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Intfroduction
New Particles as media of 5th Force?¢

Classifying the New Interactions (or the 5th Force)

The SERF (Spin Exchange Relaxation Free) Magnetometer
Exp1: Spin-Dependent 5t Force
Exp2: Spin-Velocity-Dependent 5™ force

Summary
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: Dark matter components
PY D O rk M O -I--l-e r 73% (identity unknown) intergalactic gas 3.6%

9 neutrinos 0.1%
&% supermassive BHs 0.04%

Luminous matter
stars and luminous gas 0.4%

radiation 0.005%

» Strong CP problem

Science (20 June 2003)

- Baryon asymmetry: Baryon/ photon~10-19,
compared with CP violation in kaon&B-meson
experimentally: Baryon/photon~10-18

« EDM(Electric Dipole Moment)
« WIMPs, Axion, Dark Photon, Gravitino:-----
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New Medium Bosons means
% New Forces

« "The 5t Force "

Yukawa-Like Potential between the two Vertexes must be function of:

U(m;.my, $1.55, 112,V19)
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: Classifying the Interactions (I)

U(m1!m2! S1!SZ! I’12,V12)

1
Vi=—y(r) |
nglc'f'-&"y(r)
r
- "-“’( i) 57 *'*(_i lziﬂ }
V3_m2r3 [a 7 1_Td'r —3(0 T (0 r) 1 ro—t+3r d'r2,_'y(r)’
1 L S d
Vis = 53 (G+a')- (v X 'r) (1 - TE) y(r)
1 - d
Vor = C Omr2 [(5 v) (6,.7?) + (5°F) (3’°6)] (1 —r$> y(r)
1 — — — —
Vs = =(-0)(a"-7) y(r)

B. A. Dobrescu and I. Mocioiu, J. High Energy Phys. 11, 005 (2006).



Classifying of Interactions (II)

[ng = —27;2 (7+£5") -7 (1 —rd%) y(r) }
Vip = — 17,2 (7 xa") -7 (1 —rdii) y(r) |
[vlz iy = % (G5 -Ty(r) . }
Vig = % (7 x&")-Tylr),
Vis =~ { [5- (7 7)] (57 7) + (5-7) [5 (ax;w)]}

1 A A d
Vis = —5— { [&‘. (7 F)] (7" 7) + (7 7) [3'. (7 7"’)]} (1 —7’%) y(r)
B. A. Dobrescu and |I. Moc;ioiuI J. High Energx Phxs. 11i 005 $20062.
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gs ----- '7599
oer .1 1
V(F)=hg'g" +—)e "
(r)=hg.g, 8rmc (ﬂ.r r2)
Y ¥, V=peB
Moody et al., PRD30, 130(1984) 5 n n r 1 1 )
B. Dobrescuet al., J. High En. Phys. 11, 005(2006) Beﬁ’ =18 gp QTme (ﬂf T 7‘2 )e

New Particle=®»NewForces = Behave of NMR
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Y v, ¥ Y v v,

Interaction: function of M, 5, Ryo, SpiNy 5, V.
Complete Set for “All” Interactions
The medium Boson could be:

Scale Boson
Vector Boson
Axial-Vector Boson
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» Higher Sensitive, B
> SERF, SQUID- -
» Higher Densities of

> Materials
> Spins (SmMCo5)

o Lower Noise
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Magnetic field coils A

10
magnetic shields y
¥ Spe'ctrum S
analyzer

/— = = 1000
Y
E=£,2 .ﬁ ) \D—_l_‘ >_ <1
D2 probe T ﬂi'l?(}é’; | =

&= d N[t =

Analyzer ey
ECDL | Function generator s Tradltlona‘]
) § 10F magnetometers 4
<
=
€% Lock in amplifier '— 2 SERF

[ 1F

~
A 4
> Linear polarizers 0.1 5 1 - 1 7 - (;01 - ;)1 011 i
10 10 10 . . .
D1 . .
@ e Magnetic Field B (Gauss)

. Sensitivity <10 aT/Hz!/2

Phys. Rev. A 77, 033408 2008 has been achieved

Phys Rev Lett. 89 (13): 130801
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NSmCo = MCO
K“B

M, is the magnetization of Co,
R = -0.36
feo IS €-spin contr. to the mag. momen. of Co.

foo = 0.80

» For SmCo5 magnetized to 1T, its spin
density is about Ng,c, = 4.9E22/CC

» Alnico, dyprosium iron garnet (DylG), and
GGG etc. have been investigated.
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Iron Shielded SmCo5

. vy Py v, - ! — D el — —

N\ V/
» B comes from (S+L) | ;/ NN\ 7,

/

- B can be canceled | \ |
to ZERO outside, but | f t 1
not the Spins , j

1 i A

Npe = {::MFe ‘ln ﬁ I I i
fre = 0.957 t e AL L I A }
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Q, Simulation of Iron-Shielded
SmCo5 (ISSC)

Parameter value
The SERF’s center to the ISSCs’ center 0.7 m
Distance between the two ISSCs 0.6 m
Rotating frequency 5 Hz
Soft iron’s relative permeability 12000
SmCos Magnetization 10 kGs
The SERF’s sensitivity 1 fT/Hz'/?
Data taking time 2 weeks
The soft Iron’s Nucleon density 4.7%x10** em™3

The SmCos’s Nucleon density 5.1%x10%* cm™*
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The Exnperimental Setun

Magnetic shieldings
ISSC 2A

Magnetic shielding

1SSCs ~ISSC 2B

Terms Vo V3 Votio Vii Veyr Via Vis Vig
Rotating axis y ¥ T Y x y oy oy

Fie +z 4+ +z +z 4y 4y +z =z

a5 +z tz +z +z2 -y -y +z -=w
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Typical Spectra
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Typical Power Spctua
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Data Processing

--------------------------------------------------------------------- PR EEEEEEEEE RS S Ry
-

Experimental Data Simulation Data

Experimental raw data, S Find base frequency of rotation,

raw

@D ods fmod

Phase delay compensation, S .

i Simulate the exotic force,
Cut data, average, S;’i‘“i ( .S;’;p_) R

Remove DC and drifts, S’f"p
T Find the effective amplitude,
Convert to exotic field, 5P P

The coupling constant from this period of data
At ot [
i i

The coupling constant for all the data sets

f:fi_ 5fstat
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The expected Sensitivities

Mass (eV) Mass (eV)
107 10?2 100 A0 10 40° , 10 10° 107 10° 10° 107
1071 \',6+7 [ '[77:hiswork' = L2 1 Wy " This work J B
o unter 2014 ? . 15 | Hunter 201 %
10" 5
M~
+ ) / 1&9 I e ~/
= 0] Z  107- sy
10-15_ 2 10‘3_ ~
107® . ; ; ; ; 107 , , , , .
9] N R N AN 10 T ' ' ' ' '
gty 2 e S ey D R e e S Gme | | This work A
10 3 This work 7 " Vie [~ ] Hunter 20141
P [ Hunter 2014 1077
10 ™ 1 Ficek 2017 /- © il
o) % A
4073 % 107 /f
] < - /
102" & ] 107 //;
_25: o ’9_ /|
10 107° 16" 16" 16‘ 162 163 10" 0 ) 0° 0’ % 5 10°
10 10 10 10 10 10 10
Force Range (m) Force Range (m)

PHYSICAL REVIEW LETTERS 121, 261803 (2018)
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Residue B field.

-rom static shielding

-rom the rotation of the ISSC.

-rg. Filter

Moto which drives ISSCs rotating.
Electronic noise




Spin-Velcity-Depend. Force

osH 1 1\ _
Vios= grme (@ @30+ )

f4+5 1 —-rjA
psd = Srmcu / Pn(m)(@X l‘)( 72 )e dr,

21



\3

L
S0

"’6:9

Setup for S-V-dependent F

(a) z (b)
Y 1—-) X

Probe
Laser
Q-n ~ P = V_e(|3+,wgp"+be+ng)xpe
Optical Platform = ot Q Ve
e 3
n o _d 4+ PoZ-P*
Vibration N Q{ Tle'TZe'TZe} ’
Isolator
oP" _ e Ne , 0 n
| o = yNe(B+/lMOP"+b +m)xP
e — ‘ P Zz—P"
. . ”:Controllers — + (T T2 Tan}’
Rotary
Platform

en Ring

Separated Foundation
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@ Experimal Results

10-14 & . :

L
e
.- "
..-".—o-'

107" ——— This Work nN

2 e This Work pN
108], =i H. Su 2021 nN
----- - Haddock 2018 nN
++ + + + Piegsa 2012 nN
0T ey Parnell 2020 nN

1074 0.001 0.010 0.100 1 10
Force Range (m)
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Spin-Dependent 5t Force searching: Taking
advantages of High Spin densities of ISSC+SERF,
we provided a new way to detecting the
possible new bossions.

Spin-Velocity-D 5t Force searching: 2 order of

magnitude improvement on the constrain of f,,s;
aswellas g, of Z’

In future, GNOME(global network of optical
magnetometers for exotic ) network, Satellite ...
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