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Associated tt̄H production and search
for CP violation in the ATLAS experiment
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Motivation: Why search for tt̄H ?
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➔ after discovery of the Higgs Boson:

→֒ what are its properties?

→֒ is it really the SM particle?

➔ important: directly measure the top-Higgs Yukawa coupling Yt

➔ top quark heaviest fermion:

→֒ Yt largest: ≈ 1

➔ any deviation would be sign for BSM processes

➔ get constraint on relative sign between Higgs coupling to top and
W boson from tH process
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Higgs production at the LHC
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Show two complementary approaches:

H → bb: highest branching ratio

H → γγ: highest purity

⇒ Perform combination!
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 H (NNLO+NNLL QCD + NLO EW)
→pp 

H (NNLO QCD + NLO EW)
q q→pp 

 WH (NNLO QCD + NLO EW)
→pp 

 ZH (NNLO QCD + NLO EW)
→pp 

H (NLO QCD)
t t→pp 

σ(8 TeV) σ(14 TeV) σ(14TeV )
σ(8TeV )

ttH 0.1302 pb 0.6113 pb 4.7
ttbar 234 pb 920 pb 3.9
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Why tt̄H (H → bb̄) ?
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Challenges:

largest BR for Higgs decay, but:

irreducible bkg from tt̄bb̄

large uncertainties on tt̄+HF

How to cope with irreducible bkg?

➔ exploit as much info as possible

➔ use a NN to get best possible S/B separation

➔ use signal-depleted regions to constrain bkg and unc

➔ combined nuisance parameter fit to all regions

→֒ analysis shown here: 8 TeV, 20.3 fb−1 ATLAS-CONF-2014-011

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2014-011/
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Lepton+jets channel ATLAS-CONF-2014-011
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Event selection

➔ 1 isolated lepton (25 GeV)

➔ at least 4 jets, 2 b-tagged jets

➔ MVA based b-tagging

➔ no cut on MET/mT ,W

➔ ttbar modelling with Powheg

Discriminating variables

signal-depleted regions: Hhad

T

signal-enriched regions: MVA output

→֒ input to MVA are 10 variables per region (backup)

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2014-011/
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Dilepton channel ATLAS-CONF-2014-011
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Event selection

➔ 2 isolated leptons (25/15 GeV),
opposite sign

➔ at least 2 jets, 2 b-tagged jets

➔ MVA based b-tagger

➔ cut on Z -mass window

➔ HT > 130 GeV (eµ)

Discriminating variables

signal-depleted regions: HT

signal-enriched regions: MVA output

→֒ input to MVA are 10 variables per region (backup)

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2014-011/


Introduction H → bb̄ H → γγ Combination CP violation Conclusion/Outlook Backup

Results tt̄H (H → bb̄)
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Final results:

➔ σ < 4.1 (2.6) σSM obs. (exp.) @ 95 % C.L.

➔ Best fit signal strength: µ = 1.7± 1.4
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Systematic uncertainties
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Dominant uncertainties:

heavy flavour modelling

→֒ need a good understanding about
modelling of ttbar+HF

b-tagging uncertainties

Jet energy scale components
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Why search for tt̄H(→ γγ)? ATLAS-CONF-2014-043
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Challenges/Features

small branching ratoi: O(10−3)

good mass resolution

small background contribution

Analysis setup:

both 7 and 8 TeV (4.5/20.3 fb−1)

leptonic/hadronic channels

get backgrounds from sideband in diphoton
mass spectrum

→֒ exponential fit
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tt̄H(→ γγ): optimise event selection
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Leptonic: very loose cuts

at least 1 e/µ

at least 1 b-jet

MET > 20 GeV

2 photons: pT > 0.35/0.25 mγγ
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 PreliminaryATLAS
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 = 125.4 GeVHm, γγ →H , Htt

Data

Background fit

 = 1.3µ

Hadronic:

no e/µ, 2 photons as above

≤ 6 jets with ≤ 2 b-tags

or: ≤ 5 jets with ≤ 2 b-tags

or: ≤ 6 jets with ≤ 1 b-tags

→֒ different b-tagging working points
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Search for tt̄H(→ γγ): Results
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Main systematics:

MC Modelling

Theory
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σ 1±=0) HttσExpected (

σ 2±=0) HttσExpected (

Observed

SM signal injected

Limit:
σ < 6.5 (4.9) σSM obs. (exp.) @ 95% CL

Best fit signal strength:

µttH = 1.3+2.0
−1.4(stat.)

+0.6
−0.3(syst.)
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Set Limit on Yukawa-coupling via tH
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 PreliminaryATLAS

γγ →H , Htt

 = 125.4 GeVHm = 8 TeV, s

SM

)γγ →H (SMBR
)γγ →H BR(

)Htt(SMσ)/Htt(σ

)tH(SMσ)/tH(σ

➔ look at tH production:

➔ sensitive to relative sign of Yt

➔ define Yt = κtY
SM
t

➔ if κt < 0: fast increase of σtH

➔ if κ not 1:
→֒ modifications to BEH-mechanism
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Set Limit on Yukawa-coupling via tH
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 = 7 TeVs, -1Ldt = 4.5 fb∫
 = 8 TeVs, -1Ldt = 20.3 fb∫

➔ tH production sensitive to relative sign of Yt

➔ -1.3 < κt < 8.1 at 95 % CL

➔ constrain mainly models with negative sign
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Preliminary combination
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Complementary measurements:

H → bb̄

→֒ large BR, large bkg

H → γγ

→֒ tiny BR, clean signal

=125.4 GeVH for mSM
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Combination:

Limit: σ < 3.9 (2.3) σSM obs. (exp.)
at 95 % CL

Best fit signal strength:
µtt̄H = 1.6+1.3

−1.1
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Search for CP violation in single top events ATLAS-CONF-2013-032
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CP violation observed in Kaon and B-meson decays

does not explain the size of baryon asymmetry

look for new sources of direct CP violation

here: investigate the Wtb-vertex
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http://cds.cern.ch/record/1527128/files/ATLAS-CONF-2013-032.pdf
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Search for CP-violation in single top events 1

1Eur.Phys.J. C50, 519 (2007), Nucl. Phys. B840(2010) 349, JHEP 1107 (2011) 094
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The Wtb-vertex:

LWtb = − g√
2
b̄ γ

µ (VLPL + VRPR) t W
−

µ − g√
2
b̄
iσµνqν

MW

(gLPL + gRPR) t W
−

µ +h.c.

Look at angular asymmetries:

Az =
Nevt(cos θ

N > z)− Nevt(cos θ
N < z)

Nevt(cos θN > z) + Nevt(cos θN < z)

AN

FB ≈ 0.64P Im(gR)

➔ high polarisation: P ≈ 0.9

➔ EW corr: gR = (−7.17− 1.23i) 10−3
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Event selection/reconstruction
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Preselection:

1 high pT lepton

2 jets pT > 30 GeV, |η| < 4.5

1 jet with b-tag

Emiss

T
> 30 GeV

mW

T
> 30 GeV

Reconstruction:

reconstruct W :
→֒ from lepton and Emiss

T

→֒ get pνz from mW constraint

reconstruct top:
→֒ W+b-tagged jet

Final selection:

forward light jet

additional cut on HT

cut on top mass window

low stat (ca. 1200 events)

→֒ just use two bins
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Results
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Method:

➔ subtract background

➔ unfold to parton level

➔ set limit on Im(gR)

Main systematics:

➔ t-channel generator

➔ tt̄ generator + PS

➔ background norm.

➔ JER/JES

AFB = 0.031± 0.065(stat.)
+0.029
−0.031(syst.)

⇒ [−0.20, 0.30] @ 95% CL

➔ consistent with CP invariance
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Summary

tt̄H is only process to directly study the top-Higgs Yukawa-coupling

search performed in H → bb̄ and H → γγ

very complementary, combined limit yields 3.9 (2.3) obs. (exp.)

ratio ttbar/ttH will improve at 13/14 TeV

will also gain from boosted topology in Run2

other channels like multilepton have good potential

search for CP-violation in top-sector

→֒ no evidence found, AFB consistent with 0

25/ 43 – tt̄H production and CP violation – Andrea Knue



Introduction H → bb̄ H → γγ Combination CP violation Conclusion/Outlook Backup

Backup
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