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InreelueTien

¢ “Golden channel” H > ZZ - 212F
(,I'=e,u; I’=T for high mass studies)

#® The most sensitive in [120 — not excluded] w7f N
#® Very clean signature: 4 primary isolated ol
leptons, full 41 mass reco, narrow resonance o
#* Low level of backgrounds 18@ E:yzw e
#® But needs the highest efficiencies and ° “6*“5;,?53;533;?,"‘,;22363 Zé‘;\}f"’
performance e St fo -8 o
& General strategy in 2012110 - 600] GeV 2w 7" wom
#* Blinding for the 2012 and 2011 data: oar % ] e s soicion
110 = m,, < 140 and m,, = 300 T
#® Reoptimize analysis: ID, isolation, FSR o E
recovery, use of full kinematics | -
20% gain in significance for my = 126 GeV v
S. Baffioni 2 Higgs Hunted 19/07/12



2011 presulis

¢ Results @ 7 TeV 4.7 fb
cMS cMs \s=7TeV L=4.7 fb! 1 cus \s=7TeV L =47 fbo
18T T - . T % . cMs Ns=7TeV L=47 b g ;
- 8 = ; N p—— ] E
"o g 110 B z
141 33 N -
12 " 8
: 1 3
10f T
S 1)
III E 10-3 F 10 W/0 ma uncertainties
N i inti
i 1 10116 150 155 160 : :
300 400 500 600 © e T O D 104l e MV i
ma [GeV] 110 200 300 400 500 600 110 200 300 400 500 600
mx [GeV] mu [GeV]

#® Exclusion of the SM Higgs boson in the ranges
[134 - 158], [180 - 305], and [340 - 465] GeV

#® Small excesses of events around masses of 119, 126, and 320 GeV
—> observed limits weaker than expected in the absence of a signal

o® Cf.

S. Baﬁoni Tﬁggs Hunted 19/07/12



lneredien's

Data
a® 505fb!' @7 TeV and 5.26 fb-!' @8 TeV

CMS detector
Trigger

#® Excellent performance of the
L1 and HLT triggers

#® - Double lepton ee, uu and e with 3 1o Prafiminary 201 B
E(P); thresholds of 17 and 8 GeV § e |4
Leptons " e |t
#® Reconstruction, ID, isolation | Encoaps / 5[
Analysis selection “ |
Background control and estimation O'i | mj
Statistical analysis 10 E, [GeV]

S. CBaﬁi'oni ﬂ-ﬁggs Hunted 19/07/12



Eleeirens

Brem Cluster

¢ Electrons in analysis Inl =2.5 p; =7 GeV

#® Superclusters in ECAL (E; > 4 GeV) + dedicated
track finding and GSF fit (before candidate id.)

Electron Cluster

ECAL
surface

o® ECAL-seed complemented by tracker-seed (efficiency gain at low py)
#® Electron classes brem sensitive
#® Momentum from E-p combination

¢ Scale and reso|ut|()|j Golden barrel electrons &® + control low o with J/y

N combined E-p s
d Z peak fOr < 6000 mc i DATA e
j% E | AmiS = 0.13 +/-0.02 Amgg =-0.104 +/-0.04] B 220 T T T
d ff t & 5000 | OMS = 1.26 +/-0.02 o= 122+-0.04 | 7 Q 200 CMS Preliminary R
I e re n E p E é 180;7 Vs=7TeV —— Background Model
4000 - *E 160;_ mean = 3.115 + 0.007 GeV
electron : : S o
00" E 3 120F- barrel electrons
Cate OrleS - ] 100E- | H combined E-p
C 80
g 2000 . E ++
L 1 60; +
C ] 40F +++++ t
1000 3 8
- i . 20?“ "d | | I | ! *'*ﬂ‘*p bats
" J T e
% 7 ' — %00 10 120 m,, [GeV]

m [GeV/c?]
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Eleeireons JD

¢ Multivariate in 2012 (BDT)

o® Observables sensitive to brem,
geometrical and momentum matching
ECAL — tracker — HCAL, shower shape

#® Background from data samples
#® Performances optimized for H>ZZ->4l
o#® Efficiency measured via Z Tag&Probe

e-1D efficiency in barrel

CMS Preliminary 2012 Vs=7TeV L=5.11fb"
>‘ LI | LI I LI l LI I LI I LI l LI I LI
3 P I R ;

c = I : -
()] | = H -
i i ]
EEE 0.8 ___“A“._F*ﬁz ........ _ _ -
w i P < i
—— 2011 DATA ()] 0.6—- e s Sy 2 .
= i -
0 - w .
w 8 . :
02— ........ ) ]
oo v i [ R SN B S
30 40 50 60 70 80
p.. [GeV/c]

CMS Preliminary Ns=8TeV, L=5.1 fb"!

35000
c

Fs F
30000

25000

20000

15000

10000

5000

%5505

* Z(— eelup) + 1 fake

Tracker variable:
fborem in endcaps,
pT< 20 GeV

1 CMS preliminary

"2l ECAL variable:
Om in barrel, pr< 20 GeV

CMS Preliminary Ns=8TeV, L=5.11b"

*«Z—ee

8000 N « Z(—> eeluy) + 1 fake

| LA

0.9F

0.7F

Signal Efficiency

0.6]- + 0.21 |

0.5F

pr>10 GeV: — BDT e 2011
0.4 pr<10GeV: — BDT e 2011 | =

0.3
0.2}
0.1

PR SRT S T IR SR S T N R
% 005 01

015 02 025 03
Background Efficiency

30% efficiency gain in 4e for my = 126 GeV (same fake rate) wrt 2011

S. CBaﬁi’oni ﬂ-ﬁggs Hunted
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Muens

CMS Preliminary s =7 TeV,L=5.05fb"

¢ Muons in analysis Inl <2.4 p; =5 GeV e S
#® Combination of inner tracker tracks and muon § [~ ™ e ™
L S, LI ST S

system tracks B DO B s e
o® Particle Flow ID: ‘ T

T
. |-+ PFlow ID
L 201D | |
1 1 I 0.85_I"I"':}"T"i"'l’"l"'i"'l'"I-"I"'T"i"'I"'I’"I"'l"'i'"l‘"i"i”1"1‘"'I"|_
o#® Efficiency measured via Z and J/{ Tag&Probe R B S R
muonn
- . T LA A AR e
g - e ¢ g .
;?z_) g 1.00 oo '_H_’_'.x.;_ :8 1.00 oo o —o Tt ]
© C & L ]
S 0'87 J—uu Z—uu S 0.98- . 8 0.98- .
w f : w i w i
[a 0.6? — o 0'96,_ a h‘- 0.96 Stable Wlth B
i - respect to Np;e.y
0.4f R 0.94 7 0.94[ P
i Il <1.2 i C p,>20GeV | ]
oo -e-Data, 2012 | 0.921- -o-Data, 2012 | ] 0.921 -e- Data, 2012 -
“l I simulation | C I simulation ] C [ simulation ]
| 1 CMS Prellmlnary Vs =8TeV : 0.90- CMS Pre||m|nary \/— 8TeV . 0.90— cMS Prellmlnaw ‘/— 8TeV .
0——=+ — e bbb o by I AR L]
678 10 20 3040 00 201510050005101520
muon p, (GeV/c) muonm ° l\]amb:? of vfef;tlcego

5% efficiency gain in 4u for my = 126 GeV (same fake rate) wrt 2011
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I'selaiien

¢ Particle-based isolation

#® |n AR = 0.4 cone around the lepton
from the charged and neutral hadrons, photons: Ziso / p;< 0.4

#® No double counting for the charged particles, automatic lepton removal

CMS Preliminary Vs=8TeV, L=5.11fb"
|_

>

" ‘w HCAL g T
' : : Clusters 5 0.9
:::::1“5 A HH detector E 0.82— ® det. iso (2011 def.)
0§ (201 1 ) y é 0-75— B PFiso (2012 def.)
8 o6 ele in endcaps
il °s pr<10GeV |
Cpaoton_| ok .
(2012)
10 to 15% efficiency gain per lepton (same fake rate) wrt 2011 | -
¢ Pile-up (PU) contribution:
#® Charged: negligible (required from the vertex)  =** Vuons ]
s* Neutrals: corrected using the average energy  Z... ]
density from the PU and underlying event Fooo o -
0.90[ CMSP Imln ry \/TUIstTv 5

#® - quite stable with respect to np, e 5 o

Number of vertices

S. ﬁaﬁoni ﬂ-ﬁggs Hunted 19/07/12



Am@ﬂygig seleeiien

CMS Simulation, s = 8 TeV

¢ Trigger 2
':”: 08EE P20 SR Ste =
¢ Leptons o/ =
s® Electrons Inl <2.5 pr,.. =7 GeV ool t/"/ i nat P
s® Muons Inl 2.4 p;,., =5 GeV E:fz/ ~4
#* [solated, ID, compatible with PV o _
o pT > 20, 10, mein’ mein R R R R R '600'2':
A . . . CMS Preliminary {5 =7 TeV, L=5.02:’I1-'I E[ STee\X{c52! fo!
¢ Final State Radiation (FSR) recovery AR

40F . =
35F . =

Events / 2 GeV

¢ Kinematics : :
#® 71 closest to Zpps 40 <m,, <120 GeV o 0=
#® 72 with the highest p; remaining pair fz H

12 <m,, <120 GeV + all I*l" pairs m,,. =4 GeV
& m, =100 GeV RN

910 50 60 70 80 90 100 110 120
2, [GeV]

for 212t see: Search for the Standard Model Higgs boson in H2ZZ21' .ttt decay
channel with CMS (S.CHHIBRA . voung scientist forum)

S Bqﬁoni 9 Tﬁggs Hunted 19/07/12



PSR Recovary

¢ Algorithm
o® ParticleFlow photons near the Z leptons:
e Inl<24
P; =2 GeV if AR <0.07
« P =4 GeV, isolated, if 0.07<AR<0.5
#® Associates photon with Z if

* my,, <100 GeV 7
 Imy,, - m,l <lm;-m,l

CMS Simulation, ys=8 TeV

#® Removes associated photons from lepton 2 *°F

450F. — FSR applied 3

Isolation calculation 400F £ £SR notapplod =
350 ) 3

Events affected by FSR

¢ Expected Performance for m =126 GeV % w-wo

#® 6% of events affected 2 :
o® Efficiency 50 % for purity of 80% - :
2% efficiency gain for my = 126 GeV 4500 i35 mw1[5é>e\1/:?o

S Bqﬁoni 10 Tﬁggs Hunted 19/07/12



Backgreunes esiilmarion

CMS Preliminary 2012 \Ns=7TeV CMS Preliminary 2012 \Ns=7TeV
T T T

| | 20 ‘ Fery

L ] 5 08 T T : r T T T T T
/’Lﬁ : © r o Simulation (POWHEG+Pythia) 7 J L «  Simulation (GG2Z2)
%" : qq 22— 2e2u : r g9 —> ZZ — 2e2u

a.u

#® MC and theoretical NLO o - Nag>zz>4 | {\gg>zz>al
#® Corrected for data/MC scale factors::- S ]

#® Phenomenological shape models # = w &%= " w e T

¢ Reducible backgrounds

CMS Preliminary Ns=7TeV,L=505" CMS Preliminary Vs=7TeV,L=5.051b"
> I I I > 250 =S
+|+ E @ F
. . o 4e, ZIFF  com | & | 41, Z+2| failing
-~ Dﬁ E © 200 l:l ZZ,Zy 4
o® /bb, tt, WZ+jets, Z+jets : S = ~
c E b2l r -
$ Czbics 3 E 150 = tt B
. 1| E > r Z+bb
O/ Ewz m F :
rom data - o uncertainty Dz : I 2vits
100( e Observed events -
[ Landau fit
50 -
I t & E ?00 150 200 250 300 350 400 450 500 550 600
electrons muons 300 400 500 600 m, [GeV]
o OalMSPemeay o EerTeuiososw! o ogOMSPemmy o E=TTevi=sose! My [GeV]
o E Z+1L Region 3 o E Z+1L Region =
0.35F = 0.7F -
8 C : g C - i CMS Preliminary Vs=7TeV,L=505f"
o 03; Electron fake ratio - Barrel = o 06; Muon fake ratio - Barrel = % 6:““\““\““ AR R R B
—g g Electron fake ratio - Endcaps ‘—g é Muon fake ratio - Endcaps O 5 L Signal Region (WFC)
+ 0.25 — - O
-'é - E:'» g f [ ] irreducible (sim.): 2.6 ]
2 02 ER % 4 I reducible (data): 1.3
015 = @ 3: s observed: 12 B
: 4+ :
0.1 —4— 4 k:
0.05F = SR sy
) == e I B WS B P RS 1 i
0 10 20 30 40 50 60 70 80
p.(e) [GeV]

T £3 . L L ol Il [
00 150 200 250 300 350 400 450 500 550 600
m,, [GeV]
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ZZ eress Seeivlen

& 41+ 2121 Vs=8TeV 5.26 fb

A

#® 4|: as for the Higgs analysis
60 =m,, <120 GeV
60 =m,, <120 GeV

o® 2|27:

Results

CMS Preliminary \'s =8 TeV, L = 5.26 fb™
I I T

N
(¢}

4]

s /20 GeV
S
[

CMS Preling 15+

= I
$ 5 212t ok il
S 4l
2 51 .
&
g 3 L 1
200 400 600 800
m,, [GeV]
900 200 300 400 500 600
Channel de 4p 2e2u 2027 mys (GeV)
77 116 14 | 203+22|324+35| 65+0.8
Background | 04+02 | 0403 | 05+04 | 56 +14
Total 120+14 | 20722 |329+35|121£1.6
Observed 14 19 38 13

o® Measured o(pp — ZZ) = 8.4 +1.0(stat.) £ 0.7(sys.) = 0.4(lumi.) pb
#® Good agreement with NLO prediction: o (pp — ZZ) = 7.7 £0.4 pb

S. Baﬁoni

Tﬁggs Hunted 19/07/12



SySTemaries

¢ Theoretical

¢ Experimental
trigger
lepton reco + ID + iso

Oy 17 - 20 %
H Branching fraction 2 %
ZZ cross section 8 %
1.5 %

1.2 % 4 high masses  from T&P studies
to 11% 4e low masses

lepton momentum scale <04 % affects signal shape

lepton momentum resolution | 20 % affects signal shape

T, ID and iso 6 %

T, energy scale 3 %

reducible background 50 %

luminosity 4.4 % (8TeV) 2.2% (7TeV) ££ background + o measurement +
b . signal yieds |
= S Baﬁ%om' 13 Q-[iggs Hunted 19/07/12 .



Resulis

¢ my, distribution
#® | ow mass range

o® Data Only CMS Preliminary V5 =7TeV,L=5.05fb" N5 =8TeV,L=5.26fb"
. > —| | T T T I T T T T T I T T T L
o® Blinded & 12F 4l « Data .
m [ -
» 10l .
2 B ]
5 - ]
> L
o gl -
61 -
. :
2I~ . l llu ll l T =S
1 | 1 1 1 I L | 1 1 [ 1

] 1 | ]-
80 100 120 140 160 180
my, [GeV]
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Resulis

¢ m,, distribution
#® | ow mass range
o® Data only CMS Preliminary \& = 7 TeV, L=5.05 fb" 5§ = 8 ToV, L = 5.26 f”
#* Un-Blinded

12}'4| * Data ]

10 -

Events / 3 GeV

1 1 1 1 Il 1 1 1 1 1 Il I} 1 1 1 I-
80 100 120 140 160 180

S Baﬁoni L5 Tﬁggs Hunted 19/07/12



Resulis

¢ my, distribution
#® | ow mass range

CMS Preliminary Ys=7TeV,L=5.05fb";\'s=8TeV,L=5.26 fb

: > IS R I B B
o* Un-Blinded S 12F a « Data .
: ™ W z+x i
o#® Background expectation » 100 , i
c - DZy,ZZ i
e I 1
w gl . ]
61 N
4:— !
2 .
0 |

S Baﬁoni 16 Tﬁggs Hunted 19/07/12



Resulis

¢ my, distribution
#® | ow mass range

CMS Preliminary fs=7TeV,L=5.05fb";ys=8TeV,L=526fb"
T I T T T T T

. > [T T )
" Un'B“nded 8 12__ 41 ¢ Data -
: ™ - [ z+x
o* Background expectation % 10k B Ozzz -
-+ L 'Y’ |
#® Signal m, = 126 GeV expectation 8 Jme126 Gov |
8 . —
61 -
4
2 r _|-L p
0 100 120 140 160 180

my, [GeV]
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Resullis

¢ my, distribution
#® | ow mass range

CMS Preliminary ~ Vs=7TeV,L=505f";Ns=8TeV,L =526 "

. > T
#* Un-Blinded 8 12f 4l - Data 03
. o) L
#® Background expectation % 10k h B z+x
. _ g *
#* Signal m,, = 126 GeV expectation ¢ I |zrzz
8- =126 GeV
#® Event by event errors : | |my=126 Ge
6
il - 4l
% e 4e(7Tev) IR 4 «
S Fe 4u(7Tev) N i
€ "“Fe 202u(7TeV) ,
< PEo 4e(8TeV)
“Eo  4u(8Tev)
8o  2e2u (8TeV) 0
6:— ! ! S - - -
zfaﬁof R R N N L P e
7080 90 100 200 300 400 500 600 700 800 80 100 120 140 160 180
m, [GeV] m, [GeV]
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Resullis

¢ my, distribution

o® Full mass range

CMS Preliminary fs=7TeV,L=5.05fb";ys=8TeV,L=526fb"

. > 25_I | T T°T | T 17T I T 17T I T 177 I T T T°T |—
o® Un-Blinded 8 T a * Data :
. o . .Z+X ]
o#® Background expectation < 200 Dzz
#* Signal m,, = 126, 350 GeV expecta § || %:;§§ oo
: W 151 i H- —
o® Event Yields : }1 :
Yields for m,=[110 - 160] GeV 100 17 + -
Channel de 4y 4¢ ! ]
ZZ background | 2.65 £0.31 | 5.65 £0.59 | 7.17 =0.76 15.48 £1.01 I ]
Z+X 120709 | 09210 | 2291181 441722 S ~
All backgrounds | 3.857 712 | 6587080 | 94671%® 19887732 u u
my = 126GeV | 1.51 +£0.48 | 2.99 £0.60 | 3.81 £0.89 8.31 £1.18 0 S
Observed 6 6 21 100 200 300 400 500 600
_ m,, [GeV]
Yields for m,=[100 - 800] GeV:
expected: 164 = 11 events
observed: 172
S. @aﬁoni Gﬁggs Hunted 19/07/12



Resulis

Events / 4 GeV

L
]

e

2| iInvariant masses

o® 121 <m, <131 GeV

CMS Preliminary fs=7TeV,L=5.05f";{s=8TeV,L=526fb"
TTTT TTTT TTTT

3.
- [zv'zz

- []m=126 Gev

* Data

* 9 R

S . B

4

0

50 60

Lo
70 80 90 100 110 120

my, [GeV]

Events / 4 GeV

CMS Preliminary fs=7TeV,L=5.05fb";ys=8TeV,L=5.26fb"
E ! l I . Datal ]
B z+x
[Nzvzz
[ m,=126 GeV]
71 =
| J— _:
* 9 4 * 4 —f
- 1 E
'I_LL 0 ]
e L = Wl VRN IR R
20 40 60 80 100 120
m,, [GeV]

mg, [GeV]

CMS Preliminary

\Vs=7TeV,L=5.01fb"
Vs=8TeV,L=53fb"

120_[ 1T | T TT | T TT | T T 1T | T T TT T TT | T TTT | T T 1T
i | . . 3 4e
of IMg=126Gev [ |
- : ®2e2u
8oL
60_ = .
i o 1|
ol ° 1 7
20||; ........... ......... .
Ll Ll I’l Ll I L i il lql | Ll 1l I Ll 1l Lol I_ 1
40 50 60 70 80 90 100 110 120

50

20

10

my,[GeV]

o® /. and Z, masses seem too low for signal and background

0

S. Baﬁoni

g‘ﬁggS 7‘[”111?6[

19/07/12



Kinemeite Analysis (MIELA) =

¢ Matrix Element Likelihood Analysis (MELA)
#® Kinematic inputs for signal to background discrimination
o® 2D analyis {m,, MELA}

CMS Preliminary 2012

\s=7 TeV, L=5.05 fb"; \s=8 TeV, L=5.26 fb"

MELA

0.8
0.6
CMS Preliminary {s=7TeV,L=5.05f";{s=8TeV,L=526fb" CMS Preliminary {s=7TeV,L=505fb";{s=8TeV,L=5.26fb"
m 2:|||||||||||||||||||||||||||||||||||||||||||||||||_ % 8:|||||||||||||||||||||||||||||||||||||||l:
0.4 S 18f * Data & * Data E
S [zex 2k Bz
8 P . RPN . E
0.2 5 14__ ‘i‘z'y ZZ E C DZY ZZ ul
] 125_ []m,=126 GeV 3 o sb []m,=126 Gev :
Q0 110 120 130 140 150 160 170 180 .. e e e . e oo na
my, [GeV] a ] E
0.8 —
5 = 2e2mu 1 0'65_ _E
= ~i 04F E
~amu_ | 02K
- - E

% 0410203 040506070809 1 110 120 130 140 150 160 170 180

MELA m,, [GeV]

121 =m, <131 GeV my,

——
——
—.—

—
-
—

— =
-

110 120 130 140 150 160 170 180 °
my, [GeV]
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Kinemeite Analysis (MIELA) =

¢ Matrix Element Likelihood Analysis (MELA)
#® Kinematic inputs for signal to background discrimination
o® 2D analyis {m,, MELA}

CMS Preliminary 2012

\s=7 TeV, L=5.05 fb"; \s=8 TeV, L=5.26 fb"

MELA

0.6
CMS Preliminary {s=7TeV,L=5.05f";{s=8TeV,L=526fb" CMS Preliminary {s=7TeV,L=505fb";{s=8TeV,L=5.26fb"
m 2_|||||||||||||||||||||||||||||||||||||||||||||||||_ > 8_||||||||||||||||||||||||||||bl||||||||L
3 - * Data 3 F MELA>0.5 * Data ]
0.4 S 18F & .
o o |:|Z+X ™ C .Z+X ]
> 16F = F . ]
- | lzyzz 2 e Ozzz -
02§ 14l mz g 5 ° :
] 19F [ ]m,=126 GeV o s- [Jmy=126 GeVs
Q0 110 120 130 140 150 160 170 180 .. e o o e e ee] na
m,, [GeV] a ] E
0.8F = of
5 =2e2mu |3 0'65_ _E 23— ‘[
g «4de E 0.4 = o
*amu 0.2 f—f — f 1;_ ] Jj
e -—'E: 0_,,,, Tt S B B | 7‘*[—“: 0- I + L d
- 0 01020304 06 0.7 0.8 09 1 110 120 130 140 150 160 170 180
E MELA m,, [GeV]
E
E 121 <m, <131 GeV m, MELA>0.5
— (illustration)
. e ]

110 120 130 140 150 160 170 180 O
my, [GeV]
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Resulis (D9% AL limis)

¢ Expected limits

full mass range zoomed mass range
% T T IIIIIIIIIIIIIII!IIIIIIIII!IIII!IIII % IIIIII!IIII!IIII!IIII!IIII!IIII!IIII
% 10 e — CMS Preliminary | = 2D Fit Expected Asym. CLs |- % 10 CRAS Prelimiinary | 2D Fit Expected Asym.CLs | |
— : H—ZZ - 4L T - . - H—ZZ—- 4L : -
c T §=7TeV,L=505f" Bl Evected: o T c s=7TeV,L=505f"" Bl Expected: to ]
8 (R S— Vs=8TeV,L=526f"{ cevereas Expected+26 |- = 8 Ys=8TeV,L=526f" | cerrurues Expected+26 |- —
£ £
- -
@) o
X %8 — 4 X1
Vo N N SN T A D R 4 o)
© A T, oy e
1 0-1 1 1 | | 1 1 1 1 1 | S N N I | | I O I | 1 1 1 111 1 0-1 1 | L1 1 1 L1 L1 L1 1 | I | 1 1 I L1 1 1 L1 1 1 L1 1 1
100 200 300 400 500 600 110 120 130 140 150 160 170 180
m, [GeV] 191 m,, [GeV]

#® - expected exclusion of the SM Higgs [121 - 570]
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Resullis (99% L limirs)

¢ Observed limits

full mass range zoomed mass range
E | ||ll|l|||l|||||Il||||l|||l||||IlII E IIIIII!IIII!IIII!IIII!IIII!II
Q 10 CMS Preliminary |~ Observed Q 10 CMS Preliminary |~ Observed
© HoZZ—>4L = Expected © Ho ZZ 4L e Expected
c fs=7TeV,L=5.05f".| B8 Expected+ 1o c fs=7TeV,L=505f" | @4 Expected+ 1o
_8 S a— fs=8TeV,L=526f"| ... Expected + 2 _S fs=8TeV,L=526f"-| ... Expected + 26
£ - £
— -
x 1 ' X1 \
o) o) N
3 3 N —
\
1 0-1 1 1 | | 1 1 1 1 1 | | S N N I | | I O I | 1 1 1 111 1 0-1 1 | L1 1 1 L1 L1 L1 1 | l | 1 1 l L1 1 1 L1 1 1 L1 1 1
100 200 300 400 500 600 110 120 130 140 150 160 170 180
m, [GeV] m,, [GeV]

#® - expected exclusion of the SM Higgs [121 - 570]

- observed exclusion of the SM Higgs [131 - 162] [172 - 525]

—> observed excess of events in the region m, ~ 125 GeV
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Resullys ([p-values)

¢ p-values

full mass range

zoomed mass range

a) 1 E T T T =3 q) 1 —:} T | T 17T | T T TT | T T 17T | T 17T | T T 17T | T T 17T | 1T IE
= - = = = -
S . ’ g - ﬂ N
1 1o 1 s A 1o
o 107 \'—g. Q 107 w“\/\/ >
® G I T -
o - dos QK - v = 2
o) - ; o) :
= 102 | 2 = 1024 1 w ‘expected for a Higgs bc_;_son N
= Y expected for a Higgs boson_,:"" - = " e
P . BN 7t Wk Ja o —e gk i e A e
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Cenelusion

¢ Search for H>ZZ->4l in the range [110 - 600] GeV

o® @7 TeV 5.1 fb! and @8 TeV 5.3 fb! analysed with significant
improvement with respect to 2011 analysis

#® Including 2I2T analysis

¢ ZZ cross section:
#® Predicted: oy (pp — ZZ) = 7.7 £ 0.4 pb (NLO)
#® QObserved: o(pp — ZZ) = 8.4 =1.0(stat.) £ 0.7(sys.) = 0.4(lumi.) pb
¢ SM Higgs exclusion
#® Expected: exclusion of the SM Higgs [121 - 570]
#® QObserved: exclusion of the SM Higgs [131 - 162] [172 - 525]
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cenelusion

¢ Evidence for a new massive boson: 3.2 o at 125.5 GeV
#® Best mass =125.6 = 1.2 GeV
#® Best signal strength: p=0.7 £ 0.4

CMS Preliminary 5fb "@7TeV + 5.2fb '@8TeV H —ZZ—4l (2D)
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Rererenees

. CMS-PAS-HIG-016: Evidence for a new state in the search

for the standard model Higgs boson in the H>ZZ->4]
channel in pp collisions at Vs = 7 and 8 TeV

. CMS-PAS-HIG-014: Measurement of ZZ production cross
section in ZZ — 212I’ decay channel in pp collisions at Vs = 8
TeV

¢ Phys. Rev. Lett. 108 (2012) 111804, doi:10.1103/
PhysRevLett. 108.111804, arXiv:1202.1997: Search for the
standard model Higgs boson in the decay channel H to ZZ to
4 leptons in pp collisions at sqrt(s) =7 TeV
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CMS Experiment at LHC, CERN
Data recorded: Mon May 7 09:46:20 2012 CEST
Run/Event: 193575 / 400912970
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CMS Experiment at LHC, CERN CMS Experiment at LHC, CERN
Data recorded: Fri Apr 20 12:35:44 2012 CEST Data recorded: Fri Apr 20 12:35:44 2012 CEST
Run/Event: 191856 / 53791282 Run/Event: 191856 / 53791282
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Event Displey 2e2y evenr

CMS Experiment at LHC, CERN

Data recorded: Mon May 28 01:35:47 2012 CEST
Run/Event: 195099 / 137440354
Lumi section: 115

w(z,) pr:24 Ge‘
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n(Z,) p; : 43 GeV
e(Z,) p; : 10 GeV
s 2 L ISR SN

=
ZINS S

2 / \» S F
VeI Segey a3 2

e*(Z,) p;: 21 GeV

CMS Experiment at LHC, CERN
Data recorded: Mon May 28 01:35:47 201
Run/Event: 195099 / 137440354
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4-lepton Mass : 126.9 GeV



Resulis (p-values wiin 7)

¢ p-values
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