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@ The Zs model.
@ Experimental constraints.
@ Theoretical bounds.

@ Final Remarks.
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The Zs5 DM model

The Zs group contains the five Sth roots of 1,
Zs = {wg = exp(i2wa/5), witha =0,1,...,4}.
Then we can introduce two new complex scalar fields that transform as

2. o5
P1 ~ws, P2~ ws; ws = /5,
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After of the spontaneous electroweak symmetry breaking, the scalar
potential of the model reads

1 1
VZ5 = 5 }%hQ + )\HUth + Zl)\Hh4
2
1
+ Z (Mz‘2|¢i|2 + Aailil* + Asivih|¢i” + §>\Sih2’¢i|2)
i—1
+ Aaa2| 1|2

1
+ 5 (/L31¢%¢§ + 52301 + A1 d + As2r103” + h-C-) ;

where ¢, » do not acquire vev, and M; < M, < 2M; so that
both are stable. They are singlets under Ggy and the SM
particles are singlets under the Zs; symmetry.
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Parameter space

Set of free parameters

M;, Aai, Asiy Aa125 S35 A3i-

o M; = ¢; mass

® )y = ¢; self-coupling
® \j12 = ¢1-¢2 coupling
® \g; = ¢;-h coupling

New processes

@ [15; = ¢1-¢2 trilinear-coupling (semi-annihilations)

@ \3; = ¢1-¢2 quartic-coupling (conversions)
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Processes

Type Process Channels
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Type Process Channels
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Constraints on the parameter space

Theoretical bounds Experimental constraints
@ Perturbative unitarity. @ Relic abundance.
@ Positivity (bounded from @ Direct detection experiments
below). o XENON-IT.
e Potential Stability (BW , Zs). : E?JI;I(DZ/?;LIN
@ RGE:s stability at high energy. o DARWIN.
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Scan

The scan on the parameter space was performed in the following
ranges.

40 GeV < M; < 2 TeV,

My < My < 2My,

107* < Mgy, [Mara,si3i] < Vi,
100 GeV < |usi| < 10 TeV.
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Experimental constraints

Belanger, Pukhov, Yaguna and Zapata (2020) showed that the model
fulfills the direct detection and relic abundance constraints for a wide
set of points in the parameter space.

My(GeV)

Figure: arXiv:2006.14922
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Theoretical bounds

@ Perturbative unitarity
We must guarantee the
probability conservation,
maintaining the S-matrix
unitary. This is

Re(aé) <

Y

N

where a}) is the ith
of the S-matrix.

o

igenvalue
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Theoretical bounds

@ Perturbative unitarity

We must guarantee the @ Scalar potential stability

probability conservation,
maintaining the S-matrix
unitary. This is

The scalar potential has 12
minima, but the SM minimum
(BW', Z5) must be global.

Re(aé) <

Y

N

where a}) is the ith
of the S-matrix.

o

igenvalue

o Positivity
The coupling matrix remains
copositive
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Theoretical bounds

@ Perturbative unitarity

We must guarantee the @ Scalar potential stability
probability conservation, The scalar potential has 12
maintaining the S-matrix minima, but the SM minimum
unitary. This is (BW', Zs) must be global.
, 1
Re(ay) < =,
2 o RGEs stability
where a}) is the ith eigenvalue The above constraints must be
of the S-matrix. fulfilled at high energy scales.
e Positivity In addition, the parameter

The coupling matrix remains space must remain real.

copositive
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Some of the obtained constraints...

For s — o0, the eigenvalues are analytical and read

Ag; < 8,

‘2)\41' + M2 = \/18)%1‘ + (2)\41' — )\412)2‘ < 16, (D
lan23| < 1/2,

where «; are the roots of the polynomial c3x + cox? + 1 + g with

co = 203 (—=3Nj m + A1 (48 g — 40%,)
— AN Ng + 2A 12251 A82)

c1 = 6#@% (24 (Aa1 + A\a2) A — )\le + 1641 \g2
—2 (X1 +2%2)) -

co = 5120%0% (3Ag + 2 (M1 + \i2))

c3 = 40967303,

2)
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Some of the obtained constraints...

Ai >0,D>0A(Q>0VR>0),
D = =273 A31]* — 4| A32| A31[® + 18| Az2| AaaAa12| Azt |2
— 42X G101 P + (A2 *Adia a1 |* — 6] As2[*Aar Az Az [
+ 144M 41 A2 12 Az1 % — 192 A2 A2 A5 | Az |
— 80 As2| A a1 M2 A 10 Azt | + 18 AsaPAa1 A1zl As1| + 16X41 A a2 A\ T1o
+ 25603, M35 — 4| Ao P Aai Ad s — 27| Azt A2, — 12803 A2, 00
+ 144|A32* A3 A2 Az,
Q = 811 \a12 — 3| Az %,
R = —3|A31]% + 16A41 M 12| As1]? + 6403 \ao
—16A%; (A2 + sl As2]) -

Allowing Ag; to take negative values, further conditions arise. They
are not shown here by their analytical extension.
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Theoretical bounds (combination of constraints)

Taking Aq12 = A3; = g2 = 0, we obtained the following behaviors
for each parameter.
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Requiring log (Amax/GeV) > 4

M; (GeV)

arXiv:2006.14922
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Requiring log (Amax/GeV) > 4
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Requiring log (Amax/GeV) > 4
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Requiring log (Amax/GeV) > 4
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Requiring log (Amax/GeV) > 4

M, (GeV)
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Requiring log (Amax/GeV) > 4

c.
4
]
A

107t

.Wfl (GEV) ]\[1 (Ge\,r)
arXiv:2006.14922 Combination of constraints

The Zs model Diego Rios (COMHEP 7 - 2022)



Requiring log (Amax/GeV) > 4
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Requiring log (Amax/GeV) > 4
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@ The model remains viable at high energy scales, even for all the
parameters taking non-zero values.

@ The most restrictive condition is the scalar potential stability.

@ The vacuum stability is not guaranteed for all the points in the
parameter space. We found that the Higgs self-coupling can take
negative values since its S-function at 2-loops level depends on
Asi-

@ The case A\g; < 0 and A\go < 0 is totally excluded (does not
fulfills positivity).

@ The values of M;, \4;, A\3; and Ag; must be restricted at A ~ my
in order to guarantee the viability of the model at high energy
scales.
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Thanks.
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