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Introduction

- 2012: LHC found Higgs

—> no new physics found (so far)
—> let’s analyze all its properties
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Introduction

- 2012: LHC found Higgs

—> no new physics found (so far)
—> let’s analyze all its properties

- Higgs Potential: V(®) = —u®'®
not measured yet

- Higgs Pair Production:

—> 0(99 — hh) = 34 tbarxiv 1401.7340 A 1t
— bbyy most promising
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Introduction

- 2012: LHC found Higgs

—> no new physics found (so far)
—> let’s analyze all its properties

- Higgs Potential: V(®) = —u®'®
not measured yet

- Higgs Pair Production:
—» 0(g99 — hh) = 34 fbarxiv 1401.7340

— bbyy most promising

- Previous Studies:

- arXiv 0310056 (Baur et.al.)

—» Pre-LHC study
- arXiv 1206.5001 (Dolan et.al.)
- arXiv 1212.5581 (Baglio et.al.)

—» Cut based analysis
-arXiv 1311.1931 (Barger et.al.)

—» First multivariate analysis
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Introduction

- 2012: LHC found Higgs

—> no new physics found (so far)
—> let’s analyze all its properties

- Higgs Potential: V(®) = —u®'®
not measured yet

- Higgs Pair Production:
—» 0(g99 — hh) = 34 fbarxiv 1401.7340

— bbyy most promising

- Previous Studies:

- arXiv 0310056 (Baur et.al.)

—» Pre-LHC study

?
- arXiv 1206.5001 (Dolan et.al) || €an we be!
- arXiv 1212.5581 (Baglio et. al.)

— Cut based analysis MadMax

-arXiv 1311.1931 (Barger et.al.)
— First multivariate analysis

How good
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event by event

° events =
° / do g
.dUB
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likelihood distribution

gaussian
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ignificance O

—>

kin. variable phase space
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event by event

° events =
° /dO‘S
.dUB

# events

kin. variable kin. variable phase space
likelihood distribution L(#Hsp)
: L|L1S+B

gaussian Neyman-Pearson L7 Hp)

gaussian oo
ignificance & The log-likelihood
ratio q is the most

< powerful hypothesis —>

test

q = log

P(q)

NB NS+B Ncut g
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event by event

° events =
° / do g
.dUB

# events

kin. variable kin. variable phase space

* MadMax

likelihood distribution
gaussian Neyman-Pearson

gaussian
ignificance O The log-likelihood
ratio q is the most
- powerful hypothesis
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° events =
° do g
,dUB

phase space

'V

L(Z|HsyB)
L(Z|Hp)

q = log

q
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MadMax
- single event log-likelihood ratio
L(z|Hs.y5) d;%

dg(z) = lo = —ns + 1o (1—|— O

() 5 L(z|Hpg) 5 dop(x) < ) ° e(\;lentsaj
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phase space

L(Z|HsyB)
L(Z|Hp)

q = log

P(q)

q
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MadMax
- single event log-likelihood ratio
L(z|Hs.y5) d;%

—» Modified version of MG5
see |311.2591 or ask Peter Schichtel

d =3 — —Ilg I 1 S
q(x) = log L(z|Hp) ns + log ( + dop(z) é ) ° ezlients X
. ° ° ° “” O-
- calculate distribution via Monte Carlo Q ° ng
o ° o WURB
o

phase space

L(Z|HsyB)
L(Z|Hp)

q = log

q
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MadMax
- single event log-likelihood ratio
L(z|Hs.y5) d;%

d =3 — —Ilg I 1 S
q(x) = log L(z|Hp) ns + log ( + dop(z) § ) ° ezlients X
. ° ° ° “” O-
- calculate distribution via Monte Carlo Q ° ng
o ° o WURB
o

—» Modified version of MG5
l see |311.2591 or ask Peter Schichtel

phase space
single event likelihood distribution

L(Z|HsyB)
L(Z|Hp)

{ LEPStat4LHC

full probability distribution pB(q) ps+5(q)

q
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MadMax
- single event log-likelihood ratio
L(z|Hs.y5) d;%

d =3 — —Ilg I 1 S
q(x) = log L(z|Hp) ns + log ( + dop(z) § ) ° ezlients X
. ° ° ° “” O-
- calculate distribution via Monte Carlo Q ° ng
o ° o WURB
o

—» Modified version of MG5
l see |311.2591 or ask Peter Schichtel

phase space
single event likelihood distribution

{ LEPStat4LHC L(%|Hs. p)

L(Z|Hp)

full probability distribution pB(q) ps+5(q)

- obtain maximum significance Z

- [ (4)) T
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Higgs Pairs

Signal: both box and triangle diagram
—> Higgs self coupling sensitive to A
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Higgs Pairs

Signal: both box and triangle diagram
—> Higgs self coupling sensitive to A

Background: continuum resonant
bbyy bbjvy 337 ZH — bby~y
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Higgs Pairs

Signal: both box and triangle diagram
—> Higgs self coupling sensitive to A

Background: continuum resonant

see 1603.06896 (CMS)  bbyy bbjy fysgy 7 H==<biryy

Felix Kling imizing Higgs Pair Analyses hﬂ = A Tl’(‘)ﬁ:gﬁggﬁl‘w




Higgs Pairs

Signal: both box and triangle diagram
—> Higgs self coupling sensitive to A

Background: continuum resonant

see 1603.06896 (CMS) ~ bbyy bbjvy Jiser 7 H—=<bitryy

Smearing: MadMax —» parton level study
CMS Simulation Preliminary / —_— mochfy Propagator

All Categories

; #Simulation ; 1 ( p2 _m)2
: 1 p?2—m?2 —il — € 402

~ — Parametric
model

T oy m 104 GeY : gaussian width

-~ FWHM=350GeV [

arXiv:1411.4362 (photons)
] CMS-PAS-HIG-15-005 (bottom)

TT130 135140
m,, (GeV)
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Higgs Pairs

Signal: both box and triangle diagram
—> Higgs self coupling sensitive to A

Background: continuum resonant

see 1603.06896 (CMS) ~ bbyy bbjvy Jiser 7 H—=<bitryy

Smearing: MadMax —» parton level study
— modify propagator
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Higgs Pairs - Results

High Luminosity LHC: £ = 3000 fb~*
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Higgs Pairs - Results

High Luminosity LHC: £ = 3000 fb~*
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Higgs Pairs - Results

High Luminosity LHC: £ = 3000 fb~*

CMS diphoton trigger
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Higgs Pairs - Results
High Luminosity LHC: £ = 3000 fb~*

CMS diphoton trigger
* differential cross section

including efficiencies
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CMS diphoton trigger
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Significance

Higgs Pairs - Results
High Luminosity LHC: £ = 3000 fb~*

differential cross section
including efficiencies

differential significance

— find regions with high
significance

—p same for all other
kinematic variables
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Higgs Pairs - Results

High Luminosity LHC: £ = 3000 fb~*
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Higgs Pairs - Results

Measuring A:
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— different region of parameter space carry significance

Felix Kling imizing Higgs Pair Analyses # A T%i%gggﬁi‘w




Higgs Pairs - Results

Measuring A:
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Higgs Pairs - Results

Measuring A:
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Higgs Pairs - Results

Measuring A:
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Conclusion and Outlook

MadMax g 2E" e
- maximum significance oeme 1 8
- fully differential significance

— track regions of significance B e T

- automated and fast —

Higgs Pair Analysis mnn [GeV.

Outlook =T o

- test signal hypotheses: S57+B vs. 5, +B : """ o :

- explicit particle smearing '

0.05
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