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Recent	(SM-like)	tHq	results



Mo#va#on	for	single	top	+	Higgs
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• Interference	between	leading	order	diagrams	
• Sensi#vity	to	rela7ve	sign,	amplitude,	and	phase	
• Destruc#ve	in	SM	(σ	∼70	A	@	13	TeV)	
• Non-SM	couplings	can	massively	enhance	tH	cross	sec#on	

• No	need	for	assump7ons	on	par7cles	in	loops	
• Similar	features	for	tHW,	while	s-channel	almost	negligible
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Previous	constraints	on	κf/κV	coupling	sign	from	
H→γγ	via	t-W	loop	interference.
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tH/SH	cross	sec#ons	versus	couplings
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Experimental	Signature

• t-channel	single	top	with	a	
Higgs	radia#on	

• top	and	Higgs	tend	to	be	back-
to-back	

• Light	forward	jet  
					(And	a	soL	backward	b)	

• Most	accessible	channels	
• Mul#leptons	(H→WW/ZZ/ττ)	
• Leptonic	top	+	diphoton	(H→γγ)	
• Hadronic	top	+	diphoton	(H→γγ)	
• Leptonic	top	+	b-jets	(H→bb)
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Public	Results

• 8	TeV	publica#on	by	CMS:						JHEP	06	(2016)	177	
• Upper	limit	on	tHq:	σ/σκt=-1.0	<	2.8	
• γγ,	bb_,	mul#lepton,	ττ	channels	

• 13	TeV	preliminary	results	by	CMS:	
• HIG-16-019:	bbT	2015	dataset	(2.3	A-1),	σ/σκt=-1.0	<	6.0	
• HIG-17-005:	mul7lepton	full	2016	dataset	(35.9	A-1)	

• ATLAS:	dedicated	tH	categories	in	γγ	analysis	
• Most	recently	in	arXiv:1802.04146	(HIGG-2016-21)	
• No	dedicated	limits	on	SM-like	tHq	produc#on
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http://dx.doi.org/10.1007/JHEP06(2016)177
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-17-005/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-16-019/index.html
https://arxiv.org/abs/1802.04146


Mul#lepton	tHq	Analysis

• Extension	of	WH	mul7lepton	analysis	
• Recycled	object	selec#ons	and	background	es#ma#ons	
• Adjust	event	selec7on	and	develop	tHq	classifier(s)	

• Three	channels:	3	leptons,	same-sign	µ±µ±,	e±µ±	
• Veto	addi#onal	loose	leptons,	OSSF	pairs	within	15	GeV	of	mZ	(3l)	
• At	least	one	b-tagged	jet,	pT	>	25	GeV	
• At	least	one	untagged	jet,	pT	>	25	(40)	GeV	(|η|	<	2.4	(>2.4))	

• Reducible	backgrounds	es#mated	from	data	
• Non-prompt	leptons	via	fake-rate	method	
• Electron	charge	mis-iden#fica#on	via	charge	flip	probability	

• Irreducible	backgrounds	from	MC	with	scale	factors
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CMS-HIG-17-005

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-17-005/index.html


Yields	at	35.9	A-1,	13	TeV
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5

Process ``` µµ eµ
ttW± 22.50 ± 0.35 68.03 ± 0.61 97.00 ± 0.71
ttZ/ttg 32.80 ± 1.79 25.89 ± 1.12 64.82 ± 2.42
WZ 8.22 ± 0.86 15.07 ± 1.19 26.25 ± 1.57
ZZ 1.62 ± 0.33 1.16 ± 0.29 2.86 ± 0.45
W±W±qq – 3.96 ± 0.52 6.99 ± 0.69
W±W±(DPS) – 2.48 ± 0.42 4.17 ± 0.54
VVV 0.42 ± 0.16 2.99 ± 0.34 4.85 ± 0.43
tttt 1.84 ± 0.44 2.32 ± 0.45 4.06 ± 0.57
tZq 3.92 ± 1.48 5.77 ± 2.24 10.73 ± 3.03
tZW 1.70 ± 0.12 2.13 ± 0.13 3.91 ± 0.18
g conversions 7.43 ± 1.94 – 23.81 ± 6.04
Non-prompt 25.61 ± 1.26 80.94 ± 2.02 135.34 ± 2.83
Charge flips – – 58.20 ± 0.30
Total Background 106.05 ± 3.45 210.74 ± 3.61 443.30 ± 8.01
ttH 18.29 ± 0.41 24.18 ± 0.48 35.21 ± 0.58
tHq (SM) 0.52 ± 0.02 1.43 ± 0.04 1.92 ± 0.04
tHW (SM) 0.62 ± 0.03 0.71 ± 0.03 1.11 ± 0.04
Total SM 125.48 ± 3.47 237.06 ± 3.64 481.54 ± 8.03
tHq (kV = 1 = �kt) 7.48 ± 0.14 18.48 ± 0.22 27.41 ± 0.27
tHW (kV = 1 = �kt) 7.38 ± 0.16 7.72 ± 0.17 11.23 ± 0.20
Data 149 280 525

Table 2: Data yields and expected backgrounds after the event pre-selection for the three chan-
nels in 35.9 fb�1 of integrated luminosity. Uncertainties are statistical only.

from an admixture of ttW± and ttZ (in short ttV), or from tt. Events from tHW and ttH produc-
tion, while counted as signal events in the interpretation, share the kinematic characteristics of
ttV events and are not used in the classifier training.

Three broad categories of discriminating observables are used: related to forward jet activity;
related to jet and b-jet multiplicities; and related to kinematic properties of leptons as well as
their total charge. Table 3 lists the 10 input variables used in the final discriminants. Many
combinations of kinematic variables were constructed to perform the discrimination between
signal and background with the chosen set of variables giving the best performance in the
separation. The same or equivalent input variables are found to perform well both for three
lepton and same-sign dilepton channels and both for training against ttV and against tt.

Number of jets with pT > 25 GeV, |h| < 2.4
Maximum |h| of any (non-b-tagged) jet (“forward jet”)
Sum of lepton charges
Number of non-b-tagged jets with |h| > 1.0
Dh between forward light jet and leading b-tagged jet
Dh between forward light jet and sub-leading b-tagged jet
Dh between forward light jet and closest lepton
Df of same-sign lepton pair
Minimum DR between any two leptons
pT of sub-leading (or 3rd) lepton

Table 3: Input variables to the signal discrimination classifier.

The distributions for some of the BDT input variables are shown in Figures 2, 3 and 4, compar-

127

CMS-HIG-17-005

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-17-005/index.html


tHq	Signal	Extrac#on
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Number of jets with p
T

> 25 GeV, |h| < 2.4

Maximum |h| of any (non-b-tagged) jet (“forward jet”)

Sum of lepton charges

Number of non-b-tagged jets with |h| > 1.0

Dh between forward light jet and leading b-tagged jet

Dh between forward light jet and sub-leading b-tagged jet

Dh between forward light jet and closest lepton

Df of same-sign lepton pair

Minimum DR between any two leptons

p
T
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rd
) lepton

Jet	Mul*plici*es

Forward	jet

Lepton  
kinema*cs

• Two	main	backgrounds:	SW/Z	and	non-prompt	leptons	(tt	̅)	
• Train	two	BDT	classifiers	to	separate	tHq	(κt	=	-1.0)	from	either	

• Combine	2D	output	into	1D	distribution	to	use	in	the	fit

CMS-HIG-17-005

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-17-005/index.html


Prefit	Classifier	Outputs
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4. Multilepton Channels 9

V)tkinMVA (tHq vs t

Ev
en

ts

0

5

10

15

20

25

30

35

40 Data Htt
Wtt Ztt

WZ , VVVttt, t±W±tZ, W
Conversions Fakes
Total uncert. =-1.0)tκtHq (

=-1.0)tκtHW (

Preliminary CMS  (13 TeV)-135.9 fb

V)tkinMVA (tHq vs t
1− 0.8− 0.6− 0.4− 0.2− 0 0.2 0.4 0.6 0.8 1

R
at

io
 to

 S
M

0
1
2
3
4

Data/SM

=-1.0)/SMtκ( Backg./SM

Tot. SM unc.

V)tkinMVA (tHq vs t

Ev
en

ts

0

10

20

30

40

50

60

70

80

90 Data Htt
Wtt Ztt

WZ , VVVttt, t±W±tZ, W
Conversions Fakes
Charge flips Total uncert.

=-1.0)tκtHq ( =-1.0)tκtHW (

Preliminary CMS  (13 TeV)-135.9 fb

V)tkinMVA (tHq vs t
1− 0.8− 0.6− 0.4− 0.2− 0 0.2 0.4 0.6 0.8 1

R
at

io
 to

 S
M

0
1
2
3
4

Data/SM

=-1.0)/SMtκ( Backg./SM

Tot. SM unc.

V)tkinMVA (tHq vs t

Ev
en

ts

0

10

20

30

40

50

60 Data Htt
Wtt Ztt

WZ , VVVttt, t±W±tZ, W
Fakes Total uncert.

=-1.0)tκtHq ( =-1.0)tκtHW (

Preliminary CMS  (13 TeV)-135.9 fb

V)tkinMVA (tHq vs t
1− 0.8− 0.6− 0.4− 0.2− 0 0.2 0.4 0.6 0.8 1

R
at

io
 to

 S
M

0
1
2
3
4

Data/SM

=-1.0)/SMtκ( Backg./SM

Tot. SM unc.

)tkinMVA (tHq vs t

Ev
en

ts

0

5

10

15

20

25

30

35

40 Data Htt
Wtt Ztt

WZ , VVVttt, t±W±tZ, W
Conversions Fakes
Total uncert. =-1.0)tκtHq (

=-1.0)tκtHW (

Preliminary CMS  (13 TeV)-135.9 fb

)tkinMVA (tHq vs t
1− 0.8− 0.6− 0.4− 0.2− 0 0.2 0.4 0.6 0.8 1

R
at

io
 to

 S
M

0
1
2
3
4

Data/SM

=-1.0)/SMtκ( Backg./SM

Tot. SM unc.

)tkinMVA (tHq vs t

Ev
en

ts

0

20

40

60

80

100

120
Data Htt

Wtt Ztt
WZ , VVVttt, t±W±tZ, W
Conversions Fakes
Charge flips Total uncert.

=-1.0)tκtHq ( =-1.0)tκtHW (

Preliminary CMS  (13 TeV)-135.9 fb

)tkinMVA (tHq vs t
1− 0.8− 0.6− 0.4− 0.2− 0 0.2 0.4 0.6 0.8 1

R
at

io
 to

 S
M

0
1
2
3
4

Data/SM

=-1.0)/SMtκ( Backg./SM

Tot. SM unc.

)tkinMVA (tHq vs t

Ev
en

ts

0

10

20

30

40

50
Data Htt

Wtt Ztt
WZ , VVVttt, t±W±tZ, W
Fakes Total uncert.

=-1.0)tκtHq ( =-1.0)tκtHW (

Preliminary CMS  (13 TeV)-135.9 fb

)tkinMVA (tHq vs t
1− 0.8− 0.6− 0.4− 0.2− 0 0.2 0.4 0.6 0.8 1

R
at

io
 to

 S
M

0
1
2
3
4

Data/SM

=-1.0)/SMtκ( Backg./SM

Tot. SM unc.

Figure 5: Pre-fit classifier outputs, for the three-lepton channel (left), eµ (center), and µµ (right),
for 35.9 fb�1, for training against ttV (top row) and against tt (bottom row). In the box below
each distribution, the ratio of the observed and predicted event yields is shown. The shape
of the two tH signals for kt = �1.0 is shown, normalized to their respective cross sections
for kt = �1.0, kV = 1.0. The grey band represents the unconstrained (pre-fit) statistical and
systematical uncertainties.

Uncertainties from unknown higher orders of tHq and tHW production are estimated from a
change in the Q2 scale of double and half the initial value, evaluated separately for each point
of kt and kV. The ttH component has an uncertainty of about +5.8/� 9.3% from Q2 scale
variations and a further 3.6% from the knowledge of PDFs and the strong coupling constant
aS [13]. Uncertainties related to the choice of PDF set and its scale are estimated to be about 3.7%
for tHq and about 4.0% for tHW. The effect of missing higher orders on the kinematic shape of
the classifier outputs is taken into account for the tH, ttH, and ttV components by independent
changes of the normalization and factorization scales of double and half the nominal value.

The cross sections of ttZ and ttW± are known with uncertainties of +9.6%
�11.2% and +12.9%

�11.5%, respec-
tively, from missing higher-order corrections on the perturbative expansion and of 3.4 and
4.0%, respectively, from uncertainties in the PDFs and as [13].

The efficiency of events passing the combination of trigger requirements is measured separately
for events with two or more leptons, and has an uncertainty of between 1 and 3 percent. Effi-
ciencies for the reconstruction and selection of muons and electrons are measured as a function

vs	UV

vs	Ubar
3l

3l eµ

eµ

µµ

µµ

CMS-HIG-17-005

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-17-005/index.html
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Constrain	κt/κV	to	be	within	[-1.25,	1.60]	(κV	=	1.0)

• Float	a	common	tH+WH 
signal	strength	

• Best-fit	signal	strengths:	
• SM:	1.8	±	0.7	
• ITC:	0.7	±	0.4	

• Observed	excess  
consistent	with	SM- 
like	SH	produc#on	
• 2.7σ	obs.	(1.5σ	exp.)	
• 1.7σ	obs.	(2.5σ	exp.)	

• Fit	prefers	posi#ve 
signs	by	about	2σ

SM
ITC

CMS-HIG-17-005

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-17-005/index.html


• tH	cross	sec#ons	strongly	sensi#ve	to	rela#ve	sign	of	κt	and	κV	
• No	assump#ons	on	unknown	par#cles	in	loops	

• Dedicated	analyses	can	set	independent	limits	on	κt/κV	
• Not	yet	included	in	overall	combina#on	

• tH-enriched	categories	used	in	global	combina#ons
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ATLAS	tH	categories	(γγ	analysis)
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ATLAS	κF/κV	constraints	(γγ)
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4. Multilepton Channels 7

strategy. Events from tHW and ttH production are not used in the training and, due to their
close kinematic similarity with the ttV background, tend to be classified as backgrounds.

As observed above, the features of the tHq signal can be split into three broad categories: re-
lated to the forward jet activity; related to jet and b-jet multiplicities; and related to kinematic
properties of leptons as well as their total charge. A set of 10 observables were selected as
input features to the classification training. They are listed in Tab. 3, and are those found to
provide the best separation performance in the training against both backgrounds. The train-
ing is performed separately for the 2`ss and the ``` channels with the same or equivalent input
features.

Number of jets with pT > 25 GeV, |h| < 2.4
Maximum |h| of any (non-b-tagged) jet (“forward jet”)
Sum of lepton charges
Number of non-b-tagged jets with |h| > 1.0
Dh between forward light jet and leading b-tagged jet
Dh between forward light jet and sub-leading b-tagged jet
Dh between forward light jet and closest lepton
Df of same-sign lepton pair
Minimum DR between any two leptons
pT of sub-leading (or 3rd) lepton

Table 3: Input observables to the signal discrimination classifier.

A selection of the main discriminating input observables is shown in Figures 2, 3 and 4, com-
paring the observed data and the estimated distribution of signal and background processes.
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Figure 2: Distributions of discriminating observables for the event pre-selection for the same-
sign µµ channel, normalized to 35.9 fb�1, before fitting the signal discriminant to the observed
data. Uncertainties are statistical and unconstrained (pre-fit) normalization systematics. The
shape of the two tH signals for kt = �1.0 is shown, normalized to their respective cross sections
for kt = �1.0, kV = 1.0.

The events are then sorted into ten categories depending on the output of the two BDT clas-
sifiers according to an optimized binning strategy, resulting in a one-dimensional histogram
with ten bins. The six classifier output distributions (trained vs. ttV and tt+jets for each of the
three channels) are shown in Fig. 5, before a fit to the observed data. Fig. 6 shows the post-fit
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Figure 3: Distributions of discriminating observables for the event pre-selection for the same-
sign eµ channel, normalized to 35.9 fb�1, before fitting the signal discriminant to the observed
data. Uncertainties are statistical and unconstrained (pre-fit) normalization systematics. The
shape of the two tH signals for kt = �1.0 is shown, normalized to their respective cross sections
for kt = �1.0, kV = 1.0.
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Figure 4: Distributions of discriminating observables for the event pre-selection for the three
lepton channel, normalized to 35.9 fb�1, before fitting the signal discriminant to the observed
data. Uncertainties are statistical and unconstrained (pre-fit) normalization systematics. The
shape of the two tH signals for kt = �1.0 is shown, normalized to their respective cross sections
for kt = �1.0, kV = 1.0.

categorized classifier output distributions for each of the three channels, after the combined
maximum likelihood fit to extract the limits.

4.4 Systematics

The yield of signal and background events after applying the event selection, as well as the
shape of the classifier output distributions for signal and background processes carry system-
atic uncertainties from a variety of sources, both experimental and theoretical. Experimental
uncertainties relate to either the reconstruction of physics objects or to imprecisions in esti-
mating the background contributions. Uncertainties in the efficiency of reconstructing and
selecting physics objects affect all yields and kinematic shapes taken from MC simulation, both
signal and background. Backgrounds estimated from the data not affected by these.
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Figure 6: Post-fit categorized classifier outputs as used in the maximum likelihood fit for the
three-lepton channel (left), eµ (center), and µµ (right), for 35.9 fb�1. In the box below each
distribution, the ratio of the observed and predicted event yields is shown.

of their pT, using a tag-and-probe method with uncertainties of 2–4% [38]. The energy scale of
jets is determined using event balancing techniques and carries uncertainties of a few percent,
depending on pT and h of the jets [39]. Their impact on the kinematic distributions used in the
signal extraction are estimated by varying the scales within their respective uncertainty and
propagating the effects to the final result, recalculating all kinematic quantities and reapplying
the event selection criteria. The b tagging efficiencies are measured in heavy-flavor enriched
multijet events and in tt events, with pT and h dependent uncertainties of a few percent [40].
The rate of falsely tagging light quark and gluon jets are measured with an uncertainty of be-
tween X and Y% [40].

The uncertainty in the integrated luminosity is 2.5% [41].

The estimate of events containing non-prompt leptons is subject to uncertainties in the deter-
mination of the tight-to-loose ratio on the one hand and to shortcomings in the validity of the
control region as tested in simulated events on the other hand. The measurement of lepton
ratios carries statistical uncertainties and systematic uncertainties from the removal of residual
prompt leptons in the control region, amounting to a total uncertainty on their values of be-
tween 10% and 40%, depending on the flavor of the leptons and their pT and h. The validity of
the method itself is tested in simulated events and contributes an additional uncertainty both
in the normalization and shape of the classifier distributions for such events.

The estimate of backgrounds from electron charge mis-identification in the eµ channel carries
an uncertainty of about 30% from the measurement of the mis-identification probability.

The estimate of backgrounds from WZ production is normalized in a control region with three
leptons and is assigned uncertainties due to its limited statistics (10%), the residual non-WZ
backgrounds (20%), the b tagging rate (⇡ 10%), and the theoretical uncertainties related to
the flavor composition of jets produced in association with the boson pair (up to 10%). In
the dilepton channels, this uncertainty is increased to 50% to account for the differences with
respect to the control region.

Additional smaller backgrounds which have not yet been observed at the LHC are assigned a
normalization uncertainty of 50%.



Signal	modeling

• Want	to	float	tHq,	tHW,	and	WH	coherently	in	our	fit	
• Have	3	processes	(tHq,	tHW,	SH)	and	3	decay	modes	(WW,	ZZ,	ττ)	  
			→	9	signal	components	each	with	a	different	shape	

• What	depends	on	κt	and	κV?	
• tH	kinema#cs	
• Produc#on	cross	sec#ons	
• Higgs	decay	branching	ra#os	

• Kinema#cs	only	depend	on	the	ra7o	κt/κV	
• Also	rela#ve	frac#ons	of	tHq/tHW/SH	are	fixed	when	fixing	κt/κV	
• And,	assuming	κtau	=	κtop,	also	WW/ZZ/ττ	frac#ons	fixed	with	κt/κV	

• In	each	point	of	κt/κV	we	can	coherenly	float	tHq,	tHW,	and	SH	
with	one	common	signal	strength
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Forward	light	jet	vs.	backward	b-jet

• Have	two	b-jets	in	about	30%	of	events	in	tHq	signal	
• 70%	of	these	are	true	b’s	from	gluon	splizng	

• Exploit	the	Δη	between	those	and	the	most	fwd.	light	jet:
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Figure 1: Representative Feynman diagrams for the associated production of single top quarks
and Higgs bosons in the t-channel.

dominant diagrams as shown in Figure 1 (see Figure 2 for the corresponding tW production
diagrams). The Mandelstam variables characterizing the Wb ! tH scattering are given by:

s = (pW + pb)
2 ,

t = (pW � pH)
2 ,

u = (pW � pt)
2 .

This breakdown to the core scattering process, ignoring the upper vertices in the Feynman
diagrams, is a valid approach at high energies, where in the effective W approximation [1]
one treats W bosons that appear in intermediate states of a scattering process as partons in
the proton. According to [2], the amplitude in the hard-scattering regime with s, �t, �u �
m2

t , m2
W, m2

H is then given by

A =
gp
2


(kf � kV)

mt
p

s
mWv

A
✓

t
s
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◆
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s
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◆�
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where v is the vacuum expectation value of the Higgs field. The exact expressions for A and42

B, which are dependent on the spinors xt,b of the top and bottom quark and the angle j (the43

azimuthal angle of the Higgs boson in the reference frame centered at the partonic collision44

point, where the z axis points along the beam direction), can be found in [2]. It is easy to see45

in the above equation that there is an almost total destructive interference between the two46

leading order Feynman diagrams. In the standard model, with kt = +1, the expected cross47

section at 13 TeV is 71 fb for tHq and 16 fb for tHW, respectively. With BSM theories, there48

can be a negative Yukawa coupling of the top quark to the Higgs boson of kt = �1 (see for49

example [3]). This scenario is called inverted top coupling (ITC) in the following. Assuming50

this particular scenario, there is constructive interference between the two diagrams and the51

expected cross sections is increased to 793 fb (tHq) and 147 fb (tHW). Fig. 4 shows the tHq52

and tHW cross section in the kt � kV plane. Several papers have discussed using this channel53

of Higgs boson production in association with a single top quark to measure the coupling to54

fermions as well as the relative phase of the Htt and HWW couplings [2, 4–6].55

Semileptonic top decays are used. In addition to looking for two b-jets from the Higgs boson56

decay and one b-jet from the top quark decay, there will also be a charged lepton (either an57

electron or a muon) and missing transverse energy (ET/ ) from the decay of the W from the top58

quark. This gives four jets, three of which are b-jets. The light jet should be in the forward59

direction as it is from the recoiling quark. There is also the possibility that the b-jet produced in60

(Jet	pT	>	25	GeV)
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Table 4: Upper limit on µ = s/sCt=�1 for each tHq channel. The observed and expected 95%
CL upper limits on the signal strength parameter µ for each tHq channel are also shown.

tHq channel Best-fit µ 95% CL upper limits on µ = s/sCt=�1
Observed Expected

Median 68% CL range 95% CL range

gg 4.1 4.1 [3.7, 4.2] [3.4, 5.3]

bb 7.6 5.4 [3.8, 7.7] [2.8, 10.7]

Multilepton 6.7 5.0 [3.6, 7.1] [2.9, 10.3]

tt 9.8 11.4 [8.1, 16.7] [6.0, 24.9]

Combined 2.8 2.0 [1.6, 2.8] [1.2, 4.1]
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Figure 6: The 95% CL upper limits on the excess event yields predicted by the enhanced tHq
cross section and Higgs boson to diphoton branching fraction for Ct = �1. The limits are
normalized to the Ct = �1 predictions [57], and are shown for each analysis channel, and
combined. The black solid and dotted lines show the observed and background-only expected
limits, respectively. The 1s and 2s bands represent the 1 and 2 standard deviation uncertainties
on the expected limits.
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Figure 7: The 95% CL upper limits on the tHq production cross section as a function of the
assumed Higgs boson to diphoton branching fraction. The black solid and dotted lines show
the observed and background-only expected limits, respectively. The 1s and 2s bands repre-
sent the 1 and 2 standard deviation uncertainties on the expected limits. The red horizontal
line shows the predicted tHq cross section for the SM Higgs boson with mH = 125 GeV in the
Ct = �1 scenario, while the black horizontal line shows the predicted tHq cross section in the
SM (i.e., Ct = +1).

have been optimized for the H ! gg, H ! bb, H ! WW, and H ! tt decay modes. The re-
sults are consistent with the background-only hypothesis. A 95% confidence level limit on the
production cross section of a single top quark plus a Higgs boson with a non-standard-model
coupling is set ranging from 600 to 1000 fb depending on the assumed diphoton branching
fraction of the Higgs boson. This is the first time that results on anomalous tHq production
have been reported. These results can be combined with other Higgs boson measurements to
constrain the coupling of the Higgs boson to SM quarks; they can also be used to probe new
physics modifying the top-Higgs couplings. The 13 TeV LHC run will allow a precise determi-
nation of both the magnitude and the sign of the top quark Yukawa coupling.
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