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1 Ouﬂme

Based Bn t...osmu: Perrmmagmehsm c:wf Maghinos”
ArXiv:1901: oc%s . L

with f?;m:k&rci MaﬂKeMz.Le &Mcl. Mqv\u ?quy\ JQPQ, U. de
Mov\&reat - e

® Qvervs,ew awf &ke ci.d.emmas |
o ‘Phemwmemctogj of ‘Domam wad.L Dark Emergj
o Ibinerank ferromagnetism as a model -

- Concordant Dark Makter

- Origin of cosmic -mdghe&c {ietcis


http://inspirehep.net/record/1712180
http://inspirehep.net/record/1712180
http://inspirehep.net/record/1712180
http://inspirehep.net/record/1712180
http://inspirehep.net/record/1712180
http://inspirehep.net/record/1712180

R Dark E;'M@.rgv

® Be&ermma&mm o{ Hu,bbi.e ro&e f:rucmuj dapamien&
MF’OM séaho(ard r:amdles L |

® Hu,bbt@. ’Spo&:e Tetesaapa hei.pad E:o locate Type Ia
supernovae whose time of Afio\re_ufp (& few weeks)
is ci.wec:&i.j relabted to their absolute i.umamosi&v.,
0 Tﬁpe Ia -> White dwarfs which begin acereting
material from another star
o Upper Limit on White dwarf mass is 1.4 solar
mass ( Chandrasekhar, Nobel 19%3)

o Universal spectral features, absence of H Lines,
prsence of St Lines



¢ The ije Ia supermovaa caugh& it reat time ( 7 b.
years a{&er they actually fiared up') are bthe new
nfar rea«:huﬂg s&amdard c:andi.es |

> The. shape o{: Ehe Light curve over Ehe «fuit event
glves away the Type, ( see &ke su,dc&em change in

si.o[ae A the movn@.)

o The total time baseline gives the absata&e mag-—-
nitude

© Up&o now almosk ss0 su,ch ancienkt T‘jpe Ia su,[aer--
novae recorded |



. POLARIS
431 Light-Years

PROXIMA CENTAURI
4.2 Light-Years

SIRIUS

® 56 Light-Years

VEGA

26 Light-Years

s MAGELLANIC

CLOUDS

170,000 Light-Years

. ANDROMEDA
. GALAXY

2.5M Light-Years '

M100
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PARALLAX

56M Light-Years

Galaxies

13B Light-Years
SUPERNOVAE 9
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SCALING THE UNIVERSE

PARALLAX

The most accurate method
of measuring distance.
Astronomers look at a star
when Earth is on opposite
sides of its orbit. The star
shifts position with respect
to more-distant stars. The
size of the shift reveals the
star’s distance.

TIM JONES/DAMOND BENNINGFIELD

CEPHEIDS

These big, bright stars pulse
in and out like a beating
heart. The length of the
pulse reveals the star’s
brightness. Comparing true
brightness to the star’s
apparent brightess reveals
its distance. Used to
measure nearby galaxies.

—TT—

Astronomers use several techniques to measure the
distances to stars and galaxies. These techniques overlap,
providing greater confidence that each one is accurate.

SUPERNOVAE

Certain types of exploding
stars brighten and fade in a
way that reveals their true
brightness, which
astronomers then use to
calculate their distances.
Effective out to several
billion light-years.

REDSHIFT

Distant galaxies move away
from us because the universe
is expanding. Astronomers
can measure this motion,
which varies with distance:
faster galaxies are farther
away. Least-accurate method
because it depends on
models of how the universe is
expanding.




3 The c_iii@;mmgs;fm a nubshell

- Butb o& epoch éc we. atso see o l’\m,; % A/ Do/ M
- ‘barw E’Mergv parame&amse& bj F.-uw(‘zlo

- L.osmoi.ogwat cams&an& ==l

- More geherally



3.1 ‘Pam&heom u;pcia&e

Mui.&wsou,rte cia&a cM SN I& c:ombmed -
L.osmotogu‘:at modets ol o

A ﬂo& l’\L.BM modei. {w :::--l 2 :::0), |

A ﬂﬂ.a& w(..‘l}M modei. (wa vanes, - ".—.-; 0)

A {La& waw L.”DM model (wo, w, bo&k varv, k = O)



wCDM Constraints For Combined Samples

Pantheon SN + CMB

| Confidence contours at 6%% and
95% for the s2m and w cosmological parameters for the wCDM model. Constraints from CMB
(blue), SN = with systematic uncertainties (red), SN - with only statistical uncertainties (gray-

Line), and SN+CMB (black) are shown,



w, u_.-“ CDM Constraints For Combined Same

SN+CMB+BAO+HO

Confidence contours ot 6¥%
and 95% for the w and wa cosmological parameters for the wowalCDPM model. Constraints from

BAC+CMB (blue), SN+CMB (red), SN+CMB+BAD (veuow) and SN+CMB+BAQ+HST (jettow) are showi,



32 Cosmic COMCOTd&MC& T
> Mo&&er became dommam& ohbj o& fie Lm‘ga scales &
Mos& c:wf Ehe mo&&er is V\m\*barv@m«c -= Dark

-+ Ay was also meam& Eo beaome c{ommamE on Eke
Stai.e o ‘ | e

-5 Is there an m&eraomma«c:&mh be&we&h "DE? am.ci DM
amd Ehe scale £,?



4» ?henmmematagj c;:wf bamam W&LL Dark

4.1 f...oms ow\ci Pros o{ "DW DE:

Wrang equ,o&mm cwf state; Gehemcauv F’"DW :-—-ipw

| Observa&;oms support w =-1
- Iv\homogahé.aus umprmf&s on CMB
Qasgomses : |

-?» -2/3 applies to scaling DI, Fixed DW evolve bo fill
space



> \ferj chh& ex&amdeci s&rm::&u,re. mode. after recom-



4.2 Qﬁkers mho have mad& su,ch prmposats :

Ba&&-je., Bu,aher, Spargei. 2001
r»mecii.aw\ci Murajama, ‘Perets&em 2001 - 2013

L.onversc,, Mei.chmrm, Mersnm, sgm 2001

Kapus?:a 2005
U&Fﬂat Socrkfocr 2012’



4.3 Some useful cartoons

- Expansion of comoving sphere from & to &

- Additional energy engui{aci xa for vortices, «a?

for DW
-2

; -1
“? Puortex~¥a ;) P, ~a



-» For space filiing homogémecm,s “substance” addi-
tiownal ev\ergv engu,bfeci a |

=» In this case, p= c:ous&au&

~p L IE 5 hot Meﬁés,éarj to have “’anj.il_excef?ééamat substance to

achieve Dark Ehergy.



- There must be szff Ehab is

a «mm{med bv m&erhat s&resses

b SP&CE {:iima

C homogemeaus over r:osma: se:ai.es



5 warramagnehsm c::wf {ermmm 9as.

e Band ‘fﬁff@magmehsm or IEmeram& eLet:Erem {er-—
romganehsm e

- {urs& cons:,ciereci bv Bi.(}th 1‘)29

S UnA amsa&z. gwem bfj Sﬁomer 1936 uhprovev\ Eill
cia&e buﬁ appi.mabi.e

o r«—m&her devaiopmeh&g for Dev\s&v Functional
Theory mid 1970's to mid 19%0's by Baym, Chin,
Qajagopai., MacDonald ..

§.1 The Stoner ansatz

A shift i single particle energies, proportional to
the difference between the spin up (vp) and the spin



downh (N\L_) FOP“LO‘&QWS; o

N2J

Epki) S BRI

ka do same spins aiigm? Aligned state puskes
them apart due to Pauli exclusion, thus reducing

repulsion enerqy,




& Mag&r\w\o hmpo&kesus - ve_rsmn I

® Bnrac ‘fermmvxs Mo

wkose magm&w propeﬁj mus& domma&e Eheir

L.oui.c:rmb LME?.}'QCE;OM o

= ia evem at Cosm:,«t: ds,tuhah of Mumber ciehs:ij

. 2
e

r

a
M 2/3
i

My

€, - € ,1 »
G ushaa e —
r | 3 2m’ r3

» a, NB:aise*/4r

= ‘<< | ~1O"i‘2(e\z’)3

N,

Determined by the mass m,; cosmological density n,



6.1 ‘?rogosat fm* ‘Sﬁomer Farame&er e
‘bugotar repl.u,smvx éhergj | s
[ VAY ‘PASL.OS 2005 Pracaecichgs Aer 1102 2562
£PI Wéb L.owf 70 (2014-) 0004& ]
I = pyllnglx
By is Local number density c&e{wa& due to Pauli prin-
ciple, and k is a geometric factor

® Ko Com[m,&ec& bj e and Mohanti [ Pramana; IPhys

R00&; PRE 2009] who showed bthat the domains
need ko be oblatke



o verified for Lm‘ge Farame&er sym:e bv r»regosc) and
__.r-»mdmm [g;}’RL 2009] ol |
L hawever, SEomer phenamemn saems &o be :,mFeos-~
Vs;bi.e Ecw ’erw& {Qr a Pure mw,a F’Lasma & Q&Jagopai
: 192’4) La&hae e.-»f{et:ﬁs pe.rhaps v\eedeci |

® hum&wmat depemdem‘:e of 7 m« n Meeds ko be
| "'assumeci ad koc | | N



7 Magucuc} kv!@a&kesus - ‘PAAI ve'rsmm

° Seek a mw:roscop:,{: e\erw&&mn cwf spom&aheous
magme&sa&mn | : |
- vai.;d Afca-r Ehe rei.a&ms&w «c:ase

o The Lw.v many boc&v @f{&«:& is &he Exahamae enerqgy”

- m&roduaeo& as a part of the. “Landau Liguid”
programme as an additional correction from
forward scattering at finite density

-3 SjSEEMQEiSEd 'bj Bajjm and Chin as a Ewo--i.crop
contribution to the effective potential

o Needed : a calculation at finite number density
and Afm&e spin imbalance



7.1 E’ex aacorcinng &o XQF?;

Xu,, Q&Jagayat ow\ci Qamaua 1‘)2’4—

based cm a semes Papers on retahvmhc DET bj A K
Ra Jagayat over Fhe prevmu,s cietacie

[

The dev\si&jj and spin depandah& ﬁejnman Forcwpaga&or




5, — Z (p, +m)(1+ v°8.L) ( nrs(p) N 1 — nps(p) )

1E, W—E,—in p'—E,+1in

+s

- Z (p_+m)(1+~°8-) ( 1 — nps(p) N irs(P) ) 7

1E, W+ E,—in p'+ E,+in

where we v\e_ed st 4*\/&&&01‘ expressaci LA par&wi&
momen&um bas;s

Inkroduce the spin E,mbata&\{:e parameter ¢

n b= n ( 1 -+ <- ) Id 'n-r‘L = n ( 1 — Q-)



7.2 ‘Pkase cimgrcxm and E’oS

:_,wﬂ:er a LengEh-j aat&ui&&mm,

Total energy (a=.1) subtracting zeta=0 value




Total energy (B=.4) subtracting zeta=0 value




Non-magnetized

Ferromagnetic

We refer to this medium as PAAI

Fiasma which is asvmmérifz abelion and idealised
It is neubral due to keo\vvj tonic background.

Secreened Coulomb < the magnetic cii,pole. ref?uiséom.



The aqu&&mn oaf sEaEe " F= p

Equa

tion of state paral

mter, throu,

ghout the two phases

alpha=0.007
alpha=0.026
alpha=0.052

p;

w = ,&'/p &s a {uh{:&ah a«f /”** < “(1/3)

3u,mFs
inserbted ok

'Bcl

a .= 0.007
0,026 and
0,082



Representative numbers

Fine structure constant |pp/m|Energy density F(¢( = 1)|AE =E(0)-E(1) |Rest mass energy density

in m? units in m? units in m?

units
0.01 ~1.618 x 107 5.4 x 10711 2.162 x 1079
0.02 —9.70 x 10~ 10 1.90 x 1010 2.702 x 107
0.10 ~1.12x 1076 2.1x 1077 3.38 x 107°

0.30 ~5.84 x 10°° 5.3x 1076 0.12 x 104




% ?AAI EM HAQ swj

We now clemamd &he ems&ev\te of a k:,cidev\ sector
much Like ours.. v |

©

@

@ ;

Magm&w M vass m,,, .

'Qppos:ietj tharged parther ¥ with my » m,

A hidden B - L number keeps them {rom anmihi-
Lating

o1y photons a&a E_emParaEure T » domy over 10°7
v 3015 : |



x .2 Do\ﬂf emergjj

‘bomams O“F M as bags ﬁonﬁamw»\g ‘7’ s
Erom Meu&rod.c&v (m”') {MY>

And we ciemanci Eho& Eha p +p”’~ p cie&ermmes p
w2, %1 x 10° 11(@’)‘* |

Leb | _.n Thy=n' x 3,12 x 107 12(@\!)3 |
Next, 4 and ¥ share the same p.. And the Phase

diagram dictates upper Limit on 8 for the ferromag-
nektism ko occur. Thus we get

o1
B

ma 2 (7Y 3( )4 52 x 1072



0% 10°® 10°% 10 0.01

10~ 10-® 10® 10% 0.01

nY



¥, 2. Loncorc&amaa F'u,z.z.i.e -a {Lavoured mmc&et

DM requ,wes ehergj saatma Ls,tze ma&&ew ch,s canmnot

be accounted for Eha M omd ”, whcch must simulate

Assume severai. M &'ﬁoa and ¥ &:ﬁa syemes M, My
Q\Md YJ_; )/2 “ws ' :

The heavier flavour(s) can account for Dark Matter,
presumably also forming Dark Atoms as the ambient

X--&e.m[pe.ro\mre is much smaller.
Reuire :

(i, + My dny, =pon = 104 x 107 (eV)*



Buk od.so, Mas M7, mu,s& be ot Least lw.\i to serve as DM.

This gives an u,pper bouhd on Eke a\buhdo\m:e of
hugher ftavours o |

nm 1077 k‘e_\!~~ \ B |
o mMza—m?z_ e




5.3 The origin cﬂwf cosmic magnetic fields i
Le& Eke snzes o{ Eke domams be set bj a saal.e g

Eront F:he. mamv boduj Ehoerv we t:mr\ ad.so ciadw:e-

. ‘BAOMO{LVL (Q\;) 7 o1 x22%x1 : T

o Neb magnetic field on global scale vanishes

o bthe rms field L@f& Over N BormitinG o g0 as
1/\/N.



Thus over gaiag:&@ scales,

X with standard elec-

Assu,ma kw\e&ct mexuhg § F»‘“" Fi. ¥

Eromagmehsm

Exampi& . a seed oaf 107°°T needed with a . coher-
ence length of 0.1 kpev3 x 107
with £ =z107%,

melbre obtained

é—Bseed = 1ot T

3 ‘MMzé' e L 3/2 S
% (0‘3’)(2\:’)( )B(mef:r@.) -




We have set ¢'/e=1 for simplicity.
It can be seen that the represem&ahve values for L for

B=0.1 are in the range 1011--1013 mekre which is solar
system size. '



9 Fubure work

c)‘lf Ne_adsv Cc;m F?L&Eéop\ L

® The Mé\?:u,fe cwf Eke Phase Eraﬁs&u@h
° r»Lus&ua&mns and skabiliby L

© The M,a&u,re of deqradation

'3 Comme&mu ko SM i a reasonable intermedioke
scale model

9.2 In search of observables ..

o Small kinetic mixing with standard Maxwell - Light
shining through the wall “ALP”



® meharged F:ar&:,ci.es in DM - u,p&o 1% possible as
Pe_r av\od.js:_s oaf EDGE’S C Mw«oz. and Loeb)

® A i.a&e phase Eraus&mn shoutd ciu,mr:: en&ropv
du,mhg &he ruo»usa&mm era |



10 L.c:-w:i.usmm
o A common omgm nfcrr ‘bm‘l& E"nerg:j ow\ci Dark Matter
mou,i.ci be deswabi.e e |

® Above. s,s a par&wutar mociet w;Ek mcidem unbrolken
0(1) with crppcwsc,&et:j Ckargaci bu,& asymme&m&aﬂv

massive fermmhs

® E’ﬁea&we potential of a ‘PAAI oiiths ferromag-
 netism for a substantial range of values.

o Dark Matter abumdan«ce constrained in flavoured
model

e Seed for ivx&ergod.o;t&t mqgme_&t fields available

¢ In search of observables ..



Thanw jou, !!

Typeset using TEXMACS
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