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Coservational cvidences

Adtivatier was predickd by Dimc  (1428) and Jound  (positons) 4o coamz Rays by
Anderson  (1322) . Since then, we Knew bnat ol pocticles hawe their antipoctecles
with the same mass and oPPosi’ce Ch“?je (CPT invaciance).

However, we do nst observe any ankmater 4n the Unierse,

dhee s an o\gmmeﬁw, The mjcfo ?) an'}ipm‘k‘)/\— Pr‘c(wn jﬂux AN
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cosmic r‘?s is & 1oY over o Qage ﬁuae © 8%’9\'@8-
onti- Hebium 4o Helm dl)ﬂux 45 constroined 4o be less thay,

A A0™6 Thee ds To evidence )of anfinclei jnthe Underse,

bot  aati- l’\JC\,ro(yel\ has been ﬁengqurQA in e lab.
Today, we think ol ontimaler dnnhilated 4n the cacly Unmese with wmatfer to roduce
photons :
PP &= I+7
We nesd o J@u«e oot why there s o small remnant 7’ mafler (et and why didn'+
i+ ol aninilole ink  photons .

'BQFOM to Pho‘bn rotio .
We can parametrize this oggmmetry USing g, releding e remnant densib of dacyany and
O-A‘I‘ibar&o/\& +o "l‘.lf\@de/\sﬂa (#J Pho'}w\s,
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Thi Consi‘ancd s e at Dec@') at ate times, bot at ear% +imey and %(n‘jh 'Eem;oerccﬁ)we&
maf(\) heava\, ’Pc\ch‘cllqs were i1 thermal qu(@(brrum/ whch  laber anmntlated £o

DgroéUCQ Mmonre PhO'I‘O/\S bot not )oar(yc(\s.
Tt 2y belter 4o wse the @J\Jrropp:
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T+ 5 common to (re Qto inslead o(} 9
77‘0 = 10402 = 273, ?fQB jll

BN = 3
B8N (208) p, =6 2205 Consteoins
Plancke (2018) 1, = 6403 * 0.023

Or‘.‘gin ? bowaon&

Een in o hwnﬁc-y\eoo& bagun—&&mme‘]‘fl‘c universe, there would Sl be o }ew bag ons
and an‘l:i-bagjc)m Q%Vt since annhilation 4s not pe(r))o_c’r% %r‘cfen%.

At (Preez,-e—o@t there (s o small remnant:

_V)’e—— = DE Ia% 40—20
Ny Ny

Which 4s too small to account (J)or BBV or Crg.

Hot rB\‘(j Baz‘\j ‘U/\eora

Jr e o0d HRR Jc\/\&;rov,, bﬂ-gon ac(jmmeffy wos ansideed as an snikiall condition. Howeer
LN the conbext c{a} %Dﬁateon this 4 ot posti ble since éﬂ/@qh‘m would  dilete ang Pr;nw&‘aj
Qs(}mmeTrg, ard we would shoct Agais in o ba_éjcm- S(ymw\efﬁ‘c Universe o)fer
re\qeod;(zzs. [Univer&e 3.*0\;1& bj e&rv/io29 c 4 — ,{ZG%).

There}fe, the bougw\ asy mme‘fry cj the univerye most be (?eaeml‘eé ?Dfef iy)Qa{“lU".

7. 2. Sakharov conditions

Baraon nomber  violation

We (EZ?,UME mare ba?yun.g “l:kau\ O,A{bearac;n&\

At Lree ﬁeueﬂ, the 8M o&%mz(\jran 4s invoctaat onder (Bo\racm number phase Jrrcmg))or—
mations. B- \/roQaJc(zS interoctiong Jcpdaﬁ are &’rreom%y wealk  otherwise we would have

observed them (eé Via. the c@ca—y o(? the Pﬁo{rw\)_
Corent limits to the &)mjco;\ ngicfme ore (Prcm Soperikamiokonde 620441)-'
Zp > 429 x 0¥ gears  (AS% <. 4.).



The Qowest- dimension [g) operafors mecl,t‘a.‘H/D PPOJCDV\ decag ace ﬁ the (Porm.'
9940 dutuset
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GOT thesries

da GUT trecries it &5 postolsted that quorks (B =1/) and lephns (L=4) are members
%Y the Same moltiplst oj oL Qzuaer grovp G =80(s) or SO(10). The b/ea,kmo of &
9@/18(11,'1@3 the diYference between guarks and leplons - The gouse besons X ard VY oce
e  mediator of GUT inferactions.

:B-VFOQCJ‘I/\Q SUT feractions go view operators  Xqg Xzl
g 9
% %
; z
Ilfl GOT ‘{;heorfes, the pro‘\TO/\ deca(:j is via. X gow(je boscns
Zp ~ OGZTZ qu V’Ip‘s > 4.29 x{O—H(yeo.r\s = Mx S {O 16 va
But the Oniverse newer reheated above such hish errgies agfer ,(n(/”&ch‘on . Present beunds (Jrom

absence ooY B -modes in CHR Po&q(‘r'zcd:z‘m) 3&2}78# that in)laton reheated well belew GoT
ensgies ; and  thes thermal GUT ba(‘(?o(jene&s s nof viable,

C, CP violation
C,CP and CPT Samme‘}ffes
4. Scalary

C: ¢ — ¢ P (o0 — (s, -%) CP: ¢(e® — (4 %)

2. Fermions

C: M — A% W 4% W V- a0yt

P Y — % (4-%) P2~ T, (t-X) Y- 7% (b, -%)
CP: Y, — o b (4, -9) Yo = —i0 R4, -%) P =iy et -%)
2. Vectors

C: AM— A~

P A — (4, -E) (b -®)
CP: AX(4,%) — (A K) (4, -3)



C,cPp v(‘oﬂad{onf/(\j interact;ons

Salthasoy realired dnat it s not enoysn to have  B- viclating inferactons vt of eguilibrivm . ore
alse needs € and CP vicleding interachons:

C violateon: cxcess %{’ bs>b most nst be balasced ‘bO b3 )b

CP vislaton: &), > be c]%eferﬁ J)mm b, > be

Corsidor the decay X—V +B ard the Chage) C conjogate process X—=V3+B. JJ C
s @ symmetey o the /\o@mgan ) then the rates ore fhe Same -

['(R =Y +8) =T (x— y+8

13 there ace ea,u«.& /wmber\§ 3:0 shates X and C—chy‘gga‘)‘e }J tunea the net ba.r&on
Produc‘[“u‘or\ 8{‘0\”& Dike -

dB s .3
ol P'(x—v+8) - [(X—T+8)

ond thos vanishes {n the case %}7 c— Co&serv/t\() inferactions .
a8 .p

—_—

dt

Sokhoroy also malized 4hat one needed. CP \rl‘oaajl‘t‘r(\j Anteractions . et us coasider the

deCay X—’q_L-I—gL and X_’C.;}n +9. .
Onder CP: QL%Q_Q

Onder C. 9, = Or
Even thoush CP-veolation implies (X~ 9,+9.) # (X — 3.+7.)
CP -ansevafion weold Amply:

V(x—=9v9) = (X —ge +2)

F(x= e t9) =T (X ~& +32)

ond Jcl«ere;ore:

P(x29,49) + (< — Qo +9r) = Y’C?—'gk +3p) T N(x—-q, +§.)

Thos, as Qo’\j as te witiall stale has equal numbers c‘;}) X and X, we end up With no net
bag:m as(ymmefra,

} 2, R Keeps trock °J }érmro/\ in (2) dovblet

Out o) egu‘.&brium interactions and Su

Most o the hisler o) the Universe has occured Weu adibatic €pansion, With (Pw\chmemhp
{inferactions Keeping porkeles in trermal ond chemical eguilibrivm.



Jn order CPor bacaosene&is 1 occor, 4t ds Necessary Hhod the B- \/l'oﬁa‘[:f!\j inferactions
occur out of eguifibium, Since ctherume all the predoced bogyons Wil be washed o
Soppese o process sweh as X =Y +R with initiad B=0 state decagm(j infe o
shte YV also with B<O, plos o stude B with non-zero ba.g)o/\ nomber 3) the
Process  OCCURs 4N thermal Ggu(ﬂibrmm, Hen the rate i one dieckon us identrcad s
the rate inthe cppesite diechen:

[(x-y+R) = [(y+® —X)

So that nopet basgon number is Praduced, siace e inverse  process  dlasoys R as
J)OsT as e direct pocess (9@/\@?a+€5 it

Ouf of eguilibium deco.é) cﬁ) Mmassive packcles

A classic eample & the decaj cgJ) o massive mefl‘ch X out o} ego\'ﬂibr;‘wn, when mx>T
at the time o(y X &@ccy, Z w~ ’f/{‘?(xﬁaﬂ)

In s case, the enshay o the final
State VY +B 4s cz}) the O/‘derc?) the 1
Cemperatue T, ond thee 45 no

ny/n,

X—->Y+B

Phaso yoce cwvailable ()?or the invese Equilibrium

clecag Y+8B = X s mx>T od I

the rate 45 Boltzmam - SUW@SSQ:J: s . K05 RS0
VYR —X) ~ o M L

Thus, we (99f\em1—e an 8tro. abondance Q R.
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