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Quadratic Coupling

Axi1on
F2 Hook et al. 2017, Kim et al. 2023,
1 Beadle et al. 2023, ...
—_H*0 2 .
A2 SM - Dilaton
mf ff Damour et al. 1992,

Sibiryakov et al. 2020, ...

Shift Sy atieiry.
7 pNGB

2y : O — — Q@ Brzeminski et al. 2020,
Gan et al. 2023, ...
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Quadratic Coupling

Ordinary Matter
F2
1 Osm — (Osm)
. . SM SM
o SM< G
m ff Effective Mass
Shift Sysrrietry 5, (Ogm)
4 mM i A2
Zy: ¢p— —@
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Matter Eftect

Ordinary Matter
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Scattering Force
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Scattering Force

_¢’ (mf/[VR)z .
5 Op ~ ——— Coherent Scattering
g 4r
''''''''''''''''''''''''''''''''''''''''''''''''''' Z 1
SM SM a~ 107" m/s* x ( ;m) X (myR)*

Fukuda, Shirai, 2021,
Day, Da, Luty et al. 2023, ...

@ 7
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Background-Induced Force
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Background-Induced Force

2 S
Fbg 32e m_% (mMVR) ﬁ
¢2

] R)*
a~ 1072 m/s® X ( cm) X i)

R (k¢r)2

Ferrer, Grifols, 2001,

Hees, et al, 2018,

Banetjee, et al,, 2022, >0 Years
Van Tilburg, 2024,

Barbosa, Fichet, 2024...

SM SM SM SM
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Experimental Sensitivity

EXperiments Acceleration
MICROSCOPE ~ 10" " m/s*
—ot-Wash ~ 1072 m/s?
Galileo Galilei Satellite ~ 10719 m/s?
Deep Space Mission ~ 107 ® m/s?

Test Mass: R~ lcm—10cm

Xucheng Gan @ DESY Axion 1n Stockholm, July 3rd
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Experimental Sensitivity

10° 107! 10-2
SIN198T7A SN198T7A

-
= -mamm "=

a = 0.5 max,c = 5 X 10~ m /s

T=10K, Q =10°

SQL, Q = 10°

Background-Induced Force
Two Platinum Spheres
R=5cm r=5R

Scattering Force
Single Platinum Sphere
R=5cm
10—11
104 107 1072 107" 10° 10! 10-% 107 10 107 10* 107 102> 107! 10Y 10!

(o [GV] (n [GV]

Scattering Force Background-Induced Force
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Classification

* Region: A

Ferrer, Grifols, 2001,
Barbosa, Fichet, 2024 ...

Y& Regions: A+B

Van Tilburg, 2024

*Re glons: A
Hees, et al, 2018,
Banerjee, et al., 2022

Xucheng Gan @ DESY Axion 1n Stockholm, July 3rd

13



Classification

* Region: A

Ferrer, Grifols, 2001,
Barbosa, Fichet, 2024 ...

*Re ogions: A+B Our work

Van Tilburg, 2024 A_|_B_|_C
D+E

*Regions: A

Hees, et al, 2018,
Banerjee, et al., 2022

Xucheng Gan @ DESY Axion 1n Stockholm, July 3rd 14



Classification

ky= R * Region: A

Ny = kO Ferrer, Grifols, 2001,
Barbosa, Fichet, 2024 ...

.....

*Regions: AtB Our work
Van Tilburg, 2024 A_|_B_|_C

D+E
Hees, et al, 2018,

Banerjee, et al., 2022

Xucheng Gan @ DESY Axion in Stockholm, July 3rd 15



Partial Wave + Phase Space

lﬂt()t — l/jln _I_ WS C [Region D: k& = 10 li‘gl, mwv.s = ligl

k.

Win — ‘ ¢O ‘ e
lmax

Wse — Z Wsc,l
[=1
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Partial Wave + Phase Space

2 . v -1, —1
V (k) o | l// (k) I Region D: k= 10 51, mags > 13
bg tot

1
(Veah == | £y00Veg(®
n¢ k
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Perturbative Form Factor

ng o

Perturbative
Regions A and B

Forward
—r=11R
—r=2R
—1r=3R
—1r > 5R

Forward Direction

Xucheng Gan (@ DESY

Py |
=
) I

Axion in Stockholm, July 3rd

Perturbative
Regions A and B

Backward
—r=11R
—r=2R
—1r=3R

r > bR

Backward Direction
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Non-Perturbative Form Factor

Pl ey
ngN m_é (mMVR) 7 |~--'l

Non-Perturbative

Hard Sphere
Backward

Non-Perturbative

Hard Sphere
Forward

—r=11R
r=10R
r=100R
r=10°R
r=10"R

—r=11R
—r=10R
—r =100R
— r=10°R

r=10"R

Forward Direction Backward Direction
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MICROSCOPE Satellite

MICROSCOPE

— Forward
Backward

1. O(1) — O(10) Difference
2.m > 10 %eV, AC Force (1.6 hour)

Axion in Stockholm, July 3rd
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MICROSCOPE Satellite

AdB [(‘111]
lol() 10|4 10|2 lol() 108

' ey ey

T YTy ' IrrY Ty

i "Region D (
1076, z
MICROSCOPE

;1022

1078

| 1102
-9 o3
10 Region C (&)

|()—l()i_

101, :

B b ﬂIOH
10712

: 1102

| : 1010
lO_ 14 _— - [:( )1.“}11.(1 ‘
l()_lsz Backward 10
: Spherical 105

~131
10 : Region A (&)

T B o amul

l()—l(w[ — ad x4 s il o oluind 4 sl ool e sian
10-16 10 1076

10-18
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Conclusions

1. The quadratic coupling arise 1n axion, dilaton, and pNGB models.

2. Quadratic couplings can be probed via matter effects, which manifest as a scattering
force and a background-induced force. Both forces produce accelerations of test masses

that can be measured using precision accelerometers.

3. Previous studies were limited to specific regions of the parameter space. By employing
partial wave analysis, we develop a unified framework that covers the entire parameter

space, including both perturbative and non-perturbative regimes.

4. We revisited the MICROSCOPE equivalence principle test and updated the constraints
1in the high-momentum regime. Additionally, we 1dentified the AC component of the

background-induced force acting on the test mass.
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Appendix
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Experimental Sensitivity

EXperiments Acceleration
MICROSCOPE ~ 10 m/s?
—ot-\Wash ~ 10" P m/s?
Galileo Galilei Satellite ~ 107" m/s?
Deep Space Mission ~ 107 m/s?
T~ 10K, O~ 10 ~ 107" m/s”
SOL, O ~ 10° ~ 107*"m/s”

Xucheng Gan @ DESY Axion 1n Stockholm, July 3rd
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Screening Effect

Region C: k=0, mys = li‘gl

Axion in Stockholm, July 3rd
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Descreening Effect

Axion in Stockholm, July 3rd
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Descreening Effect

Vg

Non-Perturbative
r =5R
Forward

— myr <1

— myr = 10
— myr = 30
— myr = 100

— myr > 10°

Forward Direction

N/

Py |
n
¢ I

Axion in Stockholm, July 3rd

Non-Perturbative
r =5R
Backward

myr < 1

— M\ Tr = 10

— myr = 30
— myr = 100

— myr > 107

Backward Direction
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Spherical Symmetric Ansatz

VzVjsph i ml%/[ H(R i I”') Wsph

ettt oTe e e RN R 1,
v (myR)?

Ysph = ‘¢O‘ [1 5

Screening Effect

Hees, et al, 2018,
Banerjee, et al., 2022
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UV Models: Scalar-Photon

. Ve
Heavy Fermion Saml
6\ 2zMp |4
/laemQLS% 2 v

Heavy Scalar S B O°F, F

Dark QCD Axi . g5 S0 ( F, F" +eaF F”‘”)
i b ' a €d
ark ) X10n TR St G .
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