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Update on EFT basis note
and (linear) EFT in YR4

CERN, 11/09/15




R CaEOF T note ey

o Review connection of EFT with SM + dimension-6

( operators to collider Phenomenologg

* Review formalism (bases) Commonlg used in literature

and Provicle translation between them

& Provide a common notation to facilitate Comparison

between ditferent experimental analgses At G

* Propose a new formalism (Higgs basis) that s

Particularlg convenient for tree-level EFT ana|9565 b .j.

e Higgs searches
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Changes since Julg meetiﬂg

* qu 418 and 4.32, Forgot’ccn dipole interactions of leptons with W added. Also, changcc{
'deﬁnition of clil:)ole interactions with quarks and Provicle translation to Warsaw and SIL_H

|
|
|
]
&

* ~Eq 7, added double nggs interactions with electroweak gauge bosons

2 dn Table }; factored out fermion masses in Yukawa ol:xﬁrators clﬁang@cl in Warsaw and SILH

bas:s for more stralglﬁtwcorwarcl |mP|ementatxon of MFV in Monte Carlo tools

» xAdclecl translation from SILH’ (APPencllx AD and HISZ basis (Appenclxx A2) to nggs E-

'IbaSIS

|

* qu D720, modified the Photon gauge ﬁxmg term so as to avoid kinetic mlxmg in the gauge
ﬁxec‘ Lagranglan

* 1I5<3|ow Eq. B.23, more details on the g]ﬁost Lagrangjan added

* Rosetta is out, see 1508.05895 ;

B IR e = o o e e s s R R SR TR T = e - S
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2 Recent reorganization

(ancter note Iast sent around ]:)9 email)

4{ Almost no changes in formulas (except clipoles)

0 Or&ering reorganizecl: Sections % and 4 swapl:)ecl

'!
|
!

] i b + 5

i
!
| h | |
Phenomenologica
]f Intro SM & D=6 operators in faidiey g h
: / SUGIXSU XU errective Lagrangjan atter Higgs Fys
]}‘ B notation P SU@)xU® broken
ormal
| by Higgs VEV
| : 7B
| e e Map Wilson coefficients L bg Sl
f s T B in Warsaw and SILH bases ,
pes Caaia mclepenclent couplmgs -'
o interaction terms
and Hag between two : : , in effective Lagrangian :
in effective Lagrangian

e e = T e T T
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. Before EW sym metrg breakin o
2 Heavg new Phgsics Parametrizecl bg SUG)xSUQ)xU®) invariant operators
| constructed out of SM matter and Higgs fields

* lf Most commonlg used sets operatorss: Warsaw basis and SILH basis ;
* | Consistent and concise formalism.

|

* 1' Whg £go further? Connection to collider Phenomenology not transl:)arent

2 J Leacﬂing corrections to Par‘cial Higgs width and Production rates clcl:)end on linear

combination of many Wilson coeticients

Also) constraints from Precision tests on Wilson coefficients not transparent

G e g, i e e e i 3 e e e T

B IR e = o o e e s s R R SR TR T = e - S
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LHCHXSWG-INT-2015-001

o Effective Lagrangian with dimension-6 operators mapped into
phenomenological effective Lagrangian for mass eigenstates after
electroweak symmetry breaking (photon,W,Z Higgs boson, top, etc).

@ By construction, effective Lagrangian has several features making
relation between parameters and observables more transparent

@ Feature #l1: In tree-level Lagrangian, all Kinetic ferms are
canonically normalized, theres no higher-derivative kinetic terms,
and no Kinetic mixing between mass eigenstates. In particular, all
oblique corrections from new physics are zero, except for a
correction fo the W boson mass

1

= Ay Ay + (1 + 26m)m3, WiW, + =2

. - — — ) ”
® Feature #2: Tree-level relation between the couplings in the /

Lagrangian and SM input observables is the same as in the SM

@ Feature #3: Higgs boson has no derivative self-interactions M
@ Feature #4: Vertex corrections to SM Vff interactions o h B
and Higgs boson contact hVff interactions are correlated g Fl1+ ~ Vifvuf
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® Features #1-#4 can always be obtained,
without any loss of generality, starting from
any dimension-6 basis and using integration
by parts, fields and couplings redefinition

@ These features greatly simplify connection
between Lagrangian parameters and collider
observables at tree level

off D Vg2 + 92 (T} —s5Q5 +06977) Z,uf
o For example, vertex corrections dg to Z 12 Vg?+ 97 Iy — 307 499 ) Zu ]
interactions with fermions directly translate
6 —7 |
to partial Z widths measured at LEP ‘ff
h _
off O —mys(1+dys) ff
matter translate directly Higgs partial AA, 1505.00046
widths and production rates that can be :
constrained at LHC oL'(h — f f

@ Can be easily implemented in Monte Carlo
codes to generate events

@ Similarly corrections to Higgs couplings to

Rosetta, 1508.05895
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http://arxiv.org/abs/1505.00046
http://arxiv.org/abs/1505.00046

Similar “EFT Primaries” of Gupta, Riva, Pomarol 1405.0181
g

f Higgs Dasis

s Pick up subset of indepenclent Couplings N
f Plﬁenomenological etective Lagrangian which is in 1-to-1 i
Corresponclence with Wilson coefficients in Warsaw or

SILH basis and use these to span the basis of d=6

oPcrators

Other couplmgs in effective Lagranglan can be exPressecl

by Tale ePendent coul:)lmgs usmg maps from Warsaw or
Sll_H basis Provicled in EFT note

P A ks __,,_....’ el i

Friday, September 11, 15



~ Higgs Basis parameters
’ Couplings amcmcecting LHC Higgs Phenomenologg At iee
 Jevel that are stronglg constrained bﬂ precision tests |
j 5m7 5912167 5g}Z287 59}/}/67 59Lu7 5g}Z2u; 5gfd, 59122‘1, 5gR ,f _
" dgu, dGd, QAey QAu, dAd, Aze, dzy, dzd, }

i dGua de7 dAea dAua dAd7 dZ67 dZ'u,a dZd *

Cou Qlings agecting e Higgs Phenomenology at tree

|§ve| that are *not* stronglg constrained bg Precision tests
CPeven: 0c, C,0 Czz Cuzy Cyy Cgg OYu O0Yd OYe OA3
CPodd.: €5 ©Co B G O O We

.

|

| Remaining couplings do not affect LHC Higgs

P]’xenomenologg at tree level
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E= - =

Rosetta
* lmplements translation between D=6

.{ 138565 most commorﬂg USCCJ In

literature derived in the note

[ lmplements Plﬁenomenological
: effective Lagrangjan and maps

Parameters N any basis into it

From now on, studging EFT collider

Phenomenologg In any basis is simple

and fun

Bl e e e N et it 2 et iy 3 . i —

WW-W" s —
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- Summary
|
s Planis to finalize note, and incorPorate it (minus some

{ technical details) into YR4

0' | ast round of comments from WG2, and then send it
around to all WG

o To do: translation to original Warsaw basis to connect to

-loop EFT calculations in 1505.03706 and 1507.03568

0! Name change nggs basis ~> h-basis 7
(clue to name conflict with nggs basis in 2HDM)

T

B i o™ ™ v o o o e e e e Bt i e e —E—— o . S s i
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http://arxiv.org/abs/1505.03706
http://arxiv.org/abs/1505.03706
http://arxiv.org/abs/1507.03568
http://arxiv.org/abs/1507.03568
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Effective Theory Approach to BSM

Basic assumptions

@ New physics scale A separated from EW scale v, A > v

@ Linearly realized SU(3)xSU(2)xU(1) local symmetry spontaneously broken by VEV
of Higgs doublet field (see O.Catas talk this afternoon for non-linear EFT)

EFT Lagrangian beyond the SM expanded in operator dimension D

EFT —

Subleading
to D=6 when A >> v
and generic Wilson
coefficient

Lepton number violating,
hence too small fo probe at LHC

wWarsaw Grzadkowski et al. 1008.4884
Alonso et al 1312.2014

For D=6 Lagrangian several

Basis
complete non-redundant set of operators
(so-called basis) SILH Giudice et al _hep-ph/0703164
proposed in the literature bacie Confino ef al 1303.3876
Primary/Higgs Gupta et al 1405.0181
basis LHCHXSWG-INT-2015-001
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http://arxiv.org/abs/1303.3876
http://arxiv.org/abs/1303.3876
http://arxiv.org/abs/hep-ph/0703164
http://arxiv.org/abs/hep-ph/0703164
http://arxiv.org/abs/arXiv:1303.3876
http://arxiv.org/abs/arXiv:1303.3876

In HB, Higgs couplings to gauge Peven: oc,
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,

97 ~ v 5 Sl e -
D=6 EFT with linearly realized tww o Wi, Wi + Eww 5 Wi, W, + cungr, (W, 0, W, + h.c.)
SU(3)xSU(2)xU(1) enforces
relations between Higgs

. 2
couplings o gauge bosons +¢:0912u0 Zyv + ¢409LYY ZuOy Ay
2 2 2
o e — = e -~ - e L - = -~
(otherwise, 5 more parameters) +ng% GoGa + Ery o A + 82, 29 Zow Ay + e ch 27

2

gg a a € A A €gL A g%
+Cgg ZGqunu + Cyy g v iiey + Czy EZIW pr + Czz QZ#VZ#V

Co

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

1
. 92 [g%CZD T 912/sz - 6233677 - (g% — gzy)sgcz.-y] ]

Assuming flavor blind Yukawa
corrections, LHC Higgs physics
parametrized by 9 CP even and
6 CP odd parameters

Peven: 0wy, 0v4
CP odd : Du  Dd
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