Ner«-p»

Higgs and Beyond 2013
(sa)

H- VY

Matteo Sani
University of California, San Diego (UCSD)
On behalf of the CMS - ATLAS Collaborations




N OF &
verview 2 ok
Z == Eelwen @ 2
D' ..;,;—_ AN

SN Lm0

¢« The H- yy decay mode
« ATLAS and CMS

* Analysis Strategy

¢ Results

05/06/2013, Higgs and Beyond 2013 - Matteo Sani 2



The yy Channel

¢ Small branching ratio (~2-10-3):

- High sensitivity at low mass [100-150] GeV
with higher statistics than golden H - ZZ.

¢ Clear signature: two isolated photons
with large transverse momentum on
top of continuous background,;

¢ Large background:
- yy from QCD (irreducible);
- y+jet with one mis-identified jet as photon;
- di-jet with two mis-identified jets;
- Drell-Yan with mis-identified electrons.
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¢ Sensitivity dependent on experimental diphoton resolution:
- Good performance of EM Calorimeters (mass resolution 1-2 % at

M, = 125 GeV);

¢ Efficient photon reconstruction/identification to reduce reducible background.
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- Yy Candidates

GATLAS
1A EXPERIMENT

Run Number: 204769, Event Number: 24947130
Date: 2012-06-10 08:17:12 UTC

Event parameters:
MW = 125.9 GeV

Tw = 89.8 GeV
y2

= 46.5 GeV
= 0.06

= -0.81
CMS Experiment at LHC, CERN

2

/ = 0.89%
Data recorded: Sun May 13 22:08:14 2012 CEST W
Run/Event: 194108 / 564224000

78.4 GeV
Lumi section: 575
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The Detectors

2 Detector characteristics
Muon Detectors Electromagnetic Calorimeters ) Width: 44m
/ \ = Diameter: 22m
/ \\\\ ‘\\ < Weight: 7000t
/ \ Solenoid \\\\ CERN AC - ATLAS V1997

\ \ \\ Forward Calorimeters
\ End Cap Toroid

e
) =
%‘_

Barrel Toroid Inner Detector Shielding

Hadronic Calorimeters

Silicon Tracker
Microstrips/Pixels

HCAL Scintillator/brass
sandwich

ECAL PbWO, crystals

Superconducting \
Solenoid (3.8 Tesla) Muon Barrel
DT/RPC
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ATLAS and CMS Calorimeter Design

¢ ATLAS: LAr/Pb sampling calorimeter ¢ CMS: homogeneous calorimeter

(22 X,) - High resolution PbWO4
- Accordion shape: longitudinally scintillating crystals +
segmented (strip, middle, back) + endcap silicon pre-shower;
pre-sampler; - Lateral but no longitudinal
- Fine n segmentation of strip layer setgmentatlo?)/;
allows y, TC Separation; ¢ Nominal: OE/E:@@O.S%
¢ Nominal: o,/ £=""""07% ' L oof S W

~ CMS Simulation

EEEmE —

In both experiments detector material limits the
resolution due to energy losses: ad hoc energy
corrections need to be estimated.
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Energy Scale and Corrections

- . . 1600_“"\“"I"“\“"\""\‘“‘\""I""
¢ Corrections are applied to the photon energy: 3 oo ATLAS Daa 2010, N7 eV, [lardop’ |
- Exploited photon-electron similarities R e

(electron EM cluster treated as photon). 1000 A

800} > Z—ee MC E

1. Afirst set of corrections (derived from MC) is applied 600 N .
to correct for energy losses in passive materials, 400 —,

shower containment, pileup... 200"
2. Energy scale in data is corrected to agree with MC.
3. Finally MC energy resolution is corrected

% 75 80 8 90 9 100 105 110

S . e (GeV]
through the addition of a constant gaussian term R
(smearing) to match data Z line shape. T 0221 CMS Preliminary 2012 | Eqyg oy

w 0.2 - \s=8TeV,L =19.6 f' ESu perCluster
. . . 0.18 :_ uncorrected

¢ ATLAS: eta dependent corrections derived E ot6f — ghupmone

separately for unconverted and converted v: g 01
w Ulep

- Photon is converted if conversion vertex W 4
found with r < 800mm. 0,06 =
0.04
¢ CMS: reconstructed cluster energies corrected 0%Rf i L ,
based on a multivariate technique (regression). PTe0 e o0 0

M., (GeV/c?)
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Data and Trigger

¢ L=4.8fh1Vs=7TeV (2011) ¢ L=5.1fb1vVs=7TeV (2011)
¢ L=20.7 fb1 Vs = 8TeV (2012) ¢ L=19.6fb!Vs=8TeV (2012)
Systematics: 3.6% (1.8%) for 2012 (2011) Systematics: 4.4% (2.2%) for 2012 (2011)
¢ Diphoton trigger: using cluster energies ¢ Diphoton trigger: using cluster energies
and loose cuts: 20 GeV (2011), 35,25 GeV and loose cuts: 26,18 GeV and 36,22 GeV.
(2012) CMS Integrated Luminosity, pp
_— - : | | | : : | - - Data included from 2010-03-30 11:21 to 2012-12-16 20:49 UTC 25
2 35 ATLAS Online Luminosity E = — 2010,7TeV, 442 pb o
2 a0 momVE =TT E S| B v aaan
£ = 2012 pp Vs =8 TeV 7 »
£ 250 E 2
- - 3 E 15| 115
B 20 E 3
o - m 5
10 ER
5E- ER
= . : 0 : e : ‘ ‘ Y
39\“ PJP{ 30\ OC-\ &P‘Q‘ N ‘,\@l &\o“ s\o\ yp\,‘) &“'69 \,o‘*" N “oq N 0°°

Month in Year Date (UTC)
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Analysis Strategy

¢ CMS has two analyses: MVA (~15% more sensitive) and cut-based:
- ttH exclusive analysis has been recently finalized.

¢ |[n addition to the main analysis, ATLAS performs also spin analysis and fiducial
Cross section measurements:

- CMS spin analysis is ongoing.
¢ Key points:

- Energy scale and resolution: sensitivity dependent on the resolution and energy scale is
main systematic error on the mass measurement;

- Vertex identification: not to degrade mass resolution;

- Photon identification;

- Background parametrization: important a good description of the background shape;
¢ Both experiments use data categorization:

- To increase sensitivity treating differently events with different resolution.

ATLAS-CONF-2013-012, ATLAS-CONF-2013-029 (update only 2012, 2011 from ICHEP)
CMS-PAS-HIG-13-001, CMS-PAS-HIG-13-015 (first updates after the discovery for CMS)
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Offline Selection

¢ |n| < 2.37 (except 1.37 < |n| < 1.56); ¢ |n| < 2.5 (except 1.4442 < |n| < 1.566);

¢ pT > 30,40 GeV, ¢epT>m /2, m /4 GeV.
¢ Cut-based ID (Neural Network) ¢ MVA photon identification using:

identification using shower shapes : .

_ : - Hadronic leakage;
and hadronic leakage in 2012 (2011): J .
o - Many shower topology variables;
- Efficiency between 85% and 95% (at - Four isolation definition (based on
100 GeV); particle flow) corrected for PU.

- Systematic uncertainty: 2.4%. ¢ Cut-based analysis: identification
¢ Calorimetric and Track isolation criteria defined on a similar set of

requirements: variables:

- Systematic uncertainty: 1.0%. - Systematic uncertainty: 1.0 + 2.6%.
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Photon Identification

(=] 1_ T T T L | T -] O 1_"'I"'I"'I'''I"'I"'I"'I"'I"'I"l
. g . w W _
Photon Identification 0 [ ATLAS Preliminary Vs=7TeV,| Ldt=4.9f"
I . 0.9
data/MC scale factors -
measured using 0.8~ ATLAS Preiiminary = o gF
7 _see 0.7 \s=7TeV a C
o Data 2011 I Ldt=4.9fb 0.7 Unconverted photons
and 0.6 A Corrected MC ] C
. v Nominal MC Unconverted y - Ml <0.6
Z—upy events: 0.5F ml < 0.6 . 0.6F _
overall good data/MC | &= o] | i F @ Data (matrix method)
aareement K 0 . 05 O Nominal MC
g ) =25 ~ /A Corrected MC
_0'1_ ] 04-IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
20 30 40 50 162 55107 "0 2 4 6 8 10 12 14 16 18 20
E. [GeVI Noy
100 A0 =
B 80000
| —— Data CMS preliminary E —+— Data CMS preliminary
- [z e me Ys=8TeVL=19.6fb 70000 Z s o'e" MC Ys=8TeVL=196fb "
80— - F,
B E§§§§ MC systematic uncertainty [ 60000 {§§§§1 MC systematic uncertainty -1':
60 500003—
amoonf—
40 =
30000
" 200003—
moonf—
Y -0.1 0 0.1 0.2 CER '0.|4' ' 92 o1 {lj o I0!1 "' Io.lzI - I0. ) '0.I4' '
photon ID MVA output (barrel, 0 <= nvtx <= 13) photon ID MVA output (barrel, 14 <= nvitx <= 18)
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Invariant Mass Spectrum

ner-=>»

¢ Diphoton purity: 75%, ¢ Diphoton purity in 110-150:
esﬂmated from data. ~70% (from MC)

ATLASPre||m|nary L L L ) I B

> - T - T T
5 - - = 10000 —
S N Data 2012 - YYBDY Data ] 8 “ CMS preliminary + Data .
- 2500 ata —— 'YJ ata ] v = = o 2 t m
£ tie \s=8TeV, [Ldt=13.0%" . jData ] N ot ls=8TeVL=1961 % 1 fake -
LT e ) _ ~ 8000 Ag prompt y T ]
8 - f +++ —— Stat. uncertainty - ) L7 [ ] 2fakey |
W 2000— * Total uncertainty | T - T [ prell-Yan .
- ’§++* 7] G>J — I:l H—yy (125 GeV) x5 n
1500F *ﬁ” ] 1 6000 — 4 —
— .’ — [ 1
| * +m+ - - |
n . ] L i
B **ee ] 4000 — —
1000— s — L _
- g ¥ ] i |
. 0“0.“’; = |
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Vertex Determination (ATLAS)

¢ ATLAS detector has the ability to measure direction with the calorimeter
only thanks to its longitudinal segmentation:

- Unconverted photons vertex are determined using the barycenter of the clusters
measured in the first and second layers;

- Converted photons from the conversion point and the position in the first layer.
¢ In di-photon events the intersection between their flight lines and the beam

line gives the estimate of the z-coordinate of the photon origin
(0,=15 (6)mm (using conversion)).

> A L L L L L BN N BN RN N

8 L —— True ver'éex ATLAS Simulation -

ﬂ< o 012 —— Maxzp? Preliminary

i o - —e— Likelihood ]

' ™.  0.1—— Calo pointing gg—oH-yy 7

e C my=125GeV -

Middle barycenter g 0.08F- \s=8TeV
: S - - ]

> < B " ]

Strip barycenter / ~ 0.06~ ~
0.04 f -

Conversion vertex - : ]

0.02f~ ] A -

H e b :i' II | 1l L I 1 Ll I | - I Ll 1 I Ll 1 - :

Beam line 0% 118 120 122 124 126 128 130 132 134

Plleup vertices my, [GeV]
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Primary Vertex Selection

¢ Neural Network (2012), likelihood ratio ¢ Selection based on Boosted Decision
(2011): Tree (BDT): conversion, pT-balance,
- 5(pT2), £(pT), Ag(yy, ViX), asymmetry;

pointing+conversion;
¢ Validated with Z - ee;
¢ Efficiency > 75% (within 0.3 mm

¢ Efficiency ~ 80% (within 10 mm window):
- Comparable with ATLAS.

window). ¢ Validated with Z - py, ytjet.
£
5 1 _I T T T ‘ T T T T T T T T | T T T T ‘ T T T T | T T T \_ CE) 1_== — — ! — ! — ]
S i -‘-O-O-o—o- MC signal (Gluon fusion + VBF) vk + g CMS prefiminary  :3
0 r +_._ s \s=8TeV, m =125 GeV ] T3 | See T =g Ty g6ty
= i - oo H i N «®%ie X z z ]
0.8 -, -o-_o_o__o__o_o_ — n0.8 oy oy g ; ; i ; ]
i R 0O oo ] = % Y : : : : ‘]
g - 1 = ~ ; 2:0:0:0.0.0.0/8. W H
L R TN . o U 9:9:9:0:0:0:019:0.0/70:019 "'§: ~§~+
0.6 % 4 - o, - e~ go,s - . F 5 + +§
i T ] Selection efficiency vs nvtx osk | :
“[Selection efficiency vs nvtx in H—yy MC." 04 08 -
0.2 . N - I N o R
) - PV with n.1aX.E p? ATLAS Simulation - 0.2f number of reconstructed vertices
~ © PV from likelihood Preliminary ]| | CMS Prelimingry Simulation Hoyy Data/MC scale factor for
o Il Il 1 | 1 1 Il Il | 1 1 1 Il Il 1 1 | Il Il Il 1 _<PU>:199 mH= 125 Gev - = H
O 5 10 -15 20 25 30 O | .| 1111 | - | | -] | | L1 L1 SeIeCtlon eﬁlclency VS thX
5 10 15 20 25 30 35 .
number of reconstructed vertices n Z—>lJ.|.l events.

Number of reconstructed primary vertices
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CMS

¢ Exclusive categories are
defined with tags targeting to
VBF and VH production

modes:
- Low statistics, high purity it
(S/B - 10 — 50 %)' ;I\I-ISVI‘E‘xperimemalLHC.CERN‘
Mode ATLAS CMS
(Tag) (Tag)
- 1 lepton (e or W) - Electron
VH - ET-miss - Muon
- Dijet (low mass) - ET-miss
VBE Dijet (high mass) Dijet

(two categories based on BDT output) (two categories based on BDT output)

05/06/2013, Higgs and Beyond 2013 - Matteo Sani
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Inclusive Categories

¢ Nine categories using: ¢ MVA, four untagged categories
based on BDT discriminant:

- Inputs: photon identification, per-event mass
resolution, kinematic properties.

- Conversion status, |n| position;

- pTt (strongly correlated with the diphoton
transverse momentum,
but better detector resolution). ¢ Cut-based: 4 categories using |n|
position and shower shape R9
(correlated with conversion status).

T thrust axis : : ' :
¢ Validation of inputs with Z — ee, Z - ppy.

,; T T L T < 053Hgg125GeV|‘s=8Tev=19.6fb"
'E 1 E yy+yj Background E g 25
g o . % Bkgd. Uncertainty ] g 20

E =
g 0 E (Y - + ggF mH=125 GeV _EI % i Rg:EBX?/E‘_{
g F "'-.," **tee.. —f— VBF1VH:ttH m =125 GeV S 5l
6 10 E "’ .".O‘o- E = I
2 107 i /”/,/ L i Tty pe | 10
0] E T ® gt it e E! I
o E v "y + 3
= C \s=7TeV //////f/ Y 7++’”++++ " i 5
2 10" ATLAS Simulation 19 ;///; 1 ﬁﬁﬂ' 4 U
< £ Preliminary 577 77 = i |
Lum-s*u.-.11-1.22%-%1---._ %% 0. . ~ 05 1.0

0 50 00 50 200 250 300 .

p., [GeV] Hyy (MH_1 25 GeV) diphoton BDT
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Signal Model

- Gaussian component <~ 12%.

> T ‘ L ‘ L ‘ L | L | L I T T 7T I L |_
Q - _
g 0.12 ‘F"‘T’TAS Simulation @ Unconverted central
S- E reliminary high p_ .
= 0.1 Ho FWHM = 3.2 GeV ]
£ C " O Converted rest ]
Z 008 my= 125GeV low p,, -
> C \s=8TeV FWHM = 4.5 GeV i
= 0.06[ -
0.04F -
0.02 | -
‘ s :::.:::::::‘::::-:-r::zﬂ=!==“""‘:"".t.’ . ‘%“""""":@u—:-::-:-r oozl L
'PO5 110 115 120 125 130 135 140 145
m,, [GeV]
FWHM/2.35
Overall
Best Category
Other Categories

ATLAS(*)

1.78 GeV

1.40 GeV
1.50-2.54 GeV

40

>
[
S
10
o35
2
£30
>
L
25
20
15

10

~E*37 Simulation

Parametric model

G, = 2.02 GeV

FWHM = 3.86 GeV

CMS Preliminary
Simulation

All Categories Combined
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e e """5‘7‘ L1 i “‘ S e o = TSI
OB =05 120 125 130 138 140
m,, (GeV)
CMS
1.64 GeV (*) ATLAS quotes just o
in the paper. Numbers scaled
1.27 Gev by the FWHM/GCB factor

1.39-2.14 GeV from HCP results.
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Background Model

¢ Signal extraction from S+B fits to m  data, background from analytical

functions. Different approaches for the background modeling.

according to fraction determined from
data;

¢ Determine truth model from data

using function with high degree of

- Fitting diphoton mass data distribution freedom (100 < m,, < 180 GeV);
between 100 < m, <160 GeV; W :

¢ The functions are tested on pseudo-

Spurious signal defined as the largest data generated from truth model;

absolute signal component fitted
anywhere in 110<m <150 GeV. ¢ Find the best function which minimize

the bias on the fitted signal strength
(<20% background fluctuation in 1
FWHM).

Function chosen as the one with lowest
number of parameters and minimizing
the spurious signal which is quoted as
systematic.

05/06/2013, Higgs and Beyond 2013 - Matteo Sani
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Events / 1 GeV

Events - Fit

Events / 1 GeV

Events - Fit

Background Fits

14 (10 in 2011) Categories. 9 (5 in 2011) Categories.

F T T T T : > F T T T T T |
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6005 m . D me“ ] g 50— T o Danoota | 4 % 120  CMs Preliminary —— Data ] % 450F  CMS Prefiminary —— Data E
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E Background model ~ o Background model - O] 18F (s=8TeV,L=19.6 fb" (MVAZ: SEB;?Com onent__ O] \s=8TeV,L=19.61b" (MVA?: S;BFFi?Com onent
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L weights / GeV

¥ weights - Bkg

Inclusive Background Fit

16— ]
140E- ATLAS Preliminary —f
120M .+ Data S/B Weighted _E
Sig+Bkg Fit (m =126.8 GeV) 2
100 ™, Bkg (4th order polynomial) _E
80 =
60 _f
40F- 5=7 TeV, [Ldt-4.8 fo” =
20E" (3-8 TeV, [Ldt=20.7 fb" H—yy E
'IE + ..
4 B .
D . " + ‘.l + t e :‘-‘ * n **
4
100 1'|.|.-.| '|El|] I:I3|.-.| '|EI|-E' '|é|] 160
m.., [GeV]

1T 1T T

- CMS Preliminary
_ {s=7TeV,L=5.11fb"(MVA)
- {s=8TeV,L=19.6fb"' (MVA)

—e— Data

S+B Fit

Bkg Fit Component
[ ]+1o

[ +20

1 | 1 1
110

120 130 140 150
m,, (GeV)

¢ From inclusive analysis ATLAS estimated the fiducial cross section

(In] < 2.37):

o, x BR=56.2 % 10.5 (stat) + 6.5 (syst) + 2.0 (lumi) fb.

05/06/2013, Higgs and Beyond 2013 - Matteo Sani
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Results

¢ Comparable expected significance between ATLAS and CMS MVA analysis.

Q_O 103III||||II||||I|I\Illlll\‘lllll\\\lll\\\
— 10" —— Observedp, (category)  ATLAS Preliminary
8 - — — Expected p (category)

o 102 F—— Observed p° (inclusive) H-yy

— - — — Expected p0 (inclusive)

Data 2011, Vs =7 TeV

=50
Ldt = 4.8 fo b
. 160
Data 2012, \s =8 TeV -
Ldt=20.7tb" 7O
1014 .I..--I...-I.\..I...\\....IH\.I.\H?
110 115 120 125 130 135 140 145 150
my [GeV]
Vs = 7+8 TeV Exp.
ATLAS 4.1
CMS MVA 4.2
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Signal Strength

Unconv. central
low p.

Unconv. central
high p.

Tt
Unconv. rest
low P,

Unconv. rest
high P,
Conv. central
low P,

Conv. central
high P
Conv. rest
low [

Conv. rest
high p.

T
Conv. transition

Loose high-mass
two-jet

Tight high-mass
two-jet
Low-mass
two-jet

ET™ significance

One-lepton

2012 data
combined

\s = 7+8 TeV

ATLAS
CMS MVA

1 .65+0'35
0.78+0'28

XIJI

H— vy

|

ATLAS Preliminary
Data 2012, Is =8 TeV

ILdt =20.7f0"

my, = 126.8 GeV

|

T

8
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Signal strength
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Mass Measurement

The best-fit for the mass value is The best-fit for the mass value is
M, = 126.8 + 0.2(stat) £ 0.7(syst) GeV M, = 125.4 * 0.5(stat) + 0.6(syst) GeV
¢ Main uncertainty: ¢ Main uncertainty:
- extrapolation of photon energy scale from - imperfect simulation of detector response to
Z - ee scale; electrons and y;
- material modeling. - mis-modeling of detector linearity in
. e extrapolation from Z to H energy scale.
3:_— All systematics ATLAS Preliminary_: CMS Preliminary Eigﬁx ti;fst;;"
T oeee- Without mass scale uncertainties Hoyy 7] z2° . 10
= e Without systematic . ° Best Fit 9
250 + Bestfi - ° I8
2f— _f —7
1.5 .
1+ \s=7 TeV,ILdt=4.8 '
| —— 68% CL |
| — 95%CL \s=8 TeV,ILdt —20.7f" | o
o500 . . v
124 125 126 127 128 129 130

my, [GeV] 22 123

my, (GeV)
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Couplings (RV, RF)

¢ Higgs production mechanisms can be associated with either top-quark or
vector-boson couplings.

¢ Signal strength associated to each mechanism is determined with a simultaneous fit.

© Pggrra = 1.6%03 5 (Stat)03,, (syst);
© Uy = L7708, (sta)t0s,, (syst);
Chyy = 1.845, ;(stat) 03, (syst).

% :I LI I LI ‘ T I.\ T T UL | LI T L ‘ T \:
o 7 1 Bestfi [Lat=48fb" 1s=7TeV
? 6 68% CL § =

E ; ....... 95% CL _[Ldt =20.7fb", Vs =8TeV ;

s SE@ swm E
= a4f E

3 E

2 E

OF-ATLAS Preliminary  “*oreeeveeoeeees™” E

15_2011-2012 E

“'E m,=126.8 GeV H-yy
- C1o11 I 11 1 1 ‘ L1 11 | 11 1 1 | L1 11 | 11 1 1 | 11 1 1 | L1 1 1 I 11 1 1 ‘ | . 1
21 05 0 05 1 15 2 25 3 35 4
MggF+ttHXB/BS|VI

l'quH+VH

v uggH+ttH =0.52

© Uypravy = 1.48

Vys=7TeV L=5.1fb"
CMS Preliminary Vs=8TeV L=19.6fb™

ofs Best Fit

.....

—1c

- 26

v = 148
A 0.52
— ggH+ttH
| | 11 1 | 1111 | 1111 | 111 1 | | - | 11
-1 0 1 2 3 4
l'lggH+ttH
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Spin Analysis (ATLAS)

¢ No event categorization is applied, pT/m,, s cop——jor s na—
cut to avoid correlation with cos(6%). ;0-0355——3,‘;;;,9;?’99’ hypothests [ ot- 207 15"
_ _ ] § 0.03 1y, Data2012,\/s=8TeV—;
¢ Two methods to discriminate 0+ from 2+ foos. Nominalanaysi ]
“graviton-like”: £ 002
- Statistical analysis using 2D R
model |cos(6*)| O m,, :
- Independent fit to m,, in |[cos(6*)| bins. R T o PR S
¢ Data compatible with 0+: e
considering 100% gluon fusion S of e Bt £ )
2+_can be excluded at 99.3% C.L.: = —— Obsarved E
- Limit less stringent if 2+, \ e :
produced also via qq annihilation. ) s e et e
jjm;;;;.‘.;};,aw E
2012 .
| ATLAS-CONF-2013-029 I OF ftat-207t6" 158 Tev | E
®0 20 40 60 80 100
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ttH Exclusive Analysis (CMS)

¢ First search for ttH production in H - yy
events:
- Very small signal yield;
- Analyzed 19.6 fb! at 8 TeV.

¢ To maximize the sensitivity selection criteria
optimized for leptonic and hadronic tt
decays.

T

¢ Set observed (expected) 95% i
C.L.limitonttH ox BRof 5.4 (6.3) %

corresponding to 1.6 fb for a Higgs 1
boson mass of 125 GeV:

- Consistent with SM expectation.

| CMS-PAS-HIG-13-015 I %0 15 120 125 130 135 140 145 150
m,, (GeV)
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Conclusions

¢ The results of the H - yy analysis with both ATLAS and CMS detectors
have been presented:

- The entire 2011+2012 datasets corresponding to ~25 fb-1 have been
analyzed.

¢ The two experiments show a very similar expected significance:
- ATLAS observed olog,: 1.65+0-24 , (stat)+025  .(syst);
- CMS observed olog,: 0.78+0-24  , (stat)+0-25 , ,,(Syst).

¢ Both ATLAS and CMS have measured the mass of the new boson
with high precision (< 1 GeV).

¢ Measurement of exclusive coupling: an excess with local significance
of 20 Is observed by ATLAS for the VBF production mode alone for a
mass of 126.8 GeV.

¢ Spin analysis: ATLAS disfavour spin 2+ at 99.3% C.L. for 100%
gluon fusion production.
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ECAL Performance

CMS transparency corrections.

g 1.005: L L T T T T LI T T T T I:
:@ 1_0043 RMS: 0.032% @ W-sev-Elp E . r— T -
s 0035 RMS: 0.023% O Z-eeinv. mass | 3 ‘MS Preliminary 2012 ; ; E{:HL endcap
5 E 5=8TeV L=196f6" . T
® 1.002% = : : : :
o 1.001F . -
3 : LV0eed e e S
E 1E + é@*q.%*uv &Y . 3 E
0.999F =
0.998F =
0.997F [ - =
0 9965 Data 2012,"s=8 TeV, |Ldt =13.0fb 3
“UPE ATLAS  Preliminary E
0-995% 5 10 15 20 25 30
Number of Primary Vertices
o 1.005 ! | ; ; | 7
[1s] - i H i 3 — T T
& 1.0041 ~RMS:0.023% b W-sev Efp- = e 25 CMS Preliminary 2012
3 1.003 i RMS:0.033% O Z—eeinv. mass 3 ~ 19F P
e F é E - VE Ns=8TeV,L=19.6fb
S 1.002F = = 1.8F ECAL Barrel
S 1.001F = o of
g —— E QO 1.7E
° i =¥=$—;¢—f$ :t wf*— - © f
0.999 - 3
0.998F- = 3
0‘9975_ H H H _-_:- 14;_ ..................................................................................................................................................
0.006E. Data 2012Ns=8 TeV, Ldt-130fb E I
0‘995_ ATLAS Preliminary ' | | E "E A Prompt reconstruction
A 56,03 25/04 25,05 24,00 24,07 23,08 22,09 122, ..................................................
Date (Day/Month) 1.1;— @ Winter2013 re-reconstruction -
1— | | 1
: HH : g 02/05 01/07 31/08 31/10
High stability ~0.1% vs time and PU conditions.
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Signal Yields

| Expected signal and estimated background

SM Higes boson expected signal (my=125 GeV Background

Event classes 58 P & (ae:: FWI—%M/Z.?)S oy :8125GeV

Total | ggH  VBF  VH tH | (GeV) (GeV) (ev./GeV)

T | Untagged0 3.2 | 614% 168% 187%  3.1% 1.21 1.14 33 £04

f Untagged 1 163 | 87.6%  62%  56%  0.5% 1.26 1.08 375 +£13

15 | Untagged 2 215 | 91.3%  44%  39%  03% 1.59 1.32 748 +£1.9

E) Untagged 3 32.8 | 91.3%  44%  41%  02% 2.47 2.07 193.6 4+ 3.0

B~ Dijet tag 29 | 268% 725%  0.6% - 1.73 1.37 1.7 +£02

- Untagged 0 17.0 | 729% 11.6% 129%  2.6% 1.36 1.27 221 405

2 | Untagged1 37.8 | 835% 84% 71%  1.0% 1.50 1.39 943 +1.0

2| Untagged?2 || 150.2 | 91.6%  4.5%  3.6%  0.4% 1.77 1.54 5705 +26

; Untagged 3 || 1599 | 925%  39% 33%  0.3% 2.61 2.14 1060.9 +3.5

= Dijet tight 9.2 | 207% 789%  03%  0.1% 1.79 1.50 34 402

*|  Dijet loose 11.5 | 47.0% 509%  17%  0.5% 1.87 1.60 124 +04

Muon tag 14| 00% 02% 79.0% 20.8% 1.85 1.52 0.7 +£0.1

Electron tag 09| 11% 04% 787% 19.8% 1.88 1.54 0.7 +£0.1

ETSS tag 1.7 | 220%  26% 637% 11.7% 1.79 1.64 1.8 +0.1

\s 8 TeV
Category Np Ny gg— H|%] VBF|[%] WHI[%] ZH][%] tH %]
Unconv. central, low pry 10900 51.8 03.7 4.0 1.4 0.8 0.2
Unconv. central, high pr, 553 7.9 79.3 12.6 4.1 2.5 1.4
Unconv. rest, low pry 41236 | 107.9 93.2 4.0 1.6 1.0 0.1
Unconv. rest, high pr¢ 2558 | 16.0 78.1 133 4.7 2.8 1.1
Conv. central, low pry 7109 33.1 93.6 4.0 1.3 0.9 0.2
Conv. central, high pr 363 5.1 78.9 12.6 4.3 2.7 1.5
Conv. rest, low py 38156 | 97.8 93.2 4.1 1.6 1.0 0.1
Conv. rest, high pry 2360 | 144 77.7 13.0 52 3.0 1.1
Conv. transition 14864 | 40.1 90.7 55 22 1.3 0.2
Loose high-mass two-jet 276 53 45.0 54.1 0.5 0.3 0.1
Tight high-mass two-jet 136 8.1 238 76.0 0.1 0.1 0.0
Low-mass two-jet 210 33 48.1 3.0 29.7 172 1.9
E%ﬁf** significance 49 1.3 4.1 0.5 357 47.6 12.1
One-lepton 123 29 22 0.6 63.2 154 18.6
All categories (inclusive) | 118893 | 395.0 88.0 7.3 2.7 1.5 0.5
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Systematics

Systematic uncertainties Value(%) Constraint
Luminosity +3.6
Trigger 0.5
Photon Identification +2.4 Log-normal
Isolation +1.0
Photon Energy Scale +0.25
Branching ratio £5.9% — £2.1% (mg = 110 - 150 GeV)  Asymmetric
Log-normal
Scale ggF: “_’;:% VBF: “_'8:% WH: “_’gé Asymmetric
ZH: fig wH: 335 Log-normal
PDF+a; ggF: “_’gg VBF: “_'%:g WH: +3.5  Asymmetric
ZH: £3.6  tH: +7.8 Log-normal
Theory cross section on ggF  Tight high-mass two-jet:  +48 Log-normal
Loose high-mass two-jet: ~ +28
Low-mass two-jet:  +30

‘ Sources of systematic uncertainty Uncertainty

Per photon Barrel Endcap

Energy resolution (Ac/Epc) Rg > 0.94 (low n, high 17) | 0.23%, 0.72% | 0.93%, 0.36%
Rg < 0.94 (low y, high 57) | 0.25%, 0.60% | 0.33%, 0.54%

Energy scale ((Ejuts — Emc)/Emc)  Ro > 0.94 (low i, high ) | 0.20%, 0.71% | 0.88%, 0.12%
Ry < 0.94 (low #, high 77) | 0.20%, 0.51% | 0.18%, 0.12%

Photon identification efficiency 1.0% 2.6%

Cut-based

Rg> 0.94 efficiency (results in class migration) 4.0% 6.5%

MVA analyses

Photon identification BDT

(Effect of up to 4.3% event class migration.)

£0.01 (shape shift)

Photon energy resolution BDT +10% (shape scaling)
(Effect of up to 8.1% event class migration.)
Per event
Integrated luminosity 4.4%
Vertex finding efficiency 0.2%
Trigger efficiency 1.0%
Global energy scale 0.47%
Dijet selection
Dijet-tagging efficiency VBEF process 10%
Gluon-gluon fusion process 30%
(Effect of up to 15% event migration among dijet classes.)
Muon selection
Muon identification efficiency 1.0%
Electron selection
Electron identification efficiency 1.0%
ET"* selection
ET¥8 cut efficiency Gluon-gluon fusion 15%
Vector boson fusion 15%
Associated production with W/Z 4%
Associated production with tt 4%
Production cross sections Scale PDF

Gluon-gluon fusion

Vector boson fusion

Associated production with W/Z
Associated production with tt

+7.6% -8.2%
+0.3% -0.8%
+2.1% -1.8%
+4.1% -9.4%

+7.6% -7.0%
+2.6% -2.8%
42%
8.0%
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Fiducial Cross Section (ATLAS)

¢ Measurement of the production cross section of the new
particle (M,=126.8):
- Luminosity 20.7 fb1;
- No categories to be more model independent;

- Fiducial region: isolated photons in |n|<2.37 and with E;>40,30
GeV.

¢ Cross section estimated as:

N = number of signal events

Nsignal extracted from a fit to myy
osg X BR = C,= correction factor for detector
G Lint effects;
L = integrated luminosity

¢ 0., X BR =56.2 + 10.5 (stat) = 6.5 (syst) + 2.0 (lumi) fb.
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Results (CMS Cut-based)

¢ Comparable expected significance between ATLAS and CMS MVA analysis.

MSNs=7TeV,L=51fb"\Ns=8TeV,L=19.6fb"
5 % 1 EI TTT | TTTT | T T 1T |I IIII T T | T T TT I T T TT | T TT I;
010 IIII|IIII|IIII|I\Illlll\‘lllll\\\lll\\\ _ ~ ‘I‘_ « 'l .‘.
= 10*}—— Observedp (category)  ATLAS Preliminary @ B \,/ .—im
S - — — Expected p (category) — ? 1 T - —
o 102 E—— Observed p° (inclusive) H-yy — Q_1 O'e P e =
— __ — Expected p0 (inclusive) ] _ = Had 3
=16 8 C ,‘;20
20 o 102 .
3o —ME -
46 . YT e :3
; b PN N B 130
Data 2011, \s =7 TeV 56 103 = "‘." =
Ldt = 4.8 fo b - - g
; 160 - .
Data 2012, Vs =8 TeV - 104 & -
Ldt=20.7f"' 7O - — owobs J40
J ‘ : — B === Exp. for SM H 7
1071 A I I IR SRR PR EPRPRPIP RN | 105 AL gddry Ns=7TaV
110 115 120 125 130 135 140 145 150 CIV:S preminary (blb)I ----- \s=8TeV
my, [GeV] 110 115 120 125 130 135 140 145 150
m, (GeV)
\s = 7+8 TeV Exp. Obs.
ATLAS 4.1 7.4
CMS Cut-based 3.5 3.9
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Signal Strength (Cut-based)

Unconv. central LA I L I L B B I

low p. Lo MET —— CMS preliminary
Unconv. central ATLAS Preliminary — V§=7TeV,L=5115"(CIC)
Bigh P, ] Electron \s=8TeV,L=19.6fb" (CIC
nconv. rest —
owpy Data 2012, Vs = 8 TeV 7 Muon| = —m W Ericins
. — Combined
high p R T e - _
Conv. Central j'—dt =20.7fb ] Di-jet loose — ﬁ ";H_1—2:.51:;-|:V32-0.30
lowp, - Di-jet tight -
E.OT]V' central i 1 g w
igh p. B
Con. rest ’ ] Untagged 3
ow p. —
Elorﬁv.ﬂrest Bt ] Untagged 2 ——
ghp. i —
Conv. fransition m,=126.8 GeV | Untagged 1 S i
b g mass . Untagged 0
Tight high- ] i-j
t\.l/%-jetlg mass N Di-jet
Low-mass
two-jet ] Untagged 3
ET™ significance i
Untagged 2
One-lepton ] 99
............................................. Untagged 1
2012 data s
combined I T B -~ IR R R R N R M A A Untagged 0
-2 0 2 4 6 8 10
-10 -5 0 5 10
Signal strength Best Fit o/og,,

Vs = 7+8 TeV u=oalo_,
ATLAS 1.65"° @ 126.8 GeV

-0.30

CMS Cut-based 1112 @ 124.5 GeV
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MVA vs Cut-based (CMS)

¢ Low signal to background ratio a fundamental feature of H - yy
channel.

¢ Uncertainty on signal strength driven by statistical fluctuation of the
background, and analysis changes can lead to statistical changes
due to fluctuations of which events are selected, and their
fluctuations of their mass (recalibration etc..).

¢ Correlation coefficient between MVA and cut-based signal strength is
found to be r=0.76 (estimated with jackknife technique).

¢ Taking account the correlation the compatlblllty between the two
analysis measurements of signal streng™ AT e T
and 1.8a

MVA

MVA analysis | cut-based analysis
(8 (at mg=125GeV) | (at my=124.5 GeV) GiC
7 TeV 1.697 2 227107
8 TeV 0.557022 0.930:32
7 +8 TeV 0781L8%2 1. 11+8 g% (Backgrouﬁc agrees) Signal MG
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