COBANDZEERICEIFZSTI+SOI? Y TBERIBINE
sub-GeVBIgsy — DO VY —RFIEZRAN\DIMFE

HANSET (HHFBSEiPI)
TCHoUERNE=5%
2019/6/3



CvB

Cosmic Neutrino
Background

-

q
37
29 - q
Inflation q %2 B
. 3 ognlN
BZ°:"p 5
A K g:t'-g
u;i_‘g Jioky e
T 155
T2 SN &

0

Key: W, Z bosons \/\, photon

q quark (%) meson ‘ galaxy
g gluon o & ® baryon

e electron o jon * L
[Lmuon Ttau

black
V neutrino @atom ’ hole




'FEER-_1-—FJ /1O TZa—FJ_/BEER]
RRASOUM (EIRIMR) DHE UTEIY (v, #BLERT)
« BTIDFEHSOBENE, RENSISBEIND (HIRB)

V3 — V1’2 +y |n CvB




I SNDFEE=R_1— K/ DRBRIRICOREDT

Ji

A, distribution in v3 » v, +y

dNy/dA(a.u)

F Sharp Edge with M3 = 50 meV
- 1.9K smearing

Red Shift effect

'

\

10

3 100 500 Alum]

700 50 [20 10 5 ¢
50um(25meV) (meV]

COXDBIENT v I%:

F O ICBHZE D DICRISHICTRL)

4




Surface brightness I, [MJy/sr]
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Zodiacal Emission CMB
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Neutrino Decay

o I,=25kJy/sr
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Meutrine background for a Ge target

WIMP-nucleon cross section [pb]
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Light Dark Matter

 |f DM interacts via weak interaction, annihilation cross
section is of the order m% /M

* In the early universe, LDM would be produced
abundantly, and less annihilated before freeze out.

=» This leads to a higher density of DM than currently
observed.

=» Thus, lower limit of DM mass is to be 2 GeV (Lee-
Weinberg bound).

 However, there are some loopholes for LDM existence
lighter than 2GeV, such as an interaction via a lighter
boson mediation.

= LDM is worth to search for



Setup
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That's all
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3 hours



Velocity distribution
Maxwell-Boltzmann distribution

F) = iz viexp (- )

Ump = V@ = 220 km/s

ve: the solar system in the Milky way galaxy

* V=220 km/s (222 £20 km/s)
— F. J. Kerr and D. Lynden-Bell (1986), “Review of galactic constants”

¢ Vu=238+14 km/s
— Honma et. al (2012) http://pasj.asj.or.jp/v64/n6/640136/640136.pdf



Velocity distribution wrt the Milky way galaxy

Ump = 220 km/s Vese = 540 km/s
DM velocity wrt MWG
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DM parameters

Mass density of the dark matter around the solar system
0.3 GeV/c?cm
Earth velocity w.r.t. the Milky way galaxy

~ T , t —152.5 "
vy E Ve cos| 2m 365285 m/s

— Maximum on June 2.

Escape velocity from the Milky way galaxy
— 544 (498~608) km/s [The RAVE Survey, M.C.Smith et al. (2007)]

References

— R. W. Schnee, Introduction to Dark Matter Experiments
arXiv:1101.5205v1

— D.G.Cerdeno and A.M.Green, Direct detection of WIMPs (2010)
arXiv:1002.1912v1



Velocity distribution wrt the earth

® Ve = (220 — 15) km/s
DM velocity wrt LAB
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Recoll energy distribution

Elastic scattering
In the CM frame, the DM particle scatters off a nucleus
with an angle 6 isotropically (zero-momentum transfer
case F?=1)

=» cos0 distributes uniformly between -1 and 1

2..2
v MxM
Ep =5~ (1 — cos8*) Uy = —2-4
My Mx+M 4
dN
dE,



Recoll energy distribution

Number of interacted DM in velocity [v, v+dv]

dN

To ppmf (V)voyNAL

ppym - DM density = 0.3 GeV/c?-cm=3 / My
f(v): DM velocity distribution [ f(v)dv = 1
d,. DM-nucleus cross-section

N: number of target nuclei

At: measurement time



Expected recoil energy distribution

e My =0.1GeV, g, =1mb=10"2%7 cm?
« Target: **Nb (92.9u) 100um x 100pm x 1um x 10

e Measurement time: 10000sec

Events/50meV

Ve = (220 + 15) km/s
Ve = (220 — 15) km/s

Mean 204.5
Mean 185.2

N=5.52
N=5.21

500

1000 1500 2000
E, (meV)



background from cosmic muon and Nb isotopes

* Maximum sensitive area: 100um x 100um x 10
« Muon rate: Suppose ~1 muon /cm?/min
=» 0.001 muons/min = 0.167 muons /10000sec

MIP energy deposit for 1um-thick Nb

« p=8.57g-cm™3 e
* dE/dx >1.2MeV-g~!:cm? %EE
= AE > 1.03 keV 34_
§ 3
* Muon rate is low and energy Y2
deposit is too large! 1: METAN S )
« 9Nb and %7Al are stable and at W N e R
100% natural abundance B T P LI

Muon momentum (GeV/c)

Negligible source of background.



Noise from fluctuation in STJ leak current

* Fluctuation in signal charge: g, = \/eATiptljear = 0.04fC

— Assume signal pulse integration time is ATy, = 1us
— Assume the STJ leak currentis lj,,x = 10nA

« Q=eGyE/1.7A =7.85 % 107*fC/meV - E
— A=1.2meV, G,~=10
= o = 50.9meV

e 10000s/1us=101°

 |f we set threshold at 350meV (6.88c, prob=3x1012),
Nbkg=0.03 are expected.



Expected recoil energy distribution w/ o

« Energy resolution: o = /(1.7A) FE®50.9meV
— Suppose F=0.2, then /(1.7A)F - 350meV ~ 11.95meV

Events/50meV

v = (220 + 15) km/s

Ve = (220 — 15) km/s

Z 2
N Ui
N

v

71000 1500 2000
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Single Event Sensitivity and 90%CL limit

My = 0.1 GeV, o4, = 1 mb = 1072%7 cm?
Target: °3Nb (92.9u) 100pum x 100pum x 1um x 10
Measurement time: 10000sec

If we set threshold at 350meV, N(+)=1.04, N(-)=0.83 and
Nbkg=0.03 are expected.

Single event sensitivity: g,(S.E.S.) = 1.07 X 10747 cm?
90%CL cross section upper limit: 2.46 x 10747 cm?




Cross section

« Momentum transfer g2 is very small, usually the zero

momentum transfer case is assumed: of*

« Spin-independent (Sl) and spin-dependent (SD)

2
0.5(A = 4% [pr + (4 — Z)fn]z

32GEu5] + 1
e L = (ap{S) + antsn)’

2 2
« For Sl, assume f, =~ f,, then define gg; = A 55 DM-

T
nucleon cross section, we get

2
XA '“_AAz

Oqc) = O
0,SI SI ~ 2
Un

2
Nb: 92.9u, n: 1.01u, DM: 0.1GeV(0.107u) = Z—g‘ = 1.22
90%CL og; upper limit; 2.33 x 10731 cm?




Cross section
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DM Mass (GeV/c“)



We can exclude here
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An experimental
Expedition into a
new Particle
Habitat at smallest
Masses
(2011.9.28)

H. Baer’s slide

5t Patras
Workshop on
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WISPs, 2009

http://axion-wimp2009. desy. de/e30/e52240/e54378/HowieBaer. pdf
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Corrected M-B statistics

Maxwell-Boltzmann distribution
2ini=N  Yine =E
odn;: perturbation from equilibrium
2.i6n; =0 X;6ne; =0
Distribute indistinguishable N particles to partitions where i-th
partition has n; particles. The number of the possible states is

! InW ~ — Zi(nilnni — Tli)

nqlngl---

W =

which is stationary with the perturbation of §n; on the constraints
above.

0{—2;(milnn; —ny) } +a(};0n;) + B 6ni€;) =0
Yion(=lnm; + a+ fe;) =0

n; = exp(—a — fe;)



Velocity distribution

Maxwell-Boltzmann distribution

;—n = A'exp(—BE) where E = —mv + U,

For isotropic velocity distribution d3v = 4mv?dv

d o d _3
d—:=Av2exp(—Bva2) Jy —ndv—A %(ﬁm) 2 =

With normallzatlon — I (,Bm)zv exp (—ﬁ—mvz)

2

3 4
Yinp = B <”2>:—m=z”mp V) = o = 2ving

=2 f(v) = vmp\/_v exp( v ) Ump = 220 km/s



N.R. two-body elastic scattering

MxMp
MX+MN

« Momentumin CM: p* =puyv uy =

CM-LAB velocity (= particle N velocity in CM): vy = 15—*

N

Recoil energy in LAB(rest frame of the target):
Ep = %MNv,’(,Z[(l — cos8*)? + sin® 6*]

p*e
My

(1 — cos6™)

Lab-frame ® CM-frame



N.R. two-body elastic scattering

Fermi Golden rule
Wy = 27T|Mfi|2P(Ef)

- transition probability per unit time: Wy; = 11\\/,f — r;‘vva = %

0}

do = 27TV|Mfl| dp (Normalization [ pdV = 1)
* InCM
_p” _pldp” _ ;
Ef = p dEf = p = Udp
* Number of final states per unit energy
R 4 Sl VPt o, _Vp
p(Q Ep)dQdEp = o dp" = = dp*dQ = dEfdQ
dp = pda = 227 40
p - p (27_[)3

2 2
Z;:Lz“ZWﬁF 0—4”3—;=V7H2|Mﬂ|




Radioactive isotopes in STJ

Si: 4.99 x 10%?atoms/cm?
— Density 28.1g/mol, 12.1mL/mol

Nb: 5.56 x 10%?2atoms/cm?
— Density 8.57 g/cm3, 92.9 g/mol
— 5.56 x 10"atoms in 100pum x 100um x 1um x 10

Thorium series: 23°Th (t,,=1.4x10"0yrs)
Uranium series: 238U (t,,=4.5x10%rs)
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