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Three different methods
have been proposed
to probe the DM distribution

inside the Solar System



Direct dark watter searches

The Sun (and the Earth) is moving through a “gas” of dark matter
particles. Or, from our point of view, there 1s a flux of dark matter particles

going through the Earth.
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Direct dark watter searches

The Sun (and the Earth) is moving through a “gas” of dark matter
particles. Or, from our point of view, there 1s a flux of dark matter particles

going through the Earth.
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WIMPs
v~200 km /s

Once 1n a while a dark matter particle will interact with a nucleus. The
nucleus then recoils, producing vibrations, 1onizations or scintillation light

in the detector.
D N DM

N
N

s

ar recoil




irect dark watter searc

es

& Selected for a Viewpoint in Physics & endin
week e
PRL 118, 021303 (2017) PHYSICAL REVIEW LETTERS 13 JANUARY 2017

B
Results from a Search for Dark Matter in the Complete LUX Exposure

D.S. Akerib,"* 8. Alsum.* H.M. Aradjo.” X. Bai.® A.I. Bailey,” J. Balajthy,’ P. Beltrame.’ E. P. Bernard,™""

A Bemstein,'' T. P. Biesiadzinski,"** E.M. Boulton,”"" R. Bramante,"** P. Brgs,” D. Byram,"'* S.B. Cahn,"
M. C. Carmona-Benitez,"* C. Chan,'® A. A. Chiller," C. Chiller,"* A. Currie,” J. E. Cutter,'” T.J. R. Davison,® A. Dobi,'
J.E. Y. Dobson,"” E. Druszkiewicz, " B. N. Edwards," C. H. Faham," S. Fiorucci,™'® R. J. Gaitskell,” V. M. Gehman,"®
C. Ghag,"” K.R. Gibson,' M. G.D. Gilchriese,” C.R. Hall,” M. Hanhard,"" S. J. Haselschward LS Hertel, "'

D.P. Hogan,” M. Hon,"*'" D.Q. Huang,"” C. M. Ignarra,”® M. Thm.” R.G. Jacobsen.” W. Ji,'** K. Kamdin,”
K. Kazkaz," D. Khaitan, R, Knoche.’ N.A. Lmen ¢, Lee,'? ‘B G. Lenardo,'™"" K. T. Lesko,'® A. Lmdole"
M.I Lopes,”” A. M:malaysay 'RL Mannino,* M F. Marzioni,* D.N. McKinsey, ) M. Mei, B 1. Moc
M. Moongweluwan,” J. A. Morad,"” A.St.J. Murphy.® C. Nehrkorn,'® H.N. Nelson,” F. Neves,"” K. osuuuan““ o
K.C. Olner Malloq, K.J Panadmo‘ “ E.K. Pease"”‘”’ P Phelps.' L. Reichharl."‘ C. Rhyne," S. Shaw,"”
T A. ghull . 911\3 M Solmaz_, V. N %lmm ’p goremen‘ 9 Qlephenson T.I. qumner,5 M. S:yciagis‘:2
D.J. Taylor," W.C. Taylor,'® B. P. Tennyson," “P.A. Tennan D.R. Tnedl W.H. To."*" M. Tnpalhl, L. Tvrznikova,”'"
S. Uvarov,”” J.R. Verbus,'® R. C. Webb,™ 1. T. White,” T.J. Whitis,'"* M.S. Witherell,” F.L.H. Wolfs,™ J. Xu,"
K. Yazdani,’® . K. Young,*? and C. Zhang"*

(LUX Collaboration)

|&iSelected for a Viewpoint in Physics week snding
PRL 119, 181302 (2017) PHYSICAL REVIEW LETTERS o e

E4

Dark Matter Results from 54-Ton-Day Exposure of PandaX-1I Experiment

Xlungyl Cui,' Abdu\mlum Abdukerim,” Wei Chen,' Xun Chen,' Yunhua Chcn Binbin D()ng chmg Fang,*
Changbo Fu,' Karl Giboni,' Franco Giuliani,' Linhui Gu,' Yikun Gu,' Xuyuan Guo,” Zhifan Guo,” Ke Han,' Chdngdu He,'
Di Huang,' Shcngrmng He, XmgmoHuAng, Zhou Huang,' angd(mg Jl,quonglln Ju, Shaoli Li,' Yao Ll, Heng Lm,

Huaxuan Liu, Jmngl.n Liu,* " Yugang Ma,* Yu]un Mao,* Kmxl.mg Ni,! Jinhua ng, angxmng Ren,' Fang Sh1

Andi Tan,”" Cheng Wmng Hongwei Wmng Meng deg Qiuhong Wmng Slgudng Wang,? X1u11 Wang,”
Xuming Wung, Qinyu Wu,' Shiyong wu,? Mengjiao Xiao,” Pcngwu Xie,' Binbin Yan,” Yong deg, Jianfeng Yue,
Dan Zhang,' Hongguang Zl'mng,l Tao Zhung,l Tiangi Zhimg,l Li Zhao,' Jifang Zhou,” Ning Zhou,' and Xiaopeng Zhou®

(PandaX-II Collaboration)

week ending
PRL 116, 071301 (2016) PHYSICAL REVIEW LETTERS 19 FEBRUARY 2016

£

New Results from the Search for Low-Mass Weakly Interacting Massive Particles with the
CDMS Low lonization Threshold Experiment

10

R. AganL," Al Amkrs()n, T. Aramaki,'” M. Asai,'” W. Baker,"” D. Bulukishiycvu,zz D. Barker,” R. Basu Thakur,””

D. A. Bauer,” J. Billard,” A. Borgland,"” M. A. Bowles,"* P.L. Brink,'” R. Bunker,'' B. Cabrera,”” D. 0. Caldwell,"”
R. Calkins,'> D. G. Cerdeno,’ H Chagani, >* Y. Chen,'* J Cm)lcy,l: B. Cornell,' P. Cushman,** M. Daal,'®
P.C.E Di Stcfam),H T. Doughty, L Estcbdn S lelows E. Figucmd F(.li(.id]'ll) M. Ghuith,H G.L. G()dflcy,m
S.R. G()lwmlu,1 I Hull H.R. Hams T. H()f(.r 4 D. H()lmgru'l, L. Hsu M.E. Hubu'"D Jdrdin AL sttmm ’

O.Kumuu' B. Kara,"”” M. H. Kelsey,'” A. Kennedy,™ A. Leder,” B. Loer,” E. L()pLZ Asamar,® P, LukLn& R Mahapatra,”

V. Mandic,” N. Mast,”* N. Mirabolfathi,'® R. A. Moffatt,”® J. D. Morales Mendoza,"® S M. Oser,' K. Page,* W A. Page,”

R P,.\rtndgc M. Pepin, AL Phlpps K Pms.ul M. Pyle," “H. Qiu, 1 W Rdu P. Ru]l” Al Ruscttu Y. Ric.(.iH

A R()buts, H.E. Rog(.rs, 4T Saab,” B. S.xdouln[ 4. Sdndu, K. Schnu.k ‘R.W. SLhnu., 's. Su)rz‘x, ’B. Sufdss,

B. Shank,” D. Speller,”® D. Toback,'” R. Underwood,” S. Upadhyayula,'* A.N. Villano,”* B. WLlllvu" J.S. Wilson,”

D.H. Wright,'” S. Yellin,"® J.J. Yen,"” B.A. Young,” and J. Zhang**

(SuperCDMS Collaboration)

|2 Selected for a Viewpoint in Physics wesk cnding
PRL 119, 181301 (2017) PHYSICAL REVIEW LETTERS 3 NOVEMBER 2017

£

First Dark Matter Search Results from the XENONIT Experiment

E. Aprilc 1. A.xlbus,N F. Ag()sn'ni, M. Alf()nsi,r F.D. Amm) M Anmony F Am(.od() P. B,.\rrow, L. B.xudis,
B. Bmucm)u\[LrQM L. Bcndbdcrmhm.mc7T BLrgumP A. Breur,” A. Brown,” A. Bn)wnH E. Bmwn “)S Brucnnu“
G. Brun\) R. Budm.k 2L. BuukufumJ Cul\cn J.M.R. Cdld\)so, M Cuv,,m(u, D. Cl(.h\)]'l D. C\)d(.m.,
AP Colijn,3 1 Conrud,9 J.P. Cuss()nncuu,ls M. P. Decowski,” P de Puio P. Di G.mgi A.Di Gio\ unm ’s. Diglio,
G. Eurin,ll J. Fci,m A.D. Fcrcllu,9 Al Ficgum,17 W Fulgmm., 5 A. Gallo Rosso,” M. Gdlluway, F. G.m, M Garbini,
R. G;_irdncr,19 C. Cvcis,5 LW Gl)ctzkc,l L. Grundl Z. Grunc C. Gngm)n C. Hmtcn)k E. H()gcnblrk J. Howlett,
R. Ttay,"” B. Kuminsky,”’T S. Kazama,® G. chslu AL Klsh H. Landsman,"> R.F. Lang, 4D, LLll()u(.h 2 L. Levinson,'”
Q. Li]‘l,1 S. Lindcmunn LN Lindnu E L()mbardl JA M. Ll)pLs CAL M.mfru]lm L Mun@, T. M.u'md.m
Undug()iliu,“ 1. Masbou," F. V. Massoli,* D. Masson “p. Mdyd]‘ll M. M(.\\ll‘hl, K. Mlchcnc.iu A Ml)lll‘ldl'l()
K. M()r‘i’x,q M. Murm,l J. Naganoma,” ’K. Nl, U. Oberlack,” P. Pdkdrh.x, B. Pelss rs, R. Pnrsmm, F Pms[m,

J. Pienaar," V. Pizzella,'"' M.-C. Pirl),m G. Plan[c,” N. Priel,”> L. Rauch,"" S. Reichard*"* C. Reuter,' B. Riedel,"”
A.Rizzo,'S. Roscnuuhl,” N. Rupp, ' R. Saldanha,’ J.M.F dos Sanms,“c. Sartorelli,* M. Scheibelhut,” S. Schindler,”
J. Schreiner,'" M. Schumann,” L. Scotto Lu\mm M. Selvi,' P. Shagin,” E. Shockley,"’ M. Silva,” H. Simgcn,“
M. v. Slwrs,HT A, S[(.m," S. Thdpd,w D. Thus, A. TlsLm, G. Trmc.huu,m C. Tunnell, 190 M. V.ugas N. Up\)lc,w
H. Wung, 2 7. Wang, Y. Wu, C. Wunhumu,17 J. Wulf, J. YL,M Y. Zhung, and T. Zhu'

15
4
1

(XENON Collub()rm:ion)T

week ending

PRL 118, 251301 (2017) PHYSICAL REVIEW LETTERS 23 JUNE 2017

&

Dark Matter Search Results from the PICO-60 C;Fg Bubble Chamber

C. Amole,' M. Ardid,’ I I Amquist D.M. Asnu D. Buxta " E. Behnke" P. Bhuttuchmjcc H. Blm()dl
M. Bou-Cabo,” P. C.xmpu)n G. C.m C.J. Chen,' U. Ch()wdhury K Clark“"] l Collar,' P. S. Cooper,” M. Crisler,™
G. Crowder,' C.E. Dahl,*> M. Das,’ S. Fallows,' ’J Farine,’ 1. Fe . Filgas,” F. Girard,”" G. Gm)ux, 43, Hall?
O. Harris,*" E. W. Hoppe.’ M.Jln, C.B. Kmuss M Laurin," L Luws()n“"A Leblanc,” l Levine,” W H. Llppmu)[(
F. Mamedov,"” D Maurya,'® P. Mitra,”” T. N.mm R. Nulmn AT Nubk S. Ol&un A Or[Lgu " A. Plante,"
R. P()d\ly.muk S. Pnyu,”'A E. Robinson,” A. Roeder,® R. Rucinski,” O. Scallon,” S. Seth.” A. Sonnenschein,
N. Starinski,' I Stekl,” F. Tardif,'* E. Vizquez- J.xurcgul,”g J. Wells.® U. Wichoski,” Y. Yan,'® V. Zacek,™ and J. Zh.mg‘

(PICO Collaboration)

|&d Selected for a Viewpoint in Physics weck ending
PRL 111, 251301 (2013) PHYSICAL REVIEW LETTERS 20 DECEMBER 2013

E3

icon Detector Dark Matter Results from the Final Exposure of CDMS 11

Si

R. Agnese,'® Z. Ahmed," A.J. Anderson,” S. Arrenberg,” D. Bulaklshlyevu, R. Basu Thakur,” D. A. Bauer‘
I Billard," A. Borgland," D. Brandt,” P.L. Brink,® T. Bruch,” R. Bunker,"' B. Cabrera,"’ D. 0. Caldwell,"®
D.G. Cerdeno,"” H. Chagani,' J. Cooley,” B. Comell," C.H. Crewdson,® P. Cushman,’” M. Daal,'* F. Dejongh.”
E. do Couto e Silva,* T. Doughty,'* L. Esteban,'”* S. Fallows," E. Figueroa-Feliciano,** J. Filippini,' J. Fox,’
M. Frius,"” G.L. Godfrey," S.R. Golwala,’ J. Hall,” R.H. Harris,"> 5. A. Hertel," T. Hofer,'” D. Holmgren,”
L. Hsu.? MLE. Huber,'® A. Jastram,"? O. Kamaev,” B. Kara.” M. H. Kelsey.” A. Kennedy,'” P. Kim,* M. Kiveni,''
K. Koch," M. Kos,'' S.W. Leman,* B. Loer,” E. Lopez Asamar,’” R. Mahapatra,"* V. Mandic,"” C. Martinez®
K. A. McCarthy,* N. Mirabolfathi,"* R. A. Moffatt,"” D.C. Moore,' P. Nadeau,® R. H. Nelson,' K. Page,”
R. Partridge,® M. Pepin,' A. Phipps.'* K. Prasad,'? M. Pyle,'* H. Qin,” W. Rau,® P Redl,'” A. Reisetter,”
Y. Ricei,® T. Saab,' B. Sadoulet,'*” J. Sander,'* K. Schneck,” R.W. Schnee,"' S. Scorza,” B. Serfass,"*
B. Shank," D. Speller,’* K. M. Sundgvist,"* A.N. Villano,'” B. Welliver," D. H. Wright," S. Yellin,"
1.3, Yen,'" J. Yoo,” B.A. Young,” and J. Zhang'’

(CDMS Collaboration)



irect dark watter searches

& Selected for a Viewpoint in Physics
PHYSICAL REVIEW LETTERS

s

Results from a Search for Dark Matter in the Complete LUX Exposure

21303 (2017)

D.S. Akerib,"* 8. Alsum.* H.M. Aradjo.” X. Bai.® A.I. Bailey,” J. Balajthy,’ P. Beltrame.’ E. P. Bernard,™""
A Bemstein,'' T. P. Biesiadzinski,"** E.M. Boulton,”"" R. Bramante,"** P. Brgs,” D. Byram,"'* S.B. Cahn,"
M. C. Carmona-Benitez,'” C. Chan,'® A. A. Chiller,"” C. Chiller,"” A. Currie,” J. E. Cutter,'” T.J. R. Davison,’ A. Dobi,'®
J.E. Y. Dobson,"” E. Druszkiewicz, " B. N. Edwards," C. H. Faham," S. Fiorucci,™'® R. J. Gaitskell,” V. M. Gehman,"®
C. Ghag,"” K.R. Gibson,' M. G.D. Gilchriese,” C.R. Hall,” M. Hanhard,"* S. J. Haselschwardi,” S. A. Hertel "'
D.P. Hogan,” M. Horn,"*'" D. Q. Huang,” C. M. Tgnarra,” M. Thin.” R.G. Jacobsen,” W. Ji,'** K. Kamdin,”

K. Kazkaz,"' D. Khaitan,” R. Knoche,” N. A. Larsen," C. Lee,'** B.G. Lenardo,'"" K. T. Lesko,'® A. Lindote,"
M.T. Lopes,'? A. Manalaysay,™' R.L. Mannino,*' M. F. Marzioni,* D. N. McKinsey,""*" D.-M. Mei,” J. Mock,*
M. Moongweluwan,” J. A. Morad,"” A.St.]. Murphy,® C. Nehrkorn,'* H.N. Nelson,” F. Neves,'” K. O Sullivan,”"*"
K.C. Oliver-Mallory,” K. J. Palladino,*** E.K. Pease,”'*'° P. Phelps,' L. Reichhart.'” C. Rhyne,"® S. Shaw,"”

T A. Shurl,"23 C. Silva,'2 M. Solrnaz,'s V.N. Solcwov,'2 P Sorensen"R S. Smel:rhenson‘I7 T.I. Surrmet,5 M. Szydagis‘2
D. J. Taylor," W.C. Taylor,'* B. P. Tennyson," P. A. Terman,”' D. R. Tiedt.” W. H. To,"*”* M. Tripathi,"” L. Tvrznikova,

. Uvarov,”” I R. Verbus,'® R. C. Webb,” L. T. White,” T.J. Whitis,"* M. S. Witherell," F.L.H. Wolfs,™ J.
K. Yazdani,’® . K. Young,*? and C. Zhang"*

(LUX Collaboration)

|&iSelected for a Viewpoint in Physics
PHYSICAL REVIEW LETTERS

k4

Dark Matter Results from 54-Ton-Day Exposure of PandaX-II Experime

9, 181302 (2017)

Xiangyi Cui,' Abdusalam Abdukerim,” Wei Chen,' Xun Chen,' Yunhua Chen,” Binbin Don-
Changbo Fu," Karl Giboni,' Franco Giuliani,' Linhui Gu,' Yikun Gu,' Xuyuan Guo,” Zhifan Gr
Di Huang,' Shengming He,” Xingtao Huang.® Zhou Huang,' Xiangdong Ji,”"* Yonglin Ju.* [
Huaxuan Liu,” Jianglai Liu, ™" Yugang Ma,' Yajun Mao,* Kaixiang Ni,' Jinhua Ni-

Andi Tan,”" Cheng Wang,” Hongwei Wang,® Meng Wang,® Qiuhong Wane *
Xuming Wang,' Qinyu Wu,' Shiyong Wu,” Mengjiao Xiao,”'’ Pengwei Xie '
Dan Zhang," Hongguang Zhang,' Tao Zhang,' Tiangi Zhang,' Li Zhao,' **

(PandaX-II Collak ’

o WV

ding
JARY 2016
_dcles

. D. Barker,” R. Basu Thakur}
<er,'’ B. Cabrera,” D. O. Caldwell,'
Cornell,' P. Cushman,** M. Daal,'®

New Results from the Search for ».
CDMS Low L.

R. Agnese,” A.J. Anderson,” T. Aramaki," M. Asai, 0

D. A. Bauer,” J. Billard,” A. Borgland," M. A. Bow:

R. Calkins,"” D. G. Cerdeno,” H. Chagani* Y. Ch.
P.C.E Di Stefano,® T. Doughty,"™ L. Esteban,'® S. Fallo _roa-Feliciano,” M. Ghaith,® G. L. Godfrey,"

S.R. Golwala,' J. Hall,” H.R. Harris,” T. Hofer,”* D. Holn. . Hsu," M. E. Huber,”® D. Jardin,'” A. Jastram,"”
0. Kamaev,” B. Kara,'” M. H. Kelsey,'” A. Kennedy,™ A. Leder,” ... Loer,” E. Lopez Asamar,'® P Lukens,” R. Mahapatra,”
V. Mandic,” N. Mast,”* N. Mirabolfathi,'® R. A. Moffatt,”® J. D. Morales Mendoza,”® S. M. Oser,'” K. Page,* W. A. Page,'/
R. Partridge,'” M. Pepin,™*" A. Phipps,'® K. Prasad,”® M. Pyle,'® H. Qiu,"> W. Rau,® P. RedL”” A. Reisetter,”’ Y. Ricgf
A.Roberts,” H. E. Rogers,” T. Saab,” B. Sadoulet,"™* J. Sander,” K. Schneck,' R. W. Schnee,'' S. Scorza,"” B. Serf;
B. Shank,"” D. Speller,‘“ D. Toback,"® R. Underwood,® S. Upadhyayula,15 A.N. Villano,** B. Welliver,> J. S.
D.H. Wright,'” S. Yellin,"® J.J. Yen,"” B.A. Young,” and J. Zhang**

(SuperCDMS Collaboration)

w " P.Campion.” G. Cao,' C.J. Chen," U. Chowdhury," K. Clark,”" J. I. Collar,' P. S. Cooper,” M. Crisler,”

|2 Selected for a Viewpoint in Ph
PHYSICAL REVIEW L*

E3

E. Aprile,' J. Aalbers,”” F. Agostini,** M. Alfonsi * Tow,® L. Baudis,”
B. Bauermeister,” M. L. Benabderrahmane,” T. P '%'S. Bruenner,""

G. Bruno,’ R. Budnik," L. Bittikofer,*" - q Coderre,”
A.P. Colijn.” J. Conrad,” J. P. Cussonr S. Diglio,”
G. Eurin,"' J. Fei,' A.D. Ferella,” o Garbini,*
5 1

R. Gardner,” C. Geis,” L. W. €
R. Ttay,'> B. Kaminsky, > ©

Q. Lin,' S. Lindemar
Undagoitia," J. *

_siani,” F. Piastra,®
C. Reuter," B. Riedel,"”
1. Scheibelhut,” S. Schi
_«ley,” M. Silva,’ H, Si
p Tunnell,w’“

N

\Q 0[ _HYSICAL REVIEW LETTERS

.ter Search Results from the PIC0O-60 C;Fg Bubble Chamber
.. Ardid? I.J. Amquist,’ D. M. Asner.” D. Baxter,**" E. Behnke,” P. Bhattacharjee,” H. Borsodi,’

_er,' C.E. Dahl,** M. Das,’ S. Fallows," J. Farine,’ 1. Felis,” R. Filgas,” F. Girard,”"* G. Giroux,"" J, Hall,®
Lns P EW. HL)ppe,3 M. Jin,* C. B. Krauss,'> M. Laurin,'* I. Lawson,”'® A. Leblanc,” I. Levine,” W. H. Lipl;yi.nu)l(,5
F. Mamedov,”” D. Maurya,'® P. Mitra,”> T. Nania,’ R. Neilson,” A.J. Noble,' S. Olson,' A. Ortega,'' A. Plante,"
R. Podviyanuk,” S. Priya,'® A. E. Robinson,” A. Roeder,® R. Rucinski,” O. Scallon,” S. Seth,” A. Sonnenschein,®
N. Starinski," L Stekl,” F. Tardif ' E. Vézquez—Jéuregui,”'v J. Wells.® U. Wichoski,” Y. Yan,'® V. Zacek,™ and J. ZhangA

(PICO Collaboration)

|&d Selected for a Viewpoint in Physics
PHYSICAL REVIEW LETTERS

week ending
PRL 111, 251301 (2013) 20 DECEMBER 2013

Si

icon Detector Dark Matter Results from the Final Exposure of CDMS 11

R. Agnese,'“ Z. Ahmed‘] ALl Anders‘:)n,4 S. Arrenberg,!“ D. Bulaklshlyevu,” R. Basu Thulcur,2 D.A. Bauer‘z
I Billard,* A Borgland,® D. Brandt,® P.L. Brink,* T. Bruch,*® R. Bunker,"' B. Cabrera,'’ D.0. Caldwell,"”
D.G. Cerdeno," H. Chagani,'” J. Cooley,” B. Comell,' C.H. Crewdson,® P Cushman,'® M. Daal,"* F. Dejongh.’
E. do Couto e Silva,* T. Doughty.’* L. Esteban,’* S. Fallows," E. Figueroa-Feliciano,** J. Filippini,' J. Fox,®
M. Fritts,"” G. L. Godfrey,* 8.R. Golwala,' J. Hall,” R.H. Harris,"* S. A. Hertel,* T. Hofer,"” D. Holmgren,*
L. Hsu,? MLE. Huber,'® A. Jastram,'* O. Kamaev,” B. Kara,” M. H. Kelsey® A. Kennedy,'’ P. Kim,® M. Kiveni,'"
K. Koch," M. Kos.'' S.W. Leman,* B. Loer,? E. Lopez Asamar,"® R. Mahapatra,'* V. Mandic," C. Martinez®
K.A. McCarthy,* N. Mirabolfathi,'* R. A. Moffatt,'” D.C. Moore,' P. Nadeau.” R. H. Nelson,' K. Page.”

R. Partridge,® M. Pepin,'® A. Phipps,'® K. Prasad,'? M. Pyle,'* H. Qiu,” W. Rau,® P Redl,'” A. Reisetter,'”
Y. Ricei,® T. Saab,'® B. Sadoulet,'* J. Sander,'? K. Schneck.® R.W. Schnee,'! S. Scorza.” B. Serfass,'*

B. Shank,'” D. Speller,” K. M. Sundgvist,"* A.N. Villano,'” B. Welliver,"® D. H. Wright," S. Yellin,'®
1.3, Yen,'" J. Yoo,” B.A. Young,” and J. Zhang'’

(CDMS Collaboration)




Direct dark matter searches

We report results of a search for weakly interacting massive particles (WIMPS) with the silicon
detectors of the CDMS II experiment. This blind analysis of 140.2 kg day of data taken between July 2007
and September 2008 revealed three WIMP-candidate events with a surface-event background estimate of

0.4170 30 (stat) 7033 (syst). Other known backgrounds from neutrons and “*Pb are limited to <0.13 and

=<.08 events at the 9% confidence level, respectively. The exposure of this analysis is equivalent to
234 kg day for a recoil energy range of 7-100 keV for a WIMP of mass 10 GeV/c”. The probability

that the known backgrounds would produce three or more events in the signal region is 54%.
A profile likelihood ratio test of the three events that includes the measured recoil energies gives a
(0.19% probability for the known-background-only hvpothesis when tested against the alternative
WIMP + backeround hypothesis. The highest likelihood occurs for a WIMP mass of 8.6 GeV/¢* and

WIMP-nucleon cross section of 1.9 % 1074 cm?®.
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Annual modulation: the DAMA/LIBRA experiment
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Neutrinos from annihilations in the Sun

Observations consistent with the background-only hypothesis
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Theoretical interpretation of the experimental results

e Differential rate of DM-induced scatterings

dR Y ‘ e do
LN O Bovf (T + Tops(t)) —
dER M ATRDM v>VUmin(ER) dER

¢ The neutrino flux from annihilations inside the Sun 1s, under plausible
assumptions, determined by the capture rate inside the Sun:

Ro y o
b = / 4’}"{'?"2(‘1?’ Flge / dB’U _f(r”) (’UQ I [‘L‘csc(?’)]z) X
0 v<v

( Su 1'1} ( .r.:] T.J

max

dER

/'Q;Li ("Uz—l—[‘ucsc (T*)]Z)/'mr,ﬂ do
mpmv? /2 | dER



Theoretical interpretation of the experimental results

e Differential rate of DM-induced scatterings

do

dR L Ploc

= d3’U’Uf U + Ughs(t
dER mampwm ‘szfllliti(ER) ( ( )) (iER

Uncertainties from particle/nuclear physics and from astrophysics

¢ The neutrino flux from annihilations inside the Sun 1s, under plausible
assumptions, determined by the capture rate inside the Sun:

R | il
O'= / drr2dy 2o / d*v /@) (v + [ese(r)]) X
0 UETJEE;;;HJ( )

™TMpwM v

dE
'lDZx-IUQ/Q = dER

./ 204 (v Hlvesc(r)]* ) /ma do



Theoretical interpretation of the experimental results

Uncertainties from particle/nuclear physics.

e Dark matter mass?

For thermally produced dark matter, mp,, = few MeV — 100 TeV

e Differential cross section?

do ma
dE_R = QMQ i (mfﬂ(bn) + U%DI %D bﬂ
,7 —2\
Spin-independent and Nuclear form factors

spin-dependent cross sections
at zero momentum transfer

(In some DM frameworks, other operators may also arise )



Theoretical interpretation of the experimental results

Uncertainties from astrophysics

e Local dark matter density?
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0.08
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Theoretical interpretation of the experimental results

Uncertainties from astrophysics

e Local dark matter velocity distribution?
Completely unknown. Rely on theoretical considerations

m [f the density distribution follows a singular isothermal sphere profile, the
velocity distribution has a Maxwell-Boltzmann form.

1

p(r) ~ =5 — f(0) ~ exp(—v* /o)



Theoretical interpretation of the experimental results

Uncertainties from astrophysics

e Local dark matter velocity distribution?
Completely unknown. Rely on theoretical considerations

m [f the density distribution follows a singular 1sothermal sphere profile, the
velocity distribution has a Maxwell-Boltzmann form.

m Dark matter-only simulations. Show deviations from Maxwell-Boltzmann
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Theoretical interpretation of the experimental results

Uncertainties from astrophysics

e Local dark matter velocity distribution?
Completely unknown. Rely on theoretical considerations

m [f the density distribution follows a singular 1sothermal sphere profile, the
velocity distribution has a Maxwell-Boltzmann form.

m Dark matter-only simulations. Show deviations from Maxwell-Boltzmann

m Hydrodynamical simulations (DM+baryons). Inconclusive at the moment.
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Theoretical interpretation of the experimental results

Common approach: assume SI or SD interaction only, assume p, = 0.3 GeV/cm?
and assume a Maxwell-Boltzmann velocity distribution
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Theoretical interpretation of the experimental results

Common approach: assume SI or SD interaction only, assume p, = 0.3 GeV/cm?
and assume a Maxwell-Boltzmann velocity distribution

SI
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Theoretical interpretation of the experimental results

Common approach: assume SI or SD interaction only, assume p, = 0.3 GeV/cm?
and assume a Maxwell-Boltzmann velocity distribution
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Theoretical interpretation of the experimental results

Common approach: assume SI or SD interaction only, assume p, = 0.3 GeV/cm?
and assume a Maxwell-Boltzmann velocity distribution

SI
\ @ is ruled out (by PandaX, among others)
o
\ DAMQ/LI < @ explains the DAMA results, but
A Superl . . .
@—"/ =S is ruled out by other direct detection
Y\ o\ . experiments and by neutrino telescopes

1s allowed by current experiments, and
will be tested by LZ.
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Theoretical interpretation of the experimental results

Common approach: assume SI or SD interaction only, assume p, = 0.3 GeV/cm’
and assume a Maxwell-Boltzmann velocity distribution

SI
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1 R o experiments and by neutrino telescopes

1s allowed by current experiments, and
will be tested by LZ.
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Theoretical interpretation of the experimental results

Common approach: assume SI or SD interaction only, assume p, = 0.3 GeV/cm’

and assume a Maxwell-Boltzmann velocity distribution
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1s allowed by current experiments, and
will be tested by LZ.

Are all particle physics models covered?

What 1s the impact of the astrophysical
uncertainties on these conclusions?



Theoretical interpretation of the experimental results

Common approach: assume SI or SD interaction only, assume p, = 0.3 GeV/cm’
and assume a Maxwell-Boltzmann velocity distribution

SI
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@ is ruled out (by PandaX, among others)

@ explains the DAMA results, but
is ruled out by other direct detection
experiments and by neutrino telescopes
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1s allowed by current experiments, and

. will be tested by LZ.
& |
N Are all particle physics models covered?
WIMP Mass [GeV/c?] What 1s the impact of the astrophysical

uncertainties on these conclusions?

Do these conclusions hold for arbitrary
velocity distributions?



Addressing
theoretical uncertainties

in dark matter detection



DM theory parameter space
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MB velocity
distribution

SI, SD Particle physics
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Halo-independent approach for DM frameworks

e (0, mpy) is ruled out regardless of the velocity distribution if

min {R(U, mDm)} > Rmax

f(9)
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Halo-independent approach for DM frameworks

e (0, mpy ) is ruled out regardless of the velocity distribution if

I}l(l_})l {R(U, meM)} = Rma}{

Note: one single direct detection experiment is not sufficient

to probe a dark wmatter model in a halo-independent manner
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e (0, mpy ) is ruled out regardless of the velocity distribution if

I}l(l_})l {R(U, meM)} = Rma}{

Note: one single direct detection experiment is not sufficient

to probe a dark wmatter model in a halo-independent manner
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Halo-independent approach for DM frameworks

e (0, mpy ) is ruled out regardless of the velocity distribution if

min {R(U, mDm)} > Rmax
£ ()

Note: one single direct detection experiment is not sufficient

to probe a dark wmatter model in a halo-independent manner

f(v)

Velocity threshold
of the experiment

Some velocity distributions will
escape detection in the experiment



Halo-independent approach for DM frameworks

e (0, mpy) is ruled out regardless of the velocity distribution if

I}l(l_})l {R(J, mDM)} > Rmax

Note: one single direct detection experiment is not sufficient
to probe a dark wmatter model in a halo-independent manner

f(v)

velocity threshold for
capture in the Sun

Neutrino telescopes probe low dark matter velocities. In combination with
direct detection experiments, one can probe the whole velocity space



Halo-independent approach for DM frameworks

e (0, mpy ) is ruled out regardless of the velocity distribution if

min 5 e

Optimization problem with constraints



Halo-independent approach for DM frameworks

Technically complicated...

e do

Ploc 3 oy o
R(o, mpy) = / dFEg / d v v f(U 4+ Uops(t)) ——

Re =
C(o,mpy) = / drrdr o / d%v f(©)
0 v<v

mpmM (Sun) ()

max (T)

(1}2 + [?Jesc(?")]z) X

dEp —

212 (V2 +[vesc (r)]2 ) /ma do
[ dEp

mpyv2 /2



Upper limit on the scattering cross section from
combining PandaX and IceCube/SK.

Express the velocity distribution as a superposition of many many streams:

mn

f@) =3 e 877

1=1

Minimization problem. For given DM mass and cross-section:

T

g PandaX
minimize R(Pa‘ndax)(cﬁlmjcﬁn) = § CﬁzRé : )
=1
T

subject to Z (;gicg"f) < WD)

max !
=1

n
and E i =13
i=1

gnd ¢z =0, i=1luun,

The parameters o and my,,, are excluded in a halo independent manner if :

R(PandaX) (Cﬁl e, Cy ) } > R(Panda){)

111111 { ) max
constraints




Upper limit on the scattering cross section from
combining PandaX and IceCube/SK.

Express the velocity distribution as a superposition of many many streams:

mn

f@) =3 es 807

1=1

Minimization problem. For given DM mass and cross-section:

PandaX
minimize R{Pa’“d‘ﬂ) (cg,.-- E fuR( sndaX)

subject to Za‘?ﬁCST) < ((NT)

n
and E =1,
i=1

and ez =0, ¢= 1.

The objective function and the constraints
are linear 1n the weights of the DM streams

max ?

< Optimize using linear programming techniques.



A tour in linear programming

An automobile company produces cars and trucks. For each car obtains
400€ profit, and for each truck, 700€. What should be the strategy of the
company to optimize the weekly profit?
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Answer: produce only trucks, 1f there are no constraints.



A tour in linear programming

An automobile company produces cars and trucks. For each car obtains
400€ profit, and for each truck, 700€. What should be the strategy of the
company to optimize the weekly profit?

Answer: produce only trucks, 1f there are no constraints.
In real life, the production is subject to constraints

- It takes 4 hours to assemble the engine of a car, and 3 hours for a truck
- It takes 2 hours to paint a car, and 4 hours to paint a truck
- The assembly line operates 14 hours a day, and the paint

workshop operates 10 hours a day, 5 days a week.



A tour in linear programming

An automobile company produces cars and trucks. For each car obtains
400€ profit, and for each truck, 700€. What should be the strategy of the
company to optimize the weekly profit?

Answer: produce only trucks, 1f there are no constraints.
In real life, the production is subject to constraints

- It takes 4 hours to assemble the engine of a car, and 3 hours for a truck
- It takes 2 hours to paint a car, and 4 hours to paint a truck
- The assembly line operates 14 hours a day, and the paint

workshop operates 10 hours a day, 5 days a week.

Linear programming problem:

Maximize P = 400N, + 700N,

subject to 4N.+3N; <14 x5
and 2N, + 4N, <10 x5
and N.> 0, N >0



A tour in linear programming

An automobile company produces cars and trucks. For each car obtains
400€ profit, and for each truck, 700€. What should be the strategy of the
company to optimize the weekly profit?

Answer: produce only trucks, 1f there are no constraints.
In real life, the production is subject to constraints

- It takes 4 hours to assemble the engine of a car, and 3 hours for a truck
- It takes 2 hours to paint a car, and 4 hours to paint a truck
- The assembly line operates 14 hours a day, and the paint

workshop operates 10 hours a day, 5 days a week.

Linear programming problem:

“Objective function” Maximize P = 400N, + 700N,

{ subject to 4N, 4+ 3N; < % 5\
Constraints and 2N,.+ 4N, <10 X

and N. >0, N, >0 “Decision variables”
= ifsalling L



A tour in linear programming

Maximize P = 400N, + 700N,

subject to 4N, 4+ 3N; <14 x5
and 2N, + 4N, <10x 5
and N.>0,Nt >0
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A tour in linear programming

Maximize P = 400N, + 700N,

subject to 4N, 4+ 3N; <14 x5
and 2N, + 4N, <10x 5
and N.>0,Nt >0

N =13

N,=6
Profit = 9400 €/week
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A tour in linear programming

Maximize P = 400N, + 700N, N =0

subject to 4N.+ 3N; < 14 X 5
and 2N,+ 3N, <10 x 5
and N.>0,N; >0

N,=16.7
Profit = 11700 €/week
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A tour in linear programming

Lessons:

1) The solution lies at one of the vertices of the feasible region (polygon)

2) For two constraints there are:

- two non-vanishing decision variables, when the two constraints are saturated
- one non-vanishing decision variable, when one of the constraints 1s
not saturated



A tour in linear programming
Suppose that the company also produces motorbikes. The profit 1s 100€
per motorbike, it takes 1 hour to assemble the engine of the motorbike,

and 1t takes 30 minutes to paint the motorbike.
Maximize P = 400N.+ 700N, + 100N,

subject to 4N.+ N; + N, <14 X 5
and 2N.+4N,+0.5N, <10x 5

and N. >0, N: >0, N, >0




A tour in linear programming

Suppose that the company also produces motorbikes. The profit 1s 100€
per motorbike, it takes 1 hour to assemble the engine of the motorbike,
and 1t takes 30 minutes to paint the motorbike.

Maximize P = 400N, + 700N; + 100N,
subject to 4N.+ N; + N, <14 X 5
and 2N.+4N; 4+ 0.5N, <10 X 5
and N. >0, N: >0, N, >0

N,=0
N =13
N,=6

Profit = 9400 €/week




A tour in linear programming

For three decision variables and two constraints, the optimized
solution necessarily has at least one vanishing decision variable
(or, alternatively, at most two non-vanishing decision variables).

(Three non-vanishing decision variables would correspond
to a point singled-out by the intersection of three planes,

but we only have two constraints!)



A tour in linear programming

Take-home lessons from linear programming.

1) The solution lies at one of the vertices of the “feasible region”

2) For N constraints, there are between 1 and /N non-vanishing
decision variables.

(when r of the constraints are not saturated, then the
optimal solution consists of N — r decision variables)




Upper limit on the scattering cross section from
combining PandaX and IceCube/SK.

Express the velocity distribution as a superposition of many many streams:

mn

f@) =3 e 877

1=1

Minimization problem. For given DM mass and cross-section:

T

o , (PandaX)
ETRRP C“ff'n) = E : {’ﬁfR’?__fi

=1

minimize RFandaX) (

T

1) The solution lies at one of the vertices of the “feasible region™

2) The optimized velocity distribution contains either one or two
streams (depending on the number of constraints that are not saturated).




Upper limit on the scattering cross section from
combining PandaX and IceCube/SK.
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Upper limit on the scattering cross section from
combining PandaX and IceCube/SK.

Spin-independent interaction
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Upper limit on the scattering cross section from

combining

PandaX and lceCube/SK.
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Upper limit on the scattering cross section from
combining PandaX and IceCube/SK.

Spin-independent interaction
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Upper limit on the scattering cross section from
combining PandaX and IceCube/SK.

Spin-independent interaction
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@ is ruled out from combining PandaX and neutrino telescopes, for any velocity distribution.



Upper limit on the scattering cross section from
combining PandaX and IceCube/SK.

Spin-independent interaction
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@ 1s ruled out by neutrino telescopes only, for any velocity distribution.



Halo-independent upper limit on the scattering cross
section from combining PandaX and IceCube/SK.

It 1s unlikely that the halo independent upper limit saturates (it 1s unlikely
that the true velocity distribution consists just of two streams).
Add physically plausible assumptions (e.g. MB distribution +“distortions™).

Spin-independent interaction
Dependence of the Xenonl1T+IceCube limit on A at 90% C.L.
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Halo-independent upper limit on the scattering cross
section from combining PandaX and IceCube/SK.

The same method can be applied to bracket the astrophysical
uncertainties 1n any experiment.

Spin-independent interaction
Dependence of the XenonlT limits on A at 90% C.L.
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DAMA confronted to null results in a halo independent way

Strategy: minimize the rate at a given experiment, with the constraints that the
modulation signal at DAMA 1n the bins [2.0,2.5], [2.5,3.0] and [3.0,3.5] keV
are as reported by the experiment.

The parameters o- and my,,, are excluded in a halo independent manner 1f:

. { p(PandaX) (o, mDM)} > Rg;}?da,x}

constraints

f(?)

SI interaction only
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DAMA confronted to null results in a halo independent way

Strategy: minimize the rate at a given experiment, with the constraints that the
modulation signal at DAMA 1n the bins [2.0,2.5], [2.5,3.0] and [3.0,3.5] keV

are as reported by the experiment.

The parameters o- and my,,, are excluded in a halo independent manner 1f:

f(?)

SI interaction only
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DAMA confronted to null results in a halo independent way

Strategy: minimize the rate at a given experiment, with the constraints that the
modulation signal at DAMA 1n the bins [2.0,2.5], [2.5,3.0] and [3.0,3.5] keV
are as reported by the experiment.

The parameters o- and my,,, are excluded in a halo independent manner 1f:

min { R(Pandax) (O’, meM) } Z

constraints

f(?)

SI interaction only

1036 —
10757 Excluded * stream #1 stream #2 stream #3
103 [ ez, 0.54 0.28 0.18
—_— 7, [km/s] (—10,—123,101) (10§ Cl) (56,119, —183)
E 1077+ DAMAY, (SHM) 1 B (P 12X)| [km/s] 257.1 255.1
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DAMA confronted to null results in a halo independent way

Strategy: minimize the rate at a given experiment, with the constraints that the
modulation signal at DAMA 1n the bins [2.0,2.5], [2.5,3.0] and [3.0,3.5] keV
are as reported by the experiment.

The parameters o- and my,,, are excluded in a halo independent manner 1f:

max

s { p(PandaX) (o, mm&)} > R(PandaX)

constraints

f(?)

Allowed in this analysis, but probably ruled out:

- Unlikely that the velocity distribution consists of 3 streams.

i - A small smearing of the streams (~1%) already spoils the solution

‘E 10 - Only the modulation signals were used, but not the time dependence of the signal
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DAMA confronted to null results in a halo independent way

Strategy: minimize the rate at a given experiment, with the constraints that the
modulation signal at DAMA 1n the bins [2.0,2.5], [2.5,3.0] and [3.0,3.5] keV
are as reported by the experiment.

The parameters o- and my,,, are excluded in a halo independent manner 1f:

P (NFJ_‘I) (N-11)
min {C (o, mpm) S
f(7) constraints
o SI interaction only . SI interaction only
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DAMA confronted to null results in a halo independent way

Strategy 2: minimize the rate at a given direct detection experiment, with
the constraints that the modulation signal at DAMA 1n the bins [2.0,2.5],
[2.5,3.0] and [3.0,3.5] keV are as reported by the experiment, and the
capture rate at IceCube is below the current upper limit.

The parameters o~ and mp,,, are excluded in a halo independent manner 1f:

min {R(Panda,}{) (O'.J, meM)}

constraints
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Halo independent prospects for future experiments

The parameters o and m,,, are fully testable in a halo independent manner if :

min {R(LZ) (O’, mDm)} =1

constraints

/(@)

The parameters o and my,,; are untestable in a halo independent manner if :

max {R(LZ) (o, mDM)} <1

constraints

F (@)

LZ reach to the SI cross-section from null results at neutrino telescopes
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The effective theory of dark matter-nucleon interactions

In the non-relativistic limit, the scattering amplitude 1s restricted by:

- momentum conservation
- Galilean invariance

Most general form of the invariant amplitude:

Nuclear spin

Momentum
transfer

Relative
Incoming
velocity

Dark matter
spin



The effective theory of dark matter-nucleon interactions

In the non-relativistic limit, the scattering amplitude 1s restricted by:

- momentum conservation
- Galilean invariance

Most general form of the invariant amplitude:
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The effective theory of dark matter-nucleon interactions

In the non-relativistic limit, the scattering amplitude 1s restricted by:

- momentum conservation
- Galilean invariance

Most general form of the invariant amplitude:

Nuclear spin
Momentum

CGT
ransverse
transfer Dark matter

velocity” spin

The Hamiltonian of the system must be a combination of operators

that depend only on iq, v, S Sy,




The effective theory of dark matter-nucleon interactions

14 possible operators, up to first order in the velocity and momentum transfer:

- . q Fitzpatrick et al'l12
Ol = ]lxN Og = ?SX (SN X —)
muy
Oi—?_’N (LX?JJ‘ Om:?ﬂw 'y
my my
— — .= q
04 — Py N 011 = ?:'SX H
Of} — ?SX — R 012 = SX SN X U
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= 9\ (a 4 = \(a 9
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The effective theory of dark matter-nucleon interactions

14 possible operators, up to first order in the velocity and momentum transfer:

Hamiltonian:

q ) Fitzpatrick et al'l12
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The effective theory of dark matter-nucleon interactions

14 possible operators, up to first order in the velocity and momentum transfer:

- . q Fitzpatrick et al'l12
Ol = ]lxN Og — ‘.iSX - (SN X —)
muy
O3 = iSy (LX?TJ‘) O10 = iSn e
my my
— — — q
04 — X N 011 — ?SX H
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my
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mpy muy my
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my
Oy =8, - 7 olr,:(gx.i) [(ﬂwxﬁi) i]
mpy my

Hamiltonian: Hy(r) = chgok(r)f



The effective theory of dark matter-nucleon interactions

14 possible operators, up to first order in the velocity and momentum transfer:

O=1,n

SI interaction

.3 q _
03 = ’.%SN . (— X "UJ"

my

o= gx .Sy SD interaction
O = ?gx (i X ?*i)
my
O = (gx ; i) (gN ; i)
my mpy
O7 = Sy - 7+
03 = gX s Tj’d_
Hamiltonian:  H(r)

- . q Fitzpatrick et al'l12

muy
=
O =Sy - —
mpy
= q
011 = ?SX =
my



The effective theory of dark wmatter-nucleon interactions

Some applications:

1) Model independent analysis of null search experiments (in the same

spirit as for the “traditional” SI and SD interactions Fitzpatrick et al'12
Catena, Gondolo'l5
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The effective theory of dark matter-nucleon interactions

Some applications:

1) Model independent analysis of null search experiments (in the same
spirit as for the “traditional” SI and SD interactions

2) Model independent analysis of the DAMA signal, in view of the
null results from other direct detection experiments.

DM with spin 1/2
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The effective theory of dark matter-nucleon interactions

Some applications:

1) Model independent analysis of null search experiments (in the same
spirit as for the “traditional” SI and SD interactions

2) Model independent analysis of the DAMA signal, in view of the
null results from other direct detection experiments.
DM with spin 1/2
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CDMS-Si confronted to null results in a halo independent way

The silicon detectors of the CDMS II experiments observed three DM
candidate events, with relatively little exposure (23.4 kg day).

Is the DM interpretation ruled out, for all models and all velocity
distributions?



CDMS-Si confronted to null results in a halo independent way

The silicon detectors of the CDMS II experiments observed three DM
candidate events, with relatively little exposure (23.4 kg day).
Is the DM interpretation ruled out, for all models and all velocity

distributions?
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CDMS-Si confronted to null results in a halo independent way

The silicon detectors of the CDMS II experiments observed three DM
candidate events, with relatively little exposure (23.4 kg day).
Is the DM interpretation ruled out, for all models and all velocity

distributions? CDMS.S: COMS.S:
NIV = mar max [N[ e ”(c)]

foo e LT
subject to N{X]{ENON]T)(C) < N(XENON]T) ’
fv) u.l.
and N{PICO}(C) < N(PICO},

f(v) - u.l.

and f fvydiv =1,

Step 1: Calculate the maximum number of events for a fixed-velocity
distribution.



CDMS-Si confronted to null results in a halo independent way

The silicon detectors of the CDMS II experiments observed three DM
candidate events, with relatively little exposure (23.4 kg day).

Is the DM interpretation ruled out, for all models and all velocity
distributions?

N][EEMS_S” A max max [N[CPMS_SI} (C)]
f(v) ¢ fv)
' (
subject to N;ﬁﬁNONlTJ(C) < NXENONIT)

(PICO) (PICO)
and Ni;"(v] (C) < Nu.]. ’

and f fvydiv =1,

Step 1: Calculate the maximum number of events for a fixed-velocity
distribution.

Step 2: Sample over velocity distributions and determine the maximal
number of events

Analytically, fav,(V) = @d(v —vi) + (1 = @)o(v — v2)
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CDMS-Si confronted to null results in a halo independent way

The silicon detectors of the CDMS II experiments observed three DM
candidate events, with relatively little exposure (23.4 kg day).

Is the DM interpretation ruled out, for all models and all velocity
distributions?

(CDMS-Si) _ (CDMS-Si) ]
Nmax = 1}](5;1?1 mng [wa} (C) X
subject to NRENONTD oy o Af(XENONTD)

fv) wl. ’

(PICO) (PICO)
and N_;"(v) (C) < Nu.]. ’

and f fvydiv =1,

Step 1: Calculate the maximum number of events for a fixed-velocity
distribution.

Step 2: Sample over velocity distributions and determine the maximal
number of events

Step 3: If the maximal number of events 1s < 3, then the DM interpretation

is ruled-out in a halo- and particle physics independent way.




CDMS-Si confronted to null results in a halo independent way

The silicon detectors of the CDMS II experiments observed three DM
candidate events, with relatively little exposure (23.4 kg day).

Is the DM 1nterpretation ruled out, for all models and all velocity
distributions?

Halo-independent
Fermionic DM: O, 03,0y, ... 045
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Conclusions

e The interpretation of any experiment probing the dark matter distribution inside
the Solar System i1s subject to our ignorance of the local dark matter density
and velocity distribution, as well as of the underlying particle physics model.

e We have developed a method to calculate the minimum/maximum number
of signal events in an experiment probing the dark matter distribution inside the
Solar System, in view of a number of constraints from direct detection experiments
and/or neutrino telescopes.

e Some applications are:

1) to derive a halo-independent upper limit on the cross section
from a set of null results.
11) to confront in a halo-independent way a detection claim
to a set of null results.
111) to assess, in a halo-independent manner, the prospects for detection
in a future experiment given a set of current null results.

e The method could be extended to include other dark matter interactions, or to
account for more realistic velocity configurations.
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