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# Combination of SM Higgs result and Properties Measurements at CMS Experiment

Higgs boson signature studied by CMS Collaboration

Q

« CMS explored a large set of accessible signatures:
 Strong evidence in bosonic & fermionic channels!

Details on individual bosonic and fermionic decays in talks by
S. Stoynet & Y. Takahashi (Higgs 4 & 5)
Higgs overview talk by A. Nikitenko (SM Higgs plenary)

 Significant set of explored signatures used for combined measurements

NEW combination: CMS-PAS-HIG-14-009

Channels explored by CMS: References
I A N T N

H>77 PhysRevD.89.092007

99 v v v v v v H VY arXiv:1407.0558

VBF v v v v v v v v HS>WW JHEP01(2014)096

VH v v v v HO JHEP05(2014)104
ttH v 4 v v H->bb PhysRevD.89.012003
Signal significance (m_ =125 GeV) ttH>bb,tt | CMS-PAS-HIG-13-019
Exp. 5.6 6.5 4.7 3.9 2.0 ttH->lept | CMS-PAS-HIG-13-020

Obs. 5.3 6.3 5.4 3.9 2.3
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# Combination of SM Higgs result and Properties Measurements at CMS Experiment UCL

Compatibility of the observed exess with the SM Higgs boson @

o Values of the best-fit /o, for the combination
19.7 b (8 TeV) + 5.1 fb' (7 TeV)

Combined
=1.00x0. = 125 G V . .
H— bb (Vi 1ag) | CMS M © Fit per production and decay channel:
H - bb (tiH tag) | Prefimina + y2/dof= 10.5/16
H — vy (untagged) ' .
H — vy (VBF tag) « p-value = 0.84 (asymptotic)
H — vy (VH tag) .
H— yy (ttH tag) - Overall signal strength:
H— WW (0/1 jet)
H_s WW (VBF tag) 1.00 + 0.09 stat. Tg9s th. 4 0.07 syst.
H— WW (VH tag)
H— WW (ttH tag) [ S—
H— 7t (0/1 jet)
H - t (VBF tag) 19.7 b (8 TeV) + 5.1 6" (7 TeV)
H — 1T (VH tag) Combined CMS M = 125 GeV
H — 1t (ttH tag) | w=1002013| Preliminary
H— ZZ (0/1 jet) i ‘l
H - ZZ (2 jets) PR R R R R N ol Uniig=goeg7"_‘ 0.16
4 -2 0 é tf't4 / 6
est fit o/c aqqe
SM VBFpt= ?24: 0.27 ol
Per production mode:
; VH tagged
* p-value = 0.26 (asymptotic) w-osexoss| W
* Driven by the excess seen in ttH «—| tHagged -
analyses, where the deviation from SM e SRTIRRETe
is at 2.0 o level Best fit o/oy,,
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# Combination of SM Higgs result and Properties Measurements at CMS Experiment UCL

Deviation in Production mode

Signal strength (M) results explored for various decay and production modes
* Results from individual modes compatible to SM Higgs predictions!

Four main Higgs boson production mechanisms
associated with: 19.7 16" (8 TeV) + 5.116" (7 TeV)
LI 1T T 7T I T 1 1 1T l T 1 1 1 l T T 1 1

. . _l 10_1 L T
 fermion couplings (ggH and ttH) c o cMS  Obeorved
» vector-boson couplings (VBF and VH) < 8§ Preliminary ce-Exp.for SMH |-
19.7 o (8 TeV) + 5.1 f6' (7 TeV) c}' o :
§6""""“’-|lhi>£:té'eé‘ 7F =
IE-JFF I CMS + H—>WW$z:gged ;
e [ Preliminary + Ho 22120900 6 =
a4 H — bb tagged Sf— ]
i 4 H— yytagged - .
- 4= ~
2 : 3f 1
ﬁ 2F =
of - ki
I 0‘| | [ | |
0 1 2 3 4 5 6
L L Nl by
-1 0 1 2 3 H VBF,VH H ggH,ttH
llggH,ttH

Ratio of ps in production modes with fermionic and bosonic couplings: Hg, P-VH/I-lggH, MitH

Observed (expected): 1.2579°52(1.007932)
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# Combination of SM Higgs result and Properties Measurements at CMS Experiment

Deviation in the coupling

Q

» Search for deviations from SM in the scalar couplings (LHC XS WG benchmarks)
[arXiv:1307.1347]

It is assumed that:
» The observed signals is originates from a single narrow resonance

« Deviations can be parametrized only with couplings strengths modifiers {x,}

Strategy
» Scale SM x-sections & SM partial widths as function of parameters {kx}.
Jx.rﬂ' Example for H>yy :
.BR —H — ff) = K2.K2
(o ) ) | (0.BR)(99 — H — v7) = osm(9g — H).BRsm(H — v7) "5

2
H

X

Test of:

» Custodial symmetry

* Fermion and boson coupling

« Search for new physics in loop (production and decay)
« Simultaneous fit of the coupling modifiers
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# Combination of SM Higgs result and Properties Measurements at CMS Experiment

Deviation in the coupling

Q

& . Test of custodial symmetry

* my/m,, and their couplings to the Higgs boson, g\,/g,, are protected at tree-level:
—>Custodial symmetry.

» large violations of custodial symmetry are possible in new physics models

- Ky, and Kk, that modify the SM Higgs boson couplings to the W and Z.

Test consistency of A, = k,,,/Kk; with 1.
19.7fb' (8 TeV) + 5.1 fb' (7 TeV)
. . _l 10:1 T T T T 1T 1T I TT T T T T T T I T T T T T T 1T 1771 ] T T T T T T 71T I:
Using: £ o CMS — Observed ]
s HOWW < - Preliminary - Exp. for SMH
o« HO77-4| N 8F H— VV (0/1 jet) -
RWwW 0.22 | 7F x=1K Ay, -
Awz = — = 0.94757; g ‘ ]
A/ 6F E
5 E
Using full combination: \ 4k -
KW 0.14 3F =
Awz = — = 0-911L0.12 ]
RZ 2 E
Data are consistent with the SM 1k :
eXpECtation O;l B I T | l | . 1 . J’l’ | l | T T T | lE
0 0.5 1 1.5 2
Myz (K =1)
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# Combination of SM Higgs result and Properties Measurements at CMS Experiment UCL

| Deviation in the coupling T
i == . Fermions - boson coupling @

« Comparison of observation with SM expectation.
« Fitofk, k
* Assuming no BSM

197fb (8 TeV) + 5.1 6" (7 TeV)

o 20— ST L _ CMS Preliminary 19.7 b (8 TeV) + 5.1 fb™ (7 TeV)
1 gk CMS E “ | &+ Observed ¢ SM Higgs
"“F Preliminary . 21
1.6 ~
1.4 e = :
: L ] 1.5
1.2 ,-"'// N\ E [
- ; | i -
1'O: / ] ;i ]
0.8 (Y e
- ‘ /.". 7
0.6f yN—T .
04 7 - 0.5
0.2} = I
0.0_‘ R R R SR N A S S A [T B N S B B R ] O I . | | ,
0.0 0.5 1.0 1.5 0 0.5 1 1.5
Ky Ky

The 95% CL interval on k¢ and k,, are respectively [0.64,1.16] and [0.88,1.15]

—> compatible with SM ( k; = Kk, ), clear preference for k; >0 I
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# Combination of SM Higgs result and Properties Measurements at CMS Experiment

Deviation in the coupling

« Asymmetries in coupling to fermion

* Insome BSM models,e.g. 2HDM,

* relative couplings to fermions can be
altered.

* Two different ratios:

Kd
* Down/up fermion type Agu = —
K
+0.22 u
1.02543]
* Lepton/quark coupling Alq = i
gl

+0.20
10155719

Likelihood scan allow to constraint: \
Adu : [0.66,1.43]
Alq : [0.61,1.49]

Both are compatible with 1, in agreement with
the SM.

19.7 fb™ (8 TeV) + 5.1 fb' (7Te$
ll\II\II\II‘IIII\\I\Il\II\\I\

—
= N W A OO O N 0O © O

-2AInL

é_ CMS —— Observed ]
g Pre/iminary . EXp. for SM H .
_ )\'dus Ku: K.V E
EI 1 1 | 11 111l | | I:
00 0.5 1.5 2
}\‘du
0 19.7 b (8 TeV) + 5.1 ' (7 TeV)
:l TrTrrrrrr | TrT 1T 1T rrrrr ‘ TT 1T 1T rrrrr | TT T T T T 1T T]
9:— CMS — Observed
- Preliminary - Exp.for SMH |]
8 M Koy Ky : E
7 ' E
3
5
4
3 -
2f =
1F
: IIIIIIIII | 1 L ., S i I . | 111
00 0.5 1.5 2
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# Combination of SM Higgs result and Properties Measurements at CMS Experiment UCL

Deviation in the coupling —
* New Physics in loop and decay @

Processes induced by loop (gg—=>H, H-> yy) susceptible to hide new particles

e combine data from gluon fusion production with data from photon decay.
. Fit of K, and Kg modifiers for theses processes.

180 19.7 6" (8 TeV) + 5.1 15" (7 TeV)
P © J [ S S B s B S B [T T rr 1T [T T TT ] . .
o CMS ] Letting free [y, - 197fb 8TeV) + 5.1 1" (7 Tev
1.6} Preliminary I_|35|\/| = - 1 10prrrrrrrprrrrr e (8 Te )”+ ........ (7TeV)
:_ j < o CMS —Observed _—
1.4} ] E Proli ]
L < _f Preliminary ----Exp. for SMH |3
1.2F o 3 N 8rky, Kg BRg, , ]
i S N i 7F =
1.0 P RS : - z
i \\ \\ M o E
0.8 RN AN 5 E
B e, SN~ : o ) 1
0.6 e o = - -
0.4 . 3F /0 ,0.32 E
0-2: 11111 | I A S A Lvv v v v 10 | IR : 25_ ’/,/ E
0.5 1.0 15 € 1f
_. 1 H 1 - : (=] lIIl lllllllll I IIIIIIIII | IIIIIIIII | lllllllll
Best fit point compatible with (1,1): "\ S B Y R — s ]
(K, kg) = (1.14,0.88) BRasu
@95% CL: Kk~ : [0.89,1.42 I'Bsm
vl | @ 95% CL: BRgsm = = [0.00, 0.32]
@95% CL: kg : [0.69,1.10] tot
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# Combination of SM Higgs result and Properties Measurements at CMS Experiment UCL

Test of a model with 6 independant scaling factor

Simultaneous probe of 6 coupling:

*  Ky:assuming Z & W scaled by the same factor.

. K., Ky, K, : independent scaling for the third fermion generation.

. (modifiers factors assumed the same for first and second generation to those for third).
. K, K, : Factor for gluon and photon effective coupling assuned independent.

. gy : Partial Higgs width assumed to be 0.

Likelihood scan for these 6 parameters:

19.7 b (s TeV) + 5.1 &' (7 Tev) 19.7 b (8 TeV) + 5.1 16" (7 TeV) 19.7 fo” (s TeV) + 5.116"(7 Tev)

1 10prrrrerr 2 B T 2 21 T ) N[ [Tm— 2 1 10prrrrr 0 B T 2 21T Y]
£ o FCMS — Observed £ o CMS — Observed q £ of t CMS — Observed
< F Preliminary - Exp. for SMH El < F Preliminary - Exp. for SMH < F Preliminary - Exp.for SMH El
[V} 87](7, Kgs KV1 Kpy K, Ky N 8fKy, Ky, Ky, K, Key K ] [V 87K7,Kg, Ky, Kps K, Ky
7t ' E 7F A 7t ; E
6 g 6| - 6 :
> E 5 3 5 | E
4; = 4; ‘.\ = 4 \ ’,' E N = 'f' t
— , = B s v — o significan
3j 3 3F N 3 3j . B =
2f 4 E 20\ E 2f E i t th
i ] N\ /L i . /Y 1| deviations wi
Oiu wM\ GE “““ M\\ “““““ Liveinnd fo) o \My el
0 0.5 1 1.5 2 0 0.5 1 1.5 2 25 0 0.5 1 1.5 2 t t th
. 2 K respect 1o ine
- . N 5t 19.7 fb” (8 TeV) + 5.1 6" (7 TeV,
g 19T @TeV) s 511" (7 TeV) L 8o B TeV) + 511 (TTEV) o By BLLUER S ‘(“e‘): Standard Model
c I CMS 1 < F CMS — Observed q < - CMS serve 1
a7} Preliminary < 77P}“'e”m}’;”aa’ N - Exp.for SMH ] cﬂ s ’;’:”’”’”a’y -~ Exp. 1 .
o Mz Mg Mz Mgy NGl Az hg Mz Az - ] RPN phg Mz hzg . H gg b
©o8 vz) Mz Kgz Mgy ey gz ) - )‘bz Az Kgz / 1 I S Oson .
5k - 5F 4 B 5? / E!
4t E 4k ; E 4 E
b E 3 L = 3f :
2;\ E 2} , & 2 =
M E AN AL Lt L ot
‘‘‘‘ 1 OO ) 00 1 > 3

OO
-
n
w
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Combination of SM Higgs result and Properties Measurements at CMS Experiment UCL
Test of a model with 6 independant scaling factor ‘

/ 197fb (8Tev) + 5.1 16" (7 TeV) @
CMS —_ Observed E

—1 10

£ 9f
. . - Preli ]
Simultaneous probe of 6 coupling + Mggy: & o tooeet, 5P eSMH
' 7 Kps Koy Ko BRBSM _
- Fit of the 6 parameters extending g: ;
the model to allow for beyond-SiVi i E
decays while restricting the ab E
effective coupling to vector bosons of E
to not exceed unity («, < 1.0) 1f - A
0002 04 06 08

19.7 o' (8 TeV) + 5.1 f6' (7 TeV) BRasw
 Data allow to conclude at 95% of CMS - 65% CL
c Preliminary . == 95% CL
confidence level that: Ky R
Kb'_*é—
I'Bsm :
BRpsm = : [0.00, 058] K e
I\1301: « '
t A i —
Kg —-I-—é—
BR :
BSMIl...l.l.lll...l.l.lll...

0 0.5 1 1.5 2 2.5
parameter value
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# Combination of SM Higgs result and Properties Measurements at CMS Experiment

Mass Measurement

Mass measurement using high resolution
channels:

« H>ZZ-54i

Very good control of the leptons scale and
resolution,

exploits per-event mass uncertainties

H VV (mass: fit m,, floating Hyy )

Good resolution, systematics on the
extrapolation from the Z—ee to H—yy

The mass is measured to be:

mpy = 125.047055 stat. 7012 syst. GeV
And the two measurement (ZZ, yy) agree at
1.6 sigma: m);) —mp = —0.877525 GeV

22/07/14 Arnaud Pin

SUSY 2014 - Manchester

-2AInL

197 fo (8 TeV) + 5.1 (7 TeV)

UCL

&

1.5

T

0.5

. CMS
| Preliminary
(Hoyy+H->ZZ

4+ H - yytagged

4 Combined
+ H— ZZtagged

—_
o

00

124

Ll
125

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

126 127
my (GeV)

- CMS
- Preliminary
FHoyy+H—>ZZ

LI L L B

= Combined
—— H — yy tagged

—— H — ZZ tagged

. uw(ggH,ﬁH),
u_(VBF.VH)

= N W A OO O N 0 ©
T T

156 o ‘1|_27
my (GeV)
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# Combination of SM Higgs result and Properties Measurements at CMS Experiment UCL

Spin-parity hypothesis testing

- compatibility of the new boson with alternative J® hypotheses
» exploit shapes of kinematic observables (angles, inv. masses)

 Use of:
O H>Z7Z->4l
° H%WW cMs (s=7TeV,L=511b"s=8TeV, L=19.7 ft"
;" -@- CMS data - - - Median expected
. H2>vy & of Motsic  EEFsto T R R
E 0"+ 20 M f =+ 20 : : : : : : :
n - o 40'_ 0++30' JP+30: % : é é ]
« Combined test for hypothesis gg — 2,,* [ : A
CMS preliminary Ys=7TeV,L=51fb" Ys=8TeV,L=19.6fb" 20 _
g’ _l 1T l T TT | T 1T | T EIul-‘E|0I 1T | 1T I_ 01 HH q
2 O CMSHIG-13.005 (7 - = .... 1 I
© B — CMS data 7 -20
> r ; obs. _ 4 oo, b :
£ 008 ' G moem SR
Ne) L _ 40F H : H : H H H
% B T [ H . . . H H . 1
& 0.06F . o 6 1 1 v v % % = & & a2
i ] any any qg—X any qg—X any gg—X qg—X any gg—X gg—X gg—X
0.04 § hypotheses excluded using the HZZ channel
i ] @99%C.L.
0.02_— S
ol V) 3 JP = 0" strongly favoured by
30 20 -10 0 10 20 30
2xinL, /L) measurements
2,,(99)
* Hypothesis gg — 2_* is excluded at 99% . .
Cip 29 m ° Spin 1 and spin 2 and Pseudoscalar boson hypotheses:
Excluded
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# Combination of SM Higgs result and Properties Measurements at CMS Experiment

deviation on the mass scaling factor € and vev

coupling scale factors to fermions and vector
bosons are expressed in terms of:

« amass scaling parameter: € w 0.3 2T (B TeV) + 5.4 15 (7 TeV)
* a “vacuum expectation value” parameter: M - CMS )
0.2}
* The coupling scale factors to fermions ) 1
are: - € 1+e ot
’if,’l, = I/.mf,,L/M i
0.0}~
» The coupling scale factors to vector 0 1:
bosons are: = e IMAT2e T
. "{V,j — I/mv,j i
-0.2f
« v=246 GeV is the SM vacuum 0abii e
expectation Value_ 200 220 240 260 280 300

m;, are the fermion masses
m,,, are the vector boson masses

The SM expectation of k, = k,,, =1
is recovered in the double limitofe=0and M =v

22/07/14 Arnaud Pin SUSY 2014 - Manchester ! MANCHESTER.




8 Combination of SM Higgs result and Properties Measurements at CMS Experiment

Summary ‘

SM Higgs boson evidences at CMS:

19.7 fo' (8 TeV) + 5.1 f6' (7 TeV)
T ||||| T T T 1||||"--'v-'-|'v--m:

« 3.8 o for direct fermionic decays 8 f CMS-
3.6 o for VBF production & | Preliminary t
« 2.7 o for VH production 2 1
« + 2 0 excess over SM in ttH searches 9 - |~ 68% CL

L [—95% CL

h‘ Wide range of test of Higgs
§ coupling performed.
- No deviations observed

i Properties measurements:

10k ---SM Higgs

(M.e)fit |

=68% CL

- « combining information from different — 95% CL
1 1 111 |I| 1 1 11 1 Illluunmln.um.
’. chgins = 1 2345 10 20 100 200
i e mass: mass (GeV)

=l IR o b 0 syat, . GeV
 spin-parity: compatible with J® = 0*

All measurements show that:
This particle is compatible with the SM Higgs boson!

- " = ,
22/07/14 Arnaud Pin SUSY 2014 - Manchester MANCHE%IER




Combination of SM Higgs result and Properties Measurements at CMS Experiment
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Combination of SM Higgs result and Properties Measurements at CMS Experiment UCL

Backup
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# Combination of SM Higgs result and Properties Measurements at CMS Experiment

Higgs Invisible

« Search performed using the VH (ZH) and
the VBF production mode.

« Sensitive to non-SM invisible decay.

sensitive to the presence of additionnal boson
with similar production mode and larger invisile ¢ ¢ ¢
branching ratio.

« Combined VH and VBF:

2
5’1 o CMS 95% CL limits
E e Observed Imi the upper limit on the invisible
O 0 T TR deaaaan | . . .
T E (s—sTev(vBF+zH) e branching fraction of a Higgs
& “F L=18.9-19.71b" xpected iml (10) b f H =125 GeV. is f d
X 12f- V5=7TeV (Z(I)H only) Expected limit (2c) oson 1orm L= ev, Is oun
el to be 0.58, with an expected limit
osE- of 0.44, at 95% confidence level.
06
0.43— """""""""""""""""""""""""""""""""""""""""""
0.2
11|5I = I12|0I = I12|5I — I1(|30I — I1(;5I — I14|10I = I14|15 CMS_HIG_13_030
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# Combination of SM Higgs result and Properties Measurements at CMS Experiment

Combination technique

3.1 Characterizing an excess of events: p-values and significance

To quantify the presence of an excess of events over what is expected for the background,
we use the test statistic where the likelihood appearing in the numerator corresponds to the
background-only hypothesis:

L(data | b, 6))
L(data|fi-s+b,0)

go = — , with i > 0, (D

The quantity py, henceforth referred to as the local p-value, is defined as the probability, under
the background-only (b) hypothesis, to obtain a value g¢ at least as large as that observed in

data, gda&a:

po =P (90> 35 |b). )

The local significance z of a signal-like excess is then computed from the following equation,
using the one-sided Gaussian tail convention:

+oo 1
z V27T

Note that very small p-values should be interpreted with caution as the systematic biases and
uncertainties in the underlying model are only known with finite precision.

exp(—x%/2) dx. 3)

Po =

22/07/14 Arnaud Pin SUSY 2014 - Manchester 19
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# Combination of SM Higgs result and Properties Measurements at CMS Experiment

Combination

H — 7y tagged includes only categories from the H — analysis| of Ref. [19].

H — ZZ tagged includes only categories from the|H — ZZ analysis of Ref. [17].

Q

H — WW tagged includes all the channels from the [H — WW analysis fof Ref. [16] and the

channels from the analysis of [ttH with H — leptons of Ref. [28].

H — 77 tagged includes all the channels from the|H — 77 analysis of Ref. [18] and the chan-

nels from the analysis of HH targeting H — 7,7,/ of Ref. [27].

H — bb tagged includes all the channels of the analysis of VH with H — bb

the channels from the analysis of ttH targeting H — bb)|of Refs. [13, 27].

of Ref. [15] and

20

MANCHESTER
1824
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# Combination of SM Higgs result and Properties Measurements at CMS Experiment UCL

Combination technique

The combination of Higgs boson measurements requires the simultaneous analysis of the data
selected by all individual analyses, accounting for all statistical uncertainties, systematic un-
certainties, and their correlations.

3.2 Extracting sighal model parameters

Signal model parameters 4, such as the signal strength modifier j;, are evaluated from scans of

the profile likelihood ratio g(a):

L(data|s(a)+b, ,)

gla) = —2AInL = —21n .
L(data|s(a)+b, 6)

(4)

The parameters 4 and  correspond to the global maximum likelihood and are called the best-fit
set.

The post-fit model, obtained after the signal-plus-background fit to the data, corresponds to the
parametric bootstrap described in the statistics literature, includes information gained in the fit
regarding the values of all parameters [36, 37], and is used when deriving expected quantities.

The 68% and 95% confidence level (CL) intervals for a given parameter of interest a; are eval-
uated from g(a;) = 1.00 and g(a;) = 3.84 respectively, with all other unconstrained model pa-
rameters treated in the same way as the nuisance parameters. The two-dimensional (2D) 68%
and 95% CL contours for pairs of parameters are derived from q(a;, 4;) = 2.30 and g(a;,a;) =
6.99, respectively. One should keep in mind that boundaries of 2D confidence regions projected
on either parameter axis are not identical to the one-dimensional (1D) confidence interval for
that parameter.

All results are given using the chosen test statistic result in approximate CL intervals or regions.

22/07/14 Arnaud Pin SUSY 2014 - Manchester MANCHESTER.



Combination of SM Higgs result and Properties Measurements at CMS Experiment UCL
Higgs boson mass measurement —

H =y

The 4 main Higgs boson production

mechanisms can be associated

CMS H— vy 19.7 6" (8 TeV) + 5.1 fb" (7 TeV)

— AY 1
I [y —
£ sE\* M, = 124.70 + 0.34 GeV /3
S "E\ 124.70 + 0.31 (stat) + 0.15 (syst) GeV / /[ ]
7\ =
- Floating [ygr vy @nd K ggH i ]
6F =
5F =
4 E ‘\‘ —— Total uncertainty B
3 = - - Statistical only A
2F =
15 =
O E 1 1 1 I | | | 1 L Il I 1 1 | I | | | ]

124 124.5 125 125.5

m, (GeV)

Scan of the likelihood ratio, as a function

of the hypothesised mass.

e uggH,ttH and pVBF, VH are allowed to

vary independently

22/07/14 Arnaud Pin

H— Z7Z — 4l

Signal vs Background discrimination
based on kinematic variables of decay

product.

cMS §=7TeV,L=51fb"; (s=8TeV,L=19.71b"

q 10—
c E — Combined E
:] O~ % I e Combined (stat. only) —|
~ - —H—>Z7Z—>4e 7
Ngr —H—>ZZ - 2e2u
o —H—>2Z - 4u /3

7F E

5 E

4 E

3f E

it ;
922 132

m,, (GeV)

mass: fit with 3D likelihood

SUSY 2014 - Manchester 22 BARINCIR SR



# Combination of SM Higgs result and Properties Measurements at CMS Experiment UCL

Spin parity measurement

spin/CP; CLS using 2D likelihood ratio

h->vyy: 0+ vs 2+
CMS Ys=7TeV,L=51f"
12 Ys=8 TeV,L =19.7 fb’
3 OF ——q'
< . 10— X—>yy + 10 expected
1 C t 20 expected
= 8= —— 2
; C —e— Observed
N 6k

-

llllllllllllllllllllllll‘Lllllllllllllllllllllllf‘

0 10 20 30 40 50 60 70 80 %O (0/190
q (4]
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# Combination of SM Higgs result and Properties Measurements at CMS Experiment UCL

Higgs boson Width

W/
CMS 19.7 6™ (8 TeV) + 5.1 f6' (7 TeV)
o . . . . | 7
» Experimental resolution strongly limits direct T
width (') measurement to ~1GeV N [ 2o i ooeres
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» theoretical advances [*] : ;
« made possible to constrain the Higgs boson width o SRQL
« using its off-shell production & decay away from the i
peak. ar
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- experimental constraints on the width
I', with mild model-dependence
Analysis Observed / 95% CL limiton 95% CL limiton I'y (MeV) I'y/ Ff{M
Expected 'y (MeV) [ /TR
. . 4 Expected 42 10.1 42773 10773
U sin g D Expected (no syst.) 41 10.0 4.27:3721 1.0f“}:g
-H>ZZ->4] | Observed \ 33 8.0 197117 05728
4000 _shent + 202V | Expected 44 10.6 427193 10747
- H%ZZ%ZIZV " Expected (no syst.) 34 8.3 4.21%;1 1.0f%zg
| Observed \ 33 8.1 187130 047,
. Combined Expected 33 8.0 427055 10732
We measure. Expected (no syst.) 28 6.8 4.2j§_1§3 1.0%7)
rH < 22 MeV @ 95% CL | Observed | 22 54 18775 04755
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