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I’ Analisi e la Misura
delle Proprieta’

dell’Higgs a
LHC



Issue affrontati dal 4 luglio 2012

% Statistica accumulata: = 25 fblda ciascun
esperimento.

» La nuova particella scoperta e’ veramente il
Bosone di Higgs ?
i) ricerca degli altri canali di decadimento;
ii) misura dello spin:
iii) misura del "signal strength”: p = o/0og,

» Misura della massa della nuova particella
<» Misura degli accoppiamenti

» Ricerca di altre nuove particelle



Opposite Sign muon pairs

“Candele” di Calibrazione dalle risonanze
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Produzione del Bosone di Higgs da collisioni pp

(a) gg — H (b) VBF (c)VH (d) 1iH
10°E ————;
g F Vs=8Tev i _ _
i 3 gg—> H 1s dominant
- production mechanism
g8 N
© | — . -
'E Irreducible backgrounds in
[ H > WW, ZZ, yy are from
1L - — -
0 qq annthilation; S/B better
- than at Tevatron except in VH
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The H|ggs SQQpch at LHC Huge cross section for QCD
processes

g8 10 s = 7TeV | | ISM 1 ¢ SB= 10-1°=» a needle in a
r ~ 1 haystack
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+ Production rate of the Higgs S
as well as its decay possibilities iz ”t(M _ISOGCV)><
(“Signatures”), depend on its C THige
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Larghezza del Bosone di nggs
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The Higgs Search at LHC

Mot
H - yy

H - bb

H>WW >212v
H-> 77 >4
H- ZZ >2121
H > 77 >212j
H-> 7ZZ >212v
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Canali di ricerca utilizzati in ATLAS

2011 only:
49 fb

2011+2012:
4.9+5.8 fb!
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2 EXPERIMENT 2pu2e candidate:
Run Number: 182747, Event Number: 63217197 \ — mlead: 859 GeV
{ M 85.5 GeV
AU O e, 210 GeV
\ gl

Date: 2011-05-28 13:06:57 CEST \ . \ \

e

A i Ny s
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*H D yy:
a suitable “"case for treatment”

+The focus is now on the region
between 114-145 GeV !

++The lower the mass the harder it is
at LHC !
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Events/500 MeV for 100 fb~1

Relevance of the yy Channel

oL, 20
<

- Dominant Channel in the very low mass 18

range (110-125 GeV) where the SM Higgs iss, ™
prefered \;

- We expect to see a Mass Peak !
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Valori delle sezioni d’urto del
segnale e dei fondi

H—vyy Yy Y jet di<et
! . ¢ {
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Signal VS Backgrounds

: W, Y t
= . Hi@::}ﬁ:: _H : o = 0.04 pb
W’ y t

Irreducible BG: prompt diphoton (+jets).  gqbar, qg, o = 21 pb

Born, box or fragmentation processes efe o= 8pb
q ! g Y q !

—eeee AAANANNNN AN —— ANV

T : ~, g y-iet o0=1.8x10°pb
! jet-jet 0=4.8x108 pb

Reducible backgrounds: vyj, dijet (jj)

Drell-Yan BG also contributes (misidentified e)
v-jet need rejection R~O(10 ¢)

jet-jet need rejection R~o‘g1o 7)
Carlo Dionisi FNSN Il A.A. 2012-2013 1



Experimental Issues

> H =>yymass reconstruction: the discovery
potential depend on the di-photon invariant
mass resolution:

@ Energy resolution via calibration

@® Photon reconstruction

@® \/ertex reconstruction

@ Pile Up condition
@ ¥y rejection

Carlo Dionisi FNSN I1 A.A. 2012-2013 16



Simple Signature Channel

Very simple signature
( and analysis selection):

uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu

Two tightly identified and
iIsolated photons with:

P(y,) > 40 GeV/c
P(y,) > 25 GeV/c

* | n(y4,70) | <2.37,
excluding [1.37,1.52]

e Calorimetric isolation
<5GeV

S —

Photon identification based both on the longitudinal and

the lateral segmentation of the calorimeter
Carlo Dionisi FNSN I1 A.A. 2012-2013 17



H=>yy mass reconstruction

m* = 2p1p2(1 — cosf)
1 dp 5_9

m/m=——6&

* Energy resolution contribution dp = 1.3 GeV
— energy scale calibration from Z = e+e-

. : 1.- Measure
* Interaction point spread: _ .
~0(z) = 5.6 cm = 5m(6) = 1.4 GeV photon directic
* Resolution with pointing: o(z) = 1.5 cm;
— Use of recoil tracks less effective with large
number of pile-up collisions "~ T E o EE T EEE
e Use conversion tracks as well 2.- Deduce z of PV

ATLAS Carlo Dionisi FNSN I1 A.A. 2012-2013 18



Pile Up Event

> Z2pp with 11
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up challenge

Pile-

all 2011 data

~nJ

* 50 ns bunch trains for

=» Substantial in

of-time pileup: u= 6

and out-

i) <u>= 21
i) <p>

= At 5 x e33 two possible scenarios:
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CMS Experiment at the LHC, CERN

Data recorded: 2012-May-13 20:08:14.621490 GMT
Run/Event: 194108 / 564224000 ﬂ | 'Y’Y




S/B weighted mass distribution
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Different calorimeter design

LAr/Pb sampling calorimeter, 22Xj

accordion shape: full azimuthal
coverage, fast signal extraction

longitudinally segmented (strip,
middle, back) + presampler

middle segmentation: 0.025 x 0.025

fine 7 segmentation of strip layer,
An = 0.003, v/7° separation

nominal 0 /E = 19=% 45,0.7%
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nomogeneous calorimeter

nigh resolution PbWO; scintillating
crystals, avalanche photodiodes +
endcap silicon preshower

0.017 x 0.017 (barrel), 0.018 x 0.003
to 0.088 x 0.015 (endcap)

lateral segmentation, no longitudinal
segmentation

nominal 0/E = —22_ ¢ 0.5%

\/E/GeV
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EMC stability < 0.1% vs time and pileup

Relative ratio: data/mc

Relative energy scale
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Relative E/p scale
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ECAL calibration:2012

Single electron energy scale (E/p) stability in
the ECAL barrel measured using W 2 ev events

date (day/month)

= CMS 2012 Preliminar | Barrel- Prorint Bed ‘Mean 1]
= QS 2012 Prefiminaty, ... ECAL Barrel: PromptRedo B [/ MFaY ]
e L. [[Mean  0.9659 |
= ' : 3 RMS  0.006341 |1
=S a = 3 a . - ]
;—.f-q.u‘?!”‘ﬂh Wm'# l'lﬁ “Eﬁmiﬁ!il!i!iiii!l!ilii“!iu-;
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] | | | | i i i [ 3 i ENETE T
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E/p: stable energy scale during 2012 run after

applying laser monitoring corrections:

EB: RMS stability after corrections 0.19%
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PHOTON ENERGY SCALE AND RESOLUTION

e Z—e*e invariant mass to determine energy scale and resolution
from data

e photon energy smeared on MC to match data to model Higgs
signal

examples of resolutlon monitoring usmg Z—ee events
12000 T T i 1000

CMS Preli - \
\s=7 T:/Immary g ooo- ATLAS prellmmary

= MC smeare

Events/1.0 GeV
S
S

> =
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L=4.74 b —e— data ~ A -
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- 2 800 J :
8000 = I.E 700 Udala=1 62+0.09 GeV h]|<1 37 —:_-:
i Z—}e"'e' 600 e =1 45+0.02 GeV - Data 5

. CMS — Fit :
60001 barrel-barrel 500 Wzosome
R9>0.94 400F —ee 3
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M(YY) RESOLUTION

— a—

* In both detectors m(yy) resolution depends on photon
kinematics, conversion probability, and pseudorapidity

e CMS performs better in central region, ATLAS in forward

e Overall performance for Higgs signal quite similar

CMS ATLAS
best resolution cat. | worst resolution cat. | best resolution cat. | worst resolution cat.
FWMH ~ 2.8GeV FWMH ~ 7.2GeV FWMH~3.3GeV FWMH~5.9GeV
&, 3 , CMS preliminary > 0.09rrrrrr—rr1rr —————— -
Q 6 [ ~& mulats . . -
% b §- Simulation Simulation 8 0.08 E_ ATLAS ?”f
(0 5[ — Parametic Model All Categories g = (Simulation) | ',
i F Combined =~ 007 Pl ogg=1.7GeV
S P e - Hoyy ‘o
o 4 i § 006 '~ 120 Gev 1 FWHM =41 Gev
~ § 005F f 4
.2 gl FWHN =35 Gevic? z s 1 \
> + - 1
w 25_ 0.03 = {
: 0.02}- \
Ly 0.01f- ‘
b = BT . . 8 i PR Ah‘«; n oo
110 120 900 105 110 115 120 125 130 135 140

m,, (GeV/c?)

My [GeV]




Pointing

ATLAS

e ability to measure direction with the calorimeter only thanks to the longitudinal
segmentation

e unconverted photons using the barycentre of the cluster measured in the first
and the second layer

e converted photons from the conversion point and the position in the first layer of
the accordion

e for each of the two photons the intersection between the flight line and the
beam line gives the estimate of the z-coordinate of the photon origin

* a weighted average of the two gives the estimate, with its uncertainty

* 0, = 15mm (6 mm using conversion)

> III'IIII 'lII 'l" 'l
3 —— True veriex " ATLAS p Pmllmlnary-
o 012 o Maxxpl —
- —— Likelihood gg—>H-yr
g - - = 0.1—— Calo pointing m,;=125GeV ]
middle barycentre Sr ys=8TeV B
> 0.08 .
- ° ]
strip barycentre Z L06 3
0.04 -
conversion .
0.02 B
beam axis \ o / z ]
® ® ® > 00 0% Y6 118 120 122 124 128 128 130 132 134
pileup vertexes H — 7y m,, [GeV]
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CMS VERTEX DETERMINATION

e large pile-up conditions

[ <Npy>~10

* di-photon invariant mass resolution
affected by vertex choice

e CMS vtx determination based on
— tracks belonging to vertex combined

with di-photon kinematics

» use of Zpt?uk and pr balancing

— conversion-track finding and projection

on beam spot

e performance cross-checked using
Z—ptu after removing muon tracks

y cluster
R ECAL
A
mistake .
in ny :1.3m
PU vtx

Fraction of correctly assigned vertices

13 Vertex ID efficiency :

AH—me :

beam spot ~ 6cm

LA B LB BB B B

e Se0esT. P40 -
et T I It
- 2
. l

. 2o Zy < 10mm

Higgs(120GeV)

CMS preliminary
| Simulation
| (nm)=9.5

PR

0 50 100 150 200 250

pT(H) (GeV/c)
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Invariant mass resolution

e Fit: Crystall Ball + wide gaussian

o Fit:

o gaussian component < 12%

sum of two or three gaussians

> _l LI I T I LI ] I L l LI | I rrrT l LI ] L l_ p—
o . : : - 340k
fg 0.12 QTL_AS Simulation ® Unconverted central - é :
S - Preliminary highp_ . 335:
0.1F H— FWHM =3.2 GeV 3 2 F
g W O Convertedrest 1 530
S : 1 lowp . “oE
z 0.08 my = 125 GeV FWHI&' -y — 25F
z [ (s-8Tev -hege ] :
~ 0.06 — 20:
0.04F- =
0.02 -

R CT R T T ) 40 145
m,, [GeV]
FWHM / 2.35:

ATLAS* CMS
overall 1.77 GeV 1.64 GeV
best cat 1.40 GeV 1.27 GeV
other cats 1.50-2.52GeV 1.39-2.14 GeV
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CMS Preliminary
—+— Simulation Simutation
Al Catogories Combinod
—— Parametric model
L 0,=202GeV

my, (GeV)

1 ATLAS only quotes ocp in
the last public document.
FHWM is obtained scaling ocp

for the FHWM /ocg in HCP
note.

29/16



Signal yield

ATLAS (non-weighted/weighted)

>1m_.."I----IV'--I--"l----l'---_ %160:|||||l|||||||l|IIII]IIII||III
3 - Selected diphoton sample . G 140F- ATLAS Preliminary
o~ . Data 2011+2012 N = = .
~ 8000 Sigfskgrﬁ(nh:we.aeew . £ 1205 }  Data S/BWeighted
= - exy mmemesees Bkg (4th order polynomial) . 2 - : —— Sig+Bkg Fit (m, =126.8 GeV)
l% S — ATLAS Preliminary ] = 100:_ -------- Bkg (4th order polynomial)

— o Hopy B Ll -

— a 80—

~ {§=7Tev,||.dt=43m" . = )

e el -|-Ld' 2078 40F— s=7TeV, |Ldt=4.8fb"
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- — : 20E [5=8 TeV, [Lat=20.7 fo" H-yy
4 = L
e l | ! L1 1 1

2 12

3 D 8
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Signal yield

CMS (MVA /cut-based)
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Results

local p-value

CMS\Sw 7TeV. Lo 510" JSw 8 TeV. L= 166 1"

CMS\Ew7TeV.Le 510" Jsw 8 TeV. L= 15.6 1"

g F : R
s B\ Fos )
T — e 104k S—
____________ --= Exp for SMH f ---.Exp for SMH
: = 10°F cus protiminary M4VA) |-z s 1ay 10%E CuS proiminary (OC) |-\ - v
10 e 20 12 130 135 140 145150 110754202536 T35 140 145 150 110°115"130"25 136" 135 140 145 150
m,[GeV] m, (GeV) m, (GeV)
Vs =7+8TeV exp obs [l = 0/osm
ATLAS no category 29 6.1
ATLAS 41 7.4 1.6540.24(stat) 33 © 126.8 GeV
CMS MVA 42 3.2 0.78%2% @ 125 GeV
CMS cut-based 35 309 1.117933 © 124.5 GeV

e Comparable expected significance between ATLAS and CMS MVA analysis

e ATLAS is 2.3 standard deviations from the SM expectation

e ATLAS has worse precision on the observed /i
o there can be an effect related to the background model and treatment of systematics
o the best would be to compare the expected precision on i
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Results

mass
Vs=7TeV L=5.1fb"
CMS Preliminary Vs=8TeV L=19.6fb"
<25
of [u=0.78 s Best Fit
= —llllllllllllllllllllllll!l.lll'- ; _mH=125-2Gev
[ — Al systematics ATLAS Preliminary A i —To
- - Without mass scale uncertainties H . 21— -2
= Without systematic ¥ . ~ °
25 + Bestfit e — i
o] — \ _ 15—~ e
N .I :l 3 ) ] B
1.5 RN = i
C = . 11—
- \\'- - ’/-- .1 - ~
1= =" {5=7TTeV, | Ldt=48f" ] i
- —— 68%CL ] "
. 5: — 95|% cL | | E:alTeV, Lat|=2o.7tb" ] -
124 125 126 127 128 129 130 05~
my [GeV] I —
_lllllllll[lllllllll[lllllllll[
1022 123 124 125 126 127 128

e The best-fit for the mass value is
my = 126.8+0.2(stat)+0.7(syst)GeV

Comparable systematics errors

Carlo Dionisi FNSN Il A.A.

my; (GeV)

e The best-fit for the mass value is
my = 125.44-0.5(stat)+0.6(syst )GeV
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Spin measurement in H— vy 7

- Spin-0: dN/dcos 8* = constant
m H . * * - - - - -
w 00 = spin-2: dN/dcosE'1 + 6oos20" + cosdl” e | cos(0*) | used as discriminating variable
= 2001 yy aq —* spin-2: dN/dcosB*~1 - cos48*
5 | Nemnsswhgs  erioum  efezooovenn ] — For spin 0 isotropic distribution before
g 150 Backgroung systematic uncertainty
> - . . E
it : —— ] kinematic cuts | sinh(An")| 2/’1 Py y2
100F ] |cos | = 7
] p L+ (p2 [my,)> "
C _:E_E‘"I l ] pr [y
50'_ - - .
i 1 * Signal region: 122 GeV<m, <130 GeV
- ATLAS Preliminary Y
0

1

Data 2012, ]Il_dt 20415‘ Ve =8 Tev -*? * Background shape taken from data

..............

0 01 02 03 04 05 08 07 08 09 1

" Spin p-values (%) .
lamneO*] _ —
T Ja (%) | hypothesis | expected | observed | L~ CLs(27) (%)
% 0. 04E — 0 (SM) hypothesis ATLAS Preliminary—g
5 0.035 —— J=2" (100%gg) hypothesis J,_ dt = 207 fb" :
pand F observed ' 3 ' 50,0
§ 0.03E H vy Data 2012, Vs = 8 TeV 25 o+ 3'9 5 1 94.6
Té 0 025;,_ Nominal analysis _i o 19..8 70.8
2 o002 = > 2* 18.7 76 ™
@ - ] 0~ 319 90.2
g9 - 3
£ 0015 : 75 9t 30.5 33 66
w001 = i - -
w | T E B
0.005F = .
O s —5sData exclude J*=2"_in favor of JP 0* at 99.3% CL
In(L(0)/L(2)) ATLAS CONF 2013-029

fONAL o0
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Results
Spin (ATLAS)

e no categories, pr/m.~, cut instead of pr to avoid correlation with cos(0")

e Two methods to discriminate 07 / 27
o bidimensional model | cos 6*| @ m.,,
o independent fit of m.. in | cos&*| bins

R

BE L PR BN B R R NESEL N R e
—— JP=0° (SM) hypothesis ~ ATLAS Preliminary J
—— JP=2* (100%gg) hypothesis J]_ dt =207 fb“_;

observed _ B
Data 2012,Vs =8 TeV —

0.035

8

w llllllllllllllIllllIllllllllllllllllllll

H— vy

Nominal analysis 3

Entries (normalised to unity)
o
o
N
(%))

lIIIIIIlIIIlllllIllIllII

P e

In(L(0)/L(2))

e data compatible with 0"

Entries (normalised to unity)

R UL B B S B
—— J=0° (SM) hypothesis ~ ATLAS Preliminary -
—— JP=2* (100%gg) hypothesis j,_ dt =20.7fb"

[ observed | i
C Hoyy Data 2012, Vs = 8 TeV ]
C Alternative analysis ]
5 -10 -5 0 5 10 15
In(L(O)VL(2))

e considering 100% gluon fusion: 2% excluded 99.3% (89.4%) CL.
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Search for the Higgs Boson
in the H—ZZ(*)—4| channel

ATLAS

EXPERIMENT
http://atlas.ch

Run: 189280
Event: 143576946
2011-09-14 12:37:11 CEST

Carlo Dionisi FNSN I1 A.A. 2012-2013
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Valerio Ippolito - Search for H—4£ at ATLAS (May 10, 2012)

The Golden Channel

charged leptons give the cleanest signatures:
0- pp— H— ZZ(*) — 40 [My=100+600 GeV]

* low cross section: 2-5 fb
(~10° times less probable than pp—z2—2+¢")

* low background contamination
O VA from other processes faking signal

£+

* fully reconstructed final state
unlike H=WW®—gvev L

* if my < 2mz, only one Z boson is on-shell!
let’s call it Z1

we have two different “subchannels”
Carlo Dionisi FNSN Il A.A. 2012-2013




" Reconstructing leptons

ELECTRONS : MUONS

high lepton reconstruction efficiency (~95%) 6



Valerio Ippolito - Search for H—44£ at ATLAS (May 10t 2012)

Event selection

x ask two pairs of opposite charge leptons (e, )

two with pr > 20 GeV, two with pr> 7 GeV

separate in 4y, 2e2y, 4e final states

x build two Z candidates

<
\ 0 % make sure Z1is an on-shell Z

Mz, = Mz + 15 GeV

x* make a my-dependent cut on Z2
Mz2 > 15+60 GeV

PT2=Px2 Py call Z1 the one with mass closest to the Z mass

| overall ~15% efficiency on a simulated Higgs
| sample with my = 125 GeV

Carlo Dionisi FNSN TTA.A. 2012-2013
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Lepton reconstruction performances

ELECTRONS

dentification efficiency vs pile-up

« g 100E- ATLAS Preliminary JLdtz4.7 fo =
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| Higgs mass resolution
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ATLAS Simulation 4e
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Gaussian fit
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Valerio Ippolito - Search for H—4£ at ATLAS (May 10, 2012)

Background processes

irreducible background e+

* pp—Z2Z— 4L (mc]
* same final state as signal

* dominant at high my

reducible backgrounds

a
o

Events/10 GeV
5

w
o

* Z+bb, Z+jets, tt [data, MC]
* relevant contribution at low ms
* rejection: ask leptons to be isolated

N
o
T

—_
o
N LS
N

Ty =40
- ATLAS mzz 16
- . mZiightjets | o©3° L
[ Zoptp/e’e +up 705 13 Z-ufu/e’e + ee
- [Ldt=48fb" = 7 2397 |Ldt=481"
=7TeV 2 9%une. 1 S0 Ns=7Tev
\S = 7 SYSl. . 1 111 25 & =
‘“m ] 20
ﬂ Z+ Py | R 15
110
1 5
O ,,,,, .____. _____________________
20 30 40 50 60 70 80 90 100110 20 30 40 50 60 70 80 90 100110

m,, [GeV]

m,, [GeV]

£+

jet




H—ZZ—4£L: analysis strategy

Reconstruct 4 leptons in final state (electrons and muons)
pt thresholds:

20, 15,10, 7 (6 for muons) 20,15,7,7 (5 for muons)

Mge cuts:
Closest di-lepton to MzPP6 (Z)
50 < Mz; [GeV/c?2] < 106 40 < Mz [GeV/c2] < 120
Remaining di-lepton (Z2)

12 < Mz2 [GeV/c?2] < 115 12 < Mz [GeV/c?2] < 120

Isolation
Track Iso less than 15% (AR<0.2) Isolation less than 40% (AR<0.4)

Calo Iso less than 20% (AR<0.2) (charged and neutral particles from PF)

waliv IVIHOL T INOIN I\ LV 1L~V 1V T/ 1V



Mg resolution

Mass constraint on Z; : refit
momentum parameters of leptons,

using covariance matrix and Z line shape

No refitting, strong magnetic
field provides great resolution and Mz,

directly used in definition of Kp

CMS Simulation
> IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIL ;
S 0.12[- ATLAS Preliminary ¢ ] 81200}‘411,1):51: 126 GeV ﬁ

) L Simulation i J_>i w f A A
8 01_ e m,=125GeV qr 31000;_ Oy =12GeV & =
= | — Gaussian fit ] a = :RMSJ,=1.7GeV ' n
© - ! 5 )

o 1A 5
0‘08: HZZ"—>4u (/s =8 TeV) % e 800'_ o Simuiation % L ,5
L i L " I
0.06[ m = (124.88 = 0.02) GeV ] n 600 FSE————— % # )
[ o=(1.62=0.02) GeV 15 i * ik
0.04/} fraction outside = 2o: 16% J = 400 ' w
: 18 : oy S
[ 1< [ 5 S
0.021- yith 7 mass constraint 1w 200~ g N

0-80 90 100 . e i TR Th
Resolution [GeV/c?] my (GeV)
my, [GeV]
4 2U2e 4e 4u 2u2e 4e
1.6 1.9 2.4 1.2 1.7 2.0
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pT (muons)= 36.1. 47.5, 26.4, 71 .7GeV
ml2=86.3 GeV. m34=31.6 GeV
15 reconstructed vertices

@ATLAS

EXPERIMENT
http://atlas.ch

Run: 204769
Event: 71902630
Date: 2012-06-10
Time: 13:24:31 CEST




Results of event selection

ATLAS (25.3fb'') CMS (24.7 fb)

Mu range [GeV/c?] 100-160 110-160
Signal (My=125) 6.8 + 0.7 6.8 + 0.8
77 146 + 0.6 138+ 1.0
Reducible Bkg. 2.1+06 1.6 + 0.6 4p
Total expected 23.5 + 1.1
Observed 35 23
Signal (My=125) 8.1+ 0.9 89+ 1.0
ZZ 17.2+ 0.9 18.1+ 1.3
Reducible Bkg. 8.5+ 0.2 40+ 16 2e2p
Total expected 33.8+ 1.3 31.0+ 2.3
Observed 33 32
Signal (My=125) 3.3+ 04 3.5+ 0.5
L7 6.2+ 0.5 6.6 + 0.8
Reducible Bkg. 45+ 0.8 25+ 1.0 4e

Total expected

14.0+ 1.0

Observed

L

12.6+ 1.4
16




Events/2.5 GeV

ATLAS-CONF-2013-013 CMS-PAS-HIG-13-002
- CMS Preliminary {S=7TeV,L=511";{s=8TeV,L=196 1"

30— e Data Fa 35, o Lo o Lo I
: Il Background zZ" ATLAS Pri)“mmary g | | | -+ o é
: H-zZ" a4l E
25— [l Background Z+ets, t ® 30 [ z+x :
- |:| Signal (mH:1 25 GeV) g . I:l Zy‘,ZZ ]
201 7 SystUnc. 5=7Tev:fldt=461" | 2 [ |m,=126 GeV]
fs =8 TeV:[Ldt=20.7 fb” 20 i

15

15

10

10

..L._Ll_qlIlllIllllIIlIlllIllIIIIIIIIII
0

80 100 120 140

M, [GeV] 1t
my, [GeV]

Focus on H—=ZZ—4L: we have left the discovery phase
and we are now entering the measurement phase!
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Significance

ATLAS Preliminary

O
9 10°
------- Exp 2011 . (1. dt -4 6 !
—— Obs Combination Is=7 TeV.f Ldt=4.61b
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................ o 10-
____________ 520
[ i :a&)-
.......... ,.‘.’:.:Z;::; Ao
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............. . 60
| X R ——— R — 7o
10‘13lllIIlIIII"I.'.IIIIIIIIIIIIIEIIIIIIIIIE
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ATLAS-CONF-2013-013

Observed

6.6 0

*evaluated at minimum po
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——— Obearved m,
— Observed m_ K
« o

— Obsarved mg, K, p fm, oV,
--- Expected

% U CMS Preliminary | ’
! L H-=ZZ-4

C fe=TTev.L=51R" ;
Ye=8TeV.L=106®" '

1"3
10—14
10‘15

10—16ﬁlIlllllllll.li‘-lll“‘llllllIllL':l:.Illllllllla
110 120 130 140 150 160 170 180

CMS-PAS-HIG-13-002 my [GeV]
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Mass measurement

CMSprellmmary Ns=7TeV,L=51f"\s=8TeV,L=19.6"
<20_IIIIIIIIIIIIIIIIIIIIlllll'll_ _l10-
£ 4gf ATLAS Preliminary H—>zz”—>4| £
O F (s=7TeV: [Ldt=461" e S
16;‘ (s=8TeV: [Ldt=207fb" E '8
L systematics E 7
12}'~ ----without MSS(e) and MSS(u) - 6k
10- ~ 0.6 +0.5 —: 5
P\ % My =124370(stan) ' (sys) GeV . :
8K\ ¢ ' = 4
6F . 3}
4 3 of
2F / = 1f
0t T NI of .
123 124 125 126 127 8 130
m, (GeV)
m, [GeV H
ATLAS-CONF-2013-013 l ] CMS-PAS-HIG-13-002
Inclusive fit to Mg Inclusive fit to Ma, Kp and
per-event errors
+0.6 +0.5
Mu=124.3". ") GeV/c2 My =125.8 + 0.5 + 0.2 GeV/c?
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Signal strength

J,lllllllllllllllllIllllllllllllllL

S ATLAS Preliminary

{s=7TeV: [Ldt=461fb" H—zZ" = 4
{s=8TeV: [Ldt=20.7fb"
+ Bestfit
—68% CL
P ----95% CL

without MSS(e) and
MSS(u) in lighter colours

Signal strength (u)

OlIlIlIllllllllllllllllllllllllllll

122 123 124 125 126 127 128
m,, [GeV]

ATLAS-CONF-2013-013

Untagged

Dijet tag

CMS-PAS-HIG-13-002  DBestiitolog,

Vs=7TeV,L=51f0" ys=8TeV,L=196fb"

CMS Preliminary m,=125.8 GeV

0 1 1 1 1 2 1 1

Inclusive fit to My

u at124.3 GeV/c2: 1.7 *os

Inclusive fit to M4, Kp and

p1/M4 (Vp) for Category 1 (2)

pu at 125.8 GeV/c2:0.91
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Spin parity measurement in H— ZZ*—4]

Observed exclusion for alternative hypotheses in favor of Standard Model
JP=0+

CMS PAS HIG 13-002 CMS PAS HIG 13-002
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Results

T R T T e R

“ 2.70 050 | 220 | 0022 3.10 020 | 280 | 0004
2.70 106 | 160 | 0.060 3.10 126 | 190 | 0.031
2.90 010 | 310 | 0002 2.70 000 | 280 | 0006
130 010 | 140 | 0.168 1.50 030 | 120 | 0.182
2.50 180 | 070 | 0258 2.70 1406 | 120 | 0.116

v [ oy [ o

2.60 0.50 3.30 0.0016
1.70 0.00 1.70 0.081
2.80 1.40 >4.00 <0.001
2.30 1.70 >4.00 <0.001
1.80 0.80 2.70 0.015
1.70 1.80 4.00 <0.001

N. Amapane, G. Artoni




Signal strength by decay mode

ATLAS CONF 2013-034 \s=7TeV.L<51fb' Ys=8TeV,L<19.8 1"

1 | | | 1 | _—

ATLAS Prellmlnary §mH=125.5GeV CMS Prellmlnary my = 125.7 GeV
5 Py = 0-65 CMS -PAS HIG 13-005
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40+ 4= 05

Best fit o/c_
esi it 6/'c
Signal strength () S

* Fair compatibility between the different channels.

* Lower p-value in ATLAS result, 8% mostly driven by
overall pvalueu=1.3 +0.2.
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Higgs Stability

s‘ 350 LA WL I 1 I ' | P I I | 1 1 I LG 1 l I | 1 ] | [ | I I !
©
O, = Perturbativity bound
- [ | Stability bound
300 =21 ~__| Finite-T metastability bound

B Zero-T metastability bound

A=T Excm or bands, wio theoretical errors
early so

N. Cabibbo, L. Maiani,

G. Parisi and R.Petronzio,
Nucl. Phys. B 158 ( 1979 ) 295
Sher; Lindner; Hasenfrantz;
Hambey, Riesselmann......

200

Illllllllllllllll
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Tevatron exclusion at >95% CL

Pretty tight ) &
stable region, =

st it 7 T

6 12 14 16 18
Iogw(Al GeV)

1004

8 10

Are we heading into region where Higgs demands New

Physics ?
We will know very soon !!



Might we live in a metastable vacuum?

Unstable
Metastable

ATLAS+CMS

Stable
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LHC

LHC ha preso dati dal 2010 alla fine del
2012 raggiungendo una luminosita’ di picco

di 7.5 103 cm™2 s’1, con una statistica finale di
= 24 fb!

L’ acceleratore e i due rivelatori hanno avuto
prestazioni di assoluta eccezione

La scoperta epocale del bosone di Higgs,
annunciata al mondo il 4 luglio del 2012, ci

prepara ad altre scoperte che ci auguriamo a loro
volta epocali
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