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Higgs Physics at the LHC

Search for Higgs decays at CMS
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= test direct coupling to fermions
= confirm coupling of Higgs boson to 24 gen




Higgs Physics at the LHC

= very precise mass resolution of dimuon pair
" irreducible background from Drell Yan events

search region

Signal S L=36/fb @ 13 TeV

Background B Expected (total) events:
* ggH = 380.4 events

* qgH = 29.6 events
* WH =10.7 events
* ZH =6.9 events
* ttH = 3.9 events

events

Background
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Muon Momentum Calibration

muon momentum is influenced by:

= detector misalignments

= reconstruction software

" uncertainties in the magnetic field

» differences between data/MC

Correction method by Rochester University

References for the method :
EPJC V72, 10.2194 (2012) (arXiv:1208.3710[hep-ex])

test corrections:
= select eventsindata: Z = uu
" probe figure of merit ® vs m,,,




Muon Momentum Calibration

work in progress
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Object & Event Selection

Physics Objects Selection Event Selection and Corrections

Muons Preselection
medium ID = 2 opposite charged muons
Loose Iso 0.25 Pt > 26, 20 GeV _
Fta< 2.4 & Pt > 20 GeV Isolated single muon trigger (Pt > 24 GeV)
Global Isolated track trigger (Pt > 24 GeV)
Trigger/ID/Iso SF Trigger matching

Jets Corrections

= Loose D = PileUp reweighting
" Eta<4.7 & Pt>30GeV " Lepton & B-Tag SF from POG

= B-tag medium = Muon Momentum Calibration
(secondary vertex algorithm)

= Cleaned against muons (R<0.4)




Compact Muon Salenoit

Object Validation
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Event Categorization

= small number of expected events
— categorization

= auto-categorizer algorithm to enhance limits

auto-categorizer method

* maximize gain function
* repeat recursively

GAIN =SIG?,_,, +SIG?_,, - SIG?,

SIG

OLD

Split on var to make
New categories from this category

R

s

NEWA1

New Category 1

SIG

NEW2
New Category 2

var_value <var_cut var_value >=var_cut

Events /(1)

0.5

0.4]

0.3]

0.2]

0.1

PAS HIG-17-019

Feature

i (jetl)
ETD’HSS

input

1(jet2)

input

M(ji1)

M{jj2)

Dimuon pr

Dimuon 75

[0 (up)]

Number of medium b-tags

Number of forward jets

1071 (jj1)l

Number of central jets
|07 (gt )|

1011(jj2)

mass resolution max 1(uqu>)

I CMS, preiiminary Simuiation ~0.024-CMS, preliminary Simulation

©0.022
=

FWHM=3.9 GeV o
2 0.02

Go=4 4 GeV
0.018

0.016

0.014

endcap

0.012

0.01
0.008
0.008
0.004

0.002

FWHNM=2.8 GeV/
Gy=3.0 GeV

barrel

|- eI N eiotoleintoioi ooy
‘P1O 116 120 125 130 135 140 145 150
my, [GeV]

C 0
= s ne s N THURTRT ARPR PPN FRPR PRI IR PR RON]
‘P10 115 120 125 130 135 140 145 150

my, [GeV]



Event Categorization

= small number of expected events

— categorization

= auto-categorizer algorithm to enhance limits

auto-categorizer method

* maximize gain function
* repeat recursively
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Event Categorization [pas nig-17-019

Index BDT quantile Max. muon || ggH VBF WH ZH ttH S/+/B
%] [%]  [%] [%] [%] @FWHM
0 0 — 8% | <24 49 13 33 63 319 0.12
1 8 — 39% 19<|p| <24 56 17 39 35 13 0.16
2 8 — 39% 09< g <19 103 28 65 64 52 0.29
3 8 — 39% 7| < 0.9 32 08 19 21 35 0.17
4 9-61%  19<|g<24 29 17 27 27 03 0.14
5 9-61%  09<|p|<19 72 33 61 52 13 0.31
6 39 — 61% 7| < 0.9 36 11 26 22 09 0.26
7 61 — 76% 19<|p<24 12 15 18 17 02 0.11
8 61 —76% 0.9 < |y| < 1.9 4.8 3.6 4.5 4.4 0.7 0.29
9 61 — 76% 7] < 0.9 32 16 23 21 06 0.28
10 76 —91% 19 < |yl <24 1.2 3.1 2.2 2.1 0.2 0.14
11 76 —91% 0.9 < |y| < 1.9 44 8.7 6.2 6.0 1.1 0.34
12 76 — 91% 7] < 0.9 31 40 38 36 09 0.34
13 91 — 95% Iy| < 2.4 17 64 25 26 05 0.28
14 95 — 100% ln| <24 2.0 194 1.5 1.4 0.7 0.47

overall 59.1 61.1 51.8 52.3 49.2




Results PAS HIG-17-019
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Outlook

= test possible improvement by extracting tth events

= optimize analysis tailored to specific kinematics

1b,1e,2u 2b,1e,2p

& mc 100 b McC 100 fb”"

First studies on tth optimized
analysis to increase the overall
sensitivity
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i = analogue selection
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= exploited sensitivity of BDT
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Conclusion

= analysis concept for the search for dimuon Higgs decays

= two main features:
= muon momentum calibration
= auto event categorization

= results for run2 (13 TeV, 2016) with L = 35.9/fb and
combination
= run2| u < 2.68 (2.08)
= combination| u < 2.68 (1.98)



