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AL? Cogenesis

ALY

Axion-lilke Far&éd&s

Cogenests

Generation of both the b&r-;om (baryogev\asis) and dark matter abundances.
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Eocrlv Einme
H > m,

Hubble friction dominates

2 2
Pg = M, Q

£ nergy cie:m.si,&j

R. Co Michigan

Misalighment Mechanism

i+ 3Ha+m2a=0

Late time
a = constant mq > H
Field value is “stuck” Oscillations begin
oy N
Pq = constant Pa — M,A
s also “stuck” Enerqgy density

Preskill, Wise, Wilczelk 19%3
Abbott, Sikivie 19%3
Dine, Fischler 19%3
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Misalighment Mechanism

2 g
Q72 ~ 0.12 67 Ja ( o ) 2
i (1012 GeV) 22 meV

QDMh2 A
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observed value from Planck 201¥%,



Misalighment Eeﬁk&MESW(\

Qg h? ~0.1262

QDMh2 A

10722

2
fa ( Mg )5
1012 GeV 22 meV

observed value from Planck 201¥%,
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Robtakion

Inikial oo Initial condition

Initial T
condikion ©

R. Co Michigan PRL 124, 111602 (2020) RC and K. Harigaya




Large field value :

For example, as an initial condition or

sek dvmamitatbj bv the
V(|P|) ~ —H}|P|* +
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Why Rotation?

Flat potential Inikial condition

Hubble-induced mwass
| P ‘ 2d
Nf2d—4

PRL 124, 111602 (2020) RC and K, Harigaya




_ Why Rotation?

Large ftetd value : Flat F’OEQ"\&&L Inikial condition ¥ \/§

For example, as an initial condition or
seb dvhami.tatbj by the Hubble-induced mass

' el |
V(P) ~ —H3|PP + o |
Angular motion @ Explicit P& breaking
g |
V(P) ~ T4 + h.c. e
expected from quantum gravit ==
or PQ as an accidental svmmezrj —

S. Giddings et al. 19%%, S. Coleman 19%%, G. Gilbert 19%%, D. Harlow et al. 2019
R. Holmawn 1992, S. Barr 1992, M. Kamiokowski 1992, D. Dine 1992 —

Dynamics analogous to that in Affleck-Dine baryogenesis
I. Affleckk and M. Dine 1991

R. Co Michigan PRL 124, 111602 (2020) RC and K, Harigaya



Asymmetry Q‘fj’Q Charge

S+ fa 0
P =, e fa
Noether charge associated with the shift symmelry V2
npq = iPP* — iP*P
nPQ = S 2(9 “ahgular momentum”
PQ asymmetry = Rotation of PQ field ™

PQ charge desity

PQ charge is comserved soown after the onset.

R. Co Michigan PRL 124, 111602 (Ro20) RC and K, Harigaya
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Kinetic Misalignment Mechanism
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Kinetic Misalighment Mechanism

. - _— —— & — — e i -

(Misalignment + non-zero kinetic energy)

R. Co Michigan PRL 124, 281%02 (2020) RC, L. Hall, K. Harigaya



Kinetic Misalighment Mechanism

—— —— s ——— — — = ==

C(}V\sequ’ehﬁe: detajing usual T,,. until KE = PE, enhancing the dark matter abundance

Abundance: Qah2 X 9

R. Co RC, L. Hall, K. Harigaya
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Kinetic Misalighment Mechanism
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Skandard Model Predic:&s Ehak barjohs and am&ibarjov\s would have annihilaked.
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BafGbie AopatiElTy o, Yk Universe

Skandard Model Predic:&s Ehak barjohs and am&ibarjov\s would have annihilaked.

However, we clearly observe a cosmological excess of matter over antimatter.

nB — Na
Both CMB and BBN measurements indicake V= 2 5 B 1010
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BawomAsimmeErwdf the Universe

Skandard Model Predic:&s Ehak barjohs and am&ibarjov\s would have annihilaked.

However, we clearly observe a cosmological excess of matter over antimatter.

np —Ng .
Bobh CMB and BBN measurements indicate Ve : R L
1 + lo-1° 1
10-10
barvous b::;%:\s photons photons
barjm\s
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AxiLogenests
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(QCD axion + baryogenesis)

R. Co Michigan PRL 124, 111602 (2020) RC and K, Harigaya
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Particles called axions
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ALY-genesis
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(Axion-like particle + baryogenesis)
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PQ asymmetry fermion chiral asymmetry

npQ Ng Ny

Observed bom:joh asymmetry;

ALP-genests:

ng Ny MNe

Y ~87x107""  from Planck 201%,

Y5~ 87 x 10~ 1 (—

0.1

cB) (130 GeV
Tew

RC, L. Hall, K. Harigaya

)
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ALP-genesis

axion—fermion coupling
PQ asymmetry fermion chiral asymmetry| electroweak sphaleron | haryon asymmetry
(np+1#0)
npQ Ng Ng Ng Ty MNeg np

electroweak sphaleron

Observed baryon asymmebry: Y5 ~87x 107" from Planck 201%.

P sy aeniy (C_B) (130 GeV) <9(TEW)>

i madai.-—-clepamdem& constant: cp

R. Co RC, L. Hall, K, Harigaya



axion—fermion coupling
PQ asymmetry fermion chiral asymmetry

npQ Ng Mg Ng Ty N

electroweak sphaleron

0,a
; y . % T=p g,
axaon—{ermmh 'COMF?LLMSL’ f Z Cf.j Jio Mfy
@ wef38, 4
‘ . a /2 VD 2 VIts

electroweale anomaly: e (CY g“B" B,, +cwg° W',

32m= f,

12 18 21 15 25 N

el madei.-—-clapamdem% constank: cp = —7—9€W =iy Z@: (@an- = ﬁcam‘ — ﬁcd“ = ﬁ%i o ﬁCém»)
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ALP-genesis

axion—fermion coupling
PQ asymmetry fermion chiral asymmetry| electroweak sphaleron | haryon asymmetry
(np+1#0)
npQ Ng Ng Ng Ty MNeg np

electroweak sphaleron

Observed baryon asymmebry: Y5 ~87x 107" from Planck 201%.

P sy aeniy (C_B) (130 GeV) <9(TEW)>

Baryon asymmetry fixes rotational sF'eec:'k at electroweale scale.

R. Co RC, L. Hall, K, Harigaya



ALY Cogenesis

Observed baryon asymmetbry:  Yp ~8.7x 107"

ALP-genesis: Y eo 8 108 (8—'3) (13; GeV) (?gﬂi\g\;)
: EW :

R. Co Michigan 2006,04%09 RC, L. Hall, K, Harigaya



ALY Cogenesis

Observed dark makkter abundance: Qpah? ~ 0.12

f

, .
f 130 GeV 0(Tew

. . . . . 3 Qah2 ~ 0.12 ma:
Kinetic misalighment mechanism: (1010 GeV) <43 neV) ( o ) <5.3 ke

Observed barjov\ asymmetry: Yg ~ 8.7 x 1071

T e i (C_B> (130 GeV) (9(TEW)>

R. Co Michigan 2006,04%09 RC, L. Hall, K, Harigaya



ALY Cogenesis

Observed dark makkter abundance: Qpah? ~ 0.12

f

, .
f 130 GeV 0(Tew

. . . . . 3 Qah2 ~ 0.12 ma
Kinetic misalighment mechanism: (1010 GeV) <43 neV) ( o ) <5.3 ke

Observed barjov\ asymmetry: Yg ~ 8.7 x 1071
- ca 130 GeV [ 0(Tew)
ALP-qenesis: Y, ~ 87 x 1011 (C_B>
= 2 : 0.1 Taw 5.3 keV
. Y A - MeV % C_B % TEW fa
o LOSQMQSLS' o O ( Mg ) - (0-1> <130 GeV) (fa(TEw))
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ALY Cogenests:
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| Axiton-Photon Cmugiiv\g
AL?P Coqenesis: R | .

gt - S mg \z (130GeVY [ fo(Tew) (0.1 :
|Gayy| = DR 1.8 x 107" GeV™ ¢y | (meV) Tow 7. .

e . bs 9 peV 2 BN Tew Ja
ALY Cogenests: a~2.1x10 Gev(ma) < (55) (130 GeV) ( fa<TEw>)
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: Axiton-Photon CQMELLMS
ALP Cogenesis: e | <
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gars] = ot = 18X 10711 GeV ™ eayy e )
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| Axiton-Photon COMELEMS
AL?P Cogenesis: e | <
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Cownclusions

v ALY coqenesis allows the axiown to simu&aheoustv E.XPLO\EM

v the dark maktter abundance
v the barjon asymmetry

v ALP cogenesis predicts axions with
much stronger couplings with the
Standard Model, implying a greater
potential for discovery, possibly made -
bj DM Radio!
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