Signatures in Directional Dark

Matter Searches

Asymmetries and
the Diumal Variation

J.D. Vergados
University of [oannina, [oannina, Greece.

ENIXEIPHIIAKO MPOrPAMMA EZ"A

EKIMAIAEYZH KAI AIA BIOY MAGHZH J 2007-2013

ErCEVOVGN OTNV UOLVWV iR TN,
sE= _ npéypoppo yio v avantugn

YINOYPIEIO NAIAEIAX & BPHIKEYMATQN., NMOAITIZMOY & ABAHTIZMOY EYPOMATKO KOINONIKO TAMEIO
Evpwmaikni ‘Evwon EIAIKH YITHPEXZIA AIAXEIPIZHZXZ

E (k6 K 5 Tapsi
vpwmatie Rowwvire Tapsto Me tn cuyxpnuarodotnon tng EAAadacg kat tng Evpwmaikng ‘Evwong

* X
* *
e *
* e

* p K

Windows on the Universe
Quy Nhon, Aug. 14, 2013



The Direct Detection of Dark Matter

* [s crucial to ot pEttatee Piysics and cosmology
* The standard experiments attempt o measure the
energy of tihe necoiling mudieus

* These experiments are hard to analyze since the
sought signature cannot be distinguished fronm tiee
background

* The backgrounds are formidable for tihe expected low
counting rates

+ S0 ingenious experimental approaches ane mestiet
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Differential (tthnme= awveayed) evant retes cammot dee
distinguished from background, e.g. for

WIMP mass off 30 GeV, as rfunctions of ine racoil enarqy
in keV, and 6,710 pb we get:
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Novel approaches: Exploitation of
other signatures of e reaciion

* The modulation effect: The seasonal, due to the
rmotion of tive Earth, dependance of the nate.

¢ Detection of oliher partixiies (ﬁdmmcmms,_ X-rays),
produced during tihe ILSP-nucleus collisiom

* The excitation of tine mudleus (in some cases :
heavy WIMP, low excitation energy etcd% and
detection of tine swisequently enmittisd dke-

excitation  rays.

* Asymmetry measurements in
directional experiments (the direction
of ine recoiling nucleus must also be
measured)->DIURNAIL VATRRATTON.
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Fortunately the n@ie dapends on tie nedbtive watogity
Vjyne= 23541 15=250km/s; Vp..= 235-15=220km/s;
-> Wodulation Effect (time diependence)
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[T: THHE MODULATTOMEBEFEETT
(standard recoil experiments)

® The total Rate is parametrizea as:
C R=R, (1+h cosa)
(0 is the phase of the Earth; =0 anqumd June 3nd)
7 h=modiulation amplitude,
a Ry =timeaveraged rate.

2 The relative difference between tihe muimimmuwm amd thee
maximum is 2h

* The location of tine maximuwm cepends on the sign of
n
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[ia: Tihe Modulation amplitude

(As a function of WIMIP mass in GeV). [t is small.
Note Its sign Tor large reducad mass
Ligitt-Systene(e.g)-A%32;18=19) Heawysystenie(e.g\-A=127)
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B:Directional Experiments (Review: S. Ahlen

et al, arXiv:0911.0323, F Mayet et al arXiv:1001.2983)
D. Santos, LTRC(Coifteeaiaee PResDBReclZ1,/22022
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Measure the energy and direction of L racollirng nuciaus
They require track reconstruction of necoilimg mudiei down ttoaa
few keV (preferably 3D reconstruction)

Candidates:

DM-TPC,, NEMAGEEDRHTF Tlow pressure gaseous detectors Cir,
, CS, , C4H,,#+3He <->dE/dx <->ihead-tail problem

UTPC distiections (MIMAQO): Low threshold, good 3D
reconstruction of 3 mmm tteaxtés withgges SHe +CF,

Most recently DNA dettecttors (A. Drukier & K. Freese): Easy 3-D
reconstruction. Can use heavy target, e.g. Au.
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E: Directional Experiments*

Assuming that such experiments become feasithlle we
will show tiiait tthee alissewed] evemis:

+ Will exhibit asymmetry due to tihe matimn aftbieeSEum

+ On top of tins threyy wiillexthibit characteristic large
annual modulation due to tine ammual matiion afthee
Earth

+ Both of tinese will @ittt periodic diurnal variation
due to tine natiton aftbiecHeatth.

* * DM-TPC, NEMAGEEDRETF, TMEMIMA (Review: S. Ahlen et al, arXiv:0911.0323)
. *Also gaseous UTPC distediors ( arXiv:1001.2983 (atro-ph.CO)
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WIMP flux,UT'kie, satal veired” (sigmahtowards(the Cygnus |
constellation), Spergel (88), vergados (02), Maoirgmin-
Green-Spooner (04), Battat et al (IIMIP A, 2009)
Bozorania, Gelmini, Gondolo (2012).
Fluxwariation (WB ctistr.) Moxgan-Green-Spoorer((04).

=]

=
1]

180.0 180.0°

=
=

WINFP Hux — p.:m.:.fmwlmp
=

| PREVE LT L .__x105
1000 2000 3000 4000 5000
WIMP Flux/ms'sr!

1 L

= — radians

Windows on the Universe
Quy Nhon, Aug. 14, 2013


http://xxx.lanl.gov/find/astro-ph/1/au:+Bozorgnia_N/0/1/0/all/0/1
http://xxx.lanl.gov/find/astro-ph/1/au:+Bozorgnia_N/0/1/0/all/0/1
http://xxx.lanl.gov/find/astro-ph/1/au:+Bozorgnia_N/0/1/0/all/0/1
http://xxx.lanl.gov/find/astro-ph/1/au:+Gelmini_G/0/1/0/all/0/1
http://xxx.lanl.gov/find/astro-ph/1/au:+Gondolo_P/0/1/0/all/0/1

WIMP mass dependencesaff tine filux
By =(Po /M0
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WIMP Hux: unconventional velocity
distributions (maximum at B=ng$2/!)-
Saggitarias strzam Sukivies’s CausticRings
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[11: TTeeddieettiona cevent agte
(The direction of recoil iis observed)

* The calculation will proceed in two steps:

= A) Evaluation of the event raite inadirettion((0,0)] taking the
sun‘adirextionl of magientas polar ax® {polanangle B)p a s
D is measueed c a plana perpamdicalar o itha sur’s veloeity p e
from x (xi% radially out of thre= grdEgy). Tiiree diresttoon affreecoliliss

£ = (e, 6,,€6.) = (sin O cosP, sin O sind. cosO).
- due 0 the Sun’s nmokon Heiratddepemds dnly eann © -->
Asymmetry.
-due ® the Barth's lmrenuabEn@otion ib Wilsshow & madalzlion,mo t
dependent on (©,0) with very dharacternstic signature.
+ B) For a given direction of abservation fixed im thre=|&ib.
-Then Diurnal variation due to tine natitaon ajfthieeHzatth
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Comparrisom off the usual (R) and directional
(dR/dIR) or (dRIrdi' ) coherent rates (ZEcosb )
d is the phase of the Earth
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The factor % enters, since, 1n order to better compare with the standard experiments, we used n
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the previous expression the total nucleon cross section. Note, however, that:
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The directional event rate
(The direction of reoil iis observed)

* The event rate as a function off ttree direction angles (8,0 is:

dR/dR=(&/ ZHM]D*I’hCCOSU'ﬂ- hsSIan]] , &=t/[ty,
R, is the average usual (nem-diir) rate, o the phase of the Earth

&/2ndsdthe reduction factor (it dig on tine dinexctimm aff
observation butlltusmdmmmmmjftﬁmm D). This factor
becomes &, after imtegyrating ovar ©. dR/dR-> dR/d(cosd)

& Ttcan also be written as: dRJAR=(&/2nIR4[I+h cos(a+a})], &=t /t,

h ., is the modulation amplitude (it str@rglly dEpands om te
direction of albservation)

al, is the shift iin tive pivase of ithe fEarth (it shamgly depands om
the direction aif

& h,, h,,or h,and o
model (e.g. SUSY) parameters andi ,
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