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EFT forHiggs

- | ot of interest to implement model independent Bl aPProacn in LHC BSM
' searches, inclucling Higgs Pngsics

f 2 Leading NP effects from D=6 BSM operators

| Several bases of D=6 oPerators ProposecJ (Warsaw, SILH, Higgs Basis).
All are equivalent, none 1s intrinsica”g better) but some may be more convenient

| for Particular aPPIications

® (Genera cliﬁi’cultg: Iarge number of Parameters. 2499 n general case; 76 when
,, flavor blind.

2 J Higgs observables depencl on linear combinations of many Parameters.

Moreover, several combinations are 5evere|9 constrained bg Previous

measurements (e.g. | EP-1, W-mass) and LHC cannot be sensitive to these

combinations if EFT aPProacn s correct
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Inspired by “EFT Primaries” of Gupta et al 1405.0181 LHCHXSWG-INT-2015-001

| Higgs Dasis
* Higgs Basis proposed by LHCHXSWG2 to Project out

(muclﬁ sma”er} subset of barameters relc—:vant for LHC

; Higgs studies

° Rotation of any other D=6 basis such that one isolates

linear combinations agecting Higgs observables and

'not constrained severely bg Precision tests

Very constrained |

ﬁ / parameters

| - Cruw.p

| . |— = 1 Relevant
| CD:G Linear "HB = ({ (iHiggM—A\ parameters
transformation [~ |
i CD=6 — T - CHB Irrelevant

f parameters

2499 dimensional

i , 2499 parameters
vector of ~ 2499x2499 dimensional
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Wilson coefficients transformation matrix




@ In HB, Higgs couplings to gauge Peven: odc,
bosons described by 6 CP even CP .~
odd: ¢

and 4 CP odd parameters that ==

: h
are unconstrained by LEP-1 - =;[2(1 + 8cy)mypy WIW, + (14 8¢, )m% 2,2,

2 2
; : : 9L -, = 9L Tr— 2 _
® D=6 EFT with linearly realized eww o Wi, Wi, + Gww 5 Wi, W, + cungr, (W, 0,W, +hec))

2 2
SU(3?xSU(2)xU(1) enforces ey, B8 ceGe, P T
relations between Higgs 4 4

. 2
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@ Corrections to Higgs Yukawa 0Cy =0C; + 40— rolative correction to W mass
couplings to fermions are also ww =Czz + 285C5y + 85Cy,
unconstrained by EWPT ww =Czz + 285Czy + 8§Cr-,

1 2 2 2,2 2 2\.2
@ Assuming flavor blind Yukawa T g2 - g2 92620+ gy €2z — €850y — (91 — 9¥)55C21]

corrections, LHC Higgs physics
parametrized by 9 CP even and
6 CP odd parameters

Peven: 0y, 0vyd4

CP odd : Du  Dd
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f nggs Basis Proposal

 CP Odd sz sz*/ C’y’y ng ¢u de ¢c
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simultaneous constraints, mcluclmgt*le correlation
|

matrix, on the above 16** parameters ...

Permxttmg to translate it to the above Form 1S glven

U ‘{ orin any other Form as longas the information
l
i
|

—_— - P—

*) N aclclxtlon to other Wags o1c Presentmg them
(mu ﬁcluoal Pseuclo observables non~|mear R o)

*) 17 if double Higgs Procluction analgses include;

f
| q’ The 1% e (50 5hould Present* results of ——liggs searches as | {

. more than 16 if more generic flavor structure asgumed_ ety



Since Januarg meetmg

 Higgs Basis - what’s new

69(1 + h/v)*V, fyuf

watchecl to a representatxon where all coe{:ﬁoents 01{: interactions are
Prol:)ortlonal to resPectlve coe%cxents 01[ \71C1C interactions. Possnble amc’cer mtroducmg

{ % additional 2-derivative nggs couplmgs T gauge bosons in l_agranglan SRS , V 8' o
Then couplmgs can be neglectecl in Prac’tlce ngen | EP-1 constraints 4 i

. More couplings in Lagrangjan explicitlg listed: triple and quartic gauge couplings,
l double Higgs coupling, dipol&-tgpe Higgs couplings
Basis definition extended to 4-fermion terms. lndependent couplings now span

f complete non-redundant dimension-6 basis

il . il

; Complete translatlon From Warsaw basns aclclecl translatlon ?rom o 16 | basns and
|
f
1
i

EiESZ oPerators Translatlons i) other bases and notation can be Provnclecl on request
Monte Carlo lmplementatlon “Rosetta” almost reacl9

1 Coordmatxon with diboson and double nggs groups

'f l\/\ang bugs and tgpos fixed (though theg’re still being found). Most formulas

| indeEendentlgé cross-checked and tested in combat 1 ;




Deve_lopec] bg'b.ﬁuks, F.Mé,ltoni, K.Matawari, K.Mimasu,V. Sanz, I. Riva
!

' | Rosetta
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Interface of etfective couplings Lagrangian defined in LHCHXSWG note to
aMC@NLO (tree-level onlg so far)
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Modular architecture, casy to add user-defined extensions

Accepts input in any Pol:)ular basis (currentlg Higgs, SILH, or Warsaw basis) and

Provicles translation between any Pair

Planning to add functionalities to determine compatibilitg of inPut Parameters with j'
Pre\/ious measurements (LEP-1, LEP-2, LHC) |

Planning interface to other existing Higgs tools: eHDECAY, Higgsbouncls,
Lilith, ...
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* Indeed, all 9 CP even parameter atfect e.g. the total Higgs width. :

Recent feedback ([ e

* Problem of correlations among the Higgs basis Parameter (or any

other D=6 bases) that may hinder exPerimental determination

Thusj measured Higgs signal streng’th cﬂepends on all the Parameters j

N a complicatecl way. Also other sources of correlations (czz vs czO,

cgg vs Oyu, 69[) VS everbocig else) .

* My take: correlations is fact of life; we need to work hard to

clisentangle them (more measurements, differential distributions,
combine with diboson studies); unlikelg this can be imp*ov&cl bg smart

basis choice.

* More feedback welcome.
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* My take: indeed, organization can be iml:)rovecl for better claritg,

Recent feedback (2)

From G. Bucha”a, Q. Cata, A. Galaa Krause,

* Organization of the note: Warsaw basis should be introduced before

Higgs basis

though simple swapping will not work and more rewriting is needed
= P e g

* My proposal: Section 3 == effective coupling Lagrangian (without

relations between clepencient and independent parameters; SECHIRREE
== matching Warsaw basis to effective CouPIing Lagrangian; Section b
= Higgs Basis: Pick a set of couplings deﬁning the basis and relate

others to that set using relations ?o”owing from Section 4

* More feedback needed
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Recent feedback (®)

From G. Bucha”a, Q. Cata, A. Galaa Krause,

o T R T

s Add separate section on non-linear EFT, with 1504.01707 as starting Point

* l\/\g take: therc IS NO comple’ce ?ormulation ancl consensus conceming non-

L e

linear EFT realizations 961:. Discussion and techniques to a Iarge c]egree

or’thogonal to that used in linear formulation
o Thus Preparing recommendations will take much more time and efHort.

* Mg Proposal: current note restricted to linear EFT realizations. Discuss at
Julg meeting whether non-linear EFT recommendations are Feasible/

needed. If yes, start a separate task force on this tol:)ic.
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Send us your feedback

before or cluring Julg mceting

lhc-higgs-properties-convener@cern.ch



mailto:lhc-higgs-properties-convener@cern.ch
mailto:lhc-higgs-properties-convener@cern.ch

