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Quantum scale symmetry (RG fixed points)
Hints from the UV for IR model building
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Quantum scale symmetry (RG fixed points)
Hints from the UV for IR model building
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from Wikipedia (created by Andreas Nink) See talk by K. Kowalska
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Quantum scale symmetry (RG fixed points)

UV fixed points of matter RGEs (See talk by K. Kowalskaw

gauge — Yukawa - quartic
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Quantum scale symmetry (RG fixed points)

UV fixed points of matter RGEs

gauge — Yukawa - quartic

6(matter) o gfégravity) = ()

g ... due to gravity (or something else)
5(matter) _ yf(gravity) =0 e.g. A.Eichhorn, A.Held (1707.01107)
Y Y A.Eichhorn, F.Versteegen (1709.07252)
)(\mattel") o )\f)(\gra"ltY) — 0 P G 1-4A 1(R) = -G 96 + A(—235 + A(103 + 56A))
ST ar(1-2A)2 VYT 127(3 + 2A(=5 + 44))2

universal corrections ... 165 — 8[1(61 +1~\(_49+ 4[\))

Iy = O s AR (L5 1 4h)

+ symmetry

This talk !
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+ symmetry

See talks by J. Smirnov,

Dark matter A. Kamada, K. Sakurai

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

Coma (Zwicky, 1933)
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+ symmetry

See talks by J. Smirnov,
A. Kamada, K. Sakurai

Dark matter - 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

» Stable (on cosmological timescales) ~ Question is... How?
(kinematics? symmetry?)
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A GUT model for DM

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

Consider SU(6) x generation
minimal anomaly free setup: 15(F) 6(F) H6;:'?) + certain number of scalars:
SM dark sector ? 15(5), 61(‘9), 62(5), 21(‘9), 35(5)

Yukawa couplings:

L o y1115(F)6(1F)6(15)+y 15(F)6(F)6() + 15(F)6(2 )6() + Yoo 15(F)6( )6()
+911 677817150 4 51,8785 715 + 55,6585 15
+911 67817219 4 §,,87785721) + 45,6585 21
+1, 155150155 4 Hee.

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

scalar sector:

Extended
6 5 5 5 (1.3 _1._ 31 L1 _ 2HDM
6; D 57 1.2 1 3,1 1 _ 1 1
> (12,75 -1) + B Lgi-l) Hy= (152,—5;—1)5 Hu=(152,5;—4)
159 555) 5 (1,2, 4, -4) + (3,1, -4, —4)
. () \ vevs break U(1)x
21) 5 1%, = (1,1,0; —10) .~ givemasstoZ' s¢=(1,1,0;5), sa1 = (1,1, 0; —10)
cf. also

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

minimal anomaly free setup: 15(F> 6

A GUT model for DM

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

Low scale fermions:

X generation
(F) &(F)
65

SM dark sector ?

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

Lir D 24y wH Q + ya di HyQ + ye eHyLy +y, L' HS v,
+yp dod'se + yr, L' Loss + Yo, 111521 + Yo, ValaSar + Yy doHaQ + y. eHaLo + vy, L/HCCZTVz
+ 4 did' sg + yy L' Lise + 2§11 vi HE Ly + 2900 1o HE Ly
+ 012 (MHS Lo+ vo HE Ly ) + §12 112891 + Hec.

5 neutral Majorana fermions:
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Stabilizing DM with q.s.s.

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

£ o yu1586) + 415186 6Y) 4+ 401155676\ + 40015765 65

same gauge quantum numbers

17 5 17 5 17 4
16725(1)(911) = Y11 ( 5 Y1 + ?ym + 73/21 +yse o — 1672fy) M;; = 857;/6&]-“@;}
tability matrix
17 17 17 S
1672 8W (y12) = y12 ( S Ut Y Tyt et 167r2fy) ¢
17 17 17 {—0;}
167T25(1>(?J21) = Y21 ( 5 Yi1 + Yis + 5 —y5 + 5 gt — 167T2fy) critical exponents
17 17 17 0; > 0 relevant
16728 (y22) = yao (yfl + et Y+ Yt - 167T2fy)

(97; < 0 irrelevant

Y22 = Y11 = Y12 = Y21 symmetric FP

‘911 — (912 — ‘921 — (922

the same scaling behavior
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Stabilizing DM with q.s.s.

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

£ o yu15¥8761 + 4121506785 + 10115565761 + 1o 150765765

same gauge quantum numbers

17 5 17 5 17 4
16728 (y11) = yn1 ( 5 Y1 + 3912 + 7921 + Y3+ 1672fy> M;; = 35¢/8aj|{a;}
tability matrix
17 17 17 °
16728 (y12) = y12 ( 5 i + 5 Yy + Y + 5 —Ysyt— 1672fy> ¢
17 17 17 {—06;}
2 (1) _ 2 2 2 @
1678 (y21) = Yo1 ( 5 Yi1 + Yis + 5 Va1 + - Y22 + - — 167 fy) critical exponents
17 17 17 (92 > (0 relevant
16728M (ya2) = yao <y%1 + 5 oyl + 5921 + 3932 + - 167T2fy>

(97; < 0 irrelevant

Y22 7 0, Y11 = ¥i2 = Y21 =0 asymmetric FP

011 >0 relevant

different scaling behavior from
012,021 <O irrelevant FP selection
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Stabilizing DM with q.s.s.

A. Chikkaballi, K. Kowalska, R.R. Lino dos Santos, EMS, 2505.02803
most predictive FP allowing for top quark

Y11 — Yv, Y12 — ylLa Y21 — 3/1//

Y Yso Y Yso || Un U1 Yo Yao Yia  Yia | U
0.25 0.35 038 0.32 0.0 0.0 0.0 0.0 0.0 0.01]0.0
t., O Oy O || Oy t11 012 B2 tha  Or12 | O
-5.1 —-1.1 —-4.7 =371 0.63 | —-0.27 | =027 | =027 | =3.7 0 0
irrelevant relevant irrelevant
= predictions = free parameter = forbidden!
secluded dark sector
[ 0 0 Yivs 201va  Gi2vu ) 0 0 0 0 0
0 0 YLVss  Y12Uu  2Y200y | 0 0 yrug 0 0
y‘:{,USﬁ YLUsg 0 YvUq ’yLUd — M, = E 0 YrUsq 0 YoV 0
2011V, Y12Vu  YuU4 Yy Usoy ?:’121}321 0 0 YvVd  Yvy Vsoy 0
\ Y12V 2Y220y y:jvd ?12”321 Yy Usoy / 0 0 0 0 Yvo Usyy

DM is stable (actually, metastable)

Enrico Maria Sessolo
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cf. E. Ma, '21

two-component DM




Theory uncertainties

A. Chikkaballi, K. Kowalska, R.R. Lino dos Santos, EMS, 2505.02803
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to very large extent predictions independent of UV  compare w. Kkotiarski, k. Kowalska, D. Rizzo, EMS, '23
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Quantum gravity with proper time

4

proper time flow eq.

. @]

KOWTA[6] = — /0

N A.Bonanno, G.Oglialoro, D.Zappala', 2504.07877
G.Giacometti, K.Kowalska, D.Rizzo, EMS, D.Zappala', 2604.03033
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Enrico Maria Sessolo

Yukawa needs higher order — may flip sign!
cf. G.P.de Brito, M.Reichert, M.Schiffer, 2510.09572
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One-component DM cases
Yukawa and gauge couplings predicted (fixed) by g.s.s.

The only free (relevant) parameters are in the scalar potential (at tanf3=1)

- ~

\

_ | _ 1 1
Sg = (1,1,0,5) , S91 = (1,1,0,—10)
. A. Chikkaballi, K. Kowalska,
singlet DM (vs, > vs,,) R.R. Lino dos Santos, EMS '25
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JHEP 07 (2021) 208
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One-component DM cases
Yukawa and gauge couplings predicted (fixed) by g.s.s.

The only free (relevant) parameters are in the scalar potential (at tanf3=1)

-

~
\

Vsg = <86> Vgyy — <321> | H, = (1,2,—%;—1), H, = (1,2,%;—4)

| S6 = (15 15035) ) 521 = (15 1303 _10)

doublet DM (vs, < vs,, )

* Z
£ MAA/VVW/\/ S WVAVAVAVAVAVAVAV
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- 2
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To take home

Predictive UV completions to matter interactions with qg.s.s

g.s.s. can forbid the appearance of unwanted couplings

Control DM decays and stabilize it
example in SU(6) GUT

(no discrete and/or global symmetries required)

Predictivity implies phenomenology (LZ event/ FCC ...)



Backup slides



Dynamics

Turn on feeble couplings
dynamical suppression at work in SU(6) DM

0.1¢ d 1 T N,
e ‘e |

10_2 5\“"‘-. //i\/r}\
Sva Y1 | w Y22
Tl Y
‘.}.—.h"*-__h 4 \\5\7/
1073} T ] :
________________ " ti\\‘ C: UV E i \'1
_______________ ..: - \\\‘§ E —— )
ol Pt | relevant AN
FP > \ Yy )
N v

200 400 600 800 1000
In u/GeV

“forbidden’’ couplings now appear
dynamical suppression

 Neutrino mass via (light) see-saw (1)

« Controllable decays in dark sector (y22) — DM can be 1-component

Enrico Maria Sessolo PPEU, Paris 2026
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Full SU(6) system ...

38 .
BY(gs) = —?g'é

17, 17, 1T 2 5. e T. o
8D (y1y) = (?yfl + ?yﬁ + ?y%’l + 3 — 1093, + ,:,yfz + i + Eyfz +12y; — T!}g) yu

15 o - 7. . 7. .
+3912921922 — Synay2 — SY12y22y21 + 5911.‘}129‘21 + 53}12.‘}22921

17 17 17 w5 o T, 91
BW(y12) = (59% + 5 Vi +95 + S~ 1057, + ,:,yfz + Tt + Eyfz +12y2 - TQ%) Y12

15 o . 7. . 7. .
+?ylly2ly22 — Synhayar — S22y + 5 ninzyn + 512022y

17 17, 17, . 5._ D 91
BW(yn) = (;yfl + Ui+ S Yn + 5 Vi + ST — 1005 + 10T + TR + 12y - _—yr?) Yo

2 4
15 o o 7. . 7. .
+?yllyl2y22 + Synyizyi + SyYi2¥22y11 + §y11y12y11 + ,:,ylzyzzyu
17 17 17 5_ _ 7. R 91
BV (yx) = (yfl + ?yfz + ?ygl toynt Eyfz — 1093, + iyfz + T3 + 12y] — TQ&’) Y22
15 o . 7. . 7. .
+?yuy12y21 + Synthayiz + SYi2y22y12 + §y11y12y12 + 59’129’229’12

_ : : N X 7. 35 _ o
BV (g,) = (Syfl + 5yt — 2497, + 1243, — 493, + 1433, + Eyﬁ + 12y — —g%,’) Y11 + 51 o022

2

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

BN (i) = (Eyfl + 52 + U + Y — 2400 + Tiiz — 2495 — 200G + ity + 502 + Tii
2 35 2 - - - - e . - e .

+12y, — ?gﬁ Y12 + dyiyny2 + dSynyizy22 + Tyynyiz + Ty iy

+5y22y11421 + SYa2viayez + THa2ynthz + Tyl

) ) ) . 7. ) 35 )\ o
B (422) = (Sy%’l + Byz2 — 4901 + 12012 — 2405 + ¥2 + 1443 + 1295 — ggr?) W2 + 51171

) _ N X ) 35 .,\ .
AW (G,) = (5yfl +5yty — 2095, + 5315 + 1637, + 83, + 24/, — ?gg) I

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

Enrico Maria Sessolo

5 b L1 5 9
1)/~ . 9 o ) ) )
B8 (§r2) = (143;11!;22 + 5.’)‘%1 + 55‘%2 + 5!1%1 + 2—,9%2 — 10y, + 5yip — 10y3p + 16y1; + FYi2
o 33 5\ . o o I, I,
+163, — 2% ) b2 - 10911912911 — 109113912322 — 10G12822811 — 10912522822
+5511yn Y21 + 5Ynyiayer + 5Ynynya + 5Yli2y22
8 2 2 5 5 . -2 . 35 -
(F22) = ( 53, + 593, + Uty — 2093, + 247, + 841, + 1633, — ?in Y22
7. .9 5. D
+§yuylz + pY12y11Y21 + o Y12y12y22

1 2 2 2 2 _o 9 _o 2 2
B (yu) = (2y11 + 2yi2 + 2u31 + 2u3 — 4011 + 2012 — 4932 + 36y, — 2865) yu

... find the FPs
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Enrico Maria Sessolo

Scalar potential (GUT scale)
Vsu(e) = '(352) '(352)J2 '(354)

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

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

— M (616, (65,62) — M2, (6165 + H.c.) + By (6161)* + By (6465)°
+C3(6]61)(6562) + C1(6]62)(656,)

+(C5(6162)% + C5(6161)(6]62) + C7(6362)(6]62) + H.c.)

+a1(6]61)Tr(35%) + 516} (35%)61 562)Tr(35%) (35%)62
+aa(6162)Tr(35%) + 1261 (35%)62 + 21 (6561)Tr(35%) + (2165(35%)61
+71(6161)Tr(21721) + 0,6} (21721)6, + 12(6562)Tr(21721) + 6,65(21721)6,
+712(6]62)Tr(21721) 4 6,26] (21721)65 + 791 (6561)Tr(21721) + 6, 65(21721)6,
+p1(6161)Tr(15715) + 016} (15715)6; + p2(6562)Tr(15715) + 0,65(15715)6,
+p12(6,62)Tr(15715) 4 0126 (15715)62 + po1 (6561)Tr(15715) + 02165(15715)6,
+a1Tr(15715)Tr(21721) + a2 Tr(15'15) Tr(35%) + a3 Tr(35%)Tr(21721)

4+, Tr(1571521721) + by Tr(15715 35%) + b3 Tr(35% 21721)

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

+44(6121761) + 15(62 21762) + #6(6121765)

+A1(6]3561) + A2(6535 62) + A3(6]3563) + A\y(65356;)

+11(1573515) + 12(151515) + 3(21'3521) + 74(2173515) + H.c |
+6Tr(212172115") + &Tr(1515715217) + & Tr(15151535)
+(€4(6]152176,) + &;(651521765) + &4(6]1521762) + H.c.)

+£7(61157356,) 4 £:(621573563) + £9(6115735 65) + £19(6215356,)

+£11(612173561) + £12(622173562) + £13(612173562) + £14(62217356;) . (A.1)

PPEU, Paris 2026
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Scalar potential (DM scale)

Viow = ﬁl?z HriH + 1y HTHH + ﬂ%|““ﬁr|2 + ﬂ%] |$21 |2
2
+ Zqd (HrJHjé) + 2y (HE-,HH) + z{i|5{i|4 + 321|521|4

+ Zd{inH:HS{iIz + zdledH:;|-‘i21|2 + zus HI Hy|s6|* + zu21 H] Hy|s91|?

+ Zdu (Hdeé) (HlHn) + zr!m.!anHn (HEIHH)T + Zg21 |"5{i‘2|"521 |2

2
+ (zurt{iEIHdHu"'«‘E-‘«‘;] + Wy HaHus6 + w2166 $218¢ + HF) )

Example scalar masses:

2 Ly Iy
]th] -~ _zf-'f"-{ﬂl”ﬁzl' = \/Ewdu(i“sﬁ ;

!

2 : 'W21 + 56

‘ﬁjn,z B —\,/Ewgl[g[} i
2v5,, 2

Enrico Maria Sessolo PPEU, Paris 2026

2 2 y = B
9 v, + Uy . Usg (Uu + v !)
-ﬂ[hj: = Zdudu = = | Usyy 2du621 N \/Ewrtn{i J gV :
w
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Enrico Maria Sessolo

More SU(6) fixed points

FP1
Y Y11 Y2 Y11 Y2 i Y2 Yi2 Y Y Y12
0.25 037 038 015 017 033 033 (| 0.0 0.0 0.0 0.0
0. O by 01 O 11 by || b2 O 015 01
-5.1 —4.7 =36 0 062 =36 —1.1 0 0 —-0.87 —38
FP2
Y Y11 Y2 Ui Y32 i Yi2 Y22 Y21 Y Yi2
0.26 037 041 017 0.15 0.19 0.29 0.0 0.0 0.0 0.0
0. b1 b O O Oy by || 0 O B Oy
51 -36 52 064 0 0 10| 0 (061 018 ) —37
FP3
Y Y11 Y2 Uiy Y2 Y11 Y1 Yz Y21 Y12 Y1
0.28 0.41 041 0.17 0.17 0.0 0.0 0.0 0.0 | 0.0 0.0
6., O 02 O O | O | 010 | B | O o O
~57 37 51 0 <066 | 069 0.69| 0.69| 069> 0 —3.7
- FP4
Yu U Yao Ui Yao Ya1 Yo Ui Yiz Yao Uiz
0.26 0.41 0.37 015 0.17 029 0.19 0.0 00 0.0 0.0
0. b1 B2 f11 B2 O b2s 0 012 | O By
-5.1 =52 =36 0 0.64 0 —1.0 0 0.61 0 -3.5
FP5
Y i Yoo i Yao YUia Yia Yi Yia Ya Yao
0.26 037 041 017 015 0.19  0.29 0.0 0.0 0.0 0.0
B 01 [ \@ 02 01 b2 | O Op Oy Oy
=5.1C 0.86 086 0.35 0 —-6.4 1.5 1.5 048 1.5 048
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