Is Coy dark matter really coy?
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General status of Dark Matter (DM) direct detection
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1. Scalar spin-independent (Sl) and model independent interaction DM-nucleus

2. Fixed astrophysics in the event rate (DM velocity distribution and astro parameters)
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Uncertainties in the event rate
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* fn and f, can be different!
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Uncertainties in the event rate
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Uncertainties in the event rate
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Uncertainties in the event rate

2
Depend on DM velocity distribution St ( f2Z+(A-2Z fg)
and astrophysical parameters dor _ m@ ! ( ) F2(ER)
dER 2un fg
e f(v) is not a Maxwell-Boltzmann
distribution!

_ * fn and f, can be different!
» Astrophysical parameters not well

measured

vePs = 230 + 24.4 km s*
v = 5444+ 39 km s~ !
P = 0.4+ 0.2 GeV cm™®
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Uncertainties in the event rate

2
Depend on DM velocity distribution - ( 274+ (A—2Z ff,,)
and astrophysical parameters dor _ m@ P ( ) F2(ER)
dEr  2pg7 /3

e f(v) is not a Maxwell-Boltzmann
distribution!

_ * fn and fp can be different!
» Astrophysical parameters not well

measured

) _1 All these effects can be

vy S =230+ 24.4 km s _

o2 =544+ 39 km s~ | simultaneously accounted for
5 =0.4+0.2 GeV cm ™ ? i - ot

PO within Bayesian statistics
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Effect of ASTROPHYSICAL uncertainties

NFW density profile and
marginalized on astro parameters

Standard approach: astro FIXED
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Changing the DM-nucleus interaction
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Scalar SI comes from e.g. interaction with Higgs:
Z/DM
o%nt Z hff

fo~ fo

<5

Pseudo-scalar interaction (Coy DM):

Lot = @GX%X@L 5015

1. Flavor-Universal couplings: g4 = 1
mgq

174 GeV

2. Higgs-like: g, =

3 free parameters
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Coy DM effective operator I

.gdDM _ .
Ly = —1 a — 1 E “—a
int \/5 X5 X g , \/— q759

Can be written in terms of effective
contact operator
(DM typical velocity is 10-3c)

Mg,

Lot = gn X7V°x Nv°N P
A?L Né;, * T /IpMY

* The energy scale is the unknown variable instead of the cross-section
* The coefficients gn are defined to be

= 3 Tl B i |a

q=u,d,s q'=u,.

Flavor-Universal couplings: = —16.4
plings:  9p/ 9n NATURAL violation of isospin

Higgs-like:  gp/gn = —4.1
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Coy DM effective operator |l

do dor 1 q4 mr

= , N") ¢ 2
dER 12871 A4 mDMmN 1)2 Z gNgN' Ly, (q )

N,N'=p,n

See talk by P. Panci for more details on NRO
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dor _ 1 ( T @F N) (42)
— NYN’ 7

* This interaction is SPIN-DEPENDENT (SD) as it
comes from this non-relativistic operator:

ONR (8 (SN - q)
 DAMA: lodine (Sodium) has an unpaired proton
« LUX: Xenon has an unpaired neutron

* Natural isospin violation implies an strong
suppression/enhancement to DM scattering

See talk by P. Panci for more details on NRO
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dUT 1 ( mmrT 1 Z gNgN'\F )(q )

dEr ~ 1287 > m#,ma; v?

N,N’=p,n

* This interaction is SPIN-DEPENDENT (SD) as it
comes from this non-relativistic operator:

O = (3 - Q)(5n - @) « Source of uncertainties (number
of event can change by a factor ~
« DAMA: lodine (Sodium) has an unpaired proton 3 for standard SD)
e LUX: Xenon has an unpaired neutron e use of the correct form factor
. e (computed in Fitzpatrick et al.
* Natural isospin violation implies an strong arXiv:1203.3542)

suppression/enhancement to DM scattering

See talk by P. Panci for more details on NRO
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A, [GeV]

marginalized on astro and exp parameters
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Relic density & indirect detection |

.gdDM _ )
L = —1 a — 1 E = a
int \/5 X775 X g \/— q7s9

Annihilation of Coy DM mediated by two processes

X .a
y . \

_ ibUti p-wave contribution
s-wave contribution / ocendont o the DM
relatlve velocity)

m;M Z + e + 0(27_2
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Relic density & indirect detection |

.gdDM _ )
L = —1 a — 1 E = a
int \/5 X7V5X g q \/— q7vYsq

Annihilation of Coy DM mediated by two processes

i
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~
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p-wave contribution
(dependent on the DM
relative velocity)

At present time (xo>>1) only s-wave contribution is relevant

(i.e. for producing gamma ray flux)
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Relic density & indirect detection i

* There is an excess in gamma rays
1288 1-3 GeV around the galactic center

e If due to DM, it can be explained by a ~
30 GeV WIMP annihilating into quarks

Coy DM parameters for DAMA (heavy-flavor)

g gq~103-10-2 Ma ~ 35-60 MeV
gom ~ 0.5-0.8 | mpm ~ 20 - 35 GeV

Daylan et aI arX|v 1402 6703
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Relic density & indirect detection i

Daylan et al. arXiv:1402.6703

—

bb, lx2=26.4
- — —ce, x*=22.7 ‘
* There is an excess in gamma rays | ss, x?=245 |
from 1-3 GeV around the galactic center uu,dd, x*=33.1
(GC) | |
* |f due to DM, it can be explained by a ~ Wi

£

30 GeV WIMP annihilating into quarks

aalaaa bl

Procai=0.3 GeV/em?
v=1.26 g
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Coy DM parameters for DAMA (heavy-flavor)

3.1 e s g9 ~ 1.8 x 1077
Jd Jq ~10-3-10-2 Ma ~ 35-60 MeV (ov)(z0) ~ 3 x 107" cm” /s
> gpm =~ 0.72

gom ~ 0.5-0.8 | mpm ~ 20 -35 GeV | (ov)(z0) ~1.4x 107 cm?/s m.. ~ 56 MeV
a

« Same ballpark of values explains at the same time DAMA and the gamma ray GC excess

* Model completely determined: relic density - gamma ray GC excess and DAMA constraints
fix the 3 free parameters
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Conclusions

 Difficult to reconcile DAMA with other exclusion bounds
with Sl (even allowing for all exp and astro uncertainties)

 Coy DM with light pseudo-scalar reconciles DAMA and
LUX because it induces naturally isospin violation

* Coy DM explains the GC excess in gamma-rays and has
the correct relic density (no free parameters left)

* Interesting phenomenological model

* Flavor constraints on the pseudo-scalar mediator are
relevant (see Dolan et al. arXiv:1412.5174)

* Light pseudo-scalar interesting for self-interacting DM
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Back up slides
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The light pseudo scalar mediator can be constrained by rare meson decays.

For ma < 100 MeV, the most constraining channels are:

Channel Experiment Mass range [MeV]| Relevant
K™ — ot +inv E949 0-110 Long lifetime
E787 0-110 & 150-260 Long lifetime
Kr, — w0y KTeV 40-100 & 160-350 Photonic decays
Kt —ntA K2 10-130 & 140-300 All decay modes
B’ - K2 +inv CLEO 0-1100 Long lifetime
b—sg CLEO mA < MmB — MK Hadronic decays
K,B—>A+X CHARM 0-4000 Photonic decays
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Coy dark matter with Higgs-like couplings

— DAMA Higgs-like
| —— XENON100 gr = mys/174 GeV
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Cheng and Chiang, arXiv:1202.1292

m = (1/my +1/mg+1/mg)~1

e These are conservative values

* These coefficients are subject to large uncertainties (measured experimentally
with e.g. pion scattering)

» For extreme values the natural isospin violation ca be ¢,,/g, = —44.2

* The value of gn coefficients does not change if the pseudo-scalar couples only to
heavy flavors (s,t,b)

* This makes the pseudo-scalar an axion-like particle
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Constraints on the pseudoscalar

1. ok for BaBaR constraints

2. ok for electric (moun) anomalous magnetic moments
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Constraints from magnetic moments
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Details on annihilation cross-section

2 2 2 2

_ _ 9 9r9pM S s —4mg
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Flavor constraints

We study a Dirac Dark Matter particle interacting with ordinary matter via the exchange of a
light pseudo-scalar, and analyze its impact on both direct and indirect detection experiments. We
show that this candidate can accommodate the long-standing DAMA modulated signal and yet
be compatible with all exclusion limits at 995% CL. This result holds for natural choices of the
pseudo-scalar-quark couplings (e.g. flavor-universal), which give rise to a significant enhancement of
the Dark Matter-proton coupling with respect to the coupling to neutrons. We also find that this
candidate can accommodate the observed 1-3 GeV gamma-ray excess at the Galactic Center and
at the same time have the correct relic density today. The model could be tested with measurements
of rare meson decays, flavor changing processes, and searches for axion-like particles with mass in
the MeV range.
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