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Motivation

@ the study of the Higgs sector including searches for other fundamental spin-0
particles, which existence is postulated in many theories of BSM physics.

@ in the great majority of cases, for example in the two Higgs doublet class of
models (2HDM), such additional scalar particles are weakly interacting.

ho, H?, A, H, H-
¢Gce e

= charged Higgs boson.

Discovery of charged Higgs =
definite signal of new physics!

100l of Theoretical Pt 21 June 20
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Search for charged Higgs bosons decaying via
H* — 7%1 in fully hadronic final states using pp
collision data at /s = 8 TeV with the ATLAS
detector




@ =>these results lead to very stringent constraints on BSM physics, in
particular practically excluding existence of new, yet undiscovered strongly
interacting particles in the vicinity of the electroweak scale

Display of H -> tautau event

@ Priority for Run2 = study of the Higgs sector including searches for yet
undiscovered fundamental spin-0 particles.

T'heoreti
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Charged Higgs production J
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= where top quark has the strongest coupling to the charged Higgs boson in MSSM
like scenarios.
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Main signals of HE J
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@ In the heavy Higgs scenario (m g4+ > my), also in HY — tb




Moti and Outline ATLAS Th ic ] mbedding Conclt

Prospects for the determination of tan

Standard Model
Predicion

@ In the 2HDM models, the two complex Higgs
doublets correspond to eight scalar states.
Symmetry breaking leads to five Higgs bosons, three
neutral (two CP-even h, H and one CP-odd A) and a

charged pair HE,

Hoas

MSSV Higgs Boson

At tree level, the Higgs sector of the MSSM is specified (generally) by two
parameters: m , = mass of the CP-odd Higgs A and tan 3 = the ratio of the vacuum
expectation values of the two Higgs doublets.

v -
tanB = — and v% + vﬁ
vy

v
o

v: vacuum expectation value of the SM and vj,va: vacuum expectation values of the 2HDM.
in the MSSM, m 4+ at tree level is related to m 4 as: mi]i = m%v + m%, where

2. 2
W mass is equal: m%v =4 4’ .
We can determine tan by measuring the signal rate in the 7v channel: )
+ 2 2
— — m m m
'H™ — 71 vr)~ H m,itanzﬁx 1-— 2T X | 1—= 27—

2
87v myy myy
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Effects of the 7 polarization,

@ P,: measure of the asymmetry of the cross-section for left-handed and

right-handed 7 production

OR —OL
Pr=——= 2
OR+oL

|[Process [ W — gV, [ Z—t1  H—o11 [H —1v

| P 1 ~ 015 0 | +1

can be used as a discriminating variable in
searches for new particles that decay to 7
leptons,

in the W — 7v, the SM predicts P, = —1
(reflecting the parity violating structure of the
charged weak current). Parity conserving
interaction, H — 77 yield to P =0,
MSSM charged scalar Higgs decaying via

HT 5 rtuis expected to produce ,

if found HT — 7'+1/, P; could provide insight
into the nature of the new particle’s
couplings.
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= "charged asymmetry" T )

— 0
ErT _ pr trk
@ 7 is calculated as follows: T T o 2PL —-1=7
PT pT

It measures the energy sharing of the % and 70 in the 7 decay relative to the

visible momentum of 7.

= one-prong hadronic decays:

£ 5 pi(—> 7ri7ro)u7- (25.2%) £ 5 a.li(—> ‘rri7r07ro)u7- (9.0%)

@ In 7 — pv decays, to conserve angular momentum, transversely polarized p is
favored in left-handed 7 decays leading to a symmetric energy sharing
between 7+ and 7°

@ longitudinally polarized p would be preferred in hypothetical non-SM decays to
right-handed 7 leptons leading to an asymmetric energy sharing.
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If large "extra dimensions" exist ... 7 )

- In 2-Higgs Doublet Model of type IT, ZHDM-II (MSSM)

H™ -0, H~ tot} suppressed
- InLarge Extra Dimensions I~ — r; ' can be enhanced by large number of
Kaluza-Klein states. Thus:

- - _ 7+ | Bulk neutrino
H™ — gy + @y ke

My 2 10 eV, & m 3, mym 45 eV, (g = 2654 eV, tand = 45
- Measurement of the polarisation asymmetry T t— e e
can be used (A~func (model parameters)) P o =)
T
[T}

A

LS r -
- _ - _ i "”JL ILJ[- HESH (H = 7
_l.—-;ﬁ‘_fr] ) -T(H™ = 757) o F ! ]
CT(H- =)+ T(H- — 10 L
-Observation of signal in m; distribution is not
sufficient to distinguish between 2HDM and
EED!

-The reconstruction of p,/E;.; should determine
the scenario: 2HDM or L.E.D. F

- Further measurement of the asymmetry may
provide a distinctive signature for L.E.D.

EET

fraction of E carried by the
charged track in 1P decays

Anna Kaczmarska Tau 06, Pisa, September 2006

100l of "
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Final distributions of transverse mass =- final discriminating variable
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@ It is hard to distinguish the signatures of the HE & +%y process from the
ones of SM W — 7% u: the dominant part of the irreducible background for the
charged Higgs boson searches in the channel tt — bH(Tv)bW .

tt background HE signal

@ (t background dominant = precisely determine its contribution,

@ = MC simulations: significant systematic uncertainties related to the
insufficient theoretical understanding of the details of the proton-proton
collision,

@ = embedding method: advantage that nearly everything in a given event,
including the contribution from the so-called pile-up, underlying event and missing
transverse momentum determination, is obtained directly from the

measurement.
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o = relies on constructing hybrid background samples with T
basing upon measured and selected data from wt - Miu. The latter are replaced,
on the level of reconstructed tracks and calorimeter cells with T simulated by MC
methods. Hence, one relies on the simulations only for the well understood
electroweak decays of W, T decays and the detector response.

> T T T T T
© N i
- .  1400f-Low-mass H" selection , pata (embedded)
DATA | extract muon AUOLA | 9]
. . (photos +Tauspinner)
= W)W | rescale momentum | S 4
detector simulation S 1000 Bl W/Z+jets
remove muon 3 ’
A J v/'ECDnS"UCIVDN it} SIHglE tﬂp
i bW VbW ( 800

Tevent /772 Uncertainty

event fragment
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o ATLAS
o Smbedtding 400| Ldt=1951"
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! ’ o .
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i bW (zv)BW

% 2000FT T T T T
g 1800 High-mass H* selection , Data (embedded)
< 1600E [t
analysis é 140 B W/Z+jets
& 120020 Single top
@ comparison of the backgrounds obtained 1000| /2 Uncertainty
through embedding (black points) with 800 o
simulation (histogram) for mr, 500 ATLAS
a4
@ statistical and systematical errors of the /,Ld;'T‘z's ®
embedding method are given by the black error s-ote
bars, while of the simulation by gray hashed o

area. 50 100 150 200 250 300
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Limits - model independent )

@ The work cited above also give the most up to date model
independent limits for the existence of the charged Higgs bosons.

@ In the context of the MSSM, H¥ was excluded for nearly all
values of tan 8 > 1 for 80 < my+ < 160GeV while in the case of large
tan 3 values also in the mass region 200 < my+ < 250GeV.

@ These searches will be continued and updated in the Run-2 and
will provide the most sensitive model independent checks of
theories with more than one Higgs doublet.
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Limits - model independent J
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(a) Low-mass H™ selection (b) High-mass H™ selection

Observed and expected 95% CL exclusion limits on the production and decay of (a)
low-mass and (b) high-mass charged Higgs bosons. For (a) search the limit is
computed for B(t — bH1) x B(HT — 71v) for charged Higgs boson production from
top-quark decays as a function of m . For (b), the limit is computed for
o(pp — tHt + X) x B(H+ — 7—+1/), and is to be understood as applying to the total
production cross section times branching ratio of HT and H~ combined.
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(a) m"™ scenario, low-mass H* selection (b) mj™ scenario, high-mass H™ selection

The 95% CL exclusion limits on tan 8 as a function of m . Results are shown in
the context of different benchmark scenarios of the MSSM for the regions in which
reliable theoretical predictions exist. Results are shown for low-mass (a) and

high-mass (b) Ht search in the mj'*? scenario.
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conclusion

Pale Blue Dot: The Earth
from a distance of about 6. 4 bin km

The evolution of the
Universe depends on its

matter composition and
fundamental interactions

Carl Sagan " Pale Blue Dot: A Vision of the Human Future in Space"




Moti and Outline ATLAS Theory-Polarization Results-Embedding Conclusion

Thank you for your attention
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of the
@ Spin effects express themselves differently depending on the particular decay
channel, where Decay Distribution W ~ (1 — P cos(6))

@ Simplest case: 7 — 7v,, where kinematics is driven by left handed neutrino

favored suppressed favored suppressed
T v Tovqy Tavq) Ta Vo
} ’’ S A 4 T direction
0 ; 0 % 0 in the lab
— ar A Ko frame

Tau polarization - as an observable :)

@ Looking at variable which is good for 7 decays to p: T — p~ v — 7r_7rou7-

trk

. s B, —Eyp Er —EX
cos = ‘Tn 4 - —, - T T o QPL - 1=7
/M2 —dm2 |Px- + Pyl T T

@ The difference of 7% and 79 energies is determined by the spin of p which

originates from the spin of 7.

21 June 2015

anna bozena kc



‘ All 1P decays ‘

y variable
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Analysis overview

« Only hadronic decays of T considered
« BR(T, )~ 0.65
« Only hadronic decays of W considered
* Challenges:
« complex final state
« fraction of T energy carried away by v.
Only visible part of T decay accessible

* Background events due to
« fop quark pair production
« single top quark production
* W+jets / Z+jets / di-boson
« multi-jet production

* Final discriminating variable my
“transverse mass of W bosons for
background events with true T
jets, H* bosons for signal events

ATLAS Simulation Preliminary |

Events / 20 GeV
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Event Selection

* Trigger : Thad-vis +E1™* trigger with 27/29 GeV cut of pT and
40/50 GeV on ET“\i%s

At least 4(3) jets for low(high) mass signal selection %o'oooco' -

:‘:Y NN

+ at least one of these jets is b-tagged
¢ at least one Thad-vis with pT> 40 GeV matched to a trigger object
» no electrons or muons, or a second Thad-vis With pT >20 GeV
Ep™Miss > 65](8»0) GeV for the low(high) mass H*
L > 13(12)GeV'/? for low(high) H*

0.5/ > phVirk
mr > 20 (40) GeV cut for low(high) H*

@ Triggers are only available in data, so emulation is used in simulation.
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Note that another way in which such theories can be tested is
via flavour physics processes, e.g. by doing fits to the
leptonic nad semileptonic decays, channel where bottom
quark decays to a strange quark and a photon (b — sv), B
mesons mirings and Z boson decays to bottom and
anti-bottom quark pair (Z — bb).

Typically such limits are even stronger, but they are also
model dependent, e.g. from the analysis in "The Two Higgs
Doublet of Type II facing flavour physics data"
(http://arxiv.org/abs/0907.5135[arXiv:0907.5135 [hep-ph]]) the limait
reads my+ > 316 GeV, for all values of tan 3, but can only be
applied to non-supersymmetric versions of Type-I1I 2HDM:s.

A complete list of current limits for the charged Higgs
bosons can be found in "Review of Particle Physics"
(http://iopscience.iop.org/1674-1137/38/9,/090001/).

hool



