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Introduction and overview
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° Results based on the full Run | dataset are presented st
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* Main improvements oF
— final set of CMS ECAL calibrations 0E '
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analysis chain completely re-optimized m,., (GeV)
exclusive mode tagging expanded to include ALL production modes

new method for modeling the background

effort into studying the energy scale uncertainties

— systematic uncertainty on the mass reduced by a factor of 3

Change Improved energy New event selection = Background modelling
resolution (new (re-training +
calibration+ new re-categorisation)
regression)

Expected improvement over ~9% ~9% ~7%

published PAS (Moriond 2013)
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Photon reconstruction and identification

19.7 fb™ (8 TeV)
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* Photon energy - CMS
— reconstructed from energy deposits in the ECAL
— single channel response intercalibration and
stability vs time (t°2>yy, W>ev, Z->ee)

— multivariate regression to correct for shower
containment, material and pile-up effects

— also provides an estimate of the per photon
energy resolution
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— additional corrections on photon MC energy to
match resolution/scale in data estimated from
data/MC comparison on Z 2ee
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Vertex assignment

* High pile-up conditions
— 7TeVi<Np,>=9
— 8 TeV: <Ng > =21

* Di-photon invariant mass resolution affected
by the vertex choice

— negligible impact if vertex position known
within 10 mm

* Vertex assignment based on a multivariate
approach with inputs from:

— vertex tracks + di-photon kinematics
— conversions

* An additional BDT is used to estimate the per
event probability of assigning the correct
vertex

— ~80% for N, ~20

* Validation on Z —=up and y+jet samples
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¢ Correct vertex: data
[ Correct vertex: simulation

¢ Misassigned vertex: data
[ Misassigned vertex: simulation
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Vertex probability estimate
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Events classification

* Split events in categories exploiting different S/B and mass resolution to achieve

maximum sensitivity:

— ‘“‘tagged” categories enriched in VBF, VH, ttH signal production modes improve the
analysis reach to measure Higgs couplings

— “untagged” categories have the largest sensitivity (mainly ggH production)

° Events are assigned exclusively to a category following S/B ordering:

ttH
leptonic

\ 4

VH
leptonic

VBF

di-jet

VH
MET

ttH
multijet

VH
di-jet

Untagged
0-4

* 25 mutually exclusive analysis categories in total (untagged + tagged)
— 11inthe 7 TeV dataset

— 14 in the 8 TeV dataset
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Untagged categories

* All the information is combined in a multivariate event classifier (di-photon BDT)

includes kinematics, photon quality, mass resolution, correct vertex probability
is mass-independent

has high value for events w/ good di-photon mass resolution and high probability of being
signal rather than background

output of the di-photon BDT used to define event classes (untagged)

19.7 b (8 TeV
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spectrum
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Tagged categories

* Categories “tagged” by the presence of
additional objects in the final state to

19.7 fb" (8 TeV)

target specific production modes o 10 s o ;
S‘ E CMS = MC Background —10°
° VBF di-jet tag - = gv”:/m TR S
— based on the output of a multivariate 2 | o ERd
discriminant built using the di-photon BDT, ~ 5'°F ]
p;¥¥/m,, and variables sensitive to the VBF b : Ek
topology: - | ]
- phOtOﬂS P p_ljet1 ’ ijetz’ mj1j2) Ar]ju'z’ 10 | E1
AD(yY,i), Z=nyy- ()12 o
* WH, ZH tag "o 02_ 0.4 0.6 08
ransformed combined BDT classifier score
— one or more charged leptons, missing ET
or jets from the W, Z decays VBF di-jet tagged classes boundaries
optimized to minimize the expected
° ttH tag uncertainty in the signal strength
— b-quarks, leptons, additional jets from top associated with VBF production
decays
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Signal and background models

* Signal model

for each event class, parametric signal model built
from fit of the simulated invariant mass after
applying corrections derived from data/MC
comparisons in Z->ee and Z> uuy

best categories 6., ~1 GeV

* Background model fitted from data

smoothly falling background, shape a priori
unknown

use discrete profiling method > choice of the
function included as a discrete nuisance parameter
in the likelihood to extract results

all reasonable families of functions considered
(expo, power law, polynomials, Laurent series)

allow the data to select the one which fits the best

subsequent “envelope” around NLL curve of
different choices means that the uncertainty will
take into account the model assumption
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Mass spectrum

. 19.7 b7 (8 TeV) + 5.1 fb™ (7 TeV) e 19.7 b (8 TeV) + 5.1 fb™ (7 TeV)
> x107 > x10°
& - CMS Sum over all classes 8 35F CMS S/(S+B) weighted sum
< 10 H—=w - H—yy
o R ¢ Data ?) . : ¢ Data
g - — S+B fits (sum) 'E 3 o —— S+B fits (weighted sum)
> 8 N e B component (O] FodN . B component
L S 250
o . +1o ) R . +1o
N e +20 o - N, e +20
6 i & 2 -
- — -
L S 15F
oL @ =1.1470% —_ Fo0 o=1.1470%
[ M, =124.70 = 0.34 GeV ?_ 0.5 i, =124.70 = 0.34 GeV
[ | | | | | | | D F | | | | | | |
o | I T | | I T | 11 1 1 1111 1111 | I - | I - 1111 t’ O | I | | I T - 11 1 1 11 1 1 11 1 1 | I | | I T - 11 1 1
> _||||||||||IIII|IIII|IIII|IIII|IIII|IIII_U) rrrryrrrr|yrrrr|yrrrrprrr T T T T
o 200 - m
O 200H B component subtracted i B component subtracted
; 100
T 0f i
2 } ’ 0
W 200 { - '
' | | | | | | ! . 100 | | | | | ! !
100 110 120 130 140 150 160 170 18 110 115 120 125 130 135 140 145 150
m,. (GeV) m.. (GeV)
inclusive Inclusive — events weighted
by sensitivity
25/08/14 PANIC2014 9



Signal strength

Observed Main systematics affecting the signal yield
Dataset significance n=0o/os, | m,(GeV) Source of uncertainty Unc;erll't;mty
+0.62 Production cross sect. and branching frac. 0.11
7 TeV 4.70 222 455 124.2 Shower shape modelling (Section 9) 0.06
+0.26 Energy scale and resolution 0.02
8 TeV 4.00 0.90°%% . | 1249 g oot
7+8 TeV 5.70 1.147%% 124.7 All syst. uncert. in the signal model 0.13
i - 023 - Statistical 0.21
Total 0.25
CMS H-yy 19.7 o (8 TeV) + 5.1 fo' (7 TeV) » 19.7 b (8 TeV) + 5.1 fb" (7 TeV)
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Mass measurement

Mass measurement systematic uncertainties

* 1D mass scan floating relative signal
strength to fermions and bosons to
make the measurement less model

dependent

m, (GeV

differences not
modelled in
MC

Other

- -1 -1
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) R : [ (GeV)
3 o\ Y m,, =124.70 = 0.34 GeV v 3
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7 E o\ - Energy scale * Uncertainty on the +0.05
- . Floati q ) . calibration and correction applied
= \ 08fNg Hver,vh 8N HggH i = resolution Use ET dependent
6~ ] corrections
- : Also model stochastic and
S — constant terms in
- : resolution
4 ]
= . Non-linearity Imperfect modelling in MC
s = in scale of differences between
C ] extrapolation showers from Z->ee at m,
5 = B from my, to my scale and H>vyy at my;
- . scale
C N E dependent scale
1 - = corrections reduce this
(o) B | 5 . S N Electron — Tracker material mis-
124 124.5 125 photon modelling (inflate tracker

material)

Variation in scintillation
light peak between
electrons and photons
Imperfect EM shower
simulation in Geant4
Imperfections in OOT-PU
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Production mechanisms

* Signal strength by production type

* Consistent with SM expectations

CMS H — yy 19.7 o™ (8 TeV) + 5.1 it (7 TeV)
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Testing the spin hypothesis

° Test 0+ vs 2*_ (“graviton” like)
— different admixtures of ggH and qqH production considered for 2*

* Discriminating variable: cos®” , scattering angle in the Collins-Soper frame
* 4 di-photon categories (n,R9) x 5 categories in cos®” x 2 (7, 8 TeV) = 40 categories

* Simultaneous S+B fit to classes with signal strength variable in each cos®* ¢ bin and
common my,

19.7 o' (8 TeV) + 5.1 fo™ (7 TeV) 19.7 6™ (8 TeV) + 5.1 fb™ (7 TeV)
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Exclusion as a function of the production
mode: 2*  excluded at 94% C.L. for pure
gluon fusion production

Flat observed p vs cos@* as expected
under SM o* hypothesis
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Conclusions

* The CMS analysis in search for SM H—yy using the full Run | dataset was presented
* Observed a clear signal with a local significance of 5.7 ¢

* Mass of the boson: 124.70 + 0.31(stat.) + 0.15(syst.) GeV

* Signal strength: 1.14 £ 0.31(stat.) *5-53(syst.) oo (theo.)

* Properties seem very consistent with a SM Higgs around 125 GeV
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Photon ID BDT

* Validation photon ID BDT

19.7 fb™ (8 TeV) 19.7 fb™ (8 TeV)
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Di-photon BDT

* Di-photon BDT classifier score for Z — e+e- events in 8 TeV data, and in MC simulation

19.7 fb7 (8 TeV)
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Transformed diphoton BDT classifier score
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Event classes details

No. of classes

Label 7TV 8TV Main requirements
7l
n pr > My /2
ttH lepton tag * 1 1 b-tagged jet + 1 electron or muon
pY > 3my, /8 _
VH tight / tag 1 1 [e or u, pr > 20GeV, and ET™® > 45GeV] or
eor Zu, > ev,; < myy < e
[2e or 2y, p5 > 10GeV; 70 110 GeV]
71
pr > 3y /8
VH loose /¢ tag 1 1 e or i, pr > 20GeV
71
. l pp > My /2
VBE djjettag 02 2 3 2 jets; classified using combined diphoton-dijet BDT
02!
miss Pt . > 3m’7')'/8
VH ET"* tag 1 1 Emiss . 70 GeV
71
7 . pr > Moy /2
ttH multijet tag * 1 1 b-tagged jet + 4 more jets
g2l
VH dijet tag 1 1 Pr > /2
jet pair, p > 40GeV and 60 < m; < 120 GeV
Untagged 0-4 4 5 The remaining events,

classified using diphoton BDT

* For the 7 TeV dataset, events in the ttH lepton tag and multijet tag classes are selected
first, and combined to form a single event class.
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Event classes composition (7 TeV)

* Event classes composition

CMS unpublished
[ ] IggH ...qu | - WHI - ZH _ ttH

o, FWHM/2.35
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VBF Dijet Tag 1

VH Lepton Tight BUEREEREGENEVELTE]

0.2 total expected signal

0.3 total expected signal

VH Dijet Tag UESCERGENELERTE]

VH Lepton Loose

VH MET Tag

LGREVEN 0.2 tolal exXpected signal

[T T -1 Il 95.8 total expected signal

1 1 1 1 1 1 1 1 1

P IS

Signal Fraction (%)

0 10 20 30 40 50 60 70 80 90100 O 1 2 3

Width (GeV)

25/08/14

PANIC2014

19



Event classes composition (8 TeV)

* Event classes composition

Untagged 0
Untagged 1
Untagged 2
Untagged 3
Untagged 4

VBF Dijet Tag 0
VBF Dijet Tag 1
VBF Dijet Tag 2
VH Lepton Tight
VH Lepton Loose
VH MET Tag

VH Dijet Tag

ttH Leptonic Tag
ttH Multijet Tag

Combined

CMS unpublished
Moo ot W

e

- Gelf FWHM/2.35

19.7 0" (8 TeV)

i s(s+B)int o

6.0 total expected signal
50.8 total expected signal
117.2 total expected signal
153.1 total expected signal

121.4 total expected signal

4.5 total expected signal

5.6 total expected signal

13.7 total expected signal

1.4 total expected signal

0.9 total expected signal

1.8 total expected signal

1.6 total expected signal

0.5 total expected signal

... |
0.6 total expected signal
E—_——— — — — — —

479.0 total expected signal

T
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Channel compatibility

CMS H — vy

19.7 b7 (8 TeV) + 5.1 b (7 TeV)

Untagged 0 |

Untagged 1
Untagged 2
Untagged 3
VBF dijet 0
VBF dijet 1
VH tight |
VH loose |
VH MET
VH dijet
ttH tags
Untagged 0
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Untagged 4
VBF dijet 0
VBF dijet 1
VBF dijet 2
VH tight |
VH loose |
VH MET
VH dijet
ttH lepton
ttH multijet

|
7 TeV

”~

0.26
=1.14 "
combined -0.23
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|
8 TeV

I combined + 10

—e— per-channel + 10
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