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Outline

e Asymptotic safety in gravity and matter — predictivity, symmetry,
dynamics

e Secluding dark sectors with QSS

 SU(N=6) WIMP phenomenology

Enrico Maria Sessolo AS vs PP DESY 2025



Fixed points of the RG flow
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* Weinberg '79: improve UV behavior of Gn (non-perturbative renormalizability)
* Advocated in QFT as solution to U(1)y triviality problem etc.
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Fixed points and critical surface

Bi{ef}) =0 —» M;; = 0B;/0cj|ary — > {—0:}

stability matrix

critical exponents

A 0; >0 A 0; <0
IR uv IR S uv Isi
repulsive [~ attractive attractive repuisive
—> : >
Irrelevant couplings provide

Relevant couplings are

free parameters of the theory predictions

Theory space
4

can only deviate from
the FP along the
critical surface

UV critical
surface

span the T
UV critical surface = e =

— Non-perturbative |~
renormalizability
critical surface is

finite-dimensional

- Max predictivity
max number
of irrelevant couplings

from Wikipedia
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Asymptotic safety in QG

Quantum gravity likely features interactive UV fixed point

[ Reuter '96, Reuter, Saueressig '01, Litim '04, Codello, Percacci, Rahmede '06, Benedetti, Machado, Saueressig '09, Narain, Percacci '09, Manrique,
Rechenberger, Saueressig '11, Falls, Litim, Nikolakopoulos '13, Dona', Eichhorn, Percacci '13, Daum, Harst, Reuter '09, Folkerst, Litim, Pawlowski '11,
Harst, Reuter '11, Christiansen, Eichhorn '17, Eichhorn, Versteegen '17, Zanusso et al. '09, Oda, Yamada '15, Eichhorn, Held, Pawlowski '16, Pawlowski
etal '18 ... many more |

M. Reuter, F. Saueressig , PRD 65, 065016 (2002)

Prototype example: Einstein-Hilbert gravity 91
5 - /d4 V9 (—=R(g) + 2A) =
= —-—— aj —_
EH oG . g g

Functional renormalization group (Wetterich
equation) lead to 2 fixed points

W

d d\ e -\
595d1§k_0 PAS R //TW '
O\
(gaussian) g — 0 A — 0 Fixed point persists under the
addition of new interactions
(interactive) g —_— g* )\ — A* Critical surface has finite dimension
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Asymptotic safety in matter

[Robinson, Wilczek '06, Pietrykowski '07, Toms '08-'10, Rodigast, Schuster '09, Zanusso et al. '09, Daum, Harst, Reuter '09, Folkerst, Litim, Pawlowski '11

Harst, Reuter '11, Christiansen, Eichhorn '17, Eichhorn, Versteegen '17, Zanusso et al. '09, Oda, Yamada '15, Eichhorn, Held, Pawlowski '16, Wetterich, ’
Yamada '16, Hamada, Yamada '17, Pawlowski et al. '18, Eichhorn, Versteegen '17, Eichhorn, Held '17-'18 ...]

Gravity FP ==> matter FPs (k > Mp)

SM gauge couplings universal corrections (depend on gravity fixed points)
dgy o g%”/ 41

_ a4 F (G A", f (G A" )
dt 1672 6 fg gy ! Y

dgo _ g3 19

&= 1626 1992

dgs _ g3

i ronc ~fg g3

SM Yukawa couplings

dyy Yy 9 5 3 ; g 9 e LT
dt = Tenz \ 3% T 5 3y, +3y0 — 195 — 893 -

2 42+ 92 + 2) — fy yt
5 1 59y t¥e T Yyt U vy

dyo g (9 5 3, 2 2 9, 9 9O o, .2 2 2
dt ~ ez \o¥e t oyt Sy +3y. — 192 — 895 — 59 tYety,t+ yT-) —fy yb

... same for other quarks and leptons
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Asymptotic safety in matter

[Robinson, Wilczek '06, Pietrykowski ‘07, Toms '08-'10, Rodigast, Schuster '09, Zanusso et al. '09, Daum, Harst, Reuter '09, Folkerst, Litim, Pawlowski '11,
Harst, Reuter '11, Christiansen, Eichhorn '17, Eichhorn, Versteegen '17, Zanusso et al. '09, Oda, Yamada '15, Eichhorn, Held, Pawlowski '16, Wetterich,
Yamada '16, Hamada, Yamada '17, Pawlowski et al. '18, Eichhorn, Versteegen '17, Eichhorn, Held '17-'18 ...]

Gravity FP ==> matter FPs (k > Mp))

SM gauge couplings universal corrections (depend on gravity fixed points)
dgy _ gy 41 _ Fo(G* A%, L), (G AL
@ 1w 199Y =0 ’ ’
dgo _ g3 19
it~ 1626 —1992 =0
dgs _ _ 95 . _, 3 =0 tter fixed point
o 1672 9g3 = -~ matter fixed points

SM Yukawa couplings

dyy Yt 99 3 9 2 29 g 17 5 , 2 2 2 - —
dt ~ Tenz \¥t T T3t — 10 80— ooy tYe T Y T y'r) fyyt =0
dyo g (9 5 3, 2 2 9 9 9 9 .2 2 2

gt~ 152 \ g% T ¥ +3us + 3y — 792 — 895 — oy TYe T Yt yr‘) -fyyb =0

... same for other quarks and leptons
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Asymptotic safety in matter

[Robinson, Wilczek '06, Pietrykowski ‘07, Toms '08-'10, Rodigast, Schuster '09, Zanusso et al. '09, Daum, Harst, Reuter '09, Folkerst, Litim, Pawlowski '11,

Harst, Reuter '11, Christiansen, Eichhorn '17, Eichhorn, Versteegen '17, Zanusso et al. '09, Oda, Yamada '15, Eichhorn, Held, Pawlowski '16, Wetterich,
Yamada '16, Hamada, Yamada '17, Pawlowski et al. '18, Eichhorn, Versteegen '17, Eichhorn, Held '17-'18 ...]

Gravity FP ==> matter FPs (k > Mp))

SM gauge couplings o
gaug pling Uncertainties due to

dgy gy 41 faqy =0 truncation, scheme, background, gauge fix ...
dt 1672 6 99y =
dgz _ 95 19 —foq2 = * FRG: s Folkerts, D. Litim, J.M. Pawlowski 1101.5552
dt 1672 6 992z =0 G.P. de Brito, A. Eichhorn, 2201.11402
dQB 93 A. Pastor-Gutierrez, J.M. Pawlowski, M. Reichert, 2207.09817
E — 163 5 7 — fg g3 - 0 M. Riabokon, M. Schiffer, F. Wagner, 2508.03563
s
A. Eichhorn, A. Held, 1707.01107
A. Eichhorn, F. Versteegen, 1709.07252
f_a_ iz 4A

° H o & H 7 g ~

Schwinger's “proper time: Ar (1 _ 2A)

G. Giacometti, K. Kowalska, D. Rizzo, EMS, D. Zappala',

to appear

3 - =
fg — 4_G e2h * Dim-reg 1 loop:
@ D.J. Toms, 0809.3897
3
fo = —GA ... and more
2T
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Asymptotic safety in matter

[Robinson, Wilczek '06, Pietrykowski ‘07, Toms '08-'10, Rodigast, Schuster '09, Zanusso et al. '09, Daum, Harst, Reuter '09, Folkerst, Litim, Pawlowski '11,
Harst, Reuter '11, Christiansen, Eichhorn '17, Eichhorn, Versteegen '17, Zanusso et al. '09, Oda, Yamada '15, Eichhorn, Held, Pawlowski '16, Wetterich,
Yamada '16, Hamada, Yamada '17, Pawlowski et al. '18, Eichhorn, Versteegen '17, Eichhorn, Held '17-'18 ...]

Gravity FP ==> matter FPs (k > Mp))

SM gauge couplings ..
Jat9 PANS Uncertainties due to
dgy gy 41 truncation, scheme, background, gauge ...

dt 1672 6

—-fggy =0

“size matters” for gy

A. Eichhorn, F. Versteegen, 1709.07252

1.4 ‘ 7 7 / ] 15 < 0.0097
: ; . s s :
1.2} UV unsafe trajectories,»” - _- j 0 0097
[ I—,—’ __-’ 4 ~
L [/ — ] ot &
1.0 predictive trajectory g fg
< 08}
> : free trajectories
06
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| SN 1 f, > 0.0097
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RG scale k in GeV
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Asymptotic safety in matter

A. Pastor-Gutierrez, J.M. Pawlowski, M. Reichert, 2207.09817

State of the art 1T TN _
| '_s‘h_.f]'z*.f}:s_
The AS Standard Model 0.8 v~ A
at the Gaussian FP i |
0.4f : 3
0.2t 1
10 108 10° 107 10° 10 10 10% 10'7 109 102 10%
k [GeV]
M. Riabokon, M. Schiffer, F. Wagner, 2508.03563 G.P. de Brito, M. Reichert, M. Schiffer, 2510.09572
O gauge: i iaili e e © Yukawa: |
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Critical exponents are rather large
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Asymptotic safety in matter

Bypassing the calculation to get predictions (k << Mpi)
[Wetterich, Shaposhnikov '09, Eichhorn, Held '18, Reichert, Smirnov '19, Alkofer et al. '20, Kowalska, EMS et al. '20-'23, Eichhorn, Gyftopoulos, Held '25 ]

... as the set of irrelevant couplings is overconstrained: 2 unknowns (fg, fy)

>> 2 eqs (g, Vt, Vb, Ve, ..)

1 Yt |
L » getf, (e.g. from top quark Yukawa)
gy |
0 I
|
|
o . |
107°F "---—--____yfz_ I -
- — » predict yx (in SM or BSM)
: - = 2 = log p/GeV
Testable signatures ... * Predictivity
eg. b- s anomalies: Kowalska, EMS, Yamamoto, Eur.Phys.J.C 81 (2021) 4, 272
Chikkaballi, Kotlarski, Kowalska, Rizzo, EMS, JHEP 01 (2023) 164
b- c anomalies: Kowalska, EMS, Yamamoto, Eur.Phys.J.C 81 (2021) 4, 272 ° Symmetry

g - 2: Kowalska, EMS, Phys. Rev. D 103, 115032 (2021)

... with small residual uncertainties * Dynamics

Kowalska, Kotlarski, Rizzo, EMS, Eur.Phys.J.C 83 (2023) 7, 644
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Asymptotic safety in matter

Pairs of Yukawa couplings: fy > ferit
d b
jz/ = 16Y29y —fa9v ... implies yz>0
i :
;Jf = 1";;2 [ox yx + azyz — ay 9] — fyyx
d: , _ - .
jf - lziz o'y vk +agys — &4 g3 ] — fLyz
| > fy
oy
0.5 K. Kowalska S. Pramanick EMS '22
. N \
Q\\\\\\ h ||| [ 1) //
relevant ’,?" —— Hm\\\\‘ | ;,;;w’f
0.4} b .y
*/X; g = ; i'ra" ,’/’4
AS 0.3/ .’f;’!//{/’i:::%if}/)é‘f/f;
Standard 3 ‘W}‘f{ i ?: s ‘Zfﬁ?ﬁ # bred
Model Il /14 o g N redictivit
0.2 ﬁ,-f}j/‘:é/}' j::.-__f;,f 1 ;';’g?r%’;;ﬂevant P 4 y
l'l?'.r’y/ /’:4":;:':’:"’-:_:' _ top quark requires
Al Pauarres
T T T e | - -
e 1107 Sy S 1207

B xz::_;i-';'-_*_—_.,__..__a--l--* -]
relevanta’ o "2 o rgl-gvan':} &
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Asymptotic safety in matter

Pairs of Yukawa couplings: fy < fcrit
dg b . . _
dz/ _ 16:;293/ —fogy .. impliesyz=0
i :
;Jf = 1";;2 [ax yx +azyy — ay gv] — fyyx
di , _ i -
jf - lziz o'y v& + oy — o4 63 ] — fyyz
| - f
i ’
0.5 K. Kowalska, S. Pramanick, EMS '22
s R R TT7)
ill' | L'Ll Ill H .',; ;,;/////
ZIIRARIN L 14 '/ ////
I \ |
W\ 7
relevant 0.3@ \:{_\ N lr'*-“l,."; ;/%‘jf
=\ /%;f?
u.z;“/f’ RN Symmetry
=N\ _
b g o H‘:’,ff"f:“;,t yz=0 (atall k)
M oe =l o
3/;/2-.—:;;?: e
relevant 0.00=====—"—— @<= 7~ o5 irrelevant
Yt
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Pairs of Yukawa couplings:
dgy

Asymptotic safety in matter

Dynamics
_ by 4
i~ 1em2 ~Je9v
dyx  yx [ ) ) 2} - e.g. neutrino ) ¢ _
i 1602 ax Yy toazyy — ay gy| — f‘y yx 2204.00866
dyz Yz . 107} "
G T 1607 [xVx +azyz— oy gv] - fyyz .‘
10-7 .i“
10717 "‘,
0.5 K. Kowalska, S. Pramanick, EMS '22 r \
T : 10—]3 L L ‘“
20000 60000 100000
0.4} Loglk/GeV]
, [ 1P A 1672( feric — fy)
relevant 0.3‘ R A '. III_ / e yy(t, ﬁ?) .= \/e(fcrit—fy)(lﬁ’ﬂ'2ﬁ—f) +5/2
i = ) .
= Va2 ¥,
02) f o
0.1}/

1
K
relevant 0.

- In Muvy
16 7T2 Mpl

* yvdynamically small
* Emergent scale Muv

(kinda like see-saw)

Yt
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Asymptotic safety in matter

Pairs of Yukawa couplings: fy < ferit
dgy _ by 4 implies yz =0
&~ 1oy ~fagy PR
dyx yx .
G = a7 lOxYx tazyz —ay gv] — fyux
dyz Yz , - .
T 1.2 Uk +ayz — oy o] - fyyz
- f
cri y
oy

K. Kowalska, S. Pramanick, EMS '22

R N R AR i 0§
ll l |1' !+| |I|I Lll *llu 'IIII{;III "lf f .fi:’/}/'/'l/// it g;}z a'yay —ayax
9:4 .'|L| L '.L lﬂ' 'l fﬁ,f,f’;/%’/ 2204.00866 J2xv = 16x2 ~ax —aly
RRRANRNRY S0 97747 |
A\ *\}k N\ f'{/// Z f// Z | ax—y | oy Z.ty
relevant 0.3 2 SN | WY 2y u,c 3 | T | —20.0x10"*
N | '.,»f-*_-;:"?h \AY '; ’/j,;/ g ’ 3 12 ' -
= e W e e b ] 5 117 x 10
0.2) /r o i"’%ﬁ:’f;f::.;----i d,s 3 B 9985 1072
| f i\ = 2 =
Lot e N vi | 3 | 3 CEmxi1S
WAl A lam o T et | 3 | % | -119x107*
:%f;;lz?: = T::E‘:_::—; = neutrinos

relevant 0.0@——t—=—2= . )
& 01 02 €3 04 o5 irrelevant

Yt
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Asymptotic safety in matter

Pairs of Yukawa couplings: fy < ferit
dgy _ by 4 implies yz =0
&~ 1oy ~fagy PR
dyx yx .
G = a7 lOxYx tazyz —ay gv] — fyux
dyz Yz , - .
T 1.2 Uk +ayz — oy o] - fyyz
- f
cri y
oy

K. Kowalska, S. Pramanick, EMS '22

L R R E R VAR A e I s
lll L !+| |III Lll *llu n'llillll -"f f _;i:’/}/'/')/// crit ¢ ayay —ayax
0.4 ||I ' "'. I'. '||;||- |I L w ,'i."' a’i’f’f‘;/%/ 990400866 fzxy = T A——
B 1"1'1'“' u‘;xj; F o -
IAQ *\}k W\ Y "t f;{'/// ,’7 f// Z ay—y | ay Ziy
relevant 0-3‘ . ‘i‘__:. “a\:“'\lﬁ, "1::,-::’;"{’////‘;/: u,c 3 % —920.0 % 10—4
I s\ 7= X SRS
0.2y / 7 ,f;:;‘-’:_‘—ij}"%ﬁ:’ﬁ;}:ﬁ--fj d, s 3 5 | 223x107*
o TR\ - . 3 3 | 822x107*
i f/ ,,ai’f——"_'::t-'; :E’;;:_.*-::';__-—- Vi 4 . X
Bhra  =dle e | 3 | P | -119x107
=
e alSP . ——— bottom quark

relevant 0.0@——t—=—2= . )
& 01 02 €3 04 o5 irrelevant

Yt
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Stabilizing dark sectors



Footprints of dark matter

COBE (1989-1993)  WMAP (2003-2012)  Planck (2009-2013) (ongoing)

Coma (Zwicky, 1933) AT

Galaxy / cluster

rotation curves { : ERY RS A
| alaxy” Qiﬂﬂﬂv
Observations wom2l om hydroge? duster #1 ". cluster #z JHLWH,/
2 10 50 Mu|t5i[;§)0|e m::,)]int' £1500 2000 2500

CMB

Qpumh? ~ 0.120 &+ 0.001

‘R (x 1000 ly)
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The little we know ...

 Invisible No (or micro) U(1)em charge
* Non baryonic No SU(3)c charge
* Weakly interacting (or less) SU(2)L charge alright

e Stable (on cosmological timescales)

Enrico Maria Sessolo AS vs PP DESY 2025

Question is... How?
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A GUT model with no DM

A. Chikkaballi, K. Kowalska, R.R. Lino dos Santos, EMS, 2505.02803

Consider SU(6) X generation
- _ F) a(F) #(F) : _
minimal anomaly free setup: 15 ), GL ’%6% + certain number of scalars:

SM dark sector ? 15(5), 61(‘9), 62(5)’ 21(5)’ 35(5)

Yukawa couplings:

£ o y15P68Y + 411561765 + 1211556578 + 415656

+77116478{715) + 771, 817857155 + 77, 8376571509
+911 8778721 + 4, 817857215 + 5, 8578, 21)
+ 4, 15515015 4 Hec.

SU(6) — SU(5) x U(1)x — SU(3) x SU(2) x U(1) x U(1)x

scalar sector:

~ Extended
=(S) - &(9) 5 _1._ 31 1._ 2HDM
6, 057 O (1,2 1 3.1 1 _ 1 1
! 22 (125 -+ B L5 Hy = (1,2,—5;—1), Hu=(1,2,5;—4)
S (S) 1. 1.
150 55 O (1,2, 5;—4) + (3,1, —3;—4)
(9) vevs break U(1)x
216 5 1% = (1,1,0; -10) .~ givemasstoZ'  S¢=(1,1,0;5), so1 = (1,1,0; —10)
cf. also

6. 51 = (1,1,0;5)
' E. Ma, Phys. Rev. D 103, 051704 (2021)

Enrico Maria Sessolo AS vs PP DESY 2025
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A GUT model with no DM

A. Chikkaballi, K. Kowalska, R.R. Lino dos Santos, EMS, 2505.02803

Consider SU(6)

X generation

minimal anomaly free setup: 15(F), GEF) , GéF + certain number of scalars:
il \%Y :
SM dark sector ? 15(5), 61(‘9), 62(5)’ 21(533 35(5)

SU(6) - SU(5) x U(1)x - SU(3) x SU(2) x U(1) x U(1)x

Lir D 2y uHS Q + ya di HaQ + ye eHaLy + v, L'Hy' vy
+yp dod'se + yr L' Lase + Yo, V1V1521 + Yo, Val2so1 + ygdoHaQ + y, eHqLs + v, L/Hfl/z
+ylp did'se +yr L'Lise + 2011 vi HE Ly + 25a0 vo HE Ly
+ 3§12 (1 HS Ly + vo HEVLy) + §12 vivesa + Hee.

5 neutral Majorana fermions:

Na, Ny
/ 0 0 YrUss 201100 Y120y \ . ! | N
] ] 0 0 YLUss  U12Uy 2220, .
§M” _ 7 VyUss  YLUs, 0 v Y DM not stable e
20100 12V YoVd  YuuVsy  U12Ve, S i M
\ Ui2Vu 202200 YyUa  P12Vssr  YuuVsyy / 15!5*:1

L
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DM stability from FPs

A. Chikkaballi, K. Kowalska, R.R. Lino dos Santos, EMS, 2505.02803

£ 5 yu15P886) + y15F66Y) 4 401155676\ + 4015765 6L

same gauge guantum numbers

2

17 5 17 5 17 5
16725(1)(911) = Y11 ( 5 Y1 + 7912 + — Y5t Y+ — 167Tzfy) M;; = aﬁi/aaﬂ{a’{}

17 17 17 stability matrix
16728 (y12) = y12 ( 5 i1 + 5 —yis + Y3 + 5 —Y3p+ e — 167T2fy) ¢
17 17 17 {—0:}
23(1) — 2 2 2 i
16775 (y21) — 9 ( 2 yll * y12 + 2 oYt 2 o Y2t 16m fy) critical exponents
17 17 17 0; > 0 relevant
16728 (y22) = yao (y% + ?3/%2 + 72931 + 7y§2 T — 16772fy>

6’2' < 0 irrelevant

Y22 = Y11 = Y12 = Y21 symmetric FP

911 — (912 — ‘921 — (922

the same scaling behavior

Enrico Maria Sessolo AS vs PP DESY 2025
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DM stability from FPs

A. Chikkaballi, K. Kowalska, R.R. Lino dos Santos, EMS, 2505.02803

£ 5 yu15P886) + y15F66Y) 4 401155676\ + 4015765 6L

same gauge quantum numbers

17 5 17 5 17 5
167T25(1)(911) = Y11 < 5 Yy + 7912 + — Y3 + Yoo + - 167Tzfy) M;; = aﬁi/ao‘ﬂ{a’{}

2

17 17 17 stability matrix
1678 (y12) = Y12 ( 5 Y1 + 5 =Ytz +Yz1 T 5 S Ysa + 167T2fy) ¢

17 17 17 {—0:}

2 (1) _ 2 2 2 1
16775 (y21) — 9 < 2 3/11 * y12 + 2 oYt 2 o Y2 o= 10w fy) critical exponents
17 17 17 0; > 0 relevant

16728 (y22) = yao (y% + 7%2 + 7931 + 7y§2 T — 16772fy>

92' < 0 irrelevant

Yoo 7 0, Y11 = Y2 = Y31 =0 asymmetric FP

611 >0 relevant _ _ _
different scaling behavior from
012,021 <0 irrelevant FP selection
Enrico Maria Sessolo AS vs PP DESY 2025
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Full SU(6) system ...

38 .
BY(ge) = —?g'é

17, 17, 1T 2 5. a2 T o
BV () = (?yfl + ?9%2 + ?ygl + y3 — 1037, + ‘_:’ny + Toh + Eyfz +12y2 — ng) yu

15 o o 7. . 7. .
+?y12921y22 — dyniay — S22y + §y11y12y21 + 59’129’229’21

17 17 17 . 5. o T, 91
BV (y12) = (?;fl + 5 Vi +95 + S~ 1057, + ,:,yfz + Tt + gyfz +12y2 - Tg.%’) Y12

15 o . 7. . 7. .
+?ylly2ly22 — Synhayer — S22y + 5 iy + 512022y

17 17 17 e _ 7. R 91
BV (yn) = (?yfl +Uh + U + 3932 + 2;9%2 — 1043, + iyfz + T3y + 1297 — _—93) Y21

2 4
15 o o 7. . 7. .
+?yllyl2y22 + dynyizyi + SyYi12y22y11 + ,Eyuylzyu + ,:,ylzyzzyu
17 17 17 5 _ _ 7. R 91
BN (yy) = (yfl + ?yfz + ?ygl toint i;yfz — 103, + iyfz + T3 + 12y; — Tﬂ’g) Y22
15 o o 7. . 7. .
+?yuy12y21 + Synhayiz + a2z + §y11y12y12 + 59’129’229’12

_ : N N X 7. 35 _ o
AW (g, = (Syfl + 5yt — 2433, + 1243, — 493, + 1433, + Eyﬁ + 122 — —g%,’) Y11 + 51 o022

2

_ 5 5 5 5 _ _ _ R ) 7. R

BN (fh2) = (Eyfl + Sz + U + U — 2490 + Tii2 — 2485 — 200ude + ity + 02 + Tii
2 35 2 - - - - e . - e .

+12y, — ?gﬁ Y12 + dyiyny21 + dSynyizy22 + Tyiynyiz + Ty g2y

+5y22y11421 + SYa2yi2yzz + THaaynthz + Thali2ie

) . ) Y T ) 35 )\ o
BN (i22) = (Sy{‘fl + Byzy — 450 + 12002 — 2403 + ita + 1443 + 1295 — ggr?) W2 + 51171

) _ N X ) 35 .\ .
AV () = (5yfl +5yty — 2095, + 5319 + 1637, + 81, + 2435 — ?gg) I

N 5. 7.9 .
+§y12yuy21 + ,:,ylzylzyzz + §y12y22

5 5 5 L] 9
- L o _9 _9 2 2
BW(5h2) = (143;11922 + 5.’!?1 + 59‘?2 + 55‘%1 + 5!1%2 — 10y + 5y12 — 10y + 16y7; + Uiz
2 33 5\ . o I, I, L
+16y3, — 2% ) b2 - 10y 912911 — 10911912822 — 10912822311 — 10912522822
+5911yny21 + SYnYi2ya2 + Sy + Stz
8 (5 2 2 ) _9 -2 -9 - 35 -
(522) = | 53, + 5u3, + 5uts — 20935 + 207, + Bift, + 1633, — ?9?; Y2
7. 5 5. 5.
+§yuy12 + p¥12¥11Y21 + 3 Y12¥12y22

1 2 2 2 2 9 o 9 2 2
B (yu) = (211 + 2912 + 2u31 + 2u3 — 4911 + 2012 — 4U32 + 36y, — 28g5) yu

... find the FPs
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DM stability from FPs

A. Chikkaballi, K. Kowalska, R.R. Lino dos Santos, EMS, 2505.02803
trans-Planckian FP

*

Y11 — Yv, Y12 — y/La Y21 — yz’/

Sl

Enrico Maria Sessolo

;f}-: '.f}:;;z f}'r 1 !;'52 '.f)'r ] ;f}rl ;f}r:g !]:E:g ;f}r;g Y12 | Yo
0.25 0.35 038 0.32 0.0 0.0 0.0 0.0 0.0 0.00.0
6. fao th1 tao th1 11 t12 B2 by b | O
-5.1 —-1.1 —4.7 =371 063 | —027 | =027 —=0.27 | =3.7 0 0
irrelevant relevant irrelevant
= predictions = free parameter = forbidden!
secluded dark sector
( 0 0 yj[,vsa 2gllvu ngUu \ 0 0 0 0 0
0 0 YLUss  Y12Uy  2Y200y . | 0 0 yro 0 0
YiUss  Yvse 0 yva  yua | — 5M, = 7 0 yrvee, O yug 0
201100 Y120u  YoUd Yy Usy  Y12Usy, 0 0 Wity U8, 0
\ Y12V 2Y220y y:jvd ?}12U821 Yy Usoy ) 0 0 0 0 Yvy Usyy

AS vs PP DESY 2025

two-component DM

DM is stable (actually, metastable)

cf. E. Ma, '21




Theory uncertainties

A. Chikkaballi, K. Kowalska, R.R. Lino dos Santos, EMS, 2505.02803
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£,=0016
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. """:?(7
O. 1010 1020 1030 1040 """1-6-5-6-.----.-.--.-A-IBGO
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Mgur | | Mp
0.6 R ool I
0.5
.04
03
0.2
i v, = 0.1
‘ ¥, = 0.01
1010 10 10% 10% 10% 10%

u[GeV]

predictions to very large extent independent of UV sce aisow. kotlarski, k. Kowalska, D. Rizzo, EMS, 23
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Turn on the small couplings

dynamical suppression at work in SU(6)

1_

0.1+

1072t

1073}

1074}

R Yu

___________ T:.\..\h{\\‘ C: UV

--------- ‘\.
-------- Vi v relevant
\
FP >

| ‘200‘ | ‘400‘ | I600‘ | ‘800‘ | ‘1000

In u/GeV

“forbidden” couplings now appear

dynamical suppression

 Neutrino mass via (light) see-saw (y11)

« Controllable decays in dark sector (Y22) —

Enrico Maria Sessolo

AS vs PP DESY 2025

. Ny, N
(i)
NS
N,
P
)
— v

DM can be 1-component



Predictions for DM

Yukawa and gauge couplings predicted (fixed) by AS

The only free (relevant) parameters are in the scalar potential

Vsg = (S6)  Usyy = (821)

singlet DM (v > vs,, )

45001

X SM
" mDN[ = ‘\/Eyygv.ﬁl

w
w
Q
o

mpy (GeV)

mz = 59}(\/1)26 -+ 4@'2

S21

7

5000[

IS
o
o
o

3000¢

2500

ov) > 2.1 x 107 % cm? /s
(ov) 2

| mg >5TeV

CMS bound
1 JHEP 07 (2021) 208

5000 6000 7000 8000 9000 10000

mz. (Gev)

constraints on Mo = 11 TeV
doublet DM (vs; < vs,,) relevant
R parameters s
+ ° \>
Z_ & e excluded by
X W~ X wt A direct detection
AVAVAVAVAVAVAVAV, AVAVAVAVAVAVAVAV. 5000 1x10 2x10" 5x10*
mz (GeV)
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To take home

* Predictive (IR attractive) UV completions to matter interactions
are worth considering

* QSS can forbid the appearance of unwanted/dangerous couplings

« Some couplings can be made arbitrarily small dynamically

* QSS: a means to control DM decays and stabilize it
(UV complete, no discrete and/or global symmetries required)

Enrico Maria Sessolo AS vs PP DESY 2025
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Scalar potential (GUT scale)
Vsu(e) = -(352) ‘(352)]2 ‘(354)

— M3, Tr(21721) + Ay [Tr(21721)]? + By Tr[(21721)?)

—~METr(15715) + Ay5[Tr(15715)]? + By5Tr[(15715)%)

6;61 6%62) — M3%(6165 + H.c.) + B (6161)* + By (6462)°

+C5(6161)(6564) + C1(6162)(6161)

+(C5(6162)% + C4(6161) 6“62 + C7(6},62) (6“62 +Hc.)

+a2(6162)Tr(35%) + 31261 (35%)62 + o1 (6561)Tr(357) 3216“ 35%)
+71(6]61)Tr(21721) + 0,6} (21721)6, + 72(6562)Tr(21721) + 152:3'.“2(21"21)62
+712(662)Tr(21721) 4 6,56] (21121)65 + 491 (6561 )Tr(21721) + 65,6} (21721)6,
+p1(6161)Tr(15715) + 161 (15715)6; + p2(6562)Tr(15715) + 0265(15715)6,
+p12(662)Tr(15715) 4 0126} (15715)62 + po1(6561)Tr(15715) + 02165(15715)6,
+a1Tr(15715)Tr(21721) + a2 Tr(15715) Tr(35%) + asTr(35%)Tr(21721)

4+, Tr(1571521721) + by Tr(15715 35%) + by Tr(35% 21721)

+[£1(6115761) + £2(6215765) + 13(61156,)

+#4(6121761) + K5(62 21762) + 1(6121762)

+A1(613567) 4+ Ao (61535 62) + \3(613562) + 14(61356;)

+11(1573515) + 12(151515) + 13(21735 21) + 4(2173515) + H.c.|
+6Tr(212172115") + &Tr(1515'15217) + & Tr(15151535)
+(€4(6]152176,) + &;(651521765) + &4(6]1521762) + H.c.)

+£7(61157356,) + £:(621573562) + £9(6115735 62) + £19(6215'356,)

+611(612173561) + £12(622173562) + £13(612173565) + £14(62217356,) . (A.1)

AS vs PP DESY 2025
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Scalar potential (DM scale)

Viow = au?t HrJHfI + auf.-z.-, H.'IH“ + ."-’5{2&.|5fi|2 + F‘%] |$21 |2
)2 t ’ 4 4
+ 24 (H”!Hd) + 2z (H?.-,Hn) + 3{i|3{i| + 221 |-‘521|

+ Zd{inH:HS{iIz + zdledH:;|521|2 + zus Hl Hy|s6|* + zu21 H) Hy|s21?

+ Zdu (Hdeé) (HlHu) + zdm.!anHu (HEIHH)T + Zg21 |"5{i|2|"521 |2

2

Example scalar masses:

12 : .
ﬁf{ﬂ] = —2du621Vs2Vsg — \/Eurdi.',[i‘!“‘.‘iﬁ )

402 4 p?
r2 : 521 S5
Mn,z ~ _\/53-”21[5[5 2 :

Vsaq

2

Enrico Maria Sessolo AS vs PP DESY 2025

2 2 ; . .
9 v, + Ug Usg (”u ¥ I)
M ht = “dudu = i Vsoy 2du621 + \/Ewriu{i -

2U4 Uy
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More SU(6) fixed points

FP1
Yu Ui Uso Ui Y32 Yi Y2 Yiz  YUn Y12 Yia
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FP5
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Uncertainties

Kowalska, Kotlarski, Rizzo, EMS, Eur.Phys.J.C 83 (2023) 7, 644

1o m————m—————m—————— 10—
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— gravity threshold
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