purity ATLAS Simulation 2.0 ATLAS Simulation
s work-in-progress work-in-progress
BDT (Leptonic Features, charge included) 0.764 15
BDT (Leptonic Features, no charge) 0.741 e 10
BDT (Jet Features, charge included) 0.823 05 05
BDT (Jet Features, no charge) 0.767 o .
.—1.00 -0.75 -0.50 -0.25 0.00 0.25 0.50 0.75 .—1.00 -0.75 -0.50 -0.25 0.00 0.25 0.50 0.75 1.00
BDT Score BDT Score
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: x4
Unfolding R o
Noc

e We measure the prompt lepton and All truth events
soft muon charge combination, and Fiducial
count N* for lu € {+ +,— —+ —— +}
to build charge and CP asymmetries

— _ N++ N——
. ASS = P(b—>l+)—P(l_9—>l ) _ WA
P(b-lt)+P(b>1~") N* N7
Nt ' N~ . 1 . . ' |
.] _ — 1 1 1 .
_ Nyt Nunfolded — E_J ) ZMZJ ) facc ) (Ndata — kag)a
. A0S = P(b—>17)-P(b-1") _ pra i
P —)+P(b-l*t NTT NTT _
(2EHPO=I) Sy - n(reco-level N particle-level)

& — ( . )jj
n(particle-level)
e Use unfolding technique to recover

the true distribution from a f@ _ (n(reco—level N particle-level) )Z
reconstructed one acc

n(reco-level)




Unfolding (2) 2 oL LOWAY

ATLAS Simulation Migration

e Previously used unregularized matrix workeinTPIOgTess - Marix

{s=13TeV, 139 b

. . 1 g

inversion [4] . I

. . . . 08=

e Testing Profile Likelihood method to 1,
+-
better handle systematics [5]
++
Efficiency Acceptance Unfolded distribution

v g 3 + - + -+ L
09;_ 09% . L ;Zl;tz‘ssimulation work-in- ¢ Data i
0.8 ATLAS Simulation 0.8 ATLAS Simulation T P05 SThweses —PartideLevel E
TE R E i L [ Total uncertainty N
0.7 work-in-progress 076 work-in-progress 1000 _
0.6= 0.6 S 800 — -
05¢ 05 500 =
0.4 0.4 " ;
0.35 0.3 oL E
0.2 0.2F 200 -
0'1§ 0'1§ :..Hu...\.u‘|H..\..‘.|.‘. | .
0= ++ -+ +- 0~ - T+ -+ +- Slq e | | | | | .
Ny, Ny, 5 g 0.81 E
L?_ 0.6 . . . . . |

[4] https://gitlab.cern.ch/RooUnfold/RooUnfold [5] https://gitlab.cern.ch/TRExStats/TREXFitter



https://gitlab.cern.ch/RooUnfold/RooUnfold
https://gitlab.cern.ch/TRExStats/TRExFitter

Unfolding: Unregularized matrix inversion o,

e Comparison between all ST/DT methods. Despite large performance differences,
uncertainties are within a few percent
e Sitill missing largest systematics (signal modelling and extra radiation)

A5S AR SKM BDT (jet) BDT (jet, no charge) | BDT (lep) BDT (lep, no charge)
Purity 73.0% 67.8% 82.3% 76.7% 76.4% 74.1%
Stat. Uncertainty 16% 17% 14% 15% 15% 15%
Syst. Uncertainty 7.4% 7.8% 5.6% 6.2% 6.7% 7.2%
Total Uncertainty 18% 19% 15% 16% 17% 17%
A0S AR SKM BDT (jet) BDT (jet, no charge) | BDT (lep) BDT (lep, no charge)
Purity 73.0% 67.8% 82.3% 76.7% 76.4% 74.1%
Stat. Uncertainty 16% 17% 14% 15% 15% 15%
Syst. Uncertainty 6.8% 7.5% 5.1% 5.8% 6.3% 6.8%
Total Uncertainty 17% 18% 15% 16% 16% 17%

15
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Unfolding: Profile Likelihood

e Mostly compatible with unregularized matrix
Inversion
ASS AR SKM BDT (et)y | BDT (et, | BDT (lep) | BDT (lep,
no charge) no charge)

Purity 73.0% 67.8% 82.3% 76.7% 76.4% 74.1%
Total Uncertainty 18% 19% 15% 16% 17% 17%
(Unregularized
matrix inversion)
Total Uncertainty 18% 22% 15% 16% 17% 17%

(Profile Likelihood)

Pre-fitimpact on p:

(10 =0+A8 0=0-A8
Post-fitimpacton u:
6 = 6+A8 0 =0-A8

—— Nuis. Param. Pull

FT_MU_ID_SYST_LOWPT
JET_Flavor_Composition
FT_MU_ID_STAT_LOWPT
JET_JER_EffectiveNP_10
JET_JER_EffectiveNP_4
MUON_SAGITTA_RESBIAS
JET_JER_EffectiveNP_3
jvt
JET_JER_EffectiveNP_2
JET_JER_EffectiveNP_9
JET_JER_EffectiveNP_6
JET_JER_EffectiveNP_11
JET_JER_EffectiveNP_5
MET_SoftTrk_ResoPerp
pileup
JET_JER_EffectiveNP_12restTerm
JET_Etalntercalibration_Modelling
JET_JER_EffectiveNP_1
FT_MU_lsol_SYST
JET_Etalntercalibration_TotalStat

0.1

HOLLOWAY

-0.05 0 0.05 0.1 3
x10

ATLAS Simulation work-in-progress

fs = 13TeV 139 fb

"-"-'-THMM

-2 -15

1 05 0 05 1 15 2
(8-8,)/A0

[=]
—
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Current work and future A RovaL
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e Working on adding remaining
systematics

3
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Thank you for listening
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Full Event selection

Prompt electron:

Tight likelihood

Gradient isolation

pT > 15 GeV

dOsig <5

|z0sin 6 | < 0.5mm

In| < 2.47

1.37 < |n| < 1.52 excluded

Prompt muon:

pT > 25 GeV

In| < 2.5

|dOsig| < 3

|z0sin 8 | < 0.5mm

AR > 0.4 from nearest jet
Gradient isolation
Medium quality

Soft muon:

pT >4 GeV

In| < 2.5

|dO] < 3mm

|z0sin B8 | < 3mm

AR < 0.4 from nearest jet

Only keep highest pT muon
for each jet

Not prompt
e Tight quality

ROYAL
HOLLOWAY

Jets:

e Particle flow algorithm

e pT>25GeV

® |[p[<25

e JVT>0.59if pT <60 GeV,
In|<2.4

® 24 jets with pT > 25 GeV
(excl.SMT-tagged jet)

e =>1Db-jet(DL1rat 77%
efficiency working point)

MET:
e MET>30GeV
e MET +MT(W) > 60 GeV

20



Multijet background estimation o LR,
W

e Hard to model in MC so a data-driven technique is used: The asymptotic matrix method

(Nt)_ Er £\ (Nx
Nl a 1_81” 1—€f N;.

t = tight lepton selection, l = loose lepton selection

e Real efficiency, ¢,, calculated from Z — ee tag and probe (centrally provided). Fake efficiency,
Ef, depends on event selection

e Invert to get the fake background:

£
Nt =gNL=—" . —1)Nt + £.N!
f vr gr_gf[(r ) r ]

e Apply ‘fake’ weight to each event:

Efi i
- _f‘g (g,;—1)if NN=1,N' =0
o ri—<fi t _
Wi = £f,i . " I ) Nf - Ziwi
Eri ifN“=0,N"' =1
Eri—&fi ' 21




Multijet background estimation (cont.) < DI

Obtained from central efficiencies

o 25

e Asymptotic since statistical
uncertainty of Ny is only valid for a
large number of events

e To obtain Fake efficiency:

1. Apply the event selection to data
but with an inverted E7*** cut and P ol 0 10 M0t e 0
the (EY*S + mp(W)) > 60 GeV cut
removed

2. Take the ratio of events passing
the tight selection vs loose
selection after subtracting the MC
signal and other backgrounds

Electron n

0.5

Obtained from custom efficiencies

= 2.5
z

[
o
-

0.9

0.8

ra

0.7

Electron pseudorapidity

1.5 0.6

tn

0.5
0.4

—

0.3
0.5 0.2
0.1

0.5

e Minimal difference, will use central |
values for R25

0 0
0 20 40 60 80 100 120 140 160 180 20Q4q?
Muon transverse momentum (MeV)

0
40 60 80 100 120 140 160 180 20Q1p*
Electron transverse momenturmn (MeV)

ATLAS work-in-progress ATLAS work-in-progress
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Multijet background: Central vs Custom JOE 1oL Loway

033_ + Central 0.35 ;— + Central
- Custom 03— Custom
0.25_— -l_ C 1 -l_
- n2sf-
02 ATLAS - ATLAS
- work-in-progress 02 ;
C - work-in-progress
015+ _
- 015
01— -
o 01—
0.05— ﬁ: U.05j—
0:. NP IR I IR AR R R AP B 1) 0:. NP I R PR B B . 4 10°
o] 20 40 60 B0 100 120 140 160 180 200 [4] 20 40 &0 80 100 120 140 160 180 200
Prompt electron transverse momentum (Me\) Prompt muon transverse momentum {Me\)
- 0.35—
05 + Central E + Central
E ATLAS + Custom oal- + Custom
03— work-in-progress -
C 025
0.25_— r
u D2
0.2_— C
C 0.15—
0.5 C ATLAS
E 04— Work-ln-progress
o L :
G b ey B e b b b e b b e e B by PR EPSPRTETE APRTRTINEN AFSTETETE SRTRTATE IR SANETETE PRI BT
-2.5 -2 -1.5 -1 0.5 0 0.5 1 1.5 2 25 -25 -2 -15 -1 0.5 i} 0.5 1 15 2 25
Prompt electron pseudorapidity Prompt muen pseudorapidity

23
S



SKM Parameterisation ; o

e Neutrino P/ component is calculated as follows:
L —b + Vb? — 4ac

z 2a

where a = Ef — (Pé)z,b = —2PL(my;;r + PY), c = (E'T"iss)zEl — Myp — (P}’f)z — 2my; P}

1 2 2
and myyp = 5 ((mfPE)* = (mfP€)*), Py = PLPL + PYP,

e Top quark mass is reconstructed by:

M} = E? — P} = (E + Ey, + Eje) — (Pu+ Py + Pjer)’




SKM tests Y86 HOLLOWAY

e Compared purity with 150 GeV and 172.57 GeV top masses § }’))
with 4 methods of choosing additional jets or )
ATLAS Simulation

N

o

o
L

e Plots show 172.57 GeV (top) and 150 GeV (bottom) comparison

work-in-progress

SKM method ST purity DT purity Overall purity ST accuracy DT accuracy 100 1

(m, =172.57 GeV) (accuracy) o

SMT & highest-pt b-jet 0.631 £0.004 0.694 +0.005 0.657 £0.005  0.755+£0.004  0.558 £+ 0.004 1 1
SMT & 1 DLIr jet 0.652 £0.004 0.6844+0.004 0.666 +0.005  0.716 £0.004  0.616 £ 0.004 ®’50000 100000 150000 200000 250000 300000 350000 400000

Invariant mass of lepton, neutrino and SMT-jet (MeV)

SMT & 2 DLIr jets 0.673 £0.005 0.616 +£0.004 0.639 £0.005  0.544 +£0.004  0.735 4+ 0.004

400 A

SMT & 3 DLIr jets  0.683 £0.005 0.587 £0.004 0.618 £0.005  0.445+0.004  0.792 + 0.004 = o
307 1 ST (truth)
300 DT (truth)
250 - _ _
SKM method ST purity DT purity Overall purity ST accuracy DT accuracy ATLA_S Simulation
(m; =150 GeV) (accuracy) 200 work-in-progress

SMT & highest-pt b-jet 0.630 £0.004 0.729 £0.005 0.666 +0.005  0.805=£0.004  0.526 &+ 0.004
SMT & 1 DLIr jet 0.653 £0.004 0.713£0.004 0.678 £0.005  0.762£0.004  0.594 £ 0.004
SMT & 2 DLIr jets 0.688 £ 0.004 0.652 £0.004 0.668 £0.005  0.617£0.004  0.719 £ 0.004
SMT & 3 DLIr jets 0.712+0.005 0.624 £0.004 0.656 £0.005  0.527 £0.005  0.786 £ 0.004

Invariant mass of lepton, neutrino and SMT-jet (MeV)

25




BDT hyperparameter optimisation

ROYAL
HOLLOWAY

BDT type Number of criterion Maximum Learning
estimators depth rate
Leptonic features, charge included 50 entropy 5 0.3
Leptonic features, no charge 100 gini 5 0.2
Jet features, charge included 100 gini 5 0.3
Jet features, no charge included 50 entropy 5 0.2




eature importance

deltaRSMTJetL
deltaEtaLMu
promptLeptonPt
softMuonCharge
softMuonPt
deltaRSMT)etMu
deltaRSMT]Jetjetl
deltaRLMu
deltaPhiLMu
deltaEtaSMTJetjet1
jet1Pt
jetllsBTagged
deltaEtaSMTJetjet2
deltaRSMT]etjet2
jet2pPt

ATLAS Simulation
work-in-progress

Jet Features, charge
included

0.00

0.02 0.04 0.06 008 010 012 0.14

Feature Importance

deltaEtaLMu
deltaRLMu
promptLeptonPt
softMuonPt
deltaPhiLMu
promptLeptonCharge
transverseWMass
softMuonCharge
met

softMuonE -I

metPhi
promptLeptonE
softMuonEta 4
promptLeptonEta -
promptLeptonisMuon -

ATLAS Simulation
work-in-progress

Leptonic Features, charge
included

0.00

0.05

0.10 0.15 0.20 0.25 0.30
Feature Importance

deltaRSMTJetL
deltaEtaLMu
promptLeptonPt
softMuonPt
deltaRSMT]et)et1
deltaRLMu
deltaPhiLMu
deltaEtaSMTJet)et1
deltaEtaSMT]etjet2
jet2pPt

jet1Pt
deltaRSMT]et)et2
deltaRSMTJetMu
jetllsBTagged
deltaEtaSMTJet)et4

ATLAS Simulation
work-in-progress

Jet Features, no charge

0.00 0.05 0.10 0.15 0.20
Feature Importance

deltaRLMu
deltaEtaLMu
promptLeptonPt
deltaPhiLMu
softMuonPt

ATLAS Simulation
work-in-progress

transverseWMass

met
promptLeptonE
softMuonE
metPhi
softMuonEta

Leptonic Features, no
charge

promptLeptonisElectron
promptLeptonisMuon
promptLeptonEta
softMuonZ0SinTheta

0.00 0.05 0.10 0.15 0.20 0.25 0.30
Feature Importance

HOLLOWAY
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ST/DT:. comparing purities

ST/DT method

Overall purity (£ MC stat)

AR Cut

SKM

BDT (Leptonic Features, charge included)
BDT (Leptonic Features, no charge)

BDT (Jet Features, charge included)

BDT (Jet Features, no charge)

0.730 = 0.005
0.678 = 0.005
0.764 + 0.001
0.741 + 0.001
0.823 + 0.001
0.767 £ 0.001

ROYAL
HOLLOWAY




Unfolding: Migration matrices

ATLAS Simulation ATLAS Simulation 5 p ATLAS Simulation
work-in-progress fs=13TeV, 139 b work-in-progress s=13TeV, 1390 work-in-progress s =13TeV, 139 1b

1

1

< s 5
-+ 0.9 g’ -+ 09§ " 0s E’
= 2 =
08= 0.8 08=
0.7 0.7
+- +- +-
06 08
05 05
- 0.4 -- » 0.4
03 03
0.2 0.2
++
+* 0.1 ++ 0.1
0 0 0
++ - +- -+ ++ - +- -+ ++ - +- -+
ATLAS Simulation . ATLAS Simulation . ATLAS Simulation _ .
Work-in-progress {s=13 TeV,139 b WOrk'in'prOgreSS [s=13 TeV, 139 b Work_in_progress is =13 TeV, 139 fb
' s ' s 's
-+ 0.9 ‘g -+ 0.9 ‘é -+ 0.9 'g
08 = 0.8 = 08 =
07 0.7 07
+- +- +-
06 0.6 06
05 0.5 05
. 0.4 _ 0.4 . 0.4
0.3 0.3 0.3
0.2 0.2 0.2
++ T+ ++

0.1 0.1 0.1




Unfolding: Efficiencies

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

glmu_DeltaR

ATLAS Simulation
work-in-progress

-- ++ -+ +-

glmu_SKM

ATLAS Simulation
work-in-progress

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

gimu_bdt_jet
3 ATLAS Simulation
= work-in-progress
++ -+ +- Nm
glmu_bdt_jet nocharge
ATLAS Simulation

work-in-progress

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

glmu_bdt_leptonic

3 ATLAS Simulation
= work-in-progress
++ -+ += N‘”
glmu_bdt_leptonic_nocharge
ATLAS Simulation

work-in-progress
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Unfolding: Acceptances

facc

facn
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0.9
0.8
0.7
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ATLAS Simulation
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-- ++ -+ +-

glmu_SKM

ATLAS Simulation
work-in-progress

fanc

fac:

0.9
0.8
0.7
0.6
0.5
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0.3
0.2
0.1

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

gimu_bdt_jet

ATLAS Simulation
work-in-progress

++ -+ +-
I

glmu_bdt_jet nocharge

ATLAS Simulation
work-in-progress

far.:c
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0.9
0.8
0.7
0.6
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0.3
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ATLAS Simulation
work-in-progress

++ -+ +-

(in

glmu_bdt_leptonic_nocharge

ATLAS Simulation
work-in-progress
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Charge and CP asymmetries o LR,

* The number of events in each of the decay chains are
Ny, , Ny, ,I_VTCE ,N?-:_b » Ni_ ’ N __ respectively, which are
measured in MC simulations.

Decay chains contributing to A5:

t—>LTub—b) =0 utX,
* These are used to derive the decay chain fractions:

Ny, N.: t=olvb—oe)u X,

Ty, = ) ees
Ny, +Nr +Nr _
_ + - + +
* From a small MC sample (dependent on the fiducial particle Ny t = (b —=b—rce) > Lp X,
level volume): Decay chains contributing to A°5:
N" . + 1 —
Tp T Tcc f-b f-c ?CE b t — E Vb — g M X,
Results | 0.230 |0.743 |0.026 |0.830 |0.071 |0.099 Ni: t—=0ub—b—e) — 0y X,
* These values are similar to r values obtained in 8 TeV analysis. Nz __: t =0 v(b—ct) = ITu X,

They will eventually have full systematics applied.

32



Charge and CP asymmetries (cont) o BT,

* A relationship between observable charge _ _
b—-b-otX)-Tlb>b—o X
asymmetries, A%, A%%, and underlying CPV AP = F(b - ﬁX) r(E b f_X),
asymmetries is defined using the decay chain (=B £X)+T(6 > b~ £3)
fractions, 13, etc. : (

_r b—>E—>EX)—r(E—>b—>cX)
F(b—>5—>EX)+F(E—>b—>cX),

T(b—¢X)-T(b— £X)

A = — :

ASS = ry A% 4 (A — A% 4 (Al — AS) Fb—EX+T (o %)
Al — F(C — £ XL) ]._'(C - €+XL)

OS b 4 ~ cl dir “ T > 6-X)+ I (c - X
A — TbAdz'r (Arrcz,zx + Adz"r) + Tcé(Adz"r) (c RRRRS 24

[(b— cX;)-T(b— cXy)

bc _
Ag =

(b — cX)+T(b—eXy)
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