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Algebra of LHC

2)(50' = {#¥ The Nobel Prize in Physics 2013
¥ Francois Englert, Peter Higgs

Hanagaki-san’s slide

History of Higgs Search

% 1980's SGe '

» Crystal Ball at Doris
— 1 J) ® YoHr
=“crystal ball” + 30yrs! s
® Y—Hr, m—evH(—ee),
BoKH( e p, mm, KK
» mH> 8 or 9 GeV

Algebra of DM search

over 9o (by 14yrs of measurement) < discovery
Model Independent Annual Modulation Result

DAMA/NqI + DAMA/LIBRA-phase1 Tofal exposure: 487526 kgxday = 1.33 tonxyr
Single-hit residuals rate of s |n’n|| ation events vs time in 2-6 keV EPJC 56(2008)333, EPJC 67(2010)39, EPJC 73(2013)2648
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DM direct detection

D

SIGNAL
E,<~100keV

Sxp = 0.1 pb expected direct DM signals
% 0s v oo (1) observed * events
0 T k(e (2) energy spectrum
2 04 LA (3) seasonal modulation
"1 December | (4) material dependence
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(5) direction-sensitive



Physics cases



Direction-Sensitive Dark Matter Search

concept “CYGNUS”

: . - » Our GALAXY

constellation
“CYGNUS”

WIMP-WIND from “CYGNUS”



“CYGNUS” concept

seasonal directionality
modulation (expected)
(expected)

Physics Letters B 578 (2004) 241246

M=80GeV

xp = 0.1 pb
Pp = 0.3 GeV/c2/cm3
Vo =220 km/s
VE =247 km/s (Jun.)
217 km/s (Dec.)
Vese = 650 km/s
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Clear Discovery
+ study the nature of DM after discovery



“CYGNUS” physics towards discovery

+ Potential to search beyond the
“neutrino floor”?

F. Mayet et al. / Physics Reports 627 (2016) 1-49

expected
J Billard, L Strigari, E Figueroa-Feliciano arXiv:1307.5458

1.6667 - 3.3333 keV  WIMPS
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“CYGNUS” physics after discovery

+« Test the DM motion

e ex. Sagittarius stream
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PHYSICAL REVIEW D 90, 123511 (2014)
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e Sstreams, halo model...




“CYGNUS” physics after discovery

+ Test the interaction by scattering angle (1)
PHYSICAL REVIEW D 92, 023513 (2015)
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® Some operators are distinguishable



“CYGNUS” physics after discovery

+ Test the interaction by scattering angle 2)

PHYSICAL REVIEW D 81, 096005 (2010)
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e IDM (inelastic scatterings dark matter) and normal

darkmatter ( FFeDM (form factor elastic dark matter))
show different angular DISTRIBUTION



Experimental Status



Experimental concept

Recoll nuclear track detection < 100keV
challenge: short track

a few mm in low pressure gas
a few 100 nm in solid

Most typical “CYNGUS”:
low pressure gas TPC

2D readout + timing
— 3D tracking




DRIFT:
pioneer of “CYGNUS” concept

+ early 2000s ~

e large TPC
e low BG study

ELSEVIER Nuclear Instruments and Methods in Physics Research A 463 (2001) 142-148
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Neutron recoils in the DRIFT detector

D.P. Snowden-Ifft***, T. Ohnuki*®, E.S. Rykoff*", C.J. Martoff*®

* Physics Department, Occidental Colle 0 Campus Road, Los Ang ~A4 90041, USA
® Barton Hall, Temple University, 1 N. I3th St., Philadelphia, PA 1
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e 2mm pitch multi-wire proportional chamber
e not very direction-sensitive



NEWAGE: always direction-sensitive

New general WIMP search with an Advanced Gaseous tracker Experiment

SKYMAP (measured DATA)

+ M-PIC(MPGD) based TPC
e 3-D tracks SKYMAP

+ CF, gas for SD search

galactic latitude
V

= e
260 240 220 200 180

+ Proposal pLB 578 (2004) 241

« First direction-sensitive limits
PLB654 (2007) 58

+« Underground results
PLB686 (2010) 11, PTEP (2015) 043F01s

+ Phase for “low BG detector” e




Cygnus gas TPCs

: DRIFT NEWAGE
T\*«M S [UK-+US] [Kobe+]
|\ s | ‘Ll . .
'd'/ « MWPC (2mm pitch)
* First started direction-
!, sensitive method

s SN Underground e u-PIC (400pm pitch)
oW ba.ckgrougd | * direction-sensitive limit
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Cygnus, others

IDM 2016
18th 22nd July 2016
NEWSdm — e DeCANT The University of Slz]efﬁeld
[Japan+ltaly] B Jm— [Italy]
pemsm— - -

"« emulsion (20~50nm crys
 good position resolution
large mass

Silicon substrate

ZnWO,
[Italy, Japan] 3 Lig Ar
u/p ratio ;
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SUMMARY

«~ Direction sensitive dark-matter search

@ Discovery and further investigation

e Many small size R&Ds are actively ongoing



PHYSICAL REVIEW D 92, 023513 (2015)

EFT operators




Physics Reports 627 (2016) 1-49
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Physics Letters B 578 (2004) 241246

SD 3o detection sensitivities
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