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Barcelona, May 13, 2013!
Sergio Bertolucci !
CERN

There is a new boson of mass ~125
GeV, with properties consistent with
the SM Higgs, within the current
uncertainties. More data needed to
ascertain the nature of this object



In this talk, latest results on

Higgs boson properties based
on full 2011+2012 datasets:

} + combination

* A WW

(Fermionic final states not updated yet)
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Searches span most of the final states and are optimized for single
production modes in order to fully characterize the new boson



To get a feeling of a scale of difficulties to extract the signal of
rare Higgs decays.....
Total X-section of the SM Higgs production is 15(19) pb for 7(8) TeV
Integrated Lumi are 4.6 ( 21) 1/pb

Br(H->4l) ~ 10**{-4}
Expected number of events under 100% efficiency

Nevnt ~ 50

Number of selected 4 “leptons” events is ~10**6
Compare: number of Z-bosons produced~10**9!!
Rejecting power of the analysis procedure should be
better than 10**5 . Not easy.
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ATLAS-CONF-2013-012

1. 2 isolated high-p; photons (E>40,30 GeV)

2. Background extrapolated from side-bands in data

3. Data-driven background decomposition: yy 75%,
vl 22%, Jj 3%

4. Mass resolution ~1.7GeV at m,;=126.5GeV, very
stable wrt pile-up

ATLAS Preliminary
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For the first time: VBF
production Is extracted

H—yy: Mass & signal strength
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ATLAS-CONF-2013-012
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signal model

CMS Praliminary
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Two high-p; isolated photons with a narrow mass distribution, m
steeply falling for the background.

¥y’

MVA techniques to perform y identification, and vertex determination.

Background evaluated from a fit to the data, no reference to the
simulation.




Two Inclusive analyses:

* MVA-based selection: MVA from y
shower shape and isolation (y ID
MVA), kinematics, and m,,,

resolution.

* Cut-based selection (cross-check):
cuts on 7, (ECAL 7 region), y

conversion.

* 4 categories with different S/B and

m.,, resolution.

Exclusive analyses:

* 3 VHchannels: e, u, MET tag

* VBF: 2 dijet categories
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m. distribution with each event weighted by the
S/(S+B) value of its category (for visualization only).

MVA analysis
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Signal strength for MVA analysis

Ratio of the production cross section times the relevant branching
fractions over the SM expectation: /o, =0.78 £ 0.27 (m, =125 GeV)
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Cut-based:
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Significances (o) for m, = 125 GeV:
observed 3.2, expected 4.2

observed 3.9, expected 3.5
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Later it will be compared with an
iIndependent study PNPI/BINP

5.

6.

. 2 OS SF isolated lepton pairs (p>20,15, 10, 7(6) GeV)
. Clean signature, high lepton ID efficiency needed (after

. Irreducible background ZZ*) from MC, reducible Z+jets

H—ZZ*—4]

ATLAS-CONF-2013-013

ner-»

Op ﬂj';-‘—’f

full selection &,,,,~40/20% 4 ulde)
Mass resolution ~1.6-2.4 GeV at m=125GeV

and top from control regions in data
Syst on lepton reco/ID eff and on energy/momentum
resolution (determined using Z, Y and Jfyr samples)

Categorization in VBF/VH/ggF-like events
B = — 7 50 __
e “‘““‘H_S;i'_“:'l‘“ my range | [120-130] | >160 [ JATLAS Pretiey
= [l Background Z+jats, & [GeV] i [ Background 22
[ [ Sigral {m =125 GeV) [l Background Z+jsts, &
- I syecune. T Observed 32 376 R
E {5 = 8 TaV- Lt = 20.7 i) Events '

H->77"41

Exp. SM 159+2 1
signal
(my=125GeV)

Exp.Bkg 111213 348126

& =7 TaV:[Ldt = 4.6 "
6 =8 TeV:Ldt =207 16"
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H—ZZ*)—4|: Mass & signal strength

ATLAS-CONF-2013-013
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Four high-p; isolated leptons from the primary vertex.

Narrow 4-lepton mass distribution, keep resolution and
momentum scale under control.

Clean 4e, 4u and 2e2u events, but low branching ratio.
Important to keep efficiency as high as possible.

Two jet categories: untagged (0/1) and dijet tagged (= 2).

H > ZZ> 4%

signal model
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48 mass distribution
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Four-lepton reconstructed mass for the sum of the 4e, 4, and 2e2u channels.

Mass resolution measured from data. ZZ background well under control.




Significance of the local excess

3D fit to m,,, K and (for jet categories) p-(48)/m,, or linear discriminant (VBF).

Significance (o) for m,, = 125.8 GeV:
observed 6.7, expected 7.2
/oGy =091,

10° A [ e,
=] -'.I L | — bssredm K, oy _
11%_” o m, =125.8 £ 0.5 (stat.) £ 0.2 (sys.) GeV
[V — 1;;.‘ " CMS Praliminary 7 T lo
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Events /10 GeV
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ATLAS-CONF-2013-030
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- ATLAS Preliminary —4— o ssbimoedom -

3 2. Signal strength at 125 GeV: 1.01+0.31
[+0.21(stat)+0.19(theory)+0.12(exp.syst)+0.04(lumi)]

3. Observed significance for VBF signal at 125 GeV: 2.5¢

4. pyge = 1.66x0.79 (ggF signal as background in the
22jet category and y,,r constrained in <1jet category)

5. pgqr = 0.82+0.36 (VBF signal as background in the

H—->WW®™)—lv: Signal strength
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H-> WW > 28 2v

2 high-p; isolated leptons, low opening angle (sensitivity to spin)

large MET (v’s), mass not reconstructed (transverse mass, M)

CMS Exparimant at LHC, CERN

veto b_tagged jEtS Data recorded: Thu Apr 18 09:14:14 2012

Run/Event: 191721 / TEOBYTT4
Lumi section: 111

. . OrbitCrossing: 28960008 / 815
large branching ratio I

19




Broad excess compatible with a Higgs signal at low mass.

Significance (o) for m, = 125 GeV:

observed 4, expected 5.1
/o, =0.76 £0.21
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Consistency among analyses.
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Mass measurement

ATLAS-CONF-2013-014, ATLAS-CONF-2013-034

High resolution channels:

1. H—=ZZ*—-A4l:
+ my=124.3*06, (stat) *0° ; 5(syst) GeV

* 4,(4e)-event momentum resolution +£0.2%(0.4%),
2. H—yy:

* my=126.840.2(stat)+0.7(syst) GeV

* $0.7GeV = energy scale uncertainty from extrapolation of
photon response (0.3%), material modelling (0.3%),

presampler ES (0.1%), additional syst (0.32%)
Consistency of m  and m,;

1. correlation of e/y energy scale

2. mass difference in m,, and m,, pulls
EM-scale down by 0.3% —» m_ s 04
GeV lower

Am = 2.3*06 , _(stat)+0.6(syst) GeV
246 (p=1.5%) from Am=0
(p=8% with rectangular pdf's)




ATLAS

Measurements from separate decay channels:

mh = 126.8 = 0. 2{st3t}
mj; = 1243708 (stat) "}

0.7(syst) GeV

3(syst) GeV
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CMS

Measurements from separate decay channels:
m}; = 125.4 £ 0.5(stat) £ 0.6(syst) GeV
mj] = 125.8 + 0.5(stat) + 0.2(syst) GeV
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Production modes and categories

hhLidbLEs N
tr
POTPrToTY gl More exclusive channels have a better signal-to-
. g F background ratio = introduce categories
Moreover, this provides sensitivity to production modes
- q“ (therefore to fermion /vector couplings)
W%Hu Possible “production tags":
. @ s two hard jets with large |77| and large m; = VBF
mode
VBF « two jets with small my = VH mode with V— jj
-~y | » identified lepton (e, i) = VH mode with V— £(f)
T pp Ns=BTeV - « missing transverse energy = /H mode with 7— v
% 10 » "untagged’ = mainly ggF
é (divide in more categories according to e.g. photons'

71 and conversion status)

10!
: CAVEAT: "prod tags’ are enriched by specific production
modes, but are not pure samples

10%E =
B0 100 200 300 400 100
M, [GeV]




Signal strengths
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By definition, 1 (p~1

Tsm

ATLAS

by decay channel by decay channel

CMS

means compatibility with SM Higgs boson signal )

| | | I | = ’ g
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H— vy b VBF tagged
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i T N R
Signal strength () 0 a5 1 I e IR & o
. g Best fit o/d,,,
il i
jfi = 1.30 = 0.13(stat) + 0.14(syst)
A
fi =0.80+0.14

13% compatibility among channels
9% compatibility with SM

by prod tag

E=7Te Lssift 5= La 1960

CMS Prefiminary M, = 125.7 GEV

Aoy DEZ

e
Best fit i,

50% compatibility among decay channels
37% compatibility among production tags
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Effective couplings

Assume a tree-level model for a process ii — H — ff with effective couplings:

Ky

SM prediction
o(ii — H) x BR(H — fF) = rET _ Gl = 1) = BRar(H = ) x

k¢ are scale factors wrt Standard Model couplings gﬁy
(kif =~ 1 means compatibility with SM Higgs boson)

Some assumptions

s universality of x's for fermions and for gauge bosons:

K =Kp=HKr=Kr and Ky =Kz =Ky

« gg-fusion gg — H mediated by a top loop as in SM (@) W
== HE — II"I,I-_ .___|-_I__

s H — ~~ decay mediated by W and top loops W

= k2 = (1.26 - 5y — 0.26 - k¢ )* (at my = 125.5)
(sensitive to relative sign between kr, Kv)

»in SM BR(H — ff.gg) = 0.75
= Ky = 0.75 - k7 + 0.25 - ki, (at my = 125.5)




Fermion vs gauge boson couplings factors

ATLAS
- 1L N DL DL L L IR BN CMS
. - ATLAS Preliminary + M .
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= Evidence for both Eermiq}n and vector couplings
The difference between ATLAS and CMS is due to the large H — 7 yield observed by ATLAS
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Spin measurement in the H — ~~ channel (ATLAS)

Observable: photons' production angle # in 4~ center-of-mass frame
= isotropic distribution for spin-0 (uniform cos /") before kinematic cuts
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Spin measurement in the H —» ZZ* — 4¢ channel

The complete reconstruction of the final state gives access to the polarization \"n
of the resonance and of the / bosons

Sensitive observables:
s 2 invariant masses miz , ma (from Z — {142 and 2% — (3l4)
shanglest* , &y, & . 0.
Cases J¥ = 0 : isotropic in cos#* , &y : & . f{5 ., may sensitive to parity
Cases J¥ = 17,25 : all variables are discriminant
= multivariate analysis

from CMS: (ATLAS results in backup material)
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Viore spin results In

from WW* — CMS

oo

from ZZ* — ATLAS
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SUMMARY

ATLAS and CMS have analysed all LHC run-1 data for v . ZZ7* — 4£, WW* — vl channels
(~5h 1@ s=7TTeV + ~20fb'@s=8TeV)

vy and ZZ* channels have now > 5¢ evidence each, at least from one experiment — WW™ channel reaches ~ 4o
bb and 777 not yet well established

(syst) GeV

mATLAS — 1255 4 0.2(stat) ™0
+ 0.3(syst) GeV

The "new particle” has a mass measured as: { IHEMS — 125.7 + 0.3(stat)

It is compatible with a state J© = 07.
Alternative state 27 is disfavoured at > 99.9% CL. States 0~ , 1% are disfavoured at > 99% CL

All couplings’” measurements do not show any significant deviation from the Standard Model predictions
— but measurements are precise at = 20% (at best!)

“New results indicate that particle discovered at CERN is a Higgs boson” — CERN press release
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[TocnecnoBue

Disagreement in the signals strength might be connected with
difficulties of efficiencies estimations ( MC)

Difference in masses of ggF and VBF processes has no comments

Small statistics and large background can lead to significant
difference in masses estimation as one can see in the H->4|
process. As we have shown in an independent search of for
leptons resonance states (PNPI/BNPI, ATLAS) there is NO mass

difference in H->4l and H->GamGam processes in the ATLAS
and CMS studies.
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3akno4yeHune:

There is a new boson of mass ~125 GeV,
with properties consistent with the SM Higgs,
within the current uncertainties.

More data needed
to ascertain the nature of this object
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1. Preliminary results based on full 2012 datasets in

H—yy, H—2ZZ*—4] and H>WW*—vlv ATEAS Prabmiomy et o
2. Independent observations in all three channels: a lot Ea%f__’ )

of Higgs candidates to be used for property e ok
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3.1¢ evidence of VBF production Errmas S
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Higgs couplings consistent with SM within 2¢
SM 07 hypothesis preferred against 0-,1* and 2*
2% “graviton-like” particle excluded at 299.9% CLg

So far no significant deviation from SM, more stringent
measurements expected with the updated results in the
fermionic decays
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