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Search for the Higgs boson candidate with the

CMS Experiment at the LHC

Detailed look at H — ZZ(*) decay
and general status as of Moriond 2013
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SM Higgs Boson
Ingredients:

» Large Hadron Collider

» CMS Collaboration

» Compact Muon Solenoid
H— zZ®)

> Analysis

» Mass and Couplings

> Spin and Parity

Moriond 2013 Status
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Large Hadron Collider

proton - (anti)proton cross sections
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CMS Collaboration

a Huge amount of work done by many, many people (~ 3000)



Total weight 14000t C M S
Overall diameter a5 m  gcal 76k scintillating

PBWO, crystals

Overalllength 28.7m MUON ENDCAPS

HCAL Scintillator/brass 473 Cathode Strip Chambers (CSC)
Interleaved ~7k ch 432 Resistive Plate Chambers (RPC)

3.8T Solenoid

Si Strips ~ 16 m#
~137k ch

Steel + quartz
Fibers 2~k ch

Pixel

Tracker Pixels & Tracker
« Pixels (100x150 um?)

ECAL ~1m? ~86M ch

HCAL -Si Strips (80-180 um)

Muons ~200 m? ~9.6M ch

MUON BARREL
Solenoid coil 250 Drift Tubes (DT) and ~
480 Resistive Plate Chambers (RPC) 4



Calorimeter
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CMS

CMS instantaneous luminosity
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In 2010: luminosity increased by 5 orders of magnitude
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CMS

Data taking efficiency and data validated

CMS Integrated Luminosity, pp, 2010, -5 - 7 Te¥’
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Introduction - Event Selection

CMS/|
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leptons
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Building 4¢ candidates

CMS Simulation, {s=8 TeV
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Lepton Selection

CMS Simulation, {s = 8 TeV
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Lepton Resolution and Scale
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Cross Check: Precise Measurement of Z — 4/

CMS Preliminary Vs=7TeV,L=5.1fb" /s=8TeV,L=19.6fb"
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myy distribution
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https://twiki.cern.ch/twiki/pub/CMSPublic/Hig13002TWiki/HZZ4l_animated.gif
https://twiki.cern.ch/twiki/pub/CMSPublic/Hig13002TWiki/HZZ4l_animated_slower.gif

Kinematic Analysis

Improve Signal to Background
discrimination by the use of
kinematic information

K Psg Porg(m1, ma, 3| mae)
D

" Psg + Pokg Psig(m1, my, §3mae)
G = (0%, 1,601,060, 0)

arXiv:1208:4018[hep-ph]
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Signal Expectation

Background Expectation
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Kinematic Analysis
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CMS preliminary Vs =7TeV,L=5.11" \s=8TeV,L=196"
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Probing the Production Mechanisms
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Significance: 4¢ + 202t
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Significance: 4¢ + 202t
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Signal Strength - Mass - Production Mechanisms
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» Signal Strength (w.r.t. the expectation for a SM Higgs boson):
p=0.917%30 at 125.8 GeV/c?

» Mass Measurement (3D fit using mae, o(mae), Kp):
my = 125.78 + 0.48 (stat) £0.15 (syst) GeV/c?

» Production Mechanisms Measurement
(2D fit using py and pF at 125.8 GeV/c?):

» Bosonic signal strenght modifier (qqH and VH): puv = 1.013%
> Fermionic signal strength modifier (ggH and ttH): pr = 0.9795




Spin-Parity Measurement
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Spin-Parity Distributions
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DJP for Dbkg > 0.5
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Spin-Parity Separation

Pseudoexperiments

Pseudoexperiments

q

25 / 31

—2 |n(£,JP/[,S|\/|)

0" vsO 17 vsO Zm(gg) VS O
CMS prefiminary  {5=7TeV,L=5.11" V=8 TeV, L =196 " CMS preliminary  ¥5=7TeV,L=5.11" V§=8TeV, L =196 " CMS preliminary  {5=7TeV,L=5.11" {§=8TeV, L =196 f5"
T T T T T @ T T T T @ 016 T T T T
01 ] 1 § oi Hor 1 ¢ "
£ O« £ oM M)
0.08 — CMS data S(L 0.08- — CMS data E(x 0.12F — CMS data
8 8
] S oaf b
0.061 4 & oo0sF 4 &
o o o08F B
004 — 0.04F 0.06F B
0.04F B
0.02F B 0021
0.02F B
o L 1 . ol L N L L [ A
% 20 10 0 10 20 30 % 20 10 0 10 20 30 % 20 10 o 10 20 30
R g 2xIn(L, /L,
2xIn(L, /1,) 2xin(L /Ly) G0’ )
CMS preliminary  {5=7TeV,L=51fb" {s=8TeV,L=196 " CMS preliminary  {5=7TeV,L=51f5" {s=8TeV,L=196 " CMS preliminary  {5=7TeV,L=51f5" {s=8TeV,L= 196"
0.16F T T Tt o 0.14F T T T T a T T .
i 5 20 S o016F -
0.14f- Mo, 1 £ o mr 1 £ M2; (6@
—CMS data -3 — CMS data g 014p —CMS data
0.12F F oa R
g S o1zp E
0af 4 3 g
2 o008 1 3 oaf E
0.08f B & oosh g
0.06F B -
0.06F B 0.06F E
0.04F .
0.04F B 0.04F E
0.02F B o021 ] 0.02F E
h

+
0y vs

|
10 20 30
2xin(L, ILy)

ot

10 20 30
2xIn(L, /Ly)

1T vs 0T

L i I
-20  -10 0

+
2m(qq)

ol

10 20 30

2xInL. /L,
( 20 o)

vs 0T



25 / 31

Spin-Parity Separation q=—2In(Lr/Lsm)
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Anatomy of the analysis

3
o1t Q 2500
Embedding: Z>pu =
data, replace p with g 2000
simulated t decay Z C
Normalization from  ©_1s00 |
Z—>pu data :
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500 |
Strategy:

CMS Preliminary, ¥s =8 TeV,L=19.4fb "

o L

—e— observed
CJzotr

Il clectroweak
g
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M. [GeV]

= Select isolated, well-identified leptons, 1,
» Topological cuts (e.g. m; in It,, p;(H) in 7,7,) to suppress backgrounds
= Categorize events based on number of jets, T p;

= Template fit to m_ shape

SS data, corrected for
SS/0S ratio

Valentina Dutta, MIT

Moriond EW, March 2013
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Combined 1-jet and VBF

€Ty Uty 81, T,T,
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Valentina Dutta, MIT Moriond EW, March 2013



R H->tr

Limits

CMS Preliminary, H > 71, L=24.3 fb”! CMS Preliminary, H > 17, L=24.3 fb”'
=40 AL B B e S B e B =407+ 1 T T
b’-" I —e— observed H H b‘*" —a— obsarved H
© 3.5 — expected B 3.5F — HI125GeV) injected
= [ [ = 1o expected = [ = 1o H(125 GeV) injected
_.g 3.0 []+ 20 expected _g 3.0 [ 220 H125 GaV) injected - -
E E
3 25 - - - 25
O E O
= 20F = 20
15F 1.5 3
1.0 . 1.0F
0.5 = osf - with signal injected ]
0.0 MM B oot v v 1 b L]
110 120 130 140 110 120 130 140
m, [GeV] my, [GeV]

Results consistent with expectation for background + SM scalar at 125 GeV

Valentina Dutta, MIT Moriond EW, March 2013 21
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Signal strength

CMS Preliminary, Hotr, L=24.3 fb! m, =125 Gev CMS Preliminary, H—tt, L=24.3 fb™ m, = 125 Gev
T T T T T T
up
1-Jet
el
2-Jet (VBF) ———— T
E‘Ch
VH-tt+l e
VH—-ttHl
Combined
Combined
L 1 1 n 1 L L L 1 L 1 L n 1 L L L
1] 2 4 0 2 4
by category best fit for o/og,, by channel best fit for o/cg,,

»  Consistent picture across channels and categories
*»  Combined best-fit i of 1.1+0.4

Valentina Dutta, MIT Moriond EW, March 2013 22



Significance

CMS Preliminary, H—1 7, L=24.3 fb"'

1o

L}
1

2q. % Broad excess observed over
range of m,,

3o = Maximum local significance
of 2.930 at 120 GeV,
compatible with presence

f40
10 —e— p-value observed 3 of 125 GeV SM scalar boson
F ] = Observed (expected)
10°¢ --=—= p-value expected _J o
s 8 significance of 2.85¢
O
107 b ] (2.620) for my, = 125 GeV
10° [ . . N o .
110 120 130 140
m, [GeV]

Valentina Dutta, MIT Moriond EW, March 2013 23




H—yy: Analysis strategy CMS-HIG-13-001

» Events are separated in exclusive categories with different S/B and
resolution.

» Special ‘tagged” categories enriched in VBF and VH signal production.
* |mprove the sensitivity of the analysis for the coupling measurements.

» Background directly estimated from data
® Fit the yy invariant mass in categories using polynomials (3rd-5th
order)

» Two different analysis
* Cut-based (CiC)
* Multivariate (MVA): select and categorize events using a BDT
~ Baseline result: MVA approach (~15% better expected sensitivity)

17



H—7y: Results (p-values) CMS-HIG-13-001
# In the following: results of the two analyses are shown side by side

MVA mass-factorized Cut-based

CMS\G:7Tev.L:5.1fb" Vs=8TeV,L=19.61b" =515 \s=8TeV,L=19.61"
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Significance @ 125.0 GeV: 3.2 (4.2 | | Significance @ 1245 Gev: 3.9 6 (35 exp)) |
exp.)

With additional data and new analysis: significance decreased compared to the published results




H—Yy: Combined mass plot: 7+8 TeV

CMS-HIG-13-001
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H—vYy: Results (channel compatibility)

CMS-HIG-13-001

MET

Electron

Muon
Di-jet loose
Di-jet tight
Untagged 3
Untagged 2
Untagged 1
Untagged 0
Di-jet

Untagged 3|

Untagged 2
Untagged 1
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MVA mass-factorized

B CMS preliminary
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Best Fit o/o,

7+8 TeV: cloSM @ 125.0 GeV = 0.78

2T\ slaSM @+OI§E-££§N—;| 60-40.65-0.50

8 TeV: cloSM @ 125.0 GeV = 0.55 +0.29-0.27

7+8 TeV:oloSM @ 124.5 GeV = 1.11

+0,32-0.30

8 TeV: cloSM @ 124.5 GeV = 0.93 +0.34-0.32

= Despite the same names, the untagged categories in MVA and Cut-basd are not equivalent




H—yy: Compatibility among the two analysis CMS-HIG-13-001

» Low signal to background ratio a fundamental feature of this channel
= Uncertainty on signal strength driven by statistical fluctuations of the background
® Analysis changes can lead to statistical changes due to fluctuations in selected
events
and their mass

» The correlation coefficient between the MVA and cut-hased signal strength
measurements

is found to be r=0.76 (estimated using jackkrﬁfﬂ?ﬁlgmﬁﬁ%th compatibility

correlation)

MVA vs CiC 748 TeV 150
MVA vs CiC 8 TeV only 180
Updated MVA vs published (5.3/fb Slg'eV) 160
Updated CiC vs published (5.3/fb 8TeV) 050

» Observed changes in results and differences between analyses are all statistically
compatible at less than 20




Mass measurement

2AInL

H—ZZ— 4

Lepton momentum scale & resolution
validated with Z, 3y, and T—lI

samples.

md4l uncertainties due to lepton scale:

0.1% (4n). 0.3% (4¢) . ‘
CIS preliminary’ W=7 TeV'L= 811" NF=8TeV, L = 196
T T
9 H « My, & m, KD (no syst.)
i — m,, 3 m, KD (with syst.}
8 i H
i
7t
6
5
4k
3
2 er-event m4l uncertainty
n used to increase precision.
"2 24 2 128 130
my, (GeV)

| mH=125.8+ 0.5 (stat.) 0.2 (syst.) |

H-ovy

= Systematic errors dominated by overall photon
energy scale: 0.47%
(mostly coming from extrapolation from Z—H and e—vy)

Vs=7TeV L=5.1f5"
CMS Praliminary Vs=BTeV L=19.6tb"
a6 | :
- = -
= m,=125.4 08
o L '
5— — Stat + Syst
% . Stat Only
4
s
2l
| | |
124 125 126

127
my (GeV)

| mH=125.4+ 0.5 (stat) + 0.6 (syst) |

Measurements in the two channels are well compatible.
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Sources

CMS Results ::

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResults

v

v

H — 40 :: nttps://twiki.cern.ch/twiki/bin/view/CMSPublic/Higl3002TWiki

» H — 77 :: nttps://twiki.cern.ch/twiki/bin/view/CMSPublic/Higl3004TWiki

Moriond EWK ::

https://indico.in2p3.fr/conferenceOtherViews.py?view=standard&confId=7411

Moriond QCD ::

http://moriond.in2p3.fr/QCD/2013/MorQCD13Prog.html

v

v

Presentations
» M. Chamizo Llatas — Aspen 2013 — The CMS Detector
» V. Dutta — Moriond 2013 - H — 77
» C. Ochando — Moriond 2013 — H — v
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https://indico.in2p3.fr/conferenceOtherViews.py?view=standard&confId=7411
http://moriond.in2p3.fr/QCD/2013/MorQCD13Prog.html
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LHC Consolidation Works 2013-2014

Bl The main 2013-14 LHC consolidations

1695 Openings and Complete reconstruc- Consolidation of the Installation of 5000 300 000 electrical 10170 orbital welding
final reclosures of tion of 1500 of these 10170 13kA splices, consolidated electrical resistance measure- of stainless steel lines
the interconnections splices installing 27 000 shunts insulation systems ments

18 000 electrical Qual- 10170 leak tightness tests 4 quadrupole magnets 15 dipole magnets tobe  Installation of 612 pres- Consolidation of the
ity Assurance tests to be replaced replaced sure relief devices to 13 KA circuits in the 16
bring the total to 1344 main electrical feed-

boxes
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* Exirapolation to signal region:

CMS proimmnary A5 =0T, L -
L

% T Febstides
* SS/OS factor froF MC, cross-checked with data % .:unax
* lepton mis-identified probability (corrected for difference P —
in composition of converted photon between CR 3 Tz
w

& sample to extract misID probability)

® Validation: samples with relaxed charged and/or flavor requireme

Final estimate: combination of the two methods
(vields in control regions & part of the uncertainties un-correlated)

200 300

mM
Validation in Z+2SS/S|



Events /

110 < m4l < 160 GeV

Channel

e Ap 2e2u
ZZ background 66108 | 138410 | 81 %13 |3
1 =t =1 |zix 25410 | 16406 | A0+£16 | ¢
= e All background expected | 9.1 £13 | 15412 [ 220420 &
ot L e e e 1 =125 GV 35305 | 68 %08 | 89+1.0 |1
N = | mp=126Gev 39406 | 74409 | 98+11 |2
55 e e TS S Iy ee | Observed 16 23 2
1 i 1 ) 1 M 1 " 1
100 120 140 160 180




List of
reconstructed
particles: can be
used like a list of
stable particles
from a generator

Valentina Dutta, MIT

Neutral
hadron

Moriond EW, March 2013




MET = — Z

particle:

Also use these
particles to
reconstruct tau
decays, lepton and
photon isolation

Valentina Dutta, MIT Moriond EW, March 2013




