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* H—ZZ —4l decay channel

* Significance and Signal strength
* Mass measurement

* Spin-parity measurements

* Width measurement

* Conclusions
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The H—Z77 — 4] Channel
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Very small branching fraction, but:
* Very clean signature High precision mass

* 2 pairs of high p; and isolated pore mm) | measurement and spin-

* full reconstructed event topology parity quantum numbers
* small background contribution

* Excellent resolution
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Significance and Signal Strength
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Mass Measurement
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» Mass measurement performed using 3D fit with (m,, 6m,, D,
* Using per-event mass errors 8% improvement
* Main systematic uncertainties due to lepton scale and resolution

m,, = 125.6 + 0.4(stat.) * 0.2(syst.) GeV
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Spin-Parity Measurements
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* 2D fit based on D, , and D,, kinematic discriminants
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Width Measurement
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* Standard Model prediction at m, = 125.6 GeVis I ~ 4 MeV
* Direct measurement strongly limited by experimental resolution
* Current upper limit of 3.4 GeV at 95% C.L.
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Width Measurement
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Goal: to constrain the Higgs boson width using the Higgs boson
production and decay away from the resonance

2,2

KoK
on—peak  "ghZ _| _ SM
Ugg—H—2zZ = — (0 B)sm S p{o - B)sm Kg = gggH/gggH
Kz = Hzz/ Shay
off —peak off —peak,SM off—peak,SM
A0ge 77 2.2 Ao 77 | ”dggg%Hazz r=Ty/T{M
dmzz §"Z dmzz s dmzz

* Signal strength u provided by the measurement of the on-shell
production

* rvalue (and I',;) can be obtained by measuring the ratio of the
production in the off-shell and on-shell region

Warning: the destructive interference with continuum gg — 27
is not negligible at high m,,

I i S o N e N e i N o N e o O e N e

L. Finco IFAE 2014 8



Width Measurement
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* Specific kinematic discriminant ’Dgg defined, to separate gg — 27
and gq — ZZ processes (MELA)

*m, > 220 GeV region is examined

* Signal-enriched region defined by m,, > 330 GeV and Dgg > (0.65

I, < 6.6 M (expected I, < 11.5 V) equivalent to I, < 27.4 MeV at 95% C.L.

CMS Preliminary js=8TeV,L=19.7fo"
CMS preliminary Ys=8Tev,L=19.7fb" CMS preliminary Vs=8Tev,L=19.7 fb* 2
-E :\\\‘\\\\‘IIII IIII|IIII|IIIII: 8 Illll\\l‘\llll\\\l TTTT HIIlIIH‘IIII‘HHlIIII z B H%ZZ%4I
"?i 9 . pata 1 S 16 e Dam — o |~ Observed
e gt gg+VV - ZZ ([ =25 ,u=1) 3 % - gV — ZZ ([ =25 ,u=1) - 10~ Expectedu=p
c = SM m i r SM _ - [ 68% CL
g - gg+VV — ZZ (SM) 3 c 14t g+VV - ZZ (SM) . i 95; o
7r qq - ZZ - Qv r q—ZZ z B %
w 65 B 7+x: MELA Dy, > 065 - u>J 12F @ 2+x m, > 330 GeV ol
- : 10 E i
5_ ______________ — C - B
: E 6
4- - B
LT LL E | e T
"""""" = 2+
300 400 500 600 700 800 0 0102030405060.7080.9 ! -
0 T | | i | | Ll
m,, (GeV) Dy, 0 5 10 15 20 25 __30
Ty,

L. Finco IFAE 2014 9



Conclusions
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* The analyzed resonance is clearly visible in the H—ZZ—4l decay
channel, allowing the study of its properties with high precision

* The particle is compatible within uncertainties with a SM Higgs boson
and alternative spin-parity hypotheses are disfavored by the data

* The experimental constraint on Higgs total width is determined using
off-shell production and decay, improving by more than two orders of

magnitude the previous experimental result
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Analysis Strategy
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Background sources

* Irreducible four-lepton contribution (direct ZZ /Zy*—>4l production)
* Reducible contribution from Zbb—>4l and tt—>4l

* Instrumental contribution (misidentification of leptons)
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Kinematic Discriminant

Signal/background kinematic discriminant
defined using matrix element techniques
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Jet Categories - Couplings

Events / 10 GeV

* To increase sensitivity to the coupling to bosons and fermions (u, and p)
events are splitted in two exclusive categories:

Untagged: less than two jets (VBF < 5%)
Di-jet: at least 2 jets with p;>30 GeV (VBF ~20%)

* One extra dimension added to discriminate production mechanisms:
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Signal Strength y = o/0o¢y
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Production Mechanisms
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Invariant Mass Distribution
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Upper Limit (4] + 2|127)
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CP-Violafion f 3

* Decay amplitude for a spin-0 boson

AX = ViV) = v epey? (magum’ +>@+aaemﬁq?qg - I ﬁ}l :
- 3

* SM Higgs boson (0*) decay is dominated by A,, while 0" decay by A,

* Presence of both amplitudes indicates CP-violation
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