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17’600 hours ago in a conference
17000 km away...
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“Higgsdependence” day recap

<1/|<W
\

7%

“ [http:/ /cern.ch/go/q8ix]
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CMS

The LHC Run 1: a bountiful harvest

&

CMS Integrated Luminosity, pp
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On the shoulders of giants:

detector makers & theory calculators

“Yesterday’s discovery is today’s calibration, and tomorrow’s background.” — V. L. Telegdi [http://cern.ch/go/If9C] [http://cern.ch/go/KD8D]

. o o . ~ 'Io . .
Inelastic collisions: ~7%10'° __ ., CMS Prehmmary

-8_ ; | ¢ 7 TeV CMS measurement (L < 5.0 fb™) ;
E’ 105~ $ 8 TeV CMS measurement (L < 19.6fb™) —
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come to be

1 Gluon
fusion

0 VBF

0 WH, ZH

O bbH,
ttH

LHC  (s=8Tev
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How SM Higgses pass away

(\t\l*l\l
n [http://cern.ch/go/qkhé]

0 Couplings and
kinematics drive BR
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CMS Higgs @ICHEP2014

[http:/ /cern.ch/go/Rqt8]

115 talks

A. Vartak — H—ZZ—4Q

L. Quertenmont — Off-shell production
M. Kenzie — H—yy

M. Sani — Mass measurements

L. Bianchini — Top-Higgs production

P. Govoni - H=>WW

C. Vernieri — VH, H—bb

J. Steggemann — Signatures with leptons
C. Veelken — (N)MSSM searches

D. Trocino — Invisible Higgs searches

M. Chen — Combination of measurements

E. Di Marco — J® from decays to bosons

O. Bondu - Searches with two Higgs
O. Gonzalez Lopez — High-mass searches

S. Zenz — Upgrades

04 posters

o S. Mukherjee — H—yy differential prospects
o S. Malhotra — Combination of measurements
o C.-P. Chang — Z™y searches
o S. Fink — tH, Hbb prospects
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Hotww H—oWW H—ZZ  H-oyy  H—ZI®y  H—inw

ggH * * * * * *
* * * * * * * *
* * w » w *

m * * * *

0 Still much to explore on the rarer ends.
(to the right and to the bottom) (and outside this picture)
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| All out & just outside in the foyer

VH, H—bb

O o(myg)
~ 10%

o 2.10 exp.

PRD 89 (2014) 012003
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outside in the foyer

H—WW VH, H—bb
O o(myw) O o(mg)

~ 16% ~ 10%
o 5.80 exp. o 2.10 exp.

0o High yield

JHEP 01 (2014) 096 PRD 89 (2014) 012003
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o(myw)

~ 16%

5.80 exp.
High yield

JHEP 01 (2014) 096

m,= 125.6
+0.4 (stat.)
+0.2 (syst.)
GeV

PRD 89 (2014) 092007

VH, H—bb
O o(mbg)
~ 10%

o 2.10 exp.

PRD 89 (2014) 012003
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H—WW

O o(myw)

~ 16%
o 5.80 exp.
0o High yield

JHEP 01 (2014) 096

H—ZZ—4Q

O o(myy) =
1-2%

o 6.70 exp.

o Low Bkg

o my=125.6
+0.4 (stat.)
+0.2 (syst.)
GeV

PRD 89 (2014) 092007

VH, H—bb H—tt

O o(myg) o o(mg) =
~ 10% 10 - 20%

o 2.10 exp. o 3.70 exp.

O 3.20 obs.
published
evidence for
fermion
coupling

PRD 89 (2014) 012003 JHEP 05 (2014) 104
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o(myw)

~ 16%
5.80 exp.
High yield

JHEP 01 (2014) 096

H—ZZ—4Q

o(my,) =
1-2%

6.70 exp.

m,= 125.6
+0.4 (stat.)
+0.2 (syst.)
GeV

PRD 89 (2014) 092007

VH, H—bb
O o(mbg)
~ 10%

o 2.10 exp.

PRD 89 (2014) 012003

H—Ttt

o o(mg) =
10 — 20%

o 3.70 exp.

O 3.20 obs.
published
evidence for
fermion
coupling

JHEP 05 (2014) 104

Fermion decay combination
3.80 obs. (4.40 exp.)
Nature Physics, doi:10.1038/nphys3005
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o(myw)

~ 16%
5.80 exp.
High yield

JHEP 01 (2014) 096

H—ZZ—4Q

o(my,) =
1-2%

6.70 exp.

m,= 125.6
+0.4 (stat.)
+0.2 (syst.)
GeV

PRD 89 (2014) 092007

Off-shell production
arXiv:1405.3455
(accepted by PLB)

VH, H—bb
O o(mbg)
~ 10%

o 2.10 exp.

PRD 89 (2014) 012003

H—Ttt

o o(mg) =
10 — 20%

o 3.70 exp.

O 3.20 obs.
published
evidence for
fermion
coupling

JHEP 05 (2014) 104

Fermion decay combination
3.80 obs. (4.40 exp.)
Nature Physics, doi:10.1038/nphys3005
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o(myw)

~ 16%
5.80 exp.
High yield

JHEP 01 (2014) 096

H—ZZ—4Q

o(my,) =
1-2%

6.70 exp.

m,= 125.6
+0.4 (stat.)
+0.2 (syst.)
GeV

PRD 89 (2014) 092007

Off-shell production
arXiv:1405.3455
(accepted by PLB)

VH, H—bb
O o(mbg)
~ 10%

o 2.10 exp.

PRD 89 (2014) 012003

H—Ttt

o o(mg) =
10 — 20%

o 3.70 exp.

O 3.20 obs.
published
evidence for
fermion
coupling

JHEP 05 (2014) 104

Fermion decay combination
3.80 obs. (4.40 exp.)
Nature Physics, doi:10.1038/nphys3005
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H—vyy

w =

1-2%
5.20 exp.

arXiv:1407.0558
(subm. to EPJC)
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O o(myw)

~ 16%
o 5.80 exp.
0o High yield

JHEP 01 (2014) 096

H—ZZ—4Q

o(my,) =
1-2%

6.70 exp.

m,= 125.6
+0.4 (stat.)
+0.2 (syst.)
GeV

PRD 89 (2014) 092007

Off-shell production
arXiv:1405.3455
(accepted by PLB)

VH, H—bb H—1t H—vyy

O o(mg) O
~ 10%

o 2.10 exp. O

o(my) = o o(m,,)=
10 - 20% 1-2%

3.70 exp. o 5.20 exp.

3.20 obs.
published
evidence for
fermion
coupling

PRD 89 (2014) 012003 JHEP 05 (2014) 104 arXiv:1407.0558

(subm. to EPJC)

Fermion decay combination
3.80 obs. (4.40 exp.)
Nature Physics, doi:10.1038/nphys3005
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[arXiv:1407.0558, submitted to EPJC]

Final calibration of the CMS ECAL for Run 1 data.

Improved simulation/understanding of:
o ECAL noise evolution with time.

0 Effect of out-of-time collisions.
o Amount and distribution of material in front of ECAL.

0 Improved description of energy scale uncertainties.
0 25 event categories targeting all production modes.

0 New background modeling
considers multiple functional forms simultaneously.

Improved energy New event Background

resolution selection modeling arXiv:1407.0558
(subm. to EPJC)

Improvement on
expected sensitivity since ~ 9% ~ 9% — 70/0

preliminary result:
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[arXiv:1407.0558, submitted to EPJC]

0 Significance
5.70 obs.
(5.20 exp.)

Local p-value

CMS H-yy 19.7 fb™ (8 TeV) + 5.1 fb™ (7 TeV)
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CMS
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H— vy significance

19.7 b (8 TeV) + 5.1 fb' (7 TeV)
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[arXiv:1407.0558, submitted to EPJC]

my = 124.7019:2

-

-0.31(stat.) + 0.15(syst.)] GeV

Calibration
E(y) scale & resolution correction uncertainty:

m, scale, electrons

9 CMS H -y 19.7 6™ (8 TeV) + 5.1 b (7 TeV)

N A~ +0.35 R =
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[arXiv:1407.0558, submitted to EPJC]

my = 124.707935 |-

Calibration
E(y) scale & resolution correction uncertainty:

, electrons

, electrons

-0.31(stat.) £ 0.15(syst.)| GeV

9 CMS H -y 19.7 " (8 TeV) + 5.1 fb™ (7 TeV)

N A~ +0.35 R =
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[arXiv:1407.0558, submitted to EPJC]

my = 124.7070-3

Calibration
E(y) scale & resolution correction uncertainty:

, electrons

Large p; Z boson data

Non-linearity uncertainty:

, electrons

+0.31(stat.) & 0.15(syst.)| GeV

OO N o0 ©
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\ —— Total uncertainty
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[arXiv:1407.0558, submitted to EPJC]

my = 124.7079-3°

—0.34

Calibration
E(y) scale & resolution correction uncertainty:

, electrons

Large p; Z boson data

Non-linearity uncertainty:
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- 0.15(syst.)] GeV

9 CMS H -y 19.7 " (8 TeV) + 5.1 fb™ (7 TeV)
’-:E “ - + ': .
E gA\\ M, = 124.70 *)3: GeV e
S "E\'\ 12470 =0.31 (stat) = 0.15(syst) GeV  , [/ 1
7E \\ _ -
- ' Floating Wyge vy @and W ggH tiH .
6 \* =
51 \ —
4 C ‘\‘ —— Total uncertainty .
3 - \ - - - Statistical only =
2 —
11 .
0 - | | | | | | | | | | | | | | .
124 124.5 125 125.5
m,, (GeV)

a.david@cern.ch

@CMSexperiment @ICHEP201 4



[arXiv:1407.0558, submitted to EPJC]

my = 124.7070-3

-

Calibration
E(y) scale & resolution correction uncertainty:

, electrons

Large p; Z boson data

Non-linearity uncertainty:

From simulation

Data-MC electron-photon differences:

m,, scale,

-0.31(stat.) & 0.15(syst.)] GeV

a.david@cern.ch
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H— vy signal strength

[arXiv:1407.0558, submitted to EPJC]
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results

H—vyy

PRD 89 (2014) 092007 arXiv:1407.0558
(subm. to EPJC)

-—

High-resolution channels: combined mass measurement
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I Combined mass measurement

[CMS-PAS-HIG-14-009]

19.7 fo” (8TeV) + 5.1 f5' (7 TeV)
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CMS

&
s

my = 125.03 =+ 0.30 [

0 Float 3 signal strengths

. - Preliminary
to not depend on yields. H s vy + Ho 22
' F MR (9gHLttH),
—> (VBFVH)
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Combined mass measurement

my = 125.03 + 0.30 [Jjg:gg(stat ) o 1§(syst )] GeV

19.7 fo (8 TeV) + 5.1 5" (7 TeV)
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One model
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One model

W) |

Fiat 126
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One model

Willys Mofors STAND No. 8

(AUSTRALIA) PTY. LTD. 79 YARRABANK ROAD, SOUTH MELBOURNE. 69-7411
594 ELIZABETH STREET, MELBOURNE. Phone 34-1519

Fiat 126
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Willys Mofors STAND No. 8

(AUSTRALIA) PTY. LTD. 79 YARRABANK ROAD, SOUTH MELBOURNE. 69-7411
594 ELIZABETH STREET, MELBOURNE. Phone 34-1519

Fiat 126
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CMS
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Other models?

Fiat 505

R
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Other models?

Fiat 1400/1900

2
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Other models?

Fiat 850
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Other models?

Fiat 2300

Fiat 850
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Other models?
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H—vyy

-

JHEP 01(2014) 096 PRD 89 (2014) 092007 PRD 89 (2014) 012003 JHEP 05 (2014) 104 arXiv:1407.0558
(subm. to EPJC)
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results

H—vyy

JHEP 01(2014) 096 PRD 89 (2014) 092007 PRD 89 (2014) 012003 JHEP 05 (2014) 104 arXiv:1407.0558
(subm. to EPJC)

Also include further ttH searches:

* JHEP 05(2013)145 — ttH, H—bb (7 TeV).

+ CMS-PAS-HIG-13-019 — ttH, H—bb and H—TT (8 TeV).

* CMS-PAS-HIG-13-020 — ttH, with H decaying to multiple leptons.
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A combination of final results
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> 200 channels

& \ : )
TR J1FSN B TN

. s 2 ; il :
HoWW L H—ZZ—40. ) i—bb H—tt H—vyy 3
JHEP 01(2014) 096 PRD 89 (2014) 092007 PRD 89 (2014) 012003 JHEP 05 (2014) 104 arXiv:1407.0558

(subm. to EPJC)

Also include further ttH searches:

« JHEP 05(2013)145 — ttH, H—bb (7 TeV).

* CMS-PAS-HIG-13-019 — ttH, H—bb and H—Tt (8 TeV).

* CMS-PAS-HIG-13-020 — ttH, with H decaying to multiple leptons.
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> 200 channels

> 2’500 floahng parameiers
. 7%}\ ‘ | e ‘Fs\
! A’ S
d—ul- H—ZZ—40._ BNVH/! H—bb H—oto! 2 H—vyy

JHEP 01(2014) 096 PRD 89 (2014) 092007 PRD 89 (2014) 012003 JHEP 05 (2014) 104 arXiv:1407.0558
(subm. to EPJC)

Also include further ttH searches:

* JHEP 05(2013)145 — ttH, H—bb (7 TeV).

+ CMS-PAS-HIG-13-019 — ttH, H—bb and H—Tt (8 TeV).

* CMS-PAS-HIG-13-020 — ttH, with H decaying to multiple leptons.
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Signal strength

[CMS-PAS-HIG-14-009]

L +0.08 |
o/osm = 1.00+£0.13 [:I:O.OQ(S’cat.)_0.07(theo.) + 0.07(syst.)
19.7fb" (8 TeV) + 5.1 fb' (7 TeV)
G d b d o 1_ Combined CMS m, =125 GeV
L] roupe Yy aomindn W=100£013 | oo liminary
decay: H > bb tagged
w=0.93+0.49
2 —
B X /dOf — 0'9/5 H — 1t tagged
w=091+0.27
o p-value = 0.97
. H — vy tagged
(asymp’ro’rlc) w=1.13+0.24
H — WW tagged
u=0.830.21
H — ZZ tagged
w=1.00+0.29
0Ill|0f51”1 | ”2

1.5
Best fit O'/O'SM
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' Signal strength :

o/ogm = 1.00 £ 0.13 [io.og(stat.)jg;gi(theo.) +0.07(syst.)

1 Grouped by production
tag:
0 x?/dof = 5.3/4
0 p-value = 0.26
(asymptotic)

0 ttH-tagged 2.00 above
SM.

Combined
u=1.00+0.13

Untagged
n=087+0.16

VBF tagged
n=1.14+0.27

VH tagged
u=0.89+0.38

ttH tagged
n=2.76+0.99

a.david@cern.ch

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

CMS m, =125 GeV

Preliminary

1 l 1 1 1 1 l 1 1 1 1

0

4

2 3
Best fit o/oSM
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Signal strength

o /oga = 1.00 £ 0.13 [io.og(stat.)jgjgi(theo.) +0.07(syst.)

19.7 fo' (8 TeV) + 5.1 f' (7 TeV)
- m, =125 GeV

Combined

: H s bb (Vi tag) | CMS
0 Grouped by production 1o ) | eliminary

tag and dominant decay: H:;fmgtgggtzgg

— H — vy (VH tag)
X2/d0f = 1 0'5/.I 6 H — yy (ttH tag) -
H—s WW (0/1 jet)
p-value = 0.84 H = WW (VBF tag)
. H— WW (VH tag)
(dsym p’ro’rlc) H—s WW (ttH tag) ——

H— 1 (0/1 jet)
H — tt (VBF tag)

0 ttH-tagged 2.00 above "\ v

H — 1t (ttH tag) [ |

SM. H— ZZ (01 jet)
. HoZZ2jets)| | ...,
Driven by one channel. 420

2 4 5
Best fit O'/GSM

a.david@cernch  @CMSexperiment @ICHEP2014



| Scalar coupling structure
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—| Scalar coupling structure

Gauge sector
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I Scalar coupling structure

Gauge sector

Mixed

sector
T g el uW

Y

Loops (y, g) are
sensitive to BSM
contributions.
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Loops (y, g) are
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contributions.



Mixed
sector

Loops (y, g) are
sensitive to BSM

contributions.

Quark loop
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a Gauge sector

Mixed
sector

o \\_/ -\ 0

Quark loop
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contributions.



Gauge sector
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Scalar coupling deviations framework

<:(|<W
\

7%

“ [arXiv:1307.1347]

Production modes Detectable decay modes Currently undetectable decay modes
2 _
OggH Kg (kb %, mu)  Dwwe 9 L'y _ 2
oM K2 'SM = Kw M = K
ggH & WW ) tt
OVBF 2 T T
= K KW, K7, M 77, g _
SM vBr(Kw, Kz, M) _ 2
OVBE 5™ = Ky TSM see Section 3.1.2
= Kw I = e
oo bb 9 —ce 2
WH — = K SM t
g FSM b FCE
g _ 2 bb
SM Z I'ss 2
O-ZH FT_T+ _— = K
—— = K2 M b
OttH SM T 5§
e = K2 T_T+
oM ¢ Dyt
ttH r 12 (Kp, Kt , Ke, KW, T0H ) = 2
v v \Bb, Kty Ky KW, TTVH M T
SM 2 ot
L5 Ky
FZY . K%Zy) (Kb7 Kt, K¢y KW, mH) Total width
SM 2 9
FZY Sz I'm g (K6, mu)
I‘%M KI2{

0 Single state, spin 0, and CP-even.
o Narrow-width approximation: (6XBR) =c-T /T,
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Scalar coupling deviations framework

[arXiv:1307.1347]

Production modes Detectable decay modes Currently undetectable decay modes
I'wwe 2 Uit 9
WW (*) tt

'SM - M

Total width
I'n K% (1, mp)
rsM K3

O Loops resolved at NLO QCD and LO EWK accuracy.
0 Peg the as-of-yet unmeasured to “closest of kin”.
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Scalar coupling deviations framework
oo

Production modes Detectable decay modes Currently undetectable decay modes
2 f—
oggi [ ki(kp,ke,mu)  Twwe Te
oM K2 'SM = Xw M = K
ggH & WW ) tt
OVBF 2 T r
7 = K K K7z, m 7.7, (%) gg )
SM vBr(KwW, %z, mp) o
OVBF ™~ ¥z TSM see Section 3.1.2
OWH 9 77 g
e —— pu— F _
SM Kw T - - )
TWH bb - _ 2 ™M & K
'SM Kp ng_vl
07ZH . 2 bb
sM . Xz T
o | — 2
ZH ot 9 S = «p
TttH 9 M & e
= -t
SM = Kg T r
TttH T 2 wmut o 9
tt v { K5 (Kb, Kty Koy KW, MH) SM = K
SM 2 ot
I3 Ky "
I'zy o KZZY) (Kb, Kt s Ky, KW, TVH ) Total width
SM
A Kz I'n
SM
Ty

0 Total width as dependent function of all K.
0 Total width scaled as free parameter: k..
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— | Coupling deviations :

] ch“ng the CMS Preliminary 19.7 fo' (8 TeV) + 5.1 fo' (7 TeV)

T .
couplings to N Observed o SM Higgs

fermions (k) and
vector bosons (K,).

0 Destructive
interference in
H— yy decay
loop breaks

degeneracy.
PN Al |

H --- 0 t, W ) ! | .
0 0.5 1 1.5
M Ky
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—| Coupling deviations :

CMS Preliminary 19.7 6" (8 TeV) + 5.1 fo™ (7 TeV)

0 Scaling the
couplings to
fermions (k) and
vector bosons (K,).

0 All decay
channels
converging
around SM

expectation.

v

2

-+ Observed ¢ SM Higgs

0 0.5

1 1.5
Ky
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Coupling deviations summaries

0 Summary of the fits of six 19.7fb" (8 TeV) + 5.1 fb' (7 TeV)
benchmarks models CMS - 68% CL
probing: Preliminary ==95% CL

Fermions and vector bosons. Ky .

Custodial symmetry. K; -

Up/down fermion coupling [ o
ratio. Mz el

Lepton/quark coupling ratio. Ay, — ———

BSM in Ioop5: gluons qnd .................................................... : ...............................................................................
photons. Mg i ——

Extra width: BRycp. Kq R

0 No significance deviations ; :
from SM. L R

BRgsy
| | | 1 I | 1 I | 1 1 | I 11 1 1 l 1 | | |

0 05 1 1.5 2 25
Ay = K/K, parameter value
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1 Most general
benchmark

floating the total
width.

o Same ttH-related
excess in

}\tg = K’rop/Kquon‘

Ay = KK i Ky = KK /Ky

CMS - 68% CL
Preliminaty == 95% CL

ng +

}\WZ —*:—

}\,bz—*—i—

x‘cZ '*'—:

}\'tg i e l—
llllllllllllllllllllllllllllllllll

O 05 1 15 2 25 3 35

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

parameter value
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v
<:\@
d 2 2
Ogg—H—ZZ 8geHSHZZ
2 ~ 2 2
dmz (M%7 — mip)? +myTE

1% d]‘iffv [ pb]

2

H* — going off-shell

2 My

WWh :
0 | =

" . 8 TeV
102 [ff :
F I : HTO powered by complex - pole - scheme
1070 |
1074 |
107 L
106
2myy, 2mz, and 2m,
threshold effects
100 2 My 2 My 1000

Myy [ GeV]
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[arXiv:1405.3455, accepted by PLB] [arXiv:1206.4803]

2 2
doge sH 77 8eeH8HZZ

2

dm7;, (M%7 — mip)? +myTE

2 2
on-shell gggHgHZZ

(0l ~
gg—H—ZZ mul'y

1% d]‘iffv [ pb]

2

H* — going off-shell

107 |
107 |

1075 |

106

2 Mw

WWII

8 TeV

HTO powered by complex - pole - scheme

WW

2myy, 2mz, and 2m,
threshold effects

Myy [ GeV]
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H* — going off-shell

qu\/
\

- 2 My
[arXiv:1405.3455, accepted by PLB] [arXiv:1206.4803] , , , L , , ,
2 2 : T 3
doge sH 77 8eeH8HZZ g :
e "
2 2 2 h
dmz; (Mm%, — mg)* + mpTh f

8 TeV

2 2 "
On-She]]. g ggH g HZZ : : HTO powered by complex - pole - scheme ]
Oge sH—ZZ ™
88 My I H
2 2
off-shell 3 ggHSHZZ

Oge sH—ZZ ™ (2mz)?

1076
2myy, 2mz, and 2m,

threshold effects

100 2Mz 2 M; 1000
Myy [ GeV]
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dagg—>H—>ZZ

2 2
8 ggHg HZZ

2

2
dmZZ

on-shell

off-shell

off-shell
gg—H—>Z7Z

on-shell
gg—H—>ZZ

o

(m5, — mH

agg—)H—>ZZ ™~

Ugg—>H—>ZZ ~

2 .2
8ggHEHZZ

)2 + m# T2

mul'n

gégngHZZ
(Zmz)2

I'n

106

8 TeV

HTO powered by complex - pole - scheme

2myy, 2mz, and 2m,
threshold effects

a.david@cern.ch

Myy [ GeV]
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H* — off-shell decay to ZZ

- [arXiv:1405.3455, accepted by PLB]

19.71b" (8 TeV) + 5.1 fb' (7 TeV)

0 Two channels exploited: € 10f— 4 observed
a [ 41 expected
D ZZ_)4Q. C}l —— 2/2v + 4l . observed
. 3 ’_ ...... 212v + 4l . expected
[ | 2D: m4Q qnd gg Vvs. 99 CombinedZZobserved
CI iscriminant. : ------- Combined ZZ expected
61—
m Jet-inclusive m; shape. A T esmoL |
ol
11 Observed limit lower than e oL
expeCTed 00 1(.:)-'--1‘l I210l - I3|0] - 14I0] - l510l - I610l .
y (MeV)
obs.(exp) [ I
/MM (95% CL) <8.0(10.1) < 8.1(10.6) < 5.4 (8.0)

a.david@cern.ch  @CMSexperiment @ICHEP2014



Spin zero amplitude in H—VV w

[CMS-PAS-HIG-14-014]

0 Anomalous couplings formalism:
O a, is the SM amplitude.
o A, is a higher-term of an expansion in momentum.
O a, and a, control the CP-even and CP-odd amplitudes.

0 Parameterized using fractions of cross-sections: f_,, f ., f 3, fo;-

A(X]:() — V1V2) ~ v 1 a| — e' > mz€z. €z,
(A1)
+ a f;zéz”f Y i
+ ddf (2) pr(manv 4 + a2 fPW Z) )y

4+ az’Yflw’Yl f*(’Yz),PW + ag’Yf;IS’Yl)f’*(fyz),yv)
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Spin zero amplitude in H—VV %

[CMS-PAS-HIG-14-014]

0 Anomalous couplings formalism:
O a, is the SM amplitude.
o A, is a higher-term of an expansion in momentum.
O a, and a, control the CP-even and CP-odd amplitudes.

0 Parameterized using fractions of cross-sections: f_,, f ., f 3, fo;-

x(Zy),mv

Zy (*(Z) Ja _,_ug'rf;lgz) Oy

s a’zY’Yf;l(/’Yl)f*('yz),yv + ag'Yf;IS’Yl)f*(fyz),yv)

-

X
N
=
<
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0 Anomalous couplings formalism:
O a, is the SM amplitude.
O A, is a higher-term of an expansion in momentum.

O a, and a, control the CP-even and CP-odd amplitudes.

0 Parameterized using fractions of cross-sections: f_,, f ., f 3, fo;-

i ag”)’ ;5Z)f*(7)’yv + a?’)’fi{"éz)f*(v),yv

s ag’)’f]’i‘l(/’h)f*('yz),yv + ag’Yf;‘IS’Yl)f"*(fyz),yv)
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0 Anomalous couplings formalism:
O a, is the SM amplitude.
O A, is a higher-term of an expansion in momentum.
O a, and a; control the CP-even and CP-odd amplitudes.

0 Parameterized using fractions of cross-sections: f_,, f ., f 3, fo;-

o 07, 47
A(Xj=o = V1V2) ~ o1 '—6’4’/‘1 1 2 m%e}lez

a3 f;§Zl> Fr(Za)w

aZ7 f*(Z) Frma

4+ ag’yfy(’h)f 72 ,PW)

a, terms
CP-even (scalar)
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0 Anomalous couplings formalism:
O a, is the SM amplitude.
O A, is a higher-term of an expansion in momentum.

O a, and a; control the CP-even and CP-odd amplitudes.

0 Parameterized using fractions of cross-sections: f_,, f_,, f 3, fa;-

A(Xjzg = VW) ~ o '—e

a, terms
a, terms CP-odd
CP-even (scalar) (pseudoscalar)
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0 Anomalous couplings formalism:
O a, is the SM amplitude.
O A, is a higher-term of an expansion in momentum.
O a, and a; control the CP-even and CP-odd amplitudes.

0 Parameterized using fractions of cross-sections: f_,, f_,, f 3, fa;-

a, terms
a, terms CP-odd

CP-even (scalar) (pseudoscalar)
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o Full final state available:
o Kinematic discriminants reduce 8D to 2D or 3D.

9% g 2D scans of anomalous coupling fractions.
¢ o Assuming real phases and floating the phases.
o No significant deviations from SM found. Floating
25 phases

i CMS (preliminary) 19.7 " (8 TeV) + 5.1 o' (7 TeV) ’ CMS (preliminary) 19.7 07" (8 TeV) + 5.1 o' (7 TeV)
- e e

K “0 0 =0orn —95%CL B ot 4 -
% - a2’ a3 - 68%CL - 68%CL £
S i X BestFit | x Bestfit | |12 c<\1|
% 0.5 ¢+ SM ¢+ SM _ '
- - 4 10
:'_ |8
0 5 il
i , =16
-0.5_— {4
[ \ 2
Real [ A .
-1
phases
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H—VYV combination on J>0 states

[CMS-PAS-HIG-14-012] [CMS-PAS-HIG-14-014]

1 Combination of HHWW—202v and H—ZZ—44(.

O

CMS (preliminary) 19.7 b (8 TeV) + 5.1 fb (7 TeV)

w 1 T T [ T T T [ T T T l T T T [ T T T ] T T T
§ 24
QC) 0.1 ZZ A+ WW 212y
£ i
p— —
8 0.08 i LT
s —— CMS data
o
heo)
8 i
b4 0.06 B -
o

0.04 -

0.02 —

0

%0 40 =20 0 20 40 60
2xIn(L /L)

Hypothesis test for 0" vs. 1-
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H—VYV combination on J>0 states

[CMS-PAS-HIG-14-012] [CMS-PAS-HIG-14-014]

0 Combination of HHWW—202v and H—ZZ—44.
0 All tested hypotheses excluded at more than 99.9% CL..

CMS (preliminary) 19.7 b (8 TeV) + 5.1 fb' (7 TeV)
— -

LIS LA I L L L A L B O B L B
ZZ -5 41+ WW — 212y

©
—
I

0.08]- .

= CMS data

CMS (preliminary) 19.7 fb" (8 TeV) + 5.1 fb' (7 TeV)

-8~ CMS data - - - Median expected : : : : : : : : : : :
- MO0 1o R o ZZ S MWW 212y
3 -0 + 20 'JP+2(5 H : : H : : H : H : :
o 30| JP+3G

';li-s li-il#-ih; l,tﬁ';‘,ﬁ‘.

o)

Pseudoexperiments

0.06|

0.04

0.02}

%0 40 =20 0 20 40 80
2xIn(L /L)

0

Hypothesis test for 0" vs. 1-

Spin 1 Spm 2 prod via gluoh fu5|on

93— 2h

ag— 2.,

qa— 2;
qd— 2.,
qd— 24

qa- 25
qa— 2,7

qi— 2,4

S qa- 2.119
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Fiat Turbina &I
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Other models?

Fiat Turbina &)
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Other models?

Fiat Turbina

Fiat Phylla at Triennale Design &)
Museum (Milan), 2009.
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| Invisible Higgs search combination

>
“ [arXiv:1404.1344, submitted to EPJC]

1 Combination of VBF, Z(22)H, and Z(bb)H searches:
BR(H—inv) < 0.58 (0.44 exp.) at 95% CL.
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Invisible Higgs search combination

Combination of VBF, Z(22)H, and Z(bb)H searches:

a.david@cern.ch

[
BR(H—inv) < 0.58 (0.44 exp.) at 95% CL.
0 Competitive limits for low mass DM in “Higgs portal” models.
| e | -1 = " T LI 1 | | | I LI I I I I | LI
0 10 X ! Combination of VBF and |
2 102E > ZH, H— invisible CMS
_z Py / Vs=8.0TeV, L = 18.9-19.7 fbo" (VBF+ZH)
& x 107 | /$=7.0TeV, L=4.9 fo'" (ZH) Bt inv) < 0.51 ® 90% CL.
O -4 [ ///, m,, = 125 GeV
107 10 S :
(- 5 N A !
S 107 '\ D
3] 6 \ \“
— — o 107 E |
@ 07 X ‘
) T B
n -8 N \o‘, —_—
o 10 N N 4 ==
Y e ~ —— =
S 10° =—m—————— e A — — T [CcREssT
c 10 fermion ..~ =" e XENoN1002012
) 10" .-~ Che <+ XENON10(2011)
9 -------- . 3 DAMA/LIBRA
o 1 0-11 Lt vector = == Min @R CoGeNT(2013)/90%CL
: -~ - — | attice :l COGeNT(2013)/29%CL
c 1o e ot
2 13 | | —— -« LUX(90%CL)
o ™ 10

107 10
DM Mass M, [GeV]
@CMSexperiment @ICHEP2014
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. Search for MSSM @ —1t

[CMS-PAS-HIG-13-021]

CMS Preliminary, H—1t, 4.9 fb'at 7 TeV, 19.7 fb' at 8 TeV

0 Minimal SuperSymmetric

Model predicts: T f MSSM m™ scenario Moo, =1TeV
P : S I m " scenario Mg,sy =1 Te ]
. -
o h°, H°, A°: generically P. ]
o H* and H-. |
1 Based on SM analysis but:
1 Using extra b-tags 10 —
(pl‘OdUCﬁOh). 95% CL Excluded: -
— observed -
D Extended |'O Up '|'O m“ _— 105 — SMH injected -
Tev: —_ CNIIS Plrelinl1inalry, H—>'clr, 1?.3 f::" altSTeV — JS— expected ™
> 107 ! ! .
R —e— observed Observation %o expected |1
= 10 Cdzom van + 20 expected
e Eglectroweak compatible with W LEP i
: acp
g 1 [222] bkg. uncertainty presence Of SM
© mhax (m,=160 GeV, tanp=8)

Higgs boson.

1072 -
1 1 ] 1

I1000
m, [GeV]

a.david@cern.ch  @CMSexperiment @ICHEP2014
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Events / 10 GeV

w
[ Fake leptons 1
—— LFV Higgs (Br=09%) |

Data-Bekg (fit)

Events / 10 GeV

U'Thad

150 . 200 250 300
collinear M(ute) [GeV]
19.7 o, s =8 TeV

o Dataut 1
[ Bekg Uncertainty
B sMH ]
[ Z+tx (embedded)
. 2T (ot )

—— LFV Higgs (8r=0.9%) —|

=}

Data-Bekg (fit)
@ oo
T

~Bekg ()

S

et :*++;*+++§

560 300
collinear M(uz, ) [GeV]

0 T lepton flavor violation not as well constrained as pe (MEG).

0 Based on SM H—TT analysis. Different kinematics allows good SM H rejection.
0o BR(H—ut) < 1.57% at 95%CL (expected limit of 0.75%)

a.david@cern.ch
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Search for H—=ut

0 T lepton flavor violation not as well constrained as pe (MEG).

0 Based on SM H—1t analysis. Different kinematics allows good SM H rejection.
BR(H—ut) < 1.57% at 95%CL (expected limit of 0.75%)
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Search for H—=ut

Q

0 T lepton flavor violation not as well constrained as pe (MEG).

0 Based on SM H—1t analysis. Different kinematics allows good SM H rejection.
BR(H—ut) < 1.57% at 95%CL (expected limit of 0.75%)
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CMS

New search for ttH with H—=bb

=

0 Improved performance:
o Event probability (Ps/b) based on matrix element probabilities.
o Single lepton (SL) and di-lepton (DL) topologies.

Best with identified W—jj (SL Cat-1).

0 Reduced dependency on tt++HF modeling.

1 Clearly a hot topic for Run 2.

CMS Preliminary Ys=8 TeV, L=19.5 fb™
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o N
[
o
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New search for ttH with H—=bb w

[CMS-PAS-HIG-14-010]

0 Improved performance:
o Event probability (Ps/b) based on matrix element probabilities.
o Single lepton (SL) and di-lepton (DL) topologies.

Best with identified W—jj (SL Cat-1).

0 Reduced dependency on tt+HF modeling.

0 Clearly a hot topic for Run 2.

CMS Preliminary Vs=8 TeV, L=19.5 fb"
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- CMS Projection

° I R R —
LO O k I n g CI h e CI d Expel:ted uncertaintiels on o |300 olat s =14 TeV|Scenario1
=
95 |

Higgs boson signal strength F— 300" at s =14 TeV Scenario 2

No change in systematics Exp. syst. ~ ]/\/Iumi.
Hoyy : : Theo. syst. / 2
1 300 fb! at 14 TeV: Howw = =
. Ho 72z : |
Vast improvement over
H— bb } |
present datasets. i
Room for theory T
. 0.00 0.05 0.10 0.15
iImprovements. expected uncertainty

a.david@cernch  @CMSexperiment @ICHEP2014



CMS CMS Projection

° I R R —
LO O k I n g CI h e CI d Expeé:ted uncertaintiels on o |300 olat s =14 TeV|Scenario1

Higgs boson signal strength F— 300" at s =14 TeV Scenario 2

EA’ No change in systematics Exp. syst. ~ ]/\/Iumi.

Theo. syst. / 2

Hovyy

0 300 fb! at 14 TeV: o

. H— 2z
Vast improvement over
H— bb
present datasets. i
Room for theory ol
. 0.00 0.05 0.10 0.15
iImprovements. expected uncertainty
CMS Preliminary Standard Model H —pp
8 CFRdm
0 For (HL-LHC) 3000 fb!. ? o E
H—uu at > 50. YAl ;
. 2 g
Can we get to the Higgs : :
self-coupling? | R
0 500 1000 1500

Integrated Luminosity [fb™]
a.david@cernch  @CMSexperiment @ICHEP2014



X—>HH—>bBW and the future

[CMS-PAS-HIG-13-032]

. CMS (Unpublished) L=19.7 fb" \s =8 TeV
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Summary

0 CMS closed a major chapter in the
characterization of this Higgs boson.

O Main decay channels:
® Final Run1 results published or submitted.
m First combination of final results.

01 Most precise Higgs mass measurement:
my = 125.03 % 0.30 | ¥30(stat.) H( 13 (syst.)| Gev

o No new Higgs physics beyond the SM.

Yet.
[FOUND ANEW PARTICLE

o e Y 7 We continue to turn all stones.

0 Few surprises need more work/data for a
clear resolution.

Ml tE
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Summary

0 CMS closed a major chapter in the
characterization of this Higgs boson.

Main decay channels:

® Final Run1 results published or submitted.

m First combination of final results.

Most precise Higgs mass measurement:
my = 125.03 % 0.30 | ¥30(stat.) H( 13 (syst.)| Gev

No new Higgs physics beyond the SM.
Yet.

7 We continue to turn all stones.

Few surprises need more work/data for a
clear resolution.
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Conclusion

0 We've just started and there’s a long
and exciting way to go:

Go from O(10%) measurements to

differential.

—125.03 4 0.30 | T2 (stat.) 012 (syst.)| GeV
i ~o.27(8tak-) o 15 (syst.) | Ge Go from “seen” to O(%) measurements.

1 1
Il B BB, Go from limits on rare things to
[ CMS observations.

Preliminary

Reduce theory uncertainties.

Explore the full potential of the LHC and
its upgrades.

| =68% CL
L [—95% CL
107k ---SM Higgs

A or (g/2v)"?

i

| womw 14 0O Allit takes is one deviation to point
: =68%CL | - us on the right way beyond the SM.
—95%CL | ]
{2 345 10 20 100 200
mass (GeV)
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[arXiv:1303.5062] [ATLAS-CONF-NOTE-2014-009] [CMS-PAS-HIG-14-009]

0 Up above: “Simple six- 0 Down below: (Not-as-simple)
parameter ACDM?”. ~20-parameter Standard Model
of Particle Physics.
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Looking forward to LHC combination and surprises at

higher energy: PeV neutrinos, LHC 13 TeV, ...
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“ ..and references therein.”

o All CMS Higgs results: hitp://cern.ch/go/égmZ
Results released during ICHEP 2014:

.~ m “Observation of the diphoton decay of the Higgs boson and measurement of its

properties”
arXiv:1407.0558, submitted to EPJC

" m “Precise determination of the mass of the Higgs boson and studies of the compatibility

of its couplings with the standard model”
CMS-PAS-HIG-14-009, http://cds.cern.ch/record /1728249

m “Constraints on anomalous HVYV interactions using H to 42 decays”
CMS-PAS-HIG-14-014, http://cds.cern.ch/record /1728251

m “Constraints on Anomalous H=>WW Interactions using Higgs boson decays to W W- in

the fully leptonic final state”
CMS-PAS-HIG-14-012, http://cds.cern.ch/record /1728250

m “Search for Lepton Flavour Violating Decays of the Higgs Boson”
CMS-PAS-HIG-14-005, http://cds.cern.ch/record /1740976

m “Search for ttH production using the Matrix Element Method”
CMS-PAS-HIG-14-010, http://cds.cern.ch/record /1728332

m “Search for an Higgs Like resonance in the diphoton mass spectra above 150 GeV”
CMS-PAS-HIG-14-006, hitp://cds.cern.ch/record /1714076

m “Search for H" — cs decay”

CMS-PAS-HIG-13-035, hitp://cds.cern.ch/record /1728343
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[CMS-PAS-HIG-14-006]
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42/NDF:2.064 3

0 Simplified cut-based selection.

0 Signal model: double Crystal-Ball ® Breit-Wigner.
o Signal width and mean scale appropriately with my,

o Limits on 0XBR as a function of I, and m,.
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H*—cs in decays of t—=H"+b w

[CMS-PAS-HIG-13-035]
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— | More turned stones
N RAAA——————=
7 MSSM @ —bb

PLB 722 (2013) 207

1 MSSM © —up
CMS-PAS-HIG-12-011,
http: //cds.cern.ch/record /1453716

7 NMSSM H— 4 + X short-lived
CMS-PAS-HIG-13-010,
http: //cds.cern.ch/record /1563546
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n CMS ECAL operation and calibration

The path towards the ultimate Run 1 photon
energy determination.
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Challenges of in situ operations

Light yield variations:
m scintillation light — temperature dependence: AS/S ~ —2%/°C @ 18 °C

m crystal transparency — radiation dose-rate dependence

Photo-detector response:

gain temperature dependence: AG/G ~ —2%/°C
m APD — gain High-Voltage dependence: AG/G ~ 3%/V
direct ionization effects, a.k.a. “spikes”

m VP T — response dependence on the incremental charge at the cathode

Tracker material in front of ECAL.:
B photon conversions

m bremsstrahlung losses for electrons

3.8 T solenoidal magnetic field:

m spread of the e,y energy along ¢, at = constant 7

— Excellent environmental stability (x2 to x3 better than required) [3]
— Dedicated monitoring system and calibration techniques [4, 5]

— Specific energy reconstruction algorithms and corrections
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Monitoring and calibration signals

Validation of the corrections with £/p

Laser monitoring measurements

CMS Preliminary 201 1-2012
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ECAL channel inter-calibration

01 Derive individual corrections in situ by equalising the response to
diphoton resonances (n, T°).

Cross check using @ invariance of energy flow.
And E/p ratio for electrons.

0 Effect of inter-calibration (IC) and light monitoring (LM) corrections:

x10° x 10°
8 180 :_ CMS Preliminary 2012 no corrections 8 18 :— CMS Prellmlnary 2012 no corrections
10 g0l 5 =8TeV, L =196 fb F  tntercatibrations 10y | 10 16|~ /s =8TeV, L =19.6 fb” __ Intercalibrations (IC)
o . o C
; 140 - === ]C + LM corrections B 14 :_ === ]C + LM corrections
T - ECAL barrel =  ECAL endcap
G 1201 E, 12 :
W 100 w10
80 8 ;—
601 61
401 4
20}~ 21
o0& ' S ' 0=
60 80 100 120 60 80 100 120
2 2
M, (GeV/c?) M, (GeV/c9)
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Performance: energy resolution

With electrons from Z

0.0 CMS 2012 preliminary: L = 19.5 fo’, \s = 8TeV CMS 2012 preliminary: L = 19.5 fb", \s = 8TeV
. - " Prompt reconstruction, R ;094' T J o'oef‘ — ~Pr<'>m'pt :-ec'onlstrruct'lov; inclusive | A
Winter2013 re-reconslrucﬁon R 2094 | Winter2013 re-reconstruction, inclusive ]
0.05|- —— MC,R, 2094 .5 o‘osé — MC, Inc!usive : ,_E
0.04 ey, T 0.04f- I el
w F T —— ] w ;: . { '.‘—:—_._ —— . ]
<003 T T S <008t ] LB e,
' : e ¢} ! b +
0.02 * ’n:““'_‘— E 0.02} w:* 5 -
0.01 aai ilingll : ] 0.01 :
0 NS R S T . e 0?'&1 : Ll 3
0 0.5 1 1.5 2 25 0 0.5 1 1.5 2 25
SuperCluster |1 | SuperCluster | n |
; 19.7 fo’" (8 TeV) 1 19.7 fo’' (8 TeV)
>x1UTr > x
, & |cms & [cms
T Fitto Z — eeof a & o[ Barrel-Barrel ¢ Data & 801 Not Barrel-Barrel + Data
. . ~ [ []Z-—=e'e (MC) ~ L []Z—e'e (MC)
Breit-Wigner convolved 2 2 |
. . . g 5l 2 60
with a Gaussian function [4] @ @ op
ol
. 20-
— Simulation tuned to match :
performance observed in O 1f O 19F
situ with Z — ee events § of § osk "
5 80 85 90 95 100 105 76 80 8 90 95 100 105
119 . . Mg (GeV) m,, (GeV)
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Accurate simulation

Noise model:
m realistic noise with sample-correlations and channel-to-channel variations
m increase of the APD dark current (expected)
m transparency variations for realistic light-yield (and corresponding
photo-statistics)

Material description:
®m including in-homogeneities in ¢ of services in front of the endcaps
for systematic uncertainties, being implemented in current simulation

CMS preliminary \'s =8 TeV
1.5

o

data _ MC
X

x° 1.4~
: 7/#7 Wadron track momentum loss
N\ Electron track (0, -p_Mp,_
[78 | Weighted average

13
12}
11}

N

09

I P T P P P PR P R e
0 02 04 06 08 1 12 14 16 18 2

Light propagation effects in the crystals (only relevant for upgrade studies)

Varying conditions used for a “run-dependent” simulation [N. Marinelli’s talk]

federico.ferri@cern.ch ICHEP 2014, Valencia, July 2-9 2014 10
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Performance evolution

B T he energy resolution measured in data with Z — ee is used to model
the expected H — 7y signal in the simulation
m Steady progress and excellent results

- . 7TeV B O O O 8TeV --*

- F - < CMS Preliminary
pROMPT ) N§ 1.8 E_ ~+f Simulation i gil:ﬁnilgziil:’mlnary E‘w Simulation
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wi.l.hin 48h From g 141 Combined ‘330 arametric Mo

) r 0, = 2.45 GeVic? £
i ©1.2¢ “ @ Oy =2.02 GeV
data taking S . LP 2011 N o
2 U rwem=ssscevet g & FWHM ' ° FWHM = 3.86 GeV MORIOND 2013
g 0.8_ 1 = 1- 54/0 20 FWHM o
0 & ool 2.35 = 1.31%
6 15
L 041 10
0.2F !
L B 101 ‘.'31':‘5:':‘. .II." T — 5 "" ““
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0’1(: F o CMS preliminary % L _+L Sim Ia; snula«'i:.im -y
RECONSTRUCTION S 7F ‘+‘ Simulation F\  Simulation 350_ ulation
w”.h lmproved 8 6 E— — Parametric Model ; ; —— Parametric model o
iti 7o) F Al Categories Combined ® 40
conditions L . f’; 2 T,

> 4 FWHM = 3.18 GeV/c? ICHEP 2012 30 FwhM=3.05Gev 2014

= { C

g 3 F\z"’;';"‘ = 112% ,f = 1.04%

2 . C
1F 10
::,,::.,::.,::::::,,,,...-. "5‘::“‘ . os=: S _;;-v::-,,:-:: : P L
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ECAL-related systematic uncertainties on my

From H — «y7:

my = 124.70 £ 0.31(stat) 4+ 0.15(syst) GeV

m Electron/photon differencies in the simulation 0.10 GeV
B material distribution 0.07 GeV
m longitudinal light-yield non-uniformity 0.02 GeV
m Geant4 0.06 GeV

X uncertainty on the single contribution: ~ 10 MeV

N.B.: the detector response to electrons and photons shows differences at the
level of 0.5%. What matters is the difference of these differences between data
and simulation.

m Residual non-linearity in scale 0.10 GeV
m Photon energy scale corrections 0.05 GeV
m Z line shape 0.01 GeV

m Checked and negligible contribution: gain switch of the electronics
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123

More detall: residual non-linearity in scale

CMS Unpublished _

19.7 1" (8 TeV)
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B Residual non-linearity of the energy response in data relative to simulation,
relevant in the extrapolation from the energy scale measured at the Z peak

(=~ 90 GeV) to the Higgs boson mass (= 125 GeV)

1. electron E/p vs. Et with electrons from Z and W decays
2. di-electron invariant mass vs. Hy = E% + E% in Z — ee events

m 0.08% effect on the Higgs boson mass

federico.ferri@cern.ch
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More detail: longitudinal non-uniformity (NUF)

m R&D achievements: adequate uniformity of longitudinal light yield

B one face of each barrel crystal depolished

| Front non Uniformity | Entries 49356 104 08
B - Mean -0.1443 % L CMS —— dE(e)/dX (E=60 GeV) E
; g AMS _0.163 ° Unpublished £
bm - = publis ——— dE(y)/dX (E=60 GeV) | >
5 f One entry, c e
G 3500 3= 1.02 06>~
x s | o pas
$ s one crysta o - ko)
‘E 3000} ° L M|
- o
F = > ©
2500 S 0.4
- [ = [
2000 w
1500 3
: 0.98 o ) 0.2
1000E- | Default profile
5001~ Modified profile
FEET: TR AN I ol 0.96 T T S 0
%% 06 -04 -02 0 02 04 06 0.8 0 100 200
%/X_0 X (mm)

m Simulation: rear non-uniformity of 0.15%, front part assumed uniform

m lonizing radiation found to induce additional NUF of 30% of its initial value
(worst case scenario) at the end of Runl [6]

— simulation modified to account for these effects

m at most 0.06% effect on the energy scale, anti-correlated between
converted and un-converted photons — 0.015% effect on the mass
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H— yy — energy regression

0 Use the raw supercluster energy and several other input variables
To model shower shape, position etc. (label inputs as x)

Correct for local containment of showers, bremsstrahlung losses, etc.

0 Use specialised BDT (not TMVA) to predict full probability distribution for E, _/E._.
Distribution is given by a double CB which has six free params (y, o, a, o, n;, ny )

“Regress” the non-parametric dependence of each of these variables on the BDT input
variables whilst minimising the likelihood,

“mL=— Y WpEuue/Brawlin(@),0(@), ar (@), ar(), n (@), na (@)
Best estimate for the true energy: MCphotons
E('Ta Eraw) — ,u(x)Eraw
10° &
S, cMS 10k cMS
Per pboion energy iesoluhon. <5r o Unpublished g 3 Unpubliched
05 (T, Eraw) o(T) o S 1L .
E(—» E ) — (—.\) ~ 103 ET /E in MC - 10 g Etrue/ErGW In MC
T €T ~ rue/ “raw ~ E
y Lrraw M 2 8TeV Barrel 2 of 8TeV Endcap
2 10° g " f
i m - ;
10 3
10 2 3
- ) e, ! %
i A T
10'1 "/lﬂ..l...l...I...I...IJ.J 10‘1 ] | Lol B .
0.6 0.8 1 1.2 1.4 1.6 1.8 2 0.6 0.8 1 1.2 14 1.6 1.8 2
E /E E /E
True Raw True Raw
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H— yy — energy scale and

resolution corrections

[arXiv:1407.0558, submitted to EPJC]

0 Apply residual scale corrections to the data and subsequent
smearings to the MC

0 resolve differences between data and MC from Z—ee decays
(with electrons reconstructed as photons)

01 Employ a new multistep procedure:

19.7 fb™ (8 TeV)
H H C [ I I [
o Split data and MC into S, ool CMS | E
59 4 n bi d 2 R, bi © Tt Unpublished : -
run ranges, 4 n bins an o bins. 3 - Unpublishe :
o Fit Z line shape and find scale correction §1 004 . .
from data—MC in run X |n| bins. Q i i
: : , , S1.002 . 7
o Simultaneously fit scale with a Gaussian u"j i e = ]
smearing term for MC in |n| X R.. 1= Ea ]
- e o 0O<ini<1, R<0.94
* In the barrel (for 8 TeV) the smearing term has . - . ochict. R 5094 1
an energy dependence by parameterisation 0.998 - SR o
Thl‘ough: b/\/E_T + c : — A A 1<|T]|<1 .4, R9<094 :
. 0.996 v I<ini<1.4, R9>0.94 —
o Then have a further residual scale - | | | s
20 40 60 8

correction in E; X [n| X R,. 0 . (Gg{?)
.
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as | H— yy — energy scale and

@m resolution corrections

01 Corrections have uncertainties which enter the
analysis as a systematic uncertainties.

x10°
> 4-5_||I|||||||||||I|||||||||||I|||I|||I|||| %1400—'—||||||||||I|||I|||I|||||||||||||I||||
8 4 CMS Preliminary f‘“i M(C: . © CMS Preliminary i —e— data
i smeare ! il = MC
o~ \'s=8TeV "“‘ e data S 1200|\s=8 Tev | —— MC smeared
© 3.5 | g B
== - r L
12 af FF‘ > 1000
C - i : i
() o 3 L L1
o 2.5 J'p‘ 800~
2F o _ 600—
1.5 N e
- 400
1= -
- 200
05 . ._ 1"L
%0 82 84 86 88 90 92 94 96 98 100 80 G2 s 8 s 90 oz 94 % 98 100

M,. (GeV/c?)
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Evolution of m, ., resolution

[HIG-11-010] [HIG-12-015] [HIG-13-001] [arXiv:1406.0558, submitted to EPJC]

EPS — Jul 2011 ICHEP — Jul 2012 Moriond — Feb 2013 ICHEP — Jul 2014
e > wsew
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8 TeV: 20% improvement in the last year
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H— vy photon ID MVA

o Use a BDT to reject 19.7 b (8 TeV)

x10°
photon fakes. N - CMS -
(mainly 1°) S 80 —30 |
Uses shower shape i 1 3
& isolation S i ’ ™ 2125 GoV) ] @
. ) S - _— — vy = N
vq.rlqbles . ® 60 H l c;_%
1 Provides estimate % - ¢ Data og @
of the per-photon A - § MC background 1 o
quality. T — = | ©
40 — e v-jet i o
- —— jet-jet |
_ —10
20 | -
0 : o= 0
-0.6 -0.4 -0.2 0 0.2 0.4

Photon ID BDT score
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H— yy photon ID MVA

[arXiv:1407.0558, submitted to EPJC]

0 Photon ID output (including systematic band) for

L—ee events.

19.7 fb™ (8 TeV) 19.7 fb™ (8 TeV)
g ><1O4_ g x10%
S 20f CMS Nyw=<15| © [ CMS Ny > 15
o - o
a | P
o 4 Data o
15 3 Z—>ee MC 2
w I
- [ MC syst.
10}
I
o
O O
S 1.2 S 1.2
s 3
© ©
S 0.8 | | S 0.8 | |
-0.2 -0.1 0 0.1 0.2 0.3 04 -0.2 -0.1 0 0.1 0.2 0.3 04
Photon ID BDT score Photon ID BDT score
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H— yy — vertexing

0 Resolution on opening angle has negligible effect
iff selected vertex is within 10 mm of true position.

0 Use a BDT to select vertex. Input variables designed to consider:
Hardness of interactions (sum py).
Recoil and asymmetry between the diphoton system and other tracks from the given vertex.

Converted photon track information.

MC simulation closure test.

0 Test performance in Z— U events e 8 Tev
H— = 125 GeV
(remove U tracks and re-reco £ CMS Yr (m,=125GeV)
. . et Simulation <PU> = 21
vertices) and also y+jet events. Vo A FERPREy.
o I R i
0 Construct BDT to complement N 09f o~ E
resolution estimate whose output g8 f / ]
. e . N~ 08? n .. ]
definition will map correct vertex - I = Truevertexefficiency -
o o ole o C Average vertex E
efficiency (probability). g o7 . probability estimate
) - i
o Exploit this information later when - 06 E
estimating the per event resolution. e P P R R AR
0 50 100 150 200 250
p; (GeV)
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[arXiv:1407.0558, submitted to EPJC]

0 Performance in Z— UL events.

Remove U tracks and redo vertex reconstruction.

19.7 o™ (8 TeV -1
c 04T [T T T L (I T —) ><104 19.7 fb (8 TeV)
o i CMS T 8 - CMS
E " Unpublished 1 o 80
C B n ~ -
s Z—=uu 1 @ i
m 0.3+ <1 5 . Z — uu
B o Correct vertex: data N > 60
B - N 1 W | @ Correct vertex: data
B Correct vertex: simulation 7 i [ Correct vertex: simulation
0.2 Misassined vertox: dat 1 i ¢ Misassigned vertex: data
i ° sassigned verfex: data ] 40~ [ ] Misassigned vertex: simulation
i |:| Misassigned vertex: simulation _
Lo i
0.1 =

-1 -0.5 0 0.5 * 1 0 0.2 0.4 0.6 0.8 1
Vertex ID BDT score Vertex probability estimate
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0 Event classifier which collapses

event information into one

discriminant.

O Assigns a high score to events
with:

® Signal-like kinematics.
(mainly high p;¥)
m Good diphoton mass resolution

(i.e. good photon resolution and
high vertex probability)

m High photon quality.
O Independent of mass.

Place a cut on classifier value
to cut out background.

Categorise events using bins in
the classifier value

Use this as input to a further
BDT which focuses on VBF di-jet
+ di-photon selection.

s/0.02
3 3

Data event

H— vy — diphoton MVA score

19.7 fb (8 TeV) 108

E ¢ Data E L
- CMS —— MC Background ] \l,
E —H—>yy(mH=125GeV) _5104§
= B ooH 3
- I veF ] 2

] WH/zH 3 @
E 1 tH 10 3
: wn
- S~
: 10 o
§ N

Untagged O \:
| | |

| Untagged 4 | Untagged.3 | Untagged 2

0.4 06 0.8
Transformed diphoton BDT classifier score

Diphoton BDT output transformed to be flat for total signal
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H— vy — diphoton MVA score

0 Classifier output is validated with Z—ee.
0 Define systematics for shape distortions that affect

categorisation:
photon ID quality and energy resolution estimate.
. 19.7 fb (8 TeV)
S
S b, | CMS + Data
£ I ] Z—e'e (MC)
2 200f [ MC cluster shape uncertainty
L [
150 F
100 |
50}
O:
O 15E
=k
s 1
®© F
O 05

| | | | | |
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Transformed diphoton BDT classifier score
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H— yy — diphoton dijet MVA score

[arXiv:1407.0558, submitted to EPJC]

0 Use dijet variables to pick out VBF-like topology.

0 Use output to define a set of dijet categories.
0 Optimized for VBF signal strength alone.

- 19.7 b (8 TeV)
A = -
S = ¢ Data N L
CD. = CMS —— MC Background — 103 \ll
° B =
. —— H—yy (m_=125GeV) 3 =
"UE) 10° ] tH . =
& s ] WH/zH 7] 2
> - B ooH —10? Q
° ; I vBr 3 s
S 10°L 12
o F PP =
- | I 10 o
L = N
10% - | | -
= | | Dijet Tag 0 |
| EL
10 =

Dijet Tag 2 Dijet Tag 1

0 0.2 0.4 0.6 0.8 1
Transformed combined BDT classifier score
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No. of classes

Label 8GeV 7GeV Main requirements
7
pr(1) > myy/2
ttH lepton tag 1 * 1 b-tagged jet + 1 electron or muon
pr(1) >3-my, /8
VH tight / tag 1 1 eor u, pr > 20GeV, and Ft > 45GeV OR
2e or 2y, pr > 10GeV; 70 < myy < 110 GeV
7
pr(1) >3-myy /8
VH loose £ tag 1 L o 1, pr > 20GeV
. i pr(1) > myy /2
VBF dijet tag 0-2 3 2 jets; dijet and combined diphoton-dijet BDTs used
7
pr(1) >3- my,/8
VH Fr tag : L B> 70Gev
, . pr(1) > my, /2
ttH multijet tag 1 ¥ 1b-tagged jet + 4 more jets
7
.. p1(1) >3-my,/8
VH dijet tag 1 1 jet pair, pr > 40 GeV and 60 < mj < 120 GeV
Untagged 04 5 4 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.

a.david@cern.ch  @CMSexperiment @ICHEP2014



CMS uUnpublished

510" (7 TeV)

o e v Il
T T T T T T T T T

5.8 total expected signal

FWHM/2.35

Untagged 0
ILEGTEL R 22.7 total expected signal
Untagged 2 [EIARUEEEEREREAIE]

Untagged 3 [

VBF Dijet Tag 0 ERERCEREGERELENGE]

VBF Dijet Tag 1 REKRCERSCEELERTE]

VH Lepton Tight BUERGERSGEVELELTE]

VH Lepton Loose [ERGCIEIRSTEELERTE]

VH MET Tag [RERGIERGEELEGTE]

VH Dijet Tag [UERCERSGENELETGE]

LGREFENE 0.2 tofal expected signal

[oFe]1 11T, T-Te Bl 95.8 total expected signal

1 1 1 1 1 Il l1a

. S/(S+B)in+ o
eff

|

80 90100 O 1 2 3

0 10 20 30 40 50 60 70
Signal Fraction (%) Width (GeV)

0 0.2 0.4 0.6
S/(S+B) in c
€
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H— vy event categories

[arXiv:1407.0558, submitted to EPJC]

CMS Unpublished 19.7 1" (8 TeV)
o oy v 7 Bt .-..ce", o F'WI‘-|Ml/2.?5 -S/'(S+B) into

Untagged 0 ERGEREIGERE RILLEL

Untagged 1 REIEICERSTERELERIE]
Untagged 2 [REFEACEETEERELERLE

Untagged 3 REBRCEISTEVELEILE]
I
Untagged 4 RHEESCEEEEELERIE
VBFDjetTago [IPNPISESSSSSSSSSSS | D
.|
VBF Dijet Tag 1 ELRGERSGEEELLE]
.|
VBF Dijet Tag 2 [RENAGEESTEEELERLE]
WHieponTignt [PPSR | e 000
.|
VH Lepton Loose  [ERGERSGERES ]
I
VH MET Tag [RERCERGGIEVELSTE]
. |
VH Dijet Tag RERCERGERELERGEL
wHieponicT2a . AT 0000
... |
LGRS ER 0.6 total expected signal
s ________— - B —————— __ | .
(017111113 T=Ye Ml 479.0 total expected signal

2 30 02 04 08
Signal Fraction (%) Width (GeV) S/(S+B) in * .
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[arXiv:1407.0558, submitted to EPJC]

/ TeV 8 TeV
48.6% 49.3%

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

> | ' | ' T ' T > T ' | ' | ' |
o> 51— CMS 4 & 51-CMS B
| Unpublished i | Unpublished ]
< 501 - < 501 .

X | i X |

w W _
49— — 49— —
48~ —— Higgs Signal ¢ x Acc ] 48— —— Higgs Signale x Acc |
47— . + 10 syst. error = 47— . + 10 syst. error —
46— — 46— —

| ! ! . | . | | . | Y | . | . |

110 120 130 140 150 110 120 130 140 150

my, (GeV) m,, (GeV)
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Events/2 GeV

[arXiv:1407.0558, submitted to EPJC]

10° 51t (7 TeV)
¢ Data
35 CMS , = vy
3l Unpublished [ v-jet
® [ jet-jet
o5k [__] Drell-Yan

[ JH—=yy(125 GeV) x5

0.5
0
100 120 140 160 180
m,. (GeV)

Events/2 GeV

a.david@cern.ch

19.7fb "' (8 TeV)

x10

20 \ CMS ‘ D_ata
18 S\ Unpublished [ : .}(et
16 [ jet-jet
14 5 [_] Drell-Yan
12 [ JH—=yy(125 GeV) x5
10

8

6

4

2

‘(I)OO 120 140 160 180

m,. (GeV)
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[arXiv:1407.0558, submitted to EPJC]

o Imagine a simple case with one POI, x, and one nuisance parameter, 0
0 Black line — standard likelihood scan of x profiling ©
0 Blue line — standard likelihood scan of x freezing O (stat. only)
0 Red lines — standard likelihood scans of freezing O to different values
(m]

Pink line — Envelope around this

* If you sample enough % T\ L [——— Fuipoten ik
Of the infinite e phclse- 5:_ -------- 1‘.1 — Fit freezing nuisance parameter to best fit .:;r ............
I W T e Fits freezing nuisance parameter to arbitary values i
Spdce eventuolly YOU 4__ .......... “ e e Envelope ‘ ..............
can reproduce the N
Bl b e Vi ‘,.'.é ............. Vi S
black curve with the -
pink “enve|ope". 2__ ............................................................................. ;. ................................
A NN N S

1111 | 1111 | 1111 | 1111 | 1 . 1 | 1111 | 1111 | 1111 | 1111
P20 121 122 123 124 125 126 127 128 129 130
X
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CMS

N

H— yy — BG estimation

m [arXiv:1407.0558, submitted to EPJC]

<:§W
\

7%

0 Consider a toy example with

o One single category.
o Two function choices, e ™ and m™P, both with 1 free parameter.

0 Profile “envelope” best fit is for m™.
o But 20 interval is enlarged by the envelope.

0 Envelope method can only increase uncertainty.

-~ F |

> F o8 T

[0} - Pseudo-data m—— Exponential Likelihood

S1eb + g

! —— Exponential Fit 7 = Power Law Likelihood

f’é 16p —— Power Law Fit Envelope

(0] L

> 14 * . o ':

YR LI Not a result. Just for illustration. /
12 I * ’ F

'.L y

2 H = & . 5
. H y ;
_I 111 I 111 I 111 I 111 I 111 I 111 I 1111 I 1217 0 | ::\ ‘ | | r.d__\ ﬂf" | | ‘ | : | I

foo 110 120 130 140 150 160 170 _ 180 -
m,, (GeV) n

|||||||||||||||||1
\S]

\S]
o
N
N
[e)]
[oe]
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H— yy — BG estimation

0 In principle would like to sample the ‘““infinite” phase
space of all possible functions.

In practice this is impossible.

0 Instead, choose from four classes which we expect can
reasonably cover the phase-space:
Power law sum.
Exponential sum.
Laurent series.
Bernstein polynomials.
0 Lowest order selected by loose G.O.F test.

0 Highest order selected by loose variant of the F-test.
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&
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0 3 alternative analyses:

Check validity of MVA
selection, categorisation,
background model and
VBF selection.

All compatible at < 10
level.
0 Compatibility with
preliminary result:

Using jackknife techniques

to estimate correlations
<20.

0 Compatibility between 7
TeV and 8 TeV datasets:

At the level of 20.

0 Compatibility across
categories shown on right.

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

H— yy — channel compatibility

a.david@cern.ch

@CMSexperiment @ICHEP2014

CMS H - yy 19.7 6 (8 TeV) + 5.1 b (7 TeV)
> r ~ = 1.4 026
— Id—, R combined = 023
—e—
— ™~ — e— 1 [m =124.7 GeV]
B —— H
B °
N N .
®
. —o—
-s X
B |q_,> —o-H
) —10—
o ;
— e combined + 1o
. ——
— ! ¢ '. —e— per-channel £ 10
: L |
B °
B °
] ] :I i I’ ] ] ] | ] ] ] ] | ] ]
0 10 15

=>
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H— yy — channel compatibility

0 Jack-knife provides estimate of expected width, o(6), between
two correlated analyses using sub-samples of each dataset.

Used Bernstein polynomial background model for simplicity.

Analysis 1

Final MVA 8 TeV

Final MVA 7 TeV

Final MVA 8 TeV

Final CiC 8 TeV

Final MVA (Envelope)

8 TeV

Analysis 2 o(6p)
Final CiC 8 TeV 0.20
Final CiC 7 TeV 0.42

Moriond MVA 8 TeV 0.21
Moriond CiC 8 TeV 0.21
Final MVA 0.22
(Bernsteins) 8 TeV
MVA CiC

CiC — MVA Overlap
(Final Data 8 TeV)

18%

a.david@cern.ch

6H (obs) Linear correlation
0.19 74%
0.17 72%
0.22 71%
0.03 76%
0.35 -
MVA

CiC — MVA Overlap
(Final Signal 8 TeV)

@CMSexperiment @ICHEP2014
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Events / GeV

Events / GeV

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

><103_
. CMS Sum over all classes
101 ¢ Data
i —— S+B fits (sum)
8 N e B component
- - +1o
6 __ """ +20
4t
2
0 i 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 I' 1 | 1 1 1 1
[ T T T T | T T T T | T T T T | T T T T | T T T T | T T T T | T T T T | T T T T ]
200 B component subtracted
0
-200 }
_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII_
100 110 120 130 140 150 160 170 180
m,. (GeV)
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“ More on the combination
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The challenge of combining

Q

Luminosity (o)

Decay tag and production tag Expected signal composition Omy/my No. of categories
° ° 7TV 8TeV
0 Include five main
Untagged 76-93% ggH 08-21% 4 5
2-jet VBF 50-80% VBF 1.0-13% 2 3
Yy Leptonic VH ~95% VH (WH/ZH = 5) 1.3% 2 2
d h Emiss VH 70-80% VH (WH/ZH ~ 1) 13% 1 1
e c q y s q n S e q rc e S 2-jet VH ~65% VH (WH/ZH ~ 5) 10-13% 1 1
Leptonic ttH ~95% ttH 1% 1
Multijet ttH >90% ttH 1.1% 1
f tt H d i ® H — ZZ® — 4£[18], Section 2.2 51 197
or proaucrion. 12020 40 2t e pasaa S 2
H — WW® — vy [17], Section 2.3 49 19.4
O-jet 96-98% ggH eu: 16%F 2 2
1jet 82-84% ggH eu: 17%+4 2 2
ee ks et 2-jet VBF 78-86% VBE 2 2
2-jet VH 31-40% VH 2 2
3¢3v WH SFE-SS, SF-OS ~100% WH, up to 20% tT 2 2
20+ £'vjj ZH eee, eepl, puup, ppe  ~100% ZH 4 4
H — 77 [19], Section 2.4 4.9 19.7
0 207 channels .
° eTh, UTh et 70-80% ggH 12-16% 5 5
2-jet VBF 75-83% VBF 13-16% 2 4
W et 67-70% ggH 10-12% - 2
2-jet VBF 80% VBE 1% - 1
2 5 ] 9 t 0-jet ~98% ggH, 23-30% WW 16-20% 2 2
D p q r q m e e r s ° ep et 75-80% ggH, 31-38% WW 18-19% 2 2
2-jet VBF 79-94% VBE, 37-45% WW 14-19% 1 2
O-jet 88-98% ggH 4 4
ee, up 1jet 74-78% ggH, ~17% WW * 4 4
2 ] 9 H —_— V V 2jet CJV ~/50% VBF, ~45% ggH, 17-24% WW * 2 2
¢+ LL' ZH LL' = TyTy, £Th, ey ~15% (70%) WW for LL" = £t;, (ep) 8 8
£+ 17 WH ~96% VH, ZH/WH = 0.1 2 2
£+ 't WH ZH/WH = 5%, 9-11% WW 2 4
b q C k g ro U n d VH with H — bb [16], Section 2.5 5.1 18.9
W(£v)bb pr(V) bins ~100% VH, 96-98% WH 4 6
W(tv)bb 93% WH ~10% 1
Z(££)bb pr(V) bins ~100% ZH 4 4
para meters. Z(w)b p(V)bins  ~100% VEL 6276 23 2 s
ttH with H — hadrons [14, 28], Section 2.6 5.0 19.3
H— bb tfleptom—jets ~90% bb but ~24% WW in >6j + 2b 7 7
tt dilepton 45-85% bb, 8-35% WW, 4-14% tT 2 3
H— 51 tt lepton+jets 68-80% 17, 13-22% WW, 5-13% bb - 6
ttH with H — leptons [29], Section 2.6 - 19.6
2¢-SS WW/tT ~ 3 - 6
3¢ WW/tTt~ 3 - 2
44 WW:tT:ZZ~3:2:1 - 1
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6/Cgy,

[CMS-PAS-HIG-14-009]

19.7fo' (8 TeV) + 5.1 f6' (7 TeV)

[rrrTTTTT T T T T T T T T T T T T T T T T T T T T T T

rCMS . - B

2‘5: Preliminary 1

- H— ZZ tagged i ]

2.0\ f TN B

/ N 1

/ \\ N

151 / \ Y -

B | \ ]

\ \ ]

1.0 .\ | ]

L ‘." \ ’ N

- .\ / ]

0.5 R -

Y SOOI ST
122 124 126 128

my (GeV)

6/Ggy

&)

19.7fo" (8 TeV) + 5.1 6" (7 TeV)

L L L L L L LB B

- CMS
- Preliminary
H — yy tagged

......

0. v b b L
122 124 126 128
my (GeV)
a.david@cern.ch

19.7 fo' (8 TeV) + 5.1 f5' (7 TeV)

[FrrrrTrTTT T T T T T T T T T T T T T T T T T T T T
r CMS B
I Preliminary ]
rHo>yy+H->ZZ ]
i at
5f PR ]
r il \i ]
i i \i 1
o '-.__\\ | -
' ‘-_.“..\\//.-' ]
0.5:_ ........... _:
00IlI
122 124 126 128

my (GeV)

19.7 o (8 TeV) + 5.1 16" (7 TeV)
————

b% I IC‘M‘SI 4 Combined
B 50k Preliminary + H-yytagged
"THoyy+H—>ZZ | + HoZZtagged
1.5 .
1.0F .
]

ool v Ly ]
'?23 124 125 126 127
my (GeV)
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_| Combined m_ measurement i

19.7 fb” (8 TeV) + 5.1 1b' (7 TeV)

0 Opposite 1

] OL_"'IIIIII|||| ...... AR o e e R -
: H— +H->Z2Z -
I £ - CMS Y E
sign fl’om < 9E Preliminary M, 1 (ggHttH), E
ATLAS N8 r (VBFVH) E
] 7: —.;
6F TY 40 __ +0.54 =
5 E
4 E
i I
1 ;
11 I 11 il ll:

Fl | | I 111111111 l |
-%.5 -2 -1.5 -1 -0.5 0
m! - m¥ (GeV)
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ECN

0 H—TT analysis has
sensitivity to:

H—tt decays;and

H—WW decays.

0 H=WW treatment:

In combination:
signal.

m 3.90 obs. (3.90 exp.)

In H—T1T paper:
SM background.

m 3.20 obs. (3.70 exp.)

CMS, 19.7 fb™' at 8 TeV

Extra Higgs sensitivity in H—TT analysis

0.5 |-

dN/dm_ [1/GeV]
|

------ SM H(125 GeV)—1tt
—&— Observed

@ SM H(125 GeV)-WW

CJz-w

(—

[ Electroweak
[ Misidentified e/u
[] Bkg. uncertainty

eu
Tight VBF tag

200 - 300
m. [GeV]
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CMS

&

H—VYV results in combination

0 What changed?
BR(H—VV) changes by 4 — 5%.

® H>WW and H—ZZ paper results evalvated at H—ZZ m,
result: m; = 125.6 GeV.

m Combined mass slightly lower: m; = 125.0 GeV.

In the combination H—=WW includes the tiH, H
decaying to multi-lepton result: o/o,,, = 3.7 £1.5.

H—Z7Z7 0.93 1.00
H—WW 0.72 0.83
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ttH multi-leptons

[CMS-PAS-HIG-13-020] [http://cern.ch/go/FKr9]

0 Very extensive cross-checks performed:
http: //cern.ch/go /Xv8S

CMS Preliminary, u=p= channel =8TeV,L=19.6 b - = -
T T Illr[ylulul Illlllli{glllellllllll \{§_8TeV,L_1g-6fb1

%) = l ]
5 25 i . CMS Preliminary m,, = 125.7 GeV
] B B ttw . ] 16
[ Bz - combined u=3.7 -
20— Ewz _ -1.4
— |[Z] Others .
| |CJFakes 7 i
B i four-lepton | ,
- — + —
. B w=AZ
- 5 trilepton
101~ - w=277%2
N | dielectron |
B — n o*46
S w=28 B
= dimuon
. 0 I u = 8.44-::73 e —
E 3 electron-muon |
Q ok w=1.92°
% - -23 v bev by s by | | N N N
o 1 6 -4 -2 0 2 4 6 8 1012

——

9% 06 04 02 0 02 04 06 08
BDT output a.david@cern.ch  @CMSexperiment @ICHEP2014

Best fit u = G/GSM



CMS

Sianificance of excesses

Significance (0)

Channel grouping Observed Expected

H — ZZ tagged 6.5 6.3

H — vy tagged 5.6 5.3

H — WW tagged 4.7 5.4
Grouped as in Ref. [17] 4.3 5.4

H — 77 tagged 3.8 3.9
Grouped as in Ref. [19] 3.9 3.9

H — bb tagged 2.0 2.3
Grouped as in Ref. [16] 2.1 2.3
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[CMS-PAS-HIG-14-009]

Channel grouping  Best fit (pgep i1, #VBFVH)
H — ZZ tagged (0.88,1.75)
H — v tagged (1.07,1.24)
H — WW tagged (0.87,0.66)
H — 77 tagged (0.52,1.21)
H — bb tagged (0.57,0.96)

p'VBF,VH

Combined best fit pver,vi/ Hgem 1

Observed (expected)

0.63 0.4
1.2510€3 (1.00+94

)

—_
o

19.7 fb' (8 TeV) + 5.1 6" (7 TeV)
T e

—
FCMS — Observed

-

£ 9

g 8— Preliminary ---- Exp. for SM H _5
7F :
o
5 |
h :
3 =
2;— i ’," =
1——F
03\.“M1.\.1..H|..H|..\.
0 1 2 3 4 5 6

(LAY

VBF,VH © ggH,ttH

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

- CMS

=

- Preliminary

| :
H — 1t tagged

H —- WW tagged
H— ZZtagged |
H — bb tagged |

+ 4+ 4+ 4+ +

H — yy tagged

il
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Production mode scaling
assuming SM BR structure
157 [CMS-PAS-HIG-14-009]

0 gy = 0.85 700 (stat.) T3 og (theo.) T000 (syst.)

Parameter Best fit result (68% CL) Observed significance (6) Expected sensitivity (6) Pull to SM hypothesis (o) -1 -1
for full combination 19.7fb (8 TeV) + 5.1 fb" (7 TeV)
0.85701 6.5 75 -0.8
HggH ~0.17 CMS ik 68% CL
HVBF 1.157931 36 33 0.4 Prelimi —aro
oy reliminary 95% CL
HvH 1.00%5 49 2.7 2.7 0.0
HiiH 29345 35 1.2 2.1 :
L
L
'
L
L
L
'
+
L
L
L
L
L
L
L
+
L
L
L
L
- '
Parameter Best fit result (68% CL) for 7 TeV data Best fit result (68% CL) for 8 TeV data u \N
4036 +0.19 HH :—-—*—
MggH 1.00%55, 0.80%577 )
HvBF 1.78f(0):g¥ 1.021’8:32 lllllllllllllllllllllllllllll
m 0.6970% 1064045 0 1 2 3 4 5 6

parameter value
a.david@cern.ch  @CMSexperiment @ICHEP2014
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CMS
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ECE

Coupling deviations

[ J _1 _1
I:] chllng The g— 2_0_1 T T T T T 7T ?9]? tbl l(8r -Irel\/l) 1+| §I1 Ift? 1(71 -Irer\/r)_
couplings to - CMS :
. 1.5F Preliminary ... .
fermions (k) and : G :
vector bosons (K). 1'0§ e @,’ E
0 Interference in o E
H— yy decay 0.0 -
resolves 0.5 30,..._ E
degeneracy. 1ok E
-1.5F =
_2.0:1 PR S S T N T U N S S S SO T T S NN SN N S N S 1:

0.0 0.5 1.0 1.5
Ky
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CMS

Coupling deviations summaries

[CMS-PAS-HIG-14-009] [arXiv:1307.1347]

19.7 6" (8 TeV) + 5.1 f' (7 TeV)

0 6 or 7 parameter fits
. . CMS - 68% CL
with effective IOOpS. Preliminary . == 95% CL

01 BRgsy measured
assuming K, <1:

0 BRgy < 0.34 (95% CL)  ©

197fb (8TeV) + 51fb (7 TeV)

1 10prrrrrrrrrrre et e e

£ o CMS —Observed E K

< _f Preliminary - Exp. for SMH | g

N 8; Ky, Kg, Ky<1, . E

! 7 Ky, Kz, K, BRBSM _
6| - KY ,
5f 4 T B
4 - BRBSMI._ :
3; é ||m1||||||||||||||1|||||
T parameter value
00 0.4 0.6 0.8 1

BRggu a.david@cernch  @CMSexperiment @ICHEP2014
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Coupling deviations

Model Best-fit result
Table in Comment
Parameters Ref. [27] Parameter 68% CL  95% CL
Awz = kw/Kz
Kz, Awz (k¢ =1) - Awz 0.94702 [0.61,1.45] using ZZ and
0/1-jet WW channels.
44 +0.14 Awz = kw/kz from
Kz, Awz, K (top) Awz 0.91 -0.12 [0.70,1.22] full combination.
+0.07 kv scales couplings
Kv, K (tii) v L0L g7 [0.88,1.15] to W and Z bosons.
+0.14 k¢ scales couplings
K 0.897513 [0.64,1.16] to all fermions.
o x 48 Kg 0.897010  [0.69,1.10]  Effective couplings to
& (top) Ky 1.157573 [0.89,1.42] gluons (g) and photons (7).
48 Branching fraction
Kg, Ky, BRpsm (middle) BRpsm <013 [0.000.32] for BSM decays.
16 Adu = Ku/Kgq, relating
Kv, Adw Ku (top) Adu 1.01 fg%g [0.66,1.43] up-type and down-type
P fermions.
47 +0.22 Agq = K¢/ %q, relating
KV, Aeg, Kq (top) Mg 102557 [061,1.49] leptons and quarks.
Kg 0.767013  [0.51,1.09]
Koy 0.991%1%  [0.66,1.37]
K 7 K')/I KV/ 8%%
& Similar to Ky 0.97751%  [0.64,1.26]
. x 50 (top) Kp 0.67f8:g% [0.00,1.31] Down-type quarks (via b).
by Fs Tt Kr 0.831'8:%2 [0.48,1.22] Charged leptons (via 7).
Kt 1.61 fggg [0.97,2.28] Up-type quarks (via t).
as above
plus BRBSM - BRBSM S 0.34 [000,058]
andxy <1

a.david@cern.ch

@CMSexperiment @ICHEP2014



[CMS-PAS-HIG-14-009] [arxiv:1207.1693] [arxiv:1303.3570]

19.7 1o (8 TeV) + 5.1 ft (7 TeV)

[ T T T BRI & 7
- CMS ]

" Preliminary ;

1 Assuming no BSM
particles.

== 68% CL
—95% CL
---SM Higgs

S

>

\

2 1
-

o

=

1 llllllll

10"

19.7 b (8 TeV) + 5.1 fis' (7 TeV) 03 19.7 b7 (8 TeV) + 5. 1Ifb (7 Tev) L .
cus o ;‘ cws T ] T

T T L 10%E M.e)fit | =
W —-ﬂ_ b T 1 - B

1 0.1k - ~a_ e . = n
1 REErRN Hos%cL |

; 0.0} \ SO ]
Kt __._,.: e :::?\\\—__ _:: | 950/0 CL i
. :._%_': -0.15 ......................................... E . Loyt I . s I
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CMS

[CMS-PAS-HIG-14-009] [arxiv:1303.3570]

0 Individual coupling
scaling factors:

O Ky Kz K, Ky, K.

o All loops resolved:
m K, (Kyr K)
u Ky(Ky Ky)

0 SMH width scaled.

“Reduced” couplings

as function of “mass’:

o A = K, (m,/vev)
o (gy/2vev)'/2 = '/
(my,/vev)

Resolving SM contributions

19.7 1o (8 TeV) + 5.1 fts (7 TeV)
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Lol ool
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[CMS-PAS-HIG-14-009] [arxiv:1207.1693]

o Vev modifier and power 19.7fb" (8 TeV) + 5.1 fb' (7 TeV)
Of COUp"ng 1_0 mass: S\E : T T T 1T 1717] T T T T T 711 ||""""'|'""":
0 Gauge bosons: > : CMS i
Ky = vev X m,2€ /MI+2€ QN Preliminary t
. o 1F g
o0 Fermions: ~ - =
Ke = vev X m:& /MIT€ S [ |=68%CL ]
< | |—95%CL |
O For SMH, M = vev = 1L |---SM Higgs _
246.22 GeV and € = 0. 10 : E
T

S 19715 O TeV) 1 5.1 15'(7 T 2L - _
w gnllls (8 Tev) ( )_ 1 O E (M, 8) flt E
oA me— f ' =68%CL | -
e T —95%CL | ]
OOv\\\\@ _:: | ool 1 TR R RN I N PRI

of TR 1 2 345 10 20 100 200
mass (GeV)

-0.3L
200 220 240 260 280 300

M (GeV) a.david@cern.ch  @CMSexperiment @ICHEP2014



| Spin zero amplitude in H—=VV
e Josesioron

1 Parameterization in terms of cross-section fractions:

fa3z = 210 ¢a3 = arg (a_?’)
a - 3 =
|a1|2c71 + |a2|2c72 -+ |613|20'3 -+ 5’A1/ (A1)4 a1
|a2|2<72 a
fa2 — — (PaZ = arg | —
|ﬂ1|201 + |a2|202 + |a3|2f73 +0p,/ (/\1)4 a1
oa./ (A)*
far = a/ (M) IND

a1|%01 + |az|?00 + |az|?03 + Op, / (1\1)4
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0 Full final state available:

0 Kinematic discriminants reducing to 2D or 3D.

o 8D likelihood fit.

2D scans of anomalous coupling fractions (real phases).
o But also done profiling over the phases.

0 No significant deviations from SM found.

1

 CMS Grotmivan) 16745 Tov)+ 511 e A CMS iy 107676 2518 Ty

~ l —95% CL, lI(D_ /’ ‘2 b i 1
16,00, ,=00rm - 68%CLKD | _.° © N[990, =00rmn —95% CL 16 <
— 95% CL, MD|~ s N - 68% CL -
B -+ 68% CL,MD'| o RS o <]
r x BestFit, KD | o X BestFit _| 14
I~ +7sm - 05 b
L . <
o
Opc 0
0.5 -0.5
.1-1 1 ' -1- :
fa3C03(¢a3) f.5 COS(0,5)
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[CMS-PAS-HIG-14-014]

0 Broad range of hypothesis tests based on the
observables optimized for each case.

CMS (preliminary)

a.david@cern.ch

120 19.7 o™ (8 TeV) + 5.1 fb! (7 TeV)

o -8- CMS data - - - Median expected B
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£ 80 o0'+20 M P+ 26 ]
* [ 0"t30 N :
60 :_ B . . . . -:
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H—>WW—2Q2v — J>0 states

[CMS-PAS-HIG-14-012]

0 Broad range of hypothesis tests based on the
observables used for the SM measurements.

CMS (preliminary) 19.4 fb'" (8 TeV)
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Pseudoexperiments

[CMS-PAS-HIG-14-012] [CMS-PAS-HIG-14-014]

1 Combination of HWW—202v and H—ZZ—44.
0 All tested hypotheses excluded at more than 99.9% CL..

CMS (preliminary)

H—VYV combination on J>0 states

—~ 120
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~ 100 [
oy
- 80
~
£ 60Ff
N
1
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o T T s a ww e
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n Direct searches
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Invisible Higgs search combination

7 VBF and ZH topologies combined; Z—22 and Z—bb.
o BR(H—inv.) < 0.58 (0.44 exp.) at 95% CL

oy 25

0.5
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8 CMS VBF H— invisible 959, CL limits
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19.7 fb™, /s =

8 TeV

CMS preliminary
thJets R
2.35% (exp.) -
2.94% (obs.)
uT o 1 Jet

2.10% (exp.)
2.11% (obs.)
ut 2 Jets
1.95% (exp.)
3.29% (obs.)
ut_, 0 Jets
1.32% (exp.)
2.04% (obs.)
ut,, 1 Jet
1.66% (exp.)
2.38% (obs.)
ut, 2 Jets
3.77% (exp.)
3.84% (obs.)
h—uzt

0.75% (exp.)
1.57% (obs.)

® Observed

X Expected

: | | | | 1 | | | | ! | | | | | | | | |
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4

6 8

95% CL Limit on Br(h—ut), %

10

CMS preliminary

ut ,0Jets
had
1.18 o,
0.72 ;_15 %o

uT , 1 Jet

1.07
0.03 %7 %

e , 2 Jets

1.09
1.24 12 %

ut_, 0 Jets

0.66 o
0.87 08694

ut,, 1 Jet

0.85
0.81 #0859,

ut_, 2 Jets

1.58 o,
0.05 *158 9

h—ut

+0.40
0.89 10409,
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New search for #tH with H—bb

[CMS-PAS-HIG-14-010]

0 Improved performance:
o Event probability (Ps/b) based on matrix element probabilities.

o Single lepton (SL) and di-lepton (DL) topologies.
Best with identified W—jj (SL Cat-1).
1 Reduced dependency on tt+HF modelingbﬁ1

CMS Preliminary s=8 TeV, L=19.5 fb’’

o/

1 Clearly a hot topic for Run 2.

CMS Preliminary Ys=8 TeV, L=19.5 fb™

o |
<015 >0.15

SL Cat-1 (H)

Events

-#-Data
1Bkg. Unc.

—f{iH (125)x 10 i+ cT

Best fit of u

Wi+ || M Al
I i + bb N o
I Single top L i
20— -
aF -
-6 =
o -
- | | ]

-10 |
SL Cat-1 SL Cat-2 SL Cat-3 DL All comb.

- P — Ps(bbbb)
S/b PS(bbbb) '|‘XPB(bbbb) +(1 _A)’PB(bbjj)
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Statistics interlude

[ATL-PHYS-PUB-2011-11, CMS NOTE-2011,/005]

Test statistic Profiled? | Test statistic sampling
LEP gy = —2In (data“‘ no Bayesian-frequentist hybrid
_ L(datal|p,0,.) . . .
Tevatron | ¢, = —2Ing= yes Bayesian-frequentist hybrid

0,00)

LHC qu = frequentist

o LEP: nuisances parameters (8) kept at nominal values (~).

o Tevatron: maximise likelihood against nuisances (1).
o Denominator considers background-only hypothesis (u=0).

0 LHC: frequentist profiled likelihood.
2 Denominator considers global best-fit likelihood with
o Nice asymptotic properties, savings in computational power.
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CMS

&

Breaking down uncertainties

0 Nuisances grouped into stat, theo, other.
stat includes H—yy background parameters.

theo includes QCD scales, PDF+a,, UEPS, and BR.
syst = theo U other.

1 Procedures:

For (stat)+(syst): For (stat)+(theo)+(other)
. ® o, from scan floating all
m 0, from scan floating ;
) nuisances.
all nuisances. m o, from scan floating

m g, fromscan stat group only.
floating stat group B Ogiqt+other TrOm scan
floating stat and other.
only.
“Ne) =0 o o) - c)-’rheo = OG” © cyst<:|’r+other'
syst — “all stat® O =—0.90..90

other all stat theo®
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[PRD 89 (2014) 012003]
0 2.10 (2.30 exp.)
0 of/og, = 1.0 £0.5

PRD 89 (2014) 012003
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H—TT vignettes

- [JHEP 05 (2014) 104]

CMS, 19.7 fb™ at 8 TeV

1 3.20 (3.70 exp.)

0 o/og, = 0.78 £0.27

10° CMS, 4.9 fb'at7 TeV, 19.7 fb™ at 8 TeV
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[[_] Bkg. uncertainty 7
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Fermion decay combination vignette

m [Nature Physics, doi:10/1038 /nphys3005]

- 0 3.80 (4.40 exp.)
-0 ofog,= 0.83 £0.24

5 CMS {s=7TeV,L=5f" ys=8TeV,L=19-20fb"

—1 20

£ E

o~ F P:

| 16 VH — bb 46
. 3.80 7 #H -7

L — Combined

12

10

\Illllllll

PRD 89 (2014) 012003 JHEP 05 (2014) 104 4
standard
model

2
Fermion decay combinafion :I 1 | | 111 | 111 1 I_L-—I— 1 111 | | | | 11
3.80 obs. (4.40 exp.) 0 02 04 06 08 1 12 14 16 1.8
Nature Physics, doi:10.1038/nphys3005 w
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JHEP 01 (2014) 096
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H—ZZ— 4% vignettes

[PRD 89 (2014) 092007]
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“ Odds and ends
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— involved processes

Backgrounds
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0 Define r=Ty/TPM

1 On-mass-shell we have
2

2
on—peak &

UggsH—2Z = B (- B)swm

1 Off-mass-shell there is no r:
d off —peak,SM

i off —peak
Uoo sH—7Z oy oo sH 77
-_ = 1( 1(25 .

7 Can make inference on r from on-
and off-shell assuming:

N l“l'on-shell = u‘off-shell

o Only SM processes — ZZ:

= gg—H"

m gg = |gg—H" + gg—non-H|?
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m Total = gg + qq
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A 2012 hit
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Runners-Up

Home > Collections > Online Extras > Special Issues 2012 > Breakthrough of the Year, 2012

This year's runners-up for Breakthrough of the Year underscore feats in
engineering, genetics, and other fields that promise to change the course of

Breakthrough of the Year, 2012 science.

Every year, crowning one scientific achievement as Breakthrough of the Year is no
easy task, and 2012 was no exception. The year saw leaps and bounds in physics,
along with significant advances in genetics, engineering, and many other areas. In
keeping with tradition, Science’s editors and staff have selected a winner and nine
runners-up, as well as highlighting the year’s top news stories and areas to watch
in 2013.

FREE ACCESS

The Discovery of the Higgs

Boson
A. Cho

Exotic particles made headlines again and again in
2012, making it no surprise that the breakthrough of
the year is a big physics finding: confirmation of the
existence of the Higgs boson. Hypothesized more

than 40 years ago, the elusive particle completes the
standard model of physics, and is arguably the key to
the explanation of how other fundamental particles
obtain mass. The only mystery that remains is
whether its discovery marks a new dawn for particle
physics or the final stretch of a field that has run its

course.

Controlling Bionics Majorana Fermions Eggs from Stem Cells
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the research teams at CERN.




