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Introduction

Couplings to fermions and bosons strongly constrained by Run I
measurements.
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Search for H→ bb
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VBF, H → bb
Multivariate classifier to identify VBF like events for events with 1
and 2 b-tagged jets:
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Signal extract in simultaneous fit to mbb spectrum in all categories.

Result using 2.3 fb−1 @
√

s = 13 TeV: µ = −3.7+2.4
−2.5

Combination with Run I (18− 19 fb−1 @ 8 TeV): µ = 1.3+1.2
−1.1

CMS-PAS-HIG-16-003
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mbb resolution
mbb resolution significantly reduced by semileptonic b-decays and
gluon radiation outside jet “cone”
→ improve b-jet energy resolution with regression.

Regression inputs:
jet kinematic,
EM energy fraction,
information about soft
leptons in the jet,
secondary vertex
information,
pileup.

FSR correction:
Add jets with ∆R < 0.8.
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VBF, H → bb
Multivariate classifier to identify VBF like events for events with 1
and 2 b-tagged jets:
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VBF+γ, H → bb
Multijet background in
(q/g)qbb significantly
reduced by extra high pT γ
(destructive interference in
bg. but not in WWH).

q q

q q

H b

b̄

γ

W/Z

W/Z

Analysis strategy:
MVA for categorisation.
unbinned logL-fit as
function of mb,b in
various categories.

mb,b in high BDT category
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VH,H→ bb
ATLAS-CONF-2016-091

2 leptons
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increase significance.
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VH,H→ bb

Signal strength µ extracted in simultaneous likelihood fit of
the binned mmultivariate discriminants in all categories.
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Higgs production in single top
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In SM diagrams interfere destructively.
In BSM scenarios not necessarily e.g. inverted top coupling
scenario
→ effective theory with possibly CP violating top Yukawa
couplings, and modified couplings to vector bosons.

Eur. Phys. J. C 75 (2015), no. 6, 267
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Modified top Yukawa coupling
Search for H→ bb in association with a single top (t→ b eν/bµν)
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E
ve

nt
s/

B
in

0

20

40

Data
)btH(b

+lftt
c+ctt

+btt
b+btt

+2btt
tt/
Htt

Misc
Stat.+syst.
500x tHq
500x tHW

 (13 TeV)-12.3 fbPreliminaryCMS

Muon + electron channel
4 tag region

 = +1.0Vκ = 1.0, tκ

BDT output
1− 0.5− 0 0.5 1

P
re

d.
D

at
a-

P
re

d.

0.5−

0

0.5
Stat.+syst.

−3 −2 −1 0 1 2 3

κt

1

10

100

1000

95
%

C
.L

.e
xp

.
as

ym
pt

ot
ic

lim
it

on
σ

ob
s/
σ

ex
p

0.01

0.1

1

10

tH
cr

os
s

se
ct

io
n

(p
b)

2.3 fb−1 (13 TeV)

pp→ tH
H→ bb, t→ b`ν
κV = +1.0

CMS Preliminary

med. expected limit
observed limit
expected ± 1 std. dev.
expected ± 2 std. dev.
tH cross section

−3 −2 −1 0 1 2 3

κt

1

10

100

1000

95
%

C
.L

.e
xp

.
as

ym
pt

ot
ic

lim
it

on
σ

ob
s/
σ

ex
p

0.01

0.1

1

10

tH
cr

os
s

se
ct

io
n

(p
b)

2.3 fb−1 (13 TeV)

pp→ tH
H→ bb, t→ b`ν
κV = +0.5

CMS Preliminary

med. expected limit
observed limit
expected ± 1 std. dev.
expected ± 2 std. dev.
tH cross section

CMS-PAS-HIG-16-019 R
ed

uc
ed

co
up

lin
g

to
W

,Z
SM

co
up

lin
g

to
W

,Z

G. Gaycken Toward the observation of 2nd and 3rd generation BEH couplings with 13 TeV data La Thuile, March 19, 2017 11

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-16-019/index.html


Search for H→ τ+τ−

All Higgs production modes accessible:
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. . .

Mass reconstruction challanging, due to neutrinos in the final
state.

No 13 TeV updates to SM analyses for H→ τ+τ− yet, but . . .
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Φ→ τ+τ−

In some MSSM scenarios, coupling to down-type fermions enhanced
→motivates search for scalar boson in association with bottom.
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Φ→ τ+τ−
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H±→ τν, tb
Couplings to fermions might be modified in case of an extended
Higgs sector (MSSM, 2HDM, . . .). In such models a charged Higgs
is predicted.
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H→ τµ

A more complicated Higgs-sector could allow for lepton
flavour violation.
Search for H→ µτe/τhad, in categories of 0-2 extra jets.
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H→ µ+µ−

Search for di-muon
resonance in ggF and VBF
like events.
b-veto to reject tt
MVA to identify VBF-like
events,
to enhance significance
categorisation in pµµT , ηµ

and the multivariate
discrimant to identify VBF.
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H→ µ+µ−

For mH = 125 GeV:
Signal Background S/

√
B FWHM Data

Central low pµµT 10.9 7400 0.13 5.6 GeV 7885
Non-central low pµµT 31.6 36000 0.17 7.0 GeV 38777
Central medium pµµT 23.4 6200 0.30 5.7 GeV 6585
Non-central medium pµµT 66.5 29000 0.39 7.1 GeV 31291
Central high pµµT 15.5 3300 0.27 6.3 GeV 3160
Non-central high pµµT 39.7 13000 0.35 7.7 GeV 12829
VBF loose 3.4 250 0.22 7.6 GeV 274
VBF tight 3.4 71 0.40 7.5 GeV 79

Signal Strength Limit
µ @ 95% CL

13 TeV: −0.07+1.5
−1.5 < 3.0 (3.1)

7+8+13 TeV: −0.13+1.4
−1.4 < 2.8 (2.9)

ATLAS-CONF-2017-014

Event yields in mass window around
peak position (mH = 125 GeV)

expected

observed

prediction of the simulation
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2nd, 3rd generation couplings
Measured signal strength µ and 95% CL limit on σ × Br relative to
the SM expectation for mH = 125 GeV:

CMS H→ µµ 7 + 8 TeV
[Phys. Lett. B 744 (2015) 184]

ATLAS+CMS H→µµ 7+8 TeV
[JHEP08(2016)045]

ATLAS H→µµ 7 + 8 + 13 TeV
[ATLAS-CONF-2017-014]

0.8+3.5
−3.4

0.1± 2.5

−0.13± 1.4

< 7.4

< 2.8

ATLAS H→ ττ 7 + 8 TeV
[JHEP 04 (2015) 117]

CMS H→ ττ 7 + 8 TeV
[JHEP 05 (2014) 104]

ATLAS+CMS H→ττ 7+8 TeV
[JHEP08(2016)045]

1.43+0.42
−0.37

0.78± 0.27

1.11+0.24
−0.22

ATLAS VH H→ bb 7 + 8 TeV
[JHEP01(2015)069]

CMS VH H→ bb 7 + 8 TeV
[Phys. Rev. D 89, 012003 (2014)]

ATLAS VBF H→ bb 8 TeV
[JHEP 11 (2016) 112]

ATLAS+CMS H→bb 7+8 TeV
[JHEP08(2016)045]

ATLAS VH H→ bb 13 TeV
[ATLAS-CONF-2016-091]

ATLAS VBFγ H→ bb 13 TeV
[ATLAS-CONF-2016-063]

CMS VBF H→ bb 8 + 13 TeV
[CMS-PAS-HIG-16-003]

0.52± 0.4

1.0± 0.5

−0.8± 2.3

0.7+0.29
−0.27

0.21± 0.50

−3.9+2.8
−2.7

1.3+1.2
−1.1

0 0.5 1 1.5 2 3 5 7
µ

< 1.4

< 1.89

< 4.4

< 1.2

< 4.0

< 3.4
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Summary

First searches for H→ bb, µµ using 13 TeV data performed.
No deviation from SM predictions observed.
Not yet senstivie to H→ bb (assuming SM couplings).
Not all analyses updated to all available data
→ updates in the very near future.
By the end of this year, 13 TeV data expected to double at least.
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VH,H→ bb – ATLAS

=125 GeV
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ATLAS-CONF-2016-091
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VBF mbb and BDT output
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VBF – CMS categories

BDT boundary values
SingleB DoubleB

Cat. 1 Cat. 2 Cat. 3 Cat. 4 Cat. 5 Cat. 6 Cat. 7
0.28 – 0.72 0.72 – 0.87 0.87 – 0.93 0.93 – 1.0 0.36 – 0.76 0.76 – 0.89 0.89 – 1.0

Data 25298 5834 1281 302 69963 9831 1462
Z +jets 49± 4 12.5± 2.0 4.1± 1.1 1.7± 0.7 448± 11 50± 4 8.4± 1.7
W +jets 25.8± 3.5 1.6± 0.9 0.1± 0.1 <0.1 74± 6 4.6± 1.3 0.9± 0.6

tt 53± 1 5.1± 0.2 0.7± 0.1 0.2± 0.04 534± 2 22.6± 0.4 1.1± 0.1
Single t 52± 1 9.7± 0.5 1.8± 0.2 0.4± 0.1 221± 3 23.2± 0.8 1.8± 0.2

VBF mH(125) 19.5± 0.2 13.7± 0.1 7.2± 0.1 4.2± 0.1 21.7± 0.2 10.5± 0.1 3.8± 0.1
GF mH(125) 5.5± 0.2 1.8± 0.1 0.6± 0.07 0.2± 0.04 18.7± 0.4 3.1± 0.1 0.6± 0.07

CMS-PAS-HIG-16-003
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VBF mbb fit – background hypo
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VBF+γ, H → bb

BDT response
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Φ→ τ+τ− – signal categories
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Φ→ τ+τ− – Combined limits
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Φ→ τ+τ−

In some MSSM scenarios, coupling to down-type fermions enhanced
→motivates search for scalar boson in association with bottom.
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Φ→ τ+τ− – signal categories
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Φ→ τ+τ− – Combined limits
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H→ µ+µ−
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H→ µ+µ− – fit results
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