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@ Picture of the analysis

Seems simple!




@ Picture of the analysis

In practice, not so simple.
Let’s walk through this. //\

hadrons

qq—qgH—= Tt hvlvevr

“VBF Higgs to tau-tau to lep-had”
Most powerful category for H—=tt

hadrons

4

Alexander Tuna (Penn)



@ Picture of the analysis

Colliding partons
with the LHC //\
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ATLAS and the LHC

Cross-sections (nb) for SM
processes at hadron colliders

[ : |
'

The LHC collides protons at high energy and
events are observed with the ATLAS detector.
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Many pp collisions
occur in a single bunch
crossing. This is
challenging for analysis.
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ATLAS and the LHC

Results from today’s talk use the full 2011
dataset and partial 2012 dataset.
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The H—=TT analysis with the full
201142012 datasets is in progress now.
We hope to release a new result soon!

er Tuna (Penn)

Cross-sections (nb) for SM
processes at hadron colliders
L

- M =125 GeV{

[ wus2012
1

l} Ll Ll Ll Ll : Ll I

Gtot

Teva:tron iLHC

Vs (TeV)

Parton Luminosity And Cross Section Plots



https://twiki.cern.ch/twiki/bin/view/AtlasPublic/LuminosityPublicResults
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/LuminosityPublicResults
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/LuminosityPublicResults
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/LuminosityPublicResults
http://www.hep.phy.cam.ac.uk/~wjs/plots/plots.html
http://www.hep.phy.cam.ac.uk/~wjs/plots/plots.html

Picture of the analysis

Higgs searches

at ATLAS //\
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Higgs @ ATLAS

The BEH electroweak symmetry breaking mechanism, and corresponding
Higgs boson, were postulated in the 1960s. Searches for the Higgs boson are
a major piece of the ATLAS program.

There are lots of ways
to make Higgs bosons.

And there are lots of ways

for Higgs bosons to decay.
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gluon-gluon
fusion (“ggF”)

vector boson
fusion (“VBF”)

associated
production

0@ muy=125 GeV
and /s = 8 TeV

“.ttH 7

J wvov

J 2000

q
QEH
q q

g msmét
g QMQM& t

19.5 pb

H125— .

BR (%)

1.58 pb

bb
WW

1T

7

YY

58
22
6.3
2.6

Higgs BR + Total Uncert




Higgs @ ATLAS

The Higgs program at ATLAS has been awesome.
Higgs searches have steadily improved since the observation of an excess
on July 4, 2012, a.k.a. Higgsdependence Day.

CMS event display | photoshopped New York Times coverage
onto Independence Day image

http://www.nytimes.com/2012/07/05/science/cern-
hysicists-may-have-discovered-higgs-boson-particle.htm

http://www.imdb.com/title/tt0116629/
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Higgs @ ATLAS

The Higgs program at ATLAS has been awesome.
Higgs searches have steadily improved since the observation of an excess
on July 4, 2012, a.k.a. Higgsdependence Day.
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Higgs @ ATLAS

The Higgs program at ATLAS has been awesome.
Higgs searches have steadily improved since the observation of an excess
on July 4, 2012, a.k.a. Higgsdependence Day.
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Picture of the analysis

//\ Tau leptons

hadrons at ATLAS
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@ Tau leptons @ ATLAS

Tau leptons are the 3rd and heaviest (m: = 1.8 GeV) generation of leptons.

This large mass has two important consequences:
tau leptons decay within the ATLAS beam pipe,
and tau leptons can decay hadronically.

from Nils Ruthmann

> Tr

17%

|dentifying hadronic tau decays (th: T—hvy) is challenging because
hadrons (—“jets”) are produced copiously at the LHC.

|dentifying leptonic tau decays (t:: T 2v:v:) iS easier because leptons are
not hadrons, and we have great “standard candles”. W—{v, and Z—{X.
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Th @ ATLAS

Th candidates are seeded by calorimeter clusters and tracks are associated to the candidates.

Th tend to have 1 or 3 tracks,
narrow calorimeter showers,
and a displaced vertex.
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TTh @ ATLAS

Th candidates are seeded by calorimeter clusters and tracks are associated to the candidates.

Th tend to have 1 or 3 tracks, Th identification efficiency can
narrow calorimeter showers, be measured in data with
and a displaced vertex. Z—T,Th tag-and-probe.
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TTh @ ATLAS

Th candidates are seeded by calorimeter clusters and tracks are associated to the candidates.

Th tend to have 1 or 3 tracks,
narrow calorimeter showers,
and a displaced vertex.

Th identification efficiency can
be measured in data with
Z—T,Th tag-and-probe.

The T energy scale (TES) can be
corrected with MC and CTB data and
also measured with Z—=tyth T&P.
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@ Picture of the analysis

H—1t at ATLAS!

hadrons

Iggs to tau-tau to lep-had”

hadrons
Most powerful category for H—=tt
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H—TT strategy

Events / 20 GeV

UT, g + €T, H+2- jet VBF
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— H(125)—>11
N 71t

B Others
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722 Bkg. uncert.

_[Ldt=13.0fb'1
Vs =8 TeV

ATLAS Preliminary ]

ATLAS-CONF-
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H—TeTh

H—ThTh

H—T,Ty

Nickname

“lep-had”

“had-had”

“lep-lep”

Trigger

single ¢
L+Th

di-Th

single ¢
di-£

ggF categories

J ww
|:>_H
g

0 jet
1 jet
boosted H

boosted H

0 jet
1 jet
boosted H

VBF categories

4{ g
q Y, ’
V
a—L_q
Add topological cuts to

reduce background
contamination.

=50 100 150 200 250 300
MMC mass m_, [GeV]

2-jet VBF | 2-jet VBF | 2-jet VBF

Select events with well-
identified T, £, and
categorize the events by
jet multiplicity and pt(H).

Extract signal with
maximum likelihood fit
of m(TT).
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Common issue: Z—TT

Issue ldea

Difficult to find CR for largely irreducible Z/y*—=tt  Embed simulated t decays in Z—ppu data

Dominant background in all final states Z— 1T “embedding”

Z—-pu in data T decays in MC Embedded Z— Tt

Replace p Simulate T decay Benefits

Tracks TAUOQOLA for polarization and Jets, underlying event, and

Calorimeter cells spin correlations pileup effects from data

Full ATLAS simulation, Significantly reduced
digitization, reconstruction systematics uncertainties

Alexander Tuna (Penn)



Common issue: m(TT)

Accurate mass reconstruction is challenging because there are 2 (thTh), 3 (ThTe), Or 4 (T¢Te)
neutrinos in the Tt decay. The Missing Mass Calculator (MMC) helps here.

Unknowns: pP(Vv1), p(v2)

Exmiss, Eymiss,
m(t4), M(T2)

Ad(Tvis,1,V1), AP(Tvis,2,V2),
m(v4), m(vo)

Constraints:

Scans:

Tvis,2

virefers to neutrino system
of ith tau lepton decay

T T T T ‘ T T T T ‘ T T ™3 T T T T ‘ T T T T ‘ T T T T
1-prong Tt decay - 3-prongt decay _|

45<p <50 [GeV] | 45<p <50 [GeV] ]

ATLAS Simulation — ATLAS Simulation

m(TT) is built for each scan | ;
point and weighted by the .. ==/ | * [ o T R e
AB3p(Tyis,;,Vi) probabilities. * I A 1t M !
The maximally-probable : ] | f 7

m(tT) is chosen. o musconeoe N 7 coveantiie M | cooss Miceares

1 ‘ 1 1 1 L1 1 1 [ = I - ‘ 1
0.06 0.08 0 0.05 0.1 . 0.2 0 0.05
A6,y [rad] A6y [rad] AByy [rad]

AB3p(tvis,i,vi) PDFs for three possible tau lepton decays. ,.

c T T T ‘ T T T ‘ T
I Leptonic T decay
03~ 45<p <50 [GeV]

Arbitrary units
itrary units
Arbitrary units

L 4 Z-tt Simulation

Arb
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H—T,Th

Categories
(ranked by sensitivity)

VBF
Boosted H
1-jet
0-jet

I
|

IIIIIIIIIII|IIII|IIII|III

UT, .4 + €T, g H+2-jet VBF

—e— Data
—— H(125)>11

N 71t
Bl Others

Fake t
77 BKg. uncert.

det: 13.0 fb’

\'s =8 TeV
ATLAS Preliminary

Z—T¢Th is estimated
with embedding
(hon-VBF) and VBF-
filtered MC (VBF).

N N
o N

Evénts / 20 GeV

—_— ik
>~ O O

Selected systematic
uncertainties (signal)

JES 3-9%
TES 2-9%
TID  4-5%
TH 18-23%

Small contribution from
other processes (Z— ¢, top,
diboson) is estimated with
MC and normalized in CR. g

T

0 AN RIN RN R G

Jets-faking-Tn (W= tv4), 100 150 200 250 300  Selected systematic
multi-jet) are estimated with MMC mass m.. [GeV] uncertainties (backg. est.)

SS data (hon-VBF) and 5
“fake factor” method (VBF) i 20%
on T PID
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H—ThTh

Categories
(ranked by sensitivity)

1 T 1 1 T 1 1 1 1 | 1 1 1 | 1 T 1 |_ VBF
Thadthag F1+2-J€1s VBF 3 ted H
Oo0osSte

—e— Data

—— 5x H(125)—>1t
i Zott

I Multi-jet

Bl Others

7, Bkg. uncert.

JLdt: 13.0 fb’

Z—ThTh is estimated
with embedding
and normalized with
2D th-track fit.

vems / 16 GeV

7

|/IIII|IIII|IIII|IIII|IIII|

Selected systematic
uncertainties (signal)

JES 2-4%
\s =8 TeV

TES 4-6%
ATLASPreliminar
o TID 10%

TH 3-20%

|llll|llll|lll

Multi-jet is estimated with 15
SS, not-0OS, or fail-th-1D
data and normalized with

2D Th-track fit. 10

<

ATLAS-CONEF-
2012-160

lll|llll|

< Selected systematic

uncertainties (backg. est.)

T T 1
N

O‘
Small contribution from other 0 MM(135r(1)1a332/?72 [GeZ\?]O Z—tt (VBF) 11%

processes (W—1v+j, top, N .
diboson) are estimated with MC multi-j (VBF) 10%
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H—T,Ty

Categories
(ranked by sensitivity)
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1-jet
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0-jet

/Z—TyTe IS estimated

with embedding and
normalized to
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-9
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- — 2 X H(125)—>11
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Bl //+single-top
WW/Wz/2Z
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N
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ends / 20 GeV
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N

Non-tt EW backgrounds

are estimated with MC 7 Bkg. uncert.
and normalized in CR 2% f Ldt= 13.0 i5"

10
\s =8 TeV
. ATLAS Preliminary

~ 44 ATLAS-CONEF-

, %
-a- e 2012-160 Selected systematic
O el uncertainties (backg. est.)

Jets-faking-leptons (W—2v+j, O 9~ 100 150 200 250 300 350 400 20-40°
multi-jet) are estimated with MMC m_. [GeV] Fake ¢ &
non-isolated leptons and
sublead lepton pttemplate
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Selected systematic
uncertainties (signal)

JES 1-5%
TH 8-28%
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Other categories
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Number of categories (25 total)

Results

TeTh

Thlh

Tely

2011

6

2

5

2012

6

2

4

ATLAS Preliminary 7

- ATLAS Preliminary | Ldt=4.6fb", (s =7 TeV

95% CL Limit on o/cy,,

L H-o 1t
— _e— Observed CL, f Ldt=4.6 fb'1, \s =7 TeV —:
--- Expected CL_ | Ldt=13.0fb", (s =8 TeV 1
+ 26
+ 1o

Full H— 1Tt combination
ATLAS-CONF-2012-160

— Observed H — 17

[ Ldt=13.0fb" {s =8 TeV

--- Expected for SM Higgs Boson

Expected for SM Higgs Boson at mH=125 GeV

’
P —
4
’
- —
-
-

-, —

ATLAS-CONF-2012-160

110 120 130 140 150
my, [GeV]

1.2xSM expected, 1.9xSM observed

95% CL limit for my = 125 GeV
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110 120 130 140 1

50

my [GeV]

1.70 expected, 1.10 observed
local significance for my = 125 GeV
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ATLAS-CONF-2013-079

Res U ItS ATLAS — o6 Total uncertainty
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ATLAS Preliminary

\s=7TeV: [Ldt=4.6-4.8fb"
's=8TeV: [Ldt=13-20.7 fb’

—_k
o

x B/Bg,,

—H —=yy + Standard Model
—H->2zZ" -4 X Bestfit
—H - wwW" - v — 68% CL

H— 1t -==-95% CL

MVBF+VH

Y ATLAS-CONF-
} 2013-014

—

W.ZH-— bb 405 | : . ATLAS-CONF-2013-079
, —_ - I : 1 é

Preliminary .07 [+0.4
u=02"

0.6 |<0.1 : ! |
my = 125.5 GeV H— 1t (8TeV: 13 fb-1) ATL;AS-CONF-2012-160
L1 1 1 | L1 1 1 | L1 11 | L1 11 | L1 11 | L1 1 1 | L1 1 1 | L1 1 1 | L1 11 | L1 11 Preliminary :

2 1 0 1 2 3 4 5 6 7 8 k=070
x B/Bg,,

s-7Tev[Lat-4648' 0.0 0 0.5 1 195 2
Vs = 8 TeV [Ldt = 13-20.7 b Signal strength (u)

Mgg F+ttH

Best fit signal strength parameter (u) is 0.7 = ~0.7.

Combined H—T1t search is compatible with y=0 and p=1.
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@ Future of H=>T1tT @ ATLAS?

The analysis has many improvements planned for the near future.

Full 2012 dataset MVA event selection

Better objects (th, £, ET™9) Better background estimates

Channel harmonization More CRs in the fit

The analysis faces many challenges for 2015.

Much tougher to trigger Increased pileup

Th identification in dense environment

Great time to be doing Higgs physics with taus.
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Thanks for listening!




ATLAS and the LHC

Muon Detectors Electromagnetic Calorimeters

Solenoid _
Forward Calorimeters

End Cap Toroid

; Inner Detector | | ioldi
Barrel Toroid T T TRT Shielding
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@ Picture of the analysis

_
| “
‘ I

hadrons

Alexander Tuna (Penn)



H—ZZ-pupp @ ATLAS (2012)

CERN accelerator S
complex B 8

NC @ Gargamelle (1973)

LINAC2 PS
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VBF vs. non-VBF

—i
A\

_ H— 1t (VBF) ATLAS Preliminary | _ H— 1t (non-VBF) ATLAS Preliminary |

- —e-ObservedCL, | Ldt=461f"Vs=7TeV - - —e-ObservedCL, | Ldt=461f"Vs=7TeV -
--- Expected CL_ | Ldt=13.0fb", (s =8TeV

—i
o

--- Expected CL_ | Ldt=13.0fb", (s =8 TeV
+ 20

ERS

VBF
ATLAS-CONF-2012-160

non-VBF
ATLAS-CONF-2012-160

95% CL Limit on G/GSM

100 110 120 130 140 150 100 110 120 130 140 150
my, [GeV] my, [GeV]

Statistical analysis

Likelihood function: zwe = [] |[]|Poisson(Vilu-s; +b) [ | Gaussian(iio, 1)

category | bin j 6

Test statistic: 4. = —2In(£L(.8,)/L.8)) Binned variable: m
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