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Search for H — 7/ Th,q in ATLAS
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Unified theory of interactions

SU(2)r x U(1)y x SU(3)¢
+ Higgs mechanism

Is the Higgs mechanism
realized in Nature?
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Search for H — 7/ Th,q in ATLAS
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Search for H — 7/ Th,q in ATLAS

Role of 7-leptons in this discovery context

o

T T
\s =7TeV SM

) i
Understand EWSB with 7 : § j
@ Observation of H — TT process ? (C\Ms result) 5 ! WW::V:‘S :
@ Unique test of gy o< 11y in the fermionic 10" “
sector (together with H — bb measurement) 10° z::,:‘\‘\
@ particularly sensitive to VBF .
@ Polarization studies : access to JF "
10 250
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Search for H — 7/ Th,q in ATLAS

Role of 7-leptons in this discovery context

Understand EWSB with 7 :
@ Observation of H — TT process ? (C\Ms result)

@ Unique test of gy o 11 in the fermionic

sector (together with H — bb measurement)
@ particularly sensitive to VBF

@ Polarization studies : access to JF

New physics with 7 : To be pursued in parallel of the new resonance identification

o x BR [pb]
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@ SUSY, Larger gauge group (doubly charged Higgs),

@ new interaction (Z' search), lepton flavor violation in Z (H ?) decay, ...
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Search for H — 7/ Th,q in ATLAS

Role of 7-leptons in this discovery context

o

T I T H
. s s =7TeV SM
Understand EWSB with 7 : - Ne=rTe H
o g
1
. X
@ Observation of H — 7T process ? (CMS resul)  © §
@ Unique test of gy o< 11y in the fermionic 10
sector (together with H — bb measurement) ., == I,I\:V
10 ZZ — [T
@ particularly sensitive to VBF
10°
@ Polarization studies : access to JF
4L/ A L S
10" 300 150 200 250

New physics with 7 : To be pursued in parallel of the new resonance identification
@ SUSY, Larger gauge group (doubly charged Higgs),

@ new interaction (Z' search), lepton flavor violation in Z (H ?) decay, ...

T lepton final states have a key role in undersdanding the SM and beyond ! J
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Search for H — 7/ Th,q in ATLAS

But experimentally challenging! Jets contamination very frequent in hadrons collider!

m. =1.78 GeV )
CTlife = 87 pwm \4 1. escaping V's
T 2. hadronic final
'8 e p.d
Ve' vVu Thad & narrower jet with lower
L

track multiplicities
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Search for H — 7/ Th,q in ATLAS

But experimentally challenging! Jets contamination very frequent in hadrons collider!

m-r = 178 Gev
CTiife = 87 pum V. L escapingv's
T 2. hadronic final
W_ e_, l.l.i, d.

V., v 1 Thad == narrower jet with lower
e’ .
track multiplicities

General strategy of H — 77 search:
high BR, 2 V's,
high MJ bkg (fakes),
very clean signature,

T-based trigger
lep-based trigger

4119% clean sigr
® o had 2
\ high BR, 3 V's,
Tiepl, ~clean signature

45.8% (W+ijets as bkg),
% lep & 1-based trigger

low BR, 4 V's,

@ Each final state has specific backgrounds : dedicated analysis.
@ In this seminar, I will mostly focus on 77,4 final state.
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Search for H — 7/ Th,q in ATLAS

Ty Thad final state : signal and background

Signal signature

— VBF Hr2t
2
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« ( jets

hadronic T decay (~60%)
- 11%

- T T 35% } Lprong

- UTeTe (NT°) < 14% 3-prong

crucial
form

leptonic decay (~20%)

VBF
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Search for H — 7/ Th,q in ATLAS

Ty Thad final state : signal and background

Signal signature

— VBF H{120)
2

o (jets

Arbitrary Units

hadronic T decay (~60%)

- 11%
- T T 35% } L-prong

- UTeTe (NT°) < 14% 3-prong

crucial
form

leptonic decay (~20%)

proton

proton

Z- Tt
irreducible background
m_peak, but m <m_

Ql

7

w v
W (—1v) + jets
jet wrongly identified as T
reduced with m, (I,mET), 1ID

W

jet
Multijets

jet wrongly identified as T& |
reduced with kinematic, TID
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Search for H — 7/ Th,q in ATLAS

Overview

@ Object reconstruction : T lepton and F
9 My, reconstruction
© Analysis description

© Towards X(125) properties in T final state

© Summary and outlooks
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Search for H — 7/ T},,q in ATLAS

The LHC and the ATLAS experiment

Lumi ~ 6 pb~*s—?* ATLAS(8 TeV) :
~1fb~* I week ~40.10° of Z - eelup

Comments :
@ gq' — qq'H : second dominant Higgs production (instead of VH for TeV)
@ Better 0y /07 than TeV, “LHC= gg collider”, () ~ 20,
@ Apr/pr at50 GeV : ~ 2.7% (tracker) and ~ 2.0% (calo).
@ Typical calorimeter segmentation : Ay x A¢ = 0.025 x 0.025
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Search for H — 7/ Th,q in ATLAS
reconstruction : T lepton and Ep

Overview

@ Object reconstruction : T lepton and F
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Search for H — 7/ Th,q in ATLAS
Object reconstruction : T lepton and Er

Reconstruction of 7 lepton in ATLAS

Thag candidate is built from the calorimeter (77* and 7°) and the tracking
system (%)

1. Calorimeter object :
© calorimeter cells — 3D clusters (topological cluster)

© 1.1 is defined as a jet of topo-clusters (anti-k; algorithm with AR = 0.4)
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Search for H — 7/ Th,q in ATLAS
Object reconstruction : T lepton and Er

Reconstruction of 7 lepton in ATLAS

Thag candidate is built from the calorimeter (77* and 7°) and the tracking
system (%)

1. Calorimeter object :
© calorimeter cells — 3D clusters (topological cluster)

© 1.1 is defined as a jet of topo-clusters (anti-k; algorithm with AR = 0.4)

2. Tracks : a track is matched if

DR(track, T_,) < 0.2 Teaio
p>1GeV

d,<1.0 mm

/ <~ Tprimary vertex z-axis
z,sinB < 1.5 mm
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Search for H — 7/ Th,q in ATLAS
reconstruction : T lepton and Ep

Reconstruction of 7 lepton in ATLAS

Thag candidate is built from the calorimeter (77* and 7°) and the tracking
system (%)

1. Calorimeter object :
© calorimeter cells — 3D clusters (topological cluster)

© 1.1 is defined as a jet of topo-clusters (anti-k; algorithm with AR = 0.4)

2. Tracks : a track is matched if N Pu”ty after T reconStrUCtlon
8 4500 BeloreTau D ATLAS PveHmmary E
0 4000F |ngjusive JatL=18m" E
T £ 3500 A 5=7Tev 3
AR(track, Tey,) <02 calo & 3000f- Data early 2011
2500F . 3
: ets |G D
p>1 GeV 2000F- J Wyo D |
1500f e E
3 W Z- 17 (mis-ID)
1000 —p E
d,<1.0 mm 500 E
/sme <15 mF,;{'mary vertex z-axis 20 40 60 80 100 120 140 160 180 200

MU, Tag.) [GEV]
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Search for H — 7/ Th,q in ATLAS

] ; ; ; 3 T [AAASEASESN & 3500F ! !
N zomwow 1prongp20Gev 1 0.16F BN oo Tpongp>20GeV 4 © ® Datazoii
- e 20v dijotdara [ - 130 y 4 o 2011 diot data ot L= 130 pb" i 2 (W)
ATLAS prelimnary ] 0.14[ ATLAS preliminay & 3000 B el (W Iv)
o12b ERTpYY. = Jets
I " K | ok T are narrow E ATLAS Preliminary
Tarelowtrack J o1 calorimeter | 2000 Jasaaet
multiplicity 4 008 deposit 15001  Beore tau 1D
objects - 006 E
1 o0a 10005 WY
Ntrk[0.2<dR<0.4]| S k
— 1 002E N\ L El 5005
o ] SO e
3 4 5 6 . .1 .1 .2 .2 . . .4 el oo bl
%0050 0.5 02 025708 036 “/’o 0.1020.3040506070809 1

BDT score

+ 6 others observables combined in a Boosted Decision Tree (BDT)
£,~065% - g, ~2%
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Search for H — 7/ Th,q in ATLAS

] ; ; ; 3 T [AAASEASESN & 3500F ! !
N zomwow 1prongp20Gev 1 0.16F BN oo Tpongp>20GeV 4 © ® Datazoii
1F « 201t djotdata [dtL= 130! v | 2011 dijet data [dtL =130 pb! T ) - (WoTy)
ATLAS Preliminary E 0.14F ATLAS Preliminary E 3000 B el (W Iv)
012l W g0l = Jets
I " K | ok T are narrow E ATLAS Preliminary
Tare low track | . calorimeter | 2000 Jav-sow®
multiplicity 4 008 deposit 15001  Beore tau 1D
objects - 006 E
1 004 1000 R ok
Ntrk[0.2<dR<0.4]| S k
— 1 002E N\ L El 5005
—— J D O
3 4 5 6 . .1 0.1 .2 0.2! . . .4 el oo bl
%0050 0.5 02 025708 036 “/’o 0.1020.3040506070809 1

BDT score

+ 6 others observables combined in a Boosted Decision Tree (BDT)
£,~065% - g, ~2%

Thad-based triggers : ( + 7,4 triggers allow to lower p/ threshold wrt ¢ triggers

cy

5 09F-
@ Level 1: based on isolated calorimeter £ o0 ::meary .
deposits 0sE- EF tauz0_medumi :
0SE- Jatt-sem? vs=7Tev E
@ Level 2: consider isolated tracks o momen wen
matching the L1 objects oz oo e

@ Event Filter : exploit shower shapes
with similar algorithms to offline ID

Eoua/evc
i
E o+

L
T 2 30 40 50 60 70 8 9 100
p, [GeV]
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Search for H — 7/ Th,q in ATLAS
Object reconstruction : T lepton and Er

Energy calibration of 7 lepton

Why and how ?
@ ¢ « E; : a wrong scale will lead to shifted mass peak.
@ Use the simulation to measure the energy response

@ Use data (and MC) to estimate the uncertainty - and a potential bias
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Search for H — 7/ Th,q in ATLAS

Energy calibration of 7 lepton

Why and how ?
@ ¢ « E; : a wrong scale will lead to shifted mass peak.
@ Use the simulation to measure the energy response

@ Use data (and MC) to estimate the uncertainty - and a potential bias

Calibration Uncertainty

8 4 ‘ 1> 008 ; =

§ 1150 nlulcl’i-prflr%gl;< 03 ATLAS Preliminary | 5 0 07; ATLA7$:I_ I:/reliminary 2011 Data + Simulation E

< - i~ U s=7Te E

g 1_1: : ggé ml : (1).6 (€T : § 006 571 prong decays O Single particle resp. o Material modeling j

Fo-1 <h<13 12 F mi03 y E

1050 - 13=mi<16 \s=7TeV EN: 0.05E- U X Underlying event A Non-closure E

F 16<mi ] % E Pile-Up |:| Total uncertainty

1 ] E 0.04(- =

0.95[ 0.03 f——‘ unc ~ 3% ,_‘;,f

0.9 R Etrue E 0.02 2 o} - oL 5 = A A E

E == 1 0.01F & & 5 & & a 3

0.85E Ereco E oy - . % X g ¥ ¥
0.8% ‘2 > - 0 20 30 40 50 60 7080 100 200

20 30 40 10° 2x10 P (GeV]

Efeo [GEV] T[GeV]
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Search for H — 7/ Th,q in ATLAS
Object reconstruction : T lepton and Er

Neutrinos momentum : K reconstruction

Neutrinos don’t interact with the detector : they are measured using the
unbalance of the total transverse momentum. J
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Search for H — 7/ Th,q in ATLAS
Object reconstruction : T lepton and Er

Neutrinos momentum : K reconstruction

Neutrinos don’t interact with the detector : they are measured using the
unbalance of the total transverse momentum. J

QATLAS

oy Calorimeter based :
@ Raw: ET = — Zcell iElT/

@ Corrected for muons (only MIP),

electfon’’

@ Corrected for energy scale of each type of object

reco

Keep in mind : B "< (ZiPu) ¢
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Search for H — 7/ Th,q in ATLAS
struction : T lepton and Er

Neutrinos momentum : K reconstruction

Neutrinos don’t interact with the detector : they are measured using the
unbalance of the total transverse momentum. J

QATLAS

ey Calorimeter based :
® Raw :Pr= — Y Ef,
@ Corrected for muons (only MIP),

@ Corrected for energy scale of each type of object

Keep in mind : Fp "= (ZiPu) ¢

E,'(“‘SS,Ey"“ss Resolution [GeV]

24 Arias Pre\il"nmar‘y E

.\ . E aason E

Comments : sensitive to all the activity in the 5 e ]
. . .t Lat=4.2t0"

event (pile up, detector noise, soft radiations, ...). ' +-« t E

16[ 0jls p>20GeV '++ 4

. . 14E B =

Some technics are elaborated to reduce pile-up f -~ 1

. s E

effect on the Eresolution. T < oo 3

57*‘ = Pile-up suppression Jat Area 3

: J‘ é é 10 1‘2 1‘4 1‘5 I‘SN 20
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Search for H — 7/ Th,q in ATLAS

Overview

© 1. reconstruction
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Search for H — 7/ Th,q in ATLAS

M7 reconstruction

m, reconstruction : Missing Mass Calculator

2

Tvis
T X had
sz Y
Pas Bt OF

vis
T

Vr Vl
Mw = M(Vf/ VT)
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Search for H — 7/ Th,q in ATLAS

M7 reconstruction

m, reconstruction : Missing Mass Calculator

1%) i
2 T

T‘ L 1-prong- decay |
» ‘ 45<P,250 [GeV]

-]
Frem

1 Frt 6Fr

g B g
- BNTE,

gEEEEEEEE

M,, = M(vg, vzr)

L T S

M,, = M(ve,ve)
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Search for H — 7/ Th,q in ATLAS

M7 reconstruction

m, reconstruction : Missing Mass Calculator

%) vis

21 Thad

3

1-prong- decay |
45<P,250 [GeV]

. loptonc 1

siEBEEELE

M,, = M(vy, vz)

L T S

M,, = M(ve,ve)

\:l = unknown value
(1) Perform a scan over the unknowns, ie choose a config : q = (d®,, d®,, M

(2) For each configuration g, : compute the full invariant mass m,
(3) Fill an histogram of m weighted by w=PDF(q) , as a product each above PDF
(4) Final reconstruced mass, MMC, is given by the max of this histogram

mET, pvl p‘)

w1’
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Search for H — 7/ Th,q in ATLAS
Anal descri

ption

Overview

© Analysis description
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Search for H — 7/ Th,q in ATLAS
Analysis description

H — TyThaq OVerview

Background estimation : Categorization : 7 categories based on
@ M] & WHjets[SS] : SS data @ jet multiplicity and lepton flavor
@ W-jets add-on : (corrected) MC @ pr({, Thad, E1) and VBF topology
@ Z:either data or (corrected) MC @ The VBF category is the priority
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Search for H — 7/ Th,q in ATLAS

description

H — TyThaq OVerview

Background estimation : Categorization : 7 categories based on
@ M] & WHjets[SS] : SS data @ jet multiplicity and lepton flavor
@ W-jets add-on : (corrected) MC @ pr({, Thad, E1) and VBF topology
@ Z:either data or (corrected) MC @ The VBF category is the priority
s Event pre-selectlon Iep+T,mj , boosted cat. lep+t, , , VBF cat.
16 ‘ Wm Prosoloction 1200 Wy + e‘m Boosied 1% e u:h; + e'\:‘,m1 H+2-jet VEF B
141 ¢ Data 7 F —+— Data 1 8 —— Dala |
— 5x H(125)5t 1000 — 5x H(125)>tt — H(125)»1t 3
121 B 71 (0S8S) F B 717 (0S-SS) s o 3
I Others (0S-SS) L I Others (0S-SS) ] E I Others E
10 [ Same Sign Data | 800 I Same Sign Data | 8 I Faket E
777 Stat. uncert. L 7777 Bkg. uncert. 5 77/ Bkg. uncert. 3
Jra=1zon™ 3 || gool [Lai=1z01" [Lot-asm' 2
\s=8TeV 1 F \s=8TeV 14 15=7TeV E
ATLAS Preliminary 400 ATLAS Prsl\mlnary; 3 ATLAS Preliminary =
s o i
200
i
%10 20 30 40 50 60 70 80 90 100 150 200 %50 100 150 200 250 300 350 400
ET* [GeV] MMC mass m,, [GeV] MMC mass m.. [GeV]

before signal extraction ———— Two most sensitive categories

- mT<30 GeV supress W+jets

- mET>20 GeV supress QCD

- more (complicated) cuts to reduce fake and top
- cut specific to each category
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Search for H — 7/ Th,q in ATLAS

Background modeling : Z — vt and W+-jets

Z — 1T modeling :
w Data driven : T “embedding” in Z — upu data events

0.16]- €%,00 + 117, Preselection|
0.14 ,  HZowEmbadded @ remove y deposits and replace by a simulated 7.
4 Z-ttAlpgen MC
0.12 4 . s . e
L Emb. syst. @ It’s data (jets, pile-up, calo noise, soft radiations)

0.1 . [Lat=1301"
o.08f g s=8Tev E @ limited by data statistics

. i ATLAS Preliminary
0.06)- . ]
0.04 ‘ Corrected (filtered) MC :

° . E . .

oozt .. @ goal : more stat in VBF category,

0

0 100 180 e oo’ @ correct jet topology based on Z — (/[data].
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Search for H — 7/ Th,q in ATLAS

Analysis description

Background modeling : Z — vt and W+-jets

Z — 1T modeling :

Data driven : T “embedding” in Z — upu data events

0.16]- €%,00 + 117, Preselection|
0.14 ,  HZowEmbadded @ remove y deposits and replace by a simulated 7.
4 Z-ttAlpgen MC
0.12 4 . s . e
L Emb. syst. @ It’s data (jets, pile-up, calo noise, soft radiations)

0.1 . [Lat=1301"
o.08f g s=8Tev E @ limited by data statistics

. i ATLAS Preliminary
0.06)- .
0.04 ‘ Corrected (filtered) MC :

° . E . .
oozt .. @ goal : more stat in VBF category,
0!

150 200 0 @ correct jet topology based on Z — ¢/[data].

MMC mass m,, [GeV]

100

W-jets : corrected MC

@ Norm corr factor (ky)
derived for mr > 70 GeV
@ Derived for OS and SS

se};aratly :
KQP ~ 0.6 and kj5 ~ 0.8
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Search for H — 7/ Th,q in ATLAS

description

Background modeling : Z — vt and W+-jets

Z — 1T modeling :

. o s s
0.16F e mreiaean] Data driven: T “embedding” in Z — up data events
0.14 , H ZoEmboddes @ remove y deposits and replace by a simulated 7.
4 Z-ttAlpgen MC
0.12] ® . s . ..
L IEmn. syst. @ It’s data (jets, pile-up, calo noise, soft radiations)
0.1 . Ldt=13.0fb"

o.08f o, fememev E @ limited by data statistics

ATLAS Preliminary

0.06[- . E
0.04 ‘ Corrected (filtered) MC :
0.02- : - 1 @ goal : more stat in VBF category,
o .
0 100 180 e oo’ @ correct jet topology based on Z — (/[data].

. fa‘ke‘: qua‘.rk‘je‘ts _fake : gluon jets

0.45 Looser cuts working point

W-jets : corrected MC

~| 0.45[- Looser cuts working point

0.4« Photon-jet selection (Pythia simulation) 3 0.4F  Photonet selection (Pythia simulation) |
@ Norm corr factor (kW) 0.35F  Z+ jets selection (Pythia simulation) < 0.35F @ Z+jets selection (Pythia simulation) E
derived for my > 70 GeV o3 * Dietseiection (Pythia simuiation) | oaf  Dietselection (Pythia simulation) E|
0,25/ |CUEKIEE] ATLAS Preliminary 3 - [GllGHISSH ATLAS Preliminary |
@ Derived for OS and SS ;

se};aratly :
KQP ~ 0.6 and kj5 ~ 0.8

0720 40 B0 80 100 120 140 %20 40 0 B0 700 120 140
p, [GeV] p, [GeV]
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Search for H — 7/ Th,q in ATLAS
Analysis description

Signal modeling : EW corrections of qq4' — qq'H

Motivations and goal : a
@ VBF@LO is EW : épw ~ dqcp (unlike gg¢ — H)
@ 0ot is already QCD+EW NLO : but shape effects of dgyy ?

q —

Romain Madar (Freiburg Universitit) Marseille seminar - 11/03/13 18 /33
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Search for H — 7/ Th,q in ATLAS

Analysis description

Signal modeling : EW corrections of qq4' — qq'H

Motivations and goal :

@ VBF@LO is EW : épw ~ dqcp (unlike gg¢ — H)
@ 0ot is already QCD+EW NLO : but shape effects of dgyy ?

q —

At generated level : most affected distribution is p} - HAWK

doldp!

10}

®

>

~

LI 1

PT[H] e
LO+EW
—— LO+QCD+EW

differences between red
and black : EW effects

Romain Madar (Freiburg Uni

Scale factor accounting
for kinematic effect of &,

Theoretical uncertainty :
mJ/2<y andp, <2m,

PTH]

5 100 150 200 250 300 350 400 450 500
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Search for H — 7/ Th,q in ATLAS

Analysis description

Signal modeling : EW corrections of qq4' — qq'H

Motivations and goal :

@ VBF@LO is EW : épw ~ dqcp (unlike gg¢ — H)
@ 0ot is already QCD+EW NLO : but shape effects of dgyy ?

q —

At generated level : most affected distribution is p} - HAWK

Y. pTMH]

At reconstructed level :

Lo
Lo+QcD
LO+EW

—— LO+QCD+EW

differences between red
and black : EW effects

50 100 150 200 250 300 350 400 450

5
Pr

£ Scale factor accounting
for kinematic effect of &,

} Theoretical uncertainty :
Fmj2<p andp,<2m,

ren

PTH]

5 100 150 200 250 300 350 400 450 500

@ negligeable impact, wrt to other exisiting systematics,

@ This spectrum distortions should be kept in mind for the future.
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Search for H — 7/ Th,q in ATLAS

scription

Re-optimization of 2011 analysis

X reco

The boosted topology : defined by pi "=’ pr(¢, Taq, E1) > 100 GeV

ool jet wewim ] [poosted: me @ better resolution on mi¢; for
: D;‘EH 25 500 : Data - b d t

4o0f e (0559 ] - 0559 oosted system
I Others (OS-SS) 400 W Others (0S-SS) |

s00; s 7 s @ significantly reduce fake s

Jrot-sem 300p Jua-asm
s 1 o saw. . @ theo uncert. well under
1000 1 10 control for p¥ , unlike 7jets
50 100 150 200 250°300°350°400 %050 100 150 200 250 300 350 400 @ ~ sensitive as VBF Category

MMC mass m,, [GeV] MMC mass m,. [GeV]
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Search for H — TlThad in ATLAS

Re-optimization of 2011 analysis

The boosted topology : defined by pi "= pr (¢, T4, B1) > 100 GeV

ool jet wewim ] [poosted: me @ better resolution on mi¢; for
oz, 00 ' iz ] b ted t
4001 = ioess 1 - z:zr((osr)sﬁsy oosted system
I Others (OS-SS) 400 W Others (0S-SS) |
a00- s 7 s @ significantly reduce fake s
Jrot-sem 300p Jra-asm'
2000 -7V \s=7To
ATL:S Preliminary 2001 ATI;S P\r/ehmmary_ ° theO uncert‘ IEINeH under
1000 EG ] control for pr, unlike njets
50 100 150 200 250°300°350°400 %050 100 150 200 250 300 350 400 @ ~ sensitive as VBF Category
MMC mass m,, [GeV] MMC mass m,. [GeV]
= 2007 T T 127 T T T T T
b FH E [ How ATLAS Preliminary
g 18 _:Tébsewed cL, e 1ol Observed CL, | Ldt=4.6fb",1s=7TeV B
S 160 __ ExpectedcL, J Ldt=4.7 1" - Expected CL,
= E 1 [ Otz
% 14 [Jt2o e o Bl:w 1
3 12 Wze o \ With other improve-
2 100 2011 before El 2011 after 1 ments :
8 optimizations i optimizations ents :
i3 =4 expected sensitivity
4 almost divided by 2!
2
2r
[

: L L L L 1 | | I | |
100 110 120 130 140 150 Oygg™ 70 420 130 140 180
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Search for H — 7/ Th,q in ATLAS

Uncertainty ‘ H > TiepTiep || H > TiepThad | H > ThaaTha
Z i
Embedding 1-4% (S) 2-4% (S) 1-4% (S) .
Tau Energy Scale - 4-15% (S) 3-8% (S) Most |mp0_rtant
Tau Identification - 4-5% 1-2% systematlc .
Trigger Efficiency 2-4% 2-5% 2-4% T energy scale
Normalisati 5% 4% (non-VBF), 16% (VBF) 9-10%
Signal . .
Jet Energy Scale | 1-5% (S) 39% (S) 3a%( ~ — directimpact on
Tau Energy Scale - 2-9% (S) 46%(s)  final observable (m_)
Tau Identification - 4-5% 10%
Theory 8-28% 18-23% 3-20%
Trigger Efficiency small small 5%
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Search for H — 7/ T},,q in ATLAS

description

Uncertainty | H = TiepTiep || H > TiepThad | H > ThaaTha
Zot T
Embedding 1-4% (S) 2-4% (S) 1-4% (S) .
Tau Energy Scale - 4-15% (S) 3-8% (S) Most important
Tau Identification - 4-5% 1-2% systematlc .
Trigger Efﬁclency 2-4% 2-5% 2-4% T energy scale
Normali 5% 4% (non-VBF), 16% (VBF) | 9-10%
Signal di .
Jet Energy Scale | 1-5% (S) 39% (S) 2% directimpacton
Tau Energy Scale - 2-9% (S) 46%(s)  final observable (m_)
Tau Identification - 4-5% 10%
Theory 8-28% 18-23% 3-20%
Trigger Efficiency small small 5%
%8:\ L B BN B L I ° —
8 How ATLAS Preliminary { & .ATLAS Prefiminary | Lot= 46 fo", (5= 7TeV ]
5 7 -.-ObservedCL,ILd1=4.6for.‘ﬁ=7TeVi S F [Ldt=13.01b", s =8 Tev]
5 [ --- ExpectedCL, [Ldt=13.01" /s=8TeV | —Observed H— 1t
£ 6? E] f i‘: E --- Expected for SM Higgs Boson
3 5; - @125 GeV . [ Expected for SM Higgs Boson at m, =125 Ge' E
o E Iep lep 27 1 -
J r . E 3
% 4: Iep had -18 1 F 00
3F Thaathaa ~ 24 = [ e
2 -

F ] J2c
1= = ;
Oblesul vyl Lo 1] ‘ ‘ ‘ 3

1 11 12 1 14 1 L L L L L

0o 0 0 30 0 50 120 130 140 150

my [GeV]
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Search for H — 7/ Th,q in ATLAS
Towards X(125) properties in T final state

Overview

© Towards X(125) properties in T final state
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Search for H — 7/ Th,q in ATLAS
Towards X(125) properties in T final state

3 type of property

© other SM particles couplings constant : observed event rate
© spin: polarization, angular distributions

© CP: angular correlation/distributions
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Search for H — 7/ Th,q in ATLAS
Towards X(125) properties in T final state

3 type of property

© other SM particles couplings constant : observed event rate
© spin: polarization, angular distributions

© CP: angular correlation/distributions

1. sM= (“-P)-‘-('-Lri}

v sM 4’ sH
:}—--H B >~-"h < hyap,
v ¥

gg—H ttH

_ 2

G[jp"' ) M :\N Crop

VH VBF 2
O'[M 3 é o ] ~ a’v

arXiv :1209.0040, ATLAS-CONF-2012-127
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Search for H — 7/ Th,q in ATLAS
Towards X(125) properties in T final state

3 type of property

© other SM particles couplings constant : observed event rate
© spin: polarization, angular distributions

© CP: angular correlation/distributions

infoonc_ !
" ATLAS Preliminafy

p\

= = ¥ bestfit
1- SM = (.a'/c> "(A-t A‘) 4 L-46M"\s=7TeV X be:““(”m)
v 4! ™ XI JL: 13.0fb" \s=8TeV — 95% Contour
---h 6‘\.35‘1 ——-h <h s g 7 e 68% Contour
hvv dth Jha # SM prediction
v B! 15 2 Background only

m, = 125 GeV

gg—H ttH 1
- 2
[ S e
W VBF & -1
G[ N b o ~ v -2

AL channel ‘
arXiv :1209.0040, ﬂTLﬂS-COM-ZOlZ-IZ? B -2 0 2 4 6

P TPRTRUTTUTY FYPPL PRVRY FTPTU PUTTLVORT Prem
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Search for H — 7/ Th,q in ATLAS
Towards X(125) properti

in T7 final state

2.

Probe T spin correlations : 100

— H ~af— 80,
< -
T T 60

‘d—H—p

T

Be able to measure t

W - L, - ]

EurPhys.J. C72 (2012) 2062

Right-handed

. ATLAS E
M T \s=TTev ]
ha ] 5 _[Ld|=24pb‘ E
- ' @ Data2010

- + | —Fit ]

i Left-handed |

polarization ? YES
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Search for H — 7/ Th,q in ATLAS

rards X(125) properties in T final state

2. EurPhys.J. C72 (2012) 2062
W - T, ' aTLAS

Probe T spin correlations : 100 ;
H M D Ne=TTey
:- ~— - 80 i i 3 g J.LdI:ZApb‘
T T o[ ; 1" @ Data2010
| —Fit
Left-handed

‘d—H—p

T

Right-handed

Be able to measure t

1

polarization ? YES Bf —BR _ %
pr pr '

3 Phys. Rev. Lett. 88 (2002) 051801 arXiv :1108.0670

[ r F 1

116, doHAD HOWW)  YBF by ===dlE H-tr|

| my=160 GeV Pt y oao :"—%’(El ~ ]

0.01 ; 0-+ 1

[ 3 03s5) 4

E [ ]

LI i

0.005 s 03p B

i 02sf A o = 120 GeV e

; o . E pr' 220GeV, || <2.5 =

0 L — 020 v b b

0 50 100 L 0 T 3 u z

tagging jets related angles i
¢" (related T angles)
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Search for H — 7/ Th,q in ATLAS

Summary and outlooks

Overview

© Summary and outlooks
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Search for H — 7/ Th,q in ATLAS

Summary and outlooks

Summary and outlooks

The t-lepton final states provide key informations to understand the EWSB
mechanism at hadrons colliders J

Experimental challenges :
@ Hadronic 7 highly contaminated by QCD jets,
@ Need sophisticated algorithms (for analysis AND trigger),

@ Importance of Erfor 7 final state.

Search forH — 77
@ Essential to test gy o 11, unique probe of Higgs-lepton couplings,
@ Sensible to VBF, test consistency of the Higgs sector structure,

@ Possible perspectives for spin/CP.
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Search for H — 7/ Th,q in ATLAS

Summary and outlooks

Summary and outlooks

The t-lepton final states provide key informations to understand the EWSB
mechanism at hadrons colliders J

Experimental challenges :
@ Hadronic 7 highly contaminated by QCD jets,
@ Need sophisticated algorithms (for analysis AND trigger),

@ Importance of Erfor 7 final state.

Search forH — 77
@ Essential to test gy o 11, unique probe of Higgs-lepton couplings,
@ Sensible to VBF, test consistency of the Higgs sector structure,

@ Possible perspectives for spin/CP.

An update of H — 77 search with the full dataset and several improvements
is to come : stay tuned ! J
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Search f — TYThaq IN A
Summary and outlooks

Run Number: 209109, Event Number: 86250372
Date: 2012-08-24 07:59:04 UTC

S

Romain Madar (Freiburg Universitit)

JATLAS

EXPERIMENT
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Search for H — 7/ Th,q in ATLAS

Summary and outlooks

Backup slides
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Search for H — 7/ Th,q in ATLAS

Summary and outlooks

7TeV

8 TeV

VBF Category

Boosted Category

VBF Category

Boosted Category

> pr e 230 GeV
> E?i“ >20 GeV

> BT »20 GeV

> pr TR 30 GeV
= BT =20 GeV

& pr e »30 GeV
» EMSS 520 GeV

> =2 jets > pr > 100 GeV = = 2 jets & pr > 100 GeV
s pripr 2 >40GeV | s 0<x <1 s prit > 40, pr P 530GV | p 0 < xy < 1

> Apj; > 3.0 =02<x <1.2 > Anj; > 3.0 +02<x< 1.2
= mjj > 500 GeV = Fails VBF = mjj > 500 GeV = Fails VBF

= centrality req. - = centrality req. -

=i Xnp <0 - > X <0 -

> pr P8 < 40 GeV - > pr 4 < 30 GeV -

- - = pri >26 GeV -

o mp <50 GeV o my <50 GeV o mr <50 GeV e my <50 GeV
e A(AR) < 0.8 ® A(AR) < 0.8 « A(AR) < 0.8 « A(AR) < 0.8

e YA <35 e TAp <16 e T Ap <28 -

- - ® b-tagged jet veto * b-tagged jet veto
1 Jet Category 0 Jet Category 1 Jet Category 0 Jet Category

> =1 jet, pr >25GeV
= B >20 GeV
& Fails VBF, Boosted

> 0 jets pr >25 GeV
= EP >20 GeV
& Fails Boosted

> = | jet, pr >30GeV
= EPS >20 GeV
& Fails VBF. Boosted

> 0 jets pr >30 GeV
> EPS >20 GeV
& Fails Boosted

o my <50 GeV
* A(AR) < 0.6
o Y Ap <35

o mt <30 GeV
® A(AR) < 0.5
e Y Ap <35

. p.i. -p; <0

o my <50 GeV
* A(AR) < 0.6
e Y AP <35

o my <30 GeV
« A(AR) < 0.5
o Y Ap <35

op.‘;.—p.}<0
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Search for H — 7/ Th,q in ATLAS

Summary and outlooks

m, reconstruction and boosted topology

Missing Mass Calculator (MMC) :

" e
. . . S 900 H->t1, lep-had channel, M=115 GeV/c?
@ single v kinematic unknown 2500 Missing Mass Calculator
8 <-=--=- Collinear Approximation
Z 700
@ scan the 4-vector of each v £ 600 less high tail for MMC

better efficiency for MMC
(col. app. suffers from back-to-
back events)

@ scan K7, given its resolution 400

o bbb b b b b by

. 300

@ compute the most likely mass, 200

according the T decay ME 100
(more in backup ...) ’ : Mf?gewéfo
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Search for H — 7/ Th,q in ATLAS

Summary and outlooks

Selected parts of possible improvements (1/2)

Problem : Ty, ID relies on shower shape variable. If the simulation poorly
models them, ep from simulation might be wrong.

Solution : measure €p in Z — TT events selected in data (“tag & probe”).
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Search for H — 7/ Th,q in ATLAS
Summary and outlooks

Selected parts of possible improvements (1/2)

Problem : Ty, ID relies on shower shape variable. If the simulation poorly
models them, ep from simulation might be wrong.

Solution : measure €p in Z — TT events selected in data (“tag & probe”).

But how to go further? undersdand the variable shape

@ major impact on physics oo N
analysis via MVA signal = § e =2

3 = s
extraction, @ 25001

== Jots,

ATLAS Preliminary
Jau-asw'

7

e Before tau ID

@ undersdand correlations
between input variables,

0.50.60.70.809 1
BDT score

@ look at different detector 5°°§ T e
regions (fwd VS Cel’ltral). "0 0.10.20.30.40/5060.70809 1

BDT score

How the shape of the final
discriminant is modeled ?

Cons : not clear if this will lead to a concluding result on the short term.
Pros : work at a deeper level for a better understanding of Tj,,4. J

Romain Madar (Freiburg Univ

Marseille seminar - 11/03/13 30/ 33



Search for H — 7/ Th,q in ATLAS

Summary and outlooks

Selected parts of possible improvements (2/2)

Fast simulation of the calorimeter : to increase the MC statistics

25 Single Photons: <Erm> : Egen = 20 GeV
B Attastll ‘Based on parametrlzatlon

o —rastcesim  [JOf AVeraged showeré

— Full Sim

6 = T T T
24F CAtlfast-Il AFullSim
221 ATLASPreIimir\ary Simulation

Mean Value [GeV]
N
>

187 ‘ : W E

16 © 'S 4

10) 14f- - 4

12-works quite well E

s 10-for photons (and- - » fd

, B 0 8 electrons) ‘! & ! nv 4
100 10 0 1 2 3 4

Time [Unnormalized seconds]

Romain Madar (Freiburg Univ

Marseille seminar - 11/03/13 31/33



Search for H — 7/ Th,q in ATLAS

Summary and outlooks

Selected parts of possible improvements (2/2)

Fast simulation of the calorimeter : to increase the MC statistics

" Single Photons: <E_ | >: Eggy = 20 GeV
B atraot ‘Based on parametrization | 5 asp— . . ;
- ) ' of averaged ShOWBf ' 8 2 CAtifast-l AFulISim
» FastGasim | g : o 22f ATLASPreiiminary Simulation
— Full Sim s 20~ e W e W
15 i 18F -]
g E
s 16 “ » a
10,

ha
12-works quite well

10-for photons (and- - » *
En ] .é o 8 electrons) ‘! ! & | nv
10 10 K 1 2 3 4

Time [Unnormalized seconds]

Connexion with 7 leptons :
@ hadrons : important shower fluctuations
@ usually averaged in jets (high number of hadrons)
@ Tjyq : low hadrons multiplicity object — fluctuations become important
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Search for H — 7/ Th,q in ATLAS
Summary and outlooks

Selected parts of possible improvements (2/2)

Fast simulation of the calorimeter : to increase the MC statistics

Single Photons: <E_ > : Eggy = 20 GeV

B Attastll

— Fast G4 Sim

' Based on parametrization :
jof averaged shower |

6= = T T
24 CAtfast-lI AFuliSim 4
22} ATLASPreliminary Simulation

o TN T

16 @ 0 0

T

— Full Sim

J

Mean Value [GeV]
N
S

[ I A

aF .
12-works quite well

s 10-for photons (and- - » fd
: 8 1 3 v
. N o electrons) ! ¢ ! n
10 10° K 1 2 3 4

Time [Unnormalized seconds]

Connexion with 7 leptons :
@ hadrons : important shower fluctuations
@ usually averaged in jets (high number of hadrons)
@ Tjyq : low hadrons multiplicity object — fluctuations become important
On going work on this :
@ particle gun experiment with 77 : shower at the cells and clusters level
@ capure microscopic effects which lead to sizable effects at the reco level
@ look at Z — 7T events in the same perspective (calo noise, pile-up, ...)
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Search for H — 7/ Th,q in ATLAS

MMC : results and features

M. (t,lep,mET) Collinear apprommatlon MISSIng Mass Calculator

Fealisti resolution 14 Fealistic rosoltion
had-had channel had-had channel
P10 GeV/c, £,>10 GeV i .12 p;*>10 GeVic, E,>10 GeV.

26 40 60 aoTr;:gve:M“;;G&s/z?) 0356080 7100120 140 1:;!;(2:%':2:2) L S EREIRETT ':Ai(g:w"
Efficiency gain of MMC Impact of v's number
g F = 0.1af
£ soof- H(115); 5 | Eﬁf‘ﬁ:ﬁ??'s""é'é'vf& H(115)
2800f > 0.12| p¥*>10 GeV/c, no E; cut
£ ook s
'_§7n°; g 0.1
< 600} 2 I
3 < 0.08] }
500 [ ToadThag - 2 V'S
100" MMC 008 " o
300 Collinear approx o004 ™
200 f
100F- 0.02- - _
% 300 350 0“3 60 80 100 720 740 160 1§0
M., (GeV/c') M, (GeV/c")
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Search for H — 7/ T},,q in ATLAS

ATLAS verus CMS

s ST g CMS Prellmmary,H—)m, L=17 fb!
& [ Hoxw ATLAS Preliminary 1 50 A B R
B 7| - Observedcl, [Ldt-46Mb" {s=7TeV OousE T observed E
r a4 = 1 6 “YF —— expected E
c [ --- Expected CL, [ Ldt=13.0 ", (s=8TeV ] E E
A 1 5aop @it ¢ 3
IS r - 1 - E [+ 20 expected 3
5 5: 1o 1 ‘E 35F . E— - 3
- . Lo i = E H i 3
o i exp Ilmlt_—117-2 1 g aof —exp limit =10 =
% 4; exp sig = L. E £ 25 _ ..exp sig =.2.45 £
[ 1 o E H

3 ] 20&

o g 15k
1+ E 1.0 :
o) A I I B P 0'55 i E
100 110 120 130 140 150 oob o L b 1

10 120 130 140

my [GeV] m, [GeV]
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