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“DM searches in the 2020s - At the crossroads of the WIMP”

Dark matter? Particles? WIMPs? so to start from the basics:

e Dark Matter or not? So far there is no alternative to dark matter...
After 2013, no proposed “alternative to Dark Matter” explained the CMB
anisotropy spectrum and the BAO.

From any theory that claims to “replace Dark Matter” we should ask for its
prediction of the matter power spectrum and the CMB angular power spectrum
(stop discussing endlessly only about galaxy rotation curves!)

Eloquently expressed in Dan Hooper's talk “In Defense of Dark Matter” - KITP 4/30/2018-

in debate with Eric Verlinde (“emergent gravity" is a theory without cosmology)
e DM particles or not? DM could be other than particles: PBH, ...

e WIMPs or not? dead?, alive? in good shape? The meaning
of “WIMP" was not well defined since its inception, but not even in the most
restrictive sense of the word WIMPs are dead... Words evolve- let us not be
held up by the word. Many models rejected, many others not.
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50,667 views | Feb 22, 2019, 02:00am

ARE WIMPS DEAD?  he 'WIMP Miracle' Hope For
Dark Matter Is Dead

Ethan Siegel Contributor
Starts With A Bang Contributor Group o

By Science

Dark matter no-show puts
WIMPs in a bind
[ IvISIOToTin] <1+

SPACE 30 October 2013 Rumors of the WIMP miracle's death have been greatly

By Lisa Grossman exaggeratEd

' ; - Ethan Siegel has shown us another example of the profound difference
between careful scientists on one side and zealous activists on the other
! side (the side where he sadly belongs) when he wrote

.

e A

‘[ Electrons

MACHOs are dead WIMPs are a no-show. Say ' —

o Outgoing
he"o to SIMPS. Particle
WIMPs on Death Row
By Robert Sanders, Media relations | DECEMBER 4, 2017 Posted on July 21, 2016 by woit

One of the main arguments given for the idea of supersymmetric extensions of the
standard model has been what SUSY enthusiasts call the “WIMP Miracle” (WIMP=Wez
Interacting Massive Particle). This is the claim that such SUSY models include a stable

very massive weakly interacting particle that could provide an explanation for dark mat
new candidate is slowly gaining followers and ob e

The rumors of WIMPs death are greatly exaggerated!

The intensive, worldwide search for dark matter,

find an abundance of dark, massive stars or scad
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“WIMP Miracle”

Standard calculations: start at 7> T¢, ~ m,/20 and assume that

- WIMPs reach equilibrium while é\ [ SRR TR
Universe is radiation dominated é 1%_12
- No particle asymmetry % 10-3
- Chemical decoupling (freeze-out) when ¢ %8:; increasing
I_‘ann=<0-v>nsfl' g 10-6 <gv>
- No entropy change in matter+radiation £ 1077
26 3 5 108 e A=l
) 3X 107 cem’/s c 109
Qah” =~ 0.2 ap 10-10 SR
(oV) o 10-1t
Weak annihilation cross section 'g 10‘12 e S
O-annihvﬁG%m223><10_26cm3/5 E %8—14 ool v
m ~ GeV is enough to get O 1 101 107 103
Q=Qpy ~ 0.2 “WIMP Miracle” m /T tme—
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Caveats to “WIMP Miracle”

e Thermal but asymmetric We owe our very existence to a particle-antiparticle asymmetry so
why not also the DM? (Requires non-self conjugated DM candidates- neutralinos are Majorana
particles instead) (Nussinov 85; Gelmini, Hall, Lin 87; Kaplan 92; Barr, Chivukula, Fahri 90; Enkvist, MacDonald 98;
Gudnason, Kouvaris , Sannino 05; Kaplan, Luty, Zurek 09; Cohen et al 10; Frandsen, Sarkar, Sannino 10; Cheung, Zurek 11;

Del Nobile, Kouvaris, Sannino 11....among others)

e Thermal or not, but pre-Big bang Nucleosynthesis (pre-BBN) cosmology is non-standard
WIMP relic abundance is fixed before BBN, a moment in the Universe from which we have
so far no data. (See e.g. Gelmini et al hep-ph/0605016, or Gelmini, Gondolo 1009.3690 and refs. therein)

Ty ~ (m/20) > 5 MeV for m > 100 MeV!

Salas et al “Bounds on very low reheating scenarios after Planck” 1511.0067

e Non-thermal WIMPs can be produced in decays of other particles (Sigurdson, Kamionkowski 04;
Kaplinghat 05 )

e WIMPs may be unstable and decay into the dark matter (Super-WIMP scenario). (Feng,
Rayaraman, Takayama 03; Feng, Smith 04 )
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What are WIMPs? When in doubt...consult wikipidia
Weakly interacting massive particles

From Wikipedia, the free encyclopedia

"WIMPs" redirects here. For other uses, see WIMPS
(disambiguation).

Weakly interacting massive particles (WIMPs) are hypothetical
particles that are thought to constitute dark matter. There exists no clear
definition of a WIMP, but broadly, a WIMP is a new elementary particle
which interacts via gravity and any other force (or forces), potentially not
part of the standard model itself, which is as weak as or weaker than the
weak nuclear force, but also non-vanishing in its strength. A WIMP must
also have been produced thermally in the early Universe, similarly to the

nartinlac Af tha ctanAdard mnadal annAardinn ta Rin Rana raneomalame and

Agree with 1st two sentences- but WIMP not necessarily produced thermally...
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What are WIMPs? WIMP name invented in 1985 by Steigman and Turner
June 1985 M. Turner’s lectures:

# Fermi National Accelerator Laboratory

FERMILAB-Cont-86/18-A
January 1986

A COSMOLOGIST'S TOUR THRCUGH THE NEW PARTICLE 200 (CANDY SHOP?)

Michael S. Turner
Departments of Astronomy and Astrephysics and Physics
The University of Chicago
Chicago, IL 60637

and

NASA/Fermilab Astrophysics Center
Fermi National Accelerator Laboratory
Batavia, IL 60510

To be published in Dark Matter in the Universe, eds. J. Knapp
and J. Kormendy (Reidel, 1986), proceedings cf IAU Symposium 117,
held at Princeton, June 24-28, 1985.
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What are WIMPs? WIMP name invented in 1985 by Steigman and Turner
June 1985 M. Turner’s lectures:

IMP

W MASS TyiMp/T Apg(Mpc)
Neutrino light (H/11)?/3 40 Mpe/(m/30eV)
Axion 10"3ev < 10°1H < 10"9Mpe
Axino/RH

Neutrino/Light |keV 174 1 Mpce
Gravitino ’

Heavy

Neutrino/ GCeV 1 10h5Mpc

LSP ) '

The scale ! Mpc corresponds to a galactic scale. The relationship
of Mg to the galactic scale neatly divides the WIMPs into three
categories: (i) Cold, A g <K 1 Mpc == the characteristic damping scale
is much smaller than a galactic scale, and galacticmsized perturbations
survive freestreaming; (ii) Warm, A g © 1 Mpc #r the characteristic
damping scale corresponds to a gafactic scale; {(1ii) Hot, A >> 1 Mpe
&#& only perturbaticons on scales wmuch larger than a galactic scale
survive freestreaming. Almost all of the WIMPs fall intoc the category
of cold dark matter. Only the neutrino is a hot WIMP. At present there
are a couple of warm dark matter candidates =~ z 1 keV gravitino, 1 keV

right#handed neutrino, or a 1 keV axino (supersymmetric partner of the
axion). '
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What are WIMPs? WIMP changed meaning very fast
Ann. Rev. Nucl. Part. Sci. 1988. 38: 751-807

DETECTION OF COSMIC

DARK MATTER CONTENTS

Joel R. Primack and David Seckel 1. INTRODUCTION wooomoeeoeeoeeoeoeoeoo
o C:“Z ‘“;ﬁ“;‘;{;" PartidePhysics, Ut 1 1 How Much DM IS TRETE? .......oeeeeeeeeeeiveereeseerarens
B 1.2 Arguments That DM Is Nonbaryonic....................
Bernard Sadoulet 1.3 Nonbaryonic DM Candidates...................ccoerueeunnc,
Physics Department, University of Californi 2+ WEAKLY INTERACTING MASSIVE PARTICLES.......cocesneeeane.

2.1 Motivation for and Properties of WIM P Candidate
2.2 Interaction Rates of WIMPs with Ordinary M atte)
2.3 Direct Detection by Nuclear Recoil ........................
2.4 Indirect Detection by Annihilation.........................
2.5 Present Constraints and Future Prospects ..............

3 RN DA NTTER i i

] ATORIIRION oo it it i Ty e i AR GR35
3.2 Cosmological and Astrophysical Constraints ..........
3.3 Detection by Conversion to Photons in Laboratory
34 Theoretical Uncertainties ...............coceueveeeeeeeesneesen,

B IET NEUTRIEN e g

However WIMP not restricted to 1 to 100 GeV in mass
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What are WIMPs? June 1988 M. Turner's talk:

DARK MATTER CANDIDATES MICHAEL S. TURNER

To be published in The Proceedings of the Third CERN/ESO
Symposium, held in Bologna Italy, eds. G. Giacomelli, etal.
Conference held 16-20 May 1988. _

II. RELIC WIMPS AS THE DARK MATTER

dark matter in the Universe! The candidates can be organized into 4 categories:
Thermal Relics (hot and cold); Asymmetric Relics; and Non-Thermal Relics.
e Thermal Relics—At very high temperatures (T’ > mx), the equilibrium

e Asymmetric Relics—Above it was tacitly assumed that the abundance of
particle and antiparticle species were identically equal, so that the annihilation rate
(and hence cross section) determines freeze out and the relic abundance. If an
asymmetry exists between particle and antiparticle species, say more particles than
antiparticles, then the relic abundance can actually be determined by the size of the

¢ Non-thermal Relics—There are a handful of very interesting potential relics
whose interactions are so feeble that they should never have been thermal equilib-
rium at early times. Nevertheless, such relics may have been produced by other,

e Truly Exotic Relics—There are even more exotic possibilities for the domi-
nant form of matter in the Universe. For example, if the relic WIMP is unstable and

DM 2020-Crossroads of the WIMP, U. of Tokyo, Nov. 11-13, 2019

10



Graciela Gelmini-UCLA

Are WIMPs dead ?

e Are WIMPs coupled to the W/Z bosons dead? Mostly- not entirely e.g.

"|\/|inima| DM” Cirelli, Fornengo, Strumia, hep-ph/0512090

o Are "WIMP miracle” WIMPs dead? NO, but constrained...
Indirect detection: m > 20 GeV if annihilate in s-wave “Gev-scale Thermal WiMPs: Not
Even Slightly Dead"”, Leane, Slatyer, Beacom and Ng,1805.10305 No limits if annihilate in p-wave

e Why consider only “WIMP miracle” WIMPs? NO REASON......
o Are SUSY WIMP models dead? NO, many rejected many not...

e Must WIMPs be produced thermally? NO, not necessarily...

So let us continue searching for WIMPs...

DM 2020-Crossroads of the WIMP, U. of Tokyo, Nov. 11-13, 2019 11
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WIMP non-directional direct detection:

WIMP's interact coherently with nuclei in the detector, which recoll
with energy Ex

WIMP

DM 2020-Crossroads of the WIMP, U. of Tokyo, Nov. 11-13, 2019 12
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Elements of the direct detection event rate

Event rate: events/(unit mass of detector)/(keV of recoil energy)/day

— = Ny X —— X nvf(v,t)d’v
aE =& ), N},

-ER: nuclear recoil energy
- T: each target nuclide (elements and isotopes)
- Ny = Cp/Mrp= Number of nuclides T in the detector = (mass fraction X Number of nuclides

T per unit target mass);
- Upin min WIMP speed to impart Eg to the target T

-p = nm, f(U,1): local DM density and U distribution depend on halo model.

DM 2020-Crossroads of the WIMP, U. of Tokyo, Nov. 11-13, 2019 13
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The recoil rate dR/dER is not directly accessible to experiments, they
observe only a proxy E for the recoil energy E with E -dependent energy resolutions/efficiencies.

Observed event rate:

dR / 0 / dRT
=l )/O R; r(E E) 70

- E': detected energy (in keVee or number of PE), Cr: mass fraction in target nuclide T;

- ¢(E"): counting efficiency or cut acceptance; Gr(Eg, E'): energy response function

dR C d -
_T=—T/ ﬂxﬁvf(v,t)aﬁv
dER MT US> Upin dER m

Elements of the rate: Each with its own uncertainties

Event Detector Cross Halo
Rate = | Response] X | Section] X | Model

DM 2020-Crossroads of the WIMP, U. of Tokyo, Nov. 11-13, 2019 14
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Elements of the Event Rate

Event Detector Cross Halo
Rate = | Response] X]| Section | | X | Model

How does the DM particle couple to the nuclei?

- Starting with fundamental interactions, DM particles couple to quarks/gluons,
then pass from quarks/gluons to protons and neutrons, then to nuclei
- besides the DM mass m, this is the only input of Particle Physics

DM 2020-Crossroads of the WIMP, U. of Tokyo, Nov. 11-13, 2019 15
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Proceed phenomenologically- consider all types of WIMP couplings
Context: The scope of DM particle models has changed:

- 1980's: DM candidates were an afterthought. Models proposed exclusively
to solve problems in Standard Model, such as SUSY, Technicolor, Peccei-Quinn
symmetry, neutrino masses - which also contain DM candidates (WIMPs, axions,
sterile neutrinos)

- 1990's: DM candidates were mandatory. Models required to have a DM
candidate in SM extensions.

- Since 2000’s: DM model independent of the SM. Models made to fit DM hints
and /or predict novel DM signals and experiments to detect them, without regard
for completion of the SM (but may have implications for colliders e.g. search for
light mediators, displaced vertices...)

Leads to all types of DM interactions, to “dark sectors” seen through “portals”
i.e. very small couplings (with photons, with neutrinos, with the Higgs....)

DM 2020-Crossroads of the WIMP, U. of Tokyo, Nov. 11-13, 2019 16
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DiverSified mOdE|S fOI’ WI M PS ( e.g. Gelmini, Takhistov and Witte 1804.01638)

Dependence (|q], v) Oref
Model Interaction Heavy Light Heavy Light
XX NN SI ST\ 2
ST e 1 L8 AU'N Jp_ ﬁ »
- 2 e = \are r gl
Xy xNvuN
2 SD 2
_ - 1 1 3% (3 3uk (@
D b Ny N | S el & |
s X XNV = T = ( e
6 2 2y 2 2 A\ 2
_ Wl |l £ egy|dret[* ey [ €9x
Ana X’Yﬂ’YEXBVFuV Iqﬂ fiigal 1, 2 4,”. A2M2 4 A2
G 1 1 3 Bg Q’ref‘ ; KX EgMD :
MD o xF, g, dE| 1 L SN[ = T Elh]
XoXE py lg1* V2 g2 w2 = AM?2 T\ AlGef]
2 ED \ 2
ED i (3 L 1 By (g et iy [ egy
uv 02 ,Uz‘(ﬂz T AM2 ™ A‘Q;ef‘
2 2
B 1 1 62 eg 5.2#2 eng
1 vk N~ N il X N X
mC XV XNy 2 w28 ™ ( M? T\ |Gt
PS ¢S]~ 2 PS £S5 2
i NN @2 1 W (9 S| Gres v (951
v?2 v2|q]2 47 Mzmx 47rmx | Gret|
PS S rPSY 2
Fis s NN |7 1 W (95 Sp " |Geet| vk (9t
v2 v2|q]? 4 Mzmp 47rm1% [ Gret]
e ‘ L | i (ST | g (eSS
PSPS | XNy N la* £x N (ZX P
KEa v? v? 16w \ M2%mpmy 16 \ mpmy
—vy 2 AV-V 2
_ - lg? | 1 1 S A uy (9
AV-V Frsx Ny, N 1, =& | =, X X
XV VXN Y 02 g%’ w2qe An M2 AT |Goot |2

! This model is equivalent to SL

Table 1: Interaction models with fermionic DM particles. Model name, interaction, dependence on
|g] and v, as well as the definition of the reference cross-section oyt are shown. Values for both heavy
and light mediators are included.

DM 2020-Crossroads of the WIMP, U. of Tokyo, Nov. 11-13, 2019
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Cross sections can be very different: e.g. S| and Magnetic Dipole

dagl SI Qref|4 mr [ 2 o) -
=0 A ] F independent
dEx " M* 2302 |7T] TSIT 9] indep
2 S
do™®  ypldres” mi 1 gl* A% (Jr+1

- - 1
|z (40P -1t { — - }) P22 wr]
X

=0
dEr " M* 402}, 2 m3, A%\ 3Jr

Rates can be very different than for Sl ric fom Gluscevic et a1, 15060445

=

Xe (my=50GeV) Ge (m;=50GeV) I (my=50GeV)
= T T T T 0.7 —T T T T > 14 T T T T i
. — I > - E
= 2 0.6 A e
= = =+ Millicharge - - 5 12r -
H SD 8.0.5 2oL ]
8 | cwie ] a E |
oF © Anapole . £ 04 = =
=== MD (heavy med.) Q L B o ]
ok === MD (light med.) || 203 - gl i
*'*+  ED (heavy med.) S 8 ?;‘ ¥
ED (light med.) g 02 2 Py i
E 0.1 g 2 .
ey = L Z 0.0 - s o= Z 0 —t I ]
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
Nuclear recoil energy [keV] Nuclear recoil energy [keV] Nuclear recoil energy [keV]
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Is very important to consider all types of interactions: E.g. relevance
of the neutrino floor for future Direct Detection from Snowmass 2013)
BUT this is for Spin-Independent interactions, equal p,n couplings (and SHM)

WIMP—nucleon cross section [cm?]

SuperCDMS Soudan CDMS-lite
SuperCDMS Soudan Low Threshold
XENON 10 S2 (2013)

10739 ~CDMS-Il Ge Low Threshold (2011) 1073

1940 1074
-41 1075 —
10 105 =
=

—4 -6
1 =]
10 0" g
% B
10743 "~ 1077 3
y @
SE @
1074 Ny, BNE W S B 1070 8
—_ e = - 5
_45 | Neutrinos R ey ez 5 =
10 Neutrinos g™ > N\ =77 a—{;/)(en o 10 §
N i G2 S
—-46 W s s TPE = EQe 57T 1n-10 3
10 i '/’\29‘/\‘1 10 =
_______________ =2 Xenon-nT qu

10_47 (Green ovals) Asymmetric DM a Ll

1078
107
10—50

™M

(Violet oval) Magnetic DM

‘ - (e N = 10"
\ —————————— ’fﬂ o=
(o an

(Blue oval) Extra dimensions ino
(Red circle) SUSY MSSM ong N
A MSSM: Pure Higgsino
X!
@ MSSM: A funnel \ ’ ’N;“Osp\"e il 10_13
@ MSSM: Bino-stop coannihilation
_*MS%M: Bino:squa‘rkc‘oa.nr!ih.illafi‘on o L o !‘0_14
1 10 100 1000 10

WIMP Mass [GeV/c?]
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Future of non-directional Direct Detection The relevance of
the neutrino floor depends on the WIMP interaction

Gelmini, Takhistov, Witte 1804.01638
1042

T T I\I‘Illllr T T T T TTTT] T T T T TTT 10_34

Xenon

Xenon
Current DD Bounds 105 foH) Current DD Bounds

10-4
90% CL

90% CL

10~

_‘Tm“‘ II]I"T[I Illlmll II]I"T[' IIIInTll llIIanl |||||1TI| Illlmq_rm

-
o
<]

= | IIIII|T|'| lllHnTl T T T 1T ]II]|'|T|'| lIII[m' LBLRLLLLLL |

Lol N BN 1 ||||||§
10 100 1000

10 100 1000
my [GeV] my [GeV]

The Xe discovery reach of heavy ¢* (g is the momentum exchanged) interacting
DM is not affected by the neutrino floor (for exposures < 100 tonne y) but require
experiments to extend the energy range and change their data analysis!
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+ Diversify into unexplored domains light DM, dark photons and
other light mediators, boosted DM. “Dark Sector Workshop”1608.08632; “U.S. Cosmic
Visions: New ldeas in DM" 3/2017- KITP 2018 workshop “HEP at the Sensitivity Frontier” e.g.
for sub-GeV “Light Dark Matter” direct detection

Superfluid Helium [N] Chemical-bond breaking [N]
1 keV 1 MeV 1 GeV
i { = } » DM mass
Superconductors [e7] Semiconductors [e7] Noble liquids [e’]
SuperCDMS, DAMIC, ... XENON10/100/1T/nT, LUX, LZ, ...
Scintillators [e7] 2D graphene [e]
PTOLEMY
~meV energy ~eV energy ~keV energy
resolution resolution resolution

Scattering off e [e”] or inelastic scatt. on nuclei [N] (y emission in nuclear recoil, breaking chemical

bonds in molecules/crystals, multi-phonon processes in superfluid He or insulator crystals)

DM 2020-Crossroads of the WIMP, U. of Tokyo, Nov. 11-13, 2019 21
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Elements of the Event Rate in Direct DM detection

Event Detector Cross Halo
Rate = | Response] X | Section] X || Model

How many DM particles are passing through the detector and with which velocity
distribution?

Usually assumed Standard Halo Model is a good first approximation but not expected to be
correct. Uncertainty in measurements of key parameters, and Earth could be within a DM clump,
or stream, and maybe a dark disk and there are debris flows, triaxiality ...."DM particles” in

simulations have > 10° Mg....

Given all these uncertainties, could we avoid using a halo model
when comparing Direct DM detection data?
Lots of work done since 2010 on “Halo Independent” models...

DM 2020-Crossroads of the WIMP, U. of Tokyo, Nov. 11-13, 2019 22
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“Halo-Independent”: Recall the event rate:

For a WIMP-nucleus contact differential cross section (for momentum transfer and velocity-
independent interaction operators) e.g. for Spin Independent interactions

dor _ or(Er) Mr
dER 2M%U2

or(En) 00 5, [ Fo
P mins ), mins L) = d — d
dER Z 2m,uT e ) e ) /u>vmm v ’ Omin Y ’

- p, f(U, t). local DM density, Earth’s frame U distribution depend on halo model

GT(ER) ~ Oyef

“Halo-Dependent”: Given pn(v,;,) plots in (m,o,.r) plane (usual)

“Halo-Independent”: Given m, dor/dEg plots in (Uyn, 71(Umin)) plane,
~ Ore
”(Umina t) — fﬂﬂ(Umin, t)
m

contains all halo dependence in ANY experiment!
Fox, Liu, Weiner 1011.1915; Frandsen et al 1111.0292: Gondolo-Gelmini 1202.6359...

DM 2020-Crossroads of the WIMP, U. of Tokyo, Nov. 11-13, 2019 23
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for ANY interaction, energy resolutions, efficiencies...
Gondolo-Gelmini 1202.6359: Del Nobile, Gelmini, Gondolo and Huh, 1306.5273

We write the predicted observable rate for any cross section as

00
R[Ei,Eé] — /0 dvmin ‘%[Ell,Eé](Umin) ﬁ(vminat)

‘%[Ei,Eé] . experiment and interaction
dependent response function

(non zero only for an interval in v,,;, given a
measured energy interval [E,, E,])

it)

DAMA
(2.0-25keVee)
R (Vi)

Response function (arbitrary uni

"r
7

. RS A i == :
100 200 300 400 500 600 700 800
Vmin [km/s]
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“Halo Independent” data analysis

1- Find the predictions of Direct Detection data for the halo, e.g. for
the coefficients of the harmonic expansion of 7(vyin, t) (mostly its time average).

2- Compare data from different experiments by comparing their
predictions for the halo, e.g. for the time average of #(v,,i,) of 71(Vmin, t):

— putative measurements translate into regions in the (Upin, 1(Umin)) plane,

— upper limits into upper limits on #(Upin)

Main Problem: Likelihood methods are good for parameter estimation, but
here we want to estimate a function, 7 or the local WIMP speed distribution
F which the predicted rates depend on (C = G’fnfp '

is a constant)

Ry gy =C /0 AVnin R1g g1 Omin) N0nins 1) = C /0 dv ¥ gy(v) F(o,1)
2014-2015 Solved the problem only for unbinned data (Extended Likelihood)
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Halo-Independent analysis

Regions for putative DM (time averaged) rate measurements:
With unbinned data (e.g. CDMS-II-Si), using at least one extended likelihood,
we found (Fox, Kahn and McCullough 1403.6830; Gelmini, Georgescu, Gondolo and Huh

1507.03902; Gelmini, Huh and Witte 1607.02445)

- a unique piecewise constant best fit #(v,,;,) with a number of
downward steps < number of data points, by extending to functionals
the Karush-Kuhn-Tucker (KKT) maximization conditions (Fox, Kahn and McCullough

1403.6830), and a

- statistically meaningful two-sided point-wise band at a chosen CL.
(Gelmini, Georgescu, Gondolo and Huh, 1507.03902)

DM 2020-Crossroads of the WIMP, U. of Tokyo, Nov. 11-13, 2019 26
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Halo-Dependent and Independent analyses CDMS-II-Si data
inelastic exothermic DM with Sl IV coupling, 6= —225 keV witte, Gemini 1703.06892

&= -225kgV
m=1.1GeV
=-0.7!
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Can be ruled out by an LZ or PICO-250 like experiment (not XENONL1T)
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Graciela Gelmini-UCLA

A deeper understanding of Halo-Independent methods for
all Likelihoods Gelmini, Huh and Witte 1707.07019

Why a piecewise constant best fit #(v;;,) with the number of
downward steps < the number of data points???

Well known theorems in convex geometry (Caratheodory, Fenchel-Eggleston)
provide the answer: for d (time average) predicted rates the DM speed
distribution F(v), normalized to 1, is given by

d
Flv)= ) F, 8- vy)
n=1

Now we have at most 2d parameter F),, v, to estimate using the Likelihood

. F(v
and the integral #(v,,,) = const. fU dv (—) of a sum of at most d

min U
delta functions is piecewise constant with at most d downward steps
(d= number of data points) Lots of work yet to do to develop this method....
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Outlook on WIMP direct detection

Important to consider all possible DM-SM interactions when analyzing direct
detection data (e.g. extended energy windows with respect to needed for Sl)
Halo-Independent analysis is on firm mathematical ground but still complicated-
under development, | believe it will be adopted at some point as complementary
to the usual Halo-Dependent.

In the near future: new data.

DAMA clearly sees an annual modulation at 12.90, DM or instrumental?

- “Global Nal(Tl) Collaborative Effort”: KIMS (52 kg) and DM-Ice (55 kg),
in YangYang Lab. (S Korea), ANAIS (112 kg), in Canfranc Lab. (Spain) and
SABRE (50 kg) in two sites, Gran Sasso Lab. (Italy) and Stawell Lab., Australia

Very important to check in the Southern Hemisphere!

- XENONNT, LZ, DarkSide20T, SuperCDMS, PICO, DARWIN(50T), GADMC
(300T)... and Directional Direct DM detectors... Light DM detectors...
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To conclude

There is no compelling observational or experimental evidence in
favor of any of our DM candidates: cast as wide a net as possible.

There are mature WIMP search techniques which should continue to
the multi-ton scale, until the neutrino floor becomes a true barrier.

Very vibrant field, with many new ideas and strong worldwide
commitment to the effort, will continue bringing results for decades.
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