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Dark Matter: Evidence

» There are already many established evidences for the

existence of dark matter o
g £ """'""""'.ff‘,’f!*’f .
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How to detect particle DM?

Collider Searches

CE—

SM

Direct
Detection

SM Complementarity:
——> Related by

Indirect Detection + Relic Density
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Direct Detection Principle

» Detection of the energy deposit due to (in)elastic scattering on
nuclei of detector in laboratory experiment
o

WIMP Nucleus _ O WIMP
From galactic halo in laboratory i
C Q Elastic WIMP
e :
Scatterlng 1
(v ~ 250 km/s) {v=10kmis) Nucleus O HRecDi

> I E(recoil) ~ 20 keV
Recoli energy : O(1710) keV G. Steigman & M.S. Turner, NPB (1985);

v Need low recoil energy threshold M. W. Goodman & E. Witten, PRD(1985);
» Rate <1 evt/day/kg of detector  G.Jungman, etal, Phys. Rept. (1996);
v' Need large detector mass (kg -> ton) J. L. Feng, Ann. Rev. Astro. Astrophys.

v" Need low background (2010)
v’ Deep underground sites
v’ Radio-purity of components
v’ Active/passive shielding
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Direct Detection Techniques

WIMP

(In)elastic nuclear scattering
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Current Status and Future Goal

Credit: Uwe Oberlack @ Darwin 2015
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Recent Development
New XENONI1T Result
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® Strongest Constraints for WIMP masses above 6 GeV, with a
minimum of 4.1* 104/ cm? at 30.GeV



Controversies

» Confliction between positive signals and negative limits
v’ positive signals

e DAMA: Annual Modulation
* CoGent, CDMS-Si: Excess in events

SuperCDMS, CDMSlite, Xenon10, Xenon100, LUX,
PandaX-Il, Xenon1T, PICO-60
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Possible Solutions

» 3 typical proposals to solve dilemma in DM direct searches

v’ Isospin Violation: Tuning the couplings between n and p
so that the sensitivities to Ge and Xe are maximally reduced
Kurylov & Kamionkowski, PRD (2004), Giuliani, PRL (2005), Savage et al. JCAP (2009),

A. Fitzpatrick et al.PRD (2010), J. Feng et al. PLB(2011) ......
v’ Exothermic DM: nuclear recoiling through the down-

scattering so that it enhances the sensitivity to light nucleus

B. Batell et al, PRD (2009); P. W. Graham et al. PRD (2010); P. J. Fox et al, PRD (2014);
M. T. Frandsen & Shoemaker, PRD (2014) ; ......

v’ Light Mediator: Momentum dependent interactions, so
that the nuclear recoil energy spectra are changed. Hence,

the light nuclei are favored
T. Li, et al, JCAP (2015); K.C. Yang, arXiv: 1604.04979
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New Dilemma and Solutions

» After the LUX2013, a single mechanism above could not
reconcile the CDMS-Si anomaly with other upper limits, but the
combination of two of them could do the job

v’ Isospin Violation + Exothermic DM: Xe-phobic ExoDM,
Ge-phobic ExoDM

N. Chen, et al., Phys. Lett. B 743, 205 (2015) [arXiv: 1404.6043]
Gelmini, et al., JCAP 1407, 028 (2014) [arXiv: 1404.7484]

v’ Isospin-Violation + A Light Mediator

T. Li, et al., JCAP 1503, no. 03, 032 (2015) [arXiv: 1412.6220]
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Our Motivation

» After new datasets from CDMSlite 2015, LUX2017, PandaX-ll,
and XENON1T 2017, we want to investigate the status of these
solutions

» New proposal: Exothermic interaction + Light Mediator (+
Isospin Violation)
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Setup

» Generalized Effective Operator:
Isospin T. Li, S. Miao and Y.-F. Zhou, JCAP(2015)

Violation

Light Down-
Mediator Scattering
» The above operator only gives rise to the Spin-Independent
DM-nucleus Interactions
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Setup

» S| DM-nucleus Differential Cross Section

NeXellg
Violation

Helm Form

Nuclear Form Factor:

Mediator

& = ignle;

T : Ref. Xection

defined @
Vet = 200 km - 571

2 2 2 2
Gref — 9min M N\g~,U
G(QE?“U) iy ( f )‘ X ( )l

2
quiref dqg |MXN(qu Uref) ‘2

min

(1 + Gain/mG) (1 + Gieg/M3)
(1+¢*/mg)?
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Setup

> Differential Recoil Event Rate:

dR dN
pr davvf(v)—g
dEy  MypdtdEy My Shvisi dq
Px

= 5p[Z + (A — Z2)E)*°G(En)F3(Ew)n(Eur, t)
meﬂﬂj
. Isospin Light
Local DM Density -
ediator
Py = 0.3 GEVJ,/[’-H] Violation
DM Velocity 1 Enr, t) :/ d%f(v} : d=mp—myzg <0
Distribution: [V |>Vmin v
SHM 1 ; e Bl Exothermic
S T % Iy T ' Scattering
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Observables
> Total Rate:

50 - dR
R(t}:/; dEan(S}‘I}{fs{Eﬂr)’Sl’Sg\’] (dEm)

Detector Detector
Efficiency Resolution

> Total Recoil Events: Npee = Ex - Ry (1)

» Annual Modulation:

Sm(Enr) = % dﬁzr (£, June 1) — %(Enn Dec. 1)
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Fitting Procedure
. EBp | FittingMethod

CDMS-Si Maximal Likelihood
SuperCDMS PMax
CDMSlite Pax
LUX2013 Maximum Gap
LUX2015 Poisson
LUX2017 Poisson
XENON10 Piax
XENON100 Maximum Gap
XENON1T Poisson
PandaX-ll Poisson
PICO-60 Poisson
CDEX-I Binned Poinsson
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Numerical Results
» Conventional Model — Isospin Conserving, Elastic, Contact

Type-I. £ = 1.0, 8 = 0.0 keV, Contact Interaction
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Numerical Results

» Isospin Violation + Exothermic Interaction

Ge-phobic Xe-phobic

Type-L £ =-0.8, 5=-200keV, M, = 200 MeV Type L & =-0.7. 5 =-200 keV, M, =200 MeV
1.0E-40 ¢

1.0E-40 |-
1.0E-41 £
10E41 |
w; F
= |- E_, 1.0E-42 |
g 10E42 Rl = E
1.0E43 r & b.r_:::;:::::-:::__::::__“_‘_: 1.0E-43 E
e ——
uper(CD S—
1.0E44 | CDMSlite .
r CDEX
1.0E-44
1.0 20 10 20
M, (GeV) M, (GeV)

v’ The previously promising Ge- and Xe-phobic exothermic
models are excluded
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Numerical Results

» Isospin Violation + Light Mediator

o, (em’)

1.0E-32 [
1.0E-33 n’
1.0E-34
1.0E-35
1.0E-36
1.0E37 |

1.0E-38

Xe-phobic

Typel £=-0.7. §=0keV M, =1MeV
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a,le mz}
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Numerical Results

» Exothermic Interaction + Light Mediator: Ruled out

Type-L £=1.0,8=-200keV, M, = 1 MeV

09 1.0 20

M, (GeV)
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o, (cm:}

Numerical Results

» |sospin Violation +Exothermic Interaction + Light Mediator

Xe-phobic

Type-L & =-0.7. 5 =50 keV. M, = 200 MeV Type-L £=0.7. 5=-50 keV, M, = 1 MeV
1.0E-30 [ : , , , SR 1.0E-34 : , :

1.0E-40 | 10E35 |
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8
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I — %ONH : —— XENONIT
T 10E-38 | — LUX
10E43  ___ PICO-60 ] I —— PICO-60
i, A | e
— ::3:1 MS]RE:I = i CDMSlite
CDEX ] g
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With Xe-phobic interactions and a mild DM gap, decreasing
mediator mass improves the situation, but is still ruled out.
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Numerical Results

» |sospin Violation +Exothermic Interaction + Light Mediator

Extreme case

Type-L £=0.7. 5 =-200 ke V. M, = 1 MeV
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Conclusion

» We study the direct detections of DM particles with Spin-
Independent DM-nucleus interactions with the following two or

three properties

® |sospin Violation
® Exothermic Scattering
® A Light Meditor

» We focus on the possibility to reconcile CDMS-Si signal and
other exclusion limits, especially new CDMSlite, PICO-60, LUX,

PandaX, and XENONIT results
» Our fits showed that the existing proposals cannot work to
reduce the tension any more, which indicates that we need

some new ideas.
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Possible Solutions

» Isospin Violation

) Coherent

Z

f &=n =
C

p

Xe-phobic

7, =544, =132, mmp
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Possible Solutions
> Exothermic DM

v’ For two DMs, Down-Scattering Or Up-Scattering?
Up-scattering needs extra energy to overcome the gap
Down-Scattering dominates
v Recoil Energy Spectrum for Down-Scattering:

L

1000}
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-
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Possible Solutions

» A Light Meditor
do, 1

dZOC 2 252
q (q+m¢)

If 4 >>Mm,, o, isenhanced for low energy events

T e

m,=200 MeV
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Numerical Results

» |sospin Violation +Exothermic Interaction + Light Mediator

Extreme case

E=07.6=-200keV, My=1MeV
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