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Overview

Measurement from CMB + supernovae
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Direct detection

Direct detection looks for signals from DM scattering off
nucleus in the underground detector.

Nucleus
Recoils

vic = 7x104

g E.=10's KeV




@ Direct detection kinematic regime

ER = 0(1 — 10 keV)

The scattering against the whole nucleus is described by
non-relativistic quantum mechanics.




Current direct detection status

“ Direct detection rate
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Traditionally, signals are assumed to come from contact
interactions independent of momentum transfer. For

'Um’n,

hstmiorsmhg.
= A*F*(E
dER 202 2 (Er)

Experimental results are presented as boundson OUn
as a function of DM mass
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DATA listed tog o bottom o&g}ot
XENONL0 2007, measured Letf from Xe cube

CDMS: Sowdan 2004-2009 Ge

XENONLOO 010 (161 kg-d)

XENONLOO projected sensitivity: 6000 kg-d, 5-30 keV, 45% eff.
XENONLOD upgmdt:dprojeﬂ.cd sensitivity: 60,000 kg-d, 5-30 ke, 45% eff.
XENON LT projected sensitivity: 3 ton-yr, 2-30 keV, 43% eff.
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Summary

@ The current bounds on xsec per nucleon are
Siscattering: (10~ — 107 **)em?
sDsattering: (10 °" — 107 °%)cm




Motivation

2 How to extract more information about the
underlying dark dynamics from the experimental
data?

@ The simple assumption of contact interaction
between DM with nucleons overlooks direct

detection’s sensitivity to more general DM scenarios.

E.g: Momentum-dependent DM (Chang, Pierce and Weiner; Feldstein,
Fitzpatrick and Katz 2009);

Dark electromagnetic moments ( Chang, Weiner and Yavin; Barger,



Top-down view: (from theory to direct detection
experiment)

UV complete DM Models predict relic abundance, direct detection signals in
terms of specific model parameters
Effective theory operators (kurylovand Kamionkowski 2003;
NR limit Agrawal, Chacko, Kilic and Mishra 2010)




@ Different models/effective ops lead to the same NR
interaction for direct detection.

Eg: Higgsexchange: \\(q
Toxchang® X Y'X@Vu4
gives the contact interaction in the NR limit.
“ Measured recoiling rate directly bounds the coupling




From direct detection experiments to theories:




NR effective potential

@ Scales and simple power counting
Transferred momentum: |g| ~ 100 MeV

Nucleus mass: my ~ 10 -100 GeV

DM mass: my~ 100 GeV -1 TeV
Mediator mass: m, unfixed




bounds
Continued : "“"‘""“""‘10_44%2
. O’ ~J
Expansion parameters:

v~ 1073

LNLN10—3

bounds
MN My @ SD experimental




@  Consider two limits of mediator masses m,:
a. Mo > |q|  Contact interaction
b. 70 < |q|  Longrange interaction
Assume all expansion parameters of order 1()—3
a. Contact interaction: Operators suppressed by a single |q|

b. Long-range interaction: Operators suppressed by |q|?

may still be relevant for direct detection if they are the leading
operator.




Effective NR potential

Ve = Vi+ Vi “"T‘ erackion
VEL = hi83(7) — hey - VO3 (F)
1 — : —
+ - [o ox




- In the Born approximation, the matrix element of the
scattering is
M(q,7) = — / d>7e' TV, ¢ 1 (7, T)
- For the numerical studies, we only consider elastic scattering;

- Only list static potential, or, v-independent potential;

v-dependent potential produces nearly identical recoil spectrum
to the static one for the elastic scattering;

- f)ni:ly list potential leads to interaction suppressed by a single
q o

| The coefficients are dimensionful; direct detection bounds on
combinations of couplings and scales.

_ We factor out the nuclear form factor and suppress the spin



Example of matching: Femionic DM(SI)

@ SINR operator complete set: up toascalar function f(a?, v?)
In general, four building blocks to construct rotational invariants
q,UV, Sy, SN ryU,S5y,SN

momentum space (wj/o mediator) position space
PC 1

ot 0, = (), -




@ Mapping of effective field theory operators to the NR

potential
ol = 1 XXQq XV XTVug
Og_ﬂ = 18y q XT%XCM XUWV{SD;LX(Y%Q
oF) = 3. B T P x@ug
0" = 5 (Pxd X" Duxqug




each potential
@ Examples of simple theories for
6° (7) Higgs exchange




Recoil spectrum

The NR theory highlights the possibility of having qualitatively
different recoil energy spectrum.

SI NR operators | SD NR operators | Ep
53 (7) Sy - Sn03(7) 1

g, - VO3(7) Sy - V&3 (7) Eg

1 Sy-S. -9
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Constraints from direct detection (CDMS, Xenonto,
Xenont00 for Sl direct detection) 10—4

53(77) hl < 10_8Gev—2:

. 100 GeV)’
— = 3/ = 5 _3 10_1
Sx Vo (T’) h2 5 10 GeV = 3
(100 GeV)
3 < 107!




@ Examplet 52(7) h, <10°8GeV 2 = L
(100 GeV)?
Higgs exchange: ¢, ~ 10~ *
Zexchange: Y "“Yxh'D,h (vew/A)* ~ 1077
2 Example2 3 -7/r® 15 S1077GeV T = o
(100 GeV)

(Pseudo)scalar exchange: 2 ~ /1y g S 1077

N—23




2 Bound on contact interaction
momentum independent momentum dependent

Vese = 500 km/sec, p = 0.3 GeV/cm® Vese = 500 km/sec, p = 0.3 GeV/cm®
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@ Bound on long range interaction

coloumb potential dipole potential

Vese = 500 km/sec, p = 0.3 GeV/cm®
T |= _7.5
[ ) |

L |l‘ 1

Lo

L h‘

-95- W

-9.0

Vese = 500 km/sec, p = 0.3 GeV/em®

[ 1

v
‘e

Loglo(ll)

Log,,(l> GeV)

—115L ‘
10 20

50 100 200 500 1000 10 20
M (GeV)

50 100 200

500 1000
M (GeV)




Conclusion

@ We present a model-independent framework based
on NR operators to analyze data from direct
detection.

@ I near future direct detection sees DM, it will not
only shed information on DM mass, overall scattering
cross section but also DM interaction from recoiling




Thank you!




