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Outline

@ Standard Model Effective Field Theory

© 2HDM Effective Field Theory: the dim-six basis
© Operator counting: Hilbert series

@ 2HDM-EFT: physical basis

© Phenomenology

© Summary
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Standard Model Effective Field Theory

In searches for new physics we can distinguish among:
@ Direct searches

Searches for new resonances.

@ Top-down approach: BSM models (model-dependent)

Unknowns: model parameters.

@ Bottom-up approach: EFT (" model-independent”)

Unknowns: Wilson coefficients

Assumptions:

@ The dynamical degrees of freedom at the EW scale are those of the SM
New Physics appears at some high scale A >> v (decoupling)

°
@ Absence of mixing of new heavy scalars with the SM Higgs doublet
°

SU(2). x U(1)y is linearly realized at high energies
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SMEFT

Effective Field Theories

Local operators parametrize the effects of the exchange of new heavy particles:

- — G, G H'H

Integrate out the heavy fields and obtain the effective operator.

SM example: the limit of infinite top mass

2
8s a apv h
ALy = 5562 g#v 2
Lean 48712 MY v

The coefficient is determined by matching the full theory with the effective theory.
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Effective Field Theories

Fermi Theory
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SMEFT Lagrangian

Higgs doublet - EW symmetry is linearly realized

Luerr = Lsm + Z Z Anc,;4 or=" J

n>4

. 1 o5, 1 p6, 1 pe7 1 .ps
ﬁHEFT—ﬁsm+A£ -I—AQE +/\3£ +/\4£ + ... J
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SMEFT Lagrangian

Higgs doublet - EW symmetry is linearly realized

Luerr = Lsm + Z Z Anc,;4 or="

n>4

. 1 o5, 1 p6, 1 pe7 1 .ps
ﬁHEFT—ﬁsm+A£ -I—AQE +/\3£ +/\4£ + ...

@ £P=% and £P=7: lepton number violating
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SMEFT Lagrangian

Higgs doublet - EW symmetry is linearly realized

Luerr = Lsm + Z Z /\i“ or" J

n>4

1 _ 1 —
Luerr = Lsy + ﬁ£D76 + ﬁﬁDis T ooa J

@ £P=% and £P=7: lepton number violating

@ £P=% and higher: parametrically subleading
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SMEFT Lagrangian

Higgs doublet - EW symmetry is linearly realized

Luerr = Lsm + Z Z /\nci4 or="

n>4 |

1 _
Luerr = Lsm + pEDJ

@ £P=% and £P=7: lepton number violating
@ £P=% and higher: parametrically subleading

@ £P=%: leading effect

[»CHEFT =Lsu + %CD:sJ

C. N. Leung, S. T. Love and S. Rao, Z. Phys. C 31 (1986) 433
Buchmiiller and Wyler, NPB 268 (1986) 621

Grzadkowski, Iskrzynski, Misiak and Rosiek, JHEP 1010 (2010) 085
Contino, MG, Grojean, Miihlleitner and Spira, JHEP 1307 (2013) 035
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SMEFT

GIMR/Warsaw basis

X % and ¢'D? P2® (LL)(LL) (RR)(RR) (LL)(RR)
Qa | fAPOGIGEHGS || Q, (¢te)? Qe (¢'0)(lery) Qu (o) (1) Qe (Epuer)(Een) Que (L) (Erer)
Qs | GGG | Qo | (PloOle'e) | Qu (') (@urd) Q| @ma)@n Qu () @aru) | Qu | (Ul @)
Quw | R WIWIWE Qup | (¢1D%0)" (#'Due) | Que | (10)(Gpdep) Qi | (@) as Qui ud)(datd) | Qu | () (o)

Qi | MWW i Q| Gaul)@" e | Qo @Emed)@orn) | Qu | @) @yte)

Q| )@ T a) | Qua (Epuer) (diy*dy) Qi | (@ue) @y u)

X (',a"D .

,',WY i 0 5. i) QW () (dtdy) (@ Ta) @7 T )
Qea Qav | (o en)r! oW, Qi | (110Nl QY @T )@ ) | QW | @) @)
Qua Qi | Gove)eBa | QY | (p1iBLo)0rym,)

4—» Q) | (@Ta,)(dA"TAd,)
Qur | AW | Quo | @ TGl | Qu | (iDL )@t

- (LR)(RL) and (LR)(LR) B-violating

Qi | AP TLV | Qur | @B | Q| Do) Q| Geddd) | Qua <oy [(d)TCud] ﬁw:f\’cf,‘]

Qe @'o B B" Que | (o™ u)Z By Q% | (¢! /D, )@ 7"ar) QWL @uea(ddy) Quae ey (g2 Ca] [(u1)TCer

Q.5 oo BB Qe | @™ TAd)pGL, | Qe | (21D, o) @mu,) QW | @ T u)zp(@TA) | QU o ju;;f)'c«,"][q, e
Quwe | AT WLBY | Quw | (g0 d) T oW, || Qua (i B, o) (dd,) Q. (Ber)eeldiu) Qi = (7 1e) (7)o [(027)TC] [(q7m)TCly]
Qs | AToWLBY | Qv | (40"d)¢Bu | Qua| i@ Dug)anrd,) QO | Bowen)endoru) | Qum e [(d3)TCu?) ()7 Ce]

@ 15 bosonic operators @ 25 four-fermion operators
(assuming barionic number

@ 19 single-fermionic-current >
conservation)

operators

15+19+425=59 independent operators (for 1 fermion generation) J

Grzadkowski, Iskrzynski, Misiak, Rosiek, JHEP 1010 (2010) 085
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SMEFT - From 1 to 3 fermion generations
@ Add flavour indices to all operators

@ From 59 to 2499 operators!

@ Assume some flavour structure to avoid severe constraints from FCNC

Class Nop C'P-even CP-odd
ng 13 ng 13
1 4 2 2 2 2 2 2
2 1 1 11 0 0 0
3 2 2 2 2 0 0 0
4 8 4 4 4 4 4 4
5 3 3n 327 3n 327
6 8 8n; 8 72 8n; 8 72
7 8 Ing(9ng +7) 8 51 Ing(9ng —7) 1 30
8 :(LL)(LL) 5 Lna(Tng +13) 5 171 Ing(ng —1)(ng +1) 0 126
8 : (RR)(RR) 7 ing(21nf + 2n] + 31n, + 2) 7255 ing(2lng +2)(ng —1)(ng+1) 0 195
8 : (LL)(RR) 8 dni(n +1) 8 360 4nZ(ng —1)(ng + 1) 0 288
8 : (LR)(RL) 1 ny 1 81 ny 1 81
8 : (LR)(LR) 4 4nj 4 324 ang 4 324
8 : All 25 1ng(10703 + 202 +89n, +2) 25 1191 Lny(107nd +2n2 —6Tn, —2) 5 1014
Total 59 | 2(107ng + 2nj + 213n3 + 30n, + 72) 53 1350 |1 (107ng + 2nj + 57n; — 30n, + 48) 23 1149

1=F 2=t 3=H'D? 4=FH* s5=¢’H 6=v?FH 7=H*D
Alonso, Jenkins, Manohar and Trott, JHEP 1404 (2014) 159
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The EFT of the 2HDM

Suppose that a new particle is discovered around the EW scale.

We still do not know the UV complete theory, and we would like to extend the EFT
approach to include the new field.

Is it a viable option? 2 possibilities:
@ there is a gap between the new d.o.f. and the other NP resonances — YES

@ the new d.o.f. is heavy and we suppose that it is at the same scale of the rest of
the NP particles — NO
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2HDM-EFT Basis

The EFT of the 2HDM

Suppose that a new particle is discovered around the EW scale.

We still do not know the UV complete theory, and we would like to extend the EFT
approach to include the new field.

Is it a viable option? 2 possibilities:
@ there is a gap between the new d.o.f. and the other NP resonances — YES

@ the new d.o.f. is heavy and we suppose that it is at the same scale of the rest of
the NP particles — NO

In the following:
@ We suppose the existence of a second Higgs doublet, not so far from the EW
scale, and of a gap w.r.t. the other NP resonances;

@ we parametrize our ignorance of the UV-complete theory building an EFT with the
dynamical degrees of freedom of the 2HDM.

Margherita Ghezzi EFTs with Two Higgs Doublets
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The Two Higgs Doublet Model

- - Motivations:

e MSSM

@ Axion models
Same scalar sector:

2 Higgs doublets @ Models explaining
baryon asymmetry

/ \ \ Vector boson and fermion

content of the 2HDM:
the same as the SM.

¢* A
h, H
(charged) (CP-odd)
(CP-even)
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The Two Higgs Doublet Model

(4) _ A ~A 1 I 1
Loppy = *ZGWG “V*ZWMVW“"*ZBWB‘“’
+  (Duer)" (DH¢1) + (Dugp2)t (DHp2)

- V(p1,02)+i(IDI+GPqg+ aPu+dPd) + Ly,

2 (eln)" + 2 (ele2)’
+A3 501<p1 wlm + X\ 50%2 Pop1 + — {(901502) + (s02<p1) }

+ A6 (@J{Wl) (@I@z) + A7 (90;@2) <<PI<P2)

At
V(e p2) = miyoler+ md,y ples — mi, (@I@z + 902@1) +

m2,, m2,, A1,2,3,4 real

m12, As,6,7 complex
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The Two Higgs Doublet Model

FCNC can be avoided imposing an appropriate Z> symmetry:

Zs: b1 — —¢1 or $2 = —¢2
We keep the my-term, that softly breaks the symmetry.
A1 2 X 2
V(er,2) = milor+ md, plen — mi, (@I@z +s«>§<m) + ( Iw) +5 (90&02)

2 \¥
Az ol o1 ohe2 + Ml phor + 2 {(solsoz) + ( ) }

m?,, m2,, A1,2,3,4 real

2
mi, complex
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Rotation to the physical basis (2HDM)

Lagrangian for the mass terms of the CP-odd (7,), CP-even (p,) and charged (¢1) Higgses:

@ _ (m T o m o7\ o (¢+) }(Pl)T2(P1>
by = 2(nz)m”(nz)+<¢;‘)m¢i ¢§r Talm ) ™\

with
e
m% = (V1V2/\5 - m%2) 1V1 v
V2
%
) )\1V12+m%2‘72 ViVvo ()\3+)\4+)\5)7m%2
m, = 1 Vv
’ ViV ()\3+)\4+)\5)—m%2 )\2v22+m§2\/—:
%
5 Vivo 5 77? 1
myL = [ 5 (/\4+/\5)7m12] 1 v
v2
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2HDM-EFT Basis

Rotation to the physical basis (2HDM)
Lagrangian for the mass terms of the CP-odd (7,), CP-even (p,) and charged (¢1) Higgses:

@ _ 1(m\ ofn o \' oF 1 ;m \ of p
o= s(m ) ) () me () eg(n ) m(

2\ M

Rotation to the physical basis:
eigenvalues | physical states | Goldstone bosons | rotation angle
mii 0; m3 H* (charged) G* B = arctan %
my 0; m; A (CP-odd) Go B = arctan 2
my m2; my h, H (CP-even) - «

KIT-NEP, 9.10.2019 12 /33
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2HDM-EFT

Assumptions for the effective theory of the 2HDM:

1 1 1
Canom = Lo + 5 3 6007 + 15 3 6000+ 0( 55
k k

@ lIts gauge group contains the SM gauge group SU(3)c x SU(2). x U(1)y as a
subgroup.

@ It contains two Higgs doublets as dynamical degrees of freedom, either as
fundamental or composite fields.

@ At low energies it reproduces the 2HDM, barring the existence of weakly coupled
light particles, like axions or sterile neutrinos.

Margherita Ghezzi EFTs with Two Higgs Doublets KIT-NEP, 9.10.2019 13 /33



2HDM-EFT

Assumptions for the effective theory of the 2HDM:

1 1 6) (6 L
Canom = Lo + 5 3 6007 + 15 3 6000 +0( 55
k

k

@ lIts gauge group contains the SM gauge group SU(3)c x SU(2). x U(1)y as a
subgroup.

@ It contains two Higgs doublets as dynamical degrees of freedom, either as
fundamental or composite fields.

@ At low energies it reproduces the 2HDM, barring the existence of weakly coupled
light particles, like axions or sterile neutrinos.

Dim-5 the generalization of the Weinberg operator:
QL =(Blk)TC(Eh), @ =(8hhk)"C(hh)

Crivellin, MG, Procura, JHEP 1609 (2016) 160
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2HDM-EFT operators

0111 (’lr

0112 (’lr
@ Higgs doublets only

Q122 (@I

= (¢}

Q1221)1

@ They modify the Higgs

potential

(
0&1221)2 —
Q(1212)1 —

=(

QU (1212)2

Crivellin, MG, Procura, JHEP 1609 (2016) 160
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2HDM-EFT operators

@*D?
i @D
QY = (el enDtelen) | QUNY = [(Duer)Ter] [f (D#en)] QEE'® = [(Duer)tea] [o] (D#¢2)] + hc.
QZD(Z) = (¢} ¢2)0(¢] 02) 0(2)22(2) = [(D;HPQ)HDZ} {so (D* o } Q<1 )12(2) Duwl)Tm] [<P2 D"wz)] + h.c.
01(2) (e 1) 0l @2) ij}fz(” [(D 1)“02} [so (DH 1 } 12(12) [so <pz] [ Dy oy)t D"eoz)]+h£»
QSEI(Z) [(D;Mz)T%} [s@ (DH ) } 12(21 = [901 wz] [ Dyt D“m)] + h.c.

@ Four Higgs doublets and two derivatives

@ They modify the kinetic terms of the Higgs fields, the Higgs-gauge boson

interactions and the W and Z masses

Crivellin, MG, Procura, JHEP 1609 (2016) 160

Margherita Ghezzi EFTs with Two Higgs Doublets
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2HDM-EFT operators

22 X2
GG, WW, BB WB
ch = (4P1<P1 )X XHY wWB = (‘PIT ‘pl)WxiVBlw
ch = (h2) X X ¢WB = (ol7 Le2) W, B
Q;l)'( = (4P1<P1 ) K X1 Q;IWB (90 T ‘pl)W/iuB‘W
2 = (<P§<P2))~<MXW QZ;2WB (‘PzT 902)W;IWBW

X =GA W!orB

@ Operators with two Higgs doublets and two field strength tensors

@ They modify the Higgs-gauge boson interactions

Margherita Ghezzi

EFTs with Two Higgs Doublets

Crivellin, MG, Procura, JHEP 1609 (2016) 160

KIT-NEP, 9.10.2019
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2HDM-EFT operators

V242D

1)

®3)

QL,g = i(BLiDyupr) (@ dr)
Q2,4 = i(BLiDyua)(Tpy*dr)
5t = (@liDuer) ()

12 5 T
Qo™ = (paiDpup2)(Ipy*Ir)
1 i 5 ~ M
pe = (¢1iDpp1) (8" er)
@2 = (pliDuw2) (& er)

(1)1 1.2 _

Qpg = (¢1iDpe1)(Gpr*ar)
(1)2 .2 _

Qpq” = (021D up2)(Gp* ar)

Q&Ju (‘Pl’Du‘Pl)(“pV”Ur)

Q2= (1D upa) @y ur)

o}iD 1) (dortdy)
$iD ) (dpytdr)

SN
|

wd_(
(¢

wd_

QU = (o] iD] D)) (p7'271)

QEP = (&hiD] e2)(lpr'*1r)

QY = (@IID’ ©1)(@ 77" ar)

QU2 = (41iD)02) (@' ar)

Margherita Ghezzi

EFTs with Two Higgs Doublets

@ Operators
containing two
fermions, two
Higgs doublets
and a covariant
derivative

@ They contribute
to the fermion-Z
and fermion-W
couplings after
EWSB

Crivellin, MG, Procura,
JHEP 1609 (2016) 160

KIT-NEP, 9.10.2019 17 / 33



2HDM-EFT operators

W2pX
G w B
Qi = (@0t TAdr )1 G Qlyy = (Gpov dr)r! 1 W;’w Qs = (ot dr) 1By
Qsc (C_I ohv TAdr) st = (Elpauydr)TI‘PZ W;Iw ng = (Elpauydr)<ﬁ23;w
Qll,c = (‘7pUW TA'-’r) wa = (EIPU“VUr)TI‘ﬁl W;Iw Qig = (EIPU“VUr)SBlBMV
lelG = (gpot¥ TAy P2 GWJ QﬁW = (E]pa‘“’u,)r’cﬁg W;’w QSB = (Gpo"¥ ur)P 2B
QY = (hote )T 1 Wl | Qg = (o er)p1 By
Q2 = (hotve)rleaWh, | Q% = (hot" e)p2Bu

ot = i[y*,v¥]/2
@ Operators containing two fermion fields, one Higgs doublet and a field strength tensor

@ They give rise to dipole interactions after EWSB

Crivellin, MG, Procura, JHEP 1609 (2016) 160

Margherita Ghezzi EFTs with Two Higgs Doublets KIT-NEP, 9.10.2019 18 / 33



2HDM-EFT operators

w2503
e d u
QU = (herpr) (@] 1) | QUL = (Godron)(¢lep1) | QI = (Gpurdh1) (1)
Q2 = (Toerp1)(¥}2) 0122 = (@pdrp1)(Ple2) | QL2 = (Gpurd1)(¢li2)
222 = (berp2)(#)2) Q222*(£Ipdr502)(602<ﬁ2) Q22 = (qpur$2)(php2)
QE}J = (herp2)(#le1) | Q2 = (@pdripa)(pl1) | Q2L = (GpurB2) (0] ip1)

@ Operators with two fermion fields and three Higgs doublets

@ They modify the relation between fermion masses and Higgs-fermion couplings

Crivellin, MG, Procura, JHEP 1609 (2016) 160

Margherita Ghezzi
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Operator counting: Hilbert series

Counting: how many operators?

Conformal Representation Theory
(Primaries, Descendants, Scaling Dimension, Verma Module
Characters)

Cartan Subalgebra
(Roots, Weights, Dynkin Indices)

Weyl Integration

Hilbert Series
v

H[¢]:H/ duPE [0, ]
j=179;

Characters (partition function of the operator basis)

Gauge Group
Characters

4 4

Haar Measures

e

@ Equations of Motion

(ideals in a commutative ring)

Plethystic Exponential

@ Integration by Parts

Hilbert Series

(total derivatives are the
descendants of the conformal

Anisha et al., JHEP 1909 (2019) 035
group)

Margherita Ghezzi EFTs with Two Higgs Doublets KIT-NEP, 9.10.2019
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Operator counting: Hilbert series

Counting: how many operators?

Conformal Group
@ Free theories are conformal
@ Mass terms and interactions are perturbations of the free theory

@ EFT is a perturbation around the free theory

Generating representations of the Conformal Group
@ Fundamental fields @,
@ and the infinite tower of derivatives (symmetrized, acting on ¢,
@ with EOM removed — e.g. D*¢, [Py, D, X"

@ and only primaries retained (remove descendant operators — IBP)

Margherita Ghezzi EFTs with Two Higgs Doublets KIT-NEP, 9.10.2019
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Operator counting: Hilbert series

Counting: how many operators?

Local operators are given by the tensor product of the generating representations of the
conformal group J

All possible tensor products are generated by the plethistic exponential:

PE [¢rXR (x1,...,%)] = exp Z %(il)"“qﬁ'f;x,‘q (x1,. .- 7x,):|
n=1

@ +1 accounts for bosons/fermions

@ xR are the characters of the generating representations R

Xoa = X¢a,50(d+2,C) Xpa,gauge

Margherita Ghezzi EFTs with Two Higgs Doublets KIT-NEP, 9.10.2019 22 /33



Operator counting: Hilbert series

Counting: how many operators?
Refs on Hilbert Series applied to EFT

Feng, Hanany and He, JHEP 0703 (2007) 090, arXiv:hep-th/0701063 gauge invariants

@ Hanany, Jenkins, Manohar and Torri, JHEP 1103 (2011) 096, arXiv:1010.3161 flavour
invariants

Lehman, Phys.Rev. D90 (2014) no.12, 12502, arXiv:1410.4193 dim-7

Henning, Lu, Melia and Murayama, Commun.Math.Phys. 347 (2016) no.2, 363-388,
arXiv:1507.07240

Lehman and Martin, JHEP 1602 (2016) 081, arXiv:1510.00372 dim-8

Wells and Zhang, JHEP 1601 (2016) 123, arXiv:1510.08462

Henning, Lu, Melia and Murayama, JHEP 1708 (2017) 016, arXiv:1512.03433 dim-8+
Henning, Lu, Melia and Murayama, JHEP 1710 (2017) 199, arXiv:1706.08520

Barzinji, Trott and Vasudevan, Phys.Rev. D98 (2018) no.11, 116005, arXiv:1806.06354

Anisha, Das Bakshi, Chakrabortty and Prakash, JHEP 1909 (2019) 035, arXiv:1905.11047
2HDM-EFT, MLRSM-EFT
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Operator counting: Hilbert series

Counting: how many operators?
SMEFT

H(D, {¢s}) = HD,Q, Q% L, LT, H,HY  u,ut, d,dT, e, ef, B, Br, Wi, Wk, G, Gg).

7557369962

100000000 = 175373592
00000000 75577475 g

Hermitian conjugates are
saratmo counted separately!

000000

d=6, nf=1:

He=84=76+8 (baryon
number violating)

No. of independent ops

Usual counting in the
Warsaw basis:

He=63=59+4

Mass dimension

Henning, Lu, Melia and Murayama, JHEP 1708 (2017) 016
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Counting of the 2HDM-EFT operators

(a) #® [6 + 7x2 = 20] (b) ¢?X? [32]

(c) ¥?¢?D [14 + 10x2 = 34]  (d) ¥* [20 + 5x2 = 30]4 [4x2 = 8] (BNV)
(e) ¢*D? [8 + 6x2 = 20] (f) 243 [24x2 = 48]

(8) ¥?oX [16x2 = 32] (h) X3 [4]

TOTAL: 220 (+ 8 BNV) operators!

Anisha, Das Bakshi, Chakrabortty and Prakash, JHEP 1909 (2019) 035
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Counting of ©*D? operators

o402

O @D

QID(U = (] 01)0(¢] 01) Q%n(l) = Q(l 5e) [(Duvl TW] [‘P1 (D*¢2) ] + h.c.

[(Duer) ] [ ] )
QZD(Z) = (pd 02)0(] 02) le)gzm) = [(Duwz)Wz} M (DH o )} C?(1 1@ [(Du%)fw] [‘Pz (DH¢2) ] + h.c.
A = (el enDelea) | QUFPY = [(Duw)twa] [e] (0 e1)] QLS = [e1te2] [(Duer)T (D 2)] + hec.
0%”2) = [(Dmog)“al} [WI (D“’q:z)} QLZDZI = [wl wz] [ o) (DF o) ] + h.c.
o Dup = (Du - :) @ and T (Du Dy )¢ =0, («JW)
8 (i) 0 (Wl (SOID;LW 3015;901

Hilbert Series:
12 ( +8 Z-violating) operators J

1609 (2016) 160

@ Karmakar and Rakshit, JHEP
1710 (2017) 048

@ Anisha, Das Bakshi,

+
T >
(‘Pz u‘PZ)
@ Crivellin, MG, Procura, JHEP

f i + N Chakrabortty and Prakash,
o @1@2) O (solwz + h.c. («pleaz) (4P1Du902) +h.c.  JHEP 1909 (2019) 035
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2HDM-EFT: kinetic terms

T

2ty aly AR AP,
(@) _ L[ Ourr t e NN Fon Oup1
i A2 Al a2 Ta%
2\ B ] eD ] @D dyp2
A2 2A2 A2 22
T AED AgD
1 Oum 1+ A2 A2 Oum
+5 Al% A2
Oum2 Zeb 1+LD Oum2
2A2 2A2
+
+ L +
Oy A2 Oy
+
067 2e0 007
2A2

Example: Oy = 9, (pf)0H (41 ¢)

CoO
7O¢D = C¢Dauh8‘uh T ooa

1 i
ALp=Z(1+2c,0)0uh0 h+... = h=(1+2cs0)2h

Margherita Ghezzi

Crivellin, MG, Procura, JHEP 1609 (2016) 160
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2HDM-EFT: physical basis

2HDM-EFT: kinetic terms
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2HDM-EFT: mass terms
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2HDM-EFT: physical basis

Yukawa sector

The couplings of the Higgs doublets with fermions in the 2HDM

Ly =—Y{lpie — Y5 lpse — Y{ Gord — Y5 Good — Y Gpru — Ys' G@au + h.c.

(Require Y{ =0 or Y4 =0 to avoid FCNC)

Paschos-Glashow-Weinberg theorem:

If all right-handed fermions with the
same quantum numbers couple to the
same Higgs multiplet, then FCNC are
absent.

Margherita Ghezzi EFTs with Two Higgs Doublets

model ug | drp | er

Typel w2 | 2 | 2

Type I1 w2 | P11 | 1

Lepton — specific | @2 | w2 | 1

Flipped w2 | p1 | 2
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2HDM-EFT: physical basis

Yukawa sector
The couplings of the Higgs doublets with fermions in the 2HDM-EFT

Ly +> %Oi Ok ~ (fufri) (¢}¢k) ij, k=12 J

After the EW symmetry breaking:

@ new contributions to the fermion masses
f f
f vi Y] v2Ys 1 ( 111 122 222 211
m = + + vi Cryy + v V2 Cry + v, C + Vv Cr )
V2 vz T avene e " v

@ Modifications to the Higgs-fermion-fermion and Higgs-Higgs-fermion-fermion
couplings

Crivellin, MG, Procura, JHEP 1609 (2016) 160
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Phenomenology

Experimental bounds

@ Bosonic operators: ¢*D?, ©°, ©?*D?X, ©?X?
Karmakar and Rakshit, JHEP 1710 (2017) 048
@ Fermionic operators: ©?1)?>D
constraints from EWPT (Z, W fermionic decays)
Constraints come from:
@ anomalous TGCs (¢*D*X)
oblique parameters (p?D?X, *D?)
Higgs decays
Associated Higgs production (p*¢?D)

Higgs pair production

Bounds on linear combinations of Wilson coefficients!

Karmakar and Rakshit, JHEP 1710 (2017) 048

Margherita Ghezzi EFTs with Two Higgs Doublets KIT-NEP, 9.10.2019 31/33



Phenomenology

Experimental bounds
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1o bands:

® S =[-0.03,0.15]

T

e U=0

Karmakar and Rakshit,
JHEP 1710 (2017) 048
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Summary

@ The SMEFT approach can be extended to include new light degrees of freedom.

@ In this talk, the effective Lagrangian for the dynamical degrees of freedom of the
2HDM has been presented.

@ Counting with the method of the Hilbert series, the 2HDM-EFT basis counts 220
(+8 baryon-violating) operators (without assuming Z, symmetry).

@ The dim-6 operators affect the rotations to the physical basis and modify tan j.
The CP-even and charged Higgs matrices are not diagonalized by the same angle
anymore.

@ Experimental measurements constrain linear combination of Wilson coefficients.
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2HDM-EFT, general case
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2HDM-EFT, general case
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