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Message from Cosmology: Dark Matter (DM)

x Modern cosmology
The Standard Model
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Classic Solution*: WIMP

Cosmological Lower Bound on Heavy-Neutrino Masses

Benjamin W. Lee®

Fermi National Accelevator Laboratow,(b) Batavia, Illinois 60510

and

Steven Weinberg(®

Stanfovd University, Physics Depavtment, Stanford, California 94305

The present cosmic mass density of possible stable neutral heavy leptons is calculated
in a standard cosmological model. In order for this density not to exceed the upper lim-
it of 2x10°% g/em?, the lepton mass would have to be greater than a lower bound of the

order of 2 GeV,

PRL (1977)

(Received 13 May 1977)
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Diverging Efforts for WIMP Searches
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Quark s -
arks : P

Current Search Status of DM (WIMP) 2 Y

Medium-energy

-

gamma rays
x 10_23 T T LR T T T T TTTT SN fy." Neutrinos
10—24 L a 9 — 7 y Antiprotons
10738 — b ‘ A ‘ AVAVAVAV NAAR ;‘} Protons
wn r T T
- w1072 e
1074 2 S e y
— @) S~a
[77] e ———
lw) [a— L —— Y A —
—42 —_ —
10 g S 10726 e -
2 b F 3
1 E ~
10™ I

Lack-of a.conclusive: WIMP: signal :
C increasingly: motivating alternatives:: v To3

DM.Limit Rlotter v5.14

Dark Matter-nucleon oy [sz]

50
10 1 10
Dark Matter Mass [GeV/c] <. ~ a5
810 — DM+h(bb + vy + Tt + WW + ZZ))|
24 A-39 o
2‘7‘1 0 DD observed exclusion 90% CL /8
. . FB 4 40 CRESST-II
T [arXiv:1509.01515]
x No solid observation o' 10
1041 CDMSlite
T [arXiv:1509.02448]
> . . 1 0—42 PandaX-II
C Stringent constraints o 1708 0697
10-44 [arXiv:1608.07648]
B XENON1T
7 [arXivi1805.12562]
On WIMP 10745 CDEX-10
[arXiv:1802.09016]
1074
_47
10 1

m, [GeV]



Particle DM: Larger Space beyond WIMP

Report of the Topical Group on Particle Dark Matter for Snowmass 2021

x Light DM models involving new

light mediators: growing attention.
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X The experimental detection of

hidden
sectors

such light DM candidates:

challenging as the conventional

search efforts are designed and
optimized for WIMP.
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Nuclear Scattering ¢




Nuclear Scattering: Elastic

x Coherent elastic nuclear scattering
hit NUCLEAR RESPONSE FUNCTION
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x Coherent Elastic h Nucleus Scattering (CE NS)

PRD (1974)

and Institute for Theoreticah Physics, State University of New York, Stony Brook, New York 11790

If there is a weak neutral current, then the elastic scattering process v +A —v + 4 should
have a sharp coherent forward peak just as e + A —e + A does.
peak can give important information on the isospin structure of the neutral current. The
experiments are very difficult, although the estimated cross sections (about 10738 ¢m? on
carbon) are favorable. The coherent cross sections (in contrast to incoherent) are almost
energy-mdependent

Coherent effects of a weak neutral current

Daniel Z. Freedmanf
National Accelerator Laboratory, Batavia, Illinois 60510

(Received 15 October 1973; revised manuscript received 19 November 1973)
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PRD (1984)Pr1n01p1es and applications of a neutral-current detector

Res. counts / 500 ns

for neutrino physics and astronomy

A. Drukier and L. Stodolsky
Max-Planck-Institut fiir Physik und Astrophysik, Werner-Heisenberg-Institut fiir Physik,
Munich, Federal Republic of Germany
(Received 21 November 1983)

We study detection of MeV-range neutrinos through elastic scattering on nuclei and identification
of the recoil energy. The very large value of the neutral-current cross section due to coherence indi-
cates a detector would be relatively light and suggests the possibility of a true “neutrino observato-
ry.” The recoil energy which must be detected is very small (10—10% eV), however. We examine a
realization in terms of the superconducting-grain idea, which appears, in principle, to be feasible
through extension and extrapolation of currently known techniques. Such a detector could permit
determination of the neutrino energy spectrum and should be insensitive to neutrino oscillations
since it detects all neutrino types. Various applications and tests are discussed, including spallation -
sources, reactors, supernovas, and solar and terrestrial neutrinos. A preliminary estimate of the
most difficult backgrounds is attempted.

Nuclear Scattering: Elastic Neutrino
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Nuclear Scattering: Elastic DM

x Coherent Elastic DM Nucleus ScatteringC DM Direct Detection

Detectability of certain dark-matter candidates

Mark W. Goodman and Edward Witten
Joseph Henry Laboratories, Princeton University, Princeton, New Jersey 08544
(Received 7 January 1985)

We consider the possibility that the neutral-current neutrino detector recently proposed by
Drukier and Stodolsky could be used to detect some possible candidates for the dark matter in galac-
tic halos. This may be feasible if the galactic halos are made of particles with coherent weak in-
teractions and masses 1—10° GeV; particles with spin-dependent interactions of typical weak
strength and masses 1—10? GeV; or strongly interacting particles of masses 1—10"* GeV.

PRD (1985)
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Nuclear Scattering: Inelastic

x Why inelastic channel?

= - U Signatures
Wr—__ hit g
V Elastic : low energy nuclear recoil
iy V Inelastic :f cascade YOMp 1MeV),
' cascade+ nucleons (YOm p eV)
O Mvu ™™eV L
' U Motivation
127| 127
e tem |
R _ V A new channel to study
21 w20 e V Largerenergyx 0 p p TMeV
% % I 152" )
s = V Better S/B ratio
> [ 1520 > .
o o 17120
] we— . 8 152"
S 5 19—
L L 1120
1 - 1 -
F F 72— 132
92— o
T T 12—
9/2"
0ler— " ExpT. O 57—

DSM

Sahuet al., [2004.04055]




Nuclear Scattering: Inelastic Neutrino

TESTING THE STRUCTURE OF WEAK NEUTRAL CURRENTS
% InelaStIC h| NUCIeUS Scatte”ng (l ’ NS) BY INELASTIC NEUTRINO SCATTERING FROM NUCLEI*

T.W. DONNELLY * and R.D. PECCEI

hI \ h Institute of Theoretical Physics, Department of Physics,

Stanford University, Stanford, California 94305

Received 13 June 1976
Revised manuscript received 17 September 1976

By using selected nuclear transitions specific pieces of the weak neutral current may be greatly enhanced, leading
to widely different results for different models of the weak neutral current. Predictions for low-energy inelastic neu-

" trino scattering from *2C are examined within the framework of a variety of SU2)w X U(1) gauge theory models. |PLB (1976)
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Nuclear Scattering: Inelastic DM @ Direct Exps.

Inelastic DM Nucleus Scattering

J—

RATES FOR INELASTIC NUCLEAR EXCITATION BY DARK MATTER PARTICLES

John ELLIS #’, R.A. FLORES ! and J.D. LEWIN ®

& CERN, CH-1211 Geneva 23, Switzerland
® Rutherford-Appleton Laboratory, Chilton, Didcot, OX11 0QX, UK

Received 29 June 1988

We calculate rates for the inelastic scattering of dark matter particles X on nuclei to produce low-lying excited nuclear states.
Assuming a maxwellian velocity distribution for the dark matter particles X, the inelastic two-body phase space suppresses all
rates by factors > 10 for myx <100 GeV unless the excitation energy AE <100 keV. We catalogue all stable nuclei with excited
states in this range, and we estimate inelastic scattering matrix elements by relating them to Ml transitions, after correcting for
internal conversions. Our calculated rates are typically <104 events/kg-day, with the least unfavourable rates being for '53Tm
and '8]0s. Problems of natural radioactivity and expense disfavour these and many other materials, leaving '2}1, '53W and
20 Hg as the least unpromising isotopes.

PLB (1988)
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Is; itipossiblelto to seanchhfon r inelasticic nuctéanr
scatterings:s by DMI im neuttine defectorsors?

Kinematically impossible for the ambient DM

to leave detectable MeV-range signatures
through the inelastic channel: p* H.yo <MeV




Is; Itipossiblelto to seanchhfon r inetasticic nuctéanr
scatterings:s by DMI im neuttine defectorsors?
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Kinematically impossible for the ambient DM
to leave detectable MeV-range signatures
through the inelastic channel: p* H.yo <MeV
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Boosted Dark-Matter
(BDM)




DM Boosting Mechanisms: Dark Sector

Boosted ' DM/ (BDM)' ' comingfrom the Universe

[Belanger & JCP, JCAP (2012);

Agasheet al., JCAP C T ;T [D6 Er &ifialer, JHEP (2010);
Kong, Mohlabeng, JCP, PLB (2015); Berger et al., JCAP (2015)]
Berger et al., JCAP (2015); @

Kim, JCP, Shin, PRL (2017%);

more] V' Multi -component model V' Semi-annihilation model
a | a a | a
Large 'E (monochromatic) due to mass gap

x Relic component DM: ’ [Bhattacharya et al., JCAP (2015);
- - - o
Non-relativistic! Kopp et al., JHEP (2015);
Cline et al., PRD (2019);,

_ _ Heurtier , Kim, JCP, Shin, PRD (2019);
V Decaying multi-component DM ore]

a | «
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Cosmic -Ray -Induced BDM

X Energetic cosmic-ray-induced

BDM: energetic cosmic-rays
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Charged CRs:[Bringmann & Pospeloy,
PRL (2019); Ema et al., PRL (2019); Cappiello
& Beacom, PRD (2019); Dent & Dutta et al.,
PRD (2020); Jho, JCP, Park & Tseng, PLB
(2020); Cho et al., PRD (2020); more]

CRh (hBDM ): [Jho, JCP, Park & Tseng,
2101.11262; Das & Sen, 2104.00027; Chao, Li,
Liao, 2108.05608; Lin, Wu, Wu, Wong,
2206.06864; more |

x BDM from astrophysical processes:
Solar evaporation - Kouvaris, PRD (2015
Dark cosmic rays- Hu +, PLB (2017)

Solar reflection - An +, PRL (2018)

Solar acceleration- Emken +, PRD (2018)
Atmospheric collider 7 Alvey+, PRL (2019)
PBH evaporation - Calabrese +,PRD (2022)
Blazar jets- Wang +, PRL (2022)

Supernova shocksi Cappiello

more
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