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Outline

This talk will focus on the 2HDM H > WW = evuv results made
public in March by ATLAS: https://cds.cern.ch/record/1525887

Theory
— Motivation
— Phenomenology of the
Two-Higgs-Doublet Model
— Calculation of cross sections
and branching ratios

Event selection

Usage of Neural Networks

Results of the WW 2HDM analysis
Charged Higgs searches and MSSM



ATLAS Detector

Total Integrated Luminosity [fo
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Day in 2012

> 93% recorded data
good for physics
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CMS Detector

SILICON TRACKER
Pixels (100 x 150 pum?)
e e C o r ~1m? ~66M channels

Pixels
Tracker
ECAL
HCAL
Solenoid

Muons

~13000 tonnes

Total weight
Overall diameter
Overall length
Magnetic field

Microstrips (80-180um)
~200m? ~89.6M channels

SUPERCONDUCTING
SOLENOID
Niobium-titanium coil
carrying ~18000

HADRON CALORIMETER (HCAL)
: 14000 tonnes Brass + plastic scintillator

~7k channels

CRYSTAL ELECTROMAGNETI(
CALORIMETER (ECAL)
~76k scintillating PoOWO, crystals

PRESHOWER
Silicon strips
~16m? ~137k channels

FORWARD
CALORIMETER
Steel + quartz fibres
~2k channels
MUON CHAMBERS
Barrel: 250 Drift Tube & 480 Resistive Plate Chambers
Endcaps: 473 Cathode Strip & 432 Resistive Plate Chambers




Analysis Motivation
2anel
Theory of the 2HDM
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Motivation for 2HDM

Higgs-like boson discovered at m, = 125 GeV, announced on July 4th, 2012
* Arising question: Is it the SM Higgs boson or is it part of a richer scalar sector?

CP-symmetry violation
* The amount of CP-violation in the
CKM matrix is enough to explain the
observed size of CP-violation in the B

\W. 43
= ; ;

7N

Superstrings?

Unified Separation Atoms Today

forces of forces GlHpEEl an d K meson SySte m.
e | e e * However, it is too small to generate
Time 108s 10%s  10™S 300S 300000Yrs 10°yrs 15X10°yrs the Obse r‘va ble ba r‘yon asym met r‘y in
Energy 107TeV 103TeV 1TeV o3MeV 1eV smeV o.5meV

the Universe.

- Need additional source of CP violation
- More degrees of freedom available for example in 2HDM

By adding a second Higgs doublet to the SM, the 2HDM is one of the easiest
extension of the SM.
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2HDM

Pa ra m ete rS Of 2 H D M S neutral/CP-even scalars:

» h =light scalar
» H = heavy scalar
* The softly broken Z, symmetric 2HDM potential: + A, H*

Y =m? ®1®; + m2,0ld, — [mZ,®] 0y + hoc] + 1A (®]0))2 + 1y (DL,)?

F25(@101) (]82) + Aa(@]@2)(@[01) + { IAs(@[@2)? + hc.}

e 2 parameters: mixing angles o and
( h) _ (— sina cos a) (¢1> 1,49 CP-even fields
H cosa  sina ) \ Yo Y1, X2: CP-odd fields
A — sin COS (
= g . A (X tan § = =
G cosfp  sinfB /) \ xo V1
G+ _ [cosfB —sinf CIDI—L
H* ) \sinp cosf b
* Exclusion limits on H depend on o, f and m,,

—> It makes sense to choose several values of tan §
and plot exclusion limits in the cos o vs. m, plane



Type | and Type Il of the 2HDMs

* 2 models with natural flavour conservation: "type I" and "type II"

2HDM

— Inthe type | 2HDM, all quarks couple to just one of the Higgs doublets

— In the type [l 2HDM, the Q = 2/3 right-handed quarks couple to one
Higgs doublet and the Q = -1/3 right-handed quarks couple to the

other.
Relevant couplings
Coupling Type 1 Type 11
&Y sin(f8 — « sin(f8 — « Tree-level couplings of the
h
& cosa/sinf | cosa/sinf neutral Higgs bosons to
f;‘f COS a/ sin 5 _4in a/ sin 5 vector bosons, up-.and
- down-type quarks in the
& C.OS<B - oz) C.OS<B - Oé) type | and type || 2HDM
£ sina/sin 8 | sina/sin models.
3 sina/sin 8 | cosa/ cos

MSSM is a Type Il 2HDM at tree level



The Fermiophobic Higgs Model

arXiv:1207.1130 [hep-ex]

Type | has a fermiophobic limit & [ Medon Bxpected | CMS Y5 <7 TeV ]
for COS(Q.) — O and Cos(ﬁ) — O ?CD u —S:)zeg(zicted N — L=4951f"
O 10F =20 Expected
.'E
Coupling Type 1 Type 11 -
&y sin(8 — «) sin(8 — «) i\g 1
'3 cosa/sinfp | cosa/sinf S F
3 cosa/sin 8 | —sina/sin
3 cos(B— o) cos(B — o) T _
3 Sina/smpB | sina/sinf 107 =
&4, | sina/sing | cosa / cos 3 100 150 200 2r5r(1)H e e\?)oo
20 Exclusion: 110 GeV — 194 GeV
After the discovery of the Higgs-like boson the purely More about the
fermiophobic scenario is no longer realistic because the new fermiophobic searches

particle couples most probably to fermions and bosons > Talk from Adrian Perieanu
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Analysis Strategy
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Analysis Strategy

2HDM

* Search for H in the decay mode | neutral/cP-even scalars:
» h =light scalar

H%WW%EVM’V > H = heavy scalar

+ A, H*

* Include h as a "measured"
part of the signal hypothesis

e Ensure consistent treatment of h and H in the
model wrt the parameters of the model

For this analysis we assume:
The boson found at m,, =125 GeV is the h of a 2HDM.
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Experimental Channels

* Inthe general 2HDM scenario both production modes
are relevant:

go-fusion VH (VH/VBF = 2 %)

0 jet bin 2 jet [bin

=» Analysis contains the 0 jet channel and the 2 jet channel.
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Scaling of Cross-Sections and Branching Ratios

We need to calculate the expected event yields as a function
of the couplings for both Higgs bosons h and H.

xs for VBF in 2HDM: 0/ g (VV — h/H) = o5y (VV — h/H) X (f}‘L//H)Q In

g q
: . Using SusHi where 2HDM option is available v e o
s for ggF in 2HDM: Robert Harlander et al. arXiv:1212.3249 g f
I'(H
Decay: BR, g(H— WW) = ( F_> ww)
total

B Tsm(H — WW)(&) 1)

- Tsm(H = VV) x (&) + Tsm(H — bb) x (&)

B BRsm(H — WW)(&) )?

~ BRsu(H — VV) x (6 ;)% + BRsu (H — bb) x (€] )?
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O X BR for the heavy Higgs boson H

Parameter fixed at
Typelandtanp =1

og(g9F — H) x BRy(H - WW)  og(WW — H) x BRy(H — WW)
o x BR [pb] & x BR [pb]

| 3
Gluon fusion 71
o 12
© 0.5
0.8

Vector boson fusion

_0.5 0.4
ypel |8
150 200 250 300 50 200 250 300
N s A 4 s A 4
D My T miee
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O x BR for the light Higgs boson h

Parameter fixed at
Type land m, = 125 GeV

on(ggF — h) x BRy(H — WW)  o,(WW = h) x BRy,(H — WW)

_——-.-w

Type |

Type | Vector boson fusion

Gluon fusion

06 June 2013



event Selection
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Object definition

Using L =13 fb! of 8 TeV pp data from ATLAS

Electron Selection
Calorimeter clusters matched to tracks
Track must match primary vertex and

must be isolated

Energy taken
from the
calorimeter clusters

R=1082 mm

Position taken
from the
track

R=0mm

Muon Selection
Matched tracks from Inner Detector
and Muon Spectrometer
Energy from ID must agree with MS
Tracks must be isolated

"0

Outer

Slmal'l ' éig '
Wheel Wheel Wheel

Jet Selection
Anti-kt algorithm with R =0.4
Jets must have highest p; tracks
associated to Primary Vertex
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Preselection

Preselection cuts are in common with SM H> WW.
These cuts remove large amount of background before moving to Neural Networks.

p;(l,)>15GeV, |n.|<2.47

Invariant mass of the
two leptons: m(l)>10GeV

CATLAS

1A EXPERIMENT
RunN::ti-er:189483, eeeeeeeeeeee 1 90659667 pT(|1)>ZSGeV’ |T]M|<2.4

i —AR
Efrn,lrsesl > 25 GeV to supress QCD, Z+jets, Drell-Yan 77 events - //‘,7"
Emiss _ Egrniss Sin(A(rbmin) if A¢min < 7T/2 /,/’, ’f{ec. Br Brrel

T,rel — E{Fniss if Admin > 7T/2 - N "
AFE l

Admin 1s the min angle between Ep i and a lepton or jet e



Analysis channels

0 fiet [oin

e Additional cuts after the

preselection(> common
selection for all jet bins as in WW

SM analysis) :
— Ojets
— [ Ap(lLl) [ <2.4
— m(ll) <75 GeV
6 Input variables

Choice of variables was optimised
according to exclusion power

Evaluate Neural Network in
— WW control regions
— Signal regions

2 fiet [oin

e Additional cuts after the

preselection (= common
selection for all jet bins as in WW
SM analysis):

— 2jets

— Btagveto

— Opp. Hemispheres

— m;< 180 GeV

— m(/l) < 80 GeV
9 Input variables

Choice of variables was optimised
according to exclusion power

Evaluate Neural Network in
— Top control regions
— Signal regions
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Input variables

Process 0 jet 2 jet Top . Ww .
Signal processes control region control region

for training (here for Signal (my = 125 GeV) 255+0.50 5.52+0.71 1.35+0.19 0.76 £ 0.13
g Signal (mg = 150 GeV) 470 + 140 76 £ 19 209 +£5.7 16.1 £3.9

tanf} = 3, o = 7t/2) WW/WZ/ZZ|Wy[Wys 1140290  63+18  221+62 1170+ 310
y ZIy* +jets 4115 194272 84 + 31 15.7 + 6.4
Background processes W Hets 135+£58  234+97  183%76 78 + 32
for training {7/t W] th tqb 175£49  168+77 1760440  313+97
Total background 1490+420 450180  1890+480 1580 +450
S/B 0.31 0.18 - -
Observed 1815 483 1986 1725

 We trained the 2HDM signal, which is the light Higgs boson plus the heavy
Higgs boson in the case of the 2HDM, against the background processes.
The SM signal did not go into the training and the limit calculation.

e The SM signal with a mass of 125 GeV was only used in the distributions
of the input variables and the NN output to illustrate the modeling and
comparing with the SM WW analysis.

* We fitted the processes with the SM signal included separately. The
SM signal fit value is

e 1 =1.58=+0.75 inthe 0 jet channel (SM WW analysis = 1.5 + 0.6)

e 1 =1.30+1.12 inthe 2 jet channel
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Input variables in SR with SM signal
normalised to fit value

O jet channel:

2 jet channel:

Events / 10 GeV

signific.

Significance of
difference between
data and
expectation
Following the
advice of the
statistics forum:
http://arxiv.org/
abs/1111.2062

signific. / Events /60 G

1
OCDOCO

L
ATLAS Preliminary [Ldt=13.0fo" (s=8 TeV

H—-WW-—-evuv +0 jets ® Data
Il SM Higgs mh=125 GeV

[ W+ets
B 2/ +ets

Ctwtitg/tb
. Il WW/WZ/ZZ/Wy Wy *

1 SM (sys @ stat)
Z

/////

100
x2-prob.: 25 %

150

200
my [GeV]

~ ATLAS Preliminary fL dt= 13 0 fb \F—B TeV ]

H—-WW-—evuv + 2 jets @ Data
Il SM Higgs m, =125 GeV J

] WHiets
B Z/y*+jets

[l twiag/b
[ WW/WZ/ZZ/Wy Wy

SM (sys @ stat)

150

s

100

50

200
38 %

600 800

x2-prob.: m(jj) [GeV]

Events / 5 GeV

signific.

Events / 5 GeV

signific.

300 T T T T T T3
- ATLAS Preliminary [ L dt = 13.0 fb™ Vs=8 TeV 4
- ® Data H—=WW-—evuv + 0 jets 1
- I SM Higgs m =125 GeV 4
L [ 1 WH+jets i
| I Z/y *+jets ) .
200} gsite o _
Z/ZZ/Wy/Wy 7
[ Z2sm (sys ® stat) (

///////
,,,,,,,

100

W o W
T

20 40 60
¥E:prob.: 27 % m(ll) [GeV]

ATLAS Prefiminary [ Ldt=13.0 o (s=8 TeV |
® Data H—-WW-—evuv + 2 jets ]
Il SM Higgs m =125 GeV 7]
[ Weets
B Z/y *+jets
CI tWirtg/tb
B WW/WZ/ZZMWy Wy *

/////

SM (sys@stat) e |
40 vvvv 7 / “Y /////
2{0] P
0
3
0 ........ JTL......- -------- 1:'-——
-3
20 40 60 80
x2-prob.: 87 % m(//) [GeV]



Diboson CR with SM signal (0 jet bin)

« The WW control region is defined through all events passing the

full selection but we require: m(ll) > 80

* To reduce Z+jets an addition cut has been required: P.(Il) > 30 GeV

Events / 25 GeV

signific.

—r [ T ¢ [ T T T
ATLAS Preliminary [ L dt=13.0fb" {s=8 TeV

H—-WW—evuv + 0 jet ® Data ]
400 ovey +0 Jets [ SM Higgs m =125 GeV -:
[ W+jets
Bl Z/y*+jets 4
[ f/Wiitq/tb i
I WW/WZ/ZZ/Wy/Wy*
SM (sys @ stat)

W2 '/;

/////
//////////

/////

100 200 300 200
x2-prob.: 9 % my [GeV]
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Events / 15 GeV

signific.

L L I L L L L I L L L L I L L L L I L L L L
ATLAS Preliminary [ Ldt=13.0fb" (s=8 TeV

400 H>WW—evuv + 0 jets @ Data

[ SM Higgs m =125 GeV

h

[ W+jets

B z/y* +jets

[ /Wtitq/tb

B WW/WZ/ZZ/Wy /Wy *

SM (sys @ stat)

—100 150 200 250 300
x2-prob.: 4 % m(ll) [GeV]
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Events / 40 GeV

signific.

Top control region with SM signal (2 jet bin)

The top control region is defined through all events passing the full
selection but instead of the b-jet veto, at least 1 b-tagged jet is required.
Using top CR to fit the top MC simultaneously during the limit calculation.

600F

L] L] L] L] L] L] I L] L] L] —
| ATLAS Preliminary [ Ldt=13.0fb" Vs=8 TeV |
i H—>WW—>eva + 2 jets

® Data -
[ SM Higgs mh=125 GeV ]

j/ [ JWH+ijets
400 B 2/ +ets .
[ [CJtwitq/tb
I WW/WZ/ZZ/Wy Wy *
77 SM (sys @ stat)
22()() //////
0
3
0
-3
0

¥2-prob.: 8 %
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Events / 6 GeV

signific.

300}

| I SM Higgs mh=125 GeV

® Data

L [ ] WH+jets
L B Z/y*+jets

200.— [ tt/Wiitg/tb

L WW/WZ/ZZ/Wy /Wy
/)

E ATLAS Prellmlnary f L d’[ = 13 0 fb1 \s=8 TeV
H—-WW-—evuv + 2 jets |

y ///////////// ///
VI PAI

S S S S
/////////// ///////

///////

ﬂ 7] SM (sys ® stat) -
1 OO | ./,/,/ ,,,,,,,, _
0 ——
3 e e e e e e e e e e e e e e e e st e e st e et L L L E e e e e e e e e et eaaeees
B I e
0 20 40 60 80

x2-prob.: 46 %

m(ll) [GeV]
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Training or the Neural Network
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Neural Network

O jet bin 2 jet bin
m(jj)
- m (1)
m(11) o
pT(ll) pT
AY ()| pril)

Episs ()]

n(y| P

tot __ tot

6 hidden nodes

Sigmoid function

s(x)

NENENENENEN

.
Pt = |pit| = [p% + p + Py + Py + P

mr =/ (Br(t6) + Ex(vv))? — (pr(te)

<phi-t>® Implementation with NeuroBayes

* The contribution of VBF is very low in
the O jet bin

- Signal production mainly through ggH

 Adding 2 jet bin to include the VBF
production and gain sensitivity.

VBF not included

ggH not included

S [ ATLAS preiminary Vs=8TeV ]
Output, S O4ELTNZL ™™ TImne
Target £ i
©
T t(Z) =
@
s(x)
a, % 02 04 06 08 1
NN output
Weights
Training Training
in O jet bin: in 2 jet bin:
ggH as signal VBF as signal

)2 with Bx(e0) = /p3(00) + m2(¢0)
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Using three networks

3

Three neural networks have been used 77} !
. . . O [

for the 0 and 2 jet bin respectively © 0.9}
. of
* NN @ 180 GeV: 165 GeV — 200 GeV :
-0.5

The mass resolution in the WW—>evuv -1

decay channel is very limited.
The combination of three networks is
sufficient to cover the whole mass range

without loosing sensitivity (~ 1%).

Signal samples are available in steps of M, =

d

5 GeV

150 200 250 300

20 GeV

Mockup for lllustration



Event fraction / 0.07

Event fraction / 0.07

Templates of the NN Output Distribution

Legend:

NN trained @
m, = 150 GeV

]
[ ATLAS Preliminary Vs=8TeV 1

- H-WW—evuv + 0 jets — 2HDM m,=150 GeV
0'2:_ NN @150GeV — 2HDM m =125 GeV _:

N background ]
0.15F ]
0.1F -
0.05F v
L n P P . h

%Y 0z 04 06 08 1
NN output
]
0.4} ATLAS Preliminary Vs=8TeV —

0.3

P

0.2

0.1F

[ H>WW—evuv + 2 jets
F NN @150GeV

— 2HDM m,=150 GeV ]

— 2HDM m=125GeV ]

— Total background

08 1
NN output

Event fraction / 0.07

Event fraction / 0.07

—— Heavy Higgs

0.3

0.1

0.2

—— Light Higgs

NN trained @
m,, = 180 GeV

——————————
Vs =8 TeV

— 2HDM m,=180 GeV

—————r
__ ATLAS Preliminary
| H>WW-—evuv + 0 jets

. NN @180GeV — 2HDM m,=125 GeV

— Total background

Y02 02 06

0.8 1
NN output

0.4

0.3

0.2

0.1

T
s=8TeV A
— 2HDM m,=180 GeV _]

T
- ATLAS Preliminary
[ H>WW-—evuv + 2 jets

[ NN @180GeV — 2HDM m,=125 GeV

— Total background

Y02 "0z 06

0.8 1
NN output

Event fraction / 0.07

Event fraction / 0.07

—— Total background

NN trained @
m,, = 240 GeV

0.1

7
Vs=8TeV ]

— 2HDM m,=240 GeV

————
ATLAS Preliminary
H—=WW-—evuv + 0 jets

NN @240GeV — 2HDM m,=125 GeV

— Total background

0.4

0.3

02 04 06 08 1
NN output
ATLAS proiminary | (s=87TeV

H—-=WW-—evuv + 2 jets
NN @240GeV

— 2HDM m,=240 GeV 7}
— 2HDM m,=125 GeV

— Total background

_LIIIIIII

S
NN output

0.6



NN Output in the 0-Jet Channel

NN trained @
m, = 150 GeV

NN trained @
my = 180 GeV
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Events / 0.07

signific.

Events / 0.07

signific.

400F———T————T—
ATLAS Preliminary f
H—=WW-—evuv + 0 jets
NN @150GeV

—r T T T T T T
Ldt=13.0fb" Vs=8 TeV 1
® Data i
Il SM Higgs m =125 GeV |
[ W+jets
B Z/y *+jets
:]tTNVt//\tﬁ/tE
I WW/WZ/ZZ/Wy Wy *
. SM (sys @ stat)

/

,,,,,,

0

3

0 ..................... bocex

-3
0 0.2 0.4 0.6 0.8 1
x2-prob.: 90 % NN output

T T T T T
600} ATLAS Preliminary f
L H-WW-—evuv + 0 jets
L NN @180GeV

400

200

(@)

T T T T T
Ldt=13.0fb" Vs=8 TeV
® Data J
Il SM Higgs mh=125 GeV |
[ ] W+jets

B Z/y*+jets

I t/wiitg/tb

[ WW/WZ/ZZ/\Wy MWy *
SM (sys @ stat)

w o W

0 0.2 0.4
x2-prob.: 84 %

0.6 0.8 1
NN output

Events / 0.07

signific.

NN trained @
my, = 240 GeV

——7T——Tr 7
400 ATLAS Preliminary [ L dt = 13.0 fo”' {s=8 TeV ]
H—-WW-—evuv + 0 jets ® Data ]
NN @240GeV Il SM Higgs mh=1 25 GeV
S I W+jets
300 700 B 2y +jets
[ tt/Wiitg/tb

- ERWW/WZ/ZZ/\Wy/Wy*
200 e SM (sys @ stat)
100
0
3
O .............................
-3
0 0.2 0.4 0.6 0.8 1

x2-prob.: 76 % NN output



Events / 0.07

signific.

NN Output in the 2-Jet Channel

NN trained @
my, = 150 GeV

L A N AL NN B
- ATLAS Preliminary [ L dt=13.0 b (5=8 TeV 1 S5
F H->WW-—evuv + 2 jets @ Data 1 o
200 - NN @150GeV Il SM Higgs mh=125 GeV ~
L [ W+ets 2
B Z/y*+jets c
F Cttwtig/tb g’
B WW/WZ/ZZ/Wy Wy * w
[ SM (sys @ stat)
100R
0
3 Je!
0 'c
3 2
3 g
0 0.2 0.4 0.6 0.8 1
x2-prob.: 6 % NN output

Evaluate NN for the 2 jet bin
in Top control region
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NN trained @
my, = 180 GeV

NN trained @
my, = 240 GeV

NN output

L L L L L L L L
ATLAS Preliminary [ L dt = 13.0 fo™" Vs=8 TeV 5 ATLAS Preliminary [ L dt =13.0 fo" Vs=8 TeV |
H->WW-—evuv +2jets e Data 1 o H-WW-—evuv +2jets e Data
NN @180GeV I SM Higgs m =125 GeV | I 200F nN @240Gev I SM Higgs m =125 GeV ]

- ] W+jets - _.cg ///// [C]W+jets b
v B Z/y*+ets [ B Z/y*+ets
I fwira/itb 4 I wia/tb
W WW/WZ/ZZ/Wy Wy * ] W WW/WZ/ZZ/Wy Wy *
SM (sys @ stat) SM (sys @ stat)
g 8 —le
= e I
5 9 ] o
=9 '(7’ =9|
0 02 04 06 08 1 0 02 04 06 08 1
x2-prob.: 16 % NN output x2-prob.: 7 % NN output
L L L L
5 1000F arLAS Proiminary JLdt=13.0fo" Vs=8 TeV]
o [ H>WW-—evuv + 2 jets (CR) ]
~ I NN @150GeV e Data
ﬂ Z Il SM Higgs mh=1 25 GeV
GCJ & 1 W+jets
S [ 7 Wl Z/y*+ets
— W 500 [ Wi/ .
I » B WW/WZ/ZZMWy Wy *
7 SM (sys @ stat)
G PP | /I'
9] 3
= 0
(o)) n
2 3
0 0.2 0.6 0.8 1
x2-prob.: 14 % 29



Systematics
Alpl
exclusion linnits in the 2H

0000000000

DIV



Rate and shape systematics

_llIIIIIIIIIIIIIIIIIIIIIIIIIIIlllIIIIIIIIIIIIllII_
: R R - l
§ _ Rate systematics
§ rate uncertainties Z
\ %//- Process WWIWZ|ZZ|Wy|Wy*  tt/Wt/tg/tb DY/Z+jets
X
x v v Z Tet modellin 0-jet bin 3% 14% 10%
% é g 2-jet bin 11% 37% 12%
% . . / Lepton modellin 0-jet bin 2% 2% 0%
N shape uncertainties / P  2jetbin 2% 2% 2%
7 Z Lumi 0-jet bin 4% 4% 4%
: Z 2-jet bin 4% 4% 4%
%::‘:E}’i‘;\%‘\"\ﬁ\;\\\ \}\-}%\‘a}i{‘“‘ﬁ S 4:-:-.-.-1{5:?:%5’. - 0-jet bin 6% 6% 6%
2-jet bin 5% 7% 5%
. . . 0-jet bi 1% 3% -
> Rate systematics give histogram Generator 2_;:“)2 v - ]
templates freedom to move vertically _  Oletbin 0% 1% 0%
. . Pile-up modelling o
only. All bins move in a synchronous, 2-jet bin 1% 1% 1%
proportional way. Parton Shower  CC DIl - 7% -
2-jet bin - 13% -
. 0-jet bin 8% 18% 14%
> Sh‘ar_)e systgmatlcs ’allo_w templates Total et bin 1% % 4%
to ‘slide horizontally’ (bin by bin). Cross section 25% 2% 3%

—> distortion
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Exclusion limit in the cos a vs. m plane

* Use CL, method to compute confidence level for

each triplet (tan 3, cos o, m,)
* Plot exclusion contours in the cos a. vs. m, plane
Only expected

Expected
exclusion
limit of 99%
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y bin width =0.1

—~ 1_- | T SRR s S e 7
g - ‘L*di\,:\13fb‘1 Vs=8 TeV . - ].<_
) [ oy <
@) i \ 18
© 0.9 -- Exp.95% CL | ©
| : 18
[ _ )
i ‘ 19
- Exp.99%CL [ =
0 ; 1=
' ! o)
= i (Sl
i ! o
\ € >
0 1=
-0 =
\ ---------------------- - O
\ . i ———
|

-1

—

!

150 200 250

300

H_"\ m,, [GeV]
H e

X bin width =5 GeV

X bin width = 20 GeV

Expected exclusion
limit of 95%
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y2HDM/ySM
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BR

Charged Higgs

* W bosons decay equally to the 3 lepton generations

Searches for charged Higgs bosons .
can also provide limits on 2HDM's.

* H*may predominantly decay into Tv
Ratios between e+t, 4 and e+u, as well as between
u+t, .4 and u+e final states are measured

arX|v 1212 3572 [hep ex]

— 0.1 T T ™ =
. ) . S 009 ATLAS Data 2011 E
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High-mass Higgs searches

The 2HDM as well as singlet model predicts the existence of
additional resonances at high mass

arXiv:1304.0213 [hep-ex]
CMS \s=7TeV, L<5.1fb" \s=8TeV, L<5.3fb"

2102 ‘R AMAAMAAL) ARALALAAS ILNLNLNLN NS ELALELEL LR I IR
o - | — Observed -
B [ | e Expected Z
* Forspecial parametersthe ¢ - | Expected = 10 .
heavy Higgs boson is hadY, Y A Expected + 20 <
SM-like. € - 5
* Decay channels: j i
HOWW & H>Z77Z O -
* Exclusion range: 2 1
145 <m <710 GeV 603 -
10™




MSSM

* Type ll 2HDM describes the Higgs sector of the MSSM.
e Unlike the 2HDM, the MSSM predicts a partner for every SM particle.
* Inthe MSSM the Higgs sector is defined by 2 parameters: tanf3 and m,

HHYA° Exclusion limits in the MSSM parameter space of M, and tanf

pp—=>bH+X h/H/A 2 1t

h/H/A=>bb  arxiv:1302.2892 [hep-ex] CMS PAS HIG-12-050
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Summary

First dedicated 2HDM analysis at LHC (ATLAS-CONF-2013-027
— Analysis with 13 fb!

— Calculated exclusion limits in the cos a vs. m,, plane for different values of
tanf

— Can exclude large parameter range for the Type | and Type || 2HDM

Constraints of the BR of the charged Higgs boson H*
High-mass Higgs searches = Exclude SM-like resonances
Exclusion limits of the MSSM in the tanf3 vs m, plane.
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Scaling of Cross-Sections and Branching Ratios

 We need to calculate the expected event yields as a function of the couplings
for both Higgs bosons h and H.
* Signal is simulated by rescaling the cross sections and branching ratios of the
SM Higgs according to the three 2HDM parameters: a, 3, m,,.

a a

xs for VBF in 2HDM: 0/ g (VV — h/H) = o5y (VV — h/H) x (fX/H)Q I

a a

g
xs for ggF in 2HDM: l, Z}> 777777 "
g

o u(99F — h/H) = osn(99F — h/H) x {wi (& 5)° +wo(&f ) + @tbfﬁ/ﬂﬁg/ﬂ}

g
- 1 g
Decay: BRj,/y(H— WW) = ( F_> ww) :}> "
total 9

. Laaa(H = WW)(&5, )
- Tsm(H = VV) x (fﬁ/H)Q + Fsm(H — bb) x <€g/H)2
B BRsm(H — WW)(&} )
06 June 2013 BRsu(H — VV) x (SZ/H)Z + BRgm(H — bb) % (é’,’ff/H)Q 42




Decay width for 2HDM (Type |)
heavy Higgs boson

tanp = 1 . [GeV] tanp = 3 . [GeV]
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Decay width for 2HDM (Type Il)

heavy Higgs boson

cos(a)

In the Type Il 2HDM
the decay width

remains below 12 GeV.
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Decay width for 2HDM
light Higgs boson

Type |

06 June 2013
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Using Neural Networks to improve sensitivity

Sigmoid function s(z) = l+e- ! . '

S (m) s(x)

(—o00,+00) —> [—1,+1] ﬂ
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[ Target § . ]
] 2
s(x) 0.1
| ]
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Weights
] 8 NN output
Input Hidden Layer Minimising the quadratic loss function
. 1 S 2
6 hidden nodes E=- E (t(Z;) — T3)
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. ®
UIBEY  /mplementation with NeuroBayes Known targets
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Exclusion limit for 2HDM (Type )

Type I Type 11
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Exclusion limit for 2HDM (Type Il)
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Expected significance in Gaussian S.D

Expected significance in Gaussian S.D. Expected significance in Gaussian S.D.
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