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SU(3)⇥ SU(2)L ⇥ SU(2)R ⇥ U(1)

<latexit sha1_base64="lQiRnksi1Oc2Ro3jPr9WpIhsWEs="></latexit>

dL(3,1,�1/3)
<latexit sha1_base64="jrER6aItpl3U1ZJS6s+ky93pstc="></latexit>

uL(3,1, 2/3)

<latexit sha1_base64="FvohIlUf+2/fBbKHWXuRSGVKVHY="></latexit>

QR(3,2, 1/6)

same +

In practice, both !
[Babu/Mohapatra ’89, ’90, 

Barr/Chang/Senjanovic ’91,  
Hall/Harigaya ’18, +Dunsky ’18, 

Craig/Garcia Garcia/Koszegi/
McCune ’20, … ]

<latexit sha1_base64="ft5E3lU1Z9z1xo4u5Zatguzr79E="></latexit>

QR ⌘

<latexit sha1_base64="jLWX8uAGzIJNUvSf3BfecYlBRQ8="></latexit>

1,2

can mix !

Higgs couplings : too light !

Dim-5 masses : 
need a see-saw !



Parity solutions to the strong CP problem 

Need           even below the scale of parity breaking
Similar to the SM case 
Not in all extensions
Easier in « mirror models »

? <latexit sha1_base64="RYWgP6z7U/acCZgyveNue83U0Ow="></latexit>

✓̄ ⇡ 0

[Ellis/Gaillard ’79]

[de Vries/Draper/Patel ’21]

[Barr/Chang/Senjanovic ’91]



Parity solutions to the strong CP problem 

P is not a symmetry of the SM ! Spontaneous breaking

New fermions ? New gauge fields ?

<latexit sha1_base64="94TtMcUT9rA1aXksZToN1kY4sgQ="></latexit>

QL(3,2, 1/6)
<latexit sha1_base64="HQ1Pl6+3qOt4F+x7lY12glmfvkw="></latexit>

QL(3,2,1, 1/6)
<latexit sha1_base64="55M3p3JzQEoqQQx8Ak2HZCycggQ="></latexit>

uR(3,1, 2/3)
<latexit sha1_base64="z8ow6b6cUu/kfVkHP0v0UEXP33c="></latexit>

dR(3,1,�1/3)

<latexit sha1_base64="RKo2hARuT9Gs37y5Gm/Z1VG9x9I="></latexit>✓
uR

dR

◆
(3,1,2, 1/6)

<latexit sha1_base64="UKEnFpN0VPmr/f4ePNC5RFqZEas="></latexit>

SU(3)⇥ SU(2)L ⇥ SU(2)R ⇥ U(1)

<latexit sha1_base64="lQiRnksi1Oc2Ro3jPr9WpIhsWEs="></latexit>

dL(3,1,�1/3)
<latexit sha1_base64="jrER6aItpl3U1ZJS6s+ky93pstc="></latexit>

uL(3,1, 2/3)

<latexit sha1_base64="FvohIlUf+2/fBbKHWXuRSGVKVHY="></latexit>

QR(3,2, 1/6)

same +

In practice, both !
[Babu/Mohapatra ’89, ’90, 

Barr/Chang/Senjanovic ’91,  
Hall/Harigaya ’18, +Dunsky ’18, 

Craig/Garcia Garcia/Koszegi/
McCune ’20, … ]

<latexit sha1_base64="ft5E3lU1Z9z1xo4u5Zatguzr79E="></latexit>

QR ⌘

<latexit sha1_base64="jLWX8uAGzIJNUvSf3BfecYlBRQ8="></latexit>

1,2

<latexit sha1_base64="bBy1aSfH0YyzFlkZPSlrDuNomUk="></latexit>

⇥U(1)0
<latexit sha1_base64="t5ncx6oKILkmavGP6EaxvuDkENQ="></latexit>

0,1/6

Higgs couplings : too light !

Dim-5 masses : 
need a see-saw !



Parity solutions to the strong CP problem 

<latexit sha1_base64="NXIOVZilGx0vrxnBFnC66+tjhBU="></latexit>

t
<latexit sha1_base64="C/QJrYXC6nymaks6MOC6cP4FBME="></latexit>x <latexit sha1_base64="C/QJrYXC6nymaks6MOC6cP4FBME="></latexit>x

<latexit sha1_base64="NXIOVZilGx0vrxnBFnC66+tjhBU="></latexit>

tSM SM
’P

Mirror world

<latexit sha1_base64="0UPzUob9KIW3j90E223YxKwN5CY="></latexit>

hHi
<latexit sha1_base64="1E60z940HPkiXFIrqsS0V41MnQI="></latexit>

6= hH 0i



Parity solutions to the strong CP problem 

<latexit sha1_base64="NXIOVZilGx0vrxnBFnC66+tjhBU="></latexit>

t
<latexit sha1_base64="C/QJrYXC6nymaks6MOC6cP4FBME="></latexit>x <latexit sha1_base64="C/QJrYXC6nymaks6MOC6cP4FBME="></latexit>x

<latexit sha1_base64="NXIOVZilGx0vrxnBFnC66+tjhBU="></latexit>

tSM SM
’P

Mirror world and strong CP. Need shared color (P-invariant on its 
own) !

<latexit sha1_base64="sA2PaslTxnpf0akLvcy88jAbUoI="></latexit>g

<latexit sha1_base64="uCKa4bqihwm7WIJIaq2e7Uy/bDs="></latexit>

✓̄QCD = 0

<latexit sha1_base64="0UPzUob9KIW3j90E223YxKwN5CY="></latexit>

hHi
<latexit sha1_base64="1E60z940HPkiXFIrqsS0V41MnQI="></latexit>

6= hH 0i



Our parity solution to the strong CP problem 

We notice that 

<latexit sha1_base64="NXIOVZilGx0vrxnBFnC66+tjhBU="></latexit>

t
<latexit sha1_base64="C/QJrYXC6nymaks6MOC6cP4FBME="></latexit>x <latexit sha1_base64="C/QJrYXC6nymaks6MOC6cP4FBME="></latexit>x

<latexit sha1_base64="NXIOVZilGx0vrxnBFnC66+tjhBU="></latexit>

tSM SM
’P

<latexit sha1_base64="sA2PaslTxnpf0akLvcy88jAbUoI="></latexit>g

<latexit sha1_base64="NXIOVZilGx0vrxnBFnC66+tjhBU="></latexit>

t
<latexit sha1_base64="C/QJrYXC6nymaks6MOC6cP4FBME="></latexit>x <latexit sha1_base64="C/QJrYXC6nymaks6MOC6cP4FBME="></latexit>x

<latexit sha1_base64="NXIOVZilGx0vrxnBFnC66+tjhBU="></latexit>

tSM SM
’PMediator vev

bicolored mediator



Our parity solution to the strong CP problem 

<latexit sha1_base64="NXIOVZilGx0vrxnBFnC66+tjhBU="></latexit>

t
<latexit sha1_base64="C/QJrYXC6nymaks6MOC6cP4FBME="></latexit>x <latexit sha1_base64="C/QJrYXC6nymaks6MOC6cP4FBME="></latexit>x

<latexit sha1_base64="NXIOVZilGx0vrxnBFnC66+tjhBU="></latexit>

tSM SM
’P

<latexit sha1_base64="sA2PaslTxnpf0akLvcy88jAbUoI="></latexit>g

<latexit sha1_base64="NXIOVZilGx0vrxnBFnC66+tjhBU="></latexit>

t
<latexit sha1_base64="C/QJrYXC6nymaks6MOC6cP4FBME="></latexit>x <latexit sha1_base64="C/QJrYXC6nymaks6MOC6cP4FBME="></latexit>x

<latexit sha1_base64="NXIOVZilGx0vrxnBFnC66+tjhBU="></latexit>

tSM SM
’PMediator vev

bicolored mediator

« Complete »
mirror world

We notice that 



Our parity solution to the strong CP problem 

<latexit sha1_base64="NXIOVZilGx0vrxnBFnC66+tjhBU="></latexit>

t
<latexit sha1_base64="C/QJrYXC6nymaks6MOC6cP4FBME="></latexit>x <latexit sha1_base64="C/QJrYXC6nymaks6MOC6cP4FBME="></latexit>x

<latexit sha1_base64="NXIOVZilGx0vrxnBFnC66+tjhBU="></latexit>

tSM SM
’P

<latexit sha1_base64="sA2PaslTxnpf0akLvcy88jAbUoI="></latexit>g

<latexit sha1_base64="NXIOVZilGx0vrxnBFnC66+tjhBU="></latexit>

t
<latexit sha1_base64="C/QJrYXC6nymaks6MOC6cP4FBME="></latexit>x <latexit sha1_base64="C/QJrYXC6nymaks6MOC6cP4FBME="></latexit>x

<latexit sha1_base64="NXIOVZilGx0vrxnBFnC66+tjhBU="></latexit>

tSM SM
’PMediator vev

bicolored mediator

With the same starting point :

<latexit sha1_base64="NXIOVZilGx0vrxnBFnC66+tjhBU="></latexit>

t
<latexit sha1_base64="C/QJrYXC6nymaks6MOC6cP4FBME="></latexit>x <latexit sha1_base64="C/QJrYXC6nymaks6MOC6cP4FBME="></latexit>x

<latexit sha1_base64="NXIOVZilGx0vrxnBFnC66+tjhBU="></latexit>

tSM SM
’P

Parity 
breaking

bicolored mediator

SM

bicolored mediator

YM’
<latexit sha1_base64="o1EpH9gwO40pWcyN6eutEvxtRGs="></latexit>

✓̄
<latexit sha1_base64="zQwACkFoElX0NblaHQMWy7xJfbs="></latexit>

✓̄
0 ⇡ �✓̄

…

We notice that 



Our parity solution to the strong CP problem 

<latexit sha1_base64="NXIOVZilGx0vrxnBFnC66+tjhBU="></latexit>

t
<latexit sha1_base64="C/QJrYXC6nymaks6MOC6cP4FBME="></latexit>x <latexit sha1_base64="C/QJrYXC6nymaks6MOC6cP4FBME="></latexit>x

<latexit sha1_base64="NXIOVZilGx0vrxnBFnC66+tjhBU="></latexit>

tSM SM
’P

bicolored mediator
<latexit sha1_base64="xSGBP/R4k9lVo5gQtip0LCt60wo="></latexit>

SU(3) SU(2)L U(1)Y SU(3)0 SU(2)0 U(1)0

Q 3 2 1/6 1 1 0
u
c 3 1 -2/3 1 1 0

d
c 3 1 1/3 1 1 0
L 1 2 -1/2 1 1 0
e
c 1 1 -1 1 1 0
H 1 2 1/2 1 1 0
Q

0 1 1 0 3 2 -1/6
u
0c 1 1 0 3 1 2/3

d
0c 1 1 0 3 1 -1/3
L
0 1 1 0 1 2 1/2

e
0c 1 1 0 1 1 1

H
0 1 1 0 1 2 -1/2

P

<latexit sha1_base64="mMuZbpWoqTEp+99/vVjGqYiHGaU="></latexit>

✓̄0 = �✓̄

<latexit sha1_base64="ek4m0AZY2IBXhw3/CpMSy2MFobE="></latexit>

✓0 = �✓
<latexit sha1_base64="qxi1IErmcdbtso2ilGr1EEaA5uQ="></latexit>

Yq = Y †
q0

<latexit sha1_base64="X6S8dB2bruyjOrz4bPL+HnEG7XY="></latexit>

=)



Our parity solution to the strong CP problem 

<latexit sha1_base64="NXIOVZilGx0vrxnBFnC66+tjhBU="></latexit>

t
<latexit sha1_base64="C/QJrYXC6nymaks6MOC6cP4FBME="></latexit>x <latexit sha1_base64="C/QJrYXC6nymaks6MOC6cP4FBME="></latexit>x

<latexit sha1_base64="NXIOVZilGx0vrxnBFnC66+tjhBU="></latexit>

tSM SM
’P

bicolored mediator
<latexit sha1_base64="xSGBP/R4k9lVo5gQtip0LCt60wo="></latexit>

SU(3) SU(2)L U(1)Y SU(3)0 SU(2)0 U(1)0

Q 3 2 1/6 1 1 0
u
c 3 1 -2/3 1 1 0

d
c 3 1 1/3 1 1 0
L 1 2 -1/2 1 1 0
e
c 1 1 -1 1 1 0
H 1 2 1/2 1 1 0
Q

0 1 1 0 3 2 -1/6
u
0c 1 1 0 3 1 2/3

d
0c 1 1 0 3 1 -1/3
L
0 1 1 0 1 2 1/2

e
0c 1 1 0 1 1 1

H
0 1 1 0 1 2 -1/2

P

<latexit sha1_base64="mMuZbpWoqTEp+99/vVjGqYiHGaU="></latexit>

✓̄0 = �✓̄

<latexit sha1_base64="ek4m0AZY2IBXhw3/CpMSy2MFobE="></latexit>

✓0 = �✓
<latexit sha1_base64="qxi1IErmcdbtso2ilGr1EEaA5uQ="></latexit>

Yq = Y †
q0

<latexit sha1_base64="X6S8dB2bruyjOrz4bPL+HnEG7XY="></latexit>

=)

<latexit sha1_base64="X6S8dB2bruyjOrz4bPL+HnEG7XY="></latexit>

=) <latexit sha1_base64="X6S8dB2bruyjOrz4bPL+HnEG7XY="></latexit>

=)
<latexit sha1_base64="uCKa4bqihwm7WIJIaq2e7Uy/bDs="></latexit>

✓̄QCD = 0

<latexit sha1_base64="SNBqkYlzYHkA6JO1xk56oRfiwyg=">AAAC73icjVHLTttAFD1xH9CUtm677MZqhFSxiOzS0i4R3bAElRCkOIrGZmJGjD3ueBwpivIP3bFDbPsDbMtfIP6g/YveGRwJiqoylu1zz73nzNy5SSlFZcLwquU9ePjo8dLyk/bTlWfPX/gvX+1XqtYp76VKKn2QsIpLUfCeEUbyg1JzlieS95PjLzbfn3BdCVXsmWnJhznLCjEWKTNEjfy1WLIikzyIv4osZ7F2UVxqVRoVTE brcc7MUTKeRfOR3wm7oVvBXRA1oINm7Sj/EjEOoZCiRg6OAoawBENFzwARQpTEDTEjThMSLs8xR5u0NVVxqmDEHtM3o2jQsAXF1rNy6pR2kfRqUgZYJY2iOk3Y7ha4fO2cLfsv75nztGeb0j9pvHJiDY6I/Z9uUXlfne3FYIzPrgdBPZWOsd2ljUvtbsWePLjRlSGHkjiLDymvCadOubjnwGkq17u9W+byv1ylZW2cNrU1fttT0oCjv8d5F+y/70Yb3Y+7HzqbW82ol/EGb/GO5vkJm9jGDnrk/R3n+IkL75t34p16Z9elXqvRvMat5f34A7hjoQo=</latexit>

h⌃i / v31
<latexit sha1_base64="0XbuE4qmLGO0Uepv93K+rvJdVa0="></latexit>

g23GG̃ =
��
along QCD

g023 G0G̃0

Bicolored mediator here: 
bifundamental order 
parameter

<latexit sha1_base64="OjcD5G6Q+qw3R6Gu3I2QhyRklSU="></latexit>

h⌃i



Our parity solution to the strong CP problem 

<latexit sha1_base64="NXIOVZilGx0vrxnBFnC66+tjhBU="></latexit>

t
<latexit sha1_base64="C/QJrYXC6nymaks6MOC6cP4FBME="></latexit>x <latexit sha1_base64="C/QJrYXC6nymaks6MOC6cP4FBME="></latexit>x

<latexit sha1_base64="NXIOVZilGx0vrxnBFnC66+tjhBU="></latexit>

tSM SM
’P

bicolored mediator
<latexit sha1_base64="xSGBP/R4k9lVo5gQtip0LCt60wo="></latexit>

SU(3) SU(2)L U(1)Y SU(3)0 SU(2)0 U(1)0

Q 3 2 1/6 1 1 0
u
c 3 1 -2/3 1 1 0

d
c 3 1 1/3 1 1 0
L 1 2 -1/2 1 1 0
e
c 1 1 -1 1 1 0
H 1 2 1/2 1 1 0
Q

0 1 1 0 3 2 -1/6
u
0c 1 1 0 3 1 2/3

d
0c 1 1 0 3 1 -1/3
L
0 1 1 0 1 2 1/2

e
0c 1 1 0 1 1 1

H
0 1 1 0 1 2 -1/2

P
Below     , colored mirror
quarks : need 
(hence P-breaking)

<latexit sha1_base64="0SbFJbxWw/wPQtSN/2LTL5aalV8="></latexit>v3

<latexit sha1_base64="qxi1IErmcdbtso2ilGr1EEaA5uQ="></latexit>

Yq = Y †
q0

<latexit sha1_base64="u90EekUEq7Eo+hG0acO5Oe/k6Jw="></latexit>

hH 0i � hHi

i.e.
<latexit sha1_base64="X6S8dB2bruyjOrz4bPL+HnEG7XY="></latexit>

=)
<latexit sha1_base64="HWum7y31r+z/JqFOb3ZAdLCeF0E="></latexit>

mq

mq0
=

hHi
hH 0i

<latexit sha1_base64="lGTEm6PToXcAgAABrozvf4QgXsY="></latexit>⌘
v 0

<latexit sha1_base64="LcBIHQ3P8JJ0ah/eIgsKOILqCNM="></latexit>

v0 & 109 GeV



Our parity solution to the strong CP problem 

<latexit sha1_base64="NXIOVZilGx0vrxnBFnC66+tjhBU="></latexit>

t
<latexit sha1_base64="C/QJrYXC6nymaks6MOC6cP4FBME="></latexit>x <latexit sha1_base64="C/QJrYXC6nymaks6MOC6cP4FBME="></latexit>x

<latexit sha1_base64="NXIOVZilGx0vrxnBFnC66+tjhBU="></latexit>

tSM SM
’P

bicolored mediator
<latexit sha1_base64="xSGBP/R4k9lVo5gQtip0LCt60wo="></latexit>

SU(3) SU(2)L U(1)Y SU(3)0 SU(2)0 U(1)0

Q 3 2 1/6 1 1 0
u
c 3 1 -2/3 1 1 0

d
c 3 1 1/3 1 1 0
L 1 2 -1/2 1 1 0
e
c 1 1 -1 1 1 0
H 1 2 1/2 1 1 0
Q

0 1 1 0 3 2 -1/6
u
0c 1 1 0 3 1 2/3

d
0c 1 1 0 3 1 -1/3
L
0 1 1 0 1 2 1/2

e
0c 1 1 0 1 1 1

H
0 1 1 0 1 2 -1/2

P
Below     , colored mirror
quarks : need 
(hence P-breaking)

<latexit sha1_base64="0SbFJbxWw/wPQtSN/2LTL5aalV8="></latexit>v3

<latexit sha1_base64="qxi1IErmcdbtso2ilGr1EEaA5uQ="></latexit>

Yq = Y †
q0

<latexit sha1_base64="u90EekUEq7Eo+hG0acO5Oe/k6Jw="></latexit>

hH 0i � hHi

Achieved through soft breaking 
or radiative corrections

[Babu/Mohapatra ’89, 
Hall/Harigaya ’18]

<latexit sha1_base64="X6S8dB2bruyjOrz4bPL+HnEG7XY="></latexit>

=)
<latexit sha1_base64="HWum7y31r+z/JqFOb3ZAdLCeF0E="></latexit>

mq

mq0
=

hHi
hH 0i

<latexit sha1_base64="lGTEm6PToXcAgAABrozvf4QgXsY="></latexit>⌘
v 0



Our parity solution to the strong CP problem 

<latexit sha1_base64="NXIOVZilGx0vrxnBFnC66+tjhBU="></latexit>

t
<latexit sha1_base64="C/QJrYXC6nymaks6MOC6cP4FBME="></latexit>x <latexit sha1_base64="C/QJrYXC6nymaks6MOC6cP4FBME="></latexit>x

<latexit sha1_base64="NXIOVZilGx0vrxnBFnC66+tjhBU="></latexit>

tSM SM
’P

bicolored mediator
<latexit sha1_base64="xSGBP/R4k9lVo5gQtip0LCt60wo="></latexit>

SU(3) SU(2)L U(1)Y SU(3)0 SU(2)0 U(1)0

Q 3 2 1/6 1 1 0
u
c 3 1 -2/3 1 1 0

d
c 3 1 1/3 1 1 0
L 1 2 -1/2 1 1 0
e
c 1 1 -1 1 1 0
H 1 2 1/2 1 1 0
Q

0 1 1 0 3 2 -1/6
u
0c 1 1 0 3 1 2/3

d
0c 1 1 0 3 1 -1/3
L
0 1 1 0 1 2 1/2

e
0c 1 1 0 1 1 1

H
0 1 1 0 1 2 -1/2

P

<latexit sha1_base64="qxi1IErmcdbtso2ilGr1EEaA5uQ="></latexit>

Yq = Y †
q0

<latexit sha1_base64="X6S8dB2bruyjOrz4bPL+HnEG7XY="></latexit>

=)
<latexit sha1_base64="HWum7y31r+z/JqFOb3ZAdLCeF0E="></latexit>

mq

mq0
=

hHi
hH 0i

Very predictive 
model, two BSM 
scales :      and<latexit sha1_base64="0SbFJbxWw/wPQtSN/2LTL5aalV8="></latexit>v3

<latexit sha1_base64="L26ma07CD/1tYNzaVPjqvtXHLQE="></latexit>

v0

Different pheno on the 
parameter space. For             , 
colored bosons as lightest 
BSM states !

<latexit sha1_base64="t3osUijhMKL1K+Bemylez2oMvp4="></latexit>

v3 ⌧ v0



Our parity solution to the strong CP problem 

Bicolored mediator : a scalar or strongly interacting fermions.

<latexit sha1_base64="lwLkfw7BFE8NGzZrQiT3rtq0ynM="></latexit>

V (⌃) =�m2Tr(⌃⌃†) + cTr2(⌃⌃†)

+ c̃Tr(⌃⌃†)2 + (m̃ det(⌃) + h.c.)

<latexit sha1_base64="OY70OcL4feqafDzrY5YL7L9tQ3E="></latexit>

⌃
<latexit sha1_base64="EdajPtxoglKir8R79eMg3dwBCoQ="></latexit>

(3,30)

<latexit sha1_base64="m/gSGuAHP5o5Fku/l12ovamK5W8="></latexit>

3
<latexit sha1_base64="+fTm9gfMjCR4qAWKAwSG+sGQJNo="></latexit>

3̄

in           of                            with potential
<latexit sha1_base64="mO0462324u3Ho12SjYV+//K2Dxo="></latexit>

SU(3)⇥ SU(3)0

or

<latexit sha1_base64="jT14f2w27VlT1iDLK4Td0AqMdO4="></latexit>

SU(3)
[Bai/Dobrescu ’17]

<latexit sha1_base64="Pp3lAyWNerfPcCj5AZh6IFRjrrE="></latexit>

SU(N) SU(N)0 SU(3) SU(3)0

 L N 1 3 1
 R N 1 1 30

 0
L 1 N 3̄ 1

 0
R 1 N 1 3̄0

Breaking to the diagonal           in a large fraction of parameter 
space (but no (C)P breaking)

Breaking to the 
diagonal           à la
technicolor 

<latexit sha1_base64="jT14f2w27VlT1iDLK4Td0AqMdO4="></latexit>

SU(3)

[Weinberg ’76, Susskind ’78]



Our parity solution to the strong CP problem 

Bicolored mediator : a scalar or strongly interacting fermions.

<latexit sha1_base64="lwLkfw7BFE8NGzZrQiT3rtq0ynM="></latexit>
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space (but no (C)P breaking)



Our parity solution to the strong CP problem 
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Only mediators: gluons, bicolored mediator or heavy Higgs. Only 
CP phase: CKM. Very small contributions (at least 3-loops) 
to          . Effect of small instantons also suppressed 
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Our parity solution to the strong CP problem 

(scalar
mediator)

LHC searches for heavy 
vector octets (decay
to quarks)

LHC searches for stable 
colored neutral particles
(hadronize and ionize)



Our parity solution to the strong CP problem 

(scalar
mediator)

Model-dependent 
bounds on colored 
scalars



Dark matter from the mirror world 

Many new particles, mirror B and L quantum numbers…
dark matter candidates ! 
 
Only one viable : mirror electron 
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Many new particles, mirror B and L quantum numbers…
dark matter candidates ! 
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Dark matter from the mirror world 

Many new particles, mirror B and L quantum numbers…
dark matter candidates ! 
 
Only one viable : mirror electron 
 
Strong bounds on the stable mirror up quark relic density 

Masses are fixed by parity ! Cannot do freeze-out (w/ or w/o dilution)  
 

Earlier literature : non-thermal mechanisms (inflaton decays), other 
DM candidates (mirror neutrinos), extended spectra 
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Dark matter from the mirror world 

Many new particles, mirror B and L quantum numbers…
dark matter candidates ! 
 
Only one viable : mirror electron 
 
Strong bounds on the stable mirror up quark relic density 

Masses are fixed by parity ! Cannot do freeze-out (w/ or w/o dilution)  
 

Sequential freeze-in from the mirror photon

             
            then  
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�0�0 ! e0ē0 Inflation ? Reheating to 
the SM and 

<latexit sha1_base64="fIiLtawyOZ53mfzmqhgE6FG7xfg="></latexit>

Tmax ⇡ Trh
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Dark matter from the mirror world 

No appropriate
reheating temperature



Dark matter from the mirror world 

First interest of 
low                            

(ratio              )
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Dark matter from the mirror world 

Main interest of 
low       

(kinetic mixing)
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Dark matter from the mirror world 

Main interest of 
low       
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Outlook

First study of a parity solution to the strong CP 
problem (a « UV solution ») in a « complete » mirror 
world

Many lessons left to learn. Ex : there is room for a thermal 
dark matter candidate ! 

Few free parameters, but quite different physics in the 
parameter space ! Ex : colored bosons, possible (companion) 
DM signals


