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1 Oubline

® Ovérvf,é.mﬁ. of H«a dplemma;s ‘ o

® Observaﬁconai. ‘P&M&heom, Xe.monl“r - CMB»
o Some classes of modets |

® Hc,dde.n U(l)x aferrc:»magnehsm as a Modei.

= L..om:ordam& Darke Matter

= Origin of cosmic magnetic fields



2 The dilemmas in a nubshell
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e "Da\rl-f Ma&&er v:on&mbu&es Dpy % 02600

- But ot epoch éc we also see p,- % 0700 ~ 10” 1°(@.\2’)"‘
- Smallhess compared to any HEP scale
- Cosmic coincidence in bhe Dark Secktor ak 12X

=  Ppom ® Ppe in the late universe



3 Some ij d&&a I - ‘P&V\Ehaa»m 2012’

Mu&wsouwe d.a&a cw\ SN Ia c:ombmed

(..osmotogwat mc::cie.ts :
A flat ACDM mode_i. (w ;-.-~1 = e), s
A fi.a& wL.‘DM ma-cie.i. (wa VQT'LQS, Wi, "'O)»'- B

A f!.o& wowaLﬁM mc:scie.t (wo, w, bo&h vo\ry, k=0).



wCDM Constraints For Combined Samples

(CMB+BAO |

Pantheon SN + CMB




w,w, CDM Constraints For Combined Samples

SN+CMB+BAO+HO



s ‘Dm‘k Wnrtd o u,su,ai. susym‘:&s

The »fabutms F:we 2102 12143

Portal Coupling

Dark Photon, A" —5=,—F BM
cos y — pv

. . . w dya
Axion-like particles, a 7 Fuw i (:, v "I N 1 L
[} f [} : :

Dark Higgs, S (uS + AhsS? )HTH
Heavy Neutral Lepton, N ynyLHN

milicharged particle, x eA*yv,x




§ Some key d&&a‘fll - XenonlT anomaly
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Left : Full fahge. of data

Right : Zoomed plot of electron excess



5.1 XenonTl - possabm exptama&mus =

a) Now-“DM Scwi.ar amovxs

b) Nau&rmo magvxehc momem&

c) DM : Qetnc boscw\s / axmnhka pm?:m:i.es AL‘P |

2 Also bo\rh: E'M,ergv

\fag&\oz.z.s,, VLSLM&LLL, Br&x, A-*L. ‘Do\v:,s, SQRSEQLM ‘PQ"DlOdt-, RO21

Chameleon field which introduces screening in dense

| objects but production of DE quanta from solar

“tachocline” ( trubulent shear layer at the base of con-
vection zowne). |

Chameleon quahh ko .e.xPLaE,vx X17T.



& M&rrar*i.i,lm ‘byqr't@“s&t’f&qr; |
il U(1>X s

Dark ete«a&rom(s) anci

SU(NX) Quaﬂzs amd msu,&mc_} bm‘vcms
Worlav\g assumphon r2 = m, /m =1

e Van dﬁr Waals interaction of dark atoms =>» soive.s tusp
- core, missing satellites and too big to fail problems i

o) bari
—_ 0 9

.f((?.m:ho\ ek al 2013)
m GeV

o Bullet cluster Ptaz:e.s a bound on ay(zes / 4) for given
tonisation fraction £, at hidden sector recombination



ffra»m. J Cline
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- 0908,3039

| ’.'PQMS, N
Lighat, Tu and
1 0 : ,

logm, (GeV) Yu |

§=Hidden sector temperature 7'/7 visible

4f1ll44/3

Then from Planck 201% éweg:::;‘ o gl <0485 =

e
& &



7 Ex&&v\d&d ob Jec&s as ‘Dark Emergj

Ba&&ve_, Bu.cher, Sperget 2001
&»me_dmmd Murajama, ‘Perets&em 2601 - 2013

(..omve.rs:,, Metchmrm, Me.rsm:,, S:,le 2001 i

Ka\push 2005
UEF?QL Sm‘lmr 201%



74 Some useful cartoons

=7 Expansiam of comoving Sf)hﬁ‘l‘ﬁ frcm b ko &

-»  Additional enerqy emsu,t?fed «a for vortices, <a* for DW

=2 5
“? Pvortex~a ) P ~a

w cortoons contd.



—?’ For space &LLE,&(S koMagev\‘eaus “substance” additional
évxergfj e.hgu,bfed o i

L

In this case, p:tohsﬁo;v& L

<

It is not Mee:essa;rj to have any "éxééﬁééomat substance bo achieve

Dark £hergy.



-» There must be s&u;ff that is

a COV\‘fLV\Qd bj bM&erMaL s&resses
- spm:e fLLLw\S ” |

c homogen&ous c:»ver CC)S!MLC scate.s



¥ werromagm&wm oaf fermwm gas

o Band §errc>magmehsm or Iﬁmeran& ete«z:&ron {errom—
gaueﬁnsm s L

»fws& toms;ciered bv BLOth 1929 L

LN gwam bfj S&oner 193& w\pruvem kll dake
bui appi.m:abie

Fum&her cie.vei.cpme.hﬁs for Densilty Functional Theary

mid 1970's to mid 19%0's by Baym, Chin, Ro Jjagopal,
MacDonald ..

Why do same spins atigm? Alighed state pushes them

apart due to Paull exﬂtuswv\, thus reducing repulsion
enerqgy. '




9 M&gmma hvpoﬁhesus - ‘PAAI v&rswm

“Cosmic herramagme&sm wf Magmmos”'Aer 1901 00998
MaaK@\zm, ‘Param Jafm oMci DAY i

6 Seek a mucras«ccwpw demvahom o{ s[pom&ameous mag-
nekisation - i
- vuLc,d for H\e re.LaEwnshr: case . :

© The lw.j mamj bodj effect is the “Exchavxge eme_rgvj

> introduced as a part of the “Landaw chmc’k' pro-
gramme as an additional correction from forward
scattering at finite density

o sste_ma&ise.d b:} Bajm/m\d Chin as a two-loop con-
tribution to the effective potential

o Needed : a calculation at finite number density and
finite spin inmbalance


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

9.1 E}?_x aaaordms &0 XQ!’Q

Xu, Q&Jagopal av\ci Qamana 192’4—

based on a series Fmpers on reta&w,shc DET by A K
Ra Jagmpat over the pre_vmus cietacie :

g
_—_

The demsi,ﬁwj and spin &epemd@\& Feynman pruyaga&ur



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

+s 4Ep
- Z (p_+m)(1+~°8-) ( 1 — nps(p) N irs(P) ) 7

1E, W+ E,—in p'+ E,+in

pW—-E,—in p'—E,+in

where we_ v\e@.d anM 4--ve.c:&or ex[aressecl LA Fvarhc:i.e

mamen&um bascs

Introduce the spin Lmbalam:e parameter {

nr =n(l+¢) and n, =n(l—C)



22 Phase diagram and £oS =

« after a Le.hg&hj | tai&:utaﬁmn :

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




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




Non-magnetized

Ferromagnetic

We refer ko this medium as PAAT

Fmsma which is asvmm&réc abelion and idealised
It is neutral due to heokvv lonic background.,

Sereened Coulomb < Ehe magnhetbic diycl& r&pulsicm.



The equ&&mn 0{ s&a&e ! P p—p--p,

w = p/p as a ﬂfumahon of fa W3

Equation of state paramter, throughout the two phases

alpha=0.007  —
alpha=0.026
alpha=0.052

0.01

0.008

0.006

0.004

0.002

0

:‘)u,mps
inserted at B_;

a-"= 10007
0,026 and
0. 082

’



Representative numbers

8 ['inc structure constant |pr/m|Energy density E(( = 1)|AE =E(0)-E(1) |Rest mass energy density

in m? units in m? units in m? units

0.01 ~1.618 x 1079 5.4 x 1071 2.162 x 1076

0.02 —9.70 x 1010 1.90 x 1010 2.702 x 107

0.10 ~1.12x 1076 2.1x 1077 3.38 x 10°°

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




10 ‘?AAI tM Eke skv

We now demand ?:ke e.xcsEe.vxc:e o{ a mddevx sec&or much
Like ours.. : -

]

]

[ ]

Magmnm M mass m,,,

Qppas&eiv Ckarge.d pm*&vxe_r b4 mn&k My » my
A hidden 5 - L number Lw.e.[ps them from annihilating

ey, Fhm&a—ns ok a Eemyera&ure T » domy over 10322208



l10.1 mm emarg:j

Dama\ms c:wf M oas bags am«&amms
From Meu?:rai.c,ﬁv (m’“ ) (m”)

And we damand &ka& Ehe p +p 'P : "'&QEQTME«V\QS Pbg
"'n«r W 2.1 % 10” “(e\f)‘*

Le&‘ . my':nymy:ny p 3.1;2 p 10“12(e\f)3
Next, # and ¥ share the same p.. And the phase dia-

gram dictates uvpper'timiﬁ ol B for the ferromagnetism to
occur. Thus we get |

0.1

iy 3(’77)1/3( 3 )4— 2 x 1073
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1o, 2 Lon&mrc&amce F:»u,z.z.te - a fiavuureci mud«e_i
DM requ,we.s emerg:; se:at:,v\g LLMQ ma&&e.r T‘h:.,,s caw\o& be

accounted for the M and ¥ wku:k mu,sE simulate DE.

Assume se.verai. M WF’Q ow\d b4 Ejpe spames M:., B and
Yll yz “(‘., e

The heavcer {Laveur(s} can account for Dark Matter, pre-

sumabtj also forming Dark Atoms as the ambient x-
temperature is much smaller.

Reulre :

('”Mz Py 72)“72 =Pom = 1.(34@- x 10"11@\1)4

Bubk also, my,, my, nmust be ot least keV to serve as DM.



This gives an u,pper boumd on &he. abunciav\te_ of higher
‘ftawou,rs e e

- | mm"'m"z




10.3 The origin 0{: cosmic maghetic faetds

Let Eh@. sizes c;wf the dc:vmams be set bv a saate. L.

I»T‘(:)!M H‘\ﬁ manj bodj &koe_rv we t::an ad.so dedwt:e.

L e »v'Bi.f,;_.B - e 8
 Bdomain ~(e\;) "01 -xzleo“ Tu

© Net magn&&m field on gtobai. scale \)avxi,ské.s |
¢ the rms field left over ¥ domains would go as 1/ \/; :
© Thus over galactic scales,

é = Bdomain (L/ Lgat>3/2

e Assume kinetic mx,xms '3 F‘“V r»‘xv with standard electro-
magnekism ' '

o Example : a seed of 107°°T needed with a coherence



length of 0.1 kpc~3 x 10'% metre obtained with §=1077,
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We have set e / e= 1 {m‘ s;mPanEv

Ik can be. seen Eho& Ehe represev\h&we vai.ues for L for

B = 0.1 are i &ka range 10“ 1013 me&re which is solar
sjsﬁem stze, o L e



i1 ""M&MT’E worl{

113 Neec&s mmi"iﬁ‘-&% e

® 'T‘hé. ﬁa&ure of &he pkase Erdnsd:mﬂ o S
¢ PL“‘:&“&E‘«OV\S omd sEabanw ;

e The ma&ure. of de.grada&mvx

® (.-OMMQ&LOM o SM in a reasonable m&ermedm&e scale
model |

11.2 In search of observables ..

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

® Minicharged particles in DM - upto 1% Passibi.e. as per
analysis of EDGES ( Munoz and Loeb)



¢ A late phase Erams&mm shoutc:’k ciu,mp ev\Erc:-Poj during
Ehe remm,sa&mn e_ra P



12 L_omﬂusmn
© A common c:rmgm for ‘Dm‘l«e: E.’Mergv omd Dark Makter
woutd be de.sc,rabie .

® Above is a par&w:ular modei mn&h hudden unbroken
U(1) with QPFOSLEeLv c:hargaci bu,E a53mmeﬁr;caLL3 mas-

sive fermmns

® Ef»fea:&we Fu&em&mt Q»f a PAAI aci.m:is ferromagnetism
for a substantial range of values.

¢ Dark Matter abuudance constrained in »ftavmured
model |

e Seed for intergalactic magnetic fields available

¢ In search of observables ..
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