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CMS,

to uncover mechanism
electroweak symmetry

Introduction

* One of the major goals of LHC experiments is

responsible for
breaking

On 4t of July both ATLAS and CMS announced

evidence of new partic
likely the evidence of

This talk summarizes a
public most up-to-date
collaboration

e that seems to be
iggs boson

| important analysis
results done with CMS
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algorithms possible

KANSAS ST

Particle Flow reconstruction

. High granularity and magnetic field makes new

— Full information from all sub-detectors used

— Reconstructs all particles in the event

— Enables charged particle tagging from pile up

ATE

— Improves lepton and photon isolations and missing E;

resolution

W HCAL

Clusters
detector
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» Zand J/ to leptons extensively used
— Lepton efficiency using tag-and-probe method
— Energy scale and resolution well understood
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’| standard Model at 7 TeV 2010-2011
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Data gathered at LHC

* Instantaneous luminosity challenged 7x1033

— 20-30 pile-up interactions per bunch crossing
— 7 TeV and 8 TeV data 5 fb™! each run
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Exclusion or discovery
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* Hard work presenting combined results tor 2011 and 2012 data combined

for all channels

— Most sensitive to low-mass Higgs search: vy, ZZ
— Very important, but less mass resolution: bb, WW, tt

* this talk you will concentrate on two former ones and will summarize the
latter three
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CMS,

Overview
* Narrow mass peak S TR gl
32000 :lzr —
* Sensitivity improvement ¢ . s = :

— Energy scale and resolution 1000
— MVA based photon ID 500 ——
— Di-photon mass MVA T O T

] nllnnnnl
160 170 180
m., (GeV)

— Event categorization by jet multiplicity
— Vertex identification

e Results cross checked with cut bases
analysis
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~— | Photon Energy Scale and Resolution

 MC trained multivariate regression to correct energy depositions
in ECAL

— Improves resolution

— Flat response of energy scale as a function of pileup

e Use Z—ee data and electron/photon MC to infer energy scale
for photons and estimate the resolution
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Photon identification

e Uses PF isolation

 MVA output discriminates true photons from fakes:

— Inputs: isolation, shower shape, per event energy density, pseudo-

rapidity
— Efficiency measured using tag and probe with Z—ee
20000 20000
[ CMS preliminary & - CMS preliminary
[ ys=8TeVL=53fb" i 18000 ys=8TeVL=53fb"
60000 H R -
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50000 14000?—
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photon ID MVA output (barrel) photon ID MVA output (endcaps)
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Vertex identification
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* Finer the correct position of the primary vertex — the better
di-photon mass resolution

e Using Boosted Decision Tree (BDT)

— Input variables: 2p,?, 2p, projected onto the yy transverse direction, p,
asymmetry and conversions

— Correct identification for 80% of PU events
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Di-photon MVA

o
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* Encode all information into single di-
photon MVA and trained on signal and

e

o

@
—

fraction of events/0.04
(@]
=)

background MC with input variables
largely independent of m,,
— Kinematics: p; and n of each photon, and T mon inap
cosA¢ between the 2 photons e
— Photon ID MVA output for each photon :g: TZ;'?:A‘S;;‘T‘N;G"" é“”
— Vertex probability ;; 5 5 58 EE
° P
* Only discrepancy in background region g
excluded from analysis (shaded) e Y

di-photon MVA output
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Di-jet Tagging

* VBF like topology

— Two forward high p; jets with large invariant mass
 HighS/B

— 10% improvement to sensitivity

CMS,
)

‘IR,

Di-jet event with:

* diphoton mass 121.9 GeV

* dijet mass 1460 GeV

*jet p;: 288.8 and 189.1 GeV
*jetn:-2.022 and 1.860 e —

Data recorded: Mon Sep 26 20:18:07 2011 CEST

Run/Event: 177201 / 625786854
Lumi section: 450
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_~— S/B Weighted Mass Distribution

 Sum of mass distributions for all event classes weighted by

— Bis integral of background model over a constant signal fraction

interval
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& . \\ \
e (Clean signatu re 5 8 Production cross sections -
— High S/B and narrow peak T 18
oy . . = o
* Sensitive to selection N 5 E
. . 4t 190
efficiency % o |2
— PF lepton ID and isolation A 15
MVA o 1_ | : H—e'eele’ { o
- 9500 126 200 300 400 500 600
— Final State Radiation (FSR) mu [GeV]
recovery. . o pT of the 4 leptons
— Angular information used to ST T Wz E
discriminate signal from 008} i M = 126 GeV 15
irreducible ZZ background oosl ¢ L L.} Before the sefection ;
* 2D analysis: m4l + Kinematic i 0% After the selection 3 I}
Discriminant 004k ey ER
— Sensitivity gain 20% compared 0.02 - o 1"
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" Final State Radiation recovery algorithm

* Applied on each Z for photons near the leptons

c . . _

u’e :‘y : 500 :Ih:d? ISI”TIIUII?FIPIHIF I"ll'lgl IBI T?‘?} LI I I I |:

3 @ 450E = FSR applied =

4001 22 SR not applied E

AR(Z’y)min<O'5 350 g_ Events affected by FSR _g

300 M, =126 GeV =

Particle Flow ID 250 E

E.>2 GeV 200E 1 =

C 1% ! =

soiation — ; =

Z 50 f_ ,w*o'i’t*:’qr _f

« Associates photon with Z if: % B e A O s 15 ks iy TR E
0 9 100 110 120 130 140 150 160

e Mi#+y)< 10 %
(¢+y)< 100 Ge m,.., [GeV]

e |M(&+y)-M,|<|M(&)-M,|
o Associated photon is removed from lepton isolation calculation
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ZZ mass spectrum

CMS Preliminary \Vs=7TeV, L=5.05fh1;NNs=8TeV, L=5.26fb?
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O O O 8TeV 4e, 4m 2e2m
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Excessive events observed around 126 GeV
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Matrix Element Likelihood Analysis:
uses kinematic inputs for
signal to background discrimination

{m1/m219119219*1®;®1}

Pbkg(ml, ma, 01,02, P, 07, (I)llm‘lf) o

MELA = |1 +
Psig(mla ma, '91; 92: (I); 9*3 (I)1|m4£)

CMS Prelimina ry 2012 \5=7 TeV, L=5.05Tb™" y5=8 TaV, L=5.26Tb" CMS Preliminary V& =7TeV,L = 5051 fb";s=8TeV, L =526 b CMS Preliminary o= 7TeV, L= 5.051 b= 8 oV, L =5.2 1"
> IR N R R RN RN RN RERRE RN R 5 1 T T
S0.14f 15 15
S r —— SM H(125 GeV) w w09 —
i 1 s s _ E
o 0.12 5 0.8 [ =
© I 1 0.8 108
8o — qqZZ . 0.7 E
T ] 0.6 | =
£0.08- R 0.€ 5 106
2 05 s E
0.06_* ] 0.4 0.4 B —; 0.4
0.04 | 0.3 ]
] P 0.2 — 2
0.02 . 0.2 17°
: 0.1 3
0 7 ! ] [, Seee B, 3 0
0 0102030405060.70809 1 ?00 110 120 130 140 150 160 170 180 P00 110 120 130 140 150 160 170 180
MELA m, [GeV] m, [GeV]

Background Signal
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2D fit with MELA

CMS Preliminary 2012 s=7 TeV, L=5.05 fb"; \5=8 TeV, L=5.26 fb’’
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Results
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Irakli Svintradze (KSU) — BEACH 2012

26




KANSTAS S THTE

' Combined ZZ and vy Results

Local significance 5.00
Expected from SM H: 4.70
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CMS,

H—> WW — ¢viv
* Two leptons and large missing ‘;Ezg:g:%‘” = 5 ECEC
transverse energy Sron ||l -
« Categorized in exclusive jet multiplicity *%:2 ' :
* Acut and count analysis gg : ]
. 10_m Tritelite :

1.50 excess compatible with SM Higgs

expectation givem poor resolution

5 6
3 CMS,Ns=8TeV,L =5.11b"
[=
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E
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= VH—Vbb, V—¢v, «. vv

~ \ \\

|
* Largest Br for light Higgs model, but also has huge background
* Associated Production
* final states with leptons, MET and b-jets
— 5 channel
« Z(IDH(bb), Z(vv)H(bb), W(lv)H(bb)
* Backgrounds = g
0 - CMS Preliminary )
— QCD, ttbar, W/Z+ light jets 2 5[ Verony commined P
— V+bb, ZZ(bb), WZ(bb) R
j 41— | CL,Expected £ 1s
§) B CL, Expected +2s

Compatible with either :
background or signal from 125 2F
GeV Higgs af

[ | | | | I | | | | I | | | | I | | | | I | | | | ]
110 115 120 125 130 135

Higgs boson mass [GeV]
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CMS 2011+20125/s = 7-8 TeV, L = 10 fi* tnfh,
. . S aof T L) s g
o -3 —e— observed 3
* Sensitive to all production modes S .f =HrE
. _g:: 3'0;_ %gco E
* Probes coupling to leptons S o)
20F
* Very challenging large backgrounds
1.0:
° . e 0_55
* No excess could indicate non-SM Higgs...
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' Combined results: all channels

_I LNNL UL L L Y N U UL DL N B L B I L | L | LI l-
C CMS Preliminary 68% CL band|
: V\s=7 TEV, L =51 fb_1 _-
- \s=8TeV,L=5.31b" b
/ =

Higgs boson mass (GeV)

Local significance 4.9 o, SMH expected 5.90
The best fit signal strength at mass 125 GeV: (0.80 + 0.22) x o,

LHC2TSP - 13 Jul 21

G. Petrucciani (UCSD, CMS)




Characterization

< Wi
= 6IIIII""I""I """" T T | 10-\'I'I""'l""""""""T'“'""'
&> | CMSPreliminary | ¥ ©Gombined = [ CMSPreliminary |~ Combined
B [ H—ZZ +yy * H-yy(untagged)y = QF o _ 7oy L=51f' | H VY (untagged)
© Bl \e7Tev.Losif | F HoT (VBFRag) ) < gl Vs=8Tev,L=53f' [~ M1 (VBFtag)
[ {s=8TeV,L=53f" ¥ H>Z 1N — Ho7Z _
4t 1 ;
[ i 6 : —;
3 - 5/ E
E + | et /
i 19
; + ] 3 E
1F ] 25 ;
i w i 1; \ 3 Ef Ei ;
_I | 1| | 11 1 1 | | (| | L 11 | | 11 1 1 | 1 1 1 I_ :I I O I | | 11 :
PES 124 125 126 127 128 129 1022 124 126 128
Mass (GeV) Mass (GeV)
Results are compatible within the Let signal strength float and perform a fit of
uncertainties the mass of three final state — reduces

model dependence m, = 125.3 £ 0.6 GeV
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Compatibility with SM Higgs boson

. . _I .1 O [ L L | L L L | L L LU N B B D B N
m, = 125 GeV CMS Preliminary — g CMS Preliminary ]
\s=7TeV,L=5.1fb' — 9 Untagged e
\s=8TeV,L=531b" cﬁ gf Vs=7TeV.L=5.1 fb! =
' - Vs=8TeV,L=531fb" 3
H — bb (VH tag) - 7F —
H - bb (ttH tag) —a— 6 = E
H— 1t (0/1 jet) —— - =
H — tt (VBF tag)  — 51 =
H— 1t (VH tag) N ab =
H — vy (untagged) & - =
H = vy (VBF tag) —.— 3 g
H— WW (0/1 jet) - > =
H— WW (VBF tag) —a— g -
H— WW (VH tag) = 1F -
H _) ZZ L | L | L | *. | L | L | L O :I N | T | I N I | | | T T N N N A | | | T N N N B | I:
6 4 2 0 2 4 6 8 0 1 2 3 4
Best fit o/, , R(W/Z)
Overall signal stength compatible with Signal strength ratio of WW and ZZ modes in VBF:
a SM Higgs driven by the ratio of the Higgs couplings to WW and ZZ
Some modes haven’t reached
sensitivit : — *1.1
Y Compatable with SM RW/Z =0.9 -0.6
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Summary

¢4

We have observed a new boson particle with a mass of 125.3 £ 0.6 GeV at 4.9¢

* Observation is in compatible with the SM Higgs boson prediction at 125 GeV

within the 95% confidence range!

More data is needed to conclude if new particle is really a Higgs boson

CMS Preliminary
\s=7TeV,.L=5.1fb"
V\s=8TeV,L=5231b"
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CMS Experiment at LHC, CERN

Data recorded: Thu Oct 13 03:39:46 2011 CEST
Run/Event: 178421 / 87514902

Lumi section: 86

M

—\ (Z,) E; : 8 GeV
\

w(z,) p;: 28 GeV

7 TeV DATA

4u+y Mass : 126.1 GeV

w(z,) p;: 14 GeV

- KU (Z,) p; : 67 GeV
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\ U (Z,) p; : 43 GeV
A
\

e(Z,) p;: 10 GeV
8 TeV DATA

4-lepton Mass : 126.9
GeV
Kw(z,) p;: 24 GeV

e*(zZ,) p; : 21 GeV

CMS Experiment at LHC, CERN

Data recorded: Mon May 28 01:35:47 2012 CEST
Run/Event: 195099 / 137440354

Lumi section: 115
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CMS Experiment at LHC, CERN w(z,) p;: 15 GeV
Data recorded: Tue Oct 4 00:10:13 2011 CEST
Run/Event: 177782 [ 72158025

Lumi section: 99

] 7 TeV DATA

4-lepton Mass : 125.8
GeV

KU (Z,) p;: 12 GeV

e(Z,) p;: 14 GeV



CMS Experiment at the LHC, CERN

Data recorded: 2012-May-13 20:08:14.621490 GMT

Run/Event: 194108 / 564224000
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'~ Kinematics at Final Selection
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~— Improving lepton selection
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Peak Delivered Luminosity (Hz/nb)

12012: the luminosity chéllenge
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Instantaneous luminosity up to ~7:1033
20-30 pile-up interactions per bunch crossing

CMS Peak Luminosity Per Day, 2012, p-p, Vs =8 TeV
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