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Overview

* In the context of SM Higgs boson
searches,
a new heavy boson has been observed at
a mass of around 125 GeV.

* Having established that something exists
there, the most natural question is now
what is it:
shift of focus from searches to
measurements.

» Of course we e, also still searching for
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SM Higgs-centric

measurements

 The H125 boson was observed relying on
searches specifically tuned for the SM Higgs:

— Signal kinematic taken from SM Higgs prediction.
— Use of specific production modes: VBF, VH, ttH
— Selection of decay modes searched

* Most measurements of properties are made
by reinterpreting the results of these
searches.

* Therefore, the measurements of the
properties depend to some extent on SM
Higgs assumptions.

* The validity of these measurements is
wio.therefore dependent.onhow close H125is to



Mass measurement

* The first and most natural thing to measure.
* Experimentally accessible in yy, 4| decays

* Well defined theoretically, at least down to
the natural width of H125 (tiny, in most
models)

* |f no assumption is made on the expected
signal yield, the measurement is model
iIndependent, except for some effects:

— the modelling of the signal kinematic , which

enters in the overall calibration of the mass scale
from MC.

— the relative weights given to the events in the

measurement, which depends on the expected
10102012 S/ G. Petrucciani (UCSD)



Mass: experimental challenges

* The dominant systematical uncertainty on
the mass measurement is from the
knowledge of the energy scales for
photons and leptons:

— Extrapolation from the standard candles (e.g.
Z)
to the kinematic of a H125 signal (p+, n)

— Extrapolation from electrons to photons.

* The control of the energy resolution on
data
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Results with Summer’12 data
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Mass: looking in the future

By the end of 2012 run, we expect ~ x3 data.

— .CS;ta\t/istic term from about 0.4 GeV to about 0.2
e

— Can gain also from further analysis
Improvements
The systematic can also be reduced with

better calibrations, better tuning of the
simulation, ...

The ATLAS and CMS uncertainties are totally

uncorrelated, also in the systematic part, so
get a factor V2 from combining the two.

Total uncertainty below 0.2 GeV by 20137
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Tests of the Couplings

* For a SM Higgs, there’s nothing to
measure besides the mass: all the rest is

well know.
As a consequence, all production cross
sections and decay rates are predicted

from them.

* However, SM Higgs predictions are all that
we have readily and accurately available
NOWw.

* S0, rather than measure the coupllngs
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Measurement vs Test

« Starting point: a model, dependent on some
parameters, that can be fitted to the data.

 Measurement: all parameter values are
sensible; we search for the one best
describing the data.
e.g. measure the Z mass, combining uu and
ee.

» Jest: only some parameter values are
sensible; If the result is not compatible with
those, taking into account the uncertainties,
the model is rejected.



Tests of the couplings

1. Introduce a set of parameters {X}, intuitively
related to the couplings of the Higgs

2. Compute the production cross sections in
each topology and all the BRs, rescaling the
SM predictions by functions of {X}

O'(XX >H >yy) ~ O 4y Fyyl Ftot
3. Fit the data and the allowed regions of {X},

or the allowed region for one X allowing all
the others X's to take arbitrary values.

A set of benchmark models have been defined
to probe various BSM scenarios:
arxiv:1209.0040
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Universal vector & fermion
couplings

“Rescale universally the Higgs boson couplings
to ferm/on by k- and couplings to vector boson

by Ky’

° 2
Over, Oves [ ww, [ 77 Scale as Ky,

* Oy, [ 4 SCale as KF

* Oggy, I 4y SCale as k2
(assume they’ re just the SM quarks in the
loop)
- I, scale as |a°k, + B-K| *
(assume W, t, b in the loop, as in the SM)

» [ =2 [ for all X decays in the SM
(assume no other BSM decay mode)
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Predictions in Kk, kr model

o

Ke? | [%a K2 + Va

Kv2]

ttH bb K2 K2/ [Ya k2 + Va Kg?
Kv?]

VBF TT Ky? Ke? [ [Ya K%+ Va Ky
Kv?]

ggH T Ke? K2 [ [Ya K2 + Va Kg?
Kv?]

ggH WW, ZZ kg2 K2/ [%a K2 + Va Ky
Kv?]

0. VBF  WW  k2K?A/%Kk?+ Ve KA/ K?



Predictions in Kk, kr model
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Predictions in Kk, kr model

m Signal yield scale

Ke? | [%a K2 + Va
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Predictions in Kk, kr model

o

Ke? | [%a K2 + Va
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Ky Ke results: CMS

L 2.0 20 1
(&) CMS Preliminary R % I -
1 -8 \’s=7TeV. L=5.1 fb-1 s |718 z

[ -1
16 \lS=8TeV=L=51'__3fb il -116 Q'I

4 H'I .-““!M!m "'nl' | 12 SM: Ky; K = 1’1
15 Mg R &

Best fit point
Ky ~1, Kg ~ 0.5

1.0
0.8
0.6
0.4
0.2

s
S - - s
1

Fermiophobic

s = e e e S
o

—_—

- 1

=

Ry (U1 ]
I i
: 1A

b

080 0.5 1.0 15
Cy

10.10.2012 G. Petrucciani (UCSD) 16



10.10.2012

CMS

Ky Ke results: CMS
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Ky Ke results: ATLAS
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Testing custodial symmetry

* In most alternative models to the SM, the
ratio of the Higgs-like boson couplings to
W and Z
is fixed to the SM value.

» Two ways of probing it:

— Directly from the the measured WW, ZZ yields

— From a fit to the full dataset, as in k,, Kg but
with independent parameters for W and Z

* Each approach has its merits
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W/Z from event yields

* |deally one would like to select WW, ZZ
decays from the same ggH production mode,
so that the ratio of yields depends only on the

BRSs.

« However, both CMS and ATLAS have an
inclusive ZZ analysis, with with an O(10%)
contamination from VBF and VH.

Nyww/Nzz = BRyw/ BRy; - (1 + Oygriyi/Oggn)

* If OygrivH/Oggn is diffent from the SM value,
the ratio of yields can depart from 1.0 even if
the ratio of W and Z couplings is as in the
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W/Z from event yields
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W/Z from couplings

» Three parameter fit: K¢, K5, Ay := Ky / K5
- Leave K, K, float freely, get a constraint
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Fermion non-universality

« Several BSM models predict different
couplings for the Higgs to different fermion
Kinds.

* Two benchmark models devised to probe
this:
— Allow separate couplings for up-type and
down-type fermions : separate tvs from b, T

— Allow separate couplings to quarks and leptons

* In both cases, the coupling to the top is
measured only from the ggH production cross
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Fermion non-universality

* Due to the deficits observed bb and 11 at
LHC compared with the SM Higgs
predictions, the fits prefers values of A,
A, close to zero.
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Search for BSM physics in loops

Alternative benchmark model:

* Assume the tree-level couplings between
Higgs and the other particles are as in the
SM

 However, allow extra contributions to the
loops that give the effective gluon and y
couplings:
treat Ky, K, aS free parameters and scale

~w 2 ~w 2 ~ v 2
GQQH Kg rgg Kg I-vv I(v

10.10.2012 G. Petrucciani (UCSD)

25



Search for BSM physics in loops
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Search for BSM physics in
decays

* As the previous model, but allow also for
BSM decays of the Higgs boson in modes
not searched for.

» Constrain BSM decays through the total
width
Mot = Tsm + (K2 -1)Ty, + TIpgy
 Hard to do for unconstrained Ky, K, values,

as most of the really sensitive modes rely
on ggH production or on yy decay.

10.10.2012 G. Petrucciani (UCSD)
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Search for BSM physics in

decays
For now can only constrain BRgg,, to be below ~90%
Expect larger improvements' 75 i — 2"l 3
when non-ggH modes & 6 =TV, [Lai=58500 =
become more sensitive: £ :
currently they’re statistically :
- . 3 =
limited, but have better S/B 13 :

0 o T A I PR FET Y
0 01 02 03 04 05 06 07 08 09

BRinv..undet.
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Spin and parity

 Previous coupling tests all assumed J°P = 0*

* The picture becomes increasingly more
complex if this requirement is dropped.
Especially true for J=2, where there are
potentially many tensor couplings to consider.

» So far, studies done only trying to separate
between SM H and another fixed alternative
hypothesis (e.g. minimal 07).

However, we might be dealing with a mixed
parity state, or with non-minimally coupled
particle.
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Spin and parity: ZZ

* From angular distribution

CMS Simulation L=30fb1,Vvs=8TeV

of ZZ decay products: full g soop
analysis done at CMS, g0 smov (] ;
expect 2-30 separation :imﬂps N J *
between SM Higgsanda 3, Y N *
minimal pseudo-scalar g, =
Higgs model. & 00, ==
» Spin 2 case more 200 ===
complex. R0 = .
For a graviton-like H, 80600 20 0 20, 80, 0, 0

expect little or no
separation with this year
data.
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Spin and parity: WW

Vo ’

- Spin alignment is O @
already used in the WW “
search: '
the fact we see a signal v
supports J=0 vs J=2, JHU Generator L=10fb", Vs = § Tey

» No full analysis done ¢ ~30 |
yet, but from generator-¢ | /4 |
level studies one ook A% )
expects 2-30 AR I “
separation of J=0 vs NS N N
J=2 with this year data. o 2L
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Spin parity: yy and VH modes

» Other ways of testing the spin and parity
have been proposed:

— from angular distribution in yy, inclusive and
VBF

— from transverse mass distribution of V+H
system
* However, it will likely take a while before
results from this approach will be ready.
Maybe first results for Moriond?
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Beyond this LHC run

» Some first projections have been done to
estimate the sensitivity of the LHC with
higher integrated luminosity and beam
energy.

* Improvement expected in two directions:

— The sensitivity in the currently explored decay
modes will be increase: larger event yields in

signal region, larger control and calibration
samples, ...

— New modes with low yield but good S/B will
10.102012 Start to be accessibfeni (ucsp) 33



More precision

Naive rescaling of uncertainties on oxBR with V(oxL),
NOT AN OFFICIAL CMS PROIJECTION

10.10.2012

Decay Prod. 30+30fb' @8 TeV 300fb™" @ 14
TeV

H—bb VH 30% 10%

H—bb ttH 60% 10%

H— 171 ggH 40% 10%

H— 11 qqH 40% 10%

H— vyy ggH 20% 6%

H— vyy qqH 40% 10%

H—->WW ggH 16% 5%

H—-WW qgH 60% 16%

H— ZZ ggH 16% 5%
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Measure couplings at 10%

CMS Projection

| | | | | | | | | | | | I |
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http://indico.cern.ch/contributionDisplay.py?contribld=144&confld=175067
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Theory uncertainties become
Important

CMS Projection 300 fo"' at {5 = 14 TeV
4= 1.15 Fr—r——— R
O -
110F with current
- — theory uncert.
1.05
1.00}- ..., assuming zero
- theory uncert.
0.95}
0.90}-
0.85 S

0.9 1.0 11
Cv
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More modes

 ttH, H—bb: expect to reach Ac/o ~ 100% with
this year data, and o grows fast with energy.
Important to probe top coupling at tree level.

* VBF, VH to ZZ: expect just ~1 event with 30
fp 1

« H — Zy: another constraint to BSM H— vy

* H — pu: 3o evidence in reach with ~3000 fb
_1 ?

« H+H — bb+yy: ??? Still to be studied.

* Note: some of these measurements are not
trivial to do at a low-luminosity linear e*e”
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Conclusions

» After the observation of H125, now we are
focusing on measuring its properties.

* Mass already measured to better than
0.5%

» Started to probe the couplings: currently
with O(50%) uncertainties, but could gain
a factor 2 this year, and reach ~10% with
300fb' @14TeV

- Effort also ongoing for J°° measurements.
o02020mMe results expected.on this year data.



