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Prelude...

« On July 4th 2012 the ATLAS and CMS collaborations
announced the discovery of a new boson!
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* Followed by several updates of results by two experiments = :: :
with focus on answering: bt Ty

—

* if the new boson is “the Standard Model Higgs boson” and

* if there are any hints for the physics beyond SM?

* Example: Study of mass and spin-parity in H = ZZ — 4] (Dec 2012) !

* In general answers provided as experimental:

- measurements of the properties of the new boson and e

iti i i : - Phys. Rev. Lett. 110, 081803 (2013
* searches for additional Higgs-like boson in a wide mn range ok s @ols)

« CMS analyzed full set of 7 TeV and 8 TeV data and updated several public results
in March 2013

* including study of the Higgs-Like boson in its H =& ZZ — 4| decay mode (PAS HIG-13-002)
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Data taking and detector performanc

Extraordinary performance of LHC enabled significant physics results!

Luminosity @ CMS Detector performance
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CMS data available for physics: ~25 fb-!
(5 fb-!' at 7 TeV, 20 fb"! at 8 TeV)
fraction of the total delivered data: ~90%
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Higgs production and decay mo

Production Decay modes and branching ratios
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LEIC Higgs XS WG: B Main contributions:
arXiv:1101.0593, L TR H-2ZZ (al HoW
arXiv:1201.3084, ow mass: H=YY, (also W)
arXiv: 1209.0040 Intermediate/high mass: HoWW, H—ZZ

- common inputs to experiments
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H - ZZ - 4]

* Golden channel - clean experimental signature

= benefits from excellent lepton resolution

process H & ZZ — 4]
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* Crucial aspects of the analysis

Highly efficient lepton reconstruction/ID

Good background estimation

Optimal use of kinematic information

Predrag Milenovi¢, University of Florida

Excellent precision in lepton measurement

irreducible background
(99 — Zv°, qq — ZZ, gg — ZZ)
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(Z + jets, ttbar, Z + Yy + jets, WZ + jets, ...)
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H - ZZ - 4]

* Golden channel - clean experimental signature
= benefits from excellent lepton resolution

process H & ZZ — 4]
0
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* Crucial aspects of the analysis

Highly efficient lepton reconstruction/ID

Excellent precision in lepton measurement

Good background estimation

Optimal use of kinematic information
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H - ZZ - 4]

* Golden channel - clean experimental signature

= benefits from excellent lepton resolution

process H = ZZ — 4l Narrow resonance in 4 lepton mass spectrum
v~ CMS Preliminary \s=8TeV,L=12.211b"
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2 B S 4:_ Il BLINDED 3
 Highly efficient lepton reconstruction/ID of B
 Excellent precision in lepton measurement 0t :

Good background estimation

Optimal use of kinematic information
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Lepton reconstruction and identifica

* Electron reconstruction and identification from the Tracker and ECAL information

° ° CMS Preliminary Vs=8TeV,L=19.6fb" m

« momentum from E-p combination (MVA regression), g T oo ) |oes
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-0.005: ji ! :;th fu\’

> pT > 7 GeV’ Ietal < 205 ;'_‘HH}_L.H_‘ I W 2

* validated using Z, J/¥, Y - e*e- (data/MC) s e 2

) 0.015- e - AV, Inl<1.48 )

* uncertainty on m4 scale 0.3% (0.1%) for 4e (2e2) 0 Y (19, i<t a8 S
: 2 -0.020 b L

* uncertainty on mg4 resolution ~20% 0 one Gl | e

()

3

* Muon reconstruction and identification from the Tracker and Muon spectrometer
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Event selection

e Trigger: selection efficiency for 4e, 4, 2e2
* di(tri)-lepton signatures (ee, el or UH)

CMS Simulation, Vs = 8 TeV

—_

* Leptons
- muons: pt > 5 GeV, isolated, compatible with PV

- electrons: pt > 7 GeV, isolated, compatible with PV

Efficiency

HesZZ b _i

wrt 41 gen in the acceptance

* at least one lepton pair with pt > 20/10 GeV
* First Z candidate (Z))

* built from OSSF lepton pair with my closest to mz
* require:40 < m2 < 120 GeV

+ Second Z candidate (Z>)

CMS Preliminary Vs=7TeV,L=5.05fb";Vs=8TeV,L=5.26 fb"
lllll Illllllllllllllllllllllllllllllllll;

> E
8 80? e Data ?
* built from remaining OSSF highest pt lepton pair N 70r Wz -
& [ 2 b [Jzv'zz E
require: 12 < ma < 120 GeV g §Z¥ DmYH=126GeV [
* FSR correction for all three channels sk E
* FSR photons removed from isolation cones of all leptons 301 :
: AR 20 E
* m2 > 4 GeV for OSAF pairs (QCD rejection) ok E
: é L ‘
* Mass selection: ma1 > 100 GeV % 50 60 70 80 90 100 110 120
mz; spectrum Mz [GeV]
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Signal and background models

» Signal model qq — ZZ - 2e2j qq — H = ZZ - 2e2p
« Empirical param. shapes from simulation - A AAARa -
« Corrected for data/simulation scale i E ‘§1ZOO§ZiBM;T?Z:j6GeV
oal ] 1000 1t =24 Gev
- Irreducible background ke
- Empirical param. shapes from simulation ARSI~ T
« Corrected for data/simulation scale el :::
- Instrumental backgrounds estimated from data R T

+ Extrapolation from samples enriched with misidentified leptons (iso+ID) - 2 independent methods
AA) 2P+2F (2 pass + 2 fail) sample, dedicated correction for Y conversions in Z+Y+jets
A) 2P+2F & 3P+IF (3 pass + | fail) sample, measures contributions from Z+Yy+jets & WZ+jets

. P e )
Total uncertainty ~40% (statistics, systematics of method/shape) Validation in data ( Z+SS/SF)
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4 lepton mass spectrum

High-mass range Low-mass range

CMS rellmlnar > L e e L s B R B B B
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A 30k * Data Vs=7TeV:L= 51f" = ™ Ezx E
™ ] my =126 GeV Vs=8TeV:L=19.61" 5 . .
g 0 zv", 22 £ Czvizz ]
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>
[ 20'— =1
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m,, [GeV]

121.5 <mg4 < 130.5 GeV

H (126 GeV) 18.6

' Good agreement with SM expectations

0°C = 9/S pa3dadx3

' Good agreement for the near-by 7.4
resonance Z—4| (normalization, shape) 2.0
Excess of events around 126 GeV  BLLZNO UL 28.0
according to the SM Higgs expectations 25
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Kinematic Discriminants

* Use the ratio of LO matrix elements to build kinematic discriminants
* do not use system pr and rapidity Y (NLO effects, PDFs) Use kinematics of 41 system

Discriminator KD to separate SM Higgs from backgrounds:

Probabilities P defined by the LO matrix elements for each value of my.

+ Matrix elements computed using MELA (JHUGen & MCFM)
- validated with analytical MELA and MEKD (Madgraph+FeynRules), also BDT/BNN.
Higgs signal ZZ background

CMS preliminary Vs=7TeV,L=5.1f0" (s=8TeV,L=19.6 fo"

CMS preliminary Vs=7TeV,L=5.11b" (s=8TeV,L=19.6fo"

arXiv 1001.3396
arXiv 1108.2274
arXiv 1208.4018
arXiv 1210.0896
arXiv 1211.1959

$00 110 120 130 140 150 160 170 180
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Event categories in the analy

- The event sample is split into two categories: Vo distribution
- Category I: Events with Njers < 2. ( 5% VBF) P
- Category Il: Events with Njers = 2. (20% VBF) Z 6 mex
N : : of = E
* Discriminate production mechanisms : Eosmmmew:
2 5 C qqH+VH (126 GeV) ]
(fermion- vs. vector-boson-induced): “ E
- Cat. I: using discriminant: pt/my i E
: : L 2h .
* Cat. Il: using linear discriminant: Vp = & An;; + B mj 5 di-jet |
: Sk b category -
* Analysis based on correlated 3D distributions: O
0 02040608 1 12141618 2
- Cat. I: P(ma) x P(KD | mg)) x P(pr/ma | ma) 121.5 < ma < 130.5 GeV Vo
s Cat. 11 P(m4|) X .‘P(KD | m4|) X ,'P(VD| M4|)
gg - H VBF qq - ZZ
g 5 CMS preliminary Vs=7TeV,L=5.10" \s=8TeV,L=1961b" g 5 CMS preliminary Vs=7TeV,L=5.1f" {s=8TeV,L=1961b" 5 5 CMS preliminary Vs=7TeV,L=5.1f" {s=8TeV,L=19.61b"
Q Q Qa 18

0.8
0.6
0.4
0.2
120 130 140 150 160 170 180 120 30 140 150 160 170 180 0 120 3 140 i 150 160 7:‘: 180
m,, (GeV) m,, (GeV) m,, (GeV)
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Excess characterization

High-mass region Low-mass region
m 1 T T T T T LI ® 1 rprrrrprrrrrrrr 1o 1 1rrrr[rr 1+ [T T T [ T-T 1T
S 1 V V e S
R 0? \”\/
A1 O'j .
T 10_5 ';""-..
Q10
2 40" i
107 .
1 0-8 Observed m,, ] Observed m,,
1 0'9 l : Observed m,, K| 1 0'9 ! . Observed m,, K|
1 0-10 ; —— Observed m,, K, p,/m, or Vy, 1 0-10 .“‘ ".‘ —— Observed m,, K, p,/m, or V
1 0_11 A T s :Expef‘:ted : - 1 0-11 ) ““‘ """ Expected ~
1072 1 * CMS Preliminary 1072 YL CMS Preliminary | v
1018 i  H—Zzz-d 1073 YL HozZed4l
1014 { =TTy, L=5"1"fb': 104 ' \5=7TeV, L=5.1 fb';;:
10715 N ‘ j fs=sTevi=136m -15 h fs=8TeV.l=196f7;
10-16 i i -'I‘I-:"' O |‘l.'. | | | Lol 10-16||||||||||||}"v|||“.1|||||||||"|.:||||||||||
100 200 300 400 100C 110 120 130 140 150 160 170 180
m,, [GeV] m, [GeV]

Observed and expected stat. significance for excess at 125.8 GeV

@ mgq = 125.8 GeV “m ma; , Kp, pr/maior Vp

6.70 / 7.20

’ Sensitivity improved significantly by exploiting full kinematics
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Excess characterization

High-mass region Low-mass region
210 IIII}IIII}IIII! l m 1 T rrrryrrrr|yrrrr-rrrrr|[rrr [ rr1rr [ 11T T
L " CMS Preliminary || — Observed
0 - H-—>ZZ — 4L + 2I2¢ | === Expected
c R \/5=7TeV, L=5.1fb"i - EXpeCted + 1o |
S | ... Vs=8Tev,L=196f0" | Expected = 20 |-
E
| 1 E i
O : ..... Observed m,,
O\O ... 1 0‘9 ; y Observed m,, KD
8 ... 10_10 ‘.‘ \ T (::s:;/:: m,, KD, pT/m‘,| orVy
ISR O N . Y N L TS 10_11 1: “‘l (o] ~ ;
B 1072 YL CMS Prefiminary | ’
107 o g L 10713 LY Hezz—a
v 1014 Yoo E=7Tev,L=5110"
15 Vs=8TeV,L=19.61" |
L Il I N S T B | L b d 1 L1l 10-16l|||||||||||'}“‘|||“‘J|||||||||.:|IE|||||||||l
100 200 300 400 100C 110 120 130 140 150 160 170 180
m,, [GeV] my, [GeV]

Observed and expected stat. significance for excess at 125.8 GeV

@ mgq = 125.8 GeV “m ma; , Kp, pr/maior Vp

6.70 / 7.20

’ Sensitivity improved significantly by exploiting full kinematics

’ Excluded SM Higgs hypothesis @95% CL: [130, 827] GeV (41 + 2I27)
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Even-by-event mass uncertaintie

* Weight individual events in the mass fit according to their mass uncertainties dma

 Estimate per-event mg4 uncertainties from individual lepton momentum errors:
 muons:  using the full error matrix obtained from the muon track fit,
- electrons: estimated from the combination of the ECAL and tracker measurements.
* calibrated in data, validated using Z—2e, Z— 2 and Z—4l (assighed 20% uncertainty)

predicted vs. measured dmy in Z events relative dmy in Z—4l

0.05 CMS Preliminary Vs =8TeV,L=19.6 fb” CMS Preliminary {s=8TeV,L=19.6 fb”’ CMS Preliminary {s=7TeV, L=5.05fb" {s=8TeV,L=19.6fb”’
o 0.05 o 005 S F
ke E kel o o 22
50085 5 7 .ee simulation 50048 5 Zosuu simulation 8 200 e data
(@] C o E E
o 0.04— o 0.04 :’ 18i I:I ZY*
o F + Z-eedata o -+ Z—updata P .
@ 0.0351 @ 0.035 £ 160
g F g : 0>) r

0.03— 0.03— 145
o S e a Z-4l
2 0.025F P 2 0.025F 12
B F e 8 S 10F
O 0.02F PGy O 0.02F A =
© 0.015F © 0.015F .
S F SR S : 6
& oot S @ oot e s
8 F Z-2e § % 7 Z-2u o
= o005 = o005 of +

AN, T P AN, Loodlodonlbonbend 00 0 bt 8 TR L Lo
O30 §.076.01% 0.0 6025 .05 6035 0,04 0:045 6,05 §00% 5076015 0,05 0055 0,05 0035 .04 6.945 5.05 0,005 0.010.015 0.02 0.025 0.03 0.035 0.04 0.045 0.05
Predicted relative mass resolution Predicted relative mass resolution 0m4|/ my,

average expected improvement of 8%
' on the measured mass uncertainty.
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Mass measurement validation with

* Perform the mass measurement of the near-by Z — 4| resonance

- identical procedure as for the new boson mass measurement (without dmy4 and KD),
« relaxed phase space due to the limited statistics (mz2 > 4 GeV)

fit for Z mass/width in Z — 4| events likelihood scans for 4e, 4, 2e2

CMS Preliminary {s=7TeV,L=5.1fb" (s=8TeV,L=19.6 b’ 10 CMS preliminary Vs=7TeV,L=511b" {s=8TeV,L=19.6fb"
> (- _' :T T 17T ‘ wWr 1T ‘ T 11T ‘ :! T 1 1 ‘ T 1T T 7 ‘ ; T T°T V.HV T :
o 70F p - | Combined {
0] C = 9F | —Z—>4e
- < . —Z->4
N 5oL M;=91.17 +0.23 - 0.22 GeV A o sb 720 |
» F I',=286+051-0.47 GeV g .
T o 7F =
o S0F o Data 5 g 1
LIJ [~ * r ]
L Z o 1
o L 50 E
- Ezex g 1
30 4 =
- 3F =
20 E ]
C 25 E

10F 1E
O E [ A Ll 7‘;;, %E I A A L AN AN A A B A ]

50 60 70 80 90 100 110 6 89 90 91 92 93 94 95

m,, (GeV) assumed Z width 2.50 GeV m (GeV)

’ Compatible with the PDG values within uncertainties.
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Mass measurement

+ Mass measurement performed with a 3D fit using for each event:
 four-lepton invariant mass magy,
* associated per-event mass uncertainty dmy,
+ kinematic discriminant KD.

profiled likelihood scan for 4I profiled likelihoods for 4e, 4, 2e2
CMS preliminary \s=7TeV,L=5.1fb"\s=8TeV,L=19.6 b CMS Preliminary {s =7 TeV, L=5.1 fb™ V5 = 8 TeV, L=19.6 fb”
_l 10: K T _I 10: \\\\\\\\\\\\\\\\\\ ‘ wwwwwwwwwwwwwwww w wwwwwwwwwww ]
R T T | R m,, c o —— Combined H

Z oF —_m,.m — O — H—> ZZ - 4e

N i (—m,om, KD ) < - — HoZZ 4 ]
1 8, H C\IJ 8:* — H->ZZ > 2e2u [
s 7t E
6f 6/ E
5
3 3
2 2
1F - =
, 1F =
0: ‘ : ‘ ‘ ‘ : ‘ ‘ “' ‘.:‘ ‘ ‘ : ‘ ! ! . ! E\ I ‘ I M‘ %\ L1 1] ‘ I \E

122 124 126 128 130 P2 122 128 130 132
my, (GeV) my (GeV)

' Mass of the newly observed boson:
m4| |25 8 0 55tat 0 25yst GeV
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Sighal strengths and production mec

* Signal strength measured for each of the two categories (relative to the SM expectation)
signal strengths (modifiers): y; = 0.85 * 0.32 (Cat. I)
Hu = 1.22 * 0.84 (Cat. I1)
total: y =0.91 £ 0.30

Measured signal strength signal strength modifiers pv, Ur
Vs=7TeV,L=511f" {s=8TeV,L=19.6fo" 12 CMS Preliminary Vs=7TeV,L=5.1fb" {s=8TeV,L=19.6fb"

> A ALY LARLN AR RARRY AARAS LARRN LALRS RARLS RARE

CMS Preliminary m, =125.8 GeV = - .

10F MeswcL

8f [JeswcL

61 ® best fit E

b + SM E

Untagged 21 .

o =

ok ]

Dijet tag -4 =

61 =

_8_ |IIII|III§|IIII|IIII|

_IIII|IIII IIII|IIII|IIII|IIII_
-1-0.5 05115 2 25 3 35 4
w

0 1

2
Best fit O/GSM .

- Signal strength modifiers for classes of V-induced and F-induced production mechanisms:
signal strengths (modifiers): uyv = 1.0 * 2.4 (VBF, VH)
HFr = 0.9 £ 0.5 (ggH, ttH)
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Alternative J°P hypotheses testing -

* Perform the test of the compatibility of the new boson with alternative hypotheses
- test a few reasonably well motivated |’ hypotheses (“pure” states only)

+ no full consensus on the choice of models in the TH community

Jr production description

0F gg — X SM Higgs boson

0~ gg — X pseudoscalar

OZ gg — X BSM scalar with higher dim operators in decay amplitude
2+mg p gg — X KK Graviton-like with minimal couplings

2+chj qq — X KK Graviton-like with minimal couplings

1= qq — X exotic vector

1T qqg — X exotic pseudovector

Fit for the fractional presence of CP-odd contribution in case of the scalar hypothesis
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Kinematic Discriminants

« Use the ratio of LO matrix elements to build kinematic discriminants

Discriminator D jP to separate SM from an alternative J? hypothesis: se kinematics of the 4| system

-1 l

Discriminator Dgkc to separate SM Higgs from backgrounds:

Pye (pi)

DJP = .
7DHiggs (pl)

1+

Perac(pi) - P(mae|BKG) ] -1

D =1+ — -
re [ Priiggs(7:) - P (ma|Higgs)

Probabilities P defined by the LO matrix elements for each value of my.
106 < m4 < 141 GeV

Combined kinematics and my4 information into one discriminant OMS proiminary \3=7ToV, L= 5.1 5'5 =8 ToV, L= 19615
B Y A L AN AR R EARRL AR R
S oof o data E
> + ]
;H-I w o 0", m =126 GeV 3
‘i. . 18 [ zzizy —f
11-' , 16 B z+x E
| [ 14 .
l;]! | 12
10
?00 110 120 130 140 150 16mi’1((730e\;)80 ?00 110 120 130 140 150 16m(1‘1((730e\;)80 - 8
6
4
2 .
. Statistical analysis based on 2D distributions ?(Dlp, Dgka ) 00 0.10.20.3 040506070809 1
Dbkg
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Alternative J°P hypotheses testi

- Test statistics for the separation between |* hypotheses (expected and observed):

; + - 1- - |+ - 2t = D
gg o0 gg — On qq qq g8 = 2m qq ~ 2m
CMS preliminary  ¥s=7TeV,L=5.115" {s=8TeV, L=19.6 5" CMS preliminary ¥s=7TeV,L=5.116" {s=8TeV,L=19.6b" CMS preliminary  ¥s=7TeV,L=5.115" {s=8TeV, L=19.6 5" ary  \s= (L=5115" {s=8TeV,L=19.6f5" CMS preliminary  ¥s=7TeV,L=5.115"' {s=8TeV, L= 6" CMS preliminary  ¥s=7TeV,L=5.116" {s=8TeV, L=19.6 5"
§2} T T 2 016 T T T T 0 @ £ T T T T p! 2 0.14F T T T T @ 016 T T T T T §%) F T T 3
5 o1 o b 5 § o1 " 5 o 5 3 0" ] S o160 o
GE) [ mo ] ,,E, 0.14f GE) ,,E, 0.12f mr b GE) 014 M2iee) g J: [M2ie@ 1
< 008 —OMSdata £ 012 < 008 g —CMS data S 012 —CMSdata ] g 014p —CMS data
[ [ N [ F [ 0.1 — [ C ] [ .
o o o o o C o 0.2
el ° kel ° kel = ° E
3 3 01 3 t > 5 01f > £
8 0.06 I3 8 0.06 8 o0.08F 3 E 2 o1
o % 008 o r o o o08[ [ F
004 t 0.06]- ooek 0.08¢
. 0.06. 0.04~ or 0.06F
0.04) [ 004 0.04f- 0.04
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- Expected separation between J° hypotheses and the observed results with the data:

Jr production comment expect (u=1) | obs. 07 | obs. J¥' | CL;
0~ gg—+ X pseudoscalar 2.60 (2.80) 0.5¢ 3.3c | 0.16%
0, ¢¢ — X | higher dim operators | 1.7¢ (1.8¢) | 0.0¢ 170 | 81%
2mee | 88— X minimal couplings | 1.8¢ (1.90) 0.8¢ 270 | 1.5%
2% g7 — X minimal couplings 1.70 (1.90) 1.8c 400 | <0.1%

mqq
1- q9 —+ X exotic vector 2.80 (3.10) l4c >4.00 | <0.1%
1+ qq —+ X exotic pseudovector | 2.3c (2.60) 170 | >4.00 | <0.1%

in case a hypothesis is disfavoured with large confidence we quote > 4.00,

' All tested alternative hypotheses (except On*)
excluded with at least 95% C.L.
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Fraction of a CP-odd contribution

* Asses a fractional presence of the CP-odd contribution (0) in the scalar decays:

fa3:

00—

O-Ojr_l _|_ 0-0_ A(X — VV) - U_leiuegy (alguvm%—l + GQQNQV + aSE,LwaBQ?%B) - Al + A2 + A3J

) : Az contribution assumed to be 0
* Om™ decays governed by the A amplitude (cross-section Opo.),

* 0" decays governed by the A3z amplitude (cross-section Gom+),

* Take separate 2D templates for SM Higgs (Om*) and O states and fit the data for their relative
presence (total events yields taken from data)

CMS Preliminary (s=7TeV,L=5.11fb";(s=8TeV,L=19.6 ft’ CMS Preliminary \s=7TeV,L=5.1fb";\Ns=8TeV,L=19.6 fb"
_I T T T T T T T T T T T T T T T | i 1 1 1 1 1 1 T T 1 | 5
[ L i
- /.
cﬂ 107 i 0
: — CMS Data :
8 ----Expected 1%
: — —30
: —20
e D G et
2
0/\\ L L1 Lo Lo
0 0.2 0.4 0.6 0.8 1
— +
Hprofiled = 0.9270-30 957 fas fas

* Measurement of the fq3 fraction in data: fa3 = 0.00%%23 690, fa3 < 0.56 (@95%CL)
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Conclusions

« LHC and its experiments delivered impressive results on a short timescale!

« CMS established presence of the Higgs-like boson
in H = ZZ — 4| decay mode
with local stat. significance 6.70

* Boson mass measured at the 4 per mil level:
I25.8 i o.sStat i o.zsyst GeV

 The observed boson is consistent with the SM;

* Signal strength, production mechanisms,

* its scalar nature,

Events / 3 GeV

w
o

N
o

CMS preliminary
T T I T

-_ ¢ Data
[ m,=126 GeV
] zy+, 2z

B z+X

Vs=7TeViL= 51"
Vs=8TeV:L=19.61b"

- Additional SM Higgs-like boson excluded in [130, 827] GeV.

* Legacy paper with reanalyzed 25 fb"! of 7+8 TeV data to be published soon

* A new era is opening in front of us with the LHC in 2015 and beyond:

 Precise measurements of boson properties with increased Ecm and higher luminosity...

- ...and challenging of the SM predictions!
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Backup slides
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Compact Muon Solenoid

SUPERCONDUCTING CALORIMETERS

COIL ECAL

Scintillating
PbWO4 crystals

HCAL

Plastic scintillator/brass
sandwich

IRON YOKE

TRACKER

Silicon Microstrips

Pixels
Total weight : 12,500 t MUON
Overall diameter : 15 m S ENDCAPS
Overall length : 21.6 m
M ag netic field : 4 Tesla Drift Tube Resistive Plate Cathode Strip Chambers (CSC)
’ Chambers (DT) Chambers (RPC) Resistive Plate Chambers (RPC)
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Precise SM (EWK) measurement

July 2013 CMS
o = g : =
o - W § I O 7 TeV CMS measurement -
50! —— I 8 TeV CMS measurement i
- 10 —— : / ! ’ - =
IS = ; I —— 7 TeV Theory prediction =
o — :21] —0 : —— 8 TeV Theory prediction ]
ol T ' ,
= 10°E _ =1] | 4L CMS 95%CL limit =
S = P o = ' E
SR S U e B S B i
o 10E = = w -
o - - =3 o | 4y . ; ; | =
8 10° - =4]; ol —O—WW+WZ WW : : L]
O =! ; Jail | 5 é é | B
G E! T Ed Toewz S
c - : | : % 77 ]
O =—| : : : 5 : =
e 10 = | . . . Ol .
% E ! E%e > 30 GeV ! E{>15 GeV ! : ! ! E
'8 1 In1<2.4 | AR(y,)>0.7 ! CWVy |
= = : : 19.3fb7" 3
o - | | 72N
1L 36, 19 pb"” ot isoft 2O 4ofl ]
10 9P o O 35f"  19.6f" ! =
JHEP 10 132 (2011) EWK-11-009 EPJC C13 2283 (2013) (WV) SMP-013-009
JHEP 01 010 (2012) SMP-12-006 (WZ), 12-005 (WW?7), 13-005(ZZ8)
SMP-12-011 (W/Z 8 TeV) JHEP 1301 063 (2013) (Z2Z7), PLB 721 190 (2013) (WW8)

Good understanding of the detector & accurate SM predictions:
B Precise measurements of the SM processes
B Good understanding of the background for Higgs searches
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A “H - ZZ - 4p”

A ‘f

g \ \
CMS Experiment at LHC, CERN 0/ A
‘Data recorded: Wed May 23 21:09:26 2012 CEST
un/Event: 194789 / 164079659 /
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Final State Radiation recovery (CM

* Recovery algorithm

- Applied on each Z for photons near the leptons
(isolated photons, Er > 2 GeV)

* Associates photon with Z if:
M2|+y < IOO GeV
| M2i+y = Mz | < | M2 - Mz |

« Removes associated photons from lepton
isolation calculation

- Expected Performance for Higgs at 126 GeV
* 6% of events affected
* Average purity of 80%
' 2% gain in the efficiency

Predrag Milenovi¢, University of Florida i

Z
o 500 SMS Simulation, (=B Tev :
- - E
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® 400} E
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AR(4 y).. <0.5
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4l+y
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Dilepton masses

* Distributions of di-lepton masses for events with 121.5 < mg4 < 130.5 GeV

Mz VS. mMz2 mzi mMz2

CMS preliminary Vs=7TeV,L=5.1f" {s=8TeV,L=19.6 0" CMS preliminary Vs=7TeV,L=5.1fb" {s=8TeV,L=19.6fb"
120 CMSpreIImlnary \/§=7(8)TeV’L=51 (196)fb_1 40 % OjflllIlllllllllllllllllllllllllllllllllf— % 7El_llllII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|_1E
’>—\ 7\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\ (5 | .Data i (5 : .Data :
() (aV] - . . - 6L X -

o] 35 | ~ g [Jzz.zy ] = [zz.zy
~100[- ® /W 4e:8TeV/7TeV = r . += I ]
N c Z+X < e -
EN o /m 4u:8TeV/7TeV 30 o i ] i o 5: D z+x .
i ® /W 262u:8TeV /7 TeV W sl [ |m=126 Gev - w [ m=126 GeV 1
80 25 L . 4r .
i o {1 E i ]
60— N 20 4 ; H 3ie- . —
—15 i ]
2 T > (oo ° ]

-1 410 2 H J—""I.J-—’L"
1:—0'0'_‘;;‘_'_1- o0 1;‘11 [ ] o o o —:
a -5 L'_._._‘_Ll_l-—-|____‘_ -LLL

46 50 60 70 ; 1801 90 ‘flég“ 11‘0 ‘1‘72040 910 50 60 70 80 90 100 110 120 0 15 20 25 30 35 40 45 50 55 60
m,, (GeV) Mz, (GeV) M,, (GeV)

' Masses mz| and mz; for candidate events around 125/126 GeV
according to the SM expectations
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Excess characterization

High-mass region

i
— Observed 7 TeV ." "
— Observed 8 TeV
= Observed 7+8 TeV ,"
=== Expected

CMS Preliminary
H— ZZ — 4]
Vs=7TeV,L= 5,'1'fb"
Vs=8TeV,L=196 "

10-16 Bor b I
100 200 300 400 100C

m,, [GeV]

Low-mass region

g 11I~I.III|IIIIIIIIIIIIIIIIIIIIIII
= 102  \LY
= 10
;':.10?1
= 10_5
8 10
- 10-6 3 50
107
10° -._
1 0-9 I‘,‘ — Observed 7 TeV
107 ! — commaria o
10-11 ; === Expected i
10-12 "'“ CMS Preliminary "
108 Vi Hezz—4 |
10-14 5=7TeV,L=5.11b" |
15 L (s=8Tey, L=1961"!
10'16lI|||II|IIII‘}II1III|IIII|IIIII::'|IIII|IIIl
110 120 130 140 150 160 170 180

m,, [GeV]

' Observed (expected) excess at 125.8 GeV
corresponding stat. significance: ~6.70 (~7.20)

Compatible/complementary excesses at 7 TeV and 8 TeV
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Discriminator Djr (Dskc >0.5)

* Dgkg > 0.5 cut is just for illustration

gty 0 qq — I- g8 ~ 2m"
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Alternative J°P hypotheses tes

- Expected separation between JP hypotheses and the observed results with the data:

Pseudoexperiments
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Pseudoexperiments
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