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10 ATLAS 2011-12  {s=7-8TeV
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On 4th July 2012 a new particle was found.

— Observed @sxmmsw 10

Today: It's pretty much SM-Higgs like.
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i http://arxiv.org/abs/1207.7214
But that does not explain. .. ATLAS Prelim. [=7)_ ™ Total uncertainty
m, = 1255 GeV :g(l;:" , [ tloonp
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. Dark matter/ dark energy. T
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.Matter/ antimatter asymmetry.

WZH - bb

H — T (8 Tev dataonly) [ ©F
H=14%8

Combined

. The hierarchy problem. s oona

Comhmed

G=7Tevfun=464sw' -0.5 0 05 1 15 2
=8Tev fLdt=203 10" Signal strength (1)

https://cds.cern.ch/record /1670012
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Popular SM extensions WUPPERTAL |

In the 2HDM one has two, complex scalar SU(2) doublets ®; = (¢, &9)7
Assuming no FCNC and lepton flavour violation this leads to. ..

CP even: h, H my, mp: CP even masses

CP odd - A ma : CP odd masses
myu+ : Charged masses

Charged: H* «a : Mixing angle

tan 3 : Ratio of vev's

The Higgs sector of the MSSM s

equivalent to the 2HDM, but is MSSM constraints

constraint. —-5<a<0

...and it has of course SUSY
particles. man = 3(ma +m% F VA)

my+ = ma + m%,, with

_ 2 22 2 02 2
A = (my + m%)? — 4mam% cos®(2/3)
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Generic Model Searches

Intuitive idea: look for Search channels:

another, (heavier) Higgs X — 4y arXiv:1407.6583
boson. H— WW — prev ATLAS-CONF-2013-067
H— ZZ - 4/ ATLAS-CONF-2013-013

The search range varies

between: Analysis strategies:

65 GeV — 600 GeV for X =7y cut based, m fits
X = 7y H—> WW — prerv cut based, mt fit
H—ZZ - 4 cut based, my, fit

200 GeV - 900 GeV for
H—-ZZ -4

260 GeV — 1000 GeV for
H— WW — urev

Similar analysis strategies
have been applied.
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The X — ~~ search

Mass range:

,"T Errrrrrrrrrrrrrr T T
. 3 2009
Low mass region: 4] 1509
N 1600|
65 GeV < myx < 110 GeV £ 00
. . Z b+ oua
High mass region g st ]
110 Gev < mx < 600 Gev E 1810 15 130 1% e
Fs=8 TeV,ILdt =203? B
BaCkgrou nds: gi;atinuum+Hﬂt (m, =125 GeV) i I'H ii ”E
. - a0 Continuum+H fit (m, = 250 GeV) | |
Irreducible:  q§/gg — vy 1 o zpoocen [ S
Reducible: DY prod. of eTe™ pairs 100 200 400 500600 700
. . . my, [GeV]
~v+jets and jet-jet events o
g % e = Observed 109
. & 107y -~ Expected
Selection: R
Two ~'s with high pr S L
. ) . ) , E Vs=8TeV, [Ldt=203 0"
Strong isolation criteria for +'s : :

|
600
m, [Gev]

, , |
00 200 300 700 500

Low mass: Three photon categories

71/2
T
m

No evidence for an additional scalar

High mass: Relative cuts on diphoton resonance can be seen!
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The H — WW — uver search B s

= 10 T T T
= ATLAS Preliminary X
& H-WW - evpy, SM width ;fﬁ'ggpng
; 1| Vs=8TeV [Ldt=20.7 fo* E:}z %6R
260 GeV — 1000 GeV E
E
3101
N :
§ L
i F y2
Dominant:  WW and tt/Wt S10%

Z/v* = 1T = prev i

. 10”555 %00 500 600700800 600 1000
W+jets m, [GeV]
Minor: WA, wz®) ST — —
s ATLAS Preliminary —— Obs. ggF+VBF
& [ H-ww_evw,NWA 5P 00FHVEF
o =G, xBR
E £
. Eoil
Only prev channel is used SE
8]
. . 2
Two opp. sign high pt leptons 80

Large Emiss:
e
. . . 107300 ~400 500 600 700 800 900 1000
b-jet veto in 1 and 2 jet m,[Gev]
channels

A SM-like heavy Higgs can be excluded up to

642 GeV!
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The H — ZZ — 4/ search WY uwvensinar
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Mass range:

Light Higgs:
80 GeV — 170 GeV
Heavy Higgs:

3 F — =10° T T T
170 GeV - 900 GeV i ., ATLAS Preliminary % ATLAS Preliminary — Obs ggF
g [l Background 22 ConlzZa % vz — ExmoF
L D e B0 faaore B
Backgrounds: wof- Zsystune. ferroviiazaswt | 2 =g Tev oo
| d bl - ZZ s =8TeV:[Ldt = 20.7 b =10
rreducible: /gg — 3
: qq/88 _ :
Reducible:  DY/Z+jets 1
tt
107

o
80 100 120 140

r%‘?YGeV] 200 400 600 800 1000
| G
Selection: m, [Gev]

A SM-like heavy Higgs can be excluded up to
Two opp. sign high pt lepton ~ 650 GeV!
pairs with same flavour

One lepton pair: myy ~ mz

Small impact parameter
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Dedicated BSM searches ! e

Different approach: Exploit
the properties of BSM models

Search channels:

ATLAS-CONF-2014-049

Goal: Find Something or H— WW — uvev ATLAS-CONF-2013-027

exclude parameter spaces .
Advantages of dedicated searches

MSSM: Search for a neutral The 125 GeV Higgs can be included into
Higgs boson in the mass
the model.

range: 90 GeV — 1000 GeV

Higgs states might not be independent of

2HDM: Search for a neutral each other

CP even Higgs boson in the Coupling ratio is fixed in a generic
mass range: analysis, but might be different in BSM
135 GeV — 300 GeV models
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MSSM: & — 77 search : G

3
Low mass region: o £;:Mm1952m
90 GeV — 200 GeV :
High mass region: so—‘,gﬁm. ]

200 GeV — 1000 GeV 20|

<122 GeVr

m,> 128 Gev

Backgrounds:

N flnsnnllncns o sncllonnnilnnnallnana]
00 200 300 400 500 600 700 800 9001000
m, [GeV]

Dominant:  Z/v* — 77

tt, multijets Grey area: Incompatible with a 125 GeV Higgs
; 10° ATLAS P‘rehml‘nam ‘Eza Tev
DY/Z+JetS = Ldt=195-2031% ¢ - 1
‘\1' 102E gluon-fusion e
. 10 T ommeevimi
Selection: g -
; s 20 ]

Three channels: 7.7, TiepThad and w0t ]
Thad Thad 10%
Two Categories: b—tag and b-veto 10765305 300 400 500 600 700 800 s00ig00
mw e’
Mass. reconstruction with MMC Excluded range: o x BR > 29 pb to
algorithm o xBR>7.4fb
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2HDM: H — WIW — v ey search ; UNIVERSITAT

135 GeV — 300 GeV Networks are trained at three mass

points

Backgrounds:
0 jets: WW/ WZ/ZZ/ W")/(*) with 6/9 input variables in 0/2 jet
W +jets channel

2 jets:  tt/Wt/tq/tb 3 ® ny remyce I SR sonseey nnazacen
. e i g —
DY/Z+jets § : g
E : g =
. w 100 + @ . S (s 0 sta)
. é () - = %:. 4 ep |
TWO hlgh PT DF |ept0ns ) 70 50 “ 0 200 400 600 800
] X-prob: 27 % m(l) [GeV] X-prob: 38.% m(j) [GeV]
miss.
Large ET & 03FArias ey e ] S ATLAS (e
o $ MmEmm. fad S g RS
Two VBF tagging jets 2 ot 1% o
Reject b-tagged jets . 18 o4
0.1 =
Usage of artificial neural networks
0.2 0.4 0.6 0.8 1 0.2 0.4 0.6 0.8 1
NN output NN output
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2HDM: H — WW — pvev details = SEAGRIRY

, _— - . ~ . ——
Exclusion limits C) L rnsramnn] 2 "
3 Ldt=131b" /3-8 Tev 8 =137 /58 Tev.
© 0.5 oM Tipe-1tanp=1] © 0.5F DM Type-Il tanp=1-]
H . Hi-WW — evpy H-WW — evpy
Limits are calculated for i b S ’
QF included in the K - Qf included in the i 4
/

type | and type Il 2HDM il v

null hypothesis

-0.5F Cepmea] 08P W o g
— Exp. 99% CL Exp. 99%
P . 3 0bs. 95% CL S - [J0bs. 95% CL
| e Soss 9590k g N 30bs. 99% CL_
Type | Type Il U150 200 250 300 150 200 250 _ 300
m, [GeV] m, [GeV]
Y cos(B—a) cos(B—a)
u sin sin
H sin B sin 8 5 o D 5 T S
d sin cosa g “gosmmaw] 8 F NP
H sin 3 cos 3 S 0.5 S et mpad] O 0.557 oM Typet anpea]
/ sin o Ccos S\ H-WW - evpy A WW - evpy
H sin ,B cos ,B o 'SM Higgs boson i o SM Higgs boson 4
[ icuaeg ] ] E et | ]
null hypothesis e null hypothesis H
. ;
. . 0.5 ’ 1 -0.5 g ]
Confidence level is - emas
j \‘Ix,,_»" } Slobs.ssee L R 500 99% CL
calculated for each 50 200 250 300 Y150 200 250 300
(tan 3, cos ar, my)-triplet my [GeV] m, [GeV]
Null hypothesis: SM with  Ng evidence for a heavy Higgs boson is found.
light Higgs Large parts of parameter space can be excluded.
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A variety of searches for BSM Higgs bosons were performed by ATLAS.
Many decay channels have been considered:
Generic model searches: X — vy, H - WW — uvev, H - ZZ — 4/
Dedicated searches: & — 77, H - WW — uvev
Still, no deviation from the SM could be found. ..
. but:

Limits on cross sections and branching ratios could be set
The parameter space of BSM models could be constraint

Look forward to Constraints on new phenomena through Higgs coupling
measurements with the ATLAS detector

ATLAS will continue its search for BSM physics in 2015 with the new
13-14 TeV data.

Stay tuned!
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X — 77: Selection details and samples " WorreRTAL'

Selection details: Data samples:

ggF Powheg+Pythia8

Two photons with Ey > 22 GeV VBF
and |n| < 2.37

Jets reduction: Ei < 6 GeV,
where Ef° is defined as the sum of
transverse energies within a cone of
AR =0.4.

High mass category:

EX?/m., > 0.4/0.3

m,, uses both photon energies, the
azimuthal angle A¢ and the
pseudorapidity An.

Powheg+Pythia8
Z — ee Powheg+Pythia8

Dominant background: -, v-jet,
jet-jet events and DY production
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X — 77: Photon categories B WorrentAL|

T
ATLAS Z - ee POWHEG

I
N

The invariant mass distribution of

2 [y |
the Z boson reconstructed as a % 1 B e E
photon pair is wider and shifted to ost CComegoy - :g(ee-v-sz)ﬁ
lower masses by up to 2 GeV with s g
respect to the Z boson mass o4 E
reconstructed as an electron pair. o2F . 1

BIOS Ml ) " e
9 75 80 8 90 95 100 105 11
Invariant Mass [GeV]

ATLAS

Vs=8Tev, [Ldt=203 "

The solid lines show the sum of the 15000

Drell-Yan and the continuum
background components. The
dashed lines show the continuum .
background component only. <000

UU category
—e— Data

10000

Events / 2 GeV

Continuum+DY fit
-+ Continuum component of the fit

5000

15000

s S
CU category TR
—e— Data e
Continuum+DY fit
Continuum component of the fit

4000
3000
2000
1000

CCcategory

—e— Data
Continuum+DY fit
Continuum component of the fit

80 90 100 110 120
m,, [GeV]
26th August 2014 3/12

=

ST T T T

Gunar Ernis



Bergische Universitit Wuppe C Physik
BERGISCHE

H — WW — pvev: Selection and samples WUPPERTAL

from pile up

Background MC generator
pr({;) > 40 GeV Higgs Powheg+Pythia8
miss > 25/20 GeV q49/g8q9 — WW  Powheg+Pythia6
. ) gg — WW GG2WW+Herwig
Reject DY events: pr(¢¢) > 30 GeV 5 MCONLO+ Herwig
Events compatible with a Z — 77 tW, tb MC@NLO-+Herwig
decay are rejected by requiring tqb AcerMC+H-Pythiab
|m.r — mz| > 25 GeV Z/~* Alpgen-+Herwig
wz/w~* Powheg+-Pythia8
W~* MadGraph+Pythia6
W~y Alpgen+Herwig
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H — WW — uvev: Statistics W snversinas

T
F ATLAS Preliminary

Vs=8TeV [ Lat= 20710"
F Howwos evuy + 0jets

Define likelihood function using my distribution.

Use bins of variable width o have the same number
of expected background events in each bin.

Events / 10 GeV

Use q,, as test statistic: o

35180 150 200 250 300 350 400 450 500

m, (GeV]
L(p:6,)
qll« = —2/[7 i Ut 72 F AT'LAs'Prellimin;ry o

E(ﬁ, é) VE=8Tev [Lat= 207"

Events / 10 GeV

Oooneooono:

ﬂ,é: unconditionally maximise £
t; 0,: maximise L for a given

Each systematic is parametrised by a corresponding
nuisance parameter 6, constrained by a Gaussian
function.

Events / 20 GeV

0

m; (GeV)
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H — ZZ — 4(: Selection and samples Sl

Two same-flavour, opp. sign lepton Data samples:
pairs

Background MC generator
pr(l1/2/3) > 20/15/10 GeV ggF /VBF Powheg+ Pythia8+ Photos
SF: AR > 0.1, DF: AR > 0.2 WH/ZH/ttH  Pythia
qG/gq — ZZ  Powheg+Pythiab
gg — WwW gg2Z7+Herwig
Z7*qq Sherpa

Leading di-lepton mass:
50 GeV < myr < 106 GeV

Subleading di-lepton mass:
Mpmin < M34 < 115 GeV, with
Mmin € [12,50] GeV

Reduce Z-+jets and tt: Impact
parameter significance

a%t < 3.5(6.5)
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MSSM: & — 77: MMC details i
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The MMC algorithm assumes that the . ATLAS Preliminary, {5 =8 TeV. fL ot = 203 fa*
missing transverse momentum is due entirely §25° (ha':ﬁfe;;ff e |
to the neutrinos, and performs a scan over the ézoor g&h‘jﬂ'” E
angles between the neutrinos and the visible 7 : AN Bk, urerany

decay products.

1000

The MMC mass, mMMC s defined as the

s0f

most likely value chosen by weighting each E \ -
. . .oy . 0! —
solution according to probability density ST 0 20 20 e
functions that are derived from simulated 7 ATLAS Preliminary, 5 =8 TeV, L dt = 203 fi*
lepton decays. FT A e o]
‘9‘12000;‘/9“’ category —— m,=150, tanp=20
S12000f
£ e
Left plots: Reconstructed MMC mass for the ~ &*® E=RoR

AW\ Bkg. uncertainty

low mass region in the tag and veto categories
with a hypothetical MSSM signal with
my, = 150 GeV,tan 8 = 20

50 100 150 200 250 300 350
mi'e [GeV]
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from pile up

Background MC generator
pr(f1/2) > 25/15 GeV ggF Powheg+Pythia8
m(¢0) > 10 GeV VBF Powheg+Pythia8

miss. WH/ZH Pythia8

Trel > 25 GeV qa/;q — WW  Powheg+Pythia6
0 jets: |Ap(l1,42)] < 2.4, gg — WW GG2WW-+Herwig
m(¢l) < 75 GeV tt MC@NLO+Herwig
2 jets: b-veto, mt < 180 GeV, twW, tb MC@NLO"‘HefWig
m(06) < 80 GeV tqgb . AcerMC+Pyth|a6

Inclusive W Alpgen+Herwig

Inclusive Z/v*  Alpgen+Herwig

Z®z™) 5 40 Powheg+Pythia8

wz/w~* Powheg+Pythia8

W~* MadGraph+Pythia6

W~y Alpgen+Herwig
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2HDM: H — WW — uver: Neural networks %BY Uuyersimar

Input variables of
the Neural Networks
0 jets 2 jets
[n(£1)

ATLAS premensy [U
Hovw oo + Ol
N 150GV

ATLAS pretminary Jua= 130" fea Tev
e+ 2jels s Oaa
-stqum 125 Gev.

Events / 0.07
Events / 0.07

BB (s 0 i)

’ 0 02 04 06 08 1 ° 0 02 04 06 08 1
G pron 9056 -ty
l”(flgz) o NN output o NN output

ATLAS promeary [Ldt=130 1" (5=8 TeV. 400 ATLAS Py ij 1301" {58 Tev,
H

pr(tilz)  pr(t2)
E%n’lrseSl pT(jl) TR 20
|AY (1l2)] m(j1) ] -

300

Events / 0.07
Events / 0.07

100
cos ({1, £2)
& &
m(.I]J2) ? 0 02 04 06 08 1 0 02 04 06 08 1
X-prob.: 84 % X?-prob.: 76 %
ptOt NN output NN output
5 5 ATLAS Prefminary del 130" V58 Tev
S S poof AW e zies o om
2 2 N @26006 it s
2 g 2
g g v
2 2 [ —

B (s 0 sa)

0 02z 04 06 08 1 0 02 04 06 08 1
Xepron: 765% NN output -prob 7% NN output
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Charged Higgs Boson Searches " WuPRERTAL |

arXiv:1302.3694 arXiv:1312.1956
Mass range: 90 GeV — 150 GeV Mass range: 225 GeV — 925 GeV
g " W

The decay HY — ¢35 is Boosted decision trees are used
investigated for the separation from tt
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Charged Higgs in tt decays WorrERTAL |

Mass range: E 2s00F ) e E
90 GeV — 150 GeV %2000; 7 . Z;7TeV.ILdt:A_7ln‘ é
@ F ]
Backgrounds: 15001 £
Dominant: tt 1ooo§ % é
single top soof E
WW/WZ/ZZ | W~™) | ST S

DY / Z —|—jets 0 60 80 100 120 140 160

Dijet mass [GeV]

No significant deviation from SM!

9 b
One high pr lepton
Large Emiss: t A o _n*
Two light jets with mj; = my+
Kinematic fitter: Reco of the tt I N\OANNN
system

9 b
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2HDM Cascade WoPPERTAL

Mass range

225 GeV — 925 GeV

‘
<

Backgrounds

" |
5o}
H/

Dominant: tt N
Minor: single top
WW /WZ/ZZ | W~ ,
DY/Z+jets
g”"? ATLAS T
2 o HO-WAHE - ROW W bW W é
One high pr lepton wl fg
Large Emiss: ol "3
Four high pr jets (two b-tagged) - s
BDT is trained with seven variables “E

400 500 600 700 800 5 900 1000
H’ Mass [GeV]

= optimised for cross-section limits
Consistent with SM predictions!
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