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@ A Higgs boson compatible with the SM one has been found at the LHC

it might not be the only one!

@ Multi-Higgs models might explain experimental observations
e Baryon asymmetry: explicit and spontaneous CP violation.
o Dark matter: dark matter candidates from doublets w/out a VEV
@ Neutrino oscillations: masses generated at > 1 loop

@ Minimal Supersymmetric Standard Model (MSSM) is the minimal extension: h, H, A, H*, H—
@ One characteristic parameter: tang (ratio of VeVs of neutral Higgses)

o After h(125), Higgs sector can be described using only m, and tang3: hMssM [1]
@ No prediction — need to scan full parameter phase space
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@ The discovery of a charged Higgs boson
would be an unequivocal signal of new
physics

@ Main charged Higgs boson search channels

@ Vector boson fusion/decay
@ Cascade decays involving h°(125)
@ VBF production, decay to wtz
o Top quark production and decay
@ In top quark decays if my+ < Miop
@ Associated production t(b)H™ if
My+ > Migp



CMS, /!
Searching for a heavy (my+ > myp) charged Higgs boson i

@ In most of the MSSM models, % > 5for tang > 8

@ H™ — tb decay mode probed via i, dilepton, and Z+jets final states

e Extra b-jet multiplicity and changes in tt kinematics and acceptance enhance sensitivity to H' in
production of tb

@ H* — 71, decay mode probed mainly via r,+jets (u7h and dilepton far less sensitive, ¢+jets
not studied)

Representative diagram for
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Tau identification (JINST 11 (2016) no.01, P01019 [2])

@ Leptonically decaying taus (B = 35%) are indistinguishable from electrons a
@ Hadronically decaying taus, 74, (B = 65%) are separable from jets

o Signature: narrow jets containing 1 or 3 == and 0, 1, or 2 =°
@ Intermediate decays via p and a; identifiable via mass cuts

@ Reconstruct hadrons (pixel+calorimeters), and s (n-¢ clustering in “strips”)
Challenges
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Jet— 7, misidentification rate estimate (JHEP 1511 (2015) 018 [10])
MADE IN LIP

@ Use dedicated samples to perform a data-driven estimate for u+jets events faking pry, events
@ Compute fake rates for 8 TeV using k-Nearest-Neighbours algorithm
o Classify jet as tau fake according to local density of tau fakes in features space
@ Account for the quark/gluon jets compositions of the samples from MC
@ Improved median for the estimate of the fake events, and reduced uncertainty by ~ 35%
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b-tagging (JINST 8 (2013) P04013 [3])

@ Crucial for discriminating final states from decays of multiple top quarks
@ Discriminating power coming mainly from the long (~ 1.6 ps lifetime)

o Tracks multiplicity and track impact parameter
@ Presence of reconstructed secondary vertices (SV), and mass of the SV

@ Selecting a mistag rate of 1% yields a b-tagging efficiency of ~ 70% (for the CSV algorithm)

CMS Simulation, \s = 7 TeV
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wrh and Z+jets final states (JHEP11(2015),018 [10])
Np_tags: better sensitivity for pi7p,

19.7 fb™ (8 Tev)
T

Events

o u7, final state: more sensitive to
HT — 7Fv, decay mode

o | MADE IN LIP

o Offline selection: 1 isolated muon, veto
loose leptons, > 2 jets, EF"*°, > 1 b-tags,
175, opposite sign

o Backgrounds: misidentified 7, component
estimated from data

@ Improved estimation of the tau fake rate by 9
fully accounting for quark/gluon composition g
in the sample s

1 2 3 24
Nb-lagged jets.
Hr, splitin =1/ > 2 b-tags: better sensitivity for ¢+jets

19.7 b (8 TeV) 19.7 b (8 TeV)
T T

@ /+jets final state: sensitive
to HT — tb decay mode

@ Selection: 1 lepton (e, u),
> 2jets, > 1 b-tagged jets,
ET™® > 20 GeV e

o Backgrounds: tt, W + c/b, 10
Wlight flavours
determined via
simultaneous fit from data )

@ Insensitive to the g
H' — 77v, decay mode 8
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Dilepton final state (JHEP11(2015),018 [10])

MADE IN LIP

@ More sensitive to Ht — tb decay mode

o Selection: 1ep pair, > 2 jets, veto low ex masses, opposite sign
o Backgrounds: large irreducible tt, minor single top and Drell-Yan contamination

o Tighter N, (s requirement yields better sensitivity to H" — tb decay mode than the 1.7, final state
@ First public result for a HT — tb direct search (CMS-HIG-13-026, Sep 2014)
@ First published result for a H — tb direct search (combined with p7y, and ¢+jets,

JHEP11(2015),018)
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Combination of um + eu + ee + pp + (+jets

JHEP11(2015),018 [10]

MADE IN LIP

@ Assume Ht — tb decay only
@ First published H — tb direct search ever

Vischia

95% CL limit ona;- [pb]
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Summary

@ Charged Higgs boson searched for in top quark production/decay modes
@ H* — tb decay mode: first direct search ever for this decay mode (CMS [10])

e | MADEIN LIP

e o(pp — t(b)H") < 4 — 0.5 pb (assuming B(H" — tb) = 1)
@ Charged Higgs not found (yet ®): stay tuned for 13 TeV new exciting searches!
o Started last summer by hosting two very-very-awesome summer students to apply multivariate
analysis methods to simulation!
5 —
Estdgios de verdo 2015 ;Ei;!ll‘
Experiéncia CMS no LHC do CERN

"

No Compact Muon Solenoid colidimos protoes para ver o que resulta!

Ja descobrimos um Bosao de Higgs: 9

agora queremos descobrir outro!

(desta vez, com carga eléctrica)

Com a tua ajuda!!!

B =t L /a0 200 fas awiTcaras podem ar
mbinadas com o investigador responsével

**Caracterizagao da assinatura experimental de um bos3o de Higgs carregado"
A experiéncia CMS esté a registar dados de colisdes protdo-protdo com uma energia de colisio de 13 TeV.

dela\hes Que precnsam de ser solucionados. A maneira mais smvp\es & extender o modelo previndo a existéncia
0l s da prkicassprecia

Slcrmmerte ca existinca de um Bosko 18 OGS com Carga eHch

0 grupo CMS do IF €0 e da busca d bosko de Higgs carregado fos canas de decalmento em dofs eptdes,

& &5t 3 renovar o5 métodos de anailse par a DUSC Com 08 NOVDS ados & 13 Tov: Esté & portanto 0 momento
melhor para S1Udar 03 IMVestIGAd0res o 1dentificar 35 Caracteristces Que mafs sepsram este sinal e (000 0

Tuido de fundo.
@‘ Se ficares satisfeito, poderds voltar para uma tese de mestrado quando quiseres!

/) Manda ji um email a pietro Vischia pt) para mais

| WANTYOU |
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THANKS FOR THE ATTENTION!

And for these awesome 4 years :)
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Tau identification - details of the reconstruction

@ Hadron-Plus-Strips (HPS) Algorithm
Based on CMS Particle-Flow Algorithm

PFlet
PFGammas \ PFChargedHadrons

-, T (K, K

n x ¢ Clustering o, 1 (K, KY)
Strips T, decay mode
Reconstruction

lDecav Mode, Tau id. observables
Hadron + St"p Three Hadrons

single .r CUtS Isolation based
Hadron ; Tau id. Discriminators
.. (Cuts based on invariant Mass of
Hadrons + Strips and Energy within

t-Jet not associated to ii*, p*, a,)

pt > mtno a, ?WW

-

a, »mn’n’ a, Pt
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kNN method for jet — 7, probability

@ k-Nearest-Neighbours algorithm:

o Phase space: (P, |n|®, R

@ Training set of jets from dedicated real-7,-free samples

o Classify jets near a reconstructed 7, as fakes

o Obtain probability of faking a 74 o< number of fakes in the nearest 20 jets

o Extract a weights matrix PP, 1|/, Rjer)

o Estimate in g/g-jets dominated samples and average the resulting probability

15 o 15 1.5 .
T 1 o7
= =< R
0.5- 0.50, B
L L L L ]
% 0.5 1 15 % 0.5 1 15
Xo Xy

(from TMVA Users Guide)

Vischia Jornadas do LIP 2016, Braga February 19th, 2016 18/11



Multi-Higgs boson cascade
Phys. Rev. D 89, 032002 [4]

@ Assume h(125) Higgs boson, and no
particular model for additional bosons

@ (W — fv)(W — qq’)bb final states

@ Selection: > 4 jets (2 of them b-tagged), 1

lepton, Efmiss

@ Background determination: BDT trained
for each signal mass using variables from

cascade decay
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H* — W*Z in vector boson fusion - 1/2
Phys. Rev. Lett. 114, 231801 (2015) [5]

@ Decay allowed at tree level in Higgs Triplet Models
@ Search for (Z — ¢747)(W — qq’)qq’ final states and M+ [200, 1000] GeV

024jets > {03 T LINA A B B BN |
. q . A ) E ATLAS —e— Data E
@ 2 non-b-tagged jets in opposite hemispheres O F 5o8Tov 2031 EEHSWZoqqll 3
h oot S = F (s=8Tev, 20. . =400GeV |
o 2 highest pr remaining jets: assumed 2 102K HoW'Z sqal s o
W —qq S F oxBR=1pb (£ Multijet E
= dib 3]
e 60 < mqq/ < 95 GeV Lﬁ 1oL %‘j oson B
a E m ncertainty E|
@ = 2 isolated |ept0n5 (ei,,ui) - Pre-fit background 5
@ 83 < myy < 99 GeV 1 =
107 =
10°€ E
10° 6 ol d
-g 25 ‘+£
a 1W / 7

& ok S
o 200 300 600 700
my; [GeV]
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H* — W*Z in vector boson fusion - 2/2
Phys. Rev. Lett. 114, 231801 (2015) [5]

Exclusion limits

10

= ERpAsRy) |
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= rH S WZ 5ol e 7
T 10°g E
£ 1
[ L ]

Q 2
L0 E
> E |
I r 1
10 3
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@ Observed limits on oygr x B(HE — W*Z)
vary between 31 — 1020 fb

@ 6 times better than ATLAS inclusive WZ
search for my+ < 800 GeV

Vischia Jornadas do LIP 2016, Braga

CMS /|
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TE _ -1 +26 3
01t Vs =8TeV,20.3 b I o15%
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@ Georgi-Machacek triplet model
e s: fraction of m3, and m2 generated by the

triplet v.e.v.
s2, o cross section and H*+ width

@ B(HE* — W*Z) = 1 assumed (predicted to

be very high when above W*Z threshold)
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Searching for charged Higgs using top quarks
@ HT can be produced after top quark decays if M+ < My — M,
@ Tau or charmed final states expected depending on tang

m,. =100 GeV/c*

2
T = (Toy, g
2 o8k H* decay
11+,,,< £ —H o
£ 9000000000001 vr g —H
s & 0 H S tb
) [ —H > WA°
6 04 H - W'H
T b, 7 b
29299200000/ 0.2/ . ~=B(t->Hb) .
e N
0~ ! 1o tan B

(from DO Note 5715-CONF)
@ H™ can be produced in association with top quarks if M+ > M; — Mj

4FS similar to ttH production 5FS dominates (similar to tW production)
g t
T ——— =
Nololvlolololololole), T
| A
H
¢ -—————————=
Yb
g b ~—<_




m,. =100 GeV/c? CMS /|

g’aaE H* decay
5 —H >ecs
s —H
m %6 H — t'b
L —H' > W*A°
0.4 H - WH . .
O\ Searching for a light H*
2 e, TBOOHD) tans < 1: search with ¢ final states
P e e

tan B

(Plots from [11])
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Light H* w/ tan3 < 1: ¢s decay mode in /+jets final state _ )
@ Selection (ATLAS): = 1 lepton (e, 1), > 4 jets, > 2 b-tagged jets, E"SS, My (¢, Ef"SS)
@ Selection (CMS): > 1 lepton, veto additional loose leptons, > 4 jets, > 2 b-tagged jets, E{"‘SS
@ W/Z mass reconstruction: separate signal from tt main background through final state

reconstruction
Eur. Phys. J. C, 73 6 (2013) 2465 [6] CMS-HIG-13-035 [11]
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Th+jets final state
@ CMS (arXiv:1508.07774 [?]): 1 7, > 3 jets, veto leptons, Ess
@ ATLAS (JHEPO03 (2015) 088 [7]): 174, > 4(3) jets Iow(h|gh) mass), veto leptons, > 1
b-tagged jets, ET"SS
@ Dominant backgrounds (EWK and multijets): measured from data
@ Multijet background control: via fit in control region (ATLAS, CMS) and angular cuts (CMS)
@ Model independent: decay modes other than Ht — 7+ v included in data driven estimate
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Th+jets final state - results
@ CMS has better sensitivity in the central mass range my+ = 90 — 400 GeV
@ ATLAS has better sensitivity for my+ < 90 GeV and in the high mass range my;+ > 400 GeV

JHEPOQ3 (2015) 088 [7] arXiv:1508.07774 [?]
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Th+jets final state - interpretations
@ Model-independent upper limits are computed for B(t — Htb) x B(Ht — Tv)

@ Limits are then interpreted as exclusion region in (my+ — tang) plane for the m/

mod—

scenario

@ Not much space left available in the parameter space for low mass. tang < 1 excluded for

Mmy+ < 250 GeV
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. . . . CMS /|
Th+jets final state results - interpretations i

@ Low-My scenario with ms = 110 GeV completely excluded (CMS [?])
@ Completely excluded also by ATLAS [7]
arXiv:1508.07774 [?]
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