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Introduction

® Higgs couples to fermions
via Yukawa coupling

® Cross section of ttH already
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Introduction

® Most analyses not sensitive to sign of k.
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Introduction

@ Higgs can couple either to top quark (k) or to vector boson (k)

m A~ (k,—K,) Vs + const. — sensitive to sign of K, K,

_ SM — SM
K= yt/ yt( : K, = gwa/ gHWW( )
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Two Channels: tHq & tHW
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Cross Sections

® The cross sections and kinematics of the processes strongly depend
on the values of k. and K

CMS simuiation Preliminary 13 TeV CMS simuiation Preliminary 13 TeV
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SM & ITC Case

@ SM:k =1;K =1
— destructive interference
® |TC: Inverted top coupling
K=-1;K, =1
— constructive interference

® |TC results in ~10 times the
SM cross section

® Qur analysis:
m -3.0=<k =30
m K ={0.5; 1.0; 1.5}
W 51 different combinations

@ Main background from
different tt processes
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Analysis Workflow

(Signal enriched phase space)

GHq reconstructioD Gbar reconstructio)
1 L
< tHq variables ) (ttbar variables> <g|obal variables)
final MVA discriminator
tH vs. backgrounds

<ﬂt on MVA outpuD
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Event Selection

@ event topology W 3 tag signal region
B 4D jets ® 3 b-tags
L B #jets>=4
L W exactly one muon or electron

® missing transverse energy

W 4 tag signal region
® 4 b-tags
B #jets>=5
® exactly one muon or electron

@ ~ 4000 expected events in total
W Signal events: 20 for ITC
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Event Reconstruction

® Reconstruct each event
under tHq and
tt hypotheses
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1"

tHg Reconstruction

W Train BDT to separate between wrong and correct jet assignments
® |nput variables are kinematics of reconstructed objects
@ Train one BDT for each of the 51 different k- Kk combinations

® Choose reconstruction with highest BDT output for each event and
each K - K _combination
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tt Reconstruction

W Train BDT to separate between wrong and correct jet assignments
® |nput variables are kinematics of reconstructed objects
® Choose reconstruction with highest BDT output for each event

CMS Simulation Preliminary
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successful reconstruction rate

13

Reconstruction Efficiencies

1.0

0.8

0.6

0.4

0.2

0.0

CMS simuiation Preliminary V/s=13TeV
tHq reconstruction 1 Recoil jet
ki=-1.0,ky = +1.0 =5 Higgs
m Top |
] Bl Top+Higgs
[ ] EEl Total tHq
3 tag region 4 tag region

Physics at the Terascale 2016, DESY, Hamburg

successful reconstruction rate
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Analysis Workflow

(Signal enriched phase space)

tHq reconstruction Gbar reconstructioD

i
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final MVA discriminator
tH vs. backgrounds
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Classification Input Variables

Variables independent of any reconstruction

aplanarity Aplanarity of the event
log m3 Invariant mass of three hardest jets in the event
Fox-Wolfram #1 First Fox-Wolfram moment of the event
q(€) Electric charge of the lepton
Variables based on objects reconstructed under the tt hypothesis Variables based on objects reconstructed under the tHq hypothesis
log m(ty,q) Invariant mass of t,,q |5(recoil jet) | Absolute pseudorapidity of the recoil jet
CSV(Wp,q jet 1) CSVv2 output of the hardest jet assigned to CSV(Higgs jet 2) CSVv2 output of the second hardest jet as-
Whad signed to the Higgs boson
AR(Wh,q jets) AR between the two jets from the decay of Wy,qg  CSV(Higgs jet 1) CSVv2 output of the hardest jet assigned to the
Higgs boson
CSV(Wp,q jet 2) CSVv2 output of the second hardest jet as-
signed to Whaqg log pr(recoil jet) Transverse momentum of the recoil jet
log pr(Higgs) Transverse momentum of the Higgs boson
|7 (Higgs)| Absolute pseudorapidity of the Higgs boson
cos 0(t,£) Cosine of the angle between the top quark mo-

mentum and the sum of top quark and charged
lepton, in their common rest frame
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Classification Results

® Train 51 classification tHqg vs. backgrounds BDTs
W 3774 observed events

@ Most important systematic uncertainties: -
JES, Q? systematics, b-tagging, rate unc. on tt + bb

CMS Preliminary 2.3 (13 TeV) CMS Preliminary 2.3fb" (13 TeV)
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Results: Asymptotic Limits

® Asymptotic limits calculated with Combine

@ Exclude at 95% CL a cross section that is 98.6 (6.4) times the
expectation for the SM (ITC) case

CMS preliminary 2.3fb" (13TeV)
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Results: Asymptotic Limits

95% C.L. exp. asymptotic limit on oops/Texp
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-16-019/index.html

Conclusion

@ Searching for tH with H — bb at different points of (k, K ) plane

@ Same sensitivity with less data than analysis @ 8TeV

B Set upper limits at 95% CL for
B SM: 98.6 times the expected cross section
W ITC: 6.4 times the expected cross section

Outlook

® Run the analysis with 2016 data
® Combination with other tH channels as in Run I ( arXiv: 1509.08159 )

® Expected upper exclusion limits with full 100 fb-! dataset:
W ~ 7 times the SM cross section
W ~ 0.5 times the ITC cross section (complete exclusion)
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https://arxiv.org/abs/1509.08159

Thank you very much
for your attention.
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Backup
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13 TeV]Event yields for tHq and tHW s

Event Yields

ignal (for the SM and ITC scenarios) as well as the

various background processes in the two signal regions. The uncertainties include both
systematic and statistical uncertainties. Additionally, the numbers of observed events in data

are shown.

3 tag 4 tag
tt+LF 2119 £ 651 213 +21.6
tt+cc 852 + 624 39 + 46
tt+b 324 +£203 18.7 £15.3
tt+bb 333 + 298 71 + 67
tt+2b 177 2102 13.0 £ 9.6
Single top 156 + 44 6.0+24
ttH 203 £9.7 53+29
ttZ 94+ 23 1.8+1.7
ttW 8.0t 25 04+04
Wjets 42 + 35 0.0 £ 0.0
Z-+jets 10.2 &= 5.0 0.0 £ 0.0
Sum of Backgrounds 4051 =978 177 £ 86
tHq (SM) 0.77 £0.21 0.12 &+ 0.04
tHW (SM) 0.61 £0.09 0.09 & 0.02
tHq (ITC) 11.2 + 3.1 1.7 £ 0.6
tHW (ITC) 6.7 £ 1.0 1.1+0.3
Observed 3603 171
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tHg Reconstruction Input Variables

Variable Description

log m(H) Invariant mass of the reconstructed Higgs boson

log m(t) Invariant mass of the reconstructed top quark
AR(Higgs jets) AR between the two jets from the Higgs boson decay
AR(b¢, W) AR between the jet assigned to the b quark from the top

relative Ht

cos 0(t, £)

CSV(Higgs jet 2)
CSV(by

[1(recoil jet) — 1(by)|
CSV(Higgs jet 1)
|11(by) |

1(t) —y(H)|

log min(pt(H jets))

|57(recoil jet) |
AE(recoil jet, by)

quark decay and the W boson

Ratio of pr(H) + pr(t) + pr(recoil jet) to the scalar sum of
pr of all jets, charged lepton, and E%‘iss

Cosine of the angle between the top quark momentum
and the sum of momenta of top quark and charged lep-
ton, in their common rest frame

Output of the CSVv2 b-tagging algorithm for the second
hardest jet assigned to the Higgs boson

Output of the CSVv2 b-tagging algorithm for the jet as-
signed to the b quark from the top quark decay
Absolute difference of pseudorapidities of the recoil jet
and of the b jet from the top quark decay

Output of the CSVv2 b-tagging algorithm for the hardest
jet assigned to the Higgs boson

Absolute pseudorapidity of the jet assigned to the b
quark of the top quark decay

Absolute difference of pseudorapidities of reconstructed
top quark and the reconstructed Higgs boson

Lower transverse momentum of the two jets assigned to
the Higgs boson decay products

Absolute pseudorapidity of the recoil jet

Energy difference between the recoil jet and the jet as-
signed to the b quark from the top quark decay
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tt Reconstruction Input Variables

Variable

Description

log m(Wh,q4)
log (m(thaq) - m(Whaq))

log m(tip)
CSV(Whad jet 1)
AR(btleerIep)

CSV(Whad jet 2)
AR(Whaq jets)

relative Hy
AR(bthadl Whad)

log pr(thaa)
log pr(tiep)

Invariant mass of the two jets assigned to the W boson of
thad

Difference between the invariant masses of reconstructed
thaa and Wp,q

Invariant mass of the reconstructed tie,
CSVv2 output of the hardest jet assigned to Wh,q

AR between the b quark of the reconstructed ti., and
Wlep

CSVv2 output of the second hardest jet assigned to Wy 4
AR between the two jets assigned to the W boson of tyaq

Ratio of pr(thad) + pr(tiep) to the scalar sum of pr of all
jets, charged lepton, and Efss

AR between the b quark of the reconstructed t;,q and
Whad

Transverse momentum of the reconstructed ty.q

Transverse momentum of the reconstructed tj¢p
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Systematic Uncertainties

CMS Preliminary

BN as sole systematic
Bl removed from full set

Jet energy scale -
Q?scale -

b-tagging reweighting B -
tt+heavy norm. -
b-tagging reweighting LF -
b-tagging reweighting C -
Jet energy resolution -
Luminosity -

PDF -

Lepton efficiency -
Unclustered energy -
Pileup -

MC Unc.

T T 1 T 1

-10% -5% +20% +40%

Impact on the asymptotic expected limit
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tHqg vs. tHW - Kinematics

WTWWﬁ

CMS simuiation Preliminary
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CMS simuiation Preliminary
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