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L) Disclaimer

» Many SM Higgs search updates presented this round (some of them late last week.. !)

ATLAS-CONF-2013-009
ATLAS-CONF-2013-010
ATLAS-CONF-2013-012
ATLAS-CONF-2013-013
ATLAS-CONF-2013-014
ATLAS-CONF-2013-029
ATLAS-CONF-2013-030
ATLAS-CONF-2013-034

HIG-12-001-pas
HIG-12-002-pas
HIG-12-003-pas
HIG-12-004-pas
HIG-12-006-pas
HIG-12-009-pas

O NV hRWNE
ok wnNE

O Each of these being ~ 40 pages long (>500 condensed pages!), it’s a bit too much to
read over the weekend... so bear with me as | try to summarize as best as | can... ©
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L The LHC has delivered an spectacular ~25 fb of
integrated luminosity with ~5 fb! of 7 TeV and ~20 fb!
of 8 TeV data

L Three main SM search analyses : H-=> 4 leptons, H>2
photons and H-2>WW 2lviv have been updated to the
full 2011+2012 dataset and presented in Moriond and/
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or in Aspen last week 5
» The 2 high sensitivity channels can claim discovery on o
their own ! ya® pot W oct
. . R Month in Year
» First measurements on properties (strength/couplings/
spin) of resonance beginning to gain maturity !
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= = a) Gluon-gluon fusion — dominant
W mechanism (high s = low x where pdfs
dominate
9, 9 b) VBF - one order of magnitude smaller
(d) cross section. Two jets in the final state
g i c) Associated Higgs production — leptons and
T o possibly MET
L R d) ttbar + higgs (3 orders of magnitude
mx;um_?_ smaller cross section)
Expected cross sections (8 TeV) HERA 1411 inclusive, jets, charm PDF Fit
P N Q Atlow xgluon % ¢-mweer
g | eV PDF dominates >  wl ol
__,T+: 105— EE 0 Relatively large 5 parmetetaton uncer. - %
gL ] uncertainty |\
& Cross section  icaos
10t € estimates with wul
il | i uncertainty
80 100 200 300 400 1000 10* 107 10* 10" x !

M, [GeV]
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» At m, > 130 GeV WW decay mode becomes
important (limited by large backgrounds and
low mass resolution)

—
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LHC HIGGS XS WG 2011

» At mass 100 < m,, < 600 GeV ZZ can provide
very clean signal (golden channel)
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Higgs BR + Total Uncert
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10° » At mass 100 < m,< 160 GeV di-photon has
0.2% branching ratio fraction

-- but “simple” final state and “easy” to spot
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0% 8 mass can be 2l
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i / T reconstructed, we 2| %o &
10§ 3 Ll .\o\.. ~ [ ]
B ] U= L S
: / : expect to see peak 5 e .. .
1k ] . . ] * ¢%s
whose width is 2
107 < Expected dominated by 2
102k narrow width detector resolution - -
£ . e Mass of Putative
100 200 300 500 1000 Higgs Particle
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Discovery of resonance made possible by these machines :

TRACKER

Muon Detectorn Tie Colximeter Liquid Argon Calorimeter
CRYSTALECAL  1ota1 weight ~ : 12500 T
‘ MS Overall diameter : 15.0 m
Overall length 1215 m

Magnetic field : 4 Tesla

PRESHOWER

RETURN YOKE

SUPERCONDUCTING
MAGNET

MUON CrttMBRS PP (CSNRPON PR IR a...
O Similar detector set-up

* Inner detector used for tracking (pixel and strip detectors) < Strong magnetic field
* Electromagnetic and Hadronic calorimeters calorimeter

* Muon tracking chambers

180 T T e |
160 ATLAS Online Luminosity ]

[ \s=8TeV,[Ldt=2081", xu>= 207 J
140 3 Vs=7TeV,fLdt=521f", <u>= 9.1
120 .
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Q For every hard interaction, we expect 20
additional, less energetic collisions per
bunch crossing — huge challenge !

Recorded Luminosity [pb™/0.1]
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O 1 will describe the analysis for the three higher resolution channels and give an
overview of how and what we have been able to measure about the new particle

» WW leptonic decay — abundant
but “dirty”

» ZZ leptonic decay — very clean
but very rare

» Diphoton decay - relatively
clean but relatively rare

These are very interesting as the (for example) probe

5 1F ED
5" = % :
£ )
r 2 i
100 120 140 160 180 200
M, [GeV]
- Other interesting updates (which | will only briefly mention)
» H2>T1t
» H->bbber
» H—>Zgamma

» H—>ZH (invisible decays)
» WH>WWW=->3I3v

the direct coupling of Higgs to fermions, but | will
only show them in the context of combined fits to

Higgs properties
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Higgs to = 4 leptons ( ) - Intro
5 'F EL
210'1 [

H A

100 120 140 160 180 200

O Advantages: o MlGeV]
—>Good invariant mass resolution > cmS f’re"m'"ary .
—> Easy-to-spot excess 8 30- * Data G=7TeV:L= 511" o
>Three different decay modes (2e + 2u), (4e) 2 [ E 2‘*,:21;6 R
and 4u) % _ s
O Disadvantages : low stats (~0.1 H> g 20F -
branching to 4 leptons) '
O Main backgrounds are: |
--SM Z to 4 leptons, (Z'/y’) (Z°/y"), Z+jets 01 7
O MC-background description validated from - ) i i
data bkg enhanced regions whenever NS MR L L )
possible 0= =500 - 800
m,, [GeV]
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Higgs to = 4 leptons ( ) — Object definition (CMS & ATLAS)

 Electron--> track-EMC match
- GSF to compensate for brem
O Muon = ID-muon chamber track
match

- nearby photons added (~4%)

O Background/pile-up impact is
reduced by :

» Impact parameter cuts on tracks
» EMC isolation (on muon and el)
» Track isolation (on muon and el)

—> Isolation corrected for - Final energy calibration from Z electrons
pileup and leakage

200 ‘193‘_ e
180 ATLAS Preliminary

160 F Data 2011, \'s=7 TeV, J-Ldr =46’
1405 Osna=176 £0.01 GeV
[ 6y =1.59%0.01 GeV

n

Events /1 GeV

120 hi<247

» Shower shapes/energy deposits in EMC must be 3
consistent with electron/muon expected s cnsantiom
» Variables fed to multivariate approach by CMS e

1 Ly | 1 ‘E
90 75 80 85 90 95 100 105 110
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Events / 3 GeV

Higgs to = 4 leptons ( ) — results (discovery)
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O pO-value plot represents the probability of the background-only assumption (SM without
Higgs) to fluctuate upwards and fake the signal we observe

3/19/13 M. Jimenez Belenguer 10



Higgs to = 4 leptons (

) — results (exclusion)

Events / 3 GeV

O Additional SM-like higgs excluded in 130-827 GeV mass region (CMS)
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O Couplings and spin measurements on upcoming slides...
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Events / 3 GeV

Higgs to = 4 leptons ( ) — results

+ Data Vs=7TeV:L= 51
=9 ?n"ZGGBV Vs=8TeV:L=196 1
Y,
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- |
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s —68% CL 7
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2r . af
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my [GeV] my (GeV) Best fit o/c,,

' D . o o o
Signal strength CMS = I = 0.91+0.30 No significant tension between

—0.24 measurements or between either
and the SM prediction
Signal strength ATLAS = # — 17"‘82 O VIl show spin in later slides
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Higgs decay to 2 photons -- Introduction

Y
AW
H
------- t
ENsanaans
Y

Advantages :
» Good mass resolution (~1.8 GeV)

» “Easy” background functional form (falling

exponential to 15t approx)

Challenges :

1 Low branching fraction (need to maximize

sensitivity of analysis)
O Large QCD backgrounds

U Non-trivial energy calibration and primary

vertex determination

3/19/13

Events / 2 GeV

Events - Fitted bkg

"y

Higgs BR + Total Uncert
(=)

102

1 1111
LHC HIGGS XS WG 2011

1 llllllll

1 1 lilllll

107

160

L1
180

200
M, [GeV]

10000 — ! !

8000 M

6000

-
LS.
B

Vs=7TeV, _[Ldt -481"

Vs=8TeV, _[Ldt =207’

Selected diphoton sample

Data 2011+2012
Sig+Bkg Fit (m_=126.8 GeV)

Bkg (4th order polynomial)
ATLAS Preliminary
H-yy

8g.2888¢
O O 00 O0C
ﬂﬂ"ﬂ]mmﬂpﬂqmmﬂﬂ]llllllllllll|llll
—e—
——
—@+
.
——
.
e

—o]
B
P
- 1
-
-
-
-..
P PO .o Y P Y | T

720

Iy
(=]
o
-y
ey
o

M. Jimenez Belenguer

130 740 5

0 160
m,, [GeV]



Events /2 GeV

Higgs decay to 2 photons — Object definition

E TeV. |Ldte 480
E TeV, | Ldt = 20.7 fo°
£ o
Il 1 4 b ‘
2 100| . T M M

H 200)
I

» Photons may convert in the Inner detector — conversion
vertex can be detected (ambiguity with electron track
requires careful analysis of tracks)

U Track pT based isolation + EMC based isolation (ATLAS + CMS)

photon
// \
p— 17 /7\ 7
l | | l 1/
\ / K
X Z & z
chosen vertex tracks which come from pileup
T
vertices are not used for the ptcone

n

U Shower-shape based selection ( ATLAS + CMS)

m 2= 2*E E,(1-cos a)

Invariant mass relies on : MM SN o
» Energy calibration (in ATLAS extrapolated

from Z peak electrons

«— Data
8000 |V5=8 TeV ) E

i =~ Simulation
7000}

Events/0.2 GeV

Calo pointing

4000

3000}

» Primary vertex (needed for photon position) - =
similar for ATLAS and CMS e
» Calorimeter ‘pointing’ (only ATLAS)
> X tracks pT?,  tracks pT
» Conversion vertex

» Mean vertex position

M., (GeV/c?)




Higgs decay to 2 photons — Background modeling

» In order to Test Photon ID performance and validate MC bkg modeling several
data-driven background decomposition techniques are used

> 10000 T -]

o 2 CMS preliminary + Data 4 .

8 B roenviensnc BT e O 75% diphoton background
é %(w - O 24% gamma-jet background
i ]

O ~1% jet-jet background

Illlll

1

|_._rr'.‘\_.....
110 120 130 140 150 160 170 180
m,, (GeV)

» Signal is modeled by a CB + broad Gaussian distribution (dominated by signal
resolution)

» Background functional form can be more complex than simple exponential: exponential
polynomial or Bernstein polynomial where the aim is:
— Have enough flexibility to adjust to background shape but not too much
— Does not introduce a bias (spurious signal) -- thorough check using MC models

» Actual background shape is obtained from fitting these functional forms (tested on
MC) directly to the data distribution

3/19/13 M. Jimenez Belenguer 15



Higgs decay to 2 photons — Expected number of SM Higgs events

L With ~20 fb'! of 8 TeV data we expect to have a significant amount of VBF from
SM, and some VH and ttH

gg — H VBF WH ZH 1nH Total

s GeV

Vs mu [GeV] €(%) New | €(%) New | €%) New | €%) New | €%) New | New

8 TeV 110 304 3525|304 256|254 128|266 723 (245 211 |4004
115 32.1 364 | 331278 lo20 1naclnea 712|256 209 | 4135

120 9344 286|299 119|208 679 275 =2l 4134
125 @357 3529|363 288[309 11 |324 629|284 187 | N0l

130 .
135 384 301.2 . . : : : . .
140 393 2619 | 41 239 | 35 7.02)|354 4.1 |31.8 124 | 2982
145 40.7 2148 | 423 203 | 359 548 | 365 3.25| 329 00983 | 2448
150 412 1604 | 43.1 156 | 37 395|369 24 | 329 0.726 | 183.2

28.2 33  5.65

 VBF events are characterized by 2 forward jets in final state (next slide)
1 VH events are characterized by the presence of at least one lepton (electron or muon)
in the final state, two jets of relatively low inv mass, or MET

3/19/13 M. Jimenez Belenguer 16



Higgs decay to 2 photons — Categories

0 The data sample can be broken down into categories
— to maximize detector sensitivity (resolution) and S/B ratio
- to gain sensitivity to individual production modes (ggF, VBF, VH..)

ATLAS Preliminary

H-
e di-photon selection

One-lepton
W(— W)H, Z(—= I)H
ET** significance
W(— v)H, Z(— vv)H
Low-mass two-jet
W(= j)H, Z(— j)H
High-mass two-jet

VBF

- !

9 pﬂ—n—conversion

VH enriched -

VBF enriched

ggF enriched —
agF

3/19/13

Electron

loose and
Muon tag tight
dijet tag

~NEW|

MET tag 4 untagged
classes

NEW

pureness

O The VBF-enriched category, for example, exploits the

expected properties of the 2

E 1 T T T T T 1 1
< ATLASPreliminary =200 b E
2 0B 5 7Tev et E
'S 22 yy+yi Uncertainty
-1 £33 yj Uncertain -
8 o2 ILdt=4.8fo s Gev
E — VBF m =125 GeV ]
£ 015 ]
8 o041 .

=

S ]
0.05 ]
=t o DRI = ]
%% 86 4 2 0 2 4 6 8 10
an
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forward jets based

P
ATLASPreliminary gy 0%
G=7Tev

J. Ldt=48fb"

et
'ry+j Uncertainty
i Uncertainty
— ggF m =125 GeV
— VBF m,=125 GeV

Entries / 40 GeV (normalized to unity)

1 N e,
0 100 200 300 400 500 600 700 800
m; [GeV]
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Higgs decay to 2 photons — properties (mass)

L PO values show significant excess around the same mass value point

o 10T T
% 10* f-——— Observed p (category) ATLAS Preliminary
o -—— — Expected p '(category) —
® {02F—— Observed P (inclusive) H-yy _
-~ - — — Expected p_(inclusive) —
1= N\ 11
102 f—— o
:_ e —— 36
10-4 'T\ T ——im —~y= = 40.
10°E Data 20J11, s=7TeV g
[ Ldt=48fo" 7
107~ 60
1010 Data2012, (s=8TeV  _]
i Ldt=207f0 =70
10-14 T- oo o e s by e by by s by by s s g 1?
110 115 120 125 130 135 140 145 150
m, [GeV]

Mass determined from best m, fit with p a free parameter

(O] 1 | 3
% : ~, ~ ". "\: :.‘ \:l‘,‘ i
> V 1]
Q10" 3
© ]
o 20]
o
- 10-2 - _g
. 130
10°F ™ =
4 — H->yY obs.
107 --- Exp.forSMH |3
S AN \s=7TeV 40
T e \s=8TeV
10‘5 1 1L N NN N 11111 11 I I T
110 115 120 125 130 135 140 145 150
m,, (GeV)

ATLAS m,,=126.8 +- 0.2 (stat) +- 0.7 (syst) GeV
CMS m,=125.4 +- 0.5 (stat) +- 0.6 (syst) GeV

CMS\s=7TeV,L=5.1fb"'\s=8TeV,L=19.6fb"’
R R e e R SRR L

» Both experiments measure consistent results for the mass in this channel
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Higgs decay to 2 photons — properties (signal strengths)

[ The signal strength is fitted separately for the different Higgs production modes

Vs=7TeV L=5.1fb"
LA L L I L L L B CMS Preliminary Vs=8TeV L=19.6fb"
H . I
:_ : E :_._: :: - TOta| E A + Best Fit
My s : 1 LS 9 =iis
r s - Stat. _: : :." ‘*.“ %
c : —Syst. ] 3 ' ;
O S = :
; 3 2 '
; [Ldt=48f",/s=7TeV ] RIS 1 Y
U C ; H=—H . — 1—_ |
GoHsttH | ; JLdt=20.71b", s =8 TeV ] —
- ATLASPreliminary 1 el
M - H-=—H 2011-2012 3 t W = 1.48
: l | m, = 126.8 GIeV ] 13 u::::: = 0.52
O 1 2 3 4 5 6 :llllljllll - llALllAAl‘lll
Signal strength = - = =
H ggH+ttH

ATLASmu= 1.65 + O.24(stat)i8:%§ (syst)

CMSmu = 1.11+-0.31 (cut-based) and 0.78 +- 0.27 (MVA based)
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Higgs decay to (WW) two leptons and two neutrinos

(ggF) 2>
’“Ug'lm

O Advantages
—> Large branching fraction
—> Different decay modes
O Disadvantages

-

—
Q

»
>

Higgs BR + Total Uncert

-
Q
n

10°

- high SM backgrounds (WW, Wjet, ttbar..)
- MET in final state (low mass resolution)

Analysis strategy

e Select events with two
leptons and large MET

* (Customize cuts
depending on channel

* Check for (broad)
excess in M; or M,
distributions

3/19/13

TR o

ggF dominated
Large DY bkg
Large WW bkg
-- strong MET

2 VBF dominated
Large DY bkg
Large ttbar bkg
-- low stats

M. Jimenez Belenguer

T T
WwW

LHC HIGGS XS WG 2011

zz

1 Il 1 1 1 1 1 | 1 1
100 120 140

ggF dominated
Small DY bkg
Large WW bkg
-- weak MET

VBF dominated
Small DY bkg
Large ttbar bkg
-- low stats

1 1 1 | 1
160 180 200
M, [GeV]

ggF dominated
Large DY bkg
Large WW bkg
-- strong MET

VBF dominated
Large DY bkg
Large ttbar bkg
-- low stats
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Higgs decay to (WW) two leptons and two neutrinos

O A number of sophisticated topological variables are developed to reject background

-- (relative MET, relative P

Tmiss J recoil

b-tagging, etc.. ) in ATLAS

-- multivariate techniques are deployed based on projected MET and other topo variables

> F
L ol [rrrTrTTTT T T T T l TIir7 l TrIrrr I T 17T l LI l LI I T |_
i) i ATLAS Prellmlnary —5— Z+jets ]
3 | Vs=8 TeV simulation —— diboson, top and W+jets _
2 Howw! —)evev/uvuv +0jets —e— H[125 GeV]
© 1 —
E R e
o i ]
o B _
b4 | |
=
= Lo~ }
u 1
10 3 o0 3
- :2 T ]
N A e i
- e e o .
- o g _U_—D— i
10-2 -------- | PR AR _.ﬁ’.—lu..l .......... T:.}-u.
0 0 1 02 0. 3 04 05 06 O. 7 0. 8 0.9

O MC background description is validated using

f

d frecoil for Ivjet =0, ee + joiT;

recoil

background control regions in data as much as
possible (some error from extrapolation to signal

3/pétjfons)
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events / 10 GeV/c?

data/MC

[ e data — m,=125 GeV CMS Preliminary |
250 — MM H125 B Wiiets s=8TeV,L=19.51f"]
i =¥,Yv. m (s=7TeV,L=49fb" -
200 :_ W stat.@syst. O-eteu _|
150 [ =
100 [ .
50 |- ‘ -
0 __..._._.A-:’_,—,_H_LL'— e e
2.5 . . . : 5
2 F da E
1.5 RahN-e-
AN ety
0.5 § + + \* ‘ \-i
0= ' - -
0

oco; defined as fraction lepton (+ jet p;) / sum p- of jets in opposite phi quadrant

LA L L R R A IR B B B NN L B B B HL L LB

100 150

mi* [GeV/E?)
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Higgs decay to (WW) two leptons and two neutrinos - results

O pO value around 104

J SM excluded from 128-600 GeV

°_°103"I""I""I""l""l""l""I""I"" 102: .

§ o AT ey e F E i

S oL WY e T R b
4 ---- EXp. m_=125 GeV [J#20 10

O Despite challenging environment this
channel has strong exclusion limits

O Can also be used to check spin of
resonance (later in this talk...)

10,3 e e ey e st

T IITIIIIl

= Observed

- - - Median Expected
|:| Expected = 1o
]:| Expected = 20

——— Injection m, =125 GeV = 1o

ooy
o i
5 23
o 2

95% C.L. Limit on oo,

T T TTTTIT

1}

10*
10° e N
10-6 i 1 |
120 130 140 150 160 170 180 190 200 100 200
m,, [GeV]

and also evidence for signal
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If we add SM higgs to bkg...

300 400 500 600

m,, [GeV]

CMS preliminary
— 2I2v (shape-based) ]
fo (7 TeV) + 19.5 fb™ (8 TeV) |

|

o) - --- median expect
g i expected = 16 | =

-— expected = 20
g 10
— o
(& \
X1k
n =
c) L
10

| I|]IIIIIIII|IIIIIIIIIIIIIIIIIIIIIIIIIIII

ol

110 200
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300 400 500 600

Higgs mass [GeV]
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Higgs to fermions — results (end of analysis description section of talk)

4 (CMS Preliminary, H>t 7, L=24.3 fb ! CMS Preliminary, Hotr,L = 24.3 fb™

o) E""]""l"l""g = T T T T T T T T T T T T T T
H—2T1t 2 4 i

?10"F |

Y =

— . ' > 20

3

o

-

i 30
10+
10° ¢ " —e— p-value observed
10 . S L p-value expected

0 =95% CL
107 . e BeswucL
A i i I +BestFlt
10 L L L L A L A L L A L L A L N l N N N N l N N N N
110 120 130 140 110 120 130 40
S m,, [GeV] m,[GeV]
g 1:' LA 3 ;{ 12> | BN S S S S B S S S S S S S B S e | ]
H 9 b b ba r § !‘\ . ° ~  ATLAS Preliminary s
z 10‘{ = r:: 10'_ —e— Observed (CLs) |=-8TeV,de!- 130m°
= E //\ 3, = [ &BWM(CL‘) VH(bb), combined
. el - U ] B
810tk e £ o in ]
4 E — [ 1
3 2 “po < 6
107°F CMS Preliminary E 3\: [
F (s=7TeV,L=5" ] % [
104 E fs=8TeV,L=1211" ]
E VH(bb), combined §
10_5 ;_ —®— Obeerved _;
E ---9-— Expeoted from SM Higgc E -
E 3 0" ] A ] ) N L. L
10° NP EPEPETETS IPEPEPET TETETEr PR 110 115 120 125 130
110 115 120 125 130 135
my [GeV] m, [GeV]

O Particle beginning to show up in fermionic channels !
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3/19/13

The latest results

How a theorist feels
following ATLAS and CMS
presentations....

(I grabbed this from one of the talks
given at Aspen...)
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Properties of new resonance — Mass

EX 4; ATLAS Preliminary — Combined
£ [ \s=7TeV:[Ldt=46-48M" —Hoyy
Es's-_ \s=8TeV:[Ldt=20.7 fb" —HozZ" S a
g o ol
O H->4l and H>2photon channels give TS =
Am = 2.3+0.6 (stat) + 0.6 (sys) GeV e
. . . . 2_
O We can check how likely it is for a single mass to produce :
. . . . . 1.5
this Am by looking at the profile likelihood of Am =0 vs :
1=
Am=2.3 N R s
»> 1.2-8%, depending on how conservative o &eevle-am i L
i \ ' T4 125 12 127 '1gni;ge;1,]29

you are with the erros in the likelihood fit

CMSPrehmlnary fs=7TeV,L<5.1fb' \s=8TeV,L<122fb"

P VRN A e
£ giH-m+H- e § |
§ 8— —H-2Z
- PR R R e N
6f m, [GeV]
5} // O Central values swapped between ATLAS and CMS
af [ Combined values are very compatible
. z: —> CMS combined mass
| | m,, = 125.8 +/- 0.4 (stat) +/- 0.4 (syst) GeV
AT AN\ - ATLAS combined mass
122 124 126 128 _
m, (GeV) m,=125.5 £ 0.2 (stat) +0.5 (sys) GeV
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Properties of new resonance — SPIN and parity

0 Goal : test specific models for the spin of the newly discovered particle
—> Spin 0* for Standard Model vs, i.e. Spin 2*: Graviton with minimal couplings
d Define discriminating variable and fit bkg/signal to check likelihood profile of signal

Higgs to 4 leptons (lepton to Z or

Higgs to 2 photons (can use cos0*
angle between 2 lepton-Z planes) g8 P ( )

IRRARN RARAS RS LARAN IAULAS RRARE LARAS RS RERAN ML
P —J=0"(sm) —— Background 1
F — =2, (100% gg) - J° = 2, (100% qq)

o
()

Entries (normalised to unity)
o
o

[ ATLAS Preliminary —
[ Data2012,Vs=8TeV, J b7’

APTS TET TP PP sealorssbomrneidnend
0 01 02 03 04 6 07 08 09 1

CMS prefiminary EETToV L=51m \G=8TeV.L=196M" Icose'l
Y v From R ey _ B . e
é é 0.1 D: ] £ 0'045 P=0* (SM ATLAS Preliminary ]
£ [ = r 1 [l P .1
g o012 —CMS data ¥ g o008k —cMsdata | 30'035: - :b':;r&?% esis del=20.7t’o1 E
8 F ] g T 1 = = 3
?) g : a | g (),()3E Heyy Data 2012, Vs BTeVE
3 b © = Nominal analysis
2 3 Zo.025; ]
£ 0.02F E
A E
£0.015F =
gk E
o001 =
%% 20 40 0 10 20 30 ] 0.005F 3
2xinL, L) % 20 40 0 10 20 30 E E
CL (2 1.5% 2xinlly o) T — 5 10 15
o mgg) 0 Ui CL_(0) :0.16% In(L(O)L(2))

» Measurements in other channels (i.e. WW) also favour Spin 0* while strongly

disfavour spin-2 hypthesis
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Properties of new resonance — Signal Strength

\s=7TeV,L<5.1fb" \s=8TeV,L<12.2fb"
CMS Preliminary m, = 125.8 GeV

Ef

H — bb (VH tag)
H — bb (ttH tag)
H— tt (0/1 jet)

)

H— 1t (VBF tag
H — 1t (VH tag)
H— vy (untagged)
H— yy (VBF tag) ——
H— WW (0/1 jet) -
H— WW (VBF tag) —
H— WW (VH tag) ]
H-Z2Z L Ll -1.- Ll
N ’ Best2 fit o/c :
SM
o/ o5, =0.88 +/- 0.21

| | |
ATLAS Preliminary

W,ZH — bb
\s =7 TeV: [Ldt = 4.7 6"
\s=8TeV: [Ldt=131b"

H-o 1t
Vs=7TeV: [Ldt=461b"
\s=8TeV: [Lat=130"

H—wWW" S viv

\s=7TeV: [Ldt=461b"
Vs =8 TeV: |Ldt=20.7 fb"

H- vy

\s=7TeV: [Ldt=4.8fb"
\s = 8 TeV: IL(q:)-zoJ o'
HoZZ ' -4l

\s=7TeV: [Ldt=4.6fb"
\s=8TeV: [Ldt=20.7 b

| | | |
i m,=125.5 GeV

Combined
\s=7TeV: [Ldt=46-481"
\s=8TeV: |Ldt=13-20.7 fb"

| | |

w=1.30+0.20

1 1 I |

-1 0 +1
Signal strength ()

L Combined signal strength within 2 sigma from SM and from each other
- ATLAS : consistency of p=1.3 with SM (u=1) is of 9% (with more conservative

treatment of systematics it goes up to 40%)

- CMS : measured p=0.88 within 1 sigma of SM (u=1)
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Properties of new resonance — Signal Strengths

> Global p fit does not give any information about individual production modes
» Higgs signal strengths for different production processes are measured

« Group together production signal strengths:
* Fermion-mediated: Yygein = Hggr = Hin

, — ttH,VH rates subdominant
 Boson-mediated:

Mver+vH = Mver = MyH

H—>ZZ— 4l H = AN REARRS RARES RARAE LAARE RALAN LAURLE AR RS RARR
2cms Preliminary 15=7TeV,L=5.1f5" \s=8TeV, L= 19.6 b CMS Preliminary @m 101~ ATLAS Preliminary ]
T T T LR BRI T 7] | H '.‘ :
ER: ‘ z So R A \s=7TeV: [Ldt=46-481" ]
 oF PesxcL I 4 X C H ~. 4
5 L 5 z \s=8TeV: |Ldt=13-20.7fb"
£q Meswct | = - B
F ) 1 o i - 2 . —Hom + Standard Model |
6 ® best fit 3 F i =0 N . —HozZ" 4 X Bestit ]
E ] [ i - N —HoWW S iy —68%CL -

4t " SM = L : 4: S —How -~ 95%CL
of 1 F 1 + 1 2} \ .

oF . T C

: L \ ; of- ! g
2 — [ ; o -
F . o . i Fooo T ! .
-4 - [ -2 ]
E 1 [ m, = 125.5 GeV .
-6|- g A= _4',..':1‘..1...1..‘,1.,.1....|.‘..|‘..A|,..1..H'
'8:‘“'1'“1‘ TR TR T TN T TR ﬂxI1-1“(1’....11..;5...‘:13“..)‘“ -2 -1 0 1 2 3 4 5 6 7 8
105005 115 2 25 3 35 4 L xBiB,

ggF+ttH

Hgghittn Heghttn

L We can take ratios of R = Wygp,yp/Megrsnn SUCh that the BF cancels out in each channel
- combined R for all channels = 1.2+-0.6 (compatible with SM)
= test Yypryy = 0 assumption and find it is disfavoured with a p-value of 0.05%
- of test g alone (assume VH =0 ), being disfavoured by a p-value of 0.09%
O This can be flipped around by taking ratios of the same production mode in different
channels (test BFs). Results are p,,/;; ™~ Pyyww ™~ Pzzzww ™ 1 (consistent w/ SM)




Properties of new resonance — Signal Strengths

O In order to treat production and decay modes consistently, we can look at
what is called k-factors = scales of the SM couplings without changing tensor
structure of SM

O Presented here as a measure of fermionic and bosonic k-factors (k. vs k)

ousPeimnay  is-7TevLssim’ s-srevisizen’ (] No significant deviation from k = 1 observed

o F . . . . )

2| SM Higgs ® Fermiophobic ¢ Bkg. only - Near the 1 sigma level in both CMS

g I and ATLAS

s |

E L

u§1'5._;_ ........................................... ¥u- 4_ ------------------------ H :)'b'b'”'ll-l”—')"['t””
S | - ATLAS Prellmlnary = —

2 — gl 15=7TeV, [Lat=46-4810" L.H N4 % zgozbilvnhéd
‘_?3 s 8 TeV, [Ldt = 13-20. 7‘fb’ + SM x Best Fit
1 ] =

] J, \ ] 4

0*[ ....................... | ........................ - -
0 0.5 1 1.5

n. l
kv (scaling of vector boson couplings) 06 07 08 09 1 11 12 13 14 15 76
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Summary and conclusions

» A number of updates with the full 2011+2012 have been presented in Aspen/
Moriond last week
» The high resolution channels can claim discovery on their own

Properties analyses for new resonance gaining maturity

» Mass agreement between all channels points to single particle

» Spin analyses point to 0* particle (CP even boson)

» Signal strengths in different production and decay modes see no significant
tension with Standard Model and agree well between CMS and ATLAS

experiments

» We cannot claim SM Higgs yet, but so far it definitely looks like it...



