Baryogenesis from Modulus Decay

Martin W. Winkler

based on arXiv:1909.04705 with G. Kane

PALS A

) 9" meeting o ;%@ég
ity Kt pars Stockholm
September 26, 2019 University

September 26, 2019

Baryogenesis from Modulus Decay

Martin W. Winkler (Stockholm University)



@ string theory: size and shape of extra dimensions controlled by

moduli fields

® typical mass of the lightest modulus

mg ~ 10° — 10* TeV

® only Planck-suppressed couplings to matter

3
m m 3
r p— —¢ ~J (—qb) —1
*= M2 T \10Tev/

® modulus affects cosmology
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Modulus Cosmology

@® during inflation modulus gets displaced by linear term
COUGHLAN ET AL., PLB 131 (1983)

VDOc H2(gb — gbo) H: Hubble scale

@® example: inflation in M-theory

KANE, WINKLER, PRD 100 (2019)

15E-L j
10}
5 |
E inflaton
) -
_5f.l (¢ o gbO) x 10
0 1x10° 2x10° 3x10° 4x10°

time

Martin W. Winkler (Stockholm University) Baryogenesis from Modulus Decay September 26, 2019



Modulus Dynamics

@® postinflationary evolution: (/5 + 3H(ﬁ + m?b (¢ — o) =0

H>m, = ¢ fixed
H<mg = ¢ oscillates coherently

@® energy density
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washed out!
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| my  \3/2
® reheating from modulus decay: T, ~ 20 MeV y/c ( )
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Baryon Abundance vs. Modulus Abundance

modulus abundance (before decay) baryon abundance
Yy~ ] 1077 Yy = 0.8 x 1071
Mp

® observation: Yy, ~ (loop factor) x Y,

® idea: generate baryon asymmetry by modulus decay

® smallness of asymmetry would follow from hierarchy between

Planck and weak scale (which sets m)

Martin W. Winkler (Stockholm University) Baryogenesis from Modulus Decay September 26, 2019



Modulus Decay pattern

® in UV theories my o< Msysy = observed Higgs mass constrains mg

® moduli decay into SM particles, superpartners, gravitinos, axions.

example: decay to gauge bosons:

Re f(¢) . 3mg, 191
- Fa P21 4 K 5,8, 60" Mg =
£ m R Pl T R50000%0 = Tas = 35 vz 1 (Re )2
predicted in UV theory
model Mg Bryg Br;; Brygy Br;h;l Bryg Yy

type ITb (1000 — 8000) TeV 0.3—-04 03-04 <01 <01 02-03 (2-5)x1077
heterotic (2000 — 6000) TeV 0.5 0.5 — — 0.05 (3-5)x 1077
M-theory (60 — 160) TeV —~ 0.01-1 <1 <1 -~ (0.4 —10) x 1077
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Modulus Decay pattern

® in UV theories my o< Msysy = observed Higgs mass constrains mg

® moduli decay into SM particles, superpartners, gravitinos, axions.

example: decay to gauge bosons:

Re f(¢) . 3mg, 191
= FaFoiY 4 K, 0, 30" Mg =
Lo m g w PP H5,0u00%0 = Tas = 55 2 K- (Re )2
predicted in UV theory large branching to gauginos
model Mg Bryg Brygy Br;h;l Bryg Yy

type IIb (1000 — 8000) TeV 0.3 —-0.4] 03-04 }<01 <01 02-03 (2-5)x107"
heterotic (2000 — 6000) TeV 0.5 - - 0.05 (3-5)x 1077
M-theory (60 — 160) TeV - <1l <1 — (0.4—10) x 1077
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@® idea: modulus — gluinos — baryons

Nu ¥,

@ gluionos are out of thermal equilibrium (produced by decay)
® \GR due to phase in the gaugino mass matrix

® R by R-parity violating operator W D t° b s°
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@® baryon asymmetry

Y, = Y¢ X 2Br(gb — gg) X €ECp

® CP asymmetry

ur Mg 8 TeV 2
~2.10~* ( g ) ( B ) f
ccp 5TeV 1 TeV 2

3 ‘ 3
o N0 N

Mg

phase gluino-bino
) sin (2@12)
@® wino contribution may enhance ecp by factor ~2, hidden sector by ~10

@ observed baryon asymmetry can be generated for 12 = 10°
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@® baryon asymmetry

10-7 - 106

Yo :@ Br(gb@x ecp

® CP asymmetry

ur Mg 8 TeV 2
~2.10~* ( g ) ( B ) f
ccp 5TeV 1 TeV 2

3 ‘ 3
o N0 N

Mg

phase gluino-bino
) sin (2@12)
@® wino contribution may enhance ecp by factor ~2, hidden sector by ~10

@ observed baryon asymmetry can be generated for 12 = 10°

Martin W. Winkler (Stockholm University)

Baryogenesis from Modulus Decay

September 26, 2019



Experimental Probes

® carly matter domination affects small scale structure (perturbations

grow linear with scale factor in this time)

— axion miniclusters, boost of dark matter signals ...

® | HC superpartner searches ® EDMs probe gaugino phases
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® string/ supergravity models generically predict superweakly coupled
modulus field with mass mg ~ 102 — 10* TeV

® modulus alters the cosmological history by late time entropy

production, washes out the baryon asymmetry

® baryon asymmetry (re)generated by the modulus decay into quarks

via intermediate gluinos

® size of the asymmetry Y, ~ (loop factor) x \/m¢/MP
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