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Fundamental constituents of mater

Proton

Electron

Nucleus Neutron

Electron Quarks
uyd
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Fundamental particles

Fermions

The Generations of Bosons:

Weak
(Electro

Cﬂmgg Graviton

(not yet observed)
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i The Standard Model of Particle Physics
P

=

> Standard Model of particle interactions developed ~25 years ago

> Very successful!
> Prediction of neutral currents & heavy vector bosons
> Found at LEP. Mayor success!

> LEP precision measurements show that SM describes accurately many physics
processes

> However there are still some questions

> One of the missing points is the generation of mass

> Not demonstrated yet

> Introduced through the Higgs mechanism

&« >
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!i“ Electroweak interactions

§Iﬂ

> Description electroweak interactions in the SM implemented via a gauge
theory based on SU(2) xU(1) symmetry

> Lagrangian of free massless particles:

Kinetic terms and self interaction

E=—Iw,,  -ww_ 1B BW for W fields and B fields

)

T I 1 Y l F \ :
4 Y ".-"" \ic) o —B —_ O =T . l‘} w . . .
L) S WYL Fermion interactions

u 4
+ypyMio, - g 5By vy

> Lagrangian transforms as a singlet of the symmetry groups

> We know that fermions & bosons have masses
> However: introducing mass terms in this lagrangian breaks the symmetry

leading to a non-renormalizable theory

CCQS Workshop o
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The Higgs mechanism

I P
HIGGS FIELD

Complex weak isospin scalar doublet @ with scalar potential V[®D]

[ STANDARD MODEL
Yang-Mills SU(2); x U(1)y
massless gauge bosons W, and B,
and massless fermions \y

(D:

o V[®] = p20TD + A (0T D)2 =
¢° A>0,u2<0)
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+(io By-g,7 w ol — V(@)

+ ;v (ia, —ogBu—gé—-r W v,

SPONTANEOUS SYMMETRY BREAKING

o /. Y .
i ] + IIJRY'U[.“-) u_ jB“]wR
One component acquires non-zero vacuum expectation value '

0

1
<0[D|0>= —
N2 ( v

) —> O(x) = \? exp[1

v+ H(x) )

N
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The masses

MASSIVE GAUGE BOSONS MASSIVE FERMIONS
WJ_L _ % UVLF J'W&) My, = 8V Yukawa chplmgs of nggTs to ]fermlons
: g VL PWg + Vr®'yy.
Z,, = -BsinBy, + W3COSBW Mzz—%& /
H H H cosBy e..m gV
Ay= Bysindy+ Wicosby — My= 0 S 2
g i
2 e . . . .
: wg > Mass of each particle is proportional to its
Lo yd . Higgs coupling!
b, > Slope is predicted by v = 2M /g = 246 GeV
gon c-r/‘f :
5 & .
> Yukawa couplings: free parameters,
1 N . determined from fermion masses

Mass (Gel)

Requires a massive scalar field — the Higgs Boson
Higgs Mass (v\A) is a free parameter and must be determined by experiment
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Corrections to EW observables

§Egi“
:
L1 P

> Electroweak observables are sensitive to masses of top quark
and Higgs through radiative corrections

ho ho
W= W I i E Z° /vwa’z ROUA
'/L/\j\ﬁ 74/\}\?E
{p_ - 1tmp

M2 =p M,2cos?0
v 8 v (p—1) ~In My

> Precise measurements of electroweak observables can be
used to constraint the Higgs boson mass

Sensitivity to Higgs mass is only logarithmic:
Need ultra-precise measurements!
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;!;“ Experimental constraints before the LHC

IIIIIII|IIIII III|III|III|I
MZ I ' i bﬁtter 54E 61 +24:
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> Large list of observables used in global had e
|_
. - . lep -23
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§EE

:

L 1
Fits to the EW observables predict:

> Best Fit mass:m = 94+%> , GeV

-2
> Upper limit at 95% CL from fits:
> m,<169 GeV

But the fit is not too bad for masses up
to 200 GeV or so.

Direct searches excluded the regions at £
95% CL:

> LEP: mH<114.5 GeV
> Tevatron: 147 < m, < 180 GeV

il;“ Experimental constraints before the LHC
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The Higgs search at the LHC

Unveiling the mister y of mass...
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Experimental method
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The Large Hadron Collider

¥ > pp collisions at
> 8TeVin 2012
> 7 TeVin 2010/11

&> 40 MHz p bunch
crossing rate

- Up to ~40 collisions
B  per bunch crossing!

= | > = iy SN - Four experiments:

* Y S ATLAS, CMS, LHCb,
ALICE
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Cross sections in pp collisions

Fermilab SSC
CEHT i H.lﬂ Total production cross section at LHC:

I~ “mi__._w 10° > o~ 103 ’ G(bb)
F T > ~107 - o(W-uv)

L cm:\mﬂﬂ[_[ > ~10°% of(tt)
108 > ~5x10'%-6(H) (m, ~ 100 GeV)

UA1/2
(=)

! T

:§1 b ot i {%
‘,:;:_L i E |. =0.25 TeV : 103 -‘%
g L | «4  o(di-jet) for jets with E_>7 GeV is ~ 50%
=3 oW —-ﬁ\-;.ﬂpﬁ} | S T
“1nb |- 10« of o(tot)

£

2

Ll

— - - — 00 (FaV)
ﬁgg 'T'g = 500 GeV)
8 iy

m,__ =175 GeV
op

> Most interactions produce jets
107
> Need to identify clear signatures that

Tpb = o =100Gev .. . .
o, 103 distinguish the processes of interest
~  m,=1TeV I .
S higgs | from this background
—  my =500 GeV : .
! ! L] > |solated leptons, photons, ...
0.001 0.01 01 1.0 10 100

Vs TeV
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Jets

> Most interactions produce jets

e

> Jets are the result of the
hadronization of quarks and gluons
produced in the collision

FH

calorimeter jet

m
=

. o s > Need to identify clear signatures
that distinguish the processes of
interest from this background

auil ]

> |solated leptons, photons, ...

parton jet
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[LHC delivered data

,'r| 25_ [ [ [ T I T T ] ‘-:- :\ LN Y O \:
£ ATLAS Online Luminosity ] S 120 ATLAS Online Luminosity 7
> _F 2010 pp Vs =7 TeV . o C [ Vs=8TeV, [Ldt= 140", qu>=200 ]
8 20— 2011 pp\E=7Tev ] & - _ _ 4 -
E - =——2012pp\s=8TeV _ 2 100 — [ \E—TT&V,ILdt—S.Zfb L= 91 —
[ — W [ —]
F - o - -
3 151 - £ 80 .
E B - 3 L i
s o . B 60 .
g W ] T B .
o C ] o} C 4
B i o 40
= - & Z ]
5_ — L -
B ] 201~ .
0——— l - 007‘ 5 I1|0| - I1|5| 20 |2|5| - |3|0| 35 ;0
o Sa) o oct
Month in Year Mean Number of Interactions per Crossing

> Total amount of data collected so far:
> 5.2 fb™* of 7 TeV pp collisions
> 14 fb™* of 8 TeV pp collisions
> Harsh pile-up conditions in 2012: average of 20 interactions/bunch crossing!

> Up to 40 in some runs!
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Higgs production

\Ns=7 TeV

—
o

LHC HIGGS XS WG 2010

w
o(pp — H+X) [p
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Higgs production

\Ns=7 TeV

—
o

LHC HIGGS XS WG 2010

w
(Pp — H+X) [p
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Q
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Higgs production
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Higgs production

I Ll 1 T T T ) 1 1 =
&
9 H o . iy, Ns=7TeV 7
—_ | Wl.l',.: =
o 1ok gy, {3
:'.'"E - %0&1{; E g
g T B 1=

T — —

Q1N L, —

“‘% = D s oy, -

/: %{G 4{:{}% -

oy
o A N A —
s e i{:&
107E e N E
HO : .
02
: I 1 1 L L L 1 1
100 200 300 400 500 1000
M,, [GeV]

proton

P. Conde Muino Higgs Searches CCQS Workshop 20



Higgs production
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Standard Model Higgs decays

llllllllllllll

LHC HIGGS X5 WG 2011

Higgs BR + Total Uncert

107°

10" S0 200 300 400 500 00

M, [Ge

> Search channel: the combination of one/more production modes and a decay
mode characterized by particular experimental signatures
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The ATLAS and CMS detectors
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> Each of them composed of
> >4000 members
> >3000 physicists
> ~180 institutions

> ~40 countries

> Examples of a truly global
collaboration!
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Muon
Spectrometer

M

Hadronic
Calorimedar

Electromagnetic
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Solenosd magnet

Particle identification
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Particle identification @CMS

Key:
Muon
Electron

Charged Hadron (e.g. Pion)
= = = - Neutral Hadron (e.g. Neutron)
----- Photon

Electromagnetic
:IZ! l l Calorimeter

Iron return yoke interspersed
with Muon chambers | i

through CMS

Global Event Description—Particle flow algorithm

> Combines and links signals from different sub-detectors

A\

Provides optimal event description for a list of particles (e, W, v, hadrons,
missing transverse energy)
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Difficult pile-up conditions

ATI_AS > Z—uu event with 20
..;..EXPER'MENT reCO.nStrUCtlon
616 vertices

> ATLAS 2012 data
taking (8 TeV pp
collisions)

nt Mumk
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H—77—4l analysis
QATLAS

EXPERIMENT
http://atlas.ch
.

205113
Event: 12611816
Date: 2012-06-18
Time: 11:07:47 CEST

/ -u‘i‘.k - kx
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H—77—4l analysis

arXiv:1207.7214

ATLAS .
R Selection:

EEEEEE

A > 4 isolated leptons with high p_
> Z mass constraint on one | pair
Main backgrounds:

> Continuum ZZ"—4l production
> Z+jets, tt

Top quark

|\

H—ZZ —uu ee candidate event

Discriminating variable: m
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http://arxiv.org/abs/1207.7214

Excellent mass resolution

H—77—4l analysis (II)

> Improvement in electron identification and reconstruction

102
100
98
96
94
92
90
88
86
84

Electron reconstruction efficiency [%]

> 1.8-2.5 GeV (4p, 4e)

Very good e/[ reconstruction efficiency
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Cluster

Relative energy scale

> ~97% for muons with p_>6 GeV

>

~98% /95% for e reconstruction/ID
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Background estimation

> ZZ continuum estimated with MC simulation
> [Z+jets and tt backgrounds estimated using control regions

Transfer factors from control to signal regions from MC

Z+jets, tt control region:

> Expected tt and Z+jet background yield

3100_—I | IlllT;_AISI e Background Estimated
o0 Bzz" ] numbers of events
S gofis=7Tev:[Lat=agty’ BZetsd ] Vs =7 TeV Vs =8 TeV
© SUr _ + [JH(125 GeV)-
W [is=8TeV:|Ldt=58f" L ] 4
L % Syst.Unc. i
L+jets 0.3+ 0.1 0.1 0.5+ 0.1 0.2
tt 0.02+0.02+0.01  0.04+0.02+0.02
2e2u
Z+jets 0.2+ 0.1 £0.1 0.4+ 0.1 £0.1
it 0.02+:0.01+£0.01 0.04+0.01+0.01
2ule
0RO e Zijen @ 26204 0445308307
EJ'
> No isolation & transverse impact parameter Z+jets, 1 31+ 06 £05 30+ 0.7 0.8

requirements on the sub-leading lepton pair
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> 2012 4l mass spectrum

ATLAS
¢ Data .
= [ Background zz")
16 [ Background Z+jets, tt
) [ Signal (m =125 GeV)
14 [ Signal (m =190 GeV)

I Signal (mH=360 GeV)
2 Syst.Unc.
H-zZz" 4l
[Ldt = 5.8 b
(s =8TeV

200 400 600
m, [GeV]

> 2011 4l mass spectrum

=22
[
&20 ATLAS

¢ Data .
=18 I Background 22"
A S
16 . B_ack%round Z+jets, i
[0) [ Signa (mH=125 GeV)
14 I Signal (m =190 GeV;

I Signal (m =360 GeV

12 wy Syst.Unc.
10 H—zz" a1
[Ldt = 4.8 b
\s=7TeV

200 400 600
m,, [GeV]
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H—77—4l results

> 2011+2012 low mass region

L T | T T T | T T T
L e Data

> T | T T T T
CGDJ ATLAS
_ I Back zz" .
0 25¢ Il Background  Hozz20sal
2 I [l Background Z+jets, tt
L%Jzo—_ D Signal (mH=125 GeV) ]
T % Syst.Unc.
{5L1s = 7 TeV:[Ldt = 4.8 fb! b
[Vs=8TeV:|Ldt=5.8 1"
101 .

100 150 200 250
m,, [GeV]

> Expected events in a window of
1255 GeV

Background: 5.1 £ 0.8
Signal (125 GeV): 5.3 £ 0.8
> Observed events: 13
CCQS Workshop 33




FrimmTve
= i
v

—

%102_ LI N LI L L
t\é L ATLAS — Observed CL, ]
< RTINS N T Expected CL, |
£ " \s=7 TeV:|Ldt =4.8 fb’ %i;“

+
- 10f \s=8 TeV:|Ldt =5.8 b se0 a
O C
2
o)
o

I 1 1 1 I 1 1 1

S | I ST
10110 200

> Expected exclusion:

124-164 GeV, 176-500 GeV

> Observed exclusion:

300 400 500 600
m,, [GeV]

Excess of events observed near 125 GeV

H—77—4] results

> Maximum significance: 3.4c at 125 GeV

> Probability of background fluctuation

131-162 GeV, 170-460 GeV
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3x10™*
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H—77—4l results

o

E 7 o
g ] — 10%E —— Obs. combined ATLAS E
C  ATLAS — Observed CL, ] S E e Exs. combined ) 3
i ST Expected CL, | . I Obs. 2011 i 2z =4 il
L Ho ZZ''> 4] p s - -l 10 Exp. 2011 Vs=7 TeV'det -4.8 b
i ] F —— Obs. 2012 ' ' 3

\s=7 TeV:[Ldt =48 157 1o e Exp. 2012 Vs=8 TeV:|Ldt =5.8 o' ]

12
Vs=8 TeV: [Ldt =5.8 b L2

-|1o
L i .";20
1§_ ----- 530
I TN i 40

10_1 ||||||||||||||||l|||||||||l||||||| 10'5_|\|\||J|\l‘\“l\“‘|||||||\|\:|;|||||‘J\J\—
110 120 130 140 150 160 170 180 110 120 130 140 150 160 170 180

my [GeV] my, [GeV]

> S
Expected exclusion: Excess of events observed near 125 GeV

Rasshlen e, L/(ess00) Ca > Maximum significance: 3.4c at 125 GeV

> Observed exclusion:
131-162 GeV, 170-460 GeV

> Probability of background fluctuation
3x10™
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CMS H—Z7—4] results

CMS Preliminary ¥s=7TeV,L=5.05m";ys=8TeV,L=5.26fb" CMS Preliminary Ys=7TeV,L=5.05fh";ys=8TeV,L=526f"
T T T T T T T T T TT T [ TTT T [ TrTrrrT T TTTT

> 2507 | \ R R R R | > ST T T
* Data - * Data §
g B z+x c(T?J s Wzx g
T 20 Ozy.zz » AF . ]
» " ] £ 6F [zv'zz 4
= [)m,=126 GeV 7 S F s :
L% 150 ] []m,=350 GeV 1 i 5[ [ m.=126 Gev
I ] 4;
10f . -
5 l .
: e Ul
100 200 300 400 500 600 110 120 130 140 150 160 170 180
my, [GeV] my, [GeV]
Channel 4e 4u 2e2p 4¢
Z7Z background P e o 0 Br+16 7.24+0.8 156+ 14
Z+X | 2% 0.9%0% 23713 44117
All backgrounds (110 < my < 160GeV) | 3.9711 6.6102 g5 20.0132
Observed (110 < myy < 160 GeV) 6 6 9 |
Signal (my = 125GeV) 1.37 £ 044 | 275+ 0.56 | 3.44 £0.81 || 7.56 £+ 1.08
All backgrounds (signal region) 0.71 fgj‘;'g 1.25 fg:{g 1.83fgjgg 3.79"f8:§g
Observed (signal region) 1 2 5 9

P. Conde Muinio Higgs Searches CCQS Workshop 36



MELA

-
L

MELA: Matrix Element Likelihood Analysis:

uses kinematic inputs for
signal to ZZ background discrimination
{mlrmzrelrezre*:(D:(D:[}

Prig(ma,ma, 01,05, D, 0%, &1|myy)

MELA = |1 i : . ’
" Py (mr, ma, 01, 0, 8, 67, 1) o e

=014 .

57 | —— SMH(125 GeV) ]

9S0.12F -

o - ]

. . S oaf 994 .

> MELA improves Signal-Background s f ]
discrimination in ~20% with respect to ~ £0.08- ]

. o | 1
using only the mass 50_06-_ .
0.04 /////,_ E

0.02(7 7 / —:

N Zi5i7

0 0.10.20.30.40.50.607080.9 1

MELA
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CMS H—Z7—4] results

E T T T T T T T ‘ T T T TTTTT | TTTTTTTTT ‘ T 1T TTTT a.) 1 E L . e s s s B e e e e B s B B B B B B |:
» . Q = E
-9. 10 o CMS Preliminary — Observed (_U = ﬂq D ;\ :
b [ H—o Z7 — 4L SO Expected ? - _ o
c T S =77V, L5050 | N Expected & 107- U \/ V‘ \—
B bl f5 =8 TV, L=5268 17" ... Expected + 26 S E &
E g e
= o ,L Iy
] ! 102 = -
© - s
Eﬁ 1 -" l]:‘ : ‘-Ii ” 10—3 :— _: 36
o \ ' o c CMS Preliminary =
oyt PN S A - HoZZdl 3
P L) R R - {s=7TeV,L=5.05fb" ]
1”‘\ UL u""uv -------- . 104 L {s=8TeV, L =5.26b" .
y ; ; 4G
.10-1100\ | L |||\\20(|)|||HH| [ N N N B | Ll 10_5 ) ‘:.‘ ) "E":.‘lll‘l\l\\l|\\|\||||\\\;:\|\|||‘|
300 400 500 600 100 200 300 400 500 600
my, [GeV] m, [GeV]

> 95% CL exclusion region: 131-162 GeV, 172-525 GeV

> Excess of events at 125.5 GeV with local significance 3.26
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CMS H—Z7—4] results
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> 95% CL exclusion region: 131-162 GeV, 172-525 GeV

> Excess of events at 125.5 GeV with local significance 3.26

P. Conde Muifio

Higgs Searches
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CMS Experiment at LHC, CERN

Data recorded: Sun May 13 22:08:14 2012 CEST
Run/Event: 194108 / 564224000
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H—yy analysis

arXiv:1207.7214

> Two isolated photons

> Search for a narrow peak on a large
continuum

Main background:

> Continuum Yy production
> v+jet, jet+jet

Analysis improvements:

> Optimised kinematic requirements

I P P P |

FLCLTTI [N ‘

> Neural network based photon ID
for 2011 data

> Optimized photon ID for 2012

H—yy candidate event stable in a high pileup environment

> Added category with 2 jets
Sensitive to VBF production
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> Stable photon ID peformance with pile-up

> Calorimeter E response studied with Z, J/y
and W decays

Energy scale at m_ known to ~ 0.5%
Linearity better than 1%

> Excellent mass resolution (1.6-3.1 GeV)

Use calorimeter segmentation to associate
photon to primary vertex (6~ 15 mm)

> _Y I T T T l T T I T T L T T l L ] T T I T T ] T T l Y_
o [ —e— True vertex ATLAS Simulation -
(Lg 012 —— Max):pi -
= - —e— Likelihood 99> H-yy
T 0.1——=— Calo pointing my=125GeV ]
£ C \s=8TeV ]
e} = ]
> 0.08— ]
o C a1
=z - i
= 0.06— ]
0.04[- =
0.02- } —

0 C ,f Soate- - ]

. = -
128 130 132 134
myy [GeV]

o L M BN BT
116 118 120 122 124 126
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Events / 1 GeV

Y identification & energy measurement

Fraction of photon candidates

N i i i
N WA o N 1

—s— Unconverted photons

g+ Converted photons
—i— Single track conversions
—*— Double track conversions

-

ATLAS Preliminary

Data 2012, {s = 8 TeV
‘I.Ldt=3,3lb"

P o 2L B 20 Sieielialt
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e R Sl T Tt e s Ts Be T e s Sa Wt Me o S v s g

T e e

—rT-
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0.1
0 TR T T R T R R R T SR Y R IRN H N B
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Average interactions per bunch crossing
3
120)(‘1(‘)‘ T T T T rrrrT T T T T T T ]
[ ATLAS Preliminary i
100— Data 2011, \Js=7 TeV, J-Ldt =46f"
T 04=1-60%0.01 GeV ]
SO;GMC =1.45+0.01 GeV <1.37 =
O -+ Data 1
60 - — Fit result -
C [Jz—eeMC
40— ]
20— —
™ e R AN P I *0ia-0 ol
90 75 80 85 90 95 100 105 110
Mee [GeV]
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H—yy analysis categories

10 analysis categories based pz%w
£ T thrust axis
>

Converted/unconverted photons 5
> Photon location in the detector
> Di-photon transverse momentum with respect to thrust

> New two jet category: An”>2.8, mjj>4OO GeV, di-jet and di-y back to back

Sensitive to vector boson fusion production

©
\l

= T = ] ]
E E Yy+vj Background E § - - 5;)11 Data ]
e 3 777 Bkgd. Uncertaint ] e 0-6% o v-jet =
o 1o ;"'. //4 ¢ Y .| ge] C yy+yj Uncertainty 7
I mo!‘-._.:.....,“ —}— 99F m, =125 GeV E & osF ST Uncertainty 2
= E - . T C —garm = e -]
E el by, -«,.'... —}— VBF+VH-+ttH m, =125 Gev_EI £ LE VB m=125 GeV
g : i e 3 2 E ]
> ~ ., ‘.o ] (%] r 7
2 43k 07 ey Tereg - g o3 ATLAS -
O] E I O A X *ebe 4 = L # -7 TeV -
To) E \s=7TeV ;///%ﬁ ey e +++++i 5 02oF \s=7Te E
~ [ . . 7 / , * 1] LT ) .
8 el ATLAS Simulation 7777 ,/++++++++++ 4 S J' Ldt-4sf ]
s E 7 /// z . 01 .
5 F ’ ///// Y ﬁt i - E
10—5_ \ ! \ ?‘%./A| 0Bl m—*%_;_‘ S — L]
0 50 100 150 200 250 300 0 1 2 3 4 5 6 / 8 9
p., [GeV] Jet Multiplicity
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H—vyy background modelling

Background composition:

L L B L B I
ATLAS

> [

o . . 9 1200 - Data 2012 : Ziy;:lvanata
> Dominated by continuum 7y production, g moo*** o Vomeent i
Lﬁ —}— Stat. uncertai.nly .
followed by y+jet, jet+jet 800, +++++++++++ ostuneenany
: o : g W by ]
Background estimated by fitting the di-photon oo + H++++*++++++ E
. . . r + 3
mass distribution 'y by 4
200F Fit g wrtth b o
. - . . . B +* ﬁ‘} ¢+ ¢¢+* ¥ ]
> Studied for each category with high-statistics ettt e

[apaagarhpisahiafan, oarhygoy AoafAaby o
‘POO 110 120 130 140 150 160

MC before looking at data m,, [GeV]

> Considered: n-order Bernstein polynomial, Examnle ofa fit i in 2011 data
EXP(PZ), exponential E TZZ: Unconvertedcentral Iowp _E

> Choice based on largest expected sensitivity ¢ By St son 1, 25 6o 1)
for 125 GeV signal e ;i;’fv’f“““"“b E
Largest residual bias seen in MC experiments ~ f E
over 110-150 GeV taken as signal yield “F 43

: = +

systematic I e A e

A TS TP

et T g

= o
o
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Events /2 GeV

Y weights / 2 GeV Events - Bkg

X weights - Bkg
—~0 A O A~ ®

1s=7 TeV, [Ldt=4.8fb"
15=8 TeV, [Ldt=5.9b"

@

ATLAS ¢ Data
—— Sig+Bkg Fit (m =126.5 GeV)

Bkg (4th order polynomial)

e 4
Ly
o

H—yy

(©)

4 Data S/B Weighted
——— Sig+Bkg Fit (m =126.5 GeV)
Bkg (4th order polynomial)

]
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-
»

» -4
»
»
Il ||h|||||||||||||||| 111 |

150
m,, [GeV]

140

110
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160

H—yy results

L R
Observed CL, limit
Expected CL, limit

R
SM H—yy
Data 2011,Vs=7 TeV, [Ldt = 4.8 fb' ]

Data 2012, Vs= 8 TeV, [Ldt = 5.9 6"

ATLAS

E 6J T ‘ T
)]
b B
o) N
S  F mmm:e
£ N
= -
O B
5 sF
(o)) ,
2l
[

970

I AP EFRRPITEN EFRFRFINEN PRFRPINEN EFRFRTITE RPN R
115 120 125 130 135 140 145 150

> Exclusion at 95% CL:
Expected: 110-139.5 GeV
Observed: 112—122.5 GeV,132—143 GeV
> Excess of events at 126.5 GeV
Local significance of 4.56 (expected 2.40)
Consistent results in 2011 and 2012 data

my [GeV]
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H—yy results

% T T T T T o 10
(0] 35001 ATLAS ¢ Data _Q'
S 3000E- —— Sig+Bkg Fit (m =126.5 C'ieV) § 1
5 5_ -------- Bkg (4th order polynomial) | E =
3 2500¢ 10
2000 M= B ReesiimianmnaNAesspfrratiill s eeentlien D2 2
15005~ 1 _7 ey, [Ldt-s.81b" 10°
= [ ) SRR 1 Y L /A 30
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500 H—yy - 3
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g 2oogr T ] S (i e
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% 100:— —— Sig+Bkg Fit (m ~126.5 GeV) m,, [GeV]
_"g’ o N\ T Bkg (4th order polynomial) =
ER 3 » Exclusion at 95% CL:
N 60— TR —_
sob = Expected: 110-139.5 GeV
20— ] Observed: 112—122.5 GeV,132—143 GeV
) .
g o | % > Excess of events at 126.5 GeV
0 E =
5 g Local significance of 4.56 (expected 2.40)
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-8 . . . . . . .
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CMS H—yyresults

w
(3

w

hv]

O(H= 7 1)gg0. 0 /O(H= 1Y),
= N

=y

0.5

- - - - Q 10E - T - - —
H Observed (Asymptotic) imi g . . CMS Preliminary
‘i sesssss Median Expec{edp(Asymptotic) %Mf-rp-::zl\znl_m:a;y.l o § B Interpretation Requires LEE {s=7TeV,L=511fb"
E [ = 1o Expected {s=8TeV.L = 5.3 fb" a 1E . ; : {s=8TeV,L=53fb"
= + 26 Expected ? ’ — = - - : : ; - -
E - AN i\ \ W/ Fa\\VZ I ™
SH—— ‘ S Pl 20
':— 10'2E - """""""" """""" e -‘__. S hS —
E ----- 1x SM Higgs Expected (Asimov)

10—4 éh. . . 7 TeV Observed (Asymptotic)

;_ i i H : i ; 8 TeV Observed (Asymptotic) 1 4o
flul|i||||1||||i||||:f|||\i||||1||||i\||| 3 I |i| i R T A A A S A A AT S B S AN ST S
q10 115 120 125 130 135 140 145 150 10110 115 120 125 130 135 140 145 150

m,, (GeV) m,, (GeV)
> Expected 95% CL exclusion: 0.76xSM at 125 GeV
> Observed 95% CL exclusion: 110-111, 113-123,129-132,138-149 GeV
> Excess of events at 125 GeV with local significance 4.1
> Global significance 3.20
47
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EXPERIMENT

Run Number: 204026, Event Number: 33133446

Date: 2012-05-28 07:23:47 CEST
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H—->WW-—=lvlv

arXiv:1207.7214

> T T T T I T T T T I T T T T | T T T T I T T T T
(0] 6 .

10 ATLAS - Data %% BG (sys @ stat)
(D -

B ww [ wWZiZzzwy

£ Pk vs=8TeV, [ Ldt=581b" I [ Single Top Main backgrounds
a2 * B Z+jets [] W+jets
S 10* H->WW' —evuv/pvev [ H 125 GeV] > WW, tt, Wt
>
L

> WH+jets, Wy, ZZ, Drell-Yan

0 50 100 150 200 250
ETS [GeV]

> Two opposite sign isolated leptons and large missing E_
Relies on the whole detector working perfectly
> 0-, 1-, 2-jet categories

Sensitive to different production modes
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> For signal, spin correlations and V-A nature
of the W decay results in small Ap and m

> Different background composition in each

category

Different selection conditions

> B-jet veto to reduce top background
> 2-jet analysis: |ijj|>3.8, m >500 GeV

T
800 ATLAS -9 Data %% BG (sys @ stat)

> F

) -

(C-)D E B ww [ WzZizzwy
2 700F \s-gTeV,[Ldt-58fb" [Jd [ SngeTop
~ C ® . B Z+jets [] W+jets

% 600 H->WW' ' —evuv/uvev + 0 jets ] H 1125 Gev]
S oof

i 500

400¢

100 120 140 160
P} [GeV]
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Events /10 GeV

;!;“ Further H-HWW—=lvlv event selection

Z

[6)]
o
o
o
TTT T[T [TITT[TTT

RS e w s — T
ATL AS - Data %% BG (sys @ stat)

i}
C
2 6000 Wl ww [ wWzizzwy
- \s=8TeV,[Ldt=5.8f" [Ja& [ SingleTop
* B Z+jets [] W+ets
H->WW' '—evuv/uvev ] H 125 Gev]

0 2 4 6 8

) B B UL S

I~ -9 Data %% BG (sys®@stat) o

C ATLAS B ww [ Wz/izz/wy

T \s=8TeV,|Ldt=58f" [J& [ SingleTop
200 “ ) B Z+ets [ W+jets

L H->WW —evuv/uvev + 0 jets ] H 1125 Gev]
150

100

m, [GeV]
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Background estimation

Top control region

W+jets: o 120t
© C 4 ]
. . 0] - ATLAS ; Data ﬁBG (sys @ stat) -
> Control sample: one loosely identified lepton © 1000 oogTev[Lat-san! i ESwets
. . : 2 [ oW envev et T Snmson
> Transfer factor to signal region evaluated with a g 8o f .
L - 4
data sample dominated by QCD jets 60[- ), -
L %%%% 7% Fe i
Top: 4o i .
> Control sample: remove jet multiplicity or b- =t ;
tagging conditions depending on the channel G 300
. . my [GeV]
> Correction factors applied to a purely MC-
based estimation: 1.11+0.06, 1.11+0.05, WW control region
1.01+0.26 for the O-,1-,2-jet analysis 3 O arias ':'D;;' ;; B oy ta)
ww WZzZ/ZZ/Wy
. 2 120 \s-8TeV,[Ldt=58f" [Ji [ SingeTop
WW. % 100 HHWW(')He\;p,v/uvev+Ojets-ZﬂmS E\:‘V;J:i:eev]
]
> Remove Aq)LL cut, change m, cut to mu>80 GeV T

> Use data-driven estimate of other backgrounds ”

in WW control region *

20

||||||||T|||||||||||||||||||
| B\ ——
|||||||J|l|||||||||||||||||

‘aa-_!'—f-—--.--"—-g-_.—_s=;.;'

0

100 150 200 250 300 B350 400 450
my [GeV]
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Events / 10 GeV

140 [
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B ww
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T
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H—>WW —>evpv/pvev + 0/1 jets

[ H[125GeV]

IIIIIIIlIIIlIIIlIII[IIIlIII|I

200

250

300

my [GeV]

> Excess of events observed

Broad excess (poor mass resolution)
Minimum p_at 125 GeV (p, = 3x107)

Local significance at 125 GeV 2.8c

P. Conde Muifio

Higgs Searches

H—WW-—=Ivlv results
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95% CL Limit on o/cy,,
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CMS H>WW results

> 90 [ — m,=125 GeV - data CMS Preliminary _: = — my=125GeV -+ data CMS Preliminary
[1)] - mZ \5=8TeV ] D 40_Elww e V5 = 8 TeV E
O 80 vz L=510M" 3 OOt vz L=5101"
™~ OF i 0~ 35'_D Wekets, 3
€ gok ) 1 €3 E
S % category 3 2,5 J | 1-jet E
® 50F 1 o7 \ category :
a0f I £ {8 3
of b ;o B
20; -4.= R N ;
: E .J-J,.r :
10F it ) E 56 #1-.; . E
R s AT of m Sl ey Y
50 100 1 50 200 50 1 0 1 50 200
m,, [GeV] m;, [GeV]
Category: O-jet eu O-jet £¢ 1-jet ep 1-jet €4 | 2-jeteu | 2-jet £¢
WW 87.6+9.5 604+ 6.7 (195+37 | 97+19|04+01|03%0.1
WZ + ZZ + Zy 2202 77+ 125 | 24+£03 | 874+49 | 01=E£00|31+18
Top ! B el B 19405 (223420 | 95%11 |34+19 | 20:k12
W +jets 191472 W= 43 |1l7V+26| 39217 | 03+03 | D040
Wo(*) 6023 46+ 25 59432 | 13412 00400 | 00100
All backgrounds 1242 +124 | 1155+ 150 [ 61770 | 33157 4119 | ba+2.27
Signal (my =125GeV) | 23.9+5.2 149+ 33 | 103+30| 44+13|154+02 | 08+0.1
Data 158 123 54 43 6 7
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CMS H>WW results

CMSH—-WW (s=7TeV,L=49ft" Ys=8TeV,L=5.11"
E : T T T T | T T T T ] T T T T | T T T T ] T T T T :
bm 9 = —=— (Observed =]
‘“6 8 . |IR Expected (68%) ]
c E | Expected (95%) :
_S  ; ‘_ ------ Expected for m =125 GeV i
= 6% . E
—J 2
O =
32 .
o
(Tp] 4 ]
o2 .

IIIIIIIl]lIIIlIl‘l'Flllll'lll
-

| I----I ............ .I."' L5,

| 150 N 160
my (GeV)

> Broad excess of events between 110 and 140 GeV

> Local significance at 125 GeV
> Expected: 2.40
> Observed: 1.6

I R R N T T N ' y 1 4
?10 120 130 140
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§!!i“ VH—bb ATLAS search
LIP

\TLAS 2011-10-24 01:59:15 CEST source: JiveXML_191517 7860174 run:191517 Atlantis

Three channels studied
> WH — lvbb
> ZH — llbb
> /ZH — vvbb
Signatures

> High p_isolated leptons

> Exactly 2 b-jets
> Large missing E_ (Lvbb, vvbb)

Different categories based on pTV/ETmiSS

Backgrounds: W/Z+jets, top, di-boson
QCD jets

I

-20 0 Z (m) 20

WH—uvbb candidate event
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Events / 10 GeV

E AT G E
450F ATLAS B Signalx5 3 8 120
400E j Ldt=4.7f",Ns=7TeV (m=120GeV) 3 =
E WH > Ivbb IR Total BG i = 100
F WA—-ibb Top = —
350; Zijets 1 @ 80
F W-jet: - =
3005 — Blib::szn 3 §
. eieee ultijet i
2505 : ER 60
200F E
150E = 40
100E- R ; 3
Oo; wed e, 5 20
50 A vead
00 50 100 150 200 250 0
m; [GeV]

> No observable excess for m,

> Expected limit: 2.6 - 5.1x0_,
> Observed limit: 2.7 - 5.3’05IVI

T T
® Data 2011

between 110-130 GeV
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=== Diboson

ATLAS VH—Dbb results with 2011 data
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Higgs Searches
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I

!I il;“ CMS VH—bb results with 2011/12 data

> Use a MVA that combines event information (kinematical variables, b-
tagging, ...)

] IR NURL I E SIS P R S A T CMSH-=bb Vs=7TeV,L=5.0f5"{s=8TeV,L=5.11b"
g ¥ éb CMS Preliminary = Wzs) dé = B!- RN I '5 il E|- B BT
@ - Vs=8TeV,L=5.11b" 14 A = D:.-‘J E —=— Observed
S 10° | W(uv)H(bb) =i -~ L 1=+ Expected (68%)
g Wi S 7F
. 1 =g:; o e E  |I= Expected (95%)
10 g V-v %uv’ OW pT %% MC uncert. (stat) E O 6'_— i
10 i _ E d
E 3 -] . ]
1OE E O 4:" -
E . ) F ]
1 .' .| LOD F .
= @ 3F -
10" : :
T e (e i i S il R l?: 2r =
é ,=0127  [EEIMC uncert. (stat) [T MC uncert. (stat.+sys.) _: b e S e 7
3 1 .
E g : . DF R T N T T T T (T TR MR TNN N T R ]
1 N s 9RO 08 e 110 115 120 125 130 135
BDT output m,, (GEV}

> Very small excess at 125 GeV
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ATLAS combination of 2011/12 results

arXiv:1207.7214

"=
’

© - ' ' ]
- - ATLAS 2011 + 2012 Data -
— _1 | - T —
Q 19 [Ldt~46-48f5"1s=7TeV |Ldt~58591"1s=8TeV ]
8 - --- Expected Combined - -~ Expected H— ZZ* — llll - - - Expected H - WW* = Iviv
= | = Observed Combined =— Observed H— ZZ* — llll —— Observed H - WW* — Ivlv
(- | --=- Expected H — vy Expected H — ZZ* — vy - - - Expected H —» WW" — Ivqq
D 10 — Observed H— yy Observed H—s ZZ* - llvy  —— Observed H— WW* - lvqq _|
(@p) - -- Expected H — bb - == Expected H—= ZZ* — llqq Expected H — 1
E ~  —— Observed H— bb — Observed H = ZZ* — liqq Observed H — 1t 7]
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—

100 200 300 400 500 600

my [GeV]
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ATLAS combination of 2011/12 results

arXiv:1207.7214

=. 10 e e | I ]
s £ ATLAS 2011-2012 E+1o e
-E [ \s—7TeV: [Ldt-4648f" L Jt20 -
= [ \vs=8Tev:[ldt=-58591" — Observed |
- | A e Bkg. Expected
O 1 R f - e £ :,t:‘-
o\c> O
0 [ ]
o [ ]
10" CL, Limits -
110 150 200 300 400 500
m, [GeV]

> SM excluded at 95% CL from 111-122, 131-559 GeV

> Excess of events observed at ~126 GeV
Local/global significance of 5.96/5.1c
Po =1.7x10°

> Best fit mass: 126.0 + 0.4 (stat) = 0.4 (sys) GeV (only ZZ and vy channels used)
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i ATLAS combination of 2011/12 results

o T T T T T T T T T T T T T T
o ATLAS 2011-2012
© 1
8 10"
e
10
103 B st g
10%g 1| ‘s=/lev.jlat=4b-48l o
-5
105 \s=8TeV: |Ldt=5.8-5.9fb"
10
= 3 ettt ettty
10_8 % ---- Sig. Expected .4 50
10_9 \ — Observed ’
1910 - 60
10 il L 1 P
110 150 200 300 400 500

> SM excluded at 95% CL from 111-122, 131-559 GeV

> Excess of events observed at ~126 GeV

Local/global significance of 5.96/5.1c
P, = 1.7x107

> Best fit mass: 126.0 + 0.4 (stat) = 0.4 (sys) GeV (only ZZ and vy channels used)
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CMS combination of 2011/12 data

E -||---|-!-|-- T T Il--l T T T T T 7T E 6 — - I——
— N\ Jlo é I I L ‘ # Combined
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El=—H=xy = - i
SO | T H=ZZ CMS Combined 2 [ +
S Tt s=7TeV.L=51f" - s ——
| H— bb Vs=8TeV,L=53m" 3 i w .
1 § e e s e = e _I 1 1| 11 1 1 11 1 | L1 1 11 1 1 IIII_
116 118 120 122 124 126 128 130 53 154 155 12‘6 12'7 1?18 29
my, (GeV) Mass (GeV)

Local excess significance of different combinations Best fitted mass:

Decay mode or Combination | Exp&;t;:d (o) Dbse;v;:d (&) m=125.3+ 0.4 (stat.) + 0.5 (syst.) GeV
Y i :

7 3.6 3:1

TT + bb | 2.4 04

vy + ZZ 4.7 5.0

vy + ZL + WW 52 5.1

Yy +ZZ +WW + 17 +bb 5.8 \ 5.0
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Tevatron VH searches

> p-anti-p collider at Fermilab (USA) (\/s = 1.96 TeV)

> Searched for the Higgs boson in the low mass range in associated
production mode

> Combined results of the CDF and DO collaborations

Tevatron Run Il, SM H—bb, le v 9.7fb’

of | — Obseved | '~ Expected form, 125 GeVic’ > Excess of events observed
----- Expected w/o Higgs . .
10 F B3 +1s0. i > Local significance of 3.3c6

> Global significance of 2.8c

> Signal strength ~2 times the expected
SM value

L Ml T
35 140 145 150
m,, (GeV/c?)

100 105 110 115 120 125 130
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And now... what?

For use in case of
50 Higgs discovery

1. Check label for
“Champagne”. (Do not
use “Cava”) Remove
protective cover.

2. Gently twist corkto -
release fluid. (Aim away

For use jn case of

59 Higgs discovelly from face)

3. Apply fluid to D)
Champagne flutes.

Repeat until all flutes

are filled. A
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Is this the SM Higgs boson?

What we know:
> Mass: 125-126 GeV
> It has charge O

> |t decays to yy = it should be a boson and due to Landau-Yan theorem
it cannot have spin 1

To be sure, we need to measure precisely:
> Couplings to all the known particles
> Fermions, vector bosons
> Coupling proportional to mass?
> Spin, CP
> Only one Higgs or more?
> Elementary or composite?

> Self interactions?
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Signal strength

2, AT e moraoma] 3 P
T [ — Bestii Vs=7TeV: [Ldt=4.6-48 1" 1 S 5F \o_7Tev: [Ldt=4.7-4.8 1" + Bestfit -
& of [H2hiw< \s=8TeV: [Lat=58-59 " ® 3 :s;sTeV;det;5:8-5:9fb" —68%CL .
v o . % [ ---195% CL ]
T§)1'5:_ _: g 4:_ —Hayy(.) _:
O - - S —H->Z7Z2" -4l -
<z 15_ ______________________________________________________________ _g & af- = —Howw s
0.57 _f f— —f
O 7 e U/ A L e _ £ .
-05:.‘|...‘\""|.H‘|..,‘\....|H..|.H; e > ‘E
110 115 120 125 130 135 140 145 150 0120‘ — 125 — 130 — ‘135‘ = '140' = '145
my, [GeV] . [GeV]
H
I I I I I I
ATLAS 2011 -2012 | m, - 126.0 GeV
WZH - bb - > w=1.4+10.3 for mH=126 GeV
H— 1t °
oW Consistent with SM hypothesis
\s=7TeV: [Ldt=4.7 0" e
\s=8TeV: [Ldt=58 " : oy e . . .
Hoy > 20% probability that a single Higgs boson-Llike
t ZHJtZE e | —— :
Ho 2z — 4 | particle produces mass peaks separated by
\s=7TeV: [Ldt= 4ber _1_._ .
poerliasses | more than the observed mass difference
Combined :
el w=14203 s
| | | | i |
-1 0 1

Signal strength (u)
P. Conde Muinio Higgs Searches CCQS Workshop 65




=

Signal strength

I 2.5 LINLUL L LU L DL I (LI L L IIIII Ill| T Ill| T Ill-
% -  CMS Preliminary 68% CL band| m, =125 GeV CMS Preliminary m, = 125 GeV CMS Preliminary
L 2 of Vs=7TeV,L=5.1fb' B Vs=7TeV,L=5.11b" \s=7TeV,L=5.11b"
B 7 Vs=8TeV,L=531b" . \s=8TeV,L=53fb' \s=8TeV,L=531b'
= F N
“% 1.5 -
Q C ] H— bb —i— l.-
@ 1.0F - Untagged
u a H— 1t ——
0.5 ] VBF tagged —ii=
- N H— vy -
0'0;’ < VH d
] H— WW - fagge e |
-0.5- =
B ] H—ZZ 1tH tagged =
_1 oo bvvw s b b b v by o |||||||||||||||||-T-||||I|||||||||I |||||||| Dowow oo wo b o oW ey oo bywnnlwrwnliwss
'9‘10 115 120 125 130 135 140 145 3 -2 1B 2 f'S /4 5 3 1B 2 f'S /4 5
Higgs boson mass (GeV) estiit 6/ogy,, estiit 6/gy,,
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Couplings to fermions and bosons

Production Decay . LO SM > |nterpret the new particle as the
T _, Gy xC% 2 )
i i CE, v Higgs boson
ttH Hobb |~ZECE ~ OB
il s - . .
VBF  Horr | ~ GXCE ~cz > Scale vectorial and fermionic
12 o2 i
aiil Heymr | & couplings by C and C_
i i CZxC= 3 )
ggH H—2Z | ~ 5> ~C¢ > Best fit: (C,C_) = (1.0, 0.5)
ggH HoWW | ~ ‘Lj;_v ~C2
; A 2 %02 o8 . 20
VBF HoWW | ~ ZX5v ~ C /CE © s gl CMS Preliminary 18 <
= oL XP{B.ﬁC-TV—l.?SC-'F:IJ = . '.5 =7TeV,.L=51 {b:1 <
geH x5y ~ cT ~ Cyr 16l Vs=8TeV,L=531" 16
. . 2 G A BCE)2 = o ) 2 )
VBF  H-oyy |~ 22000 O /CF 14 "
1.2 I 12
1.0 10
0.8
0.6
04
0.2
%80 .
Cy
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S5 But..

> To be sure about the nature of this particle and measure its properties
accurately we will need at least the full LHC luminosity

g(hAA)/g(hAA) [sy1 LHC/HLC/ILC/ILCTeV

HLC = ILCatZSIIlGe"&)"l.'\.'lthZSIH'b1
e & ILC = ILC at 500 GeV with 500 fb!
ILCTeV = ILC at 1 TeV with 1000 fb!
01 +
S I— | i }r L
01+
Peskin
2012
ol W Z|b g v T c "t inv.
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Summary and conclusions

> The SM Higgs boson is responsible of all the other particle's masses
> Searched for SM Higgs boson in 12 different channels, 110 <m <600 GeV

> Excluded SM Higgs at 95% CL in the mass range 111-122, 131-559 GeV

> Observed a new particle with

ATLAS CMS
K Local significance: 5.9s 5.0s \
> Global significance: 5.1s 4.5s
> P 1.7x107°
> Mass: 126 * O0.4(stat) £ 0.4(sys) GeV  125.3% 0.4(stat.) 0.5(syst.) GeV

Q Signal strength compatible with SM expectation

/

This is an historical moment, result of many years of hard work,
but only the start of many more years of future work
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Backup
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I I

CMS combination of 2011/12 data

—i
o

I N N N S S | I | T T 1

10t cwms Preliminary —=— Observed 8 CMS Preliminary —=— Observed H
- \s=7TeV.L=511f"  [B=F Expected (68%) 1 - \s=7TeV.L=511"  [B=F Expected (68%)(1
[ Vs=8TeV,L=53f" |- Expected (95%)| | [ Vs=8TeV,L=53f" |- Expected (95%]| |

—

95% CL limit on 6/6g,,,

95% CL limit on 6/6g,,

107} 107}

100 200 300 400 500 110 115 120 125 130 135 140 145
Higgs boson mass (GeV) Higgs boson mass (GeV)
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Combination of 2011+2012 results

Higgs decay = Sub-channel Mass range L(fh™)
channel (GeV)

Ho1t l14v 110-150 4.7
4.7
Itha 3V e

ThadThadZV

References: https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HiggsPublicResults
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The ATLAS detector

*44 m long, 25 m heigh

»=10° electronic channels

>3-level trigger reducing 20 MHz
collision rate to 400 Hz of events to tape
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:
L1 P

The CMS detector

SUPERCONDUCTING CALORIMETERS
COIL ECAL Scintillating PoWO, HCAL Plastic scintillator
Crystals |, i brass
Gt > . | S | sandwich
Total weight : 12,500 t "/F - —
Overall diameter : 15 m 4 V%ﬁ NS

Overall length : 21.6 m k.
Magnetic field : 4 Tesla el

IRON YOKE
TRACKERs

MUON BARREL

{ M ——— y
Silicon Microstrips : i T > e
Pixels . i g * stri

Drift Tube Resistive Plate Cathode Strip Chambers (csc)
Chambers (DT) Chambers (RPC) Resistive Plate Chambers (RPC)

CUWS Workshop =
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ATLAS 2012 searches

Eﬂ i“
:
L

Focus on most sensitive channels at low mass:
> H-vyy, H>ZZ-4l1

Good mass resolution

Selection based on e, 7, | (easier in a high pile-up environment)
> H->WW-lvly

Poor mass resolution

Focus on the ey final state

Provides 85% of the sensitivity

Lower Drell-Yan background than in the same flavour final states
Analysis strategy:
> Re-optimise analyses for high pileup and low m , based on MCand 2011
control regions

> All selections and analysis techniques fixed before looking at 2012 data
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Higgs production

\s= 14 TeV

3

|
|
[
opp — H+X\[pb]
o
| (I ||||||

300 400 500

— '
o
o

K
M, [GeV
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Higgs decays in the SM

LHC HIGGS X5 WG 2011

Higgs BR + Total Uncert

10°%

100 200 300 400 500 1000
M, [Ge
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Y identification & energy measurement

. [7)] 1: T | T T T T | T T T T | -

> Very stable photon 1D peformance with £ 0.gE.—— Unconverted photons ATLAS Prelnmlnary 3

_ 2 o Converted photons Data 2012, {s =8 TeV 3

pite-up g oyl Jrazsoe 3

C A —

. . . Q oy I

> Calorimeter E response studied with Z, 3 ost =

o E T 3

J/\l»’ and W decays E 0'55_ e G e G e e G G Qe e O O D O _E

g 04 E

Energy scale at m_ known to ~ 0.5% g 03F e

z P o= = = = i

Linearity better than 1% 0.1 =

. . 0: 1 | Il 1 1 1 | Il 1 1 1 | 1 1 1 1 | 1 1 1 Il | 1 1 1 3

Uniformity: 1% -1.7 % S 10 15 20 25 30 35

Average interactions per bunch crossing

- 120%X10° N
8 L ATLAS Prellmlnary ]
N 100:_ Data 2011, \'s=7 TeV, ILdt =46fb’ _:
£ C 6,,=160%0.01GeV ]
2 80, =145:0.01GeV ]
5 ~ oy =145 0. hl<1.37 ]
B e Dat ]
60— " Fitresut
C [zZ—seeMC
40— -
20— —
75 80 85 90 95 100 105 10
Mee [GEV]
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Mass resolution

Excellent mass resolution of 6 = 1.6-3.1 GeV

> Use calorimeter segmentation to find

primary vertex

> Resolution G ~ 15 mm

Improved to 6 mm when both y convert

———
e Data 20?1 ([’) -1 5 m)
o Data 2011 (p*=1.0m)

LII‘lllJlllILIJ‘llJIllllllllllll

= I N i L LR |

E 0.16—ATLAS Preliminary
T CVs=7TeV, [ Ldt=4.91"
£ 014 "
=4 C
£ o112
= I- 2 unconverted photons
E 01k Inl<1.37
o -
~ 0.08
2] =
[} -
(o o

0.04—

0.02F

50  -100 50

950~
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A ZCanPomling [mm

Higgs Searches

1/N dN/dm,,, / 0.5 GeV

1/N dN/dm,,, / 0.5 GeV

0.12

0.1

0.08

0.06

0.04

0.02

 ATLAS Simulation
+ Preliminary

my= 125 GeV
\s=8TeV

!!Illll‘!l\[ll\‘ll\[ll

® Unconverted central
high P,
FWHM = 3.2 GeV

O Converted rest
low [

FWHM = 4.5 GeV

130 135 140 145
m,, [GeV]

0.12—

0.1 —=— Calo pointing

0.08

0.06

0.04

0.02

116 118

—e— True vertex
—— Max X pi

- —e— Likelihood

" ATLAS Simulation_

Preliminary

g9 —>H- vy
my = 125 GeV

\s=8TeV

120 122 124 126 128 130 132 134

myy [GeV]
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Unconverted
central low Py,

Unconverted
central high Pn

Unconverted
restlow P,

Unconverted
rest high PT‘

Converted
central low P,

Converted
central high P

Converted
rest low P,

Converted
rest high Pn

Converted
transition

2-jet

Combined

\\\\\‘g\\

R

ffffffffffffffffffff e m-rescey

N

T T T T T T

SMH— vy

T

ATLAS
Data 2011+2012
_._
_._
\s=7 TeV,I Ldt=4.8fb"

\s=8 TeV,I Ldt=5.9fb"

. Conde Muino

Signal strength (u)

Higgs Searches
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!!

CMS Preliminary 2012
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120

130

140

MELA = [1 +

MELA: Matrix Element Likelihood Analysis:

uses kinematic inputs for

signal to ZZ background discrimination

{m]_} mzlelrez;e*; CDJCD]_}

Pig(my, ma, 61,02, ®, 0%, O1|myy)

MELA Improves the sensitivity by ~20%
compared to using the mass alone

150

- Enému
- de

-+ 4mu
i

L L
IENEEEN N NN

|H|||1|L||||||4|1:|||||||||*1||L

160 170 180 ©
my, [GeV]

Higgs Searches

CMS Preliminary 2012 \E=7 TV, L=5.05 it", Vs=8 TeV, L=5.26 '

0.8

0.6

0.2 ' 0.2

R ey < -
?ﬂﬂ 110 120 130 140 150 160 170 180

m,, [GeV]
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H—1tt ATLAS search

///// 3-prong T.q Y AT LAS

JA EXPERIMENT

Run 190878,Event 2721965
Time 2011-10-12, 12:09 CEST

Q l 1-prong T

P(Ta o) = 72 GeV
Po(T,. 7)) = 45 GeV
E,™* = 28 GeV
p;(jet) = 107 GeV
Coll. mass = 121 GeV

> Three decay channels studied
> Analysis categories: O,1 jet (dominated by gg fusion), 2 jet (VH and VBF)
> Backgrounds

> Z-TT (irreducible), estimated from embedded Z— data

> T/lepton fakes, data control regions
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I =
L

Fp Tau reconstruction

0.1% others

> Neutrinos in the final state
Difficult to reconstruct di-t mass T

Challenging to suppress jet
background

> Constrain the neutrino momenta
using tau decay kinematics to
improve di-t mass resolution

NIM A654 (2011) 481

% 0.14 :— Realistic resolution —— Ziy —rrr, M, >30 GeVic* ]
=1 r had-had channel Hotr, M,=115 GeVid
> 012 py°>10 GeVic, E =10 GeV e Horrr, M =130 GeV/c? E
_.E {]_1:_ alt -
.e C J
< 0.08- 3
0.06; 3

oot E > Use a MVA to select hadronic t's
0.02 3

; eed 2 s i . . o @ +

T > Efficiency: 60% (h/H/A), 30%(H")

M, (GeV/c’)

> Miss-identification: 5% (h/H/A) 0.1-1% (H")
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ATLAS H—1t results with 2011 data

s e e e o e B LI s s e s e e e L B s B e B B B B B F L L L L LI BB L I TTTT T 1]

340005 on Hojet | ‘ ] E 5001 ¢+ Hit et § % 4o;— s oy o270t VBF E
0 35001 —+— Data - e C % —+— Data 1 3 35i % —+— Data E
- E % 30x H(120)—»1t {1  ~ 400~ = @, 10x H120)—>tt | ~ c e 5x H(120)>tt
2 3000 Bl 7t = 2 i Bz 1 2 30F W Zot 3
S : i Zseep ] o L Multi-jet ] > . ] Othgrs ]
1z 2500} Hll fi+single-top W 3ol ,  EE Others J v o250 (I W-+jets -
E WW/WZz/Z2Z ] i 777 Bkg. uncert. : E : Multi-jet E
20001 Fake leptons i ’ J Ldt=47f" ] 201 777, BKkg. uncert. L
1500;_ 777 Bkg. uncerti1 E 2001 \s=7TeV ] 15:_ J Ldt=4.7fb E
: Ldt=4.71fb ] i ATLAS ] - {s=7TeV ]
1000:_ \s=7TeV _: i ] 10:_ _:
E ATLAS 1 100~ . ] E ]
5001 = r - 1 E
r . C P ] .

L. MR ] L R 0

00 50 100 150 200 250 300 00 50 100 150 200 250 300 0 50 100 150 200 250 300 350 400
mef [GeV] Collinear mass m,, [GeV] MMC mass m,, [GeV]
2 20l | T T T T | T T T T T T T T ‘ T T T T | T T T T l
o - Hoo 3
s 18- ATLAS =
- —e— Observed CL ]
& 16f TR
et - — — Expected CL, Ldt=4.7 fb ]
E 14 [ Jt2e =
j 12: e \s=7TeV ]
o 4 1 > No observable excess for 110<m_ < 150 GeV
X 10F 3 H
8 - .
8- 1 > Observed limit: 2.9-11.7XO’SM
61 -
4 1 > Expected limit: 3.4-8.2x0_,
2r =
o P N
100 110 120 130 140 150
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Higgs searches beyond the SM
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LHC HIGGS X5 WG 2011

250

Higgs Searches

Fermiophobic H—Yyy

Fermiophobic scenario:

> No Higgs couplings to fermions

> SM couplings to bosons

> Only two production modes: VBF, VH
> Only final states with vy, Z, W bosons

Analysis strategy:

> Similar to standard H—Yy analysis (but
only 9 categories, no di-jet bin)

> Only 2011 data analysed
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2011 Fermiophobic H—yy results

Exclusion limits at 95% CL:

O —Observed CL, hmit ]
c Expected CL_ limit 4

> Expected: 110-123.5 GeV S tic  ATLAS
> Observed: 110-118, 119.5-121 GeV 8 ~|
Improved upon previous LEP/Tevatron 1 il
Llimits Data 2011, Vs =7 TeV ]
JLdt =49 1
> Largest excess at 125.5 GeV = Fermiophobic H 57y |
L 10510 5425 130 135 140 145 150
Local significance: 2.96 i, [GeV]

Global significance: 1.6

2 e[l obsevedsmclimt ]

> c = Eo Expected SM CL, limit .
ReSULtS nOt yet ConClUS|Ve £ C — Observed fermiophobic CL limit ]

o L - - - Expected fermiophobic CL limit 4

Need to analyse more data Tt Data 2011, \s = 7 TeV 1

E 10 E

E .

S0 BN AN NN e ]

a N -

% -----------

Lo b b b b b b by |
110 115 120 125 130 135 140 145 150

my [GeV]
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t H—a’a’—4y

Y A0 hY 40 9
. . 0 E——— e P$--===== —
> Higgs decay to two light pseudoscalars a i ¥
: 2y separation
> a° decay to collimated photons o
< 007__‘ -5 Yy opening angle inn (m = 125 GeV) B
C wn " ]
Similar signature to H—yy analysis 0% DI -
0.05 2] m,=400 MeV —
Relaxed photon ID for broader showers = :
0.04— — E
> No signal observed in 2011 data sample ooa, 8 ATLAS Frefminay 3
E . Simulation ]
. .. 0.02F- | P 3
> Calculated a° cross section limits for decay ;‘-«..h :
0.01?.."“__“ —
lengh <~0.5m, 100<m <400 MeV AR R
a 20 30 40 50 60 70 80 90 100
= 2000 ] E(a) [GeV]
8 1800:— —4— Data 2011 {/s=7TeV) J-Ld|:4,9fb"_:
; E Background Model (x2/n ,,=60.2/60) E — ry . M
*GC‘J‘ 1600:— ______ Signal (M,=125 GeV, M, =100 MeV) '% 0.8;— —;
@ 1400F oo mmm Sonal(1F125GeV, 1, <200 Ne) ¥ o070 ATLAS Preliminary m, = 100 MeV 3
C A Signal (M =125 GeV, M, =400 MeV) ] T Eo T e Observed Limit
1200} " & " o 3 1 oe:- Expected Limit 7
1000 %4 ATLAS Prelminary T b =i E
800F 3 s F ]
] E 04— —
600F = = - ]
m o 03— —
400 = & - E
o 0.2_— == -
2000 e, 015_ ST et 3
100 110 120 130 140 150 160 ) g e | g
m,, [GeV] 0 "'11'6“%1'5'"‘156"iéé"%s',d“iéé"iid"i";é“%é{%""]
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2766666000600

Search performed in

> 17T channel:

Similar to SM search but with b-tagged/vetoed

selection

7 final states: L4V, l’c 3V T T 2V

> up

3 neutral Higgs bosons: h, H, A

Production via gluon fusion and b-quark annihilation

>

>

> Cross section rises with tanf

> Decay to bb (10%), Tt (10%) and pu (0.04%)

had had

clean, good mass resolution

> Two analysis (b-tagging/vetoed selections)

> 2011 complete data sample

P. Conde Muifio

Higgs Searches

Events / GeV

E T | T T T T | T T T T ‘ T T T T | T T T T
I b-associated production ATLAS Simulation
r Preliminary
10 o m,=150 GeV, tan p=40
E —— Signal model for A — p*u
L —— Signal model for h — p*y
1t Signal model for H— pp-
10" [Lot=481"
" | ”‘mlmm |
1 0'3 L L | | ‘ J|| Il

100 150 200 250
My, [GeV]
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MSSM neutral Higgs boson searches

:_% E‘ ATLAS Prlelimin‘ary | /
No excess of events observed = 5oL MssM comtinaton /
J Ldt=47-481"
> Combined exclusion at 95% CL in m -tanf} 401 =77

> There is still room for MSSM Higgses in large 30

region 20 D e
- Lo ---- Expected CLs
> Calculated also more model independent 1o e i

el b b L e e

LEP
T s A A,
100 150 200 250 300 350 400 450 500

production cross section limit vs m,

m, [GeV]
A
>108§LI|I|II{I!\INI!I||ITI|||IIT|!II1|II!I|T!IJ§ >25007I1II|I!II‘IIT\[IIII[\III‘I!\I TI!\i 2
8 E uw, b-tagged selection ATLAS Preliminary 3 8 - ETygthT, , b-vetoed selection - = 10 RN RN R R R AR RARR RRARR RN
o 1 0'r Data 2011 E o i . ] & —e— Observed bb— ¢ CLs ]
B m,=150 GeV, tanp=40 1 = — - \ ¢ Data 20 : = N e Expected bb—>¢ ]
- ZA—> o ’ < 92000__ m,=150 GeV, tanf=20 . = —e— Observed gg—> 6 CLs |
E B Z— 11 3 qc) L \ Bz i e 0% 0 Expected gg— ¢ E
= WW - Lﬁ L Z—>ee/uu - T E (l)%’t’c + 15 bb—> ¢ 7
F Other electroweak 3 1 500; Other electroweak N = [ + 26 bb—s ]
L Multi-jet - C Y Top ] ¥ L g
E Top 3 = Multi-jet - m | B
L W Bkg. uncertainty . B W Bkg. Uncertainty ] X 1 E 3
3 N . _| = C b
J Ldt=481" ] 1000 ATLAS Preliminary ] g ; -
C ] 1S
N i J-L dt=4.7fb" ] = 10" =
500~ 1= 0 §=7Tev 3
L i — L -
C ] 2 L : ILdt=4.7-4.8 ']
L P i o ot T
00 L L T 35 10_2; ATLAS F’I’eliminar’y =
50 100 150 200 250 300 350 I T S IR IR S W N e
MMG O 100 150 200 250 300 350 400 450 500
m,, [GeV] m [GeV] X
(o T
- 2 m, [GeV]
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MSSM H*—1v

@, > Search focus on a light charged Higgs produced
2, in top decays
o, ¢
ggrgggg > For tanP > 3, H*—1tv dominates
(6666 > Channel topology organized according to W and
g

Higgs decay

tt — bbH=WT — bb(11¢,v)(qq)
tt — bbH*WT — bb(Thaav)(fv)
tt — bbH=WT — bb(Thaav)(qq)

> Selection:

Tau(lep) + W( — jets) Tau(had) + W( — jets) Tau(had) + W( —

1. With pT> 20 GeV
MET & Topological cuts MET & Topological cuts vertex ZpT > 100 GeV
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MSSM H*—71V results
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- B(t— bH") = 5% 5048, 3% SM + uncertainty 1+ 26 ]
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500 M IF -
Data 2011 JLdt=4_6fb-1 7 > No signal observed

— — = Median expected exclusion

|:| Observed exclusion 95% CL

------ Observed +1o theory

> Calculated limits on BR(t—bH")

> Low mass H* allowed phase space in the
MSSM scenario is heavily constrained

————— Observed -10 theory
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MSSM H"—cs results

. > E L L L L I L L B L LN
Important at low tanf: § b aaseaimny PP
; E B -1 oz U.ncertainty =
> BR(H—cs) ~ 40%, tanp<1 g 9 [roww T plsayer
o 25 BR(t > H'b) = 18% |
E Non-tt .
Search channel: 205 E
15 =
> tt - bbWH — bb (l.V) (CS) 105— + P — —i
: s A =
Event SeLECtlon 0E -.l--;'+'.'.'T+T'.'T-l“.-‘--‘-I--.--‘-: - ._Iif'."r-r s ]
0 20 40 60 80 100 120 140 160
> 1isolated e/y, pT > 20 GeV " (GeV]
i i i 7T 717 " 1 T T T T 3
> Large missing ET B oor Limits at 95% CL: E
_ . T oo 8; ATLAS Preliminary J- L=35pb' === Expected Limit E
> At least four jets, one b-tagged jet = “F et o0 E
£ . g =—8— Observed Limit E
s 06 e CDF Observed -
;5‘ 0.5 E_ -------- DO Observed _E
o . I - -
New results will be available soon! T 0.4 =
5 03 i, =
E 02 — E
O 0.1 =
(jg O: -
m . [GeV]
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