Composite Dark Matter
with Forbidden Annihilation
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Freeze-out Scenario
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Motivation

Weakly Interacting Massive Particles (WIMPs)
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Julien Billard et al. [Rep. Prog. Phys. 85 (2022) 056201]
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SU(N) Composite DM Model

Bai, Hill (2010), Antipin, Redi, Strumia, Vigiani (2015)
SU(N)d 77— O XFNE & vector-likeZs 7 = )L = A > (dark quark)

CYIABRRIBEIRZ 7 72T

1 _
LD Ly — ZG;:‘VG‘“’A + U, (iy" D, — my) ¥,

U, = (gi) Y, y: dark quark, dark quark

Dark quarkld Ay TEA LA —/NY F >V ikKF (dark baryon) , FfElFEKLF (dark pion)

Accidental symmetries
U(1) global symmetry: ¥; — eia\Iff,; Dark baryon D& E 4%

G-parity: ¥; — exp(imlo) WS Dark pion D & E
Lee, Yang (1956)



Chiral Lagrangian

N=3, 7L —/—#3
Field SU3)q SUB). SUR2)w U(l)y
" 3 1 3 0

0 3 1 3 0

h4 Fusititoanmh  SUQB)L x SUB)r — SUB)v
dark pion: SU(2)w 3%I& y (G-odd), 5&IH  (G-even)
HAGNZF TV IT
2

LD “%tr[D,UD U + vitr[MU + M'U'| + Lwzw

M = diag(m,m,m) f4: dark pion decay const

parameters for DM abundance : m, f;



Da rk :) I O n I\/l a SS Bai, Hill (2010), Antipin, Redi, Strumia, Vigiani (2015)

Hh4 7 WVBIFEDELLEIEN— dark pionDEE
@®Dark quark D EE18 mi ~ mhg

QEFHIE 5mf< ~2awA5,  dmZ ~ 6awA;

Dark pion mass
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Mass Spectrum & Annihilation Channels

Bai, Hill (2010), Antipin, Redi, Strumia, Vigiani (2015)
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Mass Spectrum & Annihilation Channels

Bai, Hill (2010), Antipin, Redi, Strumia, Vigiani (2015)
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Cirelli, Fornengo, Strumia (2005)
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Forbidden channel

Griest, Seckel (1991),
D‘Agnolo, Ruderman (2015)
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Qpmh® = Q h* + Qph?
Dark baryon® T I ¥ —FE

Xt SE R AT E S (s-wave)
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Dark pionDEE

ms<01TeVD & S my, =~ 1.8 TeV
xIZEW gauge boson~ & XF3E
mz=z01TeVD & E, m, > 1.8TeV
xx - mnhEFEICTS
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SHRORE

my > my,; — BWBEERARIESED E LTRSS

—IRIREE, FIRBED 2K F O REBEEAFEEEN T ND  (Sommerfeld effect)
Hisano, Matsumoto, Nojiri (2003)

Forbidden channel®Sommerfeld effect
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Abe, Sato, TY (work in progress)
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Fal's
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s FERHERICBIT25EEDDMICHTT BXEMRE —Composite DM model

« Dark quarkh"FEEE D55, dark pionidminimal DM model® >+ U FIZHE S,
—m, =~ 1.8TeV (SEiTHIR)

o Dark quark0BEH K= W& = forbidden channel DFE 5N EE
—Minimal DM& VY H B EDdark pionbEDMO T I XF—BREAZ LR TE S, (RFFR)

. BIERHERE DL
— Sommerfeld effectz & =BT HHE, (Future work)
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Dark pion& G-/%U 7 4

Dark pion®D 175K
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Dark pionBE X 7 I\Jl/

Bai, Hill [Phys. Rev. D 82 (2010)], Antipin, Redi, Strumia, Vigiani [JHEP 07(2015)]

Hh4A F B IEDELLE#HEN— Dark pionDEE

4dmuos g

@ Dark quarkO'EEI18 mi =m?2 = 72 cosf yEnmDBEENHER
W
@ SUQ)w #— kT & DIaE IR 0o N .
om? ~ C?*(R)as(Agq)A3
W
C?(R): Casimir JEE¥ (€2(3)=2,C%(5)=6
II------mmmm - 11
%EIEG)%EJZ%G)EE% Cirelli, Fornengo, Strumia Nucl. Phys. B 7563 (2005)

0
mg — mo ~ asQ*myy sin? TW (for m > my)

~ O(100 MeV)

20
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Dark pion mass
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Dark baryon abundance
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WZW term

g*N
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Cirelli, Fornengo, Strumia [Nucl. Phys. B 7563 (2005) ]
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pp = pg = M
Kilic, Okui, Sundrum [JHEP 02 (2010)], Draper, Kozaczuk, Yu [Phys. Rev. D 98 (2018)]
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Weinberg operator  Log O C'WeachﬁVW,f)‘WfM
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CPXIFR4E DAL © dark quark@ g@f;nﬁmsm M HIRN S
dynamical scale Ay ~ 4nfdf%f§>)\757&é\bﬁ%
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N msin(6/3)

(4m)? (47 fa)?
Choi, Im, Kim, Mo [Phys. Lett. B 760 (2016)] BEFEDMICEH ST B2Feynman& 4 77 7 L

Ciy ~

e~ —» > P—

g
3

27



1= EH I
%I:l 5m/6
= 2 i
20 = 0DIFE /3
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electron EDMIZE 59 % Weinberg operator ©/3}

Legr. D Crpe W WAWH
N msin(6/3) ¢°

/6

Cyr ~

(4m)? (47 fa)® 3 i
Choi, Im, Kim, Mo [Phys. Lett. B 760 (2016)]
electron EDM

5g°me. sin Oy

de =

96772 W Boudjema, Hagiwara, Hamzaoui, Numata [Phys. Rev. D 43 (1991)]

32 Gripaios, Sutherland [Phys. Rev. D 84 (2014)]
< 0(107°“)e cm Kley, Theil, Venturini, Weiler [Eur. Phys. J. C 82 (2021)]

HEDelectron EDM®D EBR: |d.| < 4.1x107°%¢ cm  ACME [113E8&: |d,| < 0.3%x1073% cm

Roussy et al. [Science 371 (2023)]

J. Doyle [Talk at KITP Conference (2016)]
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