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?

« Discovery of a new boson announced on 4" of July 2012 ?
[Phys. Lett. B 716 (2012) 1-29], [Phys. Lett. B 716 (2012) 30]

— Is it a CP-even spin-0 particle as predicted by the SM (J°= 0%)?

« Landau-Yang theorem: Massive spin-1 particle cannot interact with 2 massless identical
bosons (which forbids the decay to yy, and also the production of a spin-1 resonance in ggF)

[Dokl. Akad. Nauk Ser. Fiz. 60 (1948) 207], [Phys. Rev. 77, 242 (1950)]

— The observation of H — yy already disfavores spin-1 hypothesis, but we test spin/CP
without prejudice (eg. yy and 41 peaks might not originate from the same particle)
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Hypothesis testing: Compatibility of the data with 0" vs...

JP=0" Pseudo-scalar
J”= 1%, 1": Vector and pseudo-vector

various J° = 2*": Graviton-inspired tensor and pseudo-tensor models
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Decay Amplitudes of Spin-1 and Spin-2:
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If c, and C, non-zero: J"=2m+: Graviton with minimal couplings to SM particles
Ifc <<c.: JP= Zb*: Graviton in an ED model where SM fields can propagate into the bulk
If other ¢ non-zero: J”= 2 *": Spin-2 models with higher-dimension operators



Discriminating Spin-0 from Spin-2:

- Polar angular distribution of the photons in the
resonance rest frame [cos0*| [Phys. Rev. D 16, 2219]:

Entries (normalised to unity)
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19.7 0" (8 TeV) + 5.1 fo ' (7 TeV)

x10°

. . > -
Event selection ATLAS: 2 N ﬂni Sum over all classes
. : . P $ Data
- 2 isolated well-identified photons £ 548 fts (sum)
. S 8 R B component
- relative pT cuts: p_ > 0.35 " m . P> 0.25* m. to ¥ N @ == +1o
e e . L ’ 6 N 120
minimize correlations between |cos6*| and m. i
- 14977 selected data events, 14300 estimated bkg o
events, 370 expected Higgs boson events H[  =1447%
. . . i ﬁH =124.70 + 0.34 GeV
- not categorized for the spin-analysis N | | o | |
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Event selection CMS: L | 1 -
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- photon identification based on BDT m.. (GeV)
(shower shape variables, isolation, energy densities)

- 4 categories based on |n| and R, variable: ARo = ( S35 Exa ) /
Both photons in the barrel and both R >0.94 N S
Both photons in the barrel, at least one R <0.94
At least one photon in the endcap and both R >0.94
At least one photon in the endcap, at least one R <0.94

Unconverted photons have large R



Analysis ATLAS:

- Background |cos0*| shape from data from mass
sidebands 105-122 GeV and 130-160 GeV

- Residual correlations between m and |cos6*| at

most 2%, treated as uncertainties
- Simultaneous fit to signal region ( mw) and

two sidebands (m_ x |cos6™|)

Analysis CMS:
- Divide each category into five |cos6*| bins
- Fit m. in each |cos6*| bin

19.7 b (8 TeV) + 5.1 ib™ (7 TeV)
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. . 7 q4kamLas’ T T T T T T T T
ATLAS: fqa Obs. p, 0" Obs.p 2" CLs2 o HoTY eData Spin 0]
100% 0798  0.025  0.124 jop T [z o E;Z_f
75%  0.902 0.033 0.337 of v =0 ]
F e JF_ot .
50% 0708  0.076  0.260 : i E
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faa — 2" hypotheses disfavored by the data.



ATLAS: H - ZZ — 4l

Discriminating variables:

- masses of the 2 reconstructed Z bosons, and m,
- 5 decay angles: 6,6, ©, © , 6*

Event selection: [Phys. Lett. B 726 (2013) 88]

- 2 pairs of same-flavor opposite-charge isolated leptons
- Signal region: 115 <m,_ < 130 GeV

- 43 selected data events, 16 expected bkg events,
18 expected signal events

N
(&)

Analysis:
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separate 0" from alternative g (o PO oo Tov Lt o207 15" =0 o8 TV JLct 220.7 15

- BDT output evaluated in
separate signal regions: one
with high S/B (121-127 GeV)
and two low S/B regions
(115-121 GeV,127-130 GeV)

- BDT-outputs used as
observable in the likelihood fit



http://arxiv.org/abs/1307.1427

ATLAS: H —» ZZ — 4l

BDT output example: Results:
1;;'25_ a2z ::inim : Alternative Obs.p 0" Obs.p alt  CLs alt
£, EBackground Z+jets 1 0 0.31 0.015 0.022
wevr —f-o 57 Te _ 461" 1
gl T a-senl 1 0.55 0.001 0.002
o ] 1 0.15 0.051 0.060
10F
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< P ATLAS' | :
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| 8- .
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+ + : il
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100% 0.962 0.001 0.026 i
75% 0.923 0.003 0.039
50% 0.943 0.002 0.035
25% 0.944 0.002 0.036 -
0% 0.532 0.079 0.169 - T

fig (%)
— Data favores the 0" hypothesis over any other hypothesis *



Analysis: - BDT combining m , A® , p

Events / 0.14 rad

oo —_—

Data/(sig.+bkg.)

ATLAS: H — WW — evpv

- 2 high pT opposite-flavor leptons (25 GeV, 15 GeV)

selection: - Veto on high pT jets, cutsonm , p_ , A¢,

- 3615 data events selected, 3300 expected bkg events, 170 expected signal events

Tl

and m_

All major backgrounds estimated from data in control regions [Phys. Lett. B 726 (2013) 88]

m3 = 2p4 EMiss (1 — cos A (((, Enss))

- 2 BDT classifiers: One for 0" vs. bkg, the other for the J" alternative vs. bkg

- 2D BDT output used in the likelihood fit
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Discrimination example:

Arbitrary units
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ATLAS: H — WW — evpv

S 1wo-ATLAS =+ — Results:
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- Higgs boson mass m , = 125.5 GeV, signal strength p profiled and not correlated across channels

ATLAS: Combination (yy, evuv, 4l)

- Result insensitive to variations of m by its uncertainty of 0.6 GeV

- Systematic uncertainties included, their impact on the combined result is less than 0.3c

Results:
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ATLAS: Combination (yy, evuv, 4l)

Combined CLs values of any alternative wrt. 0™:

H—ZZ" — 4l
Vs=7TeV [Ldt=4.6fb"
Vs=8TeV [Ldt=20.7 fb"'

H — WW* — evuv/uvey
Vs=8TeV [Ldt=20.7 o'

ATLAS
H— vy e Data
Vs=8TeV [Ldt=207 o'
v CL, expected

assuming JP=0"
H+1c

0 25 50

75 100
0,
fog (%)

ATLAS

H— vy
Vs=8TeV [Ldt=207 fo''

H— ZZ* — 41
Vs=7TeV [Ldt=46fb"
Vs=8TeV |Ldt=20.7 fo''

H — WW* — evuv/uvev
Vs=8TeV [Ldt=207fo

e Data

v CL, expected

assuming JF=0*
O+t1o

— 0 rejected (from 4l channel alone) at 97.8% CL
— 1" and 1" rejected (from combination of WW and ZZ) at 99.7% CL
— 2" rejected at 99.9% CL from combining ZZ, WW and yy

4% qq, 96% ggF



CMS: H - WW — 212v

Event selection:

- Particle flow algorithm used to reconstruct all particles in the event

-2 highp_ (20 GeV and 10 GeV), isolated and opposite-charged leptons required,
lepton efficiencies determined from data from Z — |l decays

- 0 or 1 high-p_jet required (p_> 30 GeV in |n| < 4.7)

-m > 12 GeV, P, > 30 GeV, missing ET > 20 GeV

CMS (preliminary) 19.4 fb" (8 TeV) CMS (preliminary) 19.4 fb' (8 TeV)
>1000*||||‘llll|llll||I||7 > LI I L L A N N L A N R N I B B B
8 | - data top m, =125 GeV | 8 [ -# data top m, =125GeV |
o — Howw [} DY+ets eyt O-jet o F— Howw [} DY+jets o ot ]
: WHijets Ww ] : W+jets Ww i
*E | wz+zz+vwv % 400 | wz+zz+vvv |
) .
it 0 jet i 1 jet

500 .
200 + ! -

| e B %ﬂ

O_.J_!—._T_T—|=...|....|.... P e N R R

0 50 100 150 200 0 50 100 150 200

m,, [GeV] m;, [GeV]

Signal: JHU used to generated spin-0/1/2 signals, ggF spin-0 production with Powheg (NLO)



CMS: H - WW — 212v

Discriminants: m and m_

2D templates for 0-jet and 1-jet categories used in the likelihood fit

0-jet category signal templates shown here:

CMS (simulation) 19.4 o' (8 TeV) CMS (simulation) 19.4 o' (8 TeV)
0 40
ﬁj H— WW — 21, 0 jets, 0" &3 H— WW — 21, 0 jets, 2/
£ £

80 80

60 60

50 50

40 40

30 30

20 20

| | | | | | | | |
60 70 80 90 100 110 120 ° 60 70 80 90 100 110 [Ge\1/20
m, [GeV] T ]



CMS: H — 4l (H — ZZ | Zy*l y*y* — 4l)

Event selection:

« 2 pairs of same-flavor opposite-charged isolated leptons,
one lepton with p_> 20 GeV, another one with p_> 10 GeV

« 40<m, <120 GeV and 12 <m_, <120 GeV (m,, closer to nominal Z mass than m_ )
. Signal region: 105.6 <m, < 140.6 GeV

— 50 data event selected, 20 expected signal and 36 expected background events

Observables: 3 masses (m,, m_, m_), 5 angles (6, 0, ®, ® , 6%)

40’

— They discriminate signal from background and the various signal hypothesis from each other

CMS (preliminary) 19.7 o (8 TeV) + 5.1 fb' (7 TeV) CMS (preliminary) 19.7 b (8 TeV) + 5.1 fby' (7 TeV) CMS (preliminary) 19.7 07 (8 TeV) + 5.1 f5" (7 TeV)
> T T T T T T T T T T T T T T T T T ‘7 > T T T I T T T | T T T T T T T g T T I T T T ‘ : . . ‘ ; ;
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15+ ~ | —SM | < | —SsM

o o

d | — SM i d Fooeees f =1 — [ P f =1
N < a 2 10 a3 i
- — 10[~ ---- f,=05 . o L - fu05
2] 7)) L ZZ1Zv* 4 > ZZ/Zvy*

c Y= L] zz/zy o | B2z
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= L
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110 120 130 140 100 120 -
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CMS: H — 4l (H — ZZ | Zy*] y*y* — 4l)

Kinematic discriminant approach (KD method), using MELA and MEKD packages

- Computing probabilities for an event from the matrix element as a function of the observables,
using JHU for signal and MCFM for backgrounds

- Various kinematic discriminants are built to discriminate hypotheses, eg.
0" vs. backgrounds, pure CP states vs. Interferences etc,

- Additional KD observables constructed for exotic signal models (eg. higher dim operators)

CMS (preliminary) 19.7 " (8 TeV) + 5.1 " (7 TeV) CMS (preliminary) 19.7 fb' (8 TeV) + 5.1 i (7 TeV)
LO C T T T ‘ T T T | T T T ‘ T T T | T T T g T T T | T T T | T T T ‘ T T T ‘ T T T
o - . _
P e Observed oS 8- Observed Dbkg>0'5 _|
—~ I ~ - —— SM =
'g -'g : """" fa3=1

]

0 O 6-[zzzy _
L W @z

0 0.2 0.4 0.6 0.8 1
Dbkg Do_

Multidimensional distribution method (MD method):

- 8-dimensional likelihood fit (3 masses, 5 angles), using either analytical expression (eg. signal,
qq — ZZ) or histogram templates on generator level (eg. Z+jets and gg — ZZ) as inputs

- usage of transfer functions to model the detector response



CMS: Hypothesis Testing, Combined Results (Ivlv, 4l)

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

- 120 [ _ B : : : ' : : : : : : '
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N 40t

%i fl P rfl l
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A A U U B S S A B

Alternative ~ ODbs. p, 0" Obs. p, alt

1 -1. 4
S0 © — Data compatibel with 0" hypotheses
1" -0.7¢ 3.90
gg — 2 -156-0.56 3 45-4.0G — Any alternative excluded with at

least 99.9% CL.

qq — 2 -1.256-0.50 3.26-4.0c



CMS: Results (41) Testing Spin-2
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decay-only discriminants
(gg acceptance)

== Best-fit = 10
7/ Excluded at 95% CL

Expected at 95% CL gg production | d
J production
Expected at 68% CL g8 P ' ar

N 3070!\/I‘S<i‘vre: IIIII ) ‘ ‘( ) ‘ ( l)

Probes for the presence of a 2™ particle in the mass peak of the 3 N 1
4] signal region. However, masses separated such that there is I St

no interference with the 0* resonance 2 Example /i

- likelihood ya

— Observations compatibel with f = 0
— 95% limits on f set depending on the model of the 2™ resonance

Results on non-interfering spin-1 states in the backup



CMS: Results (41, WW) Testing Spin-1 Mixtures

A(X—1 — VV) =b1](e]q) (e5ex) + (€5q) (e5ex)]| + ba€pynpeXeE
Testing pure and mixed spin-1 states: (= \b2|2)02 tllean (esex) +(e2q) (erex)] + bacuyupek

b2 = |by |01 + |b2]%0%

H — 4| results: CMS (preliminary) 19.7 fo' (8TeV) + 5.1 b (7TeV)
"__:\ - I I I | I I | I I | I I I | I I I .
+ j 60 ; qq —X ;510 expected E
f, Obs.p 0" Obs.p alt CLsalt _~50- H—4l D =
0 (1) -1.40 >4 .56 <0.01% S 40° R
N - —.;:E)bserved -
0.2 -1.40 4.60 <0.01% ' 300 =
0.4 -1.30 445  <0.01% - E
0.6 -1.26 410 0.01% 10 .
0.8  -1.0c 3.90 0.02% 0
1(1) 0.8 3.80 0.04% / /
1 o% / / / f
20 | | | | E
0 0.2 0.4 0.6 0.8 1
H — WW results: Tz
J¥ model Jr production Expected (0 /0spy = 1) | Observed 0" | Observed J¥ | CLs
1~ qq — H 1.80 (2.90) -0.20 210 3.9%
1 qq — H 1.60 (2.60) -0.1¢ 1.70 8.7%
1+ q7 — H 1.50 (2.30) 0.1c 1.40 14.0%

f =0 means pseudo-vector 1", f =1 means pure vector 17, 1, Mmeans f_=0.5

*U kU~
1 €24




Interlude 22 | 27

Probing the tensor structure of the Spin-0 interaction see also ICHEP talk from E. DiMarco

Decay amplitude of spin-0 particle — WW: _
SM tree level + leading momentum

expansion. A : scale of new physics
A(Xj—o = WW) ~ o1 mz e el
If particles in the loop are heavy,
W S W) ~ ~ couplings will be real
Equivalent to an + (lngf;lg )f* VI Q;I;NW }Tl(/ )f*(w)’y1 (in general complex).
effective field theory - ‘
Langrangian. e '

a, terms: CP-even scalar a, terms: CP-odd scalar
(not participating in EWSB)

Analysis fits for the terms of the expansion: a, a, A1

Couplings are converted into effective cross section fractions (anomalous coupling parameters):

2
a3|~03 (a3 i '
fuz = : - a5 i . . Puz = arg (a_> C, iS Cross slect|on of process
|a1]?01 + [aa|?02 + |az|?03 + Ta, / (A1) 1 corresponding to a=1and a,_#0
2
(|0 a
far = 22|70 ~ 1 Par = arg (—2> c,, Is effective cross section of
|a1)|%01 + |a2|?02 + |a3]?03 + Ga, / (A1) g .
s process corresponding to A >0,
oa. / (A
fAl ~ ~ ( 1) NV aj:tmzo

\a1|?01 + |az|?02 + |az|?03 + Ta, / (A1)4


https://indico.ific.uv.es/indico/contributionDisplay.py?sessionId=23&contribId=263&confId=2025

CMS: Measuring Anomalous Couplings of Spin-0

Measurement of anomalous coupling parameters in H - WW:

CMS (preliminary) 19.4 b (8 TeV)

s L B A B
i o 95% e Expected for SM Higgsboson 1 Signal component of the likelihood:
N E — Observe E ]
' 3 Jheened — luvgw = (1- a3 ) 0+ + /a3 W['l + \/ Wwﬁint
) 5:_ _f SM coupling anomalous c. Interference
o -
1 53_ 1 Observed best-fit value of f  compatibel with 0
K 4 (within 0.160)
<= ——]
. 5:_ 1 The pure CP-odd states disfavored with 1.13c
oi T A= . - 5 | 71 — No CP-odd contribution observed,
) ' in agreement with the SM theory.
< » fcos(9_) J d
(1) 3=TE (I)a?;:()
WW _ a3]*c3

a
; o3 = arg | —
4,201 + |ay|20n + |a5|203 + 0a/ Ar* P g(al)

,<Fraction of a CP-odd contribution to the total production cross section of the new boson®



CMS: Measuring Anomalous Couplings of Spin-0

Measurement of anomalous coupling parameters in H — 4l:

Assuming coupling ratios a /a, and a /a are real, ¢ . = 0 or =, and all other parameters are

fixed to their SM values (plots with profiled parameters in the backup)

CMS (preliminary) 197" (8 TeV) +5.1 " (7 TeV) CMS (preliminary) 19.7 "' (8 TeV) + 5.1 fb' (7 TeV)
L T T T T T T T T T T T T T T T T T T T T

- 30 | L A = BT | T T 34 = ]

2 E — 6, =0or ., Observed i z 162— — 0,=0orx, Observed | z — ¢ =Oorm Observed

o250 N i 1

- --- %,,=0orm Expscted i 14 ify Ll ¢_=0 or r, Expected | ¢_=0or m, Expected /]

| Io.‘s‘ —
fA1 COS((DA,I)

Allowed 95% CL  Parameter Observed Expected

intervals:
f_cos(o, ) [-0.25,0.37] [-1.00,0.27] & [0.92,1.00]
fazCOS((IDaZ) [-0.66,-0.57] & [-0.15,1.00] [-0.18,1.00]
f cos(¢_) [-0.40,0.43] [-0.70,0.70]

CMS (preliminary)

19.7 o' (8 TeV) + 5.1 b (7 TeV)
T T T T T T T T




CMS: Measuring Anomalous Couplings of Spin-0

Probing 4l for the presence of 2 anomalous couplings simultaneously:
Examples:

Likelihood scan contours: 2D likelihood scan values:

. CMS (preliminary) 19.7 '1 (8TeV)+5.1fb" (7 TeV) . 1 CIVIS (prefiminary) 19.7‘fb"|' (8 TeV) + 5.1 fE)‘“ (7 TeV)

o L | A " g5 cL, ko = L | |
= 0,0 = Oorm =12 68% CL, KD_| = o ,0 =0orm —95%CL |
» ) — 95% CL, MD ~ I -+ 68% CL
o -+ 68% CL, MD | 8 - T
&) % Best Fit, KD O - X BestFit |

N ¢ sM — ¢ SM

Y

0.5 .
B rd |
1 s 0 es T
f_,cos(d ) ) e '
a3 a3 f,5 COS(0,,)
Assuming a /a_and a /a, ratios are real Amplitudes constrained to be real

95% CL. exclusion for AlnL > 5.99

I16

o N OB O

-2AInL



CMS: Measuring Anomalous Couplings of Spin-0

Measurement of anomalous coupling parameters combined for WW and 4l:

al"W /alVW
« General relation: a ""'#a “  _, g"WW/g "W = *(a#/a #) Tai = — 7777
1 1 i 1 ai \i a; /ﬂl
i i . WW_, ZZ 27 —  *;Q WW
« Assuming custodial symmetry: a ""'=a #* —a*™=r_*a R — ¥ ail ¥ ail
_ _ _ ar — )
— stronger exclusions due to relation between WW and ZZ yields 1+,

Conditional combined scan of f_ for R_=0.5 (r_=1):

CMS (preliminary) 19.7 " (8 TeV) + 5.1 f5' (7 TeV)
_I 25 ‘_ T I I T | T T I | T T T I ‘ T I T T _‘
£ i —HWW ]
< | —HZZ i
c\.l 20— —HWW+HZZ, R =05 —

—HWW+HZZ, R_=0.5, a"'=aZ

15

10

-1 0.5 0 0.5 1 " 08-06-04-02 0 02 04 06 08

fa3c08(0_,) R,



Summary 27 | 27

« Both ATLAS and CMS carried out various Spin/CP studies using the bosonic decay modes

 The SM CP-even scalar hypothesis is preferred over any other tested model:

CL. Exclusions:

JP ATLAS CMS
0 97.8% >99.9%
1 >99.9% >99.9%
1" 99.7% >99.9%
gg — 2" >99.9% >99.9%
qq — 2 >99.9% >99.9%
* CMS set limits on the anomalous couplings for spin-0
(here for H — 4l assuming coupling ratios are real):
Allowed 95% CL Parameter Observed Expected
intervals: f cos(f. ) -0.25.0.37] -1.00,0.27] & [0.92,1.00]
f cos(¢_) [-0.66,-0.57] & [-0.15,1.00] [-0.18,1.00]
f .cos(¢_,) [-0.40,0.43] [-0.70,0.70]

— All observations are compatible with the SM expectations J"=0"
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CMS models:

¥ mode production couplings decay; (::)oup;ings
(0)
0f ¢¢g—=X —W"W~ (any) ﬂ%{]) =0 ﬂ%[}) i O
0, o — X - WtW- (any) H%{]) =0 21\2 ]
lalel .
0;&1 ¢ =+ X - WW- (any) ﬂ%{]) =0 (%}) "
0~ o — X - WTW- (ﬁ?v) 113{1)75 0 ﬂf 7
lalel l :
17 g7 —X - WTW~ p{zl) or p}l) £0 bg 7é0
1 gg—=X -W'W~- p1 orp,’ #0 C :1 -
25 g0 - X - WHTW-— 1 #0 17 07
i lalel n B . % 0 (‘2 7&
25 o — X —WTW 2 Y
h2 S A . # 0 . #
25 ¢ — X - WTW 3 7.0
h3 lalel —|—W— C4 % 0 (‘4 7&
27 g =X - W 247,
Lo TW- (1 #0 (1 < C5
2,7 88—~ X - WHW 1 “o
20 00— X — WTW- 1 #0 670
T e W (1 #0 c7 #
20 o =X - WTW 1 77,0
}E" lalel N B CS # 0 ce #
2 ¢ - X - W™W : ;
}_I oo TWo C 7é 0 Cg 7é
2 g0 —+ X - W™W 8 1 ]
A TWT cg # 0 10 #
2 ¢ - X — W | _ |
h10 &8 AT (2) (2) # 0 01 = Cs 75 0
20 g1 =X - W'W ,0%2]I or p{:?_z] g
' C
2, qf— X — WTW- p?z) or p{zzj £0 2 o
| ' c
2, 9 —X = WHW- p}z) or p%z) £ 0 3 "y
N ' ' C4
2, gf—X = WTW p%z) or p{zzj £0 Lart
27 g7 — X - WHW- piorp, #0 1 < Cs
b TW— 2) op p2 + 0 cg # 0
2. g7 —~ X = WHtW p}z) p{:___,zj S
20 g7 — X — WHW~— piorp, #0 ;7
o - @) or 02 £ 0 cg £ 0
2, qf— X —WW ,0%2]I 0 p{zzj ’ T
_ ( | .
26 97— X — WHW p}z) or p%z) + ol
20 99— X = WTW~— p{ orp,” #0 10




Decay amplitudes for X - WW

— i + *® v
Spin-0: A(H — WW) =0"! ([al e 51(1/\1)5122] miyeres +a2f”,, f g f;w f

spin-1: A(Xj=1 — VV) = by [(€]q) (e3ex) + (€39) (€fex)] + bacaupele; e P

Spin-2: A(X]:Z — ViVh) = AL [261 tyuf*l,yaf*Z,l/oc + 202t Qj\zﬁf*l,yocf*z,v,ﬁ

5716(,7“ *1,uv %2 *2, UV Eiv *1,08
A2 3 (f o +f yoz) T a7 A2 tP”/f foaﬁ

U *1/ qu KU kN KO KU quu x %

21 AV
‘FCS?AZ tﬂuf*lagfﬁﬁ + ot Gaepoer’ e, "

c10t"" Ja

+T€}tvpaqpqa (ETV (5]65) + €>2W (qeik))] !

Assuming exact chiral A(Xj—off) = —uz (01 + P275) 11
symmetry in the limit of

vanishing fermion masses: qu;

1V ~ m C]l%
A(Xj=aff) = —t} i (wv (95 40y 75) fAE (péz)+

}tlf>

r | — 1 1
A(Xj=1ff) = €'ia (w (01 405075 ) + =3 (o8 + 0 )75)) u,

Pfhm)>u1



More CMS Results using H — 4l probing Spin-1:

Non-interfering states:

€€€€€€€€€€€€€€€
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Events / 0.10

CMS H — 4l Angular Variables

10

CMS (preliminary)

19.7 5" (8 TeV) + 5.1 57 (7 TeV)

T T T T | T T
¢ Observed

L —— SM

"""" fa3:1

---- 1,705

- [ 2214yt

| I Z+X

121.5<m,=130.5 GeV

cos 6,
CMS (preliminary)

CMS (preliminary)

19.7 ' (8 TeV) + 5.1 i (7 TeV)

T T T T | T T T T
Observed
- — SM

10~ fa!

| - T70.5
mm zzzy
B Z+X

Events / 0.10

121.5<m,=130.5 GeV ~

19.7 7 (8 TeV) + 6.1 ' (7 TeV)

e

Observed

L —— SM

10~ fas™!

| - f,70.5
[ ]ZZZy"
B 7+

Events / 0.31

T I T T T | T T
121.5<=m,=130.5 GeV ~

™ 10

o

%

=

o

>

L
5
0

cos 6,
CMS (preliminary)

CMS (preliminary)
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T T T T | T T
¢  (Observed

L — SM

e fa=1
--—- 1,705

- [ Z4iZy

| B Z+X

=

—
(=]

Events / 0.10

77 (8 TeV) +5.1 16" (7 TeV)
T T
121.5<m,<130.5 GeV

tl

O-

-1 -0.5

19.7 ' (8 TeV) + 5.1 5 (7 TeV)

— T
* Observed
L — SM

e fg=1

---- 1,705

- [ zzzy
| [ Z+X

T I T T T | T T
121.5=m,=130.5 GeV
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CMS combined results WW+Z2Z:

JP JP Expected

model production (p=1) Obs. 0F  Obs. J¥
1~ qq — X 330 ( >4.00) —13¢c  >4.0c
1+ q7 — X 280 (3.60) —070c  +39c¢
2 ¢ — X 210 (290) —150  +3.9c¢
2. 9¢ — X 39¢ (>400) +04c  +3.60
2, ¢ — X >400 (>4.00) —01lc >40c
2.5 ¢ — X 230 (3.00) —09c  +34c
2.5 ¢ — X 3.3¢ (3.9 0) —0.1c  +3.60
2. ¢ — X 3.80 ( >4.00) —040c  >4.0c
20 ¢ — X >4.00(>4.00) +050  +3.90¢
210 ¢ —+ X 240 (3.10) —070c  +34c0
2110 ¢ — X >4.00(>4.00) +01c  >4.00
2 qq — X 2.60 (3.80) —12c  >4.0c
2 qq — X 4.00 ( >4.0 0) +0.50  +3.70
2. qq — X >4.00 ( >4.0 0) 0.0 >4.00
205 qq — X 270 (3.8 0) —09¢  >4.0c
2.5 qq — X 340 ( >4.00) —0.1c¢  +38c
2. qq — X 390 ( >4.00) —03c  >4.0c
2. qq — X >400 (>4.00) +040c  +4.00
20 qq — X 270 (3.3 0) —04c  +3.2c

2110 qq9 — X >4.00(>4.00) +020 >4.00




Measurement of anomalous coupling parameters in H — 4l:

10 CMS (prelminary) 19.7 o' (8 TeV) + 5.1 b (7 TeV) 8 CMS (preliminary) 197! ETeV)+ 51 (TTey) | 20 CMS (Ipr‘e“imli”afy)l - 19.7 fb'; (8Tev) + 5|-1 o' (7 Te\/l)
_I T T T ‘ T T T ‘ T T T ‘ T T T | T T T Il T T T ‘ T T T ‘ T T T | T T T ‘ T T T : 7
£ L ¢ profied 1 £ - —¢_ profiled 1 £ 18 — 0, profied™ B
A = —
B 41 T- < C 7
(ﬁ 10—~ — ¢, f,, ¢, profiled - N C —b, T ¢ profiled C}l 16 — 0, T . 0, profiled
) i ) N - . ]
T by 0, profiled 6 — g 1,,0 profied kb —0_,f, .0, profied .
8 r C §
i / St 12~ ]
6 . 42;__________ / _emal 10~ -
- . : 8- ‘:
r 95% CL T 3 — L s
B e A A ] u 6 &
] 2 j : d . —
5 1 - =— — >———— e i BN
68% CL e T L = 5 i j
- T B = A L ____.,.ﬁ::__..—;_____E%ﬂl
o [ I ] = ppnril T 0 n A-—-'F-‘fﬁ"_'_:::"?:-‘(-"\-- o b e e Tl
% 02 04 06 08 1 % 02 04 06 08 1 0 02 04 06 08 1



Measurement of anomalous coupling parameters in H — 4l and H - WW combined:

] CMS (preliminary) 197" (8 TeV)+ 5.1 (7 Tev) 1 CMS (preliminary) 19.7 b (8 TeV) + 5.1 fb ' (7 TeV)
H_< 45 1 H_< I [ I I \'L.. I,- \ -|’_'_| I25 1
£ £
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o~ o~
0.5 35 '
30
25
20
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I - il 1 - 0
108060402 0 02 04 06 08 0 060604020 02040608
R,, Raq
1 CMS (preliminary) 19.7 fo™ (8 TeV) + 5.1 o' (7 TeV) ~ ] CMS (preliminary) 19.7 ™" (8 TeV) + 5.1 b ' (7 TeV) -
N im
® 45 -l 4" _CI
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30 14
,,,,, 25 0 12
20 10
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5 2
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