The Power of the Dark Sink
Robert McGehee

UNIVERSITY OF MINNESOTA

arXivi23TTXXXXX  w/ Prudnvi N. Bhattiprolu & Aaron Pierce

Particle Physics on the Plains 10/14/23



Direct Detection Today

—44

10

WIMP-nucleon og; [em?]

10 10° 10° 10
WIMP Mass [GeV/c?]

|/ Collaboration
Phys. Rev. Lett. 137 (2023) 041002

2207.03764] NG,



Direct Detection Today

New technology e

10 :II T T T IIIII

DEAP-3600 (2019)

WIMP-nucleon og; [cm?]

_48 I| 1 1 1 1 lIIII 1 1 1 1 II||| 1 1 1 1 L1 1
10 10° 10° 10

WIMP Mass [GeV/c?]

SENSE

A Gohe.



| IIIIIIIII IIIIIIIIl IIIIIIIII IIIIIIIIl ILILLLLLL ]

[T T

lllll

Fpm = (am,/q)

|

SENSE!I Collaboration
Phys. Rev. Lett. 125 (2020) 171802
2004.1137/8]

llllllll | llllllll

|

L 1 1 1 11

I IIIIIIIII IIIIIIIII

il |

L

10 102
m, [MeV]

10°

A Gohe.



il |

10_28||||| T T T TTTI T T T TTTI T T T TT1
Fpym = (am,/q)°
10—30

- Why is dark matter here?

I TTTI

I Illlllll I IIIIIIII I IIIIIIIl I IIIIIIII
| IIIIIIII | \ LI

o, [cm

AINOS

10—36

L 111 | llllllll | llllllll | L 1 1 1 111

1 10 10? 10°
m, [MeV]

A Gohe.



o, [cmz]

UL R B B R L B
—_ |

10728

10—30

10—32

1073

10—36

IIIII [

Fpm = (am,/q)

T Tl [ T T T T

[

1 1T 111

111

IIIIIIII IIIIIIIII IIIIIIIII IIIIIIIII IIIIIIIII LI

| |

Freeze-in

llllllll | llllllll

/IIII | IIIIIIII | IIIIIIII

111

L 1 1 1 11

10
m, [MeV]

107

10°

AN Gohee



10728

10—30

10—32

Fpm = (am,/q)

il |

o, [cmz]

T Illlllll\l AL B R BRI B L R
— -

\:

) o

Freeze-1n ]

| | I I I| | | I I I I| | | | y‘g
10°

1.0\°
10 16

m, [MeV] 2 iy



Freeze-In

€ v
LD ——?Z:Zjuyjﬁ”‘

AN Gohee



Freeze-In

€ v
LD _§FWF“

SM SM — é&’¢’
v/Z

AN Gohee



Freeze-In

€ v
LD _EFWF“

SM SM — é&’¢’
v/Z

f e’

k=ey/ o /a0 (1071

AN Gohee



SM SM — &'e’

Freeze-In

€ v
LD ——?Z:Ejuyjﬁ”‘

f e’
/%

f e/
K=ey/ o' /a0 (1071)
_ 16#/1?(6/{2042
Te R y

(am)

AN Gohee



o, [cmz]

UL R B B R L B
—_ |

10728

10—30

10—32

1073

10—36

IIIII [

Fpm = (am,/q)

T Tl [ T T T T

[

1 1T 111

111

IIIIIIII IIIIIIIII IIIIIIIII IIIIIIIII IIIIIIIII LI

| |

Freeze-in

llllllll | llllllll

/IIII | IIIIIIII | IIIIIIII

111

L 1 1 1 11

10
m, [MeV]

107

10°

AN Gohee



What are we probing ght novv’?

10736 - _

= I
T Freeze 1n -
L1 | | [ 1 Illll | Illll | | L1 1111

1 10 10? 10°

m, [MeV]

A Gohe.



- ;
What are we probing right now?
el
s this the one benchmark?

m, [MeV]

A Gohe.



Model-building Challenge: BBN

AN Gohee



Model-building Challenge: BBN

1072
1072 RN sl
Nl—l = \\
E 107 05 J—— N
)
© 103 Underground
g Direct
S 10-38 Detection
3] _
%
2 42
g 10 (Dir. fermjén)

10—46

Neutrino floor

10790 +——rrr———rrr—— e
10° 104 100% 102 10t 100 10 102
dark matter mass m, [GeV]

G. Krnjaic and S. McDermott [1908.00007]

AN Gohee



- ;
What are we probing right now?
el
s this the one benchmark?

m, [MeV]

A Gohe.



A Gohe.



b



++reezetr-Dark Sink

€
LD _EFAIWFW + Light fermion ¥

A Gohe.



+reeze-n-Dark Sink
LD —%FA’WF“” + Light fermion ¥

SMSM — vy XX &

AN Gohee



+reeze-n-Dark Sink
LD —%FA’WF“” + Light fermion ¥

SMSM — vy XX &

/{,Ee\/a’/a%(’)(lO_ll) kS Kih ~ 8 X 107 T

9x (T — mX)

3/8

AN Gohee



+reeze-n-Dark Sink
LD —%FA’WF“” + Light fermion ¥

SMSM — vy XX &

Jm
/ize\/a’/a%(’)(l()_ll) k< kg ~8x1077 *

g«(T = m,,

Larger cross sections @ current direct detection exps

)3/8

A Gohe.



[emperature

The Story

« SM produces dark matter

A Gohe.



[emperature

The Story

« SM produces dark matter

e Dark matter thermalizes with Dark Sink

A Gohe.



[emperature

The Story

« SM produces dark matter
e Dark matter thermalizes with Dark Sink

» Dark Matter Anninilates away; SM continues to produce it

A Gohe.



[emperature

The Story

« SM produces dark matter
» Dark matter thermalizes with Dark Sink
» Dark Matter Anninilates away; SM continues to produce it

e Anninilations and SM freeze-in both lose to Hubble
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