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Dark Matter Candidates

« Dark matter is known to interact gravitationally
« Otherwise the parameter space is open to search

« This work focuses on the WIMP

Q-Balls

"l WIMPs

SuperWIMPs
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Search Types

« |Indirect detection, direct detection, _
2 Direct Detection

collider searches

« Each are independent detection

methods

« Solar neutrinos act as a compliment to
Novel SM-DM

Interaction
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Direct Detection

« The goal is to detect the recoil of nuclei from dark matter interactions
« Parametrized into two cases:
« Spin-dependent, coupling to the overall spin of nuclei

« Spin-independent, which receives a coupling enhancement for higher mass nuclei
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Advantages of an Effective Field Theory

» High-energy theory parametrization

 Fitzpatrick et. al. [2] describe a toy model dark matter

effective field theory

« Dark matter substructure can be ignored at galactic halo

velocities

Qmax = 200 MeV
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Hermitian Operators

« The general case of a dark matter

scattering interaction is considered

« The Hermitian operators that govern the (7)

interaction are

.~ AJ_ ~ A
Iy , 2@ , V= , Sy , Sn Novel S\V-DM
Interaction
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Non-Relativistic Effective Operators

+ Spin-independent: O; = 1,y O =1,y Oy =S, - (gN % %)
» Spin-dependent: (O, =S, - Sy Oy = vt v+t O =iSy - ;L
« Novel interactions, such as O3 =iSy - (ﬁ x ‘AIL) O =S, - %
C’A)m:z'gN-i @4:SX.SN @HZSX.(SNX‘}L)
- | 05 =8, - (L = v Ony =1 (S v4) (Sw- 1)
« Acts as leading contributor to higher- X X ) X ) X X ) X
energy theories [3]: Os = (SX ' m—civ) (SN ”%V) Ou =i (SX ' %) Sy AL)
L D Moxx — iheddy’q — H D (c(l)oto + C}Otl) O10 Or =Sy ¥t O15 = — (AX ' %) (SN X \AfL)
Oy =S, v+
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Cross Section

« Cross section becomes a large sum over response functions
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Solar Capture



Capture Process

« Dark matter is captured when it scatters to below the local

escape velocity in the Sun
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Geometric Limit

« The Sun has a hard limit of dark matter capture
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Annihilation in the Sun

« The number density of dark matter is given by

AN, (1)
dt

—C{#)—A{t)—E(t) =0

« At steady state, the annihilation rate only depends on the capture:
T'4 = (C/2)tanh® (t/7)
« The final neutrino flux is found from branching ratios
f
dE, 4nD? X dFE,
f
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Other Applications

« The same calculation in other stars can be performed

» There is current work to integrate with DarkMESA

« Can look at other phenomena like
* Energy transport [4,5]
« Modified main sequence lifetimes [6]

» Triggering thermonuclear explosions in stellar remnants [7-9]
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Capt'n General

« Capt’'n [10] was designed for capture rate calculations
» As standalone
* GAMBIT backend

« DarkMESA companion

« Capt'n uses several parameters to calculate the DM capture rate in s
» Solar model including isotopic abundances
« Dark matter halo parameters

* |nteraction model
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GAMBIT

« GAMBIT [11] combines many separate
branches of physics to perform global scans
of novel physics using existing experimental
data

« Modular design to promote contributions

» Global scans can pick out signals of new

physics before single experiments
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lceCube Neutrino Observatory

« For the 79-string run, IceCube’s [12] digital optical modules were

arranged as:
« 73 strings with 125 m horizontal spacing and 17 m vertical spacing

« 6 strings with less than 75 m horizontal spacing and 7 m vertical

spacing in the DeepCore [13]

« The data is broken into three independent streams, of two varieties:

« Low energy: exterior strings act as muon veto for the central array

(Summer Low and Winter Low)

« Higher energy: no restrictions (Winter High)

» IceCube performs better at higher-energy neutrino detection
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Direct Detection Experiments

Eight direct detection experiments were included: » These are:

LUX 2016 [15] « Dual-phase time projection chambers (LUX,

XENON1T, PandaX-Il, and DarkSide-50)
XENON1T 2018 [16]

» Super-heated fluorine (PICO-60)
PandaX-1l 2016 [17] and 2017 [18]

« Cryogenic crystal detectors (CRESST-Il and
CDMSlite)

PICO-60 2017 [19]
CRESST-II [20]
CDMSlite [21]

DarkSide-50 [22]
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Added Experiments

« Two extra experiments were included in a post processing run
» ANTARES from Dark Ghosts 2022 presented by Chiara Poire [23]

 IceCube Update from Dark Ghosts 2022 presented by Stephan
Meighen-Berger [24]
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Scanning with Diver

Diver is a differential evolution scanner in GAMBIT

It can rapidly map likelihood contours
But cannot give posteriors
Differential evolution occurs in three steps

 Mutation

 Crossover

« Selection

[25]
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Results and Scans
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Capt'n Capture Rates ¢, and c,

« Capt'n can return capture rates per isotopic contribution

« Capt’n shows accuracy around ~5% of the previous Catena and Schwabe [26]
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Capt'n Capture Rates c,, and c,,

+ Certain isotopes dominate depending on coupling
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GAMBIT Scan Parameters

» The halo parameters are shared between all GAMBIT scans

Halo Parameters Dark Matter Parameters

po 0.5 GeV cm™3 my, 1 10* GeV

v 216 264kms ' | 1071 1076 Gev2
Vpot 216 — 264 km s | Y 10-8 — 10~% QeV 2
Vese 453 — 603 kms™! | %y 10761072 GeV >

« These scans are presented as profiled likelihoods with 90% C.L.

« All scans have 2 decay channel versions: bb and W*W -
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Spin-Independent and Spin-Dependent bb Channel

« The bottom quark annihilation channel for ¢, (left) and c, (right)

« Dominated by leading direct detection experiments
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Spin-Independent and Spin-Dependent bb Channel Breakdown

« The bottom quark annihilation channel for ¢, (left) and c, (right)

« Lead by XENON1T in spin-independent, and PICO-60 in spin-dependent
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Spin-Independent and Spin-Dependent W*W~ Channel

« The W boson annihilation channel for ¢, (left) and ¢, (right)

» Spin-dependent channel receives solar neutrino contribution
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Effective Cross Section [cm?]

Spin-Independent and Spin-Dependent W*W~ Channel
Breakdown

« The W boson annihilation channel for ¢, (left) and ¢, (right)

 |ceCube out-competes in spin-dependent dark matter detection around ~500 GeV
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C,o Coupling Experiment Breakdown

« The W boson (right) and bottom quark annihilation channels for ¢,

« W boson channel sees contribution from solar neutrinos
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Conclusions
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Conclusions

Capt’n open to public and has already seen use by GAMBIT community (2106.02056)
Need accurate modeling of all isotopes in the Sun for accurate capture rates!

This is some of the first set of global constraints on non-relativistic effective operator dark matter from direct

detection experiments in addition to solar neutrinos
IceCube solar neutrinos can assist with spin-dependent direct detection searches

Whenever new data is added to GAMBIT this work can be re-run with trivial modifications to improve

constraints

This work is currently being modified for use in a Supernova scattering search lead by Christopher Cappiello
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Capt’'n Comparisons c,

Capt'n General 2.0
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Capt’'n Comparisons c,

c§ Catena and Schwabe c§ Capt'n General 2.0
1019 4 1019 4
1015 4 1013 4
—"7 10%7 4 T— 1017 4 H
T 1016 ® 1016 N
« 107 4 o 107° 5 23
) @ — “Na
E R e oraf
g 2
& 107 5 & 10" 4 —— Total
101 4 1014 |
1013 4 1013 4
10! 102 10% 10! 102 10°
Dark Matter Mass [GeV] Dark Matter Mass [GeV]
c§ Ratio per Isotope c§ Ratio per Dark Matter Mass —— 10.00GeV
12.59GeV
1.125 1.125 15.85Gev
+ —— 19.95GeV
i i | — 25.12Gev
ERLLY , L1007 H 31.62GeV
k] = ' | 39.81GeV
o 10751 @ 1.0751 i —— 50.12GeV
2 2 | 63.10GeV
=} Q
& 1.050 & 1.050 1 —— 79.43GeV
i o et 100.00GeV
s 3 H 1
21F 1 0251 =3 i 125 .89GeV
5 44 i P - 158.49GeV
gz 3z '
éls &5 L | - 199.53Gev
£| 1.000+ HH f - 251,19GeV
3|8 g3
o S I 7 O A 316.23GeV
0.975 1 0.975{ /- 398 11Gev
28 I O O I I 501.19GeV
0.950 4 0.9501{ | 630.96GeV
794.33Gev
- — - o
10 10 10 TEEYFL22IIS LR
Dark Matter Mass [GeV] "o "R R g~ 88 0 p
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Capt’'n Comparisons c.

Capture Rate [s™!]

Capt'n General 2.0
Catena and Schwabe

Capture Rate

c? Catena and Schwabe

1013 4

1012 4

1017 4

100 |

109 4

108 4

107 4

10° 4

10t 10?2 103
Dark Matter Mass [GeV]

2 Ratio per Isotope

0.6

0.4 4

0.2 1

T T
10t 10?2 103
Dark Matter Mass [GeV]

Capture Rate [s71]

Capt'n General 2.0
Tatena and Schwabe

Capture Rate

1013

1012

101

1010

10°

10°

107

108

e
o0

0.6

0.4

0.2

c8 Capt'n General 2.0

10t

10?

Dark Matter Mass [GeV]

cd Ratio per Dark Matter Mass

10%

H 4
3He -

4He

12¢ |
1apy |
160 |
20pe 4

23p5
Mg 4
274/ |

Isotope

286 |

a5 |
0Ar
a0cg |

S6Fe |

SEN‘; 4
Total+

10.00GeV
12.59GeV
15.85GeV
19.95GeV
25.12GeV
31.62GeV
39.81GeV
50.12GeV
63.10GeV
79.43GeV
100.00GeVv
125.89GeV
158.49GeV
199.53GeV
251.19GeV
316.23GeV
398.11GeV
501.19GeV
630.96GeV
794.33GeV
1000.00GeV
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Capt’'n Comparisons c,

c? Catena and Schwabe ¢ Capt'n General 2.0
1017 J 1017 J
1011 4 1011 -4
'T— 100 4 ; 1010 . H
2 ) 3He
=} 8
: £ e o
T 10° 4 = 10° g
g 2 —— Total
REETLE C 1084
107 4 107 3
10! 102 10° 10t 10? 107
Dark Matter Mass [GeV] Dark Matter Mass [GeV]
c? Ratio per Isotope c2 Ratio per Dark Matter Mass —— 10.00GeV
T 12,59GeV
112 1.12 4 —— 15.85GeV
! —— 19.95GeV
1.10 1.10 A T —— 25.12GeV
® P —— 31.62GeV
2 108 £ 1.08 " 1 39.81Gev
v o t ; .| — 50.12GeV
2 2 { ! 1 63.10GeV
5 1.06 S 1.06 i —— 79.43GeV
8] 1) ‘
M o P 100.00GeV
o2 o8 | |
=[E 1,04 4 2[f 1044 ! ! 125.89GeV
i 4 158.49GeV
HH HE
27 102 25 102 199.53GeV
Bl 2lg i - 251,19GeV
SIE S5
S I i 1 316.23GeV
1.001 1.00 1= I 398.11GeVv
N O A A 501.19GeV
0.98 1 0.98 1~ 630.96GeV
I 794.33GeV
10! 102 10° TPV FOL YT ALY ESLES e 1000.00GeV
Dark Matter Mass [GeV] e S A gneRATggrR Q2
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Capt’'n Comparisons c-

c% Catena and Schwabe

1014 4

1013 4

1077 4

101! 4

1010 4

Capture Rate [s71]

10° 4

108 4

10! 10? 10?
Dark Matter Mass [GeV]

% Ratio per Isotope

Capture Rate

Capt'n General 2.0
Catena and Schwabe

10t 10? 10%
Dark Matter Mass [GeV]

Capture Rate [s71]

Capt'n General 2.0

Capture Rate

Tatena and Schwabe

c Capt'n General 2.0

101¢ 4

1013 4

1072 4

101! 4

10%° 4

10° 4

108 4

10!

10?

Dark Matter Mass [GeV]

cY Ratio per Dark Matter Mass

1.4

-
w
L

"
N)

Total 4

3He
1¢N
23Ng
ITA,
Total

10.00GeV
12.59GeV
15.85GeV
19.95GeV
25.12GeV
31.62GeV
39.81GeV
50.12GeV
63.10GeV
79.43GeV
100.00GeV
125.89GeV
158.49GeV
199.53GeV
251.19GeV
316.23GeV
398.11GeV
501.19GeV
630.96GeV
794.33GeV
1000.00GeV
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Capt’'n Comparisons cg

cg Catena and Schwabe

1016 4

1015 4

1014 4

1013 4

107

Capture Rate [s7!]

101!

1010 4

10t

T
102
Dark Matter Mass [GeV]

g Ratio per Isotope

Capture Rate
-
=

.
=}

ol
©

Capt'n General 2.0
Tatens and Schwabe

0.8

Dark Matter Mass [GeV]

Capt'n General 2.0
Catena and Schwabe

Capture Rate [s™!]

Capture Rate

1016

1015

10t

1018

107

101t

1010

1.2

-
=

L

-
=}

o
©

0.8

) Capt'n General 2.0

10!

10°

Dark Matter Mass [GeV]

cg Ratio per Dark Matter Mass

Total

ZONE
23p4
ZﬂMg
27a1
28g;
32g
aoAr
40Ca
S6Fe
S8
Total

10.00GeV
12.59GeV
15.85GeV
19.95GeV
25.12GeV
31.62GeV
39.81GeV
50.12GeV
63.10GeV
79.43GeV
100.00GeV
125.89GeV
158.49GeV
199.53GeV
251.19GeV
316.23GeV
398.11GeV
501.19GeV
630.96GeV
794.33GeV
1000.00GeV
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Capt’'n Comparisons ¢,

g Catena and Schwabe c§ Capt'n General 2.0
1014 4 1014 4
7 10 4 7100 4 — H
3 5 2y
o o
2 o012 2 jo12 ZNa
5107 T B = A A 20
5 5 —— Total
Q (o]
1011 4 101] 4
1010 4 mw 4
10! 107 10% 10t 10? 10°
Dark Matter Mass [GeV] Dark Matter Mass [GeV]
c3 Ratio per Isotope c? Ratio per Dark Matter Mass —— 10.00GeV
I 12.59GeV
1154 1124 ' —— 15.85GeV
{ ! —— 19.95GeV
t —— 25.12GeV
oy 1104 o 1107 H i | 31626ev
5 = 1 ] ! 39.81GeV
@ 1.08 @ 1.0841 + {| —— 50.12GeV
2 2 ! | 63.10GeV
& Los & Los i .| — 79.43Gev
o1% T H Frrrrrrrrrp--— 100.00GeV
os H | 125.89GeV
£[% 1044 g 1.041 1 158.49GeV
9|5 |5 t 199.53GeV
E% 1.02 4 §§ 1.024 1 251.19GeV
J o 316.23GeV
398.11GeV
1.001 LU I O | 501.19GeV
1 630.96GeV
0.98 4 0.984 | --- 794.33GeV
10! 102 103 - : -+ 1000.00GeV

Dark Matter Mass [GeV]
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Capt’'n Comparisons

Ci0

9, Catena and Schwabe

1025 4

1014 4

1013 4

107 4

Capture Rate [s~']

1011 4

™~

10! 10? 10°
Dark Matter Mass [GeV]

¢, Ratio per Isotope

1.12 4

I -
o =
@ o

Capture Rate

-
o
o

1.04

Capt'n General 2.0
Catena and Schwabe

1.02 1

1.00 4

0.98 4

10! 102 103
Dark Matter Mass [GeV]

Capt'n General 2.0
Catena and Schwabe

Capture Rate [s7!]

Capture Rate

%, Capt'n General 2.0

1018 4

1014

1013 4

1072 4

10M 4

10!

102
Dark Matter Mass [GeV]

c, Ratio per Dark Matter Mass

10°

1124

-
-
o

=
=3
@

1.00 4

0.98 4

Total

3He
14N
ZBNa
27A/
Total

10.00Gev
12.59GeV
15.85GeV
19.95GeV
25.12GeV
31.62GeV
39.81GeV
50.12GeV
63.10GeV
79.43GeV
100.00GeV
125.89GeV
158.49GeV
199.53GeV
251.19GeV
316.23GeV
398.11GeV
501.19GeV
630.96GeV
794.33GeV
1000.00GeV

ueen’'s

UNIVERSITY



49

Capture Rate [s7!]

Capture Rate

Capt'n General 2.0
Catena and Schwabe

Capt’'n Comparisons c,,

¢, Catena and Schwabe

1018 4

1017 4

1016 4

1015 4

10 4

1013 4

1012 4

1011 4

10!

107 10°
Dark Matter Mass [GeV]

c?, Ratio per Isotope

2.0 |
1.8

1.6

1.4 4

T T
107 10%
Dark Matter Mass [GeV]

Capture Rate [s71]

Capture Rate

Capt'n General 2.0
Tatena and Schwabe

¢, Capt'n General 2.0

10 4

1017 4

1016

1015 4

101 4

1013

1012 4

101! 4

10t 107
Dark Matter Mass [GeV]

c?, Ratio per Dark Matter Mass

10°

Total

3He
“He
'LZC
IIN
160
ZONE
23 Na
ZﬂMg
274
286
315
‘K)Ar
40ca
S6Fe
S8y
Total

10.00GeV
12.59GeV
15.85GeV
19.95GeV
25.12GeV
31.62GeV
39.81GeV
50.12GeV
63.10GeV
79.43GeV
100.00GeVv
125.89GeV
158.49GeV
199.53GeV
251.19GeV
316.23GeV
398.11GeV
501.19GeV
630.96GeV
794.33GeV
1000.00GeV
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Capt'n Comparisons c,,

c9, Catena and Schwabe c{, Capt'n General 2.0

10'5 4 10% 4
?UNE
P 23Na
2pg
Al
285i
3)5
AUAr
GDCE
>tFe
EBN[
—— Total

10'% 4 103 4

Capture Rate [s7!]

1011 4 o4 e SN T

Capture Rate [s™']

10° 107 4

10! 102 10° 10! 102 10°
Dark Matter Mass [GeV] Dark Matter Mass [GeV]

c?, Ratio per Isotope c?, Ratio per Dark Matter Mass —— 10.00GeV
— 12.59GeV

1.41 i 149 & —— 1585GeV
—— 19.95GeV
—— 25.12GeV
—— 31.62GeV
39.81GeV
— 50,12GeV
63.10GeV
~— 79.43GeV
————— 100.00GeV
«- 125.89GeV
----- 158.49GeV
————— 199.53GeV
- 251.19GeV
----- 316.23GeV
398,11GeV
————— 501.19GeV
630.96GeV
————— 794.33GeV
- 1000.00GeV

-
[N}
-
[N}
L

=
o

Capture Rate
Capture Rate
-

(=]

0.8

0.8 1 T i e

0614 06

Capt'n General 2.0
Tatena and Schwabe

Capt'n General 2.0
Tatena and Schwabe

0.44

!
044
i

0.2 4 : : 0.2 1
10! 10?7 103 T

Dark Matter Mass [GeV]
- ue en’S

UNIVERSITY

3He
*He
12¢ |
1apy J
160 |
ZUNE 4
ZiNa ]
2401 |
Z7Al‘4
28g; |
32g |
404r J
ﬂﬂca p
S6Fe 4
SN
Total



Capt’'n Comparisons C,;

c§; Catena and Schwabe cf; Capt'n General 2.0
010 4 010 4
102 4
T T —H
) b 107 4 e
o g 1y
= T
< o 23,
v Y 1074 2
2 R T U N I a1
=, =,
5 2 —
& & Total
1OE 4
105 4
10% : : 10% 4 T T
10t 10? 10° 10t 10? 10°
Dark Matter Mass [GeV] Dark Matter Mass [GeV]
c¥5 Ratio per Isotope c, Ratio per Dark Matter Mass —— 10.00GeV
1.125 4 1.125 ! 12.59Gev
—— 15.85GeV
—— 19.95GeV
1.100 4 1.100 A T —— 25.12GeV
® @ ¢ | — 31.62Gev
5 1.075 5 1.075 1 ! 39.81GeV
® v 1 1| — 50.12Gev
2 2 ] | | 63.10GeV
2 1.050 S 1.050 1 H T 1 ] —— 79.43Gev
s 1) H ]
2 o S T I A A 100.00GeV
SE 1.025 2% 1.025 4 125.89GeV
58 15 S T A I I A 158.49GeV
gz $2
£IF 1.0004 £1% 1.0004 i T 199.53Gey
2le 3 f ! -~ 251.19Gev
qE ]
S S 2 A O O Y I A 316.23GeV
0.975 0.975 - 398.11GeV
----- 501.19GeV
0.950 4 0.950 630.96GeV
794.33GeV
10! 10? 10° TEYYFOLIIBYNIIPLET 1000.00GeV
Dark Matter Mass [GeV] L - T B I
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Capt’'n Comparisons c,,

¢, Catena and Schwabe ¢, Capt'n General 2.0

10° 4 109 4

=
o
=
o,
E]
:

iHe

14N
— Na
----- 2741
—— Total

=
o

,_.
o
>

Capture Rate [s71]

Capture Rate [s7']

105 4

10! 10?2 103 10! 10?2 10°
Dark Matter Mass [GeV] Dark Matter Mass [GeV]

¢}, Ratio per Isotope ¢, Ratio per Dark Matter Mass —— 10.00GeV
12.59GeV
i —— 15.85GeV
1.124 T —— 19.95GeV
{ - 25.12GeV
—— 31.62GeV
; 39.81GeV
' —— 50.12GeV
! 63.10GeV
{ | 79.43Gev
————— 100.00GeV
125.89GeV
158.49GeV
199.53GeV
251.19GeV
316.23GeV
i 398.11GeV
1.00 4 1 501.19GeV
¥ 630.96GeV
794.33GeV
1000.00GeV
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1124

.
=
o

Capture Rate
-
o
©
Capture Rate
-
o
=
|

1.06 4 1.06 4

1.044 1.04 4

Capt'n General 2.0
Catena and Schwabe
Capt'n General 2.0
Catena and Schwabe

1.024 1.02 4

1.00 4

10! 10?2 103 hy
Dark Matter Mass [GeV]

3He
lbo B
ZONe B
Na 4
g |
2414
285 4
32 |
“0ar
40Ca
6Fe
s8py; |
Total



53

Capt’'n Comparisons C,:

Capture Rate [s7!]

Capture Rate

Captn General 2.0
Catena and Schwabe

1012 4

1010 |

1086 4

104 4

c{5 Catena and Schwabe

Il
o g

10! 10? 10°
Dark Matter Mass [GeV]

c¥5 Ratio per Isotope

L
o

-
o

-
o

1.4+

10! 10? 10°
Dark Matter Mass [GeV]

Capt'n General 2.0

Capture Rate [s71]

Capture Rate

c§; Capt'n General 2.0

102 4

1010 4

108

108 4

107 4

10!

102

Dark Matter Mass [GeV]

c¥s Ratio per Dark Matter Mass

10%

2.0

1.8

1.6

1.4+

Catena and Schwabe

0.84

Total 4

20pe
23pyg

- 2mg

1Al
285
3)5
104,
Ca
SBFE
5HNI‘
Total

10.00GeV
12.59GeV
15.85GeV
19.95GeV
25.12GeV
31.62GeV
39.81GeV
50.12GeV
63.10GeV
79.43GeV
100.00GeV
125.89GeV
158.49GeV
199.53GeV
251.19GeV
316.23GeV
398.11GeV
501.19GeV
630.96GeV
794.33GeV
1000.00GeV
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GAMBIT-Capt’'n Dependency

« Capt’n acts as a backend of DarkBit

. WlMP_sigmu\'_purumclc
* Itis used to calculate the capture rate for GAMBLEE e

Module: WIMﬁ:sigmav

Halo_gNFW_rho0_parametets
‘Type: ModelParameters
Function: primary_parameters
Module: Halo_gNFW_rho0

NREO_DiracDM_parametets
‘Type: ModelParameters
Function: primary_parameters
Module: NREO_DiracDM

generic_WIMP_sigmav

CaptnGeneral_2_0_init

DD_nonrel_WCs

WIMP_properties
Type: WIMP_annihilation Type: void Type: NREO_DM _nucleon_couplings ’Igpc: WIMPprops
Function: generic. WIMP_sigmav_from_parameters Function: CaptnGeneral_2_0_init Function: NREO li m_p Function: NREO_
Module: WIMP_sigmav R Module: BackendIniBit

i

DiracDM_WIMP_properties

S s e TO!
Module: DarkBit Module: NREO_DiracDM

TH_ProcessCatalog

capture_rate_Sun

DarkMatter_ID mwimp DDCalc_
Type: TH_ProcessCatalog ‘Type: double ’ ‘Type: std::string ‘Type: double ‘Type: DD_coup
Function: TH_ProcessCatalog_ WIMP_EFT Function: capture_rate_Sun_NREO Function: DarkMatter_ID_EFT Function: mwimp_from_WIMPprops Function: DDCale_C
Module: DarkBit | ¢ Module: DarkBit Module: DarkBit Module: DarkBit Module:
sigmav equilibration_time_Sun DarkSUSY_5_1_3_inif
Type: double Type: double
ssian

Function: sigmav_late_universe

Module: DarkBit Module: DarkBit

Function: equilibration_time_Sun

Type: void
Function: DarkSUSY_5_1_3_init
Module: BackendIniBit

annihilation_rate_Sun

nulike_1_0_8 init nuyield_ptr

LUX_2016_Calcul;
Type: double Type: void ‘Type: nuyield_info ‘Type: bool
Function: annihilation_rate_Sun Function: nulike_1_0_8_init Function: nuyield_from_DS Function: LUX_2016_Calc
Module: DarkBit Module: BackendIniBit Module: DarkBit Module: DarkBit

IC79WH_data

Type: nudata

Function: IC79WH_full
Module: DarkBit

R

LUX_2016_LogLikelihood
Type: double
Function: LUX_2016_GetLogLikelihood
Module: DarkBit

Y o v
IC79WL_data
Type: nudata
Function: IC7T9WL_full
Module: DarkBit

IC79SL_data
Type: nudata
Function: IC79SL_full
Module: DarkBit

\

IC79WH_loglike IC79WH_bgloglike
‘Type: double ‘Type: double
Function: IC79WH _loglike Function: ICT9WH_bgloglike
Module: DarkBit Module: DarkBit

IC7T9WL _loglike

‘Type: double Type: double

Function: IC79WL_loglike
Module: DarkBit

IC79WL _bgloglike IC79SL_loglike IC79SL_bgloglike
‘Type: double ‘Type: double
Function: IC79SL_loglike Function: IC79SL_bgloglike
Module: DarkBit Module: DarkBit

Function: IC79WL_bgloglike
Module: DarkBit

IC79_loglike

Type: double
Function: IC79_loglike
Module: DarkBit

AN W AL S
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GAMBIT Direct Detection

« DDCalc acts to translate the couplings to cross sections for the DD experiments

_— ¥,
mwimp DDCalc_Couplings spinwimpx2 wimp_sc
Type: double Type: DD_coupling_container Type: unsignedint Type: bool
Function: mwimp_from_WIMPprops Function: DDCale_Couplings_ NR_WCs Function: jwimpx2_from_WIMPprops Function: wimp_sc_from_WIMPprops
Module: DarkBit Module: DarkBit Module: DarkBit Module: DarkBit

—

—

DDCalc_2_2_0_init

pe: void
5 1_3 init Function: DDCalc 2 2 0 init ——
dIniBit Module: BackendImBit

uyield_ptr LUX 2016 Calculatp CRESST I Calculate { PandaX 2016 Calculati PandaX 2017 Calculat XENONIT_2018_ Calculate | DarkSide_ 50 Calcula CDMSlite_Calculate PICO 60 2017 Calculate
22 nuyield_info Type: bool Type: bool Type: bool Type: bool Type: bool Type: bool pe: | pe: bool

uyield_from_DS Function: LUX_2016_Calc Function: CRESST_II_Calc Function: PandaX_2016_Calc Function: PandaX_2017_Calc Function: XENONIT_2018_Calc Function: DarkSide_50_Calc Function: CDMSlite_Calc Function: PICO_60_2017_Calc
dule: DarkBit Module: DarkBit Module: DarkBit Module: DarkBit Module: DarkBit Module: DarkBit Module: DarkBit Module: DarkBit Module: DarkBit

"79SL._data LUX_2016_LogLikelihood CRESST_II_LogLikelihood PandaX_2016_LogLikelihoo PandaX_2017_LogLikelihoo XENONIT_2018_LogLikelihoodl DarkSide_50_LogLikelihooc CDMSlite_LogLikelihood PICO_60_2017_LogLikelihoo
ype: nudata pe: double pe: double Type: double Type: double Type: double Type: double pe: double Type: double

on: IC79SL._full Function: LUX_2016_GetLogLikelihood Function: CRESST _I1_GetLoglikelihood Function: PandaX_2016_GetLogLikelihood Function: PandaX_2017_GetLogLikelihood Function: XENONIT_2018 GetlogLikelihood Function: DarkSide_50_GetLogLikelihood Function: CDMSlite_GetlLogLikelihood Function: PICO_60_2017_GetlLogLikelihood
dule: DarkBit Module: DarkBit Module: DarkBit Module: DarkBit Module: DarkBit Module: DarkBit Module: DarkBit Module: DarkBit Module: DarkBit
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All Coupling Parameters

Dark Matter Parameters
™M am 1 - 104 GeV

A 10719-107% GeV™? | ¢ 107°-1072 GeV ™~
) 1077-103GeV? | Y 107%-1072 GeV~?
) 1078-107* GeV 2 | &Y, 1072-107° GeV 2
d 107-10"2GeV2 | &), 107%-10"* GeV 2
d 107°-1071 GeV 2 | &)y 1076-1072 GeV~?
A 1075-1071 GeV™2 | Y, 107°-107' GeV~?
d 1077-1072 GeV ™ | & 107°-107! GeV~?




c; bb and W*W~ Channels

« C3bbleftand WHW™ right

c$ with Decays to bb

o
T 1073 1.0 € <
| Q |
> < >
& ' 089 &
104 o~ -
S [
(@) 0'6'0 o
qc) 103 8 5
| . |-
& 0.4% =
(@) -6 (@)
c 10 = cC
o ()} o
= — -]
o g 5 = o
10 0.0°
O 900 102 g Y

Dark Matter Mass [GeV]
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c? with Decays to Wt W~

o

102
Dark Matter Mass [GeV]

10%

=
o

o
Profile likelihood ratio £/Lmax

c <o ©
NGRS OO ®

©
o

Total

-- ANTARES (Digitized WIP)
-=DarkSide-50
-= |C79

-— |ceCube (Digitized WIP)
-— LUX 2016

-— PandaX-Il 2016

-— PandaX-Il 2017

-— XENONI1T
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c: bb and W*W~ Channels

 Cc bb leftand WHW ™ right

c? with Decays to W*W ™

cg with Decays to bb

X >
102 1.0 £ < 102 1.0 € Total
' g | X
= ¢ T 3 --- ANTARES (Digitized WIP)
O 10-3 080 O 14-3 0.8 o --- DarkSide-50
= B = B - 1019
. by @ 065 —.— IceCube (Digitized WIP)
o 10° o o 10 8
= 042 5 042 —— LUX2016
n = n = —— PICO-60 2017
2 1075 ¥ 2107° .
£ 10 0= £ 0o= —— PandaX-ll 2016
o v o O —.— PandaX-ll 2017
3 1t S 3 a6 8 S XENON1T
107 ‘ f 0.09 10~ 000 ——
O = 00 102 104 g © 77 100 102 104 &
Dark Matter Mass [GeV] Dark Matter Mass [GeV]

B Queens
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cs bb and W*W~ Channels

* C¢ bb leftand WHW ™ right

0 wi \ 0 \yi Ay —
—_ c; with Decays to bb 5 — c; with Decays to W™ W %
s 107! Y 10 £ T 107! gud Y 1.0 E
S NS < Total
v o 9 | S -~ ANTARES (Digitized WIP)
&) 08p O 10-2 0.8 o
= = S --- IC79
= o L © N
Fo) 06~ 0.6 = —-— IceCube (Digitized WIP)
C =2 -3 8 ——
5 S g¢lo S LUX 2016
| Gy | -
& 0.4§ A 0.4§ PICO-60 2017
o L D 19-4 QY —-— PandaX-Il 2016
— 0.2— = 02— —.— -
: g 2 27T eontr
O -5 | = O 1n-5 , = T

1 0.09 10 0.0 9
= 900 102 10* g Y7 100 102 104 &

Dark Matter Mass [GeV] Dark Matter Mass [GeV]

B Queens
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¢, bb and W*W~ Channels

 C, bb leftand WHW ™ right

c? with Decays to bb

=
o
L

=
o
N

Coupling Strength [GeV~*]
=

10~ =
]
10—5 . it sl
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Co bb and WHW ™ Channels
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C.o bb and W*W~ Channels
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c,1 bb and W*W~ Channels
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c.3 bb and W*W~ Channels
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Coupling Strength [GeV~4]
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C.4 bb and WTW ™~ Channels
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C.s bb and W*W~ Channels
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Nuisance Parameters

« The nuisance parameters showed no preference
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