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1. Introduction:

Quezada Calonge 2024 3



1. Introduction

The search for physics Beyond the Standard Model (BSM) can be carried out
in two approaches:

A ( UV Model ] [Unknown New Physics]

top-down bottom-up

v [ Operator Basis ] [ Effective Description ]
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1. Introduction

The search for physics Beyond the Standard Model (BSM) can be carried out
in two approaches:

A ( UV Model ]

top-down

] Higgs Effective Field Theory (HEFT)
Standard Model EFT (SMEFT)
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v [ Operator Basis




1. HEFT and SMEFT:




2. Higgs Effective Field Theory (HEFT) and Standard Model Effective Field Theory (SMEFT) [Brivio, Trott,2017]

Lovprr = Ly HL® +£0) 4 £ 4 E(S)..., LD — Z ford > 4

Each term £(9) is written in the unbroken phase (before EW symmetry breaking)
in terms of the complex doublet

[Feruglio,1992]

Laprr = L2 +|L4) + L6y H ..., expansion in chiral dimensions

Each term L4 of HEFT is written in the broken phase (after EW symmetry
breaking) in terms of the Higgs and Goldstone fields

a,ua MW) MZ) M]’l ~ O(p)
Chiral counting DU, V,, ¢vT, W,, B, ~ O(p)
W,’.LI/ ; é;ﬁf} ~ O(Pz)
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2. HEFT The lagrangian at lowest order (chiral dimension 2)

@alenee Th@ ?('3 hoth } w® (GB) + h

- V“‘*) +i000 —v¥ (h) [QLUHQ O +hc ] + Yukawa sector
[Castillo,Delgado Dobado,Llanes-Estrada,2016]

Spherical parametrization for the GB Y

w? @ - __ —a, ,a (n _ J‘yw Z/{/:(U,C,t)/ k
@:\/I_E_HE Ww=Tw = (_@UJ) D/:<d,8,b>’ Quarks

Analytic functions of powers of the Higgs field. Inspired by most of low energy

HEFL models. Recover the SM
2
F(h)=1+2ak 40k + .0 G(h) =142+ el + . 4>
V(h) = 1M2R2 + ds e p3 4+ 0, Mapt o=l
\ } 3 = Q4 — 1
Y C1 = 1
Modifications on the Higgs SM couplings and beyond rest kgprr = 0
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3. Matching UV models: 2HDM,
RSE and CSE




3.1. Matching

We will consider three UV models: Real Scalar Singlet Extension (RSE), Two
Higgs Doublet Model (2HDM) and the Complex Scalar Extension (CSE).

For these models we will consider the matching to HEFT/SMEFT in scenarios
where the BSM masses are not the only large parameters. This defines the three
power countings (PCs) we will use for the three models.

The PCs are chosen so PC1 always reproduces the SMEFT results and another
PC always shows non-decoupling effects.

1 §
A2 - :‘1_2

In practice we will organize our EFTs by ¢&:
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3.1. Matching

We will calculate the LECs necessary for WYW=— — WHW~—, WTW~ — hh
and hh — hh,h — bb, h — vy and h — vZ in HEFT and SMEFT.

l2 l4
Large parameters: BSM masses NN 7
N\ /7
N\ 7/
N\ /
N\ Ve
Fl1l2Ha/\. ./\FH“l3Z4
/ He \
/7 N\
/7 N\
/7 N\
/7 N\
4 \
ll l3
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3.1. Matching

We will calculate the LECs necessary for WYW=— — WHW~—, WTW~ — hh
and hh — hh,h — bb, h — vy and h — vZ in HEFT and SMEFT.

Large parameters: BSM masses NN 7
N\ /
2 2\ 3 \\ ,/
(S S, <P_> N ,
2 2 4 2
p* —mi; Mg My My Fl1l2H“,\. ‘/\FH“lslzL
/ He \
/7 N\
/ \
/7 N\
4 \
Ve N\
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3.1. Matching

Matching in HEFT
Physical fields

Matching in SMEFT
Unbroken phase (PC1)
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lo ly
N\ 7/
\ /7
N\ /7
\ /7
N\ Ve
\ /7
Flll2Ha/‘ ‘\FHalsl4
/ He N
7/ AN
/7 N\
/7 N\
7/ N\
/7 N\
l1 I3
ot Pt
N\ /7
AN 7/
N\ /7
AN 7/
\ /7
AN 7/
F<I><I>THG,\. A ‘,\Fﬁacbqﬁ
/7 a \
Ve H N\
/7 \
Ve N\
/7 \
Ve N\
0} 0]




4. 2HDM
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4. 2HDM
Let us the 2HDM as a test to exemplify the results for all models

: 2 o - - A \
Voo = mi @11 + ma, @yde — miy [‘I’i‘l’*z + <I)£<I)1] + 31(@{(1)1)2 + Ez(‘bfﬁ%)z

s (PTD) (DI Dy) + Ay(B1Dy) (BID) + ’\_;’ [(qﬁi%p 4 (‘1’5‘1’1)2]

£

“Higgs basis” ( , ) - ( cs s ) ( o, )
H. - —S3 4]
where Hy does not get a vev. 2 o 2
Lo = (D) (D*I) + (D) (D I) o Gt (o
P\ Gle R +iGo) ) TR T\ J5(hy +iA)

Vo= YiHIH, + YoHiH, + (}ngjHQ v h.c.)
2 (N 22 () i i i T
+ 50 (HiH) + 57 (HiH:) + Zs (HIHy) (HiH2) + 2o (H{H) (HDHL)

Z 2 | |
+ {? (HIHQ) + Zs (HIHI) (HIHQ) + 7 (HgHQ) (H{Hg) + h.c.}

Quezada Calonge 2024 (]




4. 2HDM

However, the h and H are not eigenstates. The physical states are obtained by
a introducing another mixing angle.

h\ [ Sg—a Cg-a hH
H | \ -0 —Ssa hi
Finally, all fields are physical and we are left with 8 independent parameters:

COSB—a tan/i’, v, Mp, Y27 My, ma, Mg+

Since we are in the unbroken phase, the integration out of the BSM states
generates a HEFT lagrangian.
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4. 2HDM
Nonetheless, further inspection of this limit shows a divergent behaviour for the

cubic Higgs coupling:

h \
A\
\
AY
\
' L
3icsc?(253
\)- ------ — /{hhh — %p{sﬁ_& cos(4/3) [ — 3(‘;7&???%{ — 2(’%7&};2 + (3(‘;7& 4+ C_%,Q + 1) mi]
, ;
/
’;’ ‘ +C?§_G sin(44) [ (1— 3(’?3_0() mi -+ (36%_0 —2) m2 + 2}’2:|
r
h /’ +53a {2(_’%7&3’5 - C%,Q?T??q + (C:,LQ — C?SLQ — 1) mi] }

[Dawson,Fontes,Quezada-Calonge,Sanz-Cillero,23|
mg,Mmg+,Ma — OO
Khhh —7 OO
Yo — 00
This indicates that in this particular basis, additional assumptions need to be
included.
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4. 2 HD M [Dawson,Fontes,Quezada-Calonge,Sanz-Cillero,23]

We define the decoupling limit that reproduces the SMEFT results

Yy, = A2, my = N>+ Am3, m3 =N+ Am?%, mi, = A+ Am3,,
A? > 0%, mj, ~ O(v?), Am3;, Am?, A'm.?_f L~ O(v?),
Co_a ~ O(V?/A?),

In practice this means that the value of cg_, will be suppressed

1 3
? — ? . Cﬁ_& — 5 CI.'S—DE :

Now we can proceed to integrate out the heavy BSM fields.
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4. 2HDM
We write the lagrangian in a way that makes the BSM fields explicit H* =

H H* A.
1. 1
Loppm D 5(@“1{{1)2 - E(ﬂ-fz)“bHQHb +Jo+ JEH®
+JSPHOH® + J§*H*H H® + J{**'H*H"H°H"“
The Equation of Motion (EoM) for each field then takes the form
JO 4+ (=0? = M2 +21)H + 3J5H P He + 4J8 P HHY = 0

We solve order by order in our expansion parameter &

H=Y Hgy,  H"=> HE,
=0 1=0
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_ +
4. 2HDM H(gﬂ) = H@O) =0, [Dawson,Fontes,Quezada-Calonge,Sanz-Cillero,23]

3(_',.5_@}12
Hegy = ——5
+ _
Hey =0,
2(3 a m 3(3 o " 9
Hiny =~ Amih® 4 2o f\ a2 W T[(d hd,h) + h (0 h)]:
ag M . o
iy = _le# [n @.0%) + 2w, (01)]
x A A .
Hysy = ;i L'IM{ (3t4 2té+3) A* — 3cs_,, (té—l) t;gAQQ(Q/_\-m%I771%)8.&7?2%{2@}
B
TG [gupy (9,1) + b (70)] — 25== [(02h) (02h) + 1 (%07
S () (9h) + h (9%1)] = S22 [(@%h) (92) + h (0%0%0)]
- f\i [(0"h” ) (D,hD,h)+( 0,1 ) (0"0*h) + (D,h) (2 h)]
AU
265_0.‘?’?1%1/ Tty 2 117 [aVE S 0 OUTATV Ia 7t 17 A2117 T
— S W (Am W, + 0PI) 2 (00T )(a# H,,) LW, (a W ) ._
Hb,y = _% [h(P W) + (92h) (0" W,)]
1Ca_ oMY N dmweg—a ., o0 P
T[i (2P W,) + 2™ (0%, h,)] SR (e h) (9,0,)
ics_aAM% m _ _
7 = L h(@w,) + 2w (9,h)] .
v/
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4. 2HDM [Dawson,Fontes,Quezada-Calonge,Sanz-Cillero,23]
set 1 COSg_a, tan B, v, mp, Yo, mpg, ma, my+

set 2 COSB_q, tan B, v, My, Mie, My, MA, Mg+

e PC; takes set 1 as independent parameters, and imposes the decoupling
(SMEFT) scaling:

Vom OEY),  M2=Ys+O0(E) ~OE™), g an~O().
e P(C, takes set 1 as independent parameters, and imposes:

Yy~ 062, M ~O0(E), o0~ O

e P(C3 takes set 2 as independent parameters, and imposes:

M2~ O(e7).
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4.

2HDM We collect the HEFT coefficients
[Dawson,Fontes,Quezada-Calonge,Sanz-Cillero,23]

PC Ab Ads Ady
el €232 92 X2 el \ 16Am?,
i C8-a §2c5_ 2+£2 —512(‘30 + &2, 11
h
2}?30;29_ C%_ 1Y 2
S e B 42 1) (Yy — M2 2B-a (ya v
zmi : hts — D% ) m3 M? )
pcT _£232 2 %—a (2 [1r2(44 _ 452 9V 42 25 /. ‘ i
: 36 +¢ 2mit? (C‘S‘“ [M (ts ““-3“)”}2%} g i{ﬁ_t (té - 1) (M2 —12Y3) (M* —Y))
ht B
+mgfg) +0(e)
C‘2
33 ( TH64c%_ —T6ch_ +12(1-6c3_ +6ch_ )3,
2 (1—-28 : , 4cg_aSp_acot 28| —134+38¢c5__ —3(—
6'3_“( p-a —1—I—S,_c;—a(l—1—20_%—0.)—l—c,zg—a{_Qs_S—meg + 2Cp-asp-acol [ T 9% (
1265 )ik,

PC; + 2¢3_q85—q COt 26’)

+0(¢)

+ 2c5_ncot23(1 — 7?1%2)}

+4¢3_, cot? 28 [3c§_c( —16s3_, +3(—1+Gs§_a)m%2} )
+ O(¢)
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4 2HDM Ab = 3Aa2 + 0(53) SMEFT D=8 correlations [Gémez-Ambrosio,Llanes-Estrada,Salas-Bernardez,Sanz-Cillero,22]
' Ady = 6Ad3 + O(€?) SMEFT D=6 correlations

[Dawson,Fontes,Quezada-Calonge,Sanz-Cillero,23]

PC Ab Ad, Ady
- Y5 51 £ 16Am?

pCT —£23c2_ —£2¢%_ —= W=, —£12¢2 2 I+ 22 E_11

p 5 paia 5B 3 C_S—a-m% + £, m?

2}?30;29_ C%_ 1Y 2
(- (Y2 — M?) 2B (2 4y,
zmi mits m; M2 (M? — 47)

T 290 2 8-a [ 2 1204 442 42 2

PCQ £ 363_0 +£ Qmﬁté (C_S—a' [ﬂf (tﬁ_4t,3+1)+2}2t|3} + rf% (té o 1) ("'I,}"Q o 12}/2) (."LIQ _ 1,72)
i) ~oe)
c_%_a

[Arco,Domenech,Herrero,Morales, 23]

(124,

PC; + 2¢3_q85—q COt 26’)
+ 0O(¢)

: (—7+64c%_0_—76cj}_a+12(1—6c§_a+6c§_a)ﬁ1%2

+dcs a55 acot26) — 134382, —3(=5+
1265_a) |
+4¢3_, cot? 28 [3c§_c( —16s3_, +3(—1+Gs§_a)m%2} )
+ O(¢)

—1+sp o1+ 2(‘.%_0.) +ci, { — 285 _amiy
+ 2c5_ncot23(1 — 7?1%2)}
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Ab = 3Aa2 + 0(53) SMEFT D=8 correlations [Gémez-Ambrosio,Llanes-Estrada,Salas-Bernardez,Sanz-Cillero,22]
_ 2 _ :
Ady = 6Ad3 + O(§ ) SMEFT D=6 correlations [Dawson,Fontes,Quezada-Calonge,Sanz-Cillero,23]

4. 2HDM

PC Aa A61 ah,w ah,yz
: ; 2 Am? Am?, (m% — 2m;)
pCT | _ 2 %-a Cg—a 25« _ H | o2 My w O(£2
N I ey il i By, OO S germyy, o0&
1 (¥, Mz} B (M’Q — YQ) (Qm%,- — mgz) B
POl e L fa_ oS e 27 062 P2,
2 tan 3 2 Cp—a COL 2, Yo — M2+ O(£2 cot(23) (M'Q — Yg) C6_a [Qm%,— — m%)
wep 2T MIFOED 0672 M>m3, +0(&)
S8—ar
48?2 Sh—a
7 3 (mg — 2miy) —
£ 712 — csc(3) sec(f3) ( cot(283)cs_at 96miy, >
1 A8m2 M2 (2m}, —m%) 20 cot(2 L
PC;  spa=l oz (csattanfssa) Sia) = $2880n2 0%, [30cot(2B)es-a(ri? -
2 2 o g s5_,(10 2 _
fim?; 3 (30 cot(28)cs o + 7?1122 ese(B) sec(B)) + 55 5 (19m )
144072 M : 30mi, esc(3) sec(B) + sz)] +0(&2)

19550 ) + O(€?)

24
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4. 2HDM

[Dawson,Fontes,Quezada-Calonge,Sanz-Cillero,23]

hh—hh
s, V)
/s =260GeV, 0= 1/8
Each PC replicates the model 801 v, = (750 GeV)?, t5 = 1.2 2HDM
show different convergence - M = 875 GeV
= UV model
At order &2 PC, fits PCY, O(€%)
better the UV model. — PCT, 0(©)
— PC3, 0(¢")
== PC3, 0(¢)
e+ RCE, 0

-0.10 -0.05 0.00 0.05 0.10
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4. 2 HD M [Dawson,Fontes,Quezada-Calonge,Sanz-Cillero,23]

Lpypy (MeV)
_ 5.0¢
h — bb, h — vy and h — ~vZ DAL Tope
ty =12
45)
At LO in £ PC3 converges faster
4.0¢ —— 2IIDM = PC;
DT (-0
PCY,, 0(¢")
35/
Loy (keV) Fh_(;T,Z(keV)
BNy
:_: - wol === - 2HDM, Typq—I
i = e | Ys = (750 GeV)?
\ ol e M = 875 GeV
T tg=1.2
. 6.3 — sM
SN - —— 2HDM
-~ /—\
9.0} 6.2 PCY, O(Y
[ — PC3, 0(&%)
o --- PCE 0
851 — PC3,0(€")
. ‘ . . . ‘ ‘ --- PCY, O(&)
~0.10 —0.05 0.00 0.05 010 P o0 ~0.05 0.00 0.05 0.10 Ii |
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5. Real Singlet Extension (RSE)




[Dawson,Fontes,Quezada-Calonge,Sanz-Cillero,23]

5. RSE Real Singlet Extension (RSE): SM + one real scalar

2 2 9
M1y Moo }"1(?-) )“24 )‘31.2
V=-"¢¢p— 54+ — 25t ZEates
Qw 55+t ') + 75t 2(?5@
set 1 v, m, vs, M, s,.
set 2 v, m, 3, M, s,

e PC; takes set 1 and imposes the decoupling (SMEFT) scaling;:

M?~O(E7), v~0(E™), sy~ 0.

e PC, also takes set 1 imposes:

M? ~ O,

e P(C3 takes set 2 and imposes:

M? ~ O(E1.
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5. RSE We collect the HEFT coefficients

Dawson,Fontes,Quezada-Calonge,Sanz-Cillero,23]
PC Aa Ab Aksg Aky
2 —2¢s2 0.2 .
s X ) 3s 2552 52
—E.—" o of o 2m? -2+ - X _ g2 [2811: Uy
PCY 2, +£2s§(s§, -3 3, 2 ¢ ¢ ’mz
-gX - L) €2 (3,0, — 80) - .-‘U sy (4150, — 380) |
. v, 5
1968 e+ 5y0)°
4_3.Y L v
Cy = SyCx — (cio? + sv?)
) U s L WU THY)
2m©s sLU v2
PCY ¢ —1 X (s2y > — S — 2262 (o :
2 X £ M2 (le‘ ¢ v, ! 28cim?sy (eyvs + syv)?
— vy -y -w') A |
i lﬁrrzm.Jsi (e vs +s,v) 2
IM*2
. 2 g 292 Y Y
[Buchalla,Cata,Celis,Krause,16] sy E , 2_1 + ey _g\ T St (m_ B #5)
‘ B )< — i 5 .
PCY e -1 B ﬂ-%) e 3”12.‘;‘3 Uz.\z ( 2) +£23('\1\U4 (m? — pu3) [m (Us
M4 o M8y ‘ 2 -
x (m? — u3) - 62\!—1\ (m* — u3)

- 10) + p3 (16 — 19.%)]

Table 1: HEFT couplings for the Z2RSE. All the couplings are shown up to O(&2).
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Ab = 2Aa” + O(£?) SMEFT D=6 lati
5. RSE Ad4 _ 6Ad3 B 4/3Aa n 0(52) N correlations

[Dawson,Fontes,Quezada-Calonge,Sanz-Cillero,23]
PC Aa Ab Aksg Aky
3 —-2¢s2 . ‘ .
s X 3s 2552 5‘2
—£X 2 2/ ¢ 2m? —£X + — X 42 X [2811: v
R y 2.2( 62 2 2 s
PC! 2,1 +¢ sx(‘.s\,‘ W4 i|* s
- Ezgx _ "-*'S\) £2 X (33‘1.-;. - B-a') — M*?s, (41,04 — 38‘0)]
. R Vg
L 19¢3 53 (exvs + syv)?
9.2
P . l -1 4 92 31.'3 2
PCY e -1 2m?sy ¢ a_ HY 1 N vi
- : +¢ M2y, (S‘L“ N7 T B 28c2m?s3 (cyvs + s,v) 2
— Uy = Cy Sy U 3M2p2
216(‘ m sl (e vs +s,v) 2
HI* 2
292
2 —-1+e¢ —g2 2_ 2
fq:i +E:}2 (m‘2 2 ' g; +& 112(m Mz)
4 o _ m2 — 12 . 8 .
PCY e -1 9 231;1?.5{ ¢ \12 Cy (m* — 2) + 2% (m? — p3) |m’ (Us
' - ﬂ-z) +&— 2.3 3e, M*
) ;';I 2 me Sy (mQ o 2) ) )
x (m* — p3 > Mic, H2 - l[)) + ;.l.é (1()’ — 195‘5‘,)]

Table 1: HEFT couplings for the Z2RSE. All the couplings are shown up to Q(£?)
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[Dawson,Fontes,Quezada-Calonge,Sanz-Cillero,23]

do hh—hh do hh—hh
@ |9=9(} (pb) @ ‘9:90 (pb)
[ [ Z2RSE

M =700 GeV
vy, = 600 GeV

5¢

Vs = 600 GeV

Vs = 300 GeV [
90:?1'/8 4_

bo = /4 —— UV model
PCT, O(¢!

PCR O

— PCY O(
-=- PCX,O(
(

(
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5. RSE

[Dawson,Fontes,Quezada-Calonge,Sanz-Cillero,23]

do_ WW —=hh dO' WW —hh
a9 |a:ou (pb) 20 |9=go (pb)
L Z2RSE
' M = 700 GeV
V5=300GeV /5 = 600 GeV v, = 600 GeV
6y = 7/4 1.35] 0y = 7/8 Lol —— UV model
| PCE, 0(¢")
‘ PCY,0(¢?)
1.30 R 0
: — PC;,0(&)
==+ PCY,0(¢")
I PCRO 0
L2 s (51)
/". - =+ PCR,0(¢Y)
-0.2 -0.1 0.0 ~0.2 ~0.1 0.0 0.1 092 X
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4. Complex Scalar Extension
(CSE)
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6 CSE CSE: SM + one Complex Scalar

-2 I~
f e A2, L 2 % i 02,1 2\ 1
V= —6i6+ 2 (610)" + b IS + S0 1S + 7o (S.°) + |arSe + 7biS:

Dawson,Fontes,Quezada-Calonge,Sanz-Cillero,23]

| R | g 1 1 g 1 1
+ze1SE + zeaSe 1S:* + qP1SE+ St S:)* + 1010165 + 78361652 + h.c.]

set v, m, M, 0,02, 00,03, p1. p2, p3, €1, €2
e PC; imposes the decoupling (SMEFT) scaling:
M?~ O™, s1~0(9).

e P(C, imposes:

M?~O@E™), st~0(E), ef~0(E), e~0E™)

e PCj3 imposes:

M? ~ O,
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6 CSE

[Dawson,Fontes,Quezada-Calonge,Sanz-Cillero,23]

PC Aa AD Ad; A,
PCC _ o5 2282 Sl (o 251 (g0
1 _5 E 1 g sz ('U 623 — ?)ml) 5 ‘3—(91 02 — 2Jm1)
1
2 5 9?2 — 302093 2
51 6m? ( ! ¢ 02
N (902623 — 3V 2sqverar
PCy 2[‘:_} _‘Efs% +\/_31'U312R) 3mi '( ) @)
_efl y ) — 25m}) + O(¢
8 0@ +528 2 (gml 2'1’2523)
v 9 5 - ﬁ SQ’L‘( — fi(c2 + 1}5 9 +
—m lgcl'“(cl_gsl_l]gﬁ 2m3 ! ! *
P13R
PCY —1 4_1 ‘ ; - ;
3 A —T—lf_j{fj + \/gsl ( - 3‘5'% + 5% + B)SIQR} —|—,02) +6’L!523—2\/§c‘fslelgﬁl

A2 _3g2 _ 19s7
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6 CSE

Ab = 2Aa® + O(£?)
Ad4 = 6Ad3 — 4/3Aa + 0(52)

SMEFT D=6 correlations

[Dawson,Fontes,Quezada-Calonge,Sanz-Cillero,23]

pPC Aa Ab Ad, Ad,
PcO| _esi | Fe22s2 | | 28t (25 5 251 (g2
1| =€ 5 1 £ 52 (v 093 — Bml) £ 3 (91 Soz — QJml)
1
2 f ng — 3'1!2523 2
51 6m? ( ! ¢ 002
ALY —= | Jv 523—‘3\/_31’1, €12R.
PC% 2:4 _‘S 25% + \/_Sl'b‘ 8121:{) 37 L] (
€3 o ¥ i ~ 25m3) + O(¢)
8 O(‘EQ) + 52 8 .2 (?)ml 2'1?2623)
v st [, 6(c2 + 18
———|3civ(ci =351 —1)02s 22 31'1'( —6(ci + 1)dos +
24m3 1 pisn
PCS ¢, -1 ¢l-1 _
3 C1 j:@(f) +2s1(—3cf+ 57+ 3)6121%} +p2) +6@523_2\/§C§31612Rl

1

+ﬂ(c%—35%+3) -1+

+c§(1— 1933%) —1+0()
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6 CSE

[Dawson,Fontes,Quezada-Calonge,Sanz-Cillero,23]
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6 CSE

[Dawson,Fontes,Quezada-Calonge,Sanz-Cillero,23]
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Conclusions

We have studied the matching of UV models to HEFT/SMEFT for different
choice of UV parameters and PCs that result in different low-energy theories.
Some aspects of the models and PCs used are:

e 2HDM. We have shown that different PCs are more suited for a given
observable . PCjs is most adequate for h — vy and h — vZ, PCs is clearly
more accurate for some regions of processes such as hh — hh.

e Complex Singlet Extension. All PCs considered show similar results
around a £ 0.1 deviation from the alignment limit. PCj3 is able to repro-
duce the behavior of the CSE in for s; < 0.2.

e Real Singlet Extension. We showed that two PCs perform an expansion
only on inverse powers of the heavy physical mass for WIW — hh lead to
very different results. This is the case for PCy and PC3 where vs and p3
are used. hh — hh does not show this acute difference, except for the first

order of PCs.
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Backup slides

Constraints
Coma

0.15 —_— A = T750GeV
=== A= TV

0.10} === tanf=1

tanf =12
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0.00 AA(GeV)

a0 100 150 200

Perturbativity and positivity
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Backup slides

do Fh—hh
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Backup slides

dO’ hh—hh
T |0:00 (pb) do mHhh(pb)
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Backup slides

The Straight-line Basis
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