The IuHoC\\bnarJ Sc‘thth Eftect

b Dol Mablley Productyong

ucf‘b Vﬁa - mmhg
Unim(l-j of Cranada = FTA E

Tnstitude of High Entrgy Physics
Uniw,rs{ﬁ) 0% letincsc, ACMLW\\:] 0'9 Sc{cma.s
Hiﬁ‘n Enery Theovs, deminar
Beijing (Wina, Sepmber16,2026

L colldbovekimn, withs  War BGQI'VO -6~ [: Ar\‘lwrv Torres MM\SD;
Paule Fma.g{ Jos¢ Sm«h»;m Lorenso Ubaldi Pedvo baecta Dsorm



Seplwbe- 16,2026



R obetd tha - Mora(eg Seplembe- 16,2026



R obetd tha - Mora(eg Seplembe- 16,2026



) '”?:' 04;;‘ 5
boidds e

R obety Vlja - M""*QJ
Seplewbe 16,2026



T BIl6- Fr chore

R ovsa ll%dd@ﬂn_‘ /

\S &l/\.wﬂ'}&/

\ k;: | e b,
v S T5e <
e it |

R obetd tha - Mora(eg Seplembe- 16,2026



T Sdtw'_‘;vf/' ECt=rt (M(m‘éowﬁu’)

° Pﬂt""f ‘6 (C"\M.’tl') P“l*\'gl’_" JW\.J' Mf(’-f"f'('ftlrr LC-"C.)

Creafesd lo) load‘gnund- E-rd
. Fprs'" MKGJM
m Q36 Ly Bl

. A WL""7
well belr &F o

* Tiewly cstablahed on 147 Ly Scloormge

2 _
et J
*O_—?
e
-—

o Wag wit b experiven pbserved, (rapre ansioss) e
S Y \m},(, E~¢nl.l£ ove raded E’))Mf (;r«é le€ >

R obetd tha - Mora(eg Seplewmbe- 16,2026



T Schwv_v;,c/- Et=A (o\q, Sille, )

oI.,\ Sclf\w\vy/ + Tyt lakonn baft, 6170"13(7/\/\ Mf( (4 E- G\Ju(c,wﬁaw
bs mlucaol chostel cupre ot

'[ﬂaols {'o vl pes chag PP

o Can ontq. o~ Thierol purest wcr Wi weak E -~ Lrdds

o Com howe PP ere u 30 [cm{iowwl') limit T frmion o scadas sethy

o \tnoy C,/ ||3\/Ct PM Wtk S x'vpi' u.u.7 kbt brom- Wl

R obetd tha - Mora(eg Seplembe- 16,2026



AKMWJ-/ Motivatpons
s QJM,,MQ, et utilizedd aa iw@la')(fonaw,

M0 gnetogenesis scenarioc
(R anonu.l magnetre $rolds

» Algd r\‘ui"l\ﬁ(_ a f’l‘(vﬁ\'m' "'b N’\AK‘TWQ

C am roff'(u'lwwaw] S'cluwn)a- be yed
L ,m«&ﬁ DM vele O;L‘MV\AV\%?

R obetd tha - Mora(eg Seplembe- 16,2026



‘S"W(TVD wile I'(« reuovmalzed RED Lajrmsim;{t oAy 3¢ fe
with classical ,»,(qu ovnd ‘B“““"'T?;f-l che > | pA T “'“”J

(g-.-goqu\l? l>

nd$
o Na‘t e 0“1‘7 V\u RS W“HIVM Sg(ﬂu«. Av & c(.«s.cic.vd)
0\56007(41, ud’ln J"« Vil polwt'i-e-i.n,. L‘\'J’V'M

o 2 pomnd Funchm
+ . Tle aalj 'oof Al”l‘am e '\’1"‘) Tmp'd‘ W p‘bllm

r P {\/ el
73 oAynaw
\/WQM- ne m-\omhLPl"“"" ‘WS 1 y s Eo M

Roloarty (i a - Movaley Sepkmbe 16, 2026




chormah"z-egl SCAMQ&_r C‘«”‘""’&"_ s

(] G-még CO“#U‘Q!"OA‘(?V! Q" SA‘.\
clissicel coustat €+ Eichd

E z
A= oo

® F‘M’SN.U( \NMWMJI?-'J Cuvvat

Ly sheold b UV o~ T fnitte

V\cj"\"“"" and alwoys pesitive

(
e Fo h,lu,'l'(( 1‘“"’, &»k’ M pretvjon¢ 6‘-“-*(4{?7\‘ 4
wid 7 P s wh Y ¢

1408 Y 4| =~ k.\n’u\ui d.dl. (WW:M'W‘JU 7 1 ) 16032, 04165 ~——p ‘\ksjsm.\-')«.d ('CQ/‘MW\)

(304, 04177 = Gavriga ok

aT‘/\\‘s widd (\:\Affl/i A \5"7# N,Sor"\\c ek (orpbs'\\( b E)
-(:w \'fjw( c,\w;:ta\, ‘Qrw»ms 277
Roberts (fega - Mhoreley Seplewbe- 16, 2026



;%mwmuﬂ@ed,Sbhwgigzéw””“4t_
o 0% coe mued o (Plugsi col) etmormalitakron conditrn o fo £

o For dassald A (e Yaby Vi oa-shild ruarmdmtion el (OsRC)

0 /._;’oltad' rz'-.: IM:

: ~\ vestdame -1t
L»’ CT0Y coeflroieat 4 -i(r"g‘“"' -p P ) ™ Hu su
A oL 1PT contribodrnm; o fo photma 2-pt Sunchom

~ -“("13 hem'.[h? \Nva .‘»6 »uofJ»VS OTAL"V) (MA:.O rep rodumeeg

o OGRC Kives (pw}'/"‘f/W\ previons calowloboms
ket BERSY uy R

03 = —62H(—m?4), VW-JQ"'M IR AW“

II(p® = —m3)

Robets lhega - Moraleg Seplwbe- 16,2026



Back ir‘otmak E-fields D“"Vg_IV\‘?'\&'(‘R‘V\
e Ta HlA& spate Hu E-Tickd is gemevated by a massss photin

« T de Sitler & conslok backgrowd E-Frtld guessted by o
masslrs plobn. 13 wk Owulw(- uiH . EOM

S Actn . de Sile, =
Lor massless phobn

o brange Lidd conbrgurah o
0k g s E-Et]

o Doits "d" 5”"5(0 EDM $ 900 Fyy = —2H7 2H27-35 = —2H?A, #0

Robets lhega - Moraleg Seplwbe- 16,2026



BaijrOW’\A. E’F'I'C‘A.s D‘"ﬁ Iv\‘?’\a‘lﬁM
0 A ,S]W)“‘-c selwhAron T3 vl‘b dl 4 P‘iu‘w» mass fo - lojrov?PW\

¢ Phﬁ‘}m WASS ,V‘ﬁ 0\0('5 as o “WQ— -‘(ﬂM’W‘MCh bvestes W W\VWW

® Vvaa\Ls A“'w‘p,\Mﬂ. CDAL:“‘NA M{\? ‘l"5 Ws;;b, f,r k‘_
exw oXpms Vi G SpPre-

Tn 45 Pbl‘m\ ok b vnanbioos o oud it E-ELL

e Figts Mo uulyfomm

caleula in dS

R obetd V¢54 - Mora(eg Seplewmbe- 16,2026

curts TR
= d\WjWCL‘.




<J§5>ren B <];p>ren

j¢ = m jw - CLGH?’

w“"f‘““ ,&1.4‘”- h‘f
san bchavPr as fermivy

-
-

— my = 0.001
_W¢:1
—my =10

-
-
-
-
-
-
-
-
-
-
-

T ‘H‘jl" conduek v,/ ' S m

- e
————

ﬁ/ messless maem T
Wu scalo 4s A0

Seplewbe 16, 2026



_____
~s
~
~
~
~
Ss
~

S
~,
S
~,

—A=1 RN
—A=10

—1=100 (RVM,el.aL:

1074 0.001 0.010 0.100
my

_________________________________________
AN
N

.’IWW( CQICU\-(C‘{‘D-M .
|MJ. S %S TR dws 3o

fuk M Ly Herr “xZ100 (RUM,cl.al: 2508.14423)
G 4 .

Seplewbe 16,2026



m‘p{af-iww# Schusrrger Dadk Matle- Productm

g—

O 5 aw dack Q€D lﬁjtfwvzjm“ conn drive euvsludrma
e6u ra Cor Ak cluvl;ea( pov'f','c s X

o (om $a|N j’b ‘CM de;) ﬂkus“l'y
1K ot end 4 mElokion  ——>

» The ﬁ"\evj? JUIS("? l{ e dot c/’lf/;b( fvvfn;é; A—»,LQ e
4) wé (xdrmn D'Tw- by enssy l‘b\snb ™ E"ﬁd/;uﬂwﬂd by S/ << |

R obetd V¢54 - Mora(eg Seplembe- 16,2026



o Fo.r SW\‘u A“‘\ 5wy

va\"‘j e fork sechor
dos (M“' Uumslize

Q thl()‘ak uf'ﬂ'flrj “b SM
cosmcc evolwdena

delvmoned by ved chﬁr'j

Matter domination

Seplembe- 16, 2026



Davt Matk Reliz Abuvolgiee. (Heav)
e Tabewg MA<E Py | Awleleckong ‘pmake oo AL DM

My ? Hcml

e Con dhlon DM s l«e,m7 al ~ |0 ‘?é—c\/
Roberts (fega - Mhoreley Seplewbe- 16,2026



Davt Mafle~ Relrz Abuvolguce (L'l‘)‘*"')

4 CO\M ola'l"o\m SCa\w DM 4 WMy £ Homd
hﬂu— as 0', CV E/H.4=10%, =05

o Feimion dork malle o
Iiﬁu— as (oo eV [RS'IV., lowloml,)

o T weal $rdd rtsfwe Cov~
bhacn DI 45 Lt as 07" eV

el L mX

R obetd V‘j" - Mora(eg Seplewmbe- 16,2026




Gcm-eraﬁg ~ gﬁdtzwuml E-freld, nn de Stthe-

o So -car hove Sd(a( no%ns abod hoo, To e e € - fredof

o Need o ‘source.” 2 Manthane onsdtoit E-Ffrll Aurivy Th(atfor
dut b diltrnn from excpansion
o Varieus possibilifres froun \Nethor produedten mechanisme
iou(l\'u;s to metfric A l_;"’"f"‘) Yo fﬁ(‘ﬁh«
M, Jav KA RA R ,
o Viedor groduchive mecdaangun must gerarst backgmand E-Erald (R) witl

tohertuca 'tg-ﬁ- A~H @IHJ

R obetd tha - Moraleg Seplembe- 16, 2026



Gevverative & Backgromnd E-fruld pn de Stthe

o This cambae done via am Axiom like Couplive b [

1

1 1
S = = [ de V=g [0u00°0 + V(9 + {FLF + JmA, A

L b“L) ‘FOY W‘A =<0 A‘A"i% ‘[V\P(a*m" (G“l"“"/M”‘{""le"J‘V\d"awf‘50‘1-02102)

R obetd V'j“ - Mora(eg Seplembe- 16,2026



_\—acl/gav\i“c, TFWS'V‘U'LL MMQS# 2

%
e T conforimal T we have o harmonie oscildn- Sor A+ 3%

62

5 +w(k,7)| Ax(k, ) = 0

o Whew L (K, 7) 20 Hhis leads Te
a ']ucb\?omic fnsiobil iy (o-.\‘)(wA.‘.okA-)

Bunesyay

o Leads o expoucitial productonm 4 A,
(£50)

Sepbmber 16, 2026




C lassicat (Helical) Bucksround E-Ficld

o 5o ve heve A g wodes wiile % |~!5'~ occupatio, nuwbe (classical)
wiku coherence lu.jﬂ‘ L~K™

%

-
Classch Lﬁcftsmud E- £ td H
within €ads Kubble P“J\‘JA

o S, nee Praduo‘f‘im chtuo\s c;c,omgu((-ial-ebau ¢.(Viq g}
M Ax iumaun 'Pf‘olh ctin octrg justat te &d 4 intlat o

o Sinee ol A is(fOJMal,'I'ku E-fiad 18 helied

R obetd tha - Mora(eg Seplembe- 16,2026



Enersy Demsity (power) Spectrum at Aend

o Ak Ui trd of) ut ot
S?Qc*vum opb'eﬂ'l-u‘l oA

o Powes cuppnessed & CABG scaleg
o lecjrot +o Lrnd. ot

ewe sy dunsity

PD

_ 1 - . 1.2 ) . 2 .2 2 2 / . 2
_ 47r2a4/0 ak (10, A (b D) + (K +am?) | AL (. 7))

1 2
= 54 /d lIlk(Pa,A+(L:, T) + (k“ + a,2m2) Pa, (k, T))

= (0.4 + (4) = (B + B?),

E>>R

2
=
<
3
<

end

P

1073 1072
CMB &t 2 (o™
—

AL dorle photon has om eners Y J‘WS;‘D
K~ QQni Pend

— Electric
-=-== Magnetic

107! 1
K /(@enaHena)

Seplembe- 16,2026



Davk Photon, Dol Make Relic Abundance

OIV\ fCSiOV\S o( ?Nﬁhﬁf‘ﬂ/ 5¢ b dnrle _ﬂl‘o"\m (o male \A'p (.-L(. DM

eg=10"1 g =107

10 14 2 8 10 12 14

LOglO g (ZVP\C\ 4 . 2‘ 03 ‘2"1 f) L04‘:{10

+ Cov olbtoon Al giuton, DM &7 masses o meV = 10 TeV
Seplmbe 16,2026



1000.00

0.01

1077

&,.w"" g ,,
4,,,-;»" A
p— ’1,:.«”'( ,
10 124 P ,,/
,
e
’

10—17 /”,, s
0.001 0.010 0.100

{WM d“k * 2\ 03.121Y f) k/(aenaHena)

o Toohj DM Clulﬂr.f on fh?SiCa.( 54.,&; 1 o Cim ~ 100 g o
Seplewmbe- 16,2026



o Rehegtine aF€ects U powe— Spectrum
and Hu BM parawmete~ spa ce

?KEUMINA‘Y

Relativistic at
MRq ality

[

o
=
o

—
o
ol

=

=
© o
o o

[

<
|
o

)

(o]

-
Q
=
V4
k=
O
~
Q
E

PRELIMINARY | ma.mmaey

-_LM IIIIIM IIIII[M IIIIIM IIIIIuII L LLLL IIIIM lIIlld Illlml Illlmll IIIII- L ﬁle{tq tltyt

103 102 10! 100 10t 103 102 101 100 101 e
104 108 1012

k/aand Hend k/@end Hend Heng (GeV)

I

<
|
(O]

Seplewbe 16,2026




Podeniet F Moma/MDM sedn ( le*urc)
* Dok sector wmoy o ey wt Couply 17 S

g’ /f"’h"l (Y)
\V.,hﬂt('n MY W
o M\A('l'i ~ tom/oww'l’ ;’;‘,‘i:f € F Am/ A Y
Self tutractiing dast “ars$ 1,2 Y-
maller (vecks, scaimyomam) P MK (- TH
mredre, yNHY N7
[ \\ — N-v

» Eoom 7€ wo DM- Wmdww R a Wt vk)pwhd ?l‘wow\;}
G s"}md-WCJ “’fCV‘&nLIMCe’ y o 'yl g‘au;vhw Wewrs

¢ Yolarized Aot malle, ?
Ro(ocr"(# Vlja = MO-MQJ SW&(M@U '6, 202’4



* 9.%.
\ ¢, %
o - y e
Al i

R obetd V'j" - Mora(eg Seplewmbe- 16, 2026



Roberby (hga = Movaley  Univesidy o8 brumada-FTAE Seplewmbe- 16, 2026



gOVﬁﬁW\'f’D‘L {‘0— Couuﬂ-c/‘ leron &

=

¢ Hw Oul«wU:Mf (7z7 Aqreel WA w%""w cesels
<J;> ~ 5 )*"M hews Jo Lre ?

v Ths result ©s exack MMWW"‘M
. UY Lot dnsus, vk TR "Pw\\-t omd YO

M

EnuhsMJu-w(mce M Az —-—-’ m = n
w\c.\wl.\j LWy Aowe m(,\gds de,écv_r)

R obetd tha - Mora(eg Seplembe- 16, 2026



§°V&KU~J“M {_C'- Cowﬂ-tf‘ wa\ Jg

o We -C%‘QMk oL bh \’Lu,z_ Q:opao’*“) A‘b Lo\l. 0 éj)f&m
X‘(&. \05 Awymu, " LT7‘,7 B (tvnoved win S

'_L\vrmw'b,g ([WM)\)SMLLW%%§4?
ok tndude Tl W dppdoe = ,Wgra,

TO&J?'\; Mankasia ook |
vop navegrd \hdu}»s
Ke 2Redvm gropegabnr = (& -w

O E\m\w&—m) \,\,OW. MU g\)-wv\ k& 5Wi &‘Eb
Wk Wtk degends o P ab’;,atw('w\

R obetd tha - Mora(eg Seplewmbe- 16,2026



gom‘»e&o} oo Conqtor dermn £
o) [~ 3m(

2

e 2

A m2 m?
Y _ Y Y
5 = g~ 31 (g72) + 31 (55 +3) +6(55 +3)

m2 m2 m2
_ 6((—¢ +3) _ 1) 2(—1” +3) +1 coth™? ( 2(—1” 43

H? H? H?

Sﬁf&métf 16,2026



