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Observation of a new boson

Julv 4th 2012
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Observation of a new particle at a mass of around
125 GeV by ATLAS (5.1c) & CMS (5.00)

October 8th, 2013

The Nobel Prize in Physics 2013
Francois Englert, Peter Higgs
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The Nobel Prize in Physics 2013 was awarded jointly to Frangois

s, www else\ner comrlocate!physletb
: Englert and Peter W. Higgs "for the theoretical discovery of a

PLB 716(2012) 1-29

mechanism that contributes to our understanding of the origin of
mass of subatomic particles, and which recently was confirmed
through the discovery of the predicted fundamental particle, by the
ATLAS and CMS experiments at CERN's Large Hadron Collider”
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Decay modes of this new boson

H>yy YES ! YES !
H->ZZ" YES ! YES ! Bosonic decay modes
HWw YES ! YES !
H-=>tr  Evidence (4.5c) Evidence (3.20) Lepton
_____ Fermionic
H-bb 2? Quark decay modes

This seminar reviews a search for the H ->bb decay mode
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Is this new boson the SM Higgs boson?
-- property measurements --

Mass (H=2yy, ZZ->4l) Phys. Rev. D. 90, 052004 (2014)
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Direct measurements of top-quark
and W mass are compatible with
the EWK global fit including Higgs
mass in the fit
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Is this new boson the SM Higgs boson?
-- property measurements --
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ZZ(*) 4], WW*) DIviV) Phys. Lett. B. 726 (2013)
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we tested one benchmark scenario)
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Is this new boson the SM Higgs boson?
-- property measurements --

Couplings (all production modes, all decay modes) ATLAS-CONF-2014-009 (2014)
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Does the new boson decay into a b-quark pair?
-- Branching ratio of the SM Higgs boson --

.

-
s

o
-

-

-

SM Branching ratio at 125.4 GeV

.

-

5

e

.

.
.

::E
-
-
.

.
.
RS

E

-

-

-
L

-

1
LHC HIGGS XS WG 2013

s
.

.
-

.
o
b
L

e
o
s

-
.

-
.

e
i o

BR + Total Uncert
=
=

e

|
2
.

i
=

=
G
.

i
-
-
-
T
i

3
-
i
o
5

.

.
S
.

-
i

-
i

_LHiggs

0—2

-
=
-

=
-
i
i

-
=

.
-
-
s
.

o
-

e
e
.
=
o
i

s
-
-
=
=
-
.

S
.
-
.
=

55
-
-
e

Gk

.
P

e
-
-
o

o
s

e

7% | 22%  6.3%  2.7% | 0.23% | 0.15% | 0.02%

lr
- e e . _H T T S - .
] f V,
L
————— FT
A
|
|
e =
| | T
] H --- t H === w
5 NI : /
10—4|||||||||||||||||||||||||||||||||||||||||

My [GeV]

e
-
.
.
.
.

my = 125.36 + 0.41 GeV

It predominantly decays to a b-quark pair,
if the new boson is the SM Higgs boson
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Previous studies on VH =2Vbb
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Higgs boson productions at LHC

8 TeV LHC
@m,, = 125 GeV
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How do we look for H2bb at LHC?

Standard Model Production Cross Section Measurements

Status: July 2014

Run1 +/s=7,8TeV
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How do we look for H2bb at LHC?

Standard Model Production Cross Section Measurements

Status: July 2014
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How do we look for H2bb at LHC?

Standard Model Production Cross Section Measurements

Status: July 2014

E 1011 80 pb!
2 ATLAS Preliminary  Runi +s5=7,8TeV
b 106 0.1« pr<2TeV
e
10° 3 e LHC pp +s=7TeV LHC pp +s=8TeV
B Theory Theory
104 njet > 0 _ 1
o - Data 45471 A Data 203
102 et s Not enough sensitive in Run 1
R - Important to address Higgs
njet=2 o 0 .
102 o= netet T o e Yukawa coupling for Run2 & beyond
njet= 3 O 12 1 - = H
o | rjet > 2 491" -ﬂ-d;rﬂ? 9 Not covered in this seminar
101 E njet=4 _ . E.D.fb L :
F O niet: Itt Wlth >= 4 Jets - 5% CL :
i njet > mOm. iy
1 F 1.0fb- o= - E
C 1 1
- Ay 1
o bbH/ttH, H>bb it !
1072 : :
i i
1 1
10-3 | o
PP Jets Dijets W Z tt tiechan WW+ WW 7YY Wt WZ ZZ tty Wy Zy ttw ttZz Zjj Hoyyww2its_gan
fofal ;;';1] l:?;j) fiducial fiducial fotal = fofal ?::ﬁ total fiducial fotal total = fofal fiducial fiducial fiducial total = fofal ﬁaﬁ?ai fiducial fr'?ez:'ai fotal
y <30 njet=0 njet=0

Yoshikazu NAGAI (CPPM) CPPM Seminar

13



i;:k proton-proton collisions
at 7 TeV (2011) and 8 TeV (2012)
?.;:? The peak instantaneous luminosity
at 8 TeVis 7.7 x 103 cm2 s

I I I I I I I
ATLAS Online Luminosity

e 2010 pp Vs = 7 TeV
m— 2011 pp s = 7 TeV
— 2012 pp \s = 8 TeV
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> 5.0 fb! (2011) and > 23 fb'1 (2012)
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?,xk In this seminar, full data analysis is presented
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A challenging enwronment

T ATLAS — CATLAS

_[T EXPERIMENT / . A EXPERIMENT

2011 11 vertices with Z%uu 2012: 25 vertices with Z2>pup

o L B B B B B B IR R ]

S 1805 ATLAS Online Luminosity = .

é_ 160;_ [ \s=8TeV, Ldt=2081"&> =207 Number of pile-up =

= 0 B \s=7Te flat=52 G = 91 (Cross-section) [cm?] x

£ :32_ E (Luminosity) [cm2s1] x

a sl E (bunch spacing) [s] (50 ns 1)

<3} r n

€ 0f - Need very good resolution to resolve
20E 7 vertices & very fast trigger system to keep
X E

4

L [ I B
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25 30 35 40 45 jnteresting events

Mean Number of Interactions per Crossing
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A Toroidal LHC Apparatus (The ATLAS detector)

p————

The ATLAS coordinate

Muon Detectors Electromagnetic Calorimeters y

3
\ F d Calori
; % ] I
LN Solenoid orward Calorimeters \

End Cap Toroid

r

\
N

0

X

Polar angle is
expressed by

pseudorapidity
n=-1Intan(6/2)
n=0
Barrel Toroid Inner Detector . b Caldiviatans ' ShE;Idlng 0290° /T] =0.88
Person 0=45°
0=1 OMT] =2.44
9=0° » Tl =00
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The ATLAS detector (cont’d)

6.2m

Inner tracking detectors & solenoid magnet %

End-cap semiconductor tracker

- S =10 =15
| Solenoid Colloﬁ o e
: R ,/_/ . 5 ’—’,/,_ e ahid- i =2
S— - A AN N : ate_

Radius [mm)]

?.;}Silicon (Pixels & strip)
3k Transition radiation straw chamber
{;}Superconducting solenoid magnet

For H>bb analysis, transverse impact
parameter resolution is very crucial for b-jets

S identification o(d,) ~ 20 um
CPPM Seminar
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The ATLAS detector (cont’d)

Tile barrel Tile extended barrel

Calorimeters

LAr hadronic

end-cap (HEC) —— 8 Y:'z///

=~

LAr electromagnetic ’
end-cap (EMEC) -

LAr eleciromagnetic
barrel
LAr forward (FCal)

N .-.\:';“‘ AN
particles YN N NN

YVAVAYAY

i,':?EM calorimeter (Liq. Ar+Pb)
¥kHad calorimeter (Fe+scintillator, Lig.Ar+Cu)

- Gap-less structure allows good object
SATLAS measurements for jets/electrons and
T missing transverse energy (E;™*)
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The ATLAS detector (cont’d)

toroids

Muon spectrometers and Toroid magnet

Yoshikazu NAGAI (CPPM)

S ATIAC

http://atlas.ch

end-cap
toroids

LT T 1T T T4

Barrel Torold

Calormeters Enc-cap

2 - ® Terold
3

Inher Deliecior

0 I | 1 I

meters

CI T T T T ¢

barrel —

end-cap
toroids

solenoid

o 1 Monitored Drift
Tube Chambers

2 Cathode-Strip
Chambers

3 Resistive Plate
Chambers

4 Thin Gap
Chambers
(4]

Recletion Shiclcling

0 2 4 6 8 10 12
meters

14 16 18 20

i',:?Consists of fast trigger chambers and position

sensitive chambers

%Superconducting coils of toroid magnets

— Both independent/combined with ID
measurement is possible for muon

CPPM Seminar
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Rol
1 L1 accepl

The trigger system

o= 40m£ Read-Out System
L2PU ~3kHz
~500 nodes L2 accept
- Event Buider
er~4e v ~100 nodes
EFPU ~200Hz
~1800 nodes EF accepl
High Level Trigger

~1.5 MB/event

Yoshikazu NAGAI (CPPM)

i:? L1: hardware based
use calorimeter and muon detector information
define “Regions of Interest” (coarse granularity)

Regions ofInterest {Rol)

Areas selected by
First Level Trigger

HLT: consists of L2 & EF
i;} L2: Software based (Special fast algorithms)
use full detector granularity inside Rol
including tracker information

i',} EF: Software based (Offline algorithms)
use full detector granularity

CPPM Seminar 20



e Analysis overview

Yoshikazu NAGAI (CPPM)

Contents
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Signal categorization

0-lepton

~~

1-lepton b

N

. b
U Ny
2-lepton b

\

Decay Z2vy W 2ev/W 2 uv Z 2ee/Z 2 uu
Branching fraction 20% 11% / 11% 3.3%/3.3%
Number of leptons 0 1 2

Signal yield
(20fb%, 8 TeV) ~960 ~900 / ~900 ~160 / ~160
m,, = 125 GeV

Yoshikazu NAGAI (CPPM)

Before any selection applied

CPPM Seminar
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How does the event look like?

O-lepton candidate | 2-lepton candidate
QATLAS == P (GATLAS

EXPERIMENT EXPERIMENT

http://atlas. :hx A http://atlas.ch
( . epBiRR e

Run: 204763 L ~ un: 200787
Event: 49333326 < LN\ N vent: 144100666
Date: 2012-06-09 - \ ate:  2012-09-05
Time: 16:08:25 CEST ime: @3:57:49 UTC

@ATLAS

EXPERIMENT
http://atlas.ch

. * leptons (e, u)
1-lepton candidate * jets from b-quark

* missing energy (v)

Run: 207620
Event: 101402870
Date: 2012-07-29
Time: 00:05:11 UTC

Yoshikazu NAGAI (CPPM) CPPM Seminar



Signal binning
Binning of the signal regions

i’v} Separate signal regions based on S/B : maximize analysis sensitivity
The idea is to split the analysis in bins of jet multiplicity and vector boson p;

5/B 2t 2 ::S:g:S : Number of jets 2 j
m: 2 leptons 5 :
oosf- y 1-lepton S/B = 0.009 @ 0.003
0.02i : ) j
. 80 ° ]
T T " - e ot s WA 4

300
Vector Boson pT GeV p T

H

0-lepton b 1-lepton 2-lepton b,
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Event Selections
Two types of analysis

?.;:? Dijet-mass analysis: the mass of the dijet system of b-jets (m,,, ) as the final
discriminating variable (Cross-check of MVA result)

{ﬁ Multivariate analysis (MVA): Boosted decision tree (BDT) combines various
kinematic variables in addition to the m,, (Nominal result)

Basically focus on MVA analysis in this seminar,
except new features compared to the previous ATLAS analysis

Common selection

i;::{ AR cut values are optimized for the angular separation between two jets,

as a function of W/Z p, b-jet
I MVA w/z
p;’ (GeV) 0-—120 (%) > 120
AR(jetl, jet2) > 0.7 - b-jet
AR = /(A¢)? + (An)’ M b-jet
b-jet

(%)0-lepton selection is only 100 — 120 GeV with m,, analysis
Yoshikazu NAGAI (CPPM) CPPM Seminar 25



Event Selections (cont’d)

1-lepton selection
?,;}HT and E;Mss cuts to suppress tt and QCD multjet background

_ MVA E - Smgle utrigger
p:V (GeV) 0-120 > 120 S :
. . . . I ATLAS Preliminary |
trlgger prlmary. Slngle E/ﬂ 0.4:— f JLdt=2U.31b". Ys=8TeV —:
mY (GeV __ (%) __ (%) of. . (i E
| ) MVA analysis uses m;" as an input variable 02; i :
HT (GEV) > 180 — o 558676 8666 700
p,(probe) [GeV]
Emss (GeV) _ 520 L, Offline p pr (GeV)
2-lepton selection § AR eI
0.8~ 'F +t -

{ﬁ;{m,, cut to select on-shell Zboson candidates

; : f E,™iss trigger

pr" (GeV) 0-120 > 120 i T —
trigger single e/u or di-lepton (ee/uy) m;fﬂileﬂ?gm(eé%\%

T
my, (= my) (GeV) 71—121 71—121 New strategy to gain signal
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Event Selections (cont’d)
0-lepton selection

p.V (= E/™s) (GeV) | 100 — 120 > 120
trigger E;Miss trigger |  E;™SS trigger
AR(jetl, jet2) 0.7 —3.0 |>0.7 (for p;¥< 200)
track-E;™' (GeV) > 30 > 30 \Track-ET"“ss )
A9 (B, P ) <72 <72 QCD multijet
min[AQ(E;™s, jet)] >2.2 > 2.8 4 b-jets ™\

> 120 (2-jets) € o

> 150 (3-jets)

> 120 (2-jets)
N/A (3-jets)

applied

X(jets p;) (GeV)

Further QCD MJ cuts

. . Fake track-ET'-"iﬁiss
New signal category for the latest analysis \_ )

—> Former analysis only for E;™ss > 120 GeV
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b-jet identification

%Separate b-quark jet (b-jet) from other flavor jets (light-jet, charm-jet)
i;:? b-quark jet identification (b-tagging) performance is crucial for H=>bb analysis

Jet

Displaced tracks
Primary
vertex - a— Z
—— e "fet:;.e /f%condary vertex
= -

Primary vertex _ =~ 7/

/
i 4
do”

Prompt tracks

B-hadrons (B°, B*, etc...) travels a few mm before it decays with unique topology

- Displaced vertex ) MVA to

- Large impact parameter (d,) . combine

— Cascade structure (b>c>x primary->secondary->tertiary) | ;r;fgc;rtnl:::lon all
—> soft e/u from semi-leptonic decay of B-hadrons (~40%)
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b-jet identification

{%

)4 LAS o Data2011

— Fit Total
Ldt= 47fb,\s 7 TeV —

—
o
c':

b‘l

Jets / bin

— w— — —h
o o o o
[AS] w > [6,]

—_
S o
111 11 11 S A 111 ||m]'nl many

W+b/c/| response

- Lol ||||1|_|_|"|:| .II:I;TI'F-HIIII

—
—h

il I ETEETA
0.1 0.2 0.3 0.4 0.5 06 07 0.8 0.9

Flavour Weight
i"} Separate signal reglons based on

|f|C|aI neural network algorlthm MV1 (MV1c)

10"

10

—b-jet eff 50%
‘c-jet eff. 4%
10 1-jet eff < 0 1%

Light-flavour jet rejection rate

UL

Ilght-jet vs b-jet
“ ATLAS Prellmlnary

tt S|mulat|on \s =8 TeV

. ............... ................. .............. ]B ........................................... —

p >2O GeV |n |<25 E

io-jetg eff)
c-jet eff:
I-jet eff :

1 llllIJJ

80%
33%
3%

1II§III!;III!;IIII

MV1c

5 som— ATLAS
i
7000

6000F

5000

4000

3000

80% /0%

075 08

1 1 i 1 1 1 1 i 1
0.85 0.9

b-jet efficiency

50%

+Eﬂl{§h2}ﬁ 0
. 1.
[ &Ii:»nsnn

1-
tag

LL

MM

1-tag
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b-jet identification

rtificial neural network algorlthm MV1 (MV1c)

{%

Ilght-jet vs b-jet

= J. MM A AR A Iaa EESE 10" T R Raa-
2 106? A LAS _EittTof;” % 3—|V|V1 ATLAS Prellmlnary =
[ :1[ _[ Ldt=4.7fb" ,Ns=7TeV — i L = i ]
©  10%°E * S ‘ : : : : tt3|mulat|on \s 8TeV
) E S 10 S e ST SO s S SISO ARSI SRS -
Hh o 0 e k) E » : - - p >2O GeV |‘I‘| |<25 3
1008 H 0000 e 4 2 F . : : .
;v +5 =Y KNS SN NN Sy S N S b-jet eff] 80%
I i -b-JEt Eff 50% c-jet effi33%
1024 %, 4 I [c-jet eff 4% |-jet eff B%
10 | e -4 ST A PR T T _E 3) 10 j-]et eff < 0 1% ................................ ................. E .......... E
W+b/c/| response E _ | -
bea b N T B :‘ é E E ; : N
070170270304050607 0808 1 1 g5 ‘o.’s' | 'd.és' 07 075 08 08 05
Flavour Weight b-jet efficiency
i"} Separate signal reglons based on MVic 80% /0% 90%
& snm:—nnns _1 Eﬁ'{:ﬁ& 0 —; ™ )
. 7000E- 51ep, LQE:L%T et ==L = © 1 .
5000 i_ A %fﬁl‘i&ﬁtmh::: round _i 5 tag 5 O %
s000F- o VH(bB} 320 _E E @
4000 —i
E 70%

3000

LL

80%

1-tag

Yoshikazu NAGAI (CPPM' * 0 * e on NiNAr MV1¢(1) 30




b-jet identification

{;’} an artificial neural network algorlthm MV1 (MV1c) hght-;et vs b-jet

E R L R i L I. i L R 10 1 l ErTTr ey g
2 106? ATLAS _E,ttTof;” % ?—MV1 ATLAS Prellmlnary =
wn C Ldt=4.7fb,\s=7TeV — : ; : : n
© 105,;[ W L S _ tt3|mulat|on \s 8TeV ]
- E i 6 107 i ................. .............. e T S —
Hh o 0 e k) E » : - - p >2O GeV |‘I‘| |<25 3
10°e  meee] 00 = g g ' ? | ]
;v +5 =Y KNS SN NN Sy S N S b-jet eff] 80%
Al - —b-jet eff 5(3% c-jet eff133%
102578, 1 4 I fejeteff. 4% l-jet eff B%
10 | e -4 ST A PR T T _E 3) 10 j-]et eff < 0 1% ................................ ................. E .......... E
W+b/c/| response E _ | -
T T R :‘ é E : : : .
070170270304050607 0808 1 1 g5 ‘o.’s' | 'd.és' 07 075 08 08 05
Flavour Weight b-jet efficiency
i"} Separate signal reglons based on MVic 80% /0% 90%
fofae [ EEE 2 [+ .
2 , 2 fets, 1 tag B Z+hf —:
soo0 " ’ %Eﬁ:’%ﬁ:‘ d—z 5 tag 50%
50 :vﬁbmx.a;ngmun _E E
“ E MM
" E 70%
20 -

80%

W
1-tag

S -
8 085 | ! ! = .
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Modeling overview

Shape modeling with MC simulation

Process Generator
4 Signal'*/ N «
gq — ZH — vvbb/fibb  PYTHIAS
g9 — ZH — vvbb/ffbb  POWHEG-+PYTHIAS
! gg — WH — (vbb PYTHIAS ) o

Vector boson + jets

W — v

SHERPA 1.4.1

[y — EL SHERPA 1.4.1
Z = v SHERPA 1.4.1
Top-quark
tt POWHEG -+ PYTHIA
t-channel AcCERMC | PYTHIA

s-channel

POWHEG-+PYTHIA

Wt POWHEG-+-PYTHIA
1boson'*/ 7 +PY )
Dil (*) POWHEG--PYTHIAS
WWw POWHEG-+PYTHIAS
W2z POWHEG-+PYTHIAS
A POWHEG-+PYTHIAS

QCD multijets (fake lepton, fake MET) from data

Yoshikazu NAGAI (CPPM)
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Modeling overview

Shape modeling with MC simulation

Process (Generator
Signal'*/
qq — ZH — vvbb/ffbb  PYTHIAS

g9 — ZH — vvbb/EEbb
gg — WH — (vbb

POWHEG-+PYTHIAS

PYTHIAS

4 Vector boson + jets )

W — v SHERPA 1.4.1

[y — EL SHERPA 1.4.1 q

! Z = v SHERPA 1.4.1 !
-~ Top-quark

tt POWHEG -+ PYTHIA

t-channel AcCERMC | PYTHIA

s-channel POWHEG-+PYTHIA

Wi POWHEG-+PYTHIA

Diboson'*/ POWHEG-+PYTHIAS

WW POWHEG-+PYTHIAS

WZ POWHEG-+PYTHIAS

YA POWHEG-+PYTHIAS

QCD multijets (fake lepton, fake MET) from data

Yoshikazu NAGAI (CPPM)
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Modeling overview

Shape modeling with MC simulation

Process Generator
Signal'*/
gq — ZH — vvbb/fibb  PYTHIAS
g9 — ZH — vvbb/ffbb  POWHEG-+PYTHIAS
gg — WH — (vbb PYTHIAS

Vector boson + jets

W — fv

SHERPA 1.4.1

¥ — 0L SHERPA 1.4.1
Z = v SHERPA 1.4.1

" Top-quark \
tt POWHEG -+ PYTHIA
t-channel AcCERMC | PYTHIA
s-channel POWHEG-+PYTHIA

\__ Wit POWHEG+PYTHIA J b
Diboson*/ POWHEG-+PYTHIAS b
WW POWHEG-+PYTHIAS
WZ POWHEG-+PYTHIAS g
YA POWHEG-+PYTHIAS

QCD multijets (fake lepton, fake MET) from data

Yoshikazu NAGAI (CPPM)

CPPM Seminar
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Modeling overview

Shape modeling with MC simulation

Process Generator

Signal'*/
qq — ZH — vvbb/ffbb  PYTHIAS
g9 — ZH — vvbb/ffbb  POWHEG-+PYTHIAS

gg — WH — (vbb PYTHIAS

Vector boson + jets

W — v SHERPA 1.4.1

¥ — 0L SHERPA 1.4.1

Z = v SHERPA 1.4.1

Top-quark

tt POWHEG -+ PYTHIA

t-channel AcCERMC | PYTHIA

s-channel POWHEG-+PYTHIA

Wt POWHEG+PYTHIA g WL
(" Diboson™ POWHEG-+PYTHIAS \

WW POWHEG-+PYTHIAS

WZ POWHEG-+PYTHIAS '

47 POWHEG-+PYTHIAS 7
% . ! I, E]

QCD multijets (fake lepton, fake MET) from data
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Modeling overview

Shape modeling with MC simulation

Process Generator

Signal'*/
qq — ZH — vvbb/ffbb  PYTHIAS
g9 — ZH — vvbb/ffbb  POWHEG+PYTHIAS

gg — WH — (vbb PYTHIAS
Vector boson + jets
W — v SHERPA 1.4.1

[y — EL SHERPA 1.4.1
Z = v SHERPA 1.4.1
Top-quark
tt POWHEG -+ PYTHIA
t-channel AcCERMC | PYTHIA
s-channel POWHEG-+PYTHIA
Wi POWHEG-+PYTHIA
Diboson'*/ POWHEG-+PYTHIAS
WW POWHEG-+PYTHIAS
WZ POWHEG-+PYTHIAS
YA POWHEG-+PYTHIAS

[ QCD multijets (fake lepton, fake MET) from data ]

Yoshikazu NAGAI (CPPM) CPPM Seminar
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Background modeling
{ﬁ}{ Modeling of pTV |s cruual sub lelde signal region based on pT
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s‘,;:}{ Modeling of pTV |s cruual sub divide signal region based on pT

Background modeling

:’ 80000 °

E ATLAS I —=— Diata 2012 _E 0] - —+— Data 2012 _E
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Improve m,, resolution

?.;:? The most important input for MVA analysis

W

Muon-in-jet collection

i‘v} Kinematic likelihood fit in 2-lepton channel

(no intrinsic E;™ss except for b-semileptonic decay)

—> total resolution improvement ~30% ®
b

> 0012 > IR U R RN R

L | T 1 1 | T T |. | T 1T | T T | T T 1T | T T |_ | 17T T T ] T T I_ LI L T TT ‘llll T LI 17 LI ]
® [ ATLAS Simulation o Ve @ ~ ATLAS Simulation N Resoluti casc-olla

g 80F- Pythia VH, H — bb MC §:r+++ | Rta-s;_ovlu?r;;n:slse:[ur asc_}f GSC; g D.1_ Pythia VH, H —s bb MC ;:_, . Eiu1lg_:SGeV{ ssc_} 6sc]
< C 2lep., 2 jets, 2 b-tags : lf R 144Gy 12% 4 = B 2 lep., 2 jets, 2 b-tags i Y omm 114GV 30% 7
= 705 pY inclusive v ol is1cev 4% _E @ U.UB—F: inclusive ¥ JE N
T g0 c Y d 4 € - .
e z et . ]
w - : J 1w - -
50 o Global Sequential Calib. (GSC) j % = 0.06 | o Global Sequential Calib. (GSC) ]
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- & + Resolution Correction i - - + Kinematic Likelihood Fit —
= = 0.04— —
30__ ] - _|
200 3 o002f -
10;— — - i
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Fit model

i;:k Binned maximum likelihood fit performed on the BDT across regions
- determine signal yield & background normalization
Impact of syst. uncertainties described by nuisance parameters across regions
—> constrain systematic uncertainties through global fit
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f fl-lepton\\ Constrain physics background through

lepton categories

O-lepton — 2-lepton (e.g. O-lepton Z+jets constrained from 2-lepton)
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Fit model

i;:? Binned maximum likelihood fit performed on the BDT across regions
- determine signal yield & background normalization
Impact of syst. uncertainties described by nuisance parameters across regions
—> constrain systematics through global fit

80% 70% B0%

! —— DEII:BI 202

EEDDD;ATLAS [ VH(bb) f=1.0) —f
(T C 5-8TeV Ldi=203 " = ] —_
?DDD:—zigp...?ﬁars.rmg -gzg: E _‘% .l_
am::-nf—pr?msw %ﬁllmnainrz = 1[_;1 t ag 509
ook i 3 = _— 5 .
1= 2 |et
E L;/ MM X
_ 3 70% 3 jet
EDDD:— I_L
3 80%
1-tag
MV1 c(j1)
MVicib) OP
Constrain background flavor composition Constrain 2-jets vs
(e.g. b-tagging syst. for b/c/light flavor and 3-jets difference

Z+bb/cc/light normalization )
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Fit model

?,;:3 Binned maximum likelihood fit performed on the BDT across regions
- determine signal yield & background normalization
Impact of syst. uncertainties described by nuisance parameters across regions
—> constrain systematics through global fit

p;’ 0-120 120-
"
Shape uncertainty __--
_ - _ Constrain background modeling
______ ;;-ﬂ‘—"__'_'_':__.__._
— T of p; dependence
-7 (e.g. modeling of W+jets ttbar
p;¥ dependent modeling as a function of p(V) )
collection
pr”
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Fit model

i;:k Binned maximum likelihood fit performed on the m, /BDT across regions

— determine signal yield & background normallzatlon
Impact of syst. uncertainties described by nuisance parameters across regions

—> constrain systematics through global fit

80% 70% 50%

" -50% 2 jet

1-lepton
tag

/I N\ x X e

——> 2-lepton - 80%
1-tag

MV1c(j1)

\
|
Fit performed through the BDT bins

0-120 | 120-

MV c(i2)

0-lepton
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e Result of a search for the H>bb
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Our analysis techniques are valid for H=>bb signals?
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Events /0.15

Data/Pred

Analysis validation with di-boson signal
Validation of analysis techniques is very important

— Can use di-boson signals (W2Z, ZZ), which produces exactly same final states
- Well-established in the SM and can be used as the standard candlle
| |
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Events / 0.25

Data'Pred

PAAAARE AR RARE RAML RIAY SAprm sy
10° - ATLAS mm VHBD) (=10) 5
E fE=8TeV [Lot=203 " EF
C 1lep, 2 jets, 2 Medium+Tight tags & ging_e top
10tk pi>120 GeV E :ME* ]
E = Wl =
= 1-lepton B
mm Z+hf
= Un

'...I...I...I...I...I...I...I...I...I..._:
1 08 06 04 02 0 02 04 06 08 1
BDT,z

BDT (VZ)
Data and background+signal yield are compatible
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- [i77) E
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10°
10
1_
107"
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Di-boson signal strength

ATLAS  |5=7TeV, [Ldt=4.7 ib™ V5=8 TeV, [Ldt=20.3 b ATLAS  [s=7TeV, |Ldt=4.7 b} V5=8 TeV, [Ldt=20.3 b
T T T T | T T T T T T | T T T T | T T T T | T T T T T T T T | T T T T T T T T | T T T T | T T T T | T T T T
B ot VZ fit | - fot. VZ fit —
stat. tot (stat syst) stat. tot (stat syst)
+025 [ +0.14 021
0.50+049 (+030 +039 2lepton 1= == 061 0.24 ( -0.14 -0.20 )
7 TeV fm—i—=e ' D075 (Zoe Zo37)
lepin | beit 080733 (1828 °0%)
8 TeV |— o= 0_??+U.19 (—U.'I'[] —[].15) |
~017 ‘-009 -0.14 +0.22 ;+015 +0.16
0 lepton — e e | 0.77_0_21 (T015 “041a)
Combination — o = 0.74" g:‘lg (:883 :8:12 ) 7| Combination |~ e - 0.74™ g:ll; ( fggg + 312 )
L L | L | L L L L L L | L | L L L L | L L L L | L L L L 1 1 1 1 | 1 1 1 1 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1
0 05 1 15 2 25 3 0 0.5 1 1.5 2 2.5 3
best fit Hﬂ:gfgw for m =125 GeV best fit LLVZ=UfGSM form =125 GeV

U= (G X Br)measured / (G X Br)SM

Signal excess

[WZ = (.74 + 0.09(stat.) + 0.14(syst.)] Observed: 4.9
Expected: 6.3c

Results are compatible with the SM.
Successfully re-observed di-boson process.
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Let’s go

vV

Good luck !
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_Fit results (8 TeV, MVA analySIS)

g 105 1T | T 17 | T 1T | T T b o 2012 T é_ 2 E b ta 201 E ‘_ B T 1 71 | I_I.’_I baltal 2Io|12I LI | LI
— ATLAS ) - VH(bb) (u=1.0) Jdo L ATLAS ) - VH(bb) (u=1.0) =) 104 ATLAS -VH(hb) u=1.0)
£ . ,[ s=8TeV [Ldt=20.31" o ooson @ 10°g 5=8TeV |Ldt=20.3 1" —L e = E {s=8TeV Ldt=20.31b" = Diboson
g_-? 10 0 lep., 2 jets, 2 Medium+Tight tags 3 Single top E = E 1lep., 2jets, 2 Tight tags = Single top 3 E - 2;‘ep 2 jets, 2 Medium+Tight tags = Single top
i pY>120 GeV — Muitit = L‘::-j L[ PY>120Gev — Muitet 1.2 103 pY>120 GeV/ =§+2If ]
+i - + — = + =
3 w _ 10 Z+hf E = Sy 3
ot 0O-lepton S : 1- Iepton =i 2 - 2-lepton Si..,
I Z+cl 1 : Lg _ amm Pre-fit background | 5 ==xa: Pre-fit background
’ =z - 10 s VH(bb)x20 | 10 = VH(bb)x20
102 Uncertainty — E
==nu: Pre-fit background I -
— VH(bb}x10 3 .
10 10— | T = 10
1k 1 1
1 0-1 1 0-1 1 0_1
| n 0 Lo n 0 111 11 1 111 111 111 111 1
2—I TT T TT T 1T LI LI T T T LI T T[T T 1T 14
-c 2 | | | T 1T | T 1T | T | | T T | _c 25' -qc.) E_ | | | | | | | _"_l _E
BT R T TR A8 S S 5
2 055— - + 4_ _?_ | = 8 05E % 0'5:_ | % | | ]
(1] - 4 ® - ) Ig o 0 I L1 L1 L1 L1 T
O Oy 0d 04020 b2 04 06 08 12 O7 0804 04 02 002 04 06 08 1 08 0604 02 0 0.2 04 08 OE;'%T1
BDT,, BDT,,, VH

Process Scale factor ] .
7 -
7 Olepton | 1.36 £0.14 Data and background + signal yields

{ 1-lepton | 1.12 4009  are compatible
tt 2-lepton | 0.99 + 0.04
Wbb 0.83+0.15  Background normalizations are expressed

Wel 1.14+0.10  3s scale factors to the pre-fit normalization
Zbb 1.09 +0.05

Zcl 0.88 +0.12
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ATLAS‘
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B Err e
51? T \- T T T ‘I \’_‘T‘f_+_\ %
& E
0%

Data/Pred

Fit results (8 TeV)

sorted as a function of S/B
=3 | | I LI | LI | | I LI | LI | | I LI | LI
ATLAS —»— Data 2012

_ 1 Il VH(bb) (1=1.0)
is=8TeV ILdt = 20.3 b [ Diboson

H

Events /0.5
=)

]t
[ Single top
] Multijet

T~

10° B W+hi
g W+l
C W+l

104 I Z+hf

B Z+cl

El.l.l.ll‘ IIIIIJ]Jl IIIIIII| IIIIIIII IIIIIIlI] IIIIIII| IIIIIlIJl IIIIIII] LLL

1 =

%

n
j
:III

4 35 3 25 2 -15 -1 -05 0 05
log_ (S/B)
Pull of data compared to BG only or BG+5|gnaI

—> Both hypotheses look compatible with data
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H -=2bb signal strength (7 TeV + 8 TeV)

ATLAS  (s=7TeV, [Ldt=4.7 fb; Vs=8 TeV, [Ldt=20.3 fb" ATLAS  (s=7TeV, [Ldt=4.7 fb™; Vs=8 TeV, [Ldt=20.3 fo"
T T T | T T T | T T | T T T | T T T | T T T | T T | T T | T T T T 1T | T 1T | T 1T | T T T | T 1T | T T | T
L — tot. _ - — tot. _
stat. tot (stat syst) stat. tot (stat syst)
T mee | ASUER CIEIGE S a eew 008G R0
L +043 +033 +0.28\ _| L +0.65 (+0.50 +042, |
o TeV et 0865 4 (T032 “024) WH Hoe—H 1Mo (Zoas —03s)
Combination — 1-e-1 +0.40 (+0.31 +0.25 y — Combination — 1=e=1 +040 +0.31 +0.25y —
0'51—0.37 (—0.30 —0.22) 0'51—0.37 (—0.30 —0.22)
1 1 1 | 1 1 1 | 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | | 11 | 1111 | 1111 I | 1111 | I | 1111 | 1111 | 1111 | 1 1
-4 -2 0 2 4 6 8 -1 0 1 2 3 4 5 6 7
best fit u=0/08m for m, =125 GeV best fit u=0/csSM for m =125 GeV

n= (G X Br)measured / (0- X Br)SM

[u = (0.52 4+ 0.32(stat.) £ 0.24(syst.) @ m,=125.36 GeV]
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Upper limit & significance (7+8 TeV)

i =S

95% C.L. limit on ofcy,,

(=]
— o
\e - ATLAS [5=7TeV, J Ldt=4.7fb" E 10 = ATLAS Vs=7 TeV det =47’
el — [ — _
- —®— Observed (Cls) [s=8Tev, j Ldt =203 b - | —— Observed , Vs=8 TeV [Ldt=20.3fb"
m mmee-- Expected (no Higgs) | - - - Expected
3 s Expected (m, =125 GeV) | 1= = . e L L T
C e : = | woen |njected 125 GeV !
o g m—r I e - I 1c
- e 101 g-af"';'
2 __ I ........... E ............. - - - .““.,.
E “““““““ ;———l’l'—"ﬂl? T —— — J_——— —.‘I’; —-—%gﬁ:': —
15 102 = Pt
: E I"'"*nl-Hllﬂl:.\‘““"""l
E - I 20
E 1 D_E l:__ N S N e T‘?L—.—-_ - — Aln N B R S W e N --_-I E___ "N " ]
05 :_ i - - - I
- - |
0_||||||||||||||||||||||||||||||||| 1D4|I|II|IIII|IIII|-IIII|IIII|IIII|
110 115 120 125 130 135 140 110 1135 120 125 130 135 14(
my [GeV] my, [GeV]

Signal excess

Observed limit: < 1.2 x o,

. Observed: 1.4 _
Expected limit: < 0.8 x o, © ™7 122 O¢Y @ m,, = 125 GeV

Expected: 2.6

Close to 3o sensitivity achieved in Runl
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Systematics uncertainties

What is the main source of systematic?

+ 0.24(syst.

(= 0.52 +0.32(stat.

Yoshikazu NAGAI (CPPM)

«.

e

W-+bE, Wct my shape
" = 120 GeV)

Wbl to W+bE normalisation

(P} = 120 GeV)

WH+EE normalisation

WHHF p: shape [3-at)
Signal acceptance (parton shower)
Z+bl to Z+bb nomnalisation (2-jet)
b-jet enengy resclution
Z+bb, Z+ot my shape
Jet energy resolution
Dilepton { normalisation
W+HF p';‘ shape (24t}
Z+bb normalisation

Jet energy scale 1

b-jet tagging efficiency 4

tibar high p: normalisation

ATLAS
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Systematics uncertainties A

-0.15 -01 005 0 005 01 015 02

/©  W+bE, Wec my shape )

b-jet enengy resclution

What is the main source of systematic? > 120G0) '“_"_
W-EE}’:: ‘V;Ebg;?]rmallsamn ; :| ;
= 0.52 & 0.32(stat. & 0.24(syst. NzZzmrs
\ w—l—Fp';*shapeta-jety; - E : : I
Signal acceptance (parton shower) :i >
[2+b| 10 Z+bB nomalisation (2-jet) i .
) —

Blue box expresses the size of impact

S = Ty Sy

[ Z+bE, Z+et my shape ] >
on the post-fit u with decreasing order Cea==)

. . W-+HF p! shape (24ef) i ——
Leading systematics are: — ; ' A
W+jets modeling Z+jet modeling C ool —-w :
Signal modeling b-jet & jet (L= ogng ccerey ¢ ) i —

tibar high p| normalisation i ._-.._i_. ]
ATLAS | _ T e
For upcoming LHC Run2 & beyond, =TV, | Lat= 203w +o Postit Inpact on
' m, =125 GeV [ ] -t Postfitimpacton i

SyStematiC uncertainty reduction will be important AITERIRRERIANEN1 RRRE1 ANRNE ANEN1 RRRRARNRRAREE

2 15 1 05 0 056 1 15 2
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Results submitted to JHEP

) ) Search or Article-id (Help | Advanced search)
arXiv.org > hep-ex > arXiv:1409.6212 e T—
High Energy Physics - Experiment N Download:
Search for the bb decay of the Standard Model Higgs boson in associated (W /Z)H O e
production with the ATLAS detector
Current browse context:
ATLAS Collaboration hep-ex

< prev | next >

| (submitted on 22 sep 2014) |
new | recent | 1409

A search for the bb decay of the Standard Model Higgs boson is performed with the ATLAS experiment using the full dataset recorded at the LHC in Run
1. The integrated luminosities used from pp collisions at \/3_ = Tand8TeV are 4.7 and 20.3fb !, respectively. The processes considered are

associated (W /Z)H production, where W — ev/uv, Z — ee/pp and Z — vv. The observed (expected) deviation from the background-only * INSPIRE HEP
hypothesis corresponds to a significance of 1.4 (2.6) standard deviations and the ratio of the measured signal yield to the Standard Model expectation is o :ﬁgg f:olsm tedby)
found to be & = 0.52 &+ 0.32(stat. ) & 0.24(syst. ) for a Higgs boson mass of 125.36 GeV. The analysis procedure is validated by a measurement of

the yield of (W / Z)Z production with Z — bb in the same final states as for the Higgs boson search, from which the ratio of the observed signal yield to Bookmark st is ins?)

References & Citations

the Standard Model expectation is found to be 0.74 + 0.09(stat. ) + 0.14(syst. ). B RERLm0w
Comments: 69 pages plus author list + cover pages (93 pages total), 25 figures, 11 tables, submitted to JHEP, All figures including auxiliary figures are available at this http
URL
Subjects: High Energy Physics - Experiment (hep-ex)
Report number: CERN-PH-EP-2014-214
Cite as: arXiv:1409.6212 [hep-ex]

(or arXiv:1409.6212v1 [hep-ex] for this version)

Submission history
From: Atlas Publications [view email]
[v1] Mon, 22 Sep 2014 15:53:00 GMT (1480kb,D)

Preprint is available arXiv: 1409.6212
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Contents

e Summary & Prospects for the upcoming high-luminosity LHC
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Prospects toward HL-LHC
Global Effort =2 Global Success

Results today only possible due to
extraordinary performance of
accelerators — experiments — Grid computing

Historic Milestone but only the beginning

Global Implications for the future
R-D Heuer ' N2~

2 years after 4th July 2012 seminar,
we are still on a journey toward the nature of this Higgs boson
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A more challenging environment

http://hilumilhc.web.cern.ch/about/hl-lhc-project

LHC / HL-LHC Plan

LS

splice consolidation
button collimators
R2E project

Yoshikazu NAGAI (CPPM)
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VH =Vbb at 300 fb! / 3000 fb

CMS Projection arxiv:1307.7135
T T I T T T T I T T T T | T T T T | T T
Expected uncertainties on F 300#&"at fs =14 TeV Scenario 1
Higgs boson signal strength F 300#&™at {s= 14 TeV Scenario 2
| 300 fb?
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H— WW : |
H— ZZ | |
< H—s bb ; |
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[ (I N NN TR A NN N TN M NN N TR SO NN N
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expected uncertainty
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U: -
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VH =Vbb at 300 fb! / 3000 fb

ATL-PHYS-PUB-2014-011

300 fb!, < u>=60

- S m A

Significance (o)

3000 fb1, < u> = 140

Significance (o)

These results assume jet energy scale uncertainty reduction

H—>bb observation can be expected in upcoming LHC run
0-lepton is not included in this prospect
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Summary

* Analysis validated using di-boson process
pvz = 0.74 =+ 0.09(stat.) + 0.14(syst.)

For di-boson (WZ, 77) .
Observed: 4.9 Successfully re-observed di-boson process

Expected: 6.3c
e (W/Z)H=>(W/Z)bb analysis using full ATLAS Runl data presented

p=0.52 £ 0.32(stat.) + 0.24(syst.)] B =(0XBr)easurea / (0 X Br)gy

For my, = 125 GeV
Observed: 1.4c
Expected: 2.6

e LHC will restart soon with higher energy and luminosity

H->bb observation can be expected soon if it exists !
Improving background understanding is crucial for analysis Run2 and beyond

> iaytunedi <
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Close to 3c evidence sensitivity
and we had a bit of bad luck (or real deficit from new physics? ©)
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Latest mass measurements
Mass (H2yy, ZZ->4l) Phys. Rev. D. 90, 052004 (2014)
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130

- . = 0
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my, [GeV]

(" H vy )
my = 12598 + 0.42(stat) + 0.28(syst) GeV
H>ZZ->4l:

= 124.51 + 0.52 (stat) + 0.06 (syst) Ge\)
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Latest spin/parity measurements

Spm/Parltv(Héw, ZZ%4I WW%IvIv) Phys Lett. B. 726 (2013)
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H =2yy spin/parity observable

Collins-Soper frame

[sinh(Ap?)| 2pY pr

|cos 07| =

-
YY /.. 0 =
.\/1 + (py /myy) Yy
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Spin 2 models

arXiv: 1001:3396

We choose 2_* model among possible models for spin-2 hypothesis

TABLE I: The list of scenarios chosen for the analysis of the production and decay of an exotic X particle with quantum
numbers J¥. For the two 27 cases, the superscripts m (minimal) and L (longitudinal) distinguish two scenarios, as discussed
in the last column. When relevant, the relative fraction of gg and gq production is taken to be 1:0 at mx = 250 GeV and 3:1 at
mx = 1 TeV. The spin-zero X production mechanism does not affect the angular distributions and therefore is not specified.

scenario (J¥) X — ZZ decay parameters X production parameters comments

0" a1 # 0 in Eq. (2) gg — X SM Higgs-like scalar
0~ az # 0 in Eq. (2) g9 — X pseudo-scalar
1 g1z 7= 0 in Eq. (4) qgq — X: p11, p12 7 0 in Eq. (9) exotic pseudo-vector
1~ g11 7= 0in Eq. (4) qq — X: p11, p12 = 0in Eq. (9) exotic vector

952? = géz} # 0 in Eq. (5) gg — X: 952; # 0in Eq. (5) Graviton-like tensor with minimal couplings

qq — X: pa1 # 0in Eq. (10)
27 ez # 0 in Eq. (6) gg — X: ¢gt¥ = g{?:' # 0 in Eq. (5) Graviton-like tensor longitudinally polarized
qq — X: pa1, paa # 0in Eq. (10) and with J, = 0 contribution

27 gém = g\¥ # 0 in Eq. (5) gg — X: 952: = 0in Eq. (5) “pseudo-tensor”

qq — X: pa1, paa # 0in Eq. (10)
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Constraint on the new physics

ATLAS-CONF-2014-010

ATLAS Preliminary

_ : + SM * Best fit
Vs=7TeV, |Ldt=46-481fb"

/5=8TeV |ILdt _ 9203 5" — Obs. 68% CL =~ Obs. 95% CL

— —_— UD - . Du::-
Combined h—s yy,ZZ* WW* t,bb Exp. 8% CL =~ Exp. 95% CL

E MCHMA4 E
os S E
e el -
:“ MCHMS __
o <D =
:I | [ | | 1 1 | | | | | | | | | | | | | | | | | 1 1 | | | |:
v 0.8 0.9 1 1.1 1.2 1.3 1.4
Ky
ky = 1 =&
MCHM4 model: x = ky = kg = /1 = & MCHM5 model: -
—i&
KF = ——=.
F >
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Trigger selection
Triggers for analysis

i;:k O-lepton: trigger by missing transverse energy (E;™%) threshold: 80 GeV

i:} 1-lepton: Primary trigger by single-lepton trigger (e/u) threshold: 18~24 GeV
Secondary trigger by E;™* to compensate  inefficiency

% 2-lepton: trigger by single-lepton trigger (e/pn) or di-lepton trigger (ee/uu)
threshold: 18~24 (12~13) GeV for single (di-lepton) trigger

§ i o | ] - I R RS Bk ERRE ) R el R e R SRR e ERT EER
2 17 ATLAS Simulation  _ ®aTetTETETS ~ o - . . i
g [ o oot o Single u trigger
- + O 08
0.8 vt . 2 o
L L + . | L N "
- - ° |
0.6/~ + E;™SS trigger 06
- ', . ATLAS Preliminary
0'4:_ et = Trigger 2012 B 0.4 \ JLdt=20.3fb'1, s=8Tev —:
L ++ e Trigger 2011 & LT
0.2__ _'- - 105_ T T T T T T T )_-_ L Le\felz 1
- . £ -~ ATLAS Preliminary = o Event Filter
enmmmnalea®®™ . | o 1,1 = 1= . e =
00 50 100 150 200 E:QJ c f.'::M:.:""_'_'__'__"__{'_E _...|....|.,..[,l]:ll.ﬂ..{?s..l..,.1....[....
MET RefFin 095, &7 e E =G 30 40 50 60 70 80 90 100

»
4

Offline MET (GeV) oo~ % . . E
085+ Single e trigger -

pT(probe) [GeV]

085 4 E
075 J‘Ldt =41 Vs=8Tev t; E
0.7 ;_ ! 2012 p-p Collision Data ——FEF _;
065 C 1 I I 1 | L
30 40 5060 107 2x10?

Er [GeV]
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O-lepton new signal region
E.miss 100—120 GeV (low E;™s bin)

?.';:3 Difficulty: analysis using trigéer turn-on region and huge QCD multi-jet BG

% Developed special QCD multi-jet rejection technique: Likelihood ratio method

0
i

x?
Stat 172 0.992
Syst  0.505 1
Shape 0.769 1

>
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Events
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Likelihood ratio constructed from kinematics variable, such as A¢(jetl, jet2)
- QCD multijet background is negligible after cut
- m,, of low E;™s bin is used for nominal analysis

Yoshikazu NAGAI (CPPM)

CPPM Seminar

m,,, [GeV]

70



Fit results (7 TeV, m; analysis)

EG __I T T I T T T T I T T T T |_FI Dl.atnlm!l-1 T T T T __ :h : T I T T T T I T T T T |_.|_ EI|ah|={l|11 1 T T T T : } : T T I T T T T I T T T T |_-I_ E|I-a.talm1.I T T :
- ATLAS -mgg&[fl:"-"] 1 & EG:— ATLAS [ VH{DE) [2=1.0] _:[3 18 ATLAS B VH{bb) [2=1.0 s
oF- f5=7TeV |Ldt=47 = ER= ST TeN [Llt=47 15 £ Divocon 19 o7 Tev L= B Oeoece :
~ Olep, 2 jets, 2tags % ﬂ:‘gﬁ"ﬂ 91 - ?D:— 1 lep., 2 jets, 2 tags == 3ingle top = 16 2lep, 2 jets, 2tags -gﬂ ]
C py>120 GeV . Went 3 £ F pY>120 Gev —a H& E pY>120 GeV e mcartainly 3
60 ~ g Wl 1 @ - O W=l i 4= - Pra-fit background —]
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OF O-leptoni “t 1-lepton: ¢ |
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~ - 30 ] — s
*E = ERE S 1
10 + ~ 10F 4  2F
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15—_ 3 - =
i T S| £ = A | 3c '8 --_:4.:#__4_#@;% ........... ;
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Data and background + signal yields are compatible
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Fit results (8 TeV, m; analysis)
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Correlation b/w BDT & m;,

500,"' T T T T T T T
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BDT input kinematics

Variable O-Lepton 1-Lepton 2-Lepton

pY s P
E'!l!'llHH

Pt

Mph
AR(b1,b2)
|ﬂ'ﬁr(b1 bo ]I|
Ag(V, bb)
|An(V, bb)|
HT x

min[A¢(f, b)] X

W
My .

oMM oMoM oM X
LA A S S
E O G O N A S A 4

Mgy
MV 1c(by)
MV 1c(bo)

Only in 3-jet events

=i
P X X

b X by
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Kinematics fitter

e Likelihood fit:

— |lbb system constrained to e
balanced in the transverse plane

— m, constrained to a Breit-Wigner

— Lepton parameters follow Gaussian
distributions

— Jet parameters follow a dedicated
asymmetric transfer function

Lep. resolution Jet transfer function
b d c 0y
<= H [y yf™e) =|G (9 Qe o)l (PR Pr.g) Ly, (Pf}ifﬂ

H(* o "'Tm H t’r(Zp ZP G’ZP)

=T,y

B(”W-A [z.Tz). Transverse balance

Z mass: Breit-Wigner
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Systematics

Afl
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Systematics
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Systematics

Afl
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