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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)L 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 = 22— By —

geh = hgr2 G G v

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

Fermi Theory

—_—>
E << My
SMEFT
fi Ja fi fa
?
—_—>
E << A
f2 e fa I
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SMEFT Lagrangian

Higgs doublet - EW symmetry is linearly realized

Lreer = Lom+ Y > Afi_4 or~"

n>4

_ 1 ps 1 ps, 1 p7 1 .ps
EHEFT—£SM+A£ +/\2£ +/\3£ +/\4£ T ooo
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SMEFT Lagrangian

Higgs doublet - EW symmetry is linearly realized

Lreer = Lom+ Y > Afi_4 or~"

n>4

_ 1 ps 1 ps, 1 p7 1 .ps
EHEFT—£SM+A£ +/\2£ +/\3£ +/\4£ T ooo

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

Higgs doublet - EW symmetry is linearly realized

Luerr = Lsm + Z Z Afi_4 o~

n>4

1 _ 1 -
Luerr = Lsm + E£D76 + FCDJ + ...

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

@ £P=8 and higher: parametrically subleading
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SMEFT Lagrangian

Higgs doublet - EW symmetry is linearly realized

Lrerr = Lsm + Z Z Aff_‘l or"

n>4

1 _
Luerr = Lsu + EL:DJ

@ £P=% and £P=7: lepton number violating
@ £P=8 and higher: parametrically subleading

@ £P=%: leading effect

[»CHEFT =Lsu + %ﬂD:‘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

* ¢ od oD v (LL)(LL) (RR)(RR) (LL)RR)
@ | rreapaias | e, (o)’ | @) Q| @) | Qe GredEate) | Q| (@)
Q| JEOGRGEGE | Quo | (#'0)DE) | Quo (') (@urd) W @) @ra) | Qe @) @aru) | Q| Gl (@)
Qu | WIWIWE | Qup | (61D"0)" (o' D) | Que | (010) (@ndeo) Qi | @vr'a)@ata) | Qu (@rd)(@dord) | Qu | G (dody)
Qg | M Wlw oW e Q{i] (vl (@7 a) Qun (&)@ ur) Q(" (@) Een)
X2 Xy #eD i | ') @' a) Q“«y (@vuer)(deyde) :xi (@vuar) (@r""ue)
A we / ) " Qua () (i de) o | (@ Ta) (@A T )
Qe ol Gil, G Qv | (Lo e oW, | QY (B, ) 0r1,) @ () | @ | (e
Qa | PPOLGY | Qu | (hoveobu | QF ""Dg Pl QY | @Gt a) (AT,
Qar | PN Quo | (o TRZGL | Qe | (000" ) (LR)(RL) and (LR)(LR) Bviolating
Qv | PeWLWH | Quv | (@ou)TEWL, | Q4 | (¢ :J ) (@7 ar) Qe (Be)dut) Qo e (@70 () CH]
Qe wfngw Qus | (@™ u)ZBu | QU | (i D‘é 2@ gr) | @@l | O e o) C) [0
Qi | ¢9BuBY | Quo | @0" T d)eGll | Qu | (¢ 1Dy )iy ur) Q9 | @)@y | Q) e [V Ca] (@Y
Quva | ¢TlpWLB | Quv | @ d)ro Wi | Q| (2iDyp)(da' ) Q| Eeea@u) | Q@B () O [ CR]
Quivn | #TOWLB” | Qv | @0"d)eBu | Qua| i3 D)@' dy) O, | Woweeal@o™ u) | Qu <o [(dg)*0ug] ()70l
@ 15 bosonic operators @ 25 four-fermion operators
@ 19 single-fermionic-current (assuming barionic number
operators conservation)

15+19+25=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 C'P-odd
g 1 3 g 1 3
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 +17) 8 51 Ing(9ng —7) 130
8 :(LL)(LL) 5 InZ(Tng +13) 5 171 In2(ng — 1)(ng +1) 0 126
8 :(RR)(RR) T 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 4n 4 324 4ng 4 324
8: All 25 11y (10703 + 2n3 + 89n, + 2) 25 1191|  1ng(107nj + 2n3 — 67n, — 2) 5 1014
Total 59 | 2(107ng + 2nj + 213n3 + 30n, + 72) 53 1350 |1 (107ng + 2nj + 57n; — 30n, + 48) 23 1149
1=F 2=H" 3=H'D> 4=FH 5=¢’H 6=v’FH T=4?HD

Alonso, Jenkins, Manohar and Trott, JHEP 1404 (2014) 159
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Outline

© 2HDM Effective Field Theory
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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

Margherita Ghezzi The EFT approach to NP 21/12/2017 11 /37



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.
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The Two Higgs Doublet Model

- @ Motivations:

@ MSSM

@ Axion models
Same scalar sector:

2 Higes doublets @ Models explaining
baryon asymmetry

/ \ \ Vector boson and fermion

content of the 2HDM:
ot A the same as the SM.
h, H
(charged) (CP-odd)
(CP-even)
Margherita Ghezzi The EFT approach to NP
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The Two Higgs Doublet Model

(4) _ A A 1 1 1
Loppy = 4G;WG “"*ZWMUW“"*ZBWB‘“’
+  (Dupr)' (D 1) + (Dui2)" (D*p2)

— V(p1,02)+i(IDI+§Pqg+ aPu+dPd) + Ly,

3 (o) 5 (eher)’
+2A3 901% wiwz + A vIwz pop1+ — [(wlwz) + (cpzwl) }

+ A6 (901901) (901902) + A7 (90;902) (@Iw)

A1
V(er,2) = milor+ mdy olen — mi, (@Icpz + S";‘Pl) +

mfl, m22, A1,2,3,4 real

m127 As,6,7 complex
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The Two Higgs Doublet Model

FCNC can be avoided imposing an appropriate Z> symmetry:
Zs: $1— —¢1 or $2 = —¢2

We keep the my-term, that softly breaks the symmetry.

A1 2 X 2
Vier,p2) = miieler+mselen — mi (@Icpz + wiwl) + ( Iw) Y (wiwz)

2\
+2A3 901<P1 <P2902 + A4 901<P2 ‘P;t%ol + = [(991“?2) + ( ) }

mfl, m22, 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:

1

T — T T
=3 () ) (8 ) me ()20 ) ()
with

e
m% = (V1V2/\5—m%2) 1V1 v
V2
. )\1v12+m%2:—j v1v2()\3+)\4+)\5)—m%2
Mo = v1VQ(/\3+/\4+/\5)—m%2 Agvf-i—mﬁ%
I
my = [V12V2 (>\4+>\5)—m%2] 1V1 v
V2

21/12/2017
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2HDM EFT

Rotation to the physical basis (2HDM)

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

@ _ Y m\ ofn o\ o 1 \ of »
= s(m )y m(m ) (o ) me (i )+s( o) (s

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

@ Its 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.
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2HDM-EFT

Assumptions for the effective theory of the 2HDM:

1 1 1
Lonom = Lou + 7 2. G + 53 0@ +0 <F)
k

k

@ Its 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:

o= (@)@, Q2 = (@ih) T C(@ih)

vy

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

&b
QM = (ple1)?
112 _ (T 2
% (@1491) (¢3¢2) @ Higgs doublets only
QL2 = (ple1)(¢lw2)?
Q= (#l¢2)?

QUPVY = (plpa)(eher)(plen)
(1221)2 — (el " : @ They rpod|fy the Higgs
(1212)1 wiea)(ehen)(Piez potential
= (p192)2(¢] 1) + h.c.
mmz(ﬂm?@%ﬂ+h&

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

S4D?

O oD
QD = (o] e1)0(¢] 01) QSL))H(I) = [(Duwl)Tw} [sﬂl (D”m)} Q(1 1212) [ w1 Twz] [w{r (D* ¢2) ] + h.c.
QD = (03 e2)0(0) 2) ng)ZZ(z) _ [(DM,Z)TW} [% (DM oy )} Q(1 )12(2) [ Du<P1 Tw] [wér (D" ) ] the
QD = (plen)Olef2) 082)22(1) [(prl)m’z} {AP (D¥ 1 )} 12(12 = (Dur)t (DH02) ] + h.c.
Qc(ngl(z) = [(Dw’z)fsﬂl} [%’1 (DH 2) } 12(21 (Dut2) T (D*1) ] + 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
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2HDM-EFT operators

¢2x2
GG, WW, BB wB
<pX = (901901 )Xy X1 Q¢WB = (‘/’17 ‘pl)Wfle;w
<pX = (902902)XWXW Q«pWB = (‘/’27 <p2)W;’WB“”
QU= (]eo1) K XY Qs = (pl7! 1) W), BHY
2 = (302) Ky X1 Qs = (plr!p2) W), BHY

X =GA W!orB
@ Operators with two Higgs doublets and two field strength tensors

@ They modify the Higgs-gauge boson interactions

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

V242D
(1) (3)
il o~ .H -
anud = ’(‘PI’DN‘Pl)(“P"Yde) @ Operators
— i(etib i~ containing two
Qwud l(f2,:—> u<P2)(_“p”Y ) o ’ fe.rmions, two
Qw/ = (©1iDpo1)(Ipy*Ir) Qg (<p1 iD 4,01)(1,,7' ) Higgs doubl'ets
0(1)2 —( 1B Yoy 1) Q(3)2 (¢ TIDI Yol and. a covariant
ol P! P2 )Upy™lr ol wP2)\UpT Y r derivative
be = (¢1iDugr) (&
pe P11l uPp1)(€pY er)
° .
= (@}Buea)Eren) fo the formion-2.
1)1 =4 _ 3)1 ion-
QU = (#]iDup1) (@ ar) | QEat = (sDIID’ ©1)(Go7'v*ar) and fermion-W
()2 te - @2 - couplings after
Quq” = (31D pw2)(Gpy*ar) Qpg” = (992’ H<P2)(qp7' v*ar) EWSB
(‘P1’DM‘P1)(E07““7)
= (p}iD ) (@py" ur)
T _ Crivellin, MG, Procura,
¢d = (gallDMgal)(dp’yy'dr) JHEP 1609 (2016) 160
Lpd = (¢ ’DMWZ)(JP’Y“dr)
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2HDM-EFT operators

W2pX
G w B
Qic = (@0 TAdr )1 G} Qly = (G d )T 1 W), | Qlg = (oot dr)01Buy
Qle = (@0 Thdr)p2 Qgw = (Gpordr)r!o2 Wi, | Qlg = (dp0* dr)p2By
Que = (@0 Thur )@ Qiw = (Goot  ur)T' G1 W), | Qug = (Gp0™” ur)P1Bpuv
Qi = (Gpot TAu )sozGW Q2 = (@ u )T B2 W, | Q2 = (Gp0"” ur)@2Bus
Qly = (o e ) o1 W;l“, Qlz = (lbo"Ver)p1Buy
Q2 = (o er) ! p2 W, Q% = (lbo"Ver)p2Buy

ot =iy, 4"]/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
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2HDM-EFT operators

W23
e d u

QU = (herpr) (@] 1) | QUL = (Godron)(¢lep1) | QI = (Gpurdh1) (1)

Q2 = (herpr)(#)2) om = (@pdro1)(P)02) | QL2 = (Gourdr)(2}2)

Q22 = (herp2)()2) 0222 = (Gpdrip2)(Phep2) | Q22 = (GpurB2)(hp2)

Q2L = (herp2) (] e01) 02“ = (Gpdre2)(plen) | Q2Y = (GpurB2)(lep1)

@ 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
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2HDM-EFT: kinetic terms

11 11 12 12
T 2al al, AR Al
(e _ L[ G| | 1T
Hiin  ~ 2

22 2 A2 2A2 8#91
A2 Al a2 Ta%
Opup2 0, Zeb O —eb dpup2
A2 2A2 A2 2A2
11 12
T - ally A%
R FTET um
Al A22
2 Aun2 ZeD 14+ ZeD Aum2
2A2 2A2
t at,
+ L +
L[ 2ot oS Oudy
A+
oudy Zeb Oudy
2A2

Example: Oy = 0. (o ¢)0" (o1 ¢)

%Doqﬂ = B hd"h + ...
1
ALy, = 5(1 +2¢y0)9phdth+ ...

=  h=(142c,0)2h

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

2HDM-EFT: kinetic terms

T 2l Al A2 Al
1+
(@) _ 1| Our 2 o NN, Oup1
i A A 2A A
"2\ oum A0, 2ep 280 L 26 |\ aup,
A2 2A2 A2 2A2
T al, Al
14 22 €2
4 L[ Oum PRL A o O
2\ aum ﬁ 1+ ﬁ dum
i to
+ L +
ou ¢} oS Oudy
A+
0,3 2 1 Oy
2
All + 4A11 A12 + 4A12 A+
D m] ©D 0 D
- - _ + gt _ oD+
p1L = p1 2 2 P2 é1 = ¢ "2 2
2%, + 403 A, +4n3 Al
D 0O ©D O D
— 1—- -2 - + + _ "D 4
p2 = P2 e a2 P1 e vt
All A12 22 12
moom (1 —£2 ) — —£2y, me sy (1 2ep _ Bep
4)2 4N2 4N2 4N2
Crivellin, MG, Procura, JHEP 1609 (2016) 160
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2HDM-EFT: mass terms

@ _ L m "
Ly = 5( 77; ) (m$,+Am%)( n; )
— \T i
(o) (mevam) (3
1m \ 5 2\ [ P1
+5( p2 ) (m”+Am”)( P2 )

2 _ 2 2
Amy = Amypy,© + Am(pﬁn

Am? = Am 24 Am?
b pDp” T AM g,

2 _ 2 2
Am¢i = Am(quﬁi +Am¢6¢i

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

Margherita Ghezzi The EFT approach to NP

2HDM:

2 2
mis and m;

B = arctan 2
vi

™ N

2HDM-EFT:

mii + Amy+ and

mf,—i—Amf)
1
B, By # B

mf,—i—Amf,
1
o #«

21/12/2017

23 /37



2HDM EFT

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: model ug | dr | er
If all right-handed fermions with the Typel w2 | @2 | 2
same quantum numbers couple to the Type I w2 | 1| 1
same Higgs multiplet, then FCNC are Lepton — specific | @2 | @2 | 1
absent. Flipped w2 | p1 | p2
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2HDM EFT

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

L+ 2o, O ~ (fifadi) (efon)  ijsk=1,2 J

After the EW symmetry breaking:

@ new contributions to the fermion masses
%1 Y V2 Y 1
m = L. 2 (v13 Cf + w2 C122 T C222 y 1V2 C211)

V2 V2 2\/5/\2

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

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

Application: Higgs pair production

9700000 — —h 9
t t
9700000 ——h g
SMEFT

O ~ (fifre) (¢70)

@ The same operator controls ffh
and ffhh couplings;

@ it contributes also to the ffZ
vertex

@ hence, it is strongly constrained
by the EWPT at LEP

~h 9 h
— g t -
h ~ ~
Sh 9 Sh
2HDM-EFT

O ~ (Rifasi) (#f0x) ijik=1,2

@ Many operators, that enter in
different combinations in the ffh
and ffhh vertices;

@ the ffhh vertex is not
constrained by EWPT;

@ enhancements of the gghh cross
section are possible.

v

Crivellin, MG, Procura, JHEP 1609 (2016) 160
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Summary and Outlook - 2HDM-EFT

Summary

@ We have discussed in which cases the EFT approach can be extended to include
new degrees of freedom.

@ We have built the effective Lagrangian for the dynamical degrees of freedom of the
2HDM.

@ We have shown that the rotations to the physical basis are affected by the dim-6
operators and tan 3 gets modifications.

Outlook
This is just the beginning:

@ Calculate contributions from the effective operators to the observables.
@ Set new bounds on the 2HDM and on (linear combination of) Wilson coefficients.

@ Study the impact of the Z, symmetry and of FCNC in the effective sector.

v
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Outline

© Doubly Charged Scalar
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The Doubly Charged SU(2),-singlet Scalar

Motivation: good candidate for the generation of the neutrino masses

It couples only with R-handed charged leptons

Loy = Ly + (DSt (DrSTH)
+ (Aab (lR)SlRp STT + h.c.)

Aab consist of 6 independent parameters and allow for LFV processes

Margherita Ghezzi The EFT approach to NP 21/12/2017
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Low-energy effective Lagrangian and the matching

Feynman diagrams representing the UV-complete contributions that match to the dipole and
four-fermion operators.

Iy I

@ Diagrams in Fig. (b) match into the diagram in Fig. (a) (dipole interaction)
@ Diagram in Fig. (d) matches into the diagram in Fig. (c) (contact interaction)

Crivellin, MG, Panizzi, Pruna, Signer, work in progress

21/12/2017 30/ 37
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Doubly Charged Scalar

Low-energy effective Lagrangian and the matching

Dipole
Qery em,(l,a** P 1)Fuy + Hec.
Scalar/Tensorial Vectorial
Qs (IpPLlr)(IsPele) + Hec. QuiL (v Pty )Ty Pl
Qvir (Tpv" PLlr) (I PR)
Qurr | (py*Prlr)(IsvuPrl)
Qstg(1) (IPLIr)(3sPLgt) + Hec. Quigte | (" PLlr)(3svuPLat)
Qsiq(2) (IPLIr)(GsPrage) + Hec. Quigtr | (¥ PLlr)(Gs7uPrat)
QTig (loo™ P1)(Gsopw Prae) + Heee || Quigre | (b7 Prlr)(GsvuPLat)
Quigrr | Up7* PrIr)(Gsvu Prat)

Dimension-six operators that allow for effective leptonic transitions below the EW scale

Margherita Ghezzi The EFT approach to NP 21/12/2017
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Doubly Charged Scalar

Current low-energy experimental limits

Br[rT —» efefeT] < 14x107°
Br [T — ,uq:ui;ﬁ:] < 12x10°°
Br[rF = ey u®] < 16x107° Br[r —ey] < 33x10°
Br[rF = uFefu®] < 98x107° Br[r > puy] < 44x107°
Br[r7 = pTe*e™] < 11x107° Brlpu—ey] < 42x107"
Br[rT — eTp*e] < 84x107°
Br [uF — eTefe®] < 10x1077
m5 3 2
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Doubly Charged Scalar

Direct production
Current limits from LHC

Ql

£+
< Current limits from ATLAS:

Rt my > 700 GeV (R-handed)
JOHT (s mg > 800 GeV (L-handed)
‘ assuming Br(HTE — I£/*) = 100%

v/Z s oH-

o
q ‘< Current limits from CMS:

mg > 800 GeV
assuming
Br(H** — ete®) = 100%

@ Direct searches at LHC (7 TeV
and 13 Tev) CERN-EP-2017-198

@ Signature: same-sign lepton CMS-PAS-HIG-16-036

pairs
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Perspective of searches at future colliders

Crivellin, MG, Panizzi, Pruna, Signer, work in progress o
(Preliminary plots)

Muon pair production with R-polarized beams Electron pair production with R-polarized beams
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Doubly Charged Scalar

Limits from low energy and future colliders

T

Limits from SINDRUM + discovery power at ILC prototypes
- T T T T T
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Crivellin, MG, Panizzi, Pruna, Signer, work in progress
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Doubly Charged Scalar

Direct production
Single production at ILC

e"e” —¢TTe e (Boson Fusion, 1 TeV)
0.0 T T T ! :

LIO)‘ll

100 fb:

H H
500 600

Crivellin, MG, Panizzi, Pruna, Signer, work in progress
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Summary and Outllook - Doubly Charged Scalar

Summary

@ The DCS is a minimal extension of the SM that accounts for the neutrino mass
generation and allows LFV processes.

@ Preliminary studies show that low energy physics and future ete™ colliders provide
complementary bounds.

@ Due to the production of the DCS in the t-channel, future e"e™ colliders can be
sensitive to mass scales of several TeV.

Outlook

This presentation is just a preliminary study:
@ Perform a complete collider analysis of direct DCS production at future colliders.
@ Study the possibility to improve current bounds at LHC.
@ Study the interplay between low- and high-energy limits.

v
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