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» [ntroduction

After the exciting discovery phase...
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...we are entering into the era of precise
measurements of the properties of the
“Higgs particle” observed at 125 GeV.
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» Introduction

It's already quite clear that this particle 1s well compatible with the massive
excitation of the (unique) Higgs field postulated within the SM:

%ymm. Break.(d)a Aaa \Vi ) = D¢+ Dd) - V(d)) + ...
V@) =- 12"+ 1L (9701 + Yy v ¢

...but we are far from having established that there 1s nothing else beside the SM
(or that the cut-off of SM viewed as an effective theory is very high)

\

On general grounds, it is natural to expect possible
deviations from the SM in the Higgs sector

\

High-precision Higgs physics
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» Introduction

It's already quite clear that this particle 1s well compatible with the massive
excitation of the (unique) Higgs field postulated within the SM:

%ymm. Break.(d)a Aa: \Vi ) = D¢+ Dd) - V(d)) + ...
V@) =- 120"+ 1 (070 + Yy vy ¢

...but we are far from having established that there is nothing else beside the SM
(or that the cut-off of SM viewed as an effective theory is very high)

\

On general grounds, it is natural to expect possible ~ ™

deviations from the SM in the Higgs sector [. precise measurements
of SM allowed processes

L (production & decay)

Given the absence of clear NP directions,
it's important to make these studies in general terms
(with minimum theoretical bias)

J

I1. search for rare/exotic
h decay modes
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» Introduction

So far, possible non-standard properties of the Higgs boson (in process with a

leading SM amplitude) have been analyzed from the experimental point of view
using the so-called “kappa-formalism™:

Fﬁf K Kﬁr « BR
o(ii > h+X) x BR(h —» ff) = 0;; = = OgM SM
Iy Kp”
o 19767 (8 TeV) + 5.116" (7 TeV)
Main virtues: CMS 68% CL
i m 05% CL
> Clean SM limit [best up-to-date TH bz = 09255 e
. . +0.07 .
predictions recovered for k; — 1] ky = 100007 g
. o 14 i
» Well-defined both on TH and EXP sides S BTE*E 2
* (almost) Model independent Aau= 0915 -
ki =1.08705 - ey
=089, -
k= 114775 ——
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» Introduction

So far, possible non-standard properties of the Higgs boson (in process with a

leading SM amplitude) have been analyzed from the experimental point of view
using the so-called “kappa-formalism™:

Fﬁf K;; Kﬁr
o(ii > h+X) x BR(h—ff) = 0;; = osm X BRgy
I Kp”
. . 197107 (8 TeV) + 5.1 15" (7 TeV)
Main virtues: CMS = 68% CL
” : = 5% CL
> Clean SM limit [best up-to-date TH bz = 09205 e
predictions recovered for k; — 1] k=107 -
» Well-defined both on TH and EXP sides i BTE*E Wi
» (almost) Model independent hau =09 018 e
A, = 108705 . g
Main problem:
» Loss of information on possible NP N.B.: easy to conceive NP effects

showing up mainly in kin. effects

effects modifying the kinematical rather than in total rates (e.g. CPV)

distributions
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» Introduction

So far, possible non-standard properties of the Higgs boson (in process with a
leading SM amplitude) have been analyzed from the experimental point of view
using the so-called “kappa-formalism™:

I K;2 Kg?
. VA i N
o(ii = h+X) x BR(h — ff) = 0;; r, = i, 2 Gsm X BRgy
Main virtues: B
» Clean SM limit [best up-to-date TH
predictions recovered for k; — 1]

» Well-defined both on TH and EXP sides We need to 1dentify a larger
* (almost) Model independent set of “pseudo-observables”

—®  able to characterize NP 1n the

Main problem: Higgs sector in general terms

> Loss of information on possible NP
effects modifying the kinematical
distributions
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{ General comments about Pseudo Observables ]

LB P
+ t;ﬁ)& +h.c.
T Dy P +hc.
+ R -V@)

- .
Experimental data Pseudo Observables Lagrangian parameters
raw data, masses, widths, Wilson coefficients,
fiducial Cross_sections, SlOpCS, renormalization Scale,

running masses, ...
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» General comments about PO

> The goal of the PO is to provide a general encoding of the exp. results in terms
of a limited number of “simplified” (1dealized) observables of easy th.
interpretation [old idea - heavily used and developed at LEP times]

> The experimental determination of an appropriate set of PO will “help” and not
“replace” any explicit NP approach to Higgs physics (including the EFT")

I=-3 6 F”
+ tF,Ef)& +h.c.

T %U?Lé?s"'l‘\-c.
+ R -V(©@)

- s

Experimental data Pseudo Observables Lagrangian parameters

The PO can be computed in terms of Lagrangian
parameters in any specific th. framework
(SM, SM-EFT, SUSY, ...)




G. Isidori — PO in Higgs decays IPMU July 2015

» General comments about PO

> The goal of the PO is to provide a general encoding of the exp. results in terms
of a limited number of “simplified” (1dealized) observables of easy th.
interpretation [old idea - heavily used and developed at LEP times]

> The experimental determination of an appropriate set of PO will “help” and not
“replace” any explicit NP approach to Higgs physics (including the EFT")

o=l
+ LF,E?)& +H.c.

T ti"i.ﬂa.ﬂﬁ“"‘\fc:.
+ R -V (@)

> The PO should be defined from kinematical properties of on-shell processes
(no problems of renormalization, scale dependence,... )

» The theory corrections applied to extract them should be universally accepted
as “NP-free” (soft OCD and QED radiation)
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» General comments about PO

Example I:  The mass of a particle 1s a PO

Not always obvious how to extract it from data (— debate on Z line-shape)
and how to make it in a way that is useful for theoreticians (— fop mass).

The M,, My, My, determined by experiments are 3 well-defined PO and
not fundamental couplings of the SM Lagrangian (or BSM models)

Either we predict them (af a certain order) in terms of other couplings or

we use them to extract the couplings (at a given order and at a given scale....).
This does not affect their experimental determination, while the way

they are defined from data affect the way we compute them.
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» General comments about PO

Example II:  The effective couplings of the Z boson

Parametrise the Zff vertex as (gi 1 gi ’“;'5)

Radiators: final state radiation

Ff =I (Z — fﬂ = 4Cf Lo (IQ{;I2 Rf; + |g£‘2 R.ﬁ) 0 AEW/QOD

o o , \ non-factorizable corrections,
Bardin, Grunewald, Passarino, '99 very small.

The pseudo-observables are defined as ‘-. g’ =Re G, gt =Re G/ l

\
.

To be model-independent it is important to work with on-shell initial and final states.

Then a theorist can take their model, or their EFT,
compute the contribution to these POs, and obtain the constraints on the model.
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» General comments about PO

There are two main categories:

A) “Ideal observables”

M,, T'(h —yy), T(h — 4p), ...

My, T(Z —1D), ...
w, 1(Z =1, but also do(pp — hZ)/dm,, ...

B) “Effective on-shell couplings”

f f.. This is the category we want to “extend’ in order to
87> gW > . . .
describe non-standard effects in the Higgs sector

~ Both categories are useful
(there is redundancy having both, but that's not an issue...).

~ For B) one can write an effective Feynman rule, not to be used beyond tree-level
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» PO in Higgs decays

Multi-body modes
e.g. h — 4L, Lly, ...

|

There is more to extract from
data other than the x,

IPMU July 2015

Two-body (on-shell) decays

[no polarization properties of
the final state accessible]

e.g. h — vy, uu, tt, bb

|

The x, («>1) is all what
one can extract from data

[+ one more parameter if the
polarization is accessible]
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» PO in Higgs decays
Multi-body modes Two-body (on-shell) decays
e.g. h — 4L, Ly, ... [no polarization properties of
l the final state accessible]

Form factors — f;(s) [E.g.:s=m?%] e.g. h — vy, uy, 7, bb

E.g.. A(h— Zee)~

e S f1 (") g+ £y (') (pag —q" p')+..]

N.B.: There is noting “wrong” or “dangerous’ in using f.f., provided

~ they are defined from on-shell amplitudes
[hill-defined for h — WW?*, Z7* but perfectly ok for h — 4( |

= no model-dependent assumptions are made on their functional form
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» PO in Higgs decays

Multi-body modes
e.g. h — 4L, Loy, ...

v

Form factors — f.(s) [E.g.:s=m’]

!

IPMU July 2015

Two-body (on-shell) decays

[no polarization properties of

the final state accessible]

-
Momentum expansion of the f.f. around leading poles
E.g.: fSMNP— 5 L& O(s/m, %)

S o S - my2+im, [,  my? Z

/

e.g. h — vy, uu, tt, bb

l

i (e 1;)

Gonzales-Alonso et al.
1412.6038

» No need to specify any detail about the EFT, but for the absence of light new
particles — momentum expansion very well justified by the Higgs kinematic

» The {x., €.} thus defined are well-defined PO — systematic inclusion of higher-

1”7 71

order QED and QCD (soft) corrections possible (and necessary...)
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[ The h — 4f case ]
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» The h — 4f case

Two main hypotheses:

[. Fermion couples to the Higgs via helicity-conserving local currents
[ neglect helicity-violating interactions, naturally linked to my also BSM]

P
* Ly

The amplitude 1s fully determined by this Green function J,UJ 7
that contains long-distance modes (<= non-local terms J T
in x and y due to the exchange of EW gauge bosons) /

& short-distance modes (<> contact terms for x or y — 0)

Only 3 Lorentz structures allowed, e.g.:

«4—@2mz Yoo D) (Bvae)(Bysp) %

e=er,eR W=/L R

0 e O afpo
, , q1-q2 9% — q@2q1 / £ 92091
[Ff“(q]Q,qg)gaB + F5" (g7, q3) + F (41, 43) nes

2 v
my my
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» The h — 4f case

Two main hypotheses:

[. Fermion couples to the Higgs via helicity-conserving local currents
[ neglect helicity-violating interactions, naturally linked to my also BSM]

P
" Ly

Gy = (0| T {J¥ (), J5:(y), h(0) } |0) LI
II. Expansion of Gy neglecting short-distance modes J ;f T f

corresponding to local operators with d > 6 f
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» The h — 4f case

Two main hypotheses:

[. Fermion couples to the Higgs via helicity-conserving local currents
[ neglect helicity-violating interactions, naturally linked to my also BSM]

P
* Ly

II. Expansion of Gy neglecting short-distance modes g jf T f
corresponding to local operators with d > 6 f

non-local amplitude *
at the EW scale:

-----

A 0\
\ o \ i !

negligible
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» The h — 4f case

Following these hypotheses we can expand the form factors around the physical
poles and retain only the leading terms (in the momentum expansion), e€.g.:

2m2 . ) ML~ 3.8 % 1072
A=i—Z % ) (Evne)(ismx €1y
F' e=ep,er p=pr,ur 6%1}\//[-111 ~ 6.7 x 1073
[ (KZZ 9797 €ze 9y €Zu 95 ) 5
Pz(q})Pz(g3)  m% Pz(¢3)  m% Pz(q7)
9297 SM-1L ( eQugz eQeg’ ) SM-1L €2Q6Qu) g 9™ — @q”
1| 622 + Kz~€7 + Ky~E T
( Pz(q7)Pz(43) 4 \@Pz(ad)  iPz(63) e G5 my

-+ ( CP 9597 4+ CP( eQugy + cQedy ) 4 CP 62Q6Qu> Eaﬁpgq%qwl

€z7 T
Pz(2)Pz(g3) = 77 \d2Pz(¢?)  ¢3Pz(g3) T qies my

Pz(C]Q) = q2 = m2Z AN

» The{x, €.} are defined from the residues of the amplitude on the physical

poles — well-defined PO that can be extracted from data and computed to
desired accuracy in a given BSM framework

s+ By construction, the g, are the PO from Z-pole measurements, while iK,, and Kz,
are the standard “kappas” from on-shell h — yy and h — Zy
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» The h — 4f case

Following these hypotheses we can expand the form factors around the physical
poles and retain only the leading terms (in the momentum expansion), e€.g.:

_2m2 B B SM-1L 1 -3
A =i " . Z Z (evae)(Aypp) X €y =38x10
F' e=ep,er p=pr,ur eSZ%['H‘ ~ 6.7 x 1073

9297 €ze 97 €. 95 ) o
K77 -+ + -
[ ( Py(a})Pz(q3) m% Pz(q3) m% Py(q7)
e g e H 2 B . i
959 SM_lL( eQu9% eQed'y ) SM-1L € QeQu) ¢ G 9 ¢
1| 622 + Kz~€7 3 + Ky~E T
( Pz (¢?)Pz(q3) L GPz(a) @ Pz(d3) i TEL's m%
4 > (L 2
9%9% 4 (CP ( eQugy + €Q€g/Z ) +€CP6 QGQM> Eaﬁpgq%qwl

CP
+\€zz A
( Pz(¢%)Pz(q3) "\@GPz(q})  ¢#Pz(43) G my

Pz(q2) = q2 = m2Z AN

» The K. are normalized such that the SM 1is recovered in the limit K. — 1

» The ¢; describe terms not present in the SM at the tree level (and always sub-
leading): SM recovered for ¢,(SM) = O(10-3) — 0

» To this amplitude we can apply a “radiation function™ to take into account QED
radiation — excellent description of SM (and NP) beyond the tree level.
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.Theh—){fcaSe 0_100_m*:jGeV h—2e2u i
I> 0.050+
“Dressing” with QED s} NIZSFZ;},IQC?;/S)M)
radiation — excellent L
description of SM beyond 7
-
the tree level : 0010}
=
L 0.005

\J

115}
© 1.10}
=
< 1.05
= 1.00M--—-T>g -t
.2 0.95¢ I
§ 090} — QED "dressed" LO

0g5l M ™t i~ : Prophecydf NLO EW Bordone, Greljo, G.I., Marzocca,

- W ¢’ : Prophecydf NLO EW o Pattori, arXiv: 1507.02555
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—1Gevl h—=Zedu '
» The h — 4f case 01001 =77 A
T 0.050}
(14 : 29 : % _
Dressing” with QED 3
radiation — excellent .
description of SM beyond = 0.010}
= i
the tree level & relevant = 0.005
impact for BSM (@ NLO b |
4
0.001
0 - I20I | I4OI | IBOI | I80I | '!OOI | I120
(kzz. €z0; + €Zeg - €21, » 241y )
1:30F s (0, 0.26. 0, 0.6, 0}
S smem {].3,-0.05,0.05,-0.05,0.05)
— 1.20r — (03, -045, 0.0 0
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= 1.10}
R e il
2 100 - st
oz

090t

Bordone, Greljo, G.I., Marzocca,
Pattori, arXiv: 1507.02555
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» The h — 4f case

The “physical meaning” of the parameters appearing in this decomposition is not
obvious at first sight, but it 1s actually quite simple:

m2
A=iZZ 30 (@) o) s

e=€L,eR U=HL,/R

{ %-Z;‘ 9597 eze 97  €zu 95 ) N
'.' P () Py(a3)  m% Py(g3)  m% Py(q})
1 > 1 > L 2 065 - (0% 6
! }7%9‘2 SM-1L GQMQGZ BQeg% SM-1L € QeQu q1-q2 g d2 - q1
L (GZZ : + Kz~ €7 4+ K~~E T
' Pz(§)Pz(¢3) T \@3Pz(q})  4iPz(g3) T qlgs my
\ |

P :
41‘(6%2 ,’ngg 4 CP ( engez + GQGQ% X CP €2Q€Q}L EaﬁpJQQpQIU
)

Py (3 Pz(a3) 7 \3Pz(¢}) @ Pz(a3 @4l m%

“double Z-pole” l
I'(h — 2e2u) |k zz]
B(Z — 2e)B(Z — 2u)
['(h — 2e2p)|ez7]
B(Z — 2e)B(Z — 2u)
Z CPV . T(h — 2e2p)[ez]
P = 2020) = 57 5 90B(Z — 20

I'(h— ZpZ1) — 0.209 |kzz|* MeV

= 0.0189 |ezz|* MeV

ﬁ Z

2 MeV

= 0.00799 |55
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» The h — 4f case

The “physical meaning” of the parameters appearing in this decomposition is not
obvious at first sight, but it 1s actually quite simple:

—szz Y ) (Evae)(avpn) X

e=€L,¢R U=KL,IR fmmmmmmm=———— ~——
g%g% ' €Ze ngl EZ;J, gEZ ~)\ a
‘+ L~ e
[< PZ(ql)PZ( )\ mZ PZ(QQ) PZ 2)
TTme e f" e e : b — g%y
+(€ZZ J2292 f gy (‘ E@uﬁ N Qedly ) § iy S QeQu) g1 G2 g : 2"
F (%)PZ(QQ) QQPZ(QI) CJ1PZ(‘]2) q1q2 my

+ ( qP QZQZ + egp ( eQugy + GQegZ > AL CPWPQB@L) 5a6p0q2pqlg]
! )

27 Py (@) Py (63) $Pz(a1)  4iPz(d3 a4 m,

“single Z-pole”

v

h L T(h — ZE67) = 0.0366|ez[> MeV
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» The h — 4f case

The PO are calculable in the (various) Higgs-EFT approaches
(both linear and non-linear EFT)

m2
A:ivaZ Y ) (Evae)(avpn) X

€=C€L,€R U=HUL, LR

9797 €ze 07 | €zu 95 ) of
KZZ + i
[ ( Pz(¢})Pz(¢3)  m% Pz(¢3) m% Pz(¢?)
o il > L 2 B e W
959 SM1L ( eQu97 eQcgy ) SM-1L € QeQu) q1-q2 g L q
+ | ezz + Kz~€7 +- ki€ T
( Pz(¢)Pz(g3) T \@Pz(q}) T @Pz(g3) LI my

e M e M 2 aBpo
g GQ BQ € Q Q &
( CP 9797 CP ( n9z edz )> ECP e u) Qqulo']

c
2 Py)Pr(@3) T T \BPz() ' GPz(d3 IR m%

In the limit where we consider Higgs-processes only, and we work at the tree-
level in the EFT — simple linear relation between PO and EFT couplings: one-
to-one correspondence between PO and combinations of couplings of the most
general Higgs EFT (non-linear EW symm. breaking, no custodial symm., no

flavor symm., no CP symmetry).

But this does not hold beyond the tree-level.
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[ Parameter counting, symmetry limits, dynamical constraints J

. lﬁ_gl -

L Gl
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» Parameter counting, symmetry limits, dvnamical constraints

Number of independent PO for h — 40 ({=e,u,v) + LLy + yy:

Decay modes flavor +CP symm.  flavor non univ. ~ CP violation
h — vy, 2ey, 2y K77y Kz~ K cP CP .CP
A (¢ €zurr€2ur (2)| €zz:€2v:69y (3
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» Parameter counting, symmetry limits, dvnamical constraints

Number of independent PO for h — 40 ({=e,u,v) + LLy + yy:

Decay modes flavor +CP symm.  flavor non univ. ~ CP violation
h — v, 2ev, 2py Rzz,KZvy, K cP .CP _CP
A (¢ €zurr€2ur (2)| €zz:€2v:69y (3
de, 41, 2e2p €27, 2oy €zen O u>€znn (2| €zz>¢2y:6 ()
) CP
KWW , b
h — 2e2v, 2u2v, evuy B % (4)| €z, Relewy,) | éww, Im(ewe, )
EWW, €2Zve; Re(ewey) Im(ew,,) (5)
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» Parameter counting, symmetry limits, dvnamical constraints

Number of independent PO for h — 40 ({=e,u,v) + LLy + yy:

Decay modes flavor +CP symm.  flavor non univ. ~ CP violation
h — vy, 2ey, 2y KzZ, Kz, Koy cP CP .CP
f s | | €Zur, € 2 €EzryCor €
de, 4, 2e2p €77,€Zer €Zen (6) zups€zur (2)| €22 €2y 6y (3)
Kww (4)| €zu,, Re(ew,) e%ﬁvj Im(ewe, )

h — 2e2v, 2u2v, evuy

EWW , €zZv., Re(ewe, )

Im(ew,, ) (5)

all modes KZZ BZoys By Eomis. s LP CP CP

. . €771 €Zer s €Zep LaalEs ZZ) "2y
with custodial Re(ewe, ) (7)

symmetry

[ 20 (no symmetries) — 7 (CP + Lepton Univ + Custodial) }
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» Parameter counting, symmetry limits, dvnamical constraints

Number of independent PO for h — 40 ({=e,u,v) + LLy + yy:

Decay modes flavor +CP symm.  flavor non univ. ~ CP violation

h — vy, 2ev, 2y RZZs Rzy Kyy cp P CP
) ) -' -' €y + € 2)| €xzvEry vEx
46: 4#: 262@ €27,€Ze;, s €Zen (6) Zprs “ZpR ( ) ZZ) 2y Yy (3)
Rww (4) €EZv, s Re((—:wm) E%‘I;Vj IIH(EWBL)

h — 2e2v, 2u2v, evuy

EWW , €zZv., Re(ewe, ) Im(ew,,) (5)

all modes KZZyKZys Koy . P cp P

, . €775 €Zers €Zep Ll L7 V" 15y
with custodial Re(ewe, ) 7

symmetry

The symmetry assumptions can be directly tested from data, focusing on specific
kinematical distributions sensitive to the relevant PO's [e.g. CPV-violating
observables & LFU tests — key role played by the “contact terms” ()]
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» Parameter counting, symmetry limits, dvnamical constraints

Computing the PO 1n specific EFT (e.g.: the linear EFT) we get additional
dynamical constraints dictated by the specific extra dynamical assumption of the
EFT employed (e.g.: /i belongs to the SU(2); doublet breaking the EW symmetry)

E.g..

Residual accidental
custodial symmetry at d=6

Custodial symmetry

2 2
Civ€zz 1+ 2cwswezy + Syyeyy —eww =0,

2 U CP 2 @GP
Civ€zz T 20wswez, T Siy€y, — eww =0, Linear EFT
| = ) =0
| EWet — —=\€zui — €Zer ) = .
. V2 o
B 2 \/5 5 Contino et al., 1303.3876
Rww —kzz = _E ( Ewei T 'CwEZei) Pomarol, 1412.4410

Gonzales-Alonso ef al., 1412.6038

- N.B: Custodial Symmetry does not imply Kyw = K77

= Using these relations we can (#ry...) to test if h belongs to a doublet simply
using Higgs data
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» Parameter counting, symmetry limits, dvnamical constraints

Computing the PO 1n specific EFT (e.g.: the linear EFT) we get additional
dynamical constraints dictated by the specific extra dynamical assumption of the
EFT employed (e.g.: /i belongs to the SU(2); doublet breaking the EW symmetry)

The most powerful of such constraints 1s the link between the contact terms and
EW precision measurements performed at LEP:

EPWO + Linear EFT — small (tiny) & flavor-universal ¢,

'

Excellent opportunity to test from data (via h — 4/)
if h belongs to a pure SU(2); doublet

Contino et al., 1303.3876
Pomarol & Riva, 1308.2803

G.I., Manohar, Trott, 1305.0663
G.I., Trott, 1307.4051
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» Parameter counting, symmetry limits, dvnamical constraints

Computing the PO 1n specific EFT (e.g.: the linear EFT) we get additional
dynamical constraints dictated by the specific extra dynamical assumption of the
EFT employed (e.g.: /i belongs to the SU(2); doublet breaking the EW symmetry)

The most powerful of such constraints 1s the link between the contact terms and
EW precision measurements performed at LEP:

002 T T T T T T T T T T T L T T T T T T T T T T
=0 I Az=0 h—2e2u
| 4 0.100} —SM
1) )| B —— . A I :.kzz-_-]
! y i ] — 0.050[ Mall POs
07 ' : g S
: [ *;;: .
-0.02F | 9
& | o
N ' £
© il 55 S 000
| | 5 :
T 0.005
~
—-0.06+ 99.7%
' E
——(-algdy) wevis | T -
i L — | my>4GeV Fi6ev/T" M 126ev € 10.7,1.3]
_0-08 ................... 0.001 I| | i | | 1 ] | | | i | 1 i 1 | i i i
-0.08 -006 -004 -002 0.00 0.02 =) 20 40 60 80 100

EZe T

Gonzales-Alonso, Greljo, G.I., Marzocca, arXiv:1504.04018
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» Parameter counting, symmetry limits, dvnamical constraints

Computing the PO 1n specific EFT (e.g.: the linear EFT) we get additional
dynamical constraints dictated by the specific extra dynamical assumption of the
EFT employed (e.g.: /i belongs to the SU(2); doublet breaking the EW symmetry)

The most powerful of such constraints 1s the link between the contact terms and
EW precision measurements performed at LEP:

0.02——
_ A 1.500
N ————**—— 1,400 -
S 1.300}
9]
-0.02¢ . 1.200
& =
& & 1100¢
-0.04F & 1.000F-
0.900
0.800 T T S
-0.06F 0 20 40 60 80 100
mj> [GEV]

.08
-0.08 -006 -004 -002 0.00 0.02

EZe L

Gonzales-Alonso, Greljo, G.I., Marzocca, arXiv:1504.04018
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» Parameter counting, symmetry limits, dvnamical constraints

Computing the PO 1n specific EFT (e.g.: the linear EFT) we get additional
dynamical constraints dictated by the specific extra dynamical assumption of the
EFT employed (e.g.: /i belongs to the SU(2); doublet breaking the EW symmetry)

The most powerful of such constraints 1s the link between the contact terms and
EW precision measurements performed at LEP.

Maim message: full complementary between PO approach and EFT.

» PO — 1nputs for EFT coupling fits

« EFT — predictions of relations between different PO sets (that can be tested)
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[ PO beyond decays }

q
VS. >
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» PO bevond decays

The same Green Function controlling h — 4/ decays is accessible also in pp — hV
and pp — h via VBF, i.e. the two leading EW-type Higgs production processes
(N.B.: this follows from “plain QFT” no need to invoke any EF1T...)

Gy = (OT {J% (%), J# (), h(0) } |0)

But for two important differences:

» different flavor composition (q «» £) — 4 more param. for hZ + 4 for hW and
VBF (no symm.) — only 2 eff. combinations easily accessible

*» different kinematical regime: momentum exp. not always justified
(large momentum transfer)
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» PO bevond decays

The new parameters to be introduced are related to
the momentum transfer associated to the quark-
current <> variable related to the possible break-

V4
T =
I —_— )Z,W (‘
q T \ h down of the momentum expansion.

o2 [ g%q Kyt €74 (s - mg%)/mz? + ... ] s = (myz)*
- My
Two (complementary) approaches:

- design kinematical cuts to remain in the region where the expansion works &
introduce diagnostic tools to validate the result

= “1deal solution”: extract the shape of the distribution from data (only for the
variables that can go into the large-momentum transfer region)

[ [do(pp — hZ)/dmy,; ]ex, / [do(pp — hZ)/dmy; |y }
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{ Conclusions 1

The 125 GeV scalar 1s certainly compatible with the properties of the SM Higgs
boson, but we are still far from having explored its properties in great detail.

The PO represent a general tool for the exploration of such properties (in view of
high-statistics data), with minimum loss of information and minimum theoretical

bias.

I--3 6 F”
+ '.;/B%' +H.c.

Tk tﬂi_i?ﬁisz("""\-c:_
+ R -V(@)

- >

Experimental data Pseudo Observables Lagrangian parameters
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