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Introduction Il ﬂ(“

m two feynman diagram for the tHqg production in SM

w destructive interference in SM = with anomalous coupling
A  Wx (kt = —1) cross section
= Ao vy =) = s increases to 234 fb

interference can increase production cross section by ~ 13
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Event Selection

a event topology:
® 4 b quarks
a 1 isolated lepton
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missing energy
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Event Selection AT

Karlsruhe Intitute of Technology

a event topology:

a 4 b quarks

. Displaced
w 1 isolated lepton ot
a 1 light forward jet
® missing energy Secondary

Vertex

Primary
Vertex

—
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Event Selection ﬂ(“

a event topology:

® 4 b quarks

1 isolated lepton = 3 tag signal region

a 3 b-tags csvm)

m #jets >4

a exactly one
muon/electron

missing energy

m 4 tag signal region
@ 4 b-tags (csvn)
m #jets>5
m exactly one
muon/electron
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Event Selection

a event topology:
a 4 p quarks
a 1 isolated lepton
a 1 light forward jet
® missing energy
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tHq reconstruction IT

Karlsruhe Institute of Technology

m jet assignmentis a
combinatorial problem
a use constraints to
reduce number of
possible permutations
( ‘ m(b1+b2) = 76 GeV
T — T ———
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tHq reconstruction

m jet assignmentis a
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a use constraints to
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possible permutations
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tHqg reconstruction

m jet assignment is a
combinatorial problem

® use constraints to
reduce number of
possible permutations

m look at distributions for
all possible assignments
and all events
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tHq reconstruction IT
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tHq reconstruction
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tHq reconstruction IT

Karlsruhe Intitute of Technology

CMS Simulation Preliminary 8 TeV

a assignment with highest
NN output gets chosen

a build your new objects

a |ook at object
distributions

Probability density [a. u.]
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{t reconstruction

a assignment with highest
NN output gets chosen

& build your new objects
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tt reconstruction AT
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MVA input variables ST

a obtain variables dependent on the reconstruction, e.g.:

aQ Mg - pseudorapidity of the light forward jet
@ /M, - mass of the hadronically decaying top quark

a additionalyl reconstruction-independent lepton charge used
a train MVA to separate signal from background

[Signal enriched phase space]
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final MVA discriminator
tHq vs. backgrounds
fit on MVA output
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® obtain variables dependent on the reconstruction, e.g.:

| 7Nqr - pseudorapidity of the light forward jet
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Classification MVA

(U
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a fit both signal regions and both channels simultaneously
m systematic uncertainties implemented either as rate or shape

uncertainties

m largest impact from Q? scale and jet energy scale
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Limits

a set limits on tHq with
H — bb and k; = —1

m exclude production cross
section larger than 1.77 pb
at 95% C.L.

CMS 19.7 b (8 TeV)
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Other Channels AT
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& TiepThad
a using the euthag OF Ui Thad
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& TiepThad
a using the euthag OF Ui Thad
channel
m expects ~ 10 events each

a 3 channels: SS eu, SS up
and 3 leptons
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background
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Conclusions ﬂ(“

presented search for tHq with H — bb and x; = —1

presented pioneering use of reconstruction techniques

excluded production cross section larger than 1.77 pb at 95% C.L.
results public under HIG-14-015

combination paper submitted to journal
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tHq input variables ﬂ(“

Karlsr

Electric charge of b-quark jet from decay of top quark, multiplied by lepton’s
charge. The jet charge is defined as in Eq. (1) in Ref. [37], with x = 1

AR between the two jets from decay of Higgs boson

AR between b-quark jet and W boson from decay t — bW

AR between reconstructed top quark and Higgs boson

Pseudorapidity of recoil jet

Invariant mass of b-quark jet from decay of top quark and charged lepton
Mass of reconstructed Higgs boson

Pseudorapidity of the most forward jet from decay of H

Tranverse momentum of the softest jet from decay of H

Number of b-tagged jets among the two jets from decay of H

Boolean variable that equals 1 if the b-quark jet from decay of t is b-tagged,
0 otherwise

Relative Hr, (pr(t) +pr(H))/Hr
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tt input variables

Difference of electric charges of b-quark jets from decays of th,q and tiep,
multiplied by lepton’s charge

AR between the two light-flavor jets from decay of tpaq

AR between b-quark jet and W boson from decay tpag — bW

AR between b-quark jet and W boson from decay tjo, — bW

Difference between masses of t,,q and W from decay of t,q
Pseudorapidity of thaq

Invariant mass of b-quark jet from decay of tiep and charged lepton

Mass of W from decay of thad

Number of b-tagged jets among the two light-flavor jets from decay of tp.q

Boolean variable that equals 1 if the b-quark jet from decay of ty,,q is b-
tagged, 0 otherwise

Boolean variable that equals 1 if the b-quark jet from decay of tiep is b-
tagged, 0 otherwise

Transverse momentum of th,q
Transverse momentum of tiep
Relative Hr, (pr(thad) + ﬂT(tIEP))/HT

Sum of electric charges of the two light-flavor jets from decay of t,q, multi-
plied by lepton’s charge

Simon Fink tHq, H — bb
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MVA input variables ﬂ(“

Electric charge of the lepton

Pseudorapidity of the recoil jet
Number of b-tagged jets among the two jets from the Higgs boson decay
Transverse momentum of the Higgs boson

Transverse momentum of the recoil jet

AR between the two light-flavor jets from the decay of g
Mass of t.q

Number of b-tagged jets among the two light-flavor jets from the decay of
thad
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impact of systematic sources

AT

Karlsruhe Institute of Technology.

impact as exclusive

improvement of final limit

Source Type source on final limit [%] after removal [%]
JES shape 17 3
JER shape <1 <1
BTag light flavor shape 13 <1
BTag heavy flavor shape 17 <1
Pile up normalization <1 <1
Unclustered energy  shape 3 1
Lepton efficiency normalization 5 <1
Luminosity normalization 10 <1
Cross section (PDF)  normalization 8 <1
Cross section (Scale) normalization 9 <1
MC Bin-by-Bin unc.  shape <1 <1
Q% scale (tHq +tf)  shape 20 4
Matching shape 2 2
Top pr reweighting  shape 19 2
tf HF rates (b) normalization 13 <1
tF HF rates (bb) normalization 15 <1
tf HF rates (c / c¢) normalization 13 1
Simon Fink tHg, H — bb 28.09.2015 27/22



post-fit electron channel

19.7 fb (8 TeV)
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H— “Y~Y INTRODUCTION Q(IT

a Analysis looking for an excess in the
m, distribution at ~ 125 GeV
a Very low event numbers - signal and
background
a sy = —1 would also increase decay
BR by x2.4

a Event selection:

m Two photons

a Exactly one muon or electron
m One untagged jet with || > 1
m At least one b-tagged jet

Simon Fink tHg, H — bb 28.09.2015 30/22



H— “Y7Y BACKGROUNDS

m Dealing with two different types of backgrounds

a backgrounds

BGs with H — v~

Appear under the signal peak
Dominated by ttH
Suppression of ttH with a
5-variable likelihood product
discriminant

a Small VH contribution

m Taken from simulation

m Non-resonant backgrounds
= Main backgrounds: yv+jets,
y+jets,
tyy, ttyy
m Evaluated from data in the m,,
sidebands

Simon Fink tHq, H — bb

Meyy
Process Yield
tHq (k¢ = —1) 0.67
ftH  0.03 + 0.05T
VH 0.01+0.01f
otherH 0
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H — “Y7Y ResuLts ﬂ( T

Karlsruhe Institute of Technology.

CMS Preliminary, L=19.7 fb™ at (s=8 TeV
T T T T T T T

s |
(0] L e Data
o 0'5; [ Jtq(ct=-1)
a Careful treatment of non-resonant P o B Exrath Gt=-1) ]
H f = 4 -
background results in a 33% rate 2 [+ (125)

uncertainty 0al B v+ (125)

a Shape taken from control regions 02k | ]
® Dominant systematic
a Other systematics included as pure . 1
rate systematics

. B = S P P P
?OO 110 120 130 140 150 160 170 180
Diphoton Mass [GeV]

m No data observed in signal region

m Observed (and expected) limit of
41 0/0k,=—1

Limit Expected Observed

H— vy (ke = —1) 4.4 4.4
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th, H —> WW, TIepTlep
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H—> WW, TlepTlep ToroLocy

a Performed in two channels

Two same-sign leptons, .+ .* or
Three leptons, i, j1iee, j1ee or eee

m SS leptons

Two same-sign leptons > 20GeV

At least one central jet

At least one b-tagged jet

At least one untagged, forward jet |n| > 1
Reject events with 759

m Three leptons

Three leptons > 20/10/10 GeV

Exactly one b-tagged jet

One untagged, forward jet with || > 1.5
Missing Energy in the event

Z veto for leptons

Simon Fink tHq, H — bb
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H—> WW, TlepTlep BAckcRrOUNDS

m Background dominated by non-prompt
leptons

m Mostly tt — £ + jets, where a b jet
fakes a lepton

m Perform a data-driven estimation of
this background

a Apply a likelihood product discriminator
to suppress backgrounds

a Trained to discriminate against both
irreducible and non-prompt
backgrounds

a Input variables vary in the different
channels

a Fit is performed in the output of the
likelihood

Simon Fink tHq, H — bb
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Outlook for Run I privare work Q(IT

m InRunllat13 TeV OtHa,,, - will increase by factor 4

w Simple scaling for first 20fb ! of Run Il
results in these limits for o /o, ——+

Private work
(s=14Tev
T

1

T
PP — tHa production
[t bl H - bb

8, =-1,m, =125 Gev

H— vy H—bb H—WW

95% CLg limit on o/o, _ .

Exp. ~1.0 ~ 21 ~ 21

m Dedicated projection study only for bb B w T w %

Luminosity [fb]
m Naive combination results in an upper
limit of ~ 0.8
a Will be sensitive to k; = —1 soon in Run Il
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