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Why bother with H> 1T ?

> Summer 2012: Historic observation of a new Higgs-
like particle @ ~125 GeV

Phys.Lett. 6716 (2012)1-29 — Byt.. What did we observe exactly?

- Too early for definitive answers
- Some facts:

» Couples to Vector Bosons
» L7 /WW
> Couples to fermions?

» Probably yes: ggF production and
YY decay via quark loop.

» Couples to leptons?

» TT search is addressing this
question

www.elsevier.comfocale/physieth
» . » >



SM Higgs boson in LHC
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» Higgs-like boson of m,~125 GeV accessible
> bb, TT, WW*, ZZ*, vy, ZY, UM
> TT

» With WW->lvqgq, highest oxBR ~ 1pb @ 7 TeV
» Well motivated search, but very challenging 3

LHC HIGGS XS WG 2011



Tau lepton trivia in one slide

Most important decay modes

Mass: 1.777 GeV/c? Decay Mode Branching Fraction

* CT:~87um Leptonic modes ~35%
TEDe*v,. Vv, 18%
T2 U*V V. 17%
Hadronic modes ~65%
1 prong o
(1 charged pion) 46%
TEDTT* Vv, 11%
>+ 1m0V, 26%
Tt 210V, 9%
3 prong o
(3 charged pions) 14%
3prong hadronic tau decay Tieninitﬁ Vr %
TE>mrmrnt 1Oy, 5%




Tau Reco (T1,.4) in ATLAS

Thag APPE€ArS 4S5 a4 Narrow

: : Signal
isolated jet -

cone

Thag S€€d: jet of cone AR<0.4,
pr>10 GeV and |n|<2.5

Classify T,.4: count number of
tracks in signal cone of
AR<0.2 around the jet seed 1solation

Thag €Nergy: Energy from cone
calorimetric topological Example of
clusters in AR<0.2 true 3-prong T

Isolation region: cone 0.2<AR<0.4




Tau ldentification (TaulD)

e TaulD: Distinguish 1,4 jets from QCD jets and electrons

* Use a number of discriminating variables based on tau
properties: isolation, energy profiles, fractions of EM & Had
energy, angular distances

« Combine all variables separately
on 1-prong and multi-prong tau
decays using MVA discriminator

ZoteWot 1 prong p_>20 GeV
2011 dijet data [dt L = 130 pb" T —
ATLAS Preliminary ]

Sample Fraction

AN Red: tau signal MCH
063\\@ Black: Dijet data -
04§:§:§§ 2 high pr .
' NN back-to back jets A

0.2 %\&\\@Q — -

0 1 2 3 4 . 5 6



TaulD efficiency, energy scale

* Every TaulD available with
predefined cuts, of signal
efficiency:

¢+ Loose: ~60%
¢+ Medium: ~50%
+ Tight: ~30%

« 2012 Energy scale

uncertainty: ~4%

~3.3%
~5%
10

Inverse Background Efficiency

~13%E
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E-™'ss in a nutshell

Jets

Photons Taus

Electrons

Softlets
p>20GeV p.;<20GeV

TopoClusters

Muons not in objects

Go back to constituent Calorimeter Topoclusters = Cells - apply overlap removal at Cell level
-> Cell calibration weights dependent on the object - add cells to calculate partial terms

v v v

v
MET_RefEle 4+ MET_Refy 4+ MET_RefTau 4 MET_Reflet + MET_Softlet + MET_CellOut

v v

+ MET_RefMuon

+‘ MET_Muon | -

v v

rmiss,calo [ MisSS,muon _ [miss

Pile-up suppression using tracks

> STVF, JVF: Y.p./ Y,

track,PV

track

For clusters/jets with associated tracks
within tracker coverage [n/<2.5:

> Soft term: (STVF)XETmiss,SoftTerm
> _]et term: (JVF)XETmiss,JetTerm

,E™** Resolution

miss
X

MET_RefFinal

[GeV]

y

E

e

MET SoftTerm:
Low p; jets (<20 GeV) +TopoClusters
not associated to any high pT object
-2 highly affected by pileup

2> highly affected by pileup

26 [ T T T | T T T I T T T [ T T T I T T T | T T T | I. T ] T [ T T T ]
242_ o MC default ATLAS Preliminary 1
r o MC Pile-up suppression STVF 7
ool Data 2011 default -
- = Data2011 Pile-up suppression STVF -
205" 75 =
18 \s=7TeV =
16 |Ldt=421b ﬁ =
C ——0— ]
14 Ojets pT>20 GeV —— —— -
C —— J
12 - =
C —— J
10— —— =
C == - 7
] e = == S S =S -
6 C I 1 I 1 1 1 l 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 ]
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H>1tT-

> According to the decay of T, split the analysis in 3 channels
> Il 4v (LepLep) lep:eory

> ITy,4 3v (LepHad) Had: hadronic decay of T
> Tp.gThag 2V (HadHad)

» Neutrinos result into missing energy, thus missing information

4
VT”"
=>Main challenge: Separate g
signal from Z>T+T1- /
e Estimate mass of di-tau: my, ARG
- ec - )% '\
e Difficult due to the presence T o “»
of neutrinos H i
/'\ Eqmss
.. Ve

Tt
ANy A
Vr
e+

» Combine all three channels to search for H>TT decays

> Show results with 4.6fb-1(7TeV) and 13fb-1(8TeV) data
> (HCP, Kyoto November 2012) 9



Analysis strategy

> Use single-lepton/lepton-tau/di-lepton/di-tau triggers
> Split events in several categories to maximize S/+/B :
channels: | LepHad | | LeplLep | | HadHad |

- VBF* Selection (2 high p; jets with high An,; and m;;)

Non VBF Non VBF Non VBF

v v U

Boosted Higgs selection (high p; jets and high p+ Higgs

Non boosted 2 HadHad categories

Non boosted

VH selection (m;~m; ) » >1 jet

Rapidity gap
O

W ' Z . - \\b.

*: VBF, highest sensitivity ¢ o 19
e




DiTau mass reconstruction: MMC

* Missing Mass Calculator (MMC) based on nimae6542011) 481

T T | T T T T | T T T T ‘ T T T T | T T L
1-prong t decay -
45<p <50 [GeV] |
ATLAS Simulation

+ Z—tt Simulation

\\ —— Probability function —
\ -

itrary units

0.015—

Solve T, EyMiss in Ag(T,V)
Thad parameter space using
AB;p(T,v) template
from simulation as :
PDF o

Arb

0.01—

lllll

* High efficiency for TT resonances (>99%)

« Works for back-to-back events as well
* More precise mass description

« Reduced tails, resolution 13-20%, correct peak position
« ~20-30% analysis sensitivity improvement

» MMC mass the final discriminating variable used in all 3 channels

> The most powerful (and almost the only) way to enhance separation
of signal against Z=>TT 11



Background estimation

e Dominant Z=>T1T

+ Almost data driven
Embedding

+ Same for all channels

« Z-ll, top, Diboson
* Shape from MC

+ Normalization from data CR

thod:

Events / 10 GeV

IIIIIIIIIIIII ||I|I||III|IIIIIIIIIIIII—

—e— Data .
— 10x H(125)>1tt ]
I Z—-1t (0S-SS) A
I Others (OS-SS) |
I Same Sign Data
7272 Bkg. uncert.
[Ldt-=a61"

\s=7TeV _

200 :
- ATLAS Preliminary -

0 50 100 150 200 250 300 350 400

« QCD, W rich samples in

fake T’s

+ Data driven methods

MMC mass m,_, [GeV]

12



Background estimation: Z->TT

« Dominant background due to the same final state Z>7T

* Shape estimation from Z->pp data: “Embedding” technique
Delete muon tracks and deposited calorimeter energy from
data events

Replace by full-simulated Z-> 71Tt decays, generated with Tauola
with identical kinematics

Almost a pure data-driven technique T AR AR DA
= Jet/MET/pile-up/UE/etc described by data 2 ;4" 6~ Z-ytsEmbedded
o E Q 1
. . = r . —6— Z—1t Alpgen MC |
Only tau decays described by MC g 012 :e Ve,
» Normalize in data Z->7T rich region 0.1 ¢ [ra-mson’ -
0.085 é ) \s=8TeV B
- s ATLAS Preliminary -
before - 0060 . .
1 0.04/- . .
' : C C ]
0.02 .Q -]
Oiuooobﬁen PRI ?‘M
50 100 150 200 250

MMC mass m_, [GeV]

13



Results: mass distributions

Events / 20 GeV

» VBF: 15t most sensitive category
> Limited statistics but best S/+/B ratio among all categories

> Boosted: 2" most sensitive category, large p;H or large jet p-

» Improved mass resolution due to large E{™'ss: Higgs and Z better
separated

1x0My125) 50
LepHad | VBF

22F
20
18F
16F
14f
12F
10

50

100

| |
utdy + etyq H+2-jet VBF

Data
H(125)—1t -
7ot
Il Others ]
[ Faket .
777 Bkg. uncert.

J.Ldt=13.0fb“

\s=8TeV E
ATLAS Preliminary 7

150 200 250 300
MMC mass m_, [GeV]

Events / 16 GeV

500F

400

300

200

100

SM
5 XG> 125) >

Had Had/ _VBF

| \
Tha d’ch d H+2 -jets VBF

—o— Data 4
— 5x H(125)>1t 7
Bzt i
[ Multi-jet —
Il Others ]
7772, Bkg. uncert.

[Lat=13.0m' -

\s=8TeV
ATLAS Preliminary_]

100 150 200 250
MMC mass m_, [GeV]

Events/ 10 GeV

SM
2X 0> y125) 57T

Le p| Le p I Boos ted
450 ee Ieu + uu Boosted =
400: Data ]

E —— 2x H(125)—>1t
3505 B 7t ]
300; Bl Z—eeuu 3

250"
200
150F
100}

I (7+single-top

WW/Wz/2Z
e’ [ Fake leptons
{7 Bkg. uncert.

\s=8TeV

% ATLAS Preliminary ]

JLdt=13.0fb’1 E

MMC m__ [GeV]

—100 150 200 250 300

14



Systematics

= Theory uncertainty on signal: 18 - 23%
o QCD scale: ~1% for VBF, 8-12% for ggF

o PDF: 8% for gluon processes, ~4% for quark processes

Dominant detector-related systematics:

Z2>1T | Signal
Embedding 3% ——=
JES ——— 3-9%
TES 4-15% 2-9%
TaulD 4-5%
Luminosity 33 g;f g g 'I_;_ee\\//

» Both shape and normalization variations are taken into account

15



Results: combined limit and pO

95% CL Limit on G/GSM

H- ATLAS Preliminary E
—e— Observed CL_ ILdt 46" \s=7TeV —
_ Expected CL_ [ Ldt=13.0 1", 1s=8TeV ]

IlIII|IlII—

I
H
ay

Obs(Exp):1.9(1.2)

|IIII|IIII|IIII|IIII|IIII||

1
III|IIIIIII:I | I 111 | | | |I

_L—IIII|IIII|IIII|IIIIIIIIIIIII

110 120 130 140 150
my [GeV]

Localp

107 ==

102E

1T T 71 T T T L I T T T 1 | T T T

ATLAS Preliminary | Ldt=46fb", \s=7TeV

— Observed H — 1t

1
0 --- Expected for SM Higgs Boson

..... Expected for SM Higgs Boson at mH=1 25 GeV

—_
I

[Ldt=13.0fb" \s=8TeV

L1 Lt

11 Illllll

llII

lIII|IIII|II:I | | | | | 1 | | | |

100 110 120 130 140

m, [GeV]

» Local py: probability that background fluctuation mimics signal

> my=125 GeV

> Po: observed 1.10, highest expected sensitivity 1.70

> Signal strength p= 0.7+£0.7 consistent with both presence
and absence of SM H>TT signal

Oc

150

16



Result interpretation attempt

95% CL Limit on G/GSM

95% CL Limit on G/GSM

—_
A}

—_
o

—_
o

wowoEn | ATLAS Preliminary = 5T AriAs Preiminaly
- —e— Observed CL_ det=4.6 fo',\s=7TeV - @ - 4 K best fit ]
| --- Expected CL_ det: 13.0fb", 1s=8TeV | om 4:— .[L=4'6fb \s=7TeV X best fit (u>0) —:
of ] g Jemenieeem Temema
i i il N 4 SM prediction ]
- - é L dh Baciground only
6 VBF B = 2F E
L E Y m, = 125 GeV .
] 1;_ ~ . —:
1 oF -
: | A ]
o T S N A A C ]
100 110 120 130 140 150 D :
m,, [GeV] 2_ E
12l| ' | T | T | rrTT |.| _l T [1 -31_—I | 1 1 1 | | 1 | | | 1 1 | 1 1 I | | | I—_|'
. H— 1t (non-VBF) ATLAS _I?rellmlnary i -2 0 2 4 6 8
- —e— Observed CL,_ det=4.6 fo,\s=7TeV -
| --- Expected CL, [ Ldt=13.0fb",\s=8TeV | u F X B/BSM
[ 2 1 . 99
sl E:—:G h mH=125 Gev .
; non-VBF | » Consistent with background only
6_ —] . . .
: hypothesis, and SM Higgs signal
T 1 » Large uncertainties
of ]
i ] VBF nonVBF
000 10 120 130 140 150 Limit: 1.8(1.6) 3.3(1.9)

m, [GeV] 14



H->TT in the overall picture

| ! | |
ATLAS Preliminary
W,ZH — bb

Vs=7TeV: |Ldt=4.7 b
\s=8TeV: JLdt=13fb"

H— 1t
Vs=7TeV: |Ldt= 4.6 b
\s BTVJ.Ldt 13fb

H-ww!” = viv

\s=8TeV: |Ldt=13fb"

H— vy
Vs=7TeV: |Ldt= 481"
\s 8vaLdt 131"

HaZZ a4|

Vs=7TeV: [Ldt= 4.6 b
\s =8 TeV: | Ldt = 13 fb"

I

m, = 125 GeV

Combined
\s =7 TeV: |Ldt=4.6- 481"
\s =8 TeV: [Ldt= 13 b

w=1.35+0.24

1 1 1 i

L —e—

|

-1 0 +1

Signal strength (u)

I T T T T I T T T T I T
—co ATLAS Preliminary

\s = 7TeV, [Ldt = 4.6-4.8 fb"
observed

- - Cormmw.2 expected \s = 8TeV, JLdt— 13 fb
:::::-,-'--'----5'5-’ D e uieetaaat= S o i Qg

bmed 8bserved

a” 10° g
1 03 - erved
STT 'J obbézsvfzs

1 o-1
10°
10°
107
107
10"
1073

-
-
-
~

________________________

PR TN N T T T AN T T TN SN TN ST S SN T ST S SN T NN S
115 120 125 130 135
my [GeV]

» Higgs combined excess 7a, with H>1T1 contribution of 1.1c
» Very challenging and complicated analysis due to large amount

of backgrounds, small S/+/B, complexity of final state, large

resolution effects

» Very important role in the SM Higgs searches, since provides
direct measurement of the coupling to leptons

18



H->TT uncertainty in VBF

x B/Bg,

l'LVBF+VH

c'or'u.';o_;mwhm
T TT T

" ATLAS Preliminaty | |
r J- o ¥ best fit . % 107 wwwwwwwwwwwwwwwwwwwwwwww s o T e
- IL:“-G folNs=7TeV o pestfit (u>0) 4 o - ATLAS Prellmlnary 2011 +2012 Data o 7 + Bestfit [Ldt=481b"1s=7Tev 3
L=130f",\s=8Tey — 95% Contour 1 2 8 \s=7TeV: [Ldt=47 b Ho Ww s vy 4 a - — 68% CL , E
r ceeee 689 1 x - - 6 _ s =
- - + Smpedoion 1 I F \s=8TeV: |Ldt=5859 1" 1 7% Rk 95%Clem = - ..J.'jdt‘ 13.0f",1s =8 TeV3
F Zb Background only | u 6 + Standard Model ] % 5* >< SM -
F - g C % Best fit . s ; ]
F — my = 125 GeV 7 = P — — —— —68% CL - 4 H =
F - ~. = 4= ---195% CL ] 3_ H 9 i E
F '-.‘ \ E of { 2F E YY é
a 1 o .:' . H2>WW 1 ", P
T ; L : N o*ATLAS Preliminary ™. =
[ — ] N 5 ] 2011-2012  Teee et - E
— — -2 — A e e e e e _
H eTT 1 r ] 1; m,=126.6GeV
_I_ - \ ] P S g ey L A RN IR ) S NN RS PN NS PN TS P . e
= > 0 > ; 4 ; ; 6 — 8 -1 0 1 2 3 4 5 -1 -05 0 o5 1 15 2 25 3 35 4
u xB/B
n x B/Bgy ggF+ttH SM
ggF+ttH
Hogr B/Bgy,

> Measure of the precision in probing VBF: projection in
y-axis of 95% CL contour
» H>TT ~ 5.4p
> HSWW ~ 6.1p
» H2>vyVy -~ 6.4u
» H->TT has smaller uncertainty (better precision)
» Potential of contributing significantly in measuring VBF

production mode of new boson
19



ATLAS SM H->T1T perspective

» LHC 2 years shut-down period since a few days
H2>T1T1 search in ATLAS
> Analyze full 2012 dataset, additional ~7fb-1 @ 8 TeV
> Reminder: current result with ~18fb-1(7TeV & 8TeV)
= Expected sensitivity 1.70

> Goal of new analysis to push the sensitivity as much as
possible towards 3o and provide a more conclusive statement
on whether new boson couples to TT and thus to fermions

> Explore and use the enhanced discrimination power of MVA
technigues

» Add and improve categories

» Optimizing basic objects such as TaulD, MET, jets, mass
reconstruction

» Next update will include the complete 2011+2012 dataset 29



CMS Vs ATLAS: Notable dlfferences

CcMs, Prellmlnary H—)rr L= 17fb1

s50¢ T s 8¢ .
o , . F —— observed o H—>‘c1: ATLAS Prellmmary
© 45E expected © 7 —e-ObservedCL, [Ldt=4.6f6"s=7TeV -
c 4.0F [ + o expected S - .. Expected CL, | Ldt=13.01b" \s=8TeV ]
.8 “F [ ]+ 20 expected = 6 D+20 3
E 35 : E - Wt ;
o 3.0F ] 5 E
2 ,5F CMS E L 4k ATLAS E
R 3 Lo - ]
s : i Sdame :
0'55 \E\ d ]
T it B L [ R O P P T
m,, [GeV] my, [GeV]
m, =125 GeV CMS ATLAS
Observed (Expected) x ogy limit 1.63(1.00) 1.94(1.18)
Local p, (observed) 1.80 1.10
Local p, (expected) 2.10 1.70
Signal strength p 0.7 £ 0.5 0.7 £ 0.7

» CMS different event categorization low tau p; Vs high tau p+
= 20% improvement with respect to CMS previous analysis

» CMS has two additional explicit analyses to probe signal in the

production mode of VH, where V decays in leptons 21



Conclusions

e SM H->T1T in ATLAS up to now..
Analyzed 4.6(13) fb~! @ 7(8) TeV
Combined limit:

= Observed (expected): 1.9 (1.2)xoyy @ my=125 GeV
= Excess of data driven by nonVBF, LepLep channels

Expected p, @ m=125 GeV: 1.70
Observed p, @ my=125 GeV: 1.10

» 7 additional fb-1 @ 8TeV are being analyzed

» Stay tuned for the next H>TT more sensitive update,
coming soon!

22



VBF H2T1, 4 T,

A I LA S Run Number: 204265, Event Number: 178165311

EXPERIMENT .Date: 2012-06-02 19:53:30 CEST




