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1 Talk’s overview [ EPJ C (2014) 74:3076 ]

» 2012, Jul — Higgs boson discovery by ATLAS and CMS
» 2013, Feb - Preliminary CMS results on the full dataset (Moriond)
» 5.1 fb" at Vs=7 TeV and 19.7 fb-! at Vs=8 TeV

» 2014, Jul — improved analysis of the full dataset:

» Optimized performance of energy reconstruction
» New method for modelling the background
»  Sensitivity +30%

» Accurate modelling and study of the photon response
» Systematic uncertainty on mass reduced by 1/3

» Selection optimization including tags
for exclusive production modes

» Improved sensitivity to specific couplings

» With details from photon reconstruction paper being submitted

CMs
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b Higgs production and H>Yy decay

ggH = ~88% qqH = ~8% VH = ~3% ttH = ~1%
g q
t
Hoo Ty H N Wz e N H o]
t
g q a '
Tag dijets Tag leptons/MET Tag b-jets
» Low BR ~ 0.2%, but clean signature <10 19.71 " @Tev)
» Narrow resonance of > 20 CMS + Data
two high-E; isolated photons B 18k Unpublished -y
L i i ] y-jet
> Can reconstruct mass with high precision: 3 3 D jetiet
c [ Drell-Yan
0omy, = \/2E1 E,(1-cosa) L% [ Hoyy (125 GeV) x5
» Sizable continuum background 8
» | Yy =70% | | y+et =30% | jet+jet < 1% j
» Quest on the detector: T .
» Excellent energy and angle resolution 100 120 140 160 180

. e , : m,, (GeV)
» Excellent photon identification (against m° from jets)

CMS

3
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' The CMS ECAL
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» Homogeneous, compact, hermetic, fine grain PbWO, crystal calorimeter
- Emphasis on energy resolution
- No longitudinal segmentation (except preshower)

v

Barrel: |n| < 1.48 (i.e. 0 ~ 25°)
» 36 Super Modules: 61200 crystal —
b (2.2x2.2x23 cmd) ~26X, P
Endcaps: 1.48 < |n| < ¢ —

» 4 Dee’s:14648 crystals
»  (2.6%2.6%22 cm?3) ~25X,

Preshower: 1.65 < |n| <
» 33X, of Pb/Si strips
» 1.90 x 61 mm? x-y view

S e ———

v

v

Endcap “Dees”
with “supercrystals”
Super Module (5x5 crystals)
(1700 crystals)

CMS Characteristics:

»  Tracker coverage: |n| < 2.5;

» CMS Magnetic field: B=3.8T

» ECAL fully contained inside the coill

-

v
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-, Measurement strategy

>/Signal model from simulation: \

[1. Photon energy: A » Same corrections on e* and y
> Clustering independent of particle type » Z > ee events to model detector
»  Calibration and corrections response (i.e. tune MC simulation):
» Estimate per-photon resolution ) photon energy scale, resolution,
\.  and efficiencies
2. Photon identification 3. Vertex identification: )
» Shower shapes and isolation variables » Select vertex among ~20
» Estimate per-photon quality concurrent collisions (pileup)
» Per-event probability of
correct vertex assignment

Event selection and analysis categories:
» All event information in one BDT discriminating variable

o Event kinematics, resolution, photon quality

L’ Dijet BDT + Exclusive mode tags (VBF, VH, ttH)
» Global fit: signal model +
parametric background

>

BDT = Boosted Decision Tree
+ systematic uncertainties

Z 5
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. Energy reconstruction at CMS

LHC luminosity relative response

I l
— (10330mzs1)
Ee,fy — g fe,'y E C,'S,'(t).A,' .
Response uniformity N
» Crystal light yield (LY) spread ~ 10%

O,
» Endcap VPT response spread ~25% %
» Intercalibration e
_>® Response stability =%,
» LY variation with temperature: -2.2%/°C 3
»  Gain variation (Barrel APDs): <
»  AG/AT =-2.4%/°C; AG/AV=3.1%/V =

» Transparency variation with radiation
» Stabilization and response corrections

N Q Q Q Q
O VB

L 5@ Geometry, tracker material and B field
» Photon conversions
» Energy spread along ¢ at = constant n

»  Clustering and energy corrections (+ global scale G) tracker

acceptance
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- Single crystal calibrations
» Intercalibration and transparency corrections
» One transparency measurement (laser light) each crystal every 40 min
» Monthly intercalibration: n®m—>yy mass, ¢-invariance of energy flow
Once per year: electron E/p and Z->ee mass

>

» By construction <¢c>=1, s;(t=0) = 1

» Intercalibration and corrections affect resolution, not the energy scale!
2 102 CMS Preliminary 2012 Ty, e
© . — = - — i
8 101 = v'— 8TeV L=196 fb ECAL barrel = 8 180 :_ CMS Preliminary 2012 “++ no corrections
o P 1 w0 160 - Vs=8TeV,L=19.6fb" | . Intercalibrations (IC)
w 1 é‘. ......... S¥ m ........... ‘..M PR S— 'w‘i o -
g 0.99 E f E 140 :_ = IC + LM corrections
8 : RMS <0.1% 4 € ;oL ECALbarrel
S 098E 1 S 120
[V} . - 4 S C
o L 4 - -
0.97 E%, ¥ 1 W 100f
- ‘ﬁ! 3 80
0.96 R - ]
0.95 ; % ............ L 1%&; . i 60 E_
= % T = 40—
0.94 = —— without laser monitoring correction 0’% ‘;_._.:_.;'.f_;,__v-,. A 8 7 20 =
0.93 | —— with laser monitoring correction - %i o S
20/04 20/05 19/06 19/07 18/08 17/09 1710 16/11 0 60 " 80 ‘1“00 120
date (day/month) M., (GeV/c?)
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- Clustering and energy corrections
. A— a
o 0.22f— CMS Preliminary 2012 Esys crystals 18~ CMS Preliminary 2012 Esys crystals
Q) . - #2422 _SuperCluster
o) 0.2 :_ \s=8TeV,L=19.6 fbo' 45440 _SuperCluster 16 -~ \s=8TeV,L=19.6 fo'! Etsm:or::e'cte'd
d 0.18 - Sy Eunoonected [ SuperCluster+ES
~ . E SuperCluster 14— Eunoorrected
n 0.16 — oo:'ected - ESuperClusier
T 0.14F ECAL barrel 12[- ECAL endcap corrected
() E - e
Lﬁ 0.12}~ g 10 7
0.1 8F %
0.06 - - :
0.04f 7 4 3 EL
0.02f L 2-
ok A o — . ok e — .
60 100 120 60 80 100 120
M. (GeV/c?) M, (GeV/cd)

» Dynamic clustering to recover energy radiated upstream of ECAL
» Super-clusters of clusters along ¢ (bending direction)

» Ratio of energy in fixed array to super-cluster energy
convenient to classify e/y with radiation/conversions (e.g. R9=E;,3/Eg()

» Energy corrections (F,,) based on MC simulation

» Global (material distribution) and local (voids between crystals)
coordinates, shower shape variables (radiation effects), pileup variables, ...

My
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.. Photon energy corrections

» Improved input:

» Time-dependent simulation (8 TeV only) -

improved shower shapes

» Pileup in extended time window, equivalent noise and pileup evolution

» Improved BDT algorithm:

» Predict parametric E, /E,,, p.d.f. (Gauss+ Crystal-Ball wings)
» Corrected energy from the mode
» Per-event resolution “from the p.d.f. spread” >> input to diphoton BDT

g8 TeV
o< 10°
S CMS
< 40 svnulafion | \
s ! \~ Barrel
l
,JJ ~ . 4 - 2 1ay
@ 1 .4 H— vy, p.> 25 GeV
+
1" ¢
0 ‘ e K
101 } “:‘.;'“- - d
| ‘xf“’vfw.‘,' .4
L e - —
1 -alis - -
1056 o8 1 1.2 4 18 1.8 2
EvdE

0.014

Events

10

10

10

Closure on MC sample

'k

5

' ' 21

CMS

Simulahion "'qq

b

‘

|
+
|

e Distribution of E;./E,,.,
— Sum of per-photon pdf’s

Endcap

.

3
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ff
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... Test resolution with Z = e'e

CMS 2012 preliminary: L= 19.5 fb", Vs = 8TeV CMS 2012 preliminary: L = 19.5 fo, Vs = 8TeV

OO T T Tfomptreconstruction, R Sosd T OO0 T T G conbtruction,inchusive |||
B Winter2013 re-reconstructgion ,R 02 0.94 _ L Winter2013 re-reconstruction, inclusive N
0.05} —.— MC, R9:20.94 : . { 0_05} —o—: MC, incl:usive N {
0.04[ g, e 0040 B SaeeliiaE i
w b J;“’“W* 1wk b e T T
¢ = s S NN T B e
0.02k- * el 4 = 0.02] . wmererei ™ | -
i . e e .
’ 0.01F- 5 -
E\eo\x‘( \)G\ed : 1 | 1 | E | | EI | | E | | I i | | | | | | I | | .
(600(\‘5 KONS % 0.5 1 1.5 2 2.5
SuperCluster |1 | 25 O SuperCluster |n |
» MC simulation include:
» Geant4 (version 9.4.p03 : :
( pO3) . Match data/MC simulation:
» Best (prior) knowledge of tracker material - Add Gauss resolution term
» Ideal ECAL geometry (voids between crystals) to MC: a/VE; (+) ¢
»  Single channel residual miscalibration - Adjust data scale in bins

e e . . of R9, n, E;
»  Digitization with in-situ noise spectrum, and pileup

» Photostatistics and constant term according to test beam results
10

CMs
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.« Example of imperfect simulation

BICOCCA

CMS Simulation 19.7 16" (8 TaV)
o —IlIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII_ l._;1.5
§ 2 5| | Support Tube [l TOB Bl Pixel - 5 CMS

- [ |TEC 1B and TiD [l Beam Pipe -
i 1 g A O i
- 5 Y Electron track +

13 + Hadron track 7

1.2 a

b
1.1 I R
111
4 RITRE
¥ ge i - |
LU
0'90 0.5 1 1.5 2 2.5

» Data/MC Tracker material thickness in x, from:
» Bremsstrahlung of electrons f = (P, -Pout)/Pyix
» Multiple scattering of low momentum pions

» Differences in TIB/TOB support structure (Inl~0.5)
and services in the TK barrel/endcap transition
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. More examples...

» Conversions in the tracker volume:

> Energy flow in the preshower in Z->ee events:

10 20 30 40 50 60 70 80 90 100
iX

%12

V.U

0.04
0.03
0.02
0.01
0.00

2v 'i'! Data " v.uu

40 ; 0.04
30 it e T 0.03
20 o 4 - 0.02

10 N 0.01

10 20 30 40 50 60 70 80 90 100 °-00

iX

Cables and connectors at
the back of the Tracker
(not-‘mapped’ by tracks)
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. Tuning of calibration and MC resolution

CMs

» Multi-step procedure:

>

4

Correct scale for residual time
dependence of response in
Run x Inl bins

»  Small: <0.1 (0.2) % in EB (EE)

Simultaneous fit of scale in data and
additional Gauss smearing in MC in

(4 Inl x 2 R9) bins

» In barrel at 8 TeV:
OGauss = a/\/ET (+) C

Residual correction scale correction

in E;x Inl x R9 bins
» Only at 8 TeV in the barrel

1.006

1.004

1.002

E-scale discrepancy

0.998

0.996

Reciprocals of these values

applied as corrections to data s
19.7 b (8 TeV)
I

. CMS . —
Z—e'e ——
—e
—_—— _ —0
'—_'_‘7. _o; e &
—
' g
——
el O<inp<1 R >094
O<h<1. R <094
—— 4 1<in<14,R >0584
B v 1<h<14,R <084 |
1 1
20 40 60 80 100
E, (GeV)

» There is a systematic uncertainty associated

13

NOTE: Consistent non-linearity seen in 7 TeV data,
but dataset insufficient to derive corrections
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.. Photon energy scale check: Z=2> upy

CMS 19.7 b (8 TeV) CMS 19.7 b (8 TeV)
> : - >7000F 5 . .
835003_ Preliminary ¢ data 8 . Preliminary ¢ data
10 6000 -
N N hae [mc
L3000 > -
0 - 25000
S 2500} o .
o f W 4000f
2000 -
- 3000
1500F -
1000F- 2000¢
soof— 1000F
95 8 8 90 95 100 105 90795 20 25 30 35 40 45 50 55 60

M,y (GeV) p’; (GeV)

» Inclusive Data/MC calibration agree to about 10
» AE =(0.25 £0.11,, £ 0.17, ) % = (0.25 = 0.20) %
» Systematic uncertainty include fit reproducibility, and selections

» No strong constraint on the Higgs boson mass uncertainty
» Precision in individual R9, Inl bins ~0.3%, <p;>=28 GeV

- AL
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BICOCCA

0
(l\§\§

Events

Data'MC

»

>
4

105 GeV

-t CMS After correction
L ¢ Data
a0l Barret-Barre *
20| Barrel-Barre M CIz-eeMC
-
»
- ¥
15 |
J
-
5
10F . -
r \
’
L J L
Sy i L
- -
.———-'/ .
0 1 ! \\au-
3 L L]
2F r
a .
1 ;\'."M"WM...‘*‘DO.'M‘.ON 2
O'a E 1 1 1 1 3

19.7 167 (8 TeV)

mg, (GeV)

Additional smearing:
0.7% - 1%

» Barrel:

4
75 80 B5 90 95 100 105

/0.5 GeV

Events

Data/MC

1.6% - 2%

» Endcaps: 1.6-2%

19.7 fo ' (8 TeV)

x107
| CMS After correction
S0 ¢ Da
bO- Not Barrel-Barrel 0z 'a‘h' MEY
B0
01
201
'\. L L
> 3 T L T | B L 4
I 2:- .-
et e’ ut
A TP U e RO ey LAl DA
75 80 85 20 a5 100 105
m,.. (GeV)

R9 >0.94
R9 <0.94

Correlation with R9 - suggests material effect

Residual discrepancy in the wings
[resolution not Gaussian, mainly in endcaps]

15

Lifect of smearing added to MC

19.7 o' (8 TeV
0.06 T T T T { i .
MC R, = 0.94 : CMS |
0.05} : -
. " Data, R, =0.94 :
0.04} : : —
! P —— +
05 + -
0.03 — . H Y .ol LS. -]
a s
0.02} o e o
s .._-.—_._-0--‘7-‘-
0.01F : -
o= : ] ., . . .1 gy ]
0 0.5 1 15 2 25
Supercluster | v |
19.7 fo (8 TeV)
0.06 - — —
[ MC,R, <0.94 : CMS |
0.05}- -
[~ Data, R, <0.94 e s
0.04} ; - e T o
0.03f - 3
17| O S 2 .
0.01f
: 1 -
% 0.5 1 15 2 25

Supercluster | y |
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. Photon resolution after MC tuning

0.04

(Y]

o /E

0.035

0.03

0.025

0.02

0.015

0.01

0.005

H->yy events

8 TeV

Module boundaries

Barrel/Endcap transition

CMS |

Simulation

—4—R,=0.94
—— Ry < 0.94

T
)
=
/)

- Simulation
0.2f

Fraction of events/ 0.005
o
o

B ’ ' Converted y

[ H-yy, E_>25 GeV
0.1

0.05~

- D Unconverted or late converted y

P ) o e 115 S el bl || l l‘ : | LJ 1 ]

l_L 1
%.4 0.5 0.6 0.7 0.8

0.9 1
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. Photon identification

» Loose (trigger) pre-selection + identification BDT

197 b (8 TeV)

Mas
Uas RO |«
[:] Smulatior

Smulahon: statisacal uncertarty

Barrel

0ir]ir]

Discrepancy fixed
by new Geant4

RIn R4 ) Input

095 3.01

» Training on y+jet MC samples

» Separate on 7/8 TeV and EB/EE

» Remove p; and Inl dependence (weighting) 2

» Output

» Signal efficiency 99% at BDT>-0.2
» BDT score >> input to diphoton BDT

. 17

—

CMS e Data: signal {Z—+uuy) i
ot » Shower shape variables
B e ittt Uscains » Isolation variables
Barrel | » Median energy density
ECAL :
4 (pileup), n and Eg,,
i 19.7 o' (8 TeV)
o x10
S I CM |
o 80 CMS =30
= |
{ | 1 i E - |
G>J - — H-ovyy (mH=125 GeV) _
O 60 .
‘ A % - ¢ Data —20
QO - #8% MC background -
==Y 1
40— - v-jet .
- —— jet-jet 4
[ —{10
02 0.49

0
-0.6

-0.2 0

Photon ID BDT score

200/ Sudene AL «— H
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. Uncertainty on the photon ID

" 19.7 fo'! (8 TeV) " 19.7 fo! (8 TeV)

[aV I Al X

o o L

8 2 CMS N,<15| © [ CMS N, >15

s i " S sl +«>= 1) BDT score of electrons
2 4 Data *2 | ¢ Data ™ H 29

§ 5 3 z—eeMC 4 r 1 ZseweMC In ee events

. 3 MCsyst. W [ [ MCsyst.

10

» Reconstructed as photons

» Systematic uncertainty
applied to cover any data/MC
discrepancies:

O O
= = .
g . § . » BDT score shift by +0.01
-0.2 -0.1 0 0.1 0. 2 0.4 -0.2 -0.1 0 0.1 0. 2 0.3 0 4
Photon ID BDT score Photon ID BDT score
JIPAS-EGM-14-001] .\n
& “Tems & Tems » BDT score of photons
& 200 [z MC : g oo @zowinc in Z2>upy events
a8 MC =yst R i N MC sy=t, ] ]
"9 4 b i » Systematic uncertainty band
Barrel Endca A
1000 - wl as from Z->ee study
g ) 2 .
E L Segatetesnsacs - -.-... 3 ' . “"..‘Mw."" I
\c'z e reioaiil 3 + ? M 0,’
0 0.2 0 0.2
Photon ID BDT score Photon ID BDT score

18




o)
INFN

C

. Vertex identification

» Resolution unaffected if vertex within 10 mm of true position

1. BDT to identify vertex 2.
» Hardness of interactions p;
» Balance of diphoton system
and charged tracks
» Conversion information
Closure test on simulation 8 TeV
E CMS H—yy (m, =125GeV)
e Simulation <PU> = 21
e . mmA R
Ng 0.92— Vs - .
ie 0'8;_ y = True vertex efficiency 1
S 07:_ Average vertex N
5 'r A probability estimate
© L
L 06 -
055~ S0 o0 ise 200 250
pl’ (GeV)
CMs 19

BDT to assign per-event

probability of correct vertex id

>

Events / 0.02

BDT score and distance
of three most likely vertices

Number of vertices in the event
Number of conversion tracks

19.7 b (8 TeV)

x10*
ol CMS Validated on data
— o
I Z > uu
60 __ © Correct vertex: data
i [ Correct vertex: simulation
N ¢ Misassigned vertex: data
40— [] Misassigned vertex: simulation
20—
O I 1 I’ & |0 1 1 1 I 1 1 1 I 1 1 4 1T
0 0.2 0.4 0.6 0.8 1

Vertex probability estimate

>> Input to diphoton BDT
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BICOCCA

» Diphoton BDT

»  Combine event information into one
discriminating variable

>

Event kinematics, mass
(photon and vertex)
resolution, photon quality

>

»  High score for high resolution and
high signal-like topology

» Define cutoff-acceptance and set
analysis categories

Optimized for maximum sensitivity
» Dijet BDT to tag VBF production

>

»

Combine dijet variables to
tag VBF-like topo/ogy and
include diphoton BDT

P

»  Set categories for maximum sensitivity

» Exclusive mode tags (VH, ttH)

» Leptons, MET and jets consistent
with W or Z boson decays

» b-jets, leptons and MET consistent
with top pairs

B ) 20

. Event selections and analysis categories

10

0.2

0.4 0.6 0.8
Transformed combined BDT classifier score

19.7 b (8 TeV
o 100 ( )105
o ¢ Data I
o | —— MC Background \L
~ 10°E | —— Hoyy(m =125GeV) 10% <
L E Bl - <
GC_) - | = vsr (2
WH/zH
=10 = 10° §
s F ®
S0 102 S
- N
107 10
10 1
| | | 1 I | I| 1 | || 1 L | I I| | |
o 0.2 0.4 06 0.8 101
Transformed diphoton BDT classifier score
10° 19.7 b7 (8 TeV)
N —
< ¢ Data _ T
o CMS —— MC Background — 103 \L
-~ —  Hosyy(m =125GeV) 3 )
g 10* 7w H 3 =2
o E WH/ZH 1., @
ggH _ @
z 3 I veF §10 a,
= 10 3 ®
0O n O
—10 o©
3 (S
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- Exclusive tag mode summary

» Mutually exclusive classes » Acceptance x efficiency
» 7 TeVatmy=125GeV: 48.6%
Label No. of classes p ..\ requirements » 8 TeV atmy =125 GeV: 49.3%
— 7TeV  8TeV H ' )
m 71 > /2
= & Pt = Myy
-8 ¢)| ttHleptontag * 1 1 b-tagged jet + 1 electron or muon
g E P%l > 3ty /8 _
® O VHtight/tag 1 1 [e or u, pr > 20GeV, and EXi® > 45 GeV] or
= 2 [2e or 2u, p& > 10GeV; 70 < myy < 110 GeV]
c X 1
‘® @ VHIoose £ tag 1 1 pr > 3myy/8
o > eor u, pr > 20GeV
© 2 PL > Moy /2
- . i
B Q VBE dijettag 0-2 2 3 2 jets; classified using combined diphoton-dijet BDT
N C . p! > 3m,. /8
) miss T, Y
2 © VHE™tag T 1 Emis S 70Gev
2 3 pL' > oy /2
c £ i T TY
g 7 ttH multijet tag * 1 1 b-tagged jet + 4 more jets
© 1
S| VH dijet tag 1 1 Pr > ma/2
\/ jet pair, pf > 40GeV and 60 < mj < 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.

21
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b Signal model

» Parametric shape (sum of Gaussians)
» Fit diphoton invariant mass in MC simulation
» Nine my values 110-150 GeV; linear interpolation in between
» Separate fits for each each category

— [ T T T T I T T T T | T T T T | T T — T T T T T T T T | T T T T T T
£ o | ﬁ
O) CMS 4%7 Simulation O) K CMS *F%f Simulation

0 50 Unpublished 0 - Unpublished +

o 8TeV Combined —— Parametric model o 1 8TeV Untagged 0 —— Parametric model
~ ~— L i
~ B ~

(7)) Gy = 1.87 GeV (7)) - Gy = 1.05 GeV
e e

3 & |

S B FWHM = 3.10 GeV S FWHM = 1.86 GeV
L L

P20 130 g 1o 12 130 140

GeV) m,, (GeV)
About 20% improvement in resolution compared to Moriond 2013

‘(TM)

22
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. Expected signal (SM) breakdown

Expected SM Higgs boson signal yield (my=125 GeV) Bkg.
Event classes Total ggH VBE WH 7H GE | et | OlM (Gev1)
(GeV) | (GeV)
Untagged 0 58| 798% 99% 6.0% 35% 0.8% | 1.11 | 0.98 11.0
Untagged1 | 22.7 | 91.9% 42% 24% 13% 02% | 1.27 | 1.09 69.5
Untagged2 | 27.1 | 919% 41% 24% 14% 02% | 1.78 | 1.40 135.

T | Untagged3 | 34.1| 921%  40% 24% 13% 02% | 2.36 | 2.01 | 312.
€ [ VBFdijet0 | 16| 193% 801% 03% 02% 0.1% | 141 | 1.17 0.5
55 | VBFdijetl | 3.0 | 381% 59.5% 12% 07% 04% | 1.65 | 1.32 35
% | VHtghtZ | 03| — —  772% 20.6% 22% | 1.61 | 1.31 0.1
| VHloose?| 02| 36% 11% 791% 152% 1.0% | 1.63 | 1.32 0.2
VHEDS | 03| 45% 11% 415% 44.6% 82% | 1.60 | 1.14 02 | Composition of
V;H dl]et 0.4 27.1% 2.8% 43.7% 24.3% 2.1% 1.54 1.24 0.5 untagged categories:
ttHtags | 02| 31% 11% 22% 13% 923% | 140 | 113 0.2
Untagged0 | 6.0 | 75.7% 119% 69% 3.6% 1.9% | 1.05 | 0.79 47| - Boosted diphoton pair

Untagged1 | 50.8 | 85.2% 79%  40% 24%  0.6% | 1.19 | 1.00 120. | - Both in barrel & R9>0.94
Untagged 2 | 117. | 91.1%  47%  2.5% 14%  03% | 146 | 1.15 418. | - Both in barrel

Untagged 3 | 153. | 91.6%  44%  2.4% 14%  03% | 2.04 | 1.56 870. | . .

Untagged 4 | 121. | 93.1%  3.6% 2.0% 1.1%  02% | 2.62 | 2.14 | 1400.

:e VBE dijet 0 45| 17.8% 81.8% 0.2% 0.1% 0.1% | 1.30 | 0.94 0.8
lc\; VBEF dijet 1 56| 285% 70.5% 0.6% 0.2% 0.2% | 1.43 | 1.07 2.7
; VBE dijet 2 13.7 | 43.8% 53.2% 1.4% 0.8% 0.8% | 1.59 | 1.24 22.1
& VH tight V4 1.4 0.2% 02% 76.9% 19.0% 3.7% | 1.63 | 1.24 0.4
® | VH loose ¢ 0.9 2.6% 1.1% 77.9% 16.8% 1.5% | 1.60 | 1.16 1.2
VH E%‘iss 1.8 | 16.3% 27% 344% 354% 11.1% | 1.68 | 1.17 1.3

VH dijet 1.6 | 30.3% 3.1% 40.6% 23.4% 2.6% | 1.31 | 1.06 1.0

ttH lepton 0.5 — — 1.6% 1.6% 96.8% | 1.34 | 1.03 0.2

ttH multijet 0.6 4.1% 0.9% 0.8% 09% 93.3% | 1.34 | 1.03 0.6 | [EPJC (2014) 74:3076 ]
o ) o3
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.. Expected signal breakdown at 8 TeV

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 uUnpublished
ot I v Iz P

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

FWHM/2.35

19.7 b (8 TeV)

- S/(S+B)int &
eft

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

I
0.6 total expected signal

479.0 total expected signal

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

Signal Fraction (%)

2
Width (GeV)

3

0 02 04 06
S/(S+B)in £ ©

eff

For the parallel processors in human brains
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- Statistical methodology

Events / GeV

Events / GeV

» Simultaneous binned Max-likelihood fit to diphoton invariant
mass in all the categories:

O L = L (data I S(p;myy) + b(mYY))

» s = signal parametric model from MC simulation

o Systematic effects included as nuisance
parameters on the signal model

» b = background function: shape unknown
o => Wants a general description with negligible bias in the fit

)
S

! o 19.7 b (8 TeV) + 5.1 fb™ (7 TeV)
19.7 16" (8 TeV) + 5.1 b (7 TeV) 19.7 b (8 TeV) + 5.1 b (7 TeV) 19.7f6” (8 Tev) + 5.1 fb” (7 Tev) 97 (BTeV)+ 511 (7 TeV)

. A7 10 19.7 b (8 TeV) + 5.1 fb™ (7 TeV)
400 > x10 > > x
[0} CMs o) CMs (o) CMs T
cmMs 8 TeV Untagged 0 8 cms 8 TeV Untagged 1 G 12F 8TeV Untagged 2 9} 25 8 TeV Untagged 3 O] 8 TeV Untagged 4
251 i ~ =~ ¢ Data ~ 4
+ Data 5 300 ¢ Data ) ® — S+Bfit i)
2 2 — g g2 c 2 = Boamponent °
Q 9 0.8k > - +1o L sk
ﬁ [ITha w 151 +20 w
152 200 :
0.6 ol
\ 1
10 0.4
100 L 1+
51 02} 05
! N ol ol Ly ol
0 Tt Ll 0 i 121 14 1 1
100 120 140 160 1€ 100 120 140 160 18¢ 100 120 140 m160(GeV1)80 100 120 140 m160(Ge\/1)80 00 0 0 m 60(GeV)80
m,, (GeV) m., (GeV) Y L L 19.7 b (8 TeV) + 5.1 fb™ (7 TeV)
19.7 fb™' (8 TeV) + 5.1 fb' (7 TeV) 19.7 o (8 TeV) + 5.1 fb™ (7 TeV) > 10
15 > 80 > cMs
CMs " [0) CMs " [0} 8 TeV ttH lepton tag
8 TeV VBF dijettag 1 | (5 8 TeV VBF dijet tag 2 =
> 2
2] c
2 9]
9] >
> i}
iT]

0
100 120 140 160 180
m,, (GeV)
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. Background description

» Previous analysis (each category):

CMS

» Bernstein polynomials with polynomial order set by:

» Fitbias<1/5 0y (*¥)
[i.e. add D.O.F. until Oyq? + Oge = Ogie? |

» New ‘envelope method’ (each category):

>

»  Max-likelihood to select the function
and the order which fit the best

» Bernstein polynomials, Laurent polynomials,
power law, and exponential families

» Add penalty for different number parameters
» good coverage and negligible bias with
—2logA’” = min{-2logA+ N},

[Fits satisfying bias condition (**)]
‘Profile’ the likelihood over the function choices
» Account for arbitrariness and uncertainty of the choice

»  Overall sensitivity of the analysis improves by +7%
» Best fit functions typically have fewer parameters

26

n
3

[arXiv:1408.6865]

Events / GeV
n
=3

100~

— Laurent
— Exponential
— Power Law
Polynomial

< 220

fio

115 120 125 130 135 140 145 150
m,, (GeV)

2122
2105
208:

206f

204
-

218}

216f-\ °

— Minimum Envelope
B 65.3% interval

95.4% Interval
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. Results

» Inclusive sum
of all events selected

19.7 6 (8 TeV) + 5.1 fo'! (7 TeV)

3
> F cms
0] L Sum over all classes
Z 1o H-ovy
» ¢ Data
% . — S+Bfits (sum)
> 8__ ------ B component
L . -
6__ ...... 1'26
4_
oL B =114753
[ M, =124.70+0.34 GeV
O_IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIllIllIlII
% T T ™ T L |
G 200
~
§2)
C 0
o)
0
-200 %
_IIIIIIIIIIIIIIIIIIIIIIII|IIII|IIII|IIII-

100 110 120 130

m,, (GeV)

S/(S+B) weighted events / GeV

140 150 160 170 18(

-100

» Sum weighted

by sensitivity

19.7 fo' (8 TeV) + 5.1 fb' (7 TeV)

x10°

3.5

CMS
H- vy

=1.1419%
= 124.70 + 0.34 GeV

S/(S+B) weighted sum
¢ Data

—— S+B fits (weighted sum)
------ B component

S 210

------ 20

-0.23

200
100

0

110

115

120 125 130 135 140 145 150

m,, (GeV)
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. Results: signal yield

Dataset Significance (obs) o/0gy, my, (GeV)
.62
7 TeV 4.7 0 2.22 3% 124.2
0.26
8 TeV 400 0.90 t0_23 124.9
2
7+8 TeV 5.7 G 1.14 1% 124.7
CMS Hoyy 19.7 167 (8 TeV) + 5.1 fb” (7 TeV) L2 19.7 fb" (8 TeV) + 5.1 fb" (7 TeV)
[©) < | ]
3 \ - CMS 1
a B 1s 2w | N
T - ==+ 16 uncertainty .
3 ‘136 i i
’ 1__ ________________
40 i
0.5
Observed 7 + 8 TeV °° 0 a
Observed 7 TeV -
Observed 8 TeV -
- - Expected7 + 8 TeV u
- - Expected 7 TeV -0.5 ]
- -- Expected 8 TeV ]
1o S i e e i o ds. s qi0 s iz 125 130 13 40 idy 150
m, (GeV) m,, (GeV)

0.26 | 40.21 +0.09 40.13
o/osm = 1.14755; [i-o.21(Stat-)—o.os(SYSt-)—o.og(th-)]
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Source

Theory

Effect
+0.11

Diphoton BDT mismodelling +0.06

Energy and resolution corrections | +0.02
Other experimental +0.04

Events/ 0.01

Data/MC

[\V] X
&) -t
(@) <,

19.7 fb' (8 TeV)

¢+ Data
] Z—e'e (MC)
[ MC cluster shape uncertainty

| 1 1 | | | I
04 05 06 07 08 09 1
Transformed diphoton BDT classifier score

- Systematic uncertainties on the signal yield

» Largest uncertainty of
instrumental origin

»  Studied by modifying inputs that
distort the diphoton BDT score
and affect categorization

I, Photon BDT score

II.  Energy resolution estimate

» Test of the uncertainty on the
BDT score with Z->ee events

—> Slightly overestimated

»  [Shift of the two inputs chosen to
cover discrepancies in the tails
of the respective distributions]
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- Results: mass measurement
CMS H 717 (8 TeV) + 5.1 fo (7 TeV _
—~ 9p% a4 ATAELLLL AL B ,.e ) Constraint from Z-> uuy weak
£ g\ " m, = 124.70 + 0.34 GeV e _
S ®E\Y 12470 +0.31 (stat) + 0.15(syspy gev / /| * MC: Propagate to m,, per-photon
7\ / [ 4 energy uncertainties from:
- “‘ Floating Hyge vy and U ggH v .
6 \“ =
- \ . Energy corrections and resolution
> E Electrons at m,
4 ;_ ‘\‘ —— Total uncertainty _; 6rnH = 0.05 GeV
3 f_ “‘ - - - Statistical only _E \l,
oF E Response linearity
i . m, ===->my
1 = omy = 0.10 GeV
- | | | | | | | 1 ) ] | I | | | | l | | :
0 124 124.5 125 1255 _ ‘L
m, (GeV) Simulation of
ely response difference
m!_! =124.7 = 0'3§t_a!i 0.15§¥§E GeV photons at my
om, =0.10 GeV
CMmS 30



INFN

BiCOCCA |

» Photon energy corrections : om, = 0.05 GeV

. Energy corrections (at m,) and linearity

» Method stability against R9 reweighting, selections, fit range

» Residual non linearity : dm, = 0.10 GeV

» Dielectron invariant mass vs Hy = %2 (E1; + E1,) in boosted Z—>ee
» E/p vs E;with electrons from Z and W decays

Error band scaled
to get X?/dof =1
Also verified with
parabola

Addltlonal checks
Gain switch of
electronics in
< 2% of events
—> negligible

<)
2]

19.7 fo' (8 TeV)

| Barrel high R,

c

S 1.004-

n s

S 1.002 "
% 1P {$L  S— 1
E ] 3 T'—

T 0.998|-

_| Barrel low R,

CMS

1.01

0.99

- Endcap high Rg

g 1

|

T

m

=

Q |
B

o

=

py

3+ My, data/MC
-4 Elp data/MC

20 60 80

100

60

80 100
E; or H/2 (GeV)
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. Photon/ electron response difference

» Imperfect simulation of e/y difference : om, =0.10 GeV

» Per-photon effect from double ratio of e/y response difference
in modified and default simulation

» Longitudinal non-uniformity of light collection : 0.02 GeV (next)
» Imperfect EM shower simulation : 0.05 GeV
o G4 modified with Seltzer-Berger model
» Imperfect description of material : 0.07 GeV
SRR 12.7 16" (8 TeV) — 06
>-<-.e CMS %:/ : fl:nh;flf)lished .129>2.z:
xé Loy $ Electron track ’ E: 04l o
g 04
13 + Hadron track + g i
Mod: ?20% g 0
1.2 = i
Mod: +10% & |1 % = of
1.1E TR
BT o} HH Y Y ol
itk ity :
' 0.5 1 1.5 2 25 o s

Inl'
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.. Photon/ electron response difference (2)
» Imperfect simulation of e/y difference : dm, = 0.10 GeV (cont’d)

» Longitudinal non-uniformity of light collection: 0.02 GeV
-~ Residual non-uniformity from lab tests (all crystals!): 0.14%/X,
o ely response difference from difference in shower depth

-> Per-photon scale change (including radiation effects): ~0.05%
anti-correlated between R9>0.94 and R9<0.94 photons

—
o
=

B _ Mean -0.1443 c
E = RMS 0.1636 [=) - CMS —— dE(e)/dX (E=60 GeV)
%4000— _ G;-) L Unpublished — dE()X (G0 GeY) -
- Front non uniformity <
5 1 / = 1.02
e upon depolishing g
2 one crystal side IS
2500 o
>
2000 g 1
E c N
1500 3 LU
T600E- cceptant}éL[fnge
500} > 0.98 — Default profile
e e e | e
-%.8 -0.6 -0.4 -0.2 -0 0.2 04 0.6 %/x_%.B Modified profil e
Dependence on radiation damage also studied in R&D %0 a0
X (mm)
B ) 33

—

©
o

dE/dX (GeV/mm)

e
~
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. Result cross checks: compatibility

Three alternative analyses

» OKat 10 level
Compatibility with
preliminary result

» OK at <20 using jackknife

technique to account for
correlations

Compatibility among
channels

Compatibility of 7 and 8 Te

» At 20 (most from VBF)

34

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 O
Untagged 1
Untagged 2
Untagged 3
Untagged 4
VBF dijet 0
VBF dijet 1
VBF dijet 2

V VH tight |

VH loose |
VH MET
VH dijet

ttH lepton

ttH multijet

@)
=
/)
T
\J
S

19.7 b (8 TeV) + 5.1 fb' (7 TeV)

b A

0.26
=1.14
combined -0.23

[m, =1247 GeV]

7 TeV
I
I

8 TeV

‘ combined +1¢o

—e— per-channelx1¢c
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. More results on Higgs properties

» Production mechanism and tggH e = 1.1370:37
coupling modifiers fggrsv e = 1.1679:28

CMS H - vy 19.7 o™ (8 TeV) + 5.1 fb (7 TeV) - CMS H - yy 19.7 b (8 TeV) + 5.1 fb (7 TeV)
~ 0.26 z
IJ_ . = 1.14 >,
ggH 112 jgg; combined 0.23 é 3 &= Best fit
[m =1247GeV] 3
- 2.5 . < . W
VBF | 15800 2
| 1.5
.. bined + 1
—0.16 _é;g I compine (¢}
VH —e 1

—@— per-process+ 1o

tH| 2.69 25 . : 0

-ZIIII-I‘IIIIIOIIII.‘ I12|III13IIIII4|.II115|III16IIIII7 —0_5_1 _0.5 O 05 1 15 2 2.5 3 35_

1) M ggH,iH
» More in the paper [ErPJC (2014) 74:3076]

» Higgs boson decay width, search for additional states, high
mass search, spin hypotheses

CMms

) 35

—

—_
o

oo

(]

(HA‘:lEAﬁ sHy‘Hﬁﬁﬁ)b
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. Summary

» Reported CMS analysis in search for SM H—vyy
» Dataset: 5.1 fb! at Vs=7 TeV and 19.7 fb-! at V/s=8 TeV

» Discussed the steps to optimize the performance of photon energy
reconstruction, the accurate modelling of the photon response for
the H->yy analysis, and the associated systematic uncertainties

» Additional details in CMS photon performance
paper being submitted

» Described the new analysis optimization with tags for exclusive
production modes

» Signal 1 o/osu = 1.147533 | £03}(stat.) T0 03 (syst.) 1O 0o (th.) |
» Mass : my = 124705837 031 (stat) +0.15 (syst)| GeV
» Couplings : pggrieem = 1.131035]

+0.58

paqea+vH = 1.167 5760

CMs

36
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.. Trigger selections and efficiencies

» Trigger selections and efficiencies

Level-1: High Level Trigger
E; sum of adjacent Trigger Towers
(e.g. 5x5 crystals in barrel) _ 19.7 fb" (8 TeV) 19.7 o' (8 TeV)
= ! R ) L & [
O 1 iis EGAL 3074 pp Noo7 Tov g1 S 1 . =
L s=7 Te : i a et 1 s
O b 15 | 5 0
E 08 - Threshold : 1;5 GeV 4é ] g 08_ + ; 08— L
L L1 E/Gamma Trigger [ ] 8 - CMS g : CMS
L Electrons from Z 4 = : . = - UnpUb/IShed
0.6 R — Unpublished (o B + "
M1 [L1_singleEG15 | 0.6 0.6_
~ | ® Barrel Online B : -
™ | O Endcaps Online 1 L -
0.4 0.4 0.4 .
i / j ] - —e— Is0+Calold OR R9 i —e— Iso+Calold OR R9
L 4 L —=— |50+Calold B —®— |so+Calold
0.2 i 0.2J o 0.2f e
O_ ._-- |_ II|\III|IIII|IIII|IIII|I||||| O_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
1 10 102 %0 30 40 50 60 70 30 5 10 15 20 25 30 35 40 45
GeV n,
E. [GeV] b (GeV) ™

High Level Trigger

o Asymmetric E; thresholds on two photons

o Photons pass EITHER loose calo ID (shower shape +iso) OR high R, (i.e.
unconverted)

o Trigger efficiency for preselection is 99.4 %
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- Time dependent simulation

<tE 1+ %‘ GSZCMS P"““‘i“a"yz"“'zolfc?l‘ ¥ 1.4 %' 700F NS Preliminary zou-zo1f§?L = 28
< o % sof—- NN " L 'f‘ 600" NN il
S E g 1 § 500; . % }‘\: ‘ r: 10,
3 \\rl I‘W ol w0 RN
o4 so_— M \ g N M ’ — Z.s 3oo; ég\\ f*é i*:» g ...;?f@% g o (B
02 a5t W’Ffﬁ H e 0': 200;%% 53 NN il s
o} : ) 100;.. de NN B PN
45 100 5 0 5 10 “Eun 0711 101 0112 o042 0712 10712 12/12° 041 071 101 012 | o4z 07z 10AZ  12h2
T-To[ns] Date [monthlyear] Date [month/year]
. . . » 40000p
. Out-of-time pileup collisions § 5000
simulated in an extended window ® o000k
»  Collisions in previous beam crossings 25000
impact on the amplitude reconstruction 20000F
(dynamic pedestal subtraction) 15000

. Dynamic evolution of the per-channel
noise level

» Three run periods in 2012 ‘

» Improved Data/MC agreement

QJHIIIY]H]IHIIHT llllflll"l]”ll”l.i

B ) 39
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. Imperfections in simulations

» Effect of inter-crystal voids:

CMS 2011 ECAL Barrel

Q '_IIIIIIIIIIIIIIIIIII IIIIIIIIIIIIIIIIIII IIIIIIIIIIIIIIIIIII
8 module1 4} module 2 module 3 module 4
wn 1.
o
S~
m =
(O]
2 0.99;
—
©
&3 - ]
098 ................................. ] -
L —@— DATA - w/ correction
-e- DATA - w/o correctlon
097_ .............................................................................................................................................
-IIIIIIIIIIIIIIIIIII IIIIIIIIIIIIIIIIIII IIIIIIIIIIIIIIIII

042050 0204 0402 0 0204 0402 0 0204 04000 0204
local n

CMs,

40
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' Channel intercalibration

Inter-Calibration Precision

0.04 — T
~ CMS 2012 Preliminary - ECAL barrel |
_ [—=— 0-symmetry j
0.03—| —+— electron P————
|07 e
- | —®— combination i
L - - -
0.02- i —
L —A]
.- |_-|-"'++++ 2
i Ny
0.04l=——- e S
- - _.__H— -
3;1ﬂ.—4=—!—-!~x—¢==#=—1:-_:::.: ]
M PR B
% 0.5 1

Inter-Calibration Precision

0.12 l T T T T T T T T T 1
B CMS 2012 Preliminary - ECAL endcap -
0.4 [—=— d-symmetry ]

~%- | —— electron ¥

= - no / T] —v— |
0.08/~ | —e— combination | _-+:_
0.06 = == N E
3 N
0.04 el gl 9
-V E

0.02 —. . . __
1 1 l 7]

01.5 2.5
crystal |n |



u ~ Monitoring and correction of
.. imperfect monitoring corrections

» Phi-simmetry of energy flow to monitor the evolution
with time of the spread in intercalibration constants

CMS Preliminary 2012 /s = 8 TeV

0092 - £ AL Barrel
IC,./IC,.— a b
0.010 |....7Cn/1Cn-1) | P
o(1C,./ICo) u .
= 0.008 - L .
...@ fl-l
O 0.006 - - .
= -
o) f--f
0.004 - ,
1A »
o é a
0.002 1t l-md G o ol s T
0000 [ [ N | | NPV ANV CIS SR | ST |V | R
May Jun Jul Aug Sep Oct Nov Dec
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- ‘Measurement of energy corrections

?

» Energy correction in data: E__,/E
» Electrons from W—>ev events

raw

CMS Preliminary 2011 W->ev electron candidates
L L L L

—— ECAL barrel - R9>0.94 —— ECAL endcaps - R9>0.94_:
—— ECAL barrel - R9<0.94 —— ECAL endcaps - R9<0.94 -

inter-module
boundaries , «— <©dge

1.14
1.12

o
H
®
»
>
°
3
®
‘
|

<energy correction>
o O

o o

§

CMS
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. Efficiency and acceptance

5.1 fo" (7 TeV) 19.7 b (8 TeV)

’-o\ I ! [ ! I ! [ [ —~ T T T T T T T T
3> 51- CMS ~ & 51-CMS _
| Unpublished i | Unpublished |
< 50— — < 501 -
x | 1 ox L i

w w

49— — 49— —
48— —— Higgs Signal € x Acc ] 48— —— Higgs Signale x Acc |
47— - + 10 syst. error — 47— . + 10 syst. error —
46— — 46— —

| . | . | s | . | I L I . L s L \ |

110 120 130 140 150 110 120 130 140 150
m, (GeV) m, (GeV)
CMs
Z 44
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Signal composition: 7 TeV data

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

B ooof Il ooH

v Iz P

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

19.7 0" (8 TeV)

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

479.0 total expected signal

Signal Fraction (%)

- c, FWHM/2.35

|

i s(s+B)int o
eff

T

2 3
Width (GeV)

0 02 04 06
S/(S+B)in £ ©

eff
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.. Diphoton BDT and photon quality
» Mapping of diphoton BDT score to R9 / n regions

S0 T | | nly |
B All | | 7 TeV data
- —— both EB, both R9>0.94
400} both EB, 'both R9>0.94 | | OLD ANALYSIS
g —e— Iboth EB, both R9>0.94 | I
B —«— Iboth EB, !'both R9>0. |
300} |
E |
B ol
200}
- o
2 LAl
100} I l
Z |

ot L .._. ) '. P L L Ry, L
-1 08 -06 -04 -0.2 0 02 04 06 038 1
di-photon MVA output
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. Background: bias studies

CMs

A
I

<(m;-125)/c,,

<(i-1)/o,>

47

0.5
0.4
0.3
0.2
0.1

0

-0.1
-0.2
-0.3
-0.4
-0.5

0.5
0.4
0.3
0.2
0.1

-0.1
-0.2
-0.3
-0.4
-0.5

19.7 o' (8 TeV) + 5.1 fb™ (7 TeV)

= CMS

= Unpublished

= ; *

- polynomial powerlaw exponential laurent

True background model

19.7fb" (8 TeV) + 5.1 fo'' (7 TeV)

= CMS

= Unpublished

= f ;

3 } }

E | | |

polynomial powerlaw exponential laurent bestfit

True background model

» Mass

» Signal strength
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. Compatibility 7 TeV/8 TeV
» Most (1.50) from one VBF category

Cms

Events / GeV

Events / GeV

48

19.7f0" (8 TeV) +5.11b "' (7 TeV)

10
. CMS 7 TeV VBF dijet tag 0
sl ' Data
L — S4B fits
....... B component
6 . +t1o
1 eeeea +2¢
4 -
LTI 1 |
O L . Tttt
T 1 T I T T I T 1 T I 1
5+ l B component subtracted 7
o b bbb
5 ]
| | | 1 1
100 120 140 160 180
m,, (GeV)

ttH Tagged

VH Tagged

/BF Tagged

Untagged

19.1 b (8 TeV) + 4.9 fo'! (7 TeV)

CMS

.;—..—.
Unpublished
: = & 7+8 TeV
&7 TeV
- 8 TeV
—l—
—-— T
-
-
| | | | | | | | | | |
2 4 8 10
6/0gy
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. Cross-check - different analyses

6 CMS Unpublished 19.7 fb (8 TeV )+ 5.1 fb (7 TeV)

- |
\5_ i Hovyy
o — gf.:a:;::alys's Systematic Value Error
~ obiet / . b +0.26
4 Baseline (obs) 1.14 L
+0.29
3l Cut-based (obs) 1.29 %8
+0.26
Sideband (obs) 1.06
o -0.23
.o +0.25
2D Dijet (obs) 1.04 025

—

0.5 1 1.5 2
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5 Spin

19.7 6" (8 TeV) + 5.1 fb™ (7 TeV) 19.7 6" (8 TeV) + 5.1 b (7 TeV)

1 4 __ /:c; - ]
- CMS —$~ Observed <l .5 - CMS —&—— Observed -
3.5 = Post-fit expected: _EI\IE B —0o—— Expected SM H — vy =
sE —— SMH - yy = F B 116 i

- === 99> 2, =YY ~ 1ok —0— 426 ‘
25 qq — 2, = 7Y [ 10__ . N
~E i ——— Expected 2 — yy |
2 SR S I 1

C ! ' @ 51 |
15 ] . -
= LS P : i r
1E . _[_ o | T I : \:ﬁ;——/’#
SEEE RREE ———i - —
0.5F /v—/‘* =
of - g

C | | | | | | | | | S5 | | | | | | | | | _—

6 01 02 03 04 05 06 07 08 09 1 0O 01 02 03 04 05 06 07 08 09 1
[cos(6) fog

» Cut based analysis
» less model dependence in selections
» No exclusive tag categories

» Fit signal strength in Inl,R9 categories and five bins of spin
sensitive angle

» Collins-Soper
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INFN

. Higgs properties from ZZ* and yy

. Combined mass measurement: 125.03 +926 (stat.) 912 (syst.) GeV,

- -0.15
19.7 o (8 TeV) + 5.1 b (7 TeV) 19.7 b (8 TeV) + 5.1 16" (7 TeV) 19.7 o™ (8 TeV) + 5.1 f5' (7 TeV)

_|10: lllllllll [TTTTTTTTT LA R R R R R R R I __|10> ||||||||| [T T T T T [T Y| -—
- .fCMS Hoyy+H-—ZZ - — Combined oz | ' "4 Combined ]
- 9 2 Prelimi Mo B (ggH,ttH), 4 £ oF CMS —— H — vy tagged \b i CMS
< ol reliminary " (Y\// BEVH) 1« - Preliminary Mo ZZtagged | © 20 [ Preliminary + H- vy tagged
C\Il i o 1 N 8fHoyy+H->ZZ "THoyy+H—>ZZ | + H-ZZtagged

7 4 ' 7f ok (egHitH), i

b E 5 u_(VBF,VH) 15 _ _

4= = 4 1.0 -

3 3 i

2 2

1 1

v 00~ T2a 125 126 127
myy’ - mj (GeV) m,, (GeV) m,, (GeV)

=]
ot
N
 F
=
o
—
oFf!
o
ok
N
wr
-
M._
&
—
N
(6)]
—
'\)_
L
—
N
~

[ CMS-PAS-HIG-14-009 |

) 51



INFN

. Higgs properties all decay modes
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»~ Modifiers of

.. fermion and vector-boson couplings
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