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Standard Model

principle of local gauge invariance
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symmetry group SU(2) x U(1) x SU(3)¢

|

Higgs mechanism and Yukawa interactions
——  masses M. Mz, Meermion

renormalizable quantum field theory

SM 1

accurate theoretical predictions

detect deviations —  “new physics” ?




Theory versus Data

| New physics?...
experimental results

Mz [GeV] =91.18754+0.0021  0.002%

rz[Gev] = 2.4952+0.0023  0.09%
sin? 9.t =0.23148+0.00017 0.07%
My [GeV] = 80.392 +0.029 0.04%
mt [GeV] =170.9+1.8 1.05%

Gg [GeV™2] = 1.16637(1)107° 0.001%



QED:

Precision Physics in the SM
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» Higgs bosons in the general 2HDM

It is the minimal extension of the SM which adds new phenomena —
H:|:

e.g.

It can easily embody new sources of CP violation

It provides a useful setup for building models of Baryogenesis

Extended Higgs sectors based on SU}(2)-Doublet structure
easily circumvent the major phenomenological constraints.

A Two-Higgs Doublet structure arises naturally as a low-energy
realization of some more fundamental theories (e.g. in SUSY).
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Possible scenarios

a single light Higgs boson
— SM Higgs boson?
— SUSY light Higgs boson?

Direct search: My > 114 GeV

Fits to precision data: My < 180 GeV

(95% GeV)

H. A, H- heavy (decoupling scenario) i ~ Hqj

a light Higgs boson + more (H. A, H+)
— SUSY Higgs?
— non-SUSY 2-Higgs-Doublet model?

a single heavy Higgs boson (> 200 GeV)

— SUSY ruled out in its minimal (MSSM) fo

— SM + (?)

no Higgs boson
— strongly interacting weak interaction
new strong force ~ TeV scale

strong interaction?
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Higgs bosons in the generic 2HDM

2HDM CP-conserving, gauge invariant, renormalizable potential

2

V(D1, B2) = Ay (D] D1 — 1)+ Aa(Ph by — 1v3)2+ A3 [(q»}‘q»l V) 4 (Pld, — v%)}
i i i i i 2 SUNE

T [(6]01)(P102) — (6]02)(S]01)| 425 |Re(®]D2) — vava| +6 |Im(]d2)

d)lz((g%) (Y = +1). d:zz(‘g%g) (Y = +1)

MSSM
HO . (DO* '
Hl—(Hll)—ediil—(_ql)l) (Y =-1) € =1i09

MSSM with soft-breaking terms. SUSY highly restricts the potential:

Vg = (|,u|2 4 -m_?lrl]|drtl’1|2 + (|,u|2 + ??1}!{2)|HQ|2 — pBE?;j(Hng +h.c)

2_|_ 2 1
+EZIL (P — |Haf)? + 503 | HY Hol?

only gauge self-couplings !!



Physical parameters and fields in the 2HDM

Ai, (i=1...6) dimensionless real parameters and vi» = (®%,)

( E—F—QMW/gQ )

(Mho,MHo,MAo,MH:I;, Q tanﬁ )\5)

cm—@ &> CP- (tan 8 = va/v1)

MCP+ — | 4v7(A1 + A3) + v3Xs (4/\3 + )\5)’01'02
| \ (43 + Asvivo 403 (Ao + A3) + v$As )

HO cosa sina\ [Re(p9) —v
CP-even sector o | = V2 : ( Cl)) !
h —sina cosa /) \ Re(dy) — v

GO\ cosf  sinp Im(9)
CP-odd (AO) =V2 (—Sinﬂ COS)B) ( Im(CDé))
GO Gg=*

G* = cos j sin 3 Cbii_ Goldstone bosons
charged HT —sinB cosp Cbéi_



> Higgs couplings in more general 2HDM's

e Extended Higgs sector = large source of new
quantum effects and also of larger Higgs boson
production cross-sections

}o However, one has to be careful with tree-level Natural FCH+CP

Glashow-Weinberg-Paschos
Theorem (1977)

e In type I 2HDM, &, couples to all the SM

FCNC = two models or types of 2HDM:

H’prmmnc (D1 does not couple to them at all

Al

e In type IT 2HDM, &5 couples only to up-like

Yukawa couplings
2HDM

to down-like only.

type I type 11
h’tt | cosa/sinB| cosa/sinf
h"bb| cosa/sinf3 | —sina/cos 3
HY%| sina/sin3 | sina/sinf
H°bb| sina/sinB | cosa/cosf3
At cot (3 cot 3
A’bb —cot 3 tan (3

QL |P2Ug, 2D

QrLPUgr
i
QrP1Dpg




» Higgs bosons self-couplings in the general 2HDM

As (1 — tan?® 3) Qo T
AN = + T
4 2 Hﬁ iy cos? 3
After SSB: X [Mrgn cos? a + Uh.;. sin? a
—l{f'l.-fffu — M?2,) sin 2« cot 3}
(A13A23A39A43A53A630) 2 "
As (1 —1/tan? 3) o T
Ay = T o2 2 w2
4 2 My, sy, sin” 3
X [ﬂ-jf fn cos’ o+ M ﬁrg sin? o
1 o VE2 oy ,
(Myo, Mo, M g0, My, v, tan B, 2s) g Mige = Mjo)sin2a tﬂ“-“?‘} ~
As e, T SID 20 . .
;’ug_:—— -+ . - M2, — M?2
A5 is a free parameter 1 " 2M2, $2, sin 2;3( H® n°)
that remains unrelated A = 20em ™ o
L 72
to any physical mass or My, sy
mixing angiel 2
J g \e = ﬂfemgﬂ_ ﬂ'f_ﬁl:u

e
4.1_{ 'I‘{-_" S 'L{‘_"



» Triple Higgs self-couplings‘

O 0. O 3ie N2 . e ey e .
h"h"h —Qmﬁwmgﬁﬂv[i%p@cm{&+qﬂ—%anﬁhmﬁi—fﬂj
AXNg M2, 5%
— cos(a 4 3) cos? (3 — a) = S“’}
01,090 | _ _ iecos(B—a) T2 A2\ o O faein o win o2y 2As M, STy
h"h"H QMWQHESW[}lﬂﬁy+J&ﬂ)mu%1—Lhm1&L—hMQJ) 5
Ot1071T0 ie sin( 3 —a) 172 172 oy Doy . A o2 2;'"5*'11‘{%’
h"H"H QMWQHESWlﬂumf%lUHﬂhmZQ—{Jmn&L+HuZﬂaW 5
070190 3ie AT2 (9o - ([ R P
H"H"H —Qmﬂwmgﬁﬂv[JﬂﬂﬂZhHﬂ&4—j]—CU%&——&]HHZ&)
. : . A5 ME,
—sin(a + ) sin?(3 — ) siy =58 }
0A0AD ie cos(a+8) (o2 ANg M3, 5%, ey N (A2 372
hCAA [ slot (zj.fhﬂ — DalMy —sin(B —a) (M2, —2M?2,)

C 2Myw sy




> ... more trilinear couplings

h?A%GY s (Mo — M%) cos(3 — a)
LGP Go — a3 Mo sin(3 — )
; sinio4 5-"2-521 ; ; ;
HAA | — gyt { loth) [QM;*,.: - M&j — cos(f — a) (M2 — zmj.jj}
HA"G" — s (Mo — M) sin(3 — a)
H'G"G" — 5irts— Mo cos( — o)
i | I} 2: 2 r .
hOHTH™ | — gprie— | 5ot (QMEE. — Bl ) — (M — 2M}, ) sin(5 — o)
, : _ M2, 52,
H'HYH™ _Q_M,:fsw [Sn;il:r?;;sﬁj (Q*HEID - %sﬂ?ﬂj — cos(f —a) (*'HE:D - EMTEI_]]




» Decoupling limit

It correspons to @« — 5—% and with all masses
much larger than Mo

(In the particular case of the MSSM, this limit
e ~A~viAlatrAA vaidl AT o~~~
IS Correiated witn 1V1AO — }
In this limit, it is easy to see that
3eM? 3g M?
XNoropo =AM = = I H
hYh"h HH 2 My sy 2 My
AnrnA cirmAatlavivs wvandlh A il sAavar ﬁ/\llr‘\ v'\mﬁ ~F +lhA
aliJu sitritiarty vviiill Liic runavva COuU |J Ig Ol LIIC
1.0.

—
()

type I type 11

{:} — . . s - - T ! 3 i
h*tt | cosa/sin /3| cosa/sin /3 > | ]

h”bb | cosa/sin 3 | —sina/ cos 3




> Constraints on 2HDM models ‘

» rho-parameter:

o loop corrections
MW

o= — {1 p=po+dp Sp = Zz(gz) _ ZW(QKQ) .
Mz cos? Oy Mz Mg, |2—0
One-loop corrections induced by Higgs bosons  Barbieri & Maiani, 1983
2 2
Gr { 2 { Mo M
OP2HDM = MHi 1 — > > In >
8\/§}T2 MH:': - MAO MAO
[ 2 2 2 2
"o H e + cos? (B — a) Mﬁo 2MA0 - In M'go — EMHi — In M’Zi}
*j_;.W- qW-:':f -MAO - Mho Mho MHi B Mho Mho
v, P ‘._ Ve - 0 2 ) 2
; w; h 208 o) U2 Mo Mo ML | M}
+sin®(8 - a) HO | (2 M2 " M2 M2 M2 4 M2
a0 THO HO H* — TTHO HO

Experimental measurements: |0 <1073 .
=Xp . 10p2+DMI We will demand — M, ~ M-
Oporpm Vanish for My — My-
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Restrictions: 8(b — sy)

» We have strong constraints coming from flavor physics
B(B — X;y) ~ (3.55+0.25) - 10~* from BaBar and Belle
B(B - Xsy) ~ (3.15+0.23) - 107* SM NNLO prediction

» The good agreement between the SM prediction and the experimental
result puts severe constraints on the flavor structure of NP models.

New charged-particles contribute to this rare decay.

2HDM models: §

Leading-order contributions due to the charged Higgs H*



The charged Higgs bosons contribution:
v/ positive

v/ Increases when My: decreases

Type-1 2HDM: Couplings H*qq’ « 1/tanp
Couplings highly suppressed for tans > 1
Type-ll 2HDM: Couplings H*qq’ «tanpg
Couplings enhanced for tan s > 1
Restriction = M= > 295 GeV Misiak et al., 2006

Joan Sola (UB) LC 10



Present Constraints from Flavour Physics!

10 20 H

my+ > 295GeV

my+ % 130GeV

msysy = —2A; = 1'1leV
Joan Sola (UB) LC 10



> Perturbativity and unitarity

@ Keep the theory within a perturbative regime: 0.1 < tan /3 < 60

hy = gmi hy = gmy , gmyp tan p
V2 My sin 3’ V2 My cos 3 V2 My

@ Unitarity bounds: we bound the size of the trilinear Higgs boson

couplings by the value of their single SM counterpart at the scale of
1 TeV.

2
S 3eM
|C(HHH)| < MG (My =1 TeV)| = ——— i |
sinw Mw |pp, =1 Tev
(This would be at least the simplest unitarity
requirement to start with)

Joan Sola (UB) LC 10



» Higgs boson and Unitarity

Scatteing amplitude for S1S, — S354. EXpansion in partial waves:

M =32 M M; = 167(2l + 1)P(cosb)q;

0(5152 — S354) = %011 o) = 10T(21 4 1)|q)?

Unitarity means|SST =1 |with S=14+M = (M - M) = —MMT

R(ap)2 +Im(a)? = |2 =Im(a) = R(a)? + (Im(al) - %)2 = %

R(a)| <3 (V)

All scattering lengths bounded by unitarity < optical theorem

Joan Sola (UB) LC 10



& Asymptotic “flatness" of the scattering amplitudes < Fermion and gauge-boson
couplings to a "Higgs-like object”

# Conservation of probability for elastic scattering ||Re ag|< 1/2

Lee-Quigg-Thacker bound ['77]

Scattering of longitudinally-polarized W: equivalence theorem

1 My

ao(WFW, — WEW;) ~ a(GHG™ —GTG7) = ——

2 2 _ 8 ~ 2
MH < 8w ve = VE—:;F _(]_ZTEV)

& In the 2HDM; Kanemura, Kubota & Takasugi, 1993; Akeroyd, Arhrib & Naimi,
2000; Horejsi & Kladiva, 2006

#Higgs and Goldstone boson 2 — 2 S-matrix elements, S;; = Unitarity condition

over its eigenvalues |a;| < 1/2V2
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> More strict unitarity bounds in the 2ZHDM

Sample of unitarity conditions:

1
ax = —{30\+Xr2+2%)
167

2
i(\/g()\l —X2)? + 4A3+A4+—+?6> } :

by — Al + Ao - 2)\
+ 167?{ 1+ A2 + 2A3
—924 + A5 + \g)2
i\/()\lh)“r( R 6)},
1
et = de= A A+ 20 k[ (0 - )2+ L2200
' 167 4 ’

* |a:|:|:|b:|:‘:~|C:|:|:‘fﬂ:|:‘el,2|:|fl‘a|p1‘g%
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1 . .
ay = 16”{3{)&14—)&24-2:&3}
. . A Ag .
ﬂ:(\fl"'g{)kl — Xa)?% + (4Aa + Ay + ?5 + ?G;"}} \
1
by = 16??{)&14—)&24—2)&3

(—2X4 + As + Ag)? }

[ _
+4/ (A1 — A2)? + 1

—

1
C4 :{Er-:t: 16 {}hl +}hj+2)'nj_?,

1
ey = 1;{3A3+A4——¢+§}
1“. s e
f+ = 16ﬂ{3)‘3_)‘4+5?_?}‘
f-= 1éﬂ{2)‘3+)‘4+%_%}‘
1 As + Ag

o= = {20+ M) - 220



» Vacuum stability bounds

Minimization of the Higgs potential

We assume that the quartic interaction terms in the potential do not give negative
contribution for all directions of scalar fields at each energy scale up to A
Require a Higgs potential bounded from below

A+ A3 >0 Ao+ A3 =0

1 .
2\/(/\1 + Azl Az +Az3)+ 203 + s+ EMII‘I([L)‘U-;—I—)HE—E)‘@— A5 —)‘uﬁ|) =0

Kanemura, Kasai & Qkada, 1999
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With all these restrictions in mind

we are ready for particular calculations
of 2HDM production at e.g.

, R ik, L. nen, . Quedes,
R. Santos, arXiv:0906.0387 [hep-ph]
e LHC

M. Moretti, S. Moretti, F. Piccinini, R. Pittau,
J. Rathsman, arXiv:1008.0820 [hep-ph]

etc...

»Linear Colliders (my task here)

Joan Sola (UB) LC 10



> Higgs boson production
at the Linear Colliders
ILC/CLIC
within the general 2HDM

m 1 nr\r\—) \/—\l 1c NI DAavrn
©. LOpeZ-Vai, Jo5, .

[ ) €+6_ — /ZH (2010) 113005

NEY =) d-d-vvvv

(at the quantum level)
e—l_e_ — 2H D.Lépez-Vval, JS, Phys.Rev.D81 (2010) 033003

| Dhyy D
[

~ Py ;s MO
oeinai, nys.i O

faly
\CV.L/ L

:

_I_ —
e e'e —3H (very promising too!)
o €+€_ L 2OH _I_ X N. Bernal, D, L6épez-Val, JS,

Phys. Lett. B677 (2009) 39

° e+e_ — vy — H N. Hodgkinson, D, Lépez-Val, JS,
Phys. Lett. B673 (2009) 47

G. Ferrera, J. Guasch, D, L6pez-Val, JS,
Joan Sola (UB) LC 10 Phys.Lett.B659: (2008) 297



Extended strategy: ete™ = 2H + X

» Double-Higgs production through gauge boson fusion

N. Hodaokinson. D Ir\r\
N AN AR S L |

—I_ - * * TIvdyr Iy sy e ez-
etem = VV'—hh+X Phys. Lett. B677 (2009)

+ etc.
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CP allowed channels

ete- — HTHT

ete— . hOAC LO: tree-level diagrams (O(a?,))
e‘l‘e_ — HDAU

@ C(HHV) couplings are of purely gauge nature

. cos( 3 — o
CMSSM(hDAﬂ 7) = e cos(3 — a)

2 sin Ay cos Oy

& There is no dynamical distinction between the general 2HDM and the
MSSM

# Dedicated studies on radiative corrections in 2H processes are hence
mandatory: [Chankowski,Pokorski,Rosiek (94, 95); Driesen,

Hollik, Rosiek (95, 96); Arhrib, Moultaka (98);

Kraft (PhD Thesis, 99), Guasch, Hollik, Kraft

(01); Heinemeyer et al (01)
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Rev.D81 (2010) 033003

> D. Lépez-Val, JS, Phys

» Quantum effects on ete™ — 2H in the 2HDM

ete™ — AORO {(simiiariy Wi

Basic one-loop amplitude:

ﬂfel+ e— _ADRD = (;nlfl‘z_z + MIn—2
_|_JH|II1~E+E_Z i ﬂ.fl*e-l_e_“r’
F L2 pbox p L WE L 5y
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Some of the diagrams involved...

H a .l G a i a
- A -".r - A l".r | A l".r
- ﬂ'\. ¥ e o ﬂ'\. £ e £
e [N o e i o ..r"\..-'. i o
e’ £ VW H . ' £ A . e £ Wh
H .I"-. G .I"-. H_ -_\

H v G .
F & &
e Aﬂ," "d'ﬂr
E # . E
e kxhﬂ MHHU
€ * b

i+ AD r
E - l,lII £
A oap .
o ENh
(i e
- AD N
-:|r - . ..-f &
i | R
a2 KT
- " €
N
A,
N
W .
Aﬂ
G e
I
o
G e €
Y



For the complete list see: D, Lo6pez-Val, JS,

A~ A~

arXiv:0908.2898 [hep-ph]



e cos(3 — a)

;{.: 007l —
AChOZ o
2 SwW Cw

(9i — 9i+ 09, ¢i— (1+307Z;) ;)

&Vertex counterterm:

e cos ([ — a) de S%V — C%V sy

0 Lppoz0 = - Zg_AO oM K { -+ > —
25 W CWw € C W SWw
0 tan 3

tan 3

—sin G cos 3 tan (§ — «a)

AN I

1 1 1
+§(SZhU+§(SZAD+§(SZZD—

1 1 1
—3 tan (3 — «) 6Zyopo + +§ tan (8 — a)6Zp o + 5 tan (8 — ) 0Zp070
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Why we expect important effects in the 2HDM?

J"\-/{éije_—nqﬂhﬂ = M 1,2°-2" C)(&gw)
b .,-"‘VI?_ZO O(ﬂ'ew aem)
| ete— 7" 2
+ M Olog,) Leading!
MO O i) | o
+ M Yh"A7 O(aern A%H) ®
4 Mbox O(a2,)
VE KO .
-+ ..'V!u F"'h O(&'ew A%H) o
-+ .«-"l\/{hDHG O(ﬂeu-‘ A%H) ®
+ MAEAE 00w Ny) e
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In more detail:

whereas in the MSSM,

e M
CMSSM[hGhDHD] _ ie Mw (cos2a cos(av + [3)

2sin Oy, Cos Oy
—2sin2a sin(a + 7))
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» Renormalization conditions and counterterms ‘

Renormalization of the Higgs sector OS (on-shell) scheme

T doublet
of _, 71/ O OF _, 712 O
o ) 7 ey ) Lag )™ ey )

(70 =187+ )
‘\ P, Y=,/

2o = oz Stanf  Swva vy 1

& tan e } aupg _ 9% 2%, - (0 Zs, — 0 Za, )
thUHD —|— ﬂ} thDHU — D tan .8 U9 (25 2
|
=5 (6Zay =6 Za,) .
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Higgs masses (OS scheme)

Re X (M2) = 0; Re X (M2) = 0; ReX (M3) = 0; ReX (M2.) =0

Re i;uhn(;i'z) =10 . Re i:hnzﬂ(.ffz} ' =0

2_pq2 2_par2
k<=M k —ﬂfﬁp

52.@.1 = —RE E,&_DAD ':lf.ﬂu)

52@2 = —REEADAD 1fhn)—|—

dtang 1
— (0 Zsp, — 62
1 tang 2 < P2 cbl)

dtan 3 1
tan3 My sin2j3

ReXpozo( ﬂiﬁG )




» Mass sets for the numerical analysis

Mo [GeV] [ Myo [GeV]|Mao [GeV] [ My+ [GeV]
Set 1 100 150 140 120 }t be-1
, Set 11 130 150 200 160 Y
MSSM-like Set TIT|| 150 200 260 300 | typel/
masses at Set 1V 95 205 200 215 type-I
one-loop Set V 115 220 220 235 type-I
FeynHiggs Set VI 130 285 285 300 type-1/1I
(Heinemeyer et al)
& /s=7500 GeV
a=0|la=030—-7/3 | a=08—-—7/6 | a=m/2
Set Il Tmaz [fb] | 26.71 7.34 20.05 13.10
& [%] 31.32 44.43 31.42 28.81
Set II1 Tmaz [fb] | 11.63 3.60 9.08 6.36
ar [%0] 35.17 67.59 40.68 47.86
vssmtike | ses 1v Tmaz [b] | 27.44 12.12 18.37 15.41
masses & [%] 12.86 99.42 0.76 26.81




@ Typical maximum cross sections:

o(ete” — A’hO) (/s = 0.5 TeV) ~ O(10fb)

~ 103 events per 100fb—1

tan3 o Mpo|GeV] My GeV] My [ GeV] My+ [ GeV]
1 3 130 150 200 160
Set I
30 L T T T T 1.3 150 | | I
[ '  he=-10
R ' 100 A5=6
| -—h=
= e B .
=07 |y 50 i
=< | | =
= | ] ) |
o |4 [T
| 0 “ L _
ill:l— |f - et e o g
D -
!
| 50 i
| ]
! --"--_
o . | . I = 100 | | . | .
500 1000 1500 2000 300 1000 1300 2000
Ecm [GeV]

Ecm [GeV]

Computational tools:FeynArts, FormCalc, LoopTools,



& Radiative corrections over the tan /3 — A5 plane and its interplay with
the unitarity and vacuum stability constraints.

Set 11
? vacuum stability =i i 0
| —15% =
| —10% esvsssmnnn
—5%  axremarrenas
[)% T P —
5%
10% = i
15% :
0% =m—————
5% -

309 sssmssms==
SHBUE wuvnsssiiss

409
45%%
1 2 3 4 5
tan g
Vs =500 GeV Vs=1TeV

Dependence of o with masses, angles etc is
studied in detail in our work: D. Lopez-Val, JS, arXiv:0908.2898 [hep-ph]
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Compared predictions for 2H, hZ and 3H events

tan3 a A5 Mo [ GeV] My | GeV] My | GeV] My+ [ GeV]

1 B -10 130 150 200 160

Process o(v/s =0.5TeV)[fb] | o(v/s=1.0TeV)[fb] | o(y/s =1.5TeV)[fb]
hOA 26.71 (31.32%) 4.07 1.27
HOZY 19.09 (—61.56%) 3.73 1.47
hOHOAO 0.02 5.03 3.55
HOH+TH~— 0.17 11.93 8.39
hoh® + X 1.47 17.36 38.01

Great complementarity is observed between the different channels at
different energy ranges.

Joan Sola (UB) LC 10




> N. Bernal, D. L6pez-Val, JS, Phys.Lett..B677 (2009) 39

4+ updated analysis presented here
(D. Lo6pez-Val, JS)

> Gamma-Gamma fusion: vy — H in the 2HDM

Joan Sola (UB) LC 10



> Gamma-Gamma fusion: 7y — H in the 2HDM

» Let us recall that a photon collider is an option of a lepton collider.

It is possible to take into account the conversion ete~ — yy by the convolution

o(ete” — yy — h)(s) = Zf dr —— o",..,,,,;ir (yy — h)(7s)

{if}

* &y (yy — h): partonic cross section
* 7 fraction of the energy carried by the photon
* L;‘.f."-’ stands for the photon luminosity distribution

d L;° Tdx 1
dr - ?14—(5,}'

[ff/‘~91 (X) Glea (T/X) + fff~91 (X) fffez (T/X)]

*

i1e, denotes the photon density functions.

» We use the ones provided by CompAZ Telnov, 2006 & Zarnecki, 2003

N 8’ T T(h— 7)) Tn (1 + mm)
o(yy—h) = i C(h— ~vy)d(s — Mg) (1 +n1m2) =87 CESVFIEESYEIE:




One-loop diagrams describing the process yy — h, within the 2HDM J
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+ 2HDM contributions:
* Charged Higgs H*

Calculations performed using FeynArts, FormCalc & LoopTools 1. Hahn
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Conclusions

e General 2ZHDM models may offer a clue to
disentangle hints of physics beyond the SM at
the LHC and specially in the linear colliders
(ILC/CLIC);

e Measurement of 3H and 2HX Higgs boson
production should allow a first insight into the
Higgs potential through a basic determination of
the Higgs boson self-couplings;

e Detailed measurement of 2H and H./Z processes
can be crucial to test the 2ZHDM models at the
quantum level ;

e vv — H (and vy — 2H) processes could be the
cleanest carriers of new physics.

U

The extremely clean environment of the linear
colliders should allow a comfortable tagging of
these processes and might open privileged new
vistas into the structure of the Higgs potential
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Figure 11.15: Pictorial representation of a sample of the leading two-loop order vertex corrections, which
we may rewrite as improved one-loop corrections with effective quartic (right corner, above) and triple (right
corner, below) Higgs boson self-interactions. These eflective Higgs boson self-couplings (center diagrams)
track down the leading quantum effects on eTe™ — hYA? at two-loops and, indeed, they may be reabsorbed
as a finite contribution to the renormalization of the parameter A5, see the text for details.
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