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Beyond the initial observation...

New boson appears to couple directly = ey
with vector bosons (direct decay into |
. "-( ?»;w .

22, WW; decay to Yy through loops) First observatlons of a new particle

- Y in the search for therStandard
Model Huggs boson at the LHC

Ifus\mm'
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Also appears to couple directly to
fermions (quarks through ggF
production and Yy through loops)

www.elsevier.com/locate/physletb

Observation of direct decay into

leptons is necessary to verify the Phys. Lett. B716 (2012) 1-29
lepton Yukawa coupling



ATLAS Higgs to TT analysis

® The analysis targets three Higgs production processes:

700000001

70000001

® Use both leptonic and hadronic

decays of T leptons
* lepton-lepton, lepton-hadron, hadron-
hadron

All channels are combined for the TT

Higgs search
® The analysis presented here includes
4.6 fb'' at 7TeV and 13 fb"! at 8 TeV

ATLAS-CONF-2012-160
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Higgs to TT challenges
Working with T leptons poses some
unique challenges (see Ryan and Pavel’s
talks from yesterday)

Triggering is challenging, in particular for

final states with one more hadronic T
decays

|dentification of T leptons relies on BDT using calorimeter and tracking

variables. Hadronic Ts are reconstructed as calorimeter jets using
dedicated calibration

For historic and technical reasons different selections / optimizations are
used for the analyses performed on 7 and 8 TeV data (trigger,
reconstruction, etc.)

For all channels,a common discriminating variable, the missing mass

calculator (MMC), is used to estimate m+r (broad Higgs signal due to
neutrinos)

The background in all channels is dominated by irreducible Z to TT



Mass reconstruction with T leptons
® Missing Mass Calculator technique

® A step beyond the “collinear mass”
®* Assume the angle between the

neutrinos and the visible hadronic Ts

(AB3p) is non-zero
* End up with more unknowns than

equations NIM A654 (2011) 481

El“r = Pmis, sin omisl COs émis; + Pmis, sin Omisz COs ¢misz

[ N I BB LRI B
Fr,, = Pmis, Sin Omis, SiN Gmis, + Pmis, 8iN Omis, SiN Gmis, € 1-prong © decay
: , , . ' . : > I 45<p <50 [GeV]
M7, = Mgy, +my,, +24/p3%,, +mi,, \/ Pimis; T Minis, So.015- ATLAS Simulation —
| _
—2Pyis, Pmis, COS Ay, < +— Z—»7t Simulation
e & 2 2 2 2 2 2 - -
MT" = Miis, + Myis, + 2\/1? visa T Myis, \/p miss T Minis, 0.01 , — Probability function —
_zpvis-gpmisz COs Agvmz I ]
®* Use a likelihood to solve an under- o
constrained set of equations :
®* Solve the equations in a grid of Y/
0 0.05 0.1 0.15 0.2
angles AO3p(Tyis, ¥) and choose r6,, [rad]

the best one Resolution 13-20%, depending on decay mode


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2011-152/
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Special techniques used with T leptons
Z =TT is the most important (irreducible) background source for di-T

final states; need to model this as accurately as possible

A semi-data-driven method: select an adequately pure Z— U event
sample from data and then replace the muons with simulated Ts (aka
“embedding”); correct polarization and spin correlation modeling
Pile-up, underlying event, kinematics, etc. are all taken directly from the
data

Performance studied for all of the final states in this analysis
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Higgs to TT analysis strategy (8 TeV)

ingle epton + T

VBF selection (2 high-pT jets with high An; and mj)

% (not VBF) * (not VBF)

Boosted selection (high-pT jets and high Higgs candidate pr)

% % (not Boosted) *
(not VH)

7 single-lepton categories 4 two-lepton categories




Higgs to TT lepton-lepton channel
H to TT to lepton-lepton is 12.4% of the total TT rate

In order to improve efficiency, both single lepton and di-lepton triggers
are used

For the 8 TeV analysis, 4 mutually exclusive categories are used (all

include a b-jet veto):
*  2-jetVBF: with Pr(jet) > 25 GeV, An(jj) > 3.0, m(jj) > 400 GeV
®  Boosted: not 2-jet VBF, P1(TT) > 100 GeV
*  2-jetVH:not boosted, An(jj) < 2.0,30 GeV < m(jj) < 160 GeV
* l-jet: not 2-jet VBF, boosted, or 2-jet VH, m(TTj) > 225 GeV

Embedding sample used for estimating the dominant Z to TT
background; Z to ee and P determined using simulation normalized to
control regions

Top and di-boson backgrounds are estimated from simulation; top
backgrounds are normalized using data in control regions

Backgrounds due to fake leptons are determined from data using
templates fitted to regions with relaxed identification criteria



Events / 20 GeV

Events / 20 GeV

Higgs to TT lepton-lepton channel
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Higgs to TT lepton-hadron channel
H to TT to lepton-hadron is 45.6% of the total TT rate; combined e,mu +
tau trigger used to increase signal yield (due to lower threshold for the
combined trigger)

For the 8 TeV analysis, 4 mutually exclusive categories are used (all include a
b-jet veto):

®  2-jetVBF: with Pr(jet) > 40/30 GeV, Angjj) > 3.0, m(jj) > 500 GeV, mt<50 GeV

®  Boosted: not 2-jet VBF, P1(TT) > 100 GeV, m1<50 GeV

* I-jet: not 2-jet VBF, boosted, Pt(jet) > 30 GeV, m1<50 GeV
®*  0O-jet:no jets with Pr(jet) > 30 GeV

Additional kinematic requirements...

Background estimation for non-VBF categories:
Multijet background estimated from same-sign events, re-scaled by correction factor for differences in
flavor composition between SS and OS. This is referred to as “Same Sign Data” in following figures.
Dominant Z to TT backgrounds are estimated using embedding technique.

Z to ee/pJ backgrounds where a lepton is mis-identified as a hadronic tau, plus other backgrounds
such as W+jets, top, and di-bosons, are added to the same-sign data, and called “Other (OS-SS)”.W
+jets and Top use data-driven normalization in CRs, di-bosons use MC normalization.

Background estimation for VBF category:

Use special VBF-filtered MC samples for Z to TT and I, and normalize them using real Z to ee/pJJ
events with VBF-like jet requirements.

For multi-jet and W+jet backgrounds, use enriched CRs by defining relaxed lepton ID criteria, and
scale to SR.

10



Higgs to TT Iepton hadro
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Higgs to TT hadron-hadron channel

H to TT to hadron-hadron is 42% of the total TT rate

Triggers requiring two hadronic tau decays are used

Define 2 mutually exclusive categories:
2-jet VBF: with Pr(jet) > 50/30 GeV, An(jj) > 2.6, m(jj) > 350 GeV, T between “tagging” jets in N
Boosted: not 2-jet VBF, Pr(T) > 70 (50) GeV for 2012 (201 1), AR(T|, T2) < 1.9

Additional kinematic requirements...

Multijet background estimated from same-sign events, using 2D templates
to fit track multiplicity (multijet background has broad track multiplicity).

Dominant Z -> TT backgrounds are estimated using embedding
technique and a 2D template fit to track multiplicity for the two

hadronic taus. Normalize in region 60 < m+r < 108 GeV to exclude any
possible Higgs signal.

Other EWK backgrounds are taken directly from simulation, but are very
small

12
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nggs to TT hadron hadron channel
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AVBF H to T(had)T(had) candidate event

\
Run Number: 209109, Event Number: 86250372 } a},

2 EXPERIMENT

Date: 2012-08-24 07:59:04 UTC




Higgs to TT results: Combined limit and po

* Using the MMC distribution as the discriminant, the limit and significance
were calculated
* A profile likelihood method was used to extract a possible signal
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Higgs to TT results: Production dependence
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Conclusions and Outlook

A new Higgs to TT analysis using 13 fb-! of the 2012 data sample has
been presented

The 4.6 fb-' 201 | dataset has been examined again using a re-optimized
version of the analysis (giving significant improvements on our
previously-published 2011 result)

The sensitivity of the analysis approaches y=1, however the results of

this Higgs to TT analysis are compatible with either the background-only
hypothesis or the SM Higgs hypothesis: expected (u=0) 1.2 x SM;
observed |.9 x SM at mpy=125 GeV

The best-fit signal strength is: ppestfic = 0.7 £ 0.7 at my=125 GeV

Additional improvements are currently being implemented and aimed at
the full 2012 data sample

These are very exciting times!
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AVBF H to T(e)T(M) candidate event

CATLAS

A EXPERIMENT

Run Number: 209381, Event Number. 72873013
Date: 2012-08-28 04:17:.16 CES1
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AVBF H to T(M)T(had) candidate event

\\‘%“ AT LAS Run Number: 204265, Event Number: 178165311

.3} EXPER'MENT Date: 2012-06-02 19:53:30 CEST
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VBF and non-VBF limits
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Figure 18: Observed (solid) and expected (dashed) 95% confidence level upper limits on the Higgs boson
cross-section times branching ratio, normalised to the SM expectation, as a function of the Higgs boson
mass. Expected limits are given for the scenario with no signal. The bands around the dashed line
indicate the +10 and +20 uncertainties of the expected limit. Combined 2011 plus 2012 results for all
channels are presented for the VBF (a) and non-VBF (b) categories.
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Systematics

Table 14: Summary of Z — 7" r~background and signal systematic uncertainties by channel. The quoted
ranges refer specifically to the 8 TeV dataset, but they are similar for the 7 TeV dataset. Uncertainties
indicated with (S) are also applied bin-by-bin, and therefore affect the shape of the final distributions.
Signal systematic uncertainties are derived from the sum of all signal production modes.

Uncertainty H — TiepTiep H — TiepThag H > ThagThad
Z-o 1T
Embedding 1-4% (S) 2-49% (S) 1-4% (S)
Tau Energy Scale - 4-15% (S) 3-8% (S)
Tau Identification - 4-5% 1-2%
Trigger Efficiency 2-4% 2-5% 249
Normalisation 5% 4% (non-VBF), 16% (VBF) 9-10%
Signal
Jet Energy Scale 1-5% (S) 3-9% (S) 2-4% (S)
Tau Energy Scale - 2-9% (S) 4-6% (S)
Tau Identification - 4-5% 10%
Theory 8-28% 18-23% 3-20%
Trigger Efficiency small small 5%
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Mass Reconstruction with T leptons
Visible mass:

® Invariant mass of the visible T decay products

Effective mass

® Invariant mass of the visible T decay products + MET

Collinear mass:

®* Assume that neutrinos are emitted parallel to the visible T decay
products’ direction = 2 equations and 2 unknowns

E, =P, -cos(6)- cos(g,)+ P,, - cos(0,) cos(¢,)
E, =P, -cos(0)) sin(¢;)+ P,, - cos(0,) - sin(e,) s

m

Vis

m —

X1,2 are the momentum fractions " A %

carried away by the visible 2 e
T products

/[/
collinear >
X1X; \
/ - -7
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