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Couplings Overview
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... and nothing else
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Effective Lagrangian approach

BSM at high scale A M
would modify Higgs properties > Mw
Integrate heavy dof, 1

obtain d=6 ops. C ") 06

formed with SM fields

/\ High-enery scale suppresses effects

C Wilson coefficient

Describe quasi-SM Higgs
i.e. SM field
with (slightly) modified couplings

E. Masso, Scalars 2013, Warsaw

Monday, September 16, 13



Some aspects
of the
Higgs Effective Lagrangian

Eduard Masso
Universitat Autonoma Barcelona

In collaboration with
Joan Elias-Miro, Jose Ramon Espinosa
and Alex Pomarol

hep-ph 1302.5661 and 1308.1879
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Outline

Basis of operators
Constraints on Wilson coeffs.

Renormalization

Conclusions

E. Masso, Scalars 2013, Warsaw

Monday, September 16, 13



Operator basis

How many independent d=6 operators ?

(after using EOM, partial int., identities
to eliminate redundancies)

Buchmuller & Wyler 86
Grzadkowski, Iskrzynski, Misiak, Rosiek 10
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Operator basis

How many independent d=6 operators ?

(after using EOM, partial int., identities
to eliminate redundancies)

Buchmuller & Wyler 86
Grzadkowski, Iskrzynski, Misiak, Rosiek 10

59 (one family)

59 ways to modify the SM !
(many more for 3 families)

E. Masso, Scalars 2013, Warsaw
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Bosonic

O = 3(|HP)
Or =1 (H'D,H)
Os = A|H|®

e -

Ow = % (H'o"DH) D'W,

Oow = —3(DFWE,)?
Oyp = —%(6“8,,,,)2
Oyc = —%(D“Gﬁu)z

e -

OHW = z'g(D"H)Ta“(D”H)W““V

e -

Ops = ¢2|H|*B,, B*

__Occ = gj|H|*G,,G* |

OHB = z'g’(D“H)T(D”H)BW

i S . ——

el | b
Osw = Lgea WW2 Weo

e Av B AC
Osc = 39sfaBcG,"G,,G~**

E. Masso, Scalars 2013, Warsaw
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Fermionic

(one family)
. Ow=yHPQHur Oy, = v HI'Q1 Hdy O, = ylHPL Her

o,, - (mn H)(@ry"uz) = GH'D,H)(dry'dg) | Of= (1H'D-I-1)-(-e,-n_“;:,;)- N
o= (‘H'DuH)(QL’Y“QL) o= ('H'D:H)(LL'Y"LL)
| OP = (iH'oDH) Qo) | 0! = (iH'0*D,H)(Lyy*o"Ly)

Oir = (Qur"Qu)(arr*ur) Ofn = (QuQu)drydr) |  Opp=(Liv*Li)@rr'en)
ON" = (QuyTAQu) @y T ur) | O = (Qur*T*QL)(dry*Tdp)
ORR = (Zmy"ur)(Zry"ur) O%p = (dry*dr)(dry"dp) O%r = (Erv"er)(Err*er)

0}, = (Quy' QL) Q" QL)
02“2" = (Qur"T*QL) Q1" T*Qv)

O}, = (Lyy*Ly)(Ley*Ly)

= (Quy*Qu)(Ly*Ly)
0(3)9‘ (Quy*0°QL)(Liy*o"Ly)
OLR = (Qu1*QL)(Err“er)
m = (Lyy*Li)(Gry*ur) Offr = (Lir* L) (dry*dr)
= (@ry"ur)(dpy*dg)
o“"““' (amﬂTﬂuR)(J,er"dR)
Ofr = (Bxy"ur)(Exrer) Ofir = (dry*dr)(Err"er)
Ot = ylya(iH '5“” )(@r“dr)

ov-.w o yuyd(o’l:uﬂ)‘rs(oidﬂ)

Ove = Yuya( QT ur)e-,(Q1 T dr)

Opy. = UMUC(QZ“R)CN(I:;.CR)

Oy = Yu¥e(Q7 er)ers(Liu)
Oy.ys = VeVi(Lrer)(drQL)

Obs = yuQLo" ur H 9B Ofp = yaQro**dp Hg'B,, O%p = Y Lio*en Hg B,
Obw = yuQro* upo®HgWy, Obpw = ¥aQro*dro* HgWy;, Obw = yeLro* e HgW,,
O} = ¥uQro* TAug Hg, G4, O = vaQro**TAdr Hg,G2,

E. Masso, Scalars 2013, Warsaw
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66 ” a6 ”
Tl'ee VS Loop Einhorn Wudka 95

Giudice Grojean

. Pomarol Rattazzi 07
In weakly coupled theories

High-energy origin of effective opers.

Otree O oop

" Current x Current P ;

E. Masso, Scalars 2013, Warsaw 10
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“Tree” vs “Loop”

In general, we keep this separation:
- ops Current x Current (call them Tree)
- other ops (call them Loop)

W Well-defined classification

3 Proves convenient for many purposes

W Expected with different sizes in many
favorite theories (SUSY, 2H model, etc)

E. Masso, Scalars 2013, Warsaw
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Blue or Red

”-y.m Qi "'0,',— y.“m’of Hdy | O+ 'ml’L,’ncu B
= ({H' D, H) {8y ux) = (iH'D, H)(J/n“dn] = ('H D, H)(tu‘\"eu]

b 01 = (iH'DH)Qur'Qu) O} = (H'DH)(EvLi)  §
o" * = (iH'0" D, H)(Qur"o*Qu) O™ = (il'o* D, H)(Lvo°L,) B
| = (Qur"Qu)(8ar"ug) Ofp = (Qur'Qu)(dmry*dr) Ojn = (L Li)(Emr'er) 4

-.. (Q:‘v"T"QJ)(un‘r“T Aug) 0:,;‘ = (Qey"TAQL)(dwy* T dr)

Onu = (Guy™ug)(Gar"ug) O = (dury"dy)(diy"dy) Ofen = (Exr"er)(Exr"en)
- 011 w (QuyQe)(Quy'QuL) Obr, = (Ley* Le) (Lo Ly)
(on"r*of)(o,v»r*ol)
v . = (Quy*Qu)(Lir*Ly)

ll" = (Quy*o* Q) Loy e*Ly)

Ofe = (Quy" QL) (Exr"ex)

0'“; = (L L) (87 ug) Offa = (Lo Li)(dry*dr)
P O = (Gry*ug)(duydy)
E O™ = (e T un) (" T dg)
b O = (8" un)Enr'en) | Ofin = (dry*dr)(Exr"ex)
d 0:’«‘ vuw('H'Dﬂ)(um"dn)
¥ ohw = 9.&!((01“1&]('.(0;4}«]
' . \u Vuyd(ozTA“R](n(QzT‘dK)
- Oy = weelQiun)en(Lieg)

v-y.(Q: cn)c..(l. uj)

“> 2
Or =1 (H'D,H)
O = A|H|°
- (Hf 0157'11) D*We,

Opw = zg(DuH)fa (D*H)W
' = ig’(D“H)*(D"H)B,“,

Opw = y,Ll o™ epgoHgWs

o“m —y.Qla“’uRO“Hg“” 07)‘0 y..Q,a““d,,-a"Hg“.‘,’,, -

§ O =y.Quo"T un Hy.Gl | Obe=yQuo™ T duHe Gl |
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E. Masso, Scalars 2013, Warsaw

Blue and Red

Not an operator
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Choosing a basis Basis is not unique

Physics is independent of basis,
but there may be some more convenient than others
(In general it depends of the objective)

Cleanest connection observable-operator

Keep tree-loop separated

Avoid (or at least control) blind directions
i.e. directions not bounded by a set of exps.

Capture in few opers impact of some BSM models,
(SUSY, 2H, ...)

X X X X

Show some BSM symmetries

E. Masso, Scalars 2013, Warsaw
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Modifications to Higgs couplings
L= gnfrh(fLfr+h.c.) + gpyvhVHV,
+anz s, L hZuf I L+ 9z nfe P ZufRY IR
+9nw g g PWuF Lo f7, + gnnnh
+gonww (W AW 1,0V h4-h.c.)+gonz 2 ZH 20" h
+31,7 70 ZH Zpy+ g aah AP Apv+gonaz ZH A 0¥ h
+9hazh AP Zyw + ghaahGAM Gy,

@ CP-even modifications

@ Departures from SM are generated
by Wilson coeff. of d=6 opers.

E. Masso, Scalars 2013, Warsaw
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18 Relevant Higgs operators

Bosonic

E. Masso, Scalars 2013, Warsaw

= ig(D*H) "6 (DY H)W?

1/ & 2
—(HTDMH)
2

1
S (M H[%)?
A H]®

<
% (HTJGDMH) D'WE,

Zg (HTDMH) 8" By

|H|2GA GA/M/
/2|H|2BMVB'UJ/

ig'(D*H) (DVH) B,

- Adopt SILH basis
Giudice et al 07

- One family
- Only CP-even ops.

Monday, September 16, 13



18 Relevant Higgs operators

Fermionic Oye = yu|H|?QrHup

Oyy = yd|H’2QLHdR

Oy = ye|H|2ELH€R
<

O} = (iH'DyH)(igy ug)
<> —

0% = (H'DyH)(dpy"dg)
<

0% = (iH'D,H)(egy'eR)
< —

01 = (H'D,H)(Qr QL)

01 = (iHle"DuH) (G o"Qr)

3l _ 7 -
022 = (LpyHo®Lp)(LpyHo®Ly)

- Can assume 3 families, impose MFV
B InPUt GF7 , MZ) Mh? Mf

E. Masso, Scalars 2013, Warsaw
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Constraints from pre-Higgs era:
8 + 2

E. Masso, Scalars 2013, Warsaw
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Constraints from pre-Higgs era:
8 + 2

/ \
Z-peak M W

EW low energy meas. LEP2 Triple-gauge-boson vertex

(LHC will do better than LEP2)

E. Masso, Scalars 2013, Warsaw 17
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Constraints from pre-Higgs era:
8 + 2

/ \
Z-peak M W

EW low energy meas. LEP2 Triple-gauge-boson vertex

(LHC will do better than LEP2)

@ No dominance of tree ops assumed

@ Limits for A = My,

E. Masso, Scalars 2013, Warsaw 17
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Constraints from pre-Higgs era: 8 + 2

1 < 2
Or = (HDuH)

Oyu — yU‘HIQQLﬁuR
On = =("|HP)? -
7 = 5Ol Oy, = yalH|"QrHdR
O = >\|H|6 Oye — yelH‘QI_/LHGR
) > 5 ) T<—> 3 B
OW p— E (HTO.GDMH> DVW/C}V OR — (ZH D(_;MH)(fLiny UR)
@?g/ > Oﬁlg - (ZHTDMH) (dR’Y'udR)
<
Op = 3<HTD/‘H> 0" Buy 0% = (iHTDMH)(éRWMfiR)
H —
0} = GH'DuH)(Qr""Qr)

= gZ|H|?G, G

Opp = ¢°|H|?BuB"

Onw = ig(D'H)a" (D)W, ol _ ([, yuoer, )(LitotLy)
ig'(DFH)Y(DYH) By

Q
Q
Q

|

0P = (iH"DH) Q110 Qy)

E. Masso, Scalars 2013, Warsaw 18
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Constraints from pre-Higgs era: 8 + 2

1 < 2
Or = (HDuH)

Oy, = yulH[?QrHup
Oy = l(au|H|2)2 5 =
2 Oy, = walH|*QrHdpR
O = MH° Oy = yelH|°’LHeg
' < u — it =AM
Ow = %(HW@MH) DWW, Op = GH D(_)MH)(’%R’Y uR)
TR 0% = (iHTDHMHdeNdR)
— 2112 A ~Apv O% — (ZHTD,MH) (QrY"Qr)
Occ = g5|H] G/U/G (3) q s =
Opp = ¢°|H|?Bu,B" 07" = (H'"0"DH)(Qry"o"QL)

Oww  «Cpm—=——tg P U, 08! = (Lpy#o®Ly)(Lpy#oLy)

Opp = ig (D*H)T(DVH)B

Oww = 4(Ow —Op) —4(Ogw —Onp) +O0BB

E. Masso, Scalars 2013, Warsaw 18
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Constraints from pre-Higgs era: 8 + 2

1 < 2
Or = (HDuH)

Oy, = yulH[?QrHup
Oy = l(au|H|2)2 5 =
R Oy, = yalH|[*QrHdp
O = MH° Oy = yelH|°’LHeg
' A u oD 7oy
Ow = %(HW@MH) DWW, Op = GH D(_)MH)(’%R’Y uR)
TR 0% = (iHTDHMHdeNdR)
— 2112 A ~Apv O% — (ZHTD,MH) (QrY"Qr)
Occ = g5|H] G/U/G (3) q s =
Opp = ¢°|H|?Bu,B" 07" = (H'"0"DH)(Qry"o"QL)

Oww  «Cpm—=——tg P U, 08! = (Lpy#o®Ly)(Lpy#oLy)

Opp = ig (D*H)T(DVH)B

E. Masso, Scalars 2013, Warsaw 18
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Constraints from pre-Higgs era: 8 + 2

1 2\2 " Oyu — yu‘H‘QQLﬁUR
— (M ~

OH 2(8 ‘H| ) Oyd — yd|H|2QLHdR

O = MH|° Oy = ye|H|°LHep

H'D,H)(a RV ’

_ T vyxsa
= - <H H) DYW,
— Zg/ /}ﬂguhr\ 3”3 -
2 \ ) F
Oce = ¢2|H|?G4,GAM
& ,2' e o QL)
Opp = |H|“ By, B* e,
a

Oww (—Qﬁvv—z—ﬁ@%iu&%ﬂy

Opp = ig (D*H)(DYH)By.

8 at 10/-3

E. Masso, Scalars 2013, Warsaw 18
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Constraints from pre-Higgs era: 8 + 2

] o Oy, = vulH|?°QrHup

— (M —
OH 2(8 ‘H|) Oyd — yd|H|2QLHdR
O = MHI® Oy, = ye|H|?’LyHep

GH' D H) (i gy oy

Oge = g2|H[*Gp, G
12 2 1% 0(3)q % 7 QL)
Opp = g |H|*BuwB
Oww  «Crmr—=—igtBH AP,

i, = g/ (D'H) (D" H) By

8 at 107-3
2 at |0A-2

E. Masso, Scalars 2013, Warsaw 18
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8 “only-Higgs-Physics” operators

1, ' @, — H|?°Qr Hu
Oy = —(8“|H|2)2 Yu Yul ‘QC;QL R
2 5 Oyd = yq|H|"QrHdR
Os = AH| Oy, = ’ye|H|2[_4LH€R

Oca = g2|H|?G4, G
Opp = g¢"°|H|?Bu,B"
Oww = g°|H|?W g, Warv

E. Masso, Scalars 2013, Warsaw
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8 “only-Higgs-Physics” operators

VBF @%@ﬂm?) f
h3 Ts = AA

hy~y, hy Z \Qww = g?[HPWg, W

E. Masso, Scalars 2013, Warsaw 19
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8 “only-Higgs-Physics” operators

V BF @%W,H@) *
h3 s = A

hy~y, hyZ \Qww = g?|H|PW g, Wk

@ Operators have form |H|?O4 — (v+ h)2 04

@ Of these 8 ops: 5 tree + 3 loop
@ 8 are CP-even ops. There are 3 more CP-odd

E. Masso, Scalars 2013, Warsaw 19
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8 “only-Higgs-Physics” coefficients

@ LHC measurements already put strict bounds

on some of the coeffs of operators ,
Pomarol and Riva

LG G h/)/’y h’yZ 1308.2802

@ The Higgs LHC measurements do not lead to further
constraints on non-Higgs physics.

E. Masso, Scalars 2013, Warsaw 20
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Renormalization

E. Masso, Scalars 2013, Warsaw
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Anomalous dimensions
of Wi ilson coefficients

c;i(N\)

l
c;(Mpr)

Ac; Slog A/ My

~ Vij 162 167T

@ Corrections will be important when more precise Higgs
data will be available

E. Masso, Scalars 2013, Warsaw
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We have calculated the part that can

have larger impact on Higgs physics. Elias-Miro et al
1308.1879

Example: Ac¢; = ¢;(M;) — ¢;(2 TeV)

AT = Acré =[—0.003cy + 0.16 (cz — cg)] €,
2

_ M
AS = Ales +ow)— = [0.001 ¢ — 0.01 cp — 0.004 ¢ — 0.03 cﬁ”} ¢

Sg Aleg + ¢ (3)
AL — L ~ Alcr +
gbZL 1 —(2/3)sin” ng lor +eple

= 0.01cr =003z +0.06¢f” — 0.17 ez, — 0.0064c) +0.08 e €,

f N .

Very N
constrained Could be
large (top)
E. Masso, Scalars 2013, Warsaw 23
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Tree -> loop mixing

’floop(/\) Assume weakly coupled theories
/{loop < Ctree

\4
“loop(MH)

ARjoop ~ % l0g A/ Mpy

@ Mixing from tree operator can be important

E. Masso, Scalars 2013, Warsaw 24
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h =y, v4

These decays described by loop ops.

Question:
Are there RGE contributions from tree ops. !

E. Masso, Scalars 2013, Warsaw

25
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h =y, v4

These decays described by loop ops.

Question:
Are there RGE contributions from tree ops. !

Answer: NO

Easy problem to solve if one chooses a convenient basis
and takes into account all elements of basis.

% Answer independent of basis

E. Masso, Scalars 2013, Warsaw

25
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- o Opp = ¢'°|H|?Bu,B*
Oy = % (HTO'G’DMH> DVW;CLLV BB 9 ‘ | 224
L Owp = g9 (HTo"H)W}, B
Op =% (HT D“H) 6” By
Oww = g°|H|*W g, W

Elias-Miro et al
/ KRBB \ ( RBB \
1302.5661
d - _ 3Ix2 -
d1og 1 WB 05x3 X WB
C\W/ Cw

\ <5 ) \ 5 )

E. Masso, Scalars 2013, Warsaw 26
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“Tree -> Loop” mixing
In general

® 59 =39 (tree) + 20 (loop)

Almost all tree->loop anomalous dimensions vanish,
except for a few

E. Masso, Scalars 2013, Warsaw
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“Tree -> Loop” mixing
In general

® 59 =39 (tree) + 20 (loop)

Almost all tree->loop anomalous dimensions vanish,
except for a few

Scalar leptoquarks and heavy double charged higgs
in BSM models lead to effective 4-fermion interactions
which mix under RGEs with fermion dipoles

see, for example,
Akeroyd et al 0610344
Benbrik et al 1009.3886

E. Masso, Scalars 2013, Warsaw
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Conclusions
@ d=6 operators used to analyze Higgs and EWV data

@ Convenient to separate tree and loop operators
@ Found hierarchy of constraints on Wilson coeffs

@ 8Wilson coeffs describe Higgs physics at LHC

@ Relevant anomalous dimensions calculated

E. Masso, Scalars 2013, Warsaw

28
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Additional

g/2 1 1
CBOB < CBg>l2< —§OT+§ Ef (YZ{O£+YI§O{%> ,

2

g 3 1 1 (3) f
CWgW < C[/Vg—3 _§OH+206+§(O?JU+Oyd+0ye)+1 Ef OL

1 1
Op = Opp + ZOBB + ZOWB 7

1 1

E. Masso, Scalars 2013, Warsaw
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