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Unified theory of interactions
SU(2)L x U(1)y x SU(3)e

+ Higgs mechanism

Is the Higgs mechanism
realized in Nature?
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EW physics and beyond with 7 leptons

@ The Nobel Prize in Physics 2013
Francois Englert, Peter Higgs

The Nobel Prize in
Physics 2013

Photo: Pnicolet via
Wikimedia Commot

Frangois Englert Peter W. Higgs

The Nobel Prize in Physics 2013 was awarded jointly to Frangois Englert and
Peter W. Higgs "for the theoretical discovery of a mechanism that
contributes to our understanding of the origin of mass of subatomic

particles, and which recently was ugh the di ry of the
predicted fundamental particle, by the ATLAS and CMS experiments at
CERN's Large Hadron Collider"
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The Tevatron and DO :
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EW physics and beyond with 7 leptons

Role of 7 leptons in this discovery context

1. Standard Model Physics :
Keep testing SM at the TeV scale (V — A vertex, lepton universality, ...).
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Role of 7 leptons in this discovery context

1. Standard Model Physics :
Keep testing SM at the TeV scale (V — A vertex, lepton universality, ...).

10F T T

2. Understand EWSB with 7 :

@ Observation of H — 7T process ?

o x BR [pb]
il

@ Unique test of gy o 11 in the fermionic

ZZ = Tw
sector (together with H — bb measurement) w

2Z - I17

@ particularly sensitive to VBF

@ Polarization studies : access to JF
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sector (together with H —» bb measurement) 1o . .r:u_
@ particularly sensitive to VBF
@ Polarization studies : access to JF o
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3. New physics with 7 : 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, ...
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Role of 7 leptons in this discovery context

1. Standard Model Physics :
Keep testing SM at the TeV scale (V — A vertex, lepton universality, ...).

10F T T

2. Understand EWSB with 7 : ;f §
@ Observation of H — 7T process ? 5 ! L
@ Unique test of gy o 11y in the fermionic 10", 7
sector (together with H —» bb measurement) 1o . .r:u_
@ particularly sensitive to VBF
@ Polarization studies : access to JF o
10*

3. New physics with 7 : 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 ! )
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EW physics and beyond with 7 leptons

But experimentally challenging ! ]ets contamination very frequent in hadrons collider!

m,; =1.78 GeV
CTiife = 87 pm Vc 1. escaping u's
- 2. hadronic final
T state (BR~60%)
W_ e_r H:, d
Té, VH' u Thad =~ narrower jet with lower

track multiplicities
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But experimentally challenging ! ]ets contamination very frequent in hadrons collider!

m,; =1.78 GeV
CTiife = 87 pm Vc 1. escaping u's
- 2. hadronic final
T state (BR~60%)
W_ e_r H:, d
Té, VH' u Thad =~ narrower jet with lower

track multiplicities

Typical signature of hadronic T decay :

18 % 60 % Al o TRK, 22 %
Pl TRK e < but EM N - 1 TRK +
— +CAL + BBl sub-cluster An* wide CAL
LR ~P S Ml cluster
Tay T* <. P

@ 1 or 3 isolated tracks, with possible secondary vertex reconstruction.
@ Collimated calorimeter energy deposit.

@ Large leading track fraction momentum.
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EW physics and beyond with 7 leptons

T reconstruction

in ATLAS
A Tj,,q candidate is built from : T..0= Jet
@ the calorimeter (7* and %)

© the tracking system (%)

d,<1.0 mm

= > Primary vertex z-axis
z,sin@ < 1.5 mm
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T reconstruction
in ATLAS

A T,,q candidate is built from : T 0= Jet
@ the calorimeter (* and 70)

© the tracking system (%)

= > Primary vertex z-axis
z,sin@ < 1.5 mm
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EW physics and beyond with 7 leptons

Track isolation at D@ Calorimeter shower extension in ATLAS
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Track isolation at DO Calorimeter shower extension in ATLAS
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EW physics and beyond with 7 leptons

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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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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EW physics and beyond with 7 leptons

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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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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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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Overview

@ Electroweak physics
© Electroweak symmetry breaking mechanism

© Beyond the Standard Model

© Summary and outlooks
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EW physics and beyond with 7 leptons

Electroweak physics

Standard Model physics (1/2)

Main SM properties accessible through 7 :

© 0z measurement for 2 initial states / center-of-mass energy,

© V — A structure of weak current at Q% ~ M%\, (Lo~ Wy ook (1—27'%’) L.

Romain Madar (Freiburg Ur LPSC seminar - 05/12/13 12/ 62



EW physics and beyond with 7 leptons

Standard Model physics (1/2)

Main SM properties accessible through 7 :

© 0z measurement for 2 initial states / center-of-mass energy,

© V — A structure of weak current at Q% ~ M%\, (Lo~ Wy ook (1—27'%’) L.
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and beyond with 7 leptons
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EW physics and beyond with 7 leptons

Electroweak symmetry breaking mechanism

Higgs boson search in 7 final states

©Q Overview of one Tevatron analysis
© H — 1t search in ATLAS

© Prospect for properties measurement

CMS preliminary
T
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B s Vs=8TeV:L=196M"
u Y,

Evgnts / 3 GeV
0
3
§
)
b3
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EW physics and beyond with 7 leptons

Electroweak symmetry breaking mechanism

Analysis overview

Motivations (out-of-date) and strategy :
@ H — WW — tu process allow to complete other H — WW channels

Select events with one 7T and one isolated u (based on trigger mixture),

o

@ Look for an excess of events at high M(y, Thaq, E1),

@ Other variables are combined in a NN to exploit the full kinematic,
o

Main background is due to fake 7: W(— uv)+jets.
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Electroweak symmetry breaking mechanism

Analysis overview

Motivations (out-of-date) and strategy :
@ H — WW — tu process allow to complete other H — WW channels
@ Select events with one T and one isolated y (based on trigger mixture),
@ Look for an excess of events at high M(y, Thaq, E1),
@ Other variables are combined in a NN to exploit the full kinematic,

@ Main background is due to fake 7: W(— uv)+jets.

fPﬁ_I/S Lett. B 714, 237 (2012) —_ D@ Preliminary Runll (7.3 fb %) —
e e o e A A
DOL=7.3fb" L 4aa @ § 110
35 : 4 X
0 W Z+jets I
Q30 W+jets El
% 25 M other 4 x
Z -‘ m multijets ERES
520 — signal(x 100) :T: 10
01’ E 2
10 + 1% [ ! ! ! i ]
50 z 7.8 (exp.) ; 6.5 (obs.) x SM @ 165 GeV
L e B IE : SwndardModel =10
Final Discriminant - 120130 140 150 160 170 180 190 200

m,, [GeV]

Romain Madar (Freiburg Uni i LPSC seminar - 05/12/13 15/ 62




EW physics and beyond with 7 leptons

ymmetry breaking mechs

Higgs boson search in 7 final states
o

© H — 1t search in ATLAS
(3)

CMS preliminary
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EW physics and beyond with 7 leptons

Electroweak symmetry breaking mech:s

General strategy of H — 77T search:

high BR, 2 V's,
high MJ bkg (fakes),
+ T-based trigger low BR, 4 V's,
t T 41.9% very clean signature,
H lep-based trigger
t - - - ® i ad
\ high BR, 3 V's,
t T Treplhad ~clean signature
45.8% (W+iets as bkg),
lep & 1-based trigger
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General strategy of H — 77T search:

high BR, 2 V's,
high MJ bkg (fakes),
— T-based trigger

¥ o
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EW physics and beyond with 7 leptons

Ty Thad final state : signal and background

Signal signature hadronic T decay (~60%)

-1 11%
RS } B
% — - T (NT) © 14% 3-prong
Soo7 o

crucial
form_

leptonic decay (~20%)
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Ty Thad final state : signal and background

Signal signature hadronic T decay (~60%)

-1 11%
- 35% ]’ 1-prong
- T (NT) 1 14%  3-prong

crucial
form_

leptonic decay (~20%)
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0.
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Arbitrary Units
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7 Thaa
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Z- Tt W (—1v) +jets Multijets
irreducible background jet wrongly identified as T jet wrongly identified as T & |
m_ peak, but m,<m,, reduced with m_(LmET), 1D reduced with kinematic, 11D
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EW physics and beyond with 7 leptons
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vea nmei mechanis
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EW physics and beyond with 7 leptons
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EW physics and beyond with 7 leptons

Electroweak symmetry breaki
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EW physics and beyond with 7 leptons
Electroweak symmetry breaking mechanism

Higgs boson search in 7 final states
o
2]

© Prospect for properties measurement

CMS preliminary
T

>

8 2 VE=7TeV:L= 51"
e o % my = 126 Gov Vo= 8TeV:L=196M"

2 v,

@ ‘ Bz

<

T ]

o
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EW phys1cs and beyond with T leptons

3 types of property

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

© CP: angular correlation/distributions

Romain Madar (Freiburg Uni ita LPSC seminar - 05/12/13 22 /62



EW physics and beyond with 7 leptons
Electroweak symmetry breaking mechanism

3 types of property

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

© CP: angular correlation/distributions

1. sm= (.“-:°>=(5-/4‘>

v wm ¥ o
}———H aai, >‘~ < hyd
v 4

gg—-H ttH

_ 2

B Y e,

VH VBF 2
cr[)‘””{ , :‘.—i‘“‘ ] ~ &,

arXiv :1209.0040, ATLAS-CONF-2012-127
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EW physics and beyond with 7 leptons
Electroweak symmetry breaking mechanism

3 types of property

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

© CP: angular correlation/distributions
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EW physics and beyond with 7 leptons
Electrowea

mmetry breaking mech:

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

Romain Madar (F

LPSC seminar - 05/12/13

23 /62



EW physics and beyond with 7 leptons

Electroweak symmetry breaking mech:s

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
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‘d—H—p

T

Right-handed

Be able to measure t 1

polarization ? YES EY —ER .
pr pT '
3 Phys. Rev. Lett. 88 (2002) 051801 arXiv :1108.0670
L] r F ]
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| m=160 GeV P odd ) 0,40; 7"_2’!<EI /,——:_
0.01 r 0-+ |
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EW physics and beyond with 7 leptons

Quantum gravity Dark matter | energy Neutrinos oscillations

[H——
IR
S

N v |
e =

N\

b
‘ 3.6% INTERGALACTIC GAS. 2 4 10
GatiEs Reconstructed neutrino energy (GeV)

How to go beyond the Standard Model ?
© Higgs sector of supersymmetry (MSSM)

© New group of gauge symmetry ? (heavy resonnance)

© Lepton flavor violation
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EW physics and beyond with 7 leptons

MSSM Higgs sector : overview

MSSM Higgs sector : 2 doublets H,,, H; coupling to up and down quarks

@ After EWSB, 5 Higgs bosons :
¢ = (W%, HY, A%) and H*

@ Tree level predictions depend
on (ma,tan B) wnp = (Hy)/(Hy)

@ Decay :
o p— bb ~ 90%
@ p— TT ~ 10% cleaner
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EW physics and beyond with 7 leptons

MSSM Higgs sector : overview

MSSM Higgs sector : 2 doublets H,,, H; coupling to up and down quarks

@ After EWSB, 5 Higgs bosons :
¢ = (W%, HY, A%) and H*

[REEES SRS TIb _
@ Tree level predictions depend }B‘?‘< /bl
on (my, tan B) tanp = (Hy)/(H.) vy Tib ot oo igh
. b_ﬂ"}i_._<”b —
® Decay: “\., Ttb/bbb
e ¢ — bb~90% e ——— |,

@ p— TT ~ 10% cleaner
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EW physics and beyond with 7 leptons

MSSM Higgs sector : overview

MSSM Higgs sector : 2 doublets H,,, H; coupling to up and down quarks

@ After EWSB, 5 Higgs bosons :
¢ = (W%, HY, A%) and H*

[REEES SRS TIb _
@ Tree level predictions depend }B‘?‘< /bl
on (my, tan B) tanp = (Hy)/(H.) wrrnnnn TIb roe 190 high
. b_m}?__._<% —
® Decay: “\., Ttb/bbb
e ¢ — bb~90% grerre——

@ p— TT ~ 10% cleaner

I will focus on neutral Higgs boson(s) searches in T (and b) final states. J

For a wide review of BSM Higgs searches on Tevatron, see the 31 Higgs Hunting presentation
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EW physics and beyond with 7 leptons
Beyond the Standar

DO, L=73fp"' ——data
10* """"'r""""r""""r"""- Z (+ jets)
Tuthad .
10°F | J'A]
\.‘ Other
10%k \ ~== Sig m0=190 GeV

> b-tagging veto

D@,L=73fp" ——data
12T W Z 4 fets

T, oTh-jet g
100 |}
"' Other

80
60
40
20

with b-tagging

S5 Sigm =110 GeV/c?

M, = ~minimal center-
of-mass energy of the
event

D, = final discriminant
(combination of
kinematic and b-tag)

Romain Madar (

eiburg Univ
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EW physics and beyond with 7 leptons

Neutral MSSM Higgs search at LHC

Same strategy for ATLAS :
@ exploit 2 production modes (with and without b-jet),
@ use larger /s : reach higher masses,

@ (0y/0z)Luc > (0H/07)Tev, due to the specific initial state.

. 60 50, EMS CMS Prellmmary,H—m: L=17 fb"
< e
® Juatasz-a0n' H E
50F - Q
06 o | 18 18
P i 3 a In both cases,
- < h
3007 s E i dominated by
‘ e 18 =TT, channel
L LR L S e Expaciod s n —q\a
« g ™ P~
o N w
\ =
104 = G a
"/// = ! -~ Gombined <
60 150 200 250 00200800 800
m, [GeV] m, [GeV]
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EW physics and beyond with 7 leptons

d the Standard Model

Still a lot of open questions, from theoretical level to clear observations ... J

Quantum gravity

K I EINSTEINS TR OF BT

Dark matter [ energy Neutrinos oscillations

HINOS Far Deector
—+ Fr detecordaa |
—— Moasellations

—— Bestoscliaion it

el [CIncbackground
73% DARK ENERGY 23% DARC TR

N\

D _
‘ 3.6% INTEAGALACTIC GAS. 2 4 6 8 10
R Reconstructed neutrino energy (GeV)

How to go beyond the Standard Model ?
o

© New group of gauge symmetry ? (heavy resonnance)
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EW physics and beyond with 7 leptons

7' searches in ATLAS

Motivations : Challenges :

@ Tj,4Thad Most sensitive (higher

@ New gauge symmetry,
BanEe sy Y BR), challenging trigger !

@ Kaluza-Klein excitation,
@ Tj,,4 of very high pr : control of

@ Relatively generic search. erp and energy scale.
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EW physics and beyond with 7 leptons

d the Standard Model

7' searches in ATLAS

Motivations :

Challenges :

@ TjadThad Most sensitive (higher

o N mmetry,
ew gauge sy y BR), challenging trigger !

@ Kaluza-Klein excitation, ]
@ T4 of very high pr : control of

@ Relatively generic search. erp and energy scale.

@ : T 9
ATLAS Prel Data 2012 3 T T T
§ fof Jat= 19r:|fr;{|‘nary B2y e N 3 ATLAS '.he
w403 —aTeyv ] Multijet T 1 Ldt=46f" s=7TeV
10°s fs=8Tev T, Ty B WZoets {\,9, [ | 15=7TeV R
10? . [ t+single top [0 1
[ Diboson ) ﬁ ~r
10 - &
1 1% X 107 TeThag / TuThag 3
S < et AN
10" : g NN
10? =5 2 E——
109 ° 1025 — Observed limits gomb. -1\3
L 15 [ Expected limits E
x - Z’SSM -~
2 1t ol [ Zssuth: upcertmf 1'? Tev &__
@ i 10°
€ %% 200 300 1000, 2000 500 1000 1500
MPY(Tagisr Thadis ET ) [GEV] mz [GeV]

SSM = Sequential Standard Model (same coupling to fermions as Z°)
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EW physics and beyond with 7 leptons

Summary and outlooks

Overview

© Summary and outlooks
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EW physics and beyond with 7 leptons

Summary and outlooks

The T lepton final states provide key informations to understand the
Standard Model and beyond at hadrons colliders.

Need sophisticated algorithms and a deep understanding of the experiment ! )
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EW physics and beyond with 7 leptons

Summary and outlooks

The T lepton final states provide key informations to understand the
Standard Model and beyond at hadrons colliders.

Need sophisticated algorithms and a deep understanding of the experiment! )

Standard Model :
@ Cross section measurement for 2 different initial state and +/s.

@ Test of the V — A vertex at Q2 ~ myy - first time at hadron colliders.
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EW physics and beyond with 7 leptons

Summary and outlooks

The T lepton final states provide key informations to understand the
Standard Model and beyond at hadrons colliders.

Need sophisticated algorithms and a deep understanding of the experiment! )

Standard Model :
@ Cross section measurement for 2 different initial state and +/s.

@ Test of the V — A vertex at Q2 ~ myy - first time at hadron colliders.

Higgs boson searches :
@ Essential to test gy o 11, unique probe of Higgs-lepton couplings,
@ Sensible to VBEF, test consistency of the Higgs sector structure,

@ Evidence at 4.10 ! Possible perspectives for spin/CP.
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EW physics and beyond with 7 leptons

Summary and outlooks

The T lepton final states provide key informations to understand the
Standard Model and beyond at hadrons colliders.

Need sophisticated algorithms and a deep understanding of the experiment! )

Standard Model :
@ Cross section measurement for 2 different initial state and +/s.

@ Test of the V — A vertex at Q2 ~ myy - first time at hadron colliders.

Higgs boson searches :
@ Essential to test gy o 11, unique probe of Higgs-lepton couplings,
@ Sensible to VBEF, test consistency of the Higgs sector structure,

@ Evidence at 4.10 ! Possible perspectives for spin/CP.
Search for new phenomena :
@ Push limits of supersymmetric extensions of the SM,

@ Search for bigger/new gauge symmetry,

@ Search for lepton flavor violation.
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cs and beyond with T leptons
Summary and outlooks

Run: 214021
Event: 269834309

2012-11-05 09:48:46 UTC

~ OATLAS

A EXPERIMENT

Romain Madar (Freiburg Universitit) LPSC seminar - 05/12/13 32/62



EW physics and beyond with 7 leptons

Summary and outlooks

BACKUP SLIDES
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EW physics and beyond with 7 leptons
Summary and outlooks

Reconstruction at DO (1/2)

Calorimeter cluster :
found by Simple Cone Algorithm
ina AR < 0.5 cone.

Electromagnetic subcluster :

found by Nearest Neighbour
Algorithm with seed in the 3"
EM layer (finer segmentation).
EgmMsubclu = 800 MeV.

EM sub clu

cone direction

Tracks : AR =03 | AR = \/Ap? + An?
All tracks in a AR < 0.3 cone around the 1

cal cluster compatible with T decay (inv. == In(tan(6/2))
mass cut).

Highest track pr > 1.5 GeV.
[ o) |
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EW physics and beyond with 7 leptons

Summary and outlooks

Reconstruction at DO (2/2)

n=0.0 02 0.4 0.6 0.8 1.0 /-[' ’VT

J—

calorimeter W l,L € q
VuVe q/
elecromagnetic
calorimeter
tracking BRT
system
We will focus on hadronic decay of T : Tjq J
Reconstruction and DO 7 type definition for hadronic decay :
@ DOtypel= 1trk,CALclu ~TE o g
@ DOtype2= 1trk, CALclu, EM sub clu ~ 1% — p*(— n7%)v,
@ DO type 3 = > 2 trks, CAL clu ~TE uf(% 3t )vr
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EW physics and beyond with 7 leptons

Summary and outlooks

Improvement of 7 lepton identification

General point of view : Neural Network output #NN(X) converges to

S(X) best discriminating function,

true (§) —
(X)) = S(X) + B(X) related to Prob($|X)

where X = (x1, %y, ..., X ) describes the discriminating variables space.
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EW physics and beyond with 7 leptons

Summary and outlooks

Improvement of 7 lepton identification

General point of view : Neural Network output 7NN (X) converges to

S(X) best discriminating function,

tr1 T\
(X)) = SE) +BX) related to Prob(S|X)

where X = (x1, %y, ..., X ) describes the discriminating variables space.

In the 7 identification context :
A lot of ideas were tested to optimize the identification of T leptons :

Include preshower detector measurement X

} improve ;'™ (X)

@ Exploit the long 7 life time (like for b-jets) v/

@ Tune NN parameters (epoch, nodes, statistics) v/

@ Dedicated training for T of high pr v Wr;&mﬁm;;tzrﬁe‘
o

Dedicated training for high luminosity events X

X =no improvement; v' = improvement
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EW physics and beyond with 7 leptons

Summary and outlooks

Final improvement on 7 identification

Final result :

comparaison of S/B(p1™) before
and after optimisations.

15 — 30% improvement ‘

Tool used by the collaboration in T Niel, Phys. Proc. Suppl.
218, 291-295 (2011)

related papers (arXiv :1211.6993, PRD) 25
O'H\u\ul TSNS AT A A

Ll
Résultats présentés a TAU2010 20 40 60 80 100 120 140 160 180 2
pT[had] (GeVic)

=3
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EW physics and beyond with 7 leptons

Summary and outlooks

Final improvement on 7 identification

Final result:

comparaison of S/B(p1™) before
and after optimisations.

15 — 30% improvement ‘

Tool used by the collaboration in T Niel, Bhys. Proc. Suppl.
related papers (arXiv :1211.6993, PRD) 218 291 295 (2011) i

Résultats présentés a TAU2010 20 40 60 80 100 120 140 160 180 200
pT[had] (GeV/e)

Experimental skills developped during this work on 7 lepton identification
@ Quite deep experience in multivariate classification,

@ Reconstruction of EM energy deposit with scintillating strips detector,
in an hadronic environnement (more in backup).

@ Get familiar with couple of b-tagging algorithms.
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EW physics and beyond with 7 leptons

Summa nd outlooks

T is a long lived particle

Displaced

Vertex

/ impact parameter
do+ pact p:

Primary for one track

Vertex

Use impact parameter to remove
jets faking T more efficiently.
(large cTife = large dp)

Romain Madar (F

Ttrue
Tfake
E Combination of all
B tracks impact parameter

Efficien

without life time information
with life time information

PEUTE NS FETT FETT

L L
405 0.92 0.4 096 0.9 1
Rejection

~ 10% more signal for the same bkg
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EW physics and beyond with 7 leptons

Summary and outlooks

Le détecteur de pieds de gerbe (CPS)

Idée physique : exploiter les résonances spécifiques de la désintégration des
T (type2) : T+ — ptv — 7 7%. Utiliser la segmentation de ce détecteur,
plus fine que celle du calorimetre : A¢cps =~ 0.1 X Adcalo

g Calorimeter J
b) CPS GEOMETRY
— [ ] p —
. ips 3 | | 7
CPS sensible aux e, y S
donc permet de p P Central £ osdmn
reconstruire un * PreShower )
dépot da au Lead ‘ - — eensitive o
70 — yy [ i | EM particles | - e00mm
Clearance _ © + ' 2 Layers of Mylr (0.025 x 2 = 0.050mm)
[ Calorimeter \

3 bandes scintillantes
Radiateur (Pb) et 3 couches z,u,v d’environ 2600 bandes scintillantes chacunes :
@ couche z (ou axiale) : les bandes sont dirigées suivant I'axe du faisceau,

@ couche u : les bandes font un angle de 423 avec la couche z,
@ couche v: les bandes font un angle de —23 avec la couche z.

Reconstruction officielle de D@ : un dépo6t CPS est reconstruit pour 85% des candidats
T et pas d’acces a I'extension transverse du dépot. Développement d'une
reconstruction dédiée a I'identification des 7.

Romain Madar (Freiburg Univ
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EW phys1cs and beyond with 7 leptons

Summary and outlooks

Détecteur de pieds de gerbe : reconstruction

0 /s

2/
e

© Pour chaque couche, on
cherche un dépot d’énergie at
au voisinage de la trace du
candidat (~ 7%).

© Corrélations entre les couches : élimination des dépots parasites

002"

oot couche z
oots- COUChe u
oo1e- COUChE V
0012
0.01-
0.008—
0006
0.004 —

0.002—

i

© Les informations des 3 couches z, u, v sont combinées entre elles.

Résultat : un dépot d’énergie = (17, ¢, E, RMS) est reconstruit pour 95% des
candidats
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EW physics and beyond with 7 leptons

Summary and outlooks

Détecteur de pieds de gerbe : résultats

log1o(AR(trk, CPS)) syt o

008]

‘ CPSuster = VY [7'[0] ,trk =~ ot ‘

Observables :
@ angle(dépot CPS,trace)
@ taille du dépot CPS

Ttrue
Tfake

@ rapport de I’énergie calo et CPS

ﬁ
m
1~

@

Courbe de‘perfor‘manc

Efficient
°
o

Apres ajout de ces observables dans le NN,
aucune amélioration significative n’a été
observée.

Raison : ces informations sont fortement o/
corrélées a celles du calorimetre. 05

sans les variables CPS
avec les variables CPS

|
098

o[ TTTT
@
°
8
°
H
°

1
Rejection
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EW physics and beyond with 7 leptons

Summary and outlooks

Prise en compte de la cinématique

Exemple de I'extension transverse

de la gerbe
. Y signal ‘
Objectif : lever la dégénérescence ¢ ‘ el
. . Deégéneré sans
entre des jets de haut pr et des vrais VN,Iormation du pT
T debas pr bruit de fond .

\

h=J
put]

Efficiency VS Rejection |
B E—
H

-

Courbe de performanc

Méthode : Inclure l'information du
pr des candidats a travers un NN dé-
dié a la région de haut pr (45 GeV)

I
e X} 0.2 0.4 0.96 098

événements testés : pr(7) > 45 GeV
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EW physics and beyond with 7 leptons

W+jets modelling (2/3)

Strategy : Understand the origin of the NN-dep. of OS/SS

© Some elementary processes
- exhibe correlation between
Flipped ?

Related to isolation Qparton and QW(: Q‘ll)

(i.e. NNtau)

[ © Charge correlation between the
. Tau candidate of

| charge Qiau] parton and the reconstructed T
: P

charge Qloarion depends on NN

Convolution of these two effects give specific OS/SS dependence with NN :

e 06+ dv X dpaﬂ°"‘> O,
3 possibilities at the generated level : 7 S genSS |
F +
© Qu X Qparton < 0(gen 09) *+++++++H+ L
03[ 3
e Qparton = 0 (gluons) ME, right charge reconstruction : ++++ g
; more frequent
© Qu X Qparton > 0 (gen SS) o1~ > 3
fwithout reco effect : OS/SS = 0
0270 0 o o Tos 1 12
NN

©
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EW physics and beyond with 7 leptons

Summary and outlooks

W+jets modelling (3/3)

[ N v

+ 3 M i . . OSISStype3,
.EQmu x Qpart<0 t 3 E | Qmu x Qpart > 0
# S OOV TRV
P T Ty R
T F OSISS type 3, ER t Y b ]
B NPT cQmuxQpart=0_ 4 o 1
02 0 02 0.4 0.6 08 1 NN:Z £ " 02 04 Or UB 1 NN\:Z -0.2 0 0.2 0.4 0.6 0.8 1 NNIT.Z

Model : final prediction will be a “linear combination” of 3 above plots.
Roughly : fit the relative contributions - related to q/g fraction in W+jets.

D2 Preliminary Runll (7.3 tb ')

LAAAA) AAAM LAAM MM A LA MAAAd L

—— MC

corrected MC

DATA

I
0.7 08 09 1
NN,

o bbbl
"0 0.1 02 03 04 05 06

D Preliminary Runll 7.3 fb™)

E 3 20T e
20 WHjets SS . ype 7 mm + w0l WHjets SSypen mmis:
s E | —a.
% 1 1800} Wol =
1 16001 . =
4 1400 | | I .|
- 12001 ‘ 4
..| | 8 —swmomin | 1000 'i' 1 E
n 4 800 '
M CORRECTION E
e B E
. J
40 60 100 120 140 160 18 0 20 40 60 100 120 140 160 18

My(t, mET ) [GeV]

Romain Madar (F

Mq(p, mET) [GeV]
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EW physics and beyond with 7 leptons

Summary and outlooks

W+-jets modelling

© W(— p)+jets(— T) composition assumed to have 3 componants :
@ 0, :y and parton of same sign;
@ 0_ : y and parton of op. sign;
@ 0) : neutral parton (gluon).needs each
where ¢ = etype 0 L (the T reco. efficency e can be type dependant)

© The charge correlation have NN dependance (see previous plots). Lets
consider 3 fake rates according to their charge correlation :
e 7, (NN) : parton reconstructed as a same sign ;
@ F_(NN) : parton reconstructed as an opposite sign 7;
e Fy(NN) : gluon reconstructed as a 7.

~ W+ —» mu+

O g — e 0S| T

Fy Nos :-i- Fooo+F 0,

~ + — + NSS —® 500—0 -;+’0\:+
W- mu:
SS /
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EW physics and beyond with 7 leptons

W+-jets modelling (3/3)

Strategy : factorize the NN dependances of Nog and Nsg. By rewritting
previous equations, we have :

Nos = F (14 poRo +p-Ry) )
Nss = F (p- + poRo + Ry) 2)
where
@ F = F, 0 fake(NN-dependant) + norm. common for OS & SS;
@ py = FLE ,p— = % explain the OS/SS(NN) (NN-dependant);

@ Ry = % , Ry = g—f fixed by physics and reco. (not NN-dependant).

Method to measure W+jets in DATA

@ assumtion : trust po(NN) and p— (NN) in the MC (ratio of fake)
@ find (FNN, Ro, R+ )mc in MC by fitting distributions ;

@ find (FNN, Ro, R+)pata in DATA by fitting distributions;

@ Correct the MC set of parameters by the data one
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EW physics and beyond with 7 leptons

Identification of T lepton in ATLAS

T T T T T T T T T T T o T T T T T T
- S oo ronaps20GeV ] S 3500
A e 20m doncma L angr | POMIPPROCEY 4 018 B e o ssoper | PN P20 GV = ® Data 2011
ATLAS preliminary 0.14] ATLAS reliminary 2 30008 = (W)
K £
08 4 o012 E o 3 = oy (W )
R T are narrow N = Jets
1 " 2500 °

Tare low track 01 calorimeter

iplici 0.08 -, f E ATLAS Preliminary
mult!pllcny deposit il
o objects 008 ls=7ToV ]

e Before tau ID

& —— Nitrk[0.2<dR<0.4]| 22‘2‘
DN —— ’

+ 6 others observables combined
in a Boosted Decision Tree (BDT) E

% 0.10.203 040506070809 1
£Sig ~65% - €™ 2% BDT score
Pile-up robustness : Tau Jet Vertex Association (TJVA)
T T JVFljet2, PVL
095 Tt e e e, JVF[jet2, PV.
0.9F E y
0.851 E /

o
®

JVF[jett, PV1]=1-f
£ | JVFLjet1, Pv2] = £
0.750 ° TJVA E

Track association efficiency

0.7 Default Track matching z
0.65 ATLAS Preliminary rules
Simulation d,<1.0 mm
06 E . For each candidate : take the PV
0.55/ E e VE—— - "
°" 1-prong tau decay <p> mn z-axis having the highest JVF

L h
5 10 15 20 25 30 35 40

4
=
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EW physics and beyond with 7 leptons

Summary and outlooks

Trigger based on Tt,,q signature

Very challenging : reduce the rate from ~ 1 GHz to few 100 Hz based on Tj,q
signature J

Motivations :
@ Allow to exploit T,,qThaq final state,

@ For some T/7y,,4 final state : allow to lower pl} threshold (wrt £ triggers).

In 2012, P(T > 25GeV (at trigger level) but for H(125) — 7, Thag process, (p) ~ 20 GeV : efficiency loss !

Thad-based triggers :

E ATLAS

[P — Data M Fit
— DataFt it Ratia Uncert

5 oo
@ Level 1:based on isolated calorimeter g °°t preiminary .
deposits 06E- EF_tau20_medium1 E
05E- JatL-s6m! (s=7Tev E
. . oif E
@ Level 2: consider isolated tracks ook ~-Duan o E

matching the L1 objects o

@ Event Filter : exploit shower shapes

with similar algorithms to offline ID b W .

- R T T i)
P, GeV]

EoaalCuc,
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EW physics and beyond with 7 leptons

W+-jets modeling (1/2)

+

Ko w signal
- Tand p of

opposite sign OS

DC Proliminary Runll (7.3 fb-)
T T T

12000 W+jets control region
10000 signal free region (SS) 1
8000 -+ data = %
Bzt - ]

6000 B Z - uplee - B
4000 Wolv 3
2000 I Qco E
L__ ]

s r: T

NN[tau] 6utput

0 01 02 03 04
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EW physics and beyond with 7 leptons

W+-jets modeling (1/2)

+

Ko w signal
- Tand p of

@ scale Wjets in a control region (ie.

opposite sign OS signal free), selected in data (SS or OS

D Proliminary Runil 3 1o°) i i . S low NNT)
12000 WH+jets control region |
10000 signal free region (SS) -
8000 - data =¥ —E
Nzt ]
6000 B Z - pplee - E
4000 W-lv E
2000 I Qcp E
L ]

0 01 02 03 04

s r: T

NN[tau] 6utput
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EW physics and beyond with 7 leptons

W+-jets modeling (1/2)

+

Ko w signal
e tand  of @ scale Wjets in a control region (ie.

opposite sign OS signal free), selected in data (SS or OS

oo promnany mr3ny B low NN)
12000 WH+jets control region | P . .
- signal free region (SS) @ But extrapolation in the signal region
. E needs :
8000 - data ]
Bzt ]
000 i E OS
W Z - pyee E - (NN¢) — well modeled?
4000} W-oly B SS MC
2000 I Qcb B
0 0.1 02 03 04 05

0.6——0F—08——0.9——
NN[tau] output
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EW physics and beyond with 7 leptons

W+-jets modeling (1/2)

+

W

Ko signal
- Tand p of

@ scale Wjets in a control region (ie.

opposite sign OS signal free), selected in data (SS or OS

D Protiminary Runil 73 10°) i i . . ~ low NNT)
12000 WH+jets control region | P . .
o signal free region (SS) - @ But extrapolation in the signal region
e E needs :
8000 - data } T .
o Bzt E 0S
\ B 2 e E —| (NN¢) — well modeled?
000 Woly E SS MC
2000, [ Qcp E
0 0l 02 03 04 05 0607 08 09— NO!
NN[tau] output
) asf— NC
A new approach is needed : N . patA o
3.5H «Q
@ understand the NN variation of OS/SS, 3 2
25F @
© build a model based on 3 parameters, o —+— =
=1
. 1.5}
@ fit the model on data. £ 0s/sS type 2
0.:

bevibiaeeliiabinoabisselanied
0.1 02 03 04 05 06 07 08 09
N

N.
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EW physics and beyond with 7 leptons

Summary and outlooks

W+-jets modeling (2/2)

Strategy : Understand the origin of the NN-dep. of OS/SS

w @ Some elementary processes have
q Flipped 2 correlation between Qparton and
lated to isolati _ _ .
Related o eaaion Qw/(= Qu) - related to g/g fraction
g ‘ @ Charge correlation between the
| Tau candidate of
charge Qltau] parton and the reconstructed T
“Tau parton” of / depends on NN,

charge Q[parton]
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EW physics and beyond with 7 leptons

Summary and outlooks

W+-jets modeling (2/2)

Strategy : Understand the origin of the NN-dep. of OS/SS

w @ Some elementary processes have
q Flipped 2 correlation between Qparton and
lated to isolati _ _ .
Related o eaaion Qw/(= Qu) - related to g/g fraction
g - @ Charge correlation between the
| Tau candidate of
charge Qltau] parton and the reconstructed T
“Tau parton” of / depends on NN,

charge Q[parton]

Model : final prediction will be a convolution of these 2 effects, which can be
parametrized and fit in data W-jets control regions.

D2 Preliminary Runll (7.3 1b°1) D Preliminary Runll 7.3 fb™)

LA RALA) MM i) LARAY LA LAAM) LAY

5 T T 3
i E| H o
T e ] +jets SS qiype2 = aw- Wjets SSqqype mmi
4 corrected MC E i ERR e =
«  DATA 1 1600 oy 3
sey ] 0 |
w1200 "' sy
S A et .l " st
3 a0 4 =
E CORR TION F El
400 I.
E E - - 1
! ; = 200F 'llt,,
0. TP PPN PPN FOPH OV TP AP T | £ . SSaie, o
0 0.1 0203040506070809 1 0 20 4 60 80 100 120 140 160 18 200 20 40 60 80 100 120 140 160 180 200
NN, My(t, mET ) [GeV] M,(, mET ) [GeV]
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EW physics and beyond with 7 leptons

Summary and outlooks

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‘: ququ jets _fake : gluon jets

0.45 Looser cuts working point

W-jets : corrected MC

~| 045 Looser cuts working point

0.4« Photon-jet selection (Pythia simulation) 3 0.4 Photonjet selection (Pythia simulation) |
@ Norm corr factor (kW) 0.35F  Z+ jets selection (Pythia simulation) < 0.35F e Z+jets selection (Pythia simulation) E
derived for my > 70 GeV o3 * Dietselection (Pythia simuiation) | o3l Dietselection (Pythia simulation) 3
0.5/ |CUEKISE] ATLAS Preliminary 3 - [GllGHISSH ATLAS Preliminary |
@ Derived for OS and SS ;

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

0O 20 40 60 80 100 120 140 00 20 40 60 80 100 120 140
P, [GeV] P, [GeV]
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EW physics and beyond with 7 leptons

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

g [

& 10— pT[H] ::ngCD
H LO+EW
- —— LO+QCD+EW

differences between red
and black : EW effects

50 100 150 200 250 300 350 400 450

At reconstructed level :

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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EW physics and beyond with 7 leptons

MMC : results and features

M. (t,lep,mET) Collinear approxmatlon 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.

20 40 60 mTr;r‘:gve:::u(G;v/c’) 0266080 100 120 140 1:&(2:%'-2:2) 0=35""%6' 100 120 140 ‘:Ai(g:v/ﬂ
Efficiency gain of MMC Impact of v's number
g F = 0.1af
£ soof- H(115); 5 | Eﬁ‘f‘ﬁ:ﬁﬁ'ﬁ"“gg\rﬁ H(115)
2800f > 0.12| p¥*>10 GeV/c, no E; cut
N o s
3 700; g 0.1
< 600} 2 F
3 < 0.08] }
500~ F ThadThas - 2 V'S
100" MMC o8 5 g
300 Collinear approx o004 ™
200 f
100F 0.02- - _
% 300350 %30 6o B0 100 120 140 160 180
M., (GeV/c') M, (GeV/c")
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EW physics and beyond with 7 leptons

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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EW physics and beyond with 7 leptons

Summa

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
—+— Data 500 Z ~¢— Data 4 b d
—— 10 x H(125)»tt — 10x >t
4000 - {((‘)S-)SS) ] - (0559 0oste: System
I Others (OS-SS) 400 W Others (0S-SS) |
a00- s 7 s @ significantly reduce fake s
Jrot-sem 300p Jra-asm'
e ey | 200 vy, @ theo uncert. well under
1000 EG ] 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]
= 2007 T T 127 T T T T T
b FH E [ How ATLAS Preliminary
g 18 _:T(‘)bsewed cL, RIERE 1ol Observed CL, | Ldt=4.6fb",1s=7TeV B
S 16 _ _ Expected cL, J Ldt=4.7 " --- Expected CL,
E 14 [z 1 Ok
3 N \s=7TeV g Mt ~ . .
3 12 B ; With other improve-
2 100 2011 before El 2011 after 1 ments :
8 optimizations \ optimizations : _
i3 =4 expected  sensitivity
4 almost divided by 2!
2
2r
[

100 T0 120 130 140 150 Ofogiig 5130 40 1%
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EW physics and beyond with 7 leptons

Summary and outlooks

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 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) 2-4% (S) - irect impact 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%
= 8 T T T T ° — T —
© Ho ATLAS Preliminary 1 = & FA TLAS Preliminary [ Lot~ 4.6 1", (8- 7TV ]
6 7 -o-ObservedCL,]Ldt=4.6fb.‘¥s=7TeV 1 8 F [ Ldt=13.0 b, \s = 8 Tev]
5 -- Expected CL, [ Ldt=13.0fb" (s=8TeV { § [ — oObserved H - tt 1
£ 6F Oz E 10 E - Expected for SM Higgs Boson 3
3 W:w @125 GeV Foe y ]
] 5 - [ xpected for SM Higgs Boson at m, =125 Ge' ]
(&) Iep lep ~2.7 1L |
o 1 E E
§ 4 lep nad -18 Ed
3 ThadThas = 2-4 B s
107 3
2 e — E
[ o
1 102E 4
0506 0 120 130 140 15 S ‘ ‘ I
00 0 0 0 0 0 TR L L 11 L L
100 110 120 130 140 150
my [GeV]
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EW physics and beyond with 7 leptons

Summary and outlooks

m, reconstruction : Missing Mass Calculator

%) vis

21 Thad

3

1-prong- decay |
45<P.=50 [GeV]

. loptonc 1

siEBEEELE

M,, = M(vy, vz)

L T R 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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EW physics and beyond with 7 leptons

Summary and outlooks

a Evidence for a H—t signal! 'Lfgman'CO'lege

1 CMS Perliminary, H-trt, 4.9 fb™ at 7 TeV, 19.7 fb™' at 8 TeV HIG-13-004
0] H T T T T T T T T T
=) E
§ 10! 3 1 1o
1°r -
S10°f = >30 of H—tt decays
<F 3 for M, between
r t P 110 and 130 GeV
10°F .
10 1
F 156
107 1
0°r 1 |At my= 125 GeV:
9 F —a&— p-value observed 3
v | e expected for SM "29951: 3.40 observed excess!
A0 " 1 " " " " .
10 100 120 140 3.60 expected
my, [GeV]
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EW physics and beyond with 7 leptons

Search for H T (DOQ)

Motivations : doubly charged Higgs are predicted by :
@ models with larger gauge symmetry, like SU(3). ® SU(3); @ U(1)y.
@ Seesaw mechanism giving mass to neutrinos (with Higgs triplets).

PRL 108, 021801 (2012)

Data sample : 7.3 fb ! of analyzed data with at least 1 muon and at least 2 T

Analysis overview :

@ Production of doubly charged Higgs: g5 — Z/~v* — HTTH™~
@ Decay: H't — 77, ut, up (BR dependent on i, hierarchy)

@ Splitting events according N and N,,, and electric charge of s

e
4F@po,L=70f" 2T+1p
E — Data
— B
— B
BH=BM=BMU
M = 120 GeV
B Diboson
Zt
- -7l
B Other

Q[r1] = Q[r2]

150 200 250
M (z,5,) [GeV]

Events /10 GeV
2

50

100

0

oF T T T
(b) DO, L=7.01b"

100

2141;1
— Data
—B.=1
—B,.=1

B.=B,=B,,

M = 120 GeV

BN Diboson
Zo1t

EZopp

N Other

[t1] = - Q[x2]

150 200 25
M (t.t,) [GeV]

= 100
3 920 — Observed
Nl || — Expected
¥ 80
$ 70 Theory uncertainty
- Excluded (D@)
= 60
@ 50 [ Excluded (LEP)
40
30 ,
20 '».“ (a) Dg, L ug(?].o b~
PP — HUHL
10 “. Bee=By=0
D 1 1 Il K} Il Il
100 120 140 160 180 200 220
M(H) (GeV)
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EW physics and beyond with 7 leptons

Lepton Flavor Violation (LFV)

Motivations :
@ LFV is actually observed in neutrino oscillations.
@ SM extension should contain LFV at some level !
@ Constraints from low energy physics (T — ppp, T — uy, ...)

Study of 2 sectors at LHC : Higgs and Z decay, X — ut/et/ep
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EW physics and beyond with 7 leptons
Summary and outlooks

Lepton Flavor Violation (LFV)

Motivations :
@ LFV is actually observed in neutrino oscillations.

@ SM extension should contain LFV at some level !
@ Constraints from low energy physics (T — ppp, T — uy, ...)
Study of 2 sectors at LHC : Higgs and Z decay, X — ut/et/ep

LFV phenomenology : (for Z decay only)

QZ”EZZ[ﬁ'Ym(AL,urPL + AgurPr)Z%% + h.c]
207y (CF e P Cr. - P2)08 h.e Z;ch\ AandD terms
+292[[va(CLur Pr + Crur Pr)T + h.c)] > constained by low energy
+igzm.|fioas (DEMPL + Dg}_”_ Pr)r — h.c.]Z”’q‘ measurements

_5 ( Mz
BR(Z — yr) ~ 1.7 %10 (A—NP A : scale involved in loops
Existing constraints (a) OPAL (b) DELPHI gewerg;eﬂrgmg (\:/(;ﬁcfif ‘rglren:?/\(semwe
process exp. limit .
Interesting

BR(Z — e¢tp) (a) | L.7Tx 107°
BR(Z — ¢*7F) (a) | 9.8 x 107 constraints :
( 1.2 x10°° BR < 10-5

BR(Z — u*77T) (b)
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EW physics and beyond with 7 leptons

Summary and outlooks

Analysis strategy for LFV in Z decay :
@ Focus on ey final state : Z — ey, Z — t(— e2v)p and Z — et(— p2v).
@ Main background : Z — 1T — ep4v, reducible with kinematic.
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EW physics and beyond with 7 leptons
Summa

nd outlooks

Analysis strategy for LFV in Z decay :
@ Focus on ey final state : Z — ey, Z — ©(— e2v)p and Z — et(— p2v).
@ Main background : Z — 1T — ep4v, reducible with kinematic.

Z- 1 search

Z-ep search

- F = 180
S 300 FBKkg, o, = 3201 W 2T+ jets E, 150:_Bkgror: 4771 W 2o E}
2 .0 Fsig = 489 (norm at LEP i = 14050 =158 at LEP limit) ES
R E 120é S
W 200f BR sensitivity S E =
[ ~35x10°¢ o 1or BR sensitivity | by
1s0p 80— -41x107 | Q
100 ——4 X llj_eEt:f[ than so;— ~4 X better than | Jx
F a0F LEP! %
50 E 20 E— N
E £ Losss: --w":-\ = A o
15 %% "% 76 80 90 100 110
Ao ey invariant mass (GeV)
e
vk
Background Y signal . i
Z-Tt-epdv Z-pt—pe 2v Aa : exploits different

number/direction of v
in Tt and pt final state
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EW physics and beyond with 7 leptons
Summary and outlooks

Lepton Flavor Violation in H decay
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