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7 Motivation

m Sommerfeld enhancement for dark
matter from higher multiplets
El Hedri, Kaminska & de Vries, 1612.02825

m CP-violation with an unbroken
CP-transformation
Ratz & Trautner, 1612.08984

m Different confinement scales
for different multiplets
Kubo, Lim & Lindner, 1403.4262



3 Model(s)

m Standard Model & one scalar S
in multiplet R of colour

m Choices are 3,8, 10, 15, I5, 21, ... of SU(3).
m [o be asymptotically free,

NiT(Rs) < 33 — 2N, = 2|

m The largest multiplet to consideris |5’



4 Model(s)

The Lagrangian is given by

L= LY 4 DHP + DS

— uilHI* = me|S|* = Vouartic,
where

Vouartic = AlHI? 4 Asl S| H|* + V(S)



5 Vacuum Stability Conditions

m The self-coupling potential of S in the
representation R can be written as

VR(S) = (As + Asp))[S]*,

where p. are orbit space parameters
m The full potential

Vauartic = An|HI* 4 AsulSI*[H]* + VR(S)
is bounded from below if

Ay >0, As 4+ Agpp; > O,
)\5;_/ > _2\/)\H ()\5 + )\Sip,')
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6 Potential of 3

m 3 of SU(3) is a vector S with (S)T = §
m [he scalar potential of 3 is

V3(S) = As(5,5)?

®m Bounded from below if A\s > 0



/ Potential of 8

m 8 of SU(3) is a Hermitian traceless matrix

m Cayley-Hamilton theorem: tr$* oc (tr §?)?
m The scalar potential of 8 is

Vg(S) = As(trS%)?

m Bounded from below if As > 0



8 Potential of 6

m 6 of SU(3) is a complex symmetric matrix S
m The scalar potential of 6 is

Ve (S) = As(trSTS)% 4 g trSTSSTS
= (ks + As10)I8*,
tr StSSTS

(trSTS)?
m Minimise As 4- Asjp over p: need pi, and P

where |S|? = trSTSand p =




9 Potential of 6

m The scalar potential of 6 Is

Ve (S) = As(trSTS)% 4 g trSTSSTS
= )\g(tr‘M)z + As| trM?
= (ks + As10)IS]*,

where M = S, 9% and trM = tr TS = |52



9 Potential of 6

m The scalar potential of 6 Is

Ve (S) = As(trSTS)% 4 g trSTSSTS
= )\S(U‘M)z + As| trM?
= (ks + As10)IS]*,

where M = S, 9% and trM = tr TS = |52
m Then the orbit parameter is

trstssts M2 Y

P stz T WM T (3d)?

|
B Pmin = § and Prax = |



|0 Vacuum Stability of 6

m [he potential is bounded from below if
As +Asip >0
m The vacuum stability conditions are thus
)\g—i—%)\g > 0, As +Asp >0
m Non-zero p,, allows for As < O

m Can play a rdle for asymptotic safety
Giudice, Isidori, Salvio & Strumia, 1412.2769



Potential of |0

m |0 of SU(3) is the symmetric tensor S
m The scalar potential of 10 is

Vio(S) = As(SikS%)* + Asi Sjm S!S S
= As(trM)? + As) trM?,

where M = S, 9

m Again,
trM?

P= (trM)?

and Pmin = 3 and Prax = I



|2 Potential of |5

m |5 of SU(3) is a completely symmetric tensor S

m The scalar potential of 15" is

k!

Vis(S) = As(SjS™) + Asi Sjpep ST 9SimngS™™
+ A52 S SIS S
= (s +As1p, +Aspy)[S[*

m Vacuum is stable if

Ag —|—)\5|,O| +)\52,O2 >0

for all allowed p, and p,



|3 Vertices of Orbit Space

At a vertex V, 5
P;

=0
8SZ

m S/ 4 65, yields p! + &p,
m The deviation cannot move out of the orbit
space, so 6p, =0
Kim, Nucl.Phys. B197 (1982) 174
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|5 Vacuum Stability

Vacuum stability conditions are yielded by
the convex hull of the orbit space:

Aot >0, Ao >0 = A[not + (1 —n)ef] >0

with0 < n < |



|6 Vacuum Stability
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20 Vacuum Stability
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22 Orbit Space of |5
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23 Vacuum Stability of 15

m Vertices of the orbit space are
p=C(1,1). py= (%7%) P = (%aé) and P = (%7%)
m Vacuum stability conditions are given by

| - As 4+ As) + Ay > 0,

| 47
- Ac + =A —A\ 0
s+35|+|3552>;

| |
Il Ac + =\ Aoy >0
s+35|+652 3
| |
IV : Ac + =A Aoy >0
s+25|+352



24 Potential of |5

m 15 of SU(3) is a tensor S! that is symmetric
in the upper indices and traceless

m The scalar potential of 15 is

Vis5(S) = As(sgs{)z 4 ) sjms{”s,kns;;” + Agzsjms{”sgsﬁ’
+ A3 S SIS Sk + As4s;ms,kmsf,lnsf

= (s +As10; 4+ As20; + As303 + Asaps) [S]*



25 Orbit Space of |5

The orbit space lies within the 4-box



26 2D Projections of Orbit Space of |5
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2/ Orbit Space of |15

m The full analytical shape of the orbit space of 15
would be rather hard to find

m For vacuum stability conditions,
we need its convex hull

m We use the QuickHull algorithm to find its
four-dimensional convex hull
Loren Petrich's Mathematica code http://Ipetrich.org/Science/#CHDV


http://lpetrich.org/Science/#CHDV

28 RGE Running of Higher Multiplets

m We use PYR@QTE 2 to calculate the RGEs
Lyonnet, Schienbein, Staub and Wingerter, 1309.7030;

Lyonnet, Schienbein, 1608.07274
m The RGE for a single self-coupling has the form

ds

2 ) 4 2
m bAAS — bag g5 As + bage &3 + 25,

m [he strong coupling g3 always generates As



29 Running Self-Couplings of [0
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30 "“Walking” Self-Coupling of 3
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m 3, must have real roots As, so b)%g > 4b;bgg



31 Landau Pole vs. Mass of S
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32 Conclusions

m If the potential depends on the orbit space
parameters linearly, we need only the convex hull
of the orbit space

m Landau poles are low for most
higher multiplets of SU(3). due to large g3

m Self-couplings of 3 and 8 walk, rather than run



