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Non-linear Approach

 To solve the dichotomy, recently the ‘extended Dark Matter Effective Field Theory’ (eDMeft) framework
was proposed (see T.Alanne et al. Eur. Phys. J. C, 80(5):446, 2020 & T.Alanne et al. JHEP, 10:172, 2020)

Extended the formalism to two scalar mediators.

With non-linear formalism more representation of scalar mediator can be cover

o - o o>
Z — el¢L(x)5 /2Ze—l¢y(X)G3/2 DMZ — a’uZ _ lgTWl/thZ + lg/ZjB’u

Z(X) p— ei0a¢a(x)/v

We work adding under this formalism 3 new fields
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eDMEFT

05 (h, S, S,) = 2 2 Z CH nkst S

&= LM +yidy — O(h, cS’l, 05’2) Xixr+ h.c. —3 DM coupling to scalars

gauge—ferm

+ @g(h, S, Sr) -3 All Scalar interactions

V2

2

T (SO0 (9,1 O3 1, 82+ 0,81 0310, 81, $) + 0,8, 030 81, 8) ) ——

¥ 21, ¢,

¢ 9) 2 2
_ Z - [g CgB/wBW g C%WI”’/W/L g: cha”’/G/fy] e e
¢

Yu (/)
\/Vz (@? dP) Z(de(])) O (h, 1. S8,) + EVZYLVOY (h, S, S,) + he.

. GG¢, W+ W_¢
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Possible signatures

| Direct |
| Detection |

g X S
h _z_ - - - T v X
g - g X v | - RS
7 Pair production Mono-jet 4 'VW oV q A q X
X X X h/S;
A v >/, /
g h/Si 9 | . Si S. I Y h/S'
hS; - h/Si .- Oi 358, X ;
j&"% o Z nen 7 7
g Z 7 h h S, .
Mono-Z Mono-h
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A simplified model

2HDM+Pseudoscalar

« Good compromise between theoretical consistency and predictivity (still limited number of free
parameters);

« Benchmark for a large variety of collider studies;

* Interesting Dark Matter phenomenology.

Visible SM Singlet
Sector Mediator

"~

Mass Mixing

Dark
Sector

LHC Dark Matter Working Group: Phys. Dark. Univ. 27 (2020) 100351
(see also e.g. M. Bauer et al. JHEP 05 (2017) 138, T. Robens Symmetry 13 (2021) 12, 2341)
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2HDM+P

Z, symmetry for 2HDM potential
1 2 1 2 1 2
Varpm = mi T¢1 + mymy T¢2 ms <¢T¢2 +h.c. > 5/11 <¢f¢1) + 5/12 <¢2Tqb2> + 5/15 <<¢fgb2> + h.c.)

23 (01 ) (102) + 24 (0]82) ()00 )

V(q)laq)za ao) Vorpwm (¢1 Cbz) elf(aO) +V, 2HDM(¢1 b, ao)

1

——l Vse If (ao) Em CZO + — 1 /laag

2 2

1 2T
(I). —_— —_ \/_¢] with ] — 1,2 | : ”
Vit ﬁj iﬁj Vo 2mDM <¢19 b, ao) =K (laoébl o, +h.c. ) -+ /11Pa0¢ b1 + Arpagd) b,

V2
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<¢1> =V

Vo
V1

<¢2> = VW

AO

a9

Alignment Iimit

cos@ sind
—sin@ cosd
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— =tanp

(¢1’ ¢2? CZ()) e

Mixing and Yukawa sector

A

A

8hr = 1

Zagr = COS 0840/

8afr = SIN O 405y

s LYuk = Z

Mixing and EW Symmetry Breaking

»(h,a,H, A, H*)

mf - B _ | _ | -
;N _ngfof + 8IS — 184af ¥sf — 184 AS st_
f
Type 1 Type 11 Type X Type Y
G | e o1 | ey | weyy | me
o | SEL | SREol | SRl | SR
Ghrr g — 1 e =1 e =1 wosa 1
9Htt | Snp > “ianp | sinp  “ianp | sinp " “ianp | simp " imp
oms | 388~ —ghs | 525 tan | 28 o~y | =26 o an
g | B8~ ks | S5 tanf | =5 o tanf | e o ol
g Ao tail 5 ta; 3 taiﬁ ta;ﬁ
9Aobb - tafl 3 tan 3 — ta:lﬁ tan /3
gAorr — taiﬂ tan 3 tan 3 — ta:lﬂ
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Relic Density

Better results for double pseudoscalar setup

Sle Szza S1=H Szza
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Direct Detection
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Maximum Gap

EWPQO Invisible Higgs

2 _
a m
_ QED ( Z> 2 2 2 2 2 2 2
Ap = > 5 > f(mHi, my) + ¢ (f(mHi, my) _f(mA’mH>> [PM = Z r(h— q§1¢2) Perturbative unitarity &
_ b1y acuum stability
2 2 2 2 2
TSy (f<mHi’ mP) _f<mP’ mH))
See e.g. G. Arcadi et al. Phys. Rev. D, 108(5):055010, 2023 for more detail
S1=A S2=a S1=H Szza
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Mono-Higgs
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Conclusions

 We extend eDMEFT to capture more LHC signatures

e We compare eDMEFT with simplified models to show the validity

* Final Steps:

* Extended comparison to other models

 Can we detect if our singlets come from a multiplet or not?
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Toy Model

~Fopud DAy D2 SIS gy @S+ ula

O

With heavy chiral quarks @ = %,9

Field SU(3). SU(2)r U(l)y global U(1)

S 1 1 0 +

Tz 3 1 4/3 +1/2

Tr 3 1 4/3 —1/2 G 1 ( )
B 3 1 4/3 +1/2 O = , S=——I(v.+ 5+ 1a
Br 3 1 4/3 —1/2 (vh + h + iGO)/\/E \/5 S

XL 1 1 0 +1/2

XR 1 1 0 —:_/2
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